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What is Fastgraph for Windows? 
Windows graphics programming has traditionally involved using the Graphics Device Interface (GDI) 

functions from the Windows Application Programming Interface (API). More recently, the .NET framework 
introduced GDI+, an enhanced version of GDI. The GDI and GDI+ functions support other devices besides 
the video display, but the price of this generality is speed. This translates to the sluggish performance often 
associated with Windows graphics applications. Fastgraph solves this problem by providing a suite of more 
than 300 fast, hand-optimized assembly language graphics functions that operate on off-screen drawing 
surfaces called virtual buffers. GDI and GDI+ only come into play when transferring the virtual buffer contents 
to the client area of the application’s window (this process is called blitting). Fastgraph also works with but 
does not require the DirectDraw and Direct3D components of Microsoft’s DirectX. Fastgraph is an ideal 
development tool for entertainment and educational software, presentation graphics products, scientific and 
engineering applications, CAD/CAM, animation, or any 32-bit Windows application that demands robust 
graphics (a separate version of Fastgraph is available for the MS-DOS operating system). 

Prerequisite Knowledge 
Fastgraph is a programming tool, which means programmers are its intended audience. For this 

reason, we assume you have a knowledge of programming. A specific knowledge of Windows 
programming would certainly be helpful but is not required to begin using Fastgraph. Additionally, a 
knowledge of converting numbers between binary, decimal, and hexadecimal is assumed. 

If you’re new to programming in the Windows environment, we recommend looking at one or 
more of the books listed in the Windows Programming References section at the end of this chapter. We'll 
discuss basic Windows programming concepts that relate to Fastgraph as we go along, but a full 
treatment of Windows programming, the Windows API, and the .NET framework is beyond the scope of 
this manual. 

The code snippets in this manual are presented in C/C++, C++Builder, C#, Delphi, Visual Basic, and 
VB.NET, while most examples are presented in C/C++, C++Builder, Delphi, and Visual Basic. Fastgraph's 
SETUP program can install versions of the examples for any of these languages, in addition to MFC, C#, 
VB.NET, and PowerBASIC. Finally, we'd like to point out that the examples should be read not by 
themselves, but as part of the surrounding text. 

Supported Compilers 
You can use Fastgraph with any Win32 compiler or assembler that uses the same calling and 

naming conventions as the supported compilers. Mixed language programming is allowed where 
supported by the language translators and linker being used. Fastgraph supports the following Win32 
compilers: 

• Borland C++ (version 5.0 or later) 
• Borland C++Builder (version 1.0 or later) 
• Borland Delphi (version 2.0 or later) 
• Microsoft Visual Basic (version 4.0 or later, 5.0 or later recommended for DirectX) 
• Microsoft Visual Basic .NET (version 2002 or later) 
• Microsoft Visual C++ (version 2.2 or later) 
• Microsoft Visual C# .NET (version 2002 or later) 
• PowerBASIC PB/DLL (version 6.0 or later) 
• Symantec C++ (version 7.0 or later) 
• Watcom C/C++ (version 10.6 or later) 
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The listed version numbers are the compiler versions under which Fastgraph and its example programs have 
been tested. Fastgraph may or may not work with earlier versions of these compilers. The use of Fastgraph 
from assembly language programs is addressed in Appendix C. 

If you need to create Win16 programs for Windows 3.x, the Fastgraph 6.0 CD includes the 16-bit 
Fastgraph 5.02 distribution in the Win16 directory. Fastgraph 5.02 is the last version that provides Win16 
support. 

DirectX 
DirectX is the collective name for Microsoft's software development kit (SDK) designed 

specifically for creating high-performance games on Win32 platforms. DirectX consists of several 
components, including DirectDraw, Direct3D, DirectSound, DirectMusic, DirectPlay, DirectInput, and 
DirectSetup. Fastgraph supports but does not require the DirectDraw and Direct3D components of 
DirectX. 

The DirectDraw component provides video memory management and hardware-accelerated 
blitting and page flipping capabilities. DirectDraw is most useful for creating full screen programs because 
you can define both the screen resolution and color depth "on the fly", much like setting a video mode 
under DOS. This lets you select a screen mode that matches your drawing surfaces, which usually 
improves performance. 

The Direct3D component works together with DirectDraw to provide hardware acceleration for 3D 
operations. For video cards with partial or no 3D hardware support, Direct3D emulates the operation 
through software rendering. As you might expect, Direct3D hardware acceleration is very fast, but its 
software rendering is rather slow, often unbearably slow. Fastgraph includes its own 3D software 
rendering that is only slightly slower than Direct3D hardware acceleration (and sometimes even faster). 
This lets you write a DirectX application that will use Direct3D hardware acceleration if available, but if 
not, use Fastgraph's 3D software rendering without sacrificing too much in terms of 3D performance. 

Fastgraph includes separate DirectX libraries that use the same API as its native libraries. This 
makes it possible to create native or DirectX programs from the same source code with just a small amount 
of conditional compilation. Chapters 4 and 14 show how to do this and provide complete information about 
using Fastgraph with DirectDraw and Direct3D. 

Installing Fastgraph for Windows 
This section explains how to use the SETUP program to load Fastgraph and its related files on a 

hard disk. SETUP lets you select the compilers you wish to use and also gives you the opportunity to load 
many example programs specific to those compilers. 

Placing the Fastgraph CD in any available drive will normally launch the SETUP program. If this does 
not occur, select Run from the Windows Start menu, type E:\SETUP, and press Enter (replace "E" with the 
name of your CD drive if necessary). Once SETUP begins, just follow the directions on each screen. 

The SETUP program will ask you for the compilers you'll use with Fastgraph, as well as the directory 
names for utilities, libraries, and include files. For the utilities, the default directory is C:\FGW60. For the 
include files and libraries, we recommend using directories where the compiler you've chosen normally 
searches for such files. SETUP will automatically try to determine these directories and propose them as 
defaults. 

You can install support for additional compilers at any time. If you choose to do this, you should use 
the command SETUP /L to avoid copying the files common to all environments. 
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The Help File 
FGW60.hlp is a standard Windows help file containing the information presented in the Fastgraph 

6.0 User's Guide and the Fastgraph 6.0 Reference Manual. The reference manual provides summaries of 
each Fastgraph function, with function prototypes or declarations for each supported language, 
information about the function parameters and return values, restrictions, references to similar Fastgraph 
functions, and function cross-references to the example programs supplied with Fastgraph for Windows. 
The help file also contains this information for the Fastgraph/Fonts and Fastgraph/Image add-on 
products. The SETUP program places the help file in the Fastgraph for Windows utilities directory 
(C:\FGW60 by default). 

Fastgraph Naming Conventions 
The names of all Fastgraph functions begin with the three characters “fg_”. This prefix helps 

identify Fastgraph functions within a program, and it also reduces the chance of name conflicts that might 
otherwise occur between Fastgraph and other third party libraries. 

Fastgraph uses a slightly different naming convention for C#. The Fastgraph C# function names 
do not include the leading fg_ prefix and are accessed through a class named fg. This means, for 
example, a C# program would call fg.erase() instead of fg_erase(). Further, Fastgraph's 3D functions 
use names such as fg_3Dmove(), which would result in the invalid name fg.3Dmove(). For these 
functions, we add a leading underscore, so fg_3Dmove() becomes fg._3Dmove() in C#. The C# code 
snippets in this manual will use the C# naming convention, but for simplicity, function names presented in 
other contexts will use only the fg_ convention. 

Technical Support 
TGS provides a variety of convenient technical support channels for all Fastgraph products: 

• Telephone support is available weekdays (excluding holidays) between 9:00 a.m. and 5:00 
p.m. Pacific time. Call (702) 735-1980. 

• Fax support is available 24 hours a day. Our fax number is (702) 735-4603. 

• Email support is available 24 hours a day. Our technical support email address is 
support@fastgraph.com. 

• The Fastgraph web page http://www.fastgraph.com contains product information, answers 
to common questions, previews to coming attractions, and more. The web page also provides 
a convenient way to download maintenance updates and additional examples from our ftp 
site. 

• Our Web BBS contains discussion forums where you can talk to other Fastgraph users. 

• Our Internet ftp site ftp.fastgraph.com provides a convenient way to receive maintenance 
updates, examples, and other relevant files. Look in the /fg and /fg/Windows directories 
once you reach the ftp site. 

Should you encounter a Fastgraph problem, please do the following before contacting TGS for technical 
support: 

• If possible, try running the program on another system with a different display driver. If the 
problem only occurs on one system, it is most likely a problem with your system’s Windows 
display driver. Contact your video card manufacturer to make sure you have the latest 

http://www.fastgraph.com/
http://www.2morrow.com/fgforum
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version of their Windows display drivers (and their latest DirectX drivers if it is a DirectX 
program). 

• Isolate the problem down to the smallest possible program that reproduces the error. Often 
you’ll find the source of the problem during this process. 

Please note that TGS will be glad to provide Fastgraph technical support, but we cannot provide general 
Windows programming help. For Windows programming help, please see the Windows Programming 
References section later in this chapter. 

Maintenance Updates 
We periodically issue maintenance updates to support new compilers, enhance functionality, and 

fix known problems. Maintenance updates for all Fastgraph products are available as patches at no 
charge from our web page and internet ftp site. 

Windows Programming References 
If you’re new to programming in the Windows environment, there are a number of good books (and 

some that are not so good) on the subject. We maintain a list of better programming books on the Fastgraph 
web page, including those relevant to Windows programming. The URL is http://www.fastgraph.com/books 
and it includes direct links to amazon.com for each title. 

 

http://www.fastgraph.com/books
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Overview 
In this chapter, we’ll present our first Fastgraph for Windows program. The program won’t do a great 

deal -- it will just display a window filled with blue pixels. More importantly, this first example will introduce us 
to some elementary Windows and Fastgraph programming concepts. It will serve as a template upon which 
we’ll base all the other example programs, and it will also let us show how to build Fastgraph programs with 
each supported compiler. 

Fastgraph for Windows Programming Philosophy 
As we mentioned at the beginning of Chapter 1, Fastgraph for Windows operates on off-screen 

drawing surfaces called virtual buffers. After setting up one or more virtual buffers, a program uses 
Fastgraph functions to build images or animation frames in a virtual buffer. It makes the image visible by 
copying or “blitting” all or part of the virtual buffer contents to the window's client area when needed. 

A Fastgraph program will typically use a combination of Fastgraph functions and Windows API 
functions (a visual development tool, or an application framework such as .NET or MFC, might be used 
instead of calling the Windows API functions directly). A program calls Windows API functions for such 
things as creating windows, controlling the message loop, creating and managing menus and dialog 
boxes -- tasks Windows handles very well. It calls Fastgraph functions for such things as setting up virtual 
buffers and logical palettes, writing to the virtual buffers, displaying image files and bitmaps, managing 
animation, performing color mapping and reduction, and blitting virtual buffers to the window's client 
area -- tasks that are better suited to Fastgraph. 

Our First Fastgraph for Windows Program 
We’ll now present our first Fastgraph for Windows example program. This first example essentially 

illustrates the “bare minimum” requirements for programs created with Fastgraph. It performs these functions: 

• Creates and displays a resizable window 
• Sets up a device context for the window's client area 
• Sets up a logical palette 
• Sets up a 256-color virtual buffer 
• Fills the virtual buffer with blue pixels 
• Displays the virtual buffer contents in the client area when requested 
• Keeps track of the window size 
• On exit, releases resources allocated or defined in the program 

Rather than become bogged down now in the details of these tasks, we’ll try to provide just enough 
discussion for a reasonable understanding of the first example. We’ll begin detailed descriptions of the 
Fastgraph functions and their underlying concepts starting in the next chapter. 

The following sections discuss the implementation of our first example for these programming 
languages and compilers: 

• C or C++ using the Windows API 
• C++ using MFC 
• Borland C++Builder 
• C# 
• Delphi 
• Visual Basic 
• Visual Basic .NET 
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• PowerBASIC PB/DLL 

Versions of the remaining examples will be presented for C/C++ using the Windows API, C++Builder, 
Delphi, and Visual Basic. MFC, C#, VB.NET, and PowerBASIC versions are not presented in this manual, 
but they are copied to subdirectories of the \FGW60\Examples directory when you install Fastgraph for 
Visual C++, Visual C# .NET, VB.NET, or PowerBASIC. 

C or C++ Using the Windows API 
C and C++ programs that use the Windows API functions consist of a main program, a window 

procedure, and possibly your own additional functions. The main program, which must be called 
WinMain(), sets up the window class (not to be confused with a C++ class), creates and initially displays 
the window, and manages the message loop. The window procedure, which will be called WindowProc() 
in all our examples, processes the messages it receives from Windows. 
/****************************************************************************\ 
*                                                                            * 
*  First.c                                                                   * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGfirst"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "First Fastgraph for Windows Program", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
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   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(640,480); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(19); 
         fg_fillpage(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

First, notice the directive at the beginning of the program: 
#include <fgwin.h> 

The FGWIN.H header file contains Fastgraph's function prototypes and symbolic constant definitions. It 
also force-includes the WINDOWS.H header file if necessary. This statement will appear in the C and 
C++ versions of all Fastgraph example programs. 

Now let’s look at WinMain(). WinMain() first sets up a window class that defines the window 
characteristics and associates a window procedure with the class. It then calls the CreateWindow() 
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Windows API function to create a window based on that window class (this also generates the 
WM_CREATE message). CreateWindow() returns a window handle, which we store in the variable 
hWnd, for use elsewhere in the program. Next, the Windows API function ShowWindow() initially displays 
the window, and another Windows API function, UpdateWindow(), then generates the first WM_PAINT 
message to display the window contents. The remainder of WinMain() is a while loop implementing the 
message loop. The message loop retrieves messages Windows sends to the program and sends these to 
the program’s window procedure for processing. The message loop executes until the user exits the 
program. Note that we’ve exclusively used Windows API functions to handle the details of WinMain(). 

The window procedure WindowProc() is where most of the action takes place and provides our 
first look at some Fastgraph functions. Note that our program does not explicitly call WindowProc(). 
Instead, it is called by Windows in response to events such as creating or resizing the window. The 
message loop passes these events to WindowProc() as messages, which WindowProc() processes 
through its own distinct message handlers. WindowProc() implements the message handlers as a 
switch and case construct. Our window procedure includes WM_CREATE, WM_PAINT, 
WM_SETFOCUS, WM_SIZE, and WM_DESTROY message handlers, which we’ll now discuss in detail. 

Windows generates a WM_CREATE message when it first creates the program’s window. Only 
one WM_CREATE message typically occurs per program instance, so it is a good place for any 
application-specific initialization code. Our WM_CREATE message handler first calls the Windows API 
function GetDC() to obtain a device context to the window's client area and then calls fg_setdc() to make 
the device context available to other Fastgraph functions: 

hDC = GetDC(hWnd); 
fg_setdc(hDC); 

Next, it creates and realizes the default logical palette: 
hPal = fg_defpal(); 
fg_realize(hPal); 

The WM_CREATE message handler then initializes Fastgraph's virtual buffer environment, creates a 
640x480 virtual buffer and makes it the active virtual buffer, and assigns the logical palette colors to the 
virtual buffer: 

fg_vbinit(); 
hVB = fg_vballoc(640,480); 
fg_vbopen(hVB); 
fg_vbcolors(); 

Finally, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg_setcolor(19); 
fg_fillpage(); 

Windows generates a WM_PAINT message when the window's client area must be repainted. 
Our WM_PAINT handler begins with a call to the Windows API function BeginPaint(), then calls 
fg_vbscale() to display the contents of the 640x480 virtual buffer scaled to the size of the client area, and 
ends with a call to the Windows API function EndPaint(). This sequence is typical of WM_PAINT 
message handlers in Fastgraph programs. 

Windows generates a WM_SETFOCUS message when the window gains the input focus. This 
most often happens when the window becomes the active or top-level window. Our WM_SETFOCUS 
handler first calls fg_realize() to activate the program’s logical palette (in case another program has 
changed the logical palette colors), then calls the Windows API function InvalidateRect() to force a 
WM_PAINT message to redraw the client area. This sequence is typical of WM_SETFOCUS message 
handlers in Fastgraph programs. 
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Windows generates a WM_SIZE message whenever the size of the window changes, and also 
upon creation of a window. Our WM_SIZE handler simply saves the new width and height of the client 
area (in pixels) in the variables cxClient and cyClient. These quantities are passed to fg_vbscale() 
in the WM_PAINT message handler. 

Windows generates a WM_DESTROY message after removing a window to signal a program 
exit. Our WM_DESTROY handler first closes the virtual buffer, releases its memory, and terminates 
virtual buffer processing: 

fg_vbclose(); 
fg_vbfree(hVB); 
fg_vbfin(); 

It then calls three Windows API functions to delete the logical palette created with fg_defpal(), release 
the device context created with GetDC(), and exit: 

DeleteObject(hPal); 
ReleaseDC(hWnd,hDC); 
PostQuitMessage(0); 

Finally, our window procedure ends with a call to the Windows API function DefWindowProc(). 
This provides default message processing for the hundreds of other Windows message types not 
explicitly handled by the window procedure. 

C++ Using MFC 
C++ programs that use the Microsoft Foundation Class (MFC) application framework can be 

easily created with Fastgraph's MFC AppWizard for Visual C++ 5.0 or later. To use Fastgraph's MFC 
AppWizard, copy the file FGwiz.awx from the Fastgraph utilities directory to your Visual C++ Template 
directory. Once installed, "Fastgraph MFC AppWizard" will be one of the options listed when you create a 
new Visual C++ project. If you wish to uninstall the AppWizard, just delete FGwiz.awx from the Template 
directory. 

MFC programs consist of application and window class declarations (both derived from MFC 
base classes), a global application object, message response functions (event handlers), and possibly 
your own additional functions. Like programs that use the Windows API, MFC programs have a 
WinMain() function, a WindowProc() function, and a message loop, but they are hidden inside MFC. 

Our first example is a single-window program without a menu (such programs are called simple 
frame window applications in MFC). For this example, Fastgraph's MFC AppWizard created First.cpp, 
First.h, MainFrame.cpp, MainFrame.h, and other files. First.cpp instantiates the application object 
theApp from the CFirstApp class (CFirstApp is derived from MFC's CWinApp base class). 
MainFrame.cpp contains "canned" message response functions for the Windows events we typically must 
handle in a Fastgraph program. We can, of course, modify these message response functions as needed. 

On program startup, Windows calls MFC's built-in WinMain() function, which in turn calls the 
CFirstApp::InitInstance() and CWinApp::Run() member functions. The CFirstApp::InitInstance() 
function instantiates the frame window object pFrame from the CMainFrame class (CMainFrame is 
derived from MFC's CFrameWnd base class). The pFrame object's Create() member function creates the 
program's main window (this also generates the WM_CREATE message), while its ShowWindow() and 
UpdateWindow() member functions initially display and paint the main window. CWinApp::Run() is 
hidden in MFC's CWinApp base class and implements the Windows message loop. The message loop 
retrieves messages Windows sends to the program and in turn sends these to the message response 
functions for processing. The message loop executes until the user exits the program. Here is the 
First.cpp file for our first example program: 
/****************************************************************************\ 
*                                                                            * 
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*  First.cpp                                                                 * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
\****************************************************************************/ 
 
// First.cpp : Defines the class behaviors for the application. 
// 
 
#include "stdafx.h" 
#include "First.h" 
 
#include "MainFrame.h" 
 
#ifdef _DEBUG 
#define new DEBUG_NEW 
#undef THIS_FILE 
static char THIS_FILE[] = __FILE__; 
#endif 
 
///////////////////////////////////////////////////////////////////////////// 
// CFirstApp 
 
BEGIN_MESSAGE_MAP(CFirstApp, CWinApp) 
   //{{AFX_MSG_MAP(CFirstApp) 
   //}}AFX_MSG_MAP 
END_MESSAGE_MAP() 
 
///////////////////////////////////////////////////////////////////////////// 
// CFirstApp construction 
 
CFirstApp::CFirstApp() 
{ 
} 
 
///////////////////////////////////////////////////////////////////////////// 
// The one and only CFirstApp object 
 
CFirstApp theApp; 
 
///////////////////////////////////////////////////////////////////////////// 
// CFirstApp initialization 
 
BOOL CFirstApp::InitInstance() 
{ 
   // Standard initialization 
 
   // Change the registry key under which our settings are stored. 
   SetRegistryKey(_T("Local AppWizard-Generated Applications")); 
 
   m_pMainWnd = NULL; 
   CMainFrame* pFrame = new CMainFrame; 
 
   if (!pFrame->Create(NULL,"First Fastgraph for Windows Program")) 
      return FALSE; 
 
   m_pMainWnd = pFrame; 
   pFrame->ShowWindow(m_nCmdShow); 
   pFrame->UpdateWindow(); 
 
   return TRUE; 
} 
 
///////////////////////////////////////////////////////////////////////////// 
// CFirstApp message handlers 

The message response functions, where most of the action takes place, provide our first look at 
some Fastgraph functions. Note that our program does not explicitly call the message response functions. 
Instead, they are called by CWinApp::Run() in response to events such as creating or resizing the 
window. Our program's MainFrame.cpp file includes message response functions for the WM_CREATE, 
WM_PAINT, WM_SETFOCUS, WM_SIZE, and WM_DESTROY messages, among others. 
MainFrame.cpp is shown here: 
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// MainFrame.cpp : implementation of the CMainFrame class 
// 
 
#include "stdafx.h" 
#include "First.h" 
 
#include "MainFrame.h" 
 
#ifdef _DEBUG 
#define new DEBUG_NEW 
#undef THIS_FILE 
static char THIS_FILE[] = __FILE__; 
#endif 
 
///////////////////////////////////////////////////////////////////////////// 
// CMainFrame 
 
IMPLEMENT_DYNAMIC(CMainFrame, CFrameWnd) 
BEGIN_MESSAGE_MAP(CMainFrame, CFrameWnd) 
   //{{AFX_MSG_MAP(CMainFrame) 
   ON_WM_SIZE() 
   ON_WM_SETFOCUS() 
   ON_WM_QUERYNEWPALETTE() 
   ON_WM_PALETTECHANGED() 
   ON_WM_PAINT() 
   //}}AFX_MSG_MAP 
END_MESSAGE_MAP() 
 
///////////////////////////////////////////////////////////////////////////// 
// CMainFrame construction/destruction 
 
CMainFrame::CMainFrame() 
{ 
   m_hDC = NULL; 
   m_hPal = NULL; 
   m_hVB = -1; 
   m_cxClient = 0; 
   m_cyClient = 0; 
} 
 
CMainFrame::~CMainFrame() 
{ 
   if (m_hVB >= 0) 
   { 
      fg_vbclose(); 
      fg_vbfree(m_hVB); 
   } 
   fg_vbfin(); 
   if (m_hPal) 
   { 
      DeleteObject(m_hPal); 
      m_hPal = NULL; 
   } 
   if (m_hDC) 
   { 
      ::ReleaseDC(m_hWnd, m_hDC); 
      m_hDC = NULL; 
   } 
} 
 
BOOL CMainFrame::PreCreateWindow(CREATESTRUCT& cs) 
{ 
   if (!CFrameWnd::PreCreateWindow(cs)) 
      return FALSE; 
 
   cs.style = WS_OVERLAPPEDWINDOW | FWS_ADDTOTITLE; 
   cs.dwExStyle &= ~WS_EX_CLIENTEDGE; 
   cs.lpszClass = AfxRegisterWndClass(CS_OWNDC|CS_HREDRAW|CS_VREDRAW|CS_DBLCLKS, 
      LoadCursor(NULL,IDC_ARROW), NULL, NULL); 
   return TRUE; 
} 
 
///////////////////////////////////////////////////////////////////////////// 
// CMainFrame diagnostics 
 
#ifdef _DEBUG 
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void CMainFrame::AssertValid() const 
{ 
   CFrameWnd::AssertValid(); 
} 
 
void CMainFrame::Dump(CDumpContext& dc) const 
{ 
   CFrameWnd::Dump(dc); 
} 
#endif //_DEBUG 
 
///////////////////////////////////////////////////////////////////////////// 
// CMainFrame message handlers 
 
BOOL CMainFrame::OnCreateClient(LPCREATESTRUCT lpcs, CCreateContext* pContext) 
{ 
   BOOL bRet = CFrameWnd::OnCreateClient(lpcs, pContext); 
   if (bRet) 
   { 
      m_hDC = ::GetDC(m_hWnd); 
      fg_setdc(m_hDC); 
      m_hPal = fg_defpal(); 
      fg_realize(m_hPal); 
 
      fg_vbinit(); 
      m_hVB = fg_vballoc(640,480); 
      fg_vbopen(m_hVB); 
      fg_vbcolors(); 
 
      fg_setcolor(19); 
      fg_fillpage(); 
   } 
   return bRet; 
} 
 
void CMainFrame::OnPaint() 
{ 
   CPaintDC dc(this); // device context for painting 
 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,m_cxClient-1,0,m_cyClient-1); 
} 
 
void CMainFrame::OnSize(UINT, int cx, int cy) 
{ 
   m_cxClient = cx; 
   m_cyClient = cy; 
} 
 
void CMainFrame::OnSetFocus(CWnd* pOldWnd) 
{ 
   OnQueryNewPalette(); 
} 
 
BOOL CMainFrame::OnQueryNewPalette() 
{ 
   fg_realize(m_hPal); 
   Invalidate(); 
   return TRUE; 
} 
 
void CMainFrame::OnPaletteChanged(CWnd* pFocusWnd) 
{ 
   if ((pFocusWnd != this) && (!IsChild(pFocusWnd))) 
      OnQueryNewPalette(); 
} 

Windows generates a WM_CREATE message when it first creates the program’s window. Only 
one WM_CREATE message typically occurs per program instance, so it is a good place for any 
application-specific initialization code. In an MFC program, the CMainFrame::OnCreateClient() message 
response function serves as the WM_CREATE handler. Our OnCreateClient() function begins by calling 
the base class OnCreateClient() function: 

BOOL bRet = CFrameWnd::OnCreateClient(lpcs, pContext); 
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If successful, it calls the Windows API function GetDC() to obtain a device context to the window's client 
area, and then fg_setdc() to make the device context available to other Fastgraph functions: 

m_hDC = ::GetDC(m_hWnd); 
fg_setdc(m_hDC); 

Note how we use the :: global scope resolution operator to guarantee that we call the Windows API 
version of GetDC(). We'll use this technique whenever we call a Windows API function in an MFC 
program. Next, CMainFrame::OnCreateClient() creates and realizes the default logical palette: 

m_hPal = fg_defpal(); 
fg_realize(m_hPal); 

CMyWindow::OnCreate() then initializes Fastgraph's virtual buffer environment, creates a 640x480 
virtual buffer and makes it the active virtual buffer, and assigns the logical palette colors to the virtual 
buffer: 

fg_vbinit(); 
m_hVB = fg_vballoc(640,480); 
fg_vbopen(m_hVB); 
fg_vbcolors(); 

Finally, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg_setcolor(19); 
fg_fillpage(); 

Windows generates a WM_PAINT message when the window's client area must be repainted. In 
an MFC program, the CMainFrame::OnPaint() message response function serves as the WM_PAINT 
handler. Our CMainFrame::OnPaint() function does little more than call fg_vbscale() to display the 
contents of the 640x480 virtual buffer scaled to the size of the client area. 

Windows generates a WM_SETFOCUS message when the window gains the input focus. This 
most often happens when the window becomes the active or top-level window. In an MFC program, the 
CMainFrame::OnSetFocus() message response function serves as the WM_SETFOCUS handler. Our 
CMainFrame::OnSetFocus() function merely calls CMainFrame::OnQueryNewPalette(), which first 
calls fg_realize() to activate the program’s logical palette (in case another program has changed the 
logical palette colors), then calls the Invalidate() member function to force a WM_PAINT message to 
redraw the client area. 

Windows generates a WM_SIZE message whenever the size of the window changes, and also 
upon creation of a window. In an MFC program, the CMainFrame::OnSize() message response function 
serves as the WM_SIZE handler. Our CMainFrame::OnSize() function simply saves the new width and 
height of the client area (in pixels) in the member variables m_cxClient and m_cyClient. These 
quantities are passed to fg_vbscale() in CMainFrame::OnPaint(). 

Windows generates a WM_DESTROY message after removing a window to signal a program 
exit. In an MFC program, the CMainFrame destructor serves as the WM_DESTROY handler. The 
destructor first closes the virtual buffer, releases its memory, and terminates virtual buffer processing: 

if (m_hVB >= 0) 
{ 
   fg_vbclose(); 
   fg_vbfree(m_hVB); 
} 
fg_vbfin(); 

It then calls the DeleteObject() member function to delete the logical palette created with fg_defpal(), 
and the Windows API function ReleaseDC() to release the device context created with GetDC(): 

if (m_hPal) 
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{ 
   DeleteObject(m_hPal); 
   m_hPal = NULL; 
} 
if (m_hDC) 
{ 
   ::ReleaseDC(m_hWnd, m_hDC); 
   m_hDC = NULL; 
} 

Borland C++Builder 
C++Builder programs consist of a project source code file, one or more source code unit files, a 

unit header file, and other files that you probably won't edit directly. The project source contains the main 
program, which is created automatically and usually does nothing more than call the application's 
Initialize(), CreateForm(), and Run() methods. Unit source code files contain the program's functions 
and event handlers. C++Builder's visual environment and class library handle many of the traditional 
Windows programming details such as setting up the window class, the window procedure, and the 
message loop. 

Here is the C++Builder project source code file for our first example program: 
/****************************************************************************\ 
*                                                                            * 
*  First.cpp                                                                 * 
*  FirstU.cpp                                                                * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
//--------------------------------------------------------------------------- 
USEFORM("FirstU.cpp", Form1); 
USERES("First.res"); 
USELIB("FGWBC32.LIB"); 
//--------------------------------------------------------------------------- 
WINAPI WinMain(HINSTANCE, HINSTANCE, LPSTR, int) 
{ 
   try 
   { 
      Application->Initialize(); 
      Application->CreateForm(__classid(TForm1), &Form1); 
      Application->Run(); 
   } 
   catch (Exception &exception) 
   { 
      Application->ShowException(&exception); 
   } 
   return 0; 
} 

Note how the project source code file includes a USELIB statement referencing Fastgraph's Borland C++ 
library (FGWBC32.LIB). This is included automatically when you add the library file to your project in the 
C++Builder IDE. Also, note the USEFORM statement that references the FirstU.cpp unit source code file, 
which in turn includes the FirstU.h unit header file. This is likewise added automatically when you create 
the project. 

The FirstU.cpp unit source code file contains an #include directive to include the FirstU.h unit 
header file. Near the beginning of the unit header file, we add another #include directive referencing 
Fastgraph's FGwin.h header file. The user declarations section of the unit header file is a good place to 
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define global variables used in the event handlers of the unit source code file. C++Builder automatically 
creates and maintains the rest of the unit header file for you. The FirstU.h unit header file is shown here: 
//--------------------------------------------------------------------------- 
#ifndef FirstUH 
#define FirstUH 
//--------------------------------------------------------------------------- 
#include <vcl\Classes.hpp> 
#include <vcl\Controls.hpp> 
#include <vcl\StdCtrls.hpp> 
#include <vcl\Forms.hpp> 
#include <FGwin.h> 
 
//--------------------------------------------------------------------------- 
class TForm1 : public TForm 
{ 
__published:   // IDE-managed Components 
   void __fastcall FormActivate(TObject *Sender); 
   void __fastcall FormCreate(TObject *Sender); 
   void __fastcall FormPaint(TObject *Sender); 
   void __fastcall FormResize(TObject *Sender); 
   void __fastcall FormDestroy(TObject *Sender); 
private:   // User declarations 
   HDC hDC; 
   HPALETTE hPal; 
   int hVB; 
   UINT cxClient, cyClient; 
public:      // User declarations 
   __fastcall TForm1(TComponent* Owner); 
}; 
//--------------------------------------------------------------------------- 
extern TForm1 *Form1; 
//--------------------------------------------------------------------------- 
#endif 

And here is the FirstU.cpp unit source code file, which contains our event handlers: 
/****************************************************************************\ 
*                                                                            * 
*  First.cpp                                                                 * 
*  FirstU.cpp                                                                * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FirstU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
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   hVB = fg_vballoc(640,480); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(19); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

The FirstU.cpp unit is essentially made up of event-handling procedures that provide our first look 
at some Fastgraph functions. Note that our program does not explicitly call the event procedures. Instead, 
they are called by C++Builder's class library in response to Windows events such as creating or resizing 
the window (these procedures are analogous to the traditional WindowProc() message handlers). Our 
program includes event handlers for the form's OnCreate, OnActivate, OnPaint, OnResize, and 
OnDestroy events. You can use C++Builder's Object Inspector to generate code templates for these form 
event handlers. 

An OnCreate event occurs when the form is first created during program execution. This event 
occurs once per program instance and is analogous to the WM_CREATE Windows message. Hence, it is 
a good place for any application-specific initialization code. Our OnCreate handler is in the FormCreate() 
function and first calls the Windows API function GetDC() to obtain a device context to the form's client 
area. It then calls fg_setdc() to make the device context available to other Fastgraph functions: 

hDC = GetDC(Form1->Handle); 
fg_setdc(hDC); 

Next, it creates and realizes the default logical palette: 
hPal = fg_defpal(); 
fg_realize(hPal); 

The OnCreate handler then initializes Fastgraph's virtual buffer environment, creates a 640x480 virtual 
buffer and makes it the active virtual buffer, and assigns the logical palette colors to the virtual buffer: 

fg_vbinit(); 
hVB = fg_vballoc(640,480); 
fg_vbopen(hVB); 
fg_vbcolors(); 

Next, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg_setcolor(19); 
fg_fillpage(); 
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The last thing the OnCreate event handler does is set up the pointer to the application's OnActivate 
handler: 

Application->OnActivate = OnActivate; 

The application's OnActivate handler (which has a different purpose than the form's OnActivate handler) 
executes when the program gains the input focus. This happens when control shifts from another 
Windows application to our program, so it is thus analogous to the WM_SETFOCUS Windows message. 
Because we want the application's OnActivate handler to perform the same tasks as the form's 
OnActivate handler, we simply point the application's handler to the form's handler. The form's OnActivate 
handler, and hence the application's OnActivate handler, first calls fg_realize() to activate the program’s 
logical palette (in case another program has changed the logical palette colors). It then calls C++Builder's 
Invalidate() function to force an OnPaint event to redraw the form's client area. This sequence is typical 
of OnActivate event handlers in Fastgraph programs. 

An OnPaint event occurs when the form's client area must be repainted; it is analogous to the 
WM_PAINT Windows message. Our OnPaint handler is in the FormPaint() function and just calls 
fg_vbscale() to display the contents of the 640x480 virtual buffer scaled to the size of the form's client 
area. This sequence is typical of OnPaint event handlers in Fastgraph programs. 

You can remove the OnActivate event handler by calling fg_realize() before fg_vbscale() in the 
OnPaint handler. While this eliminates the work of manually creating an application event handler, it 
introduces overhead in OnPaint because it must realize the logical palette every time the form is 
repainted. This wouldn't be noticeable in a simple program like our first example. However, in games or 
other applications where we frequently update the form (and hence frequently execute the OnPaint 
handler), we recommend using a separate OnActivate handler that realizes the logical palette only when 
needed. 

An OnResize event occurs whenever the size of the form changes, and also upon creation of a 
form. It is analogous to the WM_SIZE Windows message. Our OnResize handler is in the FormResize() 
function and simply saves the new width and height of the client area (in pixels) in the variables 
cxClient and cyClient. These quantities are passed to fg_vbscale() in the OnPaint event handler. 

An OnDestroy event occurs after removing a form and often signals a program exit; it is 
analogous to the WM_DESTROY Windows message. Our OnDestroy handler is in the FormDestroy() 
function and first closes the virtual buffer, releases its memory, and terminates virtual buffer processing: 

fg_vbclose(); 
fg_vbfree(hVB); 
fg_vbfin(); 

It then calls two Windows API functions to delete the logical palette created with fg_defpal() and release 
the device context created with GetDC(): 

DeleteObject(hPal); 
ReleaseDC(Form1->Handle,hDC); 

Each C++Builder example supplied with Fastgraph consists of six files comprising a C++Builder 
project. The unit source code, unit header, and graphical form files will have the same name as the Fastgraph 
example, but with the letter "U" appended to the file name. For example, the six files for the First example 
project are: 

First.cpp project source code file 
First.mak project make file 
First.res project resource file 
FirstU.cpp unit source code file 
FirstU.h unit header file 
FirstU.dfm graphical form file 
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In general, we'll only be working with the unit source code and header files for each project, as they 
contain the event-handling procedures and their global variables. We'll let C++Builder's visual 
programming environment handle the maintenance of the other files. For more information about these 
files, please consult your C++Builder manuals. 

C# 
C# programs consist of a solution file, a project file, an icon file, an XML resource file, an 

assembly source file, and one or more C# program source files comprising a Windows Forms project. 
Typically you will only modify the C# program source files and let the Visual C# .NET development 
environment create and maintain the other files. The C# program source files contain the program's 
functions and event handlers. The Visual C# .NET development environment and the .NET framework 
handle many of the traditional Windows programming details such as setting up the window class, the 
window procedure, and the message loop. 

Here is the C# program source file for our first example: 
/****************************************************************************\ 
*                                                                            * 
*  First.cs                                                                  * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
\****************************************************************************/ 
using System; 
using System.Drawing; 
using System.Collections; 
using System.ComponentModel; 
using System.Windows.Forms; 
using System.Data; 
using System.Runtime.InteropServices; 
 
namespace First 
{ 
   /// <summary> 
   /// Summary description for Form1. 
   /// </summary> 
   public class Form1 : System.Windows.Forms.Form 
   { 
      // Fastgraph variables. 
      Graphics g; 
      IntPtr hDC; 
      int hPal; 
      int hVB; 
      int cxClient, cyClient; 
 
      /// <summary> 
      /// Required designer variable. 
      /// </summary> 
      private System.ComponentModel.Container components = null; 
 
      public Form1() 
      { 
      // 
         // Required for Windows Form Designer support 
         // 
         InitializeComponent(); 
 
         // 
         // Add any constructor code after InitializeComponent call 
         // 
         g = CreateGraphics(); 
      } 
 
      /// <summary> 
      /// Clean up any resources being used. 
      /// </summary> 
      protected override void Dispose( bool disposing ) 
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      { 
         g.Dispose(); 
         if( disposing ) 
         { 
            if (components != null)  
            { 
               components.Dispose(); 
            } 
         } 
         base.Dispose( disposing ); 
      } 
 
      #region Windows Form Designer generated code 
      /// <summary> 
      /// Required method for Designer support - do not modify 
      /// the contents of this method with the code editor. 
      /// </summary> 
      private void InitializeComponent() 
      { 
         //  
         // Form1 
         //  
         this.AutoScaleBaseSize = new System.Drawing.Size(5, 13); 
         this.ClientSize = new System.Drawing.Size(446, 276); 
         this.Name = "Form1"; 
         this.Text = "First Fastgraph for Windows Program"; 
         this.Activated += new System.EventHandler(this.Form1_Activated); 
         this.Load += new System.EventHandler(this.Form1_Load); 
         this.Paint += new System.Windows.Forms.PaintEventHandler(this.Form1_Paint); 
         this.Resize += new System.EventHandler(this.Form1_Resize); 
         this.Closed += new System.EventHandler(this.Form1_Closed); 
      } 
      #endregion 
 
      /// <summary> 
      /// The main entry point for the application. 
      /// </summary> 
      [STAThread] 
      static void Main()  
      { 
         Application.Run(new Form1()); 
      } 
 
      private void Form1_Activated(object sender, System.EventArgs e) 
      { 
         fg.realize(hPal); 
         cxClient = ClientRectangle.Width; 
         cyClient = ClientRectangle.Height; 
         Refresh(); 
      } 
 
      private void Form1_Load(object sender, System.EventArgs e) 
      { 
         hDC = g.GetHdc(); 
         fg.setdc(hDC); 
         hPal = fg.defpal(); 
         fg.realize(hPal); 
 
         fg.vbinit(); 
         hVB = fg.vballoc(640, 480); 
         fg.vbopen(hVB); 
         fg.vbcolors(); 
 
         fg.setcolor(19); 
         fg.fillpage(); 
      } 
 
      private void Form1_Paint(object sender, System.Windows.Forms.PaintEventArgs e) 
      { 
         fg.vbscale(0, fg.getmaxx(), 0, fg.getmaxy(), 0, cxClient-1, 0, cyClient-1); 
      } 
 
      private void Form1_Resize(object sender, System.EventArgs e) 
      { 
         cxClient = ClientRectangle.Width; 
         cyClient = ClientRectangle.Height; 
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         fg.vbscale(0, fg.getmaxx(), 0, fg.getmaxy(), 0, cxClient-1, 0, cyClient-1); 
      } 
 
      private void Form1_Closed(object sender, System.EventArgs e) 
      { 
         fg.vbclose(); 
         fg.vbfree(hVB); 
         fg.vbfin(); 
         g.ReleaseHdc(hDC); 
      } 
   } 
} 

The First.cs program implements a class named Form1, which is derived from the .NET framework's 
System.Windows.Forms.Form base class. The Form1 class contains member variables for storing items 
typically used in all Fastgraph programs, such as the device context and logical palette handles. Form1 also 
includes a constructor, a destructor, and methods that implement the event-handling procedures, which 
provide our first look at some Fastgraph functions. Note that our program does not explicitly call the event-
handling procedures. Instead, they are called in response to Windows events such as creating or resizing the 
window (these procedures are analogous to the traditional WindowProc() message handlers). Our program 
includes event handlers for the form's activated, load, paint, resize, and closed events. The Visual C# .NET 
development environment maintains the bulk of the associated class declarations, including generation of 
code templates for the form event handlers. 

The program's entry point is the Main() function, which does nothing more than instantiate a 
Form1 object and pass it to the Application object's Run() method: 

static void Main()  
{ 
   Application.Run(new Form1()); 
} 

The Run() method starts the Windows message loop and creates and initially displays the program's 
main form. The Run() method does not return until the main form is closed. 

The Form1 constructor is set up by the Visual C# .NET development environment. At the end of 
the constructor function, we add a call to CreateGraphics() to create a Graphics object and save it in a 
member variable: 

g = CreateGraphics(); 

The Form1 destructor is also set up by the development environment. At the beginning of the destructor 
function, we add a call to the Graphics object's Dispose() method to dispose of the Graphics object 
created in the constructor: 

g.Dispose(); 

A load event occurs when the form is first created during program execution. This event occurs 
once per program instance and is analogous to the WM_CREATE Windows message. Hence, it is a good 
place for any application-specific initialization code. Our load handler is in the Form1_Load() function and 
first calls the Graphics object's GetHdc() method to obtain a device context to the form's client area. It 
then calls fg_setdc() to make the device context available to other Fastgraph functions: 

hDC = g.GetHdc(); 
fg.setdc(hDC); 

Next, it creates and realizes the default logical palette: 
hPal = fg.defpal(); 
fg.realize(hPal); 

The load handler then initializes Fastgraph's virtual buffer environment, creates a 640x480 virtual buffer 
and makes it the active virtual buffer, and assigns the logical palette colors to the virtual buffer: 

fg.vbinit(); 
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hVB = fg.vballoc(640, 480); 
fg.vbopen(hVB); 
fg.vbcolors(); 

Finally, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg.setcolor(19); 
fg.fillpage(); 

An activated event occurs after the load event but before the first paint event, and also when 
control shifts from another Windows application to our program. In the latter context, the activated event 
is analogous to the WM_SETFOCUS Windows message. Our activated event procedure is in the 
Form1_Activated() function and first calls fg_realize() to activate the program's logical palette (in case 
another program has changed the logical palette colors). It then saves the window size in the cxClient 
and cyClient member variables, and finally calls the Refresh() method to force a paint event to redraw 
the form's client area. This sequence is typical of activated event procedures in Fastgraph programs. 

A paint event occurs when the form's client area must be repainted; it is analogous to the 
WM_PAINT Windows message. Our paint handler is in the Form1_Paint() function and just calls 
fg_vbscale() to display the contents of the 640x480 virtual buffer scaled to the size of the form's client 
area. This sequence is typical of paint event handlers in Fastgraph programs. 

A resize event occurs whenever the size of the form changes and is analogous to the WM_SIZE 
Windows message. Our resize handler is in the Form1_Resize() function and first saves the new width 
and height of the client area (in pixels) in the cxClient and cyClient member variables. These values 
are then passed to fg_vbscale() to redraw the form's client area exactly as was done in the paint event 
handler. Using fg_vbscale() here instead of the Refresh() method eliminates noticeable flickering that 
would otherwise occur as the form is being resized. This sequence is typical of resize event procedures in 
Fastgraph programs. 

A closed event occurs after removing a form and often signals a program exit; it is analogous to 
the WM_DESTROY Windows message. Our closed handler is in the Form1_Closed() function and first 
closes the virtual buffer, releases its memory, and terminates virtual buffer processing: 

fg.vbclose(); 
fg.vbfree(hVB); 
fg.vbfin(); 

It then calls the Graphics object's ReleaseHdc() method to release the device context created with 
GetHdc(): 

g.ReleaseHdc(hDC); 

Each C# example supplied with Fastgraph consists of six files comprising a Visual C# .NET solution 
stored in a subdirectory of \FGW60\Examples\CSharp with the same name as the example. For instance, the 
files for the First example are in \FGW60\Examples\CSharp\First. If an example program uses any data files 
(such as images or fonts), those files will be in the bin subdirectory for that example. The names of the 
program source file, XML resource file, project file, and solution file are based on the example name, while 
the assembly source file and icon file have the same names for every example. For instance, the six files for 
the First example are: 

App.ico the default icon file 
AssemblyInfo.cs the C# source file containing declarations for the project's 

assembly 
First.cs the C# program source code file 
First.csproj Visual C# .NET project file 
First.resx XML resource file 
First.sln Visual C# .NET solution file 
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In general, we'll only be examining the C# program source code file for each example, as it contains the 
event-handling functions and class member variables. We'll let the Visual C# .NET development 
environment handle the maintenance of the other files. For more information about these files, please 
consult your favorite C# reference or the compiler's on-line help facility. 

Delphi 
Delphi programs consist of a project source code (dpr) file, one or more source code unit (pas) 

files, and other files that you probably won't edit directly. The project source contains the main program, 
which is created automatically and usually does nothing more than call the application's CreateForm() 
and Run() methods. Unit source code files contain the program's functions, procedures, and event 
handlers. Delphi's visual environment and class library handle many of the traditional Windows 
programming details such as setting up the window class, the window procedure, and the message loop. 

Here is the Delphi project source code file for our first example program: 
{***************************************************************************** 
*                                                                            * 
*  First.dpr                                                                 * 
*  FirstU.pas                                                                * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
*****************************************************************************} 
 
program First; 
 
uses 
  Forms, 
  FirstU in 'FirstU.pas' {Form1}; 
 
{$R *.RES} 
 
begin 
  Application.CreateForm(TForm1, Form1); 
  Application.Run; 
end. 

Note how the project file's uses statement references the FirstU unit source code file, which is shown 
here: 
{***************************************************************************** 
*                                                                            * 
*  First.dpr                                                                 * 
*  FirstU.pas                                                                * 
*                                                                            * 
*  This is the first Fastgraph for Windows example program. It demonstrates  * 
*  tasks common to most Fastgraph for Windows programs and serves as a       * 
*  template for building the other examples.                                 * 
*                                                                            * 
*****************************************************************************} 
 
unit FirstU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
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  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(640,480); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(19); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

First, let's look at the unit file's uses statement. The Delphi IDE automatically provides the names 
of the first nine units (SysUtils, WinTypes, and so forth). We added the FGWin unit file name to this list. If 
we wanted to use Fastgraph's DirectX unit file, we would specify FGWinD instead of FGWin in the uses 
statement. 

The FirstU unit is essentially made up of event-handling procedures that provide our first look at 
some Fastgraph functions. Note that our program does not explicitly call the event procedures. Instead, 
they are called by Delphi's class library in response to Windows events such as creating or resizing the 
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window (these procedures are analogous to the traditional WindowProc() message handlers). Our 
program includes event handlers for the form's OnCreate, OnPaint, OnResize, and OnDestroy events, 
and for the application's OnActivate event. You can use Delphi's Object Inspector to generate code 
templates for the form event handlers, but you must manually add the code and declarations for 
application event handlers. 

An OnCreate event occurs when the form is first created during program execution. This event 
occurs once per program instance and is analogous to the WM_CREATE Windows message. Hence, it is 
a good place for any application-specific initialization code. Our OnCreate handler is in the FormCreate() 
procedure and first calls the Windows API function GetDC() to obtain a device context to the form's client 
area. It then calls fg_setdc() to make the device context available to other Fastgraph functions: 

dc := GetDC(Form1.Handle); 
fg_setdc(dc); 

Next, it creates and realizes the default logical palette: 
hPal := fg_defpal; 
fg_realize(hPal); 

The OnCreate handler then initializes Fastgraph's virtual buffer environment, creates a 640x480 virtual 
buffer and makes it the active virtual buffer, and assigns the logical palette colors to the virtual buffer: 

fg_vbinit; 
hVB := fg_vballoc(640,480); 
fg_vbopen(hVB); 
fg_vbcolors; 

Next, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg_setcolor(19); 
fg_fillpage; 

The last thing the OnCreate event handler does is set up the pointer to the application's OnActivate 
handler: 

Application.OnActivate := AppOnActivate; 

The application's OnActivate handler (which has a different purpose than the form's OnActivate handler) 
executes when the program gains the input focus. This happens when control shifts from another 
Windows application to our program, so it is thus analogous to the WM_SETFOCUS Windows message. 
Our OnActivate handler is in the AppOnActivate() procedure and first calls fg_realize() to activate the 
program’s logical palette (in case another program has changed the logical palette colors). It then calls 
Delphi's Invalidate() function to force an OnPaint event to redraw the form's client area. This sequence is 
typical of OnActivate event handlers in Fastgraph programs. 

An OnPaint event occurs when the form's client area must be repainted; it is analogous to the 
WM_PAINT Windows message. Our OnPaint handler is in the FormPaint() procedure and just calls 
fg_vbscale() to display the contents of the 640x480 virtual buffer scaled to the size of the form's client 
area. This sequence is typical of OnPaint event handlers in Fastgraph programs. 

You can remove the OnActivate event handler by calling fg_realize() before fg_vbscale() in the 
OnPaint handler. While this eliminates the work of manually creating an application event handler, it 
introduces overhead in OnPaint because it must realize the logical palette every time the form is 
repainted. This wouldn't be noticeable in a simple program like our first example. However, in games or 
other applications where we frequently update the form (and hence frequently execute the OnPaint 
handler), we recommend using a separate OnActivate handler that realizes the logical palette only when 
needed. 
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An OnResize event occurs whenever the size of the form changes, and also upon creation of a 
form. It is analogous to the WM_SIZE Windows message. Our OnResize handler is in the FormResize() 
procedure and simply saves the new width and height of the client area (in pixels) in the variables 
cxClient and cyClient. These quantities are passed to fg_vbscale() in the OnPaint event handler. 

An OnDestroy event occurs after removing a form and often signals a program exit; it is 
analogous to the WM_DESTROY Windows message. Our OnDestroy handler is in the FormDestroy() 
procedure and first closes the virtual buffer, releases its memory, and terminates virtual buffer processing: 

fg_vbclose; 
fg_vbfree(hVB); 
fg_vbfin; 

It then calls two Windows API functions to delete the logical palette created with fg_defpal() and release 
the device context created with GetDC(): 

DeleteObject(hPal); 
ReleaseDC(Form1.Handle,dc); 

Each Delphi example supplied with Fastgraph consists of six files comprising a Delphi project. The 
unit source code (pas) and graphical form (dfm) files will have the same name as the Fastgraph example, but 
with the letter "U" appended to the file name. For example, the six files for the First example project are: 

First.dpr project source code file 
First.dof project options file 
First.opt project options settings file 
First.res project resource file 
FirstU.pas unit source code file 
FirstU.dfm graphical form file 

In general, we'll only be working with the unit source code file for each project, as it contains the event-
handling procedures. We'll let Delphi's visual programming environment handle the maintenance of the 
other files. For more information about these files, please consult your Delphi manuals. 

Visual Basic 
Visual Basic programs consist of a project (vbp) file and one or more source code form (frm) files. 

The project file defines the forms and modules used in the program. All Fastgraph Visual Basic projects 
must include either Fastgraph's native module (FGWin.bas) or DirectX module (FGWinD.bas). Form files 
include the program's functions, sub procedures, and event handlers. Visual Basic automatically takes 
care of many of the traditional Windows programming details such as setting up the window class, the 
window procedure, and the message loop. 

Here is the Visual Basic form file for our first example program: 
'***************************************************************************** 
'                                                                            * 
'  First.frm                                                                 * 
'                                                                            * 
'  This is the first Fastgraph for Windows example program. It demonstrates  * 
'  tasks common to most Fastgraph for Windows programs and serves as a       * 
'  template for building the other examples.                                 * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
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Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(640, 480) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(19) 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

The form for our first example simply consists of event-handling procedures that provide our first 
look at some Fastgraph functions. Note that our program does not explicitly call these procedures. 
Instead, they are called by Visual Basic in response to Windows events such as creating or resizing the 
window (the event-handling procedures are analogous to the traditional WindowProc() message 
handlers). Our program includes event handlers for the form's activate, load, paint, resize, and destroy 
events. 

A load event occurs when the form is first created during program execution. This event occurs 
once per program instance and is analogous to the WM_CREATE Windows message. Hence, it is a good 
place for any application-specific initialization code. Our load event procedure is in the Form_Load() Sub 
procedure: 

Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(640,480) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(19) 
   Call fg_fillpage 
End Sub 

Form_Load() first sets the ScaleMode property to 3 (units=pixels), which Fastgraph needs to update the 
form's client area properly. It then calls fg_setdc() to make the form's device context (obtained with the 
hDC property) available to other Fastgraph functions. Next, Form_Load() creates the default logical 
palette with fg_defpal() and realizes the palette with fg_realize(). It then initializes Fastgraph's virtual 
buffer environment, creates a 640x480 virtual buffer and makes it the active virtual buffer, and assigns the 
logical palette colors to the virtual buffer. Finally, Form_Load() fills the virtual buffer with blue pixels (color 
19 is blue when using Fastgraph's default 256-color virtual buffers with the default logical palette). 
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An activate event occurs when the form gains the input focus. This happens when control shifts 
from another Windows application to our program, so it is analogous to the WM_SETFOCUS Windows 
message. Our activate event procedure is in the Form_Activate() Sub procedure: 

Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 

Form_Activate() first calls fg_realize() to activate the program's logical palette (in case another program 
has changed the logical palette colors). It then uses the Refresh method to force a paint event to redraw 
the form's client area. This sequence is typical of activate event procedures in Fastgraph programs. 

A paint event occurs when the form's client area must be repainted; it is analogous to the 
WM_PAINT Windows message. Our paint event procedure is in the Form_Paint() Sub procedure: 

Private Sub Form_Paint() 
   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 
                   0, cxClient - 1, 0, cyClient - 1) 
End Sub 

Form_Paint() just calls fg_vbscale() to display the 640x480 virtual buffer scaled to the size of the form's 
client area. This sequence is typical of paint event procedures in Fastgraph programs. 

A resize event occurs whenever the size of the form changes, and also upon creation of a form. It 
is analogous to the WM_SIZE Windows message. Our resize event procedure is in the Form_Resize() 
Sub procedure: 

Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 

Form_Resize() first saves the new width and height of the client area (in pixels) in the variables 
cxClient and cyClient. These quantities are passed to fg_vbscale() in Form_Paint(). It then uses 
the Refresh method to generate a paint event that updates the resized form. 

An unload event occurs after removing a form and often signals a program exit; it is analogous to 
the WM_DESTROY Windows message. Our unload event procedure is in the Form_Unload() Sub 
procedure: 

Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

Form_Unload() calls fg_vbclose() to close the virtual buffer, fg_vbfree() to release its memory, and 
fg_vbfin() to terminate virtual buffer processing. 

Visual Basic .NET 
Visual Basic .NET programs consist of a solution file, a project file, an XML resource file, an 

assembly source file, and one or more Visual Basic program source files comprising a Windows Forms 
project. Typically you will only modify the Visual Basic program source files and let the Visual Basic .NET 
development environment create and maintain the other files. The Visual Basic program source files 
contain the program's functions and event handlers. The Visual Basic .NET development environment 
and the .NET framework handle many of the traditional Windows programming details such as setting up 
the window class, the window procedure, and the message loop. 
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Here is the Visual Basic .NET program source file for our first example: 
'***************************************************************************** 
'                                                                            * 
'  First.vb                                                                  * 
'                                                                            * 
'  This is the first Fastgraph for Windows example program. It demonstrates  * 
'  tasks common to most Fastgraph for Windows programs and serves as a       * 
'  template for building the other examples.                                 * 
'                                                                            * 
'***************************************************************************** 
Public Class Form1 
    Inherits System.Windows.Forms.Form 
 
    ' Fastgraph variables. 
    Dim g As Graphics 
    Dim hDC As IntPtr 
    Dim hPal As Integer 
    Dim hVB As Integer 
    Dim cxClient, cyClient As Integer 
 
#Region " Windows Form Designer generated code " 
 
    Public Sub New() 
        MyBase.New() 
 
        'This call is required by the Windows Form Designer. 
        InitializeComponent() 
 
        'Add any initialization after the InitializeComponent() call 
        g = Me.CreateGraphics 
 
    End Sub 
 
    'Form overrides dispose to clean up the component list. 
    Protected Overloads Overrides Sub Dispose(ByVal disposing As Boolean) 
        g.Dispose() 
        If disposing Then 
            If Not (components Is Nothing) Then 
                components.Dispose() 
            End If 
        End If 
        MyBase.Dispose(disposing) 
    End Sub 
 
    'Required by the Windows Form Designer 
    Private components As System.ComponentModel.IContainer 
 
    'NOTE: The following procedure is required by the Windows Form Designer 
    'It can be modified using the Windows Form Designer.   
    'Do not modify it using the code editor. 
    <System.Diagnostics.DebuggerStepThrough()> Private Sub InitializeComponent() 
        ' 
        'Form1 
        ' 
        Me.AutoScaleBaseSize = New System.Drawing.Size(5, 13) 
        Me.ClientSize = New System.Drawing.Size(446, 276) 
        Me.Name = "Form1" 
        Me.Text = "First Fastgraph for Windows Program" 
 
    End Sub 
 
#End Region 
 
    Private Sub Form1_Activated(ByVal sender As Object, ByVal e As System.EventArgs) _ 
    Handles MyBase.Activated 
        fg_realize(hPal) 
        cxClient = ClientRectangle.Width 
        cyClient = ClientRectangle.Height 
        Refresh() 
    End Sub 
 
    Private Sub Form1_Load(ByVal sender As Object, ByVal e As System.EventArgs) _ 
    Handles MyBase.Load 
        hDC = g.GetHdc() 
        fg_setdc(hDC) 
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        hPal = fg_defpal() 
        fg_realize(hPal) 
 
        fg_vbinit() 
        hVB = fg_vballoc(640, 480) 
        fg_vbopen(hVB) 
        fg_vbcolors() 
 
        fg_setcolor(19) 
        fg_fillpage() 
    End Sub 
 
    Private Sub Form1_Paint(ByVal sender As Object, _ 
                            ByVal e As System.Windows.Forms.PaintEventArgs) _ 
    Handles MyBase.Paint 
        fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
    End Sub 
 
    Private Sub Form1_Resize(ByVal sender As Object, ByVal e As System.EventArgs) _ 
    Handles MyBase.Resize 
        cxClient = ClientRectangle.Width 
        cyClient = ClientRectangle.Height 
        fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
    End Sub 
 
    Private Sub Form1_Closed(ByVal sender As Object, ByVal e As System.EventArgs) _ 
    Handles MyBase.Closed 
        fg_vbclose() 
        fg_vbfree(hVB) 
        fg_vbfin() 
        g.ReleaseHdc(hDC) 
    End Sub 
End Class 

The First.vb program implements a class named Form1, which is derived from the .NET framework's 
System.Windows.Forms.Form base class. The Form1 class contains member variables for storing items 
typically used in all Fastgraph programs, such as the device context and logical palette handles. Form1 also 
includes a constructor, a destructor, and methods that implement the event-handling procedures, which 
provide our first look at some Fastgraph functions. Note that our program does not explicitly call the event-
handling procedures. Instead, they are called in response to Windows events such as creating or resizing the 
window (these procedures are analogous to the traditional WindowProc() message handlers). Our program 
includes event handlers for the form's activated, load, paint, resize, and closed events. The Visual Basic .NET 
development environment maintains the bulk of the associated class declarations, including generation of 
code templates for the form event handlers. 

The Form1 constructor is set up by the Visual Basic .NET development environment. At the end 
of the constructor function, we add a call to CreateGraphics() to create a Graphics object and save it in a 
member variable: 

g = Me.CreateGraphics 

The Form1 destructor is also set up by the development environment. At the beginning of the destructor 
function, we add a call to the Graphics object's Dispose() method to dispose of the Graphics object 
created in the constructor: 

g.Dispose() 

A load event occurs when the form is first created during program execution. This event occurs 
once per program instance and is analogous to the WM_CREATE Windows message. Hence, it is a good 
place for any application-specific initialization code. Our load handler is in the Form1_Load() function and 
first calls the Graphics object's GetHdc() method to obtain a device context to the form's client area. It 
then calls fg_setdc() to make the device context available to other Fastgraph functions: 

hDC = g.GetHdc() 
fg_setdc(hDC) 

Next, it creates and realizes the default logical palette: 
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hPal = fg_defpal() 
fg_realize(hPal) 

The load handler then initializes Fastgraph's virtual buffer environment, creates a 640x480 virtual buffer 
and makes it the active virtual buffer, and assigns the logical palette colors to the virtual buffer: 

fg_vbinit() 
hVB = fg_vballoc(640, 480) 
fg_vbopen(hVB) 
fg_vbcolors() 

Finally, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg_setcolor(19) 
fg_fillpage() 

An activated event occurs after the load event but before the first paint event, and also when 
control shifts from another Windows application to our program. In the latter context, the activated event 
is analogous to the WM_SETFOCUS Windows message. Our activated event procedure is in the 
Form1_Activated() function and first calls fg_realize() to activate the program's logical palette (in case 
another program has changed the logical palette colors). It then saves the window size in the cxClient 
and cyClient member variables, and finally calls the Refresh() method to force a paint event to redraw 
the form's client area. This sequence is typical of activated event procedures in Fastgraph programs. 

A paint event occurs when the form's client area must be repainted; it is analogous to the 
WM_PAINT Windows message. Our paint handler is in the Form1_Paint() function and just calls 
fg_vbscale() to display the contents of the 640x480 virtual buffer scaled to the size of the form's client 
area. This sequence is typical of paint event handlers in Fastgraph programs. 

A resize event occurs whenever the size of the form changes and is analogous to the WM_SIZE 
Windows message. Our resize handler is in the Form1_Resize() function and first saves the new width 
and height of the client area (in pixels) in the cxClient and cyClient member variables. These values 
are then passed to fg_vbscale() to redraw the form's client area exactly as was done in the paint event 
handler. Using fg_vbscale() here instead of the Refresh() method eliminates noticeable flickering that 
would otherwise occur as the form is being resized. This sequence is typical of resize event procedures in 
Fastgraph programs. 

A closed event occurs after removing a form and often signals a program exit; it is analogous to 
the WM_DESTROY Windows message. Our closed handler is in the Form1_Closed() function and first 
closes the virtual buffer, releases its memory, and terminates virtual buffer processing: 

fg_vbclose() 
fg_vbfree(hVB) 
fg_vbfin() 

It then calls the Graphics object's ReleaseHdc() method to release the device context created with 
GetHdc(): 

g.ReleaseHdc(hDC) 

Each Visual Basic .NET example supplied with Fastgraph consists of five files comprising a Visual 
Basic .NET solution stored in a subdirectory of \FGW60\Examples\VBNET with the same name as the 
example. For instance, the files for the First example are in \FGW60\Examples\VBNET\First. If an example 
program uses any data files (such as images or fonts), those files will be in the bin subdirectory for that 
example. The names of the program source file, XML resource file, project file, and solution file are based on 
the example name, while the assembly source file has the same name for every example. For instance, the 
five files for the First example are: 
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AssemblyInfo.vb the VB.NET source file containing declarations for the project's assembly 
First.vb the VB.NET program source code file 
First.vbproj Visual Basic.NET project file 
First.resx XML resource file 
First.sln Visual Basic .NET solution file 

In general, we'll only be examining the Visual Basic .NET program source code file for each example, as 
it contains the event-handling functions and class member variables. We'll let the Visual Basic .NET 
development environment handle the maintenance of the other files. For more information about these 
files, please consult your favorite Visual Basic .NET reference or the compiler's on-line help facility. 

PowerBASIC PB/DLL 
PowerBASIC programs consist of a main program, a window procedure, and possibly your own 

additional functions. The main program, which must be called WinMain(), sets up the window class, 
creates and initially displays the window, and manages the message loop. The window procedure, which 
will be called WindowProc() in all our examples, processes the messages it receives from Windows. 
'***************************************************************************** 
'                                                                            * 
'  First.bas                                                                 * 
'                                                                            * 
'  This is the first Fastgraph for Windows example program. It demonstrates  * 
'  tasks common to most Fastgraph for Windows programs and serves as a       * 
'  template for building the other examples.                                 * 
'                                                                            * 
'***************************************************************************** 
 
#COMPILE EXE "First.exe" 
 
#INCLUDE "FGWin.inc" 
 
'------------------------------------------------------------------------------ 
 
FUNCTION WINMAIN (BYVAL hInstance     AS LONG, _ 
                  BYVAL hPrevInstance AS LONG, _ 
                  lpCmdLine           AS ASCIIZ PTR, _ 
                  BYVAL iCmdShow      AS LONG) AS LONG 
 
  LOCAL Msg         AS tagMsg 
  LOCAL winclass    AS WndClassEx 
  LOCAL szClassName AS ASCIIZ * 80 
  LOCAL hWnd        AS LONG 
 
  szClassName            = "FGfirst" 
 
  winclass.cbSize        = SIZEOF(winclass) 
  winclass.style         = %CS_HREDRAW OR %CS_VREDRAW OR %CS_OWNDC 
  winclass.lpfnWndProc   = CODEPTR(WindowProc) 
  winclass.cbClsExtra    = 0 
  winclass.cbWndExtra    = 0 
  winclass.hInstance     = hInstance 
  winclass.hIcon         = LoadIcon(hInstance, BYVAL %IDI_APPLICATION) 
  winclass.hCursor       = LoadCursor(%NULL, BYVAL %IDC_ARROW) 
  winclass.hbrBackground = %NULL 
  winclass.lpszMenuName  = %NULL 
  winclass.lpszClassName = VARPTR(szClassName) 
  winclass.hIconSm       = LoadIcon(hInstance, BYVAL %IDI_APPLICATION) 
  RegisterClassEx winclass 
 
  hWnd = CreateWindow( _ 
    szClassName, _               ' window class name 
    "First Fastgraph for Windows Program", _ ' window caption 
    %WS_OVERLAPPEDWINDOW, _      ' window style 
    %CW_USEDEFAULT, _            ' initial x position 
    %CW_USEDEFAULT, _            ' initial y position 
    %CW_USEDEFAULT, _            ' initial x size 
    %CW_USEDEFAULT, _            ' initial y size 
    %NULL, _                     ' parent window handle 
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    %NULL, _                     ' window menu handle 
    hInstance, _                 ' program instance handle 
    BYVAL %NULL)                 ' creation parameters 
 
  ShowWindow hWnd, iCmdShow 
  UpdateWindow hWnd 
 
  WHILE GetMessage(Msg, %NULL, 0, 0) 
    TranslateMessage Msg 
    DispatchMessage Msg 
  WEND 
 
  FUNCTION = msg.wParam 
 
END FUNCTION 
 
'------------------------------------------------------------------------------ 
 
GLOBAL hDC AS LONG 
GLOBAL hPal AS LONG 
GLOBAL hVB AS LONG 
GLOBAL cxClient AS LONG, cyClient AS LONG 
 
FUNCTION WindowProc (BYVAL hWnd AS LONG, BYVAL iMsg AS LONG, _ 
                     BYVAL wParam AS LONG, BYVAL lParam AS LONG) EXPORT AS LONG 
 
  LOCAL ps AS PAINTSTRUCT 
 
  SELECT CASE iMsg 
 
    CASE %WM_CREATE 
      hDC = GetDC(hWnd) 
      fg_setdc hDC 
      hPal = fg_defpal() 
      fg_realize hPal 
 
      fg_vbinit 
      hVB = fg_vballoc(640, 480) 
      fg_vbopen hVB 
      fg_vbcolors 
 
      fg_setcolor 19 
      fg_fillpage 
      FUNCTION = 0 
      EXIT FUNCTION 
 
    CASE %WM_PAINT 
      BeginPaint hWnd, ps 
      fg_vbscale 0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient-1, 0, cyClient-1 
      EndPaint hWnd, ps 
      FUNCTION = 0 
      EXIT FUNCTION 
 
    CASE %WM_SETFOCUS 
      fg_realize hPal 
      InvalidateRect hWnd, BYVAL %NULL, %TRUE 
      FUNCTION = 0 
      EXIT FUNCTION 
 
    CASE %WM_SIZE 
      cxClient = LOWRD(lParam) 
      cyClient = HIWRD(lParam) 
      FUNCTION = 0 
      EXIT FUNCTION 
 
    CASE %WM_DESTROY 
      fg_vbclose 
      fg_vbfree hVB 
      fg_vbfin 
      DeleteObject hPal 
      ReleaseDC hWnd, hDC 
      PostQuitMessage 0 
      FUNCTION = 0 
      EXIT FUNCTION 
 
  END SELECT 
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  FUNCTION = DefWindowProc(hWnd, iMsg, wParam, lParam) 
 
END FUNCTION 

First, notice the directive at the beginning of the program: 
#INCLUDE "FGWin.inc" 

The FGWin.inc include file contains Fastgraph's function prototypes and symbolic constant definitions. It 
also force-includes the WIN32API.INC include file if necessary. This statement will appear in the 
PowerBASIC versions of all Fastgraph example programs. 

Now let’s look at WinMain(). WinMain() first sets up a window class that defines the window 
characteristics and associates a window procedure with the class. It then calls the CreateWindow() 
Windows API function to create a window based on that window class (this also generates the 
WM_CREATE message). CreateWindow() returns a window handle, which we store in the variable 
hWnd, for use elsewhere in the program. Next, the Windows API function ShowWindow() initially displays 
the window, and another Windows API function, UpdateWindow(), then generates the first WM_PAINT 
message to display the window contents. The remainder of WinMain() is a WHILE loop implementing the 
message loop. The message loop retrieves messages Windows sends to the program and sends these to 
the program’s window procedure for processing. The message loop executes until the user exits the 
program. Note that we’ve exclusively used Windows API functions to handle the details of WinMain(). 

The window procedure WindowProc() is where most of the action takes place and provides our 
first look at some Fastgraph functions. Note that our program does not explicitly call WindowProc(). 
Instead, it is called by Windows in response to events such as creating or resizing the window. The 
message loop passes these events to WindowProc() as messages, which WindowProc() processes 
through its own distinct message handlers. WindowProc() implements the message handlers as a 
SELECT CASE construct. Our window procedure includes WM_CREATE, WM_PAINT, WM_SETFOCUS, 
WM_SIZE, and WM_DESTROY message handlers, which we’ll now discuss in detail. 

Windows generates a WM_CREATE message when it first creates the program’s window. Only 
one WM_CREATE message typically occurs per program instance, so it is a good place for any 
application-specific initialization code. Our WM_CREATE message handler first calls the Windows API 
function GetDC() to obtain a device context to the window's client area and then calls fg_setdc() to make 
the device context available to other Fastgraph functions: 

hDC = GetDC(hWnd) 
fg_setdc hDC 

Next, it creates and realizes the default logical palette: 
hPal = fg_defpal() 
fg_realize hPal 

The WM_CREATE message handler then initializes Fastgraph's virtual buffer environment, creates a 
640x480 virtual buffer and makes it the active virtual buffer, and assigns the logical palette colors to the 
virtual buffer: 

fg_vbinit 
hVB = fg_vballoc(640, 480) 
fg_vbopen hVB 
fg_vbcolors 

Finally, we fill the virtual buffer with blue pixels (color 19 is blue when using Fastgraph's default 256-color 
virtual buffers with the default logical palette): 

fg_setcolor 19 
fg_fillpage 
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Windows generates a WM_PAINT message when the window's client area must be repainted. 
Our WM_PAINT handler begins with a call to the Windows API function BeginPaint(), then calls 
fg_vbscale() to display the contents of the 640x480 virtual buffer scaled to the size of the client area, and 
ends with a call to the Windows API function EndPaint(). This sequence is typical of WM_PAINT 
message handlers in Fastgraph programs. 

Windows generates a WM_SETFOCUS message when the window gains the input focus. This 
most often happens when the window becomes the active or top-level window. Our WM_SETFOCUS 
handler first calls fg_realize() to activate the program’s logical palette (in case another program has 
changed the logical palette colors), then calls the Windows API function InvalidateRect() to force a 
WM_PAINT message to redraw the client area. This sequence is typical of WM_SETFOCUS message 
handlers in Fastgraph programs. 

Windows generates a WM_SIZE message whenever the size of the window changes, and also 
upon creation of a window. Our WM_SIZE handler simply saves the new width and height of the client 
area (in pixels) in the variables cxClient and cyClient. These quantities are passed to fg_vbscale() 
in the WM_PAINT message handler. 

Windows generates a WM_DESTROY message after removing a window to signal a program 
exit. Our WM_DESTROY handler first closes the virtual buffer, releases its memory, and terminates 
virtual buffer processing: 

fg_vbclose 
fg_vbfree hVB 
fg_vbfin 

It then calls three Windows API functions to delete the logical palette created with fg_defpal(), release 
the device context created with GetDC(), and exit: 

DeleteObject hPal 
ReleaseDC hWnd, hDC 
PostQuitMessage 0 

Finally, our window procedure ends with a call to the Windows API function DefWindowProc(). 
This provides default message processing for the hundreds of other Windows message types not 
explicitly handled by the window procedure. 

Compilation and Linking 
To build a Fastgraph executable (EXE) file, you must: 

• link with one or more Fastgraph libraries if using C or C++ 

• include a link to one of Fastgraph's module files in your solution if using C# 

• specify one of Fastgraph's unit file names in your program’s uses statement if using Delphi 

• include one of Fastgraph's module files in your project if using Visual Basic 

• include a link to one of Fastgraph's module files in your solution if using Visual Basic .NET 

• specify one of Fastgraph's include file names in an #INCLUDE statement if using 
PowerBASIC 

The specific library, unit, or module files must be in a directory where the linker or IDE searches for such 
files. Furthermore, if you’re using C or C++, the file FGWIN.H must be in a directory where the compiler 
searches for include files. 

The exact method of compilation and linking of course varies between compilers, and most offer 
more than one way to perform these tasks. For example, Borland C++ lets you build EXE files with the 
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integrated development environment (IDE), from the command line, or with a MAKE utility. In the following 
sections, we’ll discuss how to compile and link Fastgraph programs using each compiler’s IDE. We’ll also 
show the simplest ways to do this from the command line. In any case, just remember that building a 
Fastgraph EXE file is really no different from building an ordinary Windows EXE file; you just link with the 
required Fastgraph libraries in addition to any other libraries your program needs. 

There are two Fastgraph libraries for each supported compiler. The native library has a name of 
the form FGWxxx, and the DirectX library is named FGWxxxD (that is, the same name as the native 
library with a "D" appended to the name). Because these libraries contain identically named functions, 
you cannot specify both library files when linking. 

The following sections show how to compile and link a Fastgraph program. We’ll discuss each 
supported compiler separately, in alphabetical order by compiler name. The example commands use the 
notation conventions shown here: 
<file> Angle brackets enclose an item that you substitute in the commands. 

For example, you would replace <file> with a specific file name. 
[FGWBC32.LIB] Square brackets enclose optional items. 
{A|B} Braces enclose a list of two or more items from which you must choose 

one item. A vertical bar (|) separates each choice. For example, {A|B} 
means choose either A or B, but not both. 
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Borland C++ 
You can compile and link Borland C++ programs from the command line or from the Borland C++ 

IDE. The following Fastgraph libraries are compatible with Borland C++: 

FGWBC32.LIB Win32 library 
FGWBC32D.LIB Win32 library with DirectX support 

To build Fastgraph applications in the Borland C++ IDE, you must create a project that includes the 
name of each C and CPP source file comprising your application. Most importantly, the project must also 
include the name of the Fastgraph library for the selected platform. Further, this library name must be 
dependent on the EXE file name, not a C or CPP file name. For example, a project to link our First.C example 
program with Fastgraph's native library would look like this: 

 
Refer to your Borland C++ manuals or on-line help for complete information about projects. 

To compile and link from the command line, use the BCC32 command: 
BCC32 -w-par -P -W <file> {FGWBC32.LIB|FGWBC32D.LIB} 

For more information about compiling and linking Borland C++ programs, please refer to the Borland 
C++ User's Guide. 
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Borland C++Builder 
You normally compile and link Borland C++Builder programs through the C++Builder IDE, but you 

can also compile and link most traditional Win32 programs from the command line using the BCC32 
command shown in the previous section. The following Fastgraph libraries are compatible with Borland 
C++Builder: 

FGWBC32.LIB Win32 library 
FGWBC32D.LIB Win32 library with DirectX support 

To build Fastgraph applications in the C++Builder IDE, you must create a project that includes the 
name of the Fastgraph library for the selected platform (native or DirectX). 

For more information about projects, or compiling and linking C++Builder programs, please refer to 
your C++Builder manuals or on-line help. 
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Delphi 
You can compile and link Delphi programs from the command line or from the Delphi IDE. The 

following Fastgraph unit files are compatible with Delphi: 

FGWIN.DCU Win32 unit file 
FGWIND.DCU Win32 unit file with DirectX support 

The FGWin or FGWinD unit name must appear in the program’s uses statement. The Fastgraph unit files 
must reside in the current directory or in the Delphi LIB directory. If you're using the Delphi IDE, the unit files 
can also reside in one of the directories listed in the Unit Directories list box on the Directories/Conditionals 
page of the Project Options dialog box. 

To build Fastgraph applications in the Delphi IDE, start the IDE as you would for any other Delphi 
project, making sure the Fastgraph unit files are in a directory that Delphi searches for unit files. 

To compile a project from the command line, use the DCC32 command: 
DCC32 <dpr_file> 

For more information about compiling Delphi programs, please refer to the Delphi User's Guide. 
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Microsoft Visual Basic 
You must compile and link Visual Basic programs from the Visual Basic programming environment; 

command line compilation is not available. The following Fastgraph dynamic link libraries are compatible with 
Visual Basic: 

FGWVB32.DLL Win32 dynamic link library 
FGWVB32D.DLL Win32 dynamic link library with DirectX support 

To build Fastgraph applications in the Visual Basic programming environment, you must create a 
project that includes the name of each form and module used in the program. All Fastgraph Visual Basic 
projects must include either Fastgraph's native module (FGWin.bas) or DirectX module (FGWinD.bas). 
Refer to your Visual Basic manuals or on-line help for complete information about projects. 

If you're using Visual Basic 5.0 or later, we recommend changing the palette-related form properties 
as follows: 

Palette None (this is the default) 
PaletteMode 2-Custom 

These settings will provide better palette support for programs with child windows and cause no problems 
for single-window programs. Fastgraph works with Visual Basic 4.0, but we strongly recommend Visual 
Basic 5.0 or later if you are creating DirectX programs with Fastgraph. 

When you distribute a Fastgraph application created with Visual Basic, you'll need to include the 
appropriate Fastgraph DLL (FGWVB32.DLL for native programs, or FGWVB32D.DLL for DirectX 
programs) as part of your program's distribution. Note that you may not distribute the Fastgraph module 
files (FGWin.bas or FGWinD.bas) under any circumstances. 
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Microsoft Visual Basic .NET 
You can compile and link Visual Basic .NET programs from the command line or from the Visual 

Studio development environment. The following Fastgraph dynamic link libraries are compatible with Visual 
Basic .NET: 

FGWVB32.DLL Win32 dynamic link library 
FGWVB32D.DLL Win32 dynamic link library with DirectX support 

To build Fastgraph applications in the Visual Studio development environment, you must create a 
solution that includes the name of each source file used in the program and a link to either Fastgraph's 
native module (FGWin.vb) or DirectX module (FGWinD.vb). To add this link, select the 
Project|Add Existing Item menu item, navigate to the folder containing the Fastgraph module files, 
highlight FGWin.vb or FGWinD.vb, and click the arrow on the Open button and select Link File. By 
default, Fastgraph's SETUP program copies the FGWin.vb and FGWinD.vb module files to \FGW60 and 
\FGW60\Examples\VBNET\_Common. 

To compile and link from the command line, use the VBC command: 
VBC /target:winexe /main:Form1 
    /imports:System,System.Drawing,System.Windows.Forms 
    /r: System.dll,System.Drawing.dll,System.Windows.Forms.dll 
    <file> {FGWin.vb|FGWinD.vb} 

Refer to your favorite Visual Basic .NET reference or the compiler's on-line help for complete 
information about solutions and compilation. 

When you distribute a Fastgraph application created with Visual Basic .NET, you'll need to 
include the appropriate Fastgraph DLL (FGWVB32.DLL for native programs, or FGWVB32D.DLL for 
DirectX programs) as part of your program's distribution. Note that you may not distribute the Fastgraph 
module files (FGWin.vb or FGWinD.vb) under any circumstances. 
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Microsoft Visual C++ 
You can compile and link Visual C++ programs from the command line or from Microsoft Visual 

Studio. The following Fastgraph libraries are compatible with Visual C++: 

FGWVC32.LIB Win32 library 
FGWVC32D.LIB Win32 library with DirectX support 

To build Fastgraph applications in Microsoft Visual Studio, you must create a workspace (for Visual 
C++ 6.0 and earlier) or solution (for Visual C++ .NET) that includes the name of each C and CPP source file 
comprising your application. The workspace must also include the name of the Fastgraph library for the 
selected platform. Refer to your Visual C++ manuals or on-line help for complete information about 
workspaces and solutions. 

For Visual C++, the Fastgraph SETUP program normally installs MFC versions of the Fastgraph 
examples (created with Fastgraph's MFC AppWizard) and traditional C/C++ versions. The MFC versions are 
supplied as complete workspaces that you can load directly into Visual Studio, but you must manually create 
workspaces for the C/C++ versions. 

To create a Visual C++ 5.0/6.0 workspace for one of Fastgraph's C/C++ examples, start Visual 
Studio and select File|New. On the Projects tab, select "Win32 Application" and fill in the project name and 
location fields as desired. We'll create a workspace for the First.c example, so enter \FGW60\Examples\C for 
the location (this is where Fastgraph's SETUP program normally installs the C/C++ examples) and First for 
the project name. If you're using Visual C++ 6.0, you'll now be asked what type of Windows application you 
want to create; select "An empty project" and click Finish. Now we must add files to the workspace. Start by 
copying the C/C++ source code (the C or CPP file) and the resource script file if present (the RC file) into the 
workspace directory. For First.c, you would copy First.c from \FGW60\Examples\C to 
\FGW60\Examples\C\First (there is no resource script file for the First example). Back in Visual Studio, select 
Project|Add To Project|Files, and select First.c. If there is a resource script file, add it to the workspace too. 
The final step is adding the Fastgraph library to the workspace. Select Project|Properties and choose "All 
Configurations" as the Settings For selection. On the Link tab, add the Fastgraph library name FGWVC32.LIB 
(FGWVC32D.LIB if creating a DirectX application) to the list of object/library modules and click OK. By 
default, Fastgraph's SETUP program installs these libraries in the Visual C++ Lib directory; if you installed the 
libraries elsewhere, you'll need to specify the full path name when adding the Fastgraph library to the 
workspace. 

To create a Visual C++ .NET solution for one of Fastgraph's C/C++ examples, start Visual Studio 
and select File|New|Project. Select "Visual C++ Projects" for the project type and "Win32 Project" for the 
template. We'll create a solution for the First.c example, so enter \FGW60\Examples\C for the location (this is 
where Fastgraph's SETUP program normally installs the C/C++ examples) and First for the project name. In 
the Win32 Application Wizard, select Application Settings, check the Empty Project option, and click Finish. 
Now we must add files to the workspace. Start by copying the C/C++ source code (the C or CPP file) and the 
resource script file if present (the RC file) into the workspace directory. For First.c, you would copy First.c 
from \FGW60\Examples\C to \FGW60\Examples\C\First (there is no resource script file for the First example). 
Back in Visual Studio, select Project|Add Existing Item, and select First.c. If there is a resource script file, add 
it to the workspace too. The final step is adding the Fastgraph library to the solution. Select Project|Properties 
and select "All Configurations" for the configuration. In the Configuration Properties pane, select Linker then 
select Input. Under Additional Dependencies, enter the Fastgraph library name FGWVC32.LIB (or 
FGWVC32D.LIB if creating a DirectX application) and click OK. By default, Fastgraph's SETUP program 
installs these libraries in the Visual C++ Lib directory; if you installed the libraries elsewhere, you'll need to 
specify the full path name when adding the Fastgraph library to the workspace. 

To compile and link from the command line, use the CL command: 
CL -c -Gs -Ow -W3 -Zp -Tp <file> 
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LINK <file> GDI32.LIB COMDLG32.LIB USER32.LIB VFW32.LIB WINSPOOL.LIB 
   {FGWVC32.LIB|FGWVC32D.LIB} 

For more information about compiling and linking Visual C++ programs, please refer to your Visual 
C++ manuals or on-line help. 
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Microsoft Visual C# .NET 
You can compile and link Visual C# .NET programs from the command line or from the Visual Studio 

development environment. The following Fastgraph dynamic link libraries are compatible with Visual C# 
.NET: 

FGWVB32.DLL Win32 dynamic link library 
FGWVB32D.DLL Win32 dynamic link library with DirectX support 

To build Fastgraph applications in the Visual Studio development environment, you must create a 
solution that includes the name of each source file used in the program and a link to either Fastgraph's 
native module (FGWin.cs) or DirectX module (FGWinD.cs). To add this link, select the 
Project|Add Existing Item menu item, navigate to the folder containing the Fastgraph module files, 
highlight FGWin.cs or FGWinD.cs, and click the arrow on the Open button and select Link File. By default, 
Fastgraph's SETUP program copies the FGWin.cs and FGWinD.cs module files to \FGW60 and 
\FGW60\Examples\CSharp\_Common. 

To compile and link from the command line, use the CSC command: 
CSC /target:winexe <file> {FGWin.cs|FGWinD.cs} 

Refer to your favorite Visual C# .NET reference or the compiler's on-line help for complete 
information about solutions and compilation. 

When you distribute a Fastgraph application created with Visual C# .NET, you'll need to include 
the appropriate Fastgraph DLL (FGWVB32.DLL for native programs, or FGWVB32D.DLL for DirectX 
programs) as part of your program's distribution. Note that you may not distribute the Fastgraph module 
files (FGWin.cs or FGWinD.cs) under any circumstances. 
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PowerBASIC PB/DLL 
You can compile and link PowerBASIC programs from the command line or from the PowerBASIC 

IDE. The following Fastgraph dynamic link libraries are compatible with PowerBASIC: 

FGWPB32.DLL Win32 dynamic link library 
FGWPB32D.DLL Win32 dynamic link library with DirectX support 

To build Fastgraph applications in the PowerBASIC IDE, simply load the BAS source code file 
into the IDE and compile. To compile and link from the command line, use the PBDLL command: 

PBDLL <file> /I<path> [/Q] 

The path specified with the /I switch tells PowerBASIC where to search for include files. Normally this will be 
the \PBDLL60\Winapi directory. 

For more information about compiling and linking PowerBASIC programs, please refer to the 
PowerBASIC User's Guide. 

When you distribute a Fastgraph application created with PowerBASIC, you'll need to include the 
appropriate Fastgraph DLL (FGWPB32.DLL for native programs, or FGWPB32D.DLL for DirectX 
programs) as part of your program's distribution. Note that you may not distribute the Fastgraph include 
files (FGWin.inc or FGWinD.inc) under any circumstances. 
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Symantec C++ 
You can compile and link Symantec C++ programs from the command line or from the Symantec 

IDE. The following Fastgraph libraries are compatible with Symantec C++: 

FGWSC32.LIB Win32 library 
FGWSC32D.LIB Win32 library with DirectX support 

To build Fastgraph applications in the Symantec C++ IDE, you must create a project that includes 
the name of each C and CPP source file comprising your application. Most importantly, the project must 
also include the name of the Fastgraph library for the selected platform. Refer to your Symantec C++ 
manuals or on-line help for complete information about projects. 

To compile and link from the command line, use the SC command: 
SC -mn -W <file> GDI32.LIB COMDLG32.LIB USER32.LIB VFW32.LIB 
   WINSPOOL.LIB {FGWSC32.LIB|FGWSC32D.LIB} 

For more information about compiling and linking Symantec C++ programs, please refer to the 
Symantec C++ Compiler and Tools Guide and the Symantec C++ User's Guide and Reference. 
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Watcom C/C++ 
You can compile and link Watcom C/C++ programs from the command line or from the Watcom IDE. 

The following Fastgraph libraries are compatible with Watcom C/C++: 

FGWWC32.LIB Win32 library 
FGWWC32D.LIB Win32 library with DirectX support 

To build Fastgraph applications in the Watcom IDE, you must create a project that includes the name 
of each C and CPP source file comprising your application. Most importantly, the project must also include 
the name of the Fastgraph library for the selected platform. Refer to your Watcom C/C++ manuals or on-line 
help for complete information about projects. 

To compile and link from the command line, use the WCL386 command: 
WCL386 <file> /l=nt_win /bt=nt {FGWWC32.LIB|FGWWC32D.LIB} 

If you're using the Watcom IDE, the method of creating Win32 programs differs slightly between 
Watcom C/C++ 10.0 and later versions. For version 10.0, choose "Win32 (NT)" as the target environment 
when setting up the project. For later versions, choose "Win32 (NT/Win95/Win32s)". 

For more information about compiling and linking Watcom C/C++ programs, please refer to the 
Watcom C++ User's Guide and the Watcom C++ Programmer’s Guide. 
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Maintaining a Device Context 
All writing to a window's client area is performed through a Windows device context, or DC for 

short. The .NET framework Graphics object's GetHdc() method, the Windows API GetDC() function, and 
the Visual Basic hDC property all return a device context handle. Passing this handle to fg_setdc() 
makes Fastgraph's fg_vbpaste() and fg_vbscale() blitting functions direct their output to the associated 
device. We will typically use these functions in the WM_CREATE handler to obtain a device context and 
direct blitting to the window's client area, as shown here: 

C/C++: 
hDC = GetDC(hWnd); 
fg_setdc(hDC); 

C++Builder: 
hDC = GetDC(Form1->Handle); 
fg_setdc(hDC); 

C#: 
hDC = g.GetHdc(); 
fg.setdc(hDC); 

Delphi: 
dc := GetDC(Form1.Handle); 
fg_setdc(dc); 

Visual Basic: 
Call fg_setdc(hDC) 

Visual Basic .NET: 
hDC = g.GetHdc() 
fg_setdc(hDC) 

Device contexts created with GetHdc() should be released with ReleaseHdc() before the program exits. 
Similarly, device contexts created with GetDC() should be released with ReleaseDC(). This is typically 
done in the WM_DESTROY handler: 

C/C++: 
ReleaseDC(hWnd,hDC); 

C++Builder: 
ReleaseDC(Form1->Handle,hDC); 

C#: 
g.ReleaseHdc(hDC); 

Delphi: 
ReleaseDC(Form1.Handle,dc); 

Visual Basic .NET: 
g.ReleaseHdc(hDC) 

In C/C++ programs, the device context returned by GetDC() cannot be stored in a local variable (unless 
declared static), as it must retain its value across window procedure calls. Visual Basic programs don't 
need to release the device context, since that's handled automatically. 

The C/C++, MFC, and PowerBASIC versions of the Fastgraph example programs all specify the 
CS_OWNDC style flag when setting up the window class. This flag tells Windows to assign a unique 
device context to each window, and further guarantees that Windows will not reclaim any of our device 
contexts while the program executes. The C++Builder and Delphi versions do not do this, but we can 
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specify CS_OWNDC in C++Builder and Delphi programs by overriding a form's CreateParams() method. 
To do this, we must add the following declaration to the form's class definition: 

C++Builder: 
virtual void __fastcall CreateParams(TCreateParams &Params); 

Delphi: 
procedure CreateParams(var Params: TCreateParams); override; 

Then add our CreateParams() function to the source code module where you define the form's event 
handlers: 

C++Builder: 
void __fastcall TForm1::CreateParams(TCreateParams &Params) 
{ 
  TForm::CreateParams(Params); 
  Params.WindowClass.style |= CS_OWNDC; 
} 

Delphi: 
procedure TForm1.CreateParams(var Params: TCreateParams); 
begin 
  Inherited CreateParams(Params); 
  Params.WindowClass.style := 
    Params.WindowClass.style or CS_OWNDC; 
end; 

An Introduction to Virtual Buffers 
In our first Fastgraph for Windows example, we introduced the concept of virtual buffers and 

briefly illustrated how to set up a virtual buffer, display its contents in the window's client area, and release 
the virtual buffer memory when the program exits. We’ll now take a more in-depth look at the Fastgraph 
functions that perform these tasks. In Chapter 10, we’ll look at a few more Fastgraph functions for 
managing and blitting virtual buffers. 

Virtual buffers are blocks of memory that serve as off-screen drawing surfaces. All Fastgraph 
functions that perform graphics operations either write to a virtual buffer, copy data between virtual 
buffers, or display the contents of a virtual buffer in the client area. An application may have up to 256 
virtual buffers defined at the same time. Before working with virtual buffers, programs must call 
fg_vbinit() to initialize Fastgraph's virtual buffer environment. This function has no parameters and is 
usually called in the program’s WM_CREATE message handler. In Fastgraph's native libraries, 
fg_vbinit() always returns zero. 

The easiest way to create a virtual buffer is with the fg_vballoc() function. Its two parameters 
specify the virtual buffer width and height in pixels, and its return value indicates whether or not the virtual 
buffer was created successfully. If successful, fg_vballoc() returns a handle by which the virtual buffer is 
referenced (between 0 and 255). The possible error return values are -1 (virtual buffer table full) or -2 
(cannot allocate memory for the virtual buffer). By default, fg_vballoc() creates 256-color (8 bits per pixel) 
virtual buffers, but in the next chapter we'll see how to use fg_vbdepth() to create high color and true 
color virtual buffers. 

Each row of pixels in a virtual buffer must be aligned on a four-byte boundary. This means 
fg_vballoc() will extend the width parameter, if necessary, to a multiple of four bytes. For instance, if we 
tell fg_vballoc() to create a 101x101 256-color virtual buffer, we will actually get a 104x101 buffer. 
Similarly, telling fg_vballoc() to create a 101x101 high color virtual buffer results in a 102x101 buffer (102 
high color pixels = 204 bytes). 
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Most Fastgraph functions operate on a virtual buffer called the active virtual buffer. The 
fg_vbopen() function makes a virtual buffer the active virtual buffer. Its only parameter is a virtual buffer 
handle returned by fg_vballoc(), and its return value will be zero if the virtual buffer was opened 
successfully. The possible error return values are -1 (invalid virtual buffer handle) or -2 (no virtual buffer 
defined for the specified handle). The virtual buffer will remain the active virtual buffer until you call 
fg_vbclose(), or until you call fg_vbopen() with a different virtual buffer handle. 

After you open a 256-color virtual buffer for the first time, you must call fg_vbcolors() to 
associate the active logical palette colors with the virtual buffer. For high color and true color virtual 
buffers, calling fg_vbcolors() causes no harm but is not necessary. In our first example, we created the 
default logical palette with fg_defpal(). We’ll describe logical palettes in detail in the next chapter. 

As a review, here’s how we initialized the virtual buffer environment, created a 640x480 virtual 
buffer, and made it the active virtual buffer in the WM_CREATE message handler of our first example 
program: 

C/C++: 
fg_vbinit(); 
hVB = fg_vballoc(640,480); 
fg_vbopen(hVB); 
fg_vbcolors(); 

C#: 
fg.vbinit(); 
hVB = fg.vballoc(640, 480); 
fg.vbopen(hVB); 
fg.vbcolors(); 

Delphi: 
fg_vbinit; 
hVB := fg_vballoc(640,480); 
fg_vbopen(hVB); 
fg_vbcolors; 

Visual Basic: 
Call fg_vbinit 
hVB = fg_vballoc(640, 480) 
Call fg_vbopen(hVB) 
Call fg_vbcolors 

Visual Basic .NET: 
fg_vbinit() 
hVB = fg_vballoc(640, 480) 
fg_vbopen(hVB) 
fg_vbcolors() 

Throughout the rest of this manual, we’ll show how to use Fastgraph functions to write information to a 
virtual buffer. 

Once you’ve created an image in a virtual buffer, chances are you’ll want to display it. Fastgraph 
provides two functions, fg_vbpaste() and fg_vbscale(), for this purpose. More precisely, these functions 
copy any rectangular subset of the active virtual buffer to the specified position in the window's client 
area. The difference between the functions is that fg_vbpaste() performs a one-to-one pixel copy from 
the virtual buffer to the client area, while fg_vbscale() scales the requested virtual buffer region to fit the 
requested client region. A program’s WM_PAINT message handler will often call fg_vbpaste() or 
fg_vbscale(). As you might think, pasting is more useful (and slightly more efficient) with a fixed-size 
window, or when the window serves as a viewport into a larger background. Scaling is more useful when 
you want the virtual buffer contents to fill the client area, regardless of the window size. 
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The fg_vbpaste() function has six parameters. The first four define the horizontal and vertical 
extremes of the source region to copy from the virtual buffer. The last two define the destination position 
in the client area. The region copied from the virtual buffer will be displayed with its lower left corner at the 
specified destination position. For example, 

C/C++: 
fg_vbpaste(0,639,0,479,0,479); 

C#: 
fg.vbpaste(0, 639, 0, 479, 0, 479); 

Delphi: 
fg_vbpaste(0,639,0,479,0,479); 

Visual Basic: 
Call fg_vbpaste(0, 639, 0, 479, 0, 479) 

Visual Basic .NET: 
fg_vbpaste(0, 639, 0, 479, 0, 479) 

copies the active 640x480 virtual buffer to the upper left 640x480 pixels of the client area. 

The fg_vbscale() function has eight parameters. The first four define the source region extremes 
as in fg_vbpaste(). The last four define the destination extremes in the client area; usually these will be 
equal to the client area limits. Assuming cxClient and cyClient respectively contain the horizontal 
and vertical dimensions of the client area (see the WM_SIZE message handler), the call 

C/C++: 
fg_vbscale(0,639,0,479,0,cxClient-1,0,cyClient-1); 

C#: 
fg.vbscale(0, 639, 0, 479, 0, cxClient-1, 0, cyClient-1); 

Delphi: 
fg_vbscale(0,639,0,479,0,cxClient-1,0,cyClient-1); 

Visual Basic: 
Call fg_vbscale(0, 639, 0, 479, 0, cxClient-1, 0, cyClient-1) 

Visual Basic .NET: 
fg_vbscale(0, 639, 0, 479, 0, cxClient-1, 0, cyClient-1) 

will scale the active 640x480 virtual buffer to fill the entire client area. The client area may be smaller, the 
same size as, or larger than the virtual buffer size. 

Before a program exits, it must call fg_vbfree() to release the memory associated with each 
virtual buffer the program creates. This function’s only parameter is the virtual buffer handle, and it has no 
return value. You can instead free all virtual buffers by passing fg_vbfree() any negative number as the 
handle. Because you cannot release the active virtual buffer’s memory, the program must first call 
fg_vbclose() to close the active virtual buffer. Finally, the program must call fg_vbfin() to terminate 
virtual buffer processing. These tasks are usually done in the program’s WM_DESTROY message 
handler, as was done in our first example: 

C/C++: 
fg_vbclose(); 
fg_vbfree(hVB); 
fg_vbfin(); 

C#: 
fg.vbclose(); 
fg.vbfree(hVB); 
fg.vbfin(); 
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Delphi: 
fg_vbclose; 
fg_vbfree(hVB); 
fg_vbfin; 

Visual Basic: 
Call fg_vbclose 
Call fg_vbfree(hVB) 
Call fg_vbfin 

Visual Basic .NET: 
fg_vbclose() 
fg_vbfree(hVB) 
fg_vbfin() 

Virtual buffers are an integral part of developing any Fastgraph for Windows program, so it’s 
especially important to understand the concepts presented in this section. We’ll see them over and over in 
the remaining example programs. In Chapter 10, we’ll see more things we can do with virtual buffers. 

Coordinate Systems 
We’ll conclude this chapter with a discussion of the three different 2D coordinate systems 

Fastgraph offers: screen space, viewports, and world space. Screen space is the basic integer-based 
coordinate system for virtual buffers. Viewports are an extension of screen space that let you assign an 
alternate integer-based coordinate system to rectangular subsets of the active virtual buffer. World space 
is a user-definable coordinate system for virtual buffers and uses floating point values. 

Screen Space 
Screen space is the most popular and most efficient of Fastgraph's 2D coordinate systems and 

will be the coordinate system used in just about all the example programs. It can be thought of as a grid 
of rows and columns, with each unit in the grid representing the smallest addressable unit in a virtual 
buffer. This quantity is called a pixel, and each pixel is identified by its unique (x,y) integer coordinates. 
The pixel rows and columns are numbered starting at zero; the origin is always the upper left corner of 
the virtual buffer. For example, a 640x480 virtual buffer would have horizontal screen space coordinates 
that range from 0 at the left edge to 639 at the right edge. Similarly, the vertical screen space coordinates 
would range from 0 at the top edge to 479 at the bottom edge. 

The Fastgraph functions fg_getmaxx() and fg_getmaxy() return the maximum x and y screen 
space coordinates of the active virtual buffer. For a 640x480 virtual buffer, fg_getmaxx() returns 639 and 
fg_getmaxy() returns 479. 

Viewports 
Viewports provide an alternate integer-based coordinate system for referencing pixels. Fastgraph 

includes functions to create a viewport, return the viewport limits, and convert viewport coordinates to 
their screen space values. 

A viewport definition consists of its extremes in "viewport space" and the corresponding limits in 
screen space. The fg_setview() function defines a 2D viewport. Its first four parameters represent the 
minimum x, maximum x, minimum y, and maximum y viewport coordinates, and its last four parameters 
represent the corresponding screen space pixel values defining the viewport's physical size and location. 
For example, the call 

C/C++: 
fg_setview(100,739,100,499,0,159,0,99); 



 Chapter 2: Fundamental Concepts • 55 

 

 

C#: 
fg.setview(100, 739, 100, 499, 0, 159, 0, 99); 

Delphi: 
fg_setview(100,739,100,499,0,159,0,99); 

Visual Basic: 
Call fg_setview(100, 739, 100, 499, 0, 159, 0, 99) 

Visual Basic .NET: 
fg_setview(100, 739, 100, 499, 0, 159, 0, 99) 

would create a 640x400 viewport in the upper left corner of a 320x200 virtual buffer, as shown here: 

 

 

The viewport's coordinates would range from 100 to 739 horizontally and 100 to 499 vertically. In other 
words, the viewport coordinate (100,100) would map to the screen space pixel (0,0). The fg_getview() 
function returns the current viewport limits and corresponding screen space limits, as defined in the most 
recent call to fg_setview(). 

Once you've defined a viewport, the fg_xview() and fg_yview() functions translate viewport 
coordinates to their screen space equivalents. The translated values can then be passed to any 
Fastgraph function that expects screen space coordinates. For example, the fg_rect() function draws a 
filled rectangle in screen space. If you wanted to fill the viewport defined above with color 10 pixels, you 
could do this as follows: 

C/C++: 
fg_setcolor(10); 
fg_rect(fg_xview(100),fg_xview(739),fg_yview(100),fg_yview(499)); 

C#: 
fg.setcolor(10); 
fg.rect(fg.xview(100), fg.xview(739), fg.yview(100), fg.yview(499)); 

Delphi: 
fg_setcolor(10); 
fg_rect(fg_xview(100),fg_xview(739),fg_yview(100),fg_yview(499)); 

Visual Basic: 
Call fg_setcolor(10) 
Call fg_rect(fg_xview(100), fg_xview(739), fg_yview(100), fg_yview(499)) 

Visual Basic .NET: 
fg_setcolor(10) 
fg_rect(fg_xview(100), fg_xview(739), fg_yview(100), fg_yview(499)) 
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To make a viewport a "true" viewport, it is often desirable to establish clipping limits at the 
viewport's extremes. This way, the Fastgraph functions that support clipping will only draw within the 
viewport itself. The following call to fg_setclip() will establish the desired clipping limits: 

C/C++: 
fg_setclip(fg_xview(100),fg_xview(739),fg_yview(100),fg_yview(499)); 

C#: 
fg.setclip(fg.xview(100), fg.xview(739), fg.yview(100), fg.yview(499)); 

Delphi: 
fg_setclip(fg_xview(100),fg_xview(739),fg_yview(100),fg_yview(499)); 

Visual Basic: 
Call fg_setclip(fg_xview(100),fg_xview(739),fg_yview(100),fg_yview(499)) 

Visual Basic .NET: 
fg_setclip(fg_xview(100), fg_xview(739), fg_yview(100), fg_yview(499)) 

The fg_setclip() function will be described in more detail in Chapter 5. 

World Space 
World space is a user-defined floating point coordinate system that applies to an entire virtual 

buffer. World space can be thought of as a standard Cartesian plane extending from the lower left corner 
of the virtual buffer. The world space vertical orientation is thus inverted relative to screen space and 
viewports. Some of the examples presented in Chapters 5 and 6 will use world space. 

The Fastgraph functions that accept world space parameters translate them to their screen space 
equivalents and then call the analogous screen space function. Because of this translation and the use of 
floating point values, using world space is somewhat slower than using screen space. 

Any program that uses world space coordinates must first initialize Fastgraph's internal world 
space parameters. The function fg_initw() is provided for this purpose. The fg_initw() function has no 
parameters and must be called before any other function that uses world space coordinates. 

The next step in using world space is to call fg_setworld() to define the world space coordinates 
of the virtual buffer edges. The fg_setworld() function has four floating-point parameters -- the minimum 
x coordinate (left edge), the maximum x coordinate (right edge), the minimum y coordinate (bottom edge), 
and the maximum y coordinate (top edge). For example, if you define the world space coordinates with 
the statement 

C/C++: 
fg_setworld(-10.0,10.0,0.0,2.5); 

C/: 
fg.setworld(-10.0, 10.0, 0.0, 2.5); 

Delphi: 
fg_setworld(-10.0,10.0,0.0,2.5); 

Visual Basic: 
Call fg_setworld(-10.0, 10.0, 0.0, 2.5) 

Visual Basic .NET: 
fg_setworld(-10.0, 10.0, 0.0, 2.5) 

the (x,y) coordinates of the virtual buffer corners would be defined as shown here: 
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Fastgraph includes a function fg_getworld() that returns the world space extremes as defined in the most 
recent call to fg_setworld(). 

Conversion Routines 
Sometimes it's necessary to convert coordinates between screen space and world space. At 

other times, such as when using Windows API functions that write directly to the client area, we may need 
to convert virtual buffer coordinates to the equivalent client area position, or vice versa. Fastgraph 
includes eight conversion functions, four for x coordinates and four for y coordinates, to perform such 
conversions. The conversion functions all have a single parameter -- the coordinate to translate -- and 
return the translated coordinate as their function value. 

The fg_xclient() and fg_yclient() functions convert virtual buffer screen space coordinates to 
client area screen space coordinates. The fg_xclient() function translates x coordinates, while 
fg_yclient() translates y coordinates. Conversely, fg_xvb() and fg_yvb() convert client area screen 
space coordinates to virtual buffer screen space coordinates. Note that fg_xvb() and fg_yvb() only work 
when the calling application is the foreground window. If another application is in the foreground, both 
functions will return –1. 

The fg_xscreen() and fg_yscreen() functions convert world space coordinates to screen space. 
The fg_xscreen() function translates x coordinates, while fg_yscreen() translates y coordinates. 
Conversely, fg_xworld() and fg_yworld() convert screen space coordinates to world space. 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_getmaxx() Returns the maximum x coordinate in screen space for the active virtual buffer. 

fg_getmaxy() Returns the maximum y coordinate in screen space for the active virtual buffer. 

fg_getview() Returns the current viewport limits and their screen space equivalents, as 
defined in the most recent call to fg_setview(). 

fg_getworld() Returns the current world space limits, as defined in the most recent call to 
fg_setworld(). 

fg_initw() Initializes Fastgraph's internal world space parameters. This function must be 
called once, before any other function that uses world coordinates. 

fg_setdc() Establishes the device context for the window's client area. 

fg_setview() Defines a 2D viewport with the specified extremes at the specified screen 
space position. 

fg_setworld() Defines the 2D world space coordinates that correspond to the physical edges 
of the active virtual buffer. 

(-10.0,2.5)        (10.0,2.5) 

                              

                              

                              

(-10.0,0.0)        (10.0,0.0) 



58 • Fastgraph 6.0 User’s Guide 

 

  

fg_vballoc() Creates a virtual buffer of the specified size. The memory for the virtual buffer 
is allocated automatically. 

fg_vbclose() Closes the active virtual buffer. 

fg_vbfin() Terminates virtual buffer processing. This is typically the last Fastgraph 
function called in a program. 

fg_vbfree() Releases a virtual buffer's handle and frees the memory allocated to the virtual 
buffer. 

fg_vbinit() Initializes Fastgraph's virtual buffer environment. This function must be called 
once, before any other functions that reference virtual buffers. 

fg_vbopen() Makes an existing virtual buffer the active virtual buffer. 

fg_vbpaste() Copies a rectangular region from the active virtual buffer to the client area. 

fg_vbscale() Copies a rectangular region from the active virtual buffer to the client area, with 
scaling. 

fg_xclient() Converts a virtual buffer screen space x coordinate to its client area screen 
space equivalent. 

fg_xscreen() Converts a world space x coordinate to its screen space equivalent. 

fg_xvb() Converts a client area screen space x coordinate to its virtual buffer screen 
space equivalent. 

fg_xview() Converts a viewport x coordinate to its screen space equivalent. 

fg_xworld() Converts a screen space x coordinate to its world space equivalent. 

fg_yclient() Converts a virtual buffer screen space y coordinate to its client area screen 
space equivalent. 

fg_yscreen() Converts a world space y coordinate to its screen space equivalent. 

fg_yvb() Converts a client area screen space y coordinate to its virtual buffer screen 
space equivalent. 

fg_yview() Converts a viewport y coordinate to its screen space equivalent. 

fg_yworld() Converts a screen space y coordinate to its world space equivalent. 
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Overview 
The use of color is an important part of any graphics application, but it is often one of the most 

tricky aspects of Windows programming. In this chapter, we’ll first examine why this is so and look at how 
Fastgraph handles these issues. Then we'll move on to the different virtual buffer color depths that 
Fastgraph supports and show how to define pixel colors for each. Next we'll introduce Fastgraph's virtual 
palette for high color and true color virtual buffers. Finally, we'll wrap up the chapter with a discussion of 
how we can change the Windows display settings with Fastgraph. 

Windows Display Drivers 
The number of colors a Windows program can display simultaneously is determined by the user’s 

video hardware and the Windows display driver. The video hardware, namely the video card and monitor, 
generally support many different resolutions and color depths (each resolution and color depth 
combination is called a video mode). Display drivers for some or all of these video modes are shipped 
with Windows itself, or are provided separately by the video card manufacturer. For example, Windows 95 
uses a 16-color 640x480 display driver by default, but users can install a video driver with a higher 
resolution or greater color depth through the Windows "Display Settings" icon from the Control Panel. 

Today, video hardware capable of palette-based 256-color (eight bits per pixel) resolutions can 
be considered the absolute minimum equipment for Windows, with 32K/64K high color (15/16 bits per 
pixel) and 16.7M true color (24/32 bits per pixel) equipment considered standard. Despite these increased 
color depths, it’s still not unusual for end users to have a 16-color display driver in use, typically because 
they continue to use the default Windows display driver. 

16-color display drivers are fine for some types of applications, but for games, educational 
software, and imaging products, a minimum 256-color display driver is almost essential. The fg_colors() 
function returns the display driver’s color depth in bits per pixel (for example, fg_colors() returns 8 if the 
display driver supports 256 colors). For example, the code shown here prevents an application from 
running unless the user’s display driver supports at least 256 colors. 

C/C++: 
if (fg_colors() < 8) 
{ 
   MessageBox(hWnd,"256-color driver required","Error", 
              MB_ICONSTOP|MB_OK); 
   DestroyWindow(hWnd); 
   return 0; 
} 

C++Builder: 
if (fg_colors() < 8) 
{ 
   MessageDlg("256-color driver required",mtError, 
              TMsgDlgButtons()<<mbOK,0); 
   Close(); 
   return; 
} 

C#: 
if (fg.colors() < 8) 
{ 
   MessageBox.Show("256-color driver required", "Error", 
                   MessageBoxButtons.OK, MessageBoxIcon.Error); 
   this.Close(); 
   return; 
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} 

Delphi: 
if fg_colors < 8 then 
begin 
  MessageDlg('256-color driver required',mtError,[mbOK],0); 
  Close; 
  Exit; 
end; 

Visual Basic: 
If fg_colors() < 8 Then 
   Call MsgBox("256-color driver required", vbCritical, "Error") 
   Unload Me 
   Exit Sub 
End If 

Visual Basic .NET: 
If fg_colors() < 8 Then 
   MessageBox.Show("256-color driver required", "Error", 
                   MessageBoxButtons.OK, MessageBoxIcon.Error) 
   Me.Close() 
   Return 
End If 

The Windows Palette Manager 
What happens if you run a Windows program that uses more colors than the display driver 

supports? The answer depends on whether there is a palette-based (16-color or 256-color) or a direct 
color (high color or true color) display driver installed. For direct color displays, things are rather simple 
because colors are represented in terms of their RGB (red/green/blue) components. This means 
Windows can just ignore some of the color bits; this happens when displaying a true color image when a 
high color display is active, for example. 

For palette-based displays, things are much more complex. To see why this is so, we need to 
understand how the Windows palette manager works. The palette manager maintains a system palette 
that initially contains a set of default colors for the display driver’s color depth. These colors are called the 
system colors and should not be changed by well-behaved Windows programs. 

For 16-color display drivers, the system palette contains the 16 default colors shown here: 

black dark blue dark gray bright blue 
dark red lavender bright red magenta 

dark green slate bright green cyan 
light green light gray yellow white 

Display drivers that support 256 colors add pale green, pale blue, off white, and medium gray to the 
system palette, for a total of 20 system colors. 

When a program tries to display something in a color that’s not in the system palette, the palette 
manager adds the new color to the system palette if there is room for the new color. For 16-color display 
drivers, the system palette already contains 16 colors, so there never will be room for a new color. For 
256-color display drivers, the system palette initially has room for 236 user-definable colors (256 colors 
less the 20 system colors). In both cases, the palette manager matches requests for new colors to the 
closest color in the system palette once the system palette is full. 

Another time the palette manager comes into play is when two or more programs (or two or more 
instances of the same program) are active. If these applications use nothing but the Windows system 
colors, there’s no problem because there will be no color conflicts between them. The same will generally 
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be true when using high color and true color display drivers because they are not palette-based. Consider 
the case, however, of using a 256-color display driver with two programs that each use their own distinct 
set of 256 colors. A simple example would be running more than one instance of a PCX file viewer, where 
one instance displayed one PCX file and a second instance displayed another PCX file with a different 
palette. A color conflict will occur because the display driver can only display 256 simultaneous colors and 
the two PCX files could require up to 512 different colors. In this case, the palette manager gives color 
priority to the active (top-level) window and maps its colors into the system palette. Colors in other 
windows are first mapped to unused entries in the system palette, then once the system palette becomes 
full, to the closest colors in the new system palette. This has the overall effect of giving the active window 
its first choice of colors, while still preserving a reasonable appearance for other windows. 

Virtual Buffer Color Depth 
Fastgraph supports virtual buffer color depths of 8 bits per pixel (256 colors, or palette-based), 16 

bits per pixel (64K colors, or high color) and 24 and 32 bits per pixel (16.7 million colors, or true color). 
This section will discuss each color depth in detail. High color and true color virtual buffers are collectively 
called direct color virtual buffers. 

For compatibility with earlier versions of Fastgraph for Windows, virtual buffers default to 256 
colors, but you can change this behavior with the fg_vbdepth() function. It accepts a single integer 
parameter that defines the default virtual buffer color depth; it must be 8, 16, 24, or 32. For example, in 
the code snippet 

C/C++: 
fg_vbinit(); 
hVB1 = fg_vballoc(width1,height1); 
fg_vbdepth(16); 
hVB2 = fg_vballoc(width2,height2); 

C#: 
fg.vbinit(); 
hVB1 = fg.vballoc(width1, height1); 
fg.vbdepth(16); 
hVB2 = fg.vballoc(width2, height2); 

Delphi: 
fg_vbinit; 
hVB1 := fg_vballoc(width1,height1); 
fg_vbdepth(16); 
hVB2 := fg_vballoc(width2,height2); 

Visual Basic: 
Call fg_vbinit 
hVB1 = fg_vballoc(width1, height1) 
Call fg_vbdepth(16) 
hVB2 = fg_vballoc(width2, height2) 

Visual Basic .NET: 
fg_vbinit() 
hVB1 = fg_vballoc(width1, height1) 
fg_vbdepth(16) 
hVB2 = fg_vballoc(width2, height2) 

the first virtual buffer will be a 256-color virtual buffer, and the second virtual buffer will be a high color 
(16-bit) virtual buffer. The color depth defined with fg_vbdepth() remains in effect until you call 
fg_vbdepth() or fg_vbinit() again. You can use virtual buffers of different color depths in the same 
program, but if you copy data between virtual buffers, the color depths of the source and destination 
virtual buffers must be the same. 
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The fg_getdepth() function returns the color depth of the active virtual buffer. It returns the color 
depth in bits per pixel, which is of course the number of bits needed to store one pixel in the virtual buffer. 
If we need to know how many different colors the active virtual buffer supports, we can calculate this as 
2n, where n is the color depth returned by fg_getdepth(). 

256-Color Virtual Buffers 
Fastgraph's default virtual buffer color depth is 256 colors. Each pixel in a 256-color virtual buffer 

can assume a value between 0 and 255. These pixel values serve as indices into a data structure called 
a logical palette. The logical palette entries and the Windows palette manager ultimately determine the 
actual colors displayed when copying pixels from a virtual buffer to a window's client area. For instance, if 
a logical palette defines color 24 to be yellow, pixels whose value is 24 will be displayed as yellow. If 
you’re familiar with using 256-color graphics modes in DOS, it might be helpful to think of a logical palette 
as the Windows equivalent of the VGA or SVGA video DAC registers. 256-color virtual buffers are often 
designated 8bpp (8 bits per pixel). 

When fg_vbpaste() or fg_vbscale() blits a virtual buffer to the window's client area, two things 
occur. First, of course, is copying or scaling the virtual buffer contents to the requested position in the 
client area. Second, and less obvious, is the interfacing with the Windows palette manager that 
determines the colors in which the blitted pixels are displayed. 

Each 256-color virtual buffer includes its own independent 256-color palette that defines the RGB 
components for that virtual buffer. If the virtual buffer palette exactly matches the colors in the active 
logical palette, there is much less for the palette manager to do, which translates to better performance 
during blitting. To associate the active logical palette’s colors with the active virtual buffer, call 
fg_vbcolors() after opening a 256-color virtual buffer for the first time, as shown here. 

C/C++: 
fg_vbopen(hVB); 
fg_vbcolors(); 

C#: 
fg.vbopen(hVB); 
fg.vbcolors(); 

Delphi: 
fg_vbopen(hVB); 
fg_vbcolors; 

Visual Basic: 
Call fg_vbopen(hVB) 
Call fg_vbcolors 

Visual Basic .NET: 
fg_vbopen(hVB) 
fg_vbcolors() 

Note that you don’t need to call fg_vbcolors() every time you open a 256-color virtual buffer, just the first 
time. In addition, a logical palette must be active (that is, created and realized) when calling 
fg_vbcolors(). It is not necessary to use fg_vbcolors() with high color and true color virtual buffers. 

High Color Virtual Buffers 
In high color virtual buffers, each pixel occupies two bytes of memory, making it possible to use 

64K different colors simultaneously. The data stored in these two bytes directly determine the pixel color 
instead of serving as an index into a logical palette. High color virtual buffers are often designated 16bpp 
(16 bits per pixel). 
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The two bytes (16 bits) representing each pixel contain a red, green, and blue color component, 
encoded like this: 

Bits 0-4 5-bit blue component 
Bits 5-10 6-bit green component 
Bits 11-15 5-bit red component 

This means the red and blue components are between 0 and 31, while green components are between 0 
and 63. In each case, increasing values produce more intense colors. An extra green bit is provided 
because the human eye is more sensitive to changes in the green spectrum. This encoding scheme is 
often called 5/6/5 encoding. Note that high color virtual buffers actually have fewer distinct colors than 
256-color virtual buffers (which allow 256K colors), but of course high color virtual buffers let you use any 
or all of these colors at once, instead of just a 256-color subset. 

We should mention that some DirectX implementations use a 5/5/5 encoding scheme for high color 
pixels. With 5/5/5 encoding, the two bytes representing each pixel contain three five-bit color components 
plus an unused bit, encoded like this: 

Bits 0-4 5-bit blue component 
Bits 5-9 5-bit green component 
Bits 10-14 5-bit red component 
Bit 15 unused 

True Color Virtual Buffers 
In true color virtual buffers, each pixel occupies either three bytes (24 bits per pixel) or four bytes 

(32 bits per pixel) of memory, making it possible to use 16.7 million different colors concurrently. The data 
stored in these bytes directly determine the pixel color instead of serving as an index into a logical palette. 

True color virtual buffers can utilize two distinct memory organizations or pixel formats: 24-bit 
RGB and 32-bit xRGB. Both true color formats provide 16.7 million colors, but the 32-bit format requires 
25% more memory. The 24-bit format is often designated 24bpp (bits per pixel), while the 32-bit format is 
designated 32bpp. 

When using a 24bpp memory organization, the three bytes representing each pixel contain a red, 
green, and blue color component. The blue component is stored in the low order byte, followed by the 
green component and then the red component. The 32-bit xRGB organization is similar to 24-bit RGB, but 
an unused byte, sometimes called the alpha channel, follows the red byte. This means each pixel begins 
on a four-byte boundary and generally results in faster pixel access. In all cases, the RGB color 
components are between 0 and 255, with increasing values producing more intense colors. 

Fastgraph transparently handles the differences between 24-bit and 32-bit true color virtual 
buffers with one notable exception: the fg_getblock() and fg_putblock() legacy functions. 

Logical Palettes 
Logical palettes are required for any Fastgraph program that uses a 256-color virtual buffer. You'll 

also need to use a logical palette with direct color virtual buffers if you want your programs to run better 
when using a palette-based display driver. With direct color virtual buffers, the same Fastgraph functions 
that work with logical palettes apply to Fastgraph's virtual palette, so we'll include the palette management 
functions in all Fastgraph examples. We'll cover the virtual palette later in this chapter. 

Fastgraph provides several functions for working with logical palettes: 

• creating a default logical palette 

• creating a custom logical palette 
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• activating or “realizing” a logical palette 

• modifying color definitions in the active logical palette 

• retrieving color definitions from the active logical palette 

We’ll introduce Fastgraph's logical palette functions in the following sections. 

Using the Default Logical Palette 
The easiest way to create a logical palette is with fg_defpal(), which creates a 256-color logical 

palette using Fastgraph's default colors. The fg_defpal() function has no parameters and returns a logical 
palette handle of type HPALETTE, or NULL (zero) if it could not create the logical palette. To activate the 
logical palette, pass the logical palette handle to fg_realize(). The following code, which typically appears 
in the program’s WM_CREATE message handler after establishing a device context, illustrates this 
sequence: 

C/C++: 
hPal = fg_defpal(); 
fg_realize(hPal); 

C#: 
hPal = fg.defpal(); 
fg.realize(hPal); 

Delphi: 
hPal := fg_defpal; 
fg_realize(hPal); 

Visual Basic: 
hPal = fg_defpal() 
Call fg_realize(hPal) 

Visual Basic .NET: 
hPal = fg_defpal() 
fg_realize(hPal) 

Before a program exits, it should delete the logical palette with the Windows API function DeleteObject(). 
A good place to do this is in the program’s WM_DESTROY message handler: 

C/C++ and Delphi: 
DeleteObject(hPal); 

C#, VB.NET, and Visual Basic programs do not need to delete the logical palette, as the .NET framework 
and Visual Basic handle this task automatically. 

As we just mentioned, fg_realize() activates a logical palette (this process is called realizing the 
logical palette, hence the function name). A program must of course realize a logical palette before using 
it, but it must also do this when its window becomes the active window. Programs should thus call 
fg_realize() in their WM_SETFOCUS message handler: 

C/C++ 
fg_realize(hPal); 

C#: 
fg.realize(hPal); 

Delphi: 
fg_realize(hPal); 

Visual Basic: 
Call fg_realize(hPal) 
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Visual Basic .NET: 
fg_realize(hPal) 

The default Fastgraph logical palette contains the Windows system colors in their default 
Windows positions (colors 0-9 and 246-255). The remaining 236 colors (colors 10 to 245) are a subset of 
the default colors used in DOS 256-color graphics modes, starting with the standard 16-color DOS color 
set (colors 10 to 25) and a coarse grayscale of increasing intensity (colors 26 to 29). The next 216 colors 
(30 to 245) contain three groups of 72 colors each, with the first group (30 to 101) at high intensity, the 
second group (102 to 173) at moderate intensity, and the third group (174 to 245) at low intensity. Each group 
consists of three ranges of decreasing saturation (increasing whiteness), with each range varying in hue from 
blue to red to green. This information is summarized in the following table. 

colors 0 to 9: the first 10 Windows system colors 
0 black 5 lavender 
1 dark red 6 slate 
2 dark green 7 light gray 
3 light green 8 pale green 
4 dark blue 9 pale blue 

colors 10 to 25: the standard 16-color DOS color set 
10 black 14 red 18 dark gray 22 light red 
11 blue 15 magenta 19 light blue 23 light magenta 
12 green 16 brown 20 light green 24 yellow 
13 cyan 17 gray 21 light cyan 25 white 

colors 26 to 29: coarse grayscale (darker to lighter) 
colors 30 to 53: high saturation, high intensity colors 
colors 54 to 77: moderate saturation, high intensity colors 
colors 78 to 101: low saturation, high intensity colors 
colors 102 to 125: high saturation, moderate intensity colors 
colors 126 to 149: moderate saturation, moderate intensity colors 
colors 150 to 173: low saturation, moderate intensity colors 
colors 174 to 197: high saturation, low intensity colors 
colors 198 to 221: moderate saturation, low intensity colors 
colors 222 to 245: low saturation, low intensity colors 
colors 246 to 255: the last 10 Windows system colors 

246 off white 251 yellow 
247 medium gray 252 bright blue 
248 dark gray 253 magenta 
249 bright red 254 cyan 
250 bright green 255 white 

Using a Custom Logical Palette 
You can create a logical palette containing colors of your choice with fg_logpal(). The 

fg_logpal() function requires three parameters: the starting color number, the number of colors in the 
logical palette, and a byte array containing that many sets of RGB color components. Like fg_defpal(), 
fg_logpal() returns a logical palette handle of type HPALETTE, or NULL (zero) if it could not create the 
logical palette. Note that fg_logpal() creates a new logical palette each time you call it. If you want to 
modify the colors in an existing logical palette, use fg_setdacs() or fg_setrgb(), which we’ll describe later 
in this chapter. 

The starting color number specifies the first color to define in the new logical palette, between 0 and 
255. The number of colors parameter can be any value between 0 and 256 as long as the sum of the starting 
color number and the number of colors does not exceed 256. The first three bytes of the RGB array contain 
the red, green, and blue components for the starting color, the next three bytes contain the components for 
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the next color, and so forth. Each color component is a value between 0 and 255, and the RGB array must be 
large enough to hold the specified number of RGB triples. For example, we could use the code shown here to 
create a logical palette containing our own colors as the non-system colors: 

C/C++: 
char RGBvalues[236*3] = {...}; 
hPal = fg_logpal(10,236,RGBvalues); 
fg_realize(hPal); 

C#: 
byte [] RGBvalues = {...}; 
hPal = fg.logpal(10, 236, ref RGBvalues[0]); 
fg.realize(hPal); 

Delphi: 
var 
  RGBvalues : array [1..236*3] of byte; 
begin 
  hPal := fg_logpal(10,236,RGBvalues); 
  fg_realize(hPal); 

Visual Basic: 
Dim RGBvalues(236 * 3) As Byte 
Call fg_logpal(10, 236, RGBvalues(0)) 
Call fg_realize(hPal) 

Visual Basic .NET: 
Dim RGBvalues(236 * 3) As Byte 
fg_logpal(10, 236, RGBvalues(0)) 
fg_realize(hPal) 

Although fg_logpal() lets you define fewer than 256 colors, it always creates a 256-color logical 
palette. In addition, it will set up the logical palette with the system colors (colors 0-9 and 246-255) set to 
their default values, unless you explicitly change them (which we don’t recommend). Any non-system 
colors not defined through the fg_logpal() parameters will remain undefined. Hence, if the number of 
colors parameter is zero, fg_logpal() will create a logical palette containing the Windows system colors 
as its first and last ten entries, with the remaining 236 colors undefined. 

Logical palettes created with fg_logpal() are treated the same as those created with fg_defpal(). 
That is, you must activate them with fg_realize() in a program’s WM_SETFOCUS handler (and typically 
in WM_CREATE as well), and you must delete them with DeleteObject() before the program exits. 

Modifying a Logical Palette 
Once you realize a logical palette, fg_setrgb() and fg_setdacs() let you modify its colors. The 

two functions differ in that fg_setrgb() changes a single color in the logical palette, while fg_setdacs() 
changes one or more consecutive colors. If a palette-based display driver is active, the effect of each 
function is immediate, meaning if we change a color definition, pixels of the color will immediately change 
to the new color. This is true for pixels in the active window, and for pixels in inactive windows mapped to 
that color. Neither function has any effect unless a logical palette is active. 

The fg_setrgb() function has four integer parameters. The first specifies the color being changed 
(more accurately, the color index in the active logical palette), and the last three specify that color’s new 
red, green, and blue color components. Each color component is between 0 and 255. For example, if we 
set up a default logical palette with fg_defpal(), color 10 will be black (that is, its red, green, and blue 
color components are all zero). If we want to change all color 10 pixels from black to white (red, green, 
and blue are all 255), we could use fg_setrgb() as shown here: 
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C/C++: 
fg_setrgb(10,255,255,255); 

C#: 
fg.setrgb(10, 255, 255, 255); 

Delphi: 
fg_setrgb(10,255,255,255); 

Visual Basic: 
Call fg_setrgb(10, 255, 255, 255) 

Visual Basic .NET: 
fg_setrgb(10, 255, 255, 255) 

If you want to change two or more consecutive colors in a logical palette, the fg_setdacs() 
function is more efficient than multiple calls to fg_setrgb(). This function takes the same parameters as 
fg_logpal() -- a starting color number, the number of colors to change, and a byte array containing that 
many sets of RGB color components. For example, we could make the first 16 non-system colors (colors 
10 to 25) black with this code: 

C/C++: 
char Black[16*3]; 
memset(Black,0,16*3); 
fg_setdacs(10,16,Black); 

C#: 
byte [] Black = new byte [16*3] 
Array.Clear(Black, 0, 16*3); 
fg.setdacs(10, 16, ref Black[0]); 

Delphi: 
var 
  Black : array [1..16*3] of byte; 
begin 
  FillChar(Black,16*3,0); 
  fg_setdacs(10,16,Black); 

Visual Basic: 
Dim Black(16 * 3) As Byte 
Erase Black 
Call fg_setdacs(10, 16, Black(0)) 

Visual Basic .NET: 
Dim Black(16 * 3) As Byte 
Array.Clear(Black, 0, 16 * 3) 
fg_setdacs(10, 16, Black(0)) 

Note that each fg_setrgb() and fg_setdacs() color component is a value between 0 and 255 (in 
fact, this is true for all Fastgraph for Windows functions that use RGB color components). This differs from 
Fastgraph for DOS, where color components range from 0 to 63 in 256-color graphics modes. If you are 
converting an application from DOS to Windows and you have an array containing DOS color component 
values, you can convert them with fg_mapdacs(). This function has three parameters: the byte array 
containing the “0 to 63” color components, the byte array to receive the “0 to 255” converted components 
(which must be at least as large as the first array), and the number of sets of color components to 
convert. You can specify the same array for both source and destination. For example, after this call to 
fg_mapdacs() 

C/C++: 
char RGBvalues[6] = {0,21,21, 0,63,63}; 
fg_mapdacs(RGBvalues,RGBvalues,2); 
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C#: 
byte [] RGBvalues = {0,21,21, 0,63,63}; 
fg.mapdacs(ref RGBvalues[0], ref RGBvalues[0], 2); 

Delphi: 
const 
  RGBvalues : array [1..6] of byte = (0,21,21, 0,63,63); 
begin 
  fg_mapdacs(RGBvalues,RGBvalues,2); 

Visual Basic: 
Dim RGBvalues(6) As Byte 
RGBvalues(0) = 0: RGBvalues(1) = 21: RGBvalues(2) = 21 
RGBvalues(3) = 0: RGBvalues(4) = 63: RGBvalues(5) = 63 
Call fg_mapdacs(RGBvalues(0), RGBvalues(0), 2) 

Visual Basic .NET: 
Dim RGBvalues() As Byte = {0, 21, 21, 0, 63, 63} 
fg_mapdacs(RGBvalues(0), RGBvalues(0), 2) 

the RGBvalues array would contain two sets of converted RGB color components, (0,85,85) and 
(0,255,255). 

Retrieving Logical Palette Colors 
Fastgraph provides two functions, fg_getrgb() and fg_getdacs(), for retrieving colors from the 

active logical palette. The fg_getrgb() function retrieves the RGB components of the specified color. Its 
parameters are the same as fg_setrgb(), but the last three parameters must be passed by reference 
because they receive the requested color’s RGB components. For example, 

C/C++: 
int red, green, blue; 
fg_getrgb(10,&red,&green,&blue); 

C#: 
int red, green, blue; 
fg.getrgb(10, out red, out green, out blue); 

Delphi: 
var 
  red, green, blue : integer; 
begin 
  fg_getrgb(10,red,green,blue); 

Visual Basic: 
Dim red As Long, green As Long, blue As Long 
Call fg_getrgb(10, red, green, blue) 

Visual Basic .NET: 
Dim red, green, blue As Integer 
fg_getrgb(10, red, green, blue) 

would store the RGB components for color 10 in the variables red, green, and blue. Each color 
component will be between 0 and 255. 

As you might expect, fg_getdacs() retrieves one or more consecutive colors from the active 
logical palette and uses the same parameters as fg_setdacs(). The following code will store the RGB 
components for the 236 non-system colors (colors 10 to 245) in the array RGBvalues: 

C/C++: 
char RGBvalues[236*3]; 
fg_getdacs(10,236,RGBvalues); 
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C#: 
byte [] RGBvalues = new byte [236*3] 
fg.getdacs(10, 236, ref RGBvalues[0]); 

Delphi: 
var 
  RGBvalues : array [1..236*3] of byte; 
begin 
  fg_getdacs(10,236,RGBvalues); 

Visual Basic: 
Dim RGBvalues(236 * 3) As Byte 
Call fg_getdacs(10, 236, RGBvalues(0)) 

Visual Basic .NET: 
Dim RGBvalues(236 * 3) As Byte 
fg_getdacs(10, 236, RGBvalues(0)) 

As always, each color component will be between 0 and 255. 

Defining the Current Color 
The value of each pixel in a virtual buffer determines the color in which that pixel is displayed. 

Recall that 256-color virtual buffers are said to be palette-based because the pixel value is actually an 
index into a larger color space, and high color and true color virtual buffers are termed direct color 
because the pixel value itself represents the actual color displayed. 

Fastgraph's fg_setcolorrgb() and fg_setcolor() functions define the color in which many 
graphics operations are performed (this is called the current color). For fg_setcolorrgb(), we define the 
current color in terms of its red, green, and blue color components. As usual, each RGB component is a 
value between 0 and 255, with increasing values producing more intense colors. For fg_setcolor(), we 
define the current color as a logical palette index for 256-color virtual buffers, or as an encoded RGB 
value for direct color virtual buffers. In the next two sections, we'll discuss these and other color-related 
functions as they apply to 256-color and direct color virtual buffers. 

One feature worth noting is that color 0 defaults to black in 256-color and direct color virtual 
buffers, and the highest-numbered color defaults to white. In the highest-numbered color, all relevant bits 
are 1, which is also true for the integer value -1. This means we can call fg_setcolor(-1) to make white 
the current color in both 256-color and direct color virtual buffers. 

256-Color Virtual Buffers 
In 256-color virtual buffers, fg_setcolor() takes a single integer parameter that specifies the color 

as a logical palette index. This means we can pass fg_setcolor() a value between 0 and 255. For 
instance, in our first Fastgraph example program we called 

C/C++: 
fg_setcolor(19); 
fg_fillpage(); 

C#: 
fg.setcolor(19); 
fg.fillpage(); 

Delphi: 
fg_setcolor(19); 
fg_fillpage; 
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Visual Basic: 
Call fg_setcolor(19) 
Call fg_fillpage 

Visual Basic .NET: 
fg_setcolor(19) 
fg_fillpage() 

Because entry 19 in the default logical palette is blue, fg_fillpage() filled the virtual buffer with blue pixels. 
If we pass fg_setcolor() a value greater than 255, it treats it as value modulo 256. 

We can also use fg_setcolorrgb() to define the current color in terms of its RGB components. If 
the specified color is in the active logical palette, fg_setcolorrgb() makes that color's logical palette index 
the current color. If it is not in the logical palette, fg_setcolorrgb() uses the closest matching color. The 
following statement finds the color closest to half-intensity pure green and makes it the current color: 

C/C++: 
fg_setcolorrgb(0,127,0); 

C#: 
fg.setcolorrgb(0, 127, 0); 

Delphi: 
fg_setcolorrgb(0,127,0); 

Visual Basic: 
Call fg_setcolorrgb(0, 127, 0) 

Visual Basic .NET: 
fg_setcolorrgb(0, 127, 0) 

The fg_getcolor() function returns the current color, as defined in the most recent call to 
fg_setcolorrgb() or fg_setcolor(). It has no parameters and returns the current color as its function 
value. 

The fg_maprgb() function searches for a color in the active logical palette. Its three parameters 
define the target color in terms of its red, green, and blue color components (each between 0 and 255). If 
the target color is in the active logical palette, fg_maprgb() returns its color number (that is, its index 
within the logical palette). If not, it returns the color number of the closest matching color. Passing the 
fg_maprgb() return value to fg_setcolor() is functionally equivalent to calling fg_setcolorrgb() with the 
three fg_maprgb() parameters. 

Direct Color Virtual Buffers 
When a high color virtual buffer is active, fg_setcolorrgb() translates its three 8-bit RGB color 

components to their equivalent 16-bit encoded color value and then sets the current color to that value. 
The fg_maprgb() function performs this same translation and returns the encoded color as its function 
value. It does not update the current color, but passing its return value to fg_setcolor() will do so. The 
following sets of calls each show three different ways of defining the same color for high color virtual 
buffers: 

C/C++: 
fg_setcolorrgb(0,0,0); 
fg_setcolor(fg_maprgb(0,0,0)); 
fg_setcolor(0); 

fg_setcolorrgb(255,255,255); 
fg_setcolor(fg_maprgb(255,255,255)); 
fg_setcolor(0xFFFF); 

fg_setcolorrgb(0,0,255); 
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fg_setcolor(fg_maprgb(0,0,255)); 
fg_setcolor(31); 

C#: 
fg.setcolorrgb(0, 0, 0); 
fg.setcolor(fg.maprgb(0, 0, 0)); 
fg.setcolor(0); 

fg.setcolorrgb(255, 255, 255); 
fg.setcolor(fg.maprgb(255, 255, 255)); 
fg.setcolor(0xFFFF); 

fg.setcolorrgb(0, 0, 255); 
fg.setcolor(fg.maprgb(0, 0, 255)); 
fg.setcolor(31); 

Delphi: 
fg_setcolorrgb(0,0,0); 
fg_setcolor(fg_maprgb(0,0,0)); 
fg_setcolor(0); 

fg_setcolorrgb(255,255,255); 
fg_setcolor(fg_maprgb(255,255,255)); 
fg_setcolor($FFFF); 

fg_setcolorrgb(0,0,255); 
fg_setcolor(fg_maprgb(0,0,255)); 
fg_setcolor(31); 

Visual Basic: 
Call fg_setcolorrgb(0, 0, 0) 
Call fg_setcolor(fg_maprgb(0, 0, 0)) 
Call fg_setcolor(0) 

Call fg_setcolorrgb(255, 255, 255) 
Call fg_setcolor(fg_maprgb(255, 255, 255)) 
Call fg_setcolor(&HFFFF) 

Call fg_setcolorrgb(0, 0, 255) 
Call fg_setcolor(fg_maprgb(0, 0, 255)) 
Call fg_setcolor(31) 

Visual Basic .NET: 
fg_setcolorrgb(0, 0, 0) 
fg_setcolor(fg_maprgb(0, 0, 0)) 
fg_setcolor(0) 

fg_setcolorrgb(255, 255, 255) 
fg_setcolor(fg_maprgb(255, 255, 255)) 
fg_setcolor(&HFFFF) 

fg_setcolorrgb(0, 0, 255) 
fg_setcolor(fg_maprgb(0, 0, 255)) 
fg_setcolor(31) 

When a true color virtual buffer is active, fg_setcolorrgb() translates its three 8-bit RGB color 
components to their equivalent 32-bit xRGB encoded color value and then sets the current color to that 
value. The fg_maprgb() function performs this same translation and returns the encoded color as its 
function value. It does not update the current color, but passing its return value to fg_setcolor() will do so 
(by default, the high-order byte will be zero, so you can use the xRGB color value with both 24-bit and 32-
bit true color virtual buffers). The following sets of calls each show three different ways of defining the 
same color for true color virtual buffers: 

C/C++: 
fg_setcolorrgb(0,0,0); 
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fg_setcolor(fg_maprgb(0,0,0)); 
fg_setcolor(0); 

fg_setcolorrgb(255,0,127); 
fg_setcolor(fg_maprgb(255,0,127)); 
fg_setcolor(0xFF007F); 

fg_setcolorrgb(0,0,255); 
fg_setcolor(fg_maprgb(0,0,255)); 
fg_setcolor(255); 

C#: 
fg.setcolorrgb(0, 0, 0); 
fg.setcolor(fg.maprgb(0, 0, 0)); 
fg.setcolor(0); 

fg.setcolorrgb(255, 0, 127); 
fg.setcolor(fg.maprgb(255, 0, 127)); 
fg.setcolor(0xFF007F); 

fg.setcolorrgb(0, 0, 255); 
fg.setcolor(fg.maprgb(0, 0, 255)); 
fg.setcolor(255); 

Delphi: 
fg_setcolorrgb(0,0,0); 
fg_setcolor(fg_maprgb(0,0,0)); 
fg_setcolor(0); 

fg_setcolorrgb(255,0,127); 
fg_setcolor(fg_maprgb(255,0,127)); 
fg_setcolor($FF007F); 

fg_setcolorrgb(0,0,255); 
fg_setcolor(fg_maprgb(0,0,255)); 
fg_setcolor(255); 

Visual Basic: 
Call fg_setcolorrgb(0, 0, 0) 
Call fg_setcolor(fg_maprgb(0, 0, 0)) 
Call fg_setcolor(0) 

Call fg_setcolorrgb(255, 0, 127) 
Call fg_setcolor(fg_maprgb(255, 0, 127)) 
Call fg_setcolor(&HFF007F) 

Call fg_setcolorrgb(0, 0, 255) 
Call fg_setcolor(fg_maprgb(0, 0, 255)) 
Call fg_setcolor(255) 

Visual Basic .NET: 
fg_setcolorrgb(0, 0, 0) 
fg_setcolor(fg_maprgb(0, 0, 0)) 
fg_setcolor(0) 

fg_setcolorrgb(255, 0, 127) 
fg_setcolor(fg_maprgb(255, 0, 127)) 
fg_setcolor(&HFF007F) 

fg_setcolorrgb(0, 0, 255) 
fg_setcolor(fg_maprgb(0, 0, 255)) 
fg_setcolor(255) 

Note that direct color virtual buffers always use RGB values between 0 and 255, whether we’re using a 
high color or a true color buffer. 
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The fg_unmaprgb() function provides the inverse capability of fg_maprgb(): it extracts the 
individual RGB components from an encoded color value. The first fg_unmaprgb() parameter is the color 
value, encoded in the 5/6/5 or 5/5/5 format for high color virtual buffers, or the xRGB format for true color 
virtual buffers. The remaining three parameters, passed by reference, respectively receive the red, green, 
and blue color components. Each RGB component will be between 0 and 255. The fg_unmaprgb() 
function is meaningful only for direct color virtual buffers. 

The fg_getcolor() function returns the current color, as defined in the most recent call to 
fg_setcolorrgb() or fg_setcolor(). It has no parameters and returns the current color as its function 
value. The fg_getcolor() return value is encoded in the 5/6/5 or 5/5/5 format for high color virtual buffers, 
or the xRGB format for true color virtual buffers. 

An Example 
The Colors example shows how to define the current color for both 256-color and direct color virtual 

buffers. It is very similar to the First example, but Colors will obtain the display driver's color depth and create 
a 640x480 virtual buffer of that color depth. Like First, this virtual buffer is then filled with blue pixels. 

Colors: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Colors.c                                                                  * 
*                                                                            * 
*  This program illustrates how to establish the current color for 256-color * 
*  and direct color virtual buffers. It obtains the display driver's color   * 
*  depth, creates a 640x480 virtual buffer with the same color depth, and    * 
*  fills it with blue pixels.                                                * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGcolors"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Color Depth",           // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
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   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   int bpp; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         bpp = fg_colors(); 
         fg_vbdepth(bpp); 
         hVB = fg_vballoc(640,480); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         if (bpp > 8) 
            fg_setcolorrgb(85,85,255); 
         else 
            fg_setcolor(19); 
         fg_fillpage(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
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Colors: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Colors.cpp                                                                * 
*  ColorsU.cpp                                                               * 
*                                                                            * 
*  This program illustrates how to establish the current color for 256-color * 
*  and direct color virtual buffers. It obtains the display driver's color   * 
*  depth, creates a 640x480 virtual buffer with the same color depth, and    * 
*  fills it with blue pixels.                                                * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "ColorsU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   int bpp; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   bpp = fg_colors(); 
   fg_vbdepth(bpp); 
   hVB = fg_vballoc(640,480); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   if (bpp > 8) 
      fg_setcolorrgb(85,85,255); 
   else 
      fg_setcolor(19); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
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   ReleaseDC(Form1->Handle,hDC); 
} 

Colors: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Colors.dpr                                                                * 
*  ColorsU.pas                                                               * 
*                                                                            * 
*  This program illustrates how to establish the current color for 256-color * 
*  and direct color virtual buffers. It obtains the display driver's color   * 
*  depth, creates a 640x480 virtual buffer with the same color depth, and    * 
*  fills it with blue pixels.                                                * 
*                                                                            * 
*****************************************************************************} 
 
unit ColorsU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  bpp : integer; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  bpp := fg_colors; 
  fg_vbdepth(bpp); 
  hVB := fg_vballoc(640,480); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  if bpp > 8 then 



78 • Fastgraph 6.0 User’s Guide 

 

  

     fg_setcolorrgb(85,85,25) 
  else 
     fg_setcolor(19); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Colors: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Colors.frm                                                                * 
'                                                                            * 
'  This program illustrates how to establish the current color for 256-color * 
'  and direct color virtual buffers. It obtains the display driver's color   * 
'  depth, creates a 640x480 virtual buffer with the same color depth, and    * 
'  fills it with blue pixels.                                                * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim bpp As Long 
 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   bpp = fg_colors() 
   Call fg_vbdepth(bpp) 
   hVB = fg_vballoc(640, 480) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   If bpp > 8 Then 
      Call fg_setcolorrgb(85, 85, 255) 
   Else 
      Call fg_setcolor(19) 
   End If 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
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   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

The Virtual Palette 
The virtual palette lets you work with 256-color objects in direct color virtual buffers. When we 

discuss bitmapped images in later chapters, we’ll see how you can initialize the virtual palette and then 
display a 256-color bitmap in a direct color virtual buffer. The pixels in the 256-color bitmap will reference 
RGB values from the virtual palette, just as they would reference RGB values from the logical palette in a 
256-color virtual buffer. The virtual palette contains 256 sets of RGB values, numbered 0 to 255. When 
using a direct color virtual buffer, fg_defpal() sets up the virtual palette with the same 256 colors as the 
default logical palette. 

To modify the values in the virtual palette, use either fg_setrgb() or fg_setdacs(). For direct color 
virtual buffers, these functions update the virtual palette entries instead of the logical palette entries (if a 
palette-based display driver is being used, fg_setrgb() and fg_setdacs() will update both the virtual 
palette and logical palette). As you might expect, fg_getrgb() and fg_getdacs() retrieve RGB data from 
the virtual palette when using a direct color virtual buffer. 

Changing the Display Settings 
You can create full screen programs with Fastgraph's native or DirectX libraries. For DirectX 

programs, we'll cover this in detail in Chapter 4. For native programs, however, the fg_modeset() and 
fg_modetest() functions provide the ability to change the display resolution without using DirectX. 

The fg_modeset() function dynamically defines the display settings. The first three fg_modeset() 
parameters specify the display's new horizontal resolution, vertical resolution, and color depth in bits per 
pixel (8, 16, 24, or 32). The fourth parameter indicates whether the Windows taskbar will be visible (0) or 
hidden (any other value). 

Some Windows display drivers require the color depth parameter to be the same as the display's 
current color depth, so you'll generally pass the fg_colors() return value as the fg_modeset() color 
depth. For example, here's how you would use fg_modeset() to change the display resolution to 640x480 
pixels, with the taskbar hidden: 

C/C++: 
fg_modeset(640,480,fg_colors(),1); 

C#: 
fg.modeset(640, 480, fg.colors(), 1); 

Delphi: 
fg_modeset(640,480,fg_colors,1); 

Visual Basic: 
Call fg_modeset(640, 480, fg_colors(), 1) 

Visual Basic .NET: 
fg_modeset(640, 480, fg_colors(), 1) 
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The fg_modeset() function returns 0 if the mode change was successful, 1 if Windows must be restarted 
before the new mode takes effect, or a negative value if the mode change failed. You cannot call 
fg_modeset() until your program's main window is initially displayed. Further, we recommend that 
programs that change the display mode with fg_modeset() do so before setting up the logical palette, as 
some Windows display drivers redefine the palette values when changing display modes. 

Any program that calls fg_modeset() should restore the original display settings before exiting. 
The easiest way to do this is calling fg_modeset() with the color depth parameter set to zero. In this 
case, fg_modeset() ignores the other parameters and restores the default display resolution and color 
depth defined in the Windows registry. 

A related function, fg_modetest(), checks if the user's system supports a given display resolution 
and color depth combination. Its three parameters are the same as the first three fg_modeset() 
parameters. The fg_modetest() function returns 0 if the requested mode is available, 1 if the mode is 
available but Windows must first be restarted before it takes effect, or a negative value if the requested 
mode is not available. As with fg_modeset(), you cannot call fg_modetest() until your program's main 
window is initially displayed. 

The Display example shows how to set the desktop size to 800x600 and restore the original 
settings on exit. It creates an 800x600 virtual buffer and fills it with blue pixels. Display uses an 800x600 
borderless window to achieve a full screen display, meaning the display is the same size as the virtual 
buffer. This lets us display the virtual buffer contents with fg_vbpaste() instead of fg_vbscale() and 
eliminates the need for a WM_SIZE event handler. 

Another issue we must address is how to exit the program. Since Display uses a borderless window, 
we don't have the usual system menu box for this purpose. We'll add a keystroke event handler that gets 
called on any keypress. This handler will recognize the Esc or F12 keys as program exit keys. 

Display: C/C++ Version 
The C/C++ version of Display uses CreateWindowEx() instead of CreateWindow() to create the 

800x600 borderless window: 
#define WIDTH  800 
#define HEIGHT 600 
 
window = CreateWindowEx( 
   WS_EX_TOPMOST,           // extended window style 
   szAppName,               // window class name 
   "Change Display Settings", // window caption 
   WS_POPUP,                // window style 
   0,                       // initial x position 
   0,                       // initial y position 
   vbWidth,                 // initial x size 
   vbHeight,                // initial y size 
   NULL,                    // parent window handle 
   NULL,                    // window menu handle 
   hInstance,               // program instance handle 
   NULL);                   // creation parameters 

Further, it calls ShowWindow() in the WM_CREATE handler to make the window visible before calling 
fg_modetest() or fg_modeset(). 
/****************************************************************************\ 
*                                                                            * 
*  Display.c                                                                 * 
*                                                                            * 
*  This program resizes the desktop to 800x600 using the fg_modeset()        * 
*  function.                                                                 * 
*                                                                            * 
\****************************************************************************/ 
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#include <fgwin.h> 
 
#define vbWidth  800 
#define vbHeight 600 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGdisplay"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindowEx( 
      WS_EX_TOPMOST,           // extended window style 
      szAppName,               // window class name 
      "Change Display Settings", // window caption 
      WS_POPUP,                // window style 
      0,                       // initial x position 
      0,                       // initial y position 
      vbWidth,                 // initial x size 
      vbHeight,                // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         if (fg_modetest(vbWidth,vbHeight,fg_colors()) != 0) 
         { 
            MessageBox(hWnd,"Cannot set 800x600 desktop","Error",MB_OK|MB_ICONSTOP); 
            DestroyWindow(hWnd); 
            return 0; 
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         } 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
         fg_modeset(vbWidth,vbHeight,fg_colors(),1); 
 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(19); 
         fg_fillpage(); 
         return 0; 
 
      case WM_KEYDOWN: 
         switch(wParam) 
         { 
            case VK_ESCAPE: 
            case VK_F12: 
               DestroyWindow(hWnd); 
               break; 
         } 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         fg_modeset(0,0,0,0); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Display: C++Builder Version 
The C++Builder version of Display sets the form's Visible property to True in the OnCreate event 

handler before calling fg_modeset() or fg_modetest(). It achieves the full screen display by setting the 
form's BorderStyle property to bsNone through the C++Builder Object Inspector, then setting its 
WindowState property to wsMaximized in the OnCreate handler after switching to the 800x600 display 
resolution. 
/****************************************************************************\ 
*                                                                            * 
*  Display.cpp                                                               * 
*  DisplayU.cpp                                                              * 
*                                                                            * 
*  This program resizes the desktop to 800x600 using the fg_modeset()        * 
*  function.                                                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "DisplayU.h" 



 Chapter 3: Colors and Palettes • 83 

 

 

//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   if (fg_modetest(vbWidth,vbHeight,fg_colors()) != 0) 
   { 
      MessageDlg("Cannot set 800x600 desktop",mtError,TMsgDlgButtons()<<mbOK,0); 
      Application->Terminate(); 
      return; 
   } 
   Visible = True; 
   fg_modeset(vbWidth,vbHeight,fg_colors(),1); 
   WindowState = wsMaximized; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(19); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormKeyDown(TObject *Sender, WORD &Key, TShiftState Shift) 
{ 
   if (Key == VK_ESCAPE || Key == VK_F12) Close(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   fg_modeset(0,0,0,0); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
   Application->Minimize(); 
} 

Note the call to Application->Minimize() in the FormDestroy handler. This is recommended for full 
screen C++Builder programs to prevent a "ghost" button from remaining on the taskbar after the 
application exits. 

Display: Delphi Version 
The Delphi version of Display sets the form's Visible property to True in the OnCreate event 

handler before calling fg_modeset() or fg_modetest(). It achieves the full screen display by setting the 
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form's BorderStyle property to bsNone through the Delphi Object Inspector, then setting its WindowState 
property to wsMaximized in the OnCreate handler after switching to the 800x600 display resolution. 
{***************************************************************************** 
*                                                                            * 
*  Display.dpr                                                               * 
*  DisplayU.pas                                                              * 
*                                                                            * 
*  This program resizes the desktop to 800x600 using the fg_modeset()        * 
*  function.                                                                 * 
*                                                                            * 
*****************************************************************************} 
 
unit DisplayU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormKeyDown(Sender: TObject; var Key: Word; 
      Shift: TShiftState); 
    procedure FormPaint(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth = 800; 
  vbHeight = 600; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  if fg_modetest(vbWidth,vbHeight,fg_colors) <> 0 then 
  begin 
    MessageDlg('Cannot set 800x600 desktop',mtError,[mbOK],0); 
    Application.Terminate; 
    Exit; 
  end; 
  Visible := True; 
  fg_modeset(vbWidth,vbHeight,fg_colors,1); 
  WindowState := wsMaximized; 
 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
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  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(19); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word; 
  Shift: TShiftState); 
begin 
  if (Key = VK_Escape) or (Key = VK_F12) then Close; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  fg_modeset(0,0,0,0); 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
  Application.Minimize; 
end; 
 
end. 

Note the call to Application.Minimize() in the FormDestroy handler. This is recommended for full screen 
Delphi programs to prevent a "ghost" button from remaining on the taskbar after the application exits. 

Display: Visual Basic Version 
The Visual Basic version of Display makes the window visible in the load event handler before 

calling fg_modeset() or fg_modetest(). It achieves the full screen display by setting the form's 
BorderStyle property to 0 (None) through the Properties window, then setting its WindowState property to 
2 (Maximized) in the load event handler after switching to the 800x600 display resolution. 
'***************************************************************************** 
'                                                                            * 
'  Display.frm                                                               * 
'                                                                            * 
'  This program resizes the desktop to 800x600 using the fg_modeset()        * 
'  function.                                                                 * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 800 
Const vbHeight = 600 
 
Dim hPal As Long 
Dim hVB As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer) 
   If KeyCode = vbKeyEscape Or KeyCode = vbKeyF12 Then Unload Me 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   If fg_modetest(vbWidth, vbHeight, fg_colors()) <> 0 Then 
      Call MsgBox("Cannot set 800x600 desktop", vbOKOnly Or vbCritical, "Error") 
      Unload Me 
      Exit Sub 
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   End If 
   Visible = True 
   Call fg_modeset(vbWidth, vbHeight, fg_colors(), 1) 
   WindowState = 2 ' maximize window to 800x600 
 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(19) 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
   Call fg_modeset(0, 0, 0, 0) 
End Sub 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_colors() Returns the display driver's color depth in bits per pixel. 

fg_defpal() Creates a logical palette containing Fastgraph's default colors. 

fg_getcolor() Returns the current color, as defined in the most recent call to fg_setcolor() or 
fg_setcolorrgb(). 

fg_getdacs() Retrieves the red, green, and blue color components of a contiguous block of 
color entries in the active logical or virtual palette. Each color component is a 
value between 0 and 255; increasing values produce more intense colors. 
Reading many color values with fg_getdacs() is considerably faster than 
doing so individually with fg_getrgb(). 

fg_getdepth() Returns the active virtual buffer's color depth in bits per pixel. 

fg_getrgb() Returns the red, green, and blue color components for a specified entry in the 
active logical or virtual palette. Each color component is a value between 0 
and 255; increasing values produce more intense colors. 

fg_logpal() Creates a logical palette containing the specified colors. 

fg_mapdacs() Translates color values from the "0 to 63" range used by DOS 256-color 
graphics modes to the "0 to 255" range used by Windows. 

fg_maprgb() Converts RGB color components to a suitable color value. When used with a 
256-color virtual buffer, finds the closest matching color in the logical palette. 

fg_modeset() Dynamically defines the display settings (resolution and color depth). 

fg_modetest() Checks if the user's system supports a given display resolution and color 
depth combination. 
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fg_realize() Loads the specified logical palette into the current device context and maps its 
colors to the system palette (this process is called realizing a logical palette). 
After an application realizes a logical palette, pixels in virtual buffers will 
appear in those colors when displayed. 

fg_setcolor() Establishes the current color by specifying a logical palette index for 256-color 
virtual buffers, or an encoded RGB value for direct color virtual buffers. 

fg_setcolorrgb() Establishes the current color by specifying its RGB color components. 

fg_setdacs() Defines the color values for a block of contiguous entries in the active logical 
or virtual palette by specifying their red, green, and blue color components. 
Defining many color values with fg_setdacs() is considerably faster than doing 
so individually with fg_setrgb(). 

fg_setrgb() Defines the color values for a single entry in the active logical or virtual palette 
by specifying its red, green, and blue color components. 

fg_unmaprgb() Extracts the red, green, and blue color components from an encoded 16-bit or 
32-bit RGB color value. 

fg_vbcolors() Copies the colors from the current logical palette into the active virtual buffer's 
color table (meaningful only for 256-color virtual buffers). This defines a new 
set of colors for the active virtual buffer. 

fg_vbdepth() Defines the default virtual buffer color depth in bits per pixel. 
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Overview 
DirectX is the collective name for Microsoft's software development kit (SDK) designed 

specifically for creating high-performance games on Win32 platforms. DirectX consists of several 
components, including DirectDraw, Direct3D, DirectSound, DirectMusic, DirectPlay, DirectInput, and 
DirectSetup. Fastgraph supports but does not require the DirectDraw and Direct3D components of 
DirectX. 

The DirectDraw component provides video memory management and hardware-accelerated 
blitting and page flipping capabilities. DirectDraw is most useful for creating full screen programs because 
you can define both the screen resolution and color depth "on the fly", much like setting a video mode 
under DOS. This lets you select a screen mode that matches your drawing surfaces, which usually 
improves performance. 

Fastgraph includes DirectX libraries for all supported compilers. Fastgraph's DirectX libraries require 
DirectX 2 or later if creating a DirectDraw program, or DirectX 5 or later if creating a Direct3D program. 
Applications linked with Fastgraph's DirectX libraries will not run if the DirectX run-time components aren't 
installed on the user's system. This should only be an issue for Windows 95 and NT4, as the DirectX run-time 
components are included with later versions of Windows. 

Building DirectDraw Programs 
Fastgraph's DirectX libraries and unit files have the same names as the native libraries but end 

with the letter "D", as shown here: 

Compiler Library or unit name 
Borland C++ FGWBC32D.LIB 
Borland C++Builder FGWBC32D.LIB 
Symantec C++ FGWSC32D.LIB 
Visual C++ FGWVC32D.LIB 
Watcom C/C++ FGWWC32D.LIB 
Delphi FGWIND.DCU 
Visual Basic FGWVB32D.DLL 
Visual Basic .NET FGWVB32D.DLL 
Visual C# .NET FGWVB32D.DLL 
PowerBASIC FGWPB32D.DLL 

To build a DirectDraw application with any supported C or C++ compiler, link with FGWxx32D.LIB 
(instead of FGWxx32.LIB). Earlier versions of Fastgraph also required linking C/C++ programs with 
DDRAW.LIB from the DirectX SDK, but this is no longer necessary. 

To build a DirectDraw application with Delphi, specify FGWinD (instead of FGWin) in your 
program’s uses statement. 

To build a DirectDraw application with Visual Basic, include the FGWinD.bas module file (instead of 
FGWin.bas) in your project. Fastgraph works with Visual Basic 4.0, but we strongly recommend Visual Basic 
5.0 or later if you are creating DirectX programs with Fastgraph. Visual Basic DirectDraw programs must use 
the default 0 (normal) setting for the WindowState form property, or the program may not exit properly. 

To build a DirectDraw application with Visual Basic .NET, add a link to the FGWinD.vb module file 
(instead of FGWin.vb) in your solution. 

To build a DirectDraw application with Visual C# .NET, add a link to the FGWinD.cs module file 
(instead of FGWin.cs) in your solution. 
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To build a DirectDraw application with PowerBASIC, specify the FGWinD.inc include file (instead 
of FGWin.inc) in an #INCLUDE metastatement. 

Windowed vs. Full Screen Programs 
DirectDraw programs can be either windowed or full screen. Windowed DirectDraw programs 

look like traditional Windows programs but use DirectDraw for blitting and video memory management. 
Full screen DirectDraw programs behave more like conventional DOS programs because they establish a 
video mode, but they retain the benefits of the Windows environment. 

For windowed applications, DirectDraw offers minimal advantages. Performance is only 
marginally better on most video cards and often is actually slower than using Fastgraph's native libraries. 
More importantly, most DirectDraw video drivers cannot blit a surface whose color depth is different from 
that of the user’s display driver. This means you'll have to determine the display driver's color depth with 
fg_colors() and make sure your virtual buffers all use that same color depth. For these reasons, we 
recommend not using DirectDraw for windowed applications. 

DirectDraw’s full screen mode, on the other hand, offers significant benefits. Blitting a 256-color 
buffer to a high color or true color display, or blitting a direct color buffer to a palette-based display, can 
be quite sluggish. When performance is an issue, the traditional way around this problem is checking the 
display driver’s color depth with fg_colors(). If it is not the same color depth as your drawing surfaces, 
the program might display a message box suggesting the user change display settings. Because full 
screen DirectDraw programs establish their own screen resolution and color depth, you can effectively 
change the color depth of the user’s display “on the fly” to match that of your program’s drawing surfaces. 

Windowed DirectDraw Programs 
Windowed DirectDraw programs are very similar to windowed programs created with Fastgraph's 

native libraries. The major difference is that virtual buffers in windowed DirectDraw programs must use 
the same color depth as the Windows display driver. In native programs, using the same color depth will 
provide the best performance, but you can still, for example, blit a 256-color virtual buffer to a high color 
display. That's not the case for windowed DirectDraw programs, so we must call fg_colors() to get the 
display driver color depth and make sure all virtual buffers use that color depth. 

DirectDraw programs also require a minor change to the WM_CREATE event handler. This is 
because the creation of DirectDraw’s primary surface occurs in fg_vbinit(), and this must take place after 
the window is first displayed. Hence, we must explicitly make the window visible inside WM_CREATE as 
shown here: 

C/C++: 
ShowWindow(hWnd,SW_SHOWNORMAL); 

C++Builder: 
Visible = True; 

C#: 
this.Show(); 
this.Focus(); 

Delphi: 
Visible := True; 

Visual Basic: 
Visible = True 

Visual Basic .NET: 
Me.Show() 
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Me.Focus() 

We recommend doing this after the call to fg_realize(), but before the call to fg_vbinit(). Making the 
window visible in WM_CREATE can also be done in native programs, so you don't need to provide a 
special conditional compilation sequence for DirectDraw programs. 

The FirstDD example is a windowed DirectDraw version of the first Fastgraph example. Like the first 
example, FirstDD creates a 640x480 virtual buffer, fills it with blue pixels, and displays it in the client area. 
However, FirstDD also performs the additional tasks in WM_CREATE required for DirectDraw programs. 

FirstDD: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  FirstDD.c                                                                 * 
*                                                                            * 
*  This is a version of the first Fastgraph for Windows example program      * 
*  modified for use as a DirectDraw windowed application.                    * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGfirstdd"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "DirectDraw Windowed",   // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
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*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   int bpp; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
 
         fg_vbinit(); 
         bpp = fg_colors(); 
         fg_vbdepth(bpp); 
         hVB = fg_vballoc(640,480); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         if (bpp > 8) 
            fg_setcolorrgb(85,85,255); 
         else 
            fg_setcolor(19); 
         fg_fillpage(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

FirstDD: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  FirstDD.cpp                                                               * 
*  FirstDDU.cpp                                                              * 
*                                                                            * 
*  This is a version of the first Fastgraph for Windows example program      * 
*  modified for use as a DirectDraw windowed application.                    * 
*                                                                            * 
\****************************************************************************/ 
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#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FirstDDU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   int bpp; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
   Visible = True; 
 
   fg_vbinit(); 
   bpp = fg_colors(); 
   fg_vbdepth(bpp); 
   hVB = fg_vballoc(640,480); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   if (bpp > 8) 
     fg_setcolorrgb(85,85,255); 
   else 
     fg_setcolor(19); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

FirstDD: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  FirstDD.dpr                                                               * 
*  FirstDDU.pas                                                              * 
*                                                                            * 
*  This is a version of the first Fastgraph for Windows example program      * 
*  modified for use as a DirectDraw windowed application.                    * 
*                                                                            * 
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*****************************************************************************} 
 
unit FirstDDU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWinD; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  bpp : integer; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
  Visible := True; 
 
  fg_vbinit; 
  bpp := fg_colors; 
  fg_vbdepth(bpp); 
  hVB := fg_vballoc(640,480); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  if (bpp > 8) then 
     fg_setcolorrgb(85,85,25) 
  else 
     fg_setcolor(19); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
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  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

FirstDD: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  FirstDD.frm                                                               * 
'                                                                            * 
'  This is a version of the first Fastgraph for Windows example program      * 
'  modified for use as a DirectDraw windowed application.                    * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim bpp As Long 
 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
   Visible = True 
 
   Call fg_vbinit 
   bpp = fg_colors() 
   Call fg_vbdepth(bpp) 
   hVB = fg_vballoc(640, 480) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   If bpp > 8 Then 
      Call fg_setcolorrgb(85, 85, 255) 
   Else 
      Call fg_setcolor(19) 
   End If 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
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Full Screen DirectDraw Programs 
Full screen DirectDraw programs require additional setup and other tasks not normally found in 

windowed programs. This includes using a different window style, establishing the DirectDraw display 
mode, and possibly adding new message or event handlers. 

We'll first show how to set up a suitable window style for full screen programs. For C/C++ 
windowed applications (DirectDraw or otherwise), we use the Windows API function CreateWindow() 
specifying a window style of WS_OVERLAPPEDWINDOW. For full screen programs, we must instead 
create a borderless window that will always be the topmost window. To do this, use CreateWindowEx() 
specifying WS_EX_TOPMOST as the extended window style and WS_POPUP as the window style, as 
shown here: 

hWnd = CreateWindowEx( 
   WS_EX_TOPMOST,        // extended window style 
   szAppName,            // window class name 
   "DirectDraw Example", // window caption 
   WS_POPUP,             // window style 
   0,                    // initial x position 
   0,                    // initial y position 
   vbWidth,              // initial x size 
   vbHeight,             // initial y size 
   NULL,                 // parent window handle 
   NULL,                 // window menu handle 
   hInstance,            // program instance handle 
   NULL);                // creation parameters 

For C++Builder and Delphi, you must change the values of certain properties through the Object 
Inspector for full screen programs, as shown here: 

Property Change to 
BorderStyle bsNone 
Color clNone (recommended but not required) 
FormStyle fsStayOnTop (recommended but not required) 

For Visual Basic, we recommend setting the BorderStyle form property to 0 (none). This is not required 
but provides a smoother transition when your program first switches to the full screen mode. You must 
use the default 0 (normal) setting for the WindowState form property, or the program may not exit 
properly. 

For Visual Basic .NET and C#, we recommend setting the FormBorderStyle form property to None. This 
is not required but provides a smoother transition when your program first switches to the full screen 
mode. You must use the default Normal setting for the WindowState form property, or the program may 
not exit properly. 

To use DirectDraw full screen modes with Fastgraph, you must call fg_ddsetup() in the 
WM_CREATE handler before calling any other Fastgraph function. The first two fg_ddsetup() 
parameters define the horizontal and vertical resolution of the full screen display mode; they can be any 
valid screen resolution DirectDraw supports. The third parameter defines the screen's color depth in bits 
per pixel and must be 8, 16, 24, or 32. The fourth parameter specifies the type of DirectDraw primary 
surface to create. Set it to FG_DX_BLIT if the program uses DirectX blitting, or set it to FG_DX_FLIP for 
DirectX page flipping. 

For example, to initialize DirectDraw for a 640x480 256-color display mode configured for DirectX 
blitting, use: 

C/C++: 
fg_ddsetup(640,480,8,FG_DX_BLIT); 
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C#: 
fg.ddsetup(640, 480, 8, fg.DX_BLIT); 

Delphi: 
fg_ddsetup(640,480,8,FG_DX_BLIT); 

Visual Basic: 
Call fg_ddsetup(640, 480, 8, FG_DX_BLIT) 

Visual Basic .NET: 
fg_ddsetup(640, 480, 8, FG_DX_BLIT) 

Note that fg_ddsetup() does not actually set the requested display mode. It merely defines the values so 
fg_vbinit() can initialize DirectDraw for the specified display mode and surface configuration. Do not call 
fg_ddsetup() if you're creating a windowed DirectDraw application. 

Most DirectX implementations will support both 24-bit and 32-bit true color display modes, but some 
will support only one or the other. For full screen DirectX programs that use a true color display mode, 
fg_vbinit() will first try to initialize DirectDraw for the requested true color bit depth. If that fails, it will then try 
using the alternate true color bit depth. If you don't want this behavior, specify FG_DX_TCDEPTH in addition 
to the FG_DX_BLIT or FG_DX_FLIP flag when calling fg_ddsetup(). FG_DX_TCDEPTH causes fg_vbinit() 
to try only the requested true color bit depth when initializing DirectDraw (this is the Fastgraph 5.0 behavior). 

The FullScr example is a full screen DirectDraw version of the first Fastgraph example. Like the 
First example, FullScr creates a 640x480 virtual buffer, fills it with blue pixels, and then displays it. FullScr 
also sets the DirectDraw full screen display mode to 640x480x256 and performs the additional tasks in 
WM_CREATE required for DirectDraw programs. Because this is a full screen program, we also set up a 
keyboard event handler so we can exit the program by pressing Esc or F12. Further, we know the screen 
resolution will always be the same as the virtual buffer dimensions, so the WM_PAINT handler can use 
fg_vbpaste() instead of fg_vbscale(), and we don't need a WM_SIZE handler to keep track of the client 
size. 

FullScr: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  FullScr.c                                                                 * 
*                                                                            * 
*  This is a version of the first Fastgraph for Windows example program      * 
*  modified for use as a DirectDraw full screen application.                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  640 
#define vbHeight 480 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGfullscr"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
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   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindowEx( 
      WS_EX_TOPMOST,           // extended window style 
      szAppName,               // window class name 
      "DirectDraw Full Screen",// window caption 
      WS_POPUP,                // window style 
      0,                       // initial x position 
      0,                       // initial y position 
      vbWidth,                 // initial x size 
      vbHeight,                // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         fg_ddsetup(vbWidth,vbHeight,8,FG_DX_BLIT); 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(19); 
         fg_fillpage(); 
         fg_mouseini(); 
         fg_mousevis(0); 
         return 0; 
 
      case WM_KEYDOWN: 
         switch(wParam) 
         { 
            case VK_ESCAPE: 
            case VK_F12: 
               DestroyWindow(hWnd); 
               break; 
         } 
         return 0; 
 



100 • Fastgraph 6.0 User’s Guide 

 

  

      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_DESTROY: 
         fg_mousevis(1); 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

FullScr: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  FullScr.cpp                                                               * 
*  FullScrU.cpp                                                              * 
*                                                                            * 
*  This is a version of the first Fastgraph for Windows example program      * 
*  modified for use as a DirectDraw full screen application.                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FullScrU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   fg_ddsetup(vbWidth,vbHeight,8,FG_DX_BLIT); 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
   Visible = True; 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(19); 
   fg_fillpage(); 
   fg_mouseini(); 
   fg_mousevis(0); 
 
   Application->OnActivate = OnActivate; 
} 
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//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormKeyDown(TObject *Sender, WORD &Key, 
   TShiftState Shift) 
{ 
   if (Key == VK_ESCAPE || Key == VK_F12) Close(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_mousevis(1); 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
   Application->Minimize(); 
} 

FullScr: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  FullScr.dpr                                                               * 
*  FullScrU.pas                                                              * 
*                                                                            * 
*  This is a version of the first Fastgraph for Windows example program      * 
*  modified for use as a DirectDraw full screen application.                 * 
*                                                                            * 
*****************************************************************************} 
 
unit FullscrU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWinD; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormKeyDown(Sender: TObject; var Key: Word; 
      Shift: TShiftState); 
    procedure FormPaint(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
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begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  fg_ddsetup(vbWidth,vbHeight,8,FG_DX_BLIT); 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
  Visible := True; 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(19); 
  fg_fillpage; 
  fg_mouseini; 
  fg_mousevis(0); 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word; 
  Shift: TShiftState); 
begin 
  if (Key = VK_Escape) or (Key = VK_F12) then Close; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_mousevis(1); 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
  Application.Minimize; 
end; 
 
end. 

FullScr: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  FullScr.frm                                                               * 
'                                                                            * 
'  This is a version of the first Fastgraph for Windows example program      * 
'  modified for use as a DirectDraw full screen application.                 * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_ddsetup(vbWidth, vbHeight, 8, FG_DX_BLIT) 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 



 Chapter 4: Using Fastgraph with DirectDraw • 103 

 

 

   Call fg_realize(hPal) 
   Visible = True 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(19) 
   Call fg_fillpage 
   Call fg_mouseini 
   Call fg_mousevis(0) 
End Sub 
 
Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer) 
   If KeyCode = vbKeyEscape Or KeyCode = vbKeyF12 Then Unload Me 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_mousevis(1) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

FullScr also shows one other change that is often desirable in full screen DirectDraw programs: 
turning off the mouse cursor. The easiest way to do this is to call fg_mouseini() and fg_mousevis(0) 
after you call fg_vbinit(). If you hide the mouse cursor, don't forget to call fg_mousevis(1) before the 
program exits. 

Blitting and Flipping 
DirectDraw provides two ways to update the screen for full screen programs: blitting and flipping. 

From the perspective of updating the screen, blitting applications are very similar to windowed 
applications. That is, fg_vbinit() creates a primary surface, and we use fg_vballoc() to create one or 
more virtual buffers for the additional DirectDraw surfaces. The difference is that we can create virtual 
buffers the same size as the screen resolution and then use fg_vbpaste() instead of fg_vbscale() when 
updating the entire screen. 

Applications that use flipping are a bit more complex. As mentioned earlier, we set up a flipping 
environment by setting the last fg_ddsetup() parameter to FG_DX_FLIP. This causes fg_vbinit() to 
attach an additional surface to the primary DirectDraw surface. The primary surface thus consists of two 
surfaces, called the front buffer and the back buffer. As you might expect, the front buffer is the visible 
surface, while the back buffer resides in video memory but is not visible. This creates a traditional page 
flipping environment. That is, we construct an animation frame on the back buffer, flip it to the front 
(making it visible), and then begin drawing the next frame on the other buffer, which is now the back 
buffer. We repeat this process for each frame. 

When we establish a flipping environment, fg_vbinit() assigns virtual buffer handle 0 to the back 
buffer. Its size will be the same as the resolution defined by fg_ddsetup(). We don't use fg_vballoc() or 
fg_vbfree() on this virtual buffer, though we open and close it just as we would any other virtual buffer. 
We can of course use fg_vballoc() to create additional virtual buffers in flipping applications, but only the 
back buffer (virtual buffer 0) can be flipped. In addition, the virtual buffer handle 0 always references the 
back buffer portion of the primary DirectDraw surface, even after a page flip. 

The fg_ddflip() function flips the back buffer to the front. In other words, it makes the contents of 
the back buffer visible. If successful, fg_ddflip() returns zero; otherwise it returns one of the error codes 
listed in the documentation supplied with the DirectX SDK. Another function, fg_ddflipnw(), also flips the 
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back buffer to the front but does not wait if the drawing surface is still busy. Generally you'll want to use 
fg_ddflip() for surface flipping. 

The fg_gdiflip() function makes the Windows GDI drawing surface the visible surface in 
DirectDraw applications that use flipping. This function must be used immediately before displaying a 
dialog box, message box, or other GDI object to guarantee that object will be visible. The fg_gdiflip() 
function has no parameters and no return value; it is present only in Fastgraph's DirectX libraries. 

A small number of DirectDraw implementations have problems displaying the mouse cursor 
correctly in page flipping programs (sometimes only when the application's color depth does not match 
the system's display color depth). While such implementations are the exception, and not as common in 
more recent versions of DirectX, it is still worth noting here. You may wish to consider implementing a 
sprite-based mouse cursor using Fastgraph's bitmap functions in DirectDraw page flipping programs, 
especially those intended for retail distribution. 

Video Memory and System Memory 
Fastgraph always creates the DirectDraw primary surface in video memory (for page flipping 

programs, the primary surface's front and back buffers will be in video memory). By default, the 
DirectDraw surfaces for any additional virtual buffers created with fg_vballoc() will reside in system 
memory. 

The fg_ddmemory() function lets us specify if these additional DirectDraw surfaces will reside in 
video memory or in system memory. Passing 0 to fg_ddmemory() means DirectDraw surfaces 
subsequently created with fg_vballoc() will reside in system memory; passing any other value means 
they will reside in video memory. Note that fg_ddmemory() only applies to additional DirectDraw 
surfaces created with fg_vballoc(). The DirectDraw primary surface (and its associated back buffer, if 
present) will always reside in video memory. The fg_ddmemory() function has no return value. 

Video memory surfaces generally offer additional hardware acceleration. When both the source 
and destination surfaces are in video memory, DirectDraw can usually take advantage of hardware-
accelerated blitting when copying between these surfaces. If either surface is in system memory, little or 
no hardware acceleration is available. The drawback is that video memory is a limited resource. For 
example, the more surfaces you have in video memory, the less room you'll have for textures in video 
memory, and your application's overall performance will usually be better if textures remain in video 
memory. 

Hybrid Programs 
It's also possible to create DirectDraw programs that switch between windowed and full screen 

modes. To switch modes, you must first shut down Fastgraph's virtual buffer environment with 
fg_vbclose(), fg_vbfree(), and fg_vbfin(), just as you normally do in the program's WM_DESTROY 
handler. If your program is running in DirectDraw windowed mode and you want to switch to a full screen 
mode, you then call fg_ddsetup() to define the screen resolution, color depth, and primary surface 
configuration. If you instead want to switch from a full screen mode to windowed mode, call fg_ddsetup() 
with the color depth parameter set to zero (in this case, fg_ddsetup() ignores the other parameters). 
Finally, you must re-initialize Fastgraph's virtual buffer environment with fg_vbinit(), and re-create any 
virtual buffers with fg_vballoc(). In either case, you must also change the window style as described in 
the previous two sections to reflect the new mode. As with ordinary DirectDraw windowed programs, 
programs that switch from full screen to windowed mode must use the same virtual buffer color depth as 
the Windows display driver when running in windowed mode. 

Note that the mode switch process involves shutting down and then re-initializing Fastgraph's 
virtual buffer environment. This of course means the contents of all virtual buffers will be lost. If you need 
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to preserve the virtual buffer contents across DirectDraw mode switches, you can first save each virtual 
buffer with fg_getimage() or fg_getdcb(), and then restore the contents with fg_putimage() or 
fg_putdcb() after re-creating the virtual buffers. These functions will be described in Chapter 8. 

DirectDraw High Color Considerations 
Fastgraph normally implements high color virtual buffers using the 5/6/5 pixel format to encode 

RGB color values. For high color drawing surfaces, however, some DirectDraw implementations require a 
5/5/5 pixel format. When you create a high color virtual buffer in a DirectDraw program, Fastgraph will first 
attempt to use the 5/6/5 pixel format, but if the particular DirectDraw implementation does not support it, 
Fastgraph will instead use the 5/5/5 pixel format. 

If you use Fastgraph functions to retrieve or display pixel values in high color DirectDraw 
programs, the pixels will always be in the selected format. For example, fg_maprgb() will convert color 
components to a 5/6/5 encoded pixel value if using the 5/6/5 pixel format, but it will convert them to a 
5/5/5 encoded value if using the 5/5/5 format. However, problems can arise if you use hard-coded 5/6/5 
pixel values (as in the Dcb example) in high color DirectDraw programs. To make DirectDraw programs 
work correctly with either high color pixel format, you should avoid using hard-coded pixel values and let 
Fastgraph choose the proper RGB encoding. 

DirectX Error Conditions 
In Fastgraph's DirectX libraries, the fg_vbinit() return value indicates how Fastgraph will use 

DirectX. If we are using DirectDraw but not Direct3D, fg_vbinit() returns zero if DirectDraw was initialized 
successfully, and –1 if not (which probably means DirectX isn't available on that system). For example, 
the code shown here will stop the program if an error occurred during the DirectDraw initialization: 

C/C++: 
Status = fg_vbinit(); 
if (Status < 0) 
{ 
   MessageBox(hWnd,"DirectX setup error","Error", 
              MB_ICONSTOP|MB_OK); 
   DestroyWindow(hWnd); 
   return 0; 
} 

C++Builder: 
Status = fg_vbinit(); 
if (Status < 0) 
{ 
   MessageDlg("DirectX setup error",mtError, 
              TMsgDlgButtons()<<mbOK,0); 
   Close(); 
   return; 
} 

C#: 
Status = fg.vbinit(); 
if (Status < 0) 
{ 
   MessageBox.Show("DirectX setup error", "Error", 
                   MessageBoxButtons.OK, MessageBoxIcon.Error); 
   this.Close(); 
   return; 
} 
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Delphi: 
Status := fg_vbinit; 
if Status < 0 then 
begin 
  MessageDlg('DirectX setup error',mtError,[mbOK],0); 
  Close; 
  Exit; 
end; 

Visual Basic: 
Status = fg_vbinit() 
If Status < 0 Then 
   Call MsgBox("DirectX setup error", 
               vbOKOnly Or vbCritical, "Error") 
   Unload Me 
   Exit Sub 
End If 

Visual Basic .NET: 
Status = fg_vbinit() 
If Status < 0 Then 
   MessageBox.Show("DirectX setup error", "Error", 
                   MessageBoxButtons.OK, MessageBoxIcon.Error) 
   Me.Close() 
   Return 
End If 

Another function, fg_ddstatus(), returns the status of the most recent DirectX operation. If a 
DirectX error has occurred, fg_ddstatus() returns one of the error codes listed in the documentation 
supplied with the DirectX SDK, otherwise it returns zero. You can call fg_ddstatus() after any Fastgraph 
function to check for DirectX errors. This usually isn't necessary when building the release version of a 
program, but it can be useful when debugging. 

DirectX Surface Locking 
In DirectX terminology, a virtual buffer's display area is called a surface. A surface must be locked 

while accessing it for reading and writing; it should be unlocked at other times. Normally, Fastgraph 
automatically handles the necessary lock management tasks when accessing virtual buffers. However, 
there may be times when it's more efficient to manually perform the locking and unlocking operations. 
Consider the case of drawing several thousand pixels with fg_putpixel(). The fg_putpixel() function first 
locks the surface, writes the pixel, and finally unlocks the surface. Instead of doing this, you can manually 
lock the surface with fg_ddlock(), make all the fg_putpixel() calls, and finally call fg_ddunlock() to 
unlock the surface. Once you've locked the surface, Fastgraph's DirectDraw lock manager will realize that 
the surface is already locked, so fg_putpixel() will do nothing more than write the pixel. The following 
code illustrates this sequence: 

C/C++: 
fg_ddlock(); 
for (i = 0; i < 5000; i++) 
   fg_putpixel(x[i],y[i]); 
fg_ddunlock(); 

C#: 
fg.ddlock(); 
for (i = 0; i < 5000; i++) 
   fg.putpixel(x[i], y[i]); 
fg.ddunlock(); 
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Delphi: 
fg_ddlock; 
for i := 0 to 4999 do 
  fg_putpixel(x[i],y[i]); 
fg_ddunlock; 

Visual Basic: 
Call fg_ddlock 
For I = 0 To 4999 
   Call fg_putpixel(x(I), y(I)) 
Next I 
Call fg_ddunlock 

Visual Basic .NET: 
fg_ddlock() 
For I = 0 To 4999 
   fg_putpixel(x(I), y(I)) 
Next I 
fg_ddunlock() 

The fg_ddlock() function returns the address of the virtual buffer's display area. This is helpful if you want 
direct access to the virtual buffer. 

When using any of Fastgraph's block transfer functions, the source and destination virtual buffers 
must be unlocked. Similarly, when blitting from the active virtual buffer to the window's client area, or 
when using fg_erase(), fg_fillpage(), fg_showavi(), or fg_showflic(), the active virtual buffer must be 
unlocked. Note that this is just the opposite behavior of what is needed when otherwise reading from or 
writing to a virtual buffer. Normally, Fastgraph's lock manager automatically handles these details, but you 
must be aware of them when performing lock management tasks with fg_ddlock() and fg_ddunlock(). 

DirectX Version Control 
By default, Fastgraph's DirectX libraries use the highest supported version of DirectX available on 

the user's system. This strategy works well for most programs, but sometimes you may want a program to 
require a minimum version of DirectX (for example, when using Direct3D managed textures described in 
Chapter 14). Or, you might even want to require a specific DirectX version for some reason. In such 
cases, you can use fg_ddsetversion() to implement Fastgraph's DirectX version control. The two 
fg_ddsetversion() parameters respectively specify the lowest and highest version of DirectX under which 
the program can run. To require a specific version of DirectX, specify that version number for both 
parameters. The fg_ddsetversion() function is available only in Fastgraph's DirectX libraries. 

For example, a program that calls fg_ddsetversion(6,7) will run under DirectX 6 or DirectX 7. If 
the user has an earlier version of DirectX installed, fg_vbinit() will return –1, indicating DirectX is not 
available. Note that DirectX implementations include support for all previous versions of DirectX. This 
means a program that calls fg_ddsetversion(5,5) would not only run under DirectX 5, but also under 
DirectX 6 or later using the DirectX 5 interfaces. 

The fg_ddgetversion() function returns the DirectX version number a program is using. It has no 
parameters, and like fg_ddsetversion(), is available only in Fastgraph's DirectX libraries. Because 
Fastgraph uses the same DirectDraw interfaces for DirectX versions 2 through 5, if fg_ddgetversion() 
returns 5 it could mean the program is using DirectX 2 or 3 (there is no DirectX 4). Note that this is true 
only for DirectDraw programs. Fastgraph requires DirectX 5 or later for Direct3D programs, so a 
fg_ddgetversion() return value of 5 does in fact mean DirectX 5 in Direct3D programs. 



108 • Fastgraph 6.0 User’s Guide 

 

  

Using DirectDraw Externally 
While Fastgraph shields you from the DirectDraw API, there still might be times when you need to 

call a DirectDraw method yourself. The fg_ddgetobj() function is provided to help do this. It returns a 
pointer to any of the DirectDraw objects that Fastgraph creates internally; you can then use this pointer to 
call one of the object's methods. The fg_ddgetobj() function has one integer parameter that identifies the 
specific DirectDraw object: 

Code DirectDraw object 
0 DirectDraw2, DirectDraw4, or DirectDraw7 
1 DirectDrawSurface2, DirectDrawSurface4, or DirectDrawSurface7 for primary surface 
2 DirectDrawClipper 
3 DirectDrawPalette 

The different versions of the DirectDraw and DirectDrawSurface objects correspond to the version of 
DirectX being used. For example, fg_ddgetobj(0) returns a pointer to a DirectDraw2 object if we are 
using DirectX 5 or earlier, a DirectDraw4 object for DirectX 6, and a DirectDraw7 object for DirectX 7. The 
DirectDrawClipper object is only used in windowed programs, and the DirectDrawPalette object is only 
used in full screen programs. 

In Fastgraph's DirectX libraries, fg_vbinit() normally performs the initialization and other setup 
work needed for DirectX. Similarly, fg_vbfin() releases the DirectX resources created during a program's 
execution and shuts down DirectX in an orderly fashion. This is all hidden from your application so you 
don't have to call DirectX methods yourself. There may be times, however, when you need to initialize 
and shut down DirectX outside of Fastgraph, such as when interfacing with third party tools, or when 
adding Fastgraph code to an existing DirectX program. You can do this with fg_ddsetobj() and 
fg_ddapply() and then call other Fastgraph functions just as if fg_vbinit() had performed the DirectX 
initialization itself. 

The fg_ddsetobj() function tells Fastgraph about an externally created DirectX object. Its first 
parameter is a pointer to that object, while its second parameter is a code that specifies the object type, 
using the same codes as fg_ddgetobj(). Any DirectDraw objects defined through fg_ddsetobj() must be 
defined before you call fg_vbinit(). Once you have created all the required DirectDraw objects and used 
fg_ddsetobj() to tell Fastgraph about them, use fg_ddapply() to activate these objects. This must be 
done after calling fg_vbinit(), but before you create any virtual buffers. The fg_ddapply() function has a 
single parameter that specifies the DirectX version number (5, 6, or 7). It is available only in Fastgraph's 
DirectX libraries. 

Programs that create DirectX objects themselves rather than doing so through fg_vbinit() must 
explicitly release these objects immediately before calling fg_vbfin(). When you do this, you must also 
call fg_ddsetobj() again, passing a NULL object and the numeric code for that object. This tells 
Fastgraph the DirectX object no longer exists. For example, the code snippet shown here illustrates how 
you might release the DirectDraw7 object (code 0): 

C/C++: 
LPDIRECTDRAW7 lpDD; 
 
if (lpDD != NULL) 
{ 
   lpDD->Release(); 
   lpDD = NULL; 
   fg_ddsetobj(NULL,0); 
} 



 Chapter 4: Using Fastgraph with DirectDraw • 109 

 

 

The SetupDD example shows how to externally manage DirectDraw for both windowed and full 
screen DirectDraw programs. Source code for SetupDD will not be presented here but is installed along 
with Fastgraph's other C/C++ examples (SetupDD is available only for C/C++). 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. These functions are present only in Fastgraph's DirectX 
libraries. 

fg_ddapply() Activates Fastgraph's DirectX settings defined through fg_ddsetobj(). 
fg_ddflip() Displays the DirectDraw back buffer surface on the screen. 

fg_ddflipnw() Displays the DirectDraw back buffer surface on the screen, without waiting for 
the display hardware to finish drawing if it is busy. 

fg_ddgetobj() Returns a pointer to the requested DirectX object. 

fg_ddgetversion() Returns the DirectX version number Fastgraph is using. 

fg_ddlock() Locks the active DirectDraw surface and returns the surface's address. 

fg_ddmemory() Specifies if fg_vballoc() creates DirectDraw surfaces in system memory or 
video memory. 

fg_ddsetobj() Defines a pointer to an externally created DirectX object. 

fg_ddsetup() Defines the screen resolution, color depth, and surface configuration for full 
screen programs. 

fg_ddsetversion() Defines the highest and lowest DirectX versions under which the program can 
run. 

fg_ddstatus() Returns the error code resulting from the last DirectDraw operation. Returns 
zero if no error occurred. 

fg_ddunlock() Unlocks the active DirectDraw surface. 

fg_gdiflip() Makes the Windows GDI drawing surface the visible surface in a DirectDraw 
flipping environment. 
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Overview 
This chapter describes Fastgraph's basic two-dimensional graphics functions, sometimes called 

graphics primitives. They perform such functions as drawing points, drawing solid and dashed lines, 
drawing rectangles (solid, hollow, and dithered), drawing closed shapes (polygons, circles, and ellipses), 
and filling arbitrary regions. All graphics primitive functions operate on the active virtual buffer, not directly 
on the client area, and most draw the graphics objects using the current color. After discussing the 
graphics primitives, we’ll present an example program encompassing many of these functions. We’ll then 
conclude the chapter with an explanation of how to integrate Windows GDI functions with Fastgraph. 

Filling a Virtual Buffer 
The fg_erase() function clears the active virtual buffer by setting each pixel to zero. Another 

function, fg_fillpage(), fills the active virtual buffer with pixels of the current color, as defined in the most 
recent call to fg_setcolor(). Both fg_erase() and fg_fillpage() have no parameters. 

For example, you could use the following statements to fill a 256-color virtual buffer with white (color 
255) pixels: 

C/C++: 
fg_setcolor(255); 
fg_fillpage(); 

C#: 
fg.setcolor(255); 
fg.fillpage(); 

Delphi: 
fg_setcolor(255); 
fg_fillpage; 

Visual Basic: 
Call fg_setcolor(255) 
Call fg_fillpage 

Visual Basic .NET: 
fg_setcolor(255) 
fg_fillpage() 

To fill a direct color virtual buffer with white pixels, you would instead use: 

C/C++: 
fg_setcolorrgb(255,255,255); 
fg_fillpage(); 

C#: 
fg.setcolorrgb(255, 255, 255); 
fg.fillpage(); 

Delphi: 
fg_setcolorrgb(255,255,255); 
fg_fillpage; 

Visual Basic: 
Call fg_setcolorrgb(255, 255, 255) 
Call fg_fillpage 

Visual Basic .NET: 
fg_setcolorrgb(255, 255, 255) 
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fg_fillpage() 

Clipping 
The suppression of graphics outside a pre-defined area is called clipping. Many Fastgraph 

functions provide clipping, either automatically or through a special version of the function. 

Each virtual buffer has its own independent clipping limits, initially set to the entire virtual buffer. 
You can change the active virtual buffer’s clipping limits with fg_setclip() when using screen space, or 
fg_setclipw() when using world space. Each function takes four parameters that specify the minimum x, the 
maximum x, the minimum y, and the maximum y coordinates of the rectangular clipping region. The 
parameters are integer quantities for fg_setclip() and floating point quantities for fg_setclipw(). For example, 
the statement 

C/C++: 
fg_setclip(0,319,0,239); 

C#: 
fg.setclip(0, 319, 0, 239); 

Delphi: 
fg_setclip(0,319,0,239); 

Visual Basic: 
Call fg_setclip(0, 319, 0, 239) 

Visual Basic .NET: 
fg_setclip(0, 319, 0, 239) 

would define the upper left quadrant of a 640x480 virtual buffer as the clipping region. The fg_getclip() 
function returns the current clipping limits, as defined in the most recent call to fg_setclip(). 

Points 
The Fastgraph functions fg_point() and fg_putpixel() provide the most basic graphics 

operation -- setting one pixel to a specified color. Both functions have two integer parameters. The first 
specifies the pixel's x coordinate, and the second its y coordinate. They draw the pixel using the current 
color value, as specified in the most recent call to fg_setcolor() or fg_setcolorrgb(). The difference 
between these functions is that fg_point() does not draw the pixel if it lies outside the current clipping 
region, while fg_putpixel() always draws the pixel. There is also a world space pixel display function, 
fg_pointw(), that uses floating point parameters; it draws the pixel only if it falls within the clipping region. 

We could use fg_putpixel() to write a much slower version of fg_fillpage(): 
C/C++: 
int x, y; 
for (y = 0; y <= fg_getmaxy(); y++) 
{ 
   for (x = 0; x <= fg_getmaxx(); x++) 
   { 
      fg_putpixel(x,y); 
   } 
} 

C#: 
int x, y; 
for (y = 0; y <= fg.getmaxy(); y++) 
{ 
   for (x = 0; x <= fg.getmaxx(); x++) 



114 • Fastgraph 6.0 User’s Guide 

 

  

   { 
      fg.putpixel(x, y); 
   } 
} 

Delphi: 
var 
  x, y : integer; 
begin 
  for y := 0 to fg_getmaxy do 
    for x := 0 to fg_getmaxx do 
       fg_putpixel(x,y); 

Visual Basic: 
Dim X As Long, Y As Long 
For Y = 0 To fg_getmaxy() 
   For X = 0 To fg_getmaxx() 
      Call fg_putpixel(X, Y) 
   Next X 
Next Y 

Visual Basic .NET: 
Dim X, Y As Integer 
For Y = 0 To fg_getmaxy() 
   For X = 0 To fg_getmaxx() 
      fg_putpixel(X, Y) 
   Next X 
Next Y 

If we instead used fg_point() in the above code snippet, it would only display those pixels within the 
clipping region. 

Another function is available for reading a pixel's color value. The fg_getpixel() function has two 
integer parameters that specify the (x,y) coordinates for the pixel of interest. There is no world space 
version of fg_getpixel(), but you can read a pixel's color value in world space by applying the 
fg_xscreen() and fg_yscreen() functions to the world space coordinates and passing the resulting 
values to fg_getpixel(). 

Sometimes you may want to display a pixel using an "exclusive or" operation (usually called 
XOR) to guarantee its visibility. The color of a pixel drawn in XOR mode will be c XOR p, where c is the 
current color and p is the color of the pixel already at that position. This means the pixel's new color will 
be different from the background as long as the current color is not zero. The fg_pointx() function 
displays a screen space pixel in XOR mode, while fg_pointxw() does the same thing in world space. 
Their respective parameters are the same as for fg_point() and fg_pointw(). 

The Graphics Cursor 
Many of Fastgraph's graphics functions depend on the position of the graphics cursor as a 

reference point. For example, Fastgraph includes functions to draw lines from the graphics cursor position 
to a specified position, and the bitmapped image display functions discussed in Chapter 8 display or 
retrieve an image relative to the graphics cursor position. The graphics cursor is not a cursor in the true 
sense; it is simply a pair of (x,y) coordinates with a special meaning. The fg_vbinit() function sets the 
graphics cursor position to the screen space coordinates (0,0), and fg_initw() sets it to the world space 
coordinates (0.0,0.0). 

Fastgraph includes four functions for changing the graphics cursor position. The fg_move() 
function sets it to an absolute screen space position, while fg_movew() sets it to an absolute world space 
position. The fg_moverel() function sets the graphics cursor position to a screen space position relative 
to its current position. The fg_moverw() function does the same in world space. Each of these functions 
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has two parameters that specify the (x,y) coordinates of the new position. For the screen space functions, 
the parameters are integer quantities. For the world space functions, they are floating point quantities. 

You can obtain the screen space coordinates of the graphics cursor position with the 
fg_getxpos() and fg_getypos() functions. These functions have no parameters and respectively return 
the x and y coordinates of the graphics cursor position as the function value. To obtain the world space 
coordinates of the graphics cursor position, apply the fg_xworld() and fg_yworld() functions to the 
fg_getxpos() and fg_getypos() return values. 

Solid Lines 
Fastgraph includes eight functions for drawing solid lines. All of them draw lines in the current 

color and observe the clipping limits. The fg_draw() function draws a line from the current graphics cursor 
position to an absolute screen space position, while fg_draww() draws a line to an absolute world space 
position. The fg_drawrel() function draws a line from the current graphics cursor position to a screen 
space position relative to it. The fg_drawrw() function does the same in world space. You can draw 
absolute lines in XOR mode with fg_drawx() and relative XOR lines with fg_drawrelx(), or with their 
world space counterparts fg_drawxw() and fg_drawrxw(). XOR lines are often used when drawing 
cursors (such as cross hairs) or rubberband boxes to insure they are visible against colored backgrounds. 
Another useful property of XOR lines is that drawing the same line twice restores what was originally 
beneath the line. 

Each of these functions has two parameters that specify the (x,y) coordinates of the destination 
position. For the screen space functions, the parameters are integer quantities. For the world space 
functions, the parameters are floating point quantities. In either case the destination position becomes the 
new graphics cursor position. This makes it possible to draw connected lines without calling a graphics cursor 
movement function between successive calls to a line drawing function. 

Suppose we wanted to draw a pair of crossed lines that divide the active virtual buffer into 
quadrants. We could do this with fg_move() and fg_draw() like this: 

C/C++: 
max_x = fg_getmaxx(); 
max_y = fg_getmaxy(); 
mid_x = max_x / 2; 
mid_y = max_y / 2; 
fg_move(mid_x,0); 
fg_draw(mid_x,max_y); 
fg_move(0,mid_y); 
fg_draw(max_x,mid_y); 

C#: 
max_x = fg.getmaxx(); 
max_y = fg.getmaxy(); 
mid_x = max_x / 2; 
mid_y = max_y / 2; 
fg.move(mid_x, 0); 
fg.draw(mid_x, max_y); 
fg.move(0, mid_y); 
fg.draw(max_x, mid_y); 

Delphi: 
max_x := fg_getmaxx; 
max_y := fg_getmaxy; 
mid_x := max_x div 2; 
mid_y := max_y div 2; 
fg_move(mid_x,0); 
fg_draw(mid_x,max_y); 
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fg_move(0,mid_y); 
fg_draw(max_x,mid_y); 

Visual Basic: 
max_x = fg_getmaxx() 
max_y = fg_getmaxy() 
mid_x = max_x / 2 
mid_y = max_y / 2 
Call fg_move(mid_x, 0) 
Call fg_draw(mid_x, max_y) 
Call fg_move(0, mid_y) 
Call fg_draw(max_x, mid_y) 

Visual Basic .NET: 
max_x = fg_getmaxx() 
max_y = fg_getmaxy() 
mid_x = max_x \ 2 
mid_y = max_y \ 2 
fg_move(mid_x, 0) 
fg_draw(mid_x, max_y) 
fg_move(0, mid_y) 
fg_draw(max_x, mid_y) 

We could instead use relative coordinates and achieve the same result with fg_moverel() and 
fg_drawrel(): 

C/C++: 
fg_move(mid_x,0); 
fg_drawrel(0,max_y); 
fg_moverel(-mid_x,-mid_y); 
fg_drawrel(max_x,0); 

C#: 
fg.move(mid_x, 0); 
fg.drawrel(0, max_y); 
fg.moverel(-mid_x, -mid_y); 
fg.drawrel(max_x, 0); 

Delphi: 
fg_move(mid_x,0); 
fg_drawrel(0,max_y); 
fg_moverel(-mid_x,-mid_y); 
fg_drawrel(max_x,0); 

Visual Basic: 
Call fg_move(mid_x, 0) 
Call fg_drawrel(0, max_y) 
Call fg_moverel(-mid_x, -mid_y) 
Call fg_drawrel(max_x, 0) 

Visual Basic .NET: 
fg_move(mid_x, 0) 
fg_drawrel(0, max_y) 
fg_moverel(-mid_x, -mid_y) 
fg_drawrel(max_x, 0) 

If we wanted to use world coordinates, we would use fg_movew() and fg_draww(): 
C/C++: 
fg_setworld(-10.0,10.0,-10.0,10.0); 
fg_movew(0.0,10.0); 
fg_draww(0.0,-10.0); 
fg_movew(-10.0,0.0); 
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fg_draww(10.0,0.0); 

C#: 
fg.setworld(-10.0, 10.0, -10.0, 10.0); 
fg.movew(0.0, 10.0); 
fg.draww(0.0, -10.0); 
fg.movew(-10.0, 0.0); 
fg.draww(10.0, 0.0); 

Delphi: 
fg_setworld(-10.0,10.0,-10.0,10.0); 
fg_movew(0.0,10.0); 
fg_draww(0.0,-10.0); 
fg_movew(-10.0,0.0); 
fg_draww(10.0,0.0); 

Visual Basic: 
Call fg_setworld(-10.0, 10.0, -10.0, 10.0) 
Call fg_movew(0.0, 10.0) 
Call fg_draww(0.0, -10.0) 
Call fg_movew(-10.0, 0.0) 
Call fg_draww(10.0, 0.0) 

Visual Basic .NET: 
fg_setworld(-10.0, 10.0, -10.0, 10.0) 
fg_movew(0.0, 10.0) 
fg_draww(0.0, -10.0) 
fg_movew(-10.0, 0.0) 
fg_draww(10.0, 0.0) 

Finally, we could define a clipping area to restrict drawing to the upper left quadrant: 

C/C++: 
fg_setclip(0,mid_x,0,mid_y); 
fg_move(mid_x,0); 
fg_draw(mid_x,max_y); 
fg_move(0,mid_y); 
fg_draw(max_x,mid_y); 

C#: 
fg.setclip(0, mid_x, 0, mid_y); 
fg.move(mid_x, 0); 
fg.draw(mid_x, max_y); 
fg.move(0, mid_y); 
fg.draw(max_x, mid_y); 

Delphi: 
fg_setclip(0,mid_x,0,mid_y); 
fg_move(mid_x,0); 
fg_draw(mid_x,max_y); 
fg_move(0,mid_y); 
fg_draw(max_x,mid_y); 

Visual Basic: 
Call fg_setclip(0, mid_x, 0, mid_y) 
Call fg_move(mid_x, 0) 
Call fg_draw(mid_x, max_y) 
Call fg_move(0, mid_y) 
Call fg_draw(max_x, mid_y) 

Visual Basic .NET: 
fg_setclip(0, mid_x, 0, mid_y) 
fg_move(mid_x, 0) 



118 • Fastgraph 6.0 User’s Guide 

 

  

fg_draw(mid_x, max_y) 
fg_move(0, mid_y) 
fg_draw(max_x, mid_y) 

The clipping suppresses the right half of the horizontal line and the lower half of the vertical line. 

Dashed Lines 
Fastgraph includes four functions for drawing dashed lines. All of them draw lines in the current 

color value and observe the clipping limits. The fg_dash() function draws a dashed line from the current 
graphics cursor position to an absolute screen space position, while fg_dashw() draws a dashed line to 
an absolute world space position. The fg_dashrel() function draws a dashed line from the current 
graphics cursor position to a screen space position relative to it. The fg_dashrw() function does the same 
in world space. 

Each of these functions has three parameters. The first two specify the (x,y) coordinates of the 
destination position. For the screen space functions, these parameters are integer quantities. For the 
world space functions, these parameters are floating point quantities. The third parameter is a 16-bit 
pattern that defines the appearance of the dashed line. Bits that are set in the pattern produce the visible 
part of the line, while bits that are zero produce the invisible part. This pattern is repeated as necessary to 
draw the entire line. For example, the pattern value 3333 hex would produce a dashed line with the first 
two pixels off, the next two on, the next two off, and so forth. Similarly, the pattern value FFFF hex would 
produce a solid line. 

The destination position passed to any of the dashed line functions becomes the new graphics 
cursor position. This makes it possible to draw connected dashed lines without calling a graphics cursor 
movement function between successive calls to a line drawing function. 

The following code draws the pair of crossed dashed lines that divide the active virtual buffer into 
quadrants, similar to what we did with solid lines in the previous section. It does this using fg_move() and 
fg_dash(), with a dash pattern of 3333 hex (which alternates two pixels off and two pixels on). 

C/C++: 
fg_move(mid_x,0); 
fg_dash(mid_x,max_y,0x3333); 
fg_move(0,mid_y); 
fg_dash(max_x,mid_y,0x3333); 

C#: 
fg.move(mid_x, 0); 
fg.dash(mid_x, max_y, 0x3333); 
fg.move(0, mid_y); 
fg.dash(max_x, mid_y, 0x3333); 

Delphi: 
fg_move(mid_x,0); 
fg_dash(mid_x,max_y,$3333); 
fg_move(0,mid_y); 
fg_dash(max_x,mid_y,$3333); 

Visual Basic: 
Call fg_move(mid_x, 0) 
Call fg_dash(mid_x, max_y, &H3333) 
Call fg_move(0, mid_y) 
Call fg_dash(max_x, mid_y, &H3333) 

Visual Basic .NET: 
fg_move(mid_x, 0) 
fg_dash(mid_x, max_y, &H3333) 
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fg_move(0, mid_y) 
fg_dash(max_x, mid_y, &H3333) 

Solid Rectangles 
Fastgraph includes functions for drawing solid rectangles, in both normal and “exclusive or” 

modes, with and without clipping. None of these functions affect the graphics cursor position. 

The fg_rect() function draws a solid rectangle in screen space, without clipping, using the current 
color. It requires four integer parameters that respectively define the minimum x, maximum x, minimum y, 
and maximum y screen space coordinates of the rectangle. The minimum coordinates must be less than 
or equal to the maximum coordinates, or else the results are unpredictable. The fg_clprect() function is 
identical in all respects to fg_rect(), except it observes the clipping limits. 

The fg_rectx() and fg_clprectx() functions are similar to fg_rect() and fg_clprect(), but they 
instead draw the rectangle in “exclusive or” mode. The resulting color of each pixel is computed by 
performing an exclusive or operation of the pixel’s original color and the current color. 

The world space versions of the solid rectangle drawing functions are fg_rectw() and fg_clprectw(). 
Like fg_rect() and fg_clprect(), they require four parameters that define the extremes of the rectangle, but 
the parameters are floating point world space coordinates. There are no world space versions of the functions 
for drawing “exclusive or” rectangles, but we can apply the fg_xscreen() and fg_yscreen() functions to the 
world space coordinates and call the corresponding screen space functions. 

Unfilled Rectangles 
Fastgraph includes four functions for drawing unfilled rectangles. The fg_box() function draws an 

unfilled rectangle in screen space, with regard to the clipping limits, using the current color. The 
parameters to fg_box() are the same as those for fg_rect(). The depth of the rectangle's edges is one 
pixel by default, but you can change the depth by calling fg_boxdepth(). The fg_boxdepth() function 
expects two parameters. The first parameter is the width of the rectangle's left and right sides, while the 
second is the height of its top and bottom sides. Once you call fg_boxdepth(), fg_box() draws all unfilled 
rectangles using the depth values specified in the most recent call to fg_boxdepth(). The fg_getxbox() 
and fg_getybox() functions respectively return the horizontal and vertical box depth settings, as defined 
in the most recent call to fg_boxdepth(). The world space box-drawing function is fg_boxw(). 

The fg_boxx() and fg_boxxw() functions are screen space and world space "exclusive or" 
versions of the box drawing functions. They simplify displaying rubberband boxes (hollow rectangles that 
move in response to keystrokes or mouse movement) because drawing an object in XOR mode makes it 
appear, but drawing it again in the same position and in the same color restores what was under the 
object originally. Given this useful property, here is an outline of what's necessary to draw a rubberband 
box: 

1. Draw the box in its initial position with fg_boxx() or fg_boxxw(), and copy the virtual 
buffer contents to the client area. 

2. Wait for a user response that signifies box movement. 

3. Use fg_boxx() or fg_boxxw() to redraw the box in the same position as in step 1, 
then copy the virtual buffer contents to the client area. This restores what was there 
originally. 

4. Draw the box in its new position with fg_boxx() or fg_boxxw(), and copy the virtual 
buffer contents to the client area. 

5. Repeat steps 2, 3, and 4 until the box is no longer needed. 
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Dithered Rectangles 
The process of alternating different color pixels across a region of a virtual buffer is called 

dithering. This technique is especially useful when using a 16-color display driver because you can 
simulate additional colors through effective uses of dithering. Fastgraph includes two functions for 
drawing dithered rectangles, one for screen space and one for world space. Neither function observes the 
clipping limits, nor do they affect the graphics cursor position. Dithered rectangles are not supported for 
direct color virtual buffers. 

The fg_drect() function draws a dithered rectangle in screen space. Like the fg_rect() function, 
fg_drect() requires four integer parameters that respectively define the minimum x, maximum x, minimum 
y, and maximum y screen space coordinates of the rectangle. The minimum coordinates must be less 
than or equal to the maximum coordinates, or else the results are unpredictable. However, fg_drect() 
also requires a fifth parameter that defines the dithering matrix, which determines the pixel pattern used 
to build the dithered rectangle. The world space version of the dithered rectangle drawing function is 
fg_drectw(). Like fg_drect(), it requires four parameters that define the extremes of the rectangle, and a 
fifth parameter that defines the dithering matrix. 

The dithering matrix is an eight-byte array containing a 4x2 pixel pattern that fg_drect() or 
fg_drectw() replicates across the rectangle's area. Suppose we would like to produce a "checkerboard" 
of light blue and white pixels. That is, in a given row of a rectangle, consecutive pixels will alternate 
between these two colors. Additionally, the pattern for adjacent rows will be shifted so there will always be 
a white pixel above and below a light blue pixel, and vice versa. Hence this pixel pattern would look 
something like 

B W B W 
W B W B 
B W B W 
W B W B 

where each B represents a light blue pixel, and each W represents a white pixel. The pixel representation of 
the dithering matrix would appear as shown on the left; its translation to numeric values appears on the 
right. 

[6] B W [7] [6] 19 25 [7] 
[4] W B [5] [4] 25 19 [5] 
[2] B W [3] [2] 19 25 [3] 
[0] W B [1] [0] 25 19 [1] 

The B pixels translate to color value 19 (light blue, assuming we’re using the default logical palette), and 
the W pixels translate to color value 25 (white). The following code will draw a 50x50 rectangle, dithered 
with our blue and white checkerboard pattern, in the upper left corner of the active virtual buffer: 

C/C++: 
char matrix[8] = {25,19,19,25,25,19,19,25}; 
fg_drect(0,49,0,49,matrix); 

C#: 
byte [] matrix = {25,19,19,25,25,19,19,25}; 
fg.drect(0, 49, 0, 49, ref matrix[0]); 

Delphi: 
const 
  matrix : array [1..8] of byte = (25,19,19,25,25,19,19,25); 
begin 
  fg_drect(0,49,0,49,matrix); 

Visual Basic: 
Dim Matrix(8) As Byte 
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Matrix(0)=25: Matrix(1)=19: Matrix(2)=19: Matrix(3)=25 
Matrix(4)=25: Matrix(5)=19: Matrix(6)=19: Matrix(7)=25 
Call fg_drect(0, 49, 0, 49, Matrix(0)) 

Visual Basic .NET: 
Dim Matrix() As Byte = {25, 19, 19, 25, 25, 19, 19, 25}; 
fg_drect(0, 49, 0, 49, Matrix(0)) 

There are two other important items pertaining to fg_drect() and fg_drectw(). First, the dithering 
matrix may not contain virtual color values. That is, the values stored in the dithering matrix always 
represent actual color numbers. Second, Fastgraph aligns the dithering matrix to specific pixel rows. If we 
let r represent the pixel row corresponding to the rectangle's minimum y coordinate, then the first row 
used in the dithering matrix is r modulo 4 (assuming the dithering matrix rows are numbered 0 to 3). This 
alignment enables you to use the same dithering matrix in multiple calls to fg_drect() and fg_drectw() for 
building an object of adjacent dithered rectangles (for example, an L-shaped area) and still have the 
dither pattern match where the rectangles intersect. 

Circles, Ellipses, and Arcs 
Fastgraph includes functions for drawing filled and unfilled circles and ellipses, plus unfilled circular 

arcs. Both screen space and world space versions of these functions are available, and all of them observe 
the clipping limits. 

The fg_circle() function draws an unfilled circle in screen space, centered at the graphics cursor 
position, using the current color. Its only parameter specifies the circle's radius in horizontal screen space 
units. Another function, fg_circlew(), draws an unfilled circle where the radius is measured in horizontal 
world space units. The analogous functions for drawing filled circles are fg_circlef() and fg_circlefw(). All 
four circle drawing functions leave the graphics cursor position unchanged. 

The fg_ellipse() function draws an unfilled ellipse in screen space, centered at the graphics 
cursor position, using the current color. The function requires two parameters that respectively specify the 
length of its horizontal and vertical semi-axes. In other words, the first parameter is the absolute distance 
from the center of the ellipse to its horizontal extremity, and the second parameter is the absolute 
distance from the center to the vertical extremity. Another function, fg_ellipsew(), draws an unfilled 
ellipse in world space. The analogous functions for drawing filled ellipses are fg_ellipsef() and 
fg_ellipsfw(). All four ellipse drawing functions leave the graphics cursor position unchanged. 

The following code snippet illustrates the use of fg_circlew() and fg_ellipsew() in a 200x200 world 
space coordinate system. 

C/C++: 
fg_setworld(-100.0,100.0,-100.0,100.0); 
fg_movew(0.0,0.0); 
fg_ellipsew(12.5,12.5); 
fg_circlew(12.5); 

C#: 
fg.setworld(-100.0, 100.0, -100.0, 100.0); 
fg.movew(0.0, 0.0); 
fg.ellipsew(12.5, 12.5); 
fg.circlew(12.5); 

Delphi: 
fg_setworld(-100.0,100.0,-100.0,100.0); 
fg_movew(0.0,0.0); 
fg_ellipsew(12.5,12.5); 
fg_circlew(12.5); 
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Visual Basic: 
Call fg_setworld(-100.0, 100.0, -100.0, 100.0) 
Call fg_movew(0.0, 0.0) 
Call fg_ellipsew(12.5, 12.5) 
Call fg_circlew(12.5) 

Visual Basic .NET: 
fg_setworld(-100.0, 100.0, -100.0, 100.0) 
fg_movew(0.0, 0.0) 
fg_ellipsew(12.5, 12.5) 
fg_circlew(12.5) 

We first draw an ellipse and then draw a circle, both centered at the middle of the virtual buffer (which is the 
origin of our world space coordinate system). The circle has a radius of 1/16 the width of the virtual buffer (in 
this case, 12.5 horizontal world space units), and the ellipse is horizontally inscribed within the circle. 

We can do the same thing in screen space with fg_circle() and fg_ellipse(), as shown here: 

C/C++: 
mid_x = fg_getmaxx() / 2; 
mid_y = fg_getmaxy() / 2; 
x = mid_x / 8; 
y = mid_y / 8; 
fg_move(mid_x,mid_y); 
fg_ellipse(x,y); 
fg_circle(x); 

C#: 
mid_x = fg.getmaxx() / 2; 
mid_y = fg.getmaxy() / 2; 
x = mid_x / 8; 
y = mid_y / 8; 
fg.move(mid_x, mid_y); 
fg.ellipse(x, y); 
fg.circle(x); 

Delphi: 
mid_x := fg_getmaxx div 2; 
mid_y := fg_getmaxy div 2; 
x := mid_x div 8; 
y := mid_y div 8; 
fg_move(mid_x,mid_y); 
fg_ellipse(x,y); 
fg_circle(x); 

Visual Basic: 
mid_x = fg_getmaxx() / 2 
mid_y = fg_getmaxy() / 2 
x = mid_x / 8 
y = mid_y / 8 
Call fg_move(mid_x, mid_y) 
Call fg_ellipse(x, y) 
Call fg_circle(x) 

Visual Basic .NET: 
mid_x = fg_getmaxx() \ 2 
mid_y = fg_getmaxy() \ 2 
x = mid_x \ 8 
y = mid_y \ 8 
fg_move(mid_x, mid_y) 
fg_ellipse(x, y) 
fg_circle(x) 
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Note that in this case, the fg_circle() and fg_ellipse() parameters are dependent on the maximum x and 
y coordinates of the active virtual buffer. If we didn't compute these quantities in this manner, the actual 
size of the circle and ellipse would be proportional to the virtual buffer resolution. No such dependency 
exists when using world space, but we pay a price for this feature in slightly slower execution speed. 

The fg_arc() function draws an unfilled circular arc in screen space, centered at the graphics 
cursor position, using the current color. Its first parameter specifies the arc’s radius in horizontal screen 
space units (that is, the arc’s horizontal distance at zero degrees from the current graphics position). The 
two remaining parameters define the starting and ending points of the arc, expressed in tenths of degrees 
counterclockwise from the horizontal. For example, we could construct a circle with a 30-pixel radius from 
four 90º arcs, each in a different color, as shown here: 

C/C++: 
fg_move(x,y); 
fg_setcolor(9); 
fg_arc(30,0,90*10); 
fg_setcolor(10); 
fg_arc(30,90*10,180*10); 
fg_setcolor(11); 
fg_arc(30,180*10,270*10); 
fg_setcolor(12); 
fg_arc(30,270*10,360*10); 

C#: 
fg.move(x, y); 
fg.setcolor(9); 
fg.arc(30, 0, 90*10); 
fg.setcolor(10); 
fg.arc(30, 90*10, 180*10); 
fg.setcolor(11); 
fg.arc(30, 180*10, 270*10); 
fg.setcolor(12); 
fg.arc(30, 270*10, 360*10); 

Delphi: 
fg_move(x,y); 
fg_setcolor(9); 
fg_arc(30,0,90*10); 
fg_setcolor(10); 
fg_arc(30,90*10,180*10); 
fg_setcolor(11); 
fg_arc(30,180*10,270*10); 
fg_setcolor(12); 
fg_arc(30,270*10,360*10); 

Visual Basic: 
Call fg_move(x, y) 
Call fg_setcolor(9) 
Call fg_arc(30, 0, 90 * 10) 
Call fg_setcolor(10) 
Call fg_arc(30, 90 * 10, 180 * 10) 
Call fg_setcolor(11) 
Call fg_arc(30, 180 * 10, 270 * 10) 
Call fg_setcolor(12) 
Call fg_arc(30, 270 * 10, 360 * 10) 

Visual Basic .NET: 
fg_move(x, y) 
fg_setcolor(9) 
fg_arc(30, 0, 90 * 10) 
fg_setcolor(10) 
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fg_arc(30, 90 * 10, 180 * 10) 
fg_setcolor(11) 
fg_arc(30, 180 * 10, 270 * 10) 
fg_setcolor(12) 
fg_arc(30, 270 * 10, 360 * 10) 

Another function, fg_arcw(), draws an arc where the radius is measured in horizontal world space units. 
Both arc functions draw the arc counterclockwise from the starting angle to the ending angle and leave 
the graphics cursor position unchanged. 

It’s important to note that the circle, ellipse, and arc functions draw these shapes with aspect 
ratios for the active virtual buffer. For example, a circle will appear circular in the virtual buffer, but it will 
be transformed into an ellipse if you scale the virtual buffer contents in the client area with fg_vbscale() 
unless the client has the same aspect ratio as the virtual buffer. Similarly, the aspect ratio of an ellipse or 
arc may become distorted under these same circumstances. You can avoid these problems by using 
fg_vbpaste(), or by making sure the size of the client area can only change in increments that maintain 
the same aspect ratio as the active virtual buffer. 

Region Fill 
Fastgraph includes functions for filling arbitrary regions. The fg_flood() and fg_paint() functions 

fill a region with the current color value by specifying a screen space point in the region's interior. The 
fg_floodw() and fg_paintw() functions also fill a region, but they require the interior point to be expressed 
in world space. All region fill functions have two parameters that specify the (x,y) coordinates of the 
interior point. For fg_flood() and fg_paint(), the parameters are integer quantities. For fg_floodw() and 
fg_paintw(), they are floating point quantities. None of them change the graphics cursor position. The 
difference between the "flood" and "paint" versions of these functions is simple: fg_flood() and 
fg_floodw() will not extend the region fill beyond the clipping limits, while fg_paint() and fg_paintw() 
ignore the clipping limits. As a result, fg_paint() and fg_paintw() are significantly faster. 

The region being filled must be a closed polygon whose boundary color is different from that of 
the specified interior point. The region may contain holes (interior areas that will not be filled). Fastgraph 
fills the region by changing every interior pixel whose color is the same as the specified interior point, to 
the current color. If the interior point is already the current color, the region fill functions do nothing. It is 
important to note fg_paint() and fg_paintw() do not treat the virtual buffer edges as polygon boundaries. 
Filling an open polygon will cause these functions to behave unpredictably. This is not the case with 
fg_flood() and fg_floodw() as long as the clipping limits are not beyond the virtual buffer edges. 

The following code snippet illustrates a simple use of fg_paint() for a 256-color virtual buffer. It 
first draws a hollow rectangle in color 20 and a hollow diamond in color 19. The diamond is drawn in the 
middle of the rectangle, thus making it a hole with respect to the rectangle. We then use fg_paint() to fill 
that part of the rectangle outside the diamond with color 20, and again use fg_paint() to fill the interior of 
the diamond with color 25. 

C/C++: 
fg_setcolor(20); 
fg_box(100,220,50,150); 
fg_setcolor(19); 
fg_move(160,80); 
fg_drawrel(30,20); 
fg_drawrel(-30,20); 
fg_drawrel(-30,-20); 
fg_drawrel(30,-20); 
fg_setcolor(20); 
fg_paint(160,70); 
fg_setcolor(25); 
fg_paint(160,100); 
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C#: 
fg.setcolor(20); 
fg.box(100, 220, 50, 150); 
fg.setcolor(19); 
fg.move(160, 80); 
fg.drawrel(30, 20); 
fg.drawrel(-30, 20); 
fg.drawrel(-30, -20); 
fg.drawrel(30, -20); 
fg.setcolor(20); 
fg.paint(160, 70); 
fg.setcolor(25); 
fg.paint(160, 100); 

Delphi: 
fg_setcolor(20); 
fg_box(100,220,50,150); 
fg_setcolor(19); 
fg_move(160,80); 
fg_drawrel(30,20); 
fg_drawrel(-30,20); 
fg_drawrel(-30,-20); 
fg_drawrel(30,-20); 
fg_setcolor(20); 
fg_paint(160,70); 
fg_setcolor(25); 
fg_paint(160,100); 

Visual Basic: 
Call fg_setcolor(20) 
Call fg_box(100, 220, 50, 150) 
Call fg_setcolor(19) 
Call fg_move(160, 80) 
Call fg_drawrel(30, 20) 
Call fg_drawrel(-30, 20) 
Call fg_drawrel(-30, -20) 
Call fg_drawrel(30, -20) 
Call fg_setcolor(20) 
Call fg_paint(160, 70) 
Call fg_setcolor(25) 
Call fg_paint(160, 100) 

Visual Basic .NET: 
fg_setcolor(20) 
fg_box(100, 220, 50, 150) 
fg_setcolor(19) 
fg_move(160, 80) 
fg_drawrel(30, 20) 
fg_drawrel(-30, 20) 
fg_drawrel(-30, -20) 
fg_drawrel(30, -20) 
fg_setcolor(20) 
fg_paint(160, 70) 
fg_setcolor(25) 
fg_paint(160, 100) 
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Polygons 
Fastgraph includes functions for drawing filled and unfilled polygons, as well as a function for 

determining if a given point is inside a convex polygon. All the polygon functions observe the clipping 
limits. 

The fg_polygon() function draws an unfilled polygon in screen space. It requires an array of 
integer x coordinates as its first parameter, and an array of integer y coordinates as its second parameter. 
Each (x,y) coordinate pair from the two arrays is treated as a polygon vertex. In other words, the x 
coordinate of the first polygon vertex is the first element of the x coordinate array, and the y coordinate of 
the first vertex is the first element of the y coordinate array. Similarly, the second elements of each array 
define the second vertex, and so forth. The third parameter for fg_polygon() is an integer quantity that 
specifies the number of elements in the two coordinate arrays (that is, the number of polygon vertices). 

Another function, fg_polygonw(), draws an unfilled polygon in world space. The fg_polygonw() 
function is the same as the fg_polygon() function, except its x and y coordinate arrays must contain floating 
point world space coordinates instead of integer screen space values. 

Polygon drawing begins at the first vertex specified in the coordinate arrays. The polygon 
functions then draw a solid line to the second vertex, then to the third vertex, and continue in this manner 
through the last vertex. If necessary, they then close the polygon by drawing a line connecting the last 
vertex and the first vertex. For example, we can draw unfilled polygons using fg_polygon() as shown 
here: 

C/C++: 
#define VERTICES 10 
int x[] = {200,300,400,400,300,240,160,160,200,210}; 
int y[] = {100, 80,100,220,320,320,240,200,160,150}; 
fg_polygon(x,y,VERTICES); 

C#: 
const int VERTICES = 10; 
int [] x = {200, 300, 400, 400, 300, 240, 160, 160, 200, 210}; 
int [] y = {100,  80, 100, 220, 320, 320, 240, 200, 160, 150}; 
fg.polygon(ref x[0], ref y[0], VERTICES); 

Delphi: 
const 
  VERTICES = 10; 
  x : array [1..VERTICES] of integer = 
    (200,300,400,400,300,240,160,160,200,210); 
  y : array [1..VERTICES] of integer = 
    (100, 80,100,220,320,320,240,200,160,150); 
begin 
  fg_polygon(x,y,VERTICES); 

Visual Basic: 
Const VERTICES As Long = 10 
Dim X(10) As Long 
Dim Y(10) As Long 
Call fg_setcolor(19) 
X(0) = 200: X(1) = 300: X(2) = 400: X(3) = 400: X(4) = 300 
X(5) = 240: X(6) = 160: X(7) = 160: X(8) = 200: X(9) = 210 
Y(0) = 100: Y(1) = 80: Y(2) = 100: Y(3) = 220: Y(4) = 320 
Y(5) = 320: Y(6) = 240: Y(7) = 200: Y(8) = 160: Y(9) = 150 
Call fg_polygon(X(0), Y(0), VERTICES) 

Visual Basic .NET: 
Const VERTICES As Integer = 10 
Dim X() As Integer = {200,300,400,400,300,240,160,160,200,210} 
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Dim Y() As Integer = {100, 80,100,220,320,320,240,200,160,150} 
fg_setcolor(19) 
fg_polygon(X(0), Y(0), VERTICES) 

As shown in this example, fg_polygon() expects the x and y components defining the polygon 
vertices to be in separate arrays. Another function, fg_polyline(), draws an unfilled polygon from polygon 
vertices in one integer array. With fg_polyline(), the first array element is the x component of the first 
vertex, the second element is the y component of the first vertex, the third element is the x component of 
the second vertex, and so forth. The first fg_polyline() parameter is the vertex coordinate array of 
alternating x and y components, and the second parameter specifies the number of vertices. In other 
respects, fg_polyline() is identical to fg_polygon(). 

An additional feature available with fg_polyline() but not with fg_polygon() is the ability to 
specify vertex offsets. The fg_polyoff() function's two integer parameters respectively define offset 
values that are added to each fg_polyline() vertex. This makes it possible to define polygon vertices as 
relative values, that when combined with the offsets, determine the polygon's absolute position. 

Perhaps the most important polygon display function is fg_polyfill(), which displays a filled 
convex polygon in screen space (the polygon is filled with pixels of the current color). Its first parameter is 
a vertex array in the same format used by fg_polyline(). The next parameter is obsolete and should be 
set to NULL (in earlier versions of Fastgraph, it was the name of a work array used internally by the 
fg_polyfill() function). The final parameter specifies the number of polygon vertices. 

Our next example illustrates the use of fg_polyline(), fg_polyoff(), and fg_polyfill(). We first 
draw an unfilled polygon on the left, and then a filled version of the same polygon on the right. In each 
case, the positioning is accomplished by passing appropriate values to fg_polyoff(). Next we establish a 
clipping region in the lower right corner and redraw the filled polygon at the same position but in a 
different color. This results in only a portion of the filled polygon being drawn. 

C/C++: 
#define VERTICES 10 
int xy[] = {200,100, 300, 80, 400,100, 400,220, 300,320, 
            240,320, 160,240, 160,200, 200,160, 210,150}; 
fg_setcolor(11); 
fg_polyoff(-120,-25); 
fg_polyline(xy,VERTICES); 
fg_polyoff(200,-25); 
fg_polyfill(xy,NULL,VERTICES); 
fg_setcolor(12); 
fg_setclip(480,639,175,479); 
fg_polyfill(xy,NULL,VERTICES); 

C#: 
const int VERTICES = 10; 
int [] xy = {200,100, 300, 80, 400,100, 400,220, 300,320, 
             240,320, 160,240, 160,200, 200,160, 210,150}; 
fg.setcolor(11); 
fg.polyoff(-120, -25); 
fg.polyline(ref xy[0], VERTICES); 
fg.polyoff(200, -25); 
fg.polyfill(ref xy[0], 0, VERTICES); 
fg.setcolor(12); 
fg.setclip(480, 639, 175 ,479); 
fg.polyfill(ref xy[0], 0, VERTICES); 

Delphi: 
const 
  VERTICES = 10; 
  xy : array [1..VERTICES*2] of integer = 
    (200,100, 300, 80, 400,100, 400,220, 300,320, 
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     240,320, 160,240, 160,200, 200,160, 210,150); 
begin 
  fg_setcolor(11); 
  fg_polyoff(-120,-25); 
  fg_polyline(xy,VERTICES); 
  fg_polyoff(200,-25); 
  fg_polyfill(xy,nil^,VERTICES); 
  fg_setcolor(12); 
  fg_setclip(480,639,175,479); 
  fg_polyfill(xy,nil^,VERTICES); 

Visual Basic: 
Const VERTICES As Long = 10 
Dim XY(10 * 2) As Long 
XY(0)=200: XY(1)=100: XY(2)=300: XY(3)=80 
XY(4)=400: XY(5)=100: XY(6)=400: XY(7)=220 
XY(8)=300: XY(9)=320: XY(10)=240: XY(11)=320 
XY(12)=160: XY(13)=240: XY(14)=160: XY(15)=200 
XY(16)=200: XY(17)=160: XY(18)=210: XY(19)=150 
Call fg_setcolor(11) 
Call fg_polyoff(-120, -25) 
Call fg_polyline(XY(0), VERTICES) 
Call fg_polyoff(200, -25) 
Call fg_polyfill(XY(0), Null, VERTICES) 
Call fg_setcolor(12) 
Call fg_setclip(480, 639, 175, 479) 
Call fg_polyfill(XY(0), Null, VERTICES) 

Visual Basic .NET: 
Const VERTICES As Integer = 10 
Dim XY() As Integer = _ 
   {200,100, 300, 80, 400,100, 400,220, 300,320, _ 
    240,320, 160,240, 160,200, 200,160, 210,150} 
fg_setcolor(11) 
fg_polyoff(-120, -25) 
fg_polyline(XY(0), VERTICES) 
fg_polyoff(200, -25) 
fg_polyfill(XY(0), 0, VERTICES) 
fg_setcolor(12) 
fg_setclip(480, 639, 175, 479) 
fg_polyfill(XY(0), 0, VERTICES) 

The fg_polyfill() function fills convex polygons. Fastgraph considers a polygon to be convex if 
any horizontal line drawn through the polygon crosses the left edge exactly once and the right edge 
exactly once (excluding horizontal and zero-length edge segments). Note that this definition includes 
shapes that are not convex in the traditional sense. In addition, any non-convex polygon can be 
decomposed into two or more convex polygons. All triangles (that is, three-vertex polygons) are by their 
nature convex. 

The filled convex polygon is a basic tool of three-dimensional computer graphics. A common 
practice is to build an image or object from several adjacent or connecting polygons. Such polygons 
typically overlap at one or more edges. For instance, the coordinates defining the right edge of one 
polygon may also define the left edge of another polygon immediately to its right. For an overall image to 
appear correct, its component polygons must fit together correctly. By default, fg_polyfill() applies the 
following rules to handle overlapping polygon edges: 

1. Points located exactly on non-horizontal edges are drawn only if the polygon's interior is directly 
to the right. 
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2. Points located exactly on horizontal edges are drawn only if the polygon's interior is 
directly below them. 

3. A vertex is drawn only if all lines ending at that point meet the above two conditions. 

These three rules guarantee that no pixel is drawn more than once when filling adjacent polygons. 
However, this behavior may not be suitable for displaying polygons that are not adjacent, because some 
or all of the pixels on the polygon's right and bottom edges will be excluded. If this is an issue, you can 
use fg_polyedge() to force fg_polyfill() to include all edge pixels. The fg_polyedge() function expects a 
single integer parameter. If it is zero, fg_polyfill() will include all edge pixels when drawing convex 
polygons. Passing any other value to fg_polyedge() restores the default behavior of excluding pixels that 
meet the criteria described above. 

The final Fastgraph polygon function is fg_inside(), which checks if a specified point lies inside a 
convex polygon. Its first parameter is a vertex array in the same format used by fg_polyline() and 
fg_polyfill(). The second parameter is the number of vertices in the polygon, while the last two 
parameters specify the screen space x and y coordinates of the point being tested. The fg_inside() 
function returns 1 if the point lies inside the polygon and 0 if not. If the vertex array does not define a 
convex polygon, the return value is undefined. The fg_polyoff() offsets are applied to the fg_inside() 
vertex array, but not to the test point. 

Example: Graphics Primitives 
Here’s an example program that uses many of Fastgraph's graphics primitives. The program has a 

top-level menu with selections for different graphics primitive demonstrations, as shown here: 

 
Each menu selection (except Exit) calls an action function named xxxClick(), where “xxx” is the name of 
the menu item (for example, the Points item calls the PointsClick() function). These action functions call 
Fastgraph functions to draw the graphics in a 640x480 virtual buffer and then call the program’s Blit() 
function to copy the virtual buffer contents to the client area. Blit() does this using either fg_vbpaste() or 
fg_vbscale(), depending on the size of the client area. Here is a summary of the action functions: 

PointsClick() Displays a pattern of points. Uses fg_point(). 
LinesClick() Displays a series of horizontal, vertical, and diagonal lines of different colors. Uses 

fg_draw() and fg_move(). 
RectanglesClick() Displays 100 rectangles (arranged 10 by 10) of different colors. Uses fg_rect(). 
CirclesClick() Displays 25 increasingly larger concentric circles, centered in the middle of the virtual 

buffer. Uses fg_circle() and fg_move(). 
EllipsesClick() Displays 80 increasingly larger concentric ellipses, centered in the middle of the 

virtual buffer. Uses fg_ellipse() and fg_move(). 
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PolygonsClick() Displays a grid of filled convex polygons. Uses fg_polyfill() and fg_polyoff(). 
PaintClick() Demonstrates region fill and other graphics primitives. Uses fg_box(), fg_circle(), 

fg_draw(), fg_move(), fg_paint(), and fg_rect(). 
In addition, each action function uses fg_fillpage() to fill the virtual buffer with a background color, and 
fg_setcolor() to define the colors in which the objects are drawn. We’ll now present the program and 
then discuss these functions and other issues. 

Graphix: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Graphix.c                                                                 * 
*                                                                            * 
*  This program demonstrates some of the Fastgraph for Windows graphics      * 
*  primitive functions.                                                      * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "Graphix.h" 
 
#define vbWidth  640 
#define vbHeight 480 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void Blit(void); 
void CirclesClick(void); 
void EllipsesClick(void); 
void LinesClick(void); 
void PaintClick(void); 
void PointsClick(void); 
void PolygonsClick(void); 
void RectanglesClick(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGgraphix"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Graphics Primitives",   // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      vbWidth,                 // initial x size 
      vbHeight,                // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
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   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(25); 
         fg_fillpage(); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Points: 
               PointsClick(); 
               return 0; 
 
            case IDM_Lines: 
               LinesClick(); 
               return 0; 
 
            case IDM_Rectangles: 
               RectanglesClick(); 
               return 0; 
 
            case IDM_Circles: 
               CirclesClick(); 
               return 0; 
 
            case IDM_Ellipses: 
               EllipsesClick(); 
               return 0; 
 
            case IDM_Polygons: 
               PolygonsClick(); 
               return 0; 
 
            case IDM_Paint: 
               PaintClick(); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
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         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         Blit(); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Blit()                                                                    * 
*                                                                            * 
*  Use fg_vbpaste() or fg_vbscale() to display the virtual buffer contents   * 
*  in the client area, depending on the size of the client window.           * 
*                                                                            * 
\****************************************************************************/ 
 
void Blit() 
{ 
   if (cxClient > vbWidth || cyClient > vbHeight)   // window larger than 640x480 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   else 
      fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,cyClient-1); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CirclesClick()                                                            * 
*                                                                            * 
*  Draw a series of concentric circles.                                      * 
*                                                                            * 
\****************************************************************************/ 
 
void CirclesClick() 
{ 
   register int i, Radius; 
 
   fg_setcolor(11); 
   fg_fillpage(); 
 
   // draw 25 concentric circles at the center of the virtual buffer 
   fg_move(vbWidth/2,vbHeight/2); 
   Radius = 4; 
   fg_setcolor(25); 
   for (i = 0; i < 25; i++) 
   { 
      fg_circle(Radius); 
      Radius += 8; 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
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*                                                                            * 
*  EllipsesClick()                                                           * 
*                                                                            * 
*  Draw a series of concentric ellipses.                                     * 
*                                                                            * 
\****************************************************************************/ 
 
void EllipsesClick() 
{ 
   register int i; 
   int Horiz, Vert; 
 
   fg_setcolor(11); 
   fg_fillpage(); 
 
   // draw 80 concentric ellipses at the center of the virtual buffer 
 
   fg_move(vbWidth/2,vbHeight/2); 
   Horiz = 4; 
   Vert  = 1; 
   fg_setcolor(25); 
   for (i = 0; i < 80; i++) 
   { 
      fg_ellipse(Horiz,Vert); 
      Horiz += 3; 
      Vert++; 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  LinesClick()                                                              * 
*                                                                            * 
*  Draw a pattern of solid lines.                                            * 
*                                                                            * 
\****************************************************************************/ 
 
void LinesClick() 
{ 
   register int x, y; 
   int i, x1, x2, y1; 
   static int LineColor[] = {12,11,19,21,21,19,11,12}; 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   // draw horizontal lines 
   for (y = 0; y < vbHeight; y+=40) 
   { 
      for (i = 0; i < 8; i++) 
      { 
         fg_setcolor(LineColor[i]); 
         y1 = y + 3*i; 
         fg_move(0,y1); 
         fg_draw(vbWidth-1,y1); 
      } 
   } 
 
   // draw vertical lines 
   for (x = 0; x < vbWidth; x+=60) 
   { 
      for (i = 0; i < 8; i++) 
      { 
         fg_setcolor(LineColor[i]); 
         x1 = x + 3*i; 
         fg_move(x1,0); 
         fg_draw(x1,vbHeight-1); 
      } 
   } 
 
   // draw red diagonal lines 
   fg_setcolor(22); 
   for (x1 = -640; x1 < 640; x1+=60) 
   { 
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      x2 = x1 + vbHeight; 
      fg_move(x1,0); 
      fg_draw(x2,vbHeight); 
   } 
   for (x1 = 0; x1 < 1280; x1+=60) 
   { 
      x2 = x1 - vbHeight; 
      fg_move(x1,0); 
      fg_draw(x2,vbHeight); 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PaintClick()                                                              * 
*                                                                            * 
*  Demonstrate region fill.                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
void PaintClick() 
{ 
   int x1, x2, y1, y2; 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   // draw a rectangle 
   x1 = 40; 
   x2 = vbWidth - 40; 
   y1 = 20; 
   y2 = vbHeight - 20; 
   fg_setcolor(21); 
   fg_rect(x1,x2,y1,y2); 
 
   // outline the rectangle 
   fg_setcolor(10); 
   fg_box(x1,x2,y1,y2); 
 
   // draw the circle 
   x1 = vbWidth / 2; 
   y1 = vbHeight / 2; 
   fg_move(x1,y1); 
   fg_circle(80); 
 
   // draw cross bars in the circle 
   fg_move(x1,y1-80); 
   fg_draw(x1,y1+80); 
   fg_move(x1-80,y1); 
   fg_draw(x1+80,y1); 
 
   // paint each quarter of the circle 
   fg_setcolor(11); 
   fg_paint(x1-6,y1-6); 
   fg_setcolor(12); 
   fg_paint(x1+6,y1+6); 
   fg_setcolor(13); 
   fg_paint(x1+6,y1-6); 
   fg_setcolor(14); 
   fg_paint(x1-6,y1+6); 
 
   // paint the area outside the box 
   fg_setcolor(24); 
   fg_paint(41,21); 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PointsClick()                                                             * 
*                                                                            * 
*  Draw a pattern of points.                                                 * 
*                                                                            * 
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\****************************************************************************/ 
 
void PointsClick() 
{ 
   register int x, y; 
 
   // fill the virtual buffer with yellow pixels 
   fg_setcolor(24); 
   fg_fillpage(); 
 
   // draw the patterns of points 
   fg_setcolor(19); 
   for (x = 7; x < vbWidth; x+=20) 
      for (y = 0; y < vbHeight; y+=8) 
         fg_point(x,y); 
   fg_setcolor(22); 
   for (x = 17; x < vbWidth; x+=20) 
      for (y = 4; y < vbHeight; y+=8) 
         fg_point(x,y); 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PolygonsClick()                                                           * 
*                                                                            * 
*  Draw a grid of filled polygons.                                           * 
*                                                                            * 
\****************************************************************************/ 
 
void PolygonsClick() 
{ 
   register int i, j; 
 
   static int xyDarkBlue[]  = {0,16, 24,0, 24,40, 0,56}; 
   static int xyLightBlue[] = {24,0, 72,0, 72,40, 24,40}; 
   static int xyGreen[]     = {0,56, 24,40, 72,40, 48,56}; 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   // draw 225 filled polygons (15 rows of 15) 
   for (j = 0; j < 15; j++) 
   { 
      for (i = 0; i < 15; i++) 
      { 
         fg_polyoff(i*72-j*24,j*56-i*16); 
         fg_setcolor(11); 
         fg_polyfill(xyDarkBlue,NULL,4); 
         fg_setcolor(19); 
         fg_polyfill(xyLightBlue,NULL,4); 
         fg_setcolor(20); 
         fg_polyfill(xyGreen,NULL,4); 
      } 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  RectanglesClick()                                                         * 
*                                                                            * 
*  Draw a grid of filled rectangles.                                         * 
*                                                                            * 
\****************************************************************************/ 
 
void RectanglesClick() 
{ 
   register int i, j; 
   int Color; 
   int x1, x2, y1, y2; 
   int xInc, yInc; 
 
   x1 = 0; 
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   xInc = vbWidth / 10; 
   x2 = xInc - 1; 
   y1 = 0; 
   yInc = vbHeight / 10; 
   y2 = yInc - 1; 
   Color = 10; 
 
   // draw 100 filled rectangles (10 rows of 10) 
   for (i = 0; i < 10; i++) 
   { 
      for (j = 0; j < 10; j++) 
      { 
         fg_setcolor(Color); 
         fg_rect(x1,x2,y1,y2); 
         Color++; 
         if (Color > 24) Color = 10; 
         x1 += xInc; 
         x2 += xInc; 
      } 
      x1 = 0; 
      x2 = xInc - 1; 
      y1 += yInc; 
      y2 += yInc; 
   } 
 
   Blit(); 
} 

Graphix: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Graphix.cpp                                                               * 
*  GraphixU.cpp                                                              * 
*                                                                            * 
*  This program demonstrates some of the Fastgraph for Windows graphics      * 
*  primitive functions.                                                      * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "GraphixU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   Form(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   Width = vbWidth; 
   Height = vbHeight; 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(25); 
   fg_fillpage(); 
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   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   Blit(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Blit()                                                                    * 
*                                                                            * 
*  Use fg_vbpaste() or fg_vbscale() to display the virtual buffer contents   * 
*  in the client area, depending on the size of the client window.           * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::Blit() 
{ 
   if (cxClient > vbWidth || cyClient > vbHeight)   // window larger than 640x480 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   else 
      fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,cyClient-1); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CirclesClick()                                                            * 
*                                                                            * 
*  Draw a series of concentric circles.                                      * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CirclesClick(TObject *Sender) 
{ 
   register int i, Radius; 
 
   fg_setcolor(11); 
   fg_fillpage(); 
 
   // draw 25 concentric circles at the center of the virtual buffer 
   fg_move(vbWidth/2,vbHeight/2); 
   Radius = 4; 
   fg_setcolor(25); 
   for (i = 0; i < 25; i++) 
   { 
      fg_circle(Radius); 
      Radius += 8; 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  EllipsesClick()                                                           * 
*                                                                            * 
*  Draw a series of concentric ellipses.                                     * 
*                                                                            * 
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\****************************************************************************/ 
 
void __fastcall TForm1::EllipsesClick(TObject *Sender) 
{ 
   register int i; 
   int Horiz, Vert; 
 
   fg_setcolor(11); 
   fg_fillpage(); 
 
   // draw 80 concentric ellipses at the center of the virtual buffer 
   fg_move(vbWidth/2,vbHeight/2); 
   Horiz = 4; 
   Vert  = 1; 
   fg_setcolor(25); 
   for (i = 0; i < 80; i++) 
   { 
      fg_ellipse(Horiz,Vert); 
      Horiz += 3; 
      Vert++; 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  LinesClick()                                                              * 
*                                                                            * 
*  Draw a pattern of solid lines.                                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::LinesClick(TObject *Sender) 
{ 
   register int x, y; 
   int i, x1, x2, y1; 
   static int LineColor[] = {12,11,19,21,21,19,11,12}; 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   // draw horizontal lines 
   for (y = 0; y < vbHeight; y+=40) 
   { 
      for (i = 0; i < 8; i++) 
      { 
         fg_setcolor(LineColor[i]); 
         y1 = y + 3*i; 
         fg_move(0,y1); 
         fg_draw(vbWidth-1,y1); 
      } 
   } 
 
   // draw vertical lines 
   for (x = 0; x < vbWidth; x+=60) 
   { 
      for (i = 0; i < 8; i++) 
      { 
         fg_setcolor(LineColor[i]); 
         x1 = x + 3*i; 
         fg_move(x1,0); 
         fg_draw(x1,vbHeight-1); 
      } 
   } 
 
   // draw red diagonal lines 
   fg_setcolor(22); 
   for (x1 = -640; x1 < 640; x1+=60) 
   { 
      x2 = x1 + vbHeight; 
      fg_move(x1,0); 
      fg_draw(x2,vbHeight); 
   } 
   for (x1 = 0; x1 < 1280; x1+=60) 
   { 
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      x2 = x1 - vbHeight; 
      fg_move(x1,0); 
      fg_draw(x2,vbHeight); 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PaintClick()                                                              * 
*                                                                            * 
*  Demonstrate region fill.                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::PaintClick(TObject *Sender) 
{ 
   int x1, x2, y1, y2; 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   // draw a rectangle 
   x1 = 40; 
   x2 = vbWidth - 40; 
   y1 = 20; 
   y2 = vbHeight - 20; 
   fg_setcolor(21); 
   fg_rect(x1,x2,y1,y2); 
 
   // outline the rectangle 
   fg_setcolor(10); 
   fg_box(x1,x2,y1,y2); 
 
   // draw the circle 
   x1 = vbWidth / 2; 
   y1 = vbHeight / 2; 
   fg_move(x1,y1); 
   fg_circle(80); 
 
   // draw cross bars in the circle 
   fg_move(x1,y1-80); 
   fg_draw(x1,y1+80); 
   fg_move(x1-80,y1); 
   fg_draw(x1+80,y1); 
 
   // paint each quarter of the circle 
   fg_setcolor(11); 
   fg_paint(x1-6,y1-6); 
   fg_setcolor(12); 
   fg_paint(x1+6,y1+6); 
   fg_setcolor(13); 
   fg_paint(x1+6,y1-6); 
   fg_setcolor(14); 
   fg_paint(x1-6,y1+6); 
 
   // paint the area outside the box 
   fg_setcolor(24); 
   fg_paint(41,21); 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PointsClick()                                                             * 
*                                                                            * 
*  Draw a pattern of points.                                                 * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::PointsClick(TObject *Sender) 
{ 
   register int x, y; 
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   // fill the virtual buffer with yellow pixels 
   fg_setcolor(24); 
   fg_fillpage(); 
 
   // draw the patterns of points 
   fg_setcolor(19); 
   for (x = 7; x < vbWidth; x+=20) 
      for (y = 0; y < vbHeight; y+=8) 
         fg_point(x,y); 
   fg_setcolor(22); 
   for (x = 17; x < vbWidth; x+=20) 
      for (y = 4; y < vbHeight; y+=8) 
         fg_point(x,y); 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PolygonsClick()                                                           * 
*                                                                            * 
*  Draw a grid of filled polygons.                                           * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::PolygonsClick(TObject *Sender) 
{ 
   register int i, j; 
 
   static int xyDarkBlue[]  = {0,16, 24,0, 24,40, 0,56}; 
   static int xyLightBlue[] = {24,0, 72,0, 72,40, 24,40}; 
   static int xyGreen[]     = {0,56, 24,40, 72,40, 48,56}; 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   // draw 225 filled polygons (15 rows of 15) 
   for (j = 0; j < 15; j++) 
   { 
      for (i = 0; i < 15; i++) 
      { 
         fg_polyoff(i*72-j*24,j*56-i*16); 
         fg_setcolor(11); 
         fg_polyfill(xyDarkBlue,NULL,4); 
         fg_setcolor(19); 
         fg_polyfill(xyLightBlue,NULL,4); 
         fg_setcolor(20); 
         fg_polyfill(xyGreen,NULL,4); 
      } 
   } 
 
   Blit(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  RectanglesClick()                                                         * 
*                                                                            * 
*  Draw a grid of filled rectangles.                                         * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::RectanglesClick(TObject *Sender) 
{ 
   register int i, j; 
   int Color; 
   int x1, x2, y1, y2; 
   int xInc, yInc; 
 
   x1 = 0; 
   xInc = vbWidth / 10; 
   x2 = xInc - 1; 
   y1 = 0; 
   yInc = vbHeight / 10; 
   y2 = yInc - 1; 
   Color = 10; 
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   // draw 100 filled rectangles (10 rows of 10) 
   for (i = 0; i < 10; i++) 
   { 
      for (j = 0; j < 10; j++) 
      { 
         fg_setcolor(Color); 
         fg_rect(x1,x2,y1,y2); 
         Color++; 
         if (Color > 24) Color = 10; 
         x1 += xInc; 
         x2 += xInc; 
      } 
      x1 = 0; 
      x2 = xInc - 1; 
      y1 += yInc; 
      y2 += yInc; 
   } 
 
   Blit(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Graphix: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Graphix.dpr                                                               * 
*  GraphixU.pas                                                              * 
*                                                                            * 
*  This program demonstrates some of the Fastgraph for Windows graphics      * 
*  primitive functions.                                                      * 
*                                                                            * 
*****************************************************************************} 
 
unit GraphixU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    Points: TMenuItem; 
    Lines: TMenuItem; 
    Rectangles: TMenuItem; 
    Circles: TMenuItem; 
    Ellipses: TMenuItem; 
    Polygons: TMenuItem; 
    Paint: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure PointsClick(Sender: TObject); 
    procedure LinesClick(Sender: TObject); 
    procedure RectanglesClick(Sender: TObject); 
    procedure CirclesClick(Sender: TObject); 
    procedure EllipsesClick(Sender: TObject); 
    procedure PolygonsClick(Sender: TObject); 
    procedure PaintClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
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implementation 
 
{$J+} 
{$R *.DFM} 
const 
  vbWidth  = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  Blit()                                                                    * 
*                                                                            * 
*  Use fg_vbpaste() or fg_vbscale() to display the virtual buffer contents   * 
*  in the client area, depending on the size of the client window.           * 
*                                                                            * 
*****************************************************************************} 
 
procedure Blit; 
 
begin 
  if (cxClient > vbWidth) or (cyClient > vbHeight) then {window > 640x480} 
    fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1) 
  else 
    fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,cyClient-1); 
end; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  Width := vbWidth; 
  Height := vbHeight; 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(25); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  Blit; 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
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procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  PointsClick()                                                             * 
*                                                                            * 
*  Draw a pattern of points.                                                 * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.PointsClick(Sender: TObject); 
var 
  x, y : integer; 
begin 
  { fill the virtual buffer with yellow pixels } 
  fg_setcolor(24); 
  fg_fillpage; 
 
  { draw the patterns of points } 
  fg_setcolor(19); 
  x := 7; 
  while (x < vbWidth) do 
  begin 
    y := 0; 
    while (y < vbHeight) do 
    begin 
      fg_point(x,y); 
      inc(y,8); 
    end; 
    inc(x,20); 
  end; 
 
  fg_setcolor(22); 
  x := 17; 
  while (x < vbWidth) do 
  begin 
    y := 4; 
    while (y < vbHeight) do 
    begin 
      fg_point(x,y); 
      inc(y,8); 
    end; 
    inc(x,20); 
  end; 
 
  Blit; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  LinesClick()                                                              * 
*                                                                            * 
*  Draw a pattern of solid lines.                                            * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.LinesClick(Sender: TObject); 
const 
   line_color : array [0..7] of integer = (12,11,19,21,21,19,11,12); 
var 
   i, x, y, x1, x2, y1 : integer; 
begin 
  fg_setcolor(25); 
  fg_fillpage; 
 
  { draw horizontal lines } 
  y := 0; 
  while (y < vbHeight) do 
  begin 
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    for i := 0 to 7 do 
    begin 
      fg_setcolor(line_color[i]); 
      y1 := y + 3*i; 
      fg_move(0,y1); 
      fg_draw(vbWidth-1,y1); 
    end; 
    inc(y,40); 
  end; 
 
  { draw vertical lines } 
  x := 0; 
  while (x < vbWidth) do 
  begin 
    for i := 0 to 7 do 
    begin 
      fg_setcolor(line_color[i]); 
      x1 := x + 3*i; 
      fg_move(x1,0); 
      fg_draw(x1,vbHeight-1); 
    end; 
    inc(x,60); 
  end; 
 
  { draw red diagonal lines } 
  fg_setcolor(22); 
  x1 := -640; 
  while (x1 < 640) do 
  begin 
    x2 := x1 + vbHeight; 
    fg_move(x1,0); 
    fg_draw(x2,vbHeight); 
    inc(x1,60); 
  end; 
  x1 := 0; 
  while (x1 < 1280) do 
  begin 
    x2 := x1 - vbHeight; 
    fg_move(x1,0); 
    fg_draw(x2,vbHeight); 
    inc(x1,60); 
  end; 
 
  Blit; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  RectanglesClick()                                                         * 
*                                                                            * 
*  Draw a grid of filled rectangles.                                         * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.RectanglesClick(Sender: TObject); 
var 
   i, j, color : integer; 
   x1, x2, y1, y2 : integer; 
   xinc, yinc : integer; 
begin 
  x1 := 0; 
  xinc := vbWidth div 10; 
  x2 := xinc - 1; 
  y1 := 0; 
  yinc := vbHeight div 10; 
  y2 := yinc - 1; 
  color := 10; 
 
  { draw 100 filled rectangles (10 rows of 10) } 
  for i := 1 to 10 do 
  begin 
    for j := 1 to 10 do 
    begin 
      fg_setcolor(color); 
      fg_rect(x1,x2,y1,y2); 
      inc(color); 
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      if (color > 24) then color := 10; 
      inc(x1,xinc); 
      inc(x2,xinc); 
    end; 
    x1 := 0; 
    x2 := xinc - 1; 
    inc(y1,yinc); 
    inc(y2,yinc); 
  end; 
 
  Blit; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  CirclesClick()                                                            * 
*                                                                            * 
*  Draw a series of concentric circles.                                      * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.CirclesClick(Sender: TObject); 
var 
  i, radius : integer; 
begin 
  fg_setcolor(11); 
  fg_fillpage; 
 
  { draw 25 concentric circles at the center of the virtual buffer } 
  fg_move(vbWidth div 2,vbHeight div 2); 
  radius := 4; 
  fg_setcolor(25); 
  for i := 1 to 25 do 
  begin 
    fg_circle(radius); 
    inc(radius,8); 
  end; 
 
  Blit; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  EllipsesClick()                                                           * 
*                                                                            * 
*  Draw a series of concentric ellipses.                                     * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.EllipsesClick(Sender: TObject); 
var 
  i, horiz, vert : integer; 
begin 
  fg_setcolor(11); 
  fg_fillpage; 
 
  { draw 80 concentric ellipses at the center of the virtual buffer } 
  fg_move(vbWidth div 2,vbHeight div 2); 
  horiz := 4; 
  vert  := 1; 
  fg_setcolor(25); 
  for i := 1 to 80 do 
  begin 
    fg_ellipse(horiz,vert); 
    inc(horiz,3); 
    inc(vert); 
  end; 
 
  Blit; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  PolygonsClick()                                                           * 
*                                                                            * 
*  Draw a grid of filled polygons.                                           * 
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*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.PolygonsClick(Sender: TObject); 
const 
   xyDarkBlue  : array [0..7] of integer = (0,16, 24,0, 24,40, 0,56); 
   xyLightBlue : array [0..7] of integer = (24,0, 72,0, 72,40, 24,40); 
   xyGreen     : array [0..7] of integer = (0,56, 24,40, 72,40, 48,56); 
var 
   i, j : integer; 
begin 
  fg_setcolor(25); 
  fg_fillpage; 
 
  { draw 225 filled polygons (15 rows of 15) } 
  for j := 0 to 14 do 
  begin 
    for i := 0 to 14 do 
    begin 
      fg_polyoff(i*72-j*24,j*56-i*16); 
      fg_setcolor(11); 
      fg_polyfill(xyDarkBlue,nil^,4); 
      fg_setcolor(19); 
      fg_polyfill(xyLightBlue,nil^,4); 
      fg_setcolor(20); 
      fg_polyfill(xyGreen,nil^,4); 
    end; 
  end; 
 
  Blit; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  PaintClick()                                                              * 
*                                                                            * 
*  Demonstrate region fill.                                                  * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.PaintClick(Sender: TObject); 
var 
  x1, x2, y1, y2 : integer; 
begin 
  fg_setcolor(25); 
  fg_fillpage; 
 
  { draw a rectangle } 
  x1 := 40; 
  x2 := vbWidth - 40; 
  y1 := 20; 
  y2 := vbHeight - 20; 
  fg_setcolor(21); 
  fg_rect(x1,x2,y1,y2); 
 
  { outline the rectangle } 
  fg_setcolor(10); 
  fg_box(x1,x2,y1,y2); 
 
  { draw the circle } 
  x1 := vbWidth div 2; 
  y1 := vbHeight div 2; 
  fg_move(x1,y1); 
  fg_circle(80); 
 
  { draw cross bars in the circle } 
  fg_move(x1,y1-80); 
  fg_draw(x1,y1+80); 
  fg_move(x1-80,y1); 
  fg_draw(x1+80,y1); 
 
  { paint each quarter of the circle } 
  fg_setcolor(11); 
  fg_paint(x1-6,y1-6); 
  fg_setcolor(12); 
  fg_paint(x1+6,y1+6); 
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  fg_setcolor(13); 
  fg_paint(x1+6,y1-6); 
  fg_setcolor(14); 
  fg_paint(x1-6,y1+6); 
 
  { paint the area outside the box } 
  fg_setcolor(24); 
  fg_paint(41,21); 
 
  Blit; 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Graphix: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Graphix.frm                                                               * 
'                                                                            * 
'  This program demonstrates some of the Fastgraph for Windows graphics      * 
'  primitive functions.                                                      * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
    
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call Blit 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Circles_Click()                                                           * 
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'                                                                            * 
'  Draw a series of concentric circles.                                      * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuCircles_Click() 
   Dim I As Long, Radius As Long 
 
   Call fg_setcolor(11) 
   Call fg_fillpage 
 
   ' draw 25 concentric circles at the center of the virtual buffer 
   Call fg_move(vbWidth / 2, vbHeight / 2) 
   Radius = 4 
   Call fg_setcolor(25) 
   For I = 1 To 25 
      Call fg_circle(Radius) 
      Radius = Radius + 8 
   Next I 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Ellipses_Click()                                                          * 
'                                                                            * 
'  Draw a series of concentric ellipses.                                     * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuEllipses_Click() 
   Dim I As Long 
   Dim Horiz As Long, Vert As Long 
 
   Call fg_setcolor(11) 
   Call fg_fillpage 
 
   ' draw 80 concentric ellipses at the center of the virtual buffer 
   Call fg_move(vbWidth / 2, vbHeight / 2) 
   Horiz = 4 
   Vert = 1 
   Call fg_setcolor(25) 
   For I = 1 To 80 
      Call fg_ellipse(Horiz, Vert) 
      Horiz = Horiz + 3 
      Vert = Vert + 1 
   Next I 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Lines_Click()                                                             * 
'                                                                            * 
'  Draw a pattern of solid lines.                                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuLines_Click() 
   Dim X As Long, Y As Long 
   Dim I As Long, X1 As Long, X2 As Long, Y1 As Long 
   Dim LineColor(7) As Long 
 
   LineColor(0) = 12: LineColor(1) = 11: LineColor(2) = 19: LineColor(3) = 21 
   LineColor(4) = 21: LineColor(5) = 19: LineColor(6) = 11: LineColor(7) = 12 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
 
   ' draw horizontal lines 
   For Y = 0 To vbHeight - 1 Step 40 
      For I = 0 To 7 
         Call fg_setcolor(LineColor(I)) 
         Y1 = Y + 3 * I 
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         Call fg_move(0, Y1) 
         Call fg_draw(vbWidth - 1, Y1) 
      Next I 
   Next Y 
 
   ' draw vertical lines 
   For X = 0 To vbWidth - 1 Step 60 
      For I = 0 To 7 
         Call fg_setcolor(LineColor(I)) 
         X1 = X + 3 * I 
         Call fg_move(X1, 0) 
         Call fg_draw(X1, vbHeight - 1) 
      Next I 
   Next X 
 
   ' draw red diagonal lines 
   Call fg_setcolor(22) 
   For X1 = -640 To 639 Step 60 
      X2 = X1 + vbHeight 
      Call fg_move(X1, 0) 
      Call fg_draw(X2, vbHeight) 
   Next X1 
   For X1 = 0 To 1279 Step 60 
      X2 = X1 - vbHeight 
      Call fg_move(X1, 0) 
      Call fg_draw(X2, vbHeight) 
   Next X1 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Paint_Click()                                                             * 
'                                                                            * 
'  Demonstrate region fill.                                                  * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuPaint_Click() 
   Dim X1 As Long, X2 As Long, Y1 As Long, Y2 As Long 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
 
   ' draw a rectangle 
   X1 = 40 
   X2 = vbWidth - 40 
   Y1 = 20 
   Y2 = vbHeight - 20 
   Call fg_setcolor(21) 
   Call fg_rect(X1, X2, Y1, Y2) 
 
   ' outline the rectangle 
   Call fg_setcolor(10) 
   Call fg_box(X1, X2, Y1, Y2) 
 
   ' draw the circle 
   X1 = vbWidth / 2 
   Y1 = vbHeight / 2 
   Call fg_move(X1, Y1) 
   Call fg_circle(80) 
 
   ' draw cross bars in the circle 
   Call fg_move(X1, Y1 - 80) 
   Call fg_draw(X1, Y1 + 80) 
   Call fg_move(X1 - 80, Y1) 
   Call fg_draw(X1 + 80, Y1) 
 
   ' paint each quarter of the circle 
   Call fg_setcolor(11) 
   Call fg_paint(X1 - 6, Y1 - 6) 
   Call fg_setcolor(12) 
   Call fg_paint(X1 + 6, Y1 + 6) 
   Call fg_setcolor(13) 
   Call fg_paint(X1 + 6, Y1 - 6) 
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   Call fg_setcolor(14) 
   Call fg_paint(X1 - 6, Y1 + 6) 
 
   ' paint the area outside the box 
   Call fg_setcolor(24) 
   Call fg_paint(41, 21) 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Points_Click()                                                            * 
'                                                                            * 
'  Draw a pattern of points.                                                 * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuPoints_Click() 
   Dim X As Long, Y As Long 
 
   ' fill the virtual buffer with yellow pixels 
   Call fg_setcolor(24) 
   Call fg_fillpage 
 
   ' draw the patterns of points 
   Call fg_setcolor(19) 
   For X = 7 To vbWidth - 1 Step 20 
      For Y = 0 To vbHeight - 1 Step 8 
         Call fg_point(X, Y) 
      Next Y 
   Next X 
 
   Call fg_setcolor(22) 
   For X = 17 To vbWidth - 1 Step 20 
      For Y = 4 To vbHeight - 1 Step 8 
         Call fg_point(X, Y) 
      Next Y 
   Next X 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Polygons_Click()                                                          * 
'                                                                            * 
'  Draw a grid of filled polygons.                                           * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuPolygons_Click() 
   Dim I As Long, J As Long 
   Dim xyDarkBlue(7) As Long 
   Dim xyLightBlue(7) As Long 
   Dim xyGreen(7) As Long 
 
   xyDarkBlue(0) = 0: xyDarkBlue(1) = 16 
   xyDarkBlue(2) = 24: xyDarkBlue(3) = 0 
   xyDarkBlue(4) = 24: xyDarkBlue(5) = 40 
   xyDarkBlue(6) = 0: xyDarkBlue(7) = 56 
 
   xyLightBlue(0) = 24: xyLightBlue(1) = 0 
   xyLightBlue(2) = 72: xyLightBlue(3) = 0 
   xyLightBlue(4) = 72: xyLightBlue(5) = 40 
   xyLightBlue(6) = 24: xyLightBlue(7) = 40 
 
   xyGreen(0) = 0: xyGreen(1) = 56: xyGreen(2) = 24: xyGreen(3) = 40 
   xyGreen(4) = 72: xyGreen(5) = 40: xyGreen(6) = 48: xyGreen(7) = 56 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
 
   ' draw 225 filled polygons (15 rows of 15) 
   For J = 0 To 14 
      For I = 0 To 14 
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         Call fg_polyoff(I * 72 - J * 24, J * 56 - I * 16) 
         Call fg_setcolor(11) 
         Call fg_polyfill(xyDarkBlue(0), Null, 4) 
         Call fg_setcolor(19) 
         Call fg_polyfill(xyLightBlue(0), Null, 4) 
         Call fg_setcolor(20) 
         Call fg_polyfill(xyGreen(0), Null, 4) 
      Next I 
   Next J 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Rectangles_Click()                                                        * 
'                                                                            * 
'  Draw a grid of filled rectangles.                                         * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuRectangles_Click() 
   Dim I As Long, J As Long 
   Dim Color As Long 
   Dim X1 As Long, X2 As Long, Y1 As Long, Y2 As Long 
   Dim xInc As Long, yInc As Long 
 
   X1 = 0 
   xInc = vbWidth / 10 
   X2 = xInc - 1 
   Y1 = 0 
   yInc = vbHeight / 10 
   Y2 = yInc - 1 
   Color = 10 
 
   ' draw 100 filled rectangles (10 rows of 10) 
   For I = 1 To 10 
      For J = 1 To 10 
         Call fg_setcolor(Color) 
         Call fg_rect(X1, X2, Y1, Y2) 
         Color = Color + 1 
         If (Color > 24) Then Color = 10 
         X1 = X1 + xInc 
         X2 = X2 + xInc 
      Next J 
      X1 = 0 
      X2 = xInc - 1 
      Y1 = Y1 + yInc 
      Y2 = Y2 + yInc 
   Next I 
 
   Call Blit 
End Sub 
 
'***************************************************************************** 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Blit()                                                                    * 
'                                                                            * 
'  Use fg_vbpaste() or fg_vbscale() to display the virtual buffer contents   * 
'  in the client area, depending on the size of the client window.           * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub Blit() 
   If cxClient > vbWidth Or cyClient > vbHeight Then  ' window larger than 640x480 
      Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
   Else 
      Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, cyClient - 1) 
   End If 
End Sub 
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The CirclesClick() and EllipsesClick() action functions are very similar. Each starts by filling the 
virtual buffer with blue pixels (color 11) and moving the graphics cursor to the center of the screen. A for 
loop then draws the circles or ellipses, increasing the radius in each iteration. 

The LinesClick() action function first fills the virtual buffer with white pixels (color 25). It then 
draws a series of horizontal and vertical lines in several colors, followed by a series of light red (color 22) 
diagonal lines. Note that we rely on the fact that fg_draw() clips each line at the virtual buffer limits to 
simplify drawing the diagonal lines. 

The PaintClick() action function fills the virtual buffer with white (color 25) pixels. It then draws a 
light cyan (color 21) rectangle covering most of the virtual buffer and draws a black (color 10) border 
around the rectangle’s perimeter. Next, it draws a black circle with a radius of 80 pixels, and then draws 
two black lines that divide the circle into quadrants. It then calls fg_paint() to fill each quadrant, starting 
with the upper left quadrant and proceeding clockwise, with colors 11, 12, 13, and 14. Finally, it fills the 
area outside the circle, but within the first rectangle, with yellow (color 24) pixels. 

The PointsClick() action function first fills the virtual buffer with yellow (color 24) pixels. It then 
draws two patterns of equally spaced points, the first in light blue (color 19) and the second in light red 
(color 22). 

The PolygonsClick() action function uses fg_polyfill() to draw 225 shapes, each made up of 
three convex polygons, in a repeating pattern. Three sets of four polygon vertices are defined at the 
beginning of the function. Note how the loops that draw the polygons use fg_polyoff() to define varying 
offsets. This allows us to use the same vertex values for each polygon, regardless of where it’s drawn. 
Note that these offsets cause all or parts of some polygons to lie outside the virtual buffer limits, but since 
fg_polyfill() clips the polygons, we only see the portions falling inside the virtual buffer. 

The final action function, RectanglesClick(), is very simple. It uses fg_rect() to draw 100 64x48 
rectangles in a 10x10 grid covering the virtual buffer. Note how we let the Color variable range between 
10 and 24 to draw adjacent rectangles in different colors. 

Now that we’ve described the program’s action functions, we still need to discuss some other 
issues. First of all, why does the program use fg_vbscale() when the window is larger than the virtual 
buffer, and fg_vbpaste() when it isn’t? To answer this question, consider what the “points” display would 
look like if we always displayed it with fg_vbscale(). When the window is smaller than the virtual buffer 
size, especially when it is much smaller, fg_vbscale() must eliminate rows and columns to “squish” the 
virtual buffer contents into the client area. In the points display, this would have the undesirable effect of 
removing entire points and thus losing the nice pattern we drew. When the window is larger, fg_vbscale() 
adds rows and columns, which makes some of the points larger than one pixel, but the overall display still 
retains a reasonably good appearance. For images that include fine detail, important individual pixels, or 
horizontal or vertical lines, using fg_vbpaste() and fg_vbscale() in this manner is generally preferable to 
using fg_vbscale() only. 

One slight problem with this scheme is that the window size includes the caption bar, the menu bar, 
and sizing borders. This means the actual client area is slightly less than the window size, so a few rows and 
columns from the virtual buffer will be truncated at the top and right sides of the window. 

Resource Files 
Of course, the other new feature introduced in the Graphix example is the top-level menu. 

Application frameworks (such as .NET and MFC) and visual development tools (such as C++Builder, 
Delphi, and Visual Basic) automatically handle the creation of the menu and its "connections" to the 
corresponding event handlers. Otherwise, we implement the menu through a resource file that defines the 
menu items and their associated identifiers. When we select or click on a menu item, Windows sends the 
program a WM_COMMAND message that includes the menu item’s identifier. The program’s 
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WM_COMMAND message handler in WindowProc() retrieves this identifier and then calls the 
corresponding action function (or exits). Here is the resource file used in the Graphix example: 
;------------------------- 
; Graphix.rc resource file 
;------------------------- 
 
#include "Graphix.h" 
 
FGgraphics MENU 
BEGIN 
   MENUITEM "&Points",     IDM_Points 
   MENUITEM "&Lines",      IDM_Lines 
   MENUITEM "&Rectangles", IDM_Rectangles 
   MENUITEM "&Circles",    IDM_Circles 
   MENUITEM "&Ellipses",   IDM_Ellipses 
   MENUITEM "P&olygons",   IDM_Polygons 
   MENUITEM "P&aint",      IDM_Paint 
   MENUITEM "E&xit",       IDM_Exit 
END 

The IDM_xxx identifiers are defined in Graphix.h, a header file included by both the resource file and the 
C/C++ source code file: 
//---------------------- 
// Graphix.h header file 
//---------------------- 
 
#define IDM_Points     1 
#define IDM_Lines      2 
#define IDM_Rectangles 3 
#define IDM_Circles    4 
#define IDM_Ellipses   5 
#define IDM_Polygons   6 
#define IDM_Paint      7 
#define IDM_Exit       8 

A separate resource compiler translates a resource script (RC) file to a resource object (RES) file. 
Some resource compilers automatically bind the resources in the RES file to the EXE file, while others 
merely produce the RES file and require separate binding. You do not need to keep the RES file once 
you’ve bound it to the EXE file. PowerBASIC requires the extra step of converting the RES file to a PBR 
file using the compiler's PBRES utility. You then specify the PBR file in a #RESOURCE metastatement in 
your PowerBASIC program. 

If you’re compiling from an IDE, it’s only necessary to add the RC file name to the list of source and 
library files in the project. The IDE then automatically binds the menu resource to the EXE file. Some IDE’s 
also include special tools for constructing and managing resource files; consult your compiler manual for 
details. 

If you’re compiling from the DOS command line, you must explicitly invoke the resource compiler. 
The following table shows how to do this for each supported compiler that offers command line 
compilation: 

Platform Resource compiler command-line usage 
Borland C++ BRC32 filename.RC after linking 
Delphi BRC32 filename.RC after compiling 
PowerBASIC RC filename.RC then PBRES filename.RES 
Symantec C++ RCC filename.RC before compiling, then include filename.RES on the SC 

command 
Visual C++ RC filename.RC after compiling, then include filename.RES on the LINK 

command 
Watcom C/C++ WRC /bt=nt filename.RC after compiling 
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Besides the inclusion of the Graphix.h header file, we must also change the value of the 
lpszMenuName field when WinMain() sets up window class structure. Two lines above the call to 
RegisterClassEx(), we make the lpszMenuName field point to the application name string: 

wndclass.lpszMenuName = szAppName; 

We must use this same application name for the menu name in the resource file’s MENU command. 
Recall that Windows programs that do not use menus set this field to NULL. 

Using GDI and GDI+ Functions with Fastgraph 
You can direct Windows GDI and GDI+ functions to write to a virtual buffer. GDI and GDI+ 

functions can complement Fastgraph's graphics functions for specialized graphics needs. For example, 
the next example program uses GDI or GDI+ functions to display a cross-hatched rectangle with a border, 
something that would require several Fastgraph graphics primitives but can be done in a few GDI or GDI+ 
calls. 

The GDIdemo example shows how to mix Fastgraph and GDI/GDI+ graphics calls. For specific 
information about the GDI/GDI+ functions used in this example, consult your favorite Windows API or 
.NET framework reference. 

GDIdemo: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  GDIdemo.c                                                                 * 
*                                                                            * 
*  This program shows how to use Windows GDI functions to write to a virtual * 
*  buffer. It uses GDI functions to display a cross-hatched rectangle with a * 
*  border, something that would require construction from several graphics   * 
*  primitives if using Fastgraph for Windows drawing functions only.         * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGgdidemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx&wndclass); 
 
   hWnd = CreateWindow(szAppName,     // window class name 
      "Fastgraph for Windows GDI Demo", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
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      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   HBRUSH hBrush; 
   HDC    hDIB; 
   HPEN   hPen; 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(320,240); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         // use FG to fill the virtual buffer with light green pixels 
         fg_setcolor(20); 
         fg_fillpage(); 
 
         // use Windows GDI functions to display a cross-hatched 
         // rectangle with blue border in the virtual buffer 
         hDIB = fg_getdc(); 
         hPen = CreatePen(PS_SOLID,3,RGB(0,0,255)); 
         hBrush = CreateHatchBrush(HS_DIAGCROSS,RGB(255,0,0)); 
         SelectObject(hDIB,hPen); 
         SelectObject(hDIB,hBrush); 
         Rectangle(hDIB,20,20,50,50); 
         DeleteObject(hPen); 
         DeleteObject(hBrush); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
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      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

GDIdemo: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  GDIdemo.cpp                                                               * 
*  GDIdemoU.cpp                                                              * 
*                                                                            * 
*  This program shows how to use Windows GDI functions to write to a virtual * 
*  buffer. It uses GDI functions to display a cross-hatched rectangle with a * 
*  border, something that would require construction from several graphics   * 
*  primitives if using Fastgraph for Windows drawing functions only.         * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "GDIDemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   HBRUSH hBrush; 
   HDC    hDIB; 
   HPEN   hPen; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(320,240); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   // use FG to fill the virtual buffer with light green pixels 
   fg_setcolor(20); 
   fg_fillpage(); 
 
   // use Windows GDI functions to display a cross-hatched 
   // rectangle with blue border in the virtual buffer 
   hDIB = fg_getdc(); 
   hPen = CreatePen(PS_SOLID,3,RGB(0,0,255)); 
   hBrush = CreateHatchBrush(HS_DIAGCROSS,RGB(255,0,0)); 
   SelectObject(hDIB,hPen); 
   SelectObject(hDIB,hBrush); 
   Rectangle(hDIB,20,20,50,50); 
   DeleteObject(hPen); 
   DeleteObject(hBrush); 



 Chapter 5: 2D Graphics Fundamentals • 157 

 

 

 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

GDIdemo: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  GDIdemo.dpr                                                               * 
*  GDIdemoU.pas                                                              * 
*                                                                            * 
*  This program shows how to use Windows GDI functions to write to a virtual * 
*  buffer. It uses GDI functions to display a cross-hatched rectangle with a * 
*  border, something that would require construction from several graphics   * 
*  primitives if using Fastgraph for Windows drawing functions only.         * 
*                                                                            * 
*****************************************************************************} 
 
unit GDIdemoU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
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begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  Brush : hBrush; 
  hDIB  : hDC; 
  Pen   : hPen; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(320,240); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  { use FG to fill the virtual buffer with light green pixels } 
  fg_setcolor(20); 
  fg_fillpage; 
 
  { use Windows GDI functions to display a cross-hatched 
    rectangle with blue border in the virtual buffer } 
  hDIB := fg_getdc; 
  Pen := CreatePen(PS_SOLID,3,RGB(0,0,255)); 
  Brush := CreateHatchBrush(HS_DIAGCROSS,RGB(255,0,0)); 
  SelectObject(hDIB,Pen); 
  SelectObject(hDIB,Brush); 
  Rectangle(hDIB,20,20,50,50); 
  DeleteObject(Pen); 
  DeleteObject(Brush); 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

GDIdemo: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  GDIdemo.frm                                                               * 
'                                                                            * 
'  This program shows how to use Windows GDI functions to write to a virtual * 
'  buffer. It uses GDI functions to display a cross-hatched rectangle with a * 
'  border, something that would require construction from several graphics   * 
'  primitives if using Fastgraph for Windows drawing functions only.         * 
'                                                                            * 
'***************************************************************************** 
 
Const PS_SOLID = 0 
Const HS_DIAGCROSS = 5 
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Private Declare Function CreateHatchBrush Lib "gdi32" _ 
   (ByVal nIndex As Long, ByVal crColor As Long) As Long 
Private Declare Function CreatePen Lib "gdi32" _ 
   (ByVal nPenStyle As Long, ByVal nWidth As Long, ByVal crColor As Long) As Long 
Private Declare Function DeleteObject Lib "gdi32" _ 
   (ByVal hObject As Long) As Long 
Private Declare Function Rectangle Lib "gdi32" _ 
   (ByVal hdc As Long, ByVal X1 As Long, ByVal Y1 As Long, _ 
    ByVal X2 As Long, ByVal Y2 As Long) As Long 
Private Declare Function SelectObject Lib "gdi32" _ 
   (ByVal hdc As Long, ByVal hObject As Long) As Long 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
Dim hBrush As Long, hDIB As Long, hPen As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hdc) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(320, 240) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   ' use FG to fill the virtual buffer with light green pixels 
   Call fg_setcolor(20) 
   Call fg_fillpage 
 
   ' use Windows GDI functions to display a cross-hatched 
   ' rectangle with blue border in the virtual buffer 
   hDIB = fg_getdc() 
   hPen = CreatePen(PS_SOLID, 3, RGB(0, 0, 255)) 
   hBrush = CreateHatchBrush(HS_DIAGCROSS, RGB(255, 0, 0)) 
   Call SelectObject(hDIB, hPen) 
   Call SelectObject(hDIB, hBrush) 
   Call Rectangle(hDIB, 20, 20, 50, 50) 
   Call DeleteObject(hPen) 
   Call DeleteObject(hBrush) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 
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fg_arc() Draws a circular arc in screen space, centered at the current graphics position, 
with clipping. 

fg_arcw() Draws a circular arc in world space, centered at the current graphics position, 
with clipping. 

fg_box() Draws an unfilled rectangle in screen space, with clipping. The width of the 
rectangle's edges is one pixel unless changed with the fg_boxdepth() 
function. 

fg_boxdepth() Defines the depth of rectangles drawn with the box display functions. The 
fg_vbinit() function initializes the box depth to one pixel. 

fg_boxw() Draws an unfilled rectangle in world space, with clipping. The width of the 
rectangle's edges is one pixel unless changed with the fg_boxdepth() 
function. 

fg_boxx() Draws an unfilled rectangle in screen space, with clipping, in "exclusive or" 
mode. The width of the rectangle's edges is one pixel unless changed with the 
fg_boxdepth() function. 

fg_boxxw() Draws an unfilled rectangle in world space, with clipping, in "exclusive or" 
mode. The width of the rectangle's edges is one pixel unless changed with the 
fg_boxdepth() function. 

fg_circle() Draws an unfilled circle in screen space. The circle is centered at the graphics 
cursor position. 

fg_circlef() Draws a filled circle in screen space. The circle is centered at the graphics 
cursor position. 

fg_circlefw() Draws a filled circle in world space. The circle is centered at the graphics 
cursor position. 

fg_circlew() Draws an unfilled circle in world space. The circle is centered at the graphics 
cursor position. 

fg_clprect() Draws a solid (filled) rectangle in screen space, with clipping. 

fg_clprectw() Draws a solid (filled) rectangle in world space, with clipping. 

fg_clprectx() Draws a solid (filled) rectangle in “exclusive or” mode in screen space, with 
clipping. 

fg_dash() Draws a dashed line from the graphics cursor position to an absolute screen 
space position. It also makes the destination position the new graphics cursor 
position. 

fg_dashrel() Draws a dashed line from the graphics cursor position to a screen space 
position relative to it. It also makes the destination position the new graphics 
cursor position. 

fg_dashrw() Draws a dashed line from the graphics cursor position to a world space 
position relative to it. It also makes the destination position the new graphics 
cursor position. 

fg_dashw() Draws a dashed line from the graphics cursor position to an absolute world 
space position. It also makes the destination position the new graphics cursor 
position. 
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fg_draw() Draws a solid line from the graphics cursor position to an absolute screen 
space position. It also makes the destination position the new graphics cursor 
position. 

fg_drawrel() Draws a solid line from the graphics cursor position to a screen space position 
relative to it. It also makes the destination position the new graphics cursor 
position. 

fg_drawrelx() Draws a solid line in "exclusive or" mode from the graphics cursor position to a 
screen space position relative to it. It also makes the destination position the 
new graphics cursor position. 

fg_drawrw() Draws a solid line from the graphics cursor position to a world space position 
relative to it. It also makes the destination position the new graphics cursor 
position. 

fg_drawrxw() Draws a solid line in "exclusive or" mode from the graphics cursor position to a 
world space position relative to it. It also makes the destination position the 
new graphics cursor position. 

fg_draww() Draws a solid line from the graphics cursor position to an absolute world space 
position. It also makes the destination position the new graphics cursor 
position. 

fg_drawx() Draws a solid line in "exclusive or" mode from the graphics cursor position to 
an absolute screen space position. It also makes the destination position the 
new graphics cursor position. 

fg_drawxw() Draws a solid line in "exclusive or" mode from the graphics cursor position to 
an absolute world space position. It also makes the destination position the 
new graphics cursor position. 

fg_drect() Draws a dithered rectangle in screen space, without clipping. 

fg_drectw() Draws a dithered rectangle in world space, without clipping. 

fg_ellipse() Draws an unfilled ellipse in screen space. The ellipse is centered at the 
graphics cursor position, and its size is determined by the specified lengths of 
the semi-axes. 

fg_ellipsef() Draws a filled ellipse in screen space. The ellipse is centered at the graphics 
cursor position, and its size is determined by the specified lengths of the semi-
axes. 

fg_ellipsew() Draws an unfilled ellipse in world space. The ellipse is centered at the graphics 
cursor position, and its size is determined by the specified lengths of the semi-
axes. 

fg_ellipsfw() Draws a filled ellipse in world space. The ellipse is centered at the graphics 
cursor position, and its size is determined by the specified lengths of the semi-
axes. 

fg_erase() Fills the active virtual buffer with color 0 pixels. 

fg_fillpage() Fills the active virtual buffer with pixels of the current color. 

fg_flood() Fills an arbitrary closed region with the current color value, with clipping. The 
region is defined by specifying a screen space point within its interior. 
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fg_floodw() Fills an arbitrary closed region with the current color value, with clipping. The 
region is defined by specifying a world space point within its interior. 

fg_getclip() Returns the current clipping limits, as defined in the most recent call to 
fg_setclip(). 

fg_getpixel() Returns the color value of a specified pixel. 

fg_getxbox() Returns the width in pixels for the left and right edges of unfilled rectangles 
drawn with the box display functions. 

fg_getxpos() Returns the screen space x coordinate of the graphics cursor position. 

fg_getybox() Returns the width in pixels for the top and bottom edges of unfilled rectangles 
drawn with the box display functions. 

fg_getypos() Returns the screen space y coordinate of the graphics cursor position. 

fg_inside() Determines if the specified point is inside a given convex polygon. 

fg_move() Establishes the graphics cursor position at an absolute screen space point. 

fg_moverel() Establishes the graphics cursor position at a screen space point relative to the 
current position. 

fg_moverw() Establishes the graphics cursor position at a world space point relative to the 
current position. 

fg_movew() Establishes the graphics cursor position at an absolute world space point. 

fg_paint() Fills an arbitrary closed region with the current color value, without clipping. 
The region is defined by specifying a screen space point within its interior. 

fg_paintw() Fills an arbitrary closed region with the current color value, without clipping. 
The region is defined by specifying a world space point within its interior. 

fg_point() Draws a point (that is, displays a pixel) in screen space. 

fg_pointw() Draws a point in world space. 

fg_pointx() Draws a point in "exclusive or" mode in screen space. 

fg_pointxw() Draws a point in "exclusive or" mode in world space. 

fg_polyedge() Defines whether or not fg_polyfill() includes all pixels lying on a polygon's 
right and bottom edges when drawing filled convex polygons. 

fg_polyfill() Draws a filled convex polygon in screen space. The polygon is closed if 
necessary. By default, pixels lying on the polygon's right and bottom edges are 
not included when drawing the polygon. This behavior can be changed with 
fg_polyedge(). 

fg_polygon() Draws an unfilled polygon in screen space, using two coordinate arrays to 
define the polygon vertices. The polygon is closed if necessary. 

fg_polygonw() Draws an unfilled polygon in world space. It is the same as fg_polygon(), 
except the coordinate arrays contain world space values. 

fg_polyline() Draws an unfilled polygon in screen space, using a single coordinate array to 
define the polygon vertices. The polygon is closed if necessary. 

fg_polyoff() Defines the screen space offset applied to each vertex for polygons drawn with 
fg_polyfill() or fg_polyline(). 
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fg_putpixel() Displays a pixel in screen space, without clipping. 

fg_rect() Draws a solid (filled) rectangle in screen space, without clipping. 

fg_rectw() Draws a solid (filled) rectangle in world space, without clipping. 

fg_rectx() Draws a solid (filled) rectangle in “exclusive or” mode in screen space, without 
clipping. 

fg_setclip() Defines the clipping region in screen space. The clipping region is a 
rectangular area outside of which certain graphics are suppressed. 

fg_setclipw() Defines the clipping region in world space. 
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Overview 
An important part of any program is the capability to display text or other characters. Fastgraph 

provides the fg_print() function for string display, as well as font support functions for related tasks. In 
addition, Fastgraph includes its own scaleable, vector-based software character set. We’ll begin this 
chapter with a discussion of fg_print() and how you can display strings in the active virtual buffer, or 
directly in the client area. Next, we’ll show how to use different Windows fonts and then talk about 
Fastgraph's software characters. At the end of the chapter, we'll briefly explain how to implement your 
own bitmapped characters in a program. 

String Display Functions 
The fg_print() function displays a character string relative to the current graphics position. It 

performs automatic clipping so strings do not extend beyond the edges of the virtual buffer or client area. 
By default, fg_print() displays strings in the client area. Strings displayed with fg_print() have transparent 
backgrounds, so if you display one string on top of another, parts of the first string may still be visible 
beneath the second string. To avoid this, first erase the area where the string will appear. The easiest 
way to do this is by calling fg_rect() to draw a rectangle in the background color. 

The fg_print() function displays a character string in the current color, relative to the current 
graphics position. By default, strings are written directly to the client area, with the lower left corner of the 
first character at the graphics cursor position. The fg_print() function leaves the graphics cursor just to 
the right of the last character displayed, making it possible for successive fg_print() calls to display 
adjacent strings. The first parameter for fg_print() is a character string of arbitrary length, and the second 
parameter is an integer value that specifies the number of characters to display from that string. For 
example, 

C/C++: 
fg_setcolor(20); 
fg_print("Hello",5); 

C#: 
fg.setcolor(20); 
fg.print("Hello", 5); 

Delphi: 
fg_setcolor(20); 
fg_print('Hello',5); 

Visual Basic: 
Call fg_setcolor(20) 
Call fg_print("Hello", 5) 

Visual Basic .NET: 
fg_setcolor(20) 
fg_print("Hello", 5) 

displays the string “Hello” in color 20, with the lower left corner of the “H” at the graphics cursor position. 

The fg_justify() function defines the fg_print() justification. Its two parameters, xjust and yjust, 
control the string positioning relative to the current graphics position, as summarized in the following 
table: 
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value of 
xjust 

value of 
yjust 

horizontal 
justification 

vertical 
justification 

-1 -1 left lower 
-1 0 left center 
-1 1 left upper 
0 -1 center lower 
0 0 center center 
0 1 center upper 
1 -1 right lower 
1 0 right center 
1 1 right upper 

Any other justification values produce undefined results. In the context of vertical justification, lower 
justification means the bottom of each character will be at the current graphics y position. Upper 
justification means the top of each character will be at the graphics y position, while center justification 
means characters will be centered about the graphics y position. The default justification settings 
established by fg_vbinit() are xjust = -1 and yjust = -1, and you can retrieve the current justification 
settings with the fg_getxjust() and fg_getyjust() functions. 

We’ll now present the Strings1 example, which uses fg_print() and fg_justify() to display strings 
in the client area. Strings1 displays the string “FG/Windows” in light blue (color 19) against a solid yellow 
(color 24) background. The first three calls to fg_print() and fg_justify() display the string left justified, 
centered, and right justified at the top of the client area. The next three sets of calls display the string in 
these positions centered vertically, and the last three display in these positions at the bottom of the 
window. The result is shown here. 

 
The program’s WM_CREATE message handler creates a 320x240 virtual buffer and fills it with 

yellow pixels. In fact, this is the only time Strings1 writes directly to the virtual buffer. Most of the work 
occurs in the WM_PAINT handler, which first calls fg_vbscale() to display the virtual buffer contents (this 
fills the client area with yellow pixels). The WM_PAINT handler then calls the program's DrawStrings() 
function, which displays the nine strings in the desired positions using a series of fg_move(), fg_justify(), 
and fg_print() calls for each string. Note how we use the fg_xclient() and fg_yclient() translation 
functions in the fg_move() calls. These functions translate the x and y coordinates from the 320x240 
virtual buffer coordinates to the equivalent client area positions. This allows us to use the same 
coordinate system when displaying strings in the client area, regardless of its size. 

Strings1: C/C++ Version 
/****************************************************************************\ 
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*                                                                            * 
*  Strings1.c                                                                * 
*                                                                            * 
*  This program shows how to display strings in the client area.             * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 240 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void DrawStrings(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGstrings1"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Display Strings in Client Area", // window caption 
      WS_OVERLAPPEDWINDOW,        // window style 
      CW_USEDEFAULT,              // initial x position 
      CW_USEDEFAULT,              // initial y position 
      CW_USEDEFAULT,              // initial x size 
      CW_USEDEFAULT,              // initial y size 
      NULL,                       // parent window handle 
      NULL,                       // window menu handle 
      hInstance,                  // program instance handle 
      NULL);                      // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
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   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(24); 
         fg_fillpage(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         DrawStrings(); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
void DrawStrings() 
{ 
   fg_setcolor(19); 
 
   // upper vertical justification 
   fg_move(fg_xclient(0),fg_yclient(0)); 
   fg_justify(-1,1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth/2),fg_yclient(0)); 
   fg_justify(0,1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth-1),fg_yclient(0)); 
   fg_justify(1,1); 
   fg_print("FG/Windows",10); 
 
   // centered vertical justification 
   fg_move(fg_xclient(0),fg_yclient(vbHeight/2)); 
   fg_justify(-1,0); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth/2),fg_yclient(vbHeight/2)); 
   fg_justify(0,0); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth-1),fg_yclient(vbHeight/2)); 
   fg_justify(1,0); 
   fg_print("FG/Windows",10); 
 
   // lower vertical justification 
   fg_move(fg_xclient(0),fg_yclient(vbHeight-1)); 
   fg_justify(-1,-1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth/2),fg_yclient(vbHeight-1)); 



170 • Fastgraph 6.0 User’s Guide 

 

  

   fg_justify(0,-1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth-1),fg_yclient(vbHeight-1)); 
   fg_justify(1,-1); 
   fg_print("FG/Windows",10); 
} 

Strings1: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Strings1.cpp                                                              * 
*  Strings1U.cpp                                                             * 
*                                                                            * 
*  This program shows how to display strings in the client area.             * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "Strings1U.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(24); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   DrawStrings(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
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//--------------------------------------------------------------------------- 
void __fastcall TForm1::DrawStrings() 
{ 
   fg_setcolor(19); 
 
   // upper vertical justification 
   fg_move(fg_xclient(0),fg_yclient(0)); 
   fg_justify(-1,1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth/2),fg_yclient(0)); 
   fg_justify(0,1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth-1),fg_yclient(0)); 
   fg_justify(1,1); 
   fg_print("FG/Windows",10); 
 
   // centered vertical justification 
   fg_move(fg_xclient(0),fg_yclient(vbHeight/2)); 
   fg_justify(-1,0); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth/2),fg_yclient(vbHeight/2)); 
   fg_justify(0,0); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth-1),fg_yclient(vbHeight/2)); 
   fg_justify(1,0); 
   fg_print("FG/Windows",10); 
 
   // lower vertical justification 
   fg_move(fg_xclient(0),fg_yclient(vbHeight-1)); 
   fg_justify(-1,-1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth/2),fg_yclient(vbHeight-1)); 
   fg_justify(0,-1); 
   fg_print("FG/Windows",10); 
   fg_move(fg_xclient(vbWidth-1),fg_yclient(vbHeight-1)); 
   fg_justify(1,-1); 
   fg_print("FG/Windows",10); 
} 

Strings1: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Strings1.dpr                                                              * 
*  Strings1u.pas                                                             * 
*                                                                            * 
*  This program shows how to display strings in the client area.             * 
*                                                                            * 
*****************************************************************************} 
 
unit Strings1U; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
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  vbHeight = 240; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure DrawStrings; 
begin 
  fg_setcolor(19); 
 
  { upper vertical justification } 
  fg_move(fg_xclient(0),fg_yclient(0)); 
  fg_justify(-1,1); 
  fg_print('FG/Windows',10); 
  fg_move(fg_xclient(vbWidth div 2),fg_yclient(0)); 
  fg_justify(0,1); 
  fg_print('FG/Windows',10); 
  fg_move(fg_xclient(vbWidth-1),fg_yclient(0)); 
  fg_justify(1,1); 
  fg_print('FG/Windows',10); 
 
  { centered vertical justification } 
  fg_move(fg_xclient(0),fg_yclient(vbHeight div 2)); 
  fg_justify(-1,0); 
  fg_print('FG/Windows',10); 
  fg_move(fg_xclient(vbWidth div 2),fg_yclient(vbHeight div 2)); 
  fg_justify(0,0); 
  fg_print('FG/Windows',10); 
  fg_move(fg_xclient(vbWidth-1),fg_yclient(vbHeight div 2)); 
  fg_justify(1,0); 
  fg_print('FG/Windows',10); 
 
  { lower vertical justification } 
  fg_move(fg_xclient(0),fg_yclient(vbHeight-1)); 
  fg_justify(-1,-1); 
  fg_print('FG/Windows',10); 
  fg_move(fg_xclient(vbWidth div 2),fg_yclient(vbHeight-1)); 
  fg_justify(0,-1); 
  fg_print('FG/Windows',10); 
  fg_move(fg_xclient(vbWidth-1),fg_yclient(vbHeight-1)); 
  fg_justify(1,-1); 
  fg_print('FG/Windows',10); 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(24); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
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procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
  DrawStrings; 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Strings1: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Strings1.frm                                                              * 
'                                                                            * 
'  This program shows how to display strings in the client area.             * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(24) 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
   Call DrawStrings 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
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End Sub 
 
Private Sub DrawStrings() 
   Call fg_setcolor(19) 
 
   ' upper vertical justification 
   Call fg_move(fg_xclient(0), fg_yclient(0)) 
   Call fg_justify(-1, 1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(fg_xclient(vbWidth / 2), fg_yclient(0)) 
   Call fg_justify(0, 1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(fg_xclient(vbWidth - 1), fg_yclient(0)) 
   Call fg_justify(1, 1) 
   Call fg_print("FG/Windows", 10) 
 
   ' centered vertical justification 
   Call fg_move(fg_xclient(0), fg_yclient(vbHeight / 2)) 
   Call fg_justify(-1, 0) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(fg_xclient(vbWidth / 2), fg_yclient(vbHeight / 2)) 
   Call fg_justify(0, 0) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(fg_xclient(vbWidth - 1), fg_yclient(vbHeight / 2)) 
   Call fg_justify(1, 0) 
   Call fg_print("FG/Windows", 10) 
 
   ' lower vertical justification 
   Call fg_move(fg_xclient(0), fg_yclient(vbHeight - 1)) 
   Call fg_justify(-1, -1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(fg_xclient(vbWidth / 2), fg_yclient(vbHeight - 1)) 
   Call fg_justify(0, -1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(fg_xclient(vbWidth - 1), fg_yclient(vbHeight - 1)) 
   Call fg_justify(1, -1) 
   Call fg_print("FG/Windows", 10) 
End Sub 

Displaying Strings in Virtual Buffers 
The fg_print() function can display strings in either the client area or the active virtual buffer. 

After calling fg_vbinit(), you can direct strings to the active virtual buffer by passing the fg_getdc() return 
value to fg_fontdc(), as shown here: 

C/C++: 
fg_fontdc(fg_getdc()); 

C#: 
fg.fontdc(fg.getdc()); 

Delphi: 
fg_fontdc(fg_getdc); 

Visual Basic: 
Call fg_fontdc(fg_getdc()) 

Visual Basic .NET: 
fg_fontdc(fg_getdc()) 

This technique works only for virtual buffers created with fg_vballoc(); you cannot display strings in 
virtual buffers created with fg_vbdefine(). Passing fg_fontdc() the device context handle originally 
passed to fg_setdc() restores string output to the client area. 

The Strings2 example is similar to Strings1, but it displays strings in the virtual buffer rather than in 
the client area. The only differences between the Strings1 and Strings2 programs lie in the WM_CREATE 
and WM_PAINT message handlers. In Strings1, which displayed the strings in the client area, the 
WM_PAINT handler called the program's DrawStrings() function to display the strings each time we 
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repainted the window. In Strings2, the WM_CREATE handler calls DrawStrings(), and the WM_PAINT 
handler just displays the virtual buffer contents. In addition, note how the WM_CREATE handler uses 
fg_fontdc() to direct strings to the virtual buffer. 

Strings2: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Strings2.c                                                                * 
*                                                                            * 
*  This program shows how to display strings in a virtual buffer.            * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 240 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void DrawStrings(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGstrings2"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Display Strings in Virtual Buffer", // window caption 
      WS_OVERLAPPEDWINDOW,        // window style 
      CW_USEDEFAULT,              // initial x position 
      CW_USEDEFAULT,              // initial y position 
      CW_USEDEFAULT,              // initial x size 
      CW_USEDEFAULT,              // initial y size 
      NULL,                       // parent window handle 
      NULL,                       // window menu handle 
      hInstance,                  // program instance handle 
      NULL);                      // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
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HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(24); 
         fg_fillpage(); 
         fg_fontdc(fg_getdc()); 
         DrawStrings(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
void DrawStrings() 
{ 
   fg_setcolor(19); 
 
   // upper vertical justification 
   fg_move(0,0); 
   fg_justify(-1,1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth/2,0); 
   fg_justify(0,1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth-1,0); 
   fg_justify(1,1); 
   fg_print("FG/Windows",10); 
 
   // centered vertical justification 
   fg_move(0,vbHeight/2); 
   fg_justify(-1,0); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth/2,vbHeight/2); 
   fg_justify(0,0); 
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   fg_print("FG/Windows",10); 
   fg_move(vbWidth-1,vbHeight/2); 
   fg_justify(1,0); 
   fg_print("FG/Windows",10); 
 
   // lower vertical justification 
   fg_move(0,vbHeight-1); 
   fg_justify(-1,-1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth/2,vbHeight-1); 
   fg_justify(0,-1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth-1,vbHeight-1); 
   fg_justify(1,-1); 
   fg_print("FG/Windows",10); 
} 

Strings2: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Strings2.cpp                                                              * 
*  Strings2U.cpp                                                             * 
*                                                                            * 
*  This program shows how to display strings in a virtual buffer.            * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "Strings2U.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(24); 
   fg_fillpage(); 
   fg_fontdc(fg_getdc()); 
   DrawStrings(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
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   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DrawStrings() 
{ 
   fg_setcolor(19); 
 
   // upper vertical justification 
   fg_move(0,0); 
   fg_justify(-1,1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth/2,0); 
   fg_justify(0,1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth-1,0); 
   fg_justify(1,1); 
   fg_print("FG/Windows",10); 
 
   // centered vertical justification 
   fg_move(0,vbHeight/2); 
   fg_justify(-1,0); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth/2,vbHeight/2); 
   fg_justify(0,0); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth-1,vbHeight/2); 
   fg_justify(1,0); 
   fg_print("FG/Windows",10); 
 
   // lower vertical justification 
   fg_move(0,vbHeight-1); 
   fg_justify(-1,-1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth/2,vbHeight-1); 
   fg_justify(0,-1); 
   fg_print("FG/Windows",10); 
   fg_move(vbWidth-1,vbHeight-1); 
   fg_justify(1,-1); 
   fg_print("FG/Windows",10); 
} 

Strings2: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Strings2.dpr                                                              * 
*  Strings2U.pas                                                             * 
*                                                                            * 
*  This program shows how to display strings in the virtual buffer.          * 
*                                                                            * 
*****************************************************************************} 
 
unit Strings2U; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 



Chapter 6: Fonts and String Display • 179 

 

 

    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure DrawStrings; 
begin 
  fg_setcolor(19); 
 
  { upper vertical justification } 
  fg_move(0,0); 
  fg_justify(-1,1); 
  fg_print('FG/Windows',10); 
  fg_move(vbWidth div 2,0); 
  fg_justify(0,1); 
  fg_print('FG/Windows',10); 
  fg_move(vbWidth-1,0); 
  fg_justify(1,1); 
  fg_print('FG/Windows',10); 
 
  { centered vertical justification } 
  fg_move(0,vbHeight div 2); 
  fg_justify(-1,0); 
  fg_print('FG/Windows',10); 
  fg_move(vbWidth div 2,vbHeight div 2); 
  fg_justify(0,0); 
  fg_print('FG/Windows',10); 
  fg_move(vbWidth-1,vbHeight div 2); 
  fg_justify(1,0); 
  fg_print('FG/Windows',10); 
 
  { lower vertical justification } 
  fg_move(0,vbHeight-1); 
  fg_justify(-1,-1); 
  fg_print('FG/Windows',10); 
  fg_move(vbWidth div 2,vbHeight-1); 
  fg_justify(0,-1); 
  fg_print('FG/Windows',10); 
  fg_move(vbWidth-1,vbHeight-1); 
  fg_justify(1,-1); 
  fg_print('FG/Windows',10); 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
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  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(24); 
  fg_fillpage; 
  fg_fontdc(fg_getdc); 
  DrawStrings; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Strings2: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Strings2.frm                                                              * 
'                                                                            * 
'  This program shows how to display strings in a virtual buffer.            * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(24) 
   Call fg_fillpage 
   Call fg_fontdc(fg_getdc()) 
   Call DrawStrings 
End Sub 
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Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub DrawStrings() 
   Call fg_setcolor(19) 
    
   ' upper vertical justification 
   Call fg_move(0, 0) 
   Call fg_justify(-1, 1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(vbWidth / 2, 0) 
   Call fg_justify(0, 1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(vbWidth - 1, 0) 
   Call fg_justify(1, 1) 
   Call fg_print("FG/Windows", 10) 
 
   ' centered vertical justification 
   Call fg_move(0, vbHeight / 2) 
   Call fg_justify(-1, 0) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(vbWidth / 2, vbHeight / 2) 
   Call fg_justify(0, 0) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(vbWidth - 1, vbHeight / 2) 
   Call fg_justify(1, 0) 
   Call fg_print("FG/Windows", 10) 
 
   ' lower vertical justification 
   Call fg_move(0, vbHeight - 1) 
   Call fg_justify(-1, -1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(vbWidth / 2, vbHeight - 1) 
   Call fg_justify(0, -1) 
   Call fg_print("FG/Windows", 10) 
   Call fg_move(vbWidth - 1, vbHeight - 1) 
   Call fg_justify(1, -1) 
   Call fg_print("FG/Windows", 10) 
End Sub 

Stock Fonts 
Windows includes six stock fonts that are always available. The fg_fontload() function specifies 

which stock font fg_print() uses for displaying strings. The stock font identifiers and their numeric 
equivalents are: 

OEM_FIXED_FONT (10) 
ANSI_FIXED_FONT (11) 
ANSI_VAR_FONT (12) 
SYSTEM_FONT (13) 
DEVICE_DEFAULT_FONT (14) 
SYSTEM_FIXED_FONT (16) 

Passing one of these identifiers or its numeric equivalent to fg_fontload() makes that font the current 
font, meaning fg_print() will use it for displaying strings. To select the system font, for example, call 
fg_fontload(13) or fg_fontload(SYSTEM_FONT). By default, fg_print() uses the OEM_FIXED_FONT 
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because this font most closely resembles the BIOS font used Fastgraph for DOS. We’ll present an 
example program that uses fg_fontload() in the next section. 

Logical Fonts 
Windows lets you create additional fonts based on the stock fonts, or from character definitions in 

an external font file. Such fonts are called logical fonts, and programs often use logical fonts to provide 
additional typefaces and different character sizes. The .NET framework Font object's ToHfont() method 
and the Windows API functions CreateFont() or CreateFontIndirect() return a handle to a logical font, 
and the fg_logfont() function lets you use logical fonts in a Fastgraph program. 

Creating a logical font with the Windows API functions CreateFont() or CreateFontIndirect() first 
involves defining the fields in a LOGFONT structure (for specific information about these fields, see the 
Windows programming references listed in Chapter 1). In the Fontdemo example, we do this at the end of 
the WM_CREATE handler, filling the LOGFONT structure with values to create a 24pt Arial font. The 
WM_CREATE handler then passes this structure to the Windows API function CreateFontIndirect(), 
which returns a handle of type HFONT to the new logical font. We can then pass this font handle to 
fg_logfont() to activate the font for fg_print(). 

Creating a logical font with the .NET framework is considerably simpler. Instead of using a 
LOGFONT structure, we create a Font object and define the font attributes through one of the Font 
object's several constructors. In the Fontdemo example, we create a 24pt Arial font in the form's class 
declarations. At the end of the form's Load handler, Fontdemo calls the Font object's ToHfont() method to 
obtain a font handle for the 24pt Arial font. We can then pass this font handle to fg_logfont() to activate 
the font for fg_print(). 

Besides showing how to create a logical font, the Fontdemo example shows how to use stock 
fonts and logical fonts in Fastgraph programs. Its DrawStrings() function, called from the WM_PAINT 
handler, successively activates each of the six stock fonts and calls fg_print() to display the font name 
using each font (strings are output directly to the client area). It then activates the logical font and again 
calls fg_print() to display the text “Arial 24 font” using the logical font. The result looks like this: 

 
Note that we use fg_fontload() to activate a stock font, but we use fg_logfont() to activate a logical font. 

As shown in the Fontdemo program’s WM_DESTROY message handler, you must use the 
Windows API function DeleteObject() to delete any logical fonts created with CreateFont() or 
CreateFontIndirect(). It is not necessary to delete stock fonts or fonts created through the .NET 
framework Font object. 
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Fontdemo: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Fontdemo.c                                                                * 
*                                                                            * 
*  This program shows how use Windows stock fonts in Fastgraph for Windows,  * 
*  and also how to create and use a Windows logical font. The logical font   * 
*  is a 24pt Arial font.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <stdlib.h> 
 
#define vbWidth  320 
#define vbHeight 240 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void DrawStrings(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGfontdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName,   // window class name 
      "Fastgraph for Windows Font Demo", // window caption 
      WS_OVERLAPPEDWINDOW,          // window style 
      CW_USEDEFAULT,                // initial x position 
      CW_USEDEFAULT,                // initial y position 
      CW_USEDEFAULT,                // initial x size 
      CW_USEDEFAULT,                // initial y size 
      NULL,                         // parent window handle 
      NULL,                         // window menu handle 
      hInstance,                    // program instance handle 
      NULL);                        // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HFONT    hFont; 
HPALETTE hPal; 
int      hVB; 
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UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   LOGFONT lf; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(24); 
         fg_fillpage(); 
 
         lf.lfHeight = 24;                // character height in pixels 
         lf.lfWidth = 0;                  // defaultl character width 
         lf.lfEscapement = 0;             // orientation of next character 
         lf.lfOrientation = 0;            // orientation of first character 
         lf.lfWeight = FW_NORMAL;         // normal thickness 
         lf.lfItalic = FALSE;             // not italic characters 
         lf.lfUnderline = FALSE;          // not underlined characters 
         lf.lfStrikeOut = FALSE;          // not strikeout characters 
         lf.lfCharSet = ANSI_CHARSET;     // ANSI character set 
         lf.lfOutPrecision = 0;           // default output precision 
         lf.lfClipPrecision = 0;          // default clipping precision 
         lf.lfQuality = DEFAULT_QUALITY;  // default scaling quality 
         lf.lfPitchAndFamily = 0;         // default pitch and font family 
         lstrcpy(lf.lfFaceName,"Arial");  // Arial typeface 
         hFont = CreateFontIndirect(&lf); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         DrawStrings(); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hFont); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
void DrawStrings() 
{ 
   register int x; 
 
   fg_setcolor(19); 
   x = fg_xclient(20); 
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   fg_move(x,fg_yclient(20)); 
   fg_fontload(10); 
   fg_print("OEM fixed font",14); 
 
   fg_move(x,fg_yclient(40)); 
   fg_fontload(11); 
   fg_print("ANSI fixed font",15); 
 
   fg_move(x,fg_yclient(60)); 
   fg_fontload(12); 
   fg_print("ANSI var font",13); 
 
   fg_move(x,fg_yclient(80)); 
   fg_fontload(13); 
   fg_print("system font",11); 
 
   fg_move(x,fg_yclient(100)); 
   fg_fontload(14); 
   fg_print("device default font",19); 
 
   fg_move(x,fg_yclient(120)); 
   fg_fontload(16); 
   fg_print("system fixed font",17); 
 
   fg_move(x,fg_yclient(160)); 
   fg_logfont(hFont); 
   fg_print("Arial 24 font",13); 
} 

Fontdemo: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Fontdemo.cpp                                                              * 
*  FontdemoU.cpp                                                             * 
*                                                                            * 
*  This program shows how use Windows stock fonts in Fastgraph for Windows,  * 
*  and also how to create and use a Windows logical font. The logical font   * 
*  is a 24pt Arial font.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FontdemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(24); 
   fg_fillpage(); 
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   lf.lfHeight = 24;                // character height in pixels 
   lf.lfWidth = 0;                  // default character width 
   lf.lfEscapement = 0;             // orientation of next character 
   lf.lfOrientation = 0;            // orientation of first character 
   lf.lfWeight = FW_NORMAL;         // normal thickness 
   lf.lfItalic = False;             // not italic characters 
   lf.lfUnderline = False;          // not underlined characters 
   lf.lfStrikeOut = False;          // not strikeout characters 
   lf.lfCharSet = ANSI_CHARSET;     // ANSI character set 
   lf.lfOutPrecision = 0;           // default output precision 
   lf.lfClipPrecision = 0;          // default clipping precision 
   lf.lfQuality = DEFAULT_QUALITY;  // default scaling quality 
   lf.lfPitchAndFamily = 0;         // default pitch and font family 
   lstrcpy(lf.lfFaceName,"Arial");  // Arial typeface 
   hFont = CreateFontIndirect(&lf); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   DrawStrings(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hFont); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DrawStrings(void) 
{ 
   register int x; 
 
   fg_setcolor(19); 
   x = fg_xclient(20); 
 
   fg_move(x,fg_yclient(20)); 
   fg_fontload(10); 
   fg_print("OEM fixed font",14); 
 
   fg_move(x,fg_yclient(40)); 
   fg_fontload(11); 
   fg_print("ANSI fixed font",15); 
 
   fg_move(x,fg_yclient(60)); 
   fg_fontload(12); 
   fg_print("ANSI var font",13); 
 
   fg_move(x,fg_yclient(80)); 
   fg_fontload(13); 
   fg_print("system font",11); 
 
   fg_move(x,fg_yclient(100)); 
   fg_fontload(14); 
   fg_print("device default font",19); 
 
   fg_move(x,fg_yclient(120)); 
   fg_fontload(16); 
   fg_print("system fixed font",17); 
 
   fg_move(x,fg_yclient(160)); 
   fg_logfont(hFont); 
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   fg_print("Arial 24 font",13); 
} 

Fontdemo: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Fontdemo.dpr                                                              * 
*  FontdemoU.pas                                                             * 
*                                                                            * 
*  This program shows how use Windows stock fonts in Fastgraph for Windows,  * 
*  and also how to create and use a Windows logical font. The logical font   * 
*  is a 24pt Arial font.                                                     * 
*                                                                            * 
*****************************************************************************} 
 
unit FontdemoU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure DrawStrings; 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
var 
  dc   : hDC; 
  hFnt : hFont; 
  hPal : hPalette; 
  hvb  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  lf : tLogfont; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hvb := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hvb); 
  fg_vbcolors; 
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  fg_setcolor(24); 
  fg_fillpage; 
 
  lf.lfHeight := 24;                { character height in pixels } 
  lf.lfWidth := 0;                  { default character width } 
  lf.lfEscapement := 0;             { orientation of next character } 
  lf.lfOrientation := 0;            { orientation of first character } 
  lf.lfWeight := FW_NORMAL;         { normal thickness } 
  lf.lfItalic := 0;                 { not italic characters } 
  lf.lfUnderline := 0;              { not underlined characters } 
  lf.lfStrikeOut := 0;              { not strikeout characters } 
  lf.lfCharSet := ANSI_CHARSET;     { ANSI character set } 
  lf.lfOutPrecision := 0;           { default output precision } 
  lf.lfClipPrecision := 0;          { default clipping precision } 
  lf.lfQuality := DEFAULT_QUALITY;  { default scaling quality } 
  lf.lfPitchAndFamily := 0;         { default pitch and font family } 
  lstrcpy(lf.lfFaceName,'Arial'+chr(0)); { Arial typeface } 
  hFnt := CreateFontIndirect(lf); 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
var 
  x : integer; 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
  DrawStrings; 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hvb); 
  fg_vbfin; 
  DeleteObject(hFnt); 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.DrawStrings; 
var 
  x : integer; 
begin 
  fg_setcolor(19); 
  x := fg_xclient(20); 
 
  fg_move(x,fg_yclient(20)); 
  fg_fontload(10); 
  fg_print('OEM fixed font',14); 
 
  fg_move(x,fg_yclient(40)); 
  fg_fontload(11); 
  fg_print('ANSI fixed font',15); 
 
  fg_move(x,fg_yclient(60)); 
  fg_fontload(12); 
  fg_print('ANSI var font',13); 
 
  fg_move(x,fg_yclient(80)); 
  fg_fontload(13); 
  fg_print('system font',11); 
 
  fg_move(x,fg_yclient(100)); 
  fg_fontload(14); 
  fg_print('device default font',19); 
 
  fg_move(x,fg_yclient(120)); 
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  fg_fontload(16); 
  fg_print('system fixed font',17); 
 
  fg_move(x,fg_yclient(160)); 
  fg_logfont(hFnt); 
  fg_print('Arial 24 font',13); 
end; 
 
end. 

Fontdemo: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Fontdemo.frm                                                              * 
'                                                                            * 
'  This program shows how use Windows stock fonts in Fastgraph for Windows,  * 
'  and also how to create and use a Windows logical font. The logical font   * 
'  is a 24pt Arial font.                                                     * 
'                                                                            * 
'***************************************************************************** 
 
Private Declare Function CreateFontIndirect _ 
   Lib "gdi32" Alias "CreateFontIndirectA" (lf As LogFont) As Long 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Private Type LogFont 
   Height As Long 
   Width As Long 
   Escapement As Long 
   Orientation As Long 
   Weight As Long 
   Italic As Byte 
   Underline As Byte 
   StrikeOut As Byte 
   CharSet As Byte 
   OutPrecision As Byte 
   ClipPrecision As Byte 
   Quality As Byte 
   PitchAndFamily As Byte 
   FaceName(32) As Byte 
End Type 
 
Dim hFont As Long 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim lf As LogFont 
 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(24) 
   Call fg_fillpage 
 
   lf.Height = 24           ' character height in pixels 
   lf.Width = 0             ' default character width 
   lf.Escapement = 0        ' orientation of next character 
   lf.Orientation = 0       ' orientation of first character 
   lf.Weight = 400          ' normal thickness 



190 • Fastgraph 6.0 User’s Guide 

 

  

   lf.Italic = False        ' not italic characters 
   lf.Underline = False     ' not underlined characters 
   lf.StrikeOut = False     ' not strikeout characters 
   lf.CharSet = 0           ' ANSI character set 
   lf.OutPrecision = 0      ' default output precision 
   lf.ClipPrecision = 0     ' default clipping precision 
   lf.Quality = 0           ' default scaling quality 
   lf.PitchAndFamily = 0    ' default pitch and font family 
   lf.FaceName(0) = Asc("A") 
   lf.FaceName(1) = Asc("r") 
   lf.FaceName(2) = Asc("i") 
   lf.FaceName(3) = Asc("a") 
   lf.FaceName(4) = Asc("l") 
   lf.FaceName(5) = 0       ' Arial typeface 
   hFont = CreateFontIndirect(lf) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
   Call DrawStrings 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub DrawStrings() 
   Dim x As Long 
 
   Call fg_setcolor(19) 
   x = fg_xclient(20) 
 
   Call fg_move(x, fg_yclient(20)) 
   Call fg_fontload(10) 
   Call fg_print("OEM fixed font", 14) 
 
   Call fg_move(x, fg_yclient(40)) 
   Call fg_fontload(11) 
   Call fg_print("ANSI fixed font", 15) 
 
   Call fg_move(x, fg_yclient(60)) 
   Call fg_fontload(12) 
   Call fg_print("ANSI var font", 13) 
 
   Call fg_move(x, fg_yclient(80)) 
   Call fg_fontload(13) 
   Call fg_print("system font", 11) 
 
   Call fg_move(x, fg_yclient(100)) 
   Call fg_fontload(14) 
   Call fg_print("device default font", 19) 
 
   Call fg_move(x, fg_yclient(120)) 
   Call fg_fontload(16) 
   Call fg_print("system fixed font", 17) 
 
   Call fg_move(x, fg_yclient(160)) 
   Call fg_logfont(hFont) 
   Call fg_print("Arial 24 font", 13) 
End Sub 

String Display in DirectX Programs 
In DirectX programs, the fg_ddgetdc() and fg_ddfreedc() functions manage device contexts for 

virtual buffers. You'll need to use these functions if you want to use fg_print() to display strings in a virtual 
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buffer in DirectX applications. To do this, use fg_ddgetdc() to create a device context (DC) for the active 
virtual buffer. Then pass the DC handle to fg_fontdc(). When done, use fg_ddfreedc() to release the 
device context. The following code illustrates this sequence: 

C/C++: 
hDC = fg_ddgetdc(); 
fg_fontdc(hDC); 
fg_print(...); 
fg_ddfreedc(hDC); 

C#: 
hDC = fg.ddgetdc(); 
fg.fontdc(hDC); 
fg.print(...); 
fg.ddfreedc(hDC); 

Delphi: 
hDC := fg_ddgetdc; 
fg_fontdc(hDC); 
fg_print(...); 
fg_ddfreedc(hDC); 

Visual Basic: 
hDC = fg_ddgetdc() 
Call fg_fontdc(hDC) 
Call fg_print(...) 
Call fg_ddfreedc(hDC) 

Visual Basic .NET: 
hDC = fg_ddgetdc() 
fg_fontdc(hDC) 
fg_print(...) 
fg_ddfreedc(hDC) 

The virtual buffer is automatically locked between the fg_ddgetdc() and fg_ddfreedc() calls. 

Software Characters 
Software characters, also called stroke characters or vector characters in other literature, are 

proportionally spaced characters you can display in any size, angle, and aspect ratio. However, software 
characters usually take longer to draw than stock fonts or logical fonts, and they require floating point 
math. Fastgraph includes two software character fonts, called the primary font and the alternate font. The 
primary font contains upper and lower case letters, numbers, punctuation, and most other printable ASCII 
characters. The alternate font contains upper and lower case Greek letters and other mathematical and 
scientific symbols. 
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If you compare the primary font with the alternate font, you'll see the alternate font contains fewer 
characters. For example, the letters Q and V (either upper or lower case) have no corresponding 
character in the alternate font. In addition, the primary font does not support the full printable ASCII 
character set. 

The fg_swchar() function displays a string of software characters in the current color. The string 
may contain any characters from the primary font, the alternate font, or both. You can display the 
characters left justified, centered, or right justified relative to the graphics cursor position. Just as 
fg_print() updates the text cursor position, fg_swchar() leaves the graphics cursor positioned just to the 
right of the last character drawn. The characters are clipped according to the current clipping region. In 
addition to the characters, the string passed to fg_swchar() also may contain operators for switching 
fonts, underlining, subscripting, or superscripting characters. Because fg_swchar() internally uses world 
space coordinates, you must call the fg_initw() function at some point in your program before the first call 
to fg_swchar(). You also must establish a world space coordinate system with the fg_setworld() 
function. 

The fg_swchar() function has three parameters. The first parameter is the character string to 
display. The second parameter is an integer value that specifies the number of characters in the string, 
including any characters used as special operators. The third parameter is an integer value that 
determines the position of the string relative to the graphics cursor position. If this value is negative, the 
lower left corner of the first character will be at the graphics cursor position. If it is positive, the lower right 
corner of the last character will be at the graphics cursor position. If it is zero, the string will be horizontally 
centered at the graphics cursor position. Any character in a string passed to fg_swchar() that does not 
have a corresponding character in the current font will display a blank character. 

The size of software characters is determined by the values passed to fg_setsize(), 
fg_setsizew(), and fg_setratio(). The fg_setsize() function has a single integer parameter that defines 
the height of software characters in screen space units, while fg_setsizew() has a single floating point 
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parameter that defines the height in world space units. If neither of these functions is called, Fastgraph 
will use its default character height of one world space unit. The fg_setratio() function has a single 
floating point parameter that defines the aspect ratio for software characters. The aspect ratio is the ratio 
of character width to character height. For example, an aspect ratio of 2.0 means characters are twice as 
wide as they are high. If fg_setratio() is not called, Fastgraph uses its default aspect ratio of 1. 

Our next example is the program used to create the display showing all the software characters. 
The program’s WM_CREATE handler calls fg_initw() to initialize the default world space parameters; this 
is required since the software character drawing functions internally use world space coordinates. The 
call to fg_setworld() establishes a world space coordinate system with 0.01 world space units per virtual 
buffer pixel. Following this, fg_setsizew() defines the character height as 0.21 world space units, or 21 
pixels. Note we could have instead used fg_setsize() here with an integer parameter of 21. 

The next part of the WM_CREATE handler draws the characters in the primary font in the upper 
part of the virtual buffer. After doing this, it draws the alternate font characters beneath them. In each 
case it does this with fg_swchar(). By default, the string passed to fg_swchar() will produce characters 
from the primary font. However, you can insert a back slash character (\) in the string to toggle between 
the two fonts. Don't forget that C and C++ apply a special meaning to the back slash character within 
strings, so you must use two consecutive back slashes to insert a single back slash in the string. 

In addition to the font change operator (the back slash character), fg_swchar() recognizes three 
other operators. The superscript operator is a back slash followed by a caret (\^). It causes the next 
character to appear as a superscript. Similarly, the subscript operator is a back slash followed by a lower 
case v (\v); it causes the next character to appear as a subscript. The size of superscripted and 
subscripted characters is one-half the height of the other characters. The underline operator is the 
underscore character (_). It causes all subsequent characters in the string to be underlined until another 
underscore character is found, or until the end of the string. When using these operators, be sure to 
include them as part of the string length count passed to fg_swchar(). The last part of our example’s 
WM_CREATE handler illustrates to use of the font change, superscript, subscript, and underline 
operators for software characters. 

SWchars: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  SWchars.c                                                                 * 
*                                                                            * 
*  This program displays all characters in the Fastgraph for Windows primary * 
*  and alternate software fonts.                                             * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  640 
#define vbHeight 480 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGswchars"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
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   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Software Character Set",   // window caption 
      WS_OVERLAPPEDWINDOW,        // window style 
      CW_USEDEFAULT,              // initial x position 
      CW_USEDEFAULT,              // initial y position 
      vbWidth,                    // initial x size 
      vbHeight,                   // initial y size 
      NULL,                       // parent window handle 
      NULL,                       // window menu handle 
      hInstance,                  // program instance handle 
      NULL);                      // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
int      xDest, yDest; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_initw(); 
         fg_setworld(0.0,6.39,0.0,4.79); 
         fg_setsizew(0.2); 
 
         fg_setcolor(25); 
         fg_fillpage(); 
         fg_setcolor(19); 
         fg_movew(3.2,4.2); 
         fg_swchar("Software characters - font 1",28,0); 
         fg_setcolor(10); 
         fg_movew(0.5,3.9); 
         fg_swchar("ABCDEFGHIJKLMNOPQRSTUVWXYZ",26,-1); 
         fg_movew(0.5,3.6); 
         fg_swchar("abcdefghijklmnopqrstuvwxyz",26,-1); 
         fg_movew(0.5,3.3); 
         fg_swchar("0123456789",10,-1); 
         fg_movew(0.5,3.0); 
         fg_swchar("!\"#$%&'()*+,-./:;<=>?[]^`{|}~",29,-1); 
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         fg_setcolor(19); 
         fg_movew(3.2,2.5); 
         fg_swchar("Software characters - font 2",28,0); 
         fg_setcolor(10); 
         fg_movew(0.5,2.2); 
         fg_swchar("\\ABCDEFGHIJKLMNOPRSTUWXYZ",25,-1); 
         fg_movew(0.5,1.9); 
         fg_swchar("\\abcdefghijklmnoprstuwxyz",25,-1); 
         fg_movew(0.5,1.3); 
         fg_swchar("\\012345678#$%&()*+/<=>?[]{}",27,-1); 
 
         fg_setratio(1.2); 
         fg_movew(0.5,0.6); 
         fg_swchar("cos\\^2\\h\\+sin\\^2\\h\\=1",21,-1); 
 
         fg_movew(5.9,0.6); 
         fg_swchar("H\\v2O U\\v2\\v3\\v2",16,1); 
 
         fg_setratio(1.0); 
         fg_movew(3.2,0.2); 
         fg_swchar("One _word_ is underlined.",25,0); 
 
         fg_setcolor(19); 
         fg_movew(0.0,2.8); 
         fg_draww(6.39,2.8); 
         fg_movew(0.0,0.9); 
         fg_draww(6.39,0.9); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbpaste(0,vbWidth-1,0,vbHeight-1,xDest,yDest); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         xDest = ((int)LOWORD(lParam) - vbWidth) / 2; 
         yDest = ((int)HIWORD(lParam) - vbHeight) / 2; 
         if (xDest < 0) xDest = 0; 
         if (yDest < 0) yDest = 0; 
         yDest = ((int)HIWORD(lParam)-1) - yDest; 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

SWchars: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  SWchars.cpp                                                               * 
*  SWcharsU.cpp                                                              * 
*                                                                            * 
*  This program displays all characters in the Fastgraph for Windows primary * 
*  and alternate software fonts.                                             * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "SWCharsU.h" 
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//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   Left = 0; 
   Top = 0; 
   Width = vbWidth; 
   Height = vbHeight; 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_initw(); 
   fg_setworld(0.0,6.39,0.0,4.79); 
   fg_setsizew(0.2); 
 
   fg_setcolor(25); 
   fg_fillpage(); 
   fg_setcolor(19); 
   fg_movew(3.2,4.2); 
   fg_swchar("Software characters - font 1",28,0); 
   fg_setcolor(10); 
   fg_movew(0.5,3.9); 
   fg_swchar("ABCDEFGHIJKLMNOPQRSTUVWXYZ",26,-1); 
   fg_movew(0.5,3.6); 
   fg_swchar("abcdefghijklmnopqrstuvwxyz",26,-1); 
   fg_movew(0.5,3.3); 
   fg_swchar("0123456789",10,-1); 
   fg_movew(0.5,3.0); 
   fg_swchar("!\"#$%&'()*+,-./:;<=>?[]^`{|}~",29,-1); 
 
   fg_setcolor(19); 
   fg_movew(3.2,2.5); 
   fg_swchar("Software characters - font 2",28,0); 
   fg_setcolor(10); 
   fg_movew(0.5,2.2); 
   fg_swchar("\\ABCDEFGHIJKLMNOPRSTUWXYZ",25,-1); 
   fg_movew(0.5,1.9); 
   fg_swchar("\\abcdefghijklmnoprstuwxyz",25,-1); 
   fg_movew(0.5,1.3); 
   fg_swchar("\\012345678#$%&()*+/<=>?[]{}",27,-1); 
 
   fg_setratio(1.2); 
   fg_movew(0.5,0.6); 
   fg_swchar("cos\\^2\\h\\+sin\\^2\\h\\=1",21,-1); 
 
   fg_movew(5.9,0.6); 
   fg_swchar("H\\v2O U\\v2\\v3\\v2",16,1); 
 
   fg_setratio(1.0); 
   fg_movew(3.2,0.2); 
   fg_swchar("One _word_ is underlined.",25,0); 
 
   fg_setcolor(19); 
   fg_movew(0.0,2.8); 
   fg_draww(6.39,2.8); 
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   fg_movew(0.0,0.9); 
   fg_draww(6.39,0.9); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,xDest,yDest); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   xDest = (ClientWidth-vbWidth)/2; 
   yDest = (ClientHeight-vbHeight)/2; 
   if (xDest < 0) xDest = 0; 
   if (yDest < 0) yDest = 0; 
   yDest = (ClientHeight-1)-yDest; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

SWchars: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  SWchars.dpr                                                               * 
*  SWcharsU.pas                                                              * 
*                                                                            * 
*  This program displays all characters in the Fastgraph for Windows primary * 
*  and alternate software fonts.                                             * 
*                                                                            * 
*****************************************************************************} 
 
unit SwcharsU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  xDest, yDest : integer; 
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procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  Left := 0; 
  Top := 0; 
  Width := vbWidth; 
  Height := vbHeight; 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_initw; 
  fg_setworld(0.0,6.39,0.0,4.79); 
  fg_setsizew(0.2); 
 
  fg_setcolor(25); 
  fg_fillpage; 
 
  fg_setcolor(19); 
  fg_movew(3.2,4.2); 
  fg_swchar('Software characters - font 1',28,0); 
  fg_setcolor(10); 
  fg_movew(0.5,3.9); 
  fg_swchar('ABCDEFGHIJKLMNOPQRSTUVWXYZ',26,-1); 
  fg_movew(0.5,3.6); 
  fg_swchar('abcdefghijklmnopqrstuvwxyz',26,-1); 
  fg_movew(0.5,3.3); 
  fg_swchar('0123456789',10,-1); 
  fg_movew(0.5,3.0); 
  fg_swchar('!"#$%&''()*+,-./:;<=>?[]^`{|}~',29,-1); 
 
  fg_setcolor(19); 
  fg_movew(3.2,2.5); 
  fg_swchar('Software characters - font 2',28,0); 
  fg_setcolor(10); 
  fg_movew(0.5,2.2); 
  fg_swchar('\ABCDEFGHIJKLMNOPRSTUWXYZ',25,-1); 
  fg_movew(0.5,1.9); 
  fg_swchar('\abcdefghijklmnoprstuwxyz',25,-1); 
  fg_movew(0.5,1.3); 
  fg_swchar('\012345678#$%&()*+/<=>?[]{}',27,-1); 
 
  fg_setratio(1.2); 
  fg_movew(0.5,0.6); 
  fg_swchar('cos\^2\h\+sin\^2\h\=1',21,-1); 
 
  fg_movew(5.9,0.6); 
  fg_swchar('H\v2O U\v2\v3\v2',16,1); 
 
  fg_setratio(1.0); 
  fg_movew(3.2,0.2); 
  fg_swchar('One _word_ is underlined.',25,0); 
 
  fg_setcolor(19); 
  fg_movew(0.0,2.8); 
  fg_draww(6.39,2.8); 
  fg_movew(0.0,0.9); 
  fg_draww(6.39,0.9); 
  Application.OnActivate := AppOnActivate; 
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end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,xDest,yDest); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  xDest := (ClientWidth - vbWidth) div 2; 
  yDest := (ClientHeight - vbHeight) div 2; 
  if (xDest < 0) then xDest := 0; 
  if (yDest < 0) then yDest := 0; 
  yDest := (ClientHeight-1) - yDest; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

SWchars: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  SWchars.frm                                                               * 
'                                                                            * 
'  This program displays all characters in the Fastgraph for Windows primary * 
'  and alternate software fonts.                                             * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB As Long 
Dim xDest As Long, yDest As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_initw 
   Call fg_setworld(0#, 6.39, 0#, 4.79) 
   Call fg_setsizew(0.2) 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
   Call fg_setcolor(19) 
   Call fg_movew(3.2, 4.2) 
   Call fg_swchar("Software characters - font 1", 28, 0) 
   Call fg_setcolor(10) 
   Call fg_movew(0.5, 3.9) 
   Call fg_swchar("ABCDEFGHIJKLMNOPQRSTUVWXYZ", 26, -1) 
   Call fg_movew(0.5, 3.6) 
   Call fg_swchar("abcdefghijklmnopqrstuvwxyz", 26, -1) 
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   Call fg_movew(0.5, 3.3) 
   Call fg_swchar("0123456789", 10, -1) 
   Call fg_movew(0.5, 3#) 
   Call fg_swchar("!""#$%&='()*+,-./:;<=>?[]^`{|}~", 29, -1) 
 
   Call fg_setcolor(19) 
   Call fg_movew(3.2, 2.5) 
   Call fg_swchar("Software characters - font 2", 28, 0) 
   Call fg_setcolor(10) 
   Call fg_movew(0.5, 2.2) 
   Call fg_swchar("\ABCDEFGHIJKLMNOPRSTUWXYZ", 25, -1) 
   Call fg_movew(0.5, 1.9) 
   Call fg_swchar("\abcdefghijklmnoprstuwxyz", 25, -1) 
   Call fg_movew(0.5, 1.3) 
   Call fg_swchar("\012345678#$%&()*+/<=>?[]{}", 27, -1) 
 
   Call fg_setratio(1.2) 
   Call fg_movew(0.5, 0.6) 
   Call fg_swchar("cos\^2\h\+sin\^2\h\=1", 21, -1) 
 
   Call fg_movew(5.9, 0.6) 
   Call fg_swchar("H\v2O U\v2\v3\v2", 16, 1) 
 
   Call fg_setratio(1#) 
   Call fg_movew(3.2, 0.2) 
   Call fg_swchar("One _word_ is underlined.", 25, 0) 
 
   Call fg_setcolor(19) 
   Call fg_movew(0#, 2.8) 
   Call fg_draww(6.39, 2.8) 
   Call fg_movew(0#, 0.9) 
   Call fg_draww(6.39, 0.9) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, xDest, yDest) 
End Sub 
 
Private Sub Form_Resize() 
   xDest = (ScaleWidth - vbWidth) / 2 
   yDest = (ScaleHeight - vbHeight) / 2 
   If xDest < 0 Then xDest = 0 
   If yDest < 0 Then yDest = 0 
   yDest = (ScaleHeight - 1) - yDest 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

The theta symbol (θ) in the equation string is produced by displaying the character "h" in the 
alternate font. Note another font selection operator (\) appears immediately after the "h" to revert to the 
primary font. This string also includes superscript operators (\^) to display the exponents in the equation. 
The next string includes a single subscripted character, and then shows how to display three consecutive 
subscripted characters. The last string illustrates how to underline characters. 

Note how the example uses world space coordinates to position the strings and draw the lines 
between the sections in this example. We could have used screen space coordinates instead, but as the 
program defines a world space coordinate system, we might as well use it. 

Another feature introduced in this example is the specific use of fg_vbpaste(). Software 
characters are drawn with narrow lines, and using fg_vbscale() often removes rows and columns that 
happen to be crucial parts of the characters when scaling the virtual buffer into a smaller client area. The 
SWchars program solves this problem by always using fg_vbpaste(). When the window size is smaller 
than the virtual buffer, the program displays as much of the lower left corner of the virtual buffer as 
possible. When it is larger, the program centers the 640x480 virtual buffer in the client area. Note how the 
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WM_SIZE handler calculates the destination coordinates, xDest and yDest, representing the client area 
coordinates for the lower left corner of the virtual buffer. 

In most programs, the alternate font is not needed. However, if you use the fg_swchar() function, 
Fastgraph includes the definitions of these characters in your program's data segment. To prevent 
wasting this space, use fg_swtext() instead of fg_swchar(). The fg_swtext() function is same as 
fg_swchar(), but it does not include the alternate font. Since the font selection operator does not apply 
when using fg_swtext(), the function simply ignores it. You should only use fg_swtext() if do not use 
fg_swchar(). If you use both functions, your program will still work correctly, but its data segment will 
contain an extra copy of the primary font definitions. 

Another software character support function is fg_setangle(), which sets the angle of rotation at 
which software characters are displayed. Its only parameter is a floating point value that specifies the 
angle, measured in degrees counterclockwise from the positive x axis. If a program draws software 
characters before calling fg_setangle(), Fastgraph will use its default angle of zero degrees (that is, the 
characters will be oriented horizontally). 

The final function pertaining to software characters is fg_swlength(), which returns the length of 
a specified string of software characters in world space units. The length is returned as the function's 
floating point function value. The fg_swlength() function has two parameters: a string of software 
characters, and an integer value specifying the number of characters in the string. As with fg_swchar() 
and fg_swtext(), the count includes any of the special operator characters. 

The following code snippet demonstrates a typical use of the fg_swlength() function: 

C/C++: 
fg_initw(); 
fg_setworld(0.0,6.39,0.0,3.49); 
fg_setsizew(0.2); 
fg_setcolor(17); 
half = fg_swlength(" Hello there. ",14) * 0.5; 
fg_rectw(3.2-half,3.2+half,1.6,1.9); 
fg_setcolor(20); 
fg_movew(3.2,1.65); 
fg_swtext("Hello there.",12,0); 

C#: 
fg.initw(); 
fg.setworld(0.0, 6.39, 0.0, 3.49); 
fg.setsizew(0.2); 
fg.setcolor(17); 
half = fg.swlength(" Hello there. ", 14) * 0.5; 
fg.rectw(3.2-half, 3.2+half, 1.6, 1.9); 
fg.setcolor(20); 
fg.movew(3.2, 1.65); 
fg.swtext("Hello there.", 12, 0); 

Delphi: 
fg_initw; 
fg_setworld(0.0,6.39,0.0,3.49); 
fg_setsizew(0.2); 
fg_setcolor(17); 
half := fg_swlength(' Hello there. ',14) * 0.5; 
fg_rectw(3.2-half,3.2+half,1.6,1.9); 
fg_setcolor(20); 
fg_movew(3.2,1.65); 
fg_swtext('Hello there.',12,0); 

Visual Basic: 
Call fg_initw 
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Call fg_setworld(0.0, 6.39, 0.0, 3.49) 
Call fg_setsizew(0.2) 
Call fg_setcolor(17) 
half = fg_swlength(" Hello there. ", 14) * 0.5 
Call fg_rectw(3.2 - half, 3.2 + half, 1.6, 1.9) 
Call fg_setcolor(20) 
Call fg_movew(3.2, 1.65) 
Call fg_swtext("Hello there.", 12, 0) 

Visual Basic .NET: 
fg_initw() 
fg_setworld(0.0, 6.39, 0.0, 3.49) 
fg_setsizew(0.2) 
fg_setcolor(17) 
half = fg_swlength(" Hello there. ", 14) * 0.5 
fg_rectw(3.2 - half, 3.2 + half, 1.6, 1.9) 
fg_setcolor(20) 
fg_movew(3.2, 1.65) 
fg_swtext("Hello there.", 12, 0) 

This code displays string "Hello there." in light green against a gray background in the middle of the virtual 
buffer. Following the world space initialization, fg_swlength() computes the length in world space units of 
the string. Note we have added blank characters to each end of the string passed to fg_swlength(); this 
increases the length of the actual string and will effectively give the gray rectangle an extended border on 
its left and right sides. The string length returned by fg_swlength() is multiplied by 0.5, giving the 
distance from the middle of the virtual buffer to either side of the rectangle. We then use this value to 
compute the minimum and maximum x coordinates passed to fg_rectw(). After drawing the gray 
rectangle, fg_swtext() draws the string of software characters in the middle of the virtual buffer. 

Bitmapped Characters 
Bitmapped characters combine the properties of stock fonts and software characters. They are a 

fixed size but are almost always more visually appealing than software characters. Because they are not 
scaleable, they do not require floating point arithmetic, and therefore they are much faster than software 
characters. Bitmapped characters are always drawn in virtual buffers, not directly to the client area. 

By far, the easiest way to add bitmapped characters to Fastgraph programs is with the 
Fastgraph/Fonts add-on product. Alternatively, you can treat a bitmapped character as any other bitmap 
and display it with Fastgraph's bitmap display functions described in Chapter 8. For example, to use a 
five-pixel by five-pixel bitmapped font, you could construct character glyphs as shown here and then store 
the resulting bitmaps in an array. 

    *       * * * *       * * * *  
  *   *     *       *   *          
* * * * *   * * * *     *          
*       *   *       *   *          
*       *   * * * *       * * * *  

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_ddfreedc() Releases a device context created with fg_ddgetdc(). Available in Fastgraph's 
DirectX libraries only. 
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fg_ddgetdc() Creates a device context for a DirectDraw surface. Available in Fastgraph's 
DirectX libraries only. 

fg_fontdc() Defines the current device context for fg_print(). By default, strings will be 
directed to the client area, but fg_fontdc() can redirect strings to the active 
virtual buffer. 

fg_fontload() Makes the requested stock font the current font. 

fg_getxjust() Returns the current horizontal justification setting for strings displayed with 
fg_print(). 

fg_getyjust() Returns the current vertical justification setting for strings displayed with 
fg_print(). 

fg_justify() Defines the horizontal and vertical justification settings for strings displayed 
with fg_print(). 

fg_logfont() Makes the requested logical font the current font. 

fg_print() Displays a string of characters, relative to the graphics cursor position, using 
the current color and current font. By default, strings are displayed such that 
the bottom row of the first character is at the current graphics position. On 
return, the graphics cursor is positioned just to the right of the last character 
displayed. 

fg_setangle() Defines the angle of rotation at which software characters are displayed. The 
angle is measured in degrees counterclockwise from the positive x axis. 

fg_setratio() Defines the aspect ratio for software characters. The aspect ratio is the ratio of 
character width to character height. 

fg_setsize() Defines the height of software characters in screen space units. 

fg_setsizew() Defines the height of software characters in world space units. 

fg_swchar() Displays a string of software characters using the current color index. The 
string may be left justified, centered, or right justified relative to the graphics 
cursor position. The string passed to fg_swchar() may contain special 
operators that allow switching between fonts, underlining, superscripting, or 
subscripting. 

fg_swlength() Returns the length in world space units of a string of software characters. 

fg_swtext() A scaled down version of fg_swchar(). It does not include the alternate font 
character definitions and thus requires less memory than fg_swchar(). 
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Overview 
Fastgraph defines an image as a rectangular area containing some type of picture. An image 

might be something as simple as a pointing hand icon, or as detailed as the dashboard of a sports car. 
Fastgraph includes several functions to display, retrieve, and manipulate different types of image files. In 
this chapter, we'll begin with a discussion of image file palettes. Then we’ll look at the PCX, BMP, JPEG, 
FLI/FLC, and AVI file formats along with the Fastgraph functions for displaying, creating, and obtaining 
information about these types of image files. We’ll then present an example program that uses most of 
these functions. 

Image File Colors 
Like virtual buffers, image files are either palette-based or direct color. In general, image files that 

support up to 256 colors are palette-based, while 24-bit image files are direct color. Palette-based image 
files contain their own color or palette information that defines the actual colors used in the image. 
Fastgraph’s image display functions can display palette-based images using either these colors, or 
whatever colors are currently in effect. Displaying images in the current colors is useful if you have many 
images that all use the same palette (because you only need to define the colors when displaying the first 
such image). You can display palette-based image files in any virtual buffer, but you can display direct 
color image files in direct color virtual buffers only. 

When you display a palette-based image in a 256-color virtual buffer, Fastgraph normally updates 
the logical palette with the colors defined in the image palette so the image appears in its intended colors 
(and if necessary performs color reduction and remapping to avoid using the Windows system colors). 
However, this does have the side effect of changing the colors of other pixels already on the screen. For 
example, suppose we’re displaying a 100x100 PCX file in a 640x480 virtual buffer, so the PCX image 
obviously won’t cover the entire buffer. Before we display the image, we might fill the buffer with pixels of the 
same color, let’s say color 25 (which is white by default). After displaying the image, the color 25 pixels 
outside the 100x100 image area will change from white to whatever color 25 is in the PCX palette. 

Ideally, you’ll want image files to use the same palette to avoid this problem, but sometimes this just 
isn’t possible. One common solution is to “split” the image palette into two or more distinct groups of colors. 
For example, we might use a PCX file for a background, then display animated objects (sprites) against that 
background. We could design our background images to use, say, colors 42 to 245 and our sprites to use 
colors 10 to 41. Each PCX background would then use the sprite colors for its first 32 non-system palette 
entries, but the remaining 204 palette entries (42 to 245) would use the same colors as the background 
images. Then when we change backgrounds, the sprite colors remain intact. 

Another solution is to use a direct color virtual buffer instead of a palette-based virtual buffer. By 
default, when we display a palette-based image in a direct color buffer, Fastgraph sets the virtual palette 
colors to the colors defined in the image palette. Changing the virtual palette does not affect pixels 
already drawn in those colors. 

PCX Files 
Zsoft Corporation originally developed the PCX file format for their commercial paint program, PC 

Paintbrush. PCX has evolved into one of the more popular image file formats because so many products can 
read and write PCX files to at least some extent. Further, PCX files provide decent image compression 
coupled with fast decompression. Fastgraph includes functions for displaying and creating PCX files, as well 
as other PCX support functions. 
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The fg_showpcx() function displays an image stored in a PCX file. It can position the image using 
the coordinate information in the PCX header, or such that its upper left corner is at the graphics cursor 
position in the active virtual buffer. The first fg_showpcx() parameter is the name of the PCX file (it may 
include a path name). The file name must be terminated with a null character, so Delphi programmers will 
need to store a zero byte as the last character of the file name string. The second parameter is a series of 
flags that controls how the image is displayed. The following table summarizes these flags. 

Flag Meaning 
FG_AT_XY If specified, display the image relative to the current graphics position. 

If not, display the image at the position indicated in PCX header. 
FG_IGNOREPALETTE If specified, display the image using the current palette. If not, use the 

palette values stored in the PCX file. Not meaningful for 24-bit PCX 
files. 

FG_FROMBUFFER If specified, get the image data from the fg_imagebuf() buffer. If not, 
get the image data from the PCX file. 

FG_KEEPCOLORS If specified, disable color reduction and remapping. If not, enable color 
reduction and remapping to avoid using the Windows system colors. 
Not meaningful for 24-bit PCX files. 

The fg_showpcx() function returns 0 if successful, 1 if the specified file wasn't found, 2 if the file is not a PCX 
file, 3 if the PCX color depth is not compatible with the active virtual buffer's color depth, and 4 if there was an 
error allocating memory. The incompatible color depth error occurs when you try to display a 24-bit PCX file 
in a 256-color virtual buffer. 

For example, the code shown here will display the file MOUSE.PCX with its upper left corner at the 
screen space position (16,16) in the active virtual buffer, using the palette values stored in the PCX file, and 
with automatic color reduction disabled: 

C/C++: 
fg_move(16,16); 
fg_showpcx("MOUSE.PCX",FG_AT_XY | FG_KEEPCOLORS); 

C#: 
fg.move(16, 16); 
fg.showpcx("MOUSE.PCX", fg.AT_XY | fg.KEEPCOLORS); 

Delphi: 
fg_move(16,16); 
fg_showpcx('MOUSE.PCX'+chr(0),FG_AT_XY or FG_KEEPCOLORS); 

Visual Basic: 
Call fg_move(16, 16) 
Call fg_showpcx(App.Path & "\MOUSE.PCX", FG_AT_XY + FG_KEEPCOLORS) 

Visual Basic .NET: 
fg_move(16, 16) 
fg_showpcx("MOUSE.PCX", FG_AT_XY + FG_KEEPCOLORS) 

In Visual Basic, prefixing the file name string with the App.Path property makes fg_showpcx() look for the 
file in the directory where the application's project (VBP) file resides when running the application from Visual 
Basic's development environment, or from the directory where the EXE file resides when running the 
application as an executable. If we don't do this, Visual Basic programs will look in the Visual Basic directory 
when running from the development environment. The PowerBASIC versions of the Fastgraph examples that 
require this capability include an AppPath() function that behaves the same way. 

The fg_makepcx() function creates a PCX file from the specified rectangular region of the active 
virtual buffer. Its first four parameters define the minimum x, maximum x, minimum y, and maximum y screen 
space coordinates of the region. Its fifth parameter is the name of the PCX file to create (it may include a path 
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name). As with fg_showpcx(), the file name must be terminated with a null character. If an identically named 
file exists, it is overwritten. The fg_makepcx() function creates 256-color PCX files if using a palette-based 
virtual buffer, or 24-bit PCX files if using a direct color virtual buffer. For example, the statement 

C/C++: 
fg_makepcx(0,fg_getmaxx(),0,fg_getmaxy(),”NEW.PCX”); 

C#: 
fg.makepcx(0, fg.getmaxx(), 0, fg.getmaxy(), ”NEW.PCX”); 

Delphi: 
fg_makepcx(0,fg_getmaxx,0,fg_getmaxy,”NEW.PCX”+chr(0)); 

Visual Basic: 
Call fg_makepcx(0, fg_getmaxx(), 0, fg_getmaxy(), 
   App.Path & "\NEW.PCX”) 

Visual Basic .NET: 
fg_makepcx(0, fg_getmaxx(), 0, fg_getmaxy(),"NEW.PCX”) 

would create a PCX file named NEW.PCX from the active virtual buffer. The fg_makepcx() function returns 0 
if successful, 1 if the PCX file was not created, or 2 if there was an error allocating memory. 

There are four additional functions that work with PCX files. The fg_pcxpal() function retrieves the 
palette of a PCX image. Its first parameter is a PCX file name, terminated by a zero byte as with 
fg_showpcx(). Its second parameter is the name of the array that will receive the PCX palette values. The 
palette values are returned as RGB color components, each between 0 and 255. The first three bytes of this 
array will contain the RGB values for color 0, the next three for color 1, and so forth. The array size in bytes 
must be at least three times the number of colors in the PCX image. If successful, the fg_pcxpal() return 
value is the number of colors in the PCX palette (either 16 or 256), or 0 if the PCX file does not contain a 
palette (this will be the case for 24-bit PCX files). The possible error return values are -1 (file not found) and 
-2 (file is not a PCX file). You can also specify NULL for the second fg_pcxpal() parameter (pass 0 for C# 
and VB.NET, nil^ for Delphi, ByVal 0 for Visual Basic, or BYVAL %NULL for PowerBASIC). In this 
case, the function will return the image's color depth but no palette values. 

The fg_pcxhead() function retrieves a PCX file header. The first fg_pcxhead() parameter is the 
name of a PCX file (terminated by a zero byte), and the second is the name of a buffer that will receive 
the PCX header (the buffer size must be at least 128 bytes). If successful, fg_pcxhead() returns zero. 
Otherwise, the return value is -1 if the specified file was not found, or -2 if it is not a PCX file. Full 
information about the 128-byte PCX file header appears in Appendix E. 

The fg_pcxsize() function returns the width and height of a PCX image. Its first parameter is the 
name of a buffer containing the PCX file header returned by fg_pcxhead(), and its second and third 
parameters receive the image width and height in pixels. If the PCX file header is not valid, fg_pcxsize() 
returns -1 for the width and height parameters. 

The fg_pcxrange() function is similar, but it returns the image position information from the PCX 
header. The first fg_pcxrange() parameter is the name of a buffer containing a PCX file header. The 
remaining four parameters receive the minimum x, maximum x, minimum y, and maximum y values of the 
corresponding PCX image. If the PCX file header is not valid, fg_pcxrange() returns -1 for the four 
position parameters. You can use the image extents to determine the image dimensions -- for example, the 
width of a PCX image would be maximum_x - minimum_x + 1. 

BMP Files 
Microsoft introduced the BMP file format in Windows 3.0 as a device-independent image file format 

(an earlier version of the BMP file format, which differs only in the file headers, was introduced in OS/2 1.x). 
While the BMP format includes a data compression mechanism, the vast majority of BMP files are not 
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compressed, sacrificing file size in favor of faster image display. BMP files are used primarily in Windows 
applications, but there’s nothing specific to Windows in a BMP file, so many DOS graphics programs also 
read and write BMP files. Fastgraph includes functions for displaying and creating BMP files, as well as other 
BMP support functions, all of which are very similar to their PCX counterparts. 

The fg_showbmp() function displays an image stored in a BMP file. It can display an image such 
that its upper left corner is either at (0,0), or at the graphics cursor position in the active virtual buffer. The first 
fg_showbmp() parameter is the name of the BMP file (it may include a path name). The file name must be 
terminated with a null character, so Delphi programmers will need to store a zero byte as the last character of 
the file name string. The second parameter is a series of flags that controls how the image is displayed. The 
following table summarizes these flags. 

Flag Meaning 
FG_AT_XY If specified, display the image relative to the current graphics position. 

If not, display the image relative to (0,0). 
FG_IGNOREPALETTE If specified, display the image using the current palette. If not, use the 

palette values stored in the BMP file. Not meaningful for 24-bit BMP files. 
FG_FROMBUFFER If specified, get the image data from the fg_imagebuf() buffer. If not, get 

the image data from the BMP file. 
FG_KEEPCOLORS If specified, disable color reduction and remapping. If not, enable color 

reduction and remapping to avoid using the Windows system colors. Not 
meaningful for 24-bit BMP files. 

The fg_showbmp() function returns 0 if successful, 1 if the specified file wasn't found, 2 if the file is not a 
BMP file, 3 if the BMP color depth is not compatible with the active virtual buffer's color depth, 4 if the BMP 
file is an unsupported RLE (compressed) BMP file, and 5 if there was an error allocating memory. The 
incompatible color depth error occurs when you try to display a 24-bit BMP file in a 256-color virtual buffer. 

For example, the code shown here will display the file LEAVES.BMP with its upper left corner at the 
screen space position (16,16) in the active virtual buffer, using the palette values stored in the BMP file, and 
with automatic color reduction disabled: 

C/C++: 
fg_move(16,16); 
fg_showbmp("LEAVES.BMP",FG_AT_XY | FG_KEEPCOLORS); 

C#: 
fg.move(16, 16); 
fg.showbmp("LEAVES.BMP", fg.AT_XY | fg.KEEPCOLORS); 

Delphi: 
fg_move(16,16); 
fg_showbmp('LEAVES.BMP'+chr(0),FG_AT_XY or FG_KEEPCOLORS); 

Visual Basic: 
Call fg_move(16, 16) 
Call fg_showbmp(App.Path & "\LEAVES.BMP", FG_AT_XY+FG_KEEPCOLORS) 

Visual Basic .NET: 
fg_move(16, 16) 
fg_showbmp("LEAVES.BMP", FG_AT_XY+FG_KEEPCOLORS) 

The fg_makebmp() function creates a BMP file from the specified rectangular region of the active 
virtual buffer. Its first four parameters define the minimum x, maximum x, minimum y, and maximum y screen 
space coordinates of the region. Its fifth parameter defines the color depth in bits per pixel of the BMP file; 
valid values are 1 (monochrome), 4 (16-color), 8 (256-color) and 24 (direct color RGB). However, 
monochrome, 16-color, and 256-color BMP files cannot be created when a direct color virtual buffer is active. 
Similarly, 24-bit BMP files can only be created when a direct color virtual buffer is active. The last 
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fg_makebmp() parameter is the name of the BMP file to create (it may include a path name). As with 
fg_showbmp(), the file name must be terminated with a null character. If an identically named file exists, it is 
overwritten. For example, the statement 

C/C++: 
fg_makebmp(0,fg_getmaxx(),0,fg_getmaxy(),8,”NEW.BMP”); 

C#: 
fg.makebmp(0, fg.getmaxx(), 0, fg.getmaxy(), 8, ”NEW.BMP”); 

Delphi: 
fg_makebmp(0,fg_getmaxx,0,fg_getmaxy,8,”NEW.BMP”+chr(0)); 

Visual Basic: 
Call fg_makebmp(0, fg_getmaxx(), 0, fg_getmaxy(), 8, 
   App.Path & ”\NEW.BMP”) 

Visual Basic .NET: 
fg_makebmp(0, fg_getmaxx(), 0, fg_getmaxy(), 8, ”NEW.BMP”) 

would create a 256-color (8 bits per pixel) BMP file named NEW.BMP from the active virtual buffer. The 
fg_makebmp() function returns 0 if successful, 1 if the BMP file was not created, or 2 if there was an error 
allocating memory. 

There are three additional functions that work with BMP files. The fg_bmppal() function retrieves 
the palette of a BMP image. Its first parameter is a BMP file name, terminated by a zero byte as with 
fg_showbmp(). Its second parameter is the name of the array that will receive the BMP palette values. The 
palette values are returned as RGB color components, each between 0 and 255. The first three bytes of this 
array will contain the RGB values for color 0, the next three for color 1, and so forth. The array size in bytes 
must be at least three times the number of colors in the BMP image. If successful, the fg_bmppal() function 
return value is the number of colors in the BMP palette (usually 2, 16, or 256), or 0 if the BMP file does not 
contain a palette (this will be the case for 24-bit BMP files). The possible error return values are -1 (file not 
found) and -2 (file is not a BMP file). You can also specify NULL for the second fg_bmppal() parameter 
(pass 0 for C# and VB.NET, nil^ for Delphi, ByVal 0 for Visual Basic, or BYVAL %NULL for 
PowerBASIC). In this case, the function will return the image's color depth but no palette values. 

The fg_bmphead() function retrieves a BMP file header. The first fg_bmphead() parameter is 
the name of a BMP file (terminated by a zero byte), and the second is the name of a buffer that will 
receive the BMP header (the buffer size must be at least 54 bytes). If successful, fg_bmphead() returns 
zero. Otherwise, the return value is -1 if the specified file was not found, or -2 if it is not a BMP file. Full 
information about the 54-byte BMP file header appears in Appendix E. 

The fg_bmpsize() function returns the width and height of a BMP image. Its first parameter is the 
name of a buffer containing the BMP file header returned by fg_bmphead(), and its second and third 
parameters receive the image width and height in pixels. If the BMP file header is not valid, fg_bmpsize() 
returns -1 for the width and height parameters. 

JPEG Files 
The Joint Photographic Experts Group (JPEG) has defined a family of compression techniques 

for working with photographic images. The most common of these use lossy compression, which means 
useless data is discarded during the compression process. JPEG compression was designed to discard 
data that the human eye cannot easily see. The encoded image will therefore not be an exact bit-for-bit 
representation of the original image, but it will achieve a high degree of compression with little or no 
perceived degradation in quality. JPEG compression works very well for photographic or scanned 
images, but it often fares poorly on CAD drawings or “comic book” style pictures where there are large 
areas of the same color. 
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While the evolving JPEG standard defines various data compression schemes, it does not define 
a traditional file format for storing a JPEG-compressed image. What most people call JPEG files are, 
strictly speaking, JFIF files (JFIF stands for JPEG File Interchange Format). JFIF is a well-defined file 
format designed for storing images containing an encoded JPEG data stream. Because nearly everybody 
refers to JFIF files as JPEG files, we’ll avoid potential confusion and do likewise in Fastgraph. 

The most common JPEG files use a subset of the JPEG standard called baseline JPEG. A 
baseline JPEG file contains a single image compressed with the baseline discrete cosine transformation 
(DCT) and Huffman encoding; it must also use an 8-bit sample precision. The image may be 24-bit color 
(three components per pixel) or grayscale (one component per pixel). 

Fastgraph’s fg_showjpeg() function displays a color or grayscale baseline JPEG file in a direct 
color virtual buffer. The fg_showjpeg() function expects two parameters that are analogous to those of 
fg_showpcx(). That is, the first parameter is the name of the JPEG file, terminated by a null character, 
and the second parameter is a series of flags that controls how the image is displayed. The following table 
summarizes these flags. 

Flag Meaning 
FG_AT_XY If specified, display the image relative to the current graphics position. 

If not, display the image relative to (0,0). 
FG_FROMBUFFER If specified, get the image data from the fg_imagebuf() buffer. If not, get 

the image data from the JPEG file. 

The fg_showjpeg() function returns 0 if successful, 1 if the specified file wasn't found, 2 if the file is not a 
JPEG file, 3 if the file is not a baseline JPEG file or does not have a valid JPEG structure, or 4 if there was 
an error allocating memory. 

For example, the code shown here will display the file AQUARIUM.JPG with its upper left corner at 
the screen space position (16,16) in the active virtual buffer: 

C/C++: 
fg_move(16,16); 
fg_showjpeg("AQUARIUM.JPG",FG_AT_XY); 

C#: 
fg.move(16, 16); 
fg.showjpeg("AQUARIUM.JPG", fg.AT_XY); 

Delphi: 
fg_move(16,16); 
fg_showjpeg('AQUARIUM.JPG'+chr(0),FG_AT_XY); 

Visual Basic: 
Call fg_move(16, 16) 
Call fg_showjpeg(App.Path & "\AQUARIUM.JPG", FG_AT_XY) 

Visual Basic .NET: 
fg_move(16, 16) 
fg_showjpeg("AQUARIUM.JPG", FG_AT_XY) 

There are two helper functions that work with JPEG files. The fg_jpeghead() function retrieves a 
JPEG file header. The first fg_jpeghead() parameter is the name of a JPEG file (terminated by a zero 
byte), and the second is the name of a buffer that will receive the JPEG header (the buffer size must be at 
least 10 bytes). If successful, fg_jpeghead() returns zero. Otherwise, the return value is -1 if the specified 
file was not found, or -2 if it is not a baseline JPEG file. Full information about the 10-byte JPEG file header 
appears in Appendix E. 

The fg_jpegsize() function returns the width and height of a JPEG image. Its first parameter is 
the name of a buffer containing the JPEG file header, and its second and third parameters receive the 
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image width and height in pixels. If the JPEG file header is not valid, fg_jpegsize() returns -1 for the width 
and height parameters. 

FLI and FLC Files 
FLI and FLC files (collectively called flic files) contain sequences of image frames that can be 

displayed in rapid succession to achieve the illusion of movement (this is called playing a flic file). FLI files 
always have a 320x200 resolution and are produced by Autodesk Animator. FLC files can have any 
resolution and are produced by Autodesk Animator Pro, Autodesk 3D Studio, and other applications. All FLI 
and FLC files contain 256-color images. 

Fastgraph's flic file functions work with both FLI and FLC files in either 256-color or direct color virtual 
buffers. The first frame of a flic file is usually a compressed version of the entire image, while later frames are 
compressed versions of the differences between that frame and the previous frame. This compression 
scheme is often called delta compression in flic file literature. 

Fastgraph includes both high-level and low-level functions for working with flic files. The most 
important high-level function, fg_showflic(), plays the entire contents of a flic file any number of times. It can 
position the image such that its upper left corner is at the screen space origin or at the graphics cursor 
position in the active virtual buffer. As fg_showflic() processes each frame of the flic file, it automatically 
scales the frame from the virtual buffer to the client area, which causes the flic file animation to appear in the 
client area as it plays. 

The fg_showflic() function expects three parameters. The first is the flic file name, which may 
include a path name, but must be null-terminated. The second specifies the number of times to play the flic 
file. If the play count is zero, fg_showflic() will play it continuously. The fg_showflic() function will stop 
playing the flic file when the Escape key is pressed. Note that this is the only way to stop playing the flic file if 
the play count is zero (continuous play). The third fg_showflic() parameter is a series of flags that controls 
how the flic file is played. The following table summarizes these flags. 

Flag Meaning 
FG_AT_XY If specified, play the flic file relative to the current graphics 

position. If not, play it relative to (0,0). 
FG_IGNOREFLICPALETTE If specified, play the flic file using the current palette. If not, use the 

palette values stored in the flic file. 
FG_FROMBUFFER If specified, get the image data from the fg_imagebuf() buffer. If 

not, get the image data from the flic file. 
FG_KEEPCOLORS If specified, disable color reduction and remapping. If not, enable 

color reduction and remapping to avoid using the Windows system 
colors. 

FG_NODELAY If specified, play the flic file with no delay between frames. If not, 
delay between frames as specified in the flic header. 

The fg_showflic() function returns 0 if successful, 1 if the specified file wasn't found, and 2 if the file is not a 
flic file. 

For example, the code shown here will play the file GLASS.FLI with its upper left corner at the screen 
space position (16,16) in the active virtual buffer, no delay between frames, and automatic color reduction 
enabled: 

C/C++: 
fg_move(16,16); 
fg_showflic("GLASS.FLI",FG_AT_XY | FG_NODELAY); 

C#: 
fg.move(16, 16); 
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fg.showflic("GLASS.FLI", fg.AT_XY | fg.NODELAY); 

Delphi: 
fg_move(16,16); 
fg_showflic('GLASS.FLI'+chr(0), FG_AT_XY or FG_NODELAY); 

Visual Basic: 
Call fg_move(16, 16) 
Call fg_showflic(App.Path & "\GLASS.FLI", FG_AT_XY + FG_NODELAY) 

Visual Basic .NET: 
fg_move(16, 16) 
fg_showflic("GLASS.FLI", FG_AT_XY + FG_NODELAY) 

Fastgraph includes additional flic support functions similar to those for BMP and PCX files. The 
fg_flichead() function reads the specified flic file's 128-byte header (full information about the header 
appears in Appendix E). The fg_flicsize() function returns the image dimensions from the flic header. Its first 
parameter is a 128-byte flic header array, and its remaining two parameters receive the image width and 
height in pixels. 

Fastgraph's low-level flic functions provide the ability to play flic files one frame at a time. This is 
desirable when your program must perform other tasks between frames, or for playing two or more flic files at 
the same time. To use the low-level flic functions, call fg_flicopen() for each flic file. The first fg_flicopen() 
parameter is the flic file name. The second parameter is a 16-byte array that will receive a context descriptor 
for the flic file. You must create a context descriptor with fg_flicopen() for each flic file you'll access with the 
low-level flic file functions. The context descriptor is then passed to other functions when accessing the flic 
file. If successful, fg_flicopen() fills the context descriptor, positions the flic file at the first frame, and returns 
zero. The possible error return values are -1 (file not found) and -2 (file is not an FLI or FLC file). 

The fg_flicplay() function plays one or more frames from a flic file and leaves the file positioned at 
the beginning of the next frame. Its three parameters are the same as for fg_showflic() except the first 
parameter is a context descriptor instead of a flic file name. The fg_flicskip() function advances over flic file 
frames. Its first parameter is the flic file's context descriptor, and its second parameter is the number of 
frames to skip (if the frame count is negative, the file position is reset to the first frame). Both functions return 
the number of frames played (or skipped), which may be less than the number of frames requested if the 
end-of-file is reached. The last low-level flic function, fg_flicdone(), closes a flic file previously opened with 
fg_flicopen(). Its only parameter is the flic file's context descriptor. 

The following code shows how to play the flic file GLASS.FLI one frame at a time using the low-level 
flic functions. We first open the flic file with fg_flicopen(), which returns a 16-byte context descriptor for the 
file. If the file was opened successfully, we play each frame by calling fg_flicplay() in a loop. This itself does 
not actually display the frames but plays them in the active virtual buffer, so after each frame we call 
fg_vbscale() to display it in the client area. Eventually we'll reach the end-of-file, indicated by an fg_flicplay() 
return value of zero. When this occurs, we call fg_flicdone(). 

C/C++: 
int Frames, Status; 
char Context[16]; 
Status = fg_flicopen("GLASS.FLI",Context); 
if (Status == 0) 
{ 
   do 
   { 
      Frames = fg_flicplay(Context,1,0); 
      if (Frames > 0) 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(), 
                    0,cxClient-1,0,cyClient-1); 
   } 
   while (Frames > 0); 
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   fg_flicdone(Context); 
} 

C#: 
int Frames, Status; 
byte [] Context = new byte [16]; 
Status = fg_flicopen("GLASS.FLI", ref Context[0]); 
if (Status == 0) 
{ 
   do 
   { 
      Frames = fg.flicplay(ref Context[0], 1, 0); 
      if (Frames > 0) 
         fg.vbscale(0, fg.getmaxx(), 0, fg.getmaxy(), 
                    0, cxClient-1, 0, cyClient-1); 
   } 
   while (Frames > 0); 
   fg.flicdone(ref Context[0]); 
} 

Delphi: 
var 
  Frames, Status : integer; 
  Context : array [1..16] of byte; 
begin 
  Status := fg_flicopen('GLASS.FLI'+chr(0),Context); 
  if Status = 0 then 
  repeat 
    begin 
      Frames := fg_flicplay(Context,1,0); 
      if Frames > 0 then 
        fg_vbscale(0,fg_getmaxx,0,fg_getmaxy, 
                   0,cxClient-1,0,cyClient-1); 
    end; 
  until Frames = 0; 
  fg_flicdone(Context); 

Visual Basic: 
Dim Frames As Long, Status As Long 
Dim Context(16) As Byte 
Status = fg_flicopen("GLASS.FLI", Context(0)) 
If Status = 0 Then 
   Do 
      Frames = fg_flicplay(Context(0), 1, 0) 
      If Frames > 0 Then 
         Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 
                         0, cxClient - 1, 0, cyClient - 1) 
      End If 
   Loop While Frames > 0 
   Call fg_flicdone(Context(0)) 
End If 

Visual Basic .NET: 
Dim Frames, Status As Integer 
Dim Context(16) As Byte 
Status = fg_flicopen("GLASS.FLI", Context(0)) 
If Status = 0 Then 
   Do 
      Frames = fg_flicplay(Context(0), 1, 0) 
      If Frames > 0 Then 
         fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 
                    0, cxClient - 1, 0, cyClient - 1) 
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      End If 
   Loop While Frames > 0 
   fg_flicdone(Context(0)) 
End If 

AVI Files 
Audio/visual interleaved (AVI) files are one of the more popular animated image formats in use 

today. They are most often used for video playback, though they are also used for more simple things such 
as the Windows "file copy" and "search" animations. AVI image data can be stored uncompressed, but it is 
typically compressed using a Windows-supplied or third party compression and decompression module 
called a codec. To play an AVI file compressed with a specific codec, that codec must be available on the 
target system. AVI files can optionally contain audio data and, unlike flic files, are not limited to 256 colors 
(although 256-color AVI files are almost always larger than equivalent flic files). 

Fastgraph's AVI functions work with either 256-color or direct color virtual buffers, but you cannot 
play a high color or true color AVI in a 256-color virtual buffer. The AVI functions are virtually identical to their 
flic file counterparts, so it's rather easy to switch from flic files to AVI files in a Fastgraph program. Fastgraph 
also includes functions for creating AVI files and obtaining palette information from an AVI file (which have no 
equivalent flic functions in Fastgraph). 

The fg_showavi() function plays the entire contents of an AVI file any number of times. It can 
position the image such that its upper left corner is at the screen space origin or at the graphics cursor 
position in the active virtual buffer. As fg_showavi() processes each AVI frame, it automatically scales the 
frame from the virtual buffer to the client area, which causes the AVI animation to appear in the client area as 
it plays. 

The fg_showavi() function expects three parameters. The first is the AVI file name, which may 
include a path name, but must be null-terminated. The second specifies the number of times to play the AVI 
file. If the play count is zero, fg_showavi() will play it continuously until the Escape key is pressed. Note that 
this is the only way to stop playing the AVI file if the play count is zero (continuous play). The third 
fg_showavi() parameter is a series of flags that controls how the AVI is played. The following table 
summarizes these flags. 

Flag Meaning 
FG_AT_XY If specified, play the AVI file relative to the current graphics position. 

If not, play it relative to (0,0). 
FG_IGNOREAVIPALETTE If specified, play the AVI file using the current palette. If not, use the 

palette values stored in the AVI file. Not meaningful for high color or 
true color AVI files. 

FG_NODELAY If specified, play the AVI file with no delay between frames. If not, 
delay between frames as specified in the AVI header. 

If successful, fg_showavi() returns zero. The possible error return values are -1 (file not found), -2 (file is not 
an AVI file), -3 (error initializing the AVI video stream), -4 (error allocating memory), or -5 (codec not 
available). 

For example, the code shown here will play the file SEARCH.AVI with its upper left corner at the 
screen space position (16,16) in the active virtual buffer and no delay between frames: 

C/C++: 
fg_move(16,16); 
fg_showavi("SEARCH.AVI",FG_AT_XY | FG_NODELAY); 

C#: 
fg.move(16, 16); 
fg.showavi("SEARCH.AVI", fg.AT_XY | fg.NODELAY); 
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Delphi: 
fg_move(16,16); 
fg_showavi('SEARCH.AVI'+chr(0), FG_AT_XY or FG_NODELAY); 

Visual Basic: 
Call fg_move(16, 16) 
Call fg_showavi(App.Path & "\SEARCH.AVI", FG_AT_XY + FG_NODELAY) 

Visual Basic .NET: 
fg_move(16, 16) 
fg_showavi("SEARCH.AVI", FG_AT_XY + FG_NODELAY) 

Fastgraph includes additional AVI support functions similar to those for BMP and PCX files. The 
fg_avipal() function retrieves the palette of an AVI file. Its first parameter is an AVI file name, terminated by a 
zero byte as with fg_showavi(). Its second parameter is the name of the array that will receive the AVI 
palette values. The palette values are returned as RGB color components, each between 0 and 255. The first 
three bytes of this array will contain the RGB values for color 0, the next three for color 1, and so forth. The 
array size in bytes must be at least three times the number of colors in the AVI file. If successful, the 
fg_avipal() return value is the number of colors in the AVI palette (usually 16 or 256), or 0 if the AVI file does 
not contain a palette (this will be the case for high color and true color AVI files). The possible error return 
values are -1 (file not found) and -2 (file is not an AVI file). You can also specify NULL for the second 
fg_avipal() parameter (pass 0 for C# and VB.NET, nil^ for Delphi, ByVal 0 for Visual Basic, or BYVAL 
%NULL for PowerBASIC). In this case, the function will return the AVI color depth but no palette values. 

The fg_avihead() function retrieves an AVI file header. The first fg_avihead() parameter is the 
name of an AVI file (terminated by a zero byte), and the second is the name of a buffer that will receive 
the AVI header (the buffer size must be at least 56 bytes). If successful, fg_avihead() returns zero. 
Otherwise, the return value is -1 if the specified file was not found, or -2 if it is not an AVI file. Full 
information about the 56-byte AVI file header appears in Appendix E. 

The fg_avisize() function returns the width and height of an AVI image. Its first parameter is the 
name of a buffer containing the AVI file header returned by fg_avihead(), and its second and third 
parameters receive the image width and height in pixels. 

Fastgraph's low-level AVI functions provide the ability to play AVI files one frame at a time. This is 
desirable when your program must perform other tasks between frames, or for playing two or more AVI files 
at the same time. To use the low-level AVI functions, call fg_aviopen() for each AVI file. The first 
fg_aviopen() parameter is the AVI file name. The second parameter is a 48-byte array that will receive a 
context descriptor for the AVI file. You must create a context descriptor with fg_aviopen() for each AVI file 
you'll access with the low-level AVI file functions. The context descriptor is then passed to other functions 
when accessing the AVI file. If successful, fg_aviopen() fills the context descriptor, positions the AVI file at 
the first frame, and returns zero. The possible error return values are the same as for fg_showavi(). 

The fg_aviplay() function plays one or more frames from an AVI file and leaves the file positioned at 
the beginning of the next frame. Its three parameters are the same as for fg_showavi() except the first 
parameter is a context descriptor instead of an AVI file name. The fg_aviskip() function advances over AVI 
file frames. Its first parameter is the AVI file's context descriptor, and its second parameter is the number of 
frames to skip (if the frame count is negative, the file position is reset to the first frame). Both functions return 
the number of frames played (or skipped), which may be less than the number of frames requested if the 
end-of-file is reached. The last low-level AVI function, fg_avidone(), closes an AVI file previously opened with 
fg_aviopen(). Its only parameter is the AVI file's context descriptor. 

The following code shows how to play the AVI file SEARCH.AVI one frame at a time using the low-
level AVI functions. We first open the AVI file with fg_aviopen(), which returns a 48-byte context descriptor 
for the file. If the file was opened successfully, we play each frame by calling fg_aviplay() in a loop. This itself 
does not actually display the frames but plays them in the active virtual buffer, so after each frame we call 
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fg_vbscale() to display it in the client area. Eventually we'll reach the end-of-file, indicated by an fg_aviplay() 
return value of zero. When this occurs, we call fg_avidone(). 

C/C++: 
int Frames, Status; 
char Context[48]; 
Status = fg_aviopen("SEARCH.AVI",Context); 
if (Status == 0) 
{ 
   do 
   { 
      Frames = fg_aviplay(Context,1,0); 
      if (Frames > 0) 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(), 
                    0,cxClient-1,0,cyClient-1); 
   } 
   while (Frames > 0); 
   fg_avidone(Context); 
} 

C#: 
int Frames, Status; 
byte [] Context = new byte [48]; 
Status = fg.aviopen("SEARCH.AVI", ref Context[0]); 
if (Status == 0) 
{ 
   do 
   { 
      Frames = fg.aviplay(ref Context[0], 1, 0); 
      if (Frames > 0) 
         fg.vbscale(0, fg.getmaxx(), 0, fg.getmaxy(), 
                    0, cxClient-1, 0, cyClient-1); 
   } 
   while (Frames > 0); 
   fg.avidone(ref Context[0]); 
} 

Delphi: 
Frames, Status : integer; 
Context : array [1..48] of byte; 
Status := fg_aviopen('SEARCH.AVI'+chr(0),Context); 
if Status = 0 then 
repeat 
  begin 
    Frames := fg_aviplay(Context,1,0); 
    if Frames > 0 then 
      fg_vbscale(0,fg_getmaxx,0,fg_getmaxy, 
                 0,cxClient-1,0,cyClient-1); 
  end; 
until Frames = 0; 
fg_avidone(Context); 

Visual Basic: 
Dim Frames As Long, Status As Long 
Dim Context(48) As Byte 
Status = fg_aviopen("SEARCH.AVI", Context(0)) 
If Status = 0 Then 
   Do 
      Frames = fg_aviplay(Context(0), 1, 0) 
      If Frames > 0 Then 
         Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 
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                         0, cxClient - 1, 0, cyClient - 1) 
      End If 
   Loop While Frames > 0 
   Call fg_avidone(Context(0)) 
End If 

Visual Basic .NET: 
Dim Frames, Status As Integer 
Dim Context(48) As Byte 
Status = fg_aviopen("SEARCH.AVI", Context(0)) 
If Status = 0 Then 
   Do 
      Frames = fg_aviplay(Context(0), 1, 0) 
      If Frames > 0 Then 
         fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 
                    0, cxClient - 1, 0, cyClient - 1) 
      End If 
   Loop While Frames > 0 
   fg_avidone(Context(0)) 
End If 

We'll show how to create AVI files after discussing Fastgraph's bitmap functions in the next chapter. 

An Example 
We’ll now present an example program called Image that uses Fastgraph's image display, creation, 

and management functions described so far. The Image program lets you display and create BMP and PCX 
files, display JPEG files, and play FLI/FLC and AVI files (continuously or one frame at a time). In addition, 
Image provides a way to display details about the currently displayed image. As far as Windows resources, 
Image uses a top-level menu, with pull-down menus for each image file type in the top-level menu, plus 
dialog boxes for selecting file names. The pull-down menu for BMP files looks like this: 

 
Initially, the BMP menu only lets you open (display) a BMP file, but once you do, its Make and Info items 
are also enabled, as is the Make item on the PCX menu. The PCX menu is the same as the BMP menu, 
and the JPEG menu is also the same except for the lack of a Make item. The FLI/FLC and AVI menus 
include items to open a file (which plays its first frame), play a file continuously (until Escape is pressed), 
play the next frame of the file, rewind it, and obtain information about it. 

Each Open and Make menu item obtains the image file name using the Open File or Save File 
dialog boxes from the Windows common dialog box library. The C#, C++Builder, MFC, Delphi, and Visual 
Basic versions of Image simply use the common dialog box controls. For the C/C++ version, however, 
things are more involved. We interface to the common dialog boxes through the program's 
GetOpenFilename() and GetSaveFilename() functions. As the point of the Image program is to 
demonstrate Fastgraph's image file functions, we won’t delve into the mechanics of these two functions 
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here. Suffice it to say, GetOpenFilename() and GetSaveFilename() each store the name of the selected 
file, including full path information, in the FileName global. Both functions return OK if we selected a file, 
and ERR if we didn’t (for example, if we pressed the Cancel button in the dialog box). 

The Image program's WM_CREATE handler creates an initial 32x32 virtual buffer. Because the 
image files that Image loads can be any size, we create a virtual buffer with the same dimensions as the 
image when we load the image. Before we do this, however, we release the virtual buffer containing the 
previously loaded image (the program's SwitchBuffers() function handles these tasks). Creating the 
32x32 virtual buffer eliminates the need for SwitchBuffers() to treat the first image it loads as a special 
case (we chose the 32x32 size because some Windows display drivers treat smaller drawing surfaces 
inconsistently). The SwitchBuffers() function creates a 256-color virtual buffer when loading a palette-
based image file, or a 24-bit true color virtual buffer when loading a direct color image file. We'll now 
present the Image program and then discuss the action functions for each of its menu items. 

Image: C/C++ Version 
The C/C++ version of Image processes the top-level and pull-down menu items through the 

WM_COMMAND handler, and it sets up the menus with the Image.rc resource file and the Image.h 
header file. All selections from the BMP, PCX, JPEG, FLI/FLC, and AVI menus are processed through 
separate action functions. For example, PCXOpenClick() is called in response to clicking the PCX|Open 
menu item. Note how WM_CREATE handler also calls the Windows API function GetMenu() to obtain a 
handle to the program's menus; this is needed when we later enable or disable specific menu items. 
/****************************************************************************\ 
*                                                                            * 
*  Image.c                                                                   * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows image file display    * 
*  and creation functions.                                                   * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <commdlg.h> 
#include <windowsx.h> 
#include "Image.h" 
 
#define OK   1 
#define ERR -1 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void BMPOpenClick(void); 
void BMPMakeClick(void); 
void BMPDetailsClick(void); 
 
void PCXOpenClick(void); 
void PCXMakeClick(void); 
void PCXDetailsClick(void); 
 
void JPEGOpenClick(void); 
void JPEGDetailsClick(void); 
 
void FlicOpenClick(void); 
void FlicPlayClick(void); 
void FlicFrameClick(void); 
void FlicResetClick(void); 
void FlicDetailsClick(void); 
 
void AVIOpenClick(void); 
void AVIPlayClick(void); 
void AVIFrameClick(void); 
void AVIResetClick(void); 
void AVIDetailsClick(void); 
 
void CloseContext(void); 
int  GetOpenFilename(char *, char *); 
int  GetSaveFilename(char *); 
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void SwitchBuffers(void); 
 
BYTE Context[48]; 
char DefaultFile[256]; 
BYTE FileHeader[128]; 
char FileName[256]; 
char mbString[256]; 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGimage"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Image File Demo",       // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HCURSOR  hCursor; 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      cxBuffer, cyBuffer; 
int      nColors; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
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         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         cxBuffer = cyBuffer = 32; 
         hVB = fg_vballoc(cxBuffer,cyBuffer); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(-1); 
         fg_fillpage(); 
 
         hMenu = GetMenu(hWnd); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_BMP_Open: 
               BMPOpenClick(); 
               return 0; 
 
            case IDM_BMP_Make: 
               BMPMakeClick(); 
               return 0; 
 
            case IDM_BMP_Details: 
               BMPDetailsClick(); 
               return 0; 
 
            case IDM_PCX_Open: 
               PCXOpenClick(); 
               return 0; 
 
            case IDM_PCX_Make: 
               PCXMakeClick(); 
               return 0; 
 
            case IDM_PCX_Details: 
               PCXDetailsClick(); 
               return 0; 
 
            case IDM_JPEG_Open: 
               JPEGOpenClick(); 
               return 0; 
 
            case IDM_JPEG_Details: 
               JPEGDetailsClick(); 
               return 0; 
 
            case IDM_Flic_Open: 
               FlicOpenClick(); 
               return 0; 
 
            case IDM_Flic_Play: 
               FlicPlayClick(); 
               return 0; 
 
            case IDM_Flic_Frame: 
               FlicFrameClick(); 
               return 0; 
 
            case IDM_Flic_Reset: 
               FlicResetClick(); 
               return 0; 
 
            case IDM_Flic_Details: 
               FlicDetailsClick(); 
               return 0; 
 
            case IDM_AVI_Open: 
               AVIOpenClick(); 
               return 0; 
 
            case IDM_AVI_Play: 
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               AVIPlayClick(); 
               return 0; 
 
            case IDM_AVI_Frame: 
               AVIFrameClick(); 
               return 0; 
 
            case IDM_AVI_Reset: 
               AVIResetClick(); 
               return 0; 
 
            case IDM_AVI_Details: 
               AVIDetailsClick(); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         CloseContext(); 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the BMP menu.                             * 
*                                                                            * 
\****************************************************************************/ 
 
void BMPOpenClick() 
{ 
   if (GetOpenFilename("BMP files (*.bmp)","*.BMP") == ERR) return; 
   if (fg_bmphead(FileName,FileHeader) < 0) 
   { 
      wsprintf(mbString,"%s\nis not a BMP file.",(LPSTR)FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   nColors = fg_bmppal(FileName,NULL); 
   fg_bmpsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_showbmp(FileName,0); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
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   EnableMenuItem(hMenu,IDM_BMP_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_BMP_Details,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_PCX_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_PCX_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_JPEG_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Details,MF_GRAYED); 
} 
 
//--------------------------------------------------------------------------- 
 
void BMPMakeClick() 
{ 
   int ColorDepth; 
 
   if (GetSaveFilename("bmp") == ERR) return; 
 
   if (nColors == 0) 
      ColorDepth = 24; 
   else if (nColors == 256) 
      ColorDepth = 8; 
   else if (nColors == 16) 
      ColorDepth = 4; 
   else 
      ColorDepth = 1; 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   fg_makebmp(0,cxBuffer-1,0,cyBuffer-1,ColorDepth,FileName); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
} 
 
//--------------------------------------------------------------------------- 
 
void BMPDetailsClick() 
{ 
   if (nColors > 0) 
      wsprintf(mbString,"%s\n%dx%d pixels\n%d colors", 
         (LPSTR)FileName,cxBuffer,cyBuffer,nColors); 
   else 
      wsprintf(mbString,"%s\n%dx%d pixels\n24-bit RGB", 
         (LPSTR)FileName,cxBuffer,cyBuffer); 
   MessageBox(GetActiveWindow(),mbString,"Information",MB_ICONINFORMATION|MB_OK); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the PCX menu.                             * 
*                                                                            * 
\****************************************************************************/ 
 
void PCXOpenClick() 
{ 
   if (GetOpenFilename("PCX files (*.pcx)","*.PCX") == ERR) return; 
   if (fg_pcxhead(FileName,FileHeader) < 0) 
   { 
      wsprintf(mbString,"%s\nis not a PCX file.",(LPSTR)FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   nColors = fg_pcxpal(FileName,NULL); 
   fg_pcxsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_move(0,0); 
   fg_showpcx(FileName,FG_AT_XY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   ShowCursor(FALSE); 
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   SetCursor(hCursor); 
 
   EnableMenuItem(hMenu,IDM_BMP_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_BMP_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_PCX_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_PCX_Details,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_JPEG_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Details,MF_GRAYED); 
} 
 
//--------------------------------------------------------------------------- 
 
void PCXMakeClick() 
{ 
   if (GetSaveFilename("pcx") == ERR) return; 
 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   fg_makepcx(0,cxBuffer-1,0,cyBuffer-1,FileName); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
} 
 
//--------------------------------------------------------------------------- 
 
void PCXDetailsClick() 
{ 
   if (nColors > 0) 
      wsprintf(mbString,"%s\n%dx%d pixels\n%d colors", 
         (LPSTR)FileName,cxBuffer,cyBuffer,nColors); 
   else 
      wsprintf(mbString,"%s\n%dx%d pixels\n24-bit RGB", 
         (LPSTR)FileName,cxBuffer,cyBuffer); 
   MessageBox(GetActiveWindow(),mbString,"Information",MB_ICONINFORMATION|MB_OK); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the JPEG menu.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void JPEGOpenClick() 
{ 
   if (GetOpenFilename("JPEG files (*.jpg)","*.JPG") == ERR) return; 
 
   if (fg_jpeghead(FileName,FileHeader) < 0) 
   { 
      wsprintf(mbString,"%s\nis not a baseline JPEG file.",(LPSTR)FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   nColors = 0; 
   fg_jpegsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_showjpeg(FileName,0); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
 
   EnableMenuItem(hMenu,IDM_BMP_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_BMP_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_PCX_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_PCX_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_JPEG_Details,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Flic_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Frame,MF_GRAYED); 
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   EnableMenuItem(hMenu,IDM_Flic_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Details,MF_GRAYED); 
} 
 
//--------------------------------------------------------------------------- 
 
void JPEGDetailsClick() 
{ 
   wsprintf(mbString,"%s\n%dx%d pixels\n24-bit RGB", 
      (LPSTR)FileName,cxBuffer,cyBuffer); 
   MessageBox(GetActiveWindow(),mbString,"Information",MB_ICONINFORMATION|MB_OK); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the FLI/FLC menu.                         * 
*                                                                            * 
\****************************************************************************/ 
 
static int nFrames; 
 
void FlicOpenClick() 
{ 
   if (GetOpenFilename("flic files (*.fli,*.flc)","*.FLI;*.FLC") == ERR) 
      return; 
 
   if (fg_flichead(FileName,FileHeader) < 0) 
   { 
      wsprintf(mbString,"%s\nis not an FLI or FLC file.",(LPSTR)FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
   nColors = 256; 
   fg_flicsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_flicopen(FileName,Context); 
   fg_flicplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   memcpy(&nFrames,&FileHeader[6],2); 
 
   EnableMenuItem(hMenu,IDM_BMP_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_BMP_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_PCX_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_PCX_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_JPEG_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Play,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Flic_Frame,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Flic_Reset,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Flic_Details,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_AVI_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Details,MF_GRAYED); 
} 
 
//--------------------------------------------------------------------------- 
 
void FlicPlayClick() 
{ 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   fg_showflic(FileName,0,FG_NODELAY); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
   fg_flicskip(Context,-1); 
} 
 
//--------------------------------------------------------------------------- 
 
void FlicFrameClick() 
{ 
   if (fg_flicplay(Context,1,FG_NODELAY) == 0) 
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   { 
      fg_flicskip(Context,-1); 
      fg_flicplay(Context,1,FG_NODELAY); 
   } 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
 
//--------------------------------------------------------------------------- 
 
void FlicResetClick() 
{ 
   fg_flicskip(Context,-1); 
   fg_flicplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
 
//--------------------------------------------------------------------------- 
 
void FlicDetailsClick() 
{ 
   wsprintf(mbString,"%s\n%dx%d pixels\n%d frames", 
      (LPSTR)FileName,cxBuffer,cyBuffer,nFrames); 
   MessageBox(GetActiveWindow(),mbString,"Information",MB_ICONINFORMATION|MB_OK); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the AVI menu.                             * 
*                                                                            * 
\****************************************************************************/ 
 
void AVIOpenClick() 
{ 
   if (GetOpenFilename("AVI files (*.avi)","*.AVI") == ERR) 
      return; 
 
   if (fg_avihead(FileName,FileHeader) < 0) 
   { 
      wsprintf(mbString,"%s\nis not an AVI file.",(LPSTR)FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
   nColors = fg_avipal(FileName,NULL); 
   fg_avisize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   if (fg_aviopen(FileName,Context) < 0) 
   { 
      wsprintf(mbString,"Cannot play AVI file\n%s.",(LPSTR)FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      EnableMenuItem(hMenu,IDM_AVI_Play,MF_GRAYED); 
      EnableMenuItem(hMenu,IDM_AVI_Frame,MF_GRAYED); 
      EnableMenuItem(hMenu,IDM_AVI_Reset,MF_GRAYED); 
      EnableMenuItem(hMenu,IDM_AVI_Details,MF_GRAYED); 
      return; 
   } 
   fg_aviplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
 
   EnableMenuItem(hMenu,IDM_BMP_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_BMP_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_PCX_Make,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_PCX_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_JPEG_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Play,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Frame,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Reset,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Flic_Details,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_AVI_Play,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_AVI_Frame,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_AVI_Reset,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_AVI_Details,MF_ENABLED); 
} 
 
//--------------------------------------------------------------------------- 
 
void AVIPlayClick() 
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{ 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   fg_showavi(FileName,0,FG_NODELAY); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
   fg_aviskip(Context,-1); 
} 
 
//--------------------------------------------------------------------------- 
 
void AVIFrameClick() 
{ 
   if (fg_aviplay(Context,1,FG_NODELAY) == 0) 
   { 
      fg_aviskip(Context,-1); 
      fg_aviplay(Context,1,FG_NODELAY); 
   } 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
 
//--------------------------------------------------------------------------- 
 
void AVIResetClick() 
{ 
   fg_aviskip(Context,-1); 
   fg_aviplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
 
//--------------------------------------------------------------------------- 
 
void AVIDetailsClick() 
{ 
   if (nColors > 0) 
      wsprintf(mbString,"%s\n%dx%d pixels\n%d colors", 
         (LPSTR)FileName,cxBuffer,cyBuffer,nColors); 
   else 
      wsprintf(mbString,"%s\n%dx%d pixels\n24-bit RGB", 
         (LPSTR)FileName,cxBuffer,cyBuffer); 
   MessageBox(GetActiveWindow(),mbString,"Information",MB_ICONINFORMATION|MB_OK); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CloseContext()                                                            * 
*                                                                            * 
*  Closes the active flic or AVI context. This function is called from       * 
*  SwitchBuffers() and also from the WM_DESTROY handler.                     * 
*                                                                            * 
\****************************************************************************/ 
 
void CloseContext() 
{ 
   if (!(GetMenuState(hMenu,IDM_Flic_Details,MF_BYCOMMAND) & MFS_DISABLED)) 
      fg_flicdone(Context); 
   else if (!(GetMenuState(hMenu,IDM_AVI_Details,MF_BYCOMMAND) & MFS_DISABLED)) 
      fg_avidone(Context); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GetOpenFilename()                                                         * 
*                                                                            * 
*  Display a dialog box that selects a list of file names that match the     * 
*  specified file name. This function uses the Open File dialog box from the * 
*  Windows common dialog box library.                                        * 
*                                                                            * 
*  The selected file name is stored with full path information in the global * 
*  variable FileName.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
int GetOpenFilename(char *MatchType, char *MatchFile) 
{ 
   OPENFILENAME fn; 
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   register int i; 
   char Filter[128]; 
 
   // construct file name filter string 
   lstrcpy(Filter,MatchType); 
   i = lstrlen(Filter) + 1; 
   lstrcpy(&Filter[i],MatchFile); 
   i += lstrlen(&Filter[i]) + 1; 
   Filter[i] = '\0'; 
 
   // fill in structure fields for Open File dialog box 
   fn.lStructSize       = sizeof(OPENFILENAME); 
   fn.hwndOwner         = GetActiveWindow(); 
   fn.lpstrFilter       = Filter; 
   fn.lpstrCustomFilter = NULL; 
   fn.nFilterIndex      = 0; 
   fn.lpstrFile         = NULL; 
   fn.lpstrFile         = DefaultFile; 
   fn.nMaxFile          = sizeof(DefaultFile); 
   fn.lpstrFileTitle    = NULL; 
   fn.lpstrInitialDir   = NULL; 
   fn.lpstrTitle        = NULL; 
   fn.Flags             = OFN_READONLY; 
   fn.lpstrDefExt       = &MatchFile[2]; 
   *DefaultFile = '\0'; 
 
   // activate the Open File dialog box 
   if (GetOpenFileName(&fn)) 
   { 
      lstrcpy(FileName,DefaultFile); 
      return OK; 
   } 
   else 
      return ERR; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GetSaveFilename()                                                         * 
*                                                                            * 
*  Display a dialog box that selects a list of file names that match the     * 
*  specified file type. This function uses the Save File dialog box from the * 
*  Windows common dialog box library.                                        * 
*                                                                            * 
*  The selected file name is stored with full path information in the global * 
*  variable FileName.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
int GetSaveFilename(char *DefaultExt) 
{ 
   OPENFILENAME fn; 
 
   // fill in structure fields for Save File dialog box 
   fn.lStructSize       = sizeof(OPENFILENAME); 
   fn.hwndOwner         = GetActiveWindow(); 
   fn.lpstrCustomFilter = NULL; 
   fn.nFilterIndex      = 0; 
   fn.lpstrFile         = DefaultFile; 
   fn.nMaxFile          = sizeof(DefaultFile); 
   fn.lpstrFileTitle    = NULL; 
   fn.lpstrInitialDir   = NULL; 
   fn.lpstrTitle        = NULL; 
   fn.Flags             = OFN_HIDEREADONLY | OFN_OVERWRITEPROMPT | 
                          OFN_PATHMUSTEXIST; 
   fn.lpstrDefExt       = DefaultExt; 
 
   // construct file name filter string and default file name string 
   lstrcpy(DefaultFile,FileName); 
   if (lstrcmp(DefaultExt,"bmp") == 0) 
   { 
      fn.lpstrFilter = "BMP files (*.bmp)\0*.BMP\0\0"; 
      lstrcpy(strrchr(DefaultFile,'.'),".bmp"); 
   } 
   else if (lstrcmp(DefaultExt,"pcx") == 0) 
   { 
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      fn.lpstrFilter = "PCX files (*.pcx)\0*.PCX\0\0"; 
      lstrcpy(strrchr(DefaultFile,'.'),".pcx"); 
   } 
   else 
   { 
      fn.lpstrFilter = NULL; 
   } 
 
   // activate the Open File dialog box 
   if (GetSaveFileName(&fn)) 
   { 
      lstrcpy(FileName,DefaultFile); 
      return OK; 
   } 
   else 
      return ERR; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the active virtual buffer, then create and open a   * 
*  new virtual buffer to hold the new image file.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void SwitchBuffers() 
{ 
   CloseContext(); 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   if (nColors == 0) 
      fg_vbdepth(24); 
   else 
      fg_vbdepth(8); 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
} 

Image: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Image.cpp                                                                 * 
*  ImageU.cpp                                                                * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows image file display    * 
*  and creation functions.                                                   * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "ImageU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
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   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   cxBuffer = cyBuffer = 32; 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   CloseContext(); 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the BMP menu.                             * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::BMPOpenClick(TObject *Sender) 
{ 
   OpenDialog->DefaultExt = "bmp"; 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = "BMP files (*.bmp)|*.BMP"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
 
   if (fg_bmphead(FileName,FileHeader) < 0) 
   { 
      mbString = OpenDialog->FileName + "\nis not a BMP file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
   Cursor = crHourGlass; 
   nColors = fg_bmppal(FileName,NULL); 
   fg_bmpsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_showbmp(FileName,0); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Cursor = crDefault; 
 
   BMPMake->Enabled = True; 
   BMPDetails->Enabled = True; 
   PCXMake->Enabled = True; 
   PCXDetails->Enabled = False; 
   JPEGDetails->Enabled = False; 
   FlicPlay->Enabled = False; 
   FlicFrame->Enabled = False; 
   FlicReset->Enabled = False; 
   FlicDetails->Enabled = False; 
   AVIPlay->Enabled = False; 
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   AVIFrame->Enabled = False; 
   AVIReset->Enabled = False; 
   AVIDetails->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::BMPMakeClick(TObject *Sender) 
{ 
   int ColorDepth; 
 
   SaveDialog->DefaultExt = "bmp"; 
   SaveDialog->FileName = ChangeFileExt(FileName,".bmp"); 
   SaveDialog->Filter = "BMP files (*.bmp)|*.BMP"; 
   SaveDialog->Options << ofHideReadOnly; 
   SaveDialog->Options << ofOverwritePrompt; 
   SaveDialog->Options << ofPathMustExist; 
   if (!SaveDialog->Execute()) return; 
   strcpy(FileName,SaveDialog->FileName.c_str()); 
 
   if (nColors == 0) 
      ColorDepth = 24; 
   else if (nColors == 256) 
      ColorDepth = 8; 
   else if (nColors == 16) 
      ColorDepth = 4; 
   else 
      ColorDepth = 1; 
   Cursor = crHourGlass; 
   fg_makebmp(0,cxBuffer-1,0,cyBuffer-1,ColorDepth,FileName); 
   Cursor = crDefault; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::BMPDetailsClick(TObject *Sender) 
{ 
   mbString = ""; 
   mbString = mbString + FileName + "\n" + cxBuffer + "x" + cyBuffer + " pixels\n"; 
   if (nColors > 0) 
      mbString = mbString + nColors + " colors"; 
   else 
      mbString = mbString + "24-bit RGB"; 
   MessageDlg(mbString,mtInformation,TMsgDlgButtons()<<mbOK,0); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the PCX menu.                             * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::PCXOpenClick(TObject *Sender) 
{ 
   OpenDialog->DefaultExt = "pcx"; 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = "PCX files (*.pcx)|*.PCX"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
 
   if (fg_pcxhead(FileName,FileHeader) < 0) 
   { 
      mbString = OpenDialog->FileName + "\nis not a PCX file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
   Cursor = crHourGlass; 
   nColors = fg_pcxpal(FileName,NULL); 
   fg_pcxsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_move(0,0); 
   fg_showpcx(FileName,FG_AT_XY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Cursor = crDefault; 
 
   BMPMake->Enabled = True; 
   BMPDetails->Enabled = False; 
   PCXMake->Enabled = True; 
   PCXDetails->Enabled = True; 
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   JPEGDetails->Enabled = False; 
   FlicPlay->Enabled = False; 
   FlicFrame->Enabled = False; 
   FlicReset->Enabled = False; 
   FlicDetails->Enabled = False; 
   AVIPlay->Enabled = False; 
   AVIFrame->Enabled = False; 
   AVIReset->Enabled = False; 
   AVIDetails->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PCXMakeClick(TObject *Sender) 
{ 
   SaveDialog->DefaultExt = "pcx"; 
   SaveDialog->FileName = ChangeFileExt(FileName,".pcx"); 
   SaveDialog->Filter = "PCX files (*.pcx)|*.PCX"; 
   SaveDialog->Options << ofHideReadOnly; 
   SaveDialog->Options << ofOverwritePrompt; 
   SaveDialog->Options << ofPathMustExist; 
   if (!SaveDialog->Execute()) return; 
   strcpy(FileName,SaveDialog->FileName.c_str()); 
 
   Cursor = crHourGlass; 
   fg_makepcx(0,cxBuffer-1,0,cyBuffer-1,FileName); 
   Cursor = crDefault; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PCXDetailsClick(TObject *Sender) 
{ 
   mbString = ""; 
   mbString = mbString + FileName + "\n" + cxBuffer + "x" + cyBuffer + " pixels\n"; 
   if (nColors > 0) 
      mbString = mbString + nColors + " colors"; 
   else 
      mbString = mbString + "24-bit RGB"; 
   MessageDlg(mbString,mtInformation,TMsgDlgButtons()<<mbOK,0); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the JPEG menu.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::JPEGOpenClick(TObject *Sender) 
{ 
   OpenDialog->DefaultExt = "jpg"; 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = "JPEG files (*.jpg)|*.JPG"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
 
   if (fg_jpeghead(FileName,FileHeader) < 0) 
   { 
      mbString = OpenDialog->FileName + "\nis not a baseline JPEG file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
   Cursor = crHourGlass; 
   nColors = 0; 
   fg_jpegsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_showjpeg(FileName,0); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Cursor = crDefault; 
 
   BMPMake->Enabled = True; 
   BMPDetails->Enabled = False; 
   PCXMake->Enabled = True; 
   PCXDetails->Enabled = False; 
   JPEGDetails->Enabled = True; 
   FlicPlay->Enabled = False; 
   FlicFrame->Enabled = False; 
   FlicReset->Enabled = False; 
   FlicDetails->Enabled = False; 
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   AVIPlay->Enabled = False; 
   AVIFrame->Enabled = False; 
   AVIReset->Enabled = False; 
   AVIDetails->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::JPEGDetailsClick(TObject *Sender) 
{ 
   mbString = ""; 
   mbString = mbString 
      + FileName + "\n" 
      + cxBuffer + "x" + cyBuffer + " pixels\n" 
      + "24-bit RGB"; 
   MessageDlg(mbString,mtInformation,TMsgDlgButtons()<<mbOK,0); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the FLI/FLC menu.                         * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::FlicOpenClick(TObject *Sender) 
{ 
   OpenDialog->DefaultExt = "fli"; 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = "flic files (*.fli,*.flc)|*.FLI;*.FLC"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
 
   if (fg_flichead(FileName,FileHeader) < 0) 
   { 
      mbString = OpenDialog->FileName + "\nis not an FLI or FLC file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
   nColors = 256; 
   fg_flicsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_flicopen(FileName,Context); 
   fg_flicplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   memcpy(&nFrames,&FileHeader[6],2); 
 
   BMPMake->Enabled = True; 
   BMPDetails->Enabled = False; 
   PCXMake->Enabled = True; 
   PCXDetails->Enabled = False; 
   JPEGDetails->Enabled = False; 
   FlicPlay->Enabled = True; 
   FlicFrame->Enabled = True; 
   FlicReset->Enabled = True; 
   FlicDetails->Enabled = True; 
   AVIPlay->Enabled = False; 
   AVIFrame->Enabled = False; 
   AVIReset->Enabled = False; 
   AVIDetails->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FlicPlayClick(TObject *Sender) 
{ 
   Cursor = crHourGlass; 
   fg_showflic(FileName,0,FG_NODELAY); 
   Cursor = crDefault; 
   fg_flicskip(Context,-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FlicFrameClick(TObject *Sender) 
{ 
   if (fg_flicplay(Context,1,FG_NODELAY) == 0) 
   { 
      fg_flicskip(Context,-1); 
      fg_flicplay(Context,1,FG_NODELAY); 
   } 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
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} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FlicResetClick(TObject *Sender) 
{ 
   fg_flicskip(Context,-1); 
   fg_flicplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FlicDetailsClick(TObject *Sender) 
{ 
   mbString = ""; 
   mbString = mbString 
      + FileName + "\n" 
      + cxBuffer + "x" + cyBuffer + " pixels\n" 
      + nFrames + " frames"; 
   MessageDlg(mbString,mtInformation,TMsgDlgButtons()<<mbOK,0); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the AVI menu.                             * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::AVIOpenClick(TObject *Sender) 
{ 
   OpenDialog->DefaultExt = "avi"; 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = "AVI files (*.avi)|*.AVI"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
 
   if (fg_avihead(FileName,FileHeader) < 0) 
   { 
      mbString = OpenDialog->FileName + "\nis not an AVI file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
   nColors = fg_avipal(FileName,NULL); 
   fg_avisize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   if (fg_aviopen(FileName,Context) < 0) 
   { 
      mbString = "Cannot play AVI file\n" + OpenDialog->FileName + "."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      AVIPlay->Enabled = False; 
      AVIFrame->Enabled = False; 
      AVIReset->Enabled = False; 
      AVIDetails->Enabled = False; 
      return; 
   } 
   fg_aviplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
 
   BMPMake->Enabled = True; 
   BMPDetails->Enabled = False; 
   PCXMake->Enabled = True; 
   PCXDetails->Enabled = False; 
   JPEGDetails->Enabled = False; 
   FlicPlay->Enabled = False; 
   FlicFrame->Enabled = False; 
   FlicReset->Enabled = False; 
   FlicDetails->Enabled = False; 
   AVIPlay->Enabled = True; 
   AVIFrame->Enabled = True; 
   AVIReset->Enabled = True; 
   AVIDetails->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::AVIPlayClick(TObject *Sender) 
{ 
   Cursor = crHourGlass; 
   fg_showavi(FileName,0,FG_NODELAY); 
   Cursor = crDefault; 
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   fg_aviskip(Context,-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::AVIFrameClick(TObject *Sender) 
{ 
   if (fg_aviplay(Context,1,FG_NODELAY) == 0) 
   { 
      fg_aviskip(Context,-1); 
      fg_aviplay(Context,1,FG_NODELAY); 
   } 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::AVIResetClick(TObject *Sender) 
{ 
   fg_aviskip(Context,-1); 
   fg_aviplay(Context,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::AVIDetailsClick(TObject *Sender) 
{ 
   mbString = ""; 
   mbString = mbString + FileName + "\n" + cxBuffer + "x" + cyBuffer + " pixels\n"; 
   if (nColors > 0) 
      mbString = mbString + nColors + " colors"; 
   else 
      mbString = mbString + "24-bit RGB"; 
   MessageDlg(mbString,mtInformation,TMsgDlgButtons()<<mbOK,0); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CloseContext()                                                            * 
*                                                                            * 
*  Closes the active flic or AVI context. This function is called from       * 
*  SwitchBuffers() and also from the FormDestroy handler.                    * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CloseContext(void) 
{ 
   if (FlicDetails->Enabled) 
      fg_flicdone(Context); 
   else if (AVIDetails->Enabled) 
      fg_avidone(Context); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the active virtual buffer, then create and open a   * 
*  new virtual buffer to hold the new image file.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::SwitchBuffers(void) 
{ 
   CloseContext(); 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   if (nColors == 0) 
      fg_vbdepth(24); 
   else 
      fg_vbdepth(8); 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
} 
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Image: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Image.dpr                                                                 * 
*  ImageU.pas                                                                * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows image file display    * 
*  and creation functions.                                                   * 
*                                                                            * 
*****************************************************************************} 
 
unit ImageU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, CommDlg, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    BMP: TMenuItem; 
    BMPOpen: TMenuItem; 
    BMPMake: TMenuItem; 
    BMPDetails: TMenuItem; 
    PCX: TMenuItem; 
    PCXOpen: TMenuItem; 
    PCXMake: TMenuItem; 
    PCXDetails: TMenuItem; 
    JPEG: TMenuItem; 
    JPEGOpen: TMenuItem; 
    JPEGDetails: TMenuItem; 
    Flic: TMenuItem; 
    FlicOpen: TMenuItem; 
    FlicPlay: TMenuItem; 
    FlicFrame: TMenuItem; 
    FlicReset: TMenuItem; 
    FlicDetails: TMenuItem; 
    Exit1: TMenuItem; 
    AVI: TMenuItem; 
    AVIOpen: TMenuItem; 
    AVIPlay: TMenuItem; 
    AVIFrame: TMenuItem; 
    AVIReset: TMenuItem; 
    AVIDetails: TMenuItem; 
    OpenDialog: TOpenDialog; 
    SaveDialog: TSaveDialog; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure BMPOpenClick(Sender: TObject); 
    procedure BMPMakeClick(Sender: TObject); 
    procedure BMPDetailsClick(Sender: TObject); 
    procedure PCXOpenClick(Sender: TObject); 
    procedure PCXMakeClick(Sender: TObject); 
    procedure PCXDetailsClick(Sender: TObject); 
    procedure JPEGOpenClick(Sender: TObject); 
    procedure JPEGDetailsClick(Sender: TObject); 
    procedure FlicOpenClick(Sender: TObject); 
    procedure FlicPlayClick(Sender: TObject); 
    procedure FlicFrameClick(Sender: TObject); 
    procedure FlicResetClick(Sender: TObject); 
    procedure FlicDetailsClick(Sender: TObject); 
    procedure AVIOpenClick(Sender: TObject); 
    procedure AVIPlayClick(Sender: TObject); 
    procedure AVIFrameClick(Sender: TObject); 
    procedure AVIResetClick(Sender: TObject); 
    procedure AVIDetailsClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
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var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
  cxBuffer, cyBuffer : integer; 
  nColors : integer; 
 
  FileHeader : array [0..127] of byte; 
  FileName   : string; 
  mbString   : string; 
 
  Context : array [1..48] of byte; 
  nFrames : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  CloseContext()                                                            * 
*                                                                            * 
*  Closes the active flic or AVI context. This function is called from       * 
*  SwitchBuffers() and also from the FormDestroy handler.                    * 
*                                                                            * 
*****************************************************************************} 
 
procedure CloseContext; 
begin 
  if Form1.FlicDetails.Enabled then 
    fg_flicdone(Context) 
  else if Form1.AVIDetails.Enabled then 
    fg_avidone(Context); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the active virtual buffer, then create and open a   * 
*  new virtual buffer to hold the new image file.                            * 
*                                                                            * 
*****************************************************************************} 
 
procedure SwitchBuffers; 
begin 
  CloseContext; 
  fg_vbclose; 
  fg_vbfree(hVB); 
  if (nColors = 0) then 
    fg_vbdepth(24) 
  else 
    fg_vbdepth(8); 
  hVB := fg_vballoc(cxBuffer,cyBuffer); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
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  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  cxBuffer := 32; 
  cyBuffer := 32; 
  hVB := fg_vballoc(cxBuffer,cyBuffer); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  CloseContext; 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the BMP menu.                             * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.BMPOpenClick(Sender: TObject); 
begin 
  OpenDialog.DefaultExt := 'bmp'; 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 'BMP files (*.bmp)|*.BMP'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  if (fg_bmphead(FileName,FileHeader) < 0) then 
  begin 
    mbString := FileName + chr(13) + 'is not a BMP file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
  FileName := OpenDialog.FileName; 
  nColors := fg_bmppal(FileName,nil^); 
  Cursor := crHourGlass; 
  fg_bmpsize(FileHeader,cxBuffer,cyBuffer); 
  SwitchBuffers; 
  fg_showbmp(FileName,0); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Cursor := crDefault; 
 
  BMPMake.Enabled := True; 
  BMPDetails.Enabled := True; 
  PCXMake.Enabled := True; 
  PCXDetails.Enabled := False; 
  JPEGDetails.Enabled := False; 
  FlicPlay.Enabled := False; 
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  FlicFrame.Enabled := False; 
  FlicReset.Enabled := False; 
  FlicDetails.Enabled := False; 
  AVIPlay.Enabled := False; 
  AVIFrame.Enabled := False; 
  AVIReset.Enabled := False; 
  AVIDetails.Enabled := False; 
end; 
 
procedure TForm1.BMPMakeClick(Sender: TObject); 
var 
  ColorDepth : integer; 
begin 
  SaveDialog.DefaultExt := 'bmp'; 
  SaveDialog.FileName := ChangeFileExt(FileName,'.bmp'); 
  SaveDialog.Filter := 'BMP files (*.bmp)|*.BMP'; 
  SaveDialog.Options := [ofHideReadOnly,ofOverwritePrompt,ofPathMustExist]; 
  if (SaveDialog.Execute = False) then Exit; 
  FileName := SaveDialog.FileName; 
 
  if (nColors = 0) then 
    ColorDepth := 24 
  else if (nColors = 256) then 
    ColorDepth := 8 
  else if (nColors = 16) then 
    ColorDepth := 4 
  else 
    ColorDepth := 1; 
  Cursor := crHourGlass; 
  fg_makebmp(0,cxBuffer-1,0,cyBuffer-1,ColorDepth,FileName); 
  Cursor := crDefault; 
end; 
 
procedure TForm1.BMPDetailsClick(Sender: TObject); 
begin 
  mbString := ''; 
  mbString := mbString + FileName + chr(13) + 
    IntToStr(cxBuffer) + 'x' + IntToStr(cyBuffer) + ' pixels' + chr(13); 
  if (nColors > 0) then 
    mbString := mbString + IntToStr(nColors) + ' colors' 
  else 
    mbString := mbString + '24-bit RGB'; 
  MessageDlg(mbString,mtInformation,[mbOK],0); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the PCX menu.                             * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.PCXOpenClick(Sender: TObject); 
begin 
  OpenDialog.DefaultExt := 'pcx'; 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 'PCX files (*.pcx)|*.PCX'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  if (fg_pcxhead(FileName,FileHeader) < 0) then 
  begin 
    mbString := FileName + chr(13) + 'is not a PCX file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
  nColors := fg_pcxpal(FileName,nil^); 
  Cursor := crHourGlass; 
  fg_pcxsize(FileHeader,cxBuffer,cyBuffer); 
  SwitchBuffers; 
  fg_move(0,0); 
  fg_showpcx(FileName,FG_AT_XY); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Cursor := crDefault; 
 
  BMPMake.Enabled := True; 
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  BMPDetails.Enabled := False; 
  PCXMake.Enabled := True; 
  PCXDetails.Enabled := True; 
  JPEGDetails.Enabled := False; 
  FlicPlay.Enabled := False; 
  FlicFrame.Enabled := False; 
  FlicReset.Enabled := False; 
  FlicDetails.Enabled := False; 
  AVIPlay.Enabled := False; 
  AVIFrame.Enabled := False; 
  AVIReset.Enabled := False; 
  AVIDetails.Enabled := False; 
end; 
 
procedure TForm1.PCXMakeClick(Sender: TObject); 
begin 
  SaveDialog.DefaultExt := 'pcx'; 
  SaveDialog.FileName := ChangeFileExt(FileName,'.pcx'); 
  SaveDialog.Filter := 'PCX files (*.pcx)|*.PCX'; 
  SaveDialog.Options := [ofHideReadOnly,ofOverwritePrompt,ofPathMustExist]; 
  if (SaveDialog.Execute = False) then Exit; 
 
  FileName := SaveDialog.FileName; 
  Cursor := crHourGlass; 
  fg_makepcx(0,cxBuffer-1,0,cyBuffer-1,FileName); 
  Cursor := crDefault; 
end; 
 
procedure TForm1.PCXDetailsClick(Sender: TObject); 
begin 
  mbString := ''; 
  mbString := mbString + FileName + chr(13) + 
    IntToStr(cxBuffer) + 'x' + IntToStr(cyBuffer) + ' pixels' + chr(13); 
  if (nColors > 0) then 
    mbString := mbString + IntToStr(nColors) + ' colors' 
  else 
    mbString := mbString + '24-bit RGB'; 
  MessageDlg(mbString,mtInformation,[mbOK],0); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the JPEG menu.                            * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.JPEGOpenClick(Sender: TObject); 
begin 
  OpenDialog.DefaultExt := 'jpg'; 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 'JPEG files (*.jpg)|*.JPG'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  if (fg_jpeghead(FileName,FileHeader) < 0) then 
  begin 
    mbString := FileName + chr(13) + 'is not a baseline JPEG file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
  nColors := 0; 
  Cursor := crHourGlass; 
  fg_jpegsize(FileHeader,cxBuffer,cyBuffer); 
  SwitchBuffers; 
  fg_showjpeg(FileName,0); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Cursor := crDefault; 
 
  BMPMake.Enabled := True; 
  BMPDetails.Enabled := False; 
  PCXMake.Enabled := True; 
  PCXDetails.Enabled := False; 
  JPEGDetails.Enabled := True; 
  FlicPlay.Enabled := False; 
  FlicFrame.Enabled := False; 
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  FlicReset.Enabled := False; 
  FlicDetails.Enabled := False; 
  AVIPlay.Enabled := False; 
  AVIFrame.Enabled := False; 
  AVIReset.Enabled := False; 
  AVIDetails.Enabled := False; 
end; 
 
procedure TForm1.JPEGDetailsClick(Sender: TObject); 
begin 
  mbString := ''; 
  mbString := mbString + FileName + chr(13) + 
    IntToStr(cxBuffer) + 'x' + IntToStr(cyBuffer) + ' pixels' + chr(13); 
  mbString := mbString + '24-bit RGB'; 
  MessageDlg(mbString,mtInformation,[mbOK],0); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the FLI/FLC menu.                         * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.FlicOpenClick(Sender: TObject); 
begin 
  OpenDialog.DefaultExt := 'fli'; 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 'flic files (*.fli,*.flc)|*.FLI;*.FLC'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  if (fg_flichead(FileName,FileHeader) < 0) then 
  begin 
    mbString := FileName + chr(13) + 'is not an FLI or FLC file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
  nColors := 256; 
  fg_flicsize(FileHeader,cxBuffer,cyBuffer); 
  SwitchBuffers; 
  fg_flicopen(FileName,Context); 
  fg_flicplay(Context,1,FG_NODELAY); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Move(FileHeader[6],nFrames,2); 
 
  BMPMake.Enabled := True; 
  BMPDetails.Enabled := False; 
  PCXMake.Enabled := True; 
  PCXDetails.Enabled := False; 
  JPEGDetails.Enabled := False; 
  FlicPlay.Enabled := True; 
  FlicFrame.Enabled := True; 
  FlicReset.Enabled := True; 
  FlicDetails.Enabled := True; 
  AVIPlay.Enabled := False; 
  AVIFrame.Enabled := False; 
  AVIReset.Enabled := False; 
  AVIDetails.Enabled := False; 
end; 
 
procedure TForm1.FlicPlayClick(Sender: TObject); 
begin 
  Cursor := crHourGlass; 
  fg_showflic(FileName,0,FG_NODELAY); 
  Cursor := crDefault; 
  fg_flicskip(Context,-1); 
end; 
 
procedure TForm1.FlicFrameClick(Sender: TObject); 
begin 
  if (fg_flicplay(Context,1,FG_NODELAY) = 0) then 
  begin 
    fg_flicskip(Context,-1); 
    fg_flicplay(Context,1,FG_NODELAY); 
  end; 
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  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FlicResetClick(Sender: TObject); 
begin 
  fg_flicskip(Context,-1); 
  fg_flicplay(Context,1,FG_NODELAY); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FlicDetailsClick(Sender: TObject); 
begin 
  mbString := ''; 
  mbString := mbString + FileName + chr(13) + 
    IntToStr(cxBuffer) + 'x' + IntToStr(cyBuffer) + ' pixels' + chr(13); 
  mbString := mbString + IntToStr(nFrames) + ' frames'; 
  MessageDlg(mbString,mtInformation,[mbOK],0); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the AVI menu.                             * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.AVIOpenClick(Sender: TObject); 
begin 
  OpenDialog.DefaultExt := 'avi'; 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 'AVI files (*.avi)|*.AVI'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  if (fg_avihead(FileName,FileHeader) < 0) then 
  begin 
    mbString := FileName + chr(13) + 'is not an AVI file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
  nColors := fg_avipal(FileName,nil^); 
  fg_avisize(FileHeader,cxBuffer,cyBuffer); 
  SwitchBuffers; 
  if (fg_aviopen(FileName,Context) < 0) then 
  begin 
    mbString := 'Cannot play AVI file' + chr(13) + FileName + '.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    AVIPlay.Enabled := False; 
    AVIFrame.Enabled := False; 
    AVIReset.Enabled := False; 
    AVIDetails.Enabled := False; 
    Exit; 
  end; 
  fg_aviplay(Context,1,FG_NODELAY); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
 
  BMPMake.Enabled := True; 
  BMPDetails.Enabled := False; 
  PCXMake.Enabled := True; 
  PCXDetails.Enabled := False; 
  JPEGDetails.Enabled := False; 
  FlicPlay.Enabled := False; 
  FlicFrame.Enabled := False; 
  FlicReset.Enabled := False; 
  FlicDetails.Enabled := False; 
  AVIPlay.Enabled := True; 
  AVIFrame.Enabled := True; 
  AVIReset.Enabled := True; 
  AVIDetails.Enabled := True; 
end; 
 
procedure TForm1.AVIPlayClick(Sender: TObject); 
begin 
  Cursor := crHourGlass; 
  fg_showavi(FileName,0,FG_NODELAY); 
  Cursor := crDefault; 
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  fg_aviskip(Context,-1); 
end; 
 
procedure TForm1.AVIFrameClick(Sender: TObject); 
begin 
  if (fg_aviplay(Context,1,FG_NODELAY) = 0) then 
  begin 
    fg_aviskip(Context,-1); 
    fg_aviplay(Context,1,FG_NODELAY); 
  end; 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.AVIResetClick(Sender: TObject); 
begin 
  fg_aviskip(Context,-1); 
  fg_aviplay(Context,1,FG_NODELAY); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.AVIDetailsClick(Sender: TObject); 
begin 
  mbString := ''; 
  mbString := mbString + FileName + chr(13) + 
    IntToStr(cxBuffer) + 'x' + IntToStr(cyBuffer) + ' pixels' + chr(13); 
  if (nColors > 0) then 
    mbString := mbString + IntToStr(nColors) + ' colors' 
  else 
    mbString := mbString + '24-bit RGB'; 
  MessageDlg(mbString,mtInformation,[mbOK],0); 
end; 
 
{****************************************************************************} 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Image: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Image.frm                                                                 * 
'                                                                            * 
'  This program demonstrates the Fastgraph for Windows image file display    * 
'  and creation functions.                                                   * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
Dim cxBuffer As Long, cyBuffer As Long 
 
Dim nColors As Long 
Dim nFrames As Long 
 
Dim Context(48) As Byte 
Dim FileHeader(128) As Byte 
Dim FileName As String 
Dim mbString As String 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
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   Call fg_vbinit 
   cxBuffer = 32 
   cyBuffer = 32 
   hVB = fg_vballoc(cxBuffer, cyBuffer) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call CloseContext 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the BMP menu.                             * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuBMPItem_Click(Index As Integer) 
   Dim ColorDepth As Long 
   On Error GoTo ErrHandler 
 
   Select Case Index 
      Case 0   ' Open 
         CommonDialog1.CancelError = True 
         CommonDialog1.DefaultExt = "bmp" 
         CommonDialog1.FileName = "" 
         CommonDialog1.Filter = "BMP files (*.bmp)|*.BMP" 
         CommonDialog1.Flags = cdlOFNReadOnly 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowOpen 
         FileName = CommonDialog1.FileName 
         If fg_bmphead(FileName, FileHeader(0)) < 0 Then 
            Call MsgBox(FileName + vbCr + " is not a BMP file.", vbCritical, "Error") 
            Exit Sub 
         End If 
         Screen.MousePointer = 11 
         nColors = fg_bmppal(FileName, ByVal 0) 
         Call fg_bmpsize(FileHeader(0), cxBuffer, cyBuffer) 
         Call SwitchBuffers 
         Call fg_showbmp(FileName, 0) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
         Screen.MousePointer = 0 
 
         mnuBMPItem(1).Enabled = True 
         mnuBMPItem(2).Enabled = True 
         mnuPCXItem(1).Enabled = True 
         mnuPCXItem(2).Enabled = False 
         mnuJPEGItem(1).Enabled = False 
         mnuFlicItem(1).Enabled = False 
         mnuFlicItem(2).Enabled = False 
         mnuFlicItem(3).Enabled = False 
         mnuFlicItem(4).Enabled = False 
         mnuAVIItem(1).Enabled = False 
         mnuAVIItem(2).Enabled = False 
         mnuAVIItem(3).Enabled = False 
         mnuAVIItem(4).Enabled = False 
 
      Case 1   ' Make 
         CommonDialog1.CancelError = True 
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         CommonDialog1.DefaultExt = "bmp" 
         CommonDialog1.FileName = Left(FileName, InStr(FileName, ".") - 1) + ".bmp" 
         CommonDialog1.Filter = "BMP files (*.bmp)|*.BMP" 
         CommonDialog1.Flags = cdlOFNHideReadOnly + cdlOFNOverwritePrompt + _ 
                               cdlOFNPathMustExist 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowSave 
         FileName = CommonDialog1.FileName 
         If nColors = 0 Then 
           ColorDepth = 24 
         ElseIf nColors = 256 Then 
           ColorDepth = 8 
         ElseIf nColors = 16 Then 
           ColorDepth = 4 
         Else 
           ColorDepth = 1 
         End If 
         Screen.MousePointer = 11 
         Call fg_makebmp(0, cxBuffer - 1, 0, cyBuffer - 1, ColorDepth, FileName) 
         Screen.MousePointer = 0 
 
      Case 2   ' Details 
         mbString = FileName + vbCr + _ 
                  Str(cxBuffer) + " x" + Str(cyBuffer) + " pixels" + vbCr 
         If nColors > 0 Then 
            mbString = mbString + Str(nColors) + " colors" 
         Else 
            mbString = mbString + "24-bit RGB" 
         End If 
         Call MsgBox(mbString, vbInformation, "Information") 
   End Select 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the PCX menu.                             * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuPCXItem_Click(Index As Integer) 
   On Error GoTo ErrHandler 
 
   Select Case Index 
      Case 0   ' Open 
         CommonDialog1.CancelError = True 
         CommonDialog1.DefaultExt = "pcx" 
         CommonDialog1.FileName = "" 
         CommonDialog1.Filter = "PCX files (*.pcx)|*.PCX" 
         CommonDialog1.Flags = cdlOFNReadOnly 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowOpen 
         FileName = CommonDialog1.FileName 
         If fg_pcxhead(FileName, FileHeader(0)) < 0 Then 
            Call MsgBox(FileName + vbCr + " is not a PCX file.", vbCritical, "Error") 
            Exit Sub 
         End If 
         Screen.MousePointer = 11 
         nColors = fg_pcxpal(FileName, ByVal 0) 
         Call fg_pcxsize(FileHeader(0), cxBuffer, cyBuffer) 
         Call SwitchBuffers 
         Call fg_move(0, 0) 
         Call fg_showpcx(FileName, FG_AT_XY) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
         Screen.MousePointer = 0 
 
         mnuBMPItem(1).Enabled = True 
         mnuBMPItem(2).Enabled = False 
         mnuPCXItem(1).Enabled = True 
         mnuPCXItem(2).Enabled = True 
         mnuJPEGItem(1).Enabled = False 
         mnuFlicItem(1).Enabled = False 
         mnuFlicItem(2).Enabled = False 
         mnuFlicItem(3).Enabled = False 
         mnuFlicItem(4).Enabled = False 
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         mnuAVIItem(1).Enabled = False 
         mnuAVIItem(2).Enabled = False 
         mnuAVIItem(3).Enabled = False 
         mnuAVIItem(4).Enabled = False 
 
      Case 1   ' Make 
         CommonDialog1.CancelError = True 
         CommonDialog1.DefaultExt = "pcx" 
         CommonDialog1.FileName = Left(FileName, InStr(FileName, ".") - 1) + ".pcx" 
         CommonDialog1.Filter = "PCX files (*.pcx)|*.PCX" 
         CommonDialog1.Flags = cdlOFNHideReadOnly + cdlOFNOverwritePrompt + _ 
                               cdlOFNPathMustExist 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowSave 
         FileName = CommonDialog1.FileName 
         Screen.MousePointer = 11 
         Call fg_makepcx(0, cxBuffer - 1, 0, cyBuffer - 1, FileName) 
         Screen.MousePointer = 0 
 
      Case 2   ' Details 
         mbString = FileName + vbCr + _ 
                  Str(cxBuffer) + " x" + Str(cyBuffer) + " pixels" + vbCr 
         If nColors > 0 Then 
            mbString = mbString + Str(nColors) + " colors" 
         Else 
            mbString = mbString + "24-bit RGB" 
         End If 
         Call MsgBox(mbString, vbInformation, "Information") 
   End Select 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the JPEG menu.                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuJPEGItem_Click(Index As Integer) 
   On Error GoTo ErrHandler 
 
   Select Case Index 
      Case 0   ' Open 
         CommonDialog1.CancelError = True 
         CommonDialog1.DefaultExt = "jpg" 
         CommonDialog1.FileName = "" 
         CommonDialog1.Filter = "JPEG files (*.jpg)|*.JPG" 
         CommonDialog1.Flags = cdlOFNReadOnly 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowOpen 
         FileName = CommonDialog1.FileName 
         If fg_jpeghead(FileName, FileHeader(0)) < 0 Then 
            Call MsgBox(FileName + vbCr + " is not a baseline JPEG file.", vbCritical, 
                        "Error") 
            Exit Sub 
         End If 
         Screen.MousePointer = 11 
         nColors = 0 
         Call fg_jpegsize(FileHeader(0), cxBuffer, cyBuffer) 
         Call SwitchBuffers 
         Call fg_showjpeg(FileName, 0) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
         Screen.MousePointer = 0 
 
         mnuBMPItem(1).Enabled = True 
         mnuBMPItem(2).Enabled = False 
         mnuPCXItem(1).Enabled = True 
         mnuPCXItem(2).Enabled = False 
         mnuJPEGItem(1).Enabled = True 
         mnuFlicItem(1).Enabled = False 
         mnuFlicItem(2).Enabled = False 
         mnuFlicItem(3).Enabled = False 
         mnuFlicItem(4).Enabled = False 
         mnuAVIItem(1).Enabled = False 
         mnuAVIItem(2).Enabled = False 
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         mnuAVIItem(3).Enabled = False 
         mnuAVIItem(4).Enabled = False 
 
      Case 1   ' Details 
         mbString = FileName + vbCr + _ 
                  Str(cxBuffer) + " x" + Str(cyBuffer) + " pixels" + vbCr + _ 
                  "24-bit RGB" 
         Call MsgBox(mbString, vbInformation, "Information") 
   End Select 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the FLI/FLC menu.                         * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuFlicItem_Click(Index As Integer) 
   On Error GoTo ErrHandler 
 
   Select Case Index 
      Case 0   ' Open 
         CommonDialog1.CancelError = True 
         CommonDialog1.DefaultExt = "fli" 
         CommonDialog1.FileName = "" 
         CommonDialog1.Filter = "flic files (*.fli,*.flc)|*.FLI;*.FLC" 
         CommonDialog1.Flags = cdlOFNReadOnly 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowOpen 
         FileName = CommonDialog1.FileName 
         If fg_flichead(FileName, FileHeader(0)) < 0 Then 
            Call MsgBox(FileName + vbCr + " is not an FLI or FLC file.", vbCritical, 
                        "Error") 
            Exit Sub 
         End If 
         nColors = 256 
         Call fg_flicsize(FileHeader(0), cxBuffer, cyBuffer) 
         Call SwitchBuffers 
         Call fg_flicopen(FileName, Context(0)) 
         Call fg_flicplay(Context(0), 1, FG_NODELAY) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
         nFrames = FileHeader(7) * 256 + FileHeader(6) 
 
         mnuBMPItem(1).Enabled = True 
         mnuBMPItem(2).Enabled = False 
         mnuPCXItem(1).Enabled = True 
         mnuPCXItem(2).Enabled = False 
         mnuJPEGItem(1).Enabled = False 
         mnuFlicItem(1).Enabled = True 
         mnuFlicItem(2).Enabled = True 
         mnuFlicItem(3).Enabled = True 
         mnuFlicItem(4).Enabled = True 
         mnuAVIItem(1).Enabled = False 
         mnuAVIItem(2).Enabled = False 
         mnuAVIItem(3).Enabled = False 
         mnuAVIItem(4).Enabled = False 
 
      Case 1   ' Play 
         Screen.MousePointer = 11 
         Call fg_showflic(FileName, 0, FG_NODELAY) 
         Screen.MousePointer = 0 
         Call fg_flicskip(Context(0), -1) 
 
      Case 2   ' Frame 
         If fg_flicplay(Context(0), 1, FG_NODELAY) = 0 Then 
            Call fg_flicskip(Context(0), -1) 
            Call fg_flicplay(Context(0), 1, FG_NODELAY) 
         End If 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
 
      Case 3   ' Reset 
         Call fg_flicskip(Context(0), -1) 
         Call fg_flicplay(Context(0), 1, FG_NODELAY) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
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      Case 4   ' Details 
         mbString = FileName + vbCr + _ 
                  Str(cxBuffer) + " x" + Str(cyBuffer) + " pixels" + vbCr + _ 
                  Str(nFrames) + " frames" 
         Call MsgBox(mbString, vbInformation, "Information") 
   End Select 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the AVI menu.                             * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuAVIItem_Click(Index As Integer) 
   On Error GoTo ErrHandler 
 
   Select Case Index 
      Case 0   ' Open 
         CommonDialog1.CancelError = True 
         CommonDialog1.DefaultExt = "avi" 
         CommonDialog1.FileName = "" 
         CommonDialog1.Filter = "AVI files (*.avi)|*.AVI" 
         CommonDialog1.Flags = cdlOFNReadOnly 
         CommonDialog1.InitDir = App.Path 
         CommonDialog1.ShowOpen 
         FileName = CommonDialog1.FileName 
         If fg_avihead(FileName, FileHeader(0)) < 0 Then 
            Call MsgBox(FileName + vbCr + " is not an AVI file.", vbCritical, "Error") 
            Exit Sub 
         End If 
         nColors = fg_avipal(FileName, ByVal 0) 
         Call fg_avisize(FileHeader(0), cxBuffer, cyBuffer) 
         Call SwitchBuffers 
         If fg_aviopen(FileName, Context(0)) < 0 Then 
            Call MsgBox("Cannot play AVI file" + vbCr + FileName + ".", vbCritical, 
                        "Error") 
            mnuAVIItem(1).Enabled = False 
            mnuAVIItem(2).Enabled = False 
            mnuAVIItem(3).Enabled = False 
            mnuAVIItem(4).Enabled = False 
            Exit Sub 
         End If 
         Call fg_aviplay(Context(0), 1, FG_NODELAY) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
 
         mnuBMPItem(1).Enabled = True 
         mnuBMPItem(2).Enabled = False 
         mnuPCXItem(1).Enabled = True 
         mnuPCXItem(2).Enabled = False 
         mnuJPEGItem(1).Enabled = False 
         mnuFlicItem(1).Enabled = False 
         mnuFlicItem(2).Enabled = False 
         mnuFlicItem(3).Enabled = False 
         mnuFlicItem(4).Enabled = False 
         mnuAVIItem(1).Enabled = True 
         mnuAVIItem(2).Enabled = True 
         mnuAVIItem(3).Enabled = True 
         mnuAVIItem(4).Enabled = True 
 
      Case 1   ' Play 
         Screen.MousePointer = 11 
         Call fg_showavi(FileName, 0, FG_NODELAY) 
         Screen.MousePointer = 0 
         Call fg_aviskip(Context(0), -1) 
 
      Case 2   ' Frame 
         If fg_aviplay(Context(0), 1, FG_NODELAY) = 0 Then 
            Call fg_aviskip(Context(0), -1) 
            Call fg_aviplay(Context(0), 1, FG_NODELAY) 
         End If 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
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      Case 3   ' Reset 
         Call fg_aviskip(Context(0), -1) 
         Call fg_aviplay(Context(0), 1, FG_NODELAY) 
         Call fg_vbscale(0, cxBuffer-1, 0, cyBuffer-1, 0, cxClient-1, 0, cyClient-1) 
 
      Case 4   ' Details 
         mbString = FileName + vbCr + _ 
                  Str(cxBuffer) + " x" + Str(cyBuffer) + " pixels" + vbCr 
         If nColors > 0 Then 
            mbString = mbString + Str(nColors) + " colors" 
         Else 
            mbString = mbString + "24-bit RGB" 
         End If 
         Call MsgBox(mbString, vbInformation, "Information") 
   End Select 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  CloseContext()                                                            * 
'                                                                            * 
'  Closes the active flic or AVI context. This function is called from       * 
'  SwitchBuffers() and also from the Form_Unload handler.                    * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CloseContext() 
   If mnuFlicItem(4).Enabled Then 
     Call fg_flicdone(Context(0)) 
   ElseIf mnuAVIItem(4).Enabled Then 
     Call fg_avidone(Context(0)) 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  SwitchBuffers()                                                           * 
'                                                                            * 
'  Close the and release the active virtual buffer, then create and open a   * 
'  new virtual buffer to hold the new image file.                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub SwitchBuffers() 
   Call CloseContext 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   If nColors = 0 Then 
      Call fg_vbdepth(24) 
   Else 
      Call fg_vbdepth(8) 
   End If 
   hVB = fg_vballoc(cxBuffer, cyBuffer) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
End Sub 

The BMP|Open handler first obtains a file name through the Open File dialog box. If successful, 
we call fg_bmphead() to read the BMP file header and verify that the file really is a BMP file. If not, we 
display a message box and return. If we get this far, then we do have a BMP file, so we call fg_bmppal() 
to determine the number of colors in the BMP image, storing the result in the global variable nColors. 
Next we call fg_bmpsize() to get the BMP image width and height, storing these values in the global 
variables cxBuffer and cyBuffer. We then call SwitchBuffers() to release the current virtual buffer 
and create a new virtual buffer with dimensions equal to those of the BMP file we’re loading. Next, 
fg_showbmp() loads the BMP file into the virtual buffer, and fg_vbscale() makes it visible in the client 
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area. Finally, we enable the remaining items on the BMP menu and disable all items on the other menus 
except Open and Make. 

The BMP|Make handler obtains the name of the BMP file to create through a Save File dialog 
box. If successful, we call fg_makebmp() to create a BMP file with the same color depth as the original 
image. 

The BMP|Details handler displays the image dimensions and color depth in a message box, using 
the values obtained during BMP|Open processing. 

The PCX|Open handler is very similar to the BMP|Open handler. Note that we specify the 
FG_AT_XY flag in the fg_showpcx() flags parameter. This overrides the image positioning information in 
the PCX header, which might specify a position other than (0,0). 

The PCX|Make handler obtains the name of the PCX file to create through a Save File dialog 
box. If successful, we call fg_makepcx() to create a 256-color PCX file if the original image was palette-
based, or a 24-bit PCX file if the original image was a direct color image. 

The PCX|Details handler displays the image dimensions and color depth in a message box, using 
the values obtained during PCX|Open processing. 

The JPEG|Open handler first obtains a file name through the Open File dialog box. If successful, 
we call fg_jpeghead() to read the JPEG file header and verify that the file really is a baseline JPEG file. If 
not, we display a message box and return. If we get this far, then we do have a baseline JPEG file, so we 
set the nColors global to zero (because JPEG files are always direct color images). We then call 
fg_jpegsize() to obtain the image dimensions and SwitchBuffers() to perform the required virtual buffer 
setup. Next, we call fg_showjpeg() to load the JPEG file into the virtual buffer, and then call fg_vbscale() 
to display the image in the client area. Finally, we enable the Details item on the JPEG menu and disable 
all items on the other menus except Open and Make. 

The JPEG|Details handler displays information about the JPEG file, using values obtained during the 
JPEG|Open processing. Because JPEG files are always direct color images, we always display the image 
color depth as 24-bit RGB. 

The FLI/FLC|Open handler first obtains the name of an FLI or FLC file and then calls 
fg_flichead() to read the flic file header. After making sure we have indeed selected a flic file, we set the 
nColors global to 256 (because flic files are always 256-color images) and call fg_flicsize() to obtain the 
image dimensions. The SwitchBuffers() function then performs the virtual buffer setup. We then call 
fg_flicopen() to set up the 16-byte context descriptor for the low-level flic file functions, fg_flicplay() to 
load the first frame into the virtual buffer, and fg_vbscale() to make it visible in the client area. Next, we 
extract the frame count from offsets 6 and 7 in the flic file header. Finally, we enable the remaining items 
in the FLI/FLC menu and disable the Details items in the other menus. 

The FLI/FLC|Play handler plays the flic file continuously with fg_showflic(). The flic file plays until 
the Escape key is pressed. After this, we call fg_flicskip() with a negative frame count to rewind the flic 
file, so the next call to fg_flicplay() will start with the first frame. 

The FLI/FLC|Frame handler calls fg_flicplay() to play the next frame from the flic file. If 
fg_flicplay() returns a zero frame count, we’ve reached the end of file, so we rewind the flic file and again 
call fg_flicplay() to replay the first frame. In any case, we then call fg_vbscale() to make the frame 
visible in the client area. 

The FLI/FLC|Reset handler calls fg_flicskip() with a negative frame count to rewind the flic file, 
and then calls fg_flicplay() to play the first frame. As usual, fg_vbscale() makes the first frame visible. 

The FLI/FLC|Details handler displays information about the flic file, using values obtained during the 
FLI/FLC|Open processing. Because flic files always contain 256 colors, we instead display the frame count, 
which is a more meaningful metric than the color depth for flic files. 
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The AVI|Open handler first obtains a file name through the Open File dialog box. If successful, we 
call fg_avihead() to read the AVI file header and verify that the file really is an AVI file. If not, we display a 
message box and return. If we get this far, then we do have an AVI file, so we call fg_avipal() to 
determine the number of colors in the AVI image, storing the result in the global variable nColors. Next 
we call fg_avisize() to obtain the image dimensions. The SwitchBuffers() function then performs the 
virtual buffer setup. We then call fg_aviopen() to set up the 48-byte context descriptor for the low-level 
AVI functions. If successful, we call fg_aviplay() to load the first frame into the virtual buffer, and 
fg_vbscale() to make it visible in the client area. Finally, we enable the remaining items in the AVI menu 
and disable the Details items in the other menus. 

The AVI|Play handler plays the AVI file continuously with fg_showavi(). The AVI file plays until 
the Escape key is pressed. After this, we call fg_aviskip() with a negative frame count to rewind the AVI 
file, so the next call to fg_aviplay() will start with the first frame. 

The AVI|Frame handler calls fg_aviplay() to play the next frame from the AVI file. If fg_aviplay() 
returns a zero frame count, we’ve reached the end of file, so we rewind the AVI file and again call 
fg_aviplay() to replay the first frame. In any case, we then call fg_vbscale() to make the frame visible in 
the client area. 

The AVI|Reset handler calls fg_aviskip() with a negative frame count to rewind the AVI file, and 
then calls fg_aviplay() to play the first frame. As usual, fg_vbscale() makes the first frame visible. 

The AVI|Details handler displays information about the AVI file, using values obtained during the 
AVI|Open processing. 

Color Mapping and Reduction 
Palette-based image files usually include a color palette that defines the RGB color values for the 

image. In most cases, some of these colors will conflict with the Windows system colors (colors 0-9 and 
246-255). This section explains how Fastgraph's image file display and creation functions avoid this 
conflict. 

For monochrome and 16-color BMP and PCX files, fg_showbmp(), fg_showpcx(), and 
fg_loadpcx() always remap the color indices to avoid using the first ten Windows system colors. They do 
this by adding 10 to each pixel's value. This means 16-color images will use colors 10 to 25 in the logical 
palette, and monochrome images will use colors 10 and 11. Similarly, fg_makebmp() subtracts 10 from 
each pixel’s value when creating a 16-color BMP file, and masks off all but the low-order bit of each 
pixel’s value when creating a monochrome BMP file. The fg_makepcx() function always creates 256-
color PCX files, so no adjustment is needed. 

For 256-color BMP, PCX, and flic files, things are more complex. If the image uses more than 236 
colors, the image display functions reduce the image to 236 colors (the number of non-system colors). 
After applying the color reduction, they compact the resulting palette and then add 10 to each pixel's 
value. For example, assume an image contained pixels of color 0 and 2, but none of color 1 (or that the 
color 1 pixels were eliminated during the color reduction process). The original color 0 pixels would be 
remapped to color 10, and the original color 2 pixels would be remapped to color 11. You can disable the 
color reduction process by specifying FG_KEEPCOLORS in the flags parameter. Disabling color 
reduction is more efficient when displaying 256-color image files that do not use the Windows system 
colors. 

If you call an image display function with the FG_IGNOREPALETTE flag specified, the images 
are displayed using the colors defined in the active logical palette. In this case, no pixel remapping or 
color reduction occur for 256-color images, so images that use any of the system colors will likely not 
display in the desired colors. Note that the pixels in monochrome and 16-color BMP and PCX files are 
always remapped into the range 10 through 25 (10 and 11 for monochrome), so the images are displayed 
using the logical palette values defined for colors 10 to 25 (10 and 11 for monochrome). 
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The color reduction algorithm for 256-color images eliminates colors based on their frequency 
and relative distances apart. It begins by counting the number of pixels in each color. If more than 236 
colors are in the image, colors are removed one at a time until the image contains 236 colors. In each 
pass, the color reduction algorithm finds the two colors nearest to each other. By nearest, we mean the 
two colors whose RGB components yield the smallest value for the expression 

(r2 - r1)2 + (g2 - g1)2 + (b2 - b1)2 

among all remaining colors. If two or more color pairs are the same distance apart, we pick the pair 
containing the color that occurs the least. All pixels of the least frequent color are mapped to the other 
color in the pair (that is, the nearest color). We repeat this process until the image contains 236 colors. 

Once the color reduction process has created a 236-color image, or if the original image did not 
use more than 236 of the 256 colors, we remap the colors to avoid using the Windows system colors. 
That means the color-reduced image will use colors 10 to 245. If the original image used less than 236 
colors, the new image will use colors 10 to 10+C-1, where C is the number of unique colors. In any case, 
the image display functions change the logical palette values so they correspond to the colors in the 
color-reduced image. 

You can also apply color reduction manually to any rectangular region of a 256-color virtual buffer 
using fg_reduce(). This function reduces a 256-color palette to the specified number of colors, and 
optionally applies an offset to the resulting palette. The fg_reduce() function applies the same color 
reduction algorithm as the image display functions to the pixels in the clipping region of the active virtual 
buffer (the clipping region defaults to the entire virtual buffer). On return, the pixels in the clipping region 
are transformed to the colors defined by the resulting (reduced) palette, but the palette itself is not made 
active. The fg_reduce() function’s first parameter is the offset applied to the resulting palette, between 0 
and 255. The second parameter specifies the number of colors desired in the resulting palette, between 1 
and 256. The third parameter is a 768-byte array containing the palette’s RGB color components, in the 
same format used with fg_getdacs() and fg_setdacs(). On return, this array will contain the RGB color 
components for the new palette. For example, the function call 

C/C++: 
fg_showpcx("MOUSE.PCX",0); 

C#: 
fg.showpcx("MOUSE.PCX", 0); 

Delphi: 
fg_showpcx('MOUSE.PCX'+chr(0),0); 

Visual Basic: 
Call fg_showpcx(App.Path & "\MOUSE.PCX", 0) 

Visual Basic .NET: 
fg_showpcx("MOUSE.PCX", 0) 

reduces a 256-color image to 236 non-system colors (colors 10 to 245) and is equivalent to the code 
shown here: 

C/C++: 
char RGBvalues[768]; 
fg_pcxpal("MOUSE.PCX",RGBvalues); 
fg_showpcx("MOUSE.PCX",FG_KEEPCOLORS); 
fg_reduce(10,236,RGBvalues); 
fg_setdacs(10,236,&RGBvalues[10*3]); 

C#: 
byte [] RGBvalues = new byte [768]; 
fg.pcxpal("MOUSE.PCX", ref RGBvalues[0]); 
fg.showpcx("MOUSE.PCX", fg.KEEPCOLORS); 
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fg.reduce(10, 236, ref RGBvalues[0]); 
fg.setdacs(10, 236, ref RGBvalues[10*3]); 

Delphi: 
var 
  RGBvalues : array [0..767] of byte; 
begin 
  fg_pcxpal('MOUSE.PCX'+chr(0),RGBvalues); 
  fg_showpcx('MOUSE.PCX'+chr(0),FG_KEEPCOLORS); 
  fg_reduce(10,236,RGBvalues); 
  fg_setdacs(10,236,RGBvalues[10*3]); 

Visual Basic: 
Dim RGBvalues(768) As Byte 
Call fg_pcxpal("MOUSE.PCX", RGBvalues(0)) 
Call fg_showpcx(App.Path & "\MOUSE.PCX", FG_KEEPCOLORS) 
Call fg_reduce(10, 236, RGBvalues(0)) 
Call fg_setdacs(10, 236, RGBvalues(10 * 3)) 

Visual Basic .NET: 
Dim RGBvalues(768) As Byte 
fg_pcxpal("MOUSE.PCX", RGBvalues(0)) 
fg_showpcx("MOUSE.PCX", FG_KEEPCOLORS) 
fg_reduce(10, 236, RGBvalues(0)) 
fg_setdacs(10, 236, RGBvalues(10 * 3)) 

Controlling the Image Buffer Size 
By default, all Fastgraph image file display and creation functions use an internal 4,096-byte buffer. 

This buffer provides an intermediate storage area, making it possible to perform more efficient buffered I/O 
when reading or writing the image files. The fg_imagebuf() function lets you define your own buffer for this 
purpose. Larger buffers generally make image display and creation faster. This is especially true when 
playing flic files, and when reading image files from diskettes or slower CD drives. 

The fg_imagebuf() function does not allocate storage for the internal buffer. Rather, it just 
defines the array or memory block to be used as the buffer. The first parameter passed to fg_imagebuf() 
is the address of this array or memory block, and the second parameter is the internal buffer size in bytes, 
represented as an unsigned integer. When using the .NET framework, the array or memory block must be 
a pinned object (this restriction may be lifted in a future version of Fastgraph). For example, each of these 
calls will define a 20,000-byte image buffer: 

C/C++: 
BYTE Buffer[20000]; 
fg_imagebuf(Buffer,20000); 

BYTE *Buffer; 
Buffer = (BYTE *)malloc(20000); 
fg_imagebuf(Buffer,20000); 

BYTE *Buffer; 
Buffer = GlobalAllocPtr(GMEM_MOVEABLE,20000); 
fg_imagebuf(Buffer,20000); 

BYTE *Buffer; 
Buffer = new BYTE[20000];      // C++ only 
fg_imagebuf(Buffer,20000); 

C#: 
byte [] Buffer = new byte [20000]; 
GCHandle BufferHandle = 
   GCHandle.Alloc(Buffer, GCHandleType.Pinned); 
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fg.imagebuf(ref Buffer[0], 20000); 

Delphi: 
var 
  Buffer : pointer; 
begin 
  GetMem(Buffer,20000); 
  fg_imagebuf(Buffer^,20000); 

Visual Basic: 
Dim Buffer() As Byte 
ReDim Buffer(20000) 
Call fg_imagebuf(Buffer(0), 20000) 

Visual Basic .NET: 
Dim Buffer(20000) As Byte 
Dim BufferHandle As GCHandle = 
   GCHandle.Alloc(Buffer, GCHandleType.Pinned) 
fg_imagebuf(Buffer(0), 20000) 

You don't need to create separate buffers for each image you display or create. Once you define an internal 
image buffer with fg_imagebuf(), Fastgraph will use that buffer until your program exits, or until you call 
fg_imagebuf() with a buffer size equal to zero. 

It's also possible to display BMP, PCX, JPEG, and FLI/FLC images directly from the buffer pointed to 
by fg_imagebuf(). This can be quite useful, for instance, when we need to display the same image file 
several times because we only read the file once. To do this, specify the FG_FROMBUFFER flag when 
calling the image display functions. This tells Fastgraph to retrieve the image data from the fg_imagebuf() 
buffer rather than from the file itself. This method usually provides better performance, especially when 
playing flic files. 

The following code shows how to display a PCX image stored in the fg_imagebuf() buffer. Using 
standard file I/O functions, it opens the PCX file and reads it into a 48,000-byte buffer. We then pass this 
buffer to fg_imagebuf(), along with the PCX file size. 

C/C++: 
BYTE Buffer[48000]; 
int FileSize; 
FILE *Stream; 
Stream = fopen("MOUSE.PCX","rb"); 
FileSize = (int)(filelength(fileno(Stream))); 
fread(Buffer,1,FileSize,Stream); 
fclose(Stream); 
fg_imagebuf(Buffer,FileSize); 
fg_showpcx("",FG_FROMBUFFER); 

C#: 
 

Delphi: 
var 
  Buffer : pointer; 
  Stream : file; 
  FileSize : integer; 
begin 
  AssignFile(Stream,'MOUSE.PCX'); 
  Reset(Stream,1); 
  FileSize := FileSize(Stream); 
  GetMem(Buffer,FileSize); 
  BlockRead(Stream,Buffer^,FileSize); 
  CloseFile(Stream); 
  fg_imagebuf(Buffer^,FileSize); 
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  fg_showpcx('',FG_FROMBUFFER); 

Visual Basic: 
Dim Buffer() As Byte 
Dim FileSize As Long 
Open "MOUSE.PCX" For Binary Access Read As #1 
FileSize = LOF(1) 
ReDim Buffer(FileSize) 
Get #1, , Buffer 
Close #1 
Call fg_imagebuf(Buffer(0), FileSize) 
Call fg_showpcx("", FG_FROMBUFFER) 

Visual Basic .NET: 
 

The array used with fg_imagebuf() must of course be large enough to hold the entire image file. Note that 
we pass the actual file size to fg_imagebuf() (in this example, we assume the file size does not exceed 
48,000 bytes). It is crucial that you specify the exact file size when displaying 256-color PCX files so 
fg_showpcx() can locate the extended (256-color) palette data that might follow the image data. The same is 
true for flic files, but for BMP and JPEG files we can specify either the file size or the buffer size. 

Note that it's not necessary to pass a file name to the image file display functions if the image data 
resides in the fg_imagebuf() buffer. In other words, the image display functions ignore the file name 
parameter when FG_FROMBUFFER is specified. However, you must still include a "place holder" parameter 
where a file name would otherwise be expected. We recommend using the null string as in the above 
fg_showpcx() example, although any string can be used instead. 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_avidone() Closes the AVI file associated with the specified context descriptor. 

fg_aviframe() Writes one frame to an AVI file. 

fg_avihead() Reads an AVI file header into a 56-byte buffer. 

fg_avimake() Creates an empty AVI file that will be built with fg_aviframe(). 
fg_aviopen() Opens an AVI file for reading for subsequent processing by the low-level AVI file 

support functions. If successful, the file pointer will be positioned at the beginning 
of the first frame. 

fg_avipal() Retrieves the palette of an image stored in a AVI file and the number of colors in 
the palette. The palette values are returned as RGB color components, each 
between 0 and 255. 

fg_aviplay() Plays the next one or more frames in an AVI file previously opened with 
fg_aviopen(). 

fg_avisize() Returns the dimensions of an AVI file. 

fg_aviskip() Advances one or more frames in an AVI file previously opened with 
fg_aviopen(). 

fg_bmphead() Reads a BMP file header into a 54-byte buffer. 
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fg_bmppal() Retrieves the palette of an image stored in a BMP file and the number of colors in 
the palette. The palette values are returned as RGB color components, each 
between 0 and 255. 

fg_bmpsize() Returns the dimensions of a BMP file. 

fg_flicdone() Closes the flic file associated with the specified context descriptor. 

fg_flichead() Reads a flic file header into a 128-byte buffer. 

fg_flicopen() Opens a flic file for subsequent processing by the low-level flic file support 
functions. If successful, the file pointer will be positioned at the beginning of the 
first frame. 

fg_flicplay() Plays the next one or more frames in a flic file previously opened with 
fg_flicopen(). 

fg_flicsize() Returns the dimensions of a flic file. 

fg_flicskip() Advances one or more frames in a flic file previously opened with fg_flicopen(). 
If the last frame played by fg_flicplay() did so from the fg_imagebuf() buffer, the 
frame position will be adjusted in the fg_imagebuf() buffer. Otherwise, the flic file 
position itself will be adjusted. 

fg_imagebuf() Specifies the size and address of the buffer used internally when creating or 
displaying BMP, PCX, JPEG, FLI/FLC, or Fastgraph's legacy pixel run files. The 
default internal buffer size is 4,096 bytes. Image display or creation is typically 
faster when a larger buffer is used, especially when playing flic files. 

fg_jpeghead() Reads a JPEG file header into a 10-byte buffer. 

fg_jpegsize() Returns the image dimensions of a JPEG file. 

fg_makebmp() Creates a BMP file from the specified rectangular region of the active virtual 
buffer. The region's extremes are expressed in screen space units. 

fg_makepcx() Creates a PCX file from the specified rectangular region of the active virtual 
buffer. The region's extremes are expressed in screen space units. 

fg_pcxhead() Reads a PCX file header into a 128-byte buffer. 

fg_pcxpal() Retrieves the palette of an image stored in a PCX file and the number of colors in 
the palette (either 16 or 256). The palette values are returned as RGB color 
components, each between 0 and 255. If the PCX file includes an extended (256-
color) palette, fg_pcxpal() will return the values in the extended palette. 
Otherwise, fg_pcxpal() will return the values from the 16-color palette in the PCX 
header. 

fg_pcxrange() Returns the image extents of a PCX file. 

fg_pcxsize() Returns the image dimensions of a PCX file. 

fg_reduce() Reduces a 256-color palette to the specified number of colors, and optionally 
applies an offset to the resulting palette. The pixels within the clipping region of 
the active virtual buffer determine which colors are eliminated. 

fg_showavi() Plays an image stored in an AVI file. 

fg_showbmp() Displays an image stored in a BMP file. 

fg_showflic() Plays an image stored in an FLI or FLC file (collectively called flic files). 
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fg_showjpeg() Displays an image stored in a JPEG file. 

fg_showpcx() Displays an image stored in a PCX file. 
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Overview 
In this chapter, we'll continue our discussion of images by concentrating on an important class of 

images called bitmapped images, or simply bitmaps. Fastgraph includes functions to display, retrieve, 
and manipulate monochrome, 256-color, and direct color bitmaps, plus legacy support for 16-color 
bitmaps (16-color bitmap functions are described only in the Fastgraph 6.0 Reference Manual). 

Displaying bitmaps is an essential part of animation with Fastgraph. While the image files discussed 
in the previous chapter are useful for displaying backgrounds or importing pictures from other sources, an 
animation sequence can only achieve its speed through the bitmap display functions described in this 
chapter, along with the block transfer functions we'll describe in Chapter 10. 

256-Color Bitmaps 
Because they are simplest, let’s first discuss 256-color bitmaps. You can think of a 256-color bitmap 

as a rectangular grid of pixels with values between 0 and 255. The corresponding color in the active logical 
palette determines the colors in which bitmap pixels are displayed. For example, if the logical palette defines 
color 24 as yellow, then bitmap pixels whose value is 24 will be yellow. You can use 256-color bitmaps with 
palette-based and direct color virtual buffers. For direct color virtual buffers, 256-color bitmaps use the virtual 
palette instead of the logical palette to associate colors with the bitmap pixels. 

Let's begin with a simple triangle image: 
. . . . * . . . . 
. . . * x * . . . 
. . * x x x * . . 
. * x x x x x * . 
* * * * * * * * * 

The triangle's perimeter is a different color than its interior pixels, and to use this image with Fastgraph, we 
must inscribe the triangle in a rectangular area. Our triangle is nine pixels wide at its base and five pixels 
high. The pixels indicated by an asterisk (*) are the triangle's perimeter, while those indicated by an x 
represent its interior points. We need to distinguish between these pixels because they will be different colors. 
The pixels shown as periods (.) are not part of the triangle itself but are transparent pixels required to make 
the image rectangular. 

Before we can display the triangle image as a 256-color bitmap, we must specify the color value for 
each pixel in the bitmap. Let’s suppose we want the triangle’s perimeter pixels to be blue, and the interior 
pixels to be green. If we’re using the default logical palette, blue is color 11 and green is color 12. Most 
Fastgraph bitmap display functions treat color 0 as transparent, so we’ll set all the pixels outside the actual 
triangle to zero. The resulting bitmap is shown here. 

0 0 0 0 11 0 0 0 0 
0 0 0 11 12 11 0 0 0 
0 0 11 12 12 12 11 0 0 
0 11 12 12 12 12 12 11 0 
11 11 11 11 11 11 11 11 11 

Our triangle is nine pixels wide and five pixels high, for a total of 45 pixels. Because each pixel is a 
value between 0 and 255, we need an array of at least 45 bytes to hold the bitmap, with each byte of the 
array holding one pixel from the bitmap. The first element of a bitmap array represents the lower left corner of 
the image. The subscript progression then continues to the right until reaching the end of the first row. It then 
resumes at the leftmost pixel of the second row and continues to the right until the end of that row. It 
continues in this manner for all remaining rows. Assuming subscripts begin at zero, the subscript order for our 
9x5 triangle image would thus be: 
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[36] [37] [38] [39] [40] [41] [42] [43] [44] 
[27] [28] [29] [30] [31] [32] [33] [34] [35] 
[18] [19] [20] [21] [22] [23] [24] [25] [26] 
[9] [10] [11] [12] [13] [14] [15] [16] [17] 
[0] [1] [2] [3] [4] [5] [6] [7] [8] 

And we could store the 256-color bitmap in an array like this: 

C/C++: 
BYTE triangle[] = { 
   11,11,11,11,11,11,11,11,11, 
    0,11,12,12,12,12,12,11, 0, 
    0, 0,11,12,12,12,11, 0, 0, 
    0, 0, 0,11,12,11, 0, 0, 0, 
    0, 0, 0, 0,11, 0, 0, 0, 0}; 

C#: 
byte [] triangle = { 
   11,11,11,11,11,11,11,11,11, 
    0,11,12,12,12,12,12,11, 0, 
    0, 0,11,12,12,12,11, 0, 0, 
    0, 0, 0,11,12,11, 0, 0, 0, 
    0, 0, 0, 0,11, 0, 0, 0, 0}; 

Delphi: 
triangle : array [1..45] of byte = ( 
   11,11,11,11,11,11,11,11,11, 
    0,11,12,12,12,12,12,11, 0, 
    0, 0,11,12,12,12,11, 0, 0, 
    0, 0, 0,11,12,11, 0, 0, 0, 
    0, 0, 0, 0,11, 0, 0, 0, 0); 

Visual Basic .NET: 
Dim triangle() As Byte = { _ 
   11,11,11,11,11,11,11,11,11, _ 
    0,11,12,12,12,12,12,11, 0, _ 
    0, 0,11,12,12,12,11, 0, 0, _ 
    0, 0, 0,11,12,11, 0, 0, 0, _ 
    0, 0, 0, 0,11, 0, 0, 0, 0} 

Because programs usually access 256-color bitmaps in bytes, it's best to store them in byte arrays. 

Displaying 256-Color Bitmaps 
Fastgraph includes several functions for displaying 256-color bitmaps. The bitmap pixels are treated 

as an index into the logical palette for 256-color virtual buffers, or as an index into the virtual palette for direct 
color virtual buffers. That is, pixels of color n are displayed in the color assigned to logical or virtual palette 
entry n. 

The fg_drwimage() function displays regular 256-color bitmaps (by regular, we mean a bitmap that 
is neither clipped nor reversed). Its first parameter is the name of the bitmap array, the second is the bitmap 
width in pixels, and the last is the bitmap height in pixels. The fg_drwimage() function displays the bitmap 
with its lower left corner at the graphics cursor position in the active virtual buffer. 

Suppose we want to display the 9x5 triangle bitmap in the middle of a 320x200 virtual buffer. To do 
this, its lower left corner must be at the screen space position (156,101). The following code does the trick: 

C/C++: 
fg_move(156,101); 
fg_drwimage(triangle,9,5); 
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C#: 
fg.move(156, 101); 
fg.drwimage(ref triangle[0], 9, 5); 

Delphi: 
fg_move(156,101); 
fg_drwimage(triangle,9,5); 

Visual Basic: 
Call fg_move(156, 101) 
Call fg_drwimage(triangle(0), 9, 5) 

Visual Basic .NET: 
fg_move(156, 101) 
fg_drwimage(triangle(0), 9, 5) 

The fg_drwimage() function does not perform clipping when displaying a 256-color bitmap. If you 
want the bitmap to be constrained by the clipping limits, use fg_clpimage() instead of fg_drwimage(). The 
fg_clpimage() function takes the same three parameters as fg_drwimage() and also displays the bitmap 
with its lower left corner at the graphics cursor position. 

When using fg_clpimage(), you may establish a graphics position beyond the virtual buffer extents, 
including negative coordinates (recall that the clipping limits default to the virtual buffer extents). For example, 
we could display our 256-color triangle bitmap four pixels beyond the active virtual buffer’s left edge with 
these calls: 

C/C++: 
fg_move(-4,50); 
fg_clpimage(triangle,9,5); 

C#: 
fg.move(-4, 50); 
fg.clpimage(ref triangle[0], 9, 5); 

Delphi: 
fg_move(-4,50); 
fg_clpimage(triangle,9,5); 

Visual Basic: 
Call fg_move(-4, 50) 
Call fg_clpimage(triangle(0), 9, 5) 

Visual Basic .NET: 
fg_move(-4, 50) 
fg_clpimage(triangle(0), 9, 5) 

In this case, only the rightmost five pixels of each bitmap row would be displayed. 

The fg_revimage() function displays a 256-color bitmap reversed (that is, mirrored about the y axis) 
without clipping. It takes the same three parameters as fg_drwimage() and also displays the bitmap with its 
lower left corner at the graphics cursor position. 

The fg_flpimage() function combines the effects of fg_revimage() and fg_clpimage(). It displays a 
reversed 256-color bitmap constrained by the current clipping limits. It takes the same three parameters as 
fg_drwimage() and also displays the bitmap with its lower left corner at the graphics cursor position. 

The fg_putimage() function is the same as fg_drwimage() except it does not consider color 0 
pixels to be transparent. Because it does not need to check for transparent pixels, fg_putimage() is faster 
than fg_drwimage(). Using fg_putimage() is recommended for cases where transparency is not an 
issue. 
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As mentioned earlier, we can also use the 256-color bitmap display functions in direct color virtual 
buffers. The fg_xxximage() family of functions all access the virtual palette when displaying a 256-color 
bitmap in direct color buffers. For instance, if a 256-color bitmap contains pixels of color 20, those pixels 
will be displayed in whatever color is assigned to color 20 in the virtual palette. Recall that fg_defpal() 
sets up the virtual palette with the same colors as the default logical palette, and that we use fg_setrgb() 
and fg_setdacs() to change virtual palette entries. It’s also important to remember that changing an entry 
in the virtual palette does not affect any pixels already drawn in that color, unlike changing the value of a 
logical palette entry. 

In direct color virtual buffers, the virtual palette makes it possible to display an object in different 
colors at different times using the same 256-color bitmap. Suppose, for example, that you have a sprite of 
a man whose shirt is defined using colors 16, 17, and 18, and that these color values do not appear 
elsewhere in the sprite. To display the man wearing a red shirt, just define entries 16, 17, and 18 as 
shades of red in the virtual palette before displaying the sprite. If you later want to give him a different 
color shirt, you could change virtual palette entries 16, 17, and 18 to, say, shades of green. The next time 
you display the sprite, the shirt will be green. 

Sometimes you may need to include black pixels that are not transparent in a bitmapped image. The 
easiest way to do this is with fg_putimage(), but that includes no provision for transparent pixels. Suppose, 
for example, that you want to display a bitmap containing both black pixels and transparent pixels. An easy 
solution is to define a second black color, using that color for non-transparent black pixels and using color 0 
for transparent pixels. You can then display the bitmap as a regular image with fg_drwimage(). For instance, 
logical palette colors 0 and 10 are both black by default (and in the default virtual palette), so you could use 
color 10 for black bitmap pixels and color 0 for transparent bitmap pixels. 

256-Color Bitmaps: An Example Program 
Now that we’ve talked about the 256-color bitmap display functions, we’ll present an example 

program showing them in action. The Bitmap program defines a 40x20 bitmapped image of a bird in flight; 
it stores this bitmap in the Bird array. Bitmap has a top-level menu with selections for each Fastgraph 
256-color bitmap display function. For example, clicking on “Drwimage” displays the bird with 
fg_drwimage() in the middle of the client area, as shown here: 
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The processing for each menu item is very similar: fill the virtual buffer with green pixels (which 
erases any previously drawn bitmap), move to the desired position, display the bitmap, and copy the 
virtual buffer contents to the window's client area. The Drwimage, Revimage, and Putimage handlers 
each display the bird bitmap in the middle of the virtual buffer. To demonstrate clipping, the Clpimage 
handler displays the bird entering the left edge of the window, and the Flpimage handler does so from the 
right edge. Note that all the bitmap display functions except fg_putimage() treat color 0 pixels as 
transparent. The fg_putimage() function displays them as black pixels, producing a black rectangle 
around the bird. 

Bitmap: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Bitmap.c                                                                  * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  display functions.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "Bitmap.h" 
 
#define vbWidth  320 
#define vbHeight 240 
 
// 40x20 256-color bitmapped image of a bird 
BYTE Bird[] = { 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,10, 0,10, 0,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,25,10,17,10,17,10,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0,10,25,25,10,17,10,17,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,25,25,25,25,10,25,10,25,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10, 
   10,25,25,25,25,10,25,10,25,10, 0, 0, 0, 0, 0, 0, 0,10,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,25, 
   10,25,25,25,25,25,25,25,25,10, 0, 0,10,10,10,10,10,17,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10, 
   25,25,25,25,25,25,25,25,10, 0, 0,10,25,25,25,25,25,10, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25, 
   10,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,25,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,10, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25,10, 
   25,25,25,25,25,25,25,25,10,10,25,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,10,10,10, 0, 0, 0, 0, 0,10,25,25,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,17,17,17,17,10,10,10,10, 0,10,10,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,10,25,25,25,10,10,10,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,17,17,17,17,17,17,17,10,25,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,10,25,25,25,10,17,17,17,17,10,10,10,10,10,10, 0, 
    0, 0,10,10,10,10,25,25,25,25,25,25,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,25,25,10,14,14,10, 0, 0, 
    0, 0, 0, 0, 0, 0,10,10,10,10,10,10,10,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,14,25,25,10,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,10,10,10,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10,10, 
   10,10,10,10,10,10,10, 0, 0, 0, 0,10,10,10, 0, 0, 0, 0, 0, 0}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
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                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGbitmap"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "256-Color Bitmap Demo", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(20); 
         fg_fillpage(); 
         return 0; 
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      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Drwimage: 
               fg_fillpage(); 
               fg_move(vbWidth/2-20,vbHeight/2+10); 
               fg_drwimage(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Clpimage: 
               fg_fillpage(); 
               fg_move(-20,vbHeight/2+10); 
               fg_clpimage(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Revimage: 
               fg_fillpage(); 
               fg_move(vbWidth/2-20,vbHeight/2+10); 
               fg_revimage(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Flpimage: 
               fg_fillpage(); 
               fg_move(vbWidth-20,vbHeight/2+10); 
               fg_flpimage(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Putimage: 
               fg_fillpage(); 
               fg_move(vbWidth/2-20,vbHeight/2+10); 
               fg_putimage(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Bitmap: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
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*  Bitmap.cpp                                                                * 
*  Bitmapu.cpp                                                               * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  display functions.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "BitmapU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(20); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DrwimageClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth/2-20,vbHeight/2+10); 
   fg_drwimage(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
 
void __fastcall TForm1::ClpimageClick(TObject *Sender) 
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{ 
   fg_fillpage(); 
   fg_move(-20,vbHeight/2+10); 
   fg_clpimage(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::RevimageClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth/2-20,vbHeight/2+10); 
   fg_revimage(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FlpimageClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth-20,vbHeight/2+10); 
   fg_flpimage(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PutimageClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth/2-20,vbHeight/2+10); 
   fg_putimage(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Bitmap: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Bitmap.dpr                                                                * 
*  BitmapU.pas                                                               * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  display functions.                                                        * 
*                                                                            * 
*****************************************************************************} 
 
unit BitmapU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    Drwimage: TMenuItem; 
    Clpimage: TMenuItem; 
    Revimage: TMenuItem; 
    Flpimage: TMenuItem; 
    Putimage: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure DrwimageClick(Sender: TObject); 
    procedure ClpimageClick(Sender: TObject); 
    procedure RevimageClick(Sender: TObject); 
    procedure FlpimageClick(Sender: TObject); 
    procedure PutimageClick(Sender: TObject); 
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    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
  { 40x20 256-color bitmapped image of a bird } 
  Bird : array [1..800] of byte = ( 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,10, 0,10, 0,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,25,10,17,10,17,10,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0,10,25,25,10,17,10,17,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,25,25,25,25,10,25,10,25,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10, 
   10,25,25,25,25,10,25,10,25,10, 0, 0, 0, 0, 0, 0, 0,10,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,25, 
   10,25,25,25,25,25,25,25,25,10, 0, 0,10,10,10,10,10,17,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10, 
   25,25,25,25,25,25,25,25,10, 0, 0,10,25,25,25,25,25,10, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25, 
   10,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,25,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,10, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25,10, 
   25,25,25,25,25,25,25,25,10,10,25,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,10,10,10, 0, 0, 0, 0, 0,10,25,25,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,17,17,17,17,10,10,10,10, 0,10,10,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,10,25,25,25,10,10,10,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,17,17,17,17,17,17,17,10,25,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,10,25,25,25,10,17,17,17,17,10,10,10,10,10,10, 0, 
    0, 0,10,10,10,10,25,25,25,25,25,25,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,25,25,10,14,14,10, 0, 0, 
    0, 0, 0, 0, 0, 0,10,10,10,10,10,10,10,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,14,25,25,10,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,10,10,10,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10,10, 
   10,10,10,10,10,10,10, 0, 0, 0, 0,10,10,10, 0, 0, 0, 0, 0, 0); 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
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  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(20); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.DrwimageClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 10); 
  fg_drwimage(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ClpimageClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(-20,vbHeight div 2 + 10); 
  fg_clpimage(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.RevimageClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 10); 
  fg_revimage(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FlpimageClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth-20,vbHeight div 2 + 10); 
  fg_flpimage(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.PutimageClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 10); 
  fg_putimage(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
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procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Bitmap: Visual Basic Version 
In the Visual Basic version, the load event handler calls the program's LoadBird() function to read the 
bird bitmap data from the Bird256.dat file. 
'***************************************************************************** 
'                                                                            * 
'  Bitmap.frm                                                                * 
'                                                                            * 
'  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
'  display functions.                                                        * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Dim Bird(40 * 20) As Byte 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(20) 
   Call fg_fillpage 
   Call LoadBird 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuClpimage_Click() 
   Call fg_fillpage 
   Call fg_move(-20, vbHeight / 2 + 10) 
   Call fg_clpimage(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuDrwimage_Click() 
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   Call fg_fillpage 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 10) 
   Call fg_drwimage(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuFlpimage_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth - 20, vbHeight / 2 + 10) 
   Call fg_flpimage(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuPutimage_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 10) 
   Call fg_putimage(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuRevimage_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 10) 
   Call fg_revimage(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
 
Private Sub LoadBird() 
   Dim I As Long 
   Open App.Path & "\Bird256.dat" For Input Access Read As #1 
   For I = 0 To 40 * 20 - 1 
      Input #1, Bird(I) 
   Next I 
   Close #1 
End Sub 

Direct Color Bitmaps 
The direct color bitmap is the bitmap format designed exclusively for direct color virtual buffers. Its 

structure is similar to Fastgraph’s 256-color bitmaps, but the pixels contain actual RGB color values, not 
palette indices. A direct color bitmap requires two bytes for each bitmap pixel for high color virtual buffers, 
and three bytes per pixel for true color virtual buffers. In high color buffers, each bitmap pixel is encoded 
in the 5/6/5 format described earlier (some DirectX implementations use a 5/5/5 high color pixel format). 
In true color buffers, pixels are stored blue byte first, green byte second, and red byte third. For example, 
a 16x16-pixel direct color bitmap would occupy 512 bytes in a high color virtual buffer and 768 bytes in a 
true color virtual buffer. 

Using our familiar 9x5 triangle image, we’ll first build a direct color bitmap suitable for high color 
virtual buffers, then we’ll build the equivalent bitmap for true color virtual buffers. Here is the image: 

. . . . * . . . . 

. . . * x * . . . 

. . * x x x * . . 

. * x x x x x * . 
* * * * * * * * * 

Again suppose we want the triangle’s perimeter pixels to be blue, and the interior pixels to be green. In a high 
color bitmap, the blue component is in bits 0-4 (the low-order five bits) of a 5/6/5-encoded RGB color value, 
and the green component is in bits 5-10. The hexadecimal number 1F has bits 0-4 set and thus produces 
pure blue. Similarly, 7E0 hex has bits 5-10 set and produces pure green. We therefore want to set the 
perimeter pixels to 1F hex and the interior pixels to 7E0 hex. As with Fastgraph’s 256-color bitmap display 
functions, most direct color bitmap display functions treat zero pixels as transparent, so we’ll set all the pixels 
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outside the actual triangle to zero. With each pixel expressed as a 16-bit hexadecimal value, the resulting 
bitmap is: 

0000 0000 0000 0000 001F 0000 0000 0000 0000 
0000 0000 0000 001F 07E0 001F 0000 0000 0000 
0000 0000 001F 07E0 07E0 07E0 001F 0000 0000 
0000 001F 07E0 07E0 07E0 07E0 07E0 001F 0000 
001F 001F 001F 001F 001F 001F 001F 001F 001F 

Our triangle is nine pixels wide and five pixels high, for a total of 45 pixels. Because each pixel 
requires two bytes, we need an array of at least 90 bytes to hold the image, with each two bytes of the array 
holding one pixel from the bitmap. In the case of high color bitmaps, it’s much easier to use an array of 16-bit 
integers, so we’ll use so we'll use a 45-element array of type word in C/C++ and Delphi, and a 45-element 
array of type Integer in Visual Basic (for C# and VB.NET, we'll use byte arrays for all direct color 
bitmaps). The first element of a bitmap array represents the lower left corner of the image. The subscript 
progression then continues to the right until reaching the end of the first row. It then resumes at the leftmost 
pixel of the second row and continues to the right until the end of that row. It continues in this manner for all 
remaining rows. Assuming subscripts begin at zero, the subscript order for our 9x5 triangle image would thus 
be: 

[36] [37] [38] [39] [40] [41] [42] [43] [44] 
[27] [28] [29] [30] [31] [32] [33] [34] [35] 
[18] [19] [20] [21] [22] [23] [24] [25] [26] 
[9] [10] [11] [12] [13] [14] [15] [16] [17] 
[0] [1] [2] [3] [4] [5] [6] [7] [8] 

And we could store the direct color bitmap in an array like this: 

C/C++: 
WORD triangle[] = { 
   0x001F,0x001F,0x001F,0x001F,0x001F,0x001F,0x001F,0x001F,0x001F, 
   0x0000,0x001F,0x07E0,0x07E0,0x07E0,0x07E0,0x07E0,0x001F,0x0000, 
   0x0000,0x0000,0x001F,0x07E0,0x07E0,0x07E0,0x001F,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x001F,0x07E0,0x001F,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x001F,0x0000,0x0000,0x0000,0x0000}; 

C#: 
byte [] triangle = { 
   0x1F,0x00, 0x1F,0x00, 0x1F,0x00, 0x1F,0x00, 0x1F,0x00, 
   0x1F,0x00, 0x1F,0x00, 0x1F,0x00, 0x1F,0x00, 
   0x00,0x00, 0x1F,0x00,0xE0,0x07, 0xE0,0x07, 0xE0,0x07, 
   0xE0,0x07, 0xE0,0x07, 0x1F,0x00, 0x00,0x00, 
   0x00,0x00, 0x00,0x00, 0x1F,0x00, 0xE0,0x07, 0xE0,0x07, 
   0xE0,0x07, 0x1F,0x00, 0x00,0x00, 0x00,0x00, 
   0x00,0x00, 0x00,0x00, 0x00,0x00, 0x1F,0x00, 0xE0,0x07, 
   0x1F,0x00, 0x00,0x00, 0x00,0x00, 0x00,0x00, 
   0x00,0x00, 0x00,0x00, 0x00,0x00, 0x00,0x00, 0x1F,0x00, 
   0x00,0x00, 0x00,0x00, 0x00,0x00, 0x00,0x00}; 

Delphi: 
triangle : array [1..45] of word = ( 
   $001F,$001F,$001F,$001F,$001F,$001F,$001F,$001F,$001F, 
   $0000,$001F,$07E0,$07E0,$07E0,$07E0,$07E0,$001F,$0000, 
   $0000,$0000,$001F,$07E0,$07E0,$07E0,$001F,$0000,$0000, 
   $0000,$0000,$0000,$001F,$07E0,$001F,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$001F,$0000,$0000,$0000,$0000); 

Visual Basic .NET: 
Dim triangle() As Byte = { _ 
   &H1F,&H00, &H1F,&H00, &H1F,&H00, &H1F,&H00, &H1F,&H00, _ 
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   &H1F,&H00, &H1F,&H00, &H1F,&H00, &H1F,&H00, _ 
   &H00,&H00, &H1F,&H00,&HE0,&H07, &HE0,&H07, &HE0,&H07, _ 
   &HE0,&H07, &HE0,&H07, &H1F,&H00, &H00,&H00, _ 
   &H00,&H00, &H00,&H00, &H1F,&H00, &HE0,&H07, &HE0,&H07, _ 
   &HE0,&H07, &H1F,&H00, &H00,&H00, &H00,&H00, _ 
   &H00,&H00, &H00,&H00, &H00,&H00, &H1F,&H00, &HE0,&H07, _ 
   &H1F,&H00, &H00,&H00, &H00,&H00, &H00,&H00, _ 
   &H00,&H00, &H00,&H00, &H00,&H00, &H00,&H00, &H1F,&H00, _ 
   &H00,&H00, &H00,&H00, &H00,&H00, &H00,&H00} 

Note that we can use fg_maprgb() to calculate encoded RGB values for direct color bitmaps in high 
color virtual buffers. For example, 

C/C++: 
green = fg_maprgb(0,255,0); 

C#: 
green = fg.maprgb(0, 255, 0); 

Delphi: 
green := fg_maprgb(0,255,0); 

Visual Basic: 
green = fg_maprgb(0, 255, 0) 

Visual Basic .NET: 
green = fg_maprgb(0, 255, 0) 

returns the encoded RGB value 07E0 hex, which is used above for the green pixels. 

In true color virtual buffers, each pixel in a direct color bitmap is a three-byte RGB color value. The 
blue byte is stored first, followed by the green and red bytes. We would thus represent pure blue by the three 
bytes 255,0,0 (FF,00,00 hex) and pure green by 0,255,0 (00,FF,00 hex). To make the triangle’s perimeter 
pixels blue and its interior pixels green, we set the perimeter pixels to FF,00,00 and the interior pixels to 
00,FF,00. As with Fastgraph’s 256-color bitmap display functions, most direct color bitmap display functions 
treat zero pixels as transparent, so we’ll set all the pixels outside the actual triangle to 00,00,00. The resulting 
bitmap is: 

00 00 00 00 00 00 00 00 00 00 00 00 FF 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 FF 00 00 00 FF 00 FF 00 00 00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 FF 00 00 00 FF 00 00 FF 00 00 FF 00 FF 00 00 00 00 00 00 00 00 
00 00 00 FF 00 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 FF 00 00 00 00 00 
FF 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 00 FF 00 00 

Our triangle is nine pixels wide and five pixels high, for a total of 45 pixels. Because each pixel 
requires three bytes, we need an array of at least 135 bytes to hold the image, with each three bytes of the 
array holding one pixel from the bitmap. The first element of a bitmap array represents the lower left corner of 
the image. The direct color bitmap subscript progression for true color buffers is the same as for high color 
buffers, so we could store the direct color bitmap in an array like this: 

C/C++: 
BYTE triangle[] = { 
   0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 
   0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF 0x00,0x00, 
   0x00,0x00,0x00, 0xFF,0x00,0x00, 0x00,0xFF,0x00, 0x00,0xFF,0x00, 0x00,0xFF,0x00, 
   0x00,0xFF,0x00, 0x00,0xFF,0x00, 0xFF,0x00,0x00, 0x00,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0xFF,0x00,0x00, 0x00,0xFF,0x00, 0x00,0xFF,0x00, 
   0x00,0xFF,0x00, 0xFF,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0xFF,0x00,0x00, 0x00,0xFF,0x00, 
   0xFF,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0xFF,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00}; 

C#: 
byte [] triangle = { 
   0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 
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   0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF,0x00,0x00, 0xFF 0x00,0x00, 
   0x00,0x00,0x00, 0xFF,0x00,0x00, 0x00,0xFF,0x00, 0x00,0xFF,0x00, 0x00,0xFF,0x00, 
   0x00,0xFF,0x00, 0x00,0xFF,0x00, 0xFF,0x00,0x00, 0x00,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0xFF,0x00,0x00, 0x00,0xFF,0x00, 0x00,0xFF,0x00, 
   0x00,0xFF,0x00, 0xFF,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0xFF,0x00,0x00, 0x00,0xFF,0x00, 
   0xFF,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0xFF,0x00,0x00, 
   0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00, 0x00,0x00,0x00}; 

Delphi: 
triangle : array [1..45*3] of byte = ( 
   $FF,$00,$00, $FF,$00,$00, $FF,$00,$00, $FF,$00,$00, $FF,$00,$00, 
   $FF,$00,$00, $FF,$00,$00, $FF,$00,$00, $FF $00,$00, 
   $00,$00,$00, $FF,$00,$00, $00,$FF,$00, $00,$FF,$00, $00,$FF,$00, 
   $00,$FF,$00, $00,$FF,$00, $FF,$00,$00, $00,$00,$00, 
   $00,$00,$00, $00,$00,$00, $FF,$00,$00, $00,$FF,$00, $00,$FF,$00, 
   $00,$FF,$00, $FF,$00,$00, $00,$00,$00, $00,$00,$00, 
   $00,$00,$00, $00,$00,$00, $00,$00,$00, $FF,$00,$00, $00,$FF,$00, 
   $FF,$00,$00, $00,$00,$00, $00,$00,$00, $00,$00,$00, 
   $00,$00,$00, $00,$00,$00, $00,$00,$00, $00,$00,$00, $FF,$00,$00, 
   $00,$00,$00, $00,$00,$00, $00,$00,$00, $00,$00,$00); 

Visual Basic .NET: 
Dim triangle() As Byte = { _ 
   &HFF,&H00,&H00, &HFF,&H00,&H00, &HFF,&H00,&H00, &HFF,&H00,&H00, &HFF,&H00,&H00, _ 
   &HFF,&H00,&H00, &HFF,&H00,&H00, &HFF,&H00,&H00, &HFF &H00,&H00, _ 
   &H00,&H00,&H00, &HFF,&H00,&H00, &H00,&HFF,&H00, &H00,&HFF,&H00, &H00,&HFF,&H00, _ 
   &H00,&HFF,&H00, &H00,&HFF,&H00, &HFF,&H00,&H00, &H00,&H00,&H00, _ 
   &H00,&H00,&H00, &H00,&H00,&H00, &HFF,&H00,&H00, &H00,&HFF,&H00, &H00,&HFF,&H00, _ 
   &H00,&HFF,&H00, &HFF,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, _ 
   &H00,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, &HFF,&H00,&H00, &H00,&HFF,&H00, _ 
   &HFF,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, _ 
   &H00,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, &HFF,&H00,&H00, _ 
   &H00,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00, &H00,&H00,&H00} 

For high color virtual buffers, programs usually access direct color bitmaps in units of two bytes, as 
this is the amount of memory needed to store one pixel. It then makes sense to store direct color bitmaps in 
C/C++ and Delphi word arrays or Visual Basic Integer arrays. However, we'll use byte arrays for all direct 
color bitmaps with C# and VB.NET. 

For true color virtual buffers, it's usually best to store direct color bitmaps in byte arrays, just as with 
256-color bitmaps. You may instead prefer to set up a structure with three one-byte fields, one per RGB 
component, to hold each pixel. 

Displaying Direct Color Bitmaps 
Fastgraph includes several functions for displaying direct color bitmaps; they are very similar to the 

functions for displaying 256-color bitmaps. When using a high color virtual buffer, these functions expect the 
bitmap to be a series of two-byte pixels, with each byte encoded in the 5/6/5 RGB format (some DirectX 
implementations use a 5/5/5 RGB high color format; more on this in the next section). For true color virtual 
buffers, they expect the bitmap to be a series of three-byte RGB values, stored blue byte first, then green 
byte, then red. 

The fg_drawdcb() function displays regular direct color bitmaps (by regular, we mean a bitmap that 
is neither clipped nor reversed). Its first parameter is name of the bitmap array, the second is the bitmap width 
in pixels, and the last is the bitmap height in pixels. The fg_drawdcb() function displays the bitmap with its 
lower left corner at the graphics cursor position. 

Suppose we want to display the 9x5 triangle bitmap in the middle of a 640x480 virtual buffer. To do 
this, its lower left corner must be at the screen space position (316,241). The following code does the trick: 

C/C++: 
fg_move(316,241); 
fg_drawdcb(triangle,9,5); 
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C#: 
fg.move(316, 241); 
fg.drawdcb(ref triangle[0], 9, 5); 

Delphi: 
fg_move(316,241); 
fg_drawdcb(triangle,9,5); 

Visual Basic: 
Call fg_move(316, 241) 
Call fg_drawdcb(triangle(0), 9, 5) 

Visual Basic .NET: 
fg_move(316, 241) 
fg_drawdcb(triangle(0), 9, 5) 

The fg_drawdcb() function does not perform clipping when displaying a direct color bitmap. If you 
want the bitmap to be constrained by the clipping limits, use fg_clipdcb() instead of fg_drawdcb(). The 
fg_clipdcb() function takes the same three parameters as fg_drawdcb() and also displays the bitmap with 
its lower left corner at the graphics cursor position. 

When using fg_clipdcb(), you may establish a graphics position beyond the virtual buffer extents, 
including negative coordinates (recall that the clipping limits default to the virtual buffer extents). For example, 
we could display our direct color triangle bitmap four pixels beyond the active virtual buffer's left edge with 
these calls: 

C/C++: 
fg_move(-4,50); 
fg_clipdcb(triangle,9,5); 

C#: 
fg.move(-4, 50); 
fg.clipdcb(ref triangle[0], 9, 5); 

Delphi: 
fg_move(-4,50); 
fg_clipdcb(triangle,9,5); 

Visual Basic: 
Call fg_move(-4, 50) 
Call fg_clipdcb(triangle(0), 9, 5) 

Visual Basic .NET: 
fg_move(-4, 50) 
fg_clipdcb(triangle(0), 9, 5) 

In this case, only the rightmost five pixels of each bitmap row would be displayed. 

The fg_revdcb() function displays a direct color bitmap reversed (that is, mirrored about the y axis) 
without clipping. It takes the same three parameters as fg_drawdcb() and also displays the bitmap with its 
lower left corner at the graphics cursor position. 

The fg_flipdcb() function combines the effects of fg_revdcb() and fg_clipdcb(). It displays a 
reversed direct color bitmap constrained by the current clipping limits. It takes the same three parameters as 
fg_drawdcb() and also displays the bitmap with its lower left corner at the graphics cursor position. 

The fg_putdcb() function is the same as fg_drawdcb() except it does not consider zero-value 
pixels to be transparent. Because it does not need to check for transparent pixels, fg_putdcb() is faster 
than fg_drawdcb(). Using fg_putdcb() is recommended for cases where transparency is not an issue. 

Sometimes you may need to include black pixels in a direct color bitmap. The easiest way to do this 
is with fg_putdcb(), but that includes no provision for transparent pixels. Suppose, for example, that you 
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want to display a bitmap containing both black pixels and transparent pixels. The easiest solution is to use an 
RGB value that is almost zero but will still appear black when displayed. For high color bitmaps, we 
recommend 0821 hex for black pixels (0821 hex has the low-order bit set for each color component in a 5/6/5 
encoded RGB value). For true color bitmaps, use the three bytes 01,01,01 to represent a black pixel. 

Direct Color Bitmaps: An Example Program 
We’ll now present an example program that uses the direct color bitmap display functions in a 

high color virtual buffer. The Dcb program is very similar to the previous Bitmap program. Dcb defines a 
40x20 bitmapped image of a bird in flight; it stores this bitmap in the Bird array. It displays the bird 
bitmap with each bitmap display function described in the previous section. To demonstrate clipping, 
fg_clipdcb() displays the bird entering the left edge of the window, and fg_flipdcb() does so from the 
right edge. Note that all the direct color bitmap display functions except fg_putdcb() treat zero-value 
pixels as transparent, so we use 0 for the bitmap’s transparent pixels and 0821 hex for its black pixels 
(0821 hex is the 5/6/5 encoded RGB value with each color component’s low order bit set). The 
fg_putdcb() function displays zero-value pixels as black pixels, producing a black rectangle around the 
bird. 

Dcb: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Dcb.c                                                                     * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows direct color bitmap   * 
*  display functions.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "Dcb.h" 
 
#define vbWidth  320 
#define vbHeight 240 
 
// 40x20 high color bitmapped image of a bird 
WORD Bird[] = { 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0821,0x0821,0x0000,0x0821,0x0000,0x0821,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0821,0xFFFF,0x0821,0xAD55,0x0821,0xAD55,0x0821,0x0821, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0821,0xFFFF,0xFFFF,0x0821,0xAD55,0x0821,0xAD55,0x0821,0xFFFF, 
   0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0x0821,0xFFFF,0xFFFF, 
   0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0821,0x0821,0x0821, 
   0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0x0821,0xFFFF,0x0821, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0821,0x0821,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0821,0xFFFF,0xFFFF,0xFFFF, 
   0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821, 
   0x0000,0x0000,0x0821,0x0821,0x0821,0x0821,0x0821,0xAD55,0x0821,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0821,0x0821,0xFFFF,0xFFFF,0x0821, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000, 
   0x0000,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0821,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF, 
   0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000, 
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   0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0821,0xFFFF,0x0821,0xFFFF,0xFFFF,0x0821,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000, 
   0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0821,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF,0x0821, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0821, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0821,0xFFFF,0x0821,0xFFFF,0xFFFF,0x0821,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0821,0x0821,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF, 
   0x0821,0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0821,0xFFFF,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0821,0x0821,0x0821,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0821,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821, 
   0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0821,0xAD55,0xAD55,0xAD55,0xAD55,0x0821,0x0821,0x0821,0x0821,0x0000, 
   0x0821,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF,0xFFFF,0x0821, 
   0x0821,0x0821,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0821,0xAD55,0xAD55,0xAD55,0xAD55,0xAD55,0xAD55,0xAD55,0x0821, 
   0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xFFFF,0xFFFF,0xFFFF,0x0821,0xAD55, 
   0xAD55,0xAD55,0xAD55,0x0821,0x0821,0x0821,0x0821,0x0821,0x0821,0x0000, 
   0x0000,0x0000,0x0821,0x0821,0x0821,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0xA800,0xA800,0x0821,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0821,0x0821,0x0821,0x0821, 
   0x0821,0x0821,0x0821,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xA800,0xFFFF,0xFFFF,0x0821,0x0821,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0821,0x0821,0xFFFF,0xFFFF,0xFFFF,0xFFFF, 
   0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0821,0x0821, 
   0x0821,0xFFFF,0xFFFF,0xFFFF,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000, 
   0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0821,0x0821,0x0821,0x0821, 
   0x0821,0x0821,0x0821,0x0821,0x0821,0x0821,0x0821,0x0000,0x0000,0x0000, 
   0x0000,0x0821,0x0821,0x0821,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGdcb"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Direct Color Bitmap Demo", // window caption 
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      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         fg_vbdepth(16); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolorrgb(85,255,85); 
         fg_fillpage(); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_DrawDCB: 
               fg_fillpage(); 
               fg_move(vbWidth/2-20,vbHeight/2+10); 
               fg_drawdcb(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_ClipDCB: 
               fg_fillpage(); 
               fg_move(-20,vbHeight/2+10); 
               fg_clipdcb(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_RevDCB: 
               fg_fillpage(); 
               fg_move(vbWidth/2-20,vbHeight/2+10); 
               fg_revdcb(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
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               return 0; 
 
            case IDM_FlipDCB: 
               fg_fillpage(); 
               fg_move(vbWidth-20,vbHeight/2+10); 
               fg_flipdcb(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_PutDCB: 
               fg_fillpage(); 
               fg_move(vbWidth/2-20,vbHeight/2+10); 
               fg_putdcb(Bird,40,20); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Dcb: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Dcb.cpp                                                                   * 
*  DcbU.cpp                                                                  * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows direct color bitmap   * 
*  display functions.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "DCBU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
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{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   fg_vbdepth(16); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolorrgb(85,255,85); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ClipDCBClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(-20,vbHeight/2+10); 
   fg_clipdcb(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DrawDCBClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth/2-20,vbHeight/2+10); 
   fg_drawdcb(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FlipDCBClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth-20,vbHeight/2+10); 
   fg_flipdcb(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PutDCBClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth/2-20,vbHeight/2+10); 
   fg_putdcb(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 



282 • Fastgraph 6.0 User’s Guide 

 

  

//--------------------------------------------------------------------------- 
void __fastcall TForm1::RevDCBClick(TObject *Sender) 
{ 
   fg_fillpage(); 
   fg_move(vbWidth/2-20,vbHeight/2+10); 
   fg_revdcb(Bird,40,20); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
 } 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Dcb: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Dcb.dpr                                                                   * 
*  DcbU.pas                                                                  * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows direct color bitmap   * 
*  display functions.                                                        * 
*                                                                            * 
*****************************************************************************} 
 
unit DcbU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    DrawDCB: TMenuItem; 
    ClipDCB: TMenuItem; 
    RevDCB: TMenuItem; 
    FlipDCB: TMenuItem; 
    PutDCB: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure DrawDCBClick(Sender: TObject); 
    procedure ClipDCBClick(Sender: TObject); 
    procedure FlipDCBClick(Sender: TObject); 
    procedure RevDCBClick(Sender: TObject); 
    procedure PutDCBClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
  { 40x20 high color bitmapped image of a bird } 
  Bird : array [1..800] of word = ( 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0821,$0821,$0000,$0821,$0000,$0821,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
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   $0000,$0000,$0821,$FFFF,$0821,$AD55,$0821,$AD55,$0821,$0821, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0821,$FFFF,$FFFF,$0821,$AD55,$0821,$AD55,$0821,$FFFF, 
   $0821,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0821,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$0821,$FFFF,$FFFF, 
   $0821,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0821,$0821,$0821, 
   $0821,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$0821,$FFFF,$0821, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0821,$0821,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0821,$FFFF,$FFFF,$FFFF, 
   $0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821, 
   $0000,$0000,$0821,$0821,$0821,$0821,$0821,$AD55,$0821,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0821,$0821,$FFFF,$FFFF,$0821, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000, 
   $0000,$0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0821,$FFFF,$FFFF,$0821,$FFFF,$FFFF, 
   $0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000, 
   $0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0821,$FFFF,$0821,$FFFF,$FFFF,$0821,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000, 
   $0821,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0821,$FFFF,$FFFF,$0821,$FFFF,$FFFF,$0821, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0821, 
   $FFFF,$FFFF,$FFFF,$FFFF,$0821,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0821,$FFFF,$0821,$FFFF,$FFFF,$0821,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$0821,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0821,$0821,$FFFF,$FFFF,$0821,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$FFFF, 
   $0821,$FFFF,$0821,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0821,$FFFF,$0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$FFFF, 
   $FFFF,$FFFF,$0821,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0821,$0821,$0821,$0821,$0000,$0000,$0000,$0000,$0000, 
   $0821,$FFFF,$FFFF,$0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821, 
   $FFFF,$0821,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0821,$AD55,$AD55,$AD55,$AD55,$0821,$0821,$0821,$0821,$0000, 
   $0821,$0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$FFFF,$FFFF,$0821, 
   $0821,$0821,$0821,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0821,$AD55,$AD55,$AD55,$AD55,$AD55,$AD55,$AD55,$0821, 
   $FFFF,$FFFF,$0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$0821,$FFFF,$FFFF,$FFFF,$0821,$AD55, 
   $AD55,$AD55,$AD55,$0821,$0821,$0821,$0821,$0821,$0821,$0000, 
   $0000,$0000,$0821,$0821,$0821,$0821,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$0821,$A800,$A800,$0821,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0821,$0821,$0821,$0821, 
   $0821,$0821,$0821,$0821,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$A800,$FFFF,$FFFF,$0821,$0821,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0821,$0821,$FFFF,$FFFF,$FFFF,$FFFF, 
   $FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$FFFF,$0821,$0821,$0821, 
   $0821,$FFFF,$FFFF,$FFFF,$0821,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000,$0000, 
   $0000,$0000,$0000,$0000,$0000,$0000,$0821,$0821,$0821,$0821, 
   $0821,$0821,$0821,$0821,$0821,$0821,$0821,$0000,$0000,$0000, 
   $0000,$0821,$0821,$0821,$0000,$0000,$0000,$0000,$0000,$0000); 
 
var 
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  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  fg_vbdepth(16); 
  hVB := fg_vballoc(WIDTH,HEIGHT); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolorrgb(85,255,85); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.DrawDCBClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 10); 
  fg_drawdcb(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ClipDCBClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(-20,vbHeight div 2 + 10); 
  fg_clipdcb(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.RevDCBClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 10); 
  fg_revdcb(Bird,40,20); 
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  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FlipDCBClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth-20,vbHeight div 2 + 10); 
  fg_flipdcb(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.PutDCBClick(Sender: TObject); 
begin 
  fg_fillpage; 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 10); 
  fg_putdcb(Bird,40,20); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Dcb: Visual Basic Version 
In the Visual Basic version, the load event handler calls the program's LoadBird() function to read the 
bird bitmap data from the BirdHC.dat file. 
'***************************************************************************** 
'                                                                            * 
'  Dcb.frm                                                                   * 
'                                                                            * 
'  This program demonstrates the Fastgraph for Windows direct color bitmap   * 
'  display functions.                                                        * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Dim Bird(40 * 20) As Integer 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   Call fg_vbdepth(16) 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolorrgb(85, 255, 85) 
   Call fg_fillpage 
   Call LoadBird 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
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Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuClipdcb_Click() 
   Call fg_fillpage 
   Call fg_move(-20, vbHeight / 2 + 10) 
   Call fg_clipdcb(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuDrawdcb_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 10) 
   Call fg_drawdcb(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuFlipdcb_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth - 20, vbHeight / 2 + 10) 
   Call fg_flipdcb(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuPutdcb_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 10) 
   Call fg_putdcb(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuRevdcb_Click() 
   Call fg_fillpage 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 10) 
   Call fg_revdcb(Bird(0), 40, 20) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
 
Private Sub LoadBird() 
   Dim I As Long 
   Open App.Path & "\BirdHC.dat" For Input Access Read As #1 
   For I = 0 To 40 * 20 - 1 
      Input #1, Bird(I) 
   Next I 
   Close #1 
End Sub 

Direct Color Bitmap Translation 
As mentioned in the last section, the structure of a direct color bitmap depends on the color depth 

and pixel format of the active virtual buffer. When using a high color virtual buffer, a DCB must be a series of 
two-byte values, with each pixel encoded in the 5/6/5 or 5/5/5 RGB format. For true color virtual buffers, a 
DCB is a series of three-byte RGB values, stored blue byte first, then green byte, then red. 

Sometimes you may need to translate direct color bitmaps between different formats. The 
fg_transdcb() function translates direct color bitmaps between 5/5/5 high color, 5/6/5 high color, and true 
color formats. Its first two parameters are the names of the array containing the original bitmap and the 
name of the array to receive the converted bitmap. The next two parameters respectively define the color 
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depth in bits per pixel of these two bitmaps. A color depth of 15 means 5/5/5 high color, 16 means 5/6/5 
high color, and 24 means true color. The last fg_transdcb() parameter specifies the bitmap size in pixels. 

The Dcb example stores a 40x20 high color bitmap in the Bird array, with each pixel hard-coded 
as a 5/6/5 RGB value. This is guaranteed to work for native Fastgraph applications because they always 
use the 5/6/5 high color pixel format. DirectX implementations, however, can use either the 5/6/5 or a 
5/5/5 high color format. If you create a DirectX version of the Dcb example and run it on a system whose 
DirectX drivers require the 5/5/5 high color format, the program's colors will be wrong. 

We can solve this problem with fg_gethcbpp() and fg_transdcb(). The fg_gethcbpp() function 
returns the color depth Fastgraph is using for high color virtual buffers. In Fastgraph's native libraries, 
fg_gethcbpp() will always return 16. But in the DirectX libraries, it will return 16 if DirectX is using the 
5/6/5 high color pixel format, or 15 if DirectX is using the 5/5/5 format. Hence we can add the following 
code at the end of the Dcb WM_CREATE handler to translate the Bird bitmap to the 5/5/5 format if 
necessary: 

C/C++: 
if (fg_gethcbpp() == 15) 
   fg_transdcb(Bird,Bird,16,15,40*20); 

C#: 
if (fg.gethcbpp() == 15) 
   fg.transdcb(ref Bird[0], ref Bird[0], 16, 15, 40*20); 

Delphi: 
if (fg_gethcbpp() = 15) then 
   fg_transdcb(Bird,Bird,16,15,40*20); 

Visual Basic: 
If fg_gethcbpp() = 15 Then 
   Call fg_transdcb(Bird(0), Bird(0), 16, 15, 40 * 20) 

Visual Basic .NET: 
If fg_gethcbpp() = 15 Then 
   fg_transdcb(Bird(0), Bird(0), 16, 15, 40 * 20) 

In the above code snippets, we store the translated DCB in the same array as the original DCB. We can 
do this when translating between 5/5/5 and 5/6/5 high color formats, or when translating from true color to 
a high color format. We must use different bitmap arrays when translating high color to true color. 

The fg_transdcb() function does not translate 256-color bitmaps to a direct color format. You can 
do this by displaying a 256-color bitmap in a direct color virtual buffer with fg_putimage() and then 
retrieving the resulting image as a direct color bitmap with fg_getdcb(). 

Monochrome Bitmaps 
The monochrome bitmap is another bitmap format available in Fastgraph. Like other bitmaps, a 

monochrome bitmap is a rectangular grid of pixels, but each pixel is represented by a single bit. This means 
we can store eight pixels in each byte of the bitmap. If a bit is 1, the corresponding pixel will be displayed in 
the current color. If a bit is 0, the corresponding pixel will be transparent. Monochrome bitmaps are often 
useful for displaying bitmapped text, or for displaying single-color images in different colors. 

Let's again consider the familiar 9x5 triangle image: 
. . . . * . . . . 
. . . * x * . . . 
. . * x x x * . . 
. * x x x x x * . 
* * * * * * * * * 
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Recall that the triangle's perimeter is a different color than its interior, so we must create one bitmap for the 
perimeter pixels and another for its interior pixels. Let's separate the image into these two bitmaps. 

. . . . * . . . .        . . . . . . . . . 

. . . * . * . . .        . . . . x . . . . 

. . * . . . * . .        . . . x x x . . . 

. * . . . . . * .        . . x x x x x . . 
* * * * * * * * *        . . . . . . . . . 

perimeter pixels         interior pixels 

The next step is to convert these two bitmaps into their binary representations. As mentioned before, we can 
store eight horizontally adjacent pixels in each byte of the bitmap. Each row contains nine pixels, so we need 
two bytes to store one row of pixels. In each row, we thus have seven filler bits that pad the rightmost byte to 
a multiple of eight pixels. This presents no problem, because we can set the filler bits to zero, effectively 
making them transparent pixels. Each bitmap is five pixels high, so we need a 10-byte array to store each 
bitmap (five rows times two bytes per row). The binary representations of each bitmap, along with their 
hexadecimal equivalents, are shown here. The filler bits needed to pad each row of the bitmaps after the 
ninth pixel are shown in italics. All filler bits must be zero. 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0  08 00 
0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0  14 00 
0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0  22 00 
0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0  41 00 
1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0  FF 80 

perimeter bitmap 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  00 00 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0  08 00 
0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0  1C 00 
0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0  3E 00 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  00 00 

interior bitmap 

The subscript order for monochrome bitmaps is the same as for other bitmaps. That is, the first element of 
the bitmap array represents the lower left corner of the image. The subscript progression then continues to 
the right and upward. Assuming subscripts begin at zero, the subscript order for the 2x5 monochrome bitmap 
array for our 9x5 triangle image would thus be: 

[8] [9] 
[6] [7] 
[4] [5] 
[2] [3] 
[0] [1] 

Displaying Monochrome Bitmaps 
The fg_drawmap() function displays monochrome bitmaps in 256-color or direct color virtual 

buffers. Its first parameter is the name of the bitmap array, the second is the width of the bitmap in bytes, and 
the last is the height of the bitmap in pixels. The fg_drawmap() function displays the image in the current 
color, with its lower left corner at the graphics cursor position in the active virtual buffer. 

Suppose we want to display the triangle monochrome bitmap in the middle of a 320x200 virtual 
buffer, just as we did using a 256-color bitmap. To do this, its lower left corner must be at the screen space 
position (156,101). The following code will accomplish this: 
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C/C++: 
BYTE Perimeter[] = 
   {0xFF,0x80,0x41,0x00,0x22,0x00,0x14,0x00,0x08,0x00}; 
BYTE Interior[] = 
   {0x00,0x00,0x3E,0x00,0x1C,0x00,0x08,0x00,0x00,0x00}; 
fg_move(156,101); 
fg_setcolor(11); 
fg_drawmap(Perimeter,2,5); 
fg_setcolor(12); 
fg_drawmap(Interior,2,5); 

C#: 
byte [] Perimeter = 
   {0xFF,0x80,0x41,0x00,0x22,0x00,0x14,0x00,0x08,0x00}; 
byte [] Interior = 
   {0x00,0x00,0x3E,0x00,0x1C,0x00,0x08,0x00,0x00,0x00}; 
fg.move(156, 101); 
fg.setcolor(11); 
fg.drawmap(ref Perimeter[0], 2, 5); 
fg.setcolor(12); 
fg.drawmap(ref Interior[0], 2, 5); 

Delphi: 
const 
  Perimeter : array [1..10] of byte = 
    ($FF,$80,$41,$00,$22,$00,$14,$00,$08,$00); 
  Interior : array [1..10] of byte = 
    ($00,$00,$3E,$00,$1C,$00,$08,$00,$00,$00); 
begin 
  fg_move(156,101); 
  fg_setcolor(11); 
  fg_drawmap(Perimeter,2,5); 
  fg_setcolor(12); 
  fg_drawmap(Interior,2,5); 

Visual Basic: 
Dim Perimeter(10) As Byte, Interior(10) As Byte 
Perimeter(0) = &HFF: Perimeter(1) = &H80 
Perimeter(2) = &H41: Perimeter(3) = &H0 
Perimeter(4) = &H22: Perimeter(5) = &H0 
Perimeter(6) = &H14: Perimeter(7) = &H0 
Perimeter(8) = &H8: Perimeter(9) = &H0 
Interior(0) = &H0: Interior(1) = &H0: Interior(2) = &H3E 
Interior(3) = &H0: Interior(4) = &H1C: Interior(5) = &H0 
Interior(6) = &H8: Interior(7) = &H0: Interior(8) = &H0 
Interior(9) = &H0 
Call fg_move(156, 101) 
Call fg_setcolor(11) 
Call fg_drawmap(Perimeter(0), 2, 5) 
Call fg_setcolor(12) 
Call fg_drawmap(Interior(0), 2, 5) 

Visual Basic .NET: 
Dim Perimeter() As Byte = _ 
   {&HFF,&H80,&H41,&H00,&H22,&H00,&H14,&H00,&H08,&H00} 
Dim Interior() As Byte = _ 
   {&H00,&H00,&H3E,&H00,&H1C,&H00,&H08,&H00,&H00,&H00} 
fg_move(156, 101) 
fg_setcolor(11) 
fg_drawmap(Perimeter(0), 2, 5) 
fg_setcolor(12) 
fg_drawmap(Interior(0), 2, 5) 
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Note that we need two calls to fg_drawmap(), one for each color in the image, and how we use 
fg_setcolor() before each call to fg_drawmap() to define the current color. The result is a triangle with a blue 
perimeter and green interior. 

Like fg_drwimage(), fg_drawmap() does not perform clipping when displaying an image. If you 
want to display a monochrome bitmapped image constrained by the current clipping limits, use fg_clipmap() 
instead of fg_drawmap(). The fg_clipmap() function takes the same three parameters as fg_drawmap(). 

The different color bitmaps used by fg_drawmap() do not all have to be the same size. In our 
triangle example, the perimeter is 9 pixels wide by 5 pixels high, but the interior is only 5 pixels wide by 3 
pixels high. Hence, the bitmap for the interior pixels only requires one byte for each of its three rows, so we 
can store it in a three-byte array that would look like this: 

[2] 08 
[1] 1C 
[0] 3E 

We could then use this code to display the triangle bitmaps: 

C/C++: 
BYTE Perimeter[] =  
   {0xFF,0x80,0x41,0x00,0x22,0x00,0x14,0x00,0x08,0x00}; 
BYTE Interior[] = 
   {0x3E,0x1C,0x08}; 
fg_move(156,101); 
fg_setcolor(11); 
fg_drawmap(Perimeter,2,5); 
fg_move(156,100); 
fg_setcolor(12); 
fg_drawmap(Interior,1,3); 

C#: 
byte [] Perimeter =  
   {0xFF,0x80,0x41,0x00,0x22,0x00,0x14,0x00,0x08,0x00}; 
byte [] Interior = 
   {0x3E,0x1C,0x08}; 
fg.move(156, 101); 
fg.setcolor(11); 
fg.drawmap(ref Perimeter[0], 2, 5); 
fg.move(156, 100); 
fg.setcolor(12); 
fg.drawmap(ref Interior[0], 1, 3); 

Delphi: 
const 
  Perimeter : array [1..10] of byte = 
    ($FF,$80,$41,$00,$22,$00,$14,$00,$08,$00); 
  Interior : array [1..3] of byte = 
    ($3E,$1C,$08); 
begin 
  fg_move(156,101); 
  fg_setcolor(11); 
  fg_drawmap(Perimeter,2,5); 
  fg_move(156,100); 
  fg_setcolor(12); 
  fg_drawmap(Interior,1,3); 

Visual Basic: 
Dim Perimeter(10) As Byte, Interior(3) As Byte 
Perimeter(0) = &HFF: Perimeter(1) = &H80 
Perimeter(2) = &H41: Perimeter(3) = &H0 
Perimeter(4) = &H22: Perimeter(5) = &H0 
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Perimeter(6) = &H14: Perimeter(7) = &H0 
Perimeter(8) = &H8: Perimeter(9) = &H0 
Interior(0) = &H3E: Interior(1) = &H1C: Interior(2) = &H8 
Call fg_move(156, 101) 
Call fg_setcolor(11) 
Call fg_drawmap(Perimeter(0), 2, 5) 
Call fg_move(156, 100) 
Call fg_setcolor(12) 
Call fg_drawmap(Interior(0), 1, 3) 

Visual Basic .NET: 
Dim Perimeter() As Byte = _ 
   {&HFF,&H80,&H41,&H00,&H22,&H00,&H14,&H00,&H08,&H00} 
Dim Interior() As Byte = _ 
   {&H3E,&H1C,&H08} 
fg_move(156, 101) 
fg_setcolor(11) 
fg_drawmap(Perimeter(0), 2, 5) 
fg_move(156, 100) 
fg_setcolor(12) 
fg_drawmap(Interior(0), 1, 3) 

In this example, the time required to execute the second call to fg_move() may not be worth the saving of 7 
bytes of bitmap array. When array space is critical, or when the images are larger, the use of smaller bitmaps 
for certain colors may be more valuable. 

Yet another possibility for this example would be to shift the elements of the interior bitmap two pixels 
to the left. In this way, the bitmap would be aligned against the left side of the array, as the perimeter bitmap 
is. The three values comprising the interior bitmap would then become F8, 70, and 20. We also would need 
to change the x coordinate in the second call to fg_move() from 156 to 158. 

Monochrome Bitmaps: An Example Program 
The Monomap program presented in this section illustrates Fastgraph's monochrome bitmap 

display functions. Monomap displays the string “Hello” as bitmapped text. Each character is 8x8 pixels, so 
the required bitmap size is 40x8 pixels, or 5x8 bytes. The program is conceptually similar to the Bitmap 
program and has a top-level menu with selections for each Fastgraph monochrome bitmap display 
function. For example, selecting “Drawmap” calls fg_drawmap() to display the bitmapped text in the 
middle of the client area, as shown here: 
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The processing for each menu item is very similar: fill the virtual buffer with white pixels (which 

erases any previously drawn bitmap), move to the desired position, display the bitmap, and copy the 
virtual buffer contents to the window's client area. The Drawmap handler displays the bitmapped text in 
black (color 10) in the middle of the virtual buffer. To demonstrate clipping, the Clipmap handler displays 
the bitmapped text in red (color 22) partially beyond the left edge of the virtual buffer. The entire “H” and 
the left half of the “e” are clipped. 

Monomap: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Monomap.c                                                                 * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows monochrome bitmap     * 
*  display functions.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "Monomap.h" 
 
#define vbWidth  320 
#define vbHeight 200 
 
BYTE Hello[] = { 
   0x00,0x00,0x00,0x00,0x00, 
   0xCC,0x78,0x78,0x78,0x78, 
   0xCC,0xC0,0x30,0x30,0xCC, 
   0xCC,0xFC,0x30,0x30,0xCC, 
   0xFC,0xCC,0x30,0x30,0xCC, 
   0xCC,0x78,0x30,0x30,0x78, 
   0xCC,0x00,0x30,0x30,0x00, 
   0xCC,0x00,0x70,0x70,0x00}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGmonomap"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
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   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Monochrome Bitmap Demo",// window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(25); 
         fg_fillpage(); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Drawmap: 
               fg_setcolor(25); 
               fg_fillpage(); 
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               fg_setcolor(10); 
               fg_move(vbWidth/2-20,vbHeight/2+4); 
               fg_drawmap(Hello,5,8); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Clipmap: 
               fg_setcolor(25); 
               fg_fillpage(); 
               fg_setcolor(22); 
               fg_move(-12,vbHeight/2+4); 
               fg_clipmap(Hello,5,8); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Monomap: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Monomap.cpp                                                               * 
*  MonomapU.cpp                                                              * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows monochrome bitmap     * 
*  display functions.                                                        * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "MonomapU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
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   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(25); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DrawmapClick(TObject *Sender) 
{ 
   fg_setcolor(25); 
   fg_fillpage(); 
   fg_setcolor(10); 
   fg_move(vbWidth/2-20,vbHeight/2+4); 
   fg_drawmap(Hello,5,8); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ClipmapClick(TObject *Sender) 
{ 
   fg_setcolor(25); 
   fg_fillpage(); 
   fg_setcolor(22); 
   fg_move(-12,vbHeight/2+4); 
   fg_clipmap(Hello,5,8); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Monomap: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Monomap.dpr                                                               * 
*  MonomapU.pas                                                              * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows monochrome bitmap     * 
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*  display functions.                                                        * 
*                                                                            * 
*****************************************************************************} 
 
unit MonomapU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    Drawmap: TMenuItem; 
    Clipmap: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure DrawmapClick(Sender: TObject); 
    procedure ClipmapClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 200; 
 
  Hello : array [1..40] of byte = ( 
    $00,$00,$00,$00,$00, 
    $CC,$78,$78,$78,$78, 
    $CC,$C0,$30,$30,$CC, 
    $CC,$FC,$30,$30,$CC, 
    $FC,$CC,$30,$30,$CC, 
    $CC,$78,$30,$30,$78, 
    $CC,$00,$30,$30,$00, 
    $CC,$00,$70,$70,$00); 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
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  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(25); 
  fg_fillpage; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.DrawmapClick(Sender: TObject); 
begin 
  fg_setcolor(25); 
  fg_fillpage; 
  fg_setcolor(10); 
  fg_move(vbWidth div 2 - 20,vbHeight div 2 + 4); 
  fg_drawmap(Hello,5,8); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ClipmapClick(Sender: TObject); 
begin 
  fg_setcolor(25); 
  fg_fillpage; 
  fg_setcolor(22); 
  fg_move(-12,vbHeight div 2 + 4); 
  fg_clipmap(Hello,5,8); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Monomap: Visual Basic Version 
In the Visual Basic version, the load event handler calls the program's LoadHello() function to define the 
values in the Hello array. 
'***************************************************************************** 
'                                                                            * 
'  Monomap.frm                                                               * 
'                                                                            * 
'  This program demonstrates the Fastgraph for Windows monochrome bitmap     * 
'  display functions.                                                        * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 200 
 
Dim hPal As Long 
Dim hVB As Long 
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Dim cxClient As Long, cyClient As Long 
 
Dim Hello(5 * 8) As Byte 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
   Call LoadHello 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuClipmap_Click() 
   Call fg_setcolor(25) 
   Call fg_fillpage 
   Call fg_setcolor(22) 
   Call fg_move(-12, vbHeight / 2 + 4) 
   Call fg_clipmap(Hello(0), 5, 8) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuDrawmap_Click() 
   Call fg_setcolor(25) 
   Call fg_fillpage 
   Call fg_setcolor(10) 
   Call fg_move(vbWidth / 2 - 20, vbHeight / 2 + 4) 
   Call fg_drawmap(Hello(0), 5, 8) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
 
Private Sub LoadHello() 
   Hello(0)=&H0: Hello(1)=&H0: Hello(2)=&H0: Hello(3)=&H0: Hello(4)=&H0 
   Hello(5)=&HCC: Hello(6)=&H78: Hello(7)=&H78: Hello(8)=&H78: Hello(9)=&H78 
   Hello(10)=&HCC: Hello(11)=&HC0: Hello(12)=&H30: Hello(13)=&H30: Hello(14)=&HCC 
   Hello(15)=&HCC: Hello(16)=&HFC: Hello(17)=&H30: Hello(18)=&H30: Hello(19)=&HCC 
   Hello(20)=&HFC: Hello(21)=&HCC: Hello(22)=&H30: Hello(23)=&H30: Hello(24)=&HCC 
   Hello(25)=&HCC: Hello(26)=&H78: Hello(27)=&H30: Hello(28)=&H30: Hello(29)=&H78 
   Hello(30)=&HCC: Hello(31)=&H0: Hello(32)=&H30: Hello(33)=&H30: Hello(34)=&H0 
   Hello(35)=&HCC: Hello(36)=&H0: Hello(37)=&H70: Hello(38)=&H70: Hello(39)=&H0 
End Sub 
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Retrieving Bitmaps 
Sometimes it's necessary to retrieve an bitmap from a virtual buffer. Fastgraph includes three 

functions, fg_getimage(), fg_getdcb(), and fg_getmap(), for this purpose. The fg_getimage() function 
retrieves a 256-color bitmap. The fg_getdcb() function retrieves a direct color bitmap in either high color or 
true color format, depending on the virtual buffer color depth. The fg_getmap() function retrieves pixels of 
the current color and stores them as a monochrome bitmap. The parameters to these three functions are the 
same as for their corresponding bitmap display functions. In all cases, the graphics cursor position in the 
active virtual buffer defines the lower left corner of the bitmap to retrieve. 

Our next example, PCXflip, demonstrates the fg_getimage() function. Its WM_CREATE handler 
displays a 320x200 PCX image from the file Mouse.pcx using fg_showpcx(). It calls fg_getimage() to 
retrieve the image as a 256-color bitmap, and then calls fg_revimage() to display the image mirrored 
about the y axis. 

PCXflip computes the size of the bitmap array with fg_imagesiz(). This function returns the number 
of bytes required to store a bitmapped image of specified dimensions. Its two integer parameters specify the 
bitmap width and height in pixels. The return value is the bitmap size in bytes. The specific bitmap type 
depends on the active virtual buffer's color depth: 

• For 256-color virtual buffers, fg_imagesiz() returns the size of a 256-color bitmap (one byte per 
pixel). 

• For high color virtual buffers, fg_imagesiz() returns the size of a direct color bitmap in the high color 
format (two bytes per pixel). 

• For true color virtual buffers, fg_imagesiz() returns the size of a direct color bitmap in the true color 
format (three bytes per pixel). 

In PCXflip, we use a 320x200 bitmap and a 256-color virtual buffer, so fg_imagesiz() returns a bitmap size of 
64,000 bytes. 

PCXflip: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  PCXflip.c                                                                 * 
*                                                                            * 
*  This program displays a 320x200 PCX file mirrored about the y-axis using  * 
*  the bitmap display routines.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 200 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGpcxflip"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
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   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Bitmap Flipping Demo",  // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   BYTE *Bitmap; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_showpcx("MOUSE.PCX",FG_AT_XY); 
 
         Bitmap = (BYTE *)GlobalAlloc(GMEM_FIXED,fg_imagesiz(vbWidth,vbHeight)); 
         fg_move(0,vbHeight-1); 
         fg_getimage(Bitmap,vbWidth,vbHeight); 
         fg_revimage(Bitmap,vbWidth,vbHeight); 
         GlobalFree(GlobalHandle(Bitmap)); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
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         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

PCXflip: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  PCXflip.cpp                                                               * 
*  PCXflipU.cpp                                                              * 
*                                                                            * 
*  This program displays a 320x200 PCX file mirrored about the y-axis using  * 
*  the bitmap display routines.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "PCXFlipU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   byte *Bitmap; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_showpcx("MOUSE.PCX",FG_AT_XY); 
 
   Bitmap = new byte[fg_imagesiz(vbWidth,vbHeight)]; 
   fg_move(0,vbHeight-1); 
   fg_getimage(Bitmap,vbWidth,vbHeight); 
   fg_revimage(Bitmap,vbWidth,vbHeight); 
   delete[] Bitmap; 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
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{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

PCXflip: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  PCXflip.dpr                                                               * 
*  PCXflipU.pas                                                              * 
*                                                                            * 
*  This program displays a 320x200 PCX file mirrored about the y-axis using  * 
*  the bitmap display routines.                                              * 
*                                                                            * 
*****************************************************************************} 
 
unit PCXflipU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 200; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
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procedure TForm1.FormCreate(Sender: TObject); 
var 
  Bitmap : pointer; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_showpcx('MOUSE.PCX'+chr(0),FG_AT_XY); 
 
  Bitmap := GlobalAllocPtr(GMEM_MOVEABLE,fg_imagesiz(vbWidth,vbHeight)); 
  fg_move(0,vbHeight-1); 
  fg_getimage(Bitmap^,vbWidth,vbHeight); 
  fg_revimage(Bitmap^,vbWidth,vbHeight); 
  GlobalFreePtr(Bitmap); 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

PCXflip: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  PCXflip.frm                                                               * 
'                                                                            * 
'  This program displays a 320x200 PCX file mirrored about the y-axis using  * 
'  the bitmap display routines.                                              * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 200 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim Bitmap() As Byte 
 
   ScaleMode = 3 
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   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_showpcx(App.Path & "\MOUSE.PCX", FG_AT_XY) 
 
   ReDim Bitmap(fg_imagesiz(vbWidth, vbHeight)) 
   Call fg_move(0, vbHeight - 1) 
   Call fg_getimage(Bitmap(0), vbWidth, vbHeight) 
   Call fg_revimage(Bitmap(0), vbWidth, vbHeight) 
   Erase Bitmap 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 

In direct color virtual buffers, we can use fg_getimage() to retrieve 256-color bitmaps, or 
fg_getdcb() to retrieve direct color bitmaps. When fg_getimage() retrieves a 256-color bitmap from a 
direct color virtual buffer, it looks for a matching color in the virtual palette. If it finds an exact match, 
fg_getimage() sets the bitmap pixel to the index of the first matching virtual palette entry (which will be 
between 0 and 255). If fg_getimage() doesn’t find a match, it sets the bitmap pixel to zero. 

If we want to use fg_getmap() to retrieve an image containing more than one color, we must call the 
function once per color. In this case we'll usually want to pass different bitmap arrays to fg_getmap() (or 
perhaps different offsets into the same array). This might seem unusual at first, but it parallels the behavior of 
fg_drawmap(). That is, to display a multicolor image using fg_drawmap(), we must call it once for each color 
in the image. 

Inverting Bitmaps 
The Fastgraph bitmapped image display functions expect images to be stored starting with the 

bottom row and proceeding toward the top. This convention is often contrary to the "top to bottom" row order 
used in other graphics libraries. The fg_invert() function reverses the row order of bitmapped images, so a 
"top to bottom" image becomes a "bottom to top" image, or vice versa. This will often make it easier to import 
such images from other sources for use with the bitmapped image display functions. Note that fg_invert() 
does not change the bitmap orientation for these functions; it merely reverses the row order of the bitmap 
itself. 

The fg_invert() function requires three parameters. The first is the name of the bitmap array; the 
resulting inverted image is stored in this same array. The second and third parameters respectively specify 
the bitmap width and height in bytes. For example, suppose we originally defined our 9x5 pixel 256-color 
triangle bitmap in top-down order. We could then use fg_invert() to convert the bitmap to the bottom-up 
orientation before displaying it with fg_drwimage(): 

C/C++: 
BYTE Triangle[] = { 
    0, 0, 0, 0,11, 0, 0, 0, 0, 
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    0, 0, 0,11,12,11, 0, 0, 0, 
    0, 0,11,12,12,12,11, 0, 0, 
    0,11,12,12,12,12,12,11, 0, 
   11,11,11,11,11,11,11,11,11}; 
fg_move(156,101); 
fg_invert(Triangle,9,5); 
fg_drwimage(Triangle,9,5); 

C#: 
byte [] Triangle = { 
    0, 0, 0, 0,11, 0, 0, 0, 0, 
    0, 0, 0,11,12,11, 0, 0, 0, 
    0, 0,11,12,12,12,11, 0, 0, 
    0,11,12,12,12,12,12,11, 0, 
   11,11,11,11,11,11,11,11,11}; 
fg.move(156, 101); 
fg.invert(ref Triangle[0], 9, 5); 
fg.drwimage(ref Triangle[0], 9, 5); 

Delphi: 
const 
  Triangle : array [0..44] of byte = ( 
     0, 0, 0, 0,11, 0, 0, 0, 0, 
     0, 0, 0,11,12,11, 0, 0, 0, 
     0, 0,11,12,12,12,11, 0, 0, 
     0,11,12,12,12,12,12,11, 0, 
    11,11,11,11,11,11,11,11,11); 
begin 
  fg_move(156,101); 
  fg_invert(Triangle,9,5); 
  fg_drwimage(Triangle,9,5); 

Visual Basic: 
Dim Triangle(9 * 5) As Byte 
Call fg_move(156, 101) 
Call fg_invert(Triangle(0), 9, 5) 
Call fg_drwimage(Triangle(0), 9, 5) 

Visual Basic .NET: 
Dim Triangle() As Byte = { _ 
    0, 0, 0, 0,11, 0, 0, 0, 0, _ 
    0, 0, 0,11,12,11, 0, 0, 0, _ 
    0, 0,11,12,12,12,11, 0, 0, _ 
    0,11,12,12,12,12,12,11, 0, _ 
   11,11,11,11,11,11,11,11,11} 
fg_move(156, 101) 
fg_invert(Triangle(0), 9, 5) 
fg_drwimage(Triangle(0), 9, 5) 

Because the fg_invert() bitmap width is specified in bytes, we can also use this function to invert 
any bitmap. However, it's often easier to use fg_invdcb() to invert direct color bitmaps. The fg_invdcb() 
function has the same parameters as fg_invert(), but of course the bitmap array holds a direct color 
bitmap, and the bitmap width is expressed in pixels, not bytes. For high color virtual buffers, the bitmap is 
stored two bytes per pixel, with each pixel in an encoded RGB format. For true color virtual buffers, the 
bitmap is stored three bytes per pixel, with the blue byte first, then the green byte, and finally the red. 

Another use of fg_invert() and fg_invdcb() is to create inverted versions of any bitmap. This means 
you can create versions of bitmaps mirrored about the x axis, somewhat analogous to the way 
fg_revimage() and fg_revdcb() display images mirrored about the y axis. 
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Bitmap Scaling and Shearing 
The fg_scale() function performs horizontal and vertical scaling of 256-color bitmaps. The scaling is 

independent in each direction, meaning you can reduce the bitmap in both directions, expand it in both 
directions, or reduce it in one direction and expand it in the other. 

The fg_scale() function has six parameters. The first two specify the names of the source and 
destination bitmap arrays. The source array contains the original (unscaled) bitmap; the destination array will 
receive the expanded or reduced (scaled) bitmap. The third and fourth parameters specify the width and 
height in pixels of the unscaled bitmap, while the fifth and sixth parameters do the same for the resulting 
scaled bitmap. The maximum allowable width or height of the scaled and unscaled bitmaps is 32,768 
pixels. 

Shearing can be thought of as anchoring one corner of a rectangular region and stretching the 
opposite corner horizontally or vertically. For example, bitmaps containing text or other characters could be 
sheared horizontally to the right for an italic effect. A sheared bitmap will always be larger than the original 
image, and it will contain empty triangular areas at its corners. These empty areas will be filled with color 0 
pixels, meaning they will be transparent when you display a sheared bitmap. 

The fg_shear() function shears 256-color bitmaps and has six parameters. The first two specify the 
names of the source and destination bitmap arrays. The source array contains the original bitmap; the 
destination array will receive the sheared bitmap. The third and fourth parameters specify the width and 
height in pixels of the original bitmap. For horizontal shears, the fifth parameter specifies the resulting width in 
pixels of the sheared bitmap. For vertical shears, it specifies the resulting height. The maximum allowable 
width or height of the original and sheared bitmaps is 32,768 pixels. 

The final fg_shear() parameter defines the shear type. Four distinct shear types are available: 

• horizontal left shear (region's bottom edge is stretched to the right) 

• horizontal right shear (region's top edge is stretched to the right) 

• vertical left shear (region's left edge is stretched up) 

• vertical right shear (region's right edge is stretched up) 

The type is selected by a value between 0 and 3, respectively corresponding to the above four shear types. 
For example, shear type 2 represents a vertical left shear. 

We’ll now present an example program named Scale that uses fg_scale() and fg_shear() on the 
256-color bird bitmap introduced in the Bitmap program. The size of the bird bitmap is 40x20 pixels, but we’ll 
use fg_scale() to create successively larger versions of this bitmap, in sizes 50x25, 60x30, 70x35, and 
80x40. In each case, we store the scaled bitmap in the 3,200-byte ScaledBird array, which is big enough 
to hold the largest (80x40) bitmap. Next, we create sheared versions of the original 40x20 bitmap in each of 
the four fg_shear() shear types. Again, we use the ScaledBird array to hold the sheared bitmaps. We 
display the scaled and sheared bitmaps with fg_drwimage() in the program’s WM_CREATE handler, 
producing the display shown here: 



Chapter 8: Bitmapped Images • 307 

 

 

 

Scale: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Scale.c                                                                   * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  scaling and shearing functions.                                           * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 240 
 
// 40x20 256-color bitmapped image of a bird 
BYTE Bird[] = { 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,10, 0,10, 0,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,25,10,17,10,17,10,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0,10,25,25,10,17,10,17,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,25,25,25,25,10,25,10,25,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10, 
   10,25,25,25,25,10,25,10,25,10, 0, 0, 0, 0, 0, 0, 0,10,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,25, 
   10,25,25,25,25,25,25,25,25,10, 0, 0,10,10,10,10,10,17,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10, 
   25,25,25,25,25,25,25,25,10, 0, 0,10,25,25,25,25,25,10, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25, 
   10,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,25,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,10, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25,10, 
   25,25,25,25,25,25,25,25,10,10,25,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,10,10,10, 0, 0, 0, 0, 0,10,25,25,10,25,25,25,25,25,25, 
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   25,25,25,25,25,25,25,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,17,17,17,17,10,10,10,10, 0,10,10,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,10,25,25,25,10,10,10,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,17,17,17,17,17,17,17,10,25,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,10,25,25,25,10,17,17,17,17,10,10,10,10,10,10, 0, 
    0, 0,10,10,10,10,25,25,25,25,25,25,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,25,25,10,14,14,10, 0, 0, 
    0, 0, 0, 0, 0, 0,10,10,10,10,10,10,10,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,14,25,25,10,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,10,10,10,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10,10, 
   10,10,10,10,10,10,10, 0, 0, 0, 0,10,10,10, 0, 0, 0, 0, 0, 0}; 
 
// scaled/sheared bird bitmap (80x40 max) 
BYTE ScaledBird[80*40]; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGscale"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Bitmap Scaling and Shearing",// window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
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{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(20); 
         fg_fillpage(); 
 
         // draw 40x20 bird (original bitmap) 
         fg_move(6,80); 
         fg_drwimage(Bird,40,20); 
 
         // draw 50x25 bird 
         fg_move(48,80); 
         fg_scale(Bird,ScaledBird,40,20,50,25); 
         fg_drwimage(ScaledBird,50,25); 
 
         // draw 60x30 bird 
         fg_move(100,80); 
         fg_scale(Bird,ScaledBird,40,20,60,30); 
         fg_drwimage(ScaledBird,60,30); 
 
         // draw 70x35 bird 
         fg_move(162,80); 
         fg_scale(Bird,ScaledBird,40,20,70,35); 
         fg_drwimage(ScaledBird,70,35); 
 
         // draw 80x40 bird 
         fg_move(234,80); 
         fg_scale(Bird,ScaledBird,40,20,80,40); 
         fg_drwimage(ScaledBird,80,40); 
 
         // draw 50x20 bird sheared left horizontally 
         fg_move(55,160); 
         fg_shear(Bird,ScaledBird,40,20,50,0); 
         fg_drwimage(ScaledBird,50,20); 
 
         // draw 50x20 bird sheared right horizontally 
         fg_move(115,160); 
         fg_shear(Bird,ScaledBird,40,20,50,1); 
         fg_drwimage(ScaledBird,50,20); 
 
         // draw 40x30 bird sheared left vertically 
         fg_move(175,160); 
         fg_shear(Bird,ScaledBird,40,20,30,2); 
         fg_drwimage(ScaledBird,40,30); 
 
         // draw 40x30 bird sheared left vertically 
         fg_move(225,160); 
         fg_shear(Bird,ScaledBird,40,20,30,3); 
         fg_drwimage(ScaledBird,40,30); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
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         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Scale: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Scale.cpp                                                                 * 
*  ScaleU.cpp                                                                * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  scaling and shearing functions.                                           * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "ScaleU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(20); 
   fg_fillpage(); 
 
   // draw 40x20 bird (original bitmap) 
   fg_move(6,80); 
   fg_drwimage(Bird,40,20); 
 
   // draw 50x25 bird 
   fg_move(48,80); 
   fg_scale(Bird,ScaledBird,40,20,50,25); 
   fg_drwimage(ScaledBird,50,25); 
 
   // draw 60x30 bird 
   fg_move(100,80); 
   fg_scale(Bird,ScaledBird,40,20,60,30); 
   fg_drwimage(ScaledBird,60,30); 
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   // draw 70x35 bird 
   fg_move(162,80); 
   fg_scale(Bird,ScaledBird,40,20,70,35); 
   fg_drwimage(ScaledBird,70,35); 
 
   // draw 80x40 bird 
   fg_move(234,80); 
   fg_scale(Bird,ScaledBird,40,20,80,40); 
   fg_drwimage(ScaledBird,80,40); 
 
   // draw 50x20 bird sheared left horizontally 
   fg_move(55,160); 
   fg_shear(Bird,ScaledBird,40,20,50,0); 
   fg_drwimage(ScaledBird,50,20); 
 
   // draw 50x20 bird sheared right horizontally 
   fg_move(115,160); 
   fg_shear(Bird,ScaledBird,40,20,50,1); 
   fg_drwimage(ScaledBird,50,20); 
 
   // draw 40x30 bird sheared left vertically 
   fg_move(175,160); 
   fg_shear(Bird,ScaledBird,40,20,30,2); 
   fg_drwimage(ScaledBird,40,30); 
 
   // draw 40x30 bird sheared left vertically 
   fg_move(225,160); 
   fg_shear(Bird,ScaledBird,40,20,30,3); 
   fg_drwimage(ScaledBird,40,30); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

Scale: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Scale.dpr                                                                 * 
*  ScaleU.pas                                                                * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  scaling and shearing functions.                                           * 
*                                                                            * 
*****************************************************************************} 
 
unit ScaleU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
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    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
  { 40x20 256-color bitmapped image of a bird } 
  Bird : array [1..40*20] of byte = ( 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0,10,10, 0,10, 0,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0,10,25,10,17,10,17,10,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0,10,25,25,10,17,10,17,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    10,25,25,25,25,10,25,10,25,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10, 
    10,25,25,25,25,10,25,10,25,10, 0, 0, 0, 0, 0, 0, 0,10,10, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,25, 
    10,25,25,25,25,25,25,25,25,10, 0, 0,10,10,10,10,10,17,10, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10, 
    25,25,25,25,25,25,25,25,10, 0, 0,10,25,25,25,25,25,10, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25, 
    10,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,25,10, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
    25,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,10, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25,10, 
    25,25,25,25,25,25,25,25,10,10,25,25,25,25,10, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
    25,25,25,25,25,25,25,10,25,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10,25,25,25,25, 
    25,25,25,25,25,25,25,10,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,10,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 0, 
     0,10,10,10,10, 0, 0, 0, 0, 0,10,25,25,10,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 
    10,17,17,17,17,10,10,10,10, 0,10,10,25,25,25,25,25,25,25,25, 
    25,25,25,25,25,10,25,25,25,10,10,10,10, 0, 0, 0, 0, 0, 0, 0, 
     0,10,17,17,17,17,17,17,17,10,25,25,10,25,25,25,25,25,25,25, 
    25,25,25,25,10,25,25,25,10,17,17,17,17,10,10,10,10,10,10, 0, 
     0, 0,10,10,10,10,25,25,25,25,25,25,25,25,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,25,25,25,25,25,25,25,10,14,14,10, 0, 0, 
     0, 0, 0, 0, 0, 0,10,10,10,10,10,10,10,10,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,25,25,25,25,25,14,25,25,10,10, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,25,25, 
    25,25,25,25,25,25,25,10,10,10,10,25,25,25,10, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10,10, 
    10,10,10,10,10,10,10, 0, 0, 0, 0,10,10,10, 0, 0, 0, 0, 0, 0); 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
  { scaled/sheared bird bitmap (80x40 max) } 
  ScaledBird : array [1..80*40] of byte; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
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end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(20); 
  fg_fillpage; 
 
  { draw 40x20 bird (original bitmap) } 
  fg_move(6,80); 
  fg_drwimage(Bird,40,20); 
 
  { draw 50x25 bird } 
  fg_move(48,80); 
  fg_scale(Bird,ScaledBird,40,20,50,25); 
  fg_drwimage(ScaledBird,50,25); 
 
  { draw 60x30 bird } 
  fg_move(100,80); 
  fg_scale(Bird,ScaledBird,40,20,60,30); 
  fg_drwimage(ScaledBird,60,30); 
 
  { draw 70x35 bird } 
  fg_move(162,80); 
  fg_scale(Bird,ScaledBird,40,20,70,35); 
  fg_drwimage(ScaledBird,70,35); 
 
  { draw 80x40 bird } 
  fg_move(234,80); 
  fg_scale(Bird,ScaledBird,40,20,80,40); 
  fg_drwimage(ScaledBird,80,40); 
 
  { draw 50x20 bird sheared left horizontally } 
  fg_move(55,160); 
  fg_shear(Bird,ScaledBird,40,20,50,0); 
  fg_drwimage(ScaledBird,50,20); 
 
  { draw 50x20 bird sheared right horizontally } 
  fg_move(115,160); 
  fg_shear(Bird,ScaledBird,40,20,50,1); 
  fg_drwimage(ScaledBird,50,20); 
 
  { draw 40x30 bird sheared left vertically } 
  fg_move(175,160); 
  fg_shear(Bird,ScaledBird,40,20,30,2); 
  fg_drwimage(ScaledBird,40,30); 
 
  { draw 40x30 bird sheared left vertically } 
  fg_move(225,160); 
  fg_shear(Bird,ScaledBird,40,20,30,3); 
  fg_drwimage(ScaledBird,40,30); 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
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  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Scale: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Scale.frm                                                                 * 
'                                                                            * 
'  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
'  scaling and shearing functions.                                           * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Dim Bird(40 * 20) As Byte 
Dim ScaledBird(80 * 40) As Byte ' scaled/sheared bird bitmap (80x40 max) 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(20) 
   Call fg_fillpage 
   Call LoadBird 
 
   ' draw 40x20 bird (original bitmap) 
   Call fg_move(6, 80) 
   Call fg_drwimage(Bird(0), 40, 20) 
 
   ' draw 50x25 bird 
   Call fg_move(48, 80) 
   Call fg_scale(Bird(0), ScaledBird(0), 40, 20, 50, 25) 
   Call fg_drwimage(ScaledBird(0), 50, 25) 
 
   ' draw 60x30 bird 
   Call fg_move(100, 80) 
   Call fg_scale(Bird(0), ScaledBird(0), 40, 20, 60, 30) 
   Call fg_drwimage(ScaledBird(0), 60, 30) 
 
   ' draw 70x35 bird 
   Call fg_move(162, 80) 
   Call fg_scale(Bird(0), ScaledBird(0), 40, 20, 70, 35) 
   Call fg_drwimage(ScaledBird(0), 70, 35) 
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   ' draw 80x40 bird 
   Call fg_move(234, 80) 
   Call fg_scale(Bird(0), ScaledBird(0), 40, 20, 80, 40) 
   Call fg_drwimage(ScaledBird(0), 80, 40) 
 
   ' draw 50x20 bird sheared left horizontally 
   Call fg_move(55, 160) 
   Call fg_shear(Bird(0), ScaledBird(0), 40, 20, 50, 0) 
   Call fg_drwimage(ScaledBird(0), 50, 20) 
 
   ' draw 50x20 bird sheared right horizontally 
   Call fg_move(115, 160) 
   Call fg_shear(Bird(0), ScaledBird(0), 40, 20, 50, 1) 
   Call fg_drwimage(ScaledBird(0), 50, 20) 
 
   ' draw 40x30 bird sheared left vertically 
   Call fg_move(175, 160) 
   Call fg_shear(Bird(0), ScaledBird(0), 40, 20, 30, 2) 
   Call fg_drwimage(ScaledBird(0), 40, 30) 
 
   ' draw 40x30 bird sheared left vertically 
   Call fg_move(225, 160) 
   Call fg_shear(Bird(0), ScaledBird(0), 40, 20, 30, 3) 
   Call fg_drwimage(ScaledBird(0), 40, 30) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub LoadBird() 
   Dim I As Long 
   Open App.Path & "\Bird256.dat" For Input Access Read As #1 
   For I = 0 To 40 * 20 - 1 
      Input #1, Bird(I) 
   Next I 
   Close #1 
End Sub 

Note that fg_scale() and fg_shear() work with 256-color bitmaps only. The fg_scaledcb() and 
fg_sheardcb() functions perform the identical functions with direct color bitmaps. These two functions 
have the exact same parameters as their 256-color counterparts, but of course the source and destination 
arrays will contain direct color bitmaps. For high color virtual buffers, the bitmaps are stored two bytes per 
pixel, with each pixel in an encoded RGB format. For true color virtual buffers, the bitmaps are stored 
three bytes per pixel, with the blue byte first, then the green byte, and finally the red. 

Under some circumstances, you can pass virtual buffer addresses to the bitmap scaling and 
shearing functions and apply these operations directly on virtual buffers. To do this, the size of the source and 
destination regions being scaled or sheared must exactly match the size of the source and destination virtual 
buffers. For instance, if we want to scale a 320x200 image in one virtual buffer to a 160x100 image in another 
virtual buffer, the source virtual buffer size must be 320x200 and the destination virtual buffer size must be 
160x100. For example, we could use the code shown here to scale a 320x200 PCX image residing in a 
virtual buffer into a second 160x100 virtual buffer. 

C/C++: 
BYTE *Buffer1; 
BYTE *Buffer2; 
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hVB1 = fg_vballoc(320,200); 
fg_vbopen(hVB1); 
fg_vbcolors(); 
fg_showpcx("MOUSE.PCX",FG_AT_XY); 
 
hVB2 = fg_vballoc(160,100); 
fg_vbopen(hVB2); 
fg_vbcolors(); 
 
Buffer1 = (BYTE *)fg_vbaddr(hVB1); 
Buffer2 = (BYTE *)fg_vbaddr(hVB2); 
fg_scale(Buffer1,Buffer2,320,200,160,100); 

C#: 
int Buffer1, Buffer2; 
 
hVB1 = fg.vballoc(320, 200); 
fg.vbopen(hVB1); 
fg.vbcolors(); 
fg.showpcx("MOUSE.PCX", fg.AT_XY); 
 
hVB2 = fg.vballoc(160, 100); 
fg.vbopen(hVB2); 
fg.vbcolors(); 
 
Buffer1 = fg.vbaddr(hVB1); 
Buffer2 = fg.vbaddr(hVB2); 
fg.scale(Buffer1, Buffer2, 320, 200, 160, 100); 

Delphi: 
var 
  Buffer1, Buffer2 : pointer; 
begin 
  hVB1 := fg_vballoc(320,200); 
  fg_vbopen(hVB1); 
  fg_vbcolors; 
  fg_showpcx('MOUSE.PCX'+chr(0),FG_AT_XY); 
 
  hVB2 := fg_vballoc(160,100); 
  fg_vbopen(hVB2); 
  fg_vbcolors; 
 
  Buffer1 := fg_vbaddr(hVB1); 
  Buffer2 := fg_vbaddr(hVB2); 
  fg_scale(Buffer1^,Buffer2^,320,200,160,100); 

Visual Basic: 
Dim Buffer1 As Long, Buffer2 As Long 
 
hVB1 = fg_vballoc(320, 200) 
Call fg_vbopen(hVB1) 
Call fg_vbcolors 
Call fg_showpcx("MOUSE.PCX", FG_AT_XY) 
 
hVB2 = fg_vballoc(160, 100) 
Call fg_vbopen(hVB2) 
Call fg_vbcolors 
 
Buffer1 = fg_vbaddr(hVB1) 
Buffer2 = fg_vbaddr(hVB2) 
Call fg_scale(ByVal Buffer1,ByVal Buffer2,320,200,160,100) 
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Visual Basic .NET: 
Dim Buffer1, Buffer2 As Integer 
 
hVB1 = fg_vballoc(320, 200) 
fg_vbopen(hVB1) 
fg_vbcolors() 
fg_showpcx("MOUSE.PCX", FG_AT_XY) 
 
hVB2 = fg_vballoc(160, 100) 
fg_vbopen(hVB2) 
fg_vbcolors() 
 
Buffer1 = fg_vbaddr(hVB1) 
Buffer2 = fg_vbaddr(hVB2) 
fg_scale(Buffer1, Buffer2, 320, 200, 160, 100) 

Note how this code uses fg_vbaddr() to retrieve the address of each virtual buffer’s drawing surface and 
pass these to fg_scale(). You can use fg_vbaddr() in this manner only when using Fastgraph's native 
libraries. If you're creating a DirectX program, you must instead obtain the address of the drawing surfaces 
with fg_ddlock(). Note also how the .NET versions use an alternate fg_scale() declaration that allows 
passing the integer fg_vbaddr() or fg_ddlock() return values for the source and destination bitmaps. Similar 
.NET declarations exist for fg_scaledcb(), fg_shear(), and fg_sheardcb(). 

Bitmap Rotation 
Fastgraph includes three functions for 2D bitmap rotation. The fg_rotate() function rotates a 256-

color bitmap about its center by an arbitrary angle, and fg_rotdcb() does the same thing for direct color 
bitmaps. Unless you’re rotating a bitmap by a multiple of 90 degrees, the size of the rotated bitmap may 
be larger than the original bitmap. In such cases, fg_rotsize() can determine the size of a rotated bitmap 
before actually performing the rotation. You can use fg_rotsize() with either 256-color or direct color 
bitmaps. 

The fg_rotsize() function’s first two parameters are the width and height of the original bitmap in 
pixels. Its third parameter is the rotation angle, multiplied by 10, expressed counterclockwise from the 
positive x axis. The last two fg_rotsize() parameters receive the width and height of the rotated bitmap, 
again in pixels. For example, to determine the size of a 40x20 bitmap rotated 45 degrees, you would call 

C/C++: 
fg_rotsize(40,20,45*10,&NewWidth,&NewHeight); 

C#: 
fg.rotsize(40, 20, 45*10, out NewWidth, out NewHeight); 

Delphi: 
fg_rotsize(40,20,45*10,NewWidth,NewHeight); 

Visual Basic: 
Call fg_rotsize(40, 20, 45 * 10, NewWidth, NewHeight) 

Visual Basic .NET: 
fg_rotsize(40, 20, 45 * 10, NewWidth, NewHeight) 

Again, note how we multiply the rotation angle by 10. To determine the number of bytes required for the 
rotated bitmap, just pass the rotated width and height values to fg_imagesiz(): 

C/C++: 
nBytes = fg_imagesiz(NewWidth,NewHeight); 

C#: 
nBytes = fg.imagesiz(NewWidth, NewHeight); 



318 • Fastgraph 6.0 User’s Guide 

 

  

Delphi: 
nBytes := fg_imagesiz(NewWidth,NewHeight); 

Visual Basic: 
nBytes = fg_imagesiz(NewWidth, NewHeight) 

Visual Basic .NET: 
nBytes = fg_imagesiz(NewWidth, NewHeight) 

The above calls work for 256-color bitmaps and direct color bitmaps. We can then pass nBytes to a 
function that allocates dynamic memory and use that memory to hold the rotated bitmap. 

The actual bitmap rotation takes place in fg_rotate() or fg_rotdcb(). Each function’s first 
parameter is the name of the array that holds the original (unrotated) bitmap, and the second parameter 
is the name of the array that receives the rotated bitmap. The only difference is that fg_rotate() expects 
and creates 256-color bitmaps, while fg_rotdcb() works with direct color bitmaps. The third and fourth 
parameters define the width and height of the unrotated bitmap in pixels. The fifth parameter defines the 
rotation angle, which must be multiplied by 10 just as with fg_rotsize(). Thus, to perform the 45-degree 
rotation of our 40x20 256-color bitmap stored in the array Source, we would use 

C/C++: 
fg_rotate(Source,Dest,40,20,45*10); 

C#: 
fg.rotate(ref Source[0], ref Dest[0], 40, 20, 45*10); 

Delphi: 
fg_rotate(Source,Dest,40,20,45*10); 

Visual Basic: 
Call fg_rotate(Source(0), Dest(0), 40, 20, 45 * 10) 

Visual Basic .NET: 
fg_rotate(Source(0), Dest(0), 40, 20, 45 * 10) 

Upon return, the Dest array will contain the rotated 256-color bitmap. If the bitmap were a direct color 
bitmap, we would instead pass the same parameters to fg_rotdcb(). 

Note that fg_rotate() and fg_rotdcb() do not actually display the rotated bitmap, but merely 
rotate it. We can display it with any of the bitmap display functions, passing the bitmap width and height 
returned by fg_rotsize(). Assuming the Dest array is large enough to hold the rotated bitmap, we can 
summarize the bitmap rotation and display process for 256-color bitmaps as shown here: 

C/C++: 
fg_rotsize(40,20,45*10,&NewWidth,&NewHeight); 
fg_rotate(Source,Dest,40,20,45*10); 
fg_drwimage(Dest,NewWidth,NewHeight); 

C#: 
fg.rotsize(40, 20, 45*10, out NewWidth, out NewHeight); 
fg.rotate(ref Source[0], ref Dest[0], 40, 20, 45*10); 
fg.drwimage(ref Dest[0], NewWidth, NewHeight); 

Delphi: 
fg_rotsize(40,20,45*10,NewWidth,NewHeight); 
fg_rotate(Source,Dest,40,20,45*10); 
fg_drwimage(Dest,NewWidth,NewHeight); 

Visual Basic: 
Call fg_rotsize(40, 20, 45 * 10, NewWidth, NewHeight) 
Call fg_rotate(Source(0), Dest(0), 40, 20, 45 * 10) 
Call fg_drwimage(Dest(0), NewWidth, NewHeight) 
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Visual Basic .NET: 
fg_rotsize(40, 20, 45 * 10, NewWidth, NewHeight) 
fg_rotate(Source(0), Dest(0), 40, 20, 45 * 10) 
fg_drwimage(Dest(0), NewWidth, NewHeight) 

We’ll now present an example program that rotates the 256-color bird bitmap. It first displays the 
original bitmap, then displays versions rotated at 30, 60, 90, 120, 150, and 180 degrees. The resulting 
bitmaps look like this: 

 
For simplicity, we chose the size of the rotated bitmap array so that it is big enough to hold the largest 
rotated bitmap. It would be better to use fg_rotsize() to determine the largest bitmap size and then 
allocate that much memory dynamically. 

Rotate: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Rotate.c                                                                  * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  rotation functions.                                                       * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 240 
 
// 40x20 256-color bitmapped image of a bird 
BYTE Bird[] = { 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,10, 0,10, 0,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0,10,25,10,17,10,17,10,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0,10,25,25,10,17,10,17,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,25,25,25,25,10,25,10,25,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10, 
   10,25,25,25,25,10,25,10,25,10, 0, 0, 0, 0, 0, 0, 0,10,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,25, 
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   10,25,25,25,25,25,25,25,25,10, 0, 0,10,10,10,10,10,17,10, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10, 
   25,25,25,25,25,25,25,25,10, 0, 0,10,25,25,25,25,25,10, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25, 
   10,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,25,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,10, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25,10, 
   25,25,25,25,25,25,25,25,10,10,25,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,10,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,10,10,10, 0, 0, 0, 0, 0,10,25,25,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 
   10,17,17,17,17,10,10,10,10, 0,10,10,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,10,25,25,25,10,10,10,10, 0, 0, 0, 0, 0, 0, 0, 
    0,10,17,17,17,17,17,17,17,10,25,25,10,25,25,25,25,25,25,25, 
   25,25,25,25,10,25,25,25,10,17,17,17,17,10,10,10,10,10,10, 0, 
    0, 0,10,10,10,10,25,25,25,25,25,25,25,25,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,25,25,10,14,14,10, 0, 0, 
    0, 0, 0, 0, 0, 0,10,10,10,10,10,10,10,10,25,25,25,25,25,25, 
   25,25,25,25,25,25,25,25,25,25,25,25,14,25,25,10,10, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,25,25, 
   25,25,25,25,25,25,25,10,10,10,10,25,25,25,10, 0, 0, 0, 0, 0, 
    0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10,10, 
   10,10,10,10,10,10,10, 0, 0, 0, 0,10,10,10, 0, 0, 0, 0, 0, 0}; 
 
BYTE RotatedBird[40*20*4]; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGrotate"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Bitmap Rotation Demo",  // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
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   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   int RotatedWidth, RotatedHeight; 
   int Angle; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(20); 
         fg_fillpage(); 
 
         // display the original (unrotated) bird bitmap 
         fg_move(140,80); 
         fg_drwimage(Bird,40,20); 
 
         // display the bitmap rotated by 30, 60, 90, 120, 150, and 180 degrees 
         fg_move(10,140); 
         for (Angle = 30; Angle <= 180; Angle += 30) 
         { 
            fg_rotsize(40,20,Angle*10,&RotatedWidth,&RotatedHeight); 
            fg_rotate(Bird,RotatedBird,40,20,Angle*10); 
            fg_drwimage(RotatedBird,RotatedWidth,RotatedHeight); 
            fg_moverel(RotatedWidth+10,0); 
         } 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
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   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Rotate: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Rotate.cpp                                                                * 
*  RotateU.cpp                                                               * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  rotation functions.                                                       * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "RotateU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   int RotatedWidth, RotatedHeight; 
   int Angle; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(20); 
   fg_fillpage(); 
 
   // display the original (unrotated) bird bitmap 
   fg_move(140,80); 
   fg_drwimage(Bird,40,20); 
 
   // display the bitmap rotated by 30, 60, 90, 120, 150, and 180 degrees 
   fg_move(10,140); 
   for (Angle = 30; Angle <= 180; Angle += 30) 
   { 
      fg_rotsize(40,20,Angle*10,&RotatedWidth,&RotatedHeight); 
      fg_rotate(Bird,RotatedBird,40,20,Angle*10); 
      fg_drwimage(RotatedBird,RotatedWidth,RotatedHeight); 
      fg_moverel(RotatedWidth+10,0); 
   } 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
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   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

Rotate: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Rotate.dpr                                                                * 
*  RotateU.pas                                                               * 
*                                                                            * 
*  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
*  rotation functions.                                                       * 
*                                                                            * 
*****************************************************************************} 
 
unit RotateU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
  { 40x20 256-color bitmapped image of a bird } 
  Bird : array [1..40*20] of byte = ( 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0,10,10, 0,10, 0,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0,10,25,10,17,10,17,10,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0,10,25,25,10,17,10,17,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
    10,25,25,25,25,10,25,10,25,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10, 
    10,25,25,25,25,10,25,10,25,10, 0, 0, 0, 0, 0, 0, 0,10,10, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,25, 
    10,25,25,25,25,25,25,25,25,10, 0, 0,10,10,10,10,10,17,10, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10, 
    25,25,25,25,25,25,25,25,10, 0, 0,10,25,25,25,25,25,10, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25, 
    10,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,25,10, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
    25,25,25,25,25,25,25,25,10, 0,10,25,25,25,25,10, 0, 0, 0, 0, 
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     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,25,10,25,25,10, 
    25,25,25,25,25,25,25,25,10,10,25,25,25,25,10, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,10,25, 
    25,25,25,25,25,25,25,10,25,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,10,25,25,25,25, 
    25,25,25,25,25,25,25,10,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,25,10,25,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,10,25,25,25,25,10, 0, 0, 0, 0, 0, 0, 0, 
     0,10,10,10,10, 0, 0, 0, 0, 0,10,25,25,10,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,25,25,10,25,10, 0, 0, 0, 0, 0, 0, 0, 0, 
    10,17,17,17,17,10,10,10,10, 0,10,10,25,25,25,25,25,25,25,25, 
    25,25,25,25,25,10,25,25,25,10,10,10,10, 0, 0, 0, 0, 0, 0, 0, 
     0,10,17,17,17,17,17,17,17,10,25,25,10,25,25,25,25,25,25,25, 
    25,25,25,25,10,25,25,25,10,17,17,17,17,10,10,10,10,10,10, 0, 
     0, 0,10,10,10,10,25,25,25,25,25,25,25,25,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,25,25,25,25,25,25,25,10,14,14,10, 0, 0, 
     0, 0, 0, 0, 0, 0,10,10,10,10,10,10,10,10,25,25,25,25,25,25, 
    25,25,25,25,25,25,25,25,25,25,25,25,14,25,25,10,10, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,25,25,25,25, 
    25,25,25,25,25,25,25,10,10,10,10,25,25,25,10, 0, 0, 0, 0, 0, 
     0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,10,10,10,10, 
    10,10,10,10,10,10,10, 0, 0, 0, 0,10,10,10, 0, 0, 0, 0, 0, 0); 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
  RotatedBird : array [1..40*20*4] of byte; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  RotatedWidth, RotatedHeight : integer; 
  Angle : integer; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(20); 
  fg_fillpage; 
 
  { display the original (unrotated) bird bitmap } 
  fg_move(140,80); 
  fg_drwimage(Bird,40,20); 
 
  { display the bitmap rotated by 30, 60, 90, 120, 150, and 180 degrees } 
  fg_move(10,140); 
  Angle := 30; 
  repeat 
  begin 
    fg_rotsize(40,20,Angle*10,RotatedWidth,RotatedHeight); 
    fg_rotate(Bird,RotatedBird,40,20,Angle*10); 
    fg_drwimage(RotatedBird,RotatedWidth,RotatedHeight); 
    fg_moverel(RotatedWidth+10,0); 
    inc(Angle,30); 
  end; 
  until Angle > 180; 
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  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Rotate: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Rotate.frm                                                                * 
'                                                                            * 
'  This program demonstrates the Fastgraph for Windows 256-color bitmap      * 
'  rotation functions.                                                       * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 240 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Dim Bird(40 * 20) As Byte 
Dim RotatedBird(40 * 20 * 4) As Byte 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim RotatedWidth As Long, RotatedHeight As Long 
   Dim Angle As Long 
 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(20) 
   Call fg_fillpage 
   Call LoadBird 
 
   ' display the original (unrotated) bird bitmap 
   Call fg_move(140, 80) 
   Call fg_drwimage(Bird(0), 40, 20) 
 
   ' display the bitmap rotated by 30, 60, 90, 120, 150, and 180 degrees 
   Call fg_move(10, 140) 
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   For Angle = 30 To 180 Step 30 
      Call fg_rotsize(40, 20, Angle * 10, RotatedWidth, RotatedHeight) 
      Call fg_rotate(Bird(0), RotatedBird(0), 40, 20, Angle * 10) 
      Call fg_drwimage(RotatedBird(0), RotatedWidth, RotatedHeight) 
      Call fg_moverel(RotatedWidth + 10, 0) 
   Next Angle 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub LoadBird() 
   Dim I As Long 
   Open App.Path & "\Bird256.dat" For Input Access Read As #1 
   For I = 0 To 40 * 20 - 1 
      Input #1, Bird(I) 
   Next I 
   Close #1 
End Sub 

Because the bitmap rotation functions rotate the bitmap around its center, it’s easy to display a 
spinning bitmap. If we’re displaying a bitmap with its lower left corner at (x,y), we only need to calculate 
the new (x,y) position such that displaying the rotated bitmap at that position leaves the bitmap center at 
its original position. This sounds harder than it really is: 

C/C++: 
fg_rotsize(OldWidth,OldHeight,Angle,&NewWidth,&NewHeight); 
fg_rotate(Source,Dest,OldWidth,OldHeight,Angle); 
fg_move(x-NewWidth/2,y+NewHeight/2); 
fg_drwimage(Dest,NewWidth,NewHeight); 

C#: 
fg.rotsize(OldWidth, OldHeight, Angle, 
           out NewWidth, out NewHeight); 
fg.rotate(ref Source[0], ref Dest[0], OldWidth, OldHeight, Angle); 
fg.move(x-NewWidth/2, y+NewHeight/2); 
fg.drwimage(ref Dest[0], NewWidth, NewHeight); 

Delphi: 
fg_rotsize(OldWidth,OldHeight,Angle,NewWidth,NewHeight); 
fg_rotate(Source,Dest,OldWidth,OldHeight,Angle); 
fg_move(x - NewWidth div 2,y + NewHeight div 2); 
fg_drwimage(Dest,NewWidth,NewHeight); 

Visual Basic: 
Call fg_rotsize(OldWidth, OldHeight, Angle, NewWidth, NewHeight) 
Call fg_rotate(Source(0), Dest(0), OldWidth, OldHeight, Angle) 
Call fg_move(x - NewWidth / 2, y + NewHeight / 2) 
Call fg_drwimage(Dest(0), NewWidth, NewHeight) 

Visual Basic .NET: 
fg_rotsize(OldWidth, OldHeight, Angle, NewWidth, NewHeight) 
fg_rotate(Source(0), Dest(0), OldWidth, OldHeight, Angle) 
fg_move(x - NewWidth \ 2, y + NewHeight \ 2) 
fg_drwimage(Dest(0), NewWidth, NewHeight) 



Chapter 8: Bitmapped Images • 327 

 

 

The above code is for 256-color bitmaps. For direct color bitmaps, use fg_rotdcb() instead of fg_rotate(), 
and fg_drawdcb() instead of fg_drwimage(). 

Bitmap Sections 
Bitmap sections let you work with subregions of 256-color and direct color bitmaps. Functions are 

provided for extracting a bitmap section from another bitmap, and also for inserting a bitmap section into 
another bitmap. Bitmap sections are themselves bitmaps, so anything you can do with a 256-color or 
direct color bitmap can also be done with a bitmap section. 

The fg_cut() function extracts a 256-color bitmap section from a 256-color bitmap. Its first 
parameter is the name of the array containing the source bitmap, and its second parameter is the name 
of the array to receive the bitmap section. The third and fourth parameters specify the x and y coordinates 
within the source bitmap that define the left and bottom edges of the bitmap section (the bottom row of a 
bitmap is considered row zero; the leftmost column is considered column zero). The next parameter is the 
width of the source bitmap in pixels, and the last two fg_cut() parameters define the bitmap section width 
and height in pixels. The fg_cutdcb() function has the same parameters as fg_cut() but works with direct 
color bitmaps instead of 256-color bitmaps. Neither fg_cut() nor fg_cutdcb() modify the source bitmap in 
any way. 

The fg_paste() function inserts a 256-color bitmap section into a 256-color bitmap. Its parameters 
are essentially the same as fg_cut(), but the parameters pertaining to the source bitmap instead refer to 
the larger bitmap into which fg_paste() will insert the bitmap section. For example, the x and y 
coordinates specified as the third and fourth parameters define the position where fg_paste() will insert 
the bitmap section, not where it will extract it from. The fg_pastedcb() function provides the same 
functionality for direct color bitmaps. 

Suppose we have a 64x64 256-color bitmap and we want to copy the 8x8 block of pixels in its 
upper left corner to its lower right corner. Since the bottom row of a bitmap is row zero, we'll use fg_cut() 
to extract an 8x8 bitmap section whose lower left corner is at x=0 and y=56 within the 64x64 bitmap. Then 
we'll insert the bitmap section back into the 64x64 bitmap at x=56 and y=0 with fg_paste(). Here's how to 
do it: 

C/C++: 
BYTE Bitmap[64*64]; 
BYTE Section[8*8]; 
fg_cut(Bitmap,Section,0,56,64,8,8); 
fg_paste(Bitmap,Section,56,0,64,8,8); 

C#: 
byte [] Bitmap = new byte [64*64]; 
byte [] Section = new byte [8*8]; 
fg.cut(ref Bitmap[0], ref Section[0], 0, 56, 64, 8, 8); 
fg.paste(ref Bitmap[0], ref Section[0], 56, 0, 64, 8, 8); 

Delphi: 
Bitmap : array [1..64*64] of byte; 
Section : array [1..8*8] of byte; 
fg_cut(Bitmap,Section,0,56,64,8,8); 
fg_paste(Bitmap,Section,56,0,64,8,8); 

Visual Basic: 
Dim Bitmap(64 * 64) As Byte 
Dim Section(8 * 8) As Byte 
Call fg_cut(Bitmap(0), Section(0), 0, 56, 64, 8, 8) 
Call fg_paste(Bitmap(0), Section(0), 56, 0, 64, 8, 8) 
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Visual Basic .NET: 
Dim Bitmap(64 * 64) As Byte 
Dim Section(8 * 8) As Byte 
fg_cut(Bitmap(0), Section(0), 0, 56, 64, 8, 8) 
fg_paste(Bitmap(0), Section(0), 56, 0, 64, 8, 8) 

For direct color bitmaps, we would use fg_cutdcb() and fg_pastedcb() rather than fg_cut() and 
fg_paste(). We would also need to increase the size of the Bitmap and Section arrays to hold two 
bytes per pixel for high color, or three bytes per pixel for true color. 

Creating AVI Files 
In the previous chapter, we described how to play AVI files, but we deferred AVI creation until 

now because it requires Fastgraph's bitmap functions. Creating an AVI file is a three step process. The 
first step is calling fg_avimake() to open a new AVI file and specify its resolution, frame rate, and 
compression details. If fg_avimake() is successful, you next call fg_aviframe() to write each AVI frame, 
passing it an uncompressed 256-color or true color bitmap containing that frame's image data. Finally, 
use fg_avidone() to close the AVI file, just as you do when playing an AVI. We'll now describe these 
steps in more detail. 

The fg_avimake() function's first two parameters specify the AVI file name and context descriptor 
array, just like fg_aviopen(). For fg_avimake(), however, the context descriptor only needs to be 24 
bytes, not 48. The third fg_avimake() parameter is the four-character code (FourCC) for the codec that 
will be used to compress the video data. It can instead be zero for uncompressed frames, or -1 to display 
a dialog box to select compression options at run time. Here are the FourCC values for some of the more 
popular codecs supplied with Video for Windows: 

Codec name FourCC Hex equivalent 
Intel Indeo 3.2 IV32 49563332 
Microsoft Video 1 MSVC 4D535643 
Microsoft Run Length Encoding MRLE 4D524C45 
Radius Cinepak CVID 43564944 

The fourth and fifth fg_avimake() parameters specify the image width and height in pixels. The sixth 
parameter is the suggested AVI color depth in bits per pixel; fg_avimake() will use this color depth unless 
the selected codec does not support it. The next parameter defines the compression quality, between 0 
and 10,000. A value of 10,000 indicates lossless compression, with lower values resulting in increased 
degrees of lossy compression. The quality value is ignored if creating an uncompressed AVI, or if we 
select compression options through the dialog box. The final fg_avimake() parameter is the video rate in 
frames per second. The fg_avimake() function returns 0 if the AVI file was created successfully, -1 if 
there was an error creating the AVI file, -2 if there was an error creating the AVI video stream, or -3 if the 
user pressed Cancel on the compression options dialog box. 

The code shown here creates an empty 320x240 AVI file called INTRO.AVI, compressed with the 
MSVC codec: 

C/C++: 
BYTE ContextAVI[24]; 
fg_avimake("INTRO.AVI",ContextAVI,0x4D535643,320,240,8,10000,30); 

C#: 
byte [] ContextAVI = new byte [24]; 
fg.avimake("INTRO.AVI", ref ContextAVI[0], 0x4D535643, 320, 240, 
           8, 10000, 30); 

Delphi: 
ContextAVI : array [1..24] of byte; 
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fg_avimake('INTRO.AVI'+chr(0),ContextAVI,$4D535643,320,240,8, 
   10000,30); 

Visual Basic: 
Dim ContextAVI(24) As Byte 
Call fg_avimake("INTRO.AVI", ContextAVI(0), &H4D535643, 320, 240, 
   8, 10000, 30) 

Visual Basic .NET: 
Dim ContextAVI(24) As Byte 
fg_avimake("INTRO.AVI", ContextAVI(0), &H4D535643, 320, 240, 
   8, 10000, 30) 

We specify the FourCC for the MSVC codec as 4D535643 hex. Because this codec supports 256-color 
compression and we specify a color depth of 8 bits per pixel, INTRO.AVI will be a 256-color AVI file. We 
also specify lossless compression with a quality value of 10000, and a playback rate of 30 frames per 
second. In a real program, we would probably want to check the fg_avimake() return value to make sure 
the file was created successfully. 

Once we've created an empty AVI file with fg_avimake(), we're ready to write each frame of 
image data. To do this, we use fg_aviframe(), which writes a single frame to an AVI file. Its first 
parameter is the 24-byte context descriptor returned by fg_avimake(), and its second parameter is a 
bitmap containing the uncompressed image data for that frame. The bitmap width and height must be the 
same as specified in the fg_avimake() call for this context descriptor. If creating a 256-color AVI, the 
bitmap must be a 256-color bitmap. If creating a high color or true color AVI, it must be a 24-bit direct 
color bitmap. The fg_aviframe() function returns 0 if the frame was written successfully, and -1 if not. 

The AVImake example converts a flic file to an equivalent AVI file. The conversion takes place in 
the program's ConvertClick() function, which first gets a flic file name through an Open File dialog box. 
After confirming that this file really is a flic file, we create a 256-color virtual buffer with the same 
dimensions as the flic file (flic files are always 256 colors). Next, we open the flic file with fg_flicopen() 
and play its first frame with fg_flicplay(). We then build the AVI file name string and call fg_avimake() to 
create an empty 256-color AVI file with a playback rate of 30 frames per second. Because we pass a 
codec value of –1, fg_avimake() will display a dialog box to let the user select the AVI compression 
options. Next we allocate memory for 256-color bitmap whose size is equal to the flic resolution. We then 
write the AVI frames by playing the flic frames, one at a time, into the active virtual buffer. In this loop, we 
retrieve the current flic frame as a 256-color bitmap with fg_getimage(), and then write the AVI frame with 
fg_aviframe(), compressing it in the process. After we've converted all frames, we close both files and 
release the bitmap memory. 

AVImake: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  AVImake.c                                                                 * 
*                                                                            * 
*  This program creates an AVI file from an FLI or FLC file.                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <commdlg.h> 
#include <windowsx.h> 
#include "AVImake.h" 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void ConvertClick(void); 
void SwitchBuffers(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGavimake"; 
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   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Create AVI File From Flic File", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      cxBuffer, cyBuffer; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         cxBuffer = cyBuffer = 32; 
         hVB = fg_vballoc(cxBuffer,cyBuffer); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(-1); 
         fg_fillpage(); 
 
         hMenu = GetMenu(hWnd); 
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         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Convert: 
               ConvertClick(); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
void ConvertClick() 
{ 
   HCURSOR hCursor; 
   char mbString[256]; 
   char FileName[256]; 
   BYTE FileHeader[128]; 
   BYTE ContextFlic[16]; 
   BYTE ContextAVI[24]; 
   BYTE *Bitmap; 
 
   static OPENFILENAME fn; 
   static char Filter[] = "flic files (*.fli,*.flc)\0*.FLI;*.FLC\0"; 
 
   // fill in structure fields for Open File dialog box 
   fn.lStructSize       = sizeof(OPENFILENAME); 
   fn.hwndOwner         = GetActiveWindow(); 
   fn.lpstrFilter       = Filter; 
   fn.lpstrCustomFilter = NULL; 
   fn.nFilterIndex      = 0; 
   fn.lpstrFile         = FileName; 
   fn.nMaxFile          = sizeof(FileName); 
   fn.lpstrFileTitle    = NULL; 
   fn.lpstrInitialDir   = NULL; 
   fn.lpstrTitle        = NULL; 
   fn.Flags             = OFN_READONLY; 
   fn.lpstrDefExt       = NULL; 
   *FileName = '\0'; 
 
   // open the flic file to convert 
   if (!GetOpenFileName(&fn)) return; 
 
   // make sure it really is a flic file, and if so, open it 
   if (fg_flichead(FileName,FileHeader) < 0) 
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   { 
      lstrcpy(mbString,FileName); 
      lstrcat(mbString,"\nis not an FLI or FLC file."); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
   fg_flicsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_flicopen(FileName,ContextFlic); 
 
   // display the first flic frame 
   fg_flicplay(ContextFlic,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
 
   // create an empty AVI file with the same name as the flic file, 
   // but with an .avi extension 
   lstrcpy(strrchr(FileName,'.'),".avi"); 
   if (fg_avimake(FileName,ContextAVI,-1,cxBuffer,cyBuffer,8,10000,30) < 0) 
   { 
      lstrcpy(mbString,"Cannot create AVI file\n"); 
      lstrcat(mbString,FileName); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
 
   // create a 256-color bitmap whose size is equal to the flic resolution 
   Bitmap = (BYTE *)GlobalAllocPtr(GHND,fg_imagesiz(cxBuffer,cyBuffer)); 
 
   // create the AVI file frame by frame 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   fg_move(0,cyBuffer-1); 
   do 
   { 
      fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
      fg_getimage(Bitmap,cxBuffer,cyBuffer); 
      fg_aviframe(ContextAVI,Bitmap); 
   } 
   while (fg_flicplay(ContextFlic,1,FG_NODELAY) == 1); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
 
   // close the flic and AVI files, and release the bitmap memory 
   fg_flicdone(ContextFlic); 
   fg_avidone(ContextAVI); 
   GlobalFreePtr(Bitmap); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the active virtual buffer, then create and open a   * 
*  new virtual buffer to hold the new image file.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void SwitchBuffers() 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
} 

AVImake: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  AVImake.cpp                                                               * 
*  AVImakeU.cpp                                                              * 
*                                                                            * 
*  This program creates an AVI file from an FLI or FLC file.                 * 
*                                                                            * 
\****************************************************************************/ 
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#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "AVImakeU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   cxBuffer = cyBuffer = 32; 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ConvertClick(TObject *Sender) 
{ 
   String mbString; 
   char FileName[256]; 
   byte FileHeader[128]; 
   byte ContextFlic[16]; 
   byte ContextAVI[24]; 
   byte *Bitmap; 
 
   // open the flic file to convert 
   OpenDialog->DefaultExt = "fli"; 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = "flic files (*.fli,*.flc)|*.FLI;*.FLC"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
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   // make sure it really is a flic file, and if so, open it 
   if (fg_flichead(FileName,FileHeader) < 0) 
   { 
      mbString = OpenDialog->FileName + " is not an FLI or FLC file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
   fg_flicsize(FileHeader,&cxBuffer,&cyBuffer); 
   SwitchBuffers(); 
   fg_flicopen(FileName,ContextFlic); 
 
   // display the first flic frame 
   fg_flicplay(ContextFlic,1,FG_NODELAY); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
 
   // create an empty AVI file with the same name as the flic file, 
   // but with an .avi extension 
   OpenDialog->FileName = ChangeFileExt(OpenDialog->FileName,".avi"); 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
   if (fg_avimake(FileName,ContextAVI,-1,cxBuffer,cyBuffer,8,10000,30) < 0) 
   { 
      mbString = "Cannot create AVI file\n" + OpenDialog->FileName; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
 
   // create a 256-color bitmap whose size is equal to the flic resolution 
   Bitmap = new byte[fg_imagesiz(cxBuffer,cyBuffer)]; 
 
   // create the AVI file frame by frame 
   Cursor = crHourGlass; 
   fg_move(0,cyBuffer-1); 
   do 
   { 
      fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
      fg_getimage(Bitmap,cxBuffer,cyBuffer); 
      fg_aviframe(ContextAVI,Bitmap); 
   } 
   while (fg_flicplay(ContextFlic,1,FG_NODELAY) == 1); 
   Cursor = crDefault; 
 
   // close the flic and AVI files, and release the bitmap memory 
   fg_flicdone(ContextFlic); 
   fg_avidone(ContextAVI); 
   delete [] Bitmap; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the active virtual buffer, then create and open a   * 
*  new virtual buffer to hold the new image file.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::SwitchBuffers(void) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
} 

AVImake: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  AVImake.dpr                                                               * 
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*  AVImakeU.pas                                                              * 
*                                                                            * 
*  This program creates an AVI file from an FLI or FLC file.                 * 
*                                                                            * 
*****************************************************************************} 
 
unit AVImakeU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin, Menus; 
 
type 
  TForm1 = class(TForm) 
    MainMenu: TMainMenu; 
    Convert: TMenuItem; 
    Exit1: TMenuItem; 
    OpenDialog: TOpenDialog; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure ConvertClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  cxClient, cyClient : integer; 
  cxBuffer, cyBuffer : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the virtual buffers for the current image, then     * 
*  create and open new virtual buffers for the new image file.               * 
*                                                                            * 
*****************************************************************************} 
 
procedure SwitchBuffers; 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  hVB := fg_vballoc(cxBuffer,cyBuffer); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
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  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  cxBuffer := 32; 
  cyBuffer := 32; 
  hVB := fg_vballoc(cxBuffer,cyBuffer); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.ConvertClick(Sender: TObject); 
var 
  ContextFlic : array [1..16] of byte; 
  ContextAVI  : array [1..24] of byte; 
  FileHeader : array [1..128] of byte; 
  FileName : string; 
  mbString : string; 
  Bitmap : pointer; 
begin 
  { open the flic file to convert } 
  OpenDialog.DefaultExt := 'fli'; 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 'flic files (*.fli,*.flc)|*.FLI;*.FLC'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  { make sure it really is a flic file, and if so, open it } 
  if (fg_flichead(FileName,FileHeader) < 0) then 
  begin 
    mbString := FileName + chr(13) + 'is not an FLI or FLC file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
  fg_flicsize(FileHeader,cxBuffer,cyBuffer); 
  SwitchBuffers; 
  fg_flicopen(FileName,ContextFlic); 
 
  { display the first flic frame } 
  fg_flicplay(ContextFlic,1,FG_NODELAY); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
 
  { create an empty AVI file with the same name as the flic file, 
    but with an .avi extension } 
  FileName := ChangeFileExt(FileName,'.avi'); 
  if (fg_avimake(FileName,ContextAVI,-1,cxBuffer,cyBuffer,8,10000,30) < 0) then 
  begin 
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    mbString := 'Cannot create AVI file' + chr(13) + FileName; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
 
  { create a 256-color bitmap whose size is equal to the flic resolution } 
  GetMem(Bitmap,fg_imagesiz(cxBuffer,cyBuffer)); 
 
  { create the AVI file frame by frame } 
  Cursor := crHourGlass; 
  fg_move(0,cyBuffer-1); 
  repeat 
  begin 
    fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
    fg_getimage(Bitmap^,cxBuffer,cyBuffer); 
    fg_aviframe(ContextAVI,Bitmap^); 
  end 
  until (fg_flicplay(ContextFlic,1,FG_NODELAY) = 0); 
  Cursor := crDefault; 
 
  { close the flic and AVI files, and release the bitmap memory } 
  fg_flicdone(ContextFlic); 
  fg_avidone(ContextAVI); 
  FreeMem(Bitmap,fg_imagesiz(cxBuffer,cyBuffer)); 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

AVImake: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  AVImake.frm                                                               * 
'                                                                            * 
'  This program creates an AVI file from an FLI or FLC file.                 * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
Dim cxBuffer As Long, cyBuffer As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   cxBuffer = 32 
   cyBuffer = 32 
   hVB = fg_vballoc(cxBuffer, cyBuffer) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
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   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuConvert_Click() 
   Dim Bitmap() As Byte 
   Dim ContextFlic(16) As Byte 
   Dim ContextAVI(24) As Byte 
   Dim FileHeader(128) As Byte 
   Dim FileName As String 
   Dim mbString As String 
   On Error GoTo ErrHandler 
 
   ' open the flic file to convert 
   CommonDialog1.CancelError = True 
   CommonDialog1.DefaultExt = "fli" 
   CommonDialog1.FileName = "" 
   CommonDialog1.Filter = "flic files (*.fli,*.flc)|*.FLI;*.FLC" 
   CommonDialog1.Flags = cdlOFNReadOnly 
   CommonDialog1.InitDir = App.Path 
   CommonDialog1.ShowOpen 
   FileName = CommonDialog1.FileName 
 
   ' make sure it really is a flic file, and if so, open it 
   If fg_flichead(FileName, FileHeader(0)) < 0 Then 
      Call MsgBox(FileName + " is not an FLI or FLC file.", vbCritical, "Error") 
      Exit Sub 
   End If 
   Call fg_flicsize(FileHeader(0), cxBuffer, cyBuffer) 
   Call SwitchBuffers 
   Call fg_flicopen(FileName, ContextFlic(0)) 
 
   ' display the first flic frame 
   Call fg_flicplay(ContextFlic(0), 1, FG_NODELAY) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
 
   ' create an empty AVI file with the same name as the flic file, 
   ' but with an .avi extension 
   FileName = Left(FileName, InStr(FileName, ".") - 1) + ".avi" 
   If fg_avimake(FileName, ContextAVI(0), -1, cxBuffer, cyBuffer, 8, 10000, 30) < 0 Then 
      Call MsgBox("Cannot create AVI file" + vbCr + FileName, vbCritical, "Error") 
      Exit Sub 
   End If 
 
   ' create a 256-color bitmap whose size is equal to the flic resolution 
   ReDim Bitmap(fg_imagesiz(cxBuffer, cyBuffer)) 
 
   ' create the AVI file frame by frame 
   Screen.MousePointer = 11 
   Call fg_move(0, cyBuffer - 1) 
   Do 
      Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
      Call fg_getimage(Bitmap(0), cxBuffer, cyBuffer) 
      Call fg_aviframe(ContextAVI(0), Bitmap(0)) 
   Loop While fg_flicplay(ContextFlic(0), 1, FG_NODELAY) = 1 
   Screen.MousePointer = 0 
 
   ' close the flic and AVI files, and release the bitmap memory 
   Call fg_flicdone(ContextFlic(0)) 
   Call fg_avidone(ContextAVI(0)) 
   Erase Bitmap 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
 
'***************************************************************************** 
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'                                                                            * 
'  SwitchBuffers()                                                           * 
'                                                                            * 
'  Close the and release the active virtual buffer, then create and open a   * 
'  new virtual buffer to hold the new image file.                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub SwitchBuffers() 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   hVB = fg_vballoc(cxBuffer, cyBuffer) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
End Sub 

AVImake uses a 256-color virtual buffer and a 256-color bitmap because flic files are always 256 
colors. But what if we want to save a high color or true color animation sequence in an AVI file? To do 
this, we must increase the size of the Bitmap array and retrieve the bitmap with fg_getdcb() instead of 
fg_getimage(). If we're using a true color virtual buffer, that's all we need to change. However, if we're 
using a high color virtual buffer, we must also translate the direct color bitmap retrieved by fg_getdcb() 
from high color to true color format with fg_transdcb(). This is necessary because fg_aviframe() always 
expects a 24-bit direct color bitmap for the frame data when creating a high color or true color AVI. 
Assuming we have a 5/6/5 high color virtual buffer active, here's how the AVImake frame writing loop 
might look: 

C/C++: 
BYTE hcBitmap[320*240*2]; 
BYTE tcBitmap[320*240*3]; 
 
while (...) 
{ 
   fg_getdcb(hcBitmap,320,240); 
   fg_transdcb(hcBitmap,tcBitmap,16,24,320*240); 
   fg_aviframe(ContextAVI,tcBitmap); 
} 

C#: 
byte [] hcBitmap = new byte [320*240*2]; 
byte [] tcBitmap = new byte [320*240*3]; 
 
while (...) 
{ 
   fg.getdcb(ref hcBitmap[0], 320, 240); 
   fg.transdcb(ref hcBitmap[0], ref tcBitmap[0], 16, 24, 320*240); 
   fg.aviframe(ref ContextAVI[0], ref tcBitmap[0]); 
} 

Delphi: 
hcBitmap : array [1..320*240*2] of byte; 
tcBitmap : array [1..320*240*3] of byte; 
 
while ... do 
begin 
  fg_getdcb(hcBitmap,320,240); 
  fg_transdcb(hcBitmap,tcBitmap,16,24,320*240); 
  fg_aviframe(ContextAVI,tcBitmap); 
end; 

Visual Basic: 
Dim hcBitmap(CLng(320) * CLng(240) * 2) As Byte 
Dim tcBitmap(CLng(320) * CLng(240) * 3) As Byte 
 
While ... 
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   Call fg_getimage(hcBitmap(0), 320, 240) 
   Call fg_transdcb(hcBitmap(0), tcBitmap(0), 16, 24, 
      CLng(320) * CLng(240)) 
   Call fg_aviframe(ContextAVI(0), tcBitmap(0)) 
Wend 

Visual Basic .NET: 
Dim hcBitmap(320 * 240 * 2) As Byte 
Dim tcBitmap(320 * 240 * 3) As Byte 
 
While ... 
   fg_getimage(hcBitmap(0), 320, 240) 
   fg_transdcb(hcBitmap(0), tcBitmap(0), 16, 24, 320 * 240) 
   fg_aviframe(ContextAVI(0), tcBitmap(0)) 
End While 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

For all bitmapped image functions, images are displayed or retrieved so their lower left corner is at 
the graphics cursor position in the active virtual buffer. 

fg_aviframe() Writes one frame to an AVI file. 

fg_avimake() Creates an empty AVI file that will be built with fg_aviframe(). 
fg_clipdcb() Displays a direct color bitmap, with clipping. Zero-value pixels are considered 

transparent. 

fg_clipmap() Displays a monochrome bitmap in the current color, with clipping. 

fg_clpimage() Displays a 256-color bitmap, with clipping. Color 0 pixels are considered 
transparent. 

fg_cut() Extracts a 256-color bitmap section from a 256-color bitmap. 

fg_cutdcb() Extracts a direct color bitmap section from a direct color bitmap. 

fg_drawdcb() Displays a direct color bitmap. Zero-value pixels are considered transparent. 

fg_drawmap() Displays a monochrome bitmap in the current color. 

fg_drwimage() Displays a 256-color bitmap. Color 0 pixels are considered transparent. 

fg_flipdcb() Displays a reversed direct color bitmap, with clipping. Zero-value pixels are 
considered transparent. 

fg_flpimage() Displays a reversed 256-color bitmap, with clipping. Color 0 pixels are 
considered transparent. 

fg_getdcb() Retrieves a direct color bitmap. 

fg_gethcbpp() Returns the color depth (15 or 16 bits) for high color virtual buffers. 

fg_getimage() Retrieves a 256-color bitmap. 

fg_getmap() Retrieves a monochrome bitmap in the current color. 

fg_imagesiz() Determines the number of bytes required to store a 256-color or direct color 
bitmap of the specified dimensions. 



Chapter 8: Bitmapped Images • 341 

 

 

fg_invdcb() Inverts the row order of a direct color bitmap, so a "top to bottom" bitmap 
becomes a "bottom to top" bitmap, or vice versa. 

fg_invert() Inverts the row order of any bitmap, so a "top to bottom" bitmap becomes a 
"bottom to top" bitmap, or vice versa. 

fg_paste() Inserts a 256-color bitmap section into a 256-color bitmap. 

fg_pastedcb() Inserts a direct color bitmap section into a direct color bitmap. 

fg_putdcb() Displays a direct color bitmap. No support is provided for transparent pixels. 

fg_putimage() Displays a 256-color bitmap. No support is provided for transparent pixels. 

fg_revdcb() Displays a reversed direct color bitmap. Zero-value pixels are considered 
transparent. 

fg_revimage() Displays a reversed 256-color bitmap. Color 0 pixels are considered transparent. 

fg_rotate() Rotates a 256-color bitmap by a specified angle. 

fg_rotdcb() Rotates a direct color bitmap by a specified angle. 

fg_rotsize() Determines the dimensions of a rotated bitmap, without actually performing the 
rotation. 

fg_scale() Expands or reduces a 256-color bitmap. 

fg_scaledcb() Expands or reduces a direct color bitmap. 

fg_shear() Shears a 256-color bitmap by anchoring one corner of the bitmap and 
stretching the opposite corner horizontally or vertically. 

fg_sheardcb() Shears a direct color bitmap by anchoring one corner of the bitmap and 
stretching the opposite corner horizontally or vertically. 

fg_transdcb() Translates a direct color bitmap to another color depth. 

fg_vbaddr() For Fastgraph's native libraries, returns the address of the specified virtual 
buffer’s drawing surface. For Fastgraph's DirectX libraries, returns a pointer to the 
specified virtual buffer's DirectDrawSurface object. 
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Overview 
Fastgraph includes a suite of image processing functions for four popular image transforms: 

photo-inversion, grayscale, gamma correction, and contrast enhancement. Each of these transforms is 
considered a one-to-one transform, since each transformed pixel value is strictly a function of the original 
pixel at that same position. You can apply these transforms to a direct color bitmap and store the 
transformed image in another direct color bitmap, apply the transforms directly to a rectangular subset of 
the active virtual buffer, or apply the transforms to a series of RGB color triples. 

Fastgraph also provides functions for alpha blending, which is the process of producing a blended 
color by combining a translucent foreground color with a background color. Alpha blending can be useful 
for morphing one image into another, or for simulating environmental conditions such as fog or smoke. 
Unlike the four image transforms described above, alpha blending is not a one-to-one transform because 
blended pixels are computed from two distinct foreground and background pixels. Fastgraph's alpha 
blending functions work on RGB color values, on direct color bitmaps, and on direct color virtual buffers. 

The first part of this chapter will discuss the four one-to-one image transforms in order of 
complexity, along with the Fastgraph functions that perform these transforms. We'll then present a simple 
image processing program that illustrates several of these functions. Next we'll cover alpha blending and 
finish the chapter with an example that shows alpha blending in action. 

Photo-Inversion 
The simplest of Fastgraph's image processing transforms is photo-inversion. A photo-inversion 

transform replaces each RGB color component in an image with its grayscale opposite (the grayscale 
opposite of a color component C is 255-C). The resulting image looks like a photographic negative. 

The fg_photodcb() function applies a photo-inversion transform to a direct color bitmap, so it can 
only be used when a high color or true color virtual buffer is active. The first fg_photodcb() parameter is 
the name of the array containing the direct color bitmap to be transformed, and the second parameter is 
the name of the array that will receive the transformed direct color bitmap (these two parameters can be 
the same array). The final fg_photodcb() parameter specifies the size of each bitmap in pixels. The code 
snippets shown here illustrate how we can apply a photo-inversion transform to an 80x50 true color 
bitmap: 

C/C++: 
BYTE Original[80*50*3]; 
BYTE Transformed[80*50*3]; 
fg_photodcb(Original,Transformed,80*50); 

C#: 
byte [] Original = new byte [80*50*3]; 
byte [] Transformed = new byte [80*50*3]; 
fg.photodcb(ref Original[0], ref Transformed[0], 80*50); 

Delphi: 
Original : array [1..80*50*3] of byte; 
Transformed : array [1..80*50*3] of byte; 
fg_photodcb(Original,Transformed,80*50); 

Visual Basic: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
Call fg_photodcb(Original(0), Transformed(0), 80 * 50) 
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Visual Basic .NET: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
fg_photodcb(Original(0), Transformed(0), 80 * 50) 

Recall that each pixel in a true color bitmap requires three bytes, so the size of each array is 80*50*3 
bytes. 

The fg_photovb() function applies a photo-inversion transform to a rectangular region of the 
active virtual buffer. The region's lower left corner is at the current graphics position. Like fg_photodcb(), 
you can only use fg_photovb() with direct color virtual buffers. The fg_photovb() function has two 
parameters that specify the width and height (in pixels) of the rectangular area to transform within the 
active virtual buffer. The code snippets shown here illustrate how we can apply a photo-inversion 
transform to the upper left 80x50 region in the active virtual buffer: 

C/C++: 
fg_move(0,49); 
fg_photovb(80,50); 

C#: 
fg.move(0, 49); 
fg.photovb(80, 50); 

Delphi: 
fg_move(0,49); 
fg_photovb(80,50); 

Visual Basic: 
Call fg_move(0, 49) 
Call fg_photovb(80, 50) 

Visual Basic .NET: 
fg_move(0, 49) 
fg_photovb(80, 50) 

The fg_photorgb() function applies a photo-inversion transform to a series of RGB color triples. 
The first of its two parameters is the name of the array containing the RGB color components, arranged 
as three-byte RGB triples. The second parameter specifies the number of RGB triples to transform. The 
code snippets shown here illustrate how we can apply a photo-inversion transform to the non-system 
colors (colors 10 to 246) in the active logical palette: 

C/C++: 
BYTE RGBvalues[236*3]; 
fg_getdacs(10,236,RGBvalues); 
fg_photorgb(RGBvalues,236); 
fg_setdacs(10,236,RGBvalues); 

C#: 
byte [] RGBvalues = new byte [236*3]; 
fg.getdacs(10, 236 ,ref RGBvalues[0]); 
fg.photorgb(ref RGBvalues[0], 236); 
fg.setdacs(10, 236, ref RGBvalues[0]); 

Delphi: 
RGBvalues : array [1..236*3] of byte; 
fg_getdacs(10,236,RGBvalues); 
fg_photorgb(RGBvalues,236); 
fg_setdacs(10,236,RGBvalues); 

Visual Basic: 
Dim RGBvalues(236 * 3) As Byte 
Call fg_getdacs(10, 236, RGBvalues(0)) 
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Call fg_photorgb(RGBvalues(0), 236) 
Call fg_setdacs(10, 236, RGBvalues(0)) 

Visual Basic .NET: 
Dim RGBvalues(236 * 3) As Byte 
fg_getdacs(10, 236, RGBvalues(0)) 
fg_photorgb(RGBvalues(0), 236) 
fg_setdacs(10, 236, RGBvalues(0)) 

If we're using a 256-color virtual buffer, the above sequences immediately change the colors of all pixels 
displayed in the application's client area if a palette-based display driver is active. If a high color or true 
color display driver is being used, the pixel colors will change the next time we blit the virtual buffer 
contents to the client area with fg_vbpaste() or fg_vbscale(). 

Grayscale 
A grayscale transform converts a color image to its grayscale equivalent. It does this by 

calculating a luminance value L for each pixel from its RGB color components: 

L = 0.299R + 0.587G + 0.114B 

and then setting each of the pixel's RGB components to L. Because the three factors in the above 
equation sum to 1, applying a grayscale transform to a grayscale image has no effect. 

The fg_graydcb() function applies a grayscale transform to a direct color bitmap, so it can only 
be used when a high color or true color virtual buffer is active. The first fg_graydcb() parameter is the 
name of the array containing the direct color bitmap to be transformed, and the second parameter is the 
name of the array that will receive the transformed direct color bitmap (these two parameters can be the 
same array). The final fg_graydcb() parameter specifies the size of each bitmap in pixels. The code 
snippets shown here illustrate how we can apply a grayscale transform to an 80x50 true color bitmap: 

C/C++: 
BYTE Original[80*50*3]; 
BYTE Transformed[80*50*3]; 
fg_graydcb(Original,Transformed,80*50); 

C#: 
byte [] Original = new byte [80*50*3]; 
byte [] Transformed = new byte [80*50*3]; 
fg.graydcb(ref Original[0], ref Transformed[0], 80*50); 

Delphi: 
Original : array [1..80*50*3] of byte; 
Transformed : array [1..80*50*3] of byte; 
fg_graydcb(Original,Transformed,80*50); 

Visual Basic: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
Call fg_graydcb(Original(0), Transformed(0), 80 * 50) 

Visual Basic .NET: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
fg_graydcb(Original(0), Transformed(0), 80 * 50) 

The fg_grayvb() function applies a grayscale transform to a rectangular region of the active 
virtual buffer. The region's lower left corner is at the current graphics position. Like fg_graydcb(), you can 
only use fg_grayvb() with direct color virtual buffers. The fg_grayvb() function has two parameters that 
specify the width and height (in pixels) of the rectangular area to transform within the active virtual buffer. 
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The code snippets shown here illustrate how we can apply a grayscale transform to the upper left 80x50 
region in the active virtual buffer: 

C/C++: 
fg_move(0,49); 
fg_grayvb(80,50); 

C#: 
fg.move(0, 49); 
fg.grayvb(80, 50); 

Delphi: 
fg_move(0,49); 
fg_grayvb(80,50); 

Visual Basic: 
Call fg_move(0, 49) 
Call fg_grayvb(80, 50) 

Visual Basic .NET: 
fg_move(0, 49) 
fg_grayvb(80, 50) 

The fg_grayrgb() function applies a grayscale transform to a series of RGB color triples. The first 
of its two parameters is the name of the array containing the RGB color components, arranged as three-
byte RGB triples. The second parameter specifies the number of RGB triples to transform. The code 
snippets shown here illustrate how we can apply a grayscale transform to the non-system colors (colors 
10 to 246) in the active logical palette: 

C/C++: 
BYTE RGBvalues[236*3]; 
fg_getdacs(10,236,RGBvalues); 
fg_grayrgb(RGBvalues,236); 
fg_setdacs(10,236,RGBvalues); 

C#: 
byte [] RGBvalues = new byte [236*3]; 
fg.getdacs(10, 236, ref RGBvalues[0]); 
fg.grayrgb(ref RGBvalues[0], 236); 
fg.setdacs(10, 236, ref RGBvalues[0]); 

Delphi: 
RGBvalues : array [1..236*3] of byte; 
fg_getdacs(10,236,RGBvalues); 
fg_grayrgb(RGBvalues,236); 
fg_setdacs(10,236,RGBvalues); 

Visual Basic: 
Dim RGBvalues(236 * 3) As Byte 
Call fg_getdacs(10, 236, RGBvalues(0)) 
Call fg_grayrgb(RGBvalues(0), 236) 
Call fg_setdacs(10, 236, RGBvalues(0)) 

Visual Basic .NET: 
Dim RGBvalues(236 * 3) As Byte 
fg_getdacs(10, 236, RGBvalues(0)) 
fg_grayrgb(RGBvalues(0), 236) 
fg_setdacs(10, 236, RGBvalues(0)) 

If we're using a 256-color virtual buffer, the above sequences immediately change the colors of all pixels 
displayed in the application's client area if a palette-based display driver is active. If a high color or true 
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color display driver is being used, the pixel colors will change the next time we blit the virtual buffer 
contents to the client area with fg_vbpaste() or fg_vbscale(). 

Gamma Correction 
A gamma correction transform adjusts the overall brightness of an image. It does this by first 

normalizing a pixel's RGB color components from integer values between 0 and 255 to real numbers 
between 0.0 and 1.0. Next it raises the normalized value to a specified power, called the gamma value. 
Finally, it transforms the resulting value back to an integer component between 0 and 255. Gamma 
values between 0.0 and 1.0 will lighten an image, while gamma values greater than 1.0 will darken it. The 
gamma correction transform is closely related to adjusting the brightness control on a monitor, or to the 
exposure time in photography. 

The fg_gammadcb() function applies a gamma correction transform to a direct color bitmap, so it 
can only be used when a high color or true color virtual buffer is active. The first fg_gammadcb() 
parameter is the name of the array containing the direct color bitmap to be transformed, and the second 
parameter is the name of the array that will receive the transformed direct color bitmap (these two 
parameters can be the same array). The next parameter is the floating point gamma value, and the final 
fg_gammadcb() parameter specifies the size of each bitmap in pixels. The code snippets shown here 
illustrate how we can apply a gamma correction transform, with a gamma value of 0.6, to an 80x50 true 
color bitmap: 

C/C++: 
BYTE Original[80*50*3]; 
BYTE Transformed[80*50*3]; 
fg_gammadcb(Original,Transformed,0.6,80*50); 

C#: 
byte [] Original = new byte [80*50*3]; 
byte [] Transformed = new byte [80*50*3]; 
fg.gammadcb(ref Original[0], ref Transformed[0], 0.6, 80*50); 

Delphi: 
Original : array [1..80*50*3] of byte; 
Transformed : array [1..80*50*3] of byte; 
fg_gammadcb(Original,Transformed,0.6,80*50); 

Visual Basic: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
Call fg_gammadcb(Original(0), Transformed(0), 0.6, 80 * 50) 

Visual Basic .NET: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
fg_gammadcb(Original(0), Transformed(0), 0.6, 80 * 50) 

The fg_gammavb() function applies a gamma correction transform to a rectangular region of the 
active virtual buffer. The region's lower left corner is at the current graphics position. Like 
fg_gammadcb(), you can only use fg_gammavb() with direct color virtual buffers. The first 
fg_gammavb() parameter defines the gamma value, and its last two parameters specify the width and 
height (in pixels) of the rectangular area to transform within the active virtual buffer. The code snippets 
shown here illustrate how we can apply a gamma correction transform, with a gamma value of 0.6, to the 
upper left 80x50 region in the active virtual buffer: 

C/C++: 
fg_move(0,49); 
fg_gammavb(0.6,80,50); 
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C#: 
fg.move(0, 49); 
fg.gammavb(0.6, 80, 50); 

Delphi: 
fg_move(0,49); 
fg_gammavb(0.6,80,50); 

Visual Basic: 
Call fg_move(0, 49) 
Call fg_gammavb(0.6, 80, 50) 

Visual Basic .NET: 
fg_move(0, 49) 
fg_gammavb(0.6, 80, 50) 

The fg_gammargb() function applies a gamma correction transform to a series of RGB color 
triples. Its first parameter is the name of the array containing the RGB color components, arranged as 
three-byte RGB triples. The next parameter is the gamma value, and the final parameter is the number of 
RGB triples to transform. The code snippets shown here illustrate how we can apply a gamma correction 
transform, with a gamma value of 0.6, to the non-system colors (colors 10 to 246) in the active logical 
palette: 

C/C++: 
BYTE RGBvalues[236*3]; 
fg_getdacs(10,236,RGBvalues); 
fg_gammargb(RGBvalues,0.6,236); 
fg_setdacs(10,236,RGBvalues); 

C#: 
byte [] RGBvalues = new byte [236*3]; 
fg.getdacs(10, 236, ref RGBvalues[0]); 
fg.gammargb(ref RGBvalues[0], 0.6, 236); 
fg.setdacs(10, 236, ref RGBvalues[0]); 

Delphi: 
RGBvalues : array [1..236*3] of byte; 
fg_getdacs(10,236,RGBvalues); 
fg_gammargb(RGBvalues,0.6,236); 
fg_setdacs(10,236,RGBvalues); 

Visual Basic: 
Dim RGBvalues(236 * 3) As Byte 
Call fg_getdacs(10, 236, RGBvalues(0)) 
Call fg_gammargb(RGBvalues(0), 0.6, 236) 
Call fg_setdacs(10, 236, RGBvalues(0)) 

Visual Basic .NET: 
Dim RGBvalues(236 * 3) As Byte 
fg_getdacs(10, 236, RGBvalues(0)) 
fg_gammargb(RGBvalues(0), 0.6, 236) 
fg_setdacs(10, 236, RGBvalues(0)) 

If we're using a 256-color virtual buffer, the above sequences immediately change the colors of all pixels 
displayed in the application's client area if a palette-based display driver is active. If a high color or true 
color display driver is being used, the pixel colors will change the next time we blit the virtual buffer 
contents to the client area with fg_vbpaste() or fg_vbscale(). 
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Contrast Enhancement 
Contrast enhancement increases the total contrast of an image by making light colors lighter and 

dark colors darker at the same time. It does this by setting all color components below a specified lower 
bound to zero, and all color components above a specified upper bound to the maximum intensity (that is, 
255). Color components between the upper and lower bounds are set to a linear ramp of values between 
0 and 255. Because the upper bound must be greater than the lower bound, the lower bound must be 
between 0 and 254, and the upper bound must be between 1 and 255. 

The fg_contdcb() function applies a contrast enhancement transform to a direct color bitmap, so 
it can only be used when a high color or true color virtual buffer is active. The first fg_contdcb() 
parameter is the name of the array containing the direct color bitmap to be transformed, and the second 
parameter is the name of the array that will receive the transformed direct color bitmap (these two 
parameters can be the same array). The next two parameters are the lower and upper bounds, while the 
final fg_contdcb() parameter specifies the size of each bitmap in pixels. The code snippets shown here 
illustrate how we can apply a contrast enhancement transform, with bounds of 32 and 200, to an 80x50 
true color bitmap: 

C/C++: 
BYTE Original[80*50*3]; 
BYTE Transformed[80*50*3]; 
fg_contdcb(Original,Transformed,32,200,80*50); 

C#: 
byte [] Original = new byte [80*50*3]; 
byte [] Transformed = new byte [80*50*3]; 
fg.contdcb(ref Original[0], ref Transformed[0], 32, 200, 80*50); 

Delphi: 
Original : array [1..80*50*3] of byte; 
Transformed : array [1..80*50*3] of byte; 
fg_contdcb(Original,Transformed,32,200,80*50); 

Visual Basic: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
Call fg_contdcb(Original(0), Transformed(0), 32, 200, 80 * 50) 

Visual Basic .NET: 
Dim Original(80 * 50 * 3) As Byte 
Dim Transformed(80 * 50 * 3) As Byte 
fg_contdcb(Original(0), Transformed(0), 32, 200, 80 * 50) 

The fg_contvb() function applies a contrast enhancement transform to a rectangular region of 
the active virtual buffer. The region's lower left corner is at the current graphics position. Like 
fg_contdcb(), you can only use fg_contvb() with direct color virtual buffers. The first two fg_contvb() 
parameters define the lower and upper bounds, while its last two parameters specify the width and height 
(in pixels) of the rectangular area to transform within the active virtual buffer. The code snippets shown 
here illustrate how we can apply a contrast enhancement transform, with bounds of 32 and 200, to the 
upper left 80x50 region in the active virtual buffer: 

C/C++: 
fg_move(0,49); 
fg_contvb(32,200,80,50); 

C#: 
fg.move(0, 49); 
fg.contvb(32, 200, 80, 50); 
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Delphi: 
fg_move(0,49); 
fg_contvb(32,200,80,50); 

Visual Basic: 
Call fg_move(0, 49) 
Call fg_contvb(32, 200, 80, 50) 

Visual Basic .NET: 
fg_move(0, 49) 
fg_contvb(32, 200, 80, 50) 

The fg_contrgb() function applies a contrast enhancement transform to a series of RGB color 
triples. Its first parameter is the name of the array containing the RGB color components, arranged as 
three-byte RGB triples. The next two parameters are the lower and upper bounds. The final fg_contrgb() 
parameter is the number of RGB triples to transform. The code snippets shown here illustrate how we can 
apply a contrast enhancement transform, with bounds of 32 and 200, to the non-system colors (colors 10 
to 246) in the active logical palette: 

C/C++: 
BYTE RGBvalues[236*3]; 
fg_getdacs(10,236,RGBvalues); 
fg_contrgb(RGBvalues,32,200,236); 
fg_setdacs(10,236,RGBvalues); 

C#: 
byte [] RGBvalues = new byte [236*3]; 
fg.getdacs(10, 236, ref RGBvalues[0]); 
fg.contrgb(ref RGBvalues[0], 32, 200, 236); 
fg.setdacs(10, 236, ref RGBvalues[0]); 

Delphi: 
RGBvalues : array [1..236*3] of byte; 
fg_getdacs(10,236,RGBvalues); 
fg_contrgb(RGBvalues,32,200,236); 
fg_setdacs(10,236,RGBvalues); 

Visual Basic: 
Dim RGBvalues(236 * 3) As Byte 
Call fg_getdacs(10, 236, RGBvalues(0)) 
Call fg_contrgb(RGBvalues(0), 32, 200, 236) 
Call fg_setdacs(10, 236, RGBvalues(0)) 

Visual Basic .NET: 
Dim RGBvalues(236 * 3) As Byte 
fg_getdacs(10, 236, RGBvalues(0)) 
fg_contrgb(RGBvalues(0), 32, 200, 236) 
fg_setdacs(10, 236, RGBvalues(0)) 

If we're using a 256-color virtual buffer, the above sequences immediately change the colors of all pixels 
displayed in the application's client area if a palette-based display driver is active. If a high color or true 
color display driver is being used, the pixel colors will change the next time we blit the virtual buffer 
contents to the client area with fg_vbpaste() or fg_vbscale(). 

A Simple Image Processing Program 
We'll now present the ImgProc example, a simple image processing program that illustrates each 

of Fastgraph's one-to-one image transforms on BMP, JPEG, or PCX files. ImgProc has a File menu with 
items for opening an image file, saving a transformed image, displaying image file details, and exiting. It 
also has an Edit menu with items for a one-level undo, restoring the original image, and applying each of 
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the four transforms. ImgProc uses the versions of the image transform functions that apply the transform 
to the active virtual buffer. 

ImgProc uses three 24-bit true color virtual buffers. One virtual buffer, referenced by the handle 
hVB, contains the working copy of the image. All image transforms are applied to this buffer. Another 
virtual buffer keeps the previous version of the image for the undo operation, and another buffer holds the 
original image. All three buffers are initially 32x32 pixels, but are re-created in the program's 
SwitchBuffers() function so they are the same size as the image, just as we did in the Image example 
presented in Chapter 7. 

The OpenClick() function is called in response to clicking the File|Open menu item. OpenClick() 
displays an Open File dialog box for entering a BMP, JPEG, or PCX file name. It then verifies that the file 
really is one of the supported image file types. If it is, we obtain the image dimensions, call 
SwitchBuffers() to create new virtual buffers of that size, and then display the image. OpenClick() then 
uses fg_copypage() to keep a copy of the original image in another virtual buffer. Finally, OpenClick() 
enables the other items on the File menu and the image processing items on the Edit menu. 

The four image processing items on the Edit menu all call separate action functions to apply the 
transform to the working copy of the image. The Contrast Enhancement item applies a contrast enhancement 
transform with lower bound 63 and upper bound 192, while the Gamma Correction item applies a gamma 
correction transform with a gamma value of 0.45 (in a commercial application, of course, you would want to 
make these values variable). The Grayscale and Photo-Inversion items apply those transforms. Once we 
apply any transform, the action functions display the transformed image with fg_vbscale() and then enable 
the Edit|Undo and Edit|Restore Original menu items. 

ImgProc: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  ImgProc.c                                                                 * 
*                                                                            * 
*  This program demonstrates several of the Fastgraph for Windows image      * 
*  processing functions.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <commdlg.h> 
#include <windowsx.h> 
#include "ImgProc.h" 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void OpenClick(void); 
void SaveAsClick(void); 
void DetailsClick(void); 
 
void UndoClick(void); 
void RestoreOriginalClick(void); 
void ContrastEnhancementClick(void); 
void GammaCorrectionClick(void); 
void GrayscaleClick(void); 
void PhotoInversionClick(void); 
 
void SwitchBuffers(void); 
 
char DefaultExt[4]; 
BYTE FileHeader[128]; 
char FileName[256]; 
char mbString[256]; 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGimgproc"; 
   HWND        hWnd; 
   MSG         msg; 
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   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Image Processing Demo", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HCURSOR  hCursor; 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB, hVBoriginal, hVBundo; 
UINT     cxClient, cyClient; 
int      cxBuffer, cyBuffer; 
int      nColors; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         // initialize the virtual buffer environment 
         fg_vbinit(); 
         fg_vbdepth(24); 
 
         // create the main virtual buffer for the working copy of the image 
         cxBuffer = cyBuffer = 32; 
         hVB = fg_vballoc(cxBuffer,cyBuffer); 
         fg_vbopen(hVB); 
 
         // create two additional virtual buffers -- one for a copy of the original 
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         // image, and one used for the undo operation 
         hVBoriginal = fg_vballoc(cxBuffer,cyBuffer); 
         hVBundo = fg_vballoc(cxBuffer,cyBuffer); 
 
         // start with a window full of white pixels 
         fg_setcolor(-1); 
         fg_fillpage(); 
 
         hMenu = GetMenu(hWnd); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_File_Open: 
               OpenClick(); 
               return 0; 
 
            case IDM_File_SaveAs: 
               SaveAsClick(); 
               return 0; 
 
            case IDM_File_Details: 
               DetailsClick(); 
               return 0; 
 
            case IDM_File_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
 
            case IDM_Edit_Undo: 
               UndoClick(); 
               return 0; 
 
            case IDM_Edit_RestoreOriginal: 
               RestoreOriginalClick(); 
               return 0; 
 
            case IDM_Edit_ContrastEnhancement: 
               ContrastEnhancementClick(); 
               return 0; 
 
            case IDM_Edit_GammaCorrection: 
               GammaCorrectionClick(); 
               return 0; 
 
            case IDM_Edit_Grayscale: 
               GrayscaleClick(); 
               return 0; 
 
            case IDM_Edit_PhotoInversion: 
               PhotoInversionClick(); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfree(hVBoriginal); 
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         fg_vbfree(hVBundo); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the File menu.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void OpenClick() 
{ 
   static OPENFILENAME fn; 
   static char FilterAll[] = 
      "All image files (*.bmp,*.jpg,*.pcx)\0*.BMP;*.JPG;*.PCX\0" \ 
      "BMP files (*.bmp)\0*.BMP\0" \ 
      "JPEG files (*.jpg)\0*.JPG\0" \ 
      "PCX files (*.pcx)\0*.PCX\0\0"; 
 
   // fill in structure fields for Open File dialog box 
   fn.lStructSize       = sizeof(OPENFILENAME); 
   fn.hwndOwner         = GetActiveWindow(); 
   fn.lpstrFilter       = FilterAll; 
   fn.lpstrCustomFilter = NULL; 
   fn.nFilterIndex      = 0; 
   fn.lpstrFile         = FileName; 
   fn.nMaxFile          = sizeof(FileName); 
   fn.lpstrFileTitle    = NULL; 
   fn.lpstrInitialDir   = NULL; 
   fn.lpstrTitle        = NULL; 
   fn.Flags             = OFN_READONLY; 
   fn.lpstrDefExt       = NULL; 
   *FileName = '\0'; 
 
   // open the bmp, jpeg, or pcx image file 
   if (!GetOpenFileName(&fn)) return; 
   lstrcpy(FileName,fn.lpstrFile); 
 
   // check for a bmp file 
   if (fg_bmphead(FileName,FileHeader) == 0) 
   { 
      hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
      ShowCursor(TRUE); 
      nColors = fg_bmppal(FileName,NULL); 
      fg_bmpsize(FileHeader,&cxBuffer,&cyBuffer); 
      SwitchBuffers(); 
      fg_showbmp(FileName,0); 
      lstrcpy(DefaultExt,"bmp"); 
   } 
 
   // check for a jpeg file 
   else if (fg_jpeghead(FileName,FileHeader) == 0) 
   { 
      hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
      ShowCursor(TRUE); 
      nColors = 0; 
      fg_jpegsize(FileHeader,&cxBuffer,&cyBuffer); 
      SwitchBuffers(); 
      fg_showjpeg(FileName,0); 
      lstrcpy(DefaultExt,"pcx"); 
   } 
 
   // check for a pcx file 
   else if (fg_pcxhead(FileName,FileHeader) == 0) 
   { 
      hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
      ShowCursor(TRUE); 
      nColors = fg_pcxpal(FileName,NULL); 
      fg_pcxsize(FileHeader,&cxBuffer,&cyBuffer); 
      SwitchBuffers(); 
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      fg_move(0,0); 
      fg_showpcx(FileName,FG_AT_XY); 
      lstrcpy(DefaultExt,"pcx"); 
   } 
 
   // the file is not a valid bmp, jpeg, or pcx file 
   else 
   { 
      lstrcpy(mbString,FileName); 
      lstrcat(mbString,"\nis not a recognized image file."); 
      MessageBox(GetActiveWindow(),mbString,"Error",MB_ICONSTOP|MB_OK); 
      return; 
   } 
 
   // make a copy of the original image 
   fg_copypage(hVB,hVBoriginal); 
 
   // display the image 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
 
   // enable remaining items on the File menu, and the image processing 
   // items on the Edit menu 
   EnableMenuItem(hMenu,IDM_File_SaveAs,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_File_Details,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Edit_ContrastEnhancement,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_GammaCorrection,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_Grayscale,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_PhotoInversion,MF_ENABLED); 
} 
 
//--------------------------------------------------------------------------- 
 
void SaveAsClick() 
{ 
   static OPENFILENAME fn; 
 
   // fill in structure fields for Save File dialog box 
   fn.lStructSize       = sizeof(OPENFILENAME); 
   fn.hwndOwner         = GetActiveWindow(); 
   fn.lpstrCustomFilter = NULL; 
   fn.nFilterIndex      = 0; 
   fn.lpstrFile         = FileName; 
   fn.nMaxFile          = sizeof(FileName); 
   fn.lpstrFileTitle    = NULL; 
   fn.lpstrInitialDir   = NULL; 
   fn.lpstrTitle        = NULL; 
   fn.Flags             = OFN_HIDEREADONLY | OFN_OVERWRITEPROMPT | 
                          OFN_PATHMUSTEXIST; 
   fn.lpstrDefExt       = DefaultExt; 
 
   // save image as a bmp file (original image was bmp) 
   if (lstrcmp(DefaultExt,"bmp") == 0) 
   { 
      fn.lpstrFilter = "BMP files (*.bmp)\0*.BMP\0\0"; 
      lstrcpy(strrchr(FileName,'.'),".bmp"); 
      if (!GetSaveFileName(&fn)) return; 
      hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
      ShowCursor(TRUE); 
      fg_makebmp(0,cxBuffer-1,0,cyBuffer-1,24,FileName); 
      nColors = 0; 
      ShowCursor(FALSE); 
      SetCursor(hCursor); 
   } 
 
   // save image as a pcx file (original image was jpeg or pcx) 
   else if (lstrcmp(DefaultExt,"pcx") == 0) 
   { 
      fn.lpstrFilter = "PCX files (*.pcx)\0*.PCX\0\0"; 
      lstrcpy(strrchr(FileName,'.'),".pcx"); 
      if (!GetSaveFileName(&fn)) return; 
      hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
      ShowCursor(TRUE); 
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      fg_makepcx(0,cxBuffer-1,0,cyBuffer-1,FileName); 
      nColors = 0; 
      ShowCursor(FALSE); 
      SetCursor(hCursor); 
   } 
} 
 
//--------------------------------------------------------------------------- 
 
void DetailsClick() 
{ 
   // display the original image resolution and color depth 
   if (nColors > 0) 
      wsprintf(mbString,"%s\n%dx%d pixels\n%d colors", 
         (LPSTR)FileName,cxBuffer,cyBuffer,nColors); 
   else 
      wsprintf(mbString,"%s\n%dx%d pixels\n24-bit RGB", 
         (LPSTR)FileName,cxBuffer,cyBuffer); 
   MessageBox(GetActiveWindow(),mbString,"Information",MB_ICONINFORMATION|MB_OK); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the Edit menu.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void UndoClick() 
{ 
   // undo the previous image processing operation 
   fg_copypage(hVBundo,hVB); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_ENABLED); 
} 
 
//--------------------------------------------------------------------------- 
 
void RestoreOriginalClick() 
{ 
   // restore the original image 
   fg_copypage(hVB,hVBundo); 
   fg_copypage(hVBoriginal,hVB); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_GRAYED); 
} 
 
//--------------------------------------------------------------------------- 
 
void ContrastEnhancementClick() 
{ 
   // perform a contrast enhancement transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_contvb(63,192,cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_ENABLED); 
} 
 
//--------------------------------------------------------------------------- 
 
void GammaCorrectionClick() 
{ 
   // perform a gamma correction transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_gammavb(0.45,cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_ENABLED); 
} 
 
//--------------------------------------------------------------------------- 
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void GrayscaleClick() 
{ 
   // perform a grayscale transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_grayvb(cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_ENABLED); 
} 
 
//--------------------------------------------------------------------------- 
 
void PhotoInversionClick() 
{ 
   // perform a photo-inversion transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_photovb(cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   EnableMenuItem(hMenu,IDM_Edit_Undo,MF_ENABLED); 
   EnableMenuItem(hMenu,IDM_Edit_RestoreOriginal,MF_ENABLED); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the virtual buffers for the current image, then     * 
*  create and open new virtual buffers for the new image file.               * 
*                                                                            * 
\****************************************************************************/ 
 
void SwitchBuffers(void) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfree(hVBoriginal); 
   fg_vbfree(hVBundo); 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   hVBoriginal = fg_vballoc(cxBuffer,cyBuffer); 
   hVBundo = fg_vballoc(cxBuffer,cyBuffer); 
} 

ImgProc: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  ImgProc.cpp                                                               * 
*  ImgProcU.cpp                                                              * 
*                                                                            * 
*  This program demonstrates several of the Fastgraph for Windows image      * 
*  processing functions.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "ImgProcU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
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void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   // initialize the virtual buffer environment 
   fg_vbinit(); 
   fg_vbdepth(24); 
 
   // create the main virtual buffer for the working copy of the image 
   cxBuffer = cyBuffer = 32; 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
 
   // create two additional virtual buffers -- one for a copy of the original 
   // image, and one used for the undo operation 
   hVBoriginal = fg_vballoc(cxBuffer,cyBuffer); 
   hVBundo = fg_vballoc(cxBuffer,cyBuffer); 
 
   // start with a window full of white pixels 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfree(hVBoriginal); 
   fg_vbfree(hVBundo); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the File menu.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::OpenClick(TObject *Sender) 
{ 
   // open the bmp, jpeg, or pcx image file 
   OpenDialog->FileName = ""; 
   OpenDialog->Filter = 
      "All image files (*.bmp,*.jpg,*.pcx)|*.BMP;*.JPG;*.PCX|" 
      "BMP files (*.bmp)|*.BMP|" 
      "JPEG files (*.jpg)|*.JPG|" 
      "PCX files (*.pcx)|*.PCX"; 
   OpenDialog->Options << ofReadOnly; 
   if (!OpenDialog->Execute()) return; 
   strcpy(FileName,OpenDialog->FileName.c_str()); 
 
   // check for a bmp file 
   if (fg_bmphead(FileName,FileHeader) == 0) 
   { 
      Cursor = crHourGlass; 
      nColors = fg_bmppal(FileName,NULL); 
      fg_bmpsize(FileHeader,&cxBuffer,&cyBuffer); 
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      SwitchBuffers(); 
      fg_showbmp(FileName,0); 
      SaveDialog->DefaultExt = "bmp"; 
   } 
 
   // check for a jpeg file 
   else if (fg_jpeghead(FileName,FileHeader) == 0) 
   { 
      Cursor = crHourGlass; 
      nColors = 0; 
      fg_jpegsize(FileHeader,&cxBuffer,&cyBuffer); 
      SwitchBuffers(); 
      fg_showjpeg(FileName,0); 
      SaveDialog->DefaultExt = "pcx"; 
   } 
 
   // check for a pcx file 
   else if (fg_pcxhead(FileName,FileHeader) == 0) 
   { 
      Cursor = crHourGlass; 
      nColors = fg_pcxpal(FileName,NULL); 
      fg_pcxsize(FileHeader,&cxBuffer,&cyBuffer); 
      SwitchBuffers(); 
      fg_move(0,0); 
      fg_showpcx(FileName,FG_AT_XY); 
      SaveDialog->DefaultExt = "pcx"; 
   } 
 
   // the file is not a valid bmp, jpeg, or pcx file 
   else 
   { 
      mbString = OpenDialog->FileName + 
         "\nis not a recognized image file."; 
      MessageDlg(mbString,mtError,TMsgDlgButtons()<<mbOK,0); 
      return; 
   } 
 
   // make a copy of the original image 
   fg_copypage(hVB,hVBoriginal); 
 
   // display the image 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Cursor = crDefault; 
 
   // enable remaining items on the File menu, and the image processing 
   // items on the Edit menu 
   SaveAs->Enabled = True; 
   Details->Enabled = True; 
   Undo->Enabled = False; 
   RestoreOriginal->Enabled = False; 
   ContrastEnhancement->Enabled = True; 
   GammaCorrection->Enabled = True; 
   Grayscale->Enabled = True; 
   PhotoInversion->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::SaveAsClick(TObject *Sender) 
{ 
   // set the file save dialog options 
   SaveDialog->Options << ofHideReadOnly; 
   SaveDialog->Options << ofOverwritePrompt; 
   SaveDialog->Options << ofPathMustExist; 
   SaveDialog->FileName = ChangeFileExt(FileName,"."+SaveDialog->DefaultExt); 
 
   // save image as a bmp file (original image was bmp) 
   if (SaveDialog->DefaultExt == "bmp") 
   { 
      SaveDialog->Filter = "BMP files (*.bmp)|*.BMP"; 
      if (!SaveDialog->Execute()) return; 
      Cursor = crHourGlass; 
      strcpy(FileName,SaveDialog->FileName.c_str()); 
      fg_makebmp(0,cxBuffer-1,0,cyBuffer-1,24,FileName); 
      nColors = 0; 
      Cursor = crDefault; 
   } 
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   // save image as a pcx file (original image was jpeg or pcx) 
   else if (SaveDialog->DefaultExt == "pcx") 
   { 
      SaveDialog->Filter = "PCX files (*.pcx)|*.PCX"; 
      if (!SaveDialog->Execute()) return; 
      Cursor = crHourGlass; 
      strcpy(FileName,SaveDialog->FileName.c_str()); 
      fg_makepcx(0,cxBuffer-1,0,cyBuffer-1,FileName); 
      nColors = 0; 
      Cursor = crDefault; 
   } 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DetailsClick(TObject *Sender) 
{ 
   // display the original image resolution and color depth 
   mbString = ""; 
   mbString = mbString + FileName + "\n" + cxBuffer + "x" + cyBuffer + " pixels\n"; 
   if (nColors > 0) 
      mbString = mbString + nColors + " colors"; 
   else 
      mbString = mbString + "24-bit RGB"; 
   MessageDlg(mbString,mtInformation,TMsgDlgButtons()<<mbOK,0); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Event handlers for the items on the Edit menu.                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::UndoClick(TObject *Sender) 
{ 
   // undo the previous image processing operation 
   fg_copypage(hVBundo,hVB); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Undo->Enabled = False; 
   RestoreOriginal->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::RestoreOriginalClick(TObject *Sender) 
{ 
   // restore the original image 
   fg_copypage(hVB,hVBundo); 
   fg_copypage(hVBoriginal,hVB); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Undo->Enabled = True; 
   RestoreOriginal->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ContrastEnhancementClick(TObject *Sender) 
{ 
   // perform a contrast enhancement transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_contvb(63,192,cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Undo->Enabled = True; 
   RestoreOriginal->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::GammaCorrectionClick(TObject *Sender) 
{ 
   // perform a gamma correction transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_gammavb(0.45,cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Undo->Enabled = True; 
   RestoreOriginal->Enabled = True; 
} 
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//--------------------------------------------------------------------------- 
void __fastcall TForm1::GrayscaleClick(TObject *Sender) 
{ 
   // perform a grayscale transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_grayvb(cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Undo->Enabled = True; 
   RestoreOriginal->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PhotoInversionClick(TObject *Sender) 
{ 
   // perform a photo-inversion transform on the active virtual buffer 
   fg_copypage(hVB,hVBundo); 
   fg_move(0,cyBuffer-1); 
   fg_photovb(cxBuffer,cyBuffer); 
   fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
   Undo->Enabled = True; 
   RestoreOriginal->Enabled = True; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the virtual buffers for the current image, then     * 
*  create and open new virtual buffers for the new image file.               * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::SwitchBuffers(void) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfree(hVBoriginal); 
   fg_vbfree(hVBundo); 
   hVB = fg_vballoc(cxBuffer,cyBuffer); 
   fg_vbopen(hVB); 
   hVBoriginal = fg_vballoc(cxBuffer,cyBuffer); 
   hVBundo = fg_vballoc(cxBuffer,cyBuffer); 
} 

ImgProc: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  ImgProc.pas                                                               * 
*  ImgProcU.pas                                                              * 
*                                                                            * 
*  This program demonstrates several of the Fastgraph for Windows image      * 
*  processing functions.                                                     * 
*                                                                            * 
*****************************************************************************} 
 
unit ImgProcU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu: TMainMenu; 
    File1: TMenuItem; 
    Open: TMenuItem; 
    SaveAs: TMenuItem; 
    Details: TMenuItem; 
    Exit1: TMenuItem; 
    Edit1: TMenuItem; 
    Undo: TMenuItem; 
    RestoreOriginal: TMenuItem; 
    N1: TMenuItem; 
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    ContrastEnhancement: TMenuItem; 
    GammaCorrection: TMenuItem; 
    Grayscale: TMenuItem; 
    PhotoInversion: TMenuItem; 
    OpenDialog: TOpenDialog; 
    SaveDialog: TSaveDialog; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure OpenClick(Sender: TObject); 
    procedure SaveAsClick(Sender: TObject); 
    procedure DetailsClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
    procedure UndoClick(Sender: TObject); 
    procedure RestoreOriginalClick(Sender: TObject); 
    procedure ContrastEnhancementClick(Sender: TObject); 
    procedure GammaCorrectionClick(Sender: TObject); 
    procedure GrayscaleClick(Sender: TObject); 
    procedure PhotoInversionClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB, hVBoriginal, hVBundo : integer; 
  cxClient, cyClient : integer; 
  cxBuffer, cyBuffer : integer; 
  nColors : integer; 
  FileHeader : array [1..128] of byte; 
  FileName : string; 
  mbString : string; 
 
{***************************************************************************** 
*                                                                            * 
*  SwitchBuffers()                                                           * 
*                                                                            * 
*  Close the and release the virtual buffers for the current image, then     * 
*  create and open new virtual buffers for the new image file.               * 
*                                                                            * 
*****************************************************************************} 
 
procedure SwitchBuffers; 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfree(hVBoriginal); 
  fg_vbfree(hVBundo); 
  hVB := fg_vballoc(cxBuffer,cyBuffer); 
  fg_vbopen(hVB); 
  hVBoriginal := fg_vballoc(cxBuffer,cyBuffer); 
  hVBundo := fg_vballoc(cxBuffer,cyBuffer); 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
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begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  { initialize the virtual buffer environment } 
  fg_vbinit; 
  fg_vbdepth(24); 
 
  { create the main virtual buffer for the working copy of the image } 
  cxBuffer := 32; 
  cyBuffer := 32; 
  hVB := fg_vballoc(cxBuffer,cyBuffer); 
  fg_vbopen(hVB); 
 
  { create two additional virtual buffers -- one for a copy of the original } 
  { image, and one used for the undo operation } 
  hVBoriginal := fg_vballoc(cxBuffer,cyBuffer); 
  hVBundo := fg_vballoc(cxBuffer,cyBuffer); 
 
  { start with a window full of white pixels } 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfree(hVBoriginal); 
  fg_vbfree(hVBundo); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the File menu.                            * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.OpenClick(Sender: TObject); 
begin 
  { open the bmp, jpeg, or pcx image file } 
  OpenDialog.FileName := ''; 
  OpenDialog.Filter := 
    'All image files (*.bmp,*.jpg,*.pcx)|*.BMP;*.JPG;*.PCX|' + 
    'BMP files (*.bmp)|*.BMP|' + 
    'JPEG files (*.jpg)|*.JPG|' + 
    'PCX files (*.pcx)|*.PCX'; 
  OpenDialog.Options := [ofReadOnly]; 
  if (OpenDialog.Execute = False) then Exit; 
  FileName := OpenDialog.FileName; 
 
  { check for a bmp file } 
  if (fg_bmphead(FileName,FileHeader) = 0) then 
  begin 
    Cursor := crHourGlass; 
    nColors := fg_bmppal(FileName,nil^); 
    fg_bmpsize(FileHeader,cxBuffer,cyBuffer); 
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    SwitchBuffers; 
    fg_showbmp(FileName,0); 
    SaveDialog.DefaultExt := 'bmp'; 
  end 
 
  { check for a jpeg file } 
  else if (fg_jpeghead(FileName,FileHeader) = 0) then 
  begin 
    Cursor := crHourGlass; 
    nColors := 0; 
    fg_jpegsize(FileHeader,cxBuffer,cyBuffer); 
    SwitchBuffers; 
    fg_showjpeg(FileName,0); 
    SaveDialog.DefaultExt := 'pcx'; 
  end 
 
  { check for a pcx file } 
  else if (fg_pcxhead(FileName,FileHeader) = 0) then 
  begin 
    Cursor := crHourGlass; 
    nColors := fg_pcxpal(FileName,nil^); 
    fg_pcxsize(FileHeader,cxBuffer,cyBuffer); 
    SwitchBuffers; 
    fg_move(0,0); 
    fg_showpcx(FileName,FG_AT_XY); 
    SaveDialog.DefaultExt := 'pcx'; 
  end 
 
  { the file is not a valid bmp, jpeg, or pcx file } 
  else 
  begin 
    mbString := OpenDialog.FileName + chr(13) + 
      'is not a recognized image file.'; 
    MessageDlg(mbString,mtError,[mbOK],0); 
    Exit; 
  end; 
 
  { make a copy of the original image } 
  fg_copypage(hVB,hVBoriginal); 
 
  { display the image } 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Cursor := crDefault; 
 
  { enable remaining items on the File menu, and the image processing } 
  { items on the Edit menu } 
  SaveAs.Enabled := True; 
  Details.Enabled := True; 
  Undo.Enabled := False; 
  RestoreOriginal.Enabled := False; 
  ContrastEnhancement.Enabled := True; 
  GammaCorrection.Enabled := True; 
  Grayscale.Enabled := True; 
  PhotoInversion.Enabled := True; 
end; 
 
procedure TForm1.SaveAsClick(Sender: TObject); 
begin 
  { set the file save dialog options } 
  SaveDialog.Options := [ofHideReadOnly,ofOverwritePrompt,ofPathMustExist]; 
  SaveDialog.FileName := ChangeFileExt(FileName,'.'+SaveDialog.DefaultExt); 
 
  { save image as a bmp file (original image was bmp) } 
  if (SaveDialog.DefaultExt = 'bmp') then 
  begin 
    SaveDialog.Filter := 'BMP files (*.bmp)|*.BMP'; 
    if (SaveDialog.Execute = False) then Exit; 
    Cursor := crHourGlass; 
    FileName := SaveDialog.FileName; 
    fg_makebmp(0,cxBuffer-1,0,cyBuffer-1,24,FileName); 
    nColors := 0; 
    Cursor := crDefault; 
  end 
 
  { save image as a pcx file (original image was jpeg or pcx) } 
  else if (SaveDialog.DefaultExt = 'pcx') then 
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  begin 
    SaveDialog.Filter := 'PCX files (*.pcx)|*.PCX'; 
    if (SaveDialog.Execute = False) then Exit; 
    Cursor := crHourGlass; 
    FileName := SaveDialog.FileName; 
    fg_makepcx(0,cxBuffer-1,0,cyBuffer-1,FileName); 
    nColors := 0; 
    Cursor := crDefault; 
  end; 
end; 
 
procedure TForm1.DetailsClick(Sender: TObject); 
begin 
  { display the original image resolution and color depth } 
  mbString := ''; 
  mbString := mbString + FileName + chr(13) + 
    IntToStr(cxBuffer) + 'x' + IntToStr(cyBuffer) + ' pixels' + chr(13); 
  if (nColors > 0) then 
    mbString := mbString + IntToStr(nColors) + ' colors' 
  else 
    mbString := mbString + '24-bit RGB'; 
  MessageDlg(mbString,mtInformation,[mbOK],0); 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Event handlers for the items on the Edit menu.                            * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.UndoClick(Sender: TObject); 
begin 
  { undo the previous image processing operation } 
  fg_copypage(hVBundo,hVB); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Undo.Enabled := False; 
  RestoreOriginal.Enabled := True; 
end; 
 
procedure TForm1.RestoreOriginalClick(Sender: TObject); 
begin 
  { restore the original image } 
  fg_copypage(hVB,hVBundo); 
  fg_copypage(hVBoriginal,hVB); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Undo.Enabled := True; 
  RestoreOriginal.Enabled := False; 
end; 
 
procedure TForm1.ContrastEnhancementClick(Sender: TObject); 
begin 
  { perform a contrast enhancement transform on the active virtual buffer } 
  fg_copypage(hVB,hVBundo); 
  fg_move(0,cyBuffer-1); 
  fg_contvb(63,192,cxBuffer,cyBuffer); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Undo.Enabled := True; 
  RestoreOriginal.Enabled := True; 
end; 
 
procedure TForm1.GammaCorrectionClick(Sender: TObject); 
begin 
  { perform a gamma correction transform on the active virtual buffer } 
  fg_copypage(hVB,hVBundo); 
  fg_move(0,cyBuffer-1); 
  fg_gammavb(0.45,cxBuffer,cyBuffer); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Undo.Enabled := True; 
  RestoreOriginal.Enabled := True; 
end; 
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procedure TForm1.GrayscaleClick(Sender: TObject); 
begin 
  { perform a grayscale transform on the active virtual buffer } 
  fg_copypage(hVB,hVBundo); 
  fg_move(0,cyBuffer-1); 
  fg_grayvb(cxBuffer,cyBuffer); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Undo.Enabled := True; 
  RestoreOriginal.Enabled := True; 
end; 
 
procedure TForm1.PhotoInversionClick(Sender: TObject); 
begin 
  { perform a photo-inversion transform on the active virtual buffer } 
  fg_copypage(hVB,hVBundo); 
  fg_move(0,cyBuffer-1); 
  fg_photovb(cxBuffer,cyBuffer); 
  fg_vbscale(0,cxBuffer-1,0,cyBuffer-1,0,cxClient-1,0,cyClient-1); 
  Undo.Enabled := True; 
  RestoreOriginal.Enabled := True; 
end; 
 
end. 

ImgProc: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  ImgProc.frm                                                               * 
'                                                                            * 
'  This program demonstrates several of the Fastgraph for Windows image      * 
'  processing functions.                                                     * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long, hVBoriginal As Long, hVBundo As Long 
Dim cxClient As Long, cyClient As Long 
Dim cxBuffer As Long, cyBuffer As Long 
 
Dim nColors As Long 
 
Dim FileHeader(128) As Byte 
Dim FileName As String 
Dim mbString As String 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   ' initialize the virtual buffer environment 
   Call fg_vbinit 
   Call fg_vbdepth(24) 
 
   ' create the main virtual buffer for the working copy of the image 
   cxBuffer = 32 
   cyBuffer = 32 
   hVB = fg_vballoc(cxBuffer, cyBuffer) 
   Call fg_vbopen(hVB) 
 
   ' create two additional virtual buffers -- one for a copy of the original 
   ' image, and one used for the undo operation 
   hVBoriginal = fg_vballoc(cxBuffer, cyBuffer) 
   hVBundo = fg_vballoc(cxBuffer, cyBuffer) 
 
   ' start with a window full of white pixels 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
End Sub 
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Private Sub Form_Paint() 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfree(hVBoriginal) 
   Call fg_vbfree(hVBundo) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the File menu.                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuFileItem_Click(Index As Integer) 
   Select Case Index 
      Case 0   ' Open 
         Call Open_Click 
      Case 1   ' Save As 
         Call SaveAs_Click 
      Case 2   ' Details 
         Call Details_Click 
      Case 3   ' Exit 
        Unload Me 
   End Select 
End Sub 
 
Private Sub Open_Click() 
   On Error GoTo ErrHandler 
 
   ' open the bmp, jpeg, or pcx image file 
   CommonDialog1.CancelError = True 
   CommonDialog1.FileName = "" 
   CommonDialog1.Filter = _ 
      "All image files (*.bmp,*.jpg,*.pcx)|*.BMP;*.JPG;*.PCX|" + _ 
      "BMP files (*.bmp)|*.BMP|" + _ 
      "JPEG files (*.jpg)|*.JPG|" + _ 
      "PCX files (*.pcx)|*.PCX" 
   CommonDialog1.Flags = cdlOFNReadOnly 
   CommonDialog1.InitDir = App.Path 
   CommonDialog1.ShowOpen 
   FileName = CommonDialog1.FileName 
 
   ' check for a bmp file 
   If fg_bmphead(FileName, FileHeader(0)) = 0 Then 
      Screen.MousePointer = 11 
      nColors = fg_bmppal(FileName, ByVal 0) 
      Call fg_bmpsize(FileHeader(0), cxBuffer, cyBuffer) 
      Call SwitchBuffers 
      Call fg_showbmp(FileName, 0) 
      CommonDialog1.DefaultExt = "bmp" 
 
   ' check for a jpeg file 
   ElseIf fg_jpeghead(FileName, FileHeader(0)) = 0 Then 
      Screen.MousePointer = 11 
      nColors = 0 
      Call fg_jpegsize(FileHeader(0), cxBuffer, cyBuffer) 
      Call SwitchBuffers 
      Call fg_showjpeg(FileName, 0) 
      CommonDialog1.DefaultExt = "pcx" 
 
   ' check for a pcx file 
   ElseIf fg_pcxhead(FileName, FileHeader(0)) = 0 Then 
      Screen.MousePointer = 11 
      nColors = fg_pcxpal(FileName, ByVal 0) 



Chapter 9: Image Processing • 369 

 

 

      Call fg_pcxsize(FileHeader(0), cxBuffer, cyBuffer) 
      Call SwitchBuffers 
      Call fg_move(0, 0) 
      Call fg_showpcx(FileName, FG_AT_XY) 
      CommonDialog1.DefaultExt = "pcx" 
 
   ' the file is not a valid bmp, jpeg, or pcx file 
   Else 
      mbString = FileName + vbCr + _ 
         "is not a recognized image file." 
      Call MsgBox(mbString, vbCritical, "Error") 
      Exit Sub 
   End If 
 
   ' make a copy of the original image 
   Call fg_copypage(hVB, hVBoriginal) 
 
   ' display the image 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   Screen.MousePointer = 0 
 
   ' enable remaining items on the File menu, and the image processing 
   ' items on the Edit menu 
   mnuFileItem(1).Enabled = True 
   mnuFileItem(2).Enabled = True 
   mnuEditItem(0).Enabled = False 
   mnuEditItem(1).Enabled = False 
   mnuEditItem(3).Enabled = True 
   mnuEditItem(4).Enabled = True 
   mnuEditItem(5).Enabled = True 
   mnuEditItem(6).Enabled = True 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
Private Sub SaveAs_Click() 
   ' set the file save dialog options 
   On Error GoTo ErrHandler 
   CommonDialog1.CancelError = True 
   CommonDialog1.FileName = Left(FileName, InStr(FileName, ".") - 1) + _ 
                            "." + CommonDialog1.DefaultExt 
   CommonDialog1.Flags = cdlOFNHideReadOnly + cdlOFNOverwritePrompt + _ 
                         cdlOFNPathMustExist 
   CommonDialog1.InitDir = App.Path 
 
   ' save image as a bmp file (original image was bmp) 
   If CommonDialog1.DefaultExt = "bmp" Then 
      CommonDialog1.Filter = "BMP files (*.bmp)|*.BMP" 
      CommonDialog1.ShowSave 
      Screen.MousePointer = 11 
      FileName = CommonDialog1.FileName 
      Call fg_makebmp(0, cxBuffer - 1, 0, cyBuffer - 1, 24, FileName) 
      nColors = 0 
      Screen.MousePointer = 0 
 
   ' save image as a pcx file (original image was jpeg or pcx) 
   ElseIf CommonDialog1.DefaultExt = "pcx" Then 
      CommonDialog1.Filter = "PCX files (*.pcx)|*.PCX" 
      CommonDialog1.ShowSave 
      Screen.MousePointer = 11 
      FileName = CommonDialog1.FileName 
      Call fg_makepcx(0, cxBuffer - 1, 0, cyBuffer - 1, FileName) 
      nColors = 0 
      Screen.MousePointer = 0 
   End If 
ErrHandler: 
End Sub 
 
Private Sub Details_Click() 
   ' display the original image resolution and color depth 
   mbString = FileName + vbCr + _ 
      Str(cxBuffer) + " x" + Str(cyBuffer) + " pixels" + vbCr 
   If nColors > 0 Then 
      mbString = mbString + Str(nColors) + " colors" 
   Else 
      mbString = mbString + "24-bit RGB" 
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   End If 
   Call MsgBox(mbString, vbInformation, "Information") 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  Event handlers for the items on the Edit menu.                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuEditItem_Click(Index As Integer) 
   Select Case Index 
      Case 0   ' Undo 
         Call Undo_Click 
      Case 1   ' Restore Original 
         Call RestoreOriginal_Click 
      Case 3   ' Contrast Enhancement 
         Call ContrastEnhancement_Click 
      Case 4   ' Gamma Correction 
         Call GammaCorrection_Click 
      Case 5   ' Grayscale 
         Call Grayscale_Click 
      Case 6   ' Photo-Inversion 
         Call PhotoInversion_Click 
   End Select 
End Sub 
 
Private Sub Undo_Click() 
   ' undo the previous image processing operation 
   Call fg_copypage(hVBundo, hVB) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuEditItem(0).Enabled = False 
   mnuEditItem(1).Enabled = True 
End Sub 
 
Private Sub RestoreOriginal_Click() 
   ' restore the original image 
   Call fg_copypage(hVB, hVBundo) 
   Call fg_copypage(hVBoriginal, hVB) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuEditItem(0).Enabled = True 
   mnuEditItem(1).Enabled = False 
End Sub 
 
Private Sub ContrastEnhancement_Click() 
   ' perform a contrast enhancement transform on the active virtual buffer 
   Call fg_copypage(hVB, hVBundo) 
   Call fg_move(0, cyBuffer - 1) 
   Call fg_contvb(63, 192, cxBuffer, cyBuffer) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuEditItem(0).Enabled = True 
   mnuEditItem(1).Enabled = True 
End Sub 
 
Private Sub GammaCorrection_Click() 
   ' perform a gamma correction transform on the active virtual buffer 
   Call fg_copypage(hVB, hVBundo) 
   Call fg_move(0, cyBuffer - 1) 
   Call fg_gammavb(0.45, cxBuffer, cyBuffer) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuEditItem(0).Enabled = True 
   mnuEditItem(1).Enabled = True 
End Sub 
 
Private Sub Grayscale_Click() 
   ' perform a grayscale transform on the active virtual buffer 
   Call fg_copypage(hVB, hVBundo) 
   Call fg_move(0, cyBuffer - 1) 
   Call fg_grayvb(cxBuffer, cyBuffer) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuEditItem(0).Enabled = True 
   mnuEditItem(1).Enabled = True 
End Sub 
 
Private Sub PhotoInversion_Click() 
   ' perform a photo-inversion transform on the active virtual buffer 
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   Call fg_copypage(hVB, hVBundo) 
   Call fg_move(0, cyBuffer - 1) 
   Call fg_photovb(cxBuffer, cyBuffer) 
   Call fg_vbscale(0, cxBuffer - 1, 0, cyBuffer - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuEditItem(0).Enabled = True 
   mnuEditItem(1).Enabled = True 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  SwitchBuffers()                                                           * 
'                                                                            * 
'  Close the and release the virtual buffers for the current image, then     * 
'  create and open new virtual buffers for the new image file.               * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub SwitchBuffers() 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfree(hVBoriginal) 
   Call fg_vbfree(hVBundo) 
   hVB = fg_vballoc(cxBuffer, cyBuffer) 
   Call fg_vbopen(hVB) 
   hVBoriginal = fg_vballoc(cxBuffer, cyBuffer) 
   hVBundo = fg_vballoc(cxBuffer, cyBuffer) 
End Sub 

Alpha Blending 
Alpha blending is the process of combining a translucent foreground color with a background 

color, thereby producing a new blended color. The degree of the foreground color's translucency may 
range from completely transparent to completely opaque. If the foreground color is completely 
transparent, the blended color will be the background color. Conversely, if it is completely opaque, the 
blended color will be the foreground color. Of course, the translucency can range between these 
extremes, in which case the blended color is computed as a weighted average of the foreground and 
background colors. Fastgraph provides alpha blending functions that work on RGB color values, on direct 
color bitmaps, and on direct color virtual buffers. The alpha blending functions do not work when a 256-
color virtual buffer is active. 

The simplest alpha blending function is fg_blend50(). This function computes a 50% alpha-
blended color value from the specified foreground and background colors. Its first parameter is the 
foreground color, and its second parameter is the background color. The fg_blend50() return value is the 
50% alpha-blended color. Both the parameters and the function return value use the RGB color encoding 
scheme associated with the active virtual buffer's color depth. This means you can compute the 
foreground and background colors with fg_maprgb(), and you can pass the fg_blend50() return value to 
fg_setcolor(). For example, this code snippet 

C/C++: 
int BlendedColor, PureGreen, PureBlue; 
PureGreen = fg_maprgb(0,255,0); 
PureBlue = fg_maprgb(0,0,255); 
BlendedColor = fg_blend50(PureGreen,PureBlue); 
fg_setcolor(BlendedColor); 

C#: 
int BlendedColor, PureGreen, PureBlue; 
PureGreen = fg.maprgb(0, 255, 0); 
PureBlue = fg.maprgb(0, 0, 255); 
BlendedColor = fg.blend50(PureGreen, PureBlue); 
fg.setcolor(BlendedColor); 

Delphi: 
BlendedColor, PureGreen, PureBlue : integer; 
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PureGreen := fg_maprgb(0,255,0); 
PureBlue := fg_maprgb(0,0,255); 
BlendedColor := fg_blend50(PureGreen,PureBlue); 
fg_setcolor(BlendedColor); 

Visual Basic: 
Dim BlendedColor As Long, PureGreen As Long, PureBlue As Long 
PureGreen = fg_maprgb(0, 255, 0) 
PureBlue = fg_maprgb(0, 0, 255) 
BlendedColor = fg_blend50(PureGreen, PureBlue) 
Call fg_setcolor(BlendedColor) 

Visual Basic .NET: 
Dim BlendedColor, PureGreen, PureBlue As Integer 
PureGreen = fg_maprgb(0, 255, 0) 
PureBlue = fg_maprgb(0, 0, 255) 
BlendedColor = fg_blend50(PureGreen, PureBlue) 
fg_setcolor(BlendedColor) 

will set the current color to a 50% blend of pure green and pure blue. 

The fg_blend() function is similar to fg_blend50(), but it lets you define the foreground color's 
translucency (called the opacity). The fg_opacity() function takes an integer parameter that defines the 
opacity for fg_blend() and other alpha blending functions. The opacity can range from 0 to 255, with 0 
corresponding to a completely transparent foreground, and 255 to a completely opaque foreground. 
Hence 

C/C++: 
fg_opacity(63); 
BlendedColor = fg_blend(PureGreen,PureBlue); 
fg_setcolor(BlendedColor); 

C#: 
fg.opacity(63); 
BlendedColor = fg.blend(PureGreen, PureBlue); 
fg.setcolor(BlendedColor); 

Delphi: 
fg_opacity(63); 
BlendedColor := fg_blend(PureGreen,PureBlue); 
fg_setcolor(BlendedColor); 

Visual Basic: 
Call fg_opacity(63) 
BlendedColor = fg_blend(PureGreen, PureBlue) 
Call fg_setcolor(BlendedColor) 

Visual Basic .NET: 
fg_opacity(63) 
BlendedColor = fg_blend(PureGreen, PureBlue) 
fg_setcolor(BlendedColor) 

will set the current color to a blending of 25% (63/255) pure green and 75% pure blue. Note that defining 
an opacity of 127 or 128 makes fg_blend() behave approximately the same as fg_blend50(). 

We may sometimes need to blend individual color values, but in practice it is more common to 
blend two images. This allows a foreground image to appear with a degree of translucency over a 
background image. We can alpha blend images to simulate fog, to gradually morph one image into 
another, or to fade an image to a target color (similar to a 256-color palette fade). We achieve these last 
two effects by iteratively blending the same two images while gradually increasing or decreasing the 
opacity. 
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The fg_blenddcb() function computes an alpha-blended direct color bitmap from the specified 
foreground and background direct color bitmaps using the current fg_opacity() setting. The first 
fg_blenddcb() parameter is the name of the array containing the foreground bitmap, and the second 
parameter is the name of the array containing the background bitmap. The third parameter is the name of 
the array that will receive the blended bitmap. The final parameter specifies the size (width x height) of 
each direct color bitmap in pixels. 

Suppose we're using a high color virtual buffer and have two 640x480 direct color bitmaps that 
we wish to blend. We can use fg_blenddcb() to accomplish this: 

C/C++: 
BYTE Foreground[640*480*2]; 
BYTE Background[640*480*2]; 
BYTE Blended[640*480*2]; 
fg_opacity(127); 
fg_blenddcb(Foreground,Background,Blended,640*480); 

C#: 
byte [] Foreground = new byte [640*480*2]; 
byte [] Background = new byte [640*480*2]; 
byte [] Blended = new byte [640*480*2]; 
fg.opacity(127); 
fg.blenddcb(ref Foreground[0], ref Background[0], ref Blended[0], 
            640*480); 

Delphi: 
Foreground : array [1..640*480*2] of byte; 
Background : array [1..640*480*2] of byte; 
Blended : array [1..640*480*2] of byte; 
fg_opacity(127); 
fg_blenddcb(Foreground,Background,Blended,640*480); 

Visual Basic: 
Dim Foreground(CLng(640) * CLng(480) * 2) As Byte 
Dim Background(CLng(640) * CLng(480) * 2) As Byte 
Dim Blended(CLng(640) * CLng(480) * 2) As Byte 
Call fg_opacity(127) 
Call fg_blenddcb(Foreground(0), Background(0), Blended(0), 
                 CLng(640) * CLng(480)) 

Visual Basic .NET: 
Dim Foreground(640 * 480 * 2) As Byte 
Dim Background(640 * 480 * 2) As Byte 
Dim Blended(640 * 480 * 2) As Byte 
fg_opacity(127) 
fg_blenddcb(Foreground(0), Background(0), Blended(0), 640 * 480) 

We could then display the blended bitmap with fg_putdcb() or another direct color bitmap display 
function. Each direct color bitmap is 640x480x2 bytes because each high color pixel requires two bytes. 

The fg_blenddcb() function uses the same opacity value (as defined in the most recent 
fg_opacity() call) to blend each pixel. Another function, fg_blendvar(), blends two images with variable 
intensities for each pixel. Its first two parameters are the same as for fg_blenddcb(), but the third 
parameter is the name of a 256-color bitmap containing the opacity values for each pixel. The fourth 
fg_blendvar() parameter is the name of the array that will receive the blended bitmap, and its final 
parameter is the size of each bitmap in pixels. For example, the following statements compute the same 
blended bitmap with fg_blendvar() as we did above with fg_blenddcb(): 

C/C++: 
BYTE Opacities[640*480]; 
memset(Opacities,127,640*480); 
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fg_blendvar(Foreground,Background,Opacities,Blended,640*480); 

C#: 
byte [] Opacities = new byte [640*480]; 
for (int i = 0; i < Opacities.Length; i++) Opacities[i] = 127; 
fg.blendvar(ref Foreground[0], ref Background[0], 
            ref Opacities[0], ref Blended[0], 640*480); 

Delphi: 
Opacities : array [1..640*480] of byte; 
FillChar(Opacities,640*480,127); 
fg_blendvar(Foreground,Background,Opacities,Blended,640*480); 

Visual Basic: 
Dim Opacities(CLng(640) * CLng(480)) As Byte 
Call FillMemory(Opacities(0), CLng(640) * CLng(480), 127) 
Call fg_blendvar(Foreground(0), Background(0), Opacities(0), 
                 Blended(0), CLng(640) * CLng(480)) 

Visual Basic .NET: 
Dim Opacities(640 * 480) As Byte 
For i = 0 To Opacities.Length - 1 
   Opacities(i) = 127 
Next 
fg_blendvar(Foreground(0), Background(0), Opacities(0), 
            Blended(0), 640 * 480) 

Of course, the above code snippet doesn't illustrate a typical use of fg_blendvar(). More realistically, we 
would vary the opacity values in the Opacities array. 

The last two alpha blending functions are fg_blendvb() and fg_blendvbv(). These functions are 
respectively analogous to fg_blenddcb() and fg_blendvar(), but the resulting blended image is instead 
written to the active virtual buffer; the current graphics position defines the lower left corner of the 
blending region. The first two fg_blendvb() parameters are the names of the foreground and background 
bitmap arrays. The last two parameters define the width and height (in pixels) of each bitmap. For 
example, the code snippet 

C/C++: 
fg_move(0,479); 
fg_blendvb(Foreground,Background,640,480); 

C#: 
fg.move(0, 479); 
fg.blendvb(ref Foreground[0], ref Background[0], 640, 480); 

Delphi: 
fg_move(0,479); 
fg_blendvb(Foreground,Background,640,480); 

Visual Basic: 
Call fg_move(0, 479) 
Call fg_blendvb(Foreground(0), Background(0), 640, 480) 

Visual Basic .NET: 
fg_move(0, 479) 
fg_blendvb(Foreground(0), Background(0), 640, 480) 

would write the blended image directly into a 640x480 virtual buffer. The fg_blendvbv() function's first 
two parameters are also the foreground and background bitmap arrays. Its third parameter is a 256-color 
opacity array, as used with fg_blendvar(). Its final two parameters define the width and height of each 
bitmap. This code snippet 
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C/C++: 
fg_move(0,479); 
fg_blendvbv(Foreground,Background,Opacity,640,480); 

C#: 
fg.move(0, 479); 
fg.blendvbv(ref Foreground[0], ref Background[0], ref Opacity[0], 
            640, 480); 

Delphi: 
fg_move(0,479); 
fg_blendvbv(Foreground,Background,Opacity,640,480); 

Visual Basic: 
Call fg_move(0, 479) 
Call fg_blendvbv(Foreground(0),Background(0),Opacity(0),640,480) 

Visual Basic .NET: 
fg_move(0, 479) 
fg_blendvbv(Foreground(0),Background(0),Opacity(0),640,480) 

would write a variable opacity blended image directly into a 640x480 virtual buffer. 

The fg_blendvb() and fg_blendvbv() background parameter can also be NULL (pass 0 for C# 
and VB.NET, nil^ for Delphi, ByVal 0 for Visual Basic, or BYVAL %NULL for PowerBASIC). In this 
case, these functions get the background pixels from the same area of the active virtual buffer where the 
blended pixels will be written. This effectively saves an fg_getdcb() call. 

The Blend example demonstrates constant opacity and variable opacity alpha blending with 
fg_blenddcb() and fg_blendvar(). Its WM_CREATE handler loads two 640x480 BMP files into a high 
color virtual buffer and calls fg_getdcb() to retrieve each image as a direct color bitmap. The DCB 
created from CAT.BMP will be the background image, and the DCB created from PORCH.BMP will be the 
foreground image. The WM_CREATE handler also calls the program's MakeOpacityBitmap() function to 
create a 256-color opacity bitmap. This bitmap will be created with zero values at its center, and values 
that gradually increase as we move farther from the center. 

Initially Blend will display the foreground image. Pressing F2 displays the background image, and 
pressing F1 displays the foreground image again. Pressing F3 creates a 50% blended image with 
fg_blenddcb() and then displays it. Similarly, pressing F4 creates a variable opacity blended image with 
fg_blendvar(), using the opacity bitmap created by MakeOpacityBitmap(), and then displays the blended 
image. The two blended images are shown here: 

  
The opacity values are zero in the center of the variable blended image and increase outward. This means 
the foreground is completely transparent in the middle, but completely opaque around the edges. Hence the 



376 • Fastgraph 6.0 User’s Guide 

 

  

background image (that is, the cat) dominates the center part of the blended image, but the foreground image 
(the porch) is prevalent most everywhere else. 

Blend: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Blend.c                                                                   * 
*                                                                            * 
*  This program illustrates some of the Fastgraph for Windows alpha blending * 
*  functions.                                                                * 
*                                                                            * 
*  Press F1 to view the foreground image.                                    * 
*  Press F2 to view the background image.                                    * 
*  Press F3 to create and view a 50% blended image.                          * 
*  Press F4 to create and view a variable blended image.                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <stdlib.h> 
 
#define vbWidth  640 
#define vbHeight 480 
#define vbDepth   16 
 
// direct color bitmap containing the foreground image 
BYTE Foreground[vbWidth*vbHeight*(vbDepth/8)]; 
 
// direct color bitmap containing the background image 
BYTE Background[vbWidth*vbHeight*(vbDepth/8)]; 
 
// direct color bitmap containing the resulting blended image 
BYTE Blended[vbWidth*vbHeight*(vbDepth/8)]; 
 
// 256-color bitmap containing variable opacity values 
BYTE Opacity[vbWidth*vbHeight]; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void MakeOpacityBitmap(); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGblend"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Alpha Blending Demo",   // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
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   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HCURSOR  hCursor; 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         fg_vbdepth(vbDepth); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         // get background image from the CAT.BMP file 
         fg_showbmp("CAT.BMP",0); 
         fg_move(0,vbHeight-1); 
         fg_getdcb(Background,vbWidth,vbHeight); 
 
         // get foreground image from the PORCH.BMP file 
         fg_showbmp("PORCH.BMP",0); 
         fg_move(0,vbHeight-1); 
         fg_getdcb(Foreground,vbWidth,vbHeight); 
 
         // calcluate variable opacity bitmap 
         MakeOpacityBitmap(); 
         return 0; 
 
      case WM_KEYDOWN: 
         switch(wParam) 
         { 
            // display foreground image 
            case VK_F1: 
               fg_move(0,vbHeight-1); 
               fg_putdcb(Foreground,vbWidth,vbHeight); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               SetWindowText(hWnd,"Alpha Blending: Foreground Image"); 
               break; 
 
            // display background image 
            case VK_F2: 
               fg_move(0,vbHeight-1); 
               fg_putdcb(Background,vbWidth,vbHeight); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               SetWindowText(hWnd,"Alpha Blending: Background Image"); 
               break; 
 
            // display blended image with constant 50% foreground opacity 
            case VK_F3: 
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               hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
               ShowCursor(TRUE); 
               fg_opacity(128); 
               fg_blenddcb(Foreground,Background,Blended,vbWidth*vbHeight); 
               fg_move(0,vbHeight-1); 
               fg_putdcb(Blended,vbWidth,vbHeight); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               SetWindowText(hWnd,"Alpha Blending: 50% Blended Image"); 
               ShowCursor(FALSE); 
               SetCursor(hCursor); 
               break; 
 
            // display blended image with variable foreground opacity 
            case VK_F4: 
               hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
               ShowCursor(TRUE); 
               fg_blendvar(Foreground,Background,Opacity,Blended,vbWidth*vbHeight); 
               fg_move(0,vbHeight-1); 
               fg_putdcb(Blended,vbWidth,vbHeight); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               SetWindowText(hWnd,"Alpha Blending: Variable Blended Image"); 
               ShowCursor(FALSE); 
               SetCursor(hCursor); 
               break; 
         } 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  MakeOpacityBitmap()                                                       * 
*                                                                            * 
*  Define a 256-color bitmap with varying opacity values. The foregound      * 
*  opacities will be zero at the image center and will gradually increase    * 
*  as we move farther from the center.                                       * 
*                                                                            * 
\****************************************************************************/ 
 
void MakeOpacityBitmap() 
{ 
   register int i, x, y; 
   int OpacityValue; 
   int yTerm; 
 
   i = 0; 
 
   for (y = 0; y < vbHeight; y++) 
   { 
      yTerm = abs(y - vbHeight/2); 
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      for (x = 0; x < vbWidth; x++) 
      { 
         OpacityValue = abs(x - vbWidth/2) + yTerm; 
         if (OpacityValue > 255) 
            Opacity[i++] = 255; 
         else 
            Opacity[i++] = (BYTE)OpacityValue; 
      } 
   } 
} 

Blend: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Blend.cpp                                                                 * 
*  BlendU.cpp                                                                * 
*                                                                            * 
*  This program illustrates some of the Fastgraph for Windows alpha blending * 
*  functions.                                                                * 
*                                                                            * 
*  Press F1 to view the foreground image.                                    * 
*  Press F2 to view the background image.                                    * 
*  Press F3 to create and view a 50% blended image.                          * 
*  Press F4 to create and view a variable blended image.                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "BlendU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   fg_vbdepth(vbDepth); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   // get background image from the CAT.BMP file 
   fg_showbmp("CAT.BMP",0); 
   fg_move(0,vbHeight-1); 
   fg_getdcb(Background,vbWidth,vbHeight); 
 
   // get foreground image from the PORCH.BMP file 
   fg_showbmp("PORCH.BMP",0); 
   fg_move(0,vbHeight-1); 
   fg_getdcb(Foreground,vbWidth,vbHeight); 
 
   // calcluate variable opacity bitmap 
   MakeOpacityBitmap(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
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void __fastcall TForm1::FormKeyDown(TObject *Sender, WORD &Key, 
   TShiftState Shift) 
{ 
   switch (Key) 
   { 
      // display foreground image 
      case VK_F1: 
        fg_move(0,vbHeight-1); 
        fg_putdcb(Foreground,vbWidth,vbHeight); 
        fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
        Caption = "Alpha Blending: Foreground Image"; 
        break; 
 
      // display background image 
      case VK_F2: 
        fg_move(0,vbHeight-1); 
        fg_putdcb(Background,vbWidth,vbHeight); 
        fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
        Caption = "Alpha Blending: Background Image"; 
        break; 
 
      // display blended image with constant 50% foreground opacity 
      case VK_F3: 
        Cursor = crHourGlass; 
        fg_opacity(128); 
        fg_blenddcb(Foreground,Background,Blended,vbWidth*vbHeight); 
        fg_move(0,vbHeight-1); 
        fg_putdcb(Blended,vbWidth,vbHeight); 
        fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
        Caption = "Alpha Blending: 50% Blended Image"; 
        Cursor = crDefault; 
        break; 
 
      // display blended image with variable foreground opacity 
      case VK_F4: 
        Cursor = crHourGlass; 
        fg_blendvar(Foreground,Background,Opacity,Blended,vbWidth*vbHeight); 
        fg_move(0,vbHeight-1); 
        fg_putdcb(Blended,vbWidth,vbHeight); 
        fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
        Caption = "Alpha Blending: Variable Blended Image"; 
        Cursor = crDefault; 
        break; 
   } 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  MakeOpacityBitmap()                                                       * 
*                                                                            * 
*  Define a 256-color bitmap with varying opacity values. The foregound      * 
*  opacities will be zero at the image center and will gradually increase    * 
*  as we move farther from the center.                                       * 
*                                                                            * 
\****************************************************************************/ 
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void __fastcall TForm1::MakeOpacityBitmap() 
{ 
   register int i, x, y; 
   int OpacityValue; 
   int yTerm; 
 
   i = 0; 
 
   for (y = 0; y < vbHeight; y++) 
   { 
      yTerm = abs(y - vbHeight/2); 
      for (x = 0; x < vbWidth; x++) 
      { 
        OpacityValue = abs(x - vbWidth/2) + yTerm; 
        if (OpacityValue > 255) 
           Opacity[i++] = 255; 
        else 
           Opacity[i++] = (byte)OpacityValue; 
      } 
   } 
} 

Blend: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Blend.dpr                                                                 * 
*  BlendU.pas                                                                * 
*                                                                            * 
*  This program illustrates some of the Fastgraph for Windows alpha blending * 
*  functions.                                                                * 
*                                                                            * 
*  Press F1 to view the foreground image.                                    * 
*  Press F2 to view the background image.                                    * 
*  Press F3 to create and view a 50% blended image.                          * 
*  Press F4 to create and view a variable blended image.                     * 
*                                                                            * 
*****************************************************************************} 
 
unit BlendU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormKeyDown(Sender: TObject; var Key: Word; 
      Shift: TShiftState); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  { virtual buffer dimensions } 
  vbWidth = 640; 
  vbHeight = 480; 
  vbDepth = 16; 
 
var 
  { direct color bitmap containing the foreground image } 
  Foreground : Array [1..vbWidth*vbHeight*(vbDepth div 8)] of byte; 
 



382 • Fastgraph 6.0 User’s Guide 

 

  

  { direct color bitmap containing the background image } 
  Background : Array [1..vbWidth*vbHeight*(vbDepth div 8)] of byte; 
 
  { direct color bitmap containing the resulting blended image } 
  Blended : Array [1..vbWidth*vbHeight*(vbDepth div 8)] of byte; 
 
  { 256-color bitmap containing variable opacity values } 
  Opacity : Array [1..vbWidth*vbHeight] of byte; 
 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  cxClient, cyClient : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  MakeOpacityBitmap()                                                       * 
*                                                                            * 
*  Define a 256-color bitmap with varying opacity values. The foregound      * 
*  opacities will be zero at the image center and will gradually increase    * 
*  as we move farther from the center.                                       * 
*                                                                            * 
*****************************************************************************} 
 
procedure MakeOpacityBitmap; 
 
var 
  i, x, y : integer; 
  OpacityValue : integer; 
  yTerm : integer; 
 
begin 
  i := 1; 
 
  for y := 0 to vbHeight-1 do 
  begin 
    yTerm := abs(y - vbHeight div 2); 
    for x := 0 to vbWidth-1 do 
    begin 
      OpacityValue := abs(x - vbWidth div 2) + yTerm; 
      if OpacityValue > 255 then 
        Opacity[i] := 255 
      else 
        Opacity[i] := OpacityValue; 
      inc(i); 
    end; 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  fg_vbdepth(vbDepth); 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  { get background image from the CAT.BMP file } 
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  fg_showbmp('CAT.BMP'+chr(0),0); 
  fg_move(0,vbHeight-1); 
  fg_getdcb(Background,vbWidth,vbHeight); 
 
  { get foreground image from the PORCH.BMP file } 
  fg_showbmp('PORCH.BMP'+chr(0),0); 
  fg_move(0,vbHeight-1); 
  fg_getdcb(Foreground,vbWidth,vbHeight); 
 
  { calcluate variable opacity bitmap } 
  MakeOpacityBitmap; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word; 
  Shift: TShiftState); 
begin 
  case Key of 
    { display foreground image } 
    VK_F1: 
    begin 
      fg_move(0,vbHeight-1); 
      fg_putdcb(Foreground,vbWidth,vbHeight); 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Caption := 'Alpha Blending: Foreground Image'; 
    end; 
 
    { display background image } 
    VK_F2: 
    begin 
      fg_move(0,vbHeight-1); 
      fg_putdcb(Background,vbWidth,vbHeight); 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Caption := 'Alpha Blending: Background Image'; 
    end; 
 
    { display blended image with constant 50% foreground opacity } 
    VK_F3: 
    begin 
      Cursor := crHourGlass; 
      fg_opacity(128); 
      fg_blenddcb(Foreground,Background,Blended,vbWidth*vbHeight); 
      fg_move(0,vbHeight-1); 
      fg_putdcb(Blended,vbWidth,vbHeight); 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Caption := 'Alpha Blending: 50% Blended Image'; 
      Cursor := crDefault; 
    end; 
 
    { display blended image with variable foreground opacity } 
    VK_F4: 
    begin 
      Cursor := crHourGlass; 
      fg_blendvar(Foreground,Background,Opacity,Blended,vbWidth*vbHeight); 
      fg_move(0,vbHeight-1); 
      fg_putdcb(Blended,vbWidth,vbHeight); 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Caption := 'Alpha Blending: Variable Blended Image'; 
      Cursor := crDefault; 
    end; 
  end; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
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procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Blend: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Blend.frm                                                                 * 
'                                                                            * 
'  This program illustrates some of the Fastgraph for Windows alpha blending * 
'  functions.                                                                * 
'                                                                            * 
'  Press F1 to view the foreground image.                                    * 
'  Press F2 to view the background image.                                    * 
'  Press F3 to create and view a 50% blended image.                          * 
'  Press F4 to create and view a variable blended image.                     * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
Const vbDepth = 16 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Option Base 0 
 
' direct color bitmap containing the foreground image 
Dim Foreground(CLng(vbWidth) * CLng(vbHeight) * (vbDepth / 8)) As Byte 
 
' direct color bitmap containing the background image 
Dim Background(CLng(vbWidth) * CLng(vbHeight) * (vbDepth / 8)) As Byte 
 
' direct color bitmap containing the resulting blended image 
Dim Blended(CLng(vbWidth) * CLng(vbHeight) * (vbDepth / 8)) As Byte 
 
' 256-color bitmap containing variable opacity values 
Dim Opacity(CLng(vbWidth) * CLng(vbHeight)) As Byte 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer) 
   If Shift > 0 Then Exit Sub 
   Select Case KeyCode 
      ' display foreground image 
      Case vbKeyF1 
         Call fg_move(0, vbHeight - 1) 
         Call fg_putdcb(Foreground(0), vbWidth, vbHeight) 
         Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
         Caption = "Alpha Blending: Foreground Image" 
 
      ' display background image 
      Case vbKeyF2 
         Call fg_move(0, vbHeight - 1) 
         Call fg_putdcb(Background(0), vbWidth, vbHeight) 
         Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
         Caption = "Alpha Blending: Background Image" 
 
      ' display blended image with constant 50% foreground opacity 
      Case vbKeyF3 
         Screen.MousePointer = 11 
         Call fg_opacity(128) 
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         Call fg_blenddcb(Foreground(0), Background(0), Blended(0), CLng(vbWidth) * 
CLng(vbHeight)) 
         Call fg_move(0, vbHeight - 1) 
         Call fg_putdcb(Blended(0), vbWidth, vbHeight) 
         Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
         Caption = "Alpha Blending: 50% Blended Image" 
         Screen.MousePointer = 0 
 
      ' display blended image with variable foreground opacity 
      Case vbKeyF4 
         Screen.MousePointer = 11 
         Call fg_blendvar(Foreground(0), Background(0), Opacity(0), Blended(0), CLng(vbWidth) * 
CLng(vbHeight)) 
         Call fg_move(0, vbHeight - 1) 
         Call fg_putdcb(Blended(0), vbWidth, vbHeight) 
         Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
         Caption = "Alpha Blending: Variable Blended Image" 
         Screen.MousePointer = 0 
   End Select 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   Call fg_vbdepth(vbDepth) 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   ' get background image from the CAT.BMP file 
   Call fg_showbmp(App.Path & "\CAT.BMP", 0) 
   Call fg_move(0, vbHeight - 1) 
   Call fg_getdcb(Background(0), vbWidth, vbHeight) 
 
   ' get foreground image from the PORCH.BMP file 
   Call fg_showbmp(App.Path & "\PORCH.BMP", 0) 
   Call fg_move(0, vbHeight - 1) 
   Call fg_getdcb(Foreground(0), vbWidth, vbHeight) 
 
   ' calcluate variable opacity bitmap 
   Call MakeOpacityBitmap 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  MakeOpacityBitmap()                                                       * 
'                                                                            * 
'  Define a 256-color bitmap with varying opacity values. The foregound      * 
'  opacities will be zero at the image center and will gradually increase    * 
'  as we move farther from the center.                                       * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub MakeOpacityBitmap() 
   Dim I As Long, X As Long, Y As Long 
   Dim OpacityValue As Long 



386 • Fastgraph 6.0 User’s Guide 

 

  

   Dim yTerm As Long 
 
   I = 0 
 
   For Y = 0 To vbHeight - 1 
      yTerm = Abs(Y - vbHeight / 2) 
      For X = 0 To vbWidth - 1 
         OpacityValue = Abs(X - vbWidth / 2) + yTerm 
         If (OpacityValue > 255) Then 
            Opacity(I) = 255 
         Else 
            Opacity(I) = OpacityValue 
         End If 
         I = I + 1 
      Next X 
   Next Y 
End Sub 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_blend() Computes an alpha-blended color value. 

fg_blend50() Computes a 50% alpha-blended color value. 

fg_blenddcb() Computes an alpha-blended direct color bitmap with constant opacity. 

fg_blendvar() Computes an alpha-blended direct color bitmap with variable opacity. 

fg_blendvb() Creates alpha-blended image with constant opacity in the active virtual buffer. 

fg_blendvbv() Creates alpha-blended image with variable opacity in the active virtual buffer. 

fg_contdcb() Applies a contrast enhancement transform to a direct color bitmap. 

fg_contrgb() Applies a contrast enhancement transform to a series of RGB color triples. 

fg_contvb() Applies a contrast enhancement transform to a rectangular region of the active 
virtual buffer. 

fg_gammadcb() Applies a gamma correction transform to a direct color bitmap. 

fg_gammargb() Applies a gamma correction transform to a series of RGB color triples. 

fg_gammavb() Applies a gamma correction transform to a rectangular region of the active 
virtual buffer. 

fg_graydcb() Applies a grayscale transform to a direct color bitmap. 

fg_grayrgb() Applies a grayscale transform to a series of RGB color triples. 

fg_grayvb() Applies a grayscale transform to a rectangular region of the active virtual 
buffer. 

fg_opacity() Defines the foreground opacity for the alpha blending functions. 

fg_photodcb() Applies a photo-inversion transform to a direct color bitmap. 

fg_photorgb() Applies a photo-inversion transform to a series of RGB color triples. 

fg_photovb() Applies a photo-inversion transform to a rectangular region of the active virtual 
buffer. 
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Overview 
By now, it should be apparent that virtual buffers are the graphics cornerstone in Fastgraph for 

Windows programs. When we introduced virtual buffers back in Chapter 2, we talked about how to create 
virtual buffers and display or “blit” their contents in the window's client area. In this chapter, we’ll begin 
with a review of these tasks and the associated Fastgraph functions. We’ll then introduce other Fastgraph 
functions for working with virtual buffers, including copying data between virtual buffers, printing, 
communicating with the Windows clipboard, and some miscellaneous virtual buffer support functions. 
We’ll wrap up the chapter with two example programs that show how to pan and scroll with virtual buffers. 

Virtual Buffer Fundamentals 
We’ll begin this chapter with a review of some virtual buffer fundamentals. As we’ve already seen 

most of this material in previous chapters, we’re pretty much just going to skim over it here. 

Virtual buffers are blocks of memory that Fastgraph treats as off-screen drawing surfaces. An 
application may have up to 256 virtual buffers defined simultaneously. Each virtual buffer has its own 
independent clipping limits, which default to the entire virtual buffer. Any program that uses virtual buffers 
must initialize the virtual buffer environment by calling fg_vbinit() once, before it calls any other Fastgraph 
virtual buffer functions (we usually call fg_vbinit() in the program’s WM_CREATE handler). The fg_vbinit() 
function has no parameters and no return value. 

The fg_vballoc() function is the easiest way to create virtual buffers. By default, any virtual buffers 
created with fg_vballoc() will be 256-color virtual buffers, but fg_vballoc() can create high color and true 
color virtual buffers if you first call fg_vbdepth(). Virtual buffer memory is usually allocated from Windows’ 
global heap. The amount of memory needed in bytes is equal to the number of bytes per pixel multiplied by 
the virtual buffer width multiplied by the virtual buffer height, plus up to 1,064 bytes for the virtual buffer’s 
header and palette information. If necessary, fg_vballoc() will extend the specified virtual buffer width to a 
multiple of four bytes. 

If you are not using Fastgraph's DirectX libraries, you can allocate the virtual buffer memory yourself 
and then use fg_vbdefine() to define a virtual buffer. Usually this memory is allocated dynamically with the 
Windows API macro GlobalAllocPtr(), the malloc() function from the C run-time library, the C++ or C# 
new[] operator, or the Visual Basic ReDim statement. When using the .NET framework, the memory 
allocated for the virtual buffer must be pinned (this restriction may be lifted in a future version of 
Fastgraph). Like fg_vballoc(), the fg_vbdefine() function returns a handle by which the virtual buffer is 
referenced. For example, the following code creates a 640x480 virtual buffer with fg_vbdefine(): 

C/C++: 
char *Buffer; 
Buffer =(char *)GlobalAllocPtr(GMEM_MOVEABLE,fg_vbsize(640,480)); 
hVB = fg_vbdefine(Buffer,640,480); 
fg_vbopen(hVB); 
fg_vbcolors(); 

C#: 
static byte [] Buffer; 
GCHandle BufferHandle; 
Buffer = new byte [fg.vbsize(640, 480)]; 
BufferHandle = GCHandle.Alloc(Buffer, GCHandleType.Pinned); 
hVB = fg.vbdefine(ref Buffer[0], 640, 480); 
fg.vbopen(hVB); 
fg.vbcolors(); 
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Delphi: 
var 
  hGlobal : THandle; 
  Buffer : pointer; 
begin 
  hGlobal := GlobalAlloc(GHND,fg_vbsize(640,480)); 
  Buffer := GlobalLock(hGlobal); 
  hVB := fg_vbdefine(Buffer,640,480); 
  fg_vbopen(hVB); 
  fg_vbcolors; 

Visual Basic: 
Dim Buffer() As Byte 
ReDim Buffer(fg_vbsize(640, 480)) 
hVB = fg_vbdefine(Buffer(0), 640, 480) 
Call fg_vbopen(hVB) 
Call fg_vbcolors 

Visual Basic .NET: 
Dim Buffer() As Byte 
Dim BufferHandle As GCHandle 
ReDim Buffer(fg_vbsize(640, 480)) 
BufferHandle = GCHandle.Alloc(Buffer, GCHandleType.Pinned) 
hVB = fg_vbdefine(Buffer(0), 640, 480) 
fg_vbopen(hVB) 
fg_vbcolors() 

Note how we use fg_vbsize() to calculate the total number of bytes required for the virtual buffer’s drawing 
surface, header, and color table. Again, if you are using Fastgraph's DirectX libraries, you must use 
fg_vballoc() to create virtual buffers rather than fg_vbdefine(). 

Once a virtual buffer is defined, you can activate it with fg_vbopen(). It will remain the active virtual 
buffer until you call fg_vbclose(), or until you call fg_vbopen() to switch to another virtual buffer. After you 
open a 256-color virtual buffer for the first time, you must call fg_vbcolors() to associate the colors in the 
active logical palette with the virtual buffer. It is not necessary to call fg_vbcolors() with direct color virtual 
buffers, but it causes no harm. 

Two of the more important virtual buffer functions are fg_vbpaste() and fg_vbscale(). These 
functions copy rectangular areas from the active virtual buffer to the client area. The fg_vbpaste() function 
performs a straight pixel copy, while fg_vbscale() scales the region to fit in the requested part of the client 
area. All the Fastgraph for Windows example programs call at least one of these two functions to display 
graphics in the client area, usually in the WM_PAINT message handler and possibly elsewhere too. 

After you're finished with a virtual buffer, its memory may be released using fg_vbfree(). This usually 
happens in the WM_DESTROY message handler. You should use fg_vbfree() only with virtual buffers 
created with fg_vballoc() and not those created with fg_vbdefine(), and you cannot use it on the active 
virtual buffer. For virtual buffers created with fg_vbdefine(), free the memory using the complementary 
method of allocating the memory. That is, use GlobalFreePtr() if you allocated the memory with 
GlobalAllocPtr(), use free() if you used malloc(), use delete[] if you used new[], or use the Erase 
statement if you used ReDim. 

Other Virtual Buffer Support Functions 
The fg_vbundef() function releases a virtual buffer handle but does not release the virtual buffer 

memory. It is designed for virtual buffers created with fg_vbdefine(), as fg_vbfree() frees the virtual buffer 
memory and the virtual buffer handle. Its only parameter is the virtual buffer handle to release. 



390 • Fastgraph 6.0 User’s Guide 

 

  

The fg_vbhandle() function returns the active virtual buffer handle, or -1 if no virtual buffer is active. 
It has no parameters. 

Block Transfer Functions 
Fastgraph includes several functions for copying rectangular blocks from one virtual buffer to 

another virtual buffer of the same color depth. Additionally, some of these functions support copying 
blocks within the same virtual buffer as long as they don’t overlap. Block transfers are useful in many 
graphics applications, but they are especially important in animation. Because these functions are often 
used in speed-critical contexts, they do not perform clipping. If needed, clipping can generally be done 
manually by adjusting the block coordinates to fit within the clipping region. 

General Block Transfer 
We'll start with the most general block transfer function, fg_vbcopy(). It copies a block between 

two virtual buffers, or to a non-overlapping position in the same virtual buffer. The fg_vbcopy() function 
requires eight parameters. Its first four parameters define the minimum x, maximum x, minimum y, and 
maximum y screen space coordinates of the region to copy from the source virtual buffer. The next two 
parameters define the x and y coordinates for lower left corner of the block in the destination virtual 
buffer. The final two parameters specify the handles for the source and destination virtual buffers. To 
copy a block within a virtual buffer, just specify its handle as both the source and destination virtual buffer 
handles. Neither virtual buffer needs to be the active virtual buffer, but both virtual buffers must have the 
same color depth. 

Suppose, for example, that we’ve created two 320x240 virtual buffers: 

C/C++: 
hVB1 = fg_vballoc(320,240); 
hVB2 = fg_vballoc(320,240); 

C#: 
hVB1 = fg.vballoc(320, 240); 
hVB2 = fg.vballoc(320, 240); 

Delphi: 
hVB1 := fg_vballoc(320,240); 
hVB2 := fg_vballoc(320,240); 

Visual Basic: 
hVB1 = fg_vballoc(320, 240) 
hVB2 = fg_vballoc(320, 240) 

Visual Basic .NET: 
hVB1 = fg_vballoc(320, 240) 
hVB2 = fg_vballoc(320, 240) 

If we want to copy the entire contents of the first virtual buffer into the second, we could do so like this: 

C/C++: 
fg_vbcopy(0,319,0,239,0,239,hVB1,hVB2); 

C#: 
fg.vbcopy(0, 319, 0, 239, 0, 239, hVB1, hVB2); 

Delphi: 
fg_vbcopy(0,319,0,239,0,239,hVB1,hVB2); 

Visual Basic: 
Call fg_vbcopy(0, 319, 0, 239, 0, 239, hVB1, hVB2) 



Chapter 10: Virtual Buffers Revisited • 391 

 

 

Visual Basic .NET: 
fg_vbcopy(0, 319, 0, 239, 0, 239, hVB1, hVB2) 

If we want to copy the top half of the first virtual buffer to the bottom half, we could do this: 

C/C++: 
fg_vbcopy(0,319,0,119,0,239,hVB1,hVB1); 

C#: 
fg.vbcopy(0, 319, 0, 119, 0, 239, hVB1, hVB1); 

Delphi: 
fg_vbcopy(0,319,0,119,0,239,hVB1,hVB1); 

Visual Basic: 
Call fg_vbcopy(0, 319, 0, 119, 0, 239, hVB1, hVB1) 

Visual Basic .NET: 
fg_vbcopy(0, 319, 0, 119, 0, 239, hVB1, hVB1) 

Full-Buffer Block Transfer 
In the previous section, we showed how to use fg_vbcopy() to transfer the entire contents of one 

320x240 virtual buffer to another 320x240 virtual buffer. Copying one virtual buffer to another is such a 
common operation that Fastgraph includes a special function specifically optimized for this purpose: 

C/C++: 
fg_copypage(hVB1,hVB2); 

C#: 
fg.copypage(hVB1, hVB2); 

Delphi: 
fg_copypage(hVB1,hVB2); 

Visual Basic: 
Call fg_copypage(hVB1, hVB2) 

Visual Basic .NET: 
fg_copypage(hVB1, hVB2) 

As you might guess, the two fg_copypage() parameters specify the source and destination virtual buffer 
handles. These two virtual buffers must be the same size and have the same color depth; if they aren't 
the same size, use fg_vbcopy(). 

Blocks with Transparent Colors 
The fg_vbtcopy(), fg_vbtzcopy(), and fg_vbtccopy() functions copy a rectangular region 

between virtual buffers just as fg_vbcopy() does, but they support transparent colors. By transparent, we 
mean any pixels whose color is defined to be transparent are not copied from the source region, but all 
other pixels are. 

The fg_vbtcopy() function lets you define a single transparent color, while fg_vbtzcopy() always 
treats zero-valued pixels as transparent. For fg_vbtcopy(), the transparent color is a logical palette index 
for 256-color virtual buffers, or an fg_maprgb() encoded color value for direct color virtual buffers. For 
example, the following fg_vbtcopy() and fg_vbtzcopy() calls will each copy the specified region between 
two virtual buffers, with zero-valued pixels considered transparent: 

C/C++: 
fg_vbtcopy(0,319,0,239,0,239,0,hVB1,hVB2); 
fg_vbtzcopy(0,319,0,239,0,239,hVB1,hVB2); 
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C#: 
fg.vbtcopy(0, 319, 0, 239, 0, 239, 0, hVB1, hVB2); 
fg.vbtzcopy(0, 319, 0, 239, 0, 239, hVB1, hVB2); 

Delphi: 
fg_vbtcopy(0,319,0,239,0,239,0,hVB1,hVB2); 
fg_vbtzcopy(0,319,0,239,0,239,hVB1,hVB2); 

Visual Basic: 
Call fg_vbtcopy(0, 319, 0, 239, 0, 239, 0, hVB1, hVB2) 
Call fg_vbtzcopy(0, 319, 0, 239, 0, 239, hVB1, hVB2) 

Visual Basic .NET: 
fg_vbtcopy(0, 319, 0, 239, 0, 239, 0, hVB1, hVB2) 
fg_vbtzcopy(0, 319, 0, 239, 0, 239, hVB1, hVB2) 

The fg_vbtccopy() function lets you define up to 256 transparent colors. It has the same eight 
parameters as fg_vbcopy(). In fact, if we haven’t defined any transparent colors, fg_vbtccopy() is 
functionally equivalent to fg_vbcopy(). The fg_vbtcopy() and fg_vbtzcopy() functions are always faster 
than fg_vbtccopy(), especially when used with direct color virtual buffers. 

We use fg_tcdefine() to define which colors are considered transparent in subsequent calls to 
fg_vbtccopy(). The fg_tcdefine() function expects two integer parameters: one defining the color 
number (between 0 and 255) and another defining the transparency state associated with that color. If the 
state is zero, the specified color will be opaque (non-transparent). If it is any other value, the color will be 
transparent. For example, we can make colors 11 and 15 transparent with these two calls: 

C/C++: 
fg_tcdefine(11,1); 
fg_tcdefine(15,1); 

C#: 
fg.tcdefine(11, 1); 
fg.tcdefine(15, 1); 

Delphi: 
fg_tcdefine(11,1); 
fg_tcdefine(15,1); 

Visual Basic: 
Call fg_tcdefine(11, 1) 
Call fg_tcdefine(15, 1) 

Visual Basic .NET: 
fg_tcdefine(11, 1) 
fg_tcdefine(15, 1) 

Transparency Issues for Direct Color Virtual Buffers 
The fg_vbtccopy() function works with fg_tcdefine() to define up to 256 transparent colors. For 

256-color virtual buffers, the transparent color values directly correspond to the pixel values in the virtual 
buffer, so they simply don’t copy any pixels with color values defined as transparent. 

For direct color virtual buffers, fg_vbtccopy() cannot just treat the RGB pixel data as one of the 
256 transparent colors, so it uses the virtual palette to determine transparency. If the pixel’s RGB value 
does not have an exact matching entry in the virtual palette, the pixel is not transparent. If we do find a 
match, fg_vbtccopy() uses the index of the first matching entry in the virtual palette (this will be a value 
between 0 and 255). The transparency attribute assigned to that index then determines if the pixel is 
transparent. 
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The above scheme works very well if you have no duplicate entries in the virtual palette. 
However, when duplicate entries exist, only the first (lowest numbered) of the duplicate color values can 
be made transparent. Consider the case of the default virtual palette, which has entries 25 and 255 
(among others) defined to be white. You cannot assign different transparency attributes to colors 25 and 
255 because any white pixel will first match color 25 in the virtual palette and will thus use its 
transparency attribute. To make a higher-numbered white color transparent, you could use fg_setrgb() or 
fg_setdacs() to change the virtual palette entry for color 25. Note that this is only necessary if the 
duplicate colors require different transparency attributes. If the duplicate colors all use the same attribute, 
it doesn’t matter which duplicate color is selected when determining transparency. 

DirectX Block Transfer Options 
In Fastgraph's DirectX libraries, you can specify whether certain functions use their own native 

code for block transfers, or if they use the DirectX Blt() or BltFast() blitting methods. This applies to the 
block transfer functions fg_copypage(), fg_vbcopy(), and fg_vbtzcopy(), as well as the fg_erase() and 
fg_fillpage() functions. By default, these functions will all use the DirectX blitting methods, but you can 
change this behavior by calling fg_ddsetblt(). 

The fg_ddsetblt() function's only parameter defines which blitting strategy to use. A value of zero 
means the affected functions will use Fastgraph's own native code, while any other value means they will 
use the DirectX blitting methods. You can switch between the two strategies at any time. The 
fg_ddsetblt() function is present only in Fastgraph's DirectX libraries. 

The actual performance difference between Fastgraph's own code and the DirectX blitting 
methods depends on several factors. These include the extent of hardware acceleration in a particular 
DirectX implementation, how well the DirectX implementation is optimized, an application's color depth, 
and whether an application uses DirectDraw blitting or page flipping. We've generally found that using the 
DirectX blitting methods is faster for fg_vbtzcopy(), but slower for fg_copypage(), fg_erase(), 
fg_fillpage(), and fg_vbcopy(). 

An Example 
Now we’ll present an example program called VBdemo that shows how to copy blocks with and 

without transparent colors between virtual buffers. Its WM_CREATE handler creates two 640x480 virtual 
buffers. We’ll refer to the first virtual buffer created as the background virtual buffer, and the second 
virtual buffer as the foreground virtual buffer (because that’s the virtual buffer we initially display). 
WM_CREATE fills the foreground virtual buffer with white (color 25) pixels, then draws a green (color 20) 
rectangle, one-half the size of the virtual buffer, centered in the virtual buffer. 

VBdemo has a top-level menu with just three selections: Cut, Paste, and Exit. Clicking the Cut item 
copies the contents of the foreground virtual buffer to the background virtual buffer, erases the foreground 
buffer, and then displays it. This fills the client area with black (color 0) pixels. Clicking the Paste item copies 
the contents of the background virtual buffer back to the foreground virtual buffer, but with color 25 defined to 
be transparent, and displays the new contents of the foreground virtual buffer. This displays the green 
rectangle but not the white border; we continue to see the color 0 pixels where the white border was 
originally. 

VBdemo: C/C++ Version 
Note how the Paste item on the top-level menu is enabled through the IDM_CUT menu handler 

with the EnableMenuItem() and DrawMenuBar() Windows API functions. We've already seen the 
EnableMenuItem() function in action, but DrawMenuBar() is new. When we change the top-level menu, 
Windows does not immediately redraw the menu bar, so we must call DrawMenuBar() to do this. If we 
didn't, the Paste menu item would be enabled but would still appear grayed out. 
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/****************************************************************************\ 
*                                                                            * 
*  VBdemo.c                                                                  * 
*                                                                            * 
*  This program demonstrates how to copy the contents of one virtual buffer  * 
*  to another, with and without transparent colors.                          * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "VBdemo.h" 
 
#define vbWidth  640 
#define vbHeight 480 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGvbdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Virtual Buffer Copy Demo", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB1, hVB2; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
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   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB2 = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB2); 
         fg_vbcolors(); 
         hVB1 = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB1); 
         fg_vbcolors(); 
 
         fg_setcolor(25); 
         fg_fillpage(); 
         fg_setcolor(20); 
         fg_rect(vbWidth/4,vbWidth*3/4,vbHeight/4,vbHeight*3/4); 
 
         hMenu = GetMenu(hWnd); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Cut: 
               fg_vbcopy(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1,hVB1,hVB2); 
               fg_erase(); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               EnableMenuItem(hMenu,IDM_Paste,MF_ENABLED); 
               DrawMenuBar(hWnd); 
               return 0; 
 
            case IDM_Paste: 
               fg_tcdefine(25,1); 
               fg_vbtccopy(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1,hVB2,hVB1); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB1); 
         fg_vbfree(hVB2); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
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} 

VBdemo: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  VBdemo.cpp                                                                * 
*  VBdemoU.cpp                                                               * 
*                                                                            * 
*  This program demonstrates how to copy the contents of one virtual buffer  * 
*  to another, with and without transparent colors.                          * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "VBDemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB2 = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB2); 
   fg_vbcolors(); 
   hVB1 = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB1); 
   fg_vbcolors(); 
 
   fg_setcolor(25); 
   fg_fillpage(); 
   fg_setcolor(20); 
   fg_rect(vbWidth/4,vbWidth*3/4,vbHeight/4,vbHeight*3/4); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB1); 
   fg_vbfree(hVB2); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
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} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::CutClick(TObject *Sender) 
{ 
   fg_vbcopy(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1,hVB1,hVB2); 
   fg_erase(); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   Paste->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PasteClick(TObject *Sender) 
{ 
   fg_tcdefine(25,1); 
   fg_vbtccopy(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1,hVB2,hVB1); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

VBdemo: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  VBdemo.dpr                                                                * 
*  VBdemoU.pas                                                               * 
*                                                                            * 
*  This program demonstrates how to copy the contents of one virtual buffer  * 
*  to another, with and without transparent colors.                          * 
*                                                                            * 
*****************************************************************************} 
 
unit VBdemoU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    Cut: TMenuItem; 
    Paste: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure CutClick(Sender: TObject); 
    procedure PasteClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB1, hVB2 : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 



398 • Fastgraph 6.0 User’s Guide 

 

  

begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB2 := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB2); 
  fg_vbcolors; 
  hVB1 := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB1); 
  fg_vbcolors; 
 
  fg_setcolor(25); 
  fg_fillpage; 
  fg_setcolor(20); 
  fg_rect(vbWidth div 4,vbWidth*3 div 4,vbHeight div 4,vbHeight*3 div 4); 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB1); 
  fg_vbfree(hVB2); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.CutClick(Sender: TObject); 
begin 
  fg_vbcopy(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1,hVB1,hVB2); 
  fg_erase; 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
  Paste.Enabled := True; 
end; 
 
procedure TForm1.PasteClick(Sender: TObject); 
begin 
  fg_tcdefine(25,1); 
  fg_vbtccopy(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1,hVB2,hVB1); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 
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VBdemo: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  VBdemo.frm                                                                * 
'                                                                            * 
'  This program demonstrates how to copy the contents of one virtual buffer  * 
'  to another, with and without transparent colors.                          * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB1 As Long, hVB2 As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB2 = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB2) 
   Call fg_vbcolors 
   hVB1 = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB1) 
   Call fg_vbcolors 
 
   Call fg_setcolor(25) 
   Call fg_fillpage 
   Call fg_setcolor(20) 
   Call fg_rect(vbWidth / 4, vbWidth * 3 / 4, vbHeight / 4, vbHeight * 3 / 4) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB1) 
   Call fg_vbfree(hVB2) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuCut_Click() 
   Call fg_vbcopy(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1, hVB1, hVB2) 
   Call fg_erase 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuPaste.Enabled = True 
End Sub 
 
Private Sub mnuPaste_Click() 
   Call fg_tcdefine(25, 1) 
   Call fg_vbtccopy(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1, hVB2, hVB1) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 
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Communicating with the Clipboard 
Fastgraph includes two functions for copying data between the active virtual buffer and the 

Windows clipboard. The fg_vb2clip() function copies the specified rectangular region from the active 
virtual buffer to the clipboard, while fg_clip2vb() copies the clipboard contents to the specified position in 
the active virtual buffer. 

The fg_vb2clip() function has four parameters that specify the screen space minimum x, 
maximum x, minimum y, and maximum y coordinates of the region to copy from the active virtual buffer. It 
constructs a Windows device-independent bitmap (DIB) from this region and writes the DIB to the 
clipboard, along with palette data for the active logical palette. The fg_vb2clip() return value will be 0 if 
successful, -1 if another application has control of the clipboard, or -2 if there is insufficient free global 
memory to create the DIB. 

The fg_clip2vb() function’s first four parameters specify the region in the active virtual buffer that 
will receive the clipboard data, in the same order as fg_vb2clip(). If the width of the clipboard image is 
less than the width of this region, the remaining pixels in each row of the transfer region will be left 
unchanged. Similarly, if the height of the clipboard image is less than the height of the transfer region, 
pixels above the image height will be unaffected. In other words, fg_clip2vb() will copy the image to the 
lower left corner of the truncated transfer region. If the width or height of the clipboard image exceeds the 
limits of the transfer region, fg_clip2vb() will truncate the clipboard image at the boundaries of the 
transfer region. The fifth fg_clip2vb() parameter is a bit mask that controls how the image is displayed 
and whether we cut or copy the clipboard contents, as shown here: 

Bit Value Meaning 
0 0 Update the logical palette with the clipboard palette data 
0 1 Ignore the clipboard palette data 
1 0 Empty clipboard after copying its contents (cut) 
1 1 Keep clipboard contents intact (copy) 

All other flag bits are reserved and should be zero to guarantee compatibility with future releases. The 
fg_clip2vb() return value will be 0 if successful, -1 if another application has control of the clipboard, -2 if 
the clipboard does not contain a DIB image, or -3 if the clipboard image does not have the same color 
depth as the active virtual buffer. 

The CBdemo program shows how to copy data between the active virtual buffer and the 
clipboard. CBdemo is very similar to the VBdemo program presented in the last section and uses the 
same top-level menu as VBdemo. The program’s WM_CREATE handler creates a 320x200 virtual buffer 
and loads the PCX image MOUSE.PCX into the virtual buffer. Clicking the Cut item copies the contents of 
the virtual buffer to the clipboard, erases the image from the virtual buffer, and then displays the virtual 
buffer. This fills the client area with black (color 0) pixels. Clicking the Paste item copies the clipboard 
contents back to the virtual buffer and then displays the virtual buffer, making the original image appear 
once again in the client area. 

CBdemo: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  CBdemo.c                                                                  * 
*                                                                            * 
*  This program demonstrates how to exchange information between the active  * 
*  virtual buffer and the Windows clipboard.                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "CBdemo.h" 
 
#define vbWidth  320 
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#define vbHeight 200 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGcbdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Clipboard Demo",        // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
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         fg_vbcolors(); 
 
         fg_showpcx("MOUSE.PCX",FG_AT_XY); 
 
         hMenu = GetMenu(hWnd); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Cut: 
               fg_vb2clip(0,vbWidth-1,0,vbHeight-1); 
               fg_erase(); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               EnableMenuItem(hMenu,IDM_Paste,MF_ENABLED); 
               DrawMenuBar(hWnd); 
               return 0; 
 
            case IDM_Paste: 
               fg_clip2vb(0,vbWidth-1,0,vbHeight-1,0); 
               fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

CBdemo: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  CBdemo.cpp                                                                * 
*  CBdemoU.cpp                                                               * 
*                                                                            * 
*  This program demonstrates how to exchange information between the active  * 
*  virtual buffer and the Windows clipboard.                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "CBDemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 



Chapter 10: Virtual Buffers Revisited • 403 

 

 

//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_showpcx("MOUSE.PCX",FG_AT_XY); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::CutClick(TObject *Sender) 
{ 
   fg_vb2clip(0,vbWidth-1,0,vbHeight-1); 
   fg_erase(); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   Paste->Enabled = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PasteClick(TObject *Sender) 
{ 
   fg_clip2vb(0,vbWidth-1,0,vbHeight-1,0); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

CBdemo: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  CBdemo.dpr                                                                * 
*  CBdemoU.pas                                                               * 
*                                                                            * 
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*  This program demonstrates how to exchange information between the active  * 
*  virtual buffer and the Windows clipboard.                                 * 
*                                                                            * 
*****************************************************************************} 
 
unit CBdemoU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    Cut: TMenuItem; 
    Paste: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure CutClick(Sender: TObject); 
    procedure PasteClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 200; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_showpcx('MOUSE.PCX'+chr(0),FG_AT_XY); 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
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end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.CutClick(Sender: TObject); 
begin 
  fg_vb2clip(0,vbWidth-1,0,vbHeight-1); 
  fg_erase; 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
  Paste.Enabled := True; 
end; 
 
procedure TForm1.PasteClick(Sender: TObject); 
begin 
  fg_clip2vb(0,vbWidth-1,0,vbHeight-1,0); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

CBdemo: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  CBdemo.frm                                                                * 
'                                                                            * 
'  This program demonstrates how to exchange information between the active  * 
'  virtual buffer and the Windows clipboard.                                 * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 200 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_showpcx(App.Path & "\MOUSE.PCX", FG_AT_XY) 
End Sub 
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Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuCut_Click() 
   Call fg_vb2clip(0, vbWidth - 1, 0, vbHeight - 1) 
   Call fg_erase 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
   mnuPaste.Enabled = True 
End Sub 
 
Private Sub mnuPaste_Click() 
   Call fg_clip2vb(0, vbWidth - 1, 0, vbHeight - 1, 0) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 

Printing a Virtual Buffer 
Fastgraph includes three functions, fg_printdc(), fg_printer(), and fg_vbprint(), that work 

together for printing rectangular regions from the active virtual buffer on the selected Windows printer. 

The fg_printdc() function establishes the printer device context, which directs subsequent 
printing to the associated printer. Its only parameter is a handle to the printer device context; this is often 
obtained through the Print dialog box. If you do not call fg_printdc(), or if you pass it a zero device 
context, printing will be directed to the default Windows printer. 

The fg_printer() function provides necessary print job control. It accepts a single integer 
parameter whose value is one of the identifiers or numeric values shown here: 

ABORTDOC (2) Aborts the current print job 
ENDDOC (11) Ends a print job 
NEWFRAME (1) Issues a page eject 
STARTDOC (10) Starts a print job 

For STARTDOC requests, the fg_printer() return value will be one of the following: 

0 Success 
-1 Default printer not defined 
-2 Printer is off-line or otherwise unavailable 
-3 Printer does not support the STRETCHDIB function 
-4 Error creating the printer device context 

For ABORTDOC, ENDDOC, and NEWFRAME requests, the fg_printer() return value will be zero. 
C++Builder and Delphi programs that select a printer through the Print dialog box should use the TPrinter 
methods Abort(), BeginDoc(), EndDoc(), and NewPage() in place of the functionality provided by 
fg_printer(). C# and VB.NET programs should use the PrintDocument object instead of fg_printer(), as 
shown in the Prdemo example. 
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The fg_vbprint() function prints a rectangular region from the active virtual buffer on the selected 
printer, scaling the printed image as requested. Its parameters are similar to those of fg_vbscale(), but 
fg_vbprint() takes one additional parameter that specifies the units of the destination (printer) 
coordinates. Acceptable values for the units parameter are: 

0 device units (no translation) 
1 percentage 
2 0.01 inches 
3 0.001 inches 
4 millimeters 
5 0.1 millimeters 
6 0.01 millimeters 

A typical one-page print sequence looks something like this: 

C/C++: 
fg_printer(STARTDOC); 
fg_vbprint(...); 
fg_printer(NEWFRAME); 
fg_printer(ENDDOC); 

Delphi: 
fg_printer(10);  { STARTDOC } 
fg_vbprint(...); 
fg_printer(1);   { NEWFRAME } 
fg_printer(11);  { ENDDOC } 

Visual Basic: 
Call fg_printer(10)  ' STARTDOC 
Call fg_vbprint(...) 
Call fg_printer(1)   ' NEWFRAME 
Call fg_printer(11)  ' ENDDOC 

We’ll now present some sample fg_vbprint() calls that print the entire contents of a 640x480 
virtual buffer. Our first example creates a 64x48-millimeter printed image in the upper left corner of the 
page: 

C/C++: 
fg_vbprint(0,639,0,479,0,64,0,48,4); 

C#: 
fg.vbprint(0, 639, 0, 479, 0, 64, 0, 48, 4); 

Delphi: 
fg_vbprint(0,639,0,479,0,64,0,48,4); 

Visual Basic: 
Call fg_vbprint(0, 639, 0, 479, 0, 64, 0, 48, 4) 

Visual Basic .NET: 
fg_vbprint(0, 639, 0, 479, 0, 64, 0, 48, 4) 

If we wanted to print the same image 30 millimeters from the left edge of the page and 20 millimeters from 
the top edge, we would add these offsets to the destination coordinates: 

C/C++: 
fg_vbprint(0,639,0,479,30,94,20,68,4); 

C#: 
fg.vbprint(0, 639, 0, 479, 30, 94, 20, 68, 4); 

Delphi: 
fg_vbprint(0,639,0,479,30,94,20,68,4); 
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Visual Basic: 
Call fg_vbprint(0, 639, 0, 479, 30, 94, 20, 68, 4) 

Visual Basic .NET: 
fg_vbprint(0, 639, 0, 479, 30, 94, 20, 68, 4) 

If we instead wanted to express the printer coordinates in inches, here is how to print a 5x3-inch printed 
image in the upper left corner of the page: 

C/C++: 
fg_vbprint(0,639,0,479,0,500,0,300,2); 

C#: 
fg.vbprint(0, 639, 0, 479, 0, 500, 0, 300, 2); 

Delphi: 
fg_vbprint(0,639,0,479,0,500,0,300,2); 

Visual Basic: 
Call fg_vbprint(0, 639, 0, 479, 0, 500, 0, 300, 2) 

Visual Basic .NET: 
fg_vbprint(0, 639, 0, 479, 0, 500, 0, 300, 2) 

It’s often useful to express printer coordinates as percentages of the available printing area. This call 
would scale the image to print the entire printing area: 

C/C++: 
fg_vbprint(0,639,0,479,0,100,0,100,1); 

C#: 
fg.vbprint(0, 639, 0, 479, 0, 100, 0, 100, 1); 

Delphi: 
fg_vbprint(0,639,0,479,0,100,0,100,1); 

Visual Basic: 
Call fg_vbprint(0, 639, 0, 479, 0, 100, 0, 100, 1) 

Visual Basic .NET: 
fg_vbprint(0, 639, 0, 479, 0, 100, 0, 100, 1) 

Finally, here’s how we would print an image one-half the size of the printing area, centered in the middle 
of the page: 

C/C++: 
fg_vbprint(0,639,0,479,25,75,25,75,1); 

C#: 
fg.vbprint(0, 639, 0, 479, 25, 75, 25, 75, 1); 

Delphi: 
fg_vbprint(0,639,0,479,25,75,25,75,1); 

Visual Basic: 
Call fg_vbprint(0, 639, 0, 479, 25, 75, 25, 75, 1) 

Visual Basic .NET: 
fg_vbprint(0, 639, 0, 479, 25, 75, 25, 75, 1) 

We’ll now present an example program that loads a 640x480 BMP image into a virtual buffer and 
prints it on the printer selected through a Print dialog box. The printed image size will be 6x4 inches. 
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Prdemo: C/C++ Version 
The C/C++ version of Prdemo sets up and displays a Print dialog box in its SelectPrinter() 

function. If a printer is selected, SelectPrinter() also passes its device context to fg_printdc(). 
/****************************************************************************\ 
*                                                                            * 
*  Prdemo.c                                                                  * 
*                                                                            * 
*  This program shows how to print the contents of a virtual buffer.  It     * 
*  first loads a 640x480 BMP file into a virtual buffer and displays it.     * 
*  When the user clicks the Print selection on the top-level menu, a 6-inch  * 
*  by 4-inch copy of the BMP image is sent to the selected printer.          * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "Prdemo.h" 
 
#define vbWidth  640 
#define vbHeight 480 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
int SelectPrinter(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGprdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Printing Demo",         // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
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HCURSOR  hCursor; 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_showbmp("PORCH.BMP",0); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Print: 
               if (SelectPrinter() == 0) return 0; 
               if (fg_printer(STARTDOC) == 0) 
               { 
                  hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
                  ShowCursor(TRUE); 
                  fg_vbprint(0,vbWidth-1,0,vbHeight-1,0,600,0,400,2); 
                  fg_printer(NEWFRAME); 
                  fg_printer(ENDDOC); 
                  ShowCursor(FALSE); 
                  SetCursor(hCursor); 
                  return 0; 
               } 
               else 
                  MessageBox(hWnd,"Printer setup failed","Error",MB_ICONSTOP|MB_OK); 
               break; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
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         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SelectPrinter()                                                           * 
*                                                                            * 
*  Display a dialog box for printer selection.                               * 
*                                                                            * 
\****************************************************************************/ 
 
int SelectPrinter() 
{ 
   PRINTDLG pd; 
 
   // fill in structure fields for Print dialog box 
   memset(&pd,0,sizeof(PRINTDLG)); 
   pd.lStructSize = sizeof(PRINTDLG); 
   pd.hwndOwner = GetActiveWindow(); 
   pd.Flags = PD_RETURNDC | PD_NOPAGENUMS | PD_NOSELECTION; 
   pd.nCopies = 1; 
 
   // if successful, make the selected printer the active printer 
   if (PrintDlg(&pd)) 
   { 
      fg_printdc(pd.hDC); 
      return 1; 
   } 
 
   return 0; 
} 

Prdemo: C++Builder Version 
The C++Builder version of Prdemo uses a global instance of the TPrinter object, which is 

accessed through the Printer() function. For printer control, we obtain the printer device context from the 
TPrinter object's Handle property and use the TPrinter BeginDoc() and EndDoc() methods instead of 
fg_printer(). 
/****************************************************************************\ 
*                                                                            * 
*  Prdemo.cpp                                                                * 
*  PrdemoU.cpp                                                               * 
*                                                                            * 
*  This program shows how to print the contents of a virtual buffer.  It     * 
*  first loads a 640x480 BMP file into a virtual buffer and displays it.     * 
*  When the user clicks the Print selection on the top-level menu, a 6-inch  * 
*  by 4-inch copy of the BMP image is sent to the selected printer.          * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "PrdemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
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   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_showbmp("PORCH.BMP",0); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::PrintClick(TObject *Sender) 
{ 
   if (!PrintDialog->Execute()) return; 
   Cursor = crHourGlass; 
   Printer()->BeginDoc(); 
   fg_printdc(Printer()->Handle); 
   fg_vbprint(0,vbWidth-1,0,vbHeight-1,0,600,0,400,2); 
   Printer()->EndDoc(); 
   Cursor = crDefault; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Prdemo: Delphi Version 
The Delphi version of Prdemo uses a global instance of the TPrinter object, which is accessed 

through the Printer() function. For printer control, we obtain the printer device context from the TPrinter 
object's Handle property and use the TPrinter BeginDoc() and EndDoc() methods instead of 
fg_printer(). 
{***************************************************************************** 
*                                                                            * 
*  Prdemo.dpr                                                                * 
*  PrdemoU.pas                                                               * 
*                                                                            * 
*  This program shows how to print the contents of a virtual buffer.  It     * 
*  first loads a 640x480 BMP file into a virtual buffer and displays it.     * 
*  When the user clicks the Print selection on the top-level menu, a 6-inch  * 
*  by 4-inch copy of the BMP image is sent to the selected printer.          * 
*                                                                            * 
*****************************************************************************} 
 
unit PrdemoU; 
 
interface 
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uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, Printers, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    Print: TMenuItem; 
    Exit1: TMenuItem; 
    PrintDialog: TPrintDialog; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure PrintClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_showbmp('PORCH.BMP'+chr(0),0); 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
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procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.PrintClick(Sender: TObject); 
begin 
  if (PrintDialog.Execute = False) then Exit; 
  Cursor := crHourGlass; 
  Printer.BeginDoc; 
  fg_printdc(Printer.Handle); 
  fg_vbprint(0,vbWidth-1,0,vbHeight-1,0,600,0,400,2); 
  Printer.EndDoc; 
  Cursor := crDefault; 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Prdemo: Visual Basic Version 
The Visual Basic version of Prdemo displays a Printer dialog box through the CommonDialog 

control's ShowPrinter() method. We obtain the printer device context from the CommonDialog hDC 
property. 
 '***************************************************************************** 
'                                                                            * 
'  Prdemo.frm                                                                * 
'                                                                            * 
'  This program shows how to print the contents of a virtual buffer.  It     * 
'  first loads a 640x480 BMP file into a virtual buffer and displays it.     * 
'  When the user clicks the Print selection on the top-level menu, a 6-inch  * 
'  by 4-inch copy of the BMP image is sent to the selected printer.          * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_showbmp(App.Path & "\PORCH.BMP", 0) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
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   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuPrint_Click() 
   On Error GoTo ErrHandler 
 
   CommonDialog1.CancelError = True 
   CommonDialog1.Flags = cdlPDReturnDC Or cdlPDNoSelection 
   CommonDialog1.PrinterDefault = False 
   CommonDialog1.ShowPrinter 
   Call fg_printdc(CommonDialog1.hDC) 
 
   If fg_printer(10) = 0 Then 
      Screen.MousePointer = 11 
      Call fg_vbprint(0, vbWidth - 1, 0, vbHeight - 1, 0, 600, 0, 400, 2) 
      Call fg_printer(1)   ' NEWFRAME 
      Call fg_printer(11)  ' ENDDOC 
      Screen.MousePointer = 0 
   Else 
      Call MsgBox("Printer setup failed", vbCritical, "Error") 
   End If 
 
ErrHandler:  ' user pressed Cancel button 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 

Virtual Buffer Panning 
If you create a virtual buffer that is taller or wider than the client size (or perhaps both taller and 

wider), it's possible to perform virtual buffer panning. To achieve a panning effect, you generally just call 
fg_vbpaste() iteratively such that the source region in the virtual buffer changes gradually, while the 
destination region in the client area stays the same. Depending on the size of the scrolling region, you may 
need to include a delay factor between fg_vbpaste() calls so the area being scrolled doesn't appear to jump 
immediately to its ultimate destination. 

We’ll now present a program that illustrates this process by panning a 640x480 BMP image through 
a smaller window. The window size is initially half the image size in each direction (that is, 320x240) and 
initially contains the upper left quadrant of the BMP image. The program has a top-level menu with selections 
Left, Right, Up, and Down that move the viewing area one pixel in that direction, plus a Reset selection that 
restores the image to its original position. In the next chapter, we’ll create a version of this program that uses 
Fastgraph's low-level keyboard handler instead of a menu. 

Panner: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Panner.c                                                                  * 
*                                                                            * 
*  This program shows how to pan the contents of a virtual buffer through    * 
*  a smaller window.                                                         * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include "Panner.h" 
 
#define vbWidth  640 
#define vbHeight 480 
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LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGpanner"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Panning Demo",          // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      vbWidth/2,               // initial x size 
      vbHeight/2,              // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      x, y; 
int      xLimit, yLimit; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
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         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_showbmp("PORCH.BMP",0); 
         x = y = 0; 
 
         hMenu = GetMenu(hWnd); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_Left: 
               if (x == xLimit) 
               { 
                  EnableMenuItem(hMenu,IDM_Right,MF_ENABLED); 
                  DrawMenuBar(hWnd); 
               } 
               x--; 
               fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
               if (x == 0) 
               { 
                  EnableMenuItem(hMenu,IDM_Left,MF_GRAYED); 
                  DrawMenuBar(hWnd); 
               } 
               return 0; 
 
            case IDM_Right: 
               if (x == 0) 
               { 
                  EnableMenuItem(hMenu,IDM_Left,MF_ENABLED); 
                  DrawMenuBar(hWnd); 
               } 
               x++; 
               fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
               if (x == xLimit) 
               { 
                  EnableMenuItem(hMenu,IDM_Right,MF_GRAYED); 
                  DrawMenuBar(hWnd); 
               } 
               return 0; 
 
            case IDM_Up: 
               if (y == yLimit) 
               { 
                  EnableMenuItem(hMenu,IDM_Down,MF_ENABLED); 
                  DrawMenuBar(hWnd); 
               } 
               y--; 
               fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
               if (y == 0) 
               { 
                  EnableMenuItem(hMenu,IDM_Up,MF_GRAYED); 
                  DrawMenuBar(hWnd); 
               } 
               return 0; 
 
            case IDM_Down: 
               if (y == 0) 
               { 
                  EnableMenuItem(hMenu,IDM_Up,MF_ENABLED); 
                  DrawMenuBar(hWnd); 
               } 
               y++; 
               fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
               if (y == yLimit) 
               { 
                  EnableMenuItem(hMenu,IDM_Down,MF_GRAYED); 
                  DrawMenuBar(hWnd); 
               } 
               return 0; 
 
            case IDM_Reset: 
               x = y = 0; 
               fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
               if (xLimit > 0) EnableMenuItem(hMenu,IDM_Right,MF_ENABLED); 
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               if (yLimit > 0) EnableMenuItem(hMenu,IDM_Down,MF_ENABLED); 
               EnableMenuItem(hMenu,IDM_Left,MF_GRAYED); 
               EnableMenuItem(hMenu,IDM_Up,MF_GRAYED); 
               DrawMenuBar(hWnd); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         if (cxClient < vbWidth) 
         { 
            xLimit = vbWidth - cxClient; 
            if (x > 0)      EnableMenuItem(hMenu,IDM_Left,MF_ENABLED); 
            if (x < xLimit) EnableMenuItem(hMenu,IDM_Right,MF_ENABLED); 
         } 
         else 
         { 
            xLimit = 0; 
            EnableMenuItem(hMenu,IDM_Left,MF_GRAYED); 
            EnableMenuItem(hMenu,IDM_Right,MF_GRAYED); 
         } 
         if (cyClient < vbHeight) 
         { 
            yLimit = vbHeight - cyClient; 
            if (y > 0)      EnableMenuItem(hMenu,IDM_Up,MF_ENABLED); 
            if (y < yLimit) EnableMenuItem(hMenu,IDM_Down,MF_ENABLED); 
         } 
         else 
         { 
            yLimit = 0; 
            EnableMenuItem(hMenu,IDM_Up,MF_GRAYED); 
            EnableMenuItem(hMenu,IDM_Down,MF_GRAYED); 
         } 
         DrawMenuBar(hWnd); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

Panner: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Panner.cpp                                                                * 
*  PannerU.cpp                                                               * 
*                                                                            * 
*  This program shows how to pan the contents of a virtual buffer through    * 
*  a smaller window.                                                         * 
*                                                                            * 
\****************************************************************************/ 
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#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "PannerU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_showbmp("PORCH.BMP",0); 
   x = y = 0; 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
   if (cxClient < vbWidth) 
   { 
      xLimit = vbWidth - cxClient; 
      if (x > 0)      Left->Enabled = True; 
      if (x < xLimit) Right->Enabled = True; 
   } 
   else 
   { 
      xLimit = 0; 
      Left->Enabled = False; 
      Right->Enabled = False; 
   } 
   if (cyClient < vbHeight) 
   { 
      yLimit = vbHeight - cyClient; 
      if (y > 0)      Up->Enabled = False; 
      if (y < yLimit) Down->Enabled = True; 
   } 
   else 
   { 
      yLimit = 0; 
      Up->Enabled = False; 
      Down->Enabled = False; 
   } 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
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   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::LeftClick(TObject *Sender) 
{ 
   if (x == xLimit) Right->Enabled = True; 
   x--; 
   fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
   if (x == 0) Left->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::RightClick(TObject *Sender) 
{ 
   if (x == 0) Left->Enabled = True; 
   x++; 
   fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
   if (x == xLimit) Right->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::UpClick(TObject *Sender) 
{ 
    if (y == yLimit) Down->Enabled = True; 
    y--; 
    fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
    if (y == 0) Up->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::DownClick(TObject *Sender) 
{ 
   if (y == 0) Up->Enabled = True; 
   y++; 
   fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
   if (y == yLimit) Down->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ResetClick(TObject *Sender) 
{ 
   x = y = 0; 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
   if (xLimit > 0) Right->Enabled = True; 
   if (yLimit > 0) Down->Enabled = True; 
   Left->Enabled = False; 
   Up->Enabled = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Panner: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Panner.dpr                                                                * 
*  PannerU.pas                                                               * 
*                                                                            * 
*  This program shows how to pan the contents of a virtual buffer through    * 
*  a smaller window.                                                         * 
*                                                                            * 
*****************************************************************************} 
 
unit PannerU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
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    MainMenu1: TMainMenu; 
    Left: TMenuItem; 
    Right: TMenuItem; 
    Up: TMenuItem; 
    Down: TMenuItem; 
    Reset: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure LeftClick(Sender: TObject); 
    procedure RightClick(Sender: TObject); 
    procedure UpClick(Sender: TObject); 
    procedure DownClick(Sender: TObject); 
    procedure ResetClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
  x, y : integer; 
  xLimit, yLimit : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_showbmp('PORCH.BMP'+chr(0),0); 
  x := 0; 
  y := 0; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
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  cyClient := ClientHeight; 
  Invalidate; 
 
  if (cxClient < vbWidth) then 
  begin 
    xLimit := vbWidth - cxClient; 
    if (x > 0)      then Left.Enabled := True; 
    if (x < xLimit) then Right.Enabled := True; 
  end 
  else 
  begin 
    xLimit := 0; 
    Left.Enabled  := False; 
    Right.Enabled := False; 
  end; 
 
  if (cyClient < vbHeight) then 
  begin 
    yLimit := vbHeight - cyClient; 
    if (y > 0)      then Up.Enabled := True; 
    if (y < yLimit) then Down.Enabled := True; 
  end 
  else 
  begin 
    yLimit := 0; 
    Up.Enabled   := False; 
    Down.Enabled := False; 
  end; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.LeftClick(Sender: TObject); 
begin 
  if (x = xLimit) then Right.Enabled := True; 
  dec(x); 
  fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
  if (x = 0) then Left.Enabled := False; 
end; 
 
procedure TForm1.RightClick(Sender: TObject); 
begin 
  if (x = 0) then Left.Enabled := True; 
  inc(x); 
  fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
  if (x = xLimit) then Right.Enabled := False; 
end; 
 
procedure TForm1.UpClick(Sender: TObject); 
begin 
  if (y = yLimit) then Down.Enabled := True; 
  dec(y); 
  fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
  if (y = 0) then Up.Enabled := False; 
end; 
 
procedure TForm1.DownClick(Sender: TObject); 
begin 
  if (y = 0) then Up.Enabled := True; 
  inc(y); 
  fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
  if (y = yLimit) then Down.Enabled := False; 
end; 
 
procedure TForm1.ResetClick(Sender: TObject); 
begin 
  x := 0; 
  y := 0; 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
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  if (xLimit > 0) then Right.Enabled := True; 
  if (yLimit > 0) then Down.Enabled := True; 
  Left.Enabled := False; 
  Up.Enabled := False; 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
end. 

Panner: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Panner.frm                                                                * 
'                                                                            * 
'  This program shows how to pan the contents of a virtual buffer through    * 
'  a smaller window.                                                         * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Dim X As Long, Y As Long 
Dim xLimit As Long, yLimit As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_showbmp(App.Path & "\PORCH.BMP", 0) 
   X = 0 
   Y = 0 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   If cxClient < vbWidth Then 
      xLimit = vbWidth - cxClient 
      If X > 0 Then mnuLeft.Enabled = True 
      If X < xLimit Then mnuRight.Enabled = True 
   Else 
      xLimit = 0 
      mnuLeft.Enabled = False 
      mnuRight.Enabled = False 
   End If 
   If cyClient < vbHeight Then 
      yLimit = vbHeight - cyClient 
      If Y > 0 Then mnuUp.Enabled = True 
      If Y < yLimit Then mnuDown.Enabled = True 
   Else 
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      yLimit = 0 
      mnuUp.Enabled = False 
      mnuDown.Enabled = False 
   End If 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub mnuLeft_Click() 
   If X = xLimit Then mnuRight.Enabled = True 
   X = X - 1 
   Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
   If X = 0 Then mnuLeft.Enabled = False 
End Sub 
 
Private Sub mnuRight_Click() 
   If X = 0 Then mnuLeft.Enabled = True 
   X = X + 1 
   Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
   If X = xLimit Then mnuRight.Enabled = False 
End Sub 
 
Private Sub mnuUp_Click() 
   If Y = yLimit Then mnuDown.Enabled = True 
   Y = Y - 1 
   Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
   If Y = 0 Then mnuUp.Enabled = False 
End Sub 
 
Private Sub mnuDown_Click() 
   If Y = 0 Then mnuUp.Enabled = True 
   Y = Y + 1 
   Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
   If Y = yLimit Then mnuDown.Enabled = False 
End Sub 
 
Private Sub mnuReset_Click() 
   X = 0 
   Y = 0 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
   If xLimit > 0 Then mnuRight.Enabled = True 
   If yLimit > 0 Then mnuDown.Enabled = True 
   mnuLeft.Enabled = False 
   mnuUp.Enabled = False 
End Sub 
 
Private Sub mnuExit_Click() 
   Unload Me 
End Sub 

Looking at the source code, you’ll see that most of the work takes place in the WM_SIZE and menu 
handlers. First, however, the WM_CREATE handler sets the global variables x and y to zero. These 
variables define the virtual buffer coordinates for the upper left corner of that part of the image currently 
displayed in the client area. The WM_SIZE handler updates two other important globals, xLimit and 
yLimit, that define how much of the image can fit in the client area. These globals help ensure that we stay 
within the image limits when panning. 

The Left menu handler starts by checking if the starting x coordinate is equal to the value of xLimit. 
If so, it means we will once again be able to pan to the right after panning left, so we enable the Right menu 
item. We then decrement the starting x coordinate and call fg_vbpaste() to copy pixels from the virtual buffer 
to the client area, starting at the new x coordinate. This produces the panning effect. Finally, we check if the x 
coordinate has now reached zero. If so, we can pan no farther left, so we disable the Left menu item. 

The Right, Up, and Down menu handlers are all very similar to the Left handler. That is, they adjust 
the x or y coordinate, call fg_vbpaste() to achieve the panning, and enable or disable menu selections when 
needed. The Reset menu handler simply sets the x and y coordinates back to zero, calls fg_vbpaste(), 
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enables the Right and Down menu items if we can pan in those directions, and disables Left and Up 
(because we’re once again at the origin). 

In all cases, the program uses fg_vbpaste() to copy the region whose upper left corner is (x,y) into 
the client area. The amount copied depends on the client area size. If the client area is smaller than the 
image in a given direction, we display only as many pixels from the image as can fit in the window. If the 
image is smaller than the window, we display the full width or height of the image; Windows fills the 
remainder of the client area with background color pixels. 

Virtual Buffer Scrolling 
Another useful effect is scrolling, and Fastgraph provides a function that performs vertical scrolling 

within a given region of the active virtual buffer. The fg_scroll() function scrolls a region defined in screen 
space. It can scroll up or down and offers two types of scrolling: circular and end-off. In circular scrolling, rows 
that scroll off one edge of the defined region appear at its opposite edge. In end-off scrolling, such rows 
simply wind up above or below the scrolling area. The following diagram illustrates the two types of scrolling: 

before                after 

 

The unshaded area represents the scrolling region, as specified in the call to fg_scroll(), and the scrolling 
direction is assumed to be down (that is, toward the bottom of the virtual buffer). The scrolling region moves 
from the unshaded position in the "before" diagram to the unshaded position in the "after" diagram. For end-
off scrolling, the shaded area in the "before" diagram is replaced as the scrolling region moves down. The 
shaded area at the top of the "after" diagram is filled with pixels of the current color. For circular scrolling, the 
shaded area at the bottom of the "before" diagram moves to the top of the "after" diagram. 

The fg_scroll() function takes six parameters. The first four define the scrolling region in the order 
minimum x coordinate, maximum x coordinate, minimum y coordinate, and maximum y coordinate. The fifth 
parameter is the scrolling increment. It specifies the number of rows to scroll. If it is positive, the scrolling 
direction is toward the bottom of the virtual buffer; if it is negative, the scrolling direction is toward the top of 
the virtual buffer. The sixth and final parameter specifies the scroll type. If this value is zero, the scroll will be 
circular; if it is any other value, the scroll will be end-off. If the scroll type is circular, fg_scroll() will use the 
background virtual buffer defined by fg_sethpage() as a workspace (more specifically, the area bounded by 
the scrolling region extremes in the background virtual buffer will be used). 

The Scroller program demonstrates a circular scroll within a virtual buffer. It uses two 320x200 virtual 
buffers: one that is copied to the window, and another that provides the workspace needed when fg_scroll() 
performs a circular scroll. Scroller first fills the virtual buffer with a light blue rectangle (color 19), displays a 
smaller white (color 25) rectangle in the center of the screen, and then uses fg_move(), fg_draw(), and 
fg_paint() to display a light green (color 20) star within the white rectangle, as shown here: 

 



426 • Fastgraph 6.0 User’s Guide 

 

  

 
The program scrolls the star upward in four-pixel increments. Because the scroll is circular, rows of the star 
that "scroll off" the top edge of the white rectangle (whose height is the same as the scrolling region) 
reappear at its bottom edge. This continues until we exit the program. We’ll now present the Scroller source 
code and then look specifically at how we perform the continuous scrolling. 

Scroller: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Scroller.c                                                                * 
*                                                                            * 
*  This program demonstrates circular scrolling within a virtual buffer.     * 
*                                                                            * 
*  Because fg_scroll() requires a "hidden" virtual buffer to save and then   * 
*  restore portions of the area being scrolled, we create a second virtual   * 
*  buffer for this purpose.                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 200 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void Scroll(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGscroller"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Scrolling Demo",        // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
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      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call Scroll() to perform one frame of 
   // animation. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         Scroll(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB1, hVB2; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB1 = fg_vballoc(vbWidth,vbHeight); 
         hVB2 = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB2); 
         fg_vbcolors(); 
         fg_vbopen(hVB1); 
         fg_vbcolors(); 
         fg_sethpage(hVB2); 
 
         fg_setcolor(19); 
         fg_fillpage(); 
         fg_setcolor(25); 
         fg_rect(132,188,50,150); 
 
         fg_setcolor(20); 
         fg_move(160,67); 
         fg_draw(175,107); 
         fg_draw(140,82); 
         fg_draw(180,82); 
         fg_draw(145,107); 
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         fg_draw(160,67); 
         fg_paint(160,77); 
         fg_paint(150,87); 
         fg_paint(160,87); 
         fg_paint(170,87); 
         fg_paint(155,97); 
         fg_paint(165,97); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB1); 
         fg_vbfree(hVB2); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Scroll()                                                                  * 
*                                                                            * 
*  The Scroll() function moves the scrolling region up four pixels in a      * 
*  circular manner. It is called from the message loop in WinMain() when no  * 
*  messages are waiting.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
void Scroll() 
{ 
   fg_scroll(136,184,50,150,-4,0); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 

Scroller: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Scroller.cpp                                                              * 
*  ScrollerU.cpp                                                             * 
*                                                                            * 
*  This program demonstrates circular scrolling within a virtual buffer.     * 
*                                                                            * 
*  Because fg_scroll() requires a "hidden" virtual buffer to save and then   * 
*  restore portions of the area being scrolled, we create a second virtual   * 
*  buffer for this purpose.                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "ScrollerU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
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//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   Scroll(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB1 = fg_vballoc(vbWidth,vbHeight); 
   hVB2 = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB2); 
   fg_vbcolors(); 
   fg_vbopen(hVB1); 
   fg_vbcolors(); 
   fg_sethpage(hVB2); 
 
   fg_setcolor(19); 
   fg_fillpage(); 
   fg_setcolor(25); 
   fg_rect(132,188,50,150); 
 
   fg_setcolor(20); 
   fg_move(160,67); 
   fg_draw(175,107); 
   fg_draw(140,82); 
   fg_draw(180,82); 
   fg_draw(145,107); 
   fg_draw(160,67); 
   fg_paint(160,77); 
   fg_paint(150,87); 
   fg_paint(160,87); 
   fg_paint(170,87); 
   fg_paint(155,97); 
   fg_paint(165,97); 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB1); 
   fg_vbfree(hVB2); 
   fg_vbfin(); 
   DeleteObject(hPal); 
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   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Scroll()                                                                  * 
*                                                                            * 
*  The Scroll() function moves the scrolling region up four pixels in a      * 
*  circular manner. It is called from the OnIdle event handler.              * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::Scroll() 
{ 
   fg_scroll(136,184,50,150,-4,0); 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 

Scroller: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Scroller.dpr                                                              * 
*  ScrollerU.pas                                                             * 
*                                                                            * 
*  This program demonstrates circular scrolling within a virtual buffer.     * 
*                                                                            * 
*  Because fg_scroll() requires a "hidden" virtual buffer to save and then   * 
*  restore portions of the area being scrolled, we create a second virtual   * 
*  buffer for this purpose.                                                  * 
*                                                                            * 
*****************************************************************************} 
 
unit ScrollerU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 200; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB1, hVB2 : integer; 
  cxClient, cyClient : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  Scroll()                                                                  * 
*                                                                            * 
*  The Scroll() function moves the scrolling region up four pixels in a      * 
*  circular manner. It is called from the application's OnIdle event         * 
*  handler.                                                                  * 
*                                                                            * 
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*****************************************************************************} 
 
procedure Scroll; 
begin 
  fg_scroll(136,184,50,150,-4,0); 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  Scroll; 
  Done := False; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB1 := fg_vballoc(vbWidth,vbHeight); 
  hVB2 := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB2); 
  fg_vbcolors; 
  fg_vbopen(hVB1); 
  fg_vbcolors; 
  fg_sethpage(hVB2); 
 
  fg_setcolor(19); 
  fg_fillpage; 
  fg_setcolor(25); 
  fg_rect(132,188,50,150); 
 
  fg_setcolor(20); 
  fg_move(160,67); 
  fg_draw(175,107); 
  fg_draw(140,82); 
  fg_draw(180,82); 
  fg_draw(145,107); 
  fg_draw(160,67); 
  fg_paint(160,77); 
  fg_paint(150,87); 
  fg_paint(160,87); 
  fg_paint(170,87); 
  fg_paint(155,97); 
  fg_paint(165,97); 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
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end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB1); 
  fg_vbfree(hVB2); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Scroller: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Scroller.frm                                                              * 
'                                                                            * 
'  This program demonstrates circular scrolling within a virtual buffer.     * 
'                                                                            * 
'  Because fg_scroll() requires a "hidden" virtual buffer to save and then   * 
'  restore portions of the area being scrolled, we create a second virtual   * 
'  buffer for this purpose.                                                  * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 200 
 
Dim hPal As Long 
Dim hVB1 As Long, hVB2 As Long 
Dim cxClient As Long, cyClient As Long 
Dim AppIsRunning As Boolean 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB1 = fg_vballoc(vbWidth, vbHeight) 
   hVB2 = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB2) 
   Call fg_vbcolors 
   Call fg_vbopen(hVB1) 
   Call fg_vbcolors 
   Call fg_sethpage(hVB2) 
 
   Call fg_setcolor(19) 
   Call fg_fillpage 
   Call fg_setcolor(25) 
   Call fg_rect(132, 188, 50, 150) 
 
   Call fg_setcolor(20) 
   Call fg_move(160, 67) 
   Call fg_draw(175, 107) 
   Call fg_draw(140, 82) 
   Call fg_draw(180, 82) 
   Call fg_draw(145, 107) 
   Call fg_draw(160, 67) 
   Call fg_paint(160, 77) 
   Call fg_paint(150, 87) 
   Call fg_paint(160, 87) 
   Call fg_paint(170, 87) 
   Call fg_paint(155, 97) 
   Call fg_paint(165, 97) 
 
   Visible = True 
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   AppIsRunning = True 
   While AppIsRunning 
      DoEvents 
      Call Scroll 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_vbfree(hVB1) 
   Call fg_vbfree(hVB2) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
' Scroll()                                                                   * 
'                                                                            * 
' The Scroll() subroutine moves the scrolling region up four pixels in a     * 
' circular manner. It is called from the message loop in Form_Load when no   * 
' messages are waiting.                                                      * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub Scroll() 
   Call fg_scroll(136, 184, 50, 150, -4, 0) 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 

In a DOS program, we might perform the scrolling by calling fg_scroll() in a while loop that 
executes until, say, the user presses Escape. In Windows, we can’t have a single application tie up the 
system like that, for it would prevent the user from switching back and forth between our scrolling program 
and other applications, nor would it be possible to do things such as change the window size. The key to 
achieving the continuous scrolling lies in the program’s message loop: 

while (TRUE) 
{ 
   if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
   { 
      if (msg.message == WM_QUIT) 
         break; 
      else 
      { 
         TranslateMessage(&msg); 
         DispatchMessage(&msg); 
      } 
   } 
   else 
      Scroll(); 
} 

The C/C++ programs we’ve presented so far all use a “traditional” message loop that processes 
messages through the GetMessage(), TranslateMessage(), and DispatchMessage() functions from the 
Windows API, with the message loop continuing until the program exits. The C/C++ version of Scroller 
uses a different style message loop based on the Windows API PeekMessage() function. 
PeekMessage() checks the Windows message queue for any pending messages. If any messages are 
available, the message loop calls TranslateMessage() and DispatchMessage() as usual to process the 
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message. However, if no messages are waiting, we call our Scroll() function to perform one iteration of 
the scroll. We'll refer to this style of message loop as an animation-based message loop. 

In C++Builder programs, we achieve the animation-based message loop through an OnIdle event 
handler: 

void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   Scroll(); 
   Done = False; 
} 

An Idle event occurs whenever there are no other events occurring, meaning the OnIdle event handler 
will essentially just be called over and over. Because Idle events are associated with the application and 
not a form, we must explicitly set up the OnIdle handler just as we set up the application's OnActivate 
handler in all C++Builder examples: 

Application->OnIdle = OnIdle; 

Our OnIdle event handler does nothing more than call our Scroll() function to perform one iteration of the 
scroll. 

In Delphi programs, we achieve the animation-based message loop through an OnIdle event 
handler: 

procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  Scroll; 
  Done := False; 
end; 

An Idle event occurs whenever there are no other events occurring, meaning the OnIdle event handler 
will essentially just be called over and over. Because Idle events are associated with the application and 
not a form, we must explicitly set up the OnIdle handler just as we set up the application's OnActivate 
handler in all Delphi examples: 

Application.OnIdle := AppIdle; 

Our OnIdle event handler does nothing more than call our Scroll() function to perform one iteration of the 
scroll. 

Visual Basic programs can also use the animation-based message loop. Unlike other languages, 
we must set up a loop at the end of the form's load handler that executes until we exit the program: 

Visible = True 
AppIsRunning = True 
While AppIsRunning 
   DoEvents 
   Call Scroll 
Wend 

Before the loop begins, we make the form visible and we set the global Boolean variable AppIsRunning 
to True. The message loop first processes any pending Windows events with the DoEvents statement, 
then it calls our Scroll() function to perform one iteration of the scroll. This process continues until we set 
AppIsRunning to False in the OnDestroy handler, and our program then exits gracefully. 

As before, the message loop executes continuously until the program exits, but unlike the 
“traditional” message loop, we don’t just continue looping when no messages are available (which will be 
the vast majority of the time). Instead, we perform one iteration of the scroll, and calling Scroll() over and 
over achieves the scrolling effect. 
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When using the .NET framework, you can hook the message loop to call an animation function, 
but it is generally easier and more efficient to achieve the same effect with a Timer control. The Timer 
control's tick event handler simply calls our animation function, and by choosing a relatively small timer 
interval (such as 10 milliseconds), the animation will appear continuous. The Timer should be disabled by 
default and then enabled at the end of the form's load event handler. For C# programs, a tick event 
handler that calls our Scroll() function might look like this: 

private void timer1_Tick(object sender, System.EventArgs e) 
{ 
   Scroll(); 
} 

For VB.NET programs, it might look like this: 
Private Sub Timer1_Tick(ByVal sender As System.Object, 
   ByVal e As System.EventArgs) Handles Timer1.Tick 
   Scroll() 
End Sub 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_clip2vb() Copies a rectangular area from the clipboard to the active virtual buffer. 

fg_copypage() Transfers the contents of one virtual buffer to another. The two virtual buffers 
must have exactly the same dimensions. 

fg_ddsetblt() Defines if certain Fastgraph functions use their own native code, or if they use 
the DirectX Blt() or BltFast() blitting methods. This function is present only in 
Fastgraph's DirectX libraries. 

fg_printdc() Establishes the printer device context, which directs subsequent printing to the 
associated printer. 

fg_printer() Issues a printer request. 

fg_scroll() Vertically scrolls a region of the active virtual buffer. The scrolling may be done 
either up or down, using either an end-off or circular method. Circular scrolling 
uses part of the “background” virtual buffer as a temporary workspace. 

fg_sethpage() Establishes the "background" virtual buffer. 

fg_tcdefine() Defines the transparent colors for fg_vbtccopy(). 
fg_vb2clip() Copies a rectangular area from the active virtual buffer to the clipboard. 

fg_vballoc() Creates a virtual buffer of the specified size. The memory for the virtual buffer 
is allocated automatically. 

fg_vbclose() Closes the active virtual buffer. 

fg_vbcolors() Copies the colors from the current logical palette into the active virtual buffer's 
color table. This defines a new set of colors for the active virtual buffer. 

fg_vbcopy() Copies a rectangular region from one virtual buffer to another, or to a non-
overlapping position within the same virtual buffer. 
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fg_vbdefine() Creates a virtual buffer of the specified size from memory explicitly allocated by 
the application. This function is not meaningful in Fastgraph's DirectX libraries. 

fg_vbdepth() Defines the default virtual buffer color depth in bits per pixel. 

fg_vbfin() Terminates virtual buffer processing. This is typically the last Fastgraph 
function called in a program. 

fg_vbfree() Releases a virtual buffer's handle and frees the memory allocated to the virtual 
buffer. 

fg_vbhandle() Returns the handle for the active virtual buffer, or -1 if no virtual buffer is active. 

fg_vbinit() Initializes Fastgraph's virtual buffer environment. This function must be called 
once, before any other functions that reference virtual buffers. 

fg_vbopen() Makes an existing virtual buffer the active virtual buffer. 

fg_vbpaste() Copies a rectangular region from the active virtual buffer to the client area. 

fg_vbprint() Prints a rectangular region from the active virtual buffer on the selected printer, 
scaling the printed image as requested. 

fg_vbscale() Copies a rectangular region from the active virtual buffer to the client area, with 
scaling. 

fg_vbsize() Returns the number of bytes needed for a virtual buffer of the specified size. This 
value includes the size of the drawing surface, plus the storage needed for the 
virtual buffer’s header and color table. 

fg_vbtccopy() Copies a rectangular region from one virtual buffer to another, or to a non-
overlapping position within the same virtual buffer, with up to 256 transparent 
colors. 

fg_vbtcopy() Copies a rectangular region from one virtual buffer to another, or to a non-
overlapping position within the same virtual buffer, with a single transparent 
color. 

fg_vbtzcopy() Copies a rectangular region from one virtual buffer to another, or to a non-
overlapping position within the same virtual buffer, with only zero-valued pixels 
considered transparent. 

fg_vbundef() Releases the handle associated with a virtual buffer. 
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Overview 
In this chapter, we’ll look at Fastgraph's keyboard and mouse support functions. These functions 

represent a subset of the keyboard and mouse functions found in Fastgraph for DOS, as many tasks 
performed by the DOS functions are either not applicable to Windows, or are handled automatically by 
Windows. 

Low-Level Keyboard Handler 
Fastgraph includes a low-level keyboard handler that is especially well suited to game development 

because it increases keyboard responsiveness in high-speed action games. Unlike Fastgraph for DOS, you 
do not need to explicitly enable the low-level keyboard handler in Fastgraph for Windows because it is always 
available. 

The fg_kbtest() function checks if certain keys are currently pressed or released. You specify the 
keys through scan codes. If the corresponding key is pressed, fg_kbtest() returns 1; if it is released, it returns 
zero. The fg_kbtest() function can test if any key is pressed if you pass it the value 0 instead of a specific 
scan code. The following table lists the scan codes corresponding to the keys on a standard PC keyboard. 

Table of scan codes 
key code key code key code key code 
Esc 1 I 23 X 45 F9 67 
1 2 O 24 C 46 F10 68 
2 3 P 25 V 47 NumLock 69 
3 4 [ 26 B 48 ScrLock 70 
4 5 ] 27 N 49 Home 71 
5 6 Enter 28 M 50 ↑  72 
6 7 Ctrl 29 , 51 PgUp 73 
7 8 A 30 . 52 KP- 74 
8 9 S 31 / 53 ← 75 
9 10 D 32 R shift 54 KP5 76 
0 11 F 33 KP* 55 → 77 
- 12 G 34 Alt 56 KP+ 78 
= 13 H 35 Space 57 End 79 
BS 14 J 36 CapsLock 58 ↓  80 
Tab 15 K 37 F1 59 PgDn 81 
Q 16 L 38 F2 60 Ins 82 
W 17 ; 39 F3 61 Del 83 
E 18 ' 40 F4 62 (unused) 84 
R 19 ` 41 F5 63 (unused) 85 
T 20 L shift 42 F6 64 (unused) 86 
Y 21 \ 43 F7 65 F11 87 
U 22 Z 44 F8 66 F12 88 

There are actually more scan codes defined for PC keyboards than listed in this table. Such scan 
codes are generated when a key is pressed as a combination of one or more keys, such as when the shift 
and slash keys are pressed together to produce a question mark (?) character. The low-level keyboard 
handler is designed to report the pressing or releasing of keys themselves, as opposed to reporting the actual 
characters so produced. It is thus not possible for the keyboard handler to report the scan code for a multi-
key character. If needed, such characters can be identified by the scan codes generated for each key in the 
sequence. For example, a question mark character would be reported as a forward slash (scan code 53) 
generated while pressing the left shift (42) or right shift (54) keys. 

We’ll now present a version of the Panner program (from the previous chapter) that uses the low-
level keyboard handler rather than menu selections to control the panning. One important difference between 
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the two programs is their message loops. Panner uses the “traditional” message loop, while KBdemo uses an 
animation-based message loop with the same structure as the Scroller example of the previous chapter. That 
is, when the message queue is empty, KBdemo’s message loop calls a function CheckForPanning(), which 
in turn checks if certain keys are pressed and then performs the requested panning. 

Another difference between the two programs is how they disable further panning in a given direction 
once we’ve reached the edge of the image. Recall that Panner grays out the corresponding menu item when 
we can no longer pan in that direction, making it impossible to activate the menu item's event handler. 
KBdemo doesn’t use a menu, so we instead use four global variables CanGoLeft, CanGoRight, 
CanGoUp, and CanGoDown. These globals are set to TRUE where we enable the analogous menu item in 
Panner, and FALSE where we disable it. We then use their values in CheckForPanning() to see whether or 
not we can pan in the requested direction. 

In KBdemo, the four arrow keys are equivalent to Panner’s Left, Right, Up, and Down menu items, 
and the Escape key is the equivalent of Panner’s Reset menu item. 

KBdemo: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  KBdemo.c                                                                  * 
*                                                                            * 
*  This program shows how to pan the contents of a virtual buffer through    * 
*  a smaller window using the low-level keyboard handler.                    * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  640 
#define vbHeight 480 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void CheckForPanning(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGkbdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Keyboard Handler Demo", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      vbWidth/2,               // initial x size 
      vbHeight/2,              // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
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   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call CheckForPanning() to check if we 
   // want to perform panning. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         CheckForPanning(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      x, y; 
int      xLimit, yLimit; 
int      CanGoLeft, CanGoRight, CanGoUp, CanGoDown; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_showbmp("PORCH.BMP",0); 
         x = y = 0; 
         CanGoRight = CanGoDown = TRUE; 
         CanGoLeft = CanGoUp = FALSE; 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
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         if (cxClient < vbWidth) 
         { 
            xLimit = vbWidth - cxClient; 
            if (x > 0)      CanGoLeft = TRUE; 
            if (x < xLimit) CanGoRight = TRUE; 
         } 
         else 
         { 
            xLimit = 0; 
            CanGoLeft = CanGoRight = FALSE; 
         } 
         if (cyClient < vbHeight) 
         { 
            yLimit = vbHeight - cyClient; 
            if (y > 0)      CanGoUp = TRUE; 
            if (y < yLimit) CanGoDown = TRUE; 
         } 
         else 
         { 
            yLimit = 0; 
            CanGoUp = CanGoDown = FALSE; 
         } 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForPanning()                                                         * 
*                                                                            * 
*  The CheckForPanning() function checks if any of the four arrow keys are   * 
*  pressed, and if so, pans in that direction if possible. It is called from * 
*  the message loop in WinMain() when no messages are waiting.               * 
*                                                                            * 
\****************************************************************************/ 
 
#define KB_ESCAPE 1 
#define KB_LEFT  75 
#define KB_RIGHT 77 
#define KB_UP    72 
#define KB_DOWN  80 
 
void CheckForPanning() 
{ 
   if (fg_kbtest(KB_LEFT) && CanGoLeft) 
   { 
      if (x == xLimit) CanGoRight = TRUE; 
      x--; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (x == 0) CanGoLeft = FALSE; 
   } 
 
   else if (fg_kbtest(KB_RIGHT) && CanGoRight) 
   { 
      if (x == 0) CanGoLeft = TRUE; 
      x++; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (x == xLimit) CanGoRight = FALSE; 
   } 
 
   else if (fg_kbtest(KB_UP) && CanGoUp) 
   { 
      if (y == yLimit) CanGoDown = TRUE; 
      y--; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (y == 0) CanGoUp = FALSE; 
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   } 
 
   else if (fg_kbtest(KB_DOWN) && CanGoDown) 
   { 
      if (y == 0) CanGoUp = TRUE; 
      y++; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (y == yLimit) CanGoDown = FALSE; 
   } 
 
   else if (fg_kbtest(KB_ESCAPE)) 
   { 
      x = y = 0; 
      fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
      if (xLimit > 0) CanGoRight = TRUE; 
      if (yLimit > 0) CanGoDown = TRUE; 
      CanGoLeft = CanGoUp = FALSE; 
   } 
} 

KBdemo: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  KBdemo.cpp                                                                * 
*  KBdemoU.cpp                                                               * 
*                                                                            * 
*  This program shows how to pan the contents of a virtual buffer through    * 
*  a smaller window using the low-level keyboard handler.                    * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "KBDemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   CheckForPanning(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_showbmp("PORCH.BMP",0); 
   x = y = 0; 
   CanGoRight = CanGoDown = True; 
   CanGoLeft = CanGoUp = False; 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
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} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
 
   if (cxClient < vbWidth) 
   { 
      xLimit = vbWidth - cxClient; 
      if (x > 0)      CanGoLeft = True; 
      if (x < xLimit) CanGoRight = True; 
   } 
   else 
   { 
      xLimit = 0; 
      CanGoLeft = CanGoRight = False; 
   } 
   if (cyClient < vbHeight) 
   { 
      yLimit = vbHeight - cyClient; 
      if (y > 0)      CanGoUp = True; 
      if (y < yLimit) CanGoDown = True; 
   } 
   else 
   { 
      yLimit = 0; 
      CanGoUp = CanGoDown = False; 
   } 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForPanning()                                                         * 
*                                                                            * 
*  The CheckForPanning() function checks if any of the four arrow keys are   * 
*  pressed, and if so, pans in that direction if possible. It is called from * 
*  the OnIdle event handler.                                                 * 
*                                                                            * 
\****************************************************************************/ 
 
#define KB_ESCAPE 1 
#define KB_LEFT  75 
#define KB_RIGHT 77 
#define KB_UP    72 
#define KB_DOWN  80 
 
void __fastcall TForm1::CheckForPanning() 
{ 
   if (fg_kbtest(KB_LEFT) && CanGoLeft) 
   { 
      if (x == xLimit) CanGoRight = True; 
      x--; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (x == 0) CanGoLeft = False; 
   } 
   else if (fg_kbtest(KB_RIGHT) && CanGoRight) 
   { 
      if (x == 0) CanGoLeft = True; 
      x++; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
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      if (x == xLimit) CanGoRight = False; 
   } 
   else if (fg_kbtest(KB_UP) && CanGoUp) 
   { 
      if (y == yLimit) CanGoDown = True; 
      y--; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (y == 0) CanGoUp = False; 
   } 
   else if (fg_kbtest(KB_DOWN) && CanGoDown) 
   { 
      if (y == 0) CanGoUp = True; 
      y++; 
      fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
      if (y == yLimit) CanGoDown = False; 
   } 
   else if (fg_kbtest(KB_ESCAPE)) 
   { 
      x = y = 0; 
      fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
      if (xLimit > 0) CanGoRight = True; 
      if (yLimit > 0) CanGoDown = True; 
      CanGoLeft = CanGoUp = False; 
   } 
} 

KBdemo: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  KBdemo.dpr                                                                * 
*  KBdemoU.pas                                                               * 
*                                                                            * 
*  This program shows how to pan the contents of a virtual buffer through    * 
*  a smaller window using the low-level keyboard handler.                    * 
*                                                                            * 
*****************************************************************************} 
 
unit KBdemoU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
  x, y : integer; 
  xLimit, yLimit : integer; 
  CanGoLeft, CanGoRight, CanGoUp, CanGoDown : boolean; 
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{***************************************************************************** 
*                                                                            * 
*  CheckForPanning()                                                         * 
*                                                                            * 
*  The CheckForPanning() function checks if any of the four arrow keys are   * 
*  pressed, and if so, pans in that direction if possible. It is called from * 
*  the application's OnIdle event handler.                                   * 
*                                                                            * 
*****************************************************************************} 
 
procedure CheckForPanning; 
 
const 
  KB_ESCAPE =  1; 
  KB_LEFT   = 75; 
  KB_RIGHT  = 77; 
  KB_UP     = 72; 
  KB_DOWN   = 80; 
 
begin 
  if (fg_kbtest(KB_LEFT) = 1) and CanGoLeft then 
  begin 
    if (x = xLimit) then CanGoRight := True; 
    dec(x); 
    fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
    if (x = 0) then CanGoLeft := False; 
  end 
 
  else if (fg_kbtest(KB_RIGHT) = 1) and CanGoRight then 
  begin 
    if (x = 0) then CanGoLeft := True; 
    inc(x); 
    fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
    if (x = xLimit) then CanGoRight := False; 
  end 
 
  else if (fg_kbtest(KB_UP) = 1) and CanGoUp then 
  begin 
    if (y = yLimit) then CanGoDown := True; 
    dec(y); 
    fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
    if (y = 0) then CanGoUp := False; 
  end 
 
  else if (fg_kbtest(KB_DOWN) = 1) and CanGoDown then 
  begin 
    if (y = 0) then CanGoUp := True; 
    inc(y); 
    fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
    if (y = yLimit) then CanGoDown := False; 
  end 
 
  else if (fg_kbtest(KB_ESCAPE) = 1) then 
  begin 
    x := 0; 
    y := 0; 
    fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
    if (xLimit > 0) then CanGoRight := True; 
    if (yLimit > 0) then CanGoDown := True; 
    CanGoLeft := False; 
    CanGoUp := False; 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  CheckForPanning; 
  Done := False; 
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end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_showbmp('PORCH.BMP'+chr(0),0); 
  x := 0; 
  y := 0; 
  CanGoRight := True; 
  CanGoDown  := True; 
  CanGoLeft  := False; 
  CanGoUp    := False; 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbpaste(x,x+(vbWidth-1),y,y+(vbHeight-1),0,vbHeight-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
 
  if (cxClient < vbWidth) then 
  begin 
    xLimit := vbWidth - cxClient; 
    if (x > 0)      then CanGoLeft := True; 
    if (x < xLimit) then CanGoRight := True; 
  end 
  else 
  begin 
    xLimit := 0; 
    CanGoLeft  := False; 
    CanGoRight := False; 
  end; 
 
  if (cyClient < vbHeight) then 
  begin 
    yLimit := vbHeight - cyClient; 
    if (y > 0)      then CanGoUp := True; 
    if (y < yLimit) then CanGoDown := True; 
  end 
  else 
  begin 
    yLimit := 0; 
    CanGoUp   := False; 
    CanGoDown := False; 
  end; 
 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
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  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

KBdemo: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  KBdemo.frm                                                                * 
'                                                                            * 
'  This program shows how to pan the contents of a virtual buffer through    * 
'  a smaller window using the low-level keyboard handler.                    * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
Dim AppIsRunning As Boolean 
 
Dim X As Long, Y As Long 
Dim xLimit As Long, yLimit As Long 
Dim CanGoLeft As Boolean, CanGoRight As Boolean 
Dim CanGoUp As Boolean, CanGoDown As Boolean 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_showbmp(App.Path & "\PORCH.BMP", 0) 
   X = 0 
   Y = 0 
   CanGoRight = True 
   CanGoDown = True 
   CanGoLeft = False 
   CanGoUp = False 
 
   Visible = True 
   AppIsRunning = True 
   While AppIsRunning 
      DoEvents 
      Call CheckForPanning 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   If cxClient < vbWidth Then 
      xLimit = vbWidth - cxClient 
      If X > 0 Then CanGoLeft = True 
      If X < xLimit Then CanGoRight = True 
   Else 
      xLimit = 0 
      CanGoLeft = False 
      CanGoRight = False 
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   End If 
   If cyClient < vbHeight Then 
      yLimit = vbHeight - cyClient 
      If Y > 0 Then CanGoUp = True 
      If Y < yLimit Then CanGoDown = True 
   Else 
      yLimit = 0 
      CanGoUp = False 
      CanGoDown = False 
   End If 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
' CheckForPanning()                                                          * 
'                                                                            * 
' The CheckForPanning subroutine checks if any of the four arrow keys are    * 
' pressed, and if so, pans in that direction if possible. It is called from  * 
' the message loop in Form_Load() when no messages are waiting.              * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CheckForPanning() 
 
   Const kbEscape = 1 
   Const kbLeft = 75 
   Const kbRight = 77 
   Const kbUp = 72 
   Const kbDown = 80 
 
   If fg_kbtest(kbLeft) And CanGoLeft Then 
      If X = xLimit Then CanGoRight = True 
      X = X - 1 
      Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
      If X = 0 Then CanGoLeft = False 
   ElseIf fg_kbtest(kbRight) And CanGoRight Then 
      If X = 0 Then CanGoLeft = True 
      X = X + 1 
      Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
      If X = xLimit Then CanGoRight = False 
   ElseIf fg_kbtest(kbUp) And CanGoUp Then 
      If Y = yLimit Then CanGoDown = True 
      Y = Y - 1 
      Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
      If Y = 0 Then CanGoUp = False 
   ElseIf fg_kbtest(kbDown) And CanGoDown Then 
      If Y = 0 Then CanGoUp = True 
      Y = Y + 1 
      Call fg_vbpaste(X, X + (vbWidth - 1), Y, Y + (vbHeight - 1), 0, vbHeight - 1) 
      If Y = yLimit Then CanGoDown = False 
   ElseIf fg_kbtest(kbEscape) Then 
      X = 0 
      Y = 0 
      Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
      If xLimit > 0 Then CanGoRight = True 
      If yLimit > 0 Then CanGoDown = True 
      CanGoLeft = False 
      CanGoUp = False 
   End If 
End Sub 

Mouse Support 
The mouse is a very popular pointing device, especially in graphical environments such as Windows 

where it is almost a necessity. Fastgraph for Windows provides a subset of the mouse support functions 
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found Fastgraph for DOS. While the event-driven architecture of a Windows program often handles all 
necessary mouse support automatically, there are still times when the Fastgraph for Windows mouse 
support functions are useful. Some of the mouse functions in Fastgraph for Windows take different 
parameters or have different meanings than their DOS counterparts; we’ll mention the specifics as we 
present each one. 

Initializing the Mouse 
The fg_mouseini() function initializes Fastgraph's mouse environment. It has no parameters and 

returns 1 if the mouse is available, and -1 if not. If fg_mouseini() can't initialize the mouse, none of 
Fastgraph's other mouse support functions will have any effect. You do not need to call fg_mouseini() if your 
program just uses Windows mouse functions. 

In Fastgraph for DOS, the fg_mouseini() return value is equal to the number of buttons on the 
mouse. In Windows, there is no reliable way to determine the number of mouse buttons, so 
fg_mouseini() returns 1 if the mouse is available. This shouldn't be too much of a problem because 
Windows programs seldom, if ever, use the middle mouse button for anything. 

Controlling the Mouse Cursor 
The mouse cursor indicates the current position of the mouse (by default, the cursor is a small white 

arrow, but it changes shapes in specific contexts). The fg_mousevis() function defines the cursor visibility. 
Passing 0 to fg_mousevis() makes the mouse cursor invisible, while passing 1 makes the cursor visible. If 
the mouse cursor is already in the requested state, fg_mousevis() does nothing. 

Moving the mouse of course changes the cursor position, but you also can position the mouse cursor 
with fg_mousemov(). This function has two parameters that specify the new horizontal and vertical cursor 
position. The position is expressed in screen space units for the active virtual buffer and is automatically 
translated to the corresponding client coordinates. For example, 

C/C++: 
fg_mousemov(fg_getmaxx()/2,fg_getmaxy()/2); 

C#: 
fg.mousemov(fg.getmaxx()/2, fg.getmaxy()/2); 

Delphi: 
fg_mousemov(fg_getmaxx div 2,fg_getmaxy div 2); 

Visual Basic: 
Call fg_mousemov(fg_getmaxx() / 2, fg_getmaxy() / 2) 

Visual Basic .NET: 
fg_mousemov(fg_getmaxx() \ 2, fg_getmaxy() \ 2) 

references the middle of the active virtual buffer, so fg_mousemov() will move the cursor to the middle of the 
client area. If you want to move the mouse to an exact client position, you can use the fg_xvb() and 
fg_yvb() functions to translate client coordinates to virtual buffer units. The fg_mousemov() function 
moves the cursor whether or not it is visible. 

Sometimes it is useful to restrict the mouse cursor to a specific area of the screen. The 
fg_mouselim() function prevents the mouse cursor from moving outside the specified rectangular area. It 
requires four parameters that specify the minimum horizontal coordinate, maximum horizontal coordinate, 
minimum vertical coordinate, and maximum vertical coordinate of this area. Again, the coordinates are 
expressed in screen space units for the active virtual buffer and are automatically translated to the 
corresponding client coordinates. For example, 
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C/C++: 
fg_mouselim(0,fg_getmaxx(),0,fg_getmaxy()); 

C#: 
fg.mouselim(0, fg.getmaxx(), 0, fg.getmaxy()); 

Delphi: 
fg_mouselim(0,fg_getmaxx,0,fg_getmaxy); 

Visual Basic: 
Call fg_mouselim(0, fg_getmaxx(), 0, fg_getmaxy()) 

Visual Basic .NET: 
fg_mouselim(0, fg_getmaxx(), 0, fg_getmaxy()) 

prevents the mouse cursor from moving outside the client area. Calling fg_mouselim() with a maximum x 
coordinate that is less than the minimum x coordinate, or with a maximum y coordinate that is less than 
the minimum y coordinate, restores full screen cursor movement. You should do this in the 
WM_DESTROY message handler if you use fg_mouselim() elsewhere in the program. 

Reporting the Mouse Status 
The fg_mousepos() function returns the current mouse cursor position. Its two parameters (passed 

by reference) respectively receive the horizontal and vertical coordinates of the mouse cursor. The cursor 
position is expressed in virtual buffer coordinates; use the fg_xclient() and fg_yclient() functions to translate 
the values to client coordinates if necessary. If the mouse cursor is outside the client area, or if you haven’t 
called the fg_mouseini() function, fg_mousepos() returns -1 for both coordinates. In Fastgraph for DOS, 
note that fg_mousepos() includes a third parameter to receive the mouse button status. 

Defining the Mouse Cursor 
The default mouse cursor is a small white arrow, but you can change the mouse cursor to any 16x16 

or 32x32 shape with fg_mouseptr(). You define the mouse cursor in terms of a screen mask and cursor 
mask that resemble the monochrome bitmap format used by fg_drawmap(). Windows displays the mouse 
cursor by first logically ANDing the screen contents with the screen mask, and then XORing that result with 
the cursor mask. 

Let's begin by looking at the masks for the default mouse cursor. The size of each mask (and hence 
the mouse cursor) is 16 pixels wide and 16 pixels high. As mentioned earlier, the default cursor is a small 
white arrow with a black outline around it. Here are its screen and cursor masks expressed as binary values: 

screen mask cursor mask cursor appearance 
1001111111111111 0000000000000000 .**............. 
1000111111111111 0010000000000000 .*x*............ 
1000011111111111 0011000000000000 .*xx*........... 
1000001111111111 0011100000000000 .*xxx*.......... 
1000000111111111 0011110000000000 .*xxxx*......... 
1000000011111111 0011111000000000 .*xxxxx*........ 
1000000001111111 0011111100000000 .*xxxxxx*....... 
1000000000111111 0011111110000000 .*xxxxxxx*...... 
1000000000011111 0011111111000000 .*xxxxxxxx*..... 
1000000000001111 0011111000000000 .*xxxxx*****.... 
1000000011111111 0011011000000000 .*xx*xx*........ 
1000100001111111 0010001100000000 .*x*.*xx*....... 
1001100001111111 0000001100000000 .**..*xx*....... 
1111110000111111 0000000110000000 ......*xx*...... 
1111110000111111 0000000110000000 ......*xx*...... 
1111111000111111 0000000000000000 .......***...... 
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Windows first ANDs the screen mask with the screen contents at the mouse cursor position. This means the 
screen mask 1 bits leave the corresponding screen pixels intact, while the 0 bits change the pixels to black. 
Next, Windows XORs the result with the cursor mask. This time the cursor mask 0 bits leave the 
corresponding pixels unchanged, while the 1 bits change them to white. This produces a mouse cursor as 
shown above on the right, where a dot (.) represents an unchanged pixel, an asterisk (*) a black pixel, and 
an x a white pixel. The following table summarizes the cursor appearance for all possible combinations of 
mask bits. 

Screen Mask Bit Cursor Mask Bit Resulting Cursor Pixel 
0 0 black 
0 1 white 
1 0 unchanged 
1 1 inverted 

With an understanding of the way the default mouse cursor works, we're now ready to define our 
own 16x16 mouse cursors. Shown here are the screen mask, cursor mask, and resulting appearance for a 
solid plus-shaped cursor. The hexadecimal equivalents of the binary mask values are also given. 

-----screen mask----- 
     binary       hex 

-----cursor mask----- 
     binary       hex 

cursor 
appearance 

1110000000111111  E03F 0000000000000000  0000 ...*******...... 
1110000000111111  E03F 0000111110000000  0F80 ...*xxxxx*...... 
1110000000111111  E03F 0000111110000000  0F80 ...*xxxxx*...... 
0000000000000111  0007 0000111110000000  0F80 ****xxxxx****... 
0000000000000111  0007 0111111111110000  7FF0 *xxxxxxxxxxx*... 
0000000000000111  0007 0111111111110000  7FF0 *xxxxxxxxxxx*... 
0000000000000111  0007 0111111111110000  7FF0 *xxxxxxxxxxx*... 
0000000000000111  0007 0111111111110000  7FF0 *xxxxxxxxxxx*... 
0000000000000111  0007 0111111111110000  7FF0 *xxxxxxxxxxx*... 
0000000000000111  0007 0000111110000000  0F80 ****xxxxx****... 
1110000000111111  E03F 0000111110000000  0F80 ...*xxxxx*...... 
1110000000111111  E03F 0000111110000000  0F80 ...*xxxxx*...... 
1110000000111111  E03F 0000000000000000  0000 ...*******...... 
1111111111111111  FFFF 0000000000000000  0000 ................ 
1111111111111111  FFFF 0000000000000000  0000 ................ 
1111111111111111  FFFF 0000000000000000  0000 ................ 

If we wanted to make the mouse cursor hollow rather than solid, the masks and resulting cursor appearance 
would look like this: 

-----screen mask----- 
     binary       hex 

-----cursor mask----- 
     binary       hex 

cursor 
appearance 

1110000000111111  E03F 0000000000000000  0000 ...*******...... 
1110111110111111  EFBF 0000000000000000  0000 ...*.....*...... 
1110111110111111  EFBF 0000000000000000  0000 ...*.....*...... 
0000111110000111  0F87 0000000000000000  0000 ****.....****... 
0111111111110111  7FF7 0000000000000000  0000 *...........*... 
0111111111110111  7FF7 0000000000000000  0000 *...........*... 
0111111111110111  7FF7 0000001000000000  0200 *.....x.....*... 
0111111111110111  7FF7 0000000000000000  0000 *...........*... 
0111111111110111  7FF7 0000000000000000  0000 *...........*... 
0000111110000111  0F87 0000000000000000  0000 ****.....****... 
1110111110111111  EFBF 0000000000000000  0000 ...*.....*...... 
1110111110111111  EFBF 0000000000000000  0000 ...*.....*...... 
1110000000111111  E03F 0000000000000000  0000 ...*******...... 
1111111111111111  FFFF 0000000000000000  0000 ................ 
1111111111111111  FFFF 0000000000000000  0000 ................ 
1111111111111111  FFFF 0000000000000000  0000 ................ 

Note that the center bit defined in the cursor mask causes the corresponding screen pixel to be inverted. 

There is one more item needed to define a mouse cursor completely. That item is the hot spot, or the 
actual screen position used or reported in response to mouse position requests. For the plus-shaped cursors 
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just constructed, it would make sense to define the hot spot in the center of the plus. The hot spot is specified 
relative to the upper left corner of the cursor, so its position within the cursor would be (6,6) -- that is, six 
pixels to the right and six pixels below the upper left corner. You can specify the hot spot offsets using 
negative values or values above 15 to position it outside the mouse cursor matrix if desired. 

The fg_mouseptr() function defines a mouse cursor shape. The first of its three parameters is a 32-
element array, passed by reference. The array's first 16 elements contain the screen mask, and its second 16 
elements contain the cursor mask. The remaining two parameters respectively specify the horizontal and 
vertical offsets for the hot spot. For 16x16 mouse cursors, we recommend using the C/C++ or Delphi word 
data type for the mask array. The fg_mouseptr() function returns a handle to the resulting mouse cursor. 
Note that fg_mouseptr() does not immediately activate the new cursor shape, but merely defines it. In 
C/C++ programs, any mouse cursor handles created with fg_mouseptr() should be released with the 
Windows API function DestroyCursor() in the program’s WM_DESTROY message handler. 

The fg_mousecur() function activates a mouse cursor shape previously defined with 
fg_mouseptr(), or with the Windows API function LoadCursor(). Its only parameter is a handle to the 
mouse cursor shape (which is what fg_mouseptr() and LoadCursor() return). C/C++ programs typically 
call fg_mousecur() from the WM_SETCURSOR message handler when the mouse cursor enters the 
client area. C++Builder, Delphi, and .NET framework programs should use the form's Cursor property 
instead of fg_mousecur() to activate a new cursor shape. 

The MCdemo program shows how to use the solid cross-shaped mouse cursor created earlier in 
this section. The 32-element Cross array holds the mouse cursor’s screen mask, followed by its cursor 
mask. The WM_CREATE handler first calls fg_mouseini() to initialize Fastgraph's mouse environment. It 
then calls fg_mouseptr() to create the new mouse cursor with a hot spot in the center of the cursor. 

Note that Windows restores the default mouse cursor shapes whenever we move the mouse cursor 
outside the MCdemo client area. Also, note that fg_mouseptr() and fg_mousecur() behave differently in 
Fastgraph for Windows than they do in Fastgraph for DOS. Under DOS, fg_mouseptr() activates the new 
mouse cursor immediately and has no return value, while fg_mousecur() performs the completely different 
task of defining a mouse cursor in text video modes. 

MCdemo: C/C++ Version 
The C/C++ version of MCdemo activates the new cursor by passing its handle to fg_mousecur() 

in the WM_SETCURSOR message handler (Windows issues a WM_SETCURSOR message when the 
cursor moves into a window). If the message was generated as a result of the cursor moving into the 
window’s client area, WM_SETCURSOR activates our new mouse cursor. The WM_DESTROY handler 
calls DestroyCursor() to free the mouse cursor handle before the program exits. 
/****************************************************************************\ 
*                                                                            * 
*  MCdemo.c                                                                  * 
*                                                                            * 
*  This program shows how to change the shape of the mouse cursor.           * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  320 
#define vbHeight 240 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGmcdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
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   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor (NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Mouse Cursor Demo",     // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
WORD Cross[] = { 
   0xE03F,0xE03F,0xE03F,0x0007,0x0007,0x0007,0x0007,0x0007, 
   0x0007,0x0007,0xE03F,0xE03F,0xE03F,0xFFFF,0xFFFF,0xFFFF, 
   0x0000,0x0F80,0x0F80,0x0F80,0x7FF0,0x7FF0,0x7FF0,0x7FF0, 
   0x7FF0,0x0F80,0x0F80,0x0F80,0x0000,0x0000,0x0000,0x0000}; 
 
HCURSOR  hCursor; 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_setcolor(20); 
         fg_fillpage(); 
 
         fg_mouseini(); 
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         hCursor = fg_mouseptr(Cross,6,6); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETCURSOR: 
         if (LOWORD(lParam) == HTCLIENT) 
         { 
            fg_mousecur(hCursor); 
            return 0; 
         } 
         break; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DestroyCursor(hCursor); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 

MCdemo: C++Builder Version 
The C++Builder version of MCdemo activates the new cursor by assigning its handle to the form's 

Cursor property near the end of the OnCreate event handler. This makes our new cursor the default 
cursor within the window's client area. C++Builder automatically frees the mouse cursor resources when 
the program exits, so we don't need to call DestroyCursor() as we do for C/C++. 
/****************************************************************************\ 
*                                                                            * 
*  MCdemo.cpp                                                                * 
*  MCdemoU.cpp                                                               * 
*                                                                            * 
*  This program shows how to change the shape of the mouse cursor.           * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "MCDemoU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
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//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_setcolor(20); 
   fg_fillpage(); 
 
   fg_mouseini(); 
   Screen->Cursors[crMyCursor] = fg_mouseptr(Cross,6,6); 
   Cursor = crMyCursor; 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 

MCdemo: Delphi Version 
The Delphi version of MCdemo activates the new cursor by assigning its handle to the form's 

Cursor property near the end of the OnCreate event handler. This makes our new cursor the default 
cursor within the window's client area. Delphi automatically frees the mouse cursor resources when the 
program exits, so we don't need to call DestroyCursor() as we do for C/C++. 
{***************************************************************************** 
*                                                                            * 
*  MCdemo.dpr                                                                * 
*  MCdemoU.pas                                                               * 
*                                                                            * 
*  This program shows how to change the shape of the mouse cursor.           * 
*                                                                            * 
*****************************************************************************} 
 
unit MCdemoU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
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    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 240; 
 
  Cross : array [1..32] of word = ( 
              $E03F,$E03F,$E03F,$0007,$0007,$0007,$0007,$0007, 
              $0007,$0007,$E03F,$E03F,$E03F,$FFFF,$FFFF,$FFFF, 
              $0000,$0F80,$0F80,$0F80,$7FF0,$7FF0,$7FF0,$7FF0, 
              $7FF0,$0F80,$0F80,$0F80,$0000,$0000,$0000,$0000); 
var 
  dc     : hDC; 
  hPal   : hPalette; 
  hVB    : integer; 
  cxClient, cyClient : integer; 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
const 
  crMyCursor = 1; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_setcolor(20); 
  fg_fillpage; 
 
  fg_mouseini; 
  Screen.Cursors[crMyCursor] := fg_mouseptr(Cross,6,6); 
  Cursor := crMyCursor; 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
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  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

32x32 Mouse Cursors 
The fg_mousesiz() function controls whether we want to use the default 16x16 cursor size or a 

32x32 cursor. Its only parameter defines the cursor width and height in pixels; it must be either 16 or 32. 

We create 32x32 cursors in the usual way with fg_mouseptr(), but we must extend the 16x16 
screen and cursor masks to 32x32 pixels. This means passing an array of 64 32-bit values (32 screen 
mask elements followed 32 cursor mask elements) instead of 32 16-bit values (16 screen mask elements 
and 16 cursor mask elements). For example, we could create a 32x32 square cursor with black perimeter 
and transparent inner pixels like this: 

C/C++: 
int Square[] = { 
   0x00000000,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE, 
   0x7FFFFFFE,0x7FFFFFFE,0x7FFFFFFE,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000, 
   0x00000000,0x00000000,0x00000000,0x00000000}; 

C#: 
byte [] Square = { 
   0x00,0x00,0x00,0x00, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0xFE,0xFF,0xFF,0x7F, 
   0xFE,0xFF,0xFF,0x7F, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
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   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00, 
   0x00,0x00,0x00,0x00, 0x00,0x00,0x00,0x00}; 

Delphi: 
Square : array [1..64] of integer = ( 
  $00000000,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$7FFFFFFE, 
  $7FFFFFFE,$7FFFFFFE,$7FFFFFFE,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000, 
  $00000000,$00000000,$00000000,$00000000); 

Visual Basic .NET: 
Dim Square() As Byte = { _ 
   &H00,&H00,&H00,&H00, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &HFE,&HFF,&HFF,&H7F, _ 
   &HFE,&HFF,&HFF,&H7F, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
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   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00, _ 
   &H00,&H00,&H00,&H00, &H00,&H00,&H00,&H00} 

As before, the first half of this array contains the screen mask, and the second half the cursor mask (in 
this example, all cursor mask values are zero). 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_kbtest() Determines if the key having the specified scan code, or any key, is now pressed 
or released. 

fg_mousecur() Activates a mouse cursor created with fg_mouseptr() or LoadCursor(). 
fg_mouseini() Initializes Fastgraph's mouse environment and returns an error status if the 

mouse is not available. It must be called before any other Fastgraph mouse 
support functions. 

fg_mouselim() Defines the rectangular area in which the mouse cursor may move. 

fg_mousemov() Moves the mouse cursor to the specified position. 

fg_mousepos() Returns the current mouse position. 

fg_mouseptr() Defines a mouse cursor shape. It returns a handle that may be passed to 
fg_mousecur() to activate the mouse cursor. 

fg_mousesiz() Defines the mouse cursor size, either 16x16 or 32x32. 

fg_mousevis() Makes the mouse cursor visible or invisible. 

 





 

 

 

 
 



462 • Fastgraph 6.0 User’s Guide 

 

  

Overview 
This chapter presents several example programs illustrating special effects and animation 

techniques with Fastgraph. We’ll begin with two fairly short examples that perform palette fades and color 
cycling, and then proceed to more detailed animation programs, including DirectX animation. 

Palette Fades 
A palette fade is a special effect in which an image’s colors gradually change until they reach a 

set of target colors. Two similar variations, fade in and fade out, are the most popular types of palette 
fades. The fade in starts with an image displayed with all its logical palette values set to black, and we 
gradually increase the logical palette color components until they reach the image’s original colors. The 
fade out does just the opposite: we start with the original image and gradually decrease the logical palette 
color components until they are all zero. This results in a completely black image. 

The Fade program demonstrates both the fade in and fade out palette fades with a 320x200 PCX 
file. The FadeIn and FadeOut selections on the top-level menu are mutually exclusive. That is, when one 
is enabled, the other is grayed out. After the program’s WM_CREATE handler sets up the device context 
and default logical palette, it creates a 320x200 virtual buffer and loads the PCX file into it. We then use 
fg_getdacs() to retrieve the original image colors into the Original array. Note that we’re only 
interested in the 236 non-system colors (colors 10 to 245). 

Clicking on FadeOut calls the FadeOutClick() function. This function gradually turns the image to 
black with a “fade out” palette fade. It starts by copying the contents of the Original array to the 
Current array. The function then begins a loop that decrements each nonzero color component in 
Current. Once we’ve checked all 236 non-system colors, we call fg_setdacs() to update the logical 
palette with the color values from the Current array. If we're using a 16-color or 256-color display, this 
updates the colors in the client area, but if we're using a high color or true color display, we must also call 
fg_vbscale() to display the pixels in their new colors. This produces one step of the palette fade. We 
continue this process until all color components are zero, at which time the image is invisible and the 
palette fade is done. Finally, we disable the FadeOut menu item and enable the FadeIn item, and in the 
C/C++ version, then use DrawMenuBar() so the menu bar reflects these changes. Note that when the 
fade out completes, the pixels comprising the image are not color 0. We’ve just changed the logical 
palette colors so all non-system colors are black. 

Clicking on FadeIn calls the FadeInClick() function to restore the original image colors through a 
“fade in” palette fade. It is very similar to the FadeOutClick() function, but it starts by setting all elements 
in the Current array to zero. The loop increments each color component in Current until they’ve 
reached their original values, which are stored in the Original array. 

Fade: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Fade.c                                                                    * 
*                                                                            * 
*  This program shows how perform a palette fade.                            * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <string.h> 
#include "Fade.h" 
 
#define vbWidth  320 
#define vbHeight 200 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
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void FadeInClick(); 
void FadeOutClick(); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGfade"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = szAppName; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Palette Fades",         // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HMENU    hMenu; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
BYTE     Original[236*3]; 
BYTE     Current[236*3]; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
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         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_showpcx("MOUSE.PCX",FG_AT_XY); 
         fg_getdacs(10,236,Original); 
 
         hMenu = GetMenu(hWnd); 
         return 0; 
 
      case WM_COMMAND: 
         switch (wParam) 
         { 
            case IDM_FadeIn: 
               FadeInClick(); 
               return 0; 
 
            case IDM_FadeOut: 
               FadeOutClick(); 
               return 0; 
 
            case IDM_Exit: 
               DestroyWindow(hWnd); 
               return 0; 
         } 
         break; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  FadeInClick()                                                             * 
*                                                                            * 
*  Fade an image back to its original colors.                                * 
*                                                                            * 
\****************************************************************************/ 
 
void FadeInClick() 
{ 
   HCURSOR hCursor; 
   register int i, Fading; 
 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   memset(Current,0,236*3); 
 
   do 
   { 
      Fading = FALSE; 
      for (i = 0; i < 236*3; i++) 
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      { 
         if (Current[i] != Original[i]) 
         { 
            Current[i]++; 
            Fading = TRUE; 
         } 
      } 
      fg_setdacs(10,236,Current); 
      if (fg_colors() > 8) 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   } 
   while (Fading); 
 
   EnableMenuItem(hMenu,IDM_FadeIn,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_FadeOut,MF_ENABLED); 
   DrawMenuBar(GetActiveWindow()); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  FadeOutClick()                                                            * 
*                                                                            * 
*  Fade an image to black.                                                   * 
*                                                                            * 
\****************************************************************************/ 
 
void FadeOutClick() 
{ 
   HCURSOR hCursor; 
   register int i, Fading; 
 
   hCursor = SetCursor(LoadCursor(NULL,IDC_WAIT)); 
   ShowCursor(TRUE); 
   memcpy(Current,Original,236*3); 
 
   do 
   { 
      Fading = FALSE; 
      for (i = 0; i < 236*3; i++) 
      { 
         if (Current[i] != 0) 
         { 
            Current[i]--; 
            Fading = TRUE; 
         } 
      } 
      fg_setdacs(10,236,Current); 
      if (fg_colors() > 8) 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   } 
   while (Fading); 
 
   EnableMenuItem(hMenu,IDM_FadeOut,MF_GRAYED); 
   EnableMenuItem(hMenu,IDM_FadeIn,MF_ENABLED); 
   DrawMenuBar(GetActiveWindow()); 
   ShowCursor(FALSE); 
   SetCursor(hCursor); 
} 

Fade: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Fade.cpp                                                                  * 
*  FadeU.cpp                                                                 * 
*                                                                            * 
*  This program shows how perform a palette fade.                            * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FadeU.h" 
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//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_showpcx("MOUSE.PCX",FG_AT_XY); 
   fg_getdacs(10,236,Original); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  FadeInClick()                                                             * 
*                                                                            * 
*  Fade an image back to its original colors.                                * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::FadeInClick(TObject *Sender) 
{ 
   register int i; 
   bool Fading; 
 
   Cursor = crHourGlass; 
   memset(Current,0,236*3); 
 
   do 
   { 
      Fading = False; 
      for (i = 0; i < 236*3; i++) 
      { 
         if (Current[i] != Original[i]) 
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         { 
            Current[i]++; 
            Fading = True; 
         } 
      } 
      fg_setdacs(10,236,Current); 
      if (fg_colors() > 8) 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   } 
   while (Fading); 
 
   FadeOut->Enabled = True; 
   FadeIn->Enabled = False; 
   Cursor = crDefault; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  FadeOutClick()                                                            * 
*                                                                            * 
*  Fade an image to black.                                                   * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::FadeOutClick(TObject *Sender) 
{ 
   register int i; 
   bool Fading; 
 
   Cursor = crHourGlass; 
   memcpy(Current,Original,236*3); 
 
   do 
   { 
      Fading = False; 
      for (i = 0; i < 236*3; i++) 
      { 
         if (Current[i] != 0) 
         { 
            Current[i]--; 
            Fading = True; 
         } 
      } 
      fg_setdacs(10,236,Current); 
      if (fg_colors() > 8) 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
   } 
   while (Fading); 
 
   FadeOut->Enabled = False; 
   FadeIn->Enabled = True; 
   Cursor = crDefault; 
} 
 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::ExitClick(TObject *Sender) 
{ 
   Close(); 
} 

Fade: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Fade.dpr                                                                  * 
*  FadeU.pas                                                                 * 
*                                                                            * 
*  This program shows how perform a palette fade.                            * 
*                                                                            * 
*****************************************************************************} 
 
unit FadeU; 
 
interface 
 
uses 
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  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, Menus, FGWin; 
 
type 
  TForm1 = class(TForm) 
    MainMenu1: TMainMenu; 
    FadeIn: TMenuItem; 
    FadeOut: TMenuItem; 
    Exit1: TMenuItem; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure FadeInClick(Sender: TObject); 
    procedure FadeOutClick(Sender: TObject); 
    procedure ExitClick(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
const 
  vbWidth  = 320; 
  vbHeight = 200; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  cxClient, cyClient : integer; 
  Original : array [1..236*3] of byte; 
  Current  : array [1..236*3] of byte; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  fg_showpcx('MOUSE.PCX'+chr(0),FG_AT_XY); 
  fg_getdacs(10,236,Original); 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
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  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  FadeInClick()                                                             * 
*                                                                            * 
*  Fade an image back to its original colors.                                * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.FadeInClick(Sender: TObject); 
 
var 
  i : integer; 
  Fading : boolean; 
 
begin 
  Cursor := crHourGlass; 
  FillChar(Current,236*3,0); 
  Fading := True; 
 
  while Fading do 
  begin 
    Fading := False; 
    for i := 1 to 236*3 do 
    begin 
      if (Current[i] <> Original[i]) then 
      begin 
        inc(Current[i]); 
        Fading := True; 
      end; 
    end; 
    fg_setdacs(10,236,Current); 
    if (fg_colors > 8) then 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
  end; 
 
  FadeIn.Enabled  := False; 
  FadeOut.Enabled := True; 
  Cursor := crDefault; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  FadeOutClick()                                                            * 
*                                                                            * 
*  Fade an image to black.                                                   * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.FadeOutClick(Sender: TObject); 
 
var 
  i : integer; 
  Fading : boolean; 
 
begin 
  Cursor := crHourGlass; 
  Move(Original,Current,236*3); 
  Fading := True; 
 
  while Fading do 
  begin 
    Fading := False; 
    for i := 1 to 236*3 do 
    begin 
      if (Current[i] <> 0) then 
      begin 
        dec(Current[i]); 
        Fading := True; 
      end; 
    end; 



470 • Fastgraph 6.0 User’s Guide 

 

  

    fg_setdacs(10,236,Current); 
    if (fg_colors > 8) then 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
  end; 
 
  FadeIn.Enabled  := True; 
  FadeOut.Enabled := False; 
  Cursor := crDefault; 
end; 
 
procedure TForm1.ExitClick(Sender: TObject); 
begin 
  Close; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
end. 

Fade: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Fade.frm                                                                  * 
'                                                                            * 
'  This program shows how perform a palette fade.                            * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 320 
Const vbHeight = 200 
 
Dim Original(236 * 3) As Byte 
Dim Current(236 * 3) As Byte 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_showpcx(App.Path & "\MOUSE.PCX", FG_AT_XY) 
   Call fg_getdacs(10, 236, Original(0)) 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
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   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  FadeIn_Click()                                                            * 
'                                                                            * 
'  Fade an image back to its original colors.                                * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuFadeIn_Click() 
   Dim I As Long 
   Dim Fading As Boolean 
 
   Screen.MousePointer = 11 
   Erase Current 
 
   Do 
      Fading = False 
      For I = 0 To 236 * 3 - 1 
         If Current(I) <> Original(I) Then 
            Current(I) = Current(I) + 1 
            Fading = True 
         End If 
      Next I 
      Call fg_setdacs(10, 236, Current(0)) 
      If fg_colors > 8 Then 
         Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
      End If 
   Loop While Fading 
 
   mnuFadeIn.Enabled = False 
   mnuFadeOut.Enabled = True 
   Screen.MousePointer = 0 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  FadeOut_Click()                                                           * 
'                                                                            * 
'  Fade an image to black.                                                   * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub mnuFadeOut_Click() 
   Dim I As Long 
   Dim Fading As Boolean 
 
   Screen.MousePointer = 11 
   For I = 0 To 236 * 3 - 1 
      Current(I) = Original(I) 
   Next I 
 
   Do 
      Fading = False 
      For I = 0 To 236 * 3 - 1 
         If Current(I) <> 0 Then 
            Current(I) = Current(I) - 1 
            Fading = True 
         End If 
      Next I 
      Call fg_setdacs(10, 236, Current(0)) 
      If fg_colors > 8 Then 
         Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
      End If 
   Loop While Fading 
 
   mnuFadeOut.Enabled = False 
   mnuFadeIn.Enabled = True 
   Screen.MousePointer = 0 
End Sub 
 
Private Sub mnuExit_Click() 
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   Unload Me 
End Sub 

Color Cycling 
Color cycling is the process of rapidly changing an object’s colors to achieve the illusion of 

smooth movement. It is often used in games to animate waterfalls, lava, or torches in a cyclic manner. 
The beauty of color cycling is that we achieve this motion simply by changing the colors in a logical 
palette. Once we draw the object itself, we never modify the pixels comprising the object. However, we 
must be careful not to use the colors being cycled outside the desired object(s), or we’ll see undesirable 
color changes as we perform the color cycling. 

The Rainbow program demonstrates color cycling within a 24-color rainbow (the rainbow uses 
colors 10 to 33) shown here: 

 
The key to the Rainbow program lies in the RGBvalues array, which is large enough to hold two sets of 
24 RGB triples. After setting up the device context, the WM_CREATE handler calls a function 
FillColorPalette() to fill the first half of this array with the initial color components for colors 10 to 33. The 
FillColorPalette() function then duplicates these same values in the second half of the array. 
WM_CREATE then creates a logical palette for colors 10 to 33 using the RGB values in the first half of 
RGBarray. Following this, WM_CREATE uses fg_ellipsef() to draw a rainbow of consecutive-color 
bands, with color 10 at the outside and color 33 the innermost color. The last thing WM_CREATE does is 
set the global variable Start to zero; we’ll see why shortly. 

The actual color cycling occurs with the help of a Windows timer. For C and C++, we set this up 
at the end of the WM_CREATE handler with the SetTimer() Windows API function. The SetTimer() 
parameters specify that the timer “goes off” every 50 milliseconds, at which time Windows will generate a 
WM_TIMER message (you cannot rely on this being an exact time, but for our purposes it will be more 
than adequate). Our WindowProc() procedure includes a WM_TIMER handler to process these 
messages. For C#, C++Builder, Delphi, and Visual Basic, we implement this through a timer control, also 
with a 50-millisecond interval. 

The WM_TIMER handler first uses the Windows API function GetActiveWindow() to insure we 
perform the color cycling only when the Rainbow program is the active window. If it is the active window, 
we point Start to the next RGB triple in RGBvalues, pointing back to the start of the array if needed. 
We then define new values for colors 10 to 33 beginning with the RGB triple pointed to by Start. For all 
but color 10, this makes fg_setdacs() use some color values from the second half of the RGBvalues 
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array, effectively simulating a “wrap” to the start of RGBvalues that would otherwise require two 
fg_setdacs() calls. 

Rainbow: C/C++ Version 
Here is the C/C++ version of Rainbow. Note how the WM_DESTROY handler calls the Windows 

API function KillTimer() to stop the timer (and hence the WM_TIMER messages) just before the program 
exits. 
/****************************************************************************\ 
*                                                                            * 
*  Rainbow.c                                                                 * 
*                                                                            * 
*  This program demonstrates color palette cycling.                          * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <string.h> 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
void FillColorPalette(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGrainbow"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Color Cycling",         // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
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HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
 
int  Start; 
BYTE RGBvalues[2*24*3];    // two sets of 24 RGB triplets 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   int Color, xLen, yLen; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         // create the logical palette 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         FillColorPalette(); 
         hPal = fg_logpal(10,24,RGBvalues); 
         fg_realize(hPal); 
 
         // create a 640x480 virtual buffer 
         fg_vbinit(); 
         hVB = fg_vballoc(640,480); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         // construct a crude image of a rainbow 
         fg_setcolor(255); 
         fg_fillpage(); 
         fg_setclip(0,639,0,300); 
         fg_move(320,300); 
         xLen = 240; 
         yLen = 120; 
         for (Color = 10; Color < 34; Color++) 
         { 
            fg_setcolor(Color); 
            fg_ellipsef(xLen,yLen); 
            xLen -= 4; 
            yLen -= 3; 
         } 
         fg_setcolor(255); 
         fg_ellipsef(xLen,yLen); 
         fg_setclip(0,639,0,479); 
 
         // starting index into the array of color values 
         Start = 0; 
 
         // start the 50ms timer 
         SetTimer(hWnd,1,50,NULL); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_TIMER: 
         if (GetActiveWindow() == hWnd) 
         { 
            Start = (Start + 3) % 72; 
            fg_setdacs(10,24,&RGBvalues[Start]); 
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            if (fg_colors() > 8) 
               fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         } 
         return 0; 
 
      case WM_DESTROY: 
         KillTimer(hWnd,1); 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  FillColorPalette()                                                        * 
*                                                                            * 
*  Set up the colors for the application's logical palette in the RGBvalues  * 
*  array. The logical palette will contain 24 non-system colors (indices 10  * 
*  to 33) defining the initial RGB values for the colors being cycled.       * 
*                                                                            * 
*  Note that we store two identical sets of 24 RGB triplets in RGBvalues. We * 
*  can then perform color cycling without having to worry about wrapping to  * 
*  the start of the array because the index pointing to the starting RGB     * 
*  triplet never extends beyond the first set of 24 RGB triplets.            * 
*                                                                            * 
\****************************************************************************/ 
 
void FillColorPalette() 
{ 
   static BYTE Colors[] = { 
      182,182,255, 198,182,255, 218,182,255, 234,182,255, 255,182,255, 
      255,182,234, 255,182,218, 255,182,198, 255,182,182, 255,198,182, 
      255,218,182, 255,234,182, 255,255,182, 234,255,182, 218,255,182, 
      198,255,182, 182,255,182, 182,255,198, 182,255,218, 182,255,234, 
      182,255,255, 182,234,255, 182,218,255, 182,198,255}; 
 
   // set up two identical sets of the 24 colors in the RGBvalues array 
   memcpy(RGBvalues,Colors,24*3); 
   memcpy(&RGBvalues[24*3],Colors,24*3); 
} 

Rainbow: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Rainbow.cpp                                                               * 
*  RainbowU.cpp                                                              * 
*                                                                            * 
*  This program demonstrates color palette cycling.                          * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "RainbowU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
 : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
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//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   int Color, xLen, yLen; 
 
   // create the logical palette 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   FillColorPalette(); 
   hPal = fg_logpal(10,24,RGBvalues); 
   fg_realize(hPal); 
 
   // create a 640x480 virtual buffer 
   fg_vbinit(); 
   hVB = fg_vballoc(640,480); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   // construct a crude image of a rainbow 
   fg_setcolor(255); 
   fg_fillpage(); 
   fg_setclip(0,639,0,300); 
   fg_move(320,300); 
   xLen = 240; 
   yLen = 120; 
   for (Color = 10; Color < 34; Color++) 
   { 
      fg_setcolor(Color); 
      fg_ellipsef(xLen,yLen); 
      xLen -= 4; 
      yLen -= 3; 
   } 
   fg_setcolor(255); 
   fg_ellipsef(xLen,yLen); 
   fg_setclip(0,639,0,479); 
 
   // starting index into the array of color values 
   Start = 0; 
 
   // start the 50ms timer 
   Timer1->Interval = 50; 
   Timer1->Enabled = true; 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::Timer1Timer(TObject *Sender) 
{ 
   if (GetActiveWindow() == Form1->Handle) 
   { 
      Start = (Start + 3) % 72; 
      fg_setdacs(10,24,&RGBvalues[Start]); 
      if (fg_colors() > 8) 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
   } 
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} 
 
/****************************************************************************\ 
*                                                                            * 
*  FillColorpalette()                                                        * 
*                                                                            * 
*  Set up the colors for the application's logical palette in the RGBvalues  * 
*  array. The logical palette will contain 24 non-system colors (indices 10  * 
*  to 33) defining the initial RGB values for the colors being cycled.       * 
*                                                                            * 
*  Note that we store two identical sets of 24 RGB triplets in RGBvalues. We * 
*  can then perform color cycling without having to worry about wrapping to  * 
*  the start of the array because the index pointing to the starting RGB     * 
*  triplet never extends beyond the first set of 24 RGB triplets.            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::FillColorPalette() 
{ 
   static byte Colors[] = { 
      182,182,255, 198,182,255, 218,182,255, 234,182,255, 255,182,255, 
      255,182,234, 255,182,218, 255,182,198, 255,182,182, 255,198,182, 
      255,218,182, 255,234,182, 255,255,182, 234,255,182, 218,255,182, 
      198,255,182, 182,255,182, 182,255,198, 182,255,218, 182,255,234, 
      182,255,255, 182,234,255, 182,218,255, 182,198,255}; 
 
   // set up two identical sets of the 24 colors in the RGBvalues array 
   memcpy(RGBvalues,Colors,24*3); 
   memcpy(&RGBvalues[24*3],Colors,24*3); 
} 

Rainbow: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Rainbow.dpr                                                               * 
*  RainbowU.pas                                                              * 
*                                                                            * 
*  This program demonstrates color palette cycling.                          * 
*                                                                            * 
*****************************************************************************} 
 
unit RainbowU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, ExtCtrls, FGWin; 
 
type 
  TForm1 = class(TForm) 
    Timer1: TTimer; 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure Timer1Timer(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
var 
  dc    : hDC; 
  hPal  : hPalette; 
  hVB   : integer; 
  cxClient, cyClient : integer; 
  Start : integer; 
  RGBvalues : array [0..2*24*3-1] of byte;    { two sets of 24 RGB triplets } 
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{***************************************************************************** 
*                                                                            * 
*  FillColorPalette()                                                        * 
*                                                                            * 
*  Set up the colors for the application's logical palette in the RGBvalues  * 
*  array. The logical palette will contain 24 non-system colors (indices 10  * 
*  to 33) defining the initial RGB values for the colors being cycled.       * 
*                                                                            * 
*  Note that we store two identical sets of 24 RGB triplets in RGBvalues. We * 
*  can then perform color cycling without having to worry about wrapping to  * 
*  the start of the array because the index pointing to the starting RGB     * 
*  triplet never extends beyond the first set of 24 RGB triplets.            * 
*                                                                            * 
*****************************************************************************} 
 
procedure FillColorPalette; 
 
const 
  Colors : array [1..24*3] of byte = ( 
    182,182,255, 198,182,255, 218,182,255, 234,182,255, 255,182,255, 
    255,182,234, 255,182,218, 255,182,198, 255,182,182, 255,198,182, 
    255,218,182, 255,234,182, 255,255,182, 234,255,182, 218,255,182, 
    198,255,182, 182,255,182, 182,255,198, 182,255,218, 182,255,234, 
    182,255,255, 182,234,255, 182,218,255, 182,198,255); 
 
begin 
   { set up two identical sets of the 24 colors in the RGBvalues array } 
   Move(Colors,RGBvalues,24*3); 
   Move(Colors,RGBvalues[24*3],24*3); 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  Color, xLen, yLen : integer; 
begin 
  { create the logical palette } 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  FillColorPalette; 
  hPal := fg_logpal(10,24,RGBvalues); 
  fg_realize(hPal); 
 
  { create a 640x480 virtual buffer } 
  fg_vbinit; 
  hVB := fg_vballoc(640,480); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  { construct a crude image of a rainbow } 
  fg_setcolor(255); 
  fg_fillpage; 
  fg_setclip(0,639,0,300); 
  fg_move(320,300); 
  xLen := 240; 
  yLen := 120; 
  for Color := 10 to 33 do 
  begin 
    fg_setcolor(Color); 
    fg_ellipsef(xLen,yLen); 
    dec(xLen,4); 
    dec(yLen,3); 
  end; 
  fg_setcolor(255); 
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  fg_ellipsef(xLen,yLen); 
  fg_setclip(0,639,0,479); 
 
  { starting index into the array of color values } 
  Start := 0; 
 
  { start the 50ms timer } 
  Timer1.Interval := 50; 
  Timer1.Enabled  := True; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
procedure TForm1.Timer1Timer(Sender: TObject); 
begin 
  if (GetActiveWindow = Form1.Handle) then 
  begin 
    Start := (Start + 3) mod 72; 
    fg_setdacs(10,24,RGBvalues[Start]); 
    if (fg_colors > 8) then 
      fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
  end; 
end; 
 
end. 

Rainbow: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Rainbow.frm                                                               * 
'                                                                            * 
'  This program demonstrates color palette cycling.                          * 
'                                                                            * 
'***************************************************************************** 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
 
Dim Start As Long 
Dim RGBvalues(2 * 24 * 3) As Byte ' two sets of 24 RGB triplets 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim Color As Long 
   Dim xLen As Long, yLen As Long 
 
   ScaleMode = 3 
 
   ' create the logical palettte 
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   Call fg_setdc(hDC) 
   Call FillColorPalette 
   hPal = fg_logpal(10, 24, RGBvalues(0)) 
   Call fg_realize(hPal) 
 
   ' create a 640x480 virtual buffer 
   Call fg_vbinit 
   hVB = fg_vballoc(640, 480) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   ' construct a crude image of a rainbow 
   Call fg_setcolor(255) 
   Call fg_fillpage 
   Call fg_setclip(0, 639, 0, 300) 
   Call fg_move(320, 300) 
   xLen = 240 
   yLen = 120 
   For Color = 10 To 33 
      Call fg_setcolor(Color) 
      Call fg_ellipsef(xLen, yLen) 
      xLen = xLen - 4 
      yLen = yLen - 3 
   Next Color 
   Call fg_setcolor(255) 
   Call fg_ellipsef(xLen, yLen) 
   Call fg_setclip(0, 639, 0, 479) 
 
   ' starting index into the array of color values 
   Start = 0 
 
   ' start the 50ms timer 
   Timer1.Interval = 50 
   Timer1.Enabled = True 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
Private Sub Timer1_Timer() 
   Start = (Start + 3) Mod 72 
   Call fg_setdacs(10, 24, RGBvalues(Start)) 
   If fg_colors > 8 Then 
      Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  FillColorPalette()                                                        * 
'                                                                            * 
'  Set up the colors for the application's logical palette in the RGBvalues  * 
'  array. The logical palette will contain 24 non-system colors (indices 10  * 
'  to 33) defining the initial RGB values for the colors being cycled.       * 
'                                                                            * 
'  Note that we store two identical sets of 24 RGB triplets in RGBvalues. We * 
'  can then perform color cycling without having to worry about wrapping to  * 
'  the start of the array because the index pointing to the starting RGB     * 
'  triplet never extends beyond the first set of 24 RGB triplets.            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub FillColorPalette() 
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   Dim I As Long 
 
   RGBvalues(0) = 182: RGBvalues(1) = 182: RGBvalues(2) = 255 
   RGBvalues(3) = 198: RGBvalues(4) = 182: RGBvalues(5) = 255 
   RGBvalues(6) = 218: RGBvalues(7) = 182: RGBvalues(8) = 255 
   RGBvalues(9) = 234: RGBvalues(10) = 182: RGBvalues(11) = 255 
   RGBvalues(12) = 255: RGBvalues(13) = 182: RGBvalues(14) = 255 
   RGBvalues(15) = 255: RGBvalues(16) = 182: RGBvalues(17) = 234 
   RGBvalues(18) = 255: RGBvalues(19) = 182: RGBvalues(20) = 218 
   RGBvalues(21) = 255: RGBvalues(22) = 182: RGBvalues(23) = 198 
   RGBvalues(24) = 255: RGBvalues(25) = 182: RGBvalues(26) = 182 
   RGBvalues(27) = 255: RGBvalues(28) = 198: RGBvalues(29) = 182 
   RGBvalues(30) = 255: RGBvalues(31) = 218: RGBvalues(32) = 182 
   RGBvalues(33) = 255: RGBvalues(34) = 234: RGBvalues(35) = 182 
   RGBvalues(36) = 255: RGBvalues(37) = 255: RGBvalues(38) = 182 
   RGBvalues(39) = 234: RGBvalues(40) = 255: RGBvalues(41) = 182 
   RGBvalues(42) = 218: RGBvalues(43) = 255: RGBvalues(44) = 182 
   RGBvalues(45) = 198: RGBvalues(46) = 255: RGBvalues(47) = 182 
   RGBvalues(48) = 182: RGBvalues(49) = 255: RGBvalues(50) = 182 
   RGBvalues(51) = 182: RGBvalues(52) = 255: RGBvalues(53) = 198 
   RGBvalues(54) = 182: RGBvalues(55) = 255: RGBvalues(56) = 218 
   RGBvalues(57) = 182: RGBvalues(58) = 255: RGBvalues(59) = 234 
   RGBvalues(60) = 182: RGBvalues(61) = 255: RGBvalues(62) = 255 
   RGBvalues(63) = 182: RGBvalues(64) = 234: RGBvalues(65) = 255 
   RGBvalues(66) = 182: RGBvalues(67) = 218: RGBvalues(68) = 255 
   RGBvalues(69) = 182: RGBvalues(70) = 198: RGBvalues(71) = 255 
 
   ' set up two identical sets of the 24 colors in the RGBvalues array 
   For I = 0 To 24 * 3 - 1 
      RGBvalues(I + 24 * 3) = RGBvalues(I) 
   Next I 
End Sub 

Fish Tank Animation Demo 
The Fishtank program is a good example of multi-object, non-destructive animation. In this program, 

several types of tropical fish swim back and forth against a coral reef background, as shown here: 

 
Let’s begin with the Fishtank program’s WM_CREATE handler. After we set up the device context and 
default logical palette in the usual manner, WM_CREATE creates two 320x200 virtual buffers. It loads the 
coral background from the PCX file CORAL.PCX into the second virtual buffer (this virtual buffer will 
always contain a clean copy of the background). 

The last thing the WM_CREATE handler does is load the fish bitmaps, using the function 
GetFish(). This function loads the six fish sprites from the file FISH.PCX into the first virtual buffer. After 
the call to fg_showpcx(), the first virtual buffer will look like this: 
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The GetFish() function uses fg_getimage() to retrieve each of the six fish into a 256-color bitmap. The 
FishX and FishY arrays contain the (x,y) coordinates for the lower left corner of each bitmap, while the 
FishWidth and FishHeight arrays define the size of each bitmap. We store the fish bitmaps in the 
arrays Fish1 through Fish6, and notice especially how we set up the Fishes array with pointers to the 
six fish bitmap arrays. This lets us access the individual fish bitmaps through a simple index. The fact that 
the background is color 0 is of particular importance, for we want the pixels around the fish (but within the 
bitmap rectangle) to be transparent when we display the bitmaps. Before returning, GetFish() calls 
fg_erase() to clear the first virtual buffer. If we didn't do this, the above screen would appear briefly in the 
client area if a WM_PAINT message occurs before we construct the first animation frame. 

The C# and VB.NET versions of the Fishtank example use a 10ms timer with a tick event handler 
that calls GoFish() to perform one animation frame. For other languages, the Fishtank message loop 
controls the fish movement. We use the animation-based form of the message loop that lets us do other 
activity when the message queue is empty. That is, if messages are available, we process them in the 
usual manner with the Windows API TranslateMessage() and DispatchMessage() functions, but if no 
messages are waiting, we call GoFish() to perform one animation frame. 

The GoFish() function builds each animation frame in the first virtual buffer, which we’ll call the 
workspace buffer. It starts constructing the new frame by copying the background to the workspace 
buffer, which effectively erases the previous frame. In each frame, we update the positions of 11 fish, 
though we’ll usually not see them all in a given frame. The arrays defined at the top of GoFish() each 
contain 11 elements (one for each fish) that specify the type of fish, and its current position, range, speed, 
and direction. After we determine the new position of a fish, we call PutFish() to display it at its new 
location in the workspace buffer. The PutFish() function just uses fg_move() and either fg_clpimage() or 
fg_flpimage() to display the bitmap, depending on whether we want a left-facing or right-facing fish. After 
GoFish() places all 11 fish, the animation frame is ready, so we call fg_vbscale() to display it in the client 
area. 

Fishtank: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Fishtank.c                                                                * 
*                                                                            * 
*  This program shows how to perform simple animation using Fastgraph for    * 
*  Windows. Several types of tropical fish swim back and forth against a     * 
*  coral reef background. The background image and fish sprites are stored   * 
*  in PCX files.                                                             * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <stdlib.h> 
 
#define MAX(x,y) ((x) > (y)) ? (x) : (y) 
#define MIN(x,y) ((x) < (y)) ? (x) : (y) 



Chapter 12: 2D Animation and Special Effects • 483 

 

 

 
#define NFISH 11 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
 
long WINAPI _export WindowProc(HWND,UINT,UINT,LONG); 
void GetFish(void); 
void GoFish(void); 
void PutFish(int,int,int,int); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGfishtank"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Fastgraph Fish Tank",   // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call GoFish() to perform one frame of 
   // animation. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         GoFish(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
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HDC      hDC; 
HPALETTE hPal; 
int      hVB1, hVB2; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         // use the default logical palette 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         // create two 320x200 virtual buffers 
         fg_vbinit(); 
         hVB1 = fg_vballoc(320,200); 
         hVB2 = fg_vballoc(320,200); 
 
         // display the coral background in virtual buffer #2 (which 
         // will always contain a clean copy of the background image) 
         fg_vbopen(hVB2); 
         fg_vbcolors(); 
         fg_showpcx("CORAL.PCX",FG_AT_XY|FG_KEEPCOLORS); 
 
         // get the fish bitmaps 
         GetFish(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB1); 
         fg_vbfree(hVB2); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GetFish()                                                                 * 
*                                                                            * 
*  Fill the fish bitmap arrays.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
BYTE Fish1[56*25]; 
BYTE Fish2[54*38]; 
BYTE Fish3[68*26]; 
BYTE Fish4[56*30]; 
BYTE Fish5[62*22]; 
BYTE Fish6[68*36]; 
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int FishX[]      = {  0, 64,128,200,  0, 80}; /* location of fish x & y */ 
int FishY[]      = {199,199,199,199,150,150}; 
int FishWidth[]  = { 56, 54, 68, 56, 62, 68}; /* size of fish: width */ 
int FishHeight[] = { 25, 38, 26, 30, 22, 36}; /* size of fish: height */ 
 
BYTE *Fishes[] = {Fish1, /* for convenience, an array of pointers to fishes */ 
                  Fish2, 
                  Fish3, 
                  Fish4, 
                  Fish5, 
                  Fish6}; 
 
void GetFish() 
{ 
   register int FishNum; 
 
   // get the fish bitmaps from a PCX file 
   fg_vbopen(hVB1); 
   fg_vbcolors(); 
   fg_showpcx("FISH.PCX",FG_AT_XY|FG_IGNOREPALETTE|FG_KEEPCOLORS); 
 
   for (FishNum = 0; FishNum < 6; FishNum++) 
   { 
      fg_move(FishX[FishNum],FishY[FishNum]); 
      fg_getimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   } 
 
   fg_erase(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GoFish()                                                                  * 
*                                                                            * 
*  Make the fish swim around.                                                * 
*                                                                            * 
\****************************************************************************/ 
 
/*  There are 11 fish total, and 6 different kinds of fish. These 
*   arrays keep track of what kind of fish each fish is, and how each 
*   fish moves: 
* 
*   Fish[]   -- which fish bitmap applies to this fish? 
*   xStart[] -- starting x coordinate 
*   yStart[] -- starting y coordinate 
* 
*   xMin[]   -- how far left (off screen) the fish can go 
*   xMax[]   -- how far right (off screen) the fish can go 
*   xInc[]   -- how fast the fish goes left and right 
*   Dir[]    -- starting direction for each fish 
* 
*   yMin[]   -- how far up this fish can go 
*   yMax[]   -- how far down this fish can go 
*   yInc[]   -- how fast the fish moves up or down 
*   yTurn[]  -- how long fish can go in the vertical direction 
*               before stopping or turning around 
*   yCount[] -- counter to compare to yTurn 
*/ 
 
int Fish[]   = {   1,   1,   2,   3,   3,   0,   0,   5,   4,   2,   3}; 
int xStart[] = {-100,-150,-450,-140,-200, 520, 620,-800, 800, 800,-300}; 
int yStart[] = {  40,  60, 150,  80,  70, 190, 180, 100,  30, 130,  92}; 
 
int xMin[]   = {-300,-300,-800,-200,-200,-200,-300,-900,-900,-900,-400}; 
int xMax[]   = { 600, 600,1100,1000,1000, 750, 800,1200,1400,1200, 900}; 
int xInc[]   = {   2,   2,   8,   5,   5,  -3,  -3,   7,  -8,  -9,   6}; 
int Dir[]    = {   0,   0,   0,   0,   0,   1,   1,   0,   1,   1,   0}; 
 
int yMin[]   = {  40,  60, 120,  70,  60, 160, 160,  80,  30, 110,  72}; 
int yMax[]   = {  80, 100, 170, 110, 100, 199, 199, 120,  70, 150, 122}; 
int yTurn[]  = {  50,  30,  10,  30,  20,  10,  10,  10,  30,   20, 10}; 
int yCount[] = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
int yInc[]   = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
 
void GoFish() 
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{ 
   register int i; 
 
   // copy the background to the workspace 
   fg_copypage(hVB2,hVB1); 
 
   // put all the fish in their new positions 
   for (i = 0; i < NFISH; i++) 
   { 
      yCount[i]++; 
      if (yCount[i] > yTurn[i]) 
      { 
         yCount[i] = 0; 
         yInc[i] = (rand() % 3) - 1; 
      } 
      yStart[i] += yInc[i]; 
      yStart[i] = MIN(yMax[i],MAX(yStart[i],yMin[i])); 
 
      if (xStart[i] >= -72 && xStart[i] < 320) 
         PutFish(Fish[i],xStart[i],yStart[i],Dir[i]); 
 
      xStart[i] += xInc[i]; 
      if (xStart[i] <= xMin[i] || xStart[i] >= xMax[i]) 
      { 
         xInc[i] = -xInc[i]; 
         Dir[i] = 1 - Dir[i]; 
      } 
   } 
 
   // scale the workspace image to fill the client area 
   fg_vbscale(0,319,0,199,0,cxClient-1,0,cyClient-1); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PutFish()                                                                 * 
*                                                                            * 
*  Draw one of the six fish anywhere you want.                               * 
*                                                                            * 
\****************************************************************************/ 
 
void PutFish (int FishNum, int x, int y, int FishDir) 
{ 
   // move to position where the fish will appear 
   fg_move(x,y); 
 
   // draw a left- or right-facing fish, depending on FishDir 
   if (FishDir == 0) 
      fg_flpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   else 
      fg_clpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
} 

Fishtank: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Fishtank.cpp                                                              * 
*  FishtankU.cpp                                                             * 
*                                                                            * 
*  This program shows how to perform simple animation using Fastgraph for    * 
*  Windows. Several types of tropical fish swim back and forth against a     * 
*  coral reef background. The background image and fish sprites are stored   * 
*  in PCX files.                                                             * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FishtankU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
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   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   GoFish(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   // create two 320x200 virtual buffers 
   fg_vbinit(); 
   hVB1 = fg_vballoc(320,200); 
   hVB2 = fg_vballoc(320,200); 
 
   // display the coral background in virtual buffer #2 (which 
   // will always contain a clean copy of the background image) 
   fg_vbopen(hVB2); 
   fg_vbcolors(); 
   fg_showpcx("CORAL.PCX",FG_AT_XY|FG_KEEPCOLORS); 
 
   // get the fish bitmaps 
   GetFish(); 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,fg_getmaxx(),0,fg_getmaxy(),0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB1); 
   fg_vbfree(hVB2); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GetFish()                                                                 * 
*                                                                            * 
*  Fill the fish bitmap arrays.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
byte Fish1[56*25]; 
byte Fish2[54*38]; 
byte Fish3[68*26]; 
byte Fish4[56*30]; 
byte Fish5[62*22]; 
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byte Fish6[68*36]; 
 
int FishX[]      = {  0, 64,128,200,  0, 80}; /* location of fish x & y */ 
int FishY[]      = {199,199,199,199,150,150}; 
int FishWidth[]  = { 56, 54, 68, 56, 62, 68}; /* size of fish: width */ 
int FishHeight[] = { 25, 38, 26, 30, 22, 36}; /* size of fish: height */ 
 
byte *Fishes[] = {Fish1, /* for convenience, an array of pointers to fishes */ 
                  Fish2, 
                  Fish3, 
                  Fish4, 
                  Fish5, 
                  Fish6}; 
 
void __fastcall TForm1::GetFish() 
{ 
   register int FishNum; 
 
   // get the fish bitmaps from an PCX file 
   fg_vbopen(hVB1); 
   fg_vbcolors(); 
   fg_showpcx("FISH.PCX",FG_AT_XY|FG_IGNOREPALETTE|FG_KEEPCOLORS); 
 
   for (FishNum = 0; FishNum < 6; FishNum++) 
   { 
      fg_move(FishX[FishNum],FishY[FishNum]); 
      fg_getimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   } 
 
   fg_erase(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GoFish()                                                                  * 
*                                                                            * 
*  Make the fish swim around.                                                * 
*                                                                            * 
\****************************************************************************/ 
 
/*  There are 11 fish total, and 6 different kinds of fish. These 
*   arrays keep track of what kind of fish each fish is, and how each 
*   fish moves: 
* 
*   Fish[]   -- which fish bitmap applies to this fish? 
*   xStart[] -- starting x coordinate 
*   yStart[] -- starting y coordinate 
* 
*   xMin[]   -- how far left (off screen) the fish can go 
*   xMax[]   -- how far right (off screen) the fish can go 
*   xInc[]   -- how fast the fish goes left and right 
*   Dir[]    -- starting direction for each fish 
* 
*   yMin[]   -- how far up this fish can go 
*   yMax[]   -- how far down this fish can go 
*   yInc[]   -- how fast the fish moves up or down 
*   yTurn[]  -- how long fish can go in the vertical direction 
*               before stopping or turning around 
*   yCount[] -- counter to compare to yTurn 
*/ 
 
int Fish[]   = {   1,   1,   2,   3,   3,   0,   0,   5,   4,   2,   3}; 
int xStart[] = {-100,-150,-450,-140,-200, 520, 620,-800, 800, 800,-300}; 
int yStart[] = {  40,  60, 150,  80,  70, 190, 180, 100,  30, 130,  92}; 
 
int xMin[]   = {-300,-300,-800,-200,-200,-200,-300,-900,-900,-900,-400}; 
int xMax[]   = { 600, 600,1100,1000,1000, 750, 800,1200,1400,1200, 900}; 
int xInc[]   = {   2,   2,   8,   5,   5,  -3,  -3,   7,  -8,  -9,   6}; 
int Dir[]    = {   0,   0,   0,   0,   0,   1,   1,   0,   1,   1,   0}; 
 
int yMin[]   = {  40,  60, 120,  70,  60, 160, 160,  80,  30, 110,  72}; 
int yMax[]   = {  80, 100, 170, 110, 100, 199, 199, 120,  70, 150, 122}; 
int yTurn[]  = {  50,  30,  10,  30,  20,  10,  10,  10,  30,   20, 10}; 
int yCount[] = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
int yInc[]   = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
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void __fastcall TForm1::GoFish() 
{ 
   register int i; 
 
   // copy the background to the workspace 
   fg_copypage(hVB2,hVB1); 
 
   // put all the fish in their new positions 
   for (i = 0; i < NFISH; i++) 
   { 
      yCount[i]++; 
      if (yCount[i] > yTurn[i]) 
      { 
         yCount[i] = 0; 
         yInc[i] = (rand() % 3) - 1; 
      } 
      yStart[i] += yInc[i]; 
      yStart[i] = MIN(yMax[i],MAX(yStart[i],yMin[i])); 
 
      if (xStart[i] >= -72 && xStart[i] < 320) 
         PutFish(Fish[i],xStart[i],yStart[i],Dir[i]); 
 
      xStart[i] += xInc[i]; 
      if (xStart[i] <= xMin[i] || xStart[i] >= xMax[i]) 
      { 
         xInc[i] = -xInc[i]; 
         Dir[i] = 1 - Dir[i]; 
      } 
   } 
 
   // scale the workspace image to fill the client area 
   fg_vbscale(0,319,0,199,0,cxClient-1,0,cyClient-1); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PutFish()                                                                 * 
*                                                                            * 
*  Draw one of the six fish anywhere you want.                               * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::PutFish (int FishNum, int x, int y, int FishDir) 
{ 
   // move to position where the fish will appear 
   fg_move(x,y); 
 
   // draw a left- or right-facing fish, depending on FishDir 
   if (FishDir == 0) 
      fg_flpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   else 
      fg_clpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
} 

Fishtank: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Fishtank.dpr                                                              * 
*  FishtankU.pas                                                             * 
*                                                                            * 
*  This program shows how to perform simple animation using Fastgraph for    * 
*  Windows. Several types of tropical fish swim back and forth against a     * 
*  coral reef background. The background image and fish sprites are stored   * 
*  in PCX files.                                                             * 
*                                                                            * 
*****************************************************************************} 
 
unit FishtankU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
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type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB1, hVB2 : integer; 
  cxClient, cyClient : integer; 
 
  { fish bitmaps } 
  Fish1 : array [0..1399] of byte; 
  Fish2 : array [0..2051] of byte; 
  Fish3 : array [0..1767] of byte; 
  Fish4 : array [0..1679] of byte; 
  Fish5 : array [0..1363] of byte; 
  Fish6 : array [0..2447] of byte; 
 
const 
  { number of fish } 
  NFISH = 11; 
 
  { location of fish (x & y) } 
  FishX : array [0..5] of integer = (0,   64,128,200,  0, 80); 
  FishY : array [0..5] of integer = (199,199,199,199,150,150); 
 
  { size of fish (width and height) } 
  FishWidth  : array [0..5] of integer = ( 56, 54, 68, 56, 62, 68); 
  FishHeight : array [0..5] of integer = ( 25, 38, 26, 30, 22, 36); 
 
  { for convenience, an array of pointers to fish bitmaps } 
  Fishes : array [0..5] of ^byte = (@Fish1,@Fish2,@Fish3,@Fish4,@Fish5,@Fish6); 
 
{***************************************************************************** 
*                                                                            * 
*  Min                                                                       * 
*                                                                            * 
*  Determine the smaller of two integer values.                              * 
*                                                                            * 
*****************************************************************************} 
 
function Min (Value1, Value2 : integer) : integer; 
 
begin 
 
  if (Value1 <= Value2) then 
    Min := Value1 
  else 
    Min := Value2; 
 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Max                                                                       * 
*                                                                            * 
*  Determine the larger of two integer values.                               * 
*                                                                            * 
*****************************************************************************} 
 
function Max (Value1, Value2 : integer) : integer; 
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begin 
 
  if (Value1 >= Value2) then 
    Max := Value1 
  else 
    Max := Value2; 
 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  GetFish()                                                                 * 
*                                                                            * 
*  Fill the fish bitmap arrays.                                              * 
*                                                                            * 
*****************************************************************************} 
 
procedure GetFish; 
 
var 
  FishNum : integer; 
 
begin 
 
  { get the fish bitmaps from a PCX file } 
  fg_vbopen(hVB1); 
  fg_vbcolors; 
  fg_showpcx('FISH.PCX'+chr(0),FG_AT_XY or FG_KEEPCOLORS); 
 
  for FishNum := 0 to 5 do 
  begin 
    fg_move(FishX[FishNum],FishY[FishNum]); 
    fg_getimage(Fishes[FishNum]^,FishWidth[FishNum],FishHeight[FishNum]); 
  end; 
 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  PutFish()                                                                 * 
*                                                                            * 
*  Draw one of the six fish anywhere you want.                               * 
*                                                                            * 
*****************************************************************************} 
 
procedure PutFish (FishNum, x, y, FishDir : integer); 
 
begin 
 
  { move to position where the fish will appear } 
  fg_move(x,y); 
 
  { draw a left- or right-facing fish, depending on FishDir } 
  if (FishDir = 0) then 
    fg_flpimage(Fishes[FishNum]^,FishWidth[FishNum],FishHeight[FishNum]) 
  else 
    fg_clpimage(Fishes[FishNum]^,FishWidth[FishNum],FishHeight[FishNum]); 
 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  GoFish()                                                                  * 
*                                                                            * 
*  Make the fish swim around. This procedure is called by the application's  * 
*  OnIdle event handler.                                                     * 
*                                                                            * 
*****************************************************************************} 
 
procedure GoFish; 
 
type 
  FishArray = array [0..NFISH-1] of integer; 
 
const 
{ 
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*   There are 11 fish total, and 6 different kinds of fish. These 
*   arrays keep track of what kind of fish each fish is, and how each 
*   fish moves: 
* 
*   Fish[]   -- which fish bitmap applies to this fish? 
*   xStart[] -- starting x coordinate 
*   yStart[] -- starting y coordinate 
* 
*   xMin[]   -- how far left (off screen) the fish can go 
*   xMax[]   -- how far right (off screen) the fish can go 
*   xInc[]   -- how fast the fish goes left and right 
*   Dir[]    -- starting direction for each fish 
* 
*   yMin[]   -- how far up this fish can go 
*   yMax[]   -- how far down this fish can go 
*   yInc[]   -- how fast the fish moves up or down 
*   yTurn[]  -- how long fish can go in the vertical direction 
*               before stopping or turning around 
*   yCount[] -- counter to compare to yTurn 
} 
 
  Fish   : FishArray = 
                (   1,   1,   2,   3,   3,   0,   0,   5,   4,   2,   3); 
  xStart : FishArray = 
                (-100,-150,-450,-140,-200, 520, 620,-800, 800, 800,-300); 
  yStart : FishArray = 
                (  40,  60, 150,  80,  70, 190, 180, 100,  30, 130,  92); 
 
  xMin   : FishArray = 
                (-300,-300,-800,-200,-200,-200,-300,-900,-900,-900,-400); 
  xMax   : FishArray = 
                ( 600, 600,1100,1000,1000, 750, 800,1200,1400,1200, 900); 
  xInc   : FishArray = 
                (   2,   2,   8,   5,   5,  -3,  -3,   7,  -8,  -9,   6); 
  Dir    : FishArray = 
                (   0,   0,   0,   0,   0,   1,   1,   0,   1,   1,   0); 
 
  yMin   : FishArray = 
                (  40,  60, 120,  70,  60, 160, 160,  80,  30, 110,  72); 
  yMax   : FishArray = 
                (  80, 100, 170, 110, 100, 199, 199, 120,  70, 150, 122); 
  yTurn  : FishArray = 
                (  50,  30,  10,  30,  20,  10,  10,  10,  30,   20, 10); 
  yCount : FishArray = 
                (   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0); 
  yInc   : FishArray = 
                (   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0); 
 
var 
  i : integer; 
 
begin 
 
  { copy the background to the workspace } 
  fg_copypage(hVB2,hVB1); 
 
  { put all the fish in their new positions } 
  for i := 0 to NFISH-1 do 
  begin 
    inc(yCount[i]); 
    if (yCount[i] > yTurn[i]) then 
    begin 
       yCount[i] := 0; 
       yInc[i] := random(3) - 1; 
    end; 
    inc(yStart[i],yInc[i]); 
    yStart[i] := Min(yMax[i],Max(yStart[i],yMin[i])); 
 
    if (xStart[i] >= -72) and (xStart[i] < 320) then 
      PutFish(Fish[i],xStart[i],yStart[i],Dir[i]); 
 
    inc(xStart[i],xInc[i]); 
    if (xStart[i] <= xMin[i]) or (xStart[i] >= xMax[i]) then 
    begin 
      xInc[i] := -xInc[i]; 
      Dir[i] := 1 - Dir[i]; 
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    end; 
  end; 
 
  { scale the workspace image to fill the client area } 
  fg_vbscale(0,319,0,199,0,cxClient-1,0,cyClient-1); 
 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  GoFish; 
  Done := False; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  { use the default logical palette } 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  { create two 320x200 virtual buffers } 
  fg_vbinit; 
  hVB1 := fg_vballoc(320,200); 
  hVB2 := fg_vballoc(320,200); 
 
  { display the coral background in virtual buffer #2 (which  } 
  { will always contain a clean copy of the background image) } 
  fg_vbopen(hVB2); 
  fg_vbcolors; 
  fg_showpcx('CORAL.PCX'+chr(0),FG_AT_XY or FG_IGNOREPALETTE or FG_KEEPCOLORS); 
 
  { get the fish bitmaps } 
  GetFish; 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,fg_getmaxx,0,fg_getmaxy,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB1); 
  fg_vbfree(hVB2); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 
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Fishtank: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Fishtank.frm                                                              * 
'                                                                            * 
'  This program shows how to perform simple animation using Fastgraph for    * 
'  Windows. Several types of tropical fish swim back and forth against a     * 
'  coral reef background. The background image and fish sprites are stored   * 
'  in PCX files.                                                             * 
'                                                                            * 
'***************************************************************************** 
 
Const nFish = 11           ' total number of fish sprites 
 
Dim FishX(6) As Long       ' location of fish (x) 
Dim FishY(6) As Long       ' location of fish (y) 
Dim FishWidth(6) As Long   ' size of fish: width 
Dim FishHeight(6) As Long  ' size of fish: height 
Dim FishOffset(6) As Long  ' bitmap offsets into Fishes() array 
 
' The Fishes array holds the bitmaps for all 6 kinds of fish 
 
Dim Fishes(56 * 25 + 54 * 38 + 68 * 26 + 56 * 30 + 62 * 22 + 68 * 36) As Byte 
 
' There are 11 fish total, and 6 different kinds of fish. These 
' arrays keep track of what kind of fish each fish is, and how each 
' fish moves: 
 
Dim Fish(nFish) As Long    ' which fish bitmap applies to this fish? 
Dim X(nFish) As Long       ' starting x coordinate 
Dim Y(nFish) As Long       ' starting y coordinate 
Dim xMin(nFish) As Long    ' how far left (off screen) the fish can go 
Dim xMax(nFish) As Long    ' how far right (off screen) the fish can go 
Dim xInc(nFish) As Long    ' how fast the fish goes left and right 
Dim Dir(nFish) As Long     ' starting direction for each fish 
Dim yMin(nFish) As Long    ' how far up this fish can go 
Dim yMax(nFish) As Long    ' how far down this fish can go 
Dim yInc(nFish) As Long    ' how fast the fish moves up or down 
Dim yCount(nFish) As Long  ' counter to compare to yturn 
Dim yTurn(nFish) As Long   ' how long fish can go in the vertical direction 
                           ' before stopping or turning around 
Dim hPal As Long 
Dim hVB1 As Long, hVB2 As Long 
Dim cxClient As Long, cyClient As Long 
Dim AppIsRunning As Boolean 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
 
   ' use the default logical palette 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   ' create two 320x200 virtual buffers 
   Call fg_vbinit 
   hVB1 = fg_vballoc(320, 200) 
   hVB2 = fg_vballoc(320, 200) 
 
   ' display the coral background in virtual buffer #2 (which 
   ' will always contain a clean copy of the background image) 
   Call fg_vbopen(hVB2) 
   Call fg_vbcolors 
   Call fg_showpcx(App.Path & "\CORAL.PCX", FG_AT_XY + FG_KEEPCOLORS) 
 
   ' get the fish bitmaps 
   Call GetFish 
 
   ' make the fish swim around 
   Visible = True 
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   AppIsRunning = True 
   While AppIsRunning 
      DoEvents 
      Call GoFish 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, fg_getmaxx(), 0, fg_getmaxy(), 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_vbfree(hVB1) 
   Call fg_vbfree(hVB2) 
   Call fg_vbfin 
End Sub 
 
Private Function Max(ByVal A As Long, ByVal B As Long) 
   If A > B Then 
      Max = A 
   Else 
      Max = B 
   End If 
End Function 
 
Private Function Min(ByVal A As Long, ByVal B As Long) 
   If A < B Then 
      Min = A 
   Else 
      Min = B 
   End If 
End Function 
 
'***************************************************************************** 
'                                                                            * 
'  GetFish()                                                                 * 
'                                                                            * 
'  Fill the fish bitmap arrays.                                              * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub GetFish() 
   Dim I As Long, J As Long 
 
   FishX(0) = 0: FishX(1) = 64: FishX(2) = 128 
   FishX(3) = 200: FishX(4) = 0: FishX(5) = 80 
 
   FishY(0) = 199: FishY(1) = 199: FishY(2) = 199 
   FishY(3) = 199: FishY(4) = 150: FishY(5) = 150 
 
   FishWidth(0) = 56: FishWidth(1) = 54: FishWidth(2) = 68 
   FishWidth(3) = 56: FishWidth(4) = 62: FishWidth(5) = 68 
 
   FishHeight(0) = 25: FishHeight(1) = 38: FishHeight(2) = 26 
   FishHeight(3) = 30: FishHeight(4) = 22: FishHeight(5) = 36 
 
   Fish(0) = 2: Fish(1) = 2: Fish(2) = 3: Fish(3) = 4 
   Fish(4) = 4: Fish(5) = 1: Fish(6) = 1: Fish(7) = 6 
   Fish(8) = 5: Fish(9) = 3: Fish(10) = 4 
 
   X(0) = -100: X(1) = -150: X(2) = -450: X(3) = -140 
   X(4) = -200: X(5) = 520: X(6) = 620: X(7) = -800 
   X(8) = 800: X(9) = 800: X(10) = -300 
 
   Y(0) = 40: Y(1) = 60: Y(2) = 150: Y(3) = 80 
   Y(4) = 70: Y(5) = 190: Y(6) = 180: Y(7) = 100 
   Y(8) = 30: Y(9) = 130: Y(10) = 92 
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   xMin(0) = -300: xMin(1) = -300: xMin(2) = -800: xMin(3) = -200 
   xMin(4) = -200: xMin(5) = -200: xMin(6) = -300: xMin(7) = -900 
   xMin(8) = -900: xMin(9) = -900: xMin(10) = -400 
 
   xMax(0) = 600: xMax(1) = 600: xMax(2) = 1100: xMax(3) = 1000 
   xMax(4) = 1000: xMax(5) = 750: xMax(6) = 800: xMax(7) = 1200 
   xMax(8) = 1400: xMax(9) = 1200: xMax(10) = 900 
 
   xInc(0) = 2: xInc(1) = 2: xInc(2) = 8: xInc(3) = 5 
   xInc(4) = 5: xInc(5) = -3: xInc(6) = -3: xInc(7) = 7 
   xInc(8) = -8: xInc(9) = -9: xInc(10) = 6 
 
   Dir(0) = 0: Dir(1) = 0: Dir(2) = 0: Dir(3) = 0 
   Dir(4) = 0: Dir(5) = 1: Dir(6) = 1: Dir(7) = 0 
   Dir(8) = 1: Dir(9) = 1: Dir(10) = 0 
 
   yMin(0) = 40: yMin(1) = 60: yMin(2) = 120: yMin(3) = 70 
   yMin(4) = 60: yMin(5) = 160: yMin(6) = 160: yMin(7) = 80 
   yMin(8) = 30: yMin(9) = 110: yMin(10) = 72 
 
   yMax(0) = 80: yMax(1) = 100: yMax(2) = 170: yMax(3) = 110 
   yMax(4) = 100: yMax(5) = 199: yMax(6) = 199: yMax(7) = 120 
   yMax(8) = 70: yMax(9) = 150: yMax(10) = 122 
 
   yTurn(0) = 50: yTurn(1) = 30: yTurn(2) = 10: yTurn(3) = 30 
   yTurn(4) = 20: yTurn(5) = 10: yTurn(6) = 10: yTurn(7) = 10 
   yTurn(8) = 30: yTurn(9) = 20: yTurn(10) = 10 
 
   For I = 0 To nFish - 1 
      yCount(I) = 0 
      yInc(I) = 0 
   Next I 
 
   ' get the fish bitmaps from a PCX file 
   Call fg_vbopen(hVB1) 
   Call fg_vbcolors 
   Call fg_showpcx(App.Path & "\FISH.PCX", FG_AT_XY + FG_IGNOREPALETTE + FG_KEEPCOLORS) 
 
   J = 0 
   For I = 0 To 5 
      Call fg_move(FishX(I), FishY(I)) 
      Call fg_getimage(Fishes(J), FishWidth(I), FishHeight(I)) 
      FishOffset(I) = J 
      J = J + FishWidth(I) * FishHeight(I) 
   Next I 
 
   Call fg_erase 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  GoFish()                                                                  * 
'                                                                            * 
'  Make the fish swim around.                                                * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub GoFish() 
   Dim I As Long 
 
   ' copy the background to the workspace 
   Call fg_copypage(hVB2, hVB1) 
 
   ' put all the fish in their new positions 
   For I = 0 To nFish - 1 
      yCount(I) = yCount(I) + 1 
      If yCount(I) > yTurn(I) Then 
         yCount(I) = 0 
         yInc(I) = Int(Rnd() * 3 - 1) 
      End If 
      Y(I) = Y(I) + yInc(I) 
      Y(I) = Min(yMax(I), Max(Y(I), yMin(I))) 
 
      If X(I) >= -72 And X(I) < 320 Then 
         Call PutFish(Fish(I), X(I), Y(I), Dir(I)) 
      End If 
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      X(I) = X(I) + xInc(I) 
      If X(I) <= xMin(I) Or X(I) >= xMax(I) Then 
         xInc(I) = -xInc(I) 
         Dir(I) = 1 - Dir(I) 
      End If 
   Next I 
 
   ' scale the workspace image to fill the client area 
   Call fg_vbscale(0, 319, 0, 199, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  PutFish()                                                                 * 
'                                                                            * 
'  Draw one of the six fish anywhere you want.                               * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub PutFish(FishNum As Long, X As Long, Y As Long, FishDir As Long) 
   Dim I As Long 
 
   ' move to position where the fish will appear 
   Call fg_move(X, Y) 
 
   ' draw a left- or right-facing fish, depending on FishDir 
   I = FishOffset(FishNum) 
   If FishDir = 0 Then 
      Call fg_flpimage(Fishes(I), FishWidth(FishNum), FishHeight(FishNum)) 
   Else 
      Call fg_clpimage(Fishes(I), FishWidth(FishNum), FishHeight(FishNum)) 
   End If 
End Sub 

High Color Fish Tank 
By today's standards, the artwork in the Fastgraph fish tank is rather primitive. The FishHC 

example is an improved version of the fish tank that uses a 640x480 high color virtual buffer. Unlike the 
256-color version of the fish tank, the fish sprites in FishHC animate within themselves by moving their 
tails and fins. In addition, FishHC adds a water wheel (implemented as a flic file) and a translucent bubble 
(implemented as a direct color bitmap). 

The FishHC program is also a good example of how to mix objects of different color depths in 
Fastgraph programs. FishHC uses high color virtual buffers, but it uses true color (24-bit) and palette-
based (256-color) image files. The background is a 24-bit JPEG image, which fg_showjpeg() 
automatically reduces to the high color format. The fish sprites are stored in 256-color PCX files, each 
with a different palette, but are retrieved and displayed as direct color bitmaps. The water wheel is a 256-
color FLC file that has a different palette than the PCX files. 

Using a high color virtual buffer eliminates the need for the 256-color image files to have the 
same palette. It also lets us use the Windows system colors in the image files. The only concern is the 
order in which we load the images. Recall that whenever we display a 256-color image file in a direct 
color virtual buffer, Fastgraph updates the virtual palette with the color information stored in the image file. 
When we load each PCX file that contains a fish sprite, fg_showpcx() modifies the virtual palette. If we 
load the water wheel FLC file last, the virtual palette will always contain the water wheel's color values, so 
its colors will automatically be correct when we play the individual FLC frames. If we really did need to 
load the PCX files last, we could instead read the virtual palette values with fg_getdacs() after playing 
the first frame of the FLC file, then use fg_setdacs() to set the virtual palette to the FLC colors after the 
loading the last PCX. 

Source code for FishHC will not be presented here, but its C source code is included in the 
FishHC subdirectory of the Fastgraph examples directory. 
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TGSdemo: Scaling and Scrolling 
TGSdemo is a C++ program that displays a scaled logo against a background of continuously 

scrolling clouds, as shown here: 

 
The logo and background images are stored in three 256-color PCX files: 

Logo1.pcx Fastgraph logo (320x200) 
Logo2.pcx TGS logo (320x200) 
Sky.pcx sky and cloud background (640x200) 

All three PCX files were preprocessed by the WinPal and WinMatch utilities (see Appendix A). WinPal 
reduced Sky.pcx from 256 to the 236 non-system colors. WinMatch then remapped the Logo1.pcx and 
Logo2.pcx palettes so they have the same palette as the Sky.pcx file. This lets fg_showpcx() load all 
three images with color reduction disabled, so we don't have to worry about potential palette conflicts. 

The WinMain() function loads the Sky.pcx image into the first 640 columns of a 1600x200 virtual 
buffer, called the background buffer. It then creates a mirror image of the first 640 columns in the next 
640 columns. That is, column 640 matches column 639, 641 matches 638, and so forth. This gives the 
appearance of a continuous stream of clouds. Finally, it copies the first 320 columns to the final 320 
columns to facilitate wrapping. The result looks like this: 
 

TGSdemo uses a class called IMAGE to manage the logo bitmaps. The IMAGE constructor 
function builds the full path name for the PCX file, allocates memory with the new[] operator for the 
original and scaled bitmaps, displays the PCX file containing the logo in the 320x200 workspace buffer, 

columns 0-639
SKY.PCX

columns 640-1279
mirror image
of SKY.PCX

columns 1280-1599
copy of

columns 0-319
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and finally calls fg_getimage() to retrieve the logo as a 256-color bitmap. The constructor expects four 
parameters: the PCX file name, the image width and height, and the vertical position where we'll display 
the image in the workspace buffer. The destructor function frees the bitmap memory using the delete[] 
operator. 

The IMAGE class has a Show() member function that displays a logo bitmap horizontally 
centered in the workspace buffer. If we want to display the logo at full size, Show() displays the original 
bitmap using fg_drwimage(). If we're displaying the logo at a reduced size, Show() creates a scaled 
bitmap with fg_scale(), then calls fg_drwimage() to display the scaled bitmap. 

Two static objects, Logo1 and Logo2, of type IMAGE are created in the MoveBackground() 
declarations. The size of each logo is 264x40 pixels; the first logo will be displayed at y=160 in the 
workspace buffer, and the second at y=80. MoveBackground() performs one frame of scrolling and is 
called from the message loop when no messages are waiting. It uses an index variable x to point to the 
starting column in the 1600x200 background buffer for the current frame. We copy the 320x200 region 
whose left edge is x from the background buffer to the 320x200 workspace buffer. In each frame, we 
increment x by eight pixels. When x reaches 1280, we are displaying the rightmost 320 columns of the 
background buffer (which are the same as its leftmost 320 columns), so we wrap back to the beginning of 
the background by resetting x to zero. 
/****************************************************************************\ 
*                                                                            * 
*  TGSdemo.cpp                                                               * 
*                                                                            * 
*  This program displays a scaled image (a logo) against a background of     * 
*  scrolling clouds. The background and logo images are stored in PCX files  * 
*  with identical palettes that do not use the Windows system colors.        * 
*                                                                            * 
*  TGSdemo is based on an original program by Michael Miller.                * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void MoveBackground(); 
 
char DataPath[256]; 
 
/****************************************************************************\ 
*                                                                            * 
*  Virtual Buffer class and function declarations                            * 
*                                                                            * 
\****************************************************************************/ 
 
class VB { 
private: 
   int hVB;                             // virtual buffer handle 
public: 
   VB(int, int, int init=FALSE);        // constructor function 
   ~VB();                               // destructor function 
   int handle();                        // member function (get VB handle) 
}; 
 
VB::VB(int Width, int Height, int Init) // constructor 
{ 
   if (Init) fg_vbinit(); 
   hVB = fg_vballoc(Width,Height); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
} 
 
VB::~VB()                               // destructor 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
} 
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int VB::handle(void)                    // member function to get the VB handle 
{ 
   return(hVB); 
} 
 
VB *WorkVB;                             // global pointer to workspace VB 
VB *BackVB;                             // global pointer to background VB 
 
/****************************************************************************\ 
*                                                                            * 
*  Image Buffer class and function declarations                              * 
*                                                                            * 
\****************************************************************************/ 
 
class IMAGE 
{ 
private: 
   int ImageWidth, ImageHeight; 
   int xCenter, yLoc; 
   BYTE *ImageData; 
   BYTE *ScaleData; 
public: 
   IMAGE(char *PCXfile, int Width, int Height, int yPos); 
   ~IMAGE(); 
   void Show(int); 
}; 
 
// constructor 
IMAGE::IMAGE(char *PCXfile, int Width, int Height, int yPos) 
{ 
   char FileName[256]; 
 
   lstrcpy(FileName,DataPath); 
   lstrcat(FileName,PCXfile); 
 
   // assign ImageWidth and ImageHeight 
   ImageWidth  = Width; 
   ImageHeight = Height; 
   yLoc = yPos; 
 
   // find page center coordinates 
   xCenter = (320 - ImageWidth) / 2; 
 
   // dynamically allocate memory for ImageData and scaling 
   ImageData = new BYTE [fg_imagesiz(ImageWidth,ImageHeight)]; 
   ScaleData = new BYTE [fg_imagesiz(ImageWidth,ImageHeight)]; 
 
   // load the actual image from the PCX file 
   fg_vbopen(WorkVB->handle()); 
   fg_showpcx(FileName,FG_KEEPCOLORS); 
 
   // retrieve the image as a 256-color bitmap 
   fg_move(0,ImageHeight-1); 
   fg_getimage(ImageData,ImageWidth,ImageHeight); 
}; 
 
// destructor 
IMAGE::~IMAGE() 
{ 
   delete[] ImageData; 
   delete[] ScaleData; 
} 
 
// member function to display the scaled object 
void IMAGE::Show(int Scale) 
{ 
   if (Scale <= 0) 
      return; 
 
   // image is scaled down 
   else if (Scale < 10) 
   { 
      int dWidth  = (ImageWidth  * Scale) / 10; 
      int dHeight = (ImageHeight * Scale) / 10; 
      int xLoc = (320 - dWidth) / 2; 
      fg_scale(ImageData,ScaleData,ImageWidth,ImageHeight,dWidth,dHeight); 
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      fg_move(xLoc,yLoc); 
      fg_drwimage(ScaleData,dWidth,dHeight); 
   } 
 
   // image is displayed at full size 
   else 
   { 
      fg_move(xCenter,yLoc); 
      fg_drwimage(ImageData,ImageWidth,ImageHeight); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WinMain                                                                   * 
*                                                                            * 
\****************************************************************************/ 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGtgsdemo"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   char FileName[256]; 
   register int i, j; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow( 
      szAppName,               // window class name 
      "Scaling and Scrolling", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   VB Workspace(320,200,TRUE); // 320x200 workspace virtual buffer object 
   VB Background(1600,200);    // 1600x200 background virtual buffer object 
   WorkVB = &Workspace;        // global pointer to workspace VB object 
   BackVB = &Background;       // global pointer to background VB object 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   GetModuleFileName(hInstance,DataPath,255); 
   for (i = lstrlen(DataPath); i >= 0; i--) 
   { 
      if (DataPath[i] == '\\') 
      { 
         DataPath[i+1] = 0; 
         break; 
      } 
   } 
   lstrcpy(FileName,DataPath); 
   lstrcat(FileName,"Sky.pcx"); 
 



502 • Fastgraph 6.0 User’s Guide 

 

  

   fg_vbopen(BackVB->handle()); 
   fg_showpcx(FileName,FG_KEEPCOLORS); 
 
   // copy the first 640 columns onto the next 640 columns, in 
   // reverse order (make a mirror image) 
   for (i = 639; i >= 0; i--) 
   { 
      j = 1279 - i; 
      fg_vbcopy(i,i,0,199,j,199,BackVB->handle(),BackVB->handle()); 
   } 
 
   // make another copy of first 320 columns 
   fg_vbcopy(0,319,0,199,1280,199,BackVB->handle(),BackVB->handle()); 
 
   // work buffer is currently open for pasting 
   fg_vbopen(WorkVB->handle()); 
 
   // handle messags while scrolling background 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         MoveBackground(); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,319,0,199,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
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         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  MoveBackground()                                                          * 
*                                                                            * 
*  Build the next frame and display it in the client area.                   * 
*                                                                            * 
\****************************************************************************/ 
 
void MoveBackground() 
{ 
   static IMAGE Logo1 = IMAGE("Logo1.pcx",264,40,160); 
   static IMAGE Logo2 = IMAGE("Logo2.pcx",264,40,80); 
   static int hBack = BackVB->handle(); 
   static int hWork = WorkVB->handle(); 
   static int x = 0; 
 
   // increment storage virtual buffer starting x coordinate 
   x += 8; 
   if (x >= 1280) x = 0; 
 
   // copy part of background image to workspace buffer 
   fg_vbcopy(x,x+319,0,199,0,199,hBack,hWork); 
 
   // add the logo 
   if (x <= 240) 
      Logo2.Show(x/10); 
   else 
   { 
      Logo1.Show((x-240)/10); 
      Logo2.Show(10); 
   } 
 
   // display the frame in the client area 
   fg_vbscale(0,319,0,199,0,cxClient-1,0,cyClient-1); 
} 

TGSdemo uses a C++ class named VB to hold the code and data required to manage a virtual 
buffer. It includes a private data item for the virtual buffer handle, a constructor, a destructor, and one 
member function: 

class VB { 
private: 
   int hVB;                     // virtual buffer handle 
public: 
   VB(int, int, int init=FALSE);// constructor function 
   ~VB();                       // destructor function 
   int handle();                // member function (get VB handle) 
}; 

The constructor function creates a virtual buffer with the specified dimensions, makes it the active virtual 
buffer, and assigns the logical palette colors to the virtual buffer. Its optional third parameter provides a 
way to initialize Fastgraph's virtual buffer environment, which we must do the first time we create a VB 
object: 

VB::VB(int Width, int Height, int Init)  
{ 
   if (Init) fg_vbinit(); 
   hVB = fg_vballoc(Width,Height); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
} 
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The destructor function closes the active virtual buffer and releases the virtual buffer memory. If all virtual 
buffers (that is, all VB objects) have been freed, fg_vbfin() releases any remaining virtual buffer 
resources: 

VB::~VB() 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
} 

Finally, the VB class includes a member function to return the handle by which Fastgraph references the 
virtual buffer: 

int VB::handle(void)  
{ 
   return(hVB); 
} 

The TGSdemo WinMain() function creates two virtual buffer objects from the VB class: 
VB Workspace(320,200,TRUE); // 320x200 workspace virtual buffer object 
VB Background(1600,200);    // 1600x200 background virtual buffer object 
WorkVB = &Workspace;        // global pointer to workspace VB object 
BackVB = &Background;       // global pointer to background VB object 

We use the optional third parameter to make the constructor call fg_vbinit() when we create the 
workspace object. Because the VB objects retain their scope only within WinMain(), we set up two global 
pointers to the objects: 
VB *WorkVB;                 // global pointer to workspace VB 
VB *BackVB;                 // global pointer to background VB 

These pointers are declared outside WinMain() immediately after the VB class declarations. 

In the examples we've presented so far, the WM_CREATE and WM_DESTROY message 
handlers respectively perform the virtual buffer initialization and shutdown tasks. In TGSdemo, the VB 
constructor and destructor functions handle these details. We can't create the VB objects in the 
WM_CREATE handler because they would lose scope when it returns, thus destroying any VB objects 
we just created. As we've seen, the solution is to let WinMain() create the VB objects once 
CreateWindow() returns and then reference them through the global pointers. Note also that the 
WM_DESTROY handler doesn't call fg_vbclose(), fg_vbfree(), and fg_vbfin(), as we've moved these 
calls into the destructor. 

Tetris 
The Tetris program is a Windows version of the popular puzzle game written in Delphi. It uses an 

initial 480x400 form size and a 240x200 virtual buffer. The virtual buffer contains the Tetris blocks and 
surrounding border. A timer component is defined that results in the virtual buffer contents being 
displayed in the middle of the form. The program also uses a header component to show the score, and a 
button component that allows you to pause the game. 
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After a row is filled with Tetris blocks, a little munching critter chomps the row from left to right, 

causing the blocks from above to fall down. This animation is achieved through double buffering using a 
second virtual buffer, just slightly larger than a row of blocks. This holds a clean copy of the blocks, so as 
the critters munch they can be moved without leaving remnants. 

Because of space considerations, we will not present the Tetris source code here, but instead 
refer you to the on-line documentation in the Tetris.doc file (SETUP places this file in the Tetris 
subdirectory of the Fastgraph examples directory). 

QuickFire 
QuickFire is a tile-based side-scrolling game written in C. The original version of QuickFire was a 

real mode DOS program that ran in the 320x200 "mode X" 256-color graphics mode. The Windows 
version of QuickFire was created using the techniques outlined in Chapter 16, using 32-bit protected 
mode for the intermediate DOS version. QuickFire is an excellent example of how to do arcade-style 
animation with Fastgraph. 



506 • Fastgraph 6.0 User’s Guide 

 

  

 
Because of space considerations, we will not present the QuickFire source code here, but instead 

refer you to the on-line documentation in the QF.doc file (SETUP places this file in the QF subdirectory of 
the Fastgraph examples directory). A complete description of the methods and tools used to create side-
scroller games may be found in Action Arcade Adventure Set by Diana Gruber (Coriolis Group Books, 
1994, ISBN 1-883577-06-03). This book is now out of print, but an online version is available from 
http://www.makegames.com/sidescroller. 

DirectX Animation 
The Fastgraph example programs that perform frame-based animation all use a different form of 

the message loop that calls our own "do the next frame" function when no Windows messages are 
waiting. If you're creating a DirectX program with Fastgraph, you must modify the message loop so it calls 
this function only when the program is active. We can determine if a program is active by adding a 
WM_ACTIVATEAPP event handler (a WM_ACTIVATEAPP event occurs when control switches to or from 
an application). The way you implement a WM_ACTIVATEAPP handler differs for each supported 
language. 

The WM_ACTIVATEAPP handler also calls fg_ddrestore() to restore all DirectDraw surfaces 
when control switches back to our program from some other application. This is necessary because 
Fastgraph creates the primary surface (and its back buffer if present) in video memory. Other surfaces 
created with fg_vballoc() can also reside in video memory if directed by fg_ddmemory(). When you 
switch control from a DirectX program to some other task, the DirectX program is minimized and some or 
all of its video memory surfaces may be lost. Calling fg_ddrestore() restores the primary surface and all 
other DirectDraw surfaces that reside in video memory. It has no parameters and no return value. Note 
that fg_ddrestore() restores the actual surfaces, but not their contents. 

We'll now present the FrameDD example, a DirectDraw program that uses frame-based 
animation and implements a WM_ACTIVATEAPP event handler. FrameDD fills a 640x480 virtual buffer 
with pixels of the same color, using a different color for each frame, and rapidly displays the frames 
through either DirectDraw blitting or flipping. Note especially how we use conditional compilation to 
control the choice of blitting or flipping. If blitting, we must create our drawing surface with fg_vballoc(), 
just as we've always done. If flipping, however, our drawing surface will be the back buffer of the 
DirectDraw primary surface. In this case, we set hVB to zero so we can open the drawing surface just like 
any other virtual buffer (the back buffer always has an implicit virtual buffer handle of zero). 

The FrameDD animation-based message loop calls the program's Animate() function when no 
messages are waiting and FrameDD is the active application. Animate() fills the virtual buffer with pixels 

http://www.makegames.com/sidescroller
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of the next color and then calls fg_vbpaste() if blitting or fg_ddflip() if page flipping. Note how FrameDD 
uses the AppIsActive global variable to keep track of the application's state. The AppIsActive global 
is initially FALSE and is updated in the WM_ACTIVATEAPP handler; its value will be TRUE when 
FrameDD is active, and FALSE when not. This allows the message loop to avoid calling Animate() when 
control switches from FrameDD to another application. 

We must also remove the WM_PAINT event handler from FrameDD, as the BeginPaint() and 
EndPaint() functions cause problems when restoring the primary surface. We update the screen with 
fg_vbpaste() or fg_ddflip() outside of the WM_PAINT handler anyway, so removing it isn't an issue. 
Similarly, we also remove the InvalidateRect() call, Invalidate() call, or Refresh statement from the 
WM_SETFOCUS event handler. 

FrameDD: C/C++ Version 
In C/C++ programs, adding a WM_ACTIVATEAPP event handler is very easy. The handler 

updates the AppIsActive global and restores the DirectDraw surfaces with fg_ddrestore() when 
FrameDD becomes active: 

case WM_ACTIVATEAPP: 
   AppIsActive = wParam; 
   if (AppIsActive) fg_ddrestore(); 
   return 0; 

Note how the FrameDD message loop calls Animate() only when no messages are waiting and 
AppIsActive is TRUE. 
/****************************************************************************\ 
*                                                                            * 
*  FrameDD.c                                                                 * 
*                                                                            * 
*  This program shows how to set up a full screen DirectDraw application     * 
*  for either blitting or flipping. The selection of blitting or flipping is * 
*  controlled by the BLIT and FLIP symbols defined below.                    * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  640 
#define vbHeight 480 
 
// define either BLIT or FLIP, but not both, for blitting or flipping 
#define BLIT 
//#define FLIP 
 
BOOL AppIsActive = FALSE; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void Animate(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGframedd"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
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   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindowEx( 
      WS_EX_TOPMOST,                // extended window style 
      szAppName,                    // window class name 
      "DirectDraw Frame Animation", // window caption 
      WS_POPUP,                     // window style 
      0,                            // initial x position 
      0,                            // initial y position 
      vbWidth,                      // initial x size 
      vbHeight,                     // initial y size 
      NULL,                         // parent window handle 
      NULL,                         // window menu handle 
      hInstance,                    // program instance handle 
      NULL);                        // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready and this is the active application, call 
   // Animate() to perform one frame of animation. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else if (AppIsActive) 
         Animate(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   switch (iMsg) 
   { 
      case WM_ACTIVATEAPP: 
         AppIsActive = wParam; 
         if (AppIsActive) fg_ddrestore(); 
         return 0; 
 
      case WM_CREATE: 
#ifdef BLIT 
         fg_ddsetup(vbWidth,vbHeight,8,FG_DX_BLIT); 
#else 
         fg_ddsetup(vbWidth,vbHeight,8,FG_DX_FLIP); 
#endif 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
 
         // if blitting, create a virtual buffer the same size as the screen 
         // resolution; if flipping, use the primary surface's back buffer 
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         fg_vbinit(); 
#ifdef BLIT 
         hVB = fg_vballoc(vbWidth,vbHeight); 
#else 
         hVB = 0; 
#endif 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         fg_mouseini(); 
         fg_mousevis(0); 
         return 0; 
 
      case WM_KEYDOWN: 
         switch(wParam) 
         { 
            case VK_ESCAPE: 
            case VK_F12: 
               DestroyWindow(hWnd); 
               break; 
         } 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_DESTROY: 
         fg_mousevis(1); 
         fg_vbclose(); 
#ifdef BLIT 
         fg_vbfree(hVB); 
#endif 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Animate()                                                                 * 
*                                                                            * 
*  Construct the next frame of animation and display it with either blitting * 
*  or flipping, as directed by the BLIT and FLIP symbols above.              * 
*                                                                            * 
\****************************************************************************/ 
 
void Animate(void) 
{ 
   // fill drawing surface with the next color 
   fg_setcolor((fg_getcolor() + 1) & 0xFF); 
   fg_fillpage(); 
 
   // blit or flip surface to the screen 
#ifdef BLIT 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
#else 
   fg_ddflip(); 
#endif 
} 

FrameDD: C++Builder Version 
In C++Builder programs, adding a WM_ACTIVATEAPP event handler requires overriding the 

default message-handling method for that message. To do this, we must declare a new method (with the 
same name as the method it overrides) in the protected part of the form declaration and then map the 
method to the message it overrides: 

protected:      // User declarations 
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   void __fastcall WMActivateApp(TMessage &Msg); 
   BEGIN_MESSAGE_MAP 
      MESSAGE_HANDLER(WM_ACTIVATEAPP, TMessage, WMActivateApp) 
   END_MESSAGE_MAP(TForm) 

Our WM_ACTIVATEAPP handler updates the AppIsActive global and restores the DirectDraw 
surfaces with fg_ddrestore() when FrameDD becomes active: 

void __fastcall TForm1::WMActivateApp(TMessage &Msg) 
{ 
   AppIsActive = Msg.WParam; 
   if (AppIsActive) fg_ddrestore(); 
} 

Finally, note how FrameDD's OnIdle handler calls Animate() only when AppIsActive is True. 
/****************************************************************************\ 
*                                                                            * 
*  FrameDD.cpp                                                               * 
*  FrameDDU.cpp                                                              * 
*                                                                            * 
*  This program shows how to set up a full screen DirectDraw application     * 
*  for either blitting or flipping. The selection of blitting or flipping is * 
*  controlled by the BLIT and FLIP symbols defined in FrameDDU.h.            * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "FrameDDU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   if (AppIsActive) Animate(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::WMActivateApp(TMessage &Msg) 
{ 
   AppIsActive = Msg.WParam; 
   if (AppIsActive) fg_ddrestore(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
#ifdef BLIT 
   fg_ddsetup(vbWidth,vbHeight,8,FG_DX_BLIT); 
#else 
   fg_ddsetup(vbWidth,vbHeight,8,FG_DX_FLIP); 
#endif 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
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   Visible = True; 
 
   fg_vbinit(); 
   // if blitting, create a virtual buffer the same size as the screen 
   // resolution; if flipping, use the primary surface's back buffer 
#ifdef BLIT 
   hVB = fg_vballoc(vbWidth,vbHeight); 
#else 
   hVB = 0; 
#endif 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   fg_mouseini(); 
   fg_mousevis(0); 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
   AppIsActive = True; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormKeyDown(TObject *Sender, WORD &Key, 
   TShiftState Shift) 
{ 
   if (Key == VK_ESCAPE || Key == VK_F12) Close(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_mousevis(1); 
   fg_vbclose(); 
#ifdef BLIT 
   fg_vbfree(hVB); 
#endif 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
   Application->Minimize(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  Animate()                                                                 * 
*                                                                            * 
*  Construct the next frame of animation and display it with either blitting * 
*  or flipping, as directed by the BLIT and FLIP symbols above.              * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::Animate() 
{ 
   // fill drawing surface with the next color 
   fg_setcolor((fg_getcolor() + 1) & 0xFF); 
   fg_fillpage(); 
 
   // blit or flip the surface to the screen 
#ifdef BLIT 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
#else 
   fg_ddflip(); 
#endif 
} 

FrameDD: Delphi Version 
In Delphi programs, adding a WM_ACTIVATEAPP event handler requires overriding the default 

message-handling method for that message. To do this, we must declare a new method (with the same 
message index as the method it overrides) in the protected part of the form declaration: 

protected 
  procedure WMActivateApp(var Msg: TMessage); 
            message WM_ACTIVATEAPP; 
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Our WM_ACTIVATEAPP handler updates the AppIsActive global and restores the DirectDraw 
surfaces with fg_ddrestore() when FrameDD becomes active: 

procedure TForm1.WMActivateApp(var Msg: TMessage); 
begin 
  AppIsActive := (Msg.WParam <> 0); 
  if AppIsActive then fg_ddrestore; 
end; 

Finally, note how FrameDD's OnIdle handler calls Animate() only when AppIsActive is True. 
{***************************************************************************** 
*                                                                            * 
*  FrameDD.dpr                                                               * 
*  FrameDDU.pas                                                              * 
*                                                                            * 
*  This program shows how to set up a full screen DirectDraw application     * 
*  for either blitting or flipping. The selection of blitting or flipping is * 
*  controlled by the BLIT and FLIP symbols defined below.                    * 
*                                                                            * 
*****************************************************************************} 
 
unit FrameDDU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWinD; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormKeyDown(Sender: TObject; var Key: Word; 
      Shift: TShiftState); 
    procedure FormDestroy(Sender: TObject); 
  protected 
    procedure WMActivateApp(var Msg: TMessage); message WM_ACTIVATEAPP; 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
 
{ define either BLIT or FLIP, but not both, for blitting or flipping } 
{$DEFINE BLIT} 
{$UNDEF FLIP} 
 
const 
  vbWidth = 640; 
  vbHeight = 480; 
 
var 
  dc   : hDC; 
  hPal : hPalette; 
  hVB  : integer; 
  AppIsActive : boolean = False; 
 
{***************************************************************************** 
*                                                                            * 
*  Animate()                                                                 * 
*                                                                            * 
*  Construct the next frame of animation and display it with either blitting * 
*  or flipping, as directed by the BLIT and FLIP symbols above.              * 
*                                                                            * 
*****************************************************************************} 
 
procedure Animate; 
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begin 
  { fill drawing surface with the next color } 
  fg_setcolor((fg_getcolor + 1) and $FF); 
  fg_fillpage; 
 
  { blit or flip surface to the screen } 
  {$IFDEF BLIT} 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
  {$ELSE} 
  fg_ddflip; 
  {$ENDIF} 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Application event handlers...                                             * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  if AppIsActive then Animate; 
  Done := False; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Additional Windows message handlers...                                    * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.WMActivateApp(var Msg: TMessage); 
begin 
  AppIsActive := (Msg.WParam <> 0); 
  if AppIsActive then fg_ddrestore; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  Form event handlers...                                                    * 
*                                                                            * 
*****************************************************************************} 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  {$IFDEF BLIT} 
  fg_ddsetup(vbWidth,vbHeight,8,FG_DX_BLIT); 
  {$ELSE} 
  fg_ddsetup(vbWidth,vbHeight,8,FG_DX_FLIP); 
  {$ENDIF} 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
  Visible := True; 
 
  fg_vbinit; 
  { if blitting, create a virtual buffer the same size as the screen } 
  { resolution; if flipping, use the primary surface's back buffer } 
  {$IFDEF BLIT} 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  {$ELSE} 
  hVB := 0; 
  {$ENDIF} 
  fg_vbopen(hVB); 
  fg_vbcolors; 
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  fg_mouseini; 
  fg_mousevis(0); 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
  AppIsActive := True; 
end; 
 
procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word; 
  Shift: TShiftState); 
begin 
  if (Key = VK_Escape) or (Key = VK_F12) then Close; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_mousevis(1); 
  fg_vbclose; 
  {$IFDEF BLIT} 
  fg_vbfree(hVB); 
  {$ENDIF} 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
  Application.Minimize; 
end; 
 
end. 

FrameDD: Visual Basic Version 
In Visual Basic programs, adding a WM_ACTIVATEAPP event handler is a rather complex task. 

We must replace the default Window procedure with our own Window procedure that traps 
WM_ACTIVATEAPP messages, but passes all other messages to the default Window procedure. The 
ActivateApp.bas module in Fastgraph's Visual Basic examples directory provides code to do this, so most 
of the work is taken care of by adding the ActivateApp.bas module to your application's Visual Basic 
project. 

We must still enable our own Window procedure by calling the ActivateApp module's 
HookWindowProc() function in the program's Form_Load() function. Once this is done, the Window 
procedure defined in the ActivateApp module will call our program's ActivateApp() function when it 
receives a WM_ACTIVATEAPP message. The ActivateApp() function serves as our 
WM_ACTIVATEAPP handler and first updates the AppIsActive global. If FrameDD has just become 
active, we maximize the form and restore the DirectDraw surfaces with fg_ddrestore(). If control is 
instead being switched to another application, we minimize the form, and if FrameDD is compiled for page 
flipping, flip to the GDI drawing surface with fg_gdiflip() as shown here: 

Public Sub ActivateApp(ByVal wParam As Long) 
   AppIsActive = (wParam <> 0) 
   If AppIsActive Then 
      WindowState = vbMaximized 
      Call fg_ddrestore 
   Else 
      WindowState = vbMinimized 
      #If Flip Then 
      Call fg_gdiflip 
      #End If 
   End If 
End Sub 

We must be sure to call the ActivateApp module's UnHookWindowProc() function in the program's 
Form_Unload() function. This disables our own Window procedure and directs all messages back to the 
default Window procedure. Finally, note how the FrameDD message loop in Form_Load() calls 
Animate() only when AppIsActive is True. 
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'***************************************************************************** 
'                                                                            * 
'  FrameDD.frm                                                               * 
'                                                                            * 
'  This program shows how to set up a full screen DirectDraw application     * 
'  for either blitting or flipping. The selection of blitting or flipping is * 
'  controlled by the BLIT and FLIP symbols defined below.                    * 
'                                                                            * 
'  Requires Visual Basic 5.0 or later.                                       * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
' define either Blit or Flip, but not both, for blitting or flipping 
#Const Blit = True 
#Const Flip = False 
 
Dim hPal As Long 
Dim hVB As Long 
Dim AppIsActive As Boolean 
Dim AppIsRunning As Boolean 
 
Public Sub ActivateApp(ByVal wParam As Long) 
   AppIsActive = (wParam <> 0) 
   If AppIsActive Then 
      WindowState = vbMaximized 
      Call fg_ddrestore 
   Else 
      WindowState = vbMinimized 
      #If Flip Then 
      Call fg_gdiflip 
      #End If 
   End If 
End Sub 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   #If Blit Then 
   Call fg_ddsetup(vbWidth, vbHeight, 8, FG_DX_BLIT) 
   #Else 
   Call fg_ddsetup(vbWidth, vbHeight, 8, FG_DX_FLIP) 
   #End If 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
   Visible = True 
 
   ' if blitting, create a virtual buffer the same size as the screen 
   ' resolution; if flipping, use the primary surface's back buffer 
   Call fg_vbinit 
   #If Blit Then 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   #Else 
   hVB = 0 
   #End If 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   Call fg_mouseini 
   Call fg_mousevis(0) 
 
   AppIsActive = True 
   AppIsRunning = True 
   Call HookWindowProc(hWnd) 
   While AppIsRunning 
      DoEvents 
      If AppIsActive Then Call Animate 
   Wend 
End Sub 
 



516 • Fastgraph 6.0 User’s Guide 

 

  

Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer) 
   If KeyCode = vbKeyEscape Or KeyCode = vbKeyF12 Then Unload Me 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   AppIsActive = False 
   Call UnHookWindowProc(hWnd) 
   Call fg_mousevis(1) 
   Call fg_vbclose 
   #If Blit Then 
   Call fg_vbfree(hVB) 
   #End If 
   Call fg_vbfin 
End Sub 
 
'****************************************************************************\ 
'                                                                            * 
'  Animate()                                                                 * 
'                                                                            * 
'  Construct the next frame of animation and display it with either blitting * 
'  or flipping, as directed by the BLIT and FLIP symbols above.              * 
'                                                                            * 
'****************************************************************************/ 
 
Private Sub Animate() 
   ' fill drawing surface with the next color 
   Call fg_setcolor((fg_getcolor() + 1) And &HFF) 
   Call fg_fillpage 
 
   ' blit or flip surface to the screen 
   #If Blit Then 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
   #Else 
   Call fg_ddflip 
   #End If 
End Sub 

Bug Lite Animation Demo 
Bug Lite is conceptually similar to the Fishtank example, but it includes conditional compilation 

sequences to control what type of EXE we wish to build. By defining the appropriate symbols at the top of 
the file, we can build either a native Win32 version, a windowed DirectDraw version, a full screen 
DirectDraw version with blitting, or a full screen DirectDraw version with flipping. In the program, animated 
mosquitoes fly back and forth past a bug zapper, but then fall to their untimely death when they get too 
close. Bug Lite is a 256-color program; a screen shot is shown here: 



Chapter 12: 2D Animation and Special Effects • 517 

 

 

 
Bug Lite uses a 640x480 PCX file for the background image, and seven 320x200 PCX files for 

the sprites: 

BUGBACK.PCX background image 
LAMP.PCX bug zapper sprite 
MFALL.PCX mosquito falling (four frames) 
MOSQ.PCX mosquito flying (eight frames) 
MTURN.PCX mosquito turning around (four frames) 
MZAP.PCX mosquito getting zapped (three frames) 
MZAPA.PCX mosquito getting zapped (one frame) 
RAIL.PCX center of porch rail sprite 

All eight PCX files use the same 256-color palette. The mosquito PCX files contain the different "frames" 
used as the mosquito sprites animate within themselves. We retrieve the sprites from the PCX files when 
the program begins (specifically, in the program's LoadBugs() function), storing them in 256-color 
bitmaps with fg_getimage(). The program's PutBug() function displays the requested sprite when 
needed using either fg_clpimage() or fg_flpimage(). 

While the bug zapper and the porch rail do not move, they must be foreground objects because 
mosquitoes can fly or fall behind them. An easy way to implement foreground objects is just treat them as 
sprites that we draw after any objects that might be in back of them, and that's exactly what we do in Bug 
Lite. 

As mentioned earlier, Bug Lite uses conditional compilation to control what type of EXE is created. 
This is accomplished by defining or commenting out four symbols at the beginning of the source code file. For 
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example, to create a windowed DirectDraw version, we define the DIRECTDRAW and WINDOWED 
symbols, but comment out the FULL_SCREEN_BLIT and FULL_SCREEN_FLIP symbols, as shown here: 
// The DIRECTDRAW symbol must be defined if linking with FGW's DirectDraw 
// libraries, and commented out if linking with FGW's native Win32 libraries. 
#define DIRECTDRAW 
 
// The WINDOWED symbol must be defined if creating a windowed program, and 
// commented out if creating a full screen DirectDraw program. 
#define WINDOWED 
 
// The FULL_SCREEN_BLIT and FULL_SCREEN_FLIP symbols are mutually exclusive 
// and apply only to full screen DirectDraw programs. Define FULL_SCREEN_BLIT 
// to use DirectDraw blitting, or define FULL_SCREEN_FLIP to use DirectDraw 
// page flipping. Comment out both symbols if WINDOWED is defined above. 
#ifdef DIRECTDRAW 
//#define FULL_SCREEN_BLIT 
//#define FULL_SCREEN_FLIP 
#endif 

Source code for Bug Lite will not be presented here, but its C source code is included in the BugLite 
subdirectory of the Fastgraph examples directory. 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. These functions are present only in Fastgraph's DirectX 
libraries. 

fg_ddrestore() Restores the DirectDraw primary surface and all other DirectDraw surfaces 
that reside in video memory. Such surfaces must be restored upon return from 
a task switch (Alt+Tab, for example). It restores the surface memory, but not 
the surface contents. 
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Overview 
This chapter will cover the Fastgraph functions designed for three-dimensional (3D) programming. 

We’ll start off with Fastgraph’s 3D geometry system, which lets you set up a 3D coordinate system and move 
or rotate objects in 3D space and then project them to the screen, as well as control the viewer's position and 
orientation (direction). Then we'll define and discuss some important 3D concepts such as visual surface 
determination, 3D clipping, polygon culling, Gouraud shading, and texture mapping. Next it's on to the 
functions for creating and managing texture maps and z-buffers, followed by Fastgraph's simplified 3D 
functions for displaying 3D objects. We'll finish with brief descriptions of Fastgraph's low-level 3D functions 
and legacy 3D functions. 

A complete discussion of 3D programming is beyond the scope of this manual. We’ll of course 
show how to use Fastgraph’s 3D functions, but for in-depth information about 3D principles and theory, 
you'll need to consult other sources. A good place to start is the Fastgraph 3D tutorial at 
http://www.fastgraph.com/tutorial. We also list recommended 3D reference books at 
http://www.fastgraph.com/books. 

Unless otherwise specified, all concepts presented in this chapter apply to both Fastgraph's native 
and DirectX libraries. We'll explain how to use Fastgraph with Direct3D in the next chapter. 

3D Geometry System 
Fastgraph’s 3D geometry system lets you define and manipulate objects in 3D space. It features 

two 3D coordinate systems – world space and object space – and the ability to perspectively display or 
render objects defined in either space. The 3D geometry system also lets you specify the viewer's 
position and orientation in 3D world space. 

Fastgraph's 3D geometry system is designed to use a left-handed 3D coordinate system. This 
means the screen is the x-y plane, with x increasing toward the right horizontally and y increasing toward 
the top vertically. The z axis increases into the screen, so a point whose z coordinate is 50 is twice as 
close to the origin as a point whose z coordinate is 100. The picture on the left shows a perspective view 
of a left-handed 3D coordinate system; the picture on the right shows a top-down view of that same 
coordinate system. 

  

http://www.fastgraph.com/tutorial
http://www.fastgraph.com/books
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Object Space and World Space 
Fastgraph's 3D geometry system uses two separate but related 3D coordinate systems: object 

space and world space. 

Object space, also called model space in some 3D references, is the coordinate system in which 
a specific 3D object is defined. Usually, but not always, each object will have its own distinct object space 
with the origin at the object's center. By center, we mean the point about which the object is moved and 
rotated, which is not necessarily the object's geometric center. 

World space is the coordinate system of our 3D universe. Stationary objects such as walls are 
well-suited for world space, but as we'll see, moving objects are best defined in object space. We also 
use world space coordinates to define the position and orientation of the viewer within our 3D universe, 
which is called the point of view or POV. By default, the POV is at the world space origin, looking straight 
down the positive z axis. 

The 3D Geometry Pipeline 
Here is an outline of the required and optional steps to display 3D objects with Fastgraph: 

1. Define a 3D viewport and projection ratio with fg_3Dviewport(). 
2. Define 3D objects in object space and/or world space. 
3. Optionally define the 3D clipping limits with fg_3Dsetzclip(). 
4. Optionally define the point of view (POV). If you do not do this, the POV will be at the 3D world 

space origin, looking straight down the positive z axis. 
5. Display each 3D object using Fastgraph's simplified or low-level 3D functions. 

Steps 1 to 3 are typically done once at program startup, while steps 4 and 5 are typically done once per 
frame. The following sections will describe these steps in more detail. 

3D Viewports 
A 3D viewport specifies where we want to draw 3D objects in the active virtual buffer. To set up a 

3D viewport, we use the fg_3Dviewport() function. Its first four parameters are the minimum x, maximum 
x, minimum y, and maximum y screen space coordinates defining the viewport edges within the virtual 
buffer. These can define any rectangular region but are often set to the virtual buffer extents. The final 
fg_3Dviewport() parameter is the projection ratio. This is a non-zero floating point value by which 3D 
coordinates are multiplied before projection (the projection ratio is often 1). For example, the statement 

C/C++: 
fg_3Dviewport(0,fg_getmaxx(),0,fg_getmaxy(),0.5); 

C#: 
fg._3Dviewport(0, fg.getmaxx(), 0, fg.getmaxy(), 0.5); 

Delphi: 
fg_3Dviewport(0,fg_getmaxx,0,fg_getmaxy,0.5); 

Visual Basic: 
Call fg_3Dviewport(0, fg_getmaxx(), 0, fg_getmaxy(), 0.5) 

Visual Basic .NET: 
fg_3Dviewport(0, fg_getmaxx(), 0, fg_getmaxy(), 0.5) 

defines a 3D viewport equal to the virtual buffer resolution with a projection ratio of 0.5. 

If the projection ratio is positive, Fastgraph will use a left-handed 3D coordinate system; if 
negative, Fastgraph will use a right-handed coordinate system. Since Fastgraph's 3D geometry system 
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uses a left-handed coordinate system, you'll almost always specify a positive projection ratio. A negative 
projection ratio (that is, a right-handed coordinate system) might be useful during conversion of programs 
that use Fastgraph's legacy 3D functions, but bear in mind that not all features of the 3D geometry system 
(for example, 3D clipping) will be available if you use a right-handed coordinate system. 

Defining 3D Objects 
We can define 3D objects in either object space or world space. Objects that move are usually 

defined in object space and then displayed at their current position and orientation in world space. 
Stationary objects such as walls are usually defined in world space because they exist at fixed positions 
in our 3D universe. Fastgraph uses one set of functions to display objects in object space and another set 
of functions to display objects in world space. 

In either case, we define a 3D object as a group of convex polygons. For example, we can 
construct a cube from six squares joined at the corners, as shown here. 

 
The cube's front face is the polygon defined by the vertices ABCD in the above diagram. If this is a 
40x40x40 cube defined in object space, it will have (x,y,z) coordinates extending from -20 to +20 in each 
direction. The cube will be centered at the origin, so its front face ABCD extends from -20 to +20 in both 
the x and y directions, and is situated at -20 along the z axis. The polygon representing the front face 
could be defined like this: 

C/C++: 
double FrontFace[] = { 
   -20.0, 20.0,-20.0, 
    20.0, 20.0,-20.0, 
    20.0,-20.0,-20.0, 
   -20.0,-20.0,-20.0}; 

C#: 
double [] FrontFace = { 
   -20.0, 20.0,-20.0, 
    20.0, 20.0,-20.0, 
    20.0,-20.0,-20.0, 
   -20.0,-20.0,-20.0}; 

Delphi: 
FrontFace : array [1..12] of double = ( 
   -20.0, 20.0,-20.0, 
    20.0, 20.0,-20.0, 
    20.0,-20.0,-20.0, 
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   -20.0,-20.0,-20.0); 

Visual Basic: 
Dim FrontFace(12) As Double 
FrontFace(0)=-20.0: FrontFace(1)=20.0: FrontFace(2)=-20.0 
FrontFace(3)=20.0: FrontFace(4)=20.0: FrontFace(5)=-20.0 
FrontFace(6)=20.0: FrontFace(7)=-20.0: FrontFace(8)=-20.0 
FrontFace(9)=-20.0: FrontFace(10)=-20.0: FrontFace(11)=-20.0 

Visual Basic .NET: 
Dim FrontFace(12) As Double = { _ 
   -20.0, 20.0,-20.0, _ 
    20.0, 20.0,-20.0, _ 
    20.0,-20.0,-20.0, _ 
   -20.0,-20.0,-20.0} 

The front face has four vertices, with each vertex consisting of an (x,y,z) coordinate triple, for a total of 
twelve floating point values. The first three elements of the FrontFace array are the (x,y,z) coordinates 
for vertex A, the next three elements are the (x,y,z) coordinates for vertex B, and so forth. To form the 
complete cube, we would have five additional vertex arrays, one for each of the other five faces. 

Why would we want to define 3D objects in object space, and not just define them in world space 
to begin with? There are two reasons for this. First, object space lets us use the same vertex arrays to 
display the same 3D object in different locations. If we wanted to display 20 cubes, for instance, we only 
need to define the cube once in object space, and then display that one cube at 20 different world space 
positions. Defining objects in world space would mean having 20 sets of vertex arrays, one for each cube 
at each world space position. A less obvious reason for defining objects in world space is that we rotate 
3D objects around their origin. Without object space, we would need to move world space objects to the 
world space origin, perform the rotation, and then move them back to their original world space position. 
Object space simplifies this considerably. 

Defining the Point of View 
The position and orientation of the viewer within 3D world space is called the point of view or 

POV. By default, the POV is at the world space origin, looking straight down the positive z axis, but we 
can change this with the functions described in this section. All (x,y,z) coordinates passed to the POV 
functions are assumed to be 3D world space values. 

The basic POV function is fg_3Dlookat(), which defines the POV by specifying the viewer's 
position and a target point at which the viewer is looking. Its first three parameters are the (x,y,z) 
coordinates of the viewer's position, and its last three parameters are the coordinates of the target point. 
Suppose we want to place the POV at the world space position (0,10,50) with the viewer looking to the 
left. The following call to fg_3Dlookat() will define the POV as desired: 

C/C++: 
fg_3Dlookat(0.0,10.0,50.0,-1.0,10.0,50.0); 

C#: 
fg._3Dlookat(0.0, 10.0, 50.0, -1.0, 10.0, 50.0); 

Delphi: 
fg_3Dlookat(0.0,10.0,50.0,-1.0,10.0,50.0); 

Visual Basic: 
Call fg_3Dlookat(0.0, 10.0, 50.0, -1.0, 10.0, 50.0) 

Visual Basic .NET: 
fg_3Dlookat(0.0, 10.0, 50.0, -1.0, 10.0, 50.0) 
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In this case, we passed fg_3Dlookat() a target x coordinate of -1.0. We would get the same POV by 
passing any negative value for the target x because both y coordinates and both z coordinates are equal. 
That is, from the viewer's position (0,10,50), looking at (-1,10,50) results in the same orientation as looking at, 
say, (-25,10,50) or (-500,10,50). We can reset Fastgraph's default POV by passing fg_3Dlookat() a 
positive value for the target z parameter and zero for all other parameters. 

The fg_3Dgetpov() function returns the current POV information. It expects six floating point 
parameters, all passed by reference. The first three receive the (x,y,z) coordinates of the viewer's position, 
and the last three receive the (x,y,z) components of the ViewOut vector. The ViewOut vector is a unit 
vector in the direction the viewer is facing. In other words, the POV returned by 

C/C++: 
fg_3Dgetpov(&xPos,&yPos,&zPos,&xDir,&yDir,&zDir); 

C#: 
fg._3Dgetpov(out xPos, out yPos, out zPos, out xDir, out yDir, 
             out zDir); 

Delphi: 
fg_3Dgetpov(xPos,yPos,zPos,xDir,yDir,zDir); 

Visual Basic: 
Call fg_3Dgetpov(xPos, yPos, zPos, xDir, yDir, zDir) 

Visual Basic .NET: 
fg_3Dgetpov(xPos, yPos, zPos, xDir, yDir, zDir) 

is equivalent to the POV defined by 

C/C++: 
fg_3Dlookat(xPos,yPos,zPos,xPos+xDir,yPos+yDir,zPos+zDir); 

C#: 
fg._3Dlookat(xPos, yPos, zPos, xPos+xDir, yPos+yDir, zPos+zDir); 

Delphi: 
fg_3Dlookat(xPos,yPos,zPos,xPos+xDir,yPos+yDir,zPos+zDir); 

Visual Basic: 
Call fg_3Dlookat(xPos,yPos,zPos,xPos+xDir,yPos+yDir,zPos+zDir) 

Visual Basic .NET: 
fg_3Dlookat(xPos,yPos,zPos,xPos+xDir,yPos+yDir,zPos+zDir) 

Two other POV functions, fg_3Dmove() and fg_3Drotate(), let you change the viewer's position 
and orientation separately. The fg_3Dmove() function's three parameters specify the (x,y,z) coordinates 
defining the viewer's position; it does not change the viewer's orientation. The fg_3Drotate() function's three 
parameters specify the (x,y,z) components of a ViewOut vector defining the viewer's orientation; it leaves 
the viewer's position unchanged. For example, the POV defined by the above fg_3Dlookat() calls is 
equivalent to the POV defined by the following pairs of fg_3Drotate() and fg_3Dmove() calls: 

C/C++: 
fg_3Drotate(xDir,yDir,zDir); 
fg_3Dmove(xPos,yPos,zPos); 

C#: 
fg._3Drotate(xDir, yDir, zDir); 
fg._3Dmove(xPos, yPos, zPos); 

Delphi: 
fg_3Drotate(xDir,yDir,zDir); 
fg_3Dmove(xPos,yPos,zPos); 
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Visual Basic: 
Call fg_3Drotate(xDir, yDir, zDir) 
Call fg_3Dmove(xPos, yPos, zPos) 

Visual Basic .NET: 
fg_3Drotate(xDir, yDir, zDir) 
fg_3Dmove(xPos, yPos, zPos) 

While fg_3Dmove() does not change the viewer's orientation, it is important to note that it does change 
the viewer's target point. Consider the case where the viewer is at (50,0,50) looking at the world space 
origin. If we move the viewer to (70,0,50), he will now be looking at (20,0,0) instead of the origin. That's 
because (20,0,0) is the same direction and distance from (70,0,50) as the origin is from (50,0,50). 

The fg_3Daxisangle() function provides another way to define the POV. It rotates the viewer's 
orientation by a given angle around an arbitrary axis through the 3D world space origin. The function's 
first three parameters define are the (x,y,z) components of a vector defining the axis of rotation (that is, 
they define a point on this axis). The final fg_3Daxisangle() parameter defines the rotation angle, 
expressed in tenths of degrees. If the angle is positive, the viewer rotates clockwise around the axis; if 
negative, the viewer rotates counterclockwise. 

The final POV function, fg_3Dpov(), is similar to fg_3Dlookat(), but it specifies the viewer's 
orientation in terms of Euler angles. The first three fg_3Dpov() parameters are the (x,y,z) coordinates of 
the viewer's position, just as with fg_3Dlookat(). The last three parameters define the viewer's orientation 
about the world space x, y, and z coordinate axes (in that order). The orientation angles are integer 
values expressed in tenths of degrees, measured counterclockwise around the respective world space 
axes. We can reset Fastgraph's default POV by passing all zero parameters to fg_3Dpov(). 

Earlier we showed how to use fg_3Dlookat() to place the POV at the world space position 
(0,10,50) with the viewer looking to the left. Because looking to the left is a 90º counterclockwise rotation 
about the y axis, you can use the fg_3Dpov() calls shown here to define this same POV: 

C/C++: 
fg_3Dpov(0.0,10.0,50.0,0,90*10,0); 

C#: 
fg._3Dpov(0.0, 10.0, 50.0, 0, 90*10, 0); 

Delphi: 
fg_3Dpov(0.0,10.0,50.0,0,90*10,0); 

Visual Basic: 
Call fg_3Dpov(0.0, 10.0, 50.0, 0, 90 * 10, 0) 

Visual Basic .NET: 
fg_3Dpov(0.0, 10.0, 50.0, 0, 90 * 10, 0) 

Incrementally Changing the Point of View 
The functions described in the previous section let us define the POV at an absolute position and 

orientation in 3D world space. Fastgraph includes six additional functions that let you define the POV relative 
to its current state. For instance, you can call fg_3Dmoveforward() to advance the POV a given amount in 
whatever direction the viewer is facing. These incremental POV functions are especially useful for creating 
3D walkthroughs, where you'll probably want to adjust the viewer's position or orientation in response to 
keyboard or mouse input. 

The fg_3Dmoveforward(), fg_3Dmoveright(), and fg_3Dmoveup() functions incrementally adjust 
the viewer's position, but not the orientation. Each function takes a single floating point parameter that 
specifies the number of 3D world space units to move. Passing a negative value results in movement in the 
opposite direction (for example, fg_3Dmoveforward(-1.0) moves backward one world space unit). It is 
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important to note that the movement always occurs relative to the viewer's position, not relative to the world 
space origin. In other words, fg_3Dmoveright() doesn't necessarily move the viewer along the positive x 
axis. Rather, it causes everything you see to move to the left. 

The fg_3Drotateright(), fg_3Drotateup(), and fg_3Droll() functions incrementally adjust the 
viewer's orientation, but not the position. Each function takes a single integer parameter that specifies the 
rotation angle in tenths of degrees (for example, 900 means 90 degrees). Passing a negative angle to 
fg_3Drotateright() or fg_3Drotateup() results in rotation in the opposite direction. (for example, 
fg_3Drotateright(-50) rotates five degrees to the left). For fg_3Droll(), a positive angle rotates what is in 
front of the viewer clockwise, while a negative angle rotates counterclockwise. Like the incremental 
movement functions, the rotation always occurs relative to the viewer's orientation, not relative to the world 
space origin. Note that the incremental rotation functions let you perform the rotation in any order needed, 
whereas fg_3Dpov() always applies the x rotation first, then the y rotation, and finally the z rotation. 

3D Concepts 
Before we describe the Fastgraph functions that display 3D objects, we must define and discuss 

several important terms and concepts: visual surface determination, 3D clipping, polygon culling, Gouraud 
shading, and texture mapping. 

Visual Surface Determination 
Earlier in this chapter we explained how we can create 3D objects as a series of convex 

polygons. We illustrated this with a cube constructed of six polygons joined at the corners: 

 
In this particular perspective view, only three cube faces are visible (ABCD, BEFC, and AGEB). In any 
perspective view of this cube, you won't see all six cube faces. In fact, you'll never see more than three of 
them. The process of suppressing the display of the faces we cannot see is called visual surface 
determination. Without visual surface determination, projected 3D objects really don't have a 3D 
appearance. 

Fastgraph's 3D polygon drawing functions perform visual surface determination through backface 
removal or through z-buffering. To use backface removal, polygon vertices must be stored in clockwise 
order. In other words, if you were looking at the front of the polygon, you would travel clockwise along its 
perimeter to go from one vertex to the next. Without this convention, backface removal has no way to 
determine if we're looking at the front or back of the polygon, and hence no way to determine its visibility. 
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The vertices don't need to be stored this way when drawing z-buffered polygons, but for consistency we 
will always store polygon vertices in clockwise order. 

For a single solid object such as a cube, we can rely on the backface removal in Fastgraph's 3D 
polygon drawing functions to prevent displaying parts of the object that shouldn't be visible. But how do 
we accurately display objects such as an open box, or determine when all or part of one object is not 
visible because it lies behind another? Z-buffering offers an easy and popular solution to this problem. 

A z-buffer is a special drawing surface that is logically connected to the active virtual buffer. The 
z-buffer has the same pixel resolution as the virtual buffer, and each pixel in the z-buffer represents the z 
value of the same pixel in the virtual buffer. When z-buffering is enabled, Fastgraph's 3D drawing 
functions can compare a pixel's z value to the corresponding z-buffer value and draw that pixel only if it is 
closer to the viewer than the pixel currently at that position. For example, suppose we have two polygons, 
with the closer polygon partially obscuring the one farther away. Without z-buffering, we would have to 
draw the farther away polygon first. But with z-buffering, we can draw the polygons in either order and 
always create a perfectly rendered scene. 

At the beginning of each animation frame, we tell Fastgraph to "clear" the z-buffer, which 
effectively sets all z-buffer pixels to the maximum distance away. If we don't do this, the new frame will be 
rendered using z-buffer values calculated in the previous frame, and the new frame most likely would not 
be rendered correctly. 

3D Clipping 
3D clipping is required when displaying 3D objects that can have negative z values when 

transformed to world space. Consider again our 40x40x40 cube. If we assume the cube vertices are 
defined in world space instead of object space, the cube will be drawn centered at the world space origin. 
This means the front half of the cube will extend through z=0 and into negative z space. This will cause 
major problems when we project the world space points to screen space when displaying the cube. 

3D clipping solves this problem by clipping a polygon's world space points against a specified z 
plane, called the near clipping plane. Any z coordinates that extend into this plane are set to the near 
clipping value, and their x and y coordinates are adjusted accordingly. Besides the near clipping plane, 
Fastgraph's 3D clipping also supports a far clipping plane. Objects that are completely behind the far 
clipping plane are not drawn, as we assume these are too far away for the viewer to see. By default, 
Fastgraph uses a near clipping value of 1 and a far clipping value of 1000, but we can redefine these with 
fg_3Dsetzclip(). Its two parameters are floating point z values that respectively specify the near and far 
clipping planes. They must be greater than zero (recall that z values are positive in a left-handed 3D 
coordinate system), or if z-buffering is used, greater than or equal to 1. The far clipping plane must be 
greater than the near clipping plane. 

We must also use 3D clipping when we use a different POV. In this case, any transformed z 
coordinates that end up behind the viewer must be clipped. Although this might seem like a special case 
at first, it's really just analogous to clipping negative z values when using the default POV. 

Polygon Culling 
Polygon culling is the process of eliminating 3D polygons that lie outside the viewer's field of 

vision. It is more efficient than discarding polygons through 3D clipping because we can test for visibility 
without performing 3D transformation. While polygon culling is not strictly necessary, programs that 
perform polygon culling almost always achieve a higher frame rate. 

The simplest culling technique is to eliminate polygons that lie behind the viewer. We can check 
for such polygons with fg_3Dbehindviewer(), which determines if a given 3D world space point is behind 
the viewer. Depending on the level of sophistication you want to implement, the test point might be the 
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polygon's center, its nearest or farthest point, or even a random vertex. When fg_3Dbehindviewer() finds a 
polygon behind the viewer, we simply skip that polygon when rendering the current frame. 

The first three fg_3Dbehindviewer() parameters are the 3D world space (x,y,z) coordinates for the 
test point, and the final parameter is a tolerance value that defines the visibility extent. The tolerance can be 
negative to specify the distance behind the viewer beyond which points are invisible, or positive to specify 
the distance in front of the viewer beyond which points are visible. You must be careful to select a suitable 
tolerance to avoid culling polygons that are partially visible. Consider a 3D polygon that extends 20 units 
behind and 10 units in front of the viewer. If we use a zero tolerance and test the polygon's center, we'll 
incorrectly eliminate the polygon. Instead, a tolerance of -10 would not eliminate the polygon, and we 
would rely on 3D clipping to render only the part in front of the viewer. 

Gouraud Shading 
Gouraud shading, also called intensity interpolation, provides a way to display smooth-shaded 

polygons by defining the RGB color components of each polygon vertex. It operates by first interpolating 
the RGB values between the vertical vertices along each edge. This gives us the RGB components for 
the left and right edges of each scan line (pixel row). We then display each row of pixels by horizontally 
interpolating the RGB values between that row’s left and right edges. This produces a remarkably 
smooth-shaded polygon. Fastgraph supports Gouraud shading for direct color virtual buffers, but not for 
256-color virtual buffers. 

To illustrate Gouraud shading, consider a polygon with four vertices. Assume its upper left vertex is 
pure white (RGB = 255,255,255), the upper right vertex is pure green (0,255,0), the lower right vertex is pure 
red (255,0,0), and the lower left vertex is pure blue (0,0,255). The resulting Gouraud-shaded polygon would 
look like this: 

 
If all four vertices have the same RGB values, note that a Gouraud-shaded polygon becomes a single-
color polygon. 

Strictly speaking, Gouraud shading involves not only drawing the shaded polygon, but first 
determining suitable RGB values for each polygon vertex. Fastgraph’s Gouraud shading functions 
assume that you have already done this first step. Most 3D reference books will describe ways to 
determine RGB values for the polygon vertices based on ambient lighting, diffuse (directed) lighting, and 
the surface’s reflectance. Then, if you are drawing an object made up of several Gouraud-shaded 
polygons, for each object vertex you average the RGB components for all polygon vertices that meet at 
that point. For more details on Gouraud shading, please consult the 3D references listed on 
http://www.fastgraph.com/books. 

http://www.fastgraph.com/books


Chapter 13: 3D Graphics Fundamentals • 529 

 

 

Texture Mapping 
Texture mapping is the process of mapping a scanned or hand-drawn image (called the texture 

map or simply the texture) onto a polygon. Often used in 3D games, texture mapping produces vivid 
images that are much more realistic than solid color or shaded polygons. Two popular texture mapping 
methods are linear texture mapping (also called affine texture mapping) and perspective texture mapping. 
Fastgraph supports both linear and perspective texture mapping for convex polygons in 256-color and 
direct color virtual buffers. 

The basic idea of texture mapping is to take a source polygon defined within a texture map and 
project it onto a destination polygon. The texture map is most often defined in rectangular (u,v) 
coordinates called texels. The vertices of the source polygon are also defined in terms of these same 
(u,v) coordinates, but we must make sure that the source polygon vertices do not extend beyond the 
width or height of the texture map. The destination polygon has the same number of vertices as the 
source polygon and is defined in (x,y) coordinates. We obtain the destination polygon vertices by applying 
transformations f and g to the source polygon vertices so x=f(u) and y=g(v). The transformations f and g 
are usually the same 3D projection, meaning each (x,y) vertex in the destination polygon is the projected 
(u,v) vertex from the source polygon. The projected (x,y) pixels drawn in the destination polygon are 
taken from the corresponding original (u,v) pixels in the source polygon. 

For example, suppose our destination polygon appears on the left in the illustration below. If we 
apply the 128x128 texture map shown in the middle to the destination polygon, we'll produce the linear 
texture-mapped polygon shown on the right: 

 
In this example, our source polygon is a 128x128 square (the same size as the texture map). The source 
polygon doesn't have to be square, or even rectangular, as long as it has the same number of vertices as 
the unclipped destination polygon and does not extend beyond the texture map limits. 

Texture Map Management 
The fg_tminit() function initializes Fastgraph's texture map manager. Its only parameter defines 

the maximum number of textures that will be in use at the same time. For example, suppose you are 
writing a game that uses 20 textures in one level and then uses 30 different textures in another level. You 
could pass 30 to fg_tminit() if you free the first 20 textures when they are no longer needed, but if you 
don't free the textures, you would need to pass 50 to fg_tminit(). Note that fg_tminit() doesn't actually 
allocate texture map memory, but merely a table that holds the attributes for the specified number of 
texture maps. 

Once you've initialized the texture map manager, you define textures with fg_tmdefine(). This 
function's first parameter is the name of the array that holds the texture bitmap, and its last two 
parameters specify the texture width and height in pixels (if using Direct3D, the texture width and height 
must be powers of two). For 256-color virtual buffers, the texture bitmap is a 256-color bitmap but stored 
top down rather than bottom up. For direct color virtual buffers, the texture bitmap is a direct color bitmap 
but is likewise stored top down, not bottom up. This means if you use fg_getimage() or fg_getdcb() to 
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retrieve a texture bitmap, you must call fg_invert() or fg_invdcb() to translate the bitmap to the top down 
orientation before using it as a texture map. If successful, fg_tmdefine() returns a handle by which the 
texture map is referenced (a valid handle will be greater than or equal to zero). The possible 
fg_tmdefine() error return values are -1 (maximum number of textures exceeded) and -2 (cannot make 
texture available to Direct3D). 

If you dynamically allocate memory for the texture bitmap, you can free or reuse the bitmap 
memory immediately after calling fg_tmdefine() if you are using Direct3D. If you are using DirectX 
without Direct3D, or if you are using Fastgraph's native libraries, you cannot free or reuse the bitmap 
memory until you free the texture handle with fg_tmfree(). Further, the texture bitmap must be a pinned 
object when using the .NET framework (this restriction may be lifted in a future version of Fastgraph). 

The fg_tmselect() function makes the specified texture map the active texture map. All 
Fastgraph functions that draw texture-mapped polygons do so using the active texture map. The 
fg_tmselect() function's only parameter is a texture map handle returned by fg_tmdefine(). 

The following code snippet demonstrates how to set up a single 256-color texture map. In this 
example, we'll extract a 64x64 texture map from a PCX file named MOUSE.PCX. 

C/C++: 
BYTE Texture[64*64]; 
int hTM; 
 
fg_tminit(1); 
fg_showpcx("MOUSE.PCX",FG_AT_XY); 
fg_move(115,80); 
fg_getimage(Texture,64,64); 
fg_invert(Texture,64,64); 
hTM = fg_tmdefine(Texture,64,64); 
fg_tmselect(hTM); 

C#: 
byte [] Texture = new byte [64*64]; 
int hTM; 
 
fg.tminit(1); 
fg.showpcx("MOUSE.PCX", fg.AT_XY); 
fg.move(115, 80); 
fg.getimage(ref Texture[0], 64, 64); 
fg.invert(ref Texture[0], 64, 64); 
hTM = fg.tmdefine(ref Texture[0], 64, 64); 
fg.tmselect(hTM); 

Delphi: 
Texture : array [1..64*64] of byte; 
hTM : integer;; 
 
fg_tminit(1); 
fg_showpcx('MOUSE.PCX'+chr(0),FG_AT_XY); 
fg_move(115,80); 
fg_getimage(Texture,64,64); 
fg_invert(Texture,64,64); 
hTM := fg_tmdefine(Texture,64,64); 
fg_tmselect(hTM); 

Visual Basic: 
Dim Texture(64 * 64) As Byte 
Dim hTM As Long 
 
Call fg_tminit(1) 
Call fg_showpcx(App.Path & "\MOUSE.PCX", FG_AT_XY) 
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Call fg_move(115, 80) 
Call fg_getimage(Texture(0), 64, 64) 
Call fg_invert(Texture(0), 64, 64) 
hTM = fg_tmdefine(Texture(0), 64, 64) 
Call fg_tmselect(hTM) 

Visual Basic .NET: 
Dim Texture(64 * 64) As Byte 
Dim hTM As Integer 
 
fg_tminit(1) 
fg_showpcx("MOUSE.PCX", FG_AT_XY) 
fg_move(115, 80) 
fg_getimage(Texture(0), 64, 64) 
fg_invert(Texture(0), 64, 64) 
hTM = fg_tmdefine(Texture(0), 64, 64) 
fg_tmselect(hTM) 

We first call fg_tminit() to initialize Fastgraph's texture map manager with support for one texture map. 
We then display the PCX file and use fg_getimage() to retrieve a 256-color bitmap from that image. The 
bitmap, whose size is 64x64 pixels, is read into the Texture array. Next we use fg_invert() to translate 
the 64x64 bitmap from the bottom up format used with fg_getimage() to the top down format expected by 
the texture mapping functions. The fg_tmdefine() function then tells Fastgraph about the texture map 
and returns a handle, which we pass to fg_tmselect() to make that texture map the active texture map. 

If we wanted to modify this example to work with direct color virtual buffers, we would use 
fg_getdcb() instead of fg_getimage() and fg_invdcb() instead of fg_invert(): 

C/C++: 
fg_getdcb(Texture,64,64); 
fg_invdcb(Texture,64,64); 

C#: 
fg.getdcb(ref Texture[0], 64, 64); 
fg.invdcb(ref Texture[0], 64, 64); 

Delphi: 
fg_getdcb(Texture,64,64); 
fg_invdcb(Texture,64,64); 

Visual Basic: 
Call fg_getdcb(Texture(0), 64, 64) 
Call fg_invdcb(Texture(0), 64, 64) 

Visual Basic .NET 
fg_getdcb(Texture(0), 64, 64) 
fg_invdcb(Texture(0), 64, 64) 

We would also need to increase the size of the Texture array to hold two bytes per pixel if using a high 
color virtual buffer, or three bytes per pixel if using a true color virtual buffer. 

The final texture map management function is fg_tmfree(), which releases the specified texture 
handle. If you are using Direct3D, fg_tmfree() also releases the DirectDraw surface associated with the 
texture handle. The fg_tmfree() function expects a single parameter which can be either a texture 
handle, or a negative value to release all texture handles (and their associated DirectDraw surfaces if 
using Direct3D). Using fg_tmfree() is required in Direct3D programs, but is optional in all other 
environments. 
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Z-Buffer Management 
Fastgraph implements z-buffers much like virtual buffers. That is, you create z-buffers with 

fg_zballoc(), which returns a handle that you pass to fg_zbopen() to activate the z-buffer. This process, 
which would most likely appear in a program's WM_CREATE handler, is shown here: 

C/C++: 
int hZB; 
hZB = fg_zballoc(vbWidth,vbHeight); 
fg_zbopen(hZB); 

C#: 
int hZB; 
hZB = fg.zballoc(vbWidth, vbHeight); 
fg.zbopen(hZB); 

Delphi: 
hZB : integer; 
hZB := fg_zballoc(vbWidth,vbHeight); 
fg_zbopen(hZB); 

Visual Basic: 
Dim hZB As Long 
hZB = fg_zballoc(vbWidth, vbHeight) 
Call fg_zbopen(hZB) 

Visual Basic .NET 
Dim hZB As Integer 
hZB = fg_zballoc(vbWidth, vbHeight) 
fg_zbopen(hZB) 

Before your program exits, you pass the handle to fg_zbfree() to release the z-buffer memory: 

C/C++: 
fg_zbfree(hZB); 

C#: 
fg.zbfree(hZB); 

Delphi: 
fg_zbfree(hZB); 

Visual Basic: 
Call fg_zbfree(hZB) 

Visual Basic .NET 
fg_zbfree(hZB) 

The fg_zbfree() call will usually be in a program's WM_DESTROY handler. 

Before rendering all 3D objects in a scene, we'll probably clear the active virtual buffer to erase 
the contents of the previous frame. When we do this, we must also call fg_zbframe() to prepare the z-
buffer for the next frame. The fg_zbframe() function has no parameters and no return value. 

Simplified 3D Functions 
Fastgraph includes six functions for drawing 3D polygons, three for polygons defined in object 

space, and three for polygons defined in world space. The fg_3Dpolygon() and fg_3Dpolygonobject() 
functions draw wire frame or single-color polygons. The fg_3Dshade() and fg_3Dshadeobject() 
functions draw Gouraud-shaded polygons, while fg_3Dtexturemap() and fg_3Dtexturemapobject() 
draw texture-mapped polygons. Fastgraph also includes the fg_3Dline() function for drawing 3D lines 
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defined in world space. Before we describe these functions further, however, we must first discuss how to 
establish the render state and how to transform object space polygons to world space. 

Setting the Render State 
Fastgraph's 3D polygon and 3D line drawing functions all have default render states that control 

the drawing. For example, fg_3Dpolygon() and fg_3Dpolygonobject() draw a single-color filled polygon 
by default, and fg_3Dtexturemap() and fg_3Dtexturemapobject() draw a texture-mapped polygon using 
linear (affine) texture mapping. The fg_3Drenderstate() function lets us change how the 3D polygon 
functions behave. It expects a single parameter specifying a combination of the flags shown here: 

Flag Applies to 
FG_WIREFRAME fg_3Dpolygon() and fg_3Dpolygonobject() 
FG_LINEAR_TM fg_3Dtexturemap() and fg_3Dtexturemapobject() 
FG_PERSPECTIVE_TM fg_3Dtexturemap() and fg_3Dtexturemapobject() 
FG_ZBUFFER all 
FG_ZCLIP all 

For example, to make fg_3Dtexturemap() and fg_3Dtexturemapobject() use perspective corrected 
texture mapping with z-buffering, we would specify: 

C/C++: 
fg_3Drenderstate(FG_PERSPECTIVE_TM | FG_ZBUFFER); 

C#: 
fg._3Drenderstate(fg.PERSPECTIVE_TM | fg.ZBUFFER); 

Delphi: 
fg_3Drenderstate(FG_PERSPECTIVE_TM or FG_ZBUFFER); 

Visual Basic: 
Call fg_3Drenderstate(FG_PERSPECTIVE_TM + FG_ZBUFFER) 

Visual Basic .NET 
fg_3Drenderstate(FG_PERSPECTIVE_TM + FG_ZBUFFER) 

We'll now discuss the meanings of each fg_3Drenderstate() flag in detail. 

The FG_WIREFRAME flag specifies if fg_3Dpolygon() and fg_3Dpolygonobject() draw filled or 
wire frame (unfilled) polygons. If FG_WIREFRAME is not specified, these functions draw filled polygons. 

The FG_LINEAR_TM and FG_PERSPECTIVE_TM flags are mutually exclusive and specify 
whether fg_3Dtexturemap() and fg_3Dtexturemapobject() use linear texture mapping or perspective 
texture mapping. Perspective texture mapping considers a polygon's 3D properties when applying a 
texture map, while linear texture mapping applies a texture map based solely on the projected 2D 
polygon. Linear texture mapping is faster, but perspective texture mapping produces a more visually 
appealing result. This is especially true for large polygons and polygons close to the viewer. If neither flag 
is specified, fg_3Dtexturemap() and fg_3Dtexturemapobject() use linear texture mapping. 

Technically, Fastgraph's perspective texture mapping function performs perspective corrected 
texture mapping. This means we interpolate the true (u,v) texture coordinates at a predefined horizontal 
pixel interval. Perspective corrected texture mapping differs from perspective correct texture mapping, 
where we perform this interpolation at every pixel. As you might guess, perspective corrected texture 
mapping is much faster than perspective correct texture mapping, with little or no perceived degradation 
in texture quality (and certainly better than linear texture mapping). 

The fg_tmspan() function defines the span size in pixels for perspective texture mapping. The 
span size is the pixel interval at which the perspective texture mapping functions calculate the true (u,v) 
texture coordinates when drawing horizontal polygon rows. Smaller span sizes result in texture mapping 
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that is more perspectively correct, but larger span sizes are faster. The default span size of 32 pixels is a 
good choice for most textures. Note that calling fg_tmspan(1) results in perspective correct texture 
mapping. 

The FG_ZBUFFER flag specifies if we are using a z-buffer, which enables Fastgraph's 3D 
drawing functions to determine which parts of a 3D object should be visible. When using a z-buffer, the 
3D drawing functions will draw a given pixel only if it is closer than any pixel drawn so far at that position 
in the current animation frame. This lets us accurately render a series of 3D polygons or 3D objects 
comprising a scene, regardless of the order in which we draw them. By default, Fastgraph's 3D drawing 
functions do not perform z-buffering. If we use the FG_ZBUFFER render state, we must create a z-buffer 
with fg_zballoc() and open it with fg_zbopen() before calling any of Fastgraph's 3D drawing functions. 

The FG_ZCLIP flag specifies if Fastgraph's 3D drawing functions perform 3D clipping against the 
clipping planes defined by fg_3Dsetzclip(). 3D clipping is required when displaying 3D objects that are 
completely or partially behind the POV. If FG_ZCLIP is not specified, Fastgraph's 3D drawing functions 
do not perform 3D clipping. In this case, your application is responsible for guaranteeing that all 3D 
objects lie in front of the POV. 

Displaying 3D Objects 
Earlier in this chapter, we stated 3D objects that move are usually defined in object space and 

then displayed at the desired position and orientation in world space. This process of moving 3D objects 
from object space to world space is called transformation. To transform a 3D object in this manner, we 
must specify where the object will be positioned in world space, and how it will be rotated around its own 
object space origin. 

The basic function provided for this purpose is fg_3Dsetobject(). Its first three parameters are 
the world space (x,y,z) position to which the object's origin moves, and its last three parameters define 
the counterclockwise angles of rotation about the object space coordinate axes. For example, the 
statement 

C/C++: 
fg_3Dsetobject(0.0,0.0,100.0,0,180*10,0); 

C#: 
fg._3Dsetobject(0.0, 0.0, 100.0, 0, 180*10, 0); 

Delphi: 
fg_3Dsetobject(0.0,0.0,100.0,0,180*10,0); 

Visual Basic: 
Call fg_3Dsetobject(0.0, 0.0, 100.0, 0, 180 * 10, 0) 

Visual Basic .NET: 
fg_3Dsetobject(0.0, 0.0, 100.0, 0, 180 * 10, 0) 

will transform objects 100 units down the world space z axis and rotated 180° around each object's object 
space y axis. If we applied this transformation to our 40x40x40 object space cube, the cube's center 
would be at the world space coordinate z=100 and its back side would be facing the viewer. The values 
passed to fg_3Dsetobject() apply to all object space polygon drawing functions and remain in effect until 
we change the POV or call fg_3Dsetobject() again. 

Besides fg_3Dsetobject(), Fastgraph also provides other functions that define an object's position 
and rotation. These functions are analogous to those that define the POV; in fact, they have the same names 
but with "object" appended, and they have the same parameters. You can move an object to an absolute 
position with fg_3Dmoveobject(), or move it relative to its current position with 
fg_3Dmoveforwardobject(), fg_3Dmoverightobject(), and fg_3Dmoveupobject(). You can perform 
absolute object rotations with fg_3Drotateobject() and fg_3Daxisangleobject(), or perform relative object 
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rotations with fg_3Drollobject(), fg_3Drotaterightobject(), and fg_3Drotateupobject(). Again, all of these 
functions are analogous to the POV definition functions, but they apply to moving and rotating objects rather 
than moving and rotating the viewer. 

The fg_3Dpolygonobject() function displays a single-color polygon defined in object space, 
while fg_3Dpolygon() does the same thing for polygons defined in world space. Both functions have two 
parameters: an array defining the polygon's vertices as a series of (x,y,z) coordinate triples, and the 
number of vertices in the polygon. The first three elements of the vertex array represent the (x,y,z) values 
at the polygon's first vertex, the next three elements are for the second vertex, and so forth. For 
fg_3Dpolygonobject(), the polygon vertices are assumed to be object space coordinates and are 
transformed using the current object position and rotation settings. For fg_3Dpolygon(), the vertices are 
assumed to be world space coordinates so the function ignores these settings. 

The fg_3Dtexturemapobject() function displays a texture-mapped polygon defined in object 
space, while fg_3Dtexturemap() does the same thing for polygons defined in world space. Both functions 
have three parameters: the usual array of polygon vertices, an array containing the (u,v) texture 
coordinates for each vertex, and the number of vertices in the polygon. The first two elements of the 
texture coordinate array represent the (u,v) values corresponding to the polygon's first vertex, the next 
two elements are for the second vertex, and so forth. For fg_3Dtexturemapobject(), the polygon vertices 
are assumed to be object space coordinates and are transformed using the current object position and 
rotation settings. For fg_3Dtexturemap(), the vertices are assumed to be world space coordinates so the 
function ignores these settings. 

By default, Fastgraph's texture mapping functions assume their (u,v) texture coordinate arrays 
contain integer values. But when 3D clipping is applied to textures, floating point (u,v) coordinates can 
provide more accurate results. The fg_tmunits() function has a single integer parameter that specifies if 
the (u,v) coordinate arrays use integer or single precision floating point values. If this parameter is zero, 
the texture mapping functions assume integer (u,v) coordinates; if it is any other value, they assume floating 
point (u,v) coordinates. Note specifically the use of single precision (32-bit) floating point texture coordinates 
here, not double precision (64-bit). Single precision floating point means the type float in C, C++, and C#. It 
means Single in Delphi and Basic. 

Fastgraph's texture mapping functions normally consider zero-value texels to be opaque. We can 
change this behavior with fg_tmtransparency(), which expects one integer parameter that defines how 
the texture mapping functions treat zero-value texels. If this parameter is zero, zero-value texels will not 
be transparent (this is the default behavior). If it is any other value, zero-value texels will be transparent. 

The fg_3Dshadeobject() function displays a Gouraud-shaded polygon defined in object space, 
while fg_3Dshade() does the same thing for polygons defined in world space. Both functions have three 
parameters: the usual array of polygon vertices, an array containing the RGB color components for each 
vertex, and the number of vertices in the polygon. The first three elements of the color component array 
represent the RGB color values at the polygon's first vertex, the next three elements are for the second 
vertex, and so forth. Each RGB component is a byte value between 0 and 255. For fg_3Dshadeobject(), 
the polygon vertices are assumed to be object space coordinates and are transformed using the current 
object position and rotation settings. For fg_3Dshade(), the vertices are assumed to be world space 
coordinates so the function ignores these settings. 

Fastgraph's final 3D drawing function is fg_3Dline(), which draws a line between two world space 
points. The first three fg_3Dline() parameters define the x, y, and z world space coordinates for one of 
the line's end points, and its last three parameters define the x, y, and z coordinates for the other end 
point. 
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3D Examples 
With a discussion of Fastgraph's 3D geometry system and 3D drawing functions behind us, we're 

now ready to present some example programs to see these functions in action. We'll begin with a simple 
example (Geometry) to display static 3D objects in world space and object space. Then we'll proceed to 
moving objects built from single-color and texture-mapped polygons (Cube and TMcube). Another 
example (Tunnel) will show how to walk through a Gouraud-shaded tunnel. Next we'll present an example 
(Columns) that demonstrates polygon culling and Fastgraph's incremental POV functions. Our final 
example (Tdemo) will add collision detection to the features from the other examples to let the user walk 
around a room containing moving 3D objects. 

Example: Geometry 
The Geometry example illustrates some basic concepts of Fastgraph's 3D geometry system. 

After performing the usual initialization tasks, the Geometry program's WM_CREATE handler creates and 
opens a z-buffer, sets the render state to enable z-buffering, and defines a 3D viewport. After doing this, 
the WM_CREATE handler calls the program's DrawCubes() function to draw two cubes, one in 3D world 
space and the other in object space, along with (x,y,z) coordinate axes. DrawCubes() also sets the POV 
so we can see all three axes and then calls fg_3Dmoveobject() to define where the world space cube 
will be drawn. It then draws the cube faces in a loop, alternating between calls to fg_3Dpolygon() to draw 
one face of the world space cube and fg_3Dpolygonobject() to draw one face of the object space cube, 
with each cube face a different color. The world space cube is centered at the world space origin, while 
the object space cube is centered on the z axis at z=20. The result looks like this: 

 
If we didn't use z-buffering, the coordinate axes would not extend into and out of each cube. Instead, the 
cube faces would completely overwrite the axes, giving the misleading appearance of the axes being 
behind the cubes. 

Geometry: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
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*  Geometry.c                                                                * 
*                                                                            * 
*  This program shows how to display 3D objects in object space and 3D world * 
*  space.                                                                    * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  300 
#define vbHeight 300 
 
// six faces of a 2x2x2 cube, defined in object coordinates 
double CubeFaces[6][12] = 
{ 
   {-1.0, 1.0, 1.0,  1.0, 1.0, 1.0,  1.0, 1.0,-1.0, -1.0, 1.0,-1.0}, // top 
   {-1.0, 1.0,-1.0,  1.0, 1.0,-1.0,  1.0,-1.0,-1.0, -1.0,-1.0,-1.0}, // front 
   {-1.0, 1.0, 1.0, -1.0, 1.0,-1.0, -1.0,-1.0,-1.0, -1.0,-1.0, 1.0}, // left 
   { 1.0, 1.0,-1.0,  1.0, 1.0, 1.0,  1.0,-1.0, 1.0,  1.0,-1.0,-1.0}, // right 
   {-1.0,-1.0,-1.0,  1.0,-1.0,-1.0,  1.0,-1.0, 1.0, -1.0,-1.0, 1.0}, // bottom 
   { 1.0, 1.0, 1.0, -1.0, 1.0, 1.0, -1.0,-1.0, 1.0,  1.0,-1.0, 1.0}  // back 
}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void DrawCubes(void); 
void SetWindowSize(int,int); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGgeometry"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "3D Geometry",           // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   while (GetMessage(&msg,NULL,0,0)) 
   { 
      TranslateMessage(&msg); 
      DispatchMessage(&msg); 
   } 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
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\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
int      hZB; 
UINT     cxClient, cyClient; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         // create the device context and logical palette 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         // create and open the virtual buffer 
         fg_vbinit(); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         // fill the virtual buffer with white pixels 
         fg_setcolor(-1); 
         fg_fillpage(); 
 
         // create and open the z-buffer 
         hZB = fg_zballoc(vbWidth,vbHeight); 
         fg_zbopen(hZB); 
 
         // define 3D viewport and render state 
         fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
         fg_3Drenderstate(FG_ZBUFFER); 
 
         // make the client area equal to the virtual buffer size 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
         SetWindowSize(vbWidth,vbHeight); 
 
         // draw the cubes and coordinate axes 
         DrawCubes(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_zbfree(hZB); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
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/****************************************************************************\ 
*                                                                            * 
*  DrawCubes()                                                               * 
*                                                                            * 
*  Draws two cubes, one in 3D world space and the other in object space,     * 
*  along with 3D coordinate axes.                                            * 
*                                                                            * 
\****************************************************************************/ 
 
void DrawCubes() 
{ 
   register int i; 
   static int Colors[] = {19,20,21,22,23,24}; 
 
   // set the point of view (POV) 
   fg_3Dmove(4.0,4.0,-15.0); 
 
   // position a cube at z=20.0 with no rotation 
   fg_3Dmoveobject(0.0,0.0,20.0); 
 
   // draw the 3D coordinate axes in world space 
   fg_setcolor(0); 
   fg_3Dline(0.0,0.0,0.0,10.0,0.0,0.0); 
   fg_3Dline(0.0,0.0,0.0,0.0,10.0,0.0); 
   fg_3Dline(0.0,0.0,0.0,0.0,0.0,500.0); 
 
   // draw all six faces in both cubes 
   for (i = 0; i < 6; i++) 
   { 
      fg_setcolor(Colors[i]); 
      fg_3Dpolygon(CubeFaces[i],4); 
      fg_3Dpolygonobject(CubeFaces[i],4); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SetWindowSize()                                                           * 
*                                                                            * 
*  Sets the window size so the client area has the specified dimensions.     * 
*                                                                            * 
\****************************************************************************/ 
 
void SetWindowSize(int ClientWidth, int ClientHeight) 
{ 
   RECT ClientRect; 
   RECT WindowRect; 
   int WindowWidth, WindowHeight; 
 
   GetClientRect(GetActiveWindow(),&ClientRect); 
   GetWindowRect(GetActiveWindow(),&WindowRect); 
 
   WindowWidth = ClientWidth + 
      (WindowRect.right - WindowRect.left) - 
      (ClientRect.right - ClientRect.left); 
   WindowHeight = ClientHeight + 
      (WindowRect.bottom - WindowRect.top) - 
      (ClientRect.bottom - ClientRect.top); 
   SetWindowPos(GetActiveWindow(),NULL,0,0, 
      WindowWidth,WindowHeight,SWP_NOMOVE|SWP_NOZORDER); 
} 

Geometry: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Geometry.cpp                                                              * 
*  GeometryU.cpp                                                             * 
*                                                                            * 
*  This program shows how to display 3D objects in object space and 3D world * 
*  space.                                                                    * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
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#include "GeometryU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   // create the device context and logical palette 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   // create and open the virtual buffer 
   fg_vbinit(); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   // fill the virtual buffer with white pixels 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   // create and open the z-buffer 
   hZB = fg_zballoc(vbWidth,vbHeight); 
   fg_zbopen(hZB); 
 
   // define 3D viewport and render state 
   fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
   fg_3Drenderstate(FG_ZBUFFER); 
 
   // draw the cubes and coordinate axes 
   DrawCubes(); 
 
   Application->OnActivate = OnActivate; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_zbfree(hZB); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawCubes()                                                               * 
*                                                                            * 
*  Draws two cubes, one in 3D world space and the other in object space,     * 
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*  along with 3D coordinate axes.                                            * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::DrawCubes() 
{ 
   register int i; 
   static int Colors[] = {19,20,21,22,23,24}; 
 
   // set the point of view (POV) 
   fg_3Dmove(4.0,4.0,-15.0); 
 
   // position a cube at z=20.0 with no rotation 
   fg_3Dmoveobject(0.0,0.0,20.0); 
 
   // draw the 3D coordinate axes in world space 
   fg_setcolor(0); 
   fg_3Dline(0.0,0.0,0.0,10.0,0.0,0.0); 
   fg_3Dline(0.0,0.0,0.0,0.0,10.0,0.0); 
   fg_3Dline(0.0,0.0,0.0,0.0,0.0,500.0); 
 
   // draw all six faces in both cubes 
   for (i = 0; i < 6; i++) 
   { 
      fg_setcolor(Colors[i]); 
      fg_3Dpolygon(CubeFaces[i],4); 
      fg_3Dpolygonobject(CubeFaces[i],4); 
   } 
} 

Geometry: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Geometry.dpr                                                              * 
*  GeometryU.pas                                                             * 
*                                                                            * 
*  This program shows how to display 3D objects in object space and 3D world * 
*  space.                                                                    * 
*                                                                            * 
*****************************************************************************} 
 
unit GeometryU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
const 
  { virtual buffer dimensions } 
  vbWidth = 300; 
  vbHeight = 300; 
 
  { six faces of a 2x2x2 cube, defined in object coordinates } 
  CubeFaces : Array [1..6,1..12] of double = ( 
   (-1.0, 1.0, 1.0,  1.0, 1.0, 1.0,  1.0, 1.0,-1.0, -1.0, 1.0,-1.0),  { top } 
   (-1.0, 1.0,-1.0,  1.0, 1.0,-1.0,  1.0,-1.0,-1.0, -1.0,-1.0,-1.0),  { front } 
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   (-1.0, 1.0, 1.0, -1.0, 1.0,-1.0, -1.0,-1.0,-1.0, -1.0,-1.0, 1.0),  { left } 
   ( 1.0, 1.0,-1.0,  1.0, 1.0, 1.0,  1.0,-1.0, 1.0,  1.0,-1.0,-1.0),  { right } 
   (-1.0,-1.0,-1.0,  1.0,-1.0,-1.0,  1.0,-1.0, 1.0, -1.0,-1.0, 1.0),  { bottom } 
   ( 1.0, 1.0, 1.0, -1.0, 1.0, 1.0, -1.0,-1.0, 1.0,  1.0,-1.0, 1.0)); { back } 
 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  hZB : integer; 
  cxClient, cyClient : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  DrawCubes()                                                               * 
*                                                                            * 
*  Draws two cubes, one in 3D world space and the other in object space,     * 
*  along with 3D coordinate axes.                                            * 
*                                                                            * 
*****************************************************************************} 
 
procedure DrawCubes; 
 
const 
  Colors : array [1..6] of integer = (19,20,21,22,23,24); 
 
var 
  i : integer; 
 
begin 
  { set the point of view (POV) } 
  fg_3Dmove(4.0,4.0,-15.0); 
 
  { position a cube at z=20.0 with no rotation } 
  fg_3Dmoveobject(0.0,0.0,20.0); 
 
  { draw the 3D coordinate axes in world space } 
  fg_setcolor(0); 
  fg_3Dline(0.0,0.0,0.0,10.0,0.0,0.0); 
  fg_3Dline(0.0,0.0,0.0,0.0,10.0,0.0); 
  fg_3Dline(0.0,0.0,0.0,0.0,0.0,500.0); 
 
  { draw all six faces in both cubes } 
  for i := 1 to 6 do 
  begin 
    fg_setcolor(Colors[i]); 
    fg_3Dpolygon(CubeFaces[i],4); 
    fg_3Dpolygonobject(CubeFaces[i],4); 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  { create the device context and logical palette } 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  { create and open the virtual buffer } 
  fg_vbinit; 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
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  fg_vbcolors; 
 
  { fill the virtual buffer with white pixels } 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  { create and open the z-buffer } 
  hZB := fg_zballoc(vbWidth,vbHeight); 
  fg_zbopen(hZB); 
 
  { define 3D viewport and render state } 
  fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
  fg_3Drenderstate(FG_ZBUFFER); 
 
  { draw the cubes and coordinate axes } 
  DrawCubes; 
 
  Application.OnActivate := AppOnActivate; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_zbfree(hZB); 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Geometry: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Geometry.frm                                                              * 
'                                                                            * 
'  This program shows how to display 3D objects in object space and 3D world * 
'  space.                                                                    * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 300 
Const vbHeight = 300 
 
Dim hPal As Long 
Dim hVB As Long 
Dim hZB As Long 
Dim cxClient As Long, cyClient As Long 
 
Option Base 1 
 
Dim Colors(6) As Long 
 
' six faces of a 2x2x2 cube, defined in object coordinates 
Dim CubeFaces(12, 6) As Double 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
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   ScaleMode = 3 
   Call InitGlobals 
 
   ' create the device context and logical palette 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   ' create and open the virtual buffer 
   Call fg_vbinit 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   ' fill the virtual buffer with white pixels 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
 
   ' create and open the z-buffer 
   hZB = fg_zballoc(vbWidth, vbHeight) 
   Call fg_zbopen(hZB) 
 
   ' define 3D viewport and render state 
   Call fg_3Dviewport(0, vbWidth - 1, 0, vbHeight - 1, 1#) 
   Call fg_3Drenderstate(FG_ZBUFFER) 
 
   ' draw the cubes and coordinate axes 
   Call DrawCubes 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   Call fg_vbclose 
   Call fg_zbfree(hZB) 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  DrawCubes()                                                               * 
'                                                                            * 
'  Draws two cubes, one in 3D world space and the other in object space,     * 
'  along with 3D coordinate axes.                                            * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub DrawCubes() 
   Dim I As Long 
 
   ' set the point of view (POV) 
   Call fg_3Dmove(4#, 4#, -15#) 
 
   ' position a cube at z=20.0 with no rotation 
   Call fg_3Dmoveobject(0#, 0#, 20#) 
 
   ' draw the 3D coordinate axes in world space 
   Call fg_setcolor(0) 
   Call fg_3Dline(0#, 0#, 0#, 10#, 0#, 0#) 
   Call fg_3Dline(0#, 0#, 0#, 0#, 10#, 0#) 
   Call fg_3Dline(0#, 0#, 0#, 0#, 0#, 500#) 
 
   ' draw all six faces in both cubes 
   For I = 1 To 6 
      Call fg_setcolor(Colors(I)) 
      Call fg_3Dpolygon(CubeFaces(1, I), 4) 
      Call fg_3Dpolygonobject(CubeFaces(1, I), 4) 
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   Next 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  InitGlobals()                                                             * 
'                                                                            * 
'  Initialize global variables and arrays. Called from Form_Load().          * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub InitGlobals() 
   Colors(1) = 19: Colors(2) = 20: Colors(3) = 21: 
   Colors(4) = 22: Colors(5) = 23: Colors(6) = 24: 
 
   ' top 
   CubeFaces(1, 1) = -1#: CubeFaces(2, 1) = 1#: CubeFaces(3, 1) = 1# 
   CubeFaces(4, 1) = 1#: CubeFaces(5, 1) = 1#: CubeFaces(6, 1) = 1# 
   CubeFaces(7, 1) = 1#: CubeFaces(8, 1) = 1#: CubeFaces(9, 1) = -1# 
   CubeFaces(10, 1) = -1#: CubeFaces(11, 1) = 1#: CubeFaces(12, 1) = -1# 
 
   ' front 
   CubeFaces(1, 2) = -1#: CubeFaces(2, 2) = 1#: CubeFaces(3, 2) = -1# 
   CubeFaces(4, 2) = 1#: CubeFaces(5, 2) = 1#: CubeFaces(6, 2) = -1# 
   CubeFaces(7, 2) = 1#: CubeFaces(8, 2) = -1#: CubeFaces(9, 2) = -1# 
   CubeFaces(10, 2) = -1#: CubeFaces(11, 2) = -1#: CubeFaces(12, 2) = -1# 
 
   ' left 
   CubeFaces(1, 3) = -1#: CubeFaces(2, 3) = 1#: CubeFaces(3, 3) = 1# 
   CubeFaces(4, 3) = -1#: CubeFaces(5, 3) = 1#: CubeFaces(6, 3) = -1# 
   CubeFaces(7, 3) = -1#: CubeFaces(8, 3) = -1#: CubeFaces(9, 3) = -1# 
   CubeFaces(10, 3) = -1#: CubeFaces(11, 3) = -1#: CubeFaces(12, 3) = 1# 
 
   ' right 
   CubeFaces(1, 4) = 1#: CubeFaces(2, 4) = 1#: CubeFaces(3, 4) = -1# 
   CubeFaces(4, 4) = 1#: CubeFaces(5, 4) = 1#: CubeFaces(6, 4) = 1# 
   CubeFaces(7, 4) = 1#: CubeFaces(8, 4) = -1#: CubeFaces(9, 4) = 1# 
   CubeFaces(10, 4) = 1#: CubeFaces(11, 4) = -1#: CubeFaces(12, 4) = -1# 
 
   ' bottom 
   CubeFaces(1, 5) = -1#: CubeFaces(2, 5) = -1#: CubeFaces(3, 5) = -1# 
   CubeFaces(4, 5) = 1#: CubeFaces(5, 5) = -1#: CubeFaces(6, 5) = -1# 
   CubeFaces(7, 5) = 1#: CubeFaces(8, 5) = -1#: CubeFaces(9, 5) = 1# 
   CubeFaces(10, 5) = -1#: CubeFaces(11, 5) = -1#: CubeFaces(12, 5) = 1# 
 
   ' back 
   CubeFaces(1, 6) = 1#: CubeFaces(2, 6) = 1#: CubeFaces(3, 6) = 1# 
   CubeFaces(4, 6) = -1#: CubeFaces(5, 6) = 1#: CubeFaces(6, 6) = 1# 
   CubeFaces(7, 6) = -1#: CubeFaces(8, 6) = -1#: CubeFaces(9, 6) = 1# 
   CubeFaces(10, 6) = 1#: CubeFaces(11, 6) = -1#: CubeFaces(12, 6) = 1# 
End Sub 

Example: Cube 
The Cube program uses Fastgraph’s 3D geometry system and polygon backface removal to draw 

a 40x40x40 cube, with each face of the cube drawn in a different color. Unlike the Geometry example, 
you can move the cube in 3D world space and rotate the cube about its own object space axes through 
keyboard controls. The four arrow keys move the cube in 3-unit increments along the world space x and y 
axes, while the + and - keys move the cube toward or away from the viewer in 3-unit increments along the 
world space z axis. The x, y, and z keys rotate the cube in 6° increments counterclockwise around the 
corresponding object space axis; pressing shift with these keys rotates the cube clockwise. 



546 • Fastgraph 6.0 User’s Guide 

 

  

 
The Cube program uses a 640x480 virtual buffer whose color depth is the same as the display 

color depth. Initially, the cube is centered on the z-axis at z=100 with no rotation, so we see only its front 
face (the pink face). The program's CheckForMovement() function checks for any keystrokes that control 
the cube's movement, and if necessary, redraws the cube at its new position and orientation. The C# and 
VB.NET versions of Cube use a 10ms timer with a tick event handler that calls CheckForMovement(), 
while the other versions call CheckForMovement() from the animation-based message loop. Cube sets 
the render state to enable 3D clipping, so cube faces will completely or partially disappear as they move 
behind the viewer. 

CheckForMovement() first tests for 3D movement using the + key, - key, and the four arrow 
keys. The movement occurs in 3-unit increments, so if one of these keys is pressed, we add or subtract 3 
from the variables xWorld, yWorld, or zWorld. CheckForMovement() next checks for 3D rotations. 
The x, y, and z keys rotate the cube counterclockwise around its corresponding object space axis; 
pressing shift with these keys rotates it clockwise. In all cases, the rotation occurs in 6° increments, and 
we keep track of the current rotation angles in the variables xAngle, yAngle, and zAngle. If we modify 
any of these six variables, we set Redraw to TRUE so CheckForMovement() will draw the updated 
cube. 

If the cube's position or rotation changes in the current frame, CheckForMovement() then 
redraws the cube to reflect these changes. When this occurs, we first fill the virtual buffer with white 
pixels, which of course erases the previous frame. Next we call fg_3Dsetobject() with the new position 
and rotation values, and then we call the program's DrawCube() function to draw the resulting cube, with 
backface removal. Finally, we call fg_vbscale() to display what we just drew, and set Redraw to FALSE 
in preparation for the next frame. 

Cube: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Cube.c                                                                    * 
*                                                                            * 
*  This program draws a cube in 3D world space and allows the user to move   * 
*  and rotate the cube through keyboard controls. Each of the six cube faces * 
*  is a different color.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  640 
#define vbHeight 480 
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typedef struct point3d 
{ 
   double x; 
   double y; 
   double z; 
} POINT3D; 
 
// six faces of a 40x40x40 cube, defined in object coordinates 
POINT3D Face1[] = { 
   { 20.0,-20.0,-20.0}, 
   {-20.0,-20.0,-20.0}, 
   {-20.0, 20.0,-20.0}, 
   { 20.0, 20.0,-20.0} 
}; 
POINT3D Face2[] = { 
   {-20.0,-20.0,-20.0}, 
   {-20.0,-20.0, 20.0}, 
   {-20.0, 20.0, 20.0}, 
   {-20.0, 20.0,-20.0} 
}; 
POINT3D Face3[] = { 
   { 20.0, 20.0, 20.0}, 
   {-20.0, 20.0, 20.0}, 
   {-20.0,-20.0, 20.0}, 
   { 20.0,-20.0, 20.0} 
}; 
POINT3D Face4[] = { 
   { 20.0,-20.0, 20.0}, 
   { 20.0,-20.0,-20.0}, 
   { 20.0, 20.0,-20.0}, 
   { 20.0, 20.0, 20.0} 
}; 
POINT3D Face5[] = { 
   { 20.0,-20.0, 20.0}, 
   {-20.0,-20.0, 20.0}, 
   {-20.0,-20.0,-20.0}, 
   { 20.0,-20.0,-20.0} 
}; 
POINT3D Face6[] = { 
   { 20.0, 20.0,-20.0}, 
   {-20.0, 20.0,-20.0}, 
   {-20.0, 20.0, 20.0}, 
   { 20.0, 20.0, 20.0} 
}; 
 
// for convenience, an array of pointers to each of the six faces 
POINT3D *Faces[] = {Face1,Face2,Face3,Face4,Face5,Face6}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void CheckForMovement(void); 
void DrawCube(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGcube"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
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      "Single 3D Cube",        // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call CheckForMovement() to check if 
   // we want to perform movement. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         CheckForMovement(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      vbDepth; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         vbDepth = fg_colors(); 
         fg_vbdepth(vbDepth); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
         fg_setcolor(-1); 
         fg_fillpage(); 
 
         fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
         fg_3Drenderstate(FG_ZCLIP); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
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         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the WinMain() message loop when there are  * 
*  no messages waiting.                                                      * 
*                                                                            * 
\****************************************************************************/ 
 
void CheckForMovement() 
{ 
   static double xWorld = 0.0, yWorld = 0.0, zWorld = 100.0; 
   static int xAngle = 0, yAngle = 0, zAngle = 0; 
   static BOOL Redraw = TRUE; 
   BOOL ShiftKey; 
 
   // check if either shift key is pressed 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   // + and - move cube along the z axis (+ is toward viewer, - is 
   // away from viewer) 
   if (fg_kbtest(74)) 
   { 
      zWorld += 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(78)) 
   { 
      zWorld -= 3.0; 
      Redraw = TRUE; 
   } 
 
   // left and right arrow keys move cube along x axis 
   else if (fg_kbtest(75)) 
   { 
      xWorld -= 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(77)) 
   { 
      xWorld += 3.0; 
      Redraw = TRUE; 
   } 
 
   // up and down arrow keys move cube along y axis 
   else if (fg_kbtest(72)) 
   { 
      yWorld += 3.0; 
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      Redraw = TRUE; 
   } 
   else if (fg_kbtest(80)) 
   { 
      yWorld -= 3.0; 
      Redraw = TRUE; 
   } 
 
   // x rotates counterclockwise around x axis, X rotates clockwise 
   else if (fg_kbtest(45)) 
   { 
      if (ShiftKey) 
      { 
         xAngle += 6; 
         if (xAngle >= 360) xAngle -= 360; 
      } 
      else 
      { 
         xAngle -= 6; 
         if (xAngle < 0) xAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // y rotates counterclockwise around y axis, Y rotates clockwise 
   else if (fg_kbtest(21)) 
   { 
      if (ShiftKey) 
      { 
         yAngle += 6; 
         if (yAngle >= 360) yAngle -= 360; 
      } 
      else 
      { 
         yAngle -= 6; 
         if (yAngle < 0) yAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // z rotates counterclockwise around z axis, Z rotates clockwise 
   else if (fg_kbtest(44)) 
   { 
      if (ShiftKey) 
      { 
         zAngle += 6; 
         if (zAngle >= 360) zAngle -= 360; 
      } 
      else 
      { 
         zAngle -= 6; 
         if (zAngle < 0) zAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // if the cube's position or rotation changed, redraw the cube 
   if (Redraw) 
   { 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // define the cube's new position and rotation in 3D world space 
      fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
      // draw the cube 
      DrawCube(); 
 
      // display what we just drew 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Redraw = FALSE; 
   } 
} 
 
/****************************************************************************\ 
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*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
\****************************************************************************/ 
 
void DrawCube() 
{ 
   register int i; 
   int r, g, b; 
   static int Colors[] = {84,88,92,96,100,104}; 
 
   for (i = 0; i < 6; i++) 
   { 
      if (vbDepth > 8) 
      { 
         fg_getrgb(Colors[i],&r,&g,&b); 
         fg_setcolorrgb(r,g,b); 
      } 
      else 
      { 
         fg_setcolor(Colors[i]); 
      } 
      fg_3Dpolygonobject((double *)Faces[i],4); 
   } 
} 

Cube: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Cube.cpp                                                                  * 
*  CubeU.cpp                                                                 * 
*                                                                            * 
*  This program draws a cube in 3D world space and allows the user to move   * 
*  and rotate the cube through keyboard controls. Each of the six cube faces * 
*  is a different color.                                                     * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "CubeU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   CheckForMovement(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   vbDepth = fg_colors(); 
   fg_vbdepth(vbDepth); 



552 • Fastgraph 6.0 User’s Guide 

 

  

   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
   fg_3Drenderstate(FG_ZCLIP); 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CheckForMovement() 
{ 
   static double xWorld = 0.0, yWorld = 0.0, zWorld = 100.0; 
   static int xAngle = 0, yAngle = 0, zAngle = 0; 
   static bool Redraw = True; 
   bool ShiftKey; 
 
   // check if either shift key is pressed 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   // + and - move cube along the z axis (+ is toward viewer, - is 
   // away from viewer) 
   if (fg_kbtest(74)) 
   { 
      zWorld += 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(78)) 
   { 
      zWorld -= 3.0; 
      Redraw = True; 
   } 
 
   // left and right arrow keys move cube along x axis 
   else if (fg_kbtest(75)) 
   { 
      xWorld -= 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(77)) 
   { 
      xWorld += 3.0; 
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      Redraw = True; 
   } 
 
   // up and down arrow keys move cube along y axis 
   else if (fg_kbtest(72)) 
   { 
      yWorld += 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(80)) 
   { 
      yWorld -= 3.0; 
      Redraw = True; 
   } 
 
   // x rotates counterclockwise around x axis, X rotates clockwise 
   else if (fg_kbtest(45)) 
   { 
      if (ShiftKey) 
      { 
         xAngle += 6; 
         if (xAngle >= 360) xAngle -= 360; 
      } 
      else 
      { 
         xAngle -= 6; 
         if (xAngle < 0) xAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // y rotates counterclockwise around y axis, Y rotates clockwise 
   else if (fg_kbtest(21)) 
   { 
      if (ShiftKey) 
      { 
         yAngle += 6; 
         if (yAngle >= 360) yAngle -= 360; 
      } 
      else 
      { 
         yAngle -= 6; 
         if (yAngle < 0) yAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // z rotates counterclockwise around z axis, Z rotates clockwise 
   else if (fg_kbtest(44)) 
   { 
      if (ShiftKey) 
      { 
         zAngle += 6; 
         if (zAngle >= 360) zAngle -= 360; 
      } 
      else 
      { 
         zAngle -= 6; 
         if (zAngle < 0) zAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // if the cube's position or rotation changed, redraw the cube 
   if (Redraw) 
   { 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // define the cube's new position and rotation in 3D world space 
      fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
      // draw the cube 
      DrawCube(); 
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      // display what we just drew 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Redraw = False; 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::DrawCube() 
{ 
   register int i; 
   int r, g, b; 
   static int Colors[] = {84,88,92,96,100,104}; 
 
   for (i = 0; i < 6; i++) 
   { 
      if (vbDepth > 8) 
      { 
         fg_getrgb(Colors[i],&r,&g,&b); 
         fg_setcolorrgb(r,g,b); 
      } 
      else 
      { 
         fg_setcolor(Colors[i]); 
      } 
      fg_3Dpolygonobject((double *)Faces[i],4); 
   } 
} 

Cube: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Cube.dpr                                                                  * 
*  CubeU.pas                                                                 * 
*                                                                            * 
*  This program draws a cube in 3D world space and allows the user to move   * 
*  and rotate the cube through keyboard controls. Each of the six cube faces * 
*  is a different color.                                                     * 
*                                                                            * 
*****************************************************************************} 
 
unit CubeU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$R *.DFM} 
type 
  POINT3D = record 
    x : double; 
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    y : double; 
    z : double; 
  end; 
 
const 
  { virtual buffer dimensions } 
  vbWidth = 640; 
  vbHeight = 480; 
 
  { six faces of a 40x40x40 cube, defined in object coordinates } 
  Face1 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z:-20.0)); 
  Face2 : array [1..4] of POINT3D = ( 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z:-20.0)); 
  Face3 : array [1..4] of POINT3D = ( 
    (x: 20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x: 20.0; y:-20.0; z: 20.0)); 
  Face4 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z: 20.0), 
    (x: 20.0; y:-20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z: 20.0)); 
  Face5 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x: 20.0; y:-20.0; z:-20.0)); 
  Face6 : array [1..4] of POINT3D = ( 
    (x: 20.0; y: 20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x: 20.0; y: 20.0; z: 20.0)); 
 
  { for convenience, an array of pointers to each of the six faces } 
  Faces : array [1..6] of ^POINT3D = (@Face1,@Face2,@Face3,@Face4,@Face5,@Face6); 
 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  cxClient, cyClient : integer; 
  vbDepth : integer; 
  Redraw : boolean; 
  xAngle, yAngle, zAngle : integer; 
  xWorld, yWorld, zWorld : double; 
 
{***************************************************************************** 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
*****************************************************************************} 
 
procedure DrawCube; 
 
const 
  Colors : array [1..6] of integer = (84,88,92,96,100,104); 
 
var 
  i : integer; 
  r, g, b : integer; 
 
begin 
  for i := 1 to 6 do 
  begin 
    if (vbDepth > 8) then 
    begin 
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      fg_getrgb(Colors[i],r,g,b); 
      fg_setcolorrgb(r,g,b); 
    end 
    else 
      fg_setcolor(Colors[i]); 
    fg_3Dpolygonobject(Faces[i]^,4); 
  end; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
*****************************************************************************} 
 
procedure CheckForMovement; 
 
var 
  ShiftKey : boolean; 
 
begin 
  { check if either shift key is pressed } 
  ShiftKey := (fg_kbtest(42) = 1) or (fg_kbtest(54) = 1); 
 
  { + and - move cube along the z axis (+ is toward viewer, - is } 
  { away from viewer) } 
  if (fg_kbtest(74) = 1) then 
  begin 
    zWorld := zWorld + 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(78) = 1) then 
  begin 
    zWorld := zWorld - 3.0; 
    Redraw := True; 
  end 
 
  { left and right arrow keys move cube along x axis } 
  else if (fg_kbtest(75) = 1) then 
  begin 
    xWorld := xWorld - 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(77) = 1) then 
  begin 
    xWorld := xWorld + 3.0; 
    Redraw := True; 
  end 
 
  { up and down arrow keys move cube along y axis } 
  else if (fg_kbtest(72) = 1) then 
  begin 
    yWorld := yWorld + 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(80) = 1) then 
  begin 
    yWorld := yWorld - 3.0; 
    Redraw := True; 
  end 
 
  { x rotates counterclockwise around x axis, X rotates clockwise } 
  else if (fg_kbtest(45) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(xAngle,6); 
      if (xAngle >= 360) then Dec(xAngle,360); 
    end 
    else 
    begin 
      Dec(xAngle,6); 
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      if (xAngle < 0) then Inc(xAngle,360); 
    end; 
    Redraw := True; 
  end 
 
  { y rotates counterclockwise around y axis, Y rotates clockwise } 
  else if (fg_kbtest(21) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(yAngle,6); 
      if (yAngle >= 360) then Dec(yAngle,360); 
    end 
    else 
    begin 
      Dec(yAngle,6); 
      if (yAngle < 0) then Inc(yAngle,360); 
    end; 
    Redraw := True; 
  end 
 
  { z rotates counterclockwise around z axis, Z rotates clockwise } 
  else if (fg_kbtest(44) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(zAngle,6); 
      if (zAngle >= 360) then Dec(zAngle,360); 
    end 
    else 
    begin 
      Dec(zAngle,6); 
      if (zAngle < 0) then Inc(zAngle,360); 
    end; 
    Redraw := True; 
  end; 
 
  { if the cube's position or rotation changed, redraw the cube } 
  if (Redraw) then 
  begin 
    { erase the previous frame from the virtual buffer } 
    fg_setcolor(-1); 
    fg_fillpage; 
 
    { define the cube's new position and rotation in 3D world space } 
    fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
    { draw the cube } 
    DrawCube; 
 
    { display what we just drew } 
    fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
    Redraw := False; 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  CheckForMovement; 
  Done := False; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
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begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  vbDepth := fg_colors; 
  fg_vbdepth(vbDepth); 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
  fg_3Drenderstate(FG_ZCLIP); 
 
  xAngle := 0; 
  yAngle := 0; 
  zAngle := 0; 
  xWorld := 0.0; 
  yWorld := 0.0; 
  zWorld := 100.0; 
  Redraw := True; 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Cube: Visual Basic Version 
'***************************************************************************** 
'                                                                            * 
'  Cube.frm                                                                  * 
'                                                                            * 
'  This program draws a cube in 3D world space and allows the user to move   * 
'  and rotate the cube through keyboard controls. Each of the six cube faces * 
'  is a different color.                                                     * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Private Type Point3D 
   X As Double 
   Y As Double 
   Z As Double 
End Type 
 
Dim hPal As Long 
Dim hVB As Long 
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Dim cxClient As Long, cyClient As Long 
Dim AppIsRunning As Boolean 
 
Dim vbDepth As Long 
Dim Redraw As Boolean 
Dim xAngle As Long, yAngle As Long, zAngle As Long 
Dim xWorld As Double, yWorld As Double, zWorld As Double 
 
Option Base 1 
 
Dim Colors(6) As Long 
 
' six faces of a 40x40x40 cube, defined in object coordinates 
Dim Faces(4, 6) As Point3D 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   vbDepth = fg_colors() 
   Call fg_vbdepth(vbDepth) 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
 
   Call fg_3Dviewport(0, vbWidth - 1, 0, vbHeight - 1, 0.5) 
   Call fg_3Drenderstate(FG_ZCLIP) 
   xAngle = 0 
   yAngle = 0 
   zAngle = 0 
   xWorld = 0# 
   yWorld = 0# 
   zWorld = 100# 
   Redraw = True 
 
   Call InitGlobals 
 
   Visible = True 
   AppIsRunning = True 
   While AppIsRunning 
      Call CheckForMovement 
      DoEvents 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  CheckForMovement()                                                        * 
'                                                                            * 
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'  The CheckForMovement() function checks for key presses that control the   * 
'  cube's movement, and if required redraws the cube at its new position and * 
'  orientation. It is called from the message loop in Form_Load().           * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CheckForMovement() 
   Dim ShiftKey As Boolean 
 
   ' check if either shift key is pressed 
   ShiftKey = (fg_kbtest(42) = 1) Or (fg_kbtest(54) = 1) 
 
   ' + and - move cube along the z axis (+ is toward viewer, - is 
   ' away from viewer) 
   If fg_kbtest(74) = 1 Then 
      zWorld = zWorld + 3# 
      Redraw = True 
   ElseIf fg_kbtest(78) = 1 Then 
      zWorld = zWorld - 3# 
      Redraw = True 
 
   ' left and right arrow keys move cube along x axis 
   ElseIf fg_kbtest(75) = 1 Then 
      xWorld = xWorld - 3# 
      Redraw = True 
   ElseIf fg_kbtest(77) = 1 Then 
      xWorld = xWorld + 3# 
      Redraw = True 
 
   ' up and down arrow keys move cube along y axis 
   ElseIf fg_kbtest(72) = 1 Then 
      yWorld = yWorld + 3# 
      Redraw = True 
   ElseIf fg_kbtest(80) = 1 Then 
      yWorld = yWorld - 3# 
      Redraw = True 
 
   ' x rotates counterclockwise around x axis, X rotates clockwise 
   ElseIf fg_kbtest(45) = 1 Then 
      If ShiftKey Then 
         xAngle = xAngle + 6 
         If xAngle >= 360 Then xAngle = xAngle - 360 
      Else 
         xAngle = xAngle - 6 
         If xAngle < 0 Then xAngle = xAngle + 360 
      End If 
      Redraw = True 
 
   ' y rotates counterclockwise around y axis, Y rotates clockwise 
   ElseIf fg_kbtest(21) = 1 Then 
      If ShiftKey Then 
         yAngle = yAngle + 6 
         If yAngle >= 360 Then yAngle = yAngle - 360 
      Else 
         yAngle = yAngle - 6 
         If yAngle < 0 Then yAngle = yAngle + 360 
      End If 
      Redraw = True 
 
   ' z rotates counterclockwise around z axis, Z rotates clockwise 
   ElseIf fg_kbtest(44) = 1 Then 
      If ShiftKey Then 
         zAngle = zAngle + 6 
         If zAngle >= 360 Then zAngle = zAngle - 360 
      Else 
         zAngle = zAngle - 6 
         If zAngle < 0 Then zAngle = zAngle + 360 
      End If 
      Redraw = True 
   End If 
 
   ' if the cube's position or orientation changed, redraw the cube 
   If Redraw Then 
      ' erase the previous frame from the virtual buffer 
      Call fg_setcolor(-1) 
      Call fg_fillpage 
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      ' define the cube's new position and rotation in 3D world space 
      Call fg_3Dsetobject(xWorld, yWorld, zWorld, xAngle * 10, yAngle * 10, zAngle * 10) 
 
      ' draw the cube 
      Call DrawCube 
 
      ' display what we just drew 
      Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
      Redraw = False 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  DrawCube()                                                                * 
'                                                                            * 
'  Draws each of the six cube faces in 3D world space.                       * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub DrawCube() 
   Dim I As Long 
   Dim R As Long, G As Long, B As Long 
 
   For I = 1 To 6 
      If vbDepth > 8 Then 
         Call fg_getrgb(Colors(I), R, G, B) 
         Call fg_setcolorrgb(R, G, B) 
      Else 
         Call fg_setcolor(Colors(I)) 
      End If 
      Call fg_3Dpolygonobject(Faces(1, I).X, 4) 
   Next 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  InitGlobals()                                                             * 
'                                                                            * 
'  Initialize global variables and arrays. Called from Form_Load().          * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub InitGlobals() 
   Colors(1) = 84: Colors(2) = 88: Colors(3) = 92 
   Colors(4) = 96: Colors(5) = 100: Colors(6) = 104 
    
   Faces(1, 1).X = 20#: Faces(1, 1).Y = -20#: Faces(1, 1).Z = -20# 
   Faces(2, 1).X = -20#: Faces(2, 1).Y = -20#: Faces(2, 1).Z = -20# 
   Faces(3, 1).X = -20#: Faces(3, 1).Y = 20#: Faces(3, 1).Z = -20# 
   Faces(4, 1).X = 20#: Faces(4, 1).Y = 20#: Faces(4, 1).Z = -20# 
 
   Faces(1, 2).X = -20#: Faces(1, 2).Y = -20#: Faces(1, 2).Z = -20# 
   Faces(2, 2).X = -20#: Faces(2, 2).Y = -20#: Faces(2, 2).Z = 20# 
   Faces(3, 2).X = -20#: Faces(3, 2).Y = 20#: Faces(3, 2).Z = 20# 
   Faces(4, 2).X = -20#: Faces(4, 2).Y = 20#: Faces(4, 2).Z = -20# 
 
   Faces(1, 3).X = 20#: Faces(1, 3).Y = 20#: Faces(1, 3).Z = 20# 
   Faces(2, 3).X = -20#: Faces(2, 3).Y = 20#: Faces(2, 3).Z = 20# 
   Faces(3, 3).X = -20#: Faces(3, 3).Y = -20#: Faces(3, 3).Z = 20# 
   Faces(4, 3).X = 20#: Faces(4, 3).Y = -20#: Faces(4, 3).Z = 20# 
 
   Faces(1, 4).X = 20#: Faces(1, 4).Y = -20#: Faces(1, 4).Z = 20# 
   Faces(2, 4).X = 20#: Faces(2, 4).Y = -20#: Faces(2, 4).Z = -20# 
   Faces(3, 4).X = 20#: Faces(3, 4).Y = 20#: Faces(3, 4).Z = -20# 
   Faces(4, 4).X = 20#: Faces(4, 4).Y = 20#: Faces(4, 4).Z = 20# 
 
   Faces(1, 5).X = 20#: Faces(1, 5).Y = -20#: Faces(1, 5).Z = 20# 
   Faces(2, 5).X = -20#: Faces(2, 5).Y = -20#: Faces(2, 5).Z = 20# 
   Faces(3, 5).X = -20#: Faces(3, 5).Y = -20#: Faces(3, 5).Z = -20# 
   Faces(4, 5).X = 20#: Faces(4, 5).Y = -20#: Faces(4, 5).Z = -20# 
 
   Faces(1, 6).X = 20#: Faces(1, 6).Y = 20#: Faces(1, 6).Z = -20# 
   Faces(2, 6).X = -20#: Faces(2, 6).Y = 20#: Faces(2, 6).Z = -20# 
   Faces(3, 6).X = -20#: Faces(3, 6).Y = 20#: Faces(3, 6).Z = 20# 
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   Faces(4, 6).X = 20#: Faces(4, 6).Y = 20#: Faces(4, 6).Z = 20# 
End Sub 

Example: TMcube 
TMcube is quite similar to the Cube example, but it draws a perspective texture-mapped cube 

instead of a cube with single-color faces. 

 
Six different 64x64 texture maps are used, one for each cube face. The texture maps are stored in 
CUBE.PCX, a 384x64 256-color PCX file with six 64x64 images arranged horizontally: 

 
The code to initialize Fastgraph's texture map manager and obtain the six texture maps appears 

in TMcube's WM_CREATE handler: 

C/C++: 
fg_tminit(6); 
fg_showpcx("CUBE.PCX",FG_AT_XY|FG_KEEPCOLORS); 
fg_move(0,tmWidth-1); 
for (i = 0; i < 6; i++) 
{ 
#if (vbDepth == 8) 
   fg_getimage(Texture[i],tmWidth,tmWidth); 
   fg_invert(Texture[i],tmWidth,tmWidth); 
#else 
   fg_getdcb(Texture[i],tmWidth,tmWidth); 
   fg_invdcb(Texture[i],tmWidth,tmWidth); 
#endif 
   hTM[i] = fg_tmdefine(Texture[i],tmWidth,tmWidth); 
   fg_moverel(tmWidth,0); 
} 

C#: 
fg.tminit(6); 
fg.showpcx("CUBE.PCX", fg.AT_XY + fg.KEEPCOLORS); 
fg.move(0, tmWidth-1); 
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for (i = 0; i < 6; i++) 
{ 
   if (vbDepth == 8) 
   { 
      fg.getimage(ref Texture[i,0], tmWidth, tmWidth); 
      fg.invert(ref Texture[i,0], tmWidth, tmWidth); 
   } 
   else 
   { 
      fg.getdcb(ref Texture[i,0], tmWidth, tmWidth); 
      fg.invdcb(ref Texture[i,0], tmWidth, tmWidth); 
   } 
   hTM[i] = fg.tmdefine(ref Texture[i,0], tmWidth, tmWidth); 
   fg.moverel(tmWidth, 0); 
} 

Delphi: 
fg_tminit(6); 
fg_showpcx('CUBE.PCX'+chr(0),FG_AT_XY or FG_KEEPCOLORS); 
fg_move(0,tmWidth-1); 
for i := 1 to 6 do 
begin 
  if (vbDepth = 8) then 
  begin 
    fg_getimage(Texture[i],tmWidth,tmWidth); 
    fg_invert(Texture[i],tmWidth,tmWidth); 
  end 
  else 
  begin 
    fg_getdcb(Texture[i],tmWidth,tmWidth); 
    fg_invdcb(Texture[i],tmWidth,tmWidth); 
  end; 
  hTM[i] := fg_tmdefine(Texture[i],tmWidth,tmWidth); 
  fg_moverel(tmWidth,0); 
end; 

Visual Basic: 
Call fg_tminit(6) 
Call fg_showpcx(App.Path & "\CUBE.PCX", FG_AT_XY + FG_KEEPCOLORS) 
Call fg_move(0, tmWidth - 1) 
For I = 1 To 6 
   #If vbDepth = 8 Then 
   Call fg_getimage(Texture(1, I), tmWidth, tmWidth) 
   Call fg_invert(Texture(1, I), tmWidth, tmWidth) 
   #Else 
   Call fg_getdcb(Texture(1, I), tmWidth, tmWidth) 
   Call fg_invdcb(Texture(1, I), tmWidth, tmWidth) 
   #End If 
   hTM(I) = fg_tmdefine(Texture(1, I), tmWidth, tmWidth) 
   Call fg_moverel(tmWidth, 0) 
Next 

Visual Basic .NET: 
fg_tminit(6) 
fg_showpcx("CUBE.PCX", FG_AT_XY + FG_KEEPCOLORS) 
fg_move(0, tmWidth - 1) 
For I = 0 To 5 
#If vbDepth = 8 Then 
   fg_getimage(Texture(I, 0), tmWidth, tmWidth) 
   fg_invert(Texture(I, 0), tmWidth, tmWidth) 
#Else 
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   fg_getdcb(Texture(I, 0), tmWidth, tmWidth) 
   fg_invdcb(Texture(I, 0), tmWidth, tmWidth) 
#End If 
   hTM(I) = fg_tmdefine(Texture(I, 0), tmWidth, tmWidth) 
   fg_moverel(tmWidth, 0) 
Next 

After loading CUBE.PCX into the virtual buffer and establishing the graphics position at the lower left 
corner of the CUBE.PCX image, we begin a loop that obtains the texture bitmaps and makes them 
available to Fastgraph's texture-mapped polygon drawing functions. In each iteration of this loop, we call 
fg_getimage() or fg_getdcb() to read one 64x64 texture as a 256-color or direct color bitmap, depending 
on the virtual buffer color depth. We store each texture bitmap in the two-dimensional array Texture, 
which holds six 64x64 bitmaps. Unlike Fastgraph's ordinary bitmaps, texture bitmaps are stored top-
down, so we call fg_invert() or fg_invdcb() to translate them from the bottom-up to the top-down format. 
Next we call fg_tmdefine() to make the texture available to Fastgraph, saving the texture handle in the 
hTM array. Finally, we move the graphics position 64 pixels to the right so we can get the next 64x64 
texture in the next loop iteration. 

Besides creating the texture maps, TMcube's WM_CREATE handler also sets up a z-buffer, 
defines 3D clipping limits, and sets the render state for perspective texture mapping, z-buffering, and 3D 
clipping. We set the near clipping plane at z=40, so when a near face passes in front of this plane, we can 
look inside the cube and see some or all of its otherwise hidden faces. This happens because backface 
removal isn't applied to z-buffered polygons; instead the z-buffer values determine which faces or parts 
thereof are visible. 

The TMcube program's CheckForMovement() function is almost the same as the one from the 
Cube example. The only difference is the call to fg_zbframe() at the beginning of the code that redraws 
the cube in its new position, needed because TMcube uses z-buffering and Cube doesn't. 

The DrawCube() functions in the two programs serve the same purpose but are rather different. 
In the Cube program, we define the polygon's colors with fg_setcolor() and we render each face with 
fg_3Dpolygonobject(). In TMcube, DrawCube() calls fg_tmselect() to select a texture map for the cube 
face (using one of the handles returned by fg_tmdefine() in the WM_CREATE handler) and we render it 
with fg_3Dtexturemapobject(). The tmSource array passed to fg_3Dtexturemapobject() contains the 
(u,v) texture map coordinates corresponding to each polygon vertex. For each cube face, we store the 
(x,y,z) object space vertex coordinates starting with the lower right vertex (when the face is viewed 
straight on) and proceed clockwise around the polygon's perimeter. We do the same thing for the texture 
map coordinates – that is, we start with the (u,v) coordinates at the lower right corner of the texture map 
and proceed clockwise around its perimeter. 

TMcube: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  TMcube.c                                                                  * 
*                                                                            * 
*  This program draws a texture-mapped cube in 3D world space and allows the * 
*  user to move and rotate the cube through keyboard controls. A different   * 
*  texture is applied to each cube face. Supports linear or perspective      * 
*  texture mapping, z-buffering, and 3D clipping through the RENDER_STATE    * 
*  symbol.                                                                   * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define RENDER_STATE (FG_PERSPECTIVE_TM | FG_ZBUFFER | FG_ZCLIP) 
 
#define vbWidth  640 
#define vbHeight 480 
#define vbDepth   16 
 
#define tmWidth   64 
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typedef struct point3d 
{ 
   double x; 
   double y; 
   double z; 
} POINT3D; 
 
// six faces of a 40x40x40 cube, defined in object coordinates 
POINT3D Face1[] = { 
   { 20.0,-20.0,-20.0}, 
   {-20.0,-20.0,-20.0}, 
   {-20.0, 20.0,-20.0}, 
   { 20.0, 20.0,-20.0} 
}; 
POINT3D Face2[] = { 
   {-20.0,-20.0,-20.0}, 
   {-20.0,-20.0, 20.0}, 
   {-20.0, 20.0, 20.0}, 
   {-20.0, 20.0,-20.0} 
}; 
POINT3D Face3[] = { 
   { 20.0, 20.0, 20.0}, 
   {-20.0, 20.0, 20.0}, 
   {-20.0,-20.0, 20.0}, 
   { 20.0,-20.0, 20.0} 
}; 
POINT3D Face4[] = { 
   { 20.0,-20.0, 20.0}, 
   { 20.0,-20.0,-20.0}, 
   { 20.0, 20.0,-20.0}, 
   { 20.0, 20.0, 20.0} 
}; 
POINT3D Face5[] = { 
   { 20.0,-20.0, 20.0}, 
   {-20.0,-20.0, 20.0}, 
   {-20.0,-20.0,-20.0}, 
   { 20.0,-20.0,-20.0} 
}; 
POINT3D Face6[] = { 
   { 20.0, 20.0,-20.0}, 
   {-20.0, 20.0,-20.0}, 
   {-20.0, 20.0, 20.0}, 
   { 20.0, 20.0, 20.0} 
}; 
 
// for convenience, an array of pointers to each of the six faces 
POINT3D *Faces[] = {Face1,Face2,Face3,Face4,Face5,Face6}; 
 
// texture map array 
BYTE Texture[6][tmWidth*tmWidth*(vbDepth/8)]; 
 
// coordinates defining source polygon vertices within the texture map array 
int tmSource[] = {tmWidth-1,tmWidth-1, 0,tmWidth-1, 0,0, tmWidth-1,0}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void CheckForMovement(void); 
void DrawCube(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGtmcube"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
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   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Texture-Mapped Cube",   // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call CheckForMovement() to check if 
   // we want to perform movement. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         CheckForMovement(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      hZB; 
int      hTM[6]; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   register int i; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         fg_vbdepth(vbDepth); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         hZB = fg_zballoc(vbWidth,vbHeight); 
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         fg_zbopen(hZB); 
 
         // define 3D viewport, clipping planes, and initial render state 
         fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
         fg_3Dsetzclip(40.0,1000.0); 
         fg_3Drenderstate(RENDER_STATE); 
 
         // obtain the six texture maps from the CUBE.PCX file 
         fg_tminit(6); 
         fg_showpcx("CUBE.PCX",FG_AT_XY|FG_KEEPCOLORS); 
         fg_move(0,tmWidth-1); 
         for (i = 0; i < 6; i++) 
         { 
#if (vbDepth == 8) 
            fg_getimage(Texture[i],tmWidth,tmWidth); 
            fg_invert(Texture[i],tmWidth,tmWidth); 
#else 
            fg_getdcb(Texture[i],tmWidth,tmWidth); 
            fg_invdcb(Texture[i],tmWidth,tmWidth); 
#endif 
            hTM[i] = fg_tmdefine(Texture[i],tmWidth,tmWidth); 
            fg_moverel(tmWidth,0); 
         } 
 
         fg_setcolor(-1); 
         fg_fillpage(); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_tmfree(-1); 
         fg_zbfree(hZB); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the WinMain() message loop when there are  * 
*  no messages waiting.                                                      * 
*                                                                            * 
\****************************************************************************/ 
 
void CheckForMovement() 
{ 
   static double xWorld = 0.0, yWorld = 0.0, zWorld = 100.0; 
   static int xAngle = 0, yAngle = 0, zAngle = 0; 
   static BOOL Redraw = TRUE; 
   BOOL ShiftKey; 
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   // check if either shift key is pressed 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   // + and - move cube along the z axis (+ is toward viewer, - is 
   // away from viewer) 
   if (fg_kbtest(74)) 
   { 
      zWorld += 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(78)) 
   { 
      zWorld -= 3.0; 
      Redraw = TRUE; 
   } 
 
   // left and right arrow keys move cube along x axis 
   else if (fg_kbtest(75)) 
   { 
      xWorld -= 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(77)) 
   { 
      xWorld += 3.0; 
      Redraw = TRUE; 
   } 
 
   // up and down arrow keys move cube along y axis 
   else if (fg_kbtest(72)) 
   { 
      yWorld += 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(80)) 
   { 
      yWorld -= 3.0; 
      Redraw = TRUE; 
   } 
 
   // x rotates counterclockwise around x axis, X rotates clockwise 
   else if (fg_kbtest(45)) 
   { 
      if (ShiftKey) 
      { 
         xAngle += 6; 
         if (xAngle >= 360) xAngle -= 360; 
      } 
      else 
      { 
         xAngle -= 6; 
         if (xAngle < 0) xAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // y rotates counterclockwise around y axis, Y rotates clockwise 
   else if (fg_kbtest(21)) 
   { 
      if (ShiftKey) 
      { 
         yAngle += 6; 
         if (yAngle >= 360) yAngle -= 360; 
      } 
      else 
      { 
         yAngle -= 6; 
         if (yAngle < 0) yAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // z rotates counterclockwise around z axis, Z rotates clockwise 
   else if (fg_kbtest(44)) 
   { 
      if (ShiftKey) 
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      { 
         zAngle += 6; 
         if (zAngle >= 360) zAngle -= 360; 
      } 
      else 
      { 
         zAngle -= 6; 
         if (zAngle < 0) zAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // if the cube's position or rotation changed, redraw the cube 
   if (Redraw) 
   { 
      // prepare the z-buffer for the next frame 
      fg_zbframe(); 
 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // define the cube's new position and rotation in 3D world space 
      fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
      // draw the cube 
      DrawCube(); 
 
      // display what we just drew 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Redraw = FALSE; 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
\****************************************************************************/ 
 
void DrawCube() 
{ 
   register int i; 
 
   for (i = 0; i < 6; i++) 
   { 
      fg_tmselect(hTM[i]); 
      fg_3Dtexturemapobject((double *)Faces[i],tmSource,4); 
   } 
} 

TMcube: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  TMcube.cpp                                                                * 
*  TMcubeU.cpp                                                               * 
*                                                                            * 
*  This program draws a texture-mapped cube in 3D world space and allows the * 
*  user to move and rotate the cube through keyboard controls. A different   * 
*  texture is applied to each cube face. Supports linear or perspective      * 
*  texture mapping, z-buffering, and 3D clipping through the RENDER_STATE    * 
*  symbol defined in TMcubeU.h.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "TMcubeU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 



570 • Fastgraph 6.0 User’s Guide 

 

  

__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   CheckForMovement(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   register int i; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   fg_vbdepth(vbDepth); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   hZB = fg_zballoc(vbWidth,vbHeight); 
   fg_zbopen(hZB); 
 
   // define 3D viewport, clipping planes, and initial render state 
   fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
   fg_3Dsetzclip(40.0,1000.0); 
   fg_3Drenderstate(RENDER_STATE); 
 
   // obtain the six texture maps from the CUBE.PCX file 
   fg_tminit(6); 
   fg_showpcx("CUBE.PCX",FG_AT_XY|FG_KEEPCOLORS); 
   fg_move(0,tmWidth-1); 
   for (i = 0; i < 6; i++) 
   { 
#if (vbDepth == 8) 
      fg_getimage(Texture[i],tmWidth,tmWidth); 
      fg_invert(Texture[i],tmWidth,tmWidth); 
#else 
      fg_getdcb(Texture[i],tmWidth,tmWidth); 
      fg_invdcb(Texture[i],tmWidth,tmWidth); 
#endif 
      hTM[i] = fg_tmdefine(Texture[i],tmWidth,tmWidth); 
      fg_moverel(tmWidth,0); 
   } 
 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
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void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_tmfree(-1); 
   fg_zbfree(hZB); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CheckForMovement() 
{ 
   static double xWorld = 0.0, yWorld = 0.0, zWorld = 100.0; 
   static int xAngle = 0, yAngle = 0, zAngle = 0; 
   static bool Redraw = True; 
   bool ShiftKey; 
 
   // check if either shift key is pressed 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   // + and - move cube along the z axis (+ is toward viewer, - is 
   // away from viewer) 
   if (fg_kbtest(74)) 
   { 
      zWorld += 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(78)) 
   { 
      zWorld -= 3.0; 
      Redraw = True; 
   } 
 
   // left and right arrow keys move cube along x axis 
   else if (fg_kbtest(75)) 
   { 
      xWorld -= 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(77)) 
   { 
      xWorld += 3.0; 
      Redraw = True; 
   } 
 
   // up and down arrow keys move cube along y axis 
   else if (fg_kbtest(72)) 
   { 
      yWorld += 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(80)) 
   { 
      yWorld -= 3.0; 
      Redraw = True; 
   } 
 
   // x rotates counterclockwise around x axis, X rotates clockwise 
   else if (fg_kbtest(45)) 
   { 
      if (ShiftKey) 
      { 
         xAngle += 6; 
         if (xAngle >= 360) xAngle -= 360; 
      } 
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      else 
      { 
         xAngle -= 6; 
         if (xAngle < 0) xAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // y rotates counterclockwise around y axis, Y rotates clockwise 
   else if (fg_kbtest(21)) 
   { 
      if (ShiftKey) 
      { 
         yAngle += 6; 
         if (yAngle >= 360) yAngle -= 360; 
      } 
      else 
      { 
         yAngle -= 6; 
         if (yAngle < 0) yAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // z rotates counterclockwise around z axis, Z rotates clockwise 
   else if (fg_kbtest(44)) 
   { 
      if (ShiftKey) 
      { 
         zAngle += 6; 
         if (zAngle >= 360) zAngle -= 360; 
      } 
      else 
      { 
         zAngle -= 6; 
         if (zAngle < 0) zAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // if the cube's position or rotation changed, redraw the cube 
   if (Redraw) 
   { 
      // prepare the z-buffer for the next frame 
      fg_zbframe(); 
 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // define the cube's new position and rotation in 3D world space 
      fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
      // draw the cube 
      DrawCube(); 
 
      // display what we just drew 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Redraw = False; 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::DrawCube() 
{ 
   register int i; 
 
   for (i = 0; i < 6; i++) 
   { 
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      fg_tmselect(hTM[i]); 
      fg_3Dtexturemapobject((double *)Faces[i],(int *)tmSource,4); 
   } 
} 

TMcube: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  TMcube.dpr                                                                * 
*  TMcubeU.pas                                                               * 
*                                                                            * 
*  This program draws a texture-mapped cube in 3D world space and allows the * 
*  user to move and rotate the cube through keyboard controls. A different   * 
*  texture is applied to each cube face. Supports linear or perspective      * 
*  texture mapping, z-buffering, and 3D clipping through the RENDER_STATE    * 
*  symbol.                                                                   * 
*                                                                            * 
*****************************************************************************} 
 
unit TMcubeU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
 
type 
  POINT3D = record 
    x : double; 
    y : double; 
    z : double; 
  end; 
 
const 
  { render state } 
  RENDER_STATE = FG_PERSPECTIVE_TM or FG_ZBUFFER or FG_ZCLIP; 
 
  { virtual buffer dimensions } 
  vbWidth = 640; 
  vbHeight = 480; 
  vbDepth = 16; 
 
  { six faces of a 40x40x40 cube, defined in object coordinates } 
  Face1 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z:-20.0)); 
  Face2 : array [1..4] of POINT3D = ( 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z:-20.0)); 
  Face3 : array [1..4] of POINT3D = ( 
    (x: 20.0; y: 20.0; z: 20.0), 
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    (x:-20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x: 20.0; y:-20.0; z: 20.0)); 
  Face4 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z: 20.0), 
    (x: 20.0; y:-20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z: 20.0)); 
  Face5 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x: 20.0; y:-20.0; z:-20.0)); 
  Face6 : array [1..4] of POINT3D = ( 
    (x: 20.0; y: 20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x: 20.0; y: 20.0; z: 20.0)); 
 
  { for convenience, an array of pointers to each of the six faces } 
  Faces : array [1..6] of ^POINT3D = (@Face1,@Face2,@Face3,@Face4,@Face5,@Face6); 
 
  { width of texture map in pixels } 
  tmWidth = 64; 
 
  { coordinates defining source polygon vertices within the texture map array } 
  tmSource : array [1..8] of integer = ( 
    tmWidth-1,tmWidth-1, 0,tmWidth-1, 0,0, tmWidth-1,0); 
 
var 
  { texture map array } 
  Texture : array [1..6,1..tmWidth*tmWidth*(vbDepth div 8)] of byte; 
 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  cxClient, cyClient : integer; 
  hZB : integer; 
  hTM : array [1..6] of integer; 
  Redraw : boolean; 
  xAngle, yAngle, zAngle : integer; 
  xWorld, yWorld, zWorld : double; 
 
{***************************************************************************** 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Transforms, clips, projects, and draws each of the six cube faces.        * 
*                                                                            * 
*****************************************************************************} 
 
procedure DrawCube; 
 
var 
  i : integer; 
 
begin 
  for i := 1 to 6 do 
  begin 
    fg_tmselect(hTM[i]); 
    fg_3Dtexturemapobject(Faces[i]^,tmSource,4); 
  end; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
*****************************************************************************} 
 
procedure CheckForMovement; 
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var 
  ShiftKey : boolean; 
 
begin 
  { check if either shift key is pressed } 
  ShiftKey := (fg_kbtest(42) = 1) or (fg_kbtest(54) = 1); 
 
  { + and - move cube along the z axis (+ is toward viewer, - is } 
  { away from viewer) } 
  if (fg_kbtest(74) = 1) then 
  begin 
    zWorld := zWorld + 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(78) = 1) then 
  begin 
    zWorld := zWorld - 3.0; 
    Redraw := True; 
  end 
 
  { left and right arrow keys move cube along x axis } 
  else if (fg_kbtest(75) = 1) then 
  begin 
    xWorld := xWorld - 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(77) = 1) then 
  begin 
    xWorld := xWorld + 3.0; 
    Redraw := True; 
  end 
 
  { up and down arrow keys move cube along y axis } 
  else if (fg_kbtest(72) = 1) then 
  begin 
    yWorld := yWorld + 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(80) = 1) then 
  begin 
    yWorld := yWorld - 3.0; 
    Redraw := True; 
  end 
 
  { x rotates counterclockwise around x axis, X rotates clockwise } 
  else if (fg_kbtest(45) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(xAngle,6); 
      if (xAngle >= 360) then Dec(xAngle,360); 
    end 
    else 
    begin 
      Dec(xAngle,6); 
      if (xAngle < 0) then Inc(xAngle,360); 
    end; 
    Redraw := True; 
  end 
 
  { y rotates counterclockwise around y axis, Y rotates clockwise } 
  else if (fg_kbtest(21) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(yAngle,6); 
      if (yAngle >= 360) then Dec(yAngle,360); 
    end 
    else 
    begin 
      Dec(yAngle,6); 
      if (yAngle < 0) then Inc(yAngle,360); 
    end; 
    Redraw := True; 
  end 
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  { z rotates counterclockwise around z axis, Z rotates clockwise } 
  else if (fg_kbtest(44) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(zAngle,6); 
      if (zAngle >= 360) then Dec(zAngle,360); 
    end 
    else 
    begin 
      Dec(zAngle,6); 
      if (zAngle < 0) then Inc(zAngle,360); 
    end; 
    Redraw := True; 
  end; 
 
  { if the cube's position or rotation changed, redraw the cube } 
  if (Redraw) then 
  begin 
    { prepare the z-buffer for the next frame } 
    fg_zbframe; 
 
    { erase the previous frame from the virtual buffer } 
    fg_setcolor(-1); 
    fg_fillpage; 
 
    { define the cube's new position and rotation in 3D world space } 
    fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
    { draw the cube } 
    DrawCube; 
 
    { display what we just drew } 
    fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
    Redraw := False; 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  CheckForMovement; 
  Done := False; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  i : integer; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  fg_vbdepth(vbDepth); 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  hZB := fg_zballoc(vbWidth,vbHeight); 
  fg_zbopen(hZB); 
 
  { define 3D viewport, clipping planes, and initial render state } 
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  fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
  fg_3Dsetzclip(40.0,1000.0); 
  fg_3Drenderstate(RENDER_STATE); 
 
  { obtain the six texture maps from the CUBE.PCX file } 
  fg_tminit(6); 
  fg_showpcx('CUBE.PCX'+chr(0),FG_AT_XY or FG_KEEPCOLORS); 
  fg_move(0,tmWidth-1); 
  for i := 1 to 6 do 
  begin 
    if (vbDepth = 8) then 
    begin 
      fg_getimage(Texture[i],tmWidth,tmWidth); 
      fg_invert(Texture[i],tmWidth,tmWidth); 
    end 
    else 
    begin 
      fg_getdcb(Texture[i],tmWidth,tmWidth); 
      fg_invdcb(Texture[i],tmWidth,tmWidth); 
    end; 
    hTM[i] := fg_tmdefine(Texture[i],tmWidth,tmWidth); 
    fg_moverel(tmWidth,0); 
  end; 
 
  xAngle := 0; 
  yAngle := 0; 
  zAngle := 0; 
  xWorld := 0.0; 
  yWorld := 0.0; 
  zWorld := 100.0; 
  Redraw := True; 
 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_tmfree(-1); 
  fg_zbfree(hZB); 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

TMcube: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  TMcube.frm                                                                * 
'                                                                            * 
'  This program draws a texture-mapped cube in 3D world space and allows the * 
'  user to move and rotate the cube through keyboard controls. A different   * 
'  texture is applied to each cube face. Supports linear or perspective      * 
'  texture mapping, z-buffering, and 3D clipping through the RENDER_STATE    * 
'  symbol.                                                                   * 
'                                                                            * 
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'***************************************************************************** 
 
Const RENDER_STATE = FG_PERSPECTIVE_TM + FG_ZBUFFER + FG_ZCLIP 
 
Const vbWidth = 640 
Const vbHeight = 480 
Const vbDepth = 16 
 
Const tmWidth = 64 
 
Private Type Point3D 
   X As Double 
   Y As Double 
   Z As Double 
End Type 
 
Option Base 1 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
Dim hZB As Long 
Dim hTM(6) As Long 
Dim AppIsRunning As Boolean 
 
Dim Redraw As Boolean 
Dim xAngle As Long, yAngle As Long, zAngle As Long 
Dim xWorld As Double, yWorld As Double, zWorld As Double 
 
' six faces of a 40x40x40 cube, defined in object coordinates 
Dim Faces(4, 6) As Point3D 
 
' texture map array 
Dim Texture(tmWidth * tmWidth * (vbDepth / 8), 6) As Byte 
 
' coordinates defining source polygon vertices within the texture map array 
Dim tmSource(8) As Long 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim I As Long 
 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   Call fg_vbdepth(vbDepth) 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   hZB = fg_zballoc(vbWidth, vbHeight) 
   Call fg_zbopen(hZB) 
 
   ' define 3D viewport, clipping planes, and initial render state 
   Call fg_3Dviewport(0, vbWidth - 1, 0, vbHeight - 1, 0.5) 
   Call fg_3Dsetzclip(40#, 1000#) 
   Call fg_3Drenderstate(RENDER_STATE) 
 
   ' obtain the six texture maps from the CUBE.PCX file 
   Call fg_tminit(6) 
   Call fg_showpcx(App.Path & "\CUBE.PCX", FG_AT_XY + FG_KEEPCOLORS) 
   Call fg_move(0, tmWidth - 1) 
   For I = 1 To 6 
      #If vbDepth = 8 Then 
      Call fg_getimage(Texture(1, I), tmWidth, tmWidth) 
      Call fg_invert(Texture(1, I), tmWidth, tmWidth) 
      #Else 
      Call fg_getdcb(Texture(1, I), tmWidth, tmWidth) 
      Call fg_invdcb(Texture(1, I), tmWidth, tmWidth) 
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      #End If 
      hTM(I) = fg_tmdefine(Texture(1, I), tmWidth, tmWidth) 
      Call fg_moverel(tmWidth, 0) 
   Next 
 
   xAngle = 0 
   yAngle = 0 
   zAngle = 0 
   xWorld = 0# 
   yWorld = 0# 
   zWorld = 100# 
   Redraw = True 
 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
 
   Call InitGlobals 
 
   Visible = True 
   AppIsRunning = True 
   While AppIsRunning 
      DoEvents 
      Call CheckForMovement 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_tmfree(-1) 
   Call fg_zbfree(hZB) 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  CheckForMovement()                                                        * 
'                                                                            * 
'  The CheckForMovement() function checks for key presses that control the   * 
'  cube's movement, and if required redraws the cube at its new position and * 
'  orientation. It is called from the message loop in Form_Load().           * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CheckForMovement() 
   Dim ShiftKey As Boolean 
 
   ' check if either shift key is pressed 
   ShiftKey = (fg_kbtest(42) = 1) Or (fg_kbtest(54) = 1) 
 
   ' + and - move cube along the z axis (+ is toward viewer, - is 
   ' away from viewer) 
   If fg_kbtest(74) = 1 Then 
      zWorld = zWorld + 3# 
      Redraw = True 
   ElseIf fg_kbtest(78) = 1 Then 
      zWorld = zWorld - 3# 
      Redraw = True 
 
   ' left and right arrow keys move cube along x axis 
   ElseIf fg_kbtest(75) = 1 Then 
      xWorld = xWorld - 3# 
      Redraw = True 
   ElseIf fg_kbtest(77) = 1 Then 
      xWorld = xWorld + 3# 
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      Redraw = True 
 
   ' up and down arrow keys move cube along y axis 
   ElseIf fg_kbtest(72) = 1 Then 
      yWorld = yWorld + 3# 
      Redraw = True 
   ElseIf fg_kbtest(80) = 1 Then 
      yWorld = yWorld - 3# 
      Redraw = True 
 
   ' x rotates counterclockwise around x axis, X rotates clockwise 
   ElseIf fg_kbtest(45) = 1 Then 
      If ShiftKey Then 
         xAngle = xAngle + 6 
         If xAngle >= 360 Then xAngle = xAngle - 360 
      Else 
         xAngle = xAngle - 6 
         If xAngle < 0 Then xAngle = xAngle + 360 
      End If 
      Redraw = True 
 
   ' y rotates counterclockwise around y axis, Y rotates clockwise 
   ElseIf fg_kbtest(21) = 1 Then 
      If ShiftKey Then 
         yAngle = yAngle + 6 
         If yAngle >= 360 Then yAngle = yAngle - 360 
      Else 
         yAngle = yAngle - 6 
         If yAngle < 0 Then yAngle = yAngle + 360 
      End If 
      Redraw = True 
 
   ' z rotates counterclockwise around z axis, Z rotates clockwise 
   ElseIf fg_kbtest(44) = 1 Then 
      If ShiftKey Then 
         zAngle = zAngle + 6 
         If zAngle >= 360 Then zAngle = zAngle - 360 
      Else 
         zAngle = zAngle - 6 
         If zAngle < 0 Then zAngle = zAngle + 360 
      End If 
      Redraw = True 
   End If 
 
   ' if the cube's position or orientation changed, redraw the cube 
   If Redraw Then 
      ' prepare the z-buffer for the next frame 
      Call fg_zbframe 
 
      ' erase the previous frame from the virtual buffer 
      Call fg_setcolor(-1) 
      Call fg_fillpage 
 
      ' define the cube's new position and rotation in 3D world space 
      Call fg_3Dsetobject(xWorld, yWorld, zWorld, xAngle * 10, yAngle * 10, zAngle * 10) 
 
      ' draw the cube 
      Call DrawCube 
 
      ' display what we just drew 
      Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
      Redraw = False 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  DrawCube()                                                                * 
'                                                                            * 
'  Draws each of the six cube faces in 3D world space.                       * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub DrawCube() 
   Dim I As Long 
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   For I = 1 To 6 
      Call fg_tmselect(hTM(I)) 
      Call fg_3Dtexturemapobject(Faces(1, I).X, tmSource(1), 4) 
   Next 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  InitGlobals()                                                             * 
'                                                                            * 
'  Initialize global variables and arrays. Called from Form_Load().          * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub InitGlobals() 
   Faces(1, 1).X = 20#: Faces(1, 1).Y = -20#: Faces(1, 1).Z = -20# 
   Faces(2, 1).X = -20#: Faces(2, 1).Y = -20#: Faces(2, 1).Z = -20# 
   Faces(3, 1).X = -20#: Faces(3, 1).Y = 20#: Faces(3, 1).Z = -20# 
   Faces(4, 1).X = 20#: Faces(4, 1).Y = 20#: Faces(4, 1).Z = -20# 
 
   Faces(1, 2).X = -20#: Faces(1, 2).Y = -20#: Faces(1, 2).Z = -20# 
   Faces(2, 2).X = -20#: Faces(2, 2).Y = -20#: Faces(2, 2).Z = 20# 
   Faces(3, 2).X = -20#: Faces(3, 2).Y = 20#: Faces(3, 2).Z = 20# 
   Faces(4, 2).X = -20#: Faces(4, 2).Y = 20#: Faces(4, 2).Z = -20# 
 
   Faces(1, 3).X = 20#: Faces(1, 3).Y = 20#: Faces(1, 3).Z = 20# 
   Faces(2, 3).X = -20#: Faces(2, 3).Y = 20#: Faces(2, 3).Z = 20# 
   Faces(3, 3).X = -20#: Faces(3, 3).Y = -20#: Faces(3, 3).Z = 20# 
   Faces(4, 3).X = 20#: Faces(4, 3).Y = -20#: Faces(4, 3).Z = 20# 
 
   Faces(1, 4).X = 20#: Faces(1, 4).Y = -20#: Faces(1, 4).Z = 20# 
   Faces(2, 4).X = 20#: Faces(2, 4).Y = -20#: Faces(2, 4).Z = -20# 
   Faces(3, 4).X = 20#: Faces(3, 4).Y = 20#: Faces(3, 4).Z = -20# 
   Faces(4, 4).X = 20#: Faces(4, 4).Y = 20#: Faces(4, 4).Z = 20# 
 
   Faces(1, 5).X = 20#: Faces(1, 5).Y = -20#: Faces(1, 5).Z = 20# 
   Faces(2, 5).X = -20#: Faces(2, 5).Y = -20#: Faces(2, 5).Z = 20# 
   Faces(3, 5).X = -20#: Faces(3, 5).Y = -20#: Faces(3, 5).Z = -20# 
   Faces(4, 5).X = 20#: Faces(4, 5).Y = -20#: Faces(4, 5).Z = -20# 
 
   Faces(1, 6).X = 20#: Faces(1, 6).Y = 20#: Faces(1, 6).Z = -20# 
   Faces(2, 6).X = -20#: Faces(2, 6).Y = 20#: Faces(2, 6).Z = -20# 
   Faces(3, 6).X = -20#: Faces(3, 6).Y = 20#: Faces(3, 6).Z = 20# 
   Faces(4, 6).X = 20#: Faces(4, 6).Y = 20#: Faces(4, 6).Z = 20# 
 
   tmSource(1) = tmWidth - 1: tmSource(2) = tmWidth - 1 
   tmSource(3) = 0: tmSource(4) = tmWidth - 1 
   tmSource(5) = 0: tmSource(6) = 0 
   tmSource(7) = tmWidth - 1: tmSource(8) = 0 
End Sub 

Example: Tunnel 
The Tunnel program draws a 20x40x100 rectangular Gouraud-shaded tunnel. Through keyboard 

controls, you can move back and forth through the tunnel, or rotate your viewpoint up to 360 degrees. 
The up and down arrow keys move the viewer forward or backward, while the left and right arrow keys 
turn the viewer to the left or right in 6° increments. Tunnel uses a 640x480 virtual buffer whose color 
depth is the same as the display color depth. However, if a 256-color display is active, Tunnel will use a 
high color virtual buffer because Fastgraph does not support Gouraud shading for 256-color virtual 
buffers. 

The tunnel is defined in world space and is 100 units long (from z=100 to z=200), 40 units high, 
(with the floor at y=0), and 20 units wide (extending from x=-10 to x=10). We define the initial POV at 
(0,10,50) with no rotation, which places us outside the tunnel with a reasonable eye level (we don't want 
to be looking right at the tunnel floor). The initial view looks like this: 
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Tunnel's CheckForMovement() function is a scaled-down version of the keystroke processing 

function found in the other 3D examples. CheckForMovement() first tests for POV movement. The 
movement occurs in 2-unit increments, so if the up arrow is pressed we call fg_3Dmoveforward(2.0) to 
move forward, or if the down arrow is pressed, fg_3Dmoveforward(-2.0) to move backward. 
CheckForMovement() next checks for POV rotation. The rotation occurs in 6° increments, so if the right 
arrow is pressed we call fg_3Drotateright(60) to turn right, or if the left arrow is pressed, 
fg_3Drotateright(-60) to turn left. When we modify the POV, we set Redraw to TRUE so 
CheckForMovement() will draw the updated tunnel. 

If the POV changes in the current frame, CheckForMovement() then redraws the tunnel to 
reflect the new POV. When this occurs, we first fill the virtual buffer with white pixels to erase the previous 
frame. Next we call the program's DrawTunnel() function to draw the resulting tunnel. Finally, we call 
fg_vbscale() to display what we just drew, and set Redraw to FALSE in preparation for the next frame. 

The Tunnel program's DrawTunnel() function simply calls fg_3Dshade() for each of the tunnel's 
four sides. The FacesRGB array passed to fg_3Dshade() contains the RGB values corresponding to 
each polygon vertex. We chose RGB values that would make the tunnel's near end (at z=100) lighter than 
its far end. 

Tunnel: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Tunnel.c                                                                  * 
*                                                                            * 
*  This program draws a Gouraud-shaded tunnel and allows the viewer to move  * 
*  through the tunnel using keyboard controls.                               * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define vbWidth  640 
#define vbHeight 480 
 
typedef struct point3d 
{ 
   double x; 
   double y; 
   double z; 
} POINT3D; 
 
// four sides of a 20x40x100 tunnel, defined in 3D world coordinates 
POINT3D Floor[] = { 
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   {-10.0, 0.0,100.0}, 
   {-10.0, 0.0,200.0}, 
   { 10.0, 0.0,200.0}, 
   { 10.0, 0.0,100.0} 
}; 
POINT3D WestSide[] = { 
   {-10.0,  0.0,100.0}, 
   {-10.0, 40.0,100.0}, 
   {-10.0, 40.0,200.0}, 
   {-10.0,  0.0,200.0} 
}; 
POINT3D EastSide[] = { 
   { 10.0,  0.0,100.0}, 
   { 10.0,  0.0,200.0}, 
   { 10.0, 40.0,200.0}, 
   { 10.0, 40.0,100.0} 
}; 
POINT3D Ceiling[] = { 
   {-10.0, 40.0,100.0}, 
   { 10.0, 40.0,100.0}, 
   { 10.0, 40.0,200.0}, 
   {-10.0, 40.0,200.0} 
}; 
 
// RGB color values at each vertex of each side 
BYTE FloorRGB[]    = {192,192,192,  64, 64, 64,  64, 64, 64, 192,192,192}; 
BYTE WestSideRGB[] = { 32, 32,255,  32, 32,255,  32, 32, 96,  32, 32, 96}; 
BYTE EastSideRGB[] = { 32, 32,255,  32, 32, 96,  32, 32, 96,  32, 32,255}; 
BYTE CeilingRGB[]  = {192,192,192, 192,192,192,  64, 64, 64,  64, 64, 64}; 
 
// for convenience, an array of pointers to each of the four sides 
POINT3D *Faces[] = {Floor,WestSide,EastSide,Ceiling}; 
 
// a similar array of pointers to each side's RGB values 
BYTE *FacesRGB[] = {FloorRGB,WestSideRGB,EastSideRGB,CeilingRGB}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void CheckForMovement(void); 
void DrawTunnel(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGtunnel"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "Gouraud-Shaded Tunnel", // window caption 
      WS_OVERLAPPEDWINDOW,     // window style 
      CW_USEDEFAULT,           // initial x position 
      CW_USEDEFAULT,           // initial y position 
      CW_USEDEFAULT,           // initial x size 
      CW_USEDEFAULT,           // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
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   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call CheckForMovement() to check if 
   // we want to perform movement. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         CheckForMovement(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
UINT     cxClient, cyClient; 
int      hZB; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
   int vbDepth; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         vbDepth = fg_colors(); 
         if (vbDepth < 16) vbDepth = 16; 
         fg_vbdepth(vbDepth); 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         hZB = fg_zballoc(vbWidth,vbHeight); 
         fg_zbopen(hZB); 
 
         fg_setcolor(-1); 
         fg_fillpage(); 
 
         fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
         fg_3Drenderstate(FG_ZBUFFER | FG_ZCLIP); 
         fg_3Dlookat(0.0,10.0,50.0,0.0,10.0,100.0); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
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         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_SIZE: 
         cxClient = LOWORD(lParam); 
         cyClient = HIWORD(lParam); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_zbfree(hZB); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  user's movement, and if required redraws the tunnel viewed from the new   * 
*  camera position. It is called from the WinMain() message loop when there  * 
*  are no messages waiting.                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
void CheckForMovement() 
{ 
   static BOOL Redraw = TRUE; 
 
   // up arrow moves viewer forward 
   if (fg_kbtest(72)) 
   { 
      fg_3Dmoveforward(2.0); 
      Redraw = TRUE; 
   } 
 
   // down arrow moves viewer backward 
   else if (fg_kbtest(80)) 
   { 
      fg_3Dmoveforward(-2.0); 
      Redraw = TRUE; 
   } 
 
   // right arrow turns viewer to the right 
   else if (fg_kbtest(77)) 
   { 
      fg_3Drotateright(6*10); 
      Redraw = TRUE; 
   } 
 
   // left arrow turns viewer to the left 
   else if (fg_kbtest(75)) 
   { 
      fg_3Drotateright(-6*10); 
      Redraw = TRUE; 
   } 
 
   // if the viewer's position or rotation changed, redraw the tunnel 
   if (Redraw) 
   { 
      // prepare the z-buffer for the next frame 
      fg_zbframe(); 
 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // draw the tunnel 
      DrawTunnel(); 
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      // display what we just drew 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Redraw = FALSE; 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawTunnel()                                                              * 
*                                                                            * 
*  Draws each of the tunnel's four sides in 3D world space.                  * 
*                                                                            * 
\****************************************************************************/ 
 
void DrawTunnel() 
{ 
   register int i; 
 
   for (i = 0; i < 4; i++) 
   { 
      fg_3Dshade((double *)Faces[i],(char *)FacesRGB[i],4); 
   } 
} 

Tunnel: C/C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Tunnel.cpp                                                                * 
*  TunnelU.cpp                                                               * 
*                                                                            * 
*  This program draws a Gouraud-shaded tunnel and allows the viewer to move  * 
*  through the tunnel using keyboard controls.                               * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "TunnelU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   CheckForMovement(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   int vbDepth; 
 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   vbDepth = fg_colors(); 
   if (vbDepth < 16) vbDepth = 16; 
   fg_vbdepth(vbDepth); 
   hVB = fg_vballoc(vbWidth,vbHeight); 
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   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   hZB = fg_zballoc(vbWidth,vbHeight); 
   fg_zbopen(hZB); 
 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
   fg_3Drenderstate(FG_ZBUFFER | FG_ZCLIP); 
   fg_3Dlookat(0.0,10.0,50.0,0.0,10.0,100.0); 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormResize(TObject *Sender) 
{ 
   cxClient = ClientWidth; 
   cyClient = ClientHeight; 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_zbfree(hZB); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  user's movement, and if required redraws the tunnel viewed from the new   * 
*  camera position. It is called from the WinMain() message loop when there  * 
*  are no messages waiting.                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CheckForMovement() 
{ 
   static bool Redraw = True; 
 
   // up arrow moves viewer forward 
   if (fg_kbtest(72)) 
   { 
      fg_3Dmoveforward(2.0); 
      Redraw = TRUE; 
   } 
 
   // down arrow moves viewer backward 
   else if (fg_kbtest(80)) 
   { 
      fg_3Dmoveforward(-2.0); 
      Redraw = TRUE; 
   } 
 
   // right arrow turns viewer to the right 
   else if (fg_kbtest(77)) 
   { 
      fg_3Drotateright(6*10); 
      Redraw = TRUE; 
   } 
 
   // left arrow turns viewer to the left 
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   else if (fg_kbtest(75)) 
   { 
      fg_3Drotateright(-6*10); 
      Redraw = TRUE; 
   } 
 
   // if the viewer's position or rotation changed, redraw the tunnel 
   if (Redraw) 
   { 
      // prepare the z-buffer for the next frame 
      fg_zbframe(); 
 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // draw the tunnel 
      DrawTunnel(); 
 
      // display what we just drew 
      fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
      Redraw = False; 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawTunnel()                                                              * 
*                                                                            * 
*  Draws each of the tunnel's four sides in 3D world space.                  * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::DrawTunnel() 
{ 
   register int i; 
 
   for (i = 0; i < 4; i++) 
   { 
      fg_3Dshade((double *)Faces[i],(char *)FacesRGB[i],4); 
   } 
} 

Tunnel: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Tunnel.dpr                                                                * 
*  TunnelU.pas                                                               * 
*                                                                            * 
*  This program draws a Gouraud-shaded tunnel and allows the viewer to move  * 
*  through the tunnel using keyboard controls.                               * 
*                                                                            * 
*****************************************************************************} 
 
unit TunnelU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormResize(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
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implementation 
 
{$R *.DFM} 
type 
  POINT3D = record 
    x : double; 
    y : double; 
    z : double; 
  end; 
 
const 
  { virtual buffer dimensions } 
  vbWidth = 640; 
  vbHeight = 480; 
 
  { four sides of a 20x40x100 tunnel, defined in 3D world coordinates } 
  Floor : array [1..4] of POINT3D = ( 
    (x:-10.0; y: 0.0; z:100.0), 
    (x:-10.0; y: 0.0; z:200.0), 
    (x: 10.0; y: 0.0; z:200.0), 
    (x: 10.0; y: 0.0; z:100.0)); 
  WestSide : array [1..4] of POINT3D = ( 
    (x:-10.0; y: 0.0; z:100.0), 
    (x:-10.0; y:40.0; z:100.0), 
    (x:-10.0; y:40.0; z:200.0), 
    (x:-10.0; y: 0.0; z:200.0)); 
  EastSide : array [1..4] of POINT3D = ( 
    (x: 10.0; y: 0.0; z:100.0), 
    (x: 10.0; y: 0.0; z:200.0), 
    (x: 10.0; y:40.0; z:200.0), 
    (x: 10.0; y:40.0; z:100.0)); 
  Ceiling : array [1..4] of POINT3D = ( 
    (x:-10.0; y:40.0; z:100.0), 
    (x: 10.0; y:40.0; z:100.0), 
    (x: 10.0; y:40.0; z:200.0), 
    (x:-10.0; y:40.0; z:200.0)); 
 
  { RGB color values at each vertex of each side } 
  FloorRGB : array [1..4*3] of byte = 
    (192,192,192,  64, 64, 64,  64, 64, 64, 192,192,192); 
  WestSideRGB : array [1..4*3] of byte = 
    ( 32, 32,255,  32, 32,255,  32, 32, 96,  32, 32, 96); 
  EastSideRGB : array [1..4*3] of byte = 
    ( 32, 32,255,  32, 32, 96,  32, 32, 96,  32, 32,255); 
  CeilingRGB : array [1..4*3] of byte = 
    (192,192,192, 192,192,192,  64, 64, 64,  64, 64, 64); 
 
  { for convenience, an array of pointers to each of the four sides } 
  Faces : array [1..4] of ^POINT3D = 
    (@Floor,@WestSide,@EastSide,@Ceiling); 
 
  { a similar array of pointers to each side's RGB values } 
  FacesRGB : array [1..4] of ^byte = 
    (@FloorRGB,@WestSideRGB,@EastSideRGB,@CeilingRGB); 
 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  cxClient, cyClient : integer; 
  hZB : integer; 
  Redraw : boolean; 
 
{***************************************************************************** 
*                                                                            * 
*  DrawTunnel()                                                              * 
*                                                                            * 
*  Draws each of the tunnel's four sides in 3D world space.                  * 
*                                                                            * 
*****************************************************************************} 
 
procedure DrawTunnel; 
 
var 
  i : integer; 
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begin 
  for i := 1 to 4 do 
  begin 
    fg_3Dshade(Faces[i]^,FacesRGB[i]^,4); 
  end; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  user's movement, and if required redraws the tunnel viewed from the new   * 
*  camera position. It is called from the WinMain() message loop when there  * 
*  are no messages waiting.                                                  * 
*                                                                            * 
*****************************************************************************} 
 
procedure CheckForMovement; 
begin 
  { up arrow moves viewer forward } 
  if (fg_kbtest(72) = 1) then 
  begin 
    fg_3Dmoveforward(2.0); 
    Redraw := True; 
  end 
 
  { down arrow moves viewer backward } 
  else if (fg_kbtest(80) = 1) then 
  begin 
    fg_3Dmoveforward(-2.0); 
    Redraw := True; 
  end 
 
  { right arrow turns viewer to the right } 
  else if (fg_kbtest(77) = 1) then 
  begin 
    fg_3Drotateright(6*10); 
    Redraw := True; 
  end 
 
  { left arrow turns viewer to the left } 
  else if (fg_kbtest(75) = 1) then 
  begin 
    fg_3Drotateright(-6*10); 
    Redraw := True; 
  end; 
 
  { if the viewer's position or rotation changed, redraw the tunnel } 
  if (Redraw) then 
  begin 
    { prepare the z-buffer for the next frame } 
    fg_zbframe; 
 
    { erase the previous frame from the virtual buffer } 
    fg_setcolor(-1); 
    fg_fillpage; 
 
    { draw the tunnel } 
    DrawTunnel; 
 
    { display what we just drew } 
    fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
    Redraw := False; 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
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procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  CheckForMovement; 
  Done := False; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  vbDepth : integer; 
begin 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  vbDepth := fg_colors; 
  if (vbDepth < 16) then vbDepth := 16; 
  fg_vbdepth(vbDepth); 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  hZB := fg_zballoc(vbWidth,vbHeight); 
  fg_zbopen(hZB); 
 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
  fg_3Drenderstate(FG_ZBUFFER or FG_ZCLIP); 
  fg_3Dlookat(0.0,10.0,50.0,0.0,10.0,100.0); 
  Redraw := True; 
 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  fg_vbscale(0,vbWidth-1,0,vbHeight-1,0,cxClient-1,0,cyClient-1); 
end; 
 
procedure TForm1.FormResize(Sender: TObject); 
begin 
  cxClient := ClientWidth; 
  cyClient := ClientHeight; 
  Invalidate; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_zbfree(hZB); 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Tunnel: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  Tunnel.frm                                                                * 
'                                                                            * 
'  This program draws a Gouraud-shaded tunnel and allows the viewer to move  * 
'  through the tunnel using keyboard controls.                               * 
'                                                                            * 
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'***************************************************************************** 
 
Const vbWidth = 640 
Const vbHeight = 480 
 
Private Type Point3D 
   X As Double 
   Y As Double 
   Z As Double 
End Type 
 
Dim hPal As Long 
Dim hVB As Long 
Dim cxClient As Long, cyClient As Long 
Dim hZB As Long 
Dim AppIsRunning As Boolean 
Dim Redraw As Boolean 
 
Option Base 1 
 
' four sides of a 20x40x100 tunnel, defined in 3D world coordinates 
Dim Faces(4, 4) As Point3D 
 
' RGB color values at each vertex of each side 
Dim FacesRGB(12, 4) As Byte 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   Dim vbDepth As Long 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   vbDepth = fg_colors() 
   If vbDepth < 16 Then vbDepth = 16 
   Call fg_vbdepth(vbDepth) 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   hZB = fg_zballoc(vbWidth, vbHeight) 
   Call fg_zbopen(hZB) 
 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
 
   Call fg_3Dviewport(0, vbWidth - 1, 0, vbHeight - 1, 1#) 
   Call fg_3Drenderstate(FG_ZBUFFER + FG_ZCLIP) 
   Call fg_3Dlookat(0#, 10#, 50#, 0#, 10#, 100#) 
   Redraw = True 
 
   Call InitGlobals 
 
   Visible = True 
   AppIsRunning = True 
   While AppIsRunning 
      Call CheckForMovement 
      DoEvents 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
End Sub 
 
Private Sub Form_Resize() 
   cxClient = ScaleWidth 
   cyClient = ScaleHeight 
   Refresh 
End Sub 
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Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_zbfree(hZB) 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  CheckForMovement()                                                        * 
'                                                                            * 
'  The CheckForMovement() function checks for key presses that control the   * 
'  user's movement, and if required redraws the tunnel viewed from the new   * 
'  camera position. It is called from the message loop in Form_Load().       * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CheckForMovement() 
   ' up arrow moves viewer forward 
   If fg_kbtest(72) = 1 Then 
      Call fg_3Dmoveforward(2#) 
      Redraw = True 
 
   ' down arrow moves viewer backward 
   ElseIf fg_kbtest(80) = 1 Then 
      Call fg_3Dmoveforward(-2#) 
      Redraw = True 
 
   ' right arrow turns viewer to the right 
   ElseIf fg_kbtest(77) = 1 Then 
      Call fg_3Drotateright(6 * 10) 
      Redraw = True 
 
   ' left arrow turns viewer to the left 
   ElseIf fg_kbtest(75) = 1 Then 
      Call fg_3Drotateright(-6 * 10) 
      Redraw = True 
   End If 
 
   ' if the viewer's position or orientation changed, redraw the tunnel 
   If Redraw Then 
      ' prepare the z-buffer for the next frame 
      Call fg_zbframe 
 
      ' erase the previous frame from the virtual buffer 
      Call fg_setcolor(-1) 
      Call fg_fillpage 
 
      ' draw the tunnel 
      Call DrawTunnel 
 
      ' display what we just drew 
      Call fg_vbscale(0, vbWidth - 1, 0, vbHeight - 1, 0, cxClient - 1, 0, cyClient - 1) 
      Redraw = False 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  DrawTunnel()                                                              * 
'                                                                            * 
'  Draws each of the tunnel's four sides in 3D world space.                  * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub DrawTunnel() 
   Dim I As Long 
 
   For I = 1 To 4 
      Call fg_3Dshade(Faces(1, I).X, FacesRGB(1, I), 4) 
   Next 
End Sub 
 
'***************************************************************************** 
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'                                                                            * 
'  InitGlobals()                                                             * 
'                                                                            * 
'  Initialize global variables and arrays. Called from Form_Load().          * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub InitGlobals() 
   ' Floor 
   Faces(1, 1).X = -10#: Faces(1, 1).Y = 0#: Faces(1, 1).Z = 100# 
   Faces(2, 1).X = -10#: Faces(2, 1).Y = 0#: Faces(2, 1).Z = 200# 
   Faces(3, 1).X = 10#: Faces(3, 1).Y = 0#: Faces(3, 1).Z = 200# 
   Faces(4, 1).X = 10#: Faces(4, 1).Y = 0#: Faces(4, 1).Z = 100# 
   ' West Side 
   Faces(1, 2).X = -10#: Faces(1, 2).Y = 0#: Faces(1, 2).Z = 100# 
   Faces(2, 2).X = -10#: Faces(2, 2).Y = 40#: Faces(2, 2).Z = 100# 
   Faces(3, 2).X = -10#: Faces(3, 2).Y = 40#: Faces(3, 2).Z = 200# 
   Faces(4, 2).X = -10#: Faces(4, 2).Y = 0#: Faces(4, 2).Z = 200# 
   ' East Side 
   Faces(1, 3).X = 10#: Faces(1, 3).Y = 0#: Faces(1, 3).Z = 100# 
   Faces(2, 3).X = 10#: Faces(2, 3).Y = 0#: Faces(2, 3).Z = 200# 
   Faces(3, 3).X = 10#: Faces(3, 3).Y = 40#: Faces(3, 3).Z = 200# 
   Faces(4, 3).X = 10#: Faces(4, 3).Y = 40#: Faces(4, 3).Z = 100# 
   ' Ceiling 
   Faces(1, 4).X = -10#: Faces(1, 4).Y = 40#: Faces(1, 4).Z = 100# 
   Faces(2, 4).X = 10#: Faces(2, 4).Y = 40#: Faces(2, 4).Z = 100# 
   Faces(3, 4).X = 10#: Faces(3, 4).Y = 40#: Faces(3, 4).Z = 200# 
   Faces(4, 4).X = -10#: Faces(4, 4).Y = 40#: Faces(4, 4).Z = 200# 
 
   ' Floor RGB 
   FacesRGB(1, 1) = 192: FacesRGB(2, 1) = 192: FacesRGB(3, 1) = 192 
   FacesRGB(4, 1) = 64: FacesRGB(5, 1) = 64: FacesRGB(6, 1) = 64 
   FacesRGB(7, 1) = 64: FacesRGB(8, 1) = 64: FacesRGB(9, 1) = 64 
   FacesRGB(10, 1) = 192: FacesRGB(11, 1) = 192: FacesRGB(12, 1) = 192 
   ' West Side RGB 
   FacesRGB(1, 2) = 32: FacesRGB(2, 2) = 32: FacesRGB(3, 2) = 255 
   FacesRGB(4, 2) = 32: FacesRGB(5, 2) = 32: FacesRGB(6, 2) = 255 
   FacesRGB(7, 2) = 32: FacesRGB(8, 2) = 32: FacesRGB(9, 2) = 96 
   FacesRGB(10, 2) = 32: FacesRGB(11, 2) = 32: FacesRGB(12, 2) = 96 
   ' East Side RGB 
   FacesRGB(1, 3) = 32: FacesRGB(2, 3) = 32: FacesRGB(3, 3) = 255 
   FacesRGB(4, 3) = 32: FacesRGB(5, 3) = 32: FacesRGB(6, 3) = 96 
   FacesRGB(7, 3) = 32: FacesRGB(8, 3) = 32: FacesRGB(9, 3) = 96 
   FacesRGB(10, 3) = 32: FacesRGB(11, 3) = 32: FacesRGB(12, 3) = 255 
   ' Ceiling RGB 
   FacesRGB(1, 4) = 192: FacesRGB(2, 4) = 192: FacesRGB(3, 4) = 192 
   FacesRGB(4, 4) = 192: FacesRGB(5, 4) = 192: FacesRGB(6, 4) = 192 
   FacesRGB(7, 4) = 64: FacesRGB(8, 4) = 64: FacesRGB(9, 4) = 64 
   FacesRGB(10, 4) = 64: FacesRGB(11, 4) = 64: FacesRGB(12, 4) = 64 
End Sub 

Example: Columns 
The Columns program draws a series of 2x2x10 rectangular columns, arranged in a grid 20 units 

apart. A single column, defined in object space, is drawn at each point in the grid. Through keyboard controls, 
you can move forward, backward, left, right, up, or down through the column field, and turn left, right, up, or 
down. Columns uses a fixed 600x480 window, with the upper 600x400 region representing the 3D viewport, 
and the lower 600x80 area for displaying the viewer's current position and direction, along with a summary of 
the keyboard controls. Each frame is rendered into a 600x400 virtual buffer and then displayed with 
fg_vbpaste(). We then use the upper 80 rows of this same virtual buffer to generate the information we'll 
display in the lower part of the window. The virtual buffer's color depth will be set to match the display color 
depth. 

We define the initial POV through fg_3Dlookat(), with the viewer at (10,20,100) looking toward 
the 3D world space origin. When we change the POV in response to keyboard input, we use the 
incremental POV functions. For instance, when we press the up arrow to move forward, we call 
fg_3Dmoveforward(5.0). Similarly, we call fg_3Dmoveforward(-5.0) to move backward in response to the 
down arrow. 
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The program's CheckForMotion() function performs keystroke processing similar to the other 3D 
examples. We move the viewer in 5-unit increments, and rotate the viewer in 1° increments. Whenever 
the POV changes, we call the corresponding incremental POV function and then call the program's 
DrawColumns() function to render the scene at the new POV. 

DrawColumns() renders 2,500 columns (arranged in a 50x50 grid), but it performs polygon 
culling with fg_3Dbenindviewer() to reduce the actual number of columns drawn per frame. The test 
point for culling is the column's center in the x-z plane. We use a culling tolerance of -1.0 because this is 
the x or z extent of a column from its center. This means we'll only eliminate columns that are completely 
invisible. Columns that are partially visible will be clipped as needed during 3D transformation. A column 
that isn't eliminated through polygon culling is positioned in the grid with fg_3Dmoveobject(), and each of 
its six faces are rendered with fg_3Dpolygonobject(). After rendering all 2,500 columns, DrawColumns() 
calls UpdateInfo() to display the new POV information. Both DrawColumns() and UpdateInfo() call 
fg_vbpaste() to display what they just drew. 

Columns: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  Columns.c                                                                 * 
*                                                                            * 
*  This program draws a grid of columns in 3D world space. It demonstrates   * 
*  polygon culling and Fastgraph's incremental POV functions.                * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
#include <stdio.h> 
 
#define vbWidth  600 
#define vbHeight 400 
 
#define InfoHeight 80 
 
#define WinWidth  vbWidth 
#define WinHeight (vbHeight+InfoHeight) 
 
// six faces of a 2x2x10 column, defined in object coordinates 
double ColumnData[6][12] = 
{ 
   {-1.0,10.0, 1.0,  1.0,10.0, 1.0,  1.0,10.0,-1.0, -1.0,10.0,-1.0}, // top 
   {-1.0,10.0,-1.0,  1.0,10.0,-1.0,  1.0, 0.0,-1.0, -1.0, 0.0,-1.0}, // front 
   {-1.0,10.0, 1.0, -1.0,10.0,-1.0, -1.0, 0.0,-1.0, -1.0, 0.0, 1.0}, // left 
   { 1.0,10.0,-1.0,  1.0,10.0, 1.0,  1.0, 0.0, 1.0,  1.0, 0.0,-1.0}, // right 
   {-1.0, 0.0,-1.0,  1.0, 0.0,-1.0,  1.0, 0.0, 1.0, -1.0, 0.0, 1.0}, // bottom 
   { 1.0,10.0, 1.0, -1.0,10.0, 1.0, -1.0, 0.0, 1.0,  1.0, 0.0, 1.0}  // back 
}; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void CheckForMotion(void); 
void DrawColumns(void); 
void SetWindowSize(int,int); 
void UpdateInfo(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int nCmdShow) 
{ 
   static char szAppName[] = "FGcolumns"; 
   HWND        hWnd; 
   MSG         msg; 
   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
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   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindow(szAppName, // window class name 
      "3D Columns",               // window caption 
      WS_POPUPWINDOW|WS_CAPTION,  // window style 
      0,                          // initial x position 
      0,                          // initial y position 
      WinWidth,                   // initial x size 
      WinHeight,                  // initial y size 
      NULL,                       // parent window handle 
      NULL,                       // window menu handle 
      hInstance,                  // program instance handle 
      NULL);                      // creation parameters 
 
   ShowWindow(hWnd,nCmdShow); 
   UpdateWindow(hWnd); 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else 
         CheckForMotion(); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
int      hZB; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   PAINTSTRUCT ps; 
 
   switch (iMsg) 
   { 
      case WM_CREATE: 
         // set up the device context and logical palette 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         // initialize the virtual buffer environment 
         fg_vbinit(); 
         fg_vbdepth(fg_colors()); 
 
         // create and open the virtual buffer 
         hVB = fg_vballoc(vbWidth,vbHeight); 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         // create and open the z-buffer 
         hZB = fg_zballoc(vbWidth,vbHeight); 
         fg_zbopen(hZB); 
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         // define 3D viewport, render state, and initial POV 
         fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
         fg_3Drenderstate(FG_ZBUFFER|FG_ZCLIP); 
         fg_3Dlookat(10.0,20.0,100.0,0.0,20.0,0.0); 
 
         // direct strings to the active virtual buffer 
         fg_fontdc(fg_getdc()); 
 
         // make the client area equal to the required size 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
         SetWindowSize(WinWidth,WinHeight); 
         return 0; 
 
      case WM_PAINT: 
         BeginPaint(hWnd,&ps); 
         DrawColumns(); 
         EndPaint(hWnd,&ps); 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         InvalidateRect(hWnd,NULL,TRUE); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
         fg_zbfree(hZB); 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMotion()                                                          * 
*                                                                            * 
*  The CheckForMotion() function checks for key presses that control the     * 
*  viewer's position and orientation, and if required redraws the scene at   * 
*  its new POV. It is called from the WinMain() message loop when there are  * 
*  no messages waiting.                                                      * 
*                                                                            * 
\****************************************************************************/ 
 
void CheckForMotion(void) 
{ 
   BOOL ShiftKey; 
 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   if (fg_kbtest(71))      // Home 
   { 
      fg_3Dmoveup(5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(72)) // Up arrow 
   { 
      fg_3Dmoveforward(5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(73)) // PgUp 
   { 
      fg_3Drotateup(100); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(75)) // Left arrow 
   { 
      if (ShiftKey) 
         fg_3Dmoveright(-5.0); 
      else 
         fg_3Drotateright(-100); 
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      DrawColumns(); 
   } 
   else if (fg_kbtest(77)) // Right arrow 
   { 
      if (ShiftKey) 
         fg_3Dmoveright(5.0); 
      else 
         fg_3Drotateright(100); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(79)) // End 
   { 
      fg_3Dmoveup(-5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(80)) // Down arrow 
   { 
      fg_3Dmoveforward(-5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(81)) // PgDn 
   { 
      fg_3Drotateup(-100); 
      DrawColumns(); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawColumns()                                                             * 
*                                                                            * 
*  Draws the scene at its new POV. Columns behind the viewer are culled out. * 
*                                                                            * 
\****************************************************************************/ 
 
void DrawColumns() 
{ 
   static int r[] = {254,243,226,203,123,166}; 
   static int g[] = {219,194,172,150, 98,125}; 
   static int b[] = {164,117, 86, 67, 59, 60}; 
   int nColor[6]; 
   int row, col; 
   register int i; 
 
   // prepare for the new frame 
   fg_zbframe(); 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   // create the six encoded color values 
   for (i = 0; i < 6; i++) 
      nColor[i] = fg_maprgb(r[i],g[i],b[i]); 
 
   // 50x50x6 = 15000 polygons per frame 
   for (row = -500; row < 500; row += 20) 
   { 
      for (col = -500; col < 500; col += 20) 
      { 
         if (fg_3Dbehindviewer((double)row,0.0,(double)col,-1.0) == 0) 
         { 
            fg_3Dmoveobject((double)row,0.0,(double)col); 
 
            // draw all the faces 
            for (i = 0; i < 6; i++) 
            { 
               // set the color 
               fg_setcolor(nColor[i]); 
 
               // draw the face 
               fg_3Dpolygonobject(ColumnData[i],4); 
            } 
         } 
      } 
   } 
 
   // display the scene 
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   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
 
   // display the 3D information at the bottom of the window 
   UpdateInfo(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  UpdateInfo()                                                              * 
*                                                                            * 
*  Displays the information at the bottom of the window.                     * 
*                                                                            * 
\****************************************************************************/ 
 
void UpdateInfo() 
{ 
   double x, y, z, xDir, yDir, zDir; 
   char String[64]; 
 
   // get current position and direction 
   fg_3Dgetpov(&x,&y,&z,&xDir,&yDir,&zDir); 
 
   // clear an area to write on 
   fg_setcolorrgb(0,0,140); 
   fg_rect(0,249,0,InfoHeight-1); 
 
   fg_setcolorrgb(0,140,0); 
   fg_rect(250,vbWidth-1,0,InfoHeight-1); 
 
   fg_setcolor(-1); 
 
   // print current position and unit vector 
   fg_move(20,32); 
   sprintf(String,"x =%7.2f  xDir = %7.2f",x,xDir); 
   fg_print(String,strlen(String)); 
 
   fg_move(20,46); 
   sprintf(String,"y =%7.2f  yDir = %7.2f",y,yDir); 
   fg_print(String,strlen(String)); 
 
   fg_move(20,60); 
   sprintf(String,"z =%7.2f  zDir = %7.2f",z,zDir); 
   fg_print(String,strlen(String)); 
 
   // print instructions 
   fg_move(270,18); 
   sprintf(String,"Up    = move forward   Home = move up"); 
   fg_print(String,strlen(String)); 
 
   fg_move(270,32); 
   sprintf(String,"Down  = move back      End  = move down"); 
   fg_print(String,strlen(String)); 
 
   fg_move(270,46); 
   sprintf(String,"Left  = turn left      PgUp = look up"); 
   fg_print(String,strlen(String)); 
 
   fg_move(270,60); 
   sprintf(String,"Right = turn right     PgDn = look down"); 
   fg_print(String,strlen(String)); 
 
   fg_move(290,74); 
   sprintf(String,"Shift+Left/Right = move left/right"); 
   fg_print(String,strlen(String)); 
 
   fg_vbpaste(0,vbWidth-1,0,InfoHeight-1,0,WinHeight-1); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  SetWindowSize()                                                           * 
*                                                                            * 
*  Sets the window size so the client area has the specified dimensions.     * 
*                                                                            * 
\****************************************************************************/ 
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void SetWindowSize(int ClientWidth, int ClientHeight) 
{ 
   RECT ClientRect; 
   RECT WindowRect; 
   int WindowWidth, WindowHeight; 
 
   GetClientRect(GetActiveWindow(),&ClientRect); 
   GetWindowRect(GetActiveWindow(),&WindowRect); 
 
   WindowWidth = ClientWidth + 
      (WindowRect.right - WindowRect.left) - 
      (ClientRect.right - ClientRect.left); 
   WindowHeight = ClientHeight + 
      (WindowRect.bottom - WindowRect.top) - 
      (ClientRect.bottom - ClientRect.top); 
   SetWindowPos(GetActiveWindow(),NULL,0,0, 
      WindowWidth,WindowHeight,SWP_NOMOVE|SWP_NOZORDER); 
} 

Columns: C/C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  Columns.cpp                                                               * 
*  ColumnsU.cpp                                                              * 
*                                                                            * 
*  This program draws a grid of columns in 3D world space. It demonstrates   * 
*  polygon culling and Fastgraph's incremental POV functions.                * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "ColumnsU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   CheckForMotion(); 
   Done = False; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
   Invalidate(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   // set up the device context and logical palette 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   // initialize the virtual buffer environment 
   fg_vbinit(); 
   fg_vbdepth(fg_colors()); 
 
   // create and open the virtual buffer 
   hVB = fg_vballoc(vbWidth,vbHeight); 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   // create and open the z-buffer 
   hZB = fg_zballoc(vbWidth,vbHeight); 
   fg_zbopen(hZB); 
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   // define 3D viewport, render state, and initial POV 
   fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
   fg_3Drenderstate(FG_ZBUFFER|FG_ZCLIP); 
   fg_3Dlookat(10.0,20.0,100.0,0.0,20.0,0.0); 
 
   // direct strings to the active virtual buffer 
   fg_fontdc(fg_getdc()); 
 
   // make the client area equal to the required size 
   Top = 0; 
   Left = 0; 
   ClientWidth = WinWidth; 
   ClientHeight = WinHeight; 
 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormPaint(TObject *Sender) 
{ 
   DrawColumns(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_zbfree(hZB); 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMotion()                                                          * 
*                                                                            * 
*  The CheckForMotion() function checks for key presses that control the     * 
*  viewer's position and orientation, and if required redraws the scene at   * 
*  its new POV. It is called from the WinMain() message loop when there are  * 
*  no messages waiting.                                                      * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CheckForMotion() 
{ 
   bool ShiftKey; 
 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   if (fg_kbtest(71))      // Home 
   { 
      fg_3Dmoveup(5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(72)) // Up arrow 
   { 
      fg_3Dmoveforward(5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(73)) // PgUp 
   { 
      fg_3Drotateup(100); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(75)) // Left arrow 
   { 
      if (ShiftKey) 
         fg_3Dmoveright(-5.0); 
      else 
         fg_3Drotateright(-100); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(77)) // Right arrow 
   { 
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      if (ShiftKey) 
         fg_3Dmoveright(5.0); 
      else 
         fg_3Drotateright(100); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(79)) // End 
   { 
      fg_3Dmoveup(-5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(80)) // Down arrow 
   { 
      fg_3Dmoveforward(-5.0); 
      DrawColumns(); 
   } 
   else if (fg_kbtest(81)) // PgDn 
   { 
      fg_3Drotateup(-100); 
      DrawColumns(); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawColumns()                                                             * 
*                                                                            * 
*  Draws the scene at its new POV. Columns behind the viewer are culled out. * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::DrawColumns() 
{ 
   static int r[] = {254,243,226,203,123,166}; 
   static int g[] = {219,194,172,150, 98,125}; 
   static int b[] = {164,117, 86, 67, 59, 60}; 
   int nColor[6]; 
   int row, col; 
   register int i; 
 
   // prepare for the new frame 
   fg_zbframe(); 
   fg_setcolor(-1); 
   fg_fillpage(); 
 
   // create the six encoded color values 
   for (i = 0; i < 6; i++) 
      nColor[i] = fg_maprgb(r[i],g[i],b[i]); 
 
   // 50x50x6 = 15000 polygons per frame 
   for (row = -500; row < 500; row += 20) 
   { 
      for (col = -500; col < 500; col += 20) 
      { 
         if (fg_3Dbehindviewer((double)row,0.0,(double)col,-1.0) == 0) 
         { 
            fg_3Dmoveobject((double)row,0.0,(double)col); 
 
            // draw all the faces 
            for (i = 0; i < 6; i++) 
            { 
               // set the color 
               fg_setcolor(nColor[i]); 
 
               // draw the face 
               fg_3Dpolygonobject(ColumnData[i],4); 
            } 
         } 
      } 
   } 
 
   // display the scene 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
 
   // display the 3D information at the bottom of the window 
   UpdateInfo(); 
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} 
 
/****************************************************************************\ 
*                                                                            * 
*  UpdateInfo()                                                              * 
*                                                                            * 
*  Displays the information at the bottom of the window.                     * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::UpdateInfo() 
{ 
   double x, y, z, xDir, yDir, zDir; 
   char String[64]; 
 
   // get current position and direction 
   fg_3Dgetpov(&x,&y,&z,&xDir,&yDir,&zDir); 
 
   // clear an area to write on 
   fg_setcolorrgb(0,0,140); 
   fg_rect(0,249,0,InfoHeight-1); 
 
   fg_setcolorrgb(0,140,0); 
   fg_rect(250,vbWidth-1,0,InfoHeight-1); 
 
   fg_setcolor(-1); 
 
   // print current position and unit vector 
   fg_move(20,32); 
   sprintf(String,"x =%7.2f  xDir = %7.2f",x,xDir); 
   fg_print(String,strlen(String)); 
 
   fg_move(20,46); 
   sprintf(String,"y =%7.2f  yDir = %7.2f",y,yDir); 
   fg_print(String,strlen(String)); 
 
   fg_move(20,60); 
   sprintf(String,"z =%7.2f  zDir = %7.2f",z,zDir); 
   fg_print(String,strlen(String)); 
 
   // print instructions 
   fg_move(270,18); 
   sprintf(String,"Up    = move forward   Home = move up"); 
   fg_print(String,strlen(String)); 
 
   fg_move(270,32); 
   sprintf(String,"Down  = move back      End  = move down"); 
   fg_print(String,strlen(String)); 
 
   fg_move(270,46); 
   sprintf(String,"Left  = turn left      PgUp = look up"); 
   fg_print(String,strlen(String)); 
 
   fg_move(270,60); 
   sprintf(String,"Right = turn right     PgDn = look down"); 
   fg_print(String,strlen(String)); 
 
   fg_move(290,74); 
   sprintf(String,"Shift+Left/Right = move left/right"); 
   fg_print(String,strlen(String)); 
 
   fg_vbpaste(0,vbWidth-1,0,InfoHeight-1,0,WinHeight-1); 
} 

Columns: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  Columns.dpr                                                               * 
*  ColumnsU.pas                                                              * 
*                                                                            * 
*  This program draws a grid of columns in 3D world space. It demonstrates   * 
*  polygon culling and Fastgraph's incremental POV functions.                * 
*                                                                            * 
*****************************************************************************} 
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unit ColumnsU; 
 
interface 
 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
 
type 
  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormPaint(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
 
const 
  { virtual buffer dimensions } 
  vbWidth = 600; 
  vbHeight = 400; 
 
  { height of information area } 
  InfoHeight = 80; 
 
  { window dimensions } 
  WinWidth = vbWidth; 
  WinHeight = vbHeight + InfoHeight; 
 
  { six faces of a 2x2x10 column, defined in object coordinates } 
  ColumnData : Array [1..6,1..12] of double = ( 
    (-1.0,10.0, 1.0,  1.0,10.0, 1.0,  1.0,10.0,-1.0, -1.0,10.0,-1.0),  { top } 
    (-1.0,10.0,-1.0,  1.0,10.0,-1.0,  1.0, 0.0,-1.0, -1.0, 0.0,-1.0),  { front } 
    (-1.0,10.0, 1.0, -1.0,10.0,-1.0, -1.0, 0.0,-1.0, -1.0, 0.0, 1.0),  { left } 
    ( 1.0,10.0,-1.0,  1.0,10.0, 1.0,  1.0, 0.0, 1.0,  1.0, 0.0,-1.0),  { right } 
    (-1.0, 0.0,-1.0,  1.0, 0.0,-1.0,  1.0, 0.0, 1.0, -1.0, 0.0, 1.0),  { bottom } 
    ( 1.0,10.0, 1.0, -1.0,10.0, 1.0, -1.0, 0.0, 1.0,  1.0, 0.0, 1.0)); { back } 
 
var 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  hZB : integer; 
 
{***************************************************************************** 
*                                                                            * 
*  UpdateInfo()                                                              * 
*                                                                            * 
*  Displays the information at the bottom of the window.                     * 
*                                                                            * 
*****************************************************************************} 
 
procedure UpdateInfo; 
 
var 
  x, y, z, xDir, yDir, zDir : double; 
  MessageText : string; 
 
begin 
  { get current position and direction } 
  fg_3Dgetpov(x,y,z,xDir,yDir,zDir); 
 
  { clear an area to write on } 
  fg_setcolorrgb(0,0,140); 
  fg_rect(0,249,0,InfoHeight-1); 
 
  fg_setcolorrgb(0,140,0); 
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  fg_rect(250,vbWidth-1,0,InfoHeight-1); 
 
  fg_setcolor(-1); 
 
  { print current position and unit vector } 
  fg_move(20,32); 
  MessageText := 'x = ' + FloatToStrF(x,ffFixed,7,2) + 
                 '  xDir = ' + FloatToStrF(xDir,ffFixed,7,2); 
  fg_print(MessageText,length(MessageText)); 
 
  fg_move(20,46); 
  MessageText := 'y = ' + FloatToStrF(y,ffFixed,7,2) + 
                 '  yDir = ' + FloatToStrF(yDir,ffFixed,7,2); 
  fg_print(MessageText,length(MessageText)); 
 
  fg_move(20,60); 
  MessageText := 'z = ' + FloatToStrF(z,ffFixed,7,2) + 
                 '  zDir = ' + FloatToStrF(zDir,ffFixed,7,2); 
  fg_print(MessageText,length(MessageText)); 
 
  { print instructions } 
  fg_move(270,18); 
  MessageText := 'Up    = move forward   Home = move up'; 
  fg_print(MessageText,length(MessageText)); 
 
  fg_move(270,32); 
  MessageText := 'Down  = move back      End  = move down'; 
  fg_print(MessageText,length(MessageText)); 
 
  fg_move(270,46); 
  MessageText := 'Left  = turn left      PgUp = look up'; 
  fg_print(MessageText,length(MessageText)); 
 
  fg_move(270,60); 
  MessageText := 'Right = turn right     PgDn = look down'; 
  fg_print(MessageText,length(MessageText)); 
 
  fg_move(290,74); 
  MessageText := 'Shift+Left/Right = move left/right'; 
  fg_print(MessageText,length(MessageText)); 
 
  fg_vbpaste(0,vbWidth-1,0,InfoHeight-1,0,WinHeight-1); 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  DrawColumns()                                                             * 
*                                                                            * 
*  Draws the scene at its new POV. Columns behind the viewer are culled out. * 
*                                                                            * 
*****************************************************************************} 
 
procedure DrawColumns; 
 
const 
  r : array [1..6] of integer = (254,243,226,203,123,166); 
  g : array [1..6] of integer = (219,194,172,150, 98,125); 
  b : array [1..6] of integer = (164,117, 86, 67, 59, 60); 
 
var 
  nColor : array [1..6] of integer; 
  row, col : integer; 
  i : integer; 
 
begin 
  { prepare for the new frame } 
  fg_zbframe; 
  fg_setcolor(-1); 
  fg_fillpage; 
 
  { create the six encoded color values } 
  for i := 1 to 6 do 
     nColor[i] := fg_maprgb(r[i],g[i],b[i]); 
 
  { 50x50x6 = 15000 polygons per frame } 
  row := -500; 
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  while (row < 500) do 
  begin 
    col := -500; 
    while (col < 500) do 
    begin 
      if (fg_3Dbehindviewer(row,0.0,col,-1.0) = 0) then 
      begin 
        fg_3Dmoveobject(row,0.0,col); 
 
        { draw all the faces } 
        for i := 1 to 6 do 
        begin 
          { set the color } 
          fg_setcolor(nColor[i]); 
 
          { draw the face } 
          fg_3Dpolygonobject(ColumnData[i],4); 
        end; 
      end; 
      inc(col,20); 
    end; 
    inc(row,20); 
  end; 
 
  { display the scene } 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
 
  { display the 3D information at the bottom of the window } 
  UpdateInfo; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  CheckForMotion()                                                          * 
*                                                                            * 
*  The CheckForMotion() function checks for key presses that control the     * 
*  viewer's position and orientation, and if required redraws the scene at   * 
*  its new POV. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
*****************************************************************************} 
 
procedure CheckForMotion; 
 
var 
  ShiftKey : boolean; 
 
begin 
  { check if either shift key is pressed } 
  ShiftKey := (fg_kbtest(42) = 1) or (fg_kbtest(54) = 1); 
 
  if (fg_kbtest(71) = 1) then      { Home } 
  begin 
    fg_3Dmoveup(5.0); 
    DrawColumns; 
  end 
  else if (fg_kbtest(72) = 1) then { Up arrow } 
  begin 
    fg_3Dmoveforward(5.0); 
    DrawColumns; 
  end 
  else if (fg_kbtest(73) = 1) then { PgUp } 
  begin 
    fg_3Drotateup(100); 
    DrawColumns; 
  end 
  else if (fg_kbtest(75) = 1) then { Left arrow } 
  begin 
    if (ShiftKey) then 
      fg_3Dmoveright(-5.0) 
    else 
      fg_3Drotateright(-100); 
    DrawColumns; 
  end 
  else if (fg_kbtest(77) = 1) then { Right arrow } 
  begin 
    if (ShiftKey) then 
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      fg_3Dmoveright(5.0) 
    else 
      fg_3Drotateright(100); 
    DrawColumns; 
  end 
  else if (fg_kbtest(79) = 1) then { End } 
  begin 
    fg_3Dmoveup(-5.0); 
    DrawColumns; 
  end 
  else if (fg_kbtest(80) = 1) then { Down arrow } 
  begin 
    fg_3Dmoveforward(-5.0); 
    DrawColumns; 
  end 
  else if (fg_kbtest(81) = 1) then { PgDn } 
  begin 
    fg_3Drotateup(-100); 
    DrawColumns; 
  end 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
  Invalidate; 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  CheckForMotion; 
  Done := False; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
begin 
  { set up the device context and logical palette } 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  { initialize the virtual buffer environment } 
  fg_vbinit; 
  fg_vbdepth(fg_colors); 
 
  { create and open the virtual buffer } 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  { create and open the z-buffer } 
  hZB := fg_zballoc(vbWidth,vbHeight); 
  fg_zbopen(hZB); 
 
  { define 3D viewport, render state, and initial POV } 
  fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,1.0); 
  fg_3Drenderstate(FG_ZBUFFER or FG_ZCLIP); 
  fg_3Dlookat(10.0,20.0,100.0,0.0,20.0,0.0); 
 
  { direct strings to the active virtual buffer } 
  fg_fontdc(fg_getdc); 
 
  { make the client area equal to the required size } 
  Top := 0; 
  Left := 0; 
  ClientWidth := WinWidth; 
  ClientHeight := WinHeight; 
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  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
end; 
 
procedure TForm1.FormPaint(Sender: TObject); 
begin 
  DrawColumns; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_zbfree(hZB); 
  fg_vbfree(hVB); 
  fg_vbfin; 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
end; 
 
end. 

Columns: Visual Basic Version 
 
'***************************************************************************** 
'                                                                            * 
'  Columns.frm                                                               * 
'                                                                            * 
'  This program draws a grid of columns in 3D world space. It demonstrates   * 
'  polygon culling and Fastgraph's incremental POV functions.                * 
'                                                                            * 
'***************************************************************************** 
 
Const vbWidth = 600 
Const vbHeight = 400 
 
Const InfoHeight = 80 
 
Const WinWidth = vbWidth 
Const WinHeight = (vbHeight + InfoHeight) 
 
Option Base 1 
 
Dim hPal As Long 
Dim hVB As Long 
Dim hZB As Long 
Dim AppIsRunning As Boolean 
 
' six faces of a 2x2x10 column, defined in object coordinates 
Dim ColumnData(12, 6) As Double 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
   Refresh 
End Sub 
 
Private Sub Form_Load() 
   ' set up the device context and logical palette 
   ScaleMode = 3 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   ' initialize the virtual buffer environment 
   Call fg_vbinit 
   Call fg_vbdepth(fg_colors()) 
 
   ' create and open the virtual buffer 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   ' create and open the z-buffer 
   hZB = fg_zballoc(vbWidth, vbHeight) 
   Call fg_zbopen(hZB) 
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   ' define 3D viewport, render state, and initial POV 
   Call fg_3Dviewport(0, vbWidth - 1, 0, vbHeight - 1, 1#) 
   Call fg_3Drenderstate(FG_ZBUFFER + FG_ZCLIP) 
   Call fg_3Dlookat(10#, 20#, 100#, 0#, 20#, 0#) 
 
   ' direct strings to the active virtual buffer 
   Call fg_fontdc(fg_getdc()) 
 
   ' make the client area equal to the required size 
   Left = 0 
   Top = 0 
   Width = (WinWidth + 8) * 15 
   Height = (WinHeight + 27) * 15 
 
   Call InitGlobals 
 
   Visible = True 
   AppIsRunning = True 
   While AppIsRunning 
      DoEvents 
      Call CheckForMotion 
   Wend 
End Sub 
 
Private Sub Form_Paint() 
   Call DrawColumns 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   Call fg_vbclose 
   Call fg_zbfree(hZB) 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  CheckForMotion()                                                          * 
'                                                                            * 
'  The CheckForMotion() function checks for key presses that control the     * 
'  viewer's position and orientation, and if required redraws the scene at   * 
'  its new POV. It is called from the message loop in Form_Load().           * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CheckForMotion() 
   Dim ShiftKey As Boolean 
 
   ' check if either shift key is pressed 
   ShiftKey = (fg_kbtest(42) = 1) Or (fg_kbtest(54) = 1) 
 
   If fg_kbtest(71) = 1 Then      ' Home 
      Call fg_3Dmoveup(5#) 
      Call DrawColumns 
 
   ElseIf fg_kbtest(72) = 1 Then  ' Up arrow 
      Call fg_3Dmoveforward(5#) 
      Call DrawColumns 
 
   ElseIf fg_kbtest(73) = 1 Then  ' PgUp 
      Call fg_3Drotateup(100) 
      Call DrawColumns 
 
   ElseIf fg_kbtest(75) = 1 Then  ' Left arrow 
      If (ShiftKey) Then 
         Call fg_3Dmoveright(-5#) 
      Else 
         Call fg_3Drotateright(-100) 
      End If 
      Call DrawColumns 
 
   ElseIf fg_kbtest(77) = 1 Then  ' Right arrow 
      If (ShiftKey) Then 
         Call fg_3Dmoveright(5#) 
      Else 
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         Call fg_3Drotateright(100) 
      End If 
      Call DrawColumns 
 
   ElseIf fg_kbtest(79) = 1 Then  ' End 
      Call fg_3Dmoveup(-5#) 
      Call DrawColumns 
 
   ElseIf fg_kbtest(80) = 1 Then  ' Down arrow 
      Call fg_3Dmoveforward(-5#) 
      Call DrawColumns 
 
   ElseIf fg_kbtest(81) = 1 Then  ' PgDn 
      Call fg_3Drotateup(-100) 
      Call DrawColumns 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  DrawColumns()                                                             * 
'                                                                            * 
'  Draws each of the six cube faces in 3D world space.                       * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub DrawColumns() 
   Dim nColor(6) As Long 
   Dim Row, Col As Long 
   Dim I As Long 
 
   ' prepare for the new frame 
   Call fg_zbframe 
   Call fg_setcolor(-1) 
   Call fg_fillpage 
 
   ' create the six encoded color values 
   nColor(1) = fg_maprgb(254, 219, 164) 
   nColor(2) = fg_maprgb(243, 194, 117) 
   nColor(3) = fg_maprgb(226, 172, 86) 
   nColor(4) = fg_maprgb(203, 150, 67) 
   nColor(5) = fg_maprgb(123, 98, 59) 
   nColor(6) = fg_maprgb(166, 125, 60) 
 
   ' 50x50x6 = 15000 polygons per frame 
   For Row = -500 To 480 Step 20 
      For Col = -500 To 480 Step 20 
         If fg_3Dbehindviewer(CDbl(Row), 0#, CDbl(Col), -1#) = 0 Then 
            Call fg_3Dmoveobject(CDbl(Row), 0#, CDbl(Col)) 
 
            ' draw all the faces 
            For I = 1 To 6 
               ' set the color 
               Call fg_setcolor(nColor(I)) 
 
               ' draw the face 
               Call fg_3Dpolygonobject(ColumnData(1, I), 4) 
            Next I 
         End If 
      Next Col 
   Next Row 
 
   ' display the scene 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
 
   ' display the 3D information at the bottom of the window 
   Call UpdateInfo 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  UpdateInfo()                                                              * 
'                                                                            * 
'  Displays the information at the bottom of the window.                     * 
'                                                                            * 
'***************************************************************************** 
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Private Sub UpdateInfo() 
   Dim x As Double, y As Double, Z As Double 
   Dim xDir As Double, yDir As Double, zDir As Double 
   Dim MessageText As String 
 
   ' get current position and direction 
   Call fg_3Dgetpov(x, y, Z, xDir, yDir, zDir) 
 
   ' clear an area to write on 
   Call fg_setcolorrgb(0, 0, 140) 
   Call fg_rect(0, 249, 0, InfoHeight - 1) 
 
   Call fg_setcolorrgb(0, 140, 0) 
   Call fg_rect(250, vbWidth - 1, 0, InfoHeight - 1) 
 
   Call fg_setcolor(-1) 
 
   ' print current position and unit vector 
   Call fg_move(20, 32) 
   MessageText = "x = " + Format(x, "###0.00") + "  xDir = " + Format(xDir, "###0.00") 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_move(20, 46) 
   MessageText = "y = " + Format(y, "###0.00") + "  yDir = " + Format(yDir, "###0.00") 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_move(20, 60) 
   MessageText = "z = " + Format(Z, "###0.00") + "  zDir = " + Format(zDir, "###0.00") 
   Call fg_print(MessageText, Len(MessageText)) 
 
   ' print instructions 
   Call fg_move(270, 18) 
   MessageText = "Up    = move forward   Home = move up" 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_move(270, 32) 
   MessageText = "Down  = move back      End  = move down" 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_move(270, 46) 
   MessageText = "Left  = turn left      PgUp = look up" 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_move(270, 60) 
   MessageText = "Right = turn right     PgDn = look down" 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_move(290, 74) 
   MessageText = "Shift+Left/Right = move left/right" 
   Call fg_print(MessageText, Len(MessageText)) 
 
   Call fg_vbpaste(0, vbWidth - 1, 0, InfoHeight - 1, 0, WinHeight - 1) 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  InitGlobals()                                                             * 
'                                                                            * 
'  Initialize global variables and arrays. Called from Form_Load().          * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub InitGlobals() 
   ' top 
   ColumnData(1, 1) = -1#: ColumnData(2, 1) = 10#: ColumnData(3, 1) = 1# 
   ColumnData(4, 1) = 1#: ColumnData(5, 1) = 10#: ColumnData(6, 1) = 1# 
   ColumnData(7, 1) = 1#: ColumnData(8, 1) = 10#: ColumnData(9, 1) = -1# 
   ColumnData(10, 1) = -1#: ColumnData(11, 1) = 10#: ColumnData(12, 1) = -1# 
 
   ' front 
   ColumnData(1, 2) = -1#: ColumnData(2, 2) = 10#: ColumnData(3, 2) = -1# 
   ColumnData(4, 2) = 1#: ColumnData(5, 2) = 10#: ColumnData(6, 2) = -1# 
   ColumnData(7, 2) = 1#: ColumnData(8, 2) = 0#: ColumnData(9, 2) = -1# 
   ColumnData(10, 2) = -1#: ColumnData(11, 2) = 0#: ColumnData(12, 2) = -1# 
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   ' left 
   ColumnData(1, 3) = -1#: ColumnData(2, 3) = 10#: ColumnData(3, 3) = 1# 
   ColumnData(4, 3) = -1#: ColumnData(5, 3) = 10#: ColumnData(6, 3) = -1# 
   ColumnData(7, 3) = -1#: ColumnData(8, 3) = 0#: ColumnData(9, 3) = -1# 
   ColumnData(10, 3) = -1#: ColumnData(11, 3) = 0#: ColumnData(12, 3) = 1# 
 
   ' right 
   ColumnData(1, 4) = 1#: ColumnData(2, 4) = 10#: ColumnData(3, 4) = -1# 
   ColumnData(4, 4) = 1#: ColumnData(5, 4) = 10#: ColumnData(6, 4) = 1# 
   ColumnData(7, 4) = 1#: ColumnData(8, 4) = 0#: ColumnData(9, 4) = 1# 
   ColumnData(10, 4) = 1#: ColumnData(11, 4) = 0#: ColumnData(12, 4) = -1# 
 
   ' bottom 
   ColumnData(1, 5) = -1#: ColumnData(2, 5) = 0#: ColumnData(3, 5) = -1# 
   ColumnData(4, 5) = 1#: ColumnData(5, 5) = 0#: ColumnData(6, 5) = -1# 
   ColumnData(7, 5) = 1#: ColumnData(8, 5) = 0#: ColumnData(9, 5) = 1# 
   ColumnData(10, 5) = -1#: ColumnData(11, 5) = 0#: ColumnData(12, 5) = 1# 
 
   ' back 
   ColumnData(1, 6) = 1#: ColumnData(2, 6) = 10#: ColumnData(3, 6) = 1# 
   ColumnData(4, 6) = -1#: ColumnData(5, 6) = 10#: ColumnData(6, 6) = 1# 
   ColumnData(7, 6) = -1#: ColumnData(8, 6) = 0#: ColumnData(9, 6) = 1# 
   ColumnData(10, 6) = 1#: ColumnData(11, 6) = 0#: ColumnData(12, 6) = 1# 
End Sub 

Example: Tdemo 
The Tdemo example brings together many 3D capabilities in a single program. Tdemo offers first 

person perspective, with the viewer inside a square room with four texture-mapped walls. You can move 
the POV anywhere in the room through keyboard controls. Three texture-mapped cubes (similar to the 
cube in the TMcube example) spin around at fixed positions, each rotating about a different coordinate 
axis. Tdemo performs collision detection to prevent the viewer from walking through a wall, and it 
automatically adjusts the viewer's direction upon hitting a wall. No collision detection is performed for the 
three cubes, as we assume these are made of some strange polymer that lets you walk right inside the 
cube. A typical Tdemo scene is shown here: 
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Tdemo is a C++ program and uses an 800x600 high color virtual buffer to render each frame. It 

runs as a full screen application, setting the display resolution to 800x600 to match the virtual buffer size. 
By default, Tdemo will be a native Win32 program, but we can link it with Fastgraph's DirectX libraries to 
build a Direct3D version from the same source code through conditional compilation (more on this in the 
next chapter). 

Tdemo uses two data files (Tdemo.ini and Tdemo.tmf) generated by FRED, the Fastgraph 
Rendering Editor. Tdemo.ini is a text file defining the viewer's initial position, the coordinates of the four 
walls in 3D world space, and what texture is assigned to each wall. Tdemo.tmf is a binary file containing 
the high color texture maps and their dimensions. The program's _LevelData::ReadFile() function reads 
the viewer's position and the wall information from Tdemo.ini and then calls _LevelData::ReadTextures() 
function to read the textures from Tdemo.tmf and assign them to the proper walls (as defined in 
Tdemo.ini). The three spinning cubes are created by three calls to _LevelData::AddItem(), which creates 
an _Item object representing the cube and then sequentially assigns different textures to each of its six 
faces. 

The _Player::Motion() function processes keystrokes and updates the viewer's position (POV) 
accordingly. Pressing the up arrow key moves the POV forward; pressing the down arrow moves it 
backward (this involves movement in both the x and z directions). The left and right arrow keys rotate the 
POV y angle, allowing the viewer to look around the room. The PgUp and PgDn keys move the POV up 
or down. 

Source code for Tdemo will not be presented here, but its C++ source code is included in the 
Tdemo subdirectory of the Fastgraph examples directory. 
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Fastgraph Rendering Editor (FRED) 
The Fastgraph Rendering Editor, or FRED, shows how one might use Fastgraph to develop a 3D 

game editor. FRED comes with complete C++Builder source code and is available from the Fastgraph 
web page. The Tdemo example uses two data files generated by FRED, and in fact you could use FRED 
to create new files containing additional 3D objects and textures with little or no changes needed in the 
Tdemo source code. 

Please note that FRED is an ongoing work, and we expect more and more features to be added 
over the course of its development. More information about FRED is in the AboutFred.Txt file in the FRED 
distribution. 

Low-Level 3D Functions 
Fastgraph implements the simplified 3D functions by calling its own low-level 3D functions that 

perform more specific tasks. There may be times, however, when you need or want to call the low-level 
3D functions yourself, so we will briefly describe them in this section. The low-level 3D functions are 
summarized here: 

fg_3Dgetmatrix() Retrieves the elements from one of Fastgraph's 3D rotation, 
translation, or transformation matrices. 

fg_3Dproject() Projects a series of transformed 3D points to 2D screen space points. 

fg_3Dsetmatrix() Defines the elements in one of Fastgraph's 3D rotation, translation, or 
transformation matrices, and optionally updates any matrix 
dependencies. 

fg_3Dtransform() Transforms a series of 3D (x,y,z) points from world space to view 
space. 

fg_3Dtransformobject() Transforms a series of 3D (x,y,z) points from object space to view 
space. 

fg_3Dupvector() Defines the 3D geometry system's up vector. 

fg_3Dzclip() Clips a series of 3D (x,y,z) polygon vertices against the z plane 
clipping value. 

fg_3Dzcliprgb() Clips 3D polygon vertices and corresponding RGB shading values. 

fg_3Dzcliptm() Clips 3D polygon vertices and corresponding 2D texture map 
coordinates. 

fg_drawz() Draws a projected z-buffered line. 

fg_gouraud() Draws a projected Gouraud-shaded convex polygon. 

fg_gouraudz() Draws a projected z-buffered Gouraud-shaded convex polygon. 

fg_polyfilz() Draws a projected z-buffered filled convex polygon. 

fg_texmap() Draws a projected linear texture-mapped convex polygon. 

fg_texmapp() Draws a projected perspective corrected texture-mapped convex 
polygon. 

fg_texmappz() Draws a projected z-buffered linear texture-mapped convex polygon. 

fg_texmapz() Draws a projected z-buffered perspective corrected texture-mapped 
convex polygon. 

http://www.fastgraph.com/
http://www.fastgraph.com/
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fg_trig() Returns the floating point cosine and sine of a given angle. 

For more information on these functions, please consult the Fastgraph 6.0 Reference Manual. 

To illustrate a typical use of Fastgraph's low-level 3D functions, let's look at how we render the six 
cube faces in the Cube example: 

C/C++: 
for (i = 0; i < 6; i++) 
{ 
   fg_setcolor(Colors[i]); 
   fg_3Dpolygonobject((double *)Faces[i],4); 
} 

C#: 
for (i = 0; i < 6; i++) 
{ 
   fg.setcolor(Colors[i]); 
   fg._3Dpolygonobject(ref Faces[i,0], 4); 
} 

Delphi: 
for i := 1 to 6 do 
begin 
  fg_setcolor(Colors[i]); 
  fg_3Dpolygonobject(Faces[i]^,4); 
end; 

Visual Basic: 
For I = 1 To 6 
   Call fg_setcolor(Colors(I)) 
   Call fg_3Dpolygonobject(Faces(1, I).X, 4) 
Next 

Visual Basic .NET: 
For I = 0 To 5 
   fg_setcolor(Colors(I)) 
   fg_3Dpolygonobject(Faces(I, 0), 4) 
Next 

The Cube program calls fg_3Drenderstate() to enable 3D clipping in its WM_CREATE handler, so 
fg_3Dpolygonobject() draws a single-color filled polygon with 3D clipping. To achieve this same 
behavior with the low-level 3D functions, we must do these things for each cube face: 

1. Call fg_3Dtransformobject() to transform the object space vertices to world space. 
2. Call fg_3Dzclip() to perform 3D clipping on the transformed vertices. 
3. Call fg_3Dproject() to project the clipped vertices to screen space. 
4. Call fg_polyfill() to draw the 2D projected polygon. 

If POINT3D is a structure containing three floating point values (x, y, and z), and POINT2D is a structure 
containing two integer values (x and y), the following code snippet illustrates this sequence: 

C/C++: 
POINT3D ClippedFace[5]; 
POINT2D ProjectedFace[5]; 
POINT3D TransformedFace[4]; 
 
for (i = 0; i < 6; i++) 
{ 
   fg_setcolor(Colors[i]); 
   fg_3Dtransformobject((double *)Faces[i], 
      (double *)TransformedFace,4); 
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   n = fg_3Dzclip((double *)TransformedFace, 
      (double *)ClippedFace,4); 
   fg_3Dproject((double *)ClippedFace,(int *)ProjectedFace,n); 
   fg_polyfill((int *)ProjectedFace,NULL,-n); 
} 

C#: 
double [] ClippedFace = new double [5*3]; 
int [] ProjectedFace = new int [5*2]; 
double [] TransformedFace = new double [4*3]; 
 
for (i = 0; i < 6; i++) 
{ 
   fg.setcolor(Colors[i]); 
   fg._3Dtransformobject(ref Faces[i*3], 
      ref TransformedFace[0], 4); 
   n = fg._3Dzclip(ref TransformedFace[0], ref ClippedFace[0], 4); 
   fg._3Dproject(ref ClippedFace[0], ref ProjectedFace[0], n); 
   fg.polyfill(ref ProjectedFace[0], 0, -n); 
} 

Delphi: 
ClippedFace : array [1..5] of POINT3D; 
ProjectedFace : array [1..5] of POINT2D; 
TransformedFace : array [1..4] of POINT3D; 
 
for i := 1 to 6 do 
begin 
  fg_setcolor(Colors[i]); 
  fg_3Dtransformobject(Faces[i]^,TransformedFace,4); 
  n := fg_3Dzclip(TransformedFace,ClippedFace,4); 
  fg_3Dproject(ClippedFace,ProjectedFace,n); 
  fg_polyfill(ProjectedFace,nil^,-n); 
end; 

Visual Basic: 
Dim ClippedFace(5) As Point3D 
Dim ProjectedFace(5) As Point2D 
Dim TransformedFace(4) As Point3D 
 
For I = 1 To 6 
   Call fg_setcolor(Colors(I)) 
   Call fg_3Dtransformobject(Faces(1,I).X,TransformedFace(1).X,4) 
   N = fg_3Dzclip(TransformedFace(1).X,ClippedFace(1).X,4) 
   Call fg_3Dproject(ClippedFace(1).X,ProjectedFace(1).X,N) 
   Call fg_polyfill(ProjectedFace(1).X,Null,-N) 
Next 

Visual Basic .NET: 
Dim ClippedFace(5 * 3) As Double 
Dim ProjectedFace(5 * 2) As Integer 
Dim TransformedFace(4 * 3) As Double 
 
For I = 0 To 5 
   fg_setcolor(Colors(I)) 
   fg_3Dtransformobject(Faces(I * 3), TransformedFace(0), 4) 
   N = fg_3Dzclip(TransformedFace(0), ClippedFace(0), 4) 
   fg_3Dproject(ClippedFace(0), ProjectedFace(0), N) 
   fg_polyfill(ProjectedFace(0), 0, -N) 
Next 
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Three things are worth pointing out in the above code. First, note how the values calculated by one 
function become the input values for the next function. Second, 3D clipping can produce a clipped 
polygon with one more vertex than the unclipped rectangular polygon; we allow for this by making the 
ClippedFace and ProjectedFace arrays one vertex larger. Finally, we pass a negative vertex count 
to fg_polyfill() so it performs backface removal. 

If we wanted to draw a z-buffered polygon, we would change the fg_polyfill() call to 
fg_polyfilz(), as shown here: 

C/C++: 
fg_polyfilz((int *)ProjectedFace,(double *)ClippedFace,n); 

C#: 
fg.polyfilz(ref ProjectedFace[0], ref ClippedFace[0], n); 

Delphi: 
fg_polyfilz(ProjectedFace,ClippedFace,n); 

Visual Basic: 
Call fg_polyfilz(ProjectedFace(1).X, ClippedFace(1).X, N) 

Visual Basic .NET: 
fg_polyfilz(ProjectedFace(0), ClippedFace(0), N) 

Because we don't want backface removal when drawing z-buffered polygons (z-buffering takes care of 
this automatically), we pass fg_polyfilz() the actual clipped vertex count instead of negating it as we did 
for fg_polyfill(). 

If we wanted to draw a Gouraud-shaded cube, we would use fg_3Dzcliprgb() in place of 
fg_3Dzclip(), and fg_gouraud() or fg_gouraudz() in place of fg_polyfill() or fg_polyfilz(). Similarly, we 
could draw a texture-mapped cube by calling fg_3Dzcliptm() in place of fg_3Dzclip(), and one of the four 
low-level texture mapping functions – fg_texmap(), fg_texmapz(), fg_texmapp(), or fg_texmappz() – in 
place of fg_polyfill() or fg_polyfilz(). 

The fg_3Dgetmatrix() and fg_3Dsetmatrix() functions are provided for the benefit of experienced 
3D programmers who need access to Fastgraph's internal 3D matrices. If you're not familiar with how 
rotation matrices, translation matrices, and transformation matrices are used in a 3D geometry system, 
you probably shouldn't call these functions. Similarly, fg_3Dupvector() lets you modify Fastgraph's up 
vector. If you don't know what an up vector does, you shouldn't change it. 

Legacy 3D Functions 
All Fastgraph 5.0 3D functions are still included in Fastgraph 6.0 as legacy functions. The 

fg_fixdiv(), fg_fixed(), fg_fixmul(), fg_fixtrig(), fg_float(), fg_move3d(), fg_project(), fg_rotate3d(), 
and fg_view3d() functions have all been superseded by new functions in Fastgraph 6.0. Note that these 
legacy functions always use a right-handed 3D coordinate system. 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. Fastgraph's low-level and legacy 3D functions are not 
included here. 

fg_3Daxisangle() Rotates the viewer's orientation by the specified angle around an arbitrary 
axis through the 3D world space origin. 
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fg_3Daxisangleobject() Rotates an object by the specified angle around an arbitrary axis through its 
origin. 

fg_3Dbehindviewer() Determines if the specified 3D world space point is visible from the viewer's 
current position. 

fg_3Dgetpov() Returns the viewer's position in 3D world space, along with the (x,y,z) 
components of the ViewOut vector. 

fg_3Dline() Draws a line defined in 3D world space. 

fg_3Dlookat() Defines the viewer's position and orientation in 3D world space by specifying 
a target point. 

fg_3Dmove() Moves the viewer to the specified 3D world space position. 

fg_3Dmoveforward() Moves the viewer's position forward or backward by the specified number of 
3D world space units. 

fg_3Dmoveforwardobject() Moves an object forward or backward by the specified number of 3D world 
space units. 

fg_3Dmoveobject() Moves an object to the specified 3D world space position. 

fg_3Dmoveright() Moves the viewer's position left or right by the specified number of 3D world 
space units. 

fg_3Dmoverightobject() Moves an object left or right by the specified number of 3D world space 
units. 

fg_3Dmoveup() Moves the viewer's position up or down by the specified number of 3D world 
space units. 

fg_3Dmoveupobject() Moves an object up or down by the specified number of 3D world space 
units. 

fg_3Dpolygon() Draws a single-color polygon defined in 3D world space. 

fg_3Dpolygonobject() Draws a single-color polygon defined in 3D object space. 

fg_3Dpov() Defines viewer's position and orientation in 3D world space by specifying 
rotation angles. 

fg_3Drenderstate() Defines render state for 3D line and 3D polygon drawing functions. 

fg_3Droll() Rotates the viewer's forward orientation clockwise or counterclockwise by 
the specified angle. 

fg_3Drollobject() Rotates an object clockwise or counterclockwise by the specified angle. 

fg_3Drotate() Rotates the viewer's orientation by specifying the (x,y,z) components of a 
vector in the direction the viewer is facing. 

fg_3Drotateobject() Rotates an object by specifying the (x,y,z) components of a vector in the 
direction of the object rotation. 

fg_3Drotateright() Rotates the viewer's orientation left or right by the specified angle. 

fg_3Drotaterightobject() Rotates an object left or right by the specified angle. 

fg_3Drotateup() Rotates the viewer's orientation up or down by the specified angle. 

fg_3Drotateupobject() Rotates an object up or down by the specified angle. 
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fg_3Dsetobject() Defines a 3D object's position in world space and its rotation about its own 
object space axes. 

fg_3Dsetzclip() Defines the near and far z clipping planes. 

fg_3Dshade() Draws a Gouraud-shaded polygon defined in 3D world space. 

fg_3Dshadeobject() Draws a Gouraud-shaded polygon defined in 3D object space. 

fg_3Dtexturemap() Draws a linear or perspective texture-mapped polygon defined in 3D world 
space. 

fg_3Dtexturemapobject() Draws a linear or perspective texture-mapped polygon defined in 3D object 
space. 

fg_3Dviewport() Defines the 3D viewport and the corresponding projection ratio. 

fg_tmdefine() Assigns a handle to a texture map. 

fg_tmfree() Releases a texture handle. 

fg_tminit() Initializes Fastgraph's texture map manager. 

fg_tmselect() Makes the specified texture map the active texture map. 

fg_tmspan() Defines the span size in pixels for perspective texture mapping. 

fg_tmtransparency() Defines the transparency state of zero-value pixels in texture maps. 

fg_tmunits() Specifies if the (u,v) coordinate arrays passed to Fastgraph's texture 
mapping functions use integer or floating point values. 

fg_zballoc() Creates a z-buffer. 

fg_zbframe() Prepares the active z-buffer for the next animation frame. 

fg_zbfree() Frees the memory allocated to the specified z-buffer. 

fg_zbopen() Makes an existing z-buffer the active z-buffer. 

 





 

 

 

 
 



622 • Fastgraph 6.0 User’s Guide 

 

  

Overview 
Direct3D is a component of DirectX that provides hardware acceleration for 3D operations. 

Programs linked with Fastgraph's DirectX libraries can optionally use Direct3D immediate mode for 
polygon rendering and other 3D tasks (immediate mode is the Direct3D low-level interface that provides 
direct access to a video card's 3D features). Direct3D programs created with Fastgraph use the same 3D 
functions as Fastgraph DirectDraw programs and programs created with Fastgraph's native libraries, so 
you can easily see what 3D scheme works best in the context of your own applications. In this chapter, 
we'll show how to add Direct3D support to programs linked with Fastgraph's DirectX libraries. 

Fastgraph's DirectX libraries require DirectX 5 or later if you are creating a Direct3D program. 
Further, if you are using Visual Basic, we recommend using Visual Basic 5 or later when creating Direct3D 
applications with Fastgraph. 

Hardware Acceleration and Software Rendering 
Fastgraph's DirectX libraries offer three types of 3D support: Direct3D hardware acceleration, 

Direct3D software rendering, and Fastgraph's own 3D software rendering. For video cards with partial or 
no 3D hardware support, Direct3D emulates the operation through software rendering. As you might 
expect, Direct3D hardware acceleration is very fast, but its software rendering is rather slow, often 
unbearably slow. Fastgraph's 3D software rendering is only slightly slower than Direct3D hardware 
acceleration (and sometimes even faster). This lets you write a DirectX application that will use Direct3D 
hardware acceleration if available, but if not, use Fastgraph's 3D software rendering without sacrificing 
too much in terms of 3D performance. 

Building Direct3D Programs 
In Chapter 4, we showed how to use fg_ddsetup() to create full screen DirectDraw programs. 

We also described how the fg_ddsetup() FG_DX_BLIT and FG_DX_FLIP flags control whether 
DirectDraw creates a blitting or page flipping application. For Direct3D programs, we must specify 
FG_DX_FLIP to use DirectDraw page flipping. Fastgraph does not support DirectDraw blitting in Direct3D 
programs. 

Programs linked with Fastgraph's DirectX libraries can use either Direct3D or Fastgraph's own 
rendering for their 3D operations. There are four additional fg_ddsetup() flags used with Direct3D 
programs that control what type of 3D rendering a DirectX application will use, and if we will be using a 
Direct3D z-buffer. The complete list of fg_ddsetup() flags is shown here: 

Flag Meaning 
FG_DX_BLIT Use DirectDraw blitting (default) 
FG_DX_FLIP Use DirectDraw page flipping (required for Direct3D) 
FG_DX_RENDER_FG Use Fastgraph rendering for 3D functions (default) 
FG_DX_RENDER_SW Use Direct3D software rendering if available 
FG_DX_RENDER_HW Use Direct3D hardware acceleration if available 
FG_DX_ZBUFFER Create a Direct3D z-buffer 
FG_DX_TCDEPTH Use specified true color bit depth only 

The FG_DX_RENDER_xx flags define what types of 3D rendering a DirectX program can use. If 
FG_DX_RENDER_HW is specified but FG_DX_RENDER_SW is not, Fastgraph will try to use Direct3D 
hardware acceleration for 3D operations but use Fastgraph's 3D rendering if Direct3D hardware support 
is not available. Similarly, if FG_DX_RENDER_SW is specified but FG_DX_RENDER_HW is not, 
Fastgraph will try to use Direct3D software rendering but use Fastgraph's 3D rendering if Direct3D is not 
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available. If both FG_DX_RENDER_HW and FG_DX_RENDER_SW are specified, Fastgraph will first try 
to use Direct3D hardware acceleration, then Direct3D software rendering, and finally Fastgraph's 3D 
rendering. Note that Fastgraph's 3D rendering will be used whenever all requested Direct3D methods fail, 
so we do not need to specify FG_DX_RENDER_FG, but this flag is provided for clarity. Here are four 
example fg_ddsetup() calls that initialize Direct3D: 

C/C++: 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_FLIP); 
fg_ddsetup(640,480,16,FG_DX_RENDER_SW+FG_DX_FLIP); 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_RENDER_SW+FG_DX_FLIP); 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_ZBUFFER+FG_DX_FLIP); 

C#: 
fg.ddsetup(640,480,16,fg.DX_RENDER_HW+fg.DX_FLIP); 
fg.ddsetup(640,480,16,fg.DX_RENDER_SW+fg.DX_FLIP); 
fg.ddsetup(640,480,16,fg.DX_RENDER_HW+fg.DX_RENDER_SW+fg.DX_FLIP); 
fg.ddsetup(640,480,16,fg.DX_RENDER_HW+fg.DX_ZBUFFER+fg.DX_FLIP); 

Delphi: 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_FLIP); 
fg_ddsetup(640,480,16,FG_DX_RENDER_SW+FG_DX_FLIP); 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_RENDER_SW+FG_DX_FLIP); 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_ZBUFFER+FG_DX_FLIP); 

Visual Basic: 
Call fg_ddsetup(640, 480, 16, FG_DX_RENDER_HW + FG_DX_FLIP) 
Call fg_ddsetup(640, 480, 16, FG_DX_RENDER_SW + FG_DX_FLIP) 
Call fg_ddsetup(640, 480, 16, 
                FG_DX_RENDER_HW + FG_DX_RENDER_SW + FG_DX_FLIP) 
Call fg_ddsetup(640, 480, 16, 
                FG_DX_RENDER_HW + FG_DX_ZBUFFER + FG_DX_FLIP) 

Visual Basic .NET: 
fg_ddsetup(640, 480, 16, FG_DX_RENDER_HW + FG_DX_FLIP) 
fg_ddsetup(640, 480, 16, FG_DX_RENDER_SW + FG_DX_FLIP) 
fg_ddsetup(640, 480, 16, 
           FG_DX_RENDER_HW + FG_DX_RENDER_SW + FG_DX_FLIP) 
fg_ddsetup(640, 480, 16, 
           FG_DX_RENDER_HW + FG_DX_ZBUFFER + FG_DX_FLIP) 

The first call makes Fastgraph use Direct3D hardware acceleration if available, and if not, defaults to 
Fastgraph's 3D rendering. The second call is similar but checks for Direct3D software rendering instead 
of hardware acceleration. The third call uses Direct3D hardware acceleration if available, then checks for 
Direct3D software rendering, and finally defaults to Fastgraph's 3D rendering if Direct3D is not available. 
The fourth call is like the first, but it also creates a Direct3D z-buffer. 

To use Direct3D in a Fastgraph application, it must be a full screen DirectDraw program with the 
following properties: 

• Direct3D programs must use DirectDraw page flipping. Fastgraph does not support 
DirectDraw blitting for Direct3D, or windowed Direct3D applications. 

• Fastgraph will only use Direct3D when drawing to the primary surface's back buffer (the back 
buffer is created in fg_vbinit() and uses virtual buffer handle 0). You can still create and 
access other virtual buffers in Direct3D programs, but Fastgraph will use its own 3D 
rendering when drawing to these buffers. 

• Direct3D programs must use a high color or true color DirectDraw display mode. Fastgraph 
does not support 256-color Direct3D programs. 
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• All 3D polygon-drawing functions have a maximum of 320 vertices per polygon (for 
fg_polyline(), the maximum is 319 vertices). Polygons with more than 320 vertices must be 
split into smaller polygons. 

The above list does not apply to DirectDraw programs created with Fastgraph, or to programs linked with 
Fastgraph's native libraries. Further, the fg_polyedge() and fg_tmspan() functions have no effect when 
used in Direct3D programs. 

In Fastgraph's DirectX libraries, fg_vbinit() returns –1 if DirectX was not initialized successfully 
(which probably means DirectX isn't available on that system). If the DirectX initialization was successful, 
the return value indicates what type of 3D rendering Fastgraph will use in that program. In this case, the 
possible fg_vbinit() return values are 0 if the program is using Fastgraph's own 3D rendering, 1 for 
Direct3D software rendering, or 2 for Direct3D hardware acceleration. For example, here's how you could 
require a Fastgraph program to use Direct3D hardware acceleration: 

C/C++: 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_FLIP); 
   . 
   . 
   . 
Status = fg_vbinit(); 
if (Status != 2) 
{ 
   MessageBox(hWnd,"Direct3D hardware required.","Error",MB_OK); 
   DestroyWindow(hWnd); 
   return 0; 
} 

C++Builder: 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_FLIP); 
   . 
   . 
   . 
Status = fg_vbinit(); 
if (Status != 2) 
{ 
   MessageDlg("Direct3D hardware required.",mtError, 
      TMsgDlgButtons()<<mbOK,0); 
   Close(); 
   return; 
} 

C#: 
fg.ddsetup(640, 480, 16, fg.DX_RENDER_HW+fg.DX_FLIP); 
   . 
   . 
   . 
Status = fg.vbinit(); 
if (Status != 2) 
{ 
   MessageBox.Show("Direct3D hardware required.", "Error", 
                   MessageBoxButtons.OK, MessageBoxIcon.Error); 
   this.Close(); 
   return; 
} 

Delphi: 
fg_ddsetup(640,480,16,FG_DX_RENDER_HW+FG_DX_FLIP); 
   . 
   . 
   . 
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Status := fg_vbinit; 
if Status <> 2 then 
begin 
  MessageDlg('Direct3D hardware required.',mtError,[mbOK],0); 
  Close; 
  Exit; 
end; 

Visual Basic: 
Call fg_ddsetup(640, 480, 16, FG_DX_RENDER_HW + FG_DX_FLIP) 
   . 
   . 
   . 
Status = fg_vbinit() 
If Status <> 2 Then 
   Call MsgBox("Direct3D hardware required.", vbCritical, "Error") 
   Unload Me 
   Exit Sub 
End If 

Visual Basic .NET: 
fg_ddsetup(640, 480, 16, FG_DX_RENDER_HW + FG_DX_FLIP) 
   . 
   . 
   . 
Status = fg_vbinit() 
If Status <> 2 Then 
   MessageBox.Show("Direct3D hardware required.", "Error", 
                   MessageBoxButtons.OK, MessageBoxIcon.Error) 
   Me.Close() 
   Return 
End If 

After a DirectX program calls fg_vbinit(), the fg_ddusage() function will return the same value 
fg_vbinit() did. The fg_ddusage() function has no parameters and has the same possible return values 
as fg_vbinit(). 

Direct3D Texture Map Management 
In Direct3D programs, fg_tmdefine() stores texture maps either in video memory or system 

memory, depending on the DirectX version being used, and whether the program is using Direct3D 
hardware acceleration or Direct3D software rendering. Texture maps always reside in video memory 
when using Direct3D hardware acceleration under DirectX 5, and they always reside in system memory 
when using Direct3D software rendering with any version of DirectX. 

When using Direct3D hardware acceleration under DirectX 6 or later, fg_tmdefine() creates 
Direct3D managed textures. Managed textures reside in video memory when being used, but may be 
displaced to system memory as other textures are needed. When a displaced texture is needed again, it is 
automatically brought back into video memory. The fg_tmevict() function moves all Direct3D managed 
textures from video memory to system memory. This can be useful, for example, to clear all textures from 
video memory at the start of a new level in a game. The fg_tmevict() function has no parameters and no 
return value. It is meaningful only when using Fastgraph's DirectX libraries with Direct3D hardware 
acceleration under DirectX 6 or later. It does nothing when using DirectX 5 or earlier, when using 
Direct3D software rendering, or when using Fastgraph's native libraries. 
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Direct3D Z-Buffering 
To use z-buffering in a Direct3D program, you must specify the FG_DX_ZBUFFER flag when 

calling fg_ddsetup(). This causes fg_vbinit() to create a Direct3D z-buffer and attach it to the Direct3D 
rendering surface (that is, the DirectDraw back buffer). The fg_zballoc() function returns without doing 
anything when a program is using Direct3D hardware acceleration or Direct3D software rendering 
because fg_vbinit() creates the z-buffer as part of Fastgraph's Direct3D initialization. Hence Direct3D 
programs cannot create additional z-buffers, so they can draw z-buffered objects only on the back buffer 
and not on any other virtual buffers created with fg_vballoc(). Of course, once we've rendered a scene of 
z-buffered objects on the back buffer, we can display it with fg_ddflip(). 

Direct3D Frame Animation 
Direct3D programs must call fg_ddframe(0) at the start of each animation frame, and call 

fg_ddframe(1) at the end of each frame but before making the frame visible with fg_ddflip(). The two 
fg_ddframe() calls only need to surround Fastgraph calls that draw graphics with Direct3D (namely, any 
3D polygon or 3D line drawing function). Other Fastgraph function calls can appear either inside or 
outside the paired fg_ddframe() calls. The fg_ddframe() function does nothing in DirectX programs that 
do not use Direct3D. 

Functions that Use Direct3D 
When a Direct3D program renders to the virtual buffer associated with the DirectDraw back 

buffer, the following Fastgraph functions will use Direct3D for rendering: 

fg_3Dline() fg_3Dtexturemap() fg_gouraud() fg_texmap() 
fg_3Dpolygon() fg_3Dtexturemapobject() fg_gouraudz() fg_texmapp() 
fg_3Dpolygonobject() fg_draw() fg_polyfill() fg_texmappz() 
fg_3Dshade() fg_drawrel() fg_polyfilz() fg_texmapz() 
fg_3Dshadeobject() fg_drawz() fg_polyline() fg_zbframe() 

When these functions write to any other virtual buffer, or when they are used in a DirectX program without 
Direct3D, they will use Fastgraph's 3D rendering. 

A Direct3D Example 
We'll now present a DirectX version of the TMcube example from the previous chapter. The new 

version, called TMcubeX, uses conditional compilation to create either a DirectX or a native executable 
from the same source code. If the symbol DIRECTX is defined in the program, we link with Fastgraph's 
DirectX libraries to create a DirectX version. If the DIRECTX symbol is not defined, we link with 
Fastgraph's native libraries to create a native version. When creating a DirectX version, another symbol 
DIRECTX_FLAGS specifies how we want the program to use DirectX. The version of TMcubeX presented 
here (and supplied with Fastgraph) is set up to use DirectX with Direct3D hardware acceleration if 
available. If Direct3D hardware acceleration is not available, TMcubeX will still use DirectX but with 
Fastgraph's 3D rendering. 

First, note how the TMcubeX program specifies three fg_ddsetup() flags (FG_DX_FLIP, 
FG_DX_RENDER_HW, and FG_DX_ZBUFFER) through the DIRECTX_FLAGS symbol. We must specify 
FG_DX_FLIP to set up a DirectX flipping environment (required for Direct3D programs). We specify 
FG_DX_RENDER_HW so the program will try to use Direct3D hardware acceleration if available; 
otherwise we will use Fastgraph's 3D rendering. Finally, we specify FG_DX_ZBUFFER to set up a 
Direct3D z-buffer in case Direct3D is available. If we want to use Direct3D software rendering or 
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Fastgraph's 3D rendering instead of Direct3D hardware acceleration, all we need to do is specify 
FG_DX_RENDER_SW or FG_DX_RENDER_FG in place of the FG_DX_RENDER_HW flag. 

The conditional compilation sequences identify the parts of TMcubeX that differ between creating 
a full screen DirectX program with page flipping and a full screen native program with blitting. In the 
WM_CREATE handler, we call fg_ddsetup() if creating a DirectX program, or fg_modeset() if building a 
native program. TMcubeX uses one virtual buffer, which we create with fg_vballoc() in the native version. 
In the DirectX version, fg_vbinit() automatically sets up the DirectDraw back buffer as a virtual buffer 
(and assigns virtual buffer handle 0 to it), so we simply set hVB to zero. In the WM_DESTROY handler, 
note how the native version calls fg_vbfree() to release the virtual buffer, fg_vbfin() to shut down virtual 
buffer operations, and fg_modeset() to restore the original display resolution. In the DirectX version, only 
the fg_vbfin() call is necessary. 

Another difference between TMcubeX and TMcube is the use of a WM_ACTIVATEAPP event 
handler to support DirectX task switching. If compiled as a DirectX program, the WM_ACTIVATEAPP 
handler calls fg_ddrestore() to restore the DirectDraw surfaces when TMcubeX becomes active. The 
WM_ACTIVATEAPP handler also calls the program's CheckForMovement() function to restore the 
surface contents and redisplay the cube. TMcubeX uses two global variables, AppIsActive and 
AppIsReady, to keep track of the application's state. Both variables are initially set to FALSE. The 
AppIsActive global is set in the WM_ACTIVATEAPP handler; its value will be TRUE when TMcubeX is 
active, and FALSE when not. The AppIsReady global is set to TRUE at the end of the WM_CREATE 
and will remain so for the duration of the program. We need the AppIsReady variable because a 
WM_ACTIVATEAPP event occurs before the WM_CREATE event on program startup. The 
WM_ACTIVATEAPP handler can then check the value of AppIsReady to guard against restoring the 
surface contents before fg_vbinit() initializes DirectX in the WM_CREATE handler. Besides adding a 
WM_ACTIVATEAPP handler, we remove the WM_PAINT handler and modify the WM_SETFOCUS 
handler just as we did for the FrameDD example presented in Chapter 12. 

There are also some minor differences in the program's CheckForMovement() function. The 
most obvious is the addition of the Redraw parameter, which lets us specify if we want to redisplay the 
cube unconditionally, or only when its position or orientation changes. This lets us use the drawing code 
in CheckForMovement() when initially displaying the cube in the WM_CREATE handler, and also when 
restoring the surface contents in the WM_ACTIVATEAPP handler. The DirectX version of 
CheckForMovement() also adds two calls to fg_ddframe(), one before we begin rendering the new 
cube, and another after we finish. Calling fg_ddframe() is required for Direct3D programs; it is optional 
for DirectX programs that use Fastgraph's 3D rendering. Finally, TMcubeX displays the cube through its 
ShowCube() function. ShowCube() does this by performing a page flip with fg_ddflip() in the DirectX 
version, or by blitting with fg_vbpaste() in the native version. 

TMcubeX: C/C++ Version 
/****************************************************************************\ 
*                                                                            * 
*  TMcubeX.c                                                                 * 
*                                                                            * 
*  This program is similar to the TMcube example, but it shows how to create * 
*  a native, DirectDraw, or Direct3D program from the same source code.      * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fgwin.h> 
 
#define RENDER_STATE (FG_PERSPECTIVE_TM | FG_ZBUFFER | FG_ZCLIP) 
 
// define DIRECTX if creating a DirectDraw or Direct3D application 
#define DIRECTX 
 
// define the flag bits for fg_ddsetup() 
// specify FG_DX_FLIP for a Direct3D application 
// specify FG_DX_RENDER_HW or FG_DX_RENDER_SW for a Direct3D application 
// specify FG_DX_ZBUFFER only if FG_ZBUFFER is defined in RENDER_STATE 
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#define DIRECTX_FLAGS (FG_DX_FLIP | FG_DX_RENDER_HW | FG_DX_ZBUFFER) 
 
#define vbWidth  640 
#define vbHeight 480 
#define vbDepth   16 
 
#define tmWidth   64 
 
typedef struct point3d 
{ 
   double x; 
   double y; 
   double z; 
} POINT3D; 
 
// six faces of a 40x40x40 cube, defined in object coordinates 
POINT3D Face1[] = { 
   { 20.0,-20.0,-20.0}, 
   {-20.0,-20.0,-20.0}, 
   {-20.0, 20.0,-20.0}, 
   { 20.0, 20.0,-20.0} 
}; 
POINT3D Face2[] = { 
   {-20.0,-20.0,-20.0}, 
   {-20.0,-20.0, 20.0}, 
   {-20.0, 20.0, 20.0}, 
   {-20.0, 20.0,-20.0} 
}; 
POINT3D Face3[] = { 
   { 20.0, 20.0, 20.0}, 
   {-20.0, 20.0, 20.0}, 
   {-20.0,-20.0, 20.0}, 
   { 20.0,-20.0, 20.0} 
}; 
POINT3D Face4[] = { 
   { 20.0,-20.0, 20.0}, 
   { 20.0,-20.0,-20.0}, 
   { 20.0, 20.0,-20.0}, 
   { 20.0, 20.0, 20.0} 
}; 
POINT3D Face5[] = { 
   { 20.0,-20.0, 20.0}, 
   {-20.0,-20.0, 20.0}, 
   {-20.0,-20.0,-20.0}, 
   { 20.0,-20.0,-20.0} 
}; 
POINT3D Face6[] = { 
   { 20.0, 20.0,-20.0}, 
   {-20.0, 20.0,-20.0}, 
   {-20.0, 20.0, 20.0}, 
   { 20.0, 20.0, 20.0} 
}; 
 
// for convenience, an array of pointers to each of the six faces 
POINT3D *Faces[] = {Face1,Face2,Face3,Face4,Face5,Face6}; 
 
// texture map array 
BYTE Texture[6][tmWidth*tmWidth*(vbDepth/8)]; 
 
// coordinates defining source polygon vertices within the texture map array 
int tmSource[] = {tmWidth-1,tmWidth-1, 0,tmWidth-1, 0,0, tmWidth-1,0}; 
 
BOOL AppIsActive = FALSE; 
BOOL AppIsReady  = FALSE; 
 
LRESULT CALLBACK WindowProc(HWND,UINT,WPARAM,LPARAM); 
void CheckForMovement(BOOL); 
void DrawCube(void); 
void ShowCube(void); 
 
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance, 
                    PSTR szCmdParam, int iCmdShow) 
{ 
   static char szAppName[] = "FGtmcubex"; 
   HWND        hWnd; 
   MSG         msg; 
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   WNDCLASSEX  wndclass; 
 
   wndclass.cbSize        = sizeof(wndclass); 
   wndclass.style         = CS_HREDRAW | CS_VREDRAW | CS_OWNDC; 
   wndclass.lpfnWndProc   = WindowProc; 
   wndclass.cbClsExtra    = 0; 
   wndclass.cbWndExtra    = 0; 
   wndclass.hInstance     = hInstance; 
   wndclass.hIcon         = LoadIcon(NULL,IDI_APPLICATION); 
   wndclass.hCursor       = LoadCursor(NULL,IDC_ARROW); 
   wndclass.hbrBackground = NULL; 
   wndclass.lpszMenuName  = NULL; 
   wndclass.lpszClassName = szAppName; 
   wndclass.hIconSm       = LoadIcon(NULL,IDI_APPLICATION); 
   RegisterClassEx(&wndclass); 
 
   hWnd = CreateWindowEx( 
      WS_EX_TOPMOST,           // extended window style 
      szAppName,               // window class name 
      "Texture-Mapped Cube",   // window caption 
      WS_POPUP,                // window style 
      0,                       // initial x position 
      0,                       // initial y position 
      vbWidth,                 // initial x size 
      vbHeight,                // initial y size 
      NULL,                    // parent window handle 
      NULL,                    // window menu handle 
      hInstance,               // program instance handle 
      NULL);                   // creation parameters 
 
   ShowWindow(hWnd,iCmdShow); 
   UpdateWindow(hWnd); 
 
   // The message loop processes entries placed in the message queue. 
   // When no message is ready, call CheckForMovement() to check if 
   // we want to perform movement. 
 
   while (TRUE) 
   { 
      if (PeekMessage(&msg,NULL,0,0,PM_REMOVE)) 
      { 
         if (msg.message == WM_QUIT) 
            break; 
         else 
         { 
            TranslateMessage(&msg); 
            DispatchMessage(&msg); 
         } 
      } 
      else if (AppIsActive) 
         CheckForMovement(FALSE); 
   } 
 
   return msg.wParam; 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  WindowProc()                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
HDC      hDC; 
HPALETTE hPal; 
int      hVB; 
int      hZB; 
int      hTM[6]; 
 
LRESULT CALLBACK WindowProc(HWND hWnd, UINT iMsg, WPARAM wParam, LPARAM lParam) 
{ 
   register int i; 
 
   switch (iMsg) 
   { 
      case WM_ACTIVATEAPP: 
         AppIsActive = wParam; 
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         if (AppIsActive && AppIsReady) 
         { 
#ifdef DIRECTX 
            fg_ddrestore(); 
#endif 
            CheckForMovement(TRUE); 
         } 
         return 0; 
 
      case WM_CREATE: 
         ShowWindow(hWnd,SW_SHOWNORMAL); 
#ifdef DIRECTX 
         fg_ddsetup(vbWidth,vbHeight,vbDepth,DIRECTX_FLAGS); 
#else 
         fg_modeset(vbWidth,vbHeight,fg_colors(),1); 
#endif 
         hDC = GetDC(hWnd); 
         fg_setdc(hDC); 
         hPal = fg_defpal(); 
         fg_realize(hPal); 
 
         fg_vbinit(); 
         fg_vbdepth(vbDepth); 
#ifdef DIRECTX 
         hVB = 0; 
#else 
         hVB = fg_vballoc(vbWidth,vbHeight); 
#endif 
         fg_vbopen(hVB); 
         fg_vbcolors(); 
 
         hZB = fg_zballoc(vbWidth,vbHeight); 
         fg_zbopen(hZB); 
 
         // define 3D viewport, clipping planes, and initial render state 
         fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
         fg_3Dsetzclip(40.0,1000.0); 
         fg_3Drenderstate(RENDER_STATE); 
 
         // obtain the six texture maps from the CUBE.PCX file 
         fg_tminit(6); 
         fg_showpcx("CUBE.PCX",FG_AT_XY|FG_KEEPCOLORS); 
         fg_move(0,tmWidth-1); 
         for (i = 0; i < 6; i++) 
         { 
#if (vbDepth == 8) 
            fg_getimage(Texture[i],tmWidth,tmWidth); 
            fg_invert(Texture[i],tmWidth,tmWidth); 
#else 
            fg_getdcb(Texture[i],tmWidth,tmWidth); 
            fg_invdcb(Texture[i],tmWidth,tmWidth); 
#endif 
            hTM[i] = fg_tmdefine(Texture[i],tmWidth,tmWidth); 
            fg_moverel(tmWidth,0); 
         } 
 
         CheckForMovement(TRUE); 
         AppIsReady = TRUE; 
         return 0; 
 
      case WM_KEYDOWN: 
         switch(wParam) 
         { 
            case VK_ESCAPE: 
            case VK_F12: 
               DestroyWindow(hWnd); 
               break; 
         } 
         return 0; 
 
      case WM_SETFOCUS: 
         fg_realize(hPal); 
         return 0; 
 
      case WM_DESTROY: 
         fg_vbclose(); 
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         fg_tmfree(-1); 
         fg_zbfree(hZB); 
#ifdef DIRECTX 
         fg_vbfin(); 
#else 
         fg_vbfree(hVB); 
         fg_vbfin(); 
         fg_modeset(0,0,0,0); 
#endif 
         DeleteObject(hPal); 
         ReleaseDC(hWnd,hDC); 
         PostQuitMessage(0); 
         return 0; 
   } 
   return DefWindowProc(hWnd,iMsg,wParam,lParam); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the WinMain() message loop when there are  * 
*  no messages waiting.                                                      * 
*                                                                            * 
*  The Redraw parameter controls when CheckForMovement() redraws the cube.   * 
*  If FALSE, the cube is redrawn only if its position or orientation has     * 
*  changed since the last call. If TRUE, the cube is redrawn no matter what. * 
*                                                                            * 
\****************************************************************************/ 
 
void CheckForMovement(BOOL Redraw) 
{ 
   static double xWorld = 0.0, yWorld = 0.0, zWorld = 100.0; 
   static int xAngle = 0, yAngle = 0, zAngle = 0; 
   BOOL ShiftKey; 
 
   // check if either shift key is pressed 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   // + and - move cube along the z axis (+ is toward viewer, - is 
   // away from viewer) 
   if (fg_kbtest(74)) 
   { 
      zWorld += 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(78)) 
   { 
      zWorld -= 3.0; 
      Redraw = TRUE; 
   } 
 
   // left and right arrow keys move cube along x axis 
   else if (fg_kbtest(75)) 
   { 
      xWorld -= 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(77)) 
   { 
      xWorld += 3.0; 
      Redraw = TRUE; 
   } 
 
   // up and down arrow keys move cube along y axis 
   else if (fg_kbtest(72)) 
   { 
      yWorld += 3.0; 
      Redraw = TRUE; 
   } 
   else if (fg_kbtest(80)) 
   { 
      yWorld -= 3.0; 
      Redraw = TRUE; 
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   } 
 
   // x rotates counterclockwise around x axis, X rotates clockwise 
   else if (fg_kbtest(45)) 
   { 
      if (ShiftKey) 
      { 
         xAngle += 6; 
         if (xAngle >= 360) xAngle -= 360; 
      } 
      else 
      { 
         xAngle -= 6; 
         if (xAngle < 0) xAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // y rotates counterclockwise around y axis, Y rotates clockwise 
   else if (fg_kbtest(21)) 
   { 
      if (ShiftKey) 
      { 
         yAngle += 6; 
         if (yAngle >= 360) yAngle -= 360; 
      } 
      else 
      { 
         yAngle -= 6; 
         if (yAngle < 0) yAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // z rotates counterclockwise around z axis, Z rotates clockwise 
   else if (fg_kbtest(44)) 
   { 
      if (ShiftKey) 
      { 
         zAngle += 6; 
         if (zAngle >= 360) zAngle -= 360; 
      } 
      else 
      { 
         zAngle -= 6; 
         if (zAngle < 0) zAngle += 360; 
      } 
      Redraw = TRUE; 
   } 
 
   // if the cube's position or rotation changed, redraw the cube 
   if (Redraw) 
   { 
#ifdef DIRECTX 
      // tell Direct3D we're about to start a new frame 
      fg_ddframe(0); 
#endif 
 
      // prepare the z-buffer for the next frame 
      fg_zbframe(); 
 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // define the cube's new position and rotation in 3D world space 
      fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
      // draw the cube 
      DrawCube(); 
 
#ifdef DIRECTX 
      // tell Direct3D we're finished with this frame 
      fg_ddframe(1); 
#endif 
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      // display what we just drew 
      ShowCube(); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
\****************************************************************************/ 
 
void DrawCube() 
{ 
   register int i; 
 
   for (i = 0; i < 6; i++) 
   { 
      fg_tmselect(hTM[i]); 
      fg_3Dtexturemapobject((double *)Faces[i],tmSource,4); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  ShowCube()                                                                * 
*                                                                            * 
*  Performs a blit or flip to make the cube visible.                         * 
*                                                                            * 
\****************************************************************************/ 
 
void ShowCube() 
{ 
#ifdef DIRECTX 
   fg_ddflip(); 
#else 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
#endif 
} 

TMcubeX: C++Builder Version 
/****************************************************************************\ 
*                                                                            * 
*  TMcubeX.cpp                                                               * 
*  TMcubeXU.cpp                                                              * 
*                                                                            * 
*  This program is similar to the TMcube example, but it shows how to create * 
*  a native, DirectDraw, or Direct3D program from the same source code.      * 
*                                                                            * 
\****************************************************************************/ 
 
#include <vcl\vcl.h> 
#pragma hdrstop 
 
#include "TMcubeXU.h" 
//--------------------------------------------------------------------------- 
#pragma resource "*.dfm" 
TForm1 *Form1; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
   : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::OnIdle(TObject *Sender, bool &Done) 
{ 
   if (AppIsActive) CheckForMovement(False); 
   Done = False; 
} 
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//--------------------------------------------------------------------------- 
void __fastcall TForm1::WMActivateApp(TMessage &Msg) 
{ 
   AppIsActive = Msg.WParam; 
   if (AppIsActive && AppIsReady) 
   { 
#ifdef DIRECTX 
      fg_ddrestore(); 
#endif 
      CheckForMovement(True); 
   } 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormActivate(TObject *Sender) 
{ 
   fg_realize(hPal); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   register int i; 
 
   Visible = True; 
#ifdef DIRECTX 
   fg_ddsetup(vbWidth,vbHeight,vbDepth,DIRECTX_FLAGS); 
#else 
   fg_modeset(vbWidth,vbHeight,fg_colors(),1); 
   WindowState = wsMaximized; 
#endif 
   hDC = GetDC(Form1->Handle); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
   fg_vbdepth(vbDepth); 
#ifdef DIRECTX 
   hVB = 0; 
#else 
   hVB = fg_vballoc(vbWidth,vbHeight); 
#endif 
   fg_vbopen(hVB); 
   fg_vbcolors(); 
 
   hZB = fg_zballoc(vbWidth,vbHeight); 
   fg_zbopen(hZB); 
 
   // define 3D viewport, clipping planes, and initial render state 
   fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
   fg_3Dsetzclip(40.0,1000.0); 
   fg_3Drenderstate(RENDER_STATE); 
 
   // obtain the six texture maps from the CUBE.PCX file 
   fg_tminit(6); 
   fg_showpcx("CUBE.PCX",FG_AT_XY|FG_KEEPCOLORS); 
   fg_move(0,tmWidth-1); 
   for (i = 0; i < 6; i++) 
   { 
#if (vbDepth == 8) 
      fg_getimage(Texture[i],tmWidth,tmWidth); 
      fg_invert(Texture[i],tmWidth,tmWidth); 
#else 
      fg_getdcb(Texture[i],tmWidth,tmWidth); 
      fg_invdcb(Texture[i],tmWidth,tmWidth); 
#endif 
      hTM[i] = fg_tmdefine(Texture[i],tmWidth,tmWidth); 
      fg_moverel(tmWidth,0); 
   } 
 
   CheckForMovement(True); 
   Application->OnActivate = OnActivate; 
   Application->OnIdle = OnIdle; 
   AppIsActive = True; 
   AppIsReady = True; 
} 
//--------------------------------------------------------------------------- 
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void __fastcall TForm1::FormKeyDown(TObject *Sender, WORD &Key, 
   TShiftState Shift) 
{ 
   if (Key == VK_ESCAPE || Key == VK_F12) Close(); 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::FormDestroy(TObject *Sender) 
{ 
   fg_vbclose(); 
   fg_tmfree(-1); 
   fg_zbfree(hZB); 
#ifdef DIRECTX 
   fg_vbfin(); 
#else 
   fg_vbfree(hVB); 
   fg_vbfin(); 
   fg_modeset(0,0,0,0); 
#endif 
   DeleteObject(hPal); 
   ReleaseDC(Form1->Handle,hDC); 
   Application->Minimize(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
*  The Redraw parameter controls when CheckForMovement() redraws the cube.   * 
*  If False, the cube is redrawn only if its position or orientation has     * 
*  changed since the last call. If True, the cube is redrawn no matter what. * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::CheckForMovement(bool Redraw) 
{ 
   static double xWorld = 0.0, yWorld = 0.0, zWorld = 100.0; 
   static int xAngle = 0, yAngle = 0, zAngle = 0; 
   bool ShiftKey; 
 
   // check if either shift key is pressed 
   ShiftKey = fg_kbtest(42) | fg_kbtest(54); 
 
   // + and - move cube along the z axis (+ is toward viewer, - is 
   // away from viewer) 
   if (fg_kbtest(74)) 
   { 
      zWorld += 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(78)) 
   { 
      zWorld -= 3.0; 
      Redraw = True; 
   } 
 
   // left and right arrow keys move cube along x axis 
   else if (fg_kbtest(75)) 
   { 
      xWorld -= 3.0; 
      Redraw = True; 
   } 
   else if (fg_kbtest(77)) 
   { 
      xWorld += 3.0; 
      Redraw = True; 
   } 
 
   // up and down arrow keys move cube along y axis 
   else if (fg_kbtest(72)) 
   { 
      yWorld += 3.0; 
      Redraw = True; 
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   } 
   else if (fg_kbtest(80)) 
   { 
      yWorld -= 3.0; 
      Redraw = True; 
   } 
 
   // x rotates counterclockwise around x axis, X rotates clockwise 
   else if (fg_kbtest(45)) 
   { 
      if (ShiftKey) 
      { 
         xAngle += 6; 
         if (xAngle >= 360) xAngle -= 360; 
      } 
      else 
      { 
         xAngle -= 6; 
         if (xAngle < 0) xAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // y rotates counterclockwise around y axis, Y rotates clockwise 
   else if (fg_kbtest(21)) 
   { 
      if (ShiftKey) 
      { 
         yAngle += 6; 
         if (yAngle >= 360) yAngle -= 360; 
      } 
      else 
      { 
         yAngle -= 6; 
         if (yAngle < 0) yAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // z rotates counterclockwise around z axis, Z rotates clockwise 
   else if (fg_kbtest(44)) 
   { 
      if (ShiftKey) 
      { 
         zAngle += 6; 
         if (zAngle >= 360) zAngle -= 360; 
      } 
      else 
      { 
         zAngle -= 6; 
         if (zAngle < 0) zAngle += 360; 
      } 
      Redraw = True; 
   } 
 
   // if the cube's position or rotation changed, redraw the cube 
   if (Redraw) 
   { 
#ifdef DIRECTX 
      // tell Direct3D we're about to start a new frame 
      fg_ddframe(0); 
#endif 
 
      // prepare the z-buffer for the next frame 
      fg_zbframe(); 
 
      // erase the previous frame from the virtual buffer 
      fg_setcolor(-1); 
      fg_fillpage(); 
 
      // define the cube's new position and rotation in 3D world space 
      fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
      // draw the cube 
      DrawCube(); 
 



Chapter 14: Using Fastgraph with Direct3D • 637 

 

 

#ifdef DIRECTX 
      // tell Direct3D we're finished with this frame 
      fg_ddframe(1); 
#endif 
 
      // display what we just drew 
      ShowCube(); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Draws each of the six cube faces in 3D world space.                       * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::DrawCube() 
{ 
   register int i; 
 
   for (i = 0; i < 6; i++) 
   { 
      fg_tmselect(hTM[i]); 
      fg_3Dtexturemapobject((double *)Faces[i],(int *)tmSource,4); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  ShowCube()                                                                * 
*                                                                            * 
*  Performs a blit or flip to make the cube visible.                         * 
*                                                                            * 
\****************************************************************************/ 
 
void __fastcall TForm1::ShowCube() 
{ 
#ifdef DIRECTX 
   fg_ddflip(); 
#else 
   fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
#endif 
} 

TMcubeX: Delphi Version 
{***************************************************************************** 
*                                                                            * 
*  TMcubeX.dpr                                                               * 
*  TMcubeXU.pas                                                              * 
*                                                                            * 
*  This program is similar to the TMcube example, but it shows how to create * 
*  a native, DirectDraw, or Direct3D program from the same source code.      * 
*                                                                            * 
*****************************************************************************} 
 
unit TMcubeXU; 
 
interface 
 
{ define DIRECTX if creating a DirectDraw or Direct3D application } 
{$DEFINE DIRECTX} 
 
{$IFDEF DIRECTX} 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWinD; 
{$ELSE} 
uses 
  SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls, 
  Forms, Dialogs, FGWin; 
{$ENDIF} 
 
type 
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  TForm1 = class(TForm) 
    procedure AppOnActivate(Sender: TObject); 
    procedure AppIdle(Sender: TObject; var Done: Boolean); 
    procedure FormActivate(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure FormKeyDown(Sender: TObject; var Key: Word; 
      Shift: TShiftState); 
    procedure FormDestroy(Sender: TObject); 
  protected 
    procedure WMActivateApp(var Msg: TMessage); message WM_ACTIVATEAPP; 
  end; 
 
var 
  Form1: TForm1; 
 
implementation 
 
{$J+} 
{$R *.DFM} 
 
type 
  POINT3D = record 
    x : double; 
    y : double; 
    z : double; 
  end; 
 
const 
  { render state } 
  RENDER_STATE = FG_PERSPECTIVE_TM or FG_ZBUFFER or FG_ZCLIP; 
 
  { define the flag bits for fg_ddsetup() } 
  { specify FG_DX_FLIP for a Direct3D application } 
  { specify FG_DX_RENDER_HW or FG_DX_RENDER_SW for a Direct3D application } 
  { specify FG_DX_ZBUFFER only if FG_ZBUFFER is defined in RENDER_STATE } 
  {$IFDEF DIRECTX} 
  DIRECTX_FLAGS = FG_DX_FLIP or FG_DX_RENDER_HW or FG_DX_ZBUFFER; 
  {$ENDIF} 
 
  { virtual buffer dimensions } 
  vbWidth = 640; 
  vbHeight = 480; 
  vbDepth = 16; 
 
  { six faces of a 40x40x40 cube, defined in object coordinates } 
  Face1 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z:-20.0)); 
  Face2 : array [1..4] of POINT3D = ( 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z:-20.0)); 
  Face3 : array [1..4] of POINT3D = ( 
    (x: 20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x: 20.0; y:-20.0; z: 20.0)); 
  Face4 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z: 20.0), 
    (x: 20.0; y:-20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z:-20.0), 
    (x: 20.0; y: 20.0; z: 20.0)); 
  Face5 : array [1..4] of POINT3D = ( 
    (x: 20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z: 20.0), 
    (x:-20.0; y:-20.0; z:-20.0), 
    (x: 20.0; y:-20.0; z:-20.0)); 
  Face6 : array [1..4] of POINT3D = ( 
    (x: 20.0; y: 20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z:-20.0), 
    (x:-20.0; y: 20.0; z: 20.0), 
    (x: 20.0; y: 20.0; z: 20.0)); 
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  { for convenience, an array of pointers to each of the six faces } 
  Faces : array [1..6] of ^POINT3D = (@Face1,@Face2,@Face3,@Face4,@Face5,@Face6); 
 
  { width of texture map in pixels } 
  tmWidth = 64; 
 
  { coordinates defining source polygon vertices within the texture map array } 
  tmSource : array [1..8] of integer = ( 
    tmWidth-1,tmWidth-1, 0,tmWidth-1, 0,0, tmWidth-1,0); 
 
  AppIsActive : boolean = False; 
  AppIsReady : boolean = False; 
 
var 
  { texture map array } 
  Texture : array [1..6,1..tmWidth*tmWidth*(vbDepth div 8)] of byte; 
 
  dc : hDC; 
  hPal : hPalette; 
  hVB : integer; 
  hZB : integer; 
  hTM : array [1..6] of integer; 
  xAngle, yAngle, zAngle : integer; 
  xWorld, yWorld, zWorld : double; 
 
{***************************************************************************** 
*                                                                            * 
*  DrawCube()                                                                * 
*                                                                            * 
*  Transforms, clips, projects, and draws each of the six cube faces.        * 
*                                                                            * 
*****************************************************************************} 
 
procedure DrawCube; 
 
var 
  i : integer; 
 
begin 
  for i := 1 to 6 do 
  begin 
    fg_tmselect(hTM[i]); 
    fg_3Dtexturemapobject(Faces[i]^,tmSource,4); 
  end; 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  ShowCube()                                                                * 
*                                                                            * 
*  Performs a blit or flip to make the cube visible.                         * 
*                                                                            * 
*****************************************************************************} 
 
procedure ShowCube; 
 
begin 
  {$IFDEF DIRECTX} 
  fg_ddflip; 
  {$ELSE} 
  fg_vbpaste(0,vbWidth-1,0,vbHeight-1,0,vbHeight-1); 
  {$ENDIF} 
end; 
 
{***************************************************************************** 
*                                                                            * 
*  CheckForMovement()                                                        * 
*                                                                            * 
*  The CheckForMovement() function checks for key presses that control the   * 
*  cube's movement, and if required redraws the cube at its new position and * 
*  orientation. It is called from the application's OnIdle event handler.    * 
*                                                                            * 
*  The Redraw parameter controls when CheckForMovement() redraws the cube.   * 
*  If False, the cube is redrawn only if its position or orientation has     * 
*  changed since the last call. If True, the cube is redrawn no matter what. * 
*                                                                            * 
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*****************************************************************************} 
 
procedure CheckForMovement(Redraw: boolean); 
 
var 
  ShiftKey : boolean; 
 
begin 
  { check if either shift key is pressed } 
  ShiftKey := (fg_kbtest(42) = 1) or (fg_kbtest(54) = 1); 
 
  { + and - move cube along the z axis (+ is toward viewer, - is } 
  { away from viewer) } 
  if (fg_kbtest(74) = 1) then 
  begin 
    zWorld := zWorld + 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(78) = 1) then 
  begin 
    zWorld := zWorld - 3.0; 
    Redraw := True; 
  end 
 
  { left and right arrow keys move cube along x axis } 
  else if (fg_kbtest(75) = 1) then 
  begin 
    xWorld := xWorld - 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(77) = 1) then 
  begin 
    xWorld := xWorld + 3.0; 
    Redraw := True; 
  end 
 
  { up and down arrow keys move cube along y axis } 
  else if (fg_kbtest(72) = 1) then 
  begin 
    yWorld := yWorld + 3.0; 
    Redraw := True; 
  end 
  else if (fg_kbtest(80) = 1) then 
  begin 
    yWorld := yWorld - 3.0; 
    Redraw := True; 
  end 
 
  { x rotates counterclockwise around x axis, X rotates clockwise } 
  else if (fg_kbtest(45) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(xAngle,6); 
      if (xAngle >= 360) then Dec(xAngle,360); 
    end 
    else 
    begin 
      Dec(xAngle,6); 
      if (xAngle < 0) then Inc(xAngle,360); 
    end; 
    Redraw := True; 
  end 
 
  { y rotates counterclockwise around y axis, Y rotates clockwise } 
  else if (fg_kbtest(21) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(yAngle,6); 
      if (yAngle >= 360) then Dec(yAngle,360); 
    end 
    else 
    begin 
      Dec(yAngle,6); 
      if (yAngle < 0) then Inc(yAngle,360); 
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    end; 
    Redraw := True; 
  end 
 
  { z rotates counterclockwise around z axis, Z rotates clockwise } 
  else if (fg_kbtest(44) = 1) then 
  begin 
    if (ShiftKey) then 
    begin 
      Inc(zAngle,6); 
      if (zAngle >= 360) then Dec(zAngle,360); 
    end 
    else 
    begin 
      Dec(zAngle,6); 
      if (zAngle < 0) then Inc(zAngle,360); 
    end; 
    Redraw := True; 
  end; 
 
  { if the cube's position or rotation changed, redraw the cube } 
  if (Redraw) then 
  begin 
    {$IFDEF DIRECTX} 
    { tell Direct3D we're about to start a new frame } 
    fg_ddframe(0); 
    {$ENDIF} 
 
    { prepare the z-buffer for the next frame } 
    fg_zbframe; 
 
    { erase the previous frame from the virtual buffer } 
    fg_setcolor(-1); 
    fg_fillpage; 
 
    { define the cube's new position and rotation in 3D world space } 
    fg_3Dsetobject(xWorld,yWorld,zWorld,xAngle*10,yAngle*10,zAngle*10); 
 
    { draw the cube } 
    DrawCube; 
 
    {$IFDEF DIRECTX} 
    { tell Direct3D we're finished with this frame } 
    fg_ddframe(1); 
    {$ENDIF} 
 
    { display what we just drew } 
    ShowCube; 
  end; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.AppOnActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.AppIdle(Sender: Tobject; var Done: Boolean); 
begin 
  if AppIsActive and AppIsReady then CheckForMovement(False); 
  Done := False; 
end; 
 
{****************************************************************************} 
 
procedure TForm1.WMActivateApp(var Msg: TMessage); 
begin 
  AppIsActive := (Msg.WParam <> 0); 
  if AppIsActive and AppIsReady then 
  begin 
    {$IFDEF DIRECTX} 
    fg_ddrestore; 
    {$ENDIF} 
    CheckForMovement(True); 
  end; 
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end; 
 
{****************************************************************************} 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  fg_realize(hPal); 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
 
var 
  i : integer; 
 
begin 
  Visible := True; 
  {$IFDEF DIRECTX} 
  fg_ddsetup(vbWidth,vbHeight,vbDepth,DIRECTX_FLAGS); 
  {$ELSE} 
  fg_modeset(vbWidth,vbHeight,fg_colors,1); 
  WindowState := wsMaximized; 
  {$ENDIF} 
 
  dc := GetDC(Form1.Handle); 
  fg_setdc(dc); 
  hPal := fg_defpal; 
  fg_realize(hPal); 
 
  fg_vbinit; 
  fg_vbdepth(vbDepth); 
  {$IFDEF DIRECTX} 
  hVB := 0; 
  {$ELSE} 
  hVB := fg_vballoc(vbWidth,vbHeight); 
  {$ENDIF} 
  fg_vbopen(hVB); 
  fg_vbcolors; 
 
  hZB := fg_zballoc(vbWidth,vbHeight); 
  fg_zbopen(hZB); 
 
  { define 3D viewport, clipping planes, and initial render state } 
  fg_3Dviewport(0,vbWidth-1,0,vbHeight-1,0.5); 
  fg_3Dsetzclip(40.0,1000.0); 
  fg_3Drenderstate(RENDER_STATE); 
 
  { obtain the six texture maps from the CUBE.PCX file } 
  fg_tminit(6); 
  fg_showpcx('CUBE.PCX'+chr(0),FG_AT_XY or FG_KEEPCOLORS); 
  fg_move(0,tmWidth-1); 
  for i := 1 to 6 do 
  begin 
    if (vbDepth = 8) then 
    begin 
      fg_getimage(Texture[i],tmWidth,tmWidth); 
      fg_invert(Texture[i],tmWidth,tmWidth); 
    end 
    else 
    begin 
      fg_getdcb(Texture[i],tmWidth,tmWidth); 
      fg_invdcb(Texture[i],tmWidth,tmWidth); 
    end; 
    hTM[i] := fg_tmdefine(Texture[i],tmWidth,tmWidth); 
    fg_moverel(tmWidth,0); 
  end; 
 
  xAngle := 0; 
  yAngle := 0; 
  zAngle := 0; 
  xWorld := 0.0; 
  yWorld := 0.0; 
  zWorld := 100.0; 
 
  CheckForMovement(True); 
  Application.OnActivate := AppOnActivate; 
  Application.OnIdle := AppIdle; 
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  AppIsActive := True; 
  AppIsReady := True; 
end; 
 
procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word; 
  Shift: TShiftState); 
begin 
  if (Key = VK_Escape) or (Key = VK_F12) then Close; 
end; 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  fg_vbclose; 
  fg_tmfree(-1); 
  fg_zbfree(hZB); 
  {$IFDEF DIRECTX} 
  fg_vbfin; 
  {$ELSE} 
  fg_vbfree(hVB); 
  fg_vbfin; 
  fg_modeset(0,0,0,0); 
  {$ENDIF} 
  DeleteObject(hPal); 
  ReleaseDC(Form1.Handle,dc); 
  Application.Minimize; 
end; 
 
end. 

TMcubeX: Visual Basic Version 
 '***************************************************************************** 
'                                                                            * 
'  TMcubeX.frm                                                               * 
'                                                                            * 
'  This program is similar to the TMcube example, but it shows how to create * 
'  a native, DirectDraw, or Direct3D program from the same source code.      * 
'                                                                            * 
'  Use the FGWinD.bas module file if creating a DirectX program, or use the  * 
'  FGWin.bas module file if creating a native program.                       * 
'                                                                            * 
'  Requires Visual Basic 5.0 or later.                                       * 
'                                                                            * 
'***************************************************************************** 
 
Const RENDER_STATE = FG_PERSPECTIVE_TM + FG_ZBUFFER + FG_ZCLIP 
 
' set DIRECTX to 
'   True if creating a DirectDraw or Direct3D program (use module FGWinD.bas) 
'   False if creating a native Win32 program (use module FGWin.bas) 
#Const DIRECTX = True 
 
' define the flag bits for fg_ddsetup() 
' specify FG_DX_FLIP for a Direct3D application 
' specify FG_DX_RENDER_HW or FG_DX_RENDER_SW for a Direct3D application 
' specify FG_DX_ZBUFFER only if FG_ZBUFFER is defined in RENDER_STATE 
#If DIRECTX Then 
Const DIRECTX_FLAGS = FG_DX_FLIP + FG_DX_RENDER_HW + FG_DX_ZBUFFER 
#End If 
 
Const vbWidth = 640 
Const vbHeight = 480 
Const vbDepth = 16 
 
Const tmWidth = 64 
 
Private Type Point3D 
   X As Double 
   Y As Double 
   Z As Double 
End Type 
 
Option Base 1 
 
Dim hPal As Long 
Dim hVB As Long 
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Dim hZB As Long 
Dim hTM(6) As Long 
Dim AppIsActive As Boolean 
Dim AppIsRunning As Boolean 
 
Dim xAngle As Long, yAngle As Long, zAngle As Long 
Dim xWorld As Double, yWorld As Double, zWorld As Double 
 
' six faces of a 40x40x40 cube, defined in object coordinates 
Dim Faces(4, 6) As Point3D 
 
' texture map array 
Dim Texture(tmWidth * tmWidth * (vbDepth / 8), 6) As Byte 
 
' coordinates defining source polygon vertices within the texture map array 
Dim tmSource(8) As Long 
 
Public Sub ActivateApp(ByVal wParam As Long) 
   AppIsActive = (wParam <> 0) 
   If AppIsActive Then 
      WindowState = vbMaximized 
      #If DIRECTX Then 
      Call fg_ddrestore 
      #End If 
      Call CheckForMovement(True) 
   Else 
      WindowState = vbMinimized 
      #If DIRECTX Then 
      Call fg_gdiflip 
      #End If 
   End If 
End Sub 
 
Private Sub Form_Activate() 
   Call fg_realize(hPal) 
End Sub 
 
Private Sub Form_Load() 
   Dim I As Long 
   ScaleMode = 3 
   Visible = True 
   #If DIRECTX Then 
   Call fg_ddsetup(vbWidth, vbHeight, vbDepth, DIRECTX_FLAGS) 
   #Else 
   Call fg_modeset(vbWidth, vbHeight, fg_colors(), 1) 
   WindowState = vbMaximized 
   #End If 
 
   Call fg_setdc(hDC) 
   hPal = fg_defpal() 
   Call fg_realize(hPal) 
 
   Call fg_vbinit 
   Call fg_vbdepth(vbDepth) 
   #If DIRECTX Then 
   hVB = 0 
   #Else 
   hVB = fg_vballoc(vbWidth, vbHeight) 
   #End If 
   Call fg_vbopen(hVB) 
   Call fg_vbcolors 
 
   hZB = fg_zballoc(vbWidth, vbHeight) 
   Call fg_zbopen(hZB) 
 
   ' define 3D viewport, clipping planes, and initial render state 
   Call fg_3Dviewport(0, vbWidth - 1, 0, vbHeight - 1, 0.5) 
   Call fg_3Dsetzclip(40#, 1000#) 
   Call fg_3Drenderstate(RENDER_STATE) 
 
   ' obtain the six texture maps from the CUBE.PCX file 
   Call fg_tminit(6) 
   Call fg_showpcx(App.Path & "\CUBE.PCX", FG_AT_XY + FG_KEEPCOLORS) 
   Call fg_move(0, tmWidth - 1) 
   For I = 1 To 6 
      #If vbDepth = 8 Then 
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      Call fg_getimage(Texture(1, I), tmWidth, tmWidth) 
      Call fg_invert(Texture(1, I), tmWidth, tmWidth) 
      #Else 
      Call fg_getdcb(Texture(1, I), tmWidth, tmWidth) 
      Call fg_invdcb(Texture(1, I), tmWidth, tmWidth) 
      #End If 
      hTM(I) = fg_tmdefine(Texture(1, I), tmWidth, tmWidth) 
      Call fg_moverel(tmWidth, 0) 
   Next 
 
   xAngle = 0 
   yAngle = 0 
   zAngle = 0 
   xWorld = 0# 
   yWorld = 0# 
   zWorld = 100# 
 
   Call InitGlobals 
 
   AppIsActive = True 
   AppIsRunning = True 
   Call HookWindowProc(hWnd) 
   Call CheckForMovement(True) 
   While AppIsRunning 
      DoEvents 
      If AppIsActive Then Call CheckForMovement(False) 
   Wend 
End Sub 
 
Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer) 
   If KeyCode = vbKeyEscape Or KeyCode = vbKeyF12 Then Unload Me 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
   AppIsRunning = False 
   AppIsActive = False 
   Call UnHookWindowProc(hWnd) 
   Call fg_vbclose 
   Call fg_tmfree(-1) 
   Call fg_zbfree(hZB) 
   #If DIRECTX Then 
   Call fg_vbfin 
   #Else 
   Call fg_vbfree(hVB) 
   Call fg_vbfin 
   Call fg_modeset(0, 0, 0, 0) 
   #End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  CheckForMovement()                                                        * 
'                                                                            * 
'  The CheckForMovement() function checks for key presses that control the   * 
'  cube's movement, and if required redraws the cube at its new position and * 
'  orientation. It is called from the message loop in Form_Load().           * 
'                                                                            * 
'  The Redraw parameter controls when CheckForMovement() redraws the cube.   * 
'  If False, the cube is redrawn only if its position or orientation has     * 
'  changed since the last call. If True, the cube is redrawn no matter what. * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub CheckForMovement(Redraw As Boolean) 
   Dim ShiftKey As Boolean 
 
   ' check if either shift key is pressed 
   ShiftKey = (fg_kbtest(42) = 1) Or (fg_kbtest(54) = 1) 
 
   ' + and - move cube along the z axis (+ is toward viewer, - is 
   ' away from viewer) 
   If fg_kbtest(74) = 1 Then 
      zWorld = zWorld + 3# 
      Redraw = True 
   ElseIf fg_kbtest(78) = 1 Then 
      zWorld = zWorld - 3# 
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      Redraw = True 
 
   ' left and right arrow keys move cube along x axis 
   ElseIf fg_kbtest(75) = 1 Then 
      xWorld = xWorld - 3# 
      Redraw = True 
   ElseIf fg_kbtest(77) = 1 Then 
      xWorld = xWorld + 3# 
      Redraw = True 
 
   ' up and down arrow keys move cube along y axis 
   ElseIf fg_kbtest(72) = 1 Then 
      yWorld = yWorld + 3# 
      Redraw = True 
   ElseIf fg_kbtest(80) = 1 Then 
      yWorld = yWorld - 3# 
      Redraw = True 
 
   ' x rotates counterclockwise around x axis, X rotates clockwise 
   ElseIf fg_kbtest(45) = 1 Then 
      If ShiftKey Then 
         xAngle = xAngle + 6 
         If xAngle >= 360 Then xAngle = xAngle - 360 
      Else 
         xAngle = xAngle - 6 
         If xAngle < 0 Then xAngle = xAngle + 360 
      End If 
      Redraw = True 
 
   ' y rotates counterclockwise around y axis, Y rotates clockwise 
   ElseIf fg_kbtest(21) = 1 Then 
      If ShiftKey Then 
         yAngle = yAngle + 6 
         If yAngle >= 360 Then yAngle = yAngle - 360 
      Else 
         yAngle = yAngle - 6 
         If yAngle < 0 Then yAngle = yAngle + 360 
      End If 
      Redraw = True 
 
   ' z rotates counterclockwise around z axis, Z rotates clockwise 
   ElseIf fg_kbtest(44) = 1 Then 
      If ShiftKey Then 
         zAngle = zAngle + 6 
         If zAngle >= 360 Then zAngle = zAngle - 360 
      Else 
         zAngle = zAngle - 6 
         If zAngle < 0 Then zAngle = zAngle + 360 
      End If 
      Redraw = True 
   End If 
 
   ' if the cube's position or orientation changed, redraw the cube 
   If Redraw Then 
 
      #If DIRECTX Then 
      ' tell Direct3D we're about to start a new frame 
      Call fg_ddframe(0) 
      #End If 
 
      ' prepare the z-buffer for the next frame 
      Call fg_zbframe 
 
      ' erase the previous frame from the virtual buffer 
      Call fg_setcolor(-1) 
      Call fg_fillpage 
 
      ' define the cube's new position and rotation in 3D world space 
      Call fg_3Dsetobject(xWorld, yWorld, zWorld, xAngle * 10, yAngle * 10, zAngle * 10) 
 
      ' draw the cube 
      Call DrawCube 
 
      #If DIRECTX Then 
      ' tell Direct3D we're finished with this frame 
      Call fg_ddframe(1) 
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      #End If 
 
      ' display what we just drew 
      Call ShowCube 
   End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  DrawCube()                                                                * 
'                                                                            * 
'  Draws each of the six cube faces in 3D world space.                       * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub DrawCube() 
   Dim I As Long 
   For I = 1 To 6 
      Call fg_tmselect(hTM(I)) 
      Call fg_3Dtexturemapobject(Faces(1, I).X, tmSource(1), 4) 
   Next 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  ShowCube()                                                                * 
'                                                                            * 
'  Performs a blit or flip to make the cube visible.                         * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub ShowCube() 
   #If DIRECTX Then 
   Call fg_ddflip 
   #Else 
   Call fg_vbpaste(0, vbWidth - 1, 0, vbHeight - 1, 0, vbHeight - 1) 
   #End If 
End Sub 
 
'***************************************************************************** 
'                                                                            * 
'  InitGlobals()                                                             * 
'                                                                            * 
'  Initialize global variables and arrays. Called from Form_Load().          * 
'                                                                            * 
'***************************************************************************** 
 
Private Sub InitGlobals() 
   Faces(1, 1).X = 20#: Faces(1, 1).Y = -20#: Faces(1, 1).Z = -20# 
   Faces(2, 1).X = -20#: Faces(2, 1).Y = -20#: Faces(2, 1).Z = -20# 
   Faces(3, 1).X = -20#: Faces(3, 1).Y = 20#: Faces(3, 1).Z = -20# 
   Faces(4, 1).X = 20#: Faces(4, 1).Y = 20#: Faces(4, 1).Z = -20# 
 
   Faces(1, 2).X = -20#: Faces(1, 2).Y = -20#: Faces(1, 2).Z = -20# 
   Faces(2, 2).X = -20#: Faces(2, 2).Y = -20#: Faces(2, 2).Z = 20# 
   Faces(3, 2).X = -20#: Faces(3, 2).Y = 20#: Faces(3, 2).Z = 20# 
   Faces(4, 2).X = -20#: Faces(4, 2).Y = 20#: Faces(4, 2).Z = -20# 
 
   Faces(1, 3).X = 20#: Faces(1, 3).Y = 20#: Faces(1, 3).Z = 20# 
   Faces(2, 3).X = -20#: Faces(2, 3).Y = 20#: Faces(2, 3).Z = 20# 
   Faces(3, 3).X = -20#: Faces(3, 3).Y = -20#: Faces(3, 3).Z = 20# 
   Faces(4, 3).X = 20#: Faces(4, 3).Y = -20#: Faces(4, 3).Z = 20# 
 
   Faces(1, 4).X = 20#: Faces(1, 4).Y = -20#: Faces(1, 4).Z = 20# 
   Faces(2, 4).X = 20#: Faces(2, 4).Y = -20#: Faces(2, 4).Z = -20# 
   Faces(3, 4).X = 20#: Faces(3, 4).Y = 20#: Faces(3, 4).Z = -20# 
   Faces(4, 4).X = 20#: Faces(4, 4).Y = 20#: Faces(4, 4).Z = 20# 
 
   Faces(1, 5).X = 20#: Faces(1, 5).Y = -20#: Faces(1, 5).Z = 20# 
   Faces(2, 5).X = -20#: Faces(2, 5).Y = -20#: Faces(2, 5).Z = 20# 
   Faces(3, 5).X = -20#: Faces(3, 5).Y = -20#: Faces(3, 5).Z = -20# 
   Faces(4, 5).X = 20#: Faces(4, 5).Y = -20#: Faces(4, 5).Z = -20# 
 
   Faces(1, 6).X = 20#: Faces(1, 6).Y = 20#: Faces(1, 6).Z = -20# 
   Faces(2, 6).X = -20#: Faces(2, 6).Y = 20#: Faces(2, 6).Z = -20# 
   Faces(3, 6).X = -20#: Faces(3, 6).Y = 20#: Faces(3, 6).Z = 20# 
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   Faces(4, 6).X = 20#: Faces(4, 6).Y = 20#: Faces(4, 6).Z = 20# 
 
   tmSource(1) = tmWidth - 1: tmSource(2) = tmWidth - 1 
   tmSource(3) = 0: tmSource(4) = tmWidth - 1 
   tmSource(5) = 0: tmSource(6) = 0 
   tmSource(7) = tmWidth - 1: tmSource(8) = 0 
End Sub 

A Direct3D Version of Tdemo 
In the last chapter, we presented an example called Tdemo that brought together many 3D 

capabilities in a single program. At that time, we mentioned we could link Tdemo with Fastgraph's DirectX 
libraries to build a Direct3D version through conditional compilation. We do this by defining the symbol 
DIRECT3D when compiling each Tdemo source code file. 

All of the Tdemo conditional compilation sequences are identical or very similar to those in the 
TMcubeX example, with one notable exception. The textures stored in Tdemo.tmf use the normal 5/6/5 
high color pixel format. When Tdemo is compiled as a Direct3D program, its _LevelData:ReadTextures() 
function calls fg_gethcbpp() to obtain the DirectX high color bit depth. If fg_gethcbpp() returns 15, it 
means DirectX expects high color pixels to use the 5/5/5 format, so we must call fg_transdcb() to 
translate each texture bitmap from 5/6/5 to 5/5/5 immediately after reading it from the Tdemo.tmf file. 

Another interesting feature of Tdemo shows something that might be desirable if we want to run 
the program on systems where DirectX isn't available. The batch files in the Tdemo directory create both 
a native Win32 executable and a Direct3D executable through conditional compilation. Because we can 
easily create both versions from the same source code, you could distribute both executables as part of a 
product distribution. If the Direct3D version determines that DirectX is not available on the user's system, 
it launches the native version and exits. 

Using Direct3D Externally 
In Chapter 4, we described how we could use fg_ddgetobj(), fg_ddsetobj(), and fg_ddapply() 

to initialize and manage DirectDraw outside of Fastgraph, yet still use Fastgraph functions for other tasks. 
We can also do the same thing for Direct3D. The complete list of DirectX objects recognized by 
fg_ddgetobj() and fg_ddsetobj() is presented here: 

Code DirectX object 
0 DirectDraw2, DirectDraw4, or DirectDraw7 
1 DirectDrawSurface2, DirectDrawSurface4, or DirectDrawSurface7 for primary surface 
2 DirectDrawClipper 
3 DirectDrawPalette 
4 Direct3D2, Direct3D3, or Direct3D7 
5 Direct3DDevice2, Direct3DDevice3, or Direct3DDevice7 (hardware acceleration) 
6 Direct3DDevice2, Direct3DDevice3, or Direct3DDevice7 (software rendering) 
7 Direct3DViewport2 or Direct3DViewport3 (not used for DirectX 7) 
8 DirectDrawSurface2, DirectDrawSurface4, or DirectDrawSurface7 for Direct3D z-buffer 

Any DirectDraw objects (codes 0 through 3 in the above table) defined through fg_ddsetobj() must be 
defined before you call fg_vbinit(). Direct3D objects (codes 4 through 8) may be defined either before or 
after calling fg_vbinit(). Once you have created all the required DirectX objects and used fg_ddsetobj() 
to tell Fastgraph about them, use fg_ddapply() to activate these objects. This must be done after calling 
fg_vbinit(), but before you create any virtual buffers. 

The SetupD3D example shows how to externally manage DirectX for full screen Direct3D 
programs. Source code for SetupD3D will not be presented here but is installed along with Fastgraph's 
other C/C++ examples (SetupD3D is available only for C/C++). 
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Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. Except where noted, these functions are present only in 
Fastgraph's DirectX libraries. 

fg_ddframe() Begins or ends a Direct3D rendering sequence. 

fg_ddusage() Returns a value indicating how Fastgraph is using DirectX. 

fg_tmevict() Moves all Direct3D managed textures from video memory to system memory. 
This function is present in Fastgraph's native libraries, but it does nothing. 
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Overview 
It is occasionally necessary to delay a program's execution for a brief period, determine how long it 

takes to execute specific sections of a program, or to perform a function at some pre-determined future time. 
Fastgraph includes functions to help with these tasks. Some of these functions are said to be real-time, which 
means they are independent of a system's processor speed, while the speed of others is processor-specific. 
This short chapter describes both classes of timing functions, all of which are independent of the other parts 
of Fastgraph. 

While Fastgraph's timing functions are not considered legacy functions, we provide them primarily for 
compatibility with earlier versions of Fastgraph. Windows multimedia timers generally offer more useful timing 
capabilities. 

Real-Time Functions 
Real-time operations center around the BIOS time-of-day clock, which is nothing more than a 

counter that the system automatically increments 18.2 times per second, or every 55 milliseconds. This 
number is often called the clock tick interrupt rate because an interrupt routine performs the incrementing. In 
addition, each increment is usually called a clock tick. 

The fg_waitfor() function delays a program's execution by the number of clock ticks specified as its 
parameter. Because fg_waitfor() uses clock ticks, the actual length of the delay is the same, regardless of 
the system's processor speed. A common use of fg_waitfor() is slowing down a scrolling or panning loop. 

The fg_getclock() function provides an efficient way to measure time, especially differences in time. 
This function has no parameters and returns the number of clock ticks since Windows started. 

Functions Dependent on the System Speed 
The fg_waitfor() function described in the previous section is independent of the system's processor 

speed. This means the actual length of its delay is the same on any system. Another function, fg_stall(), is 
similar to fg_waitfor(), but its delay is proportional to the processor speed. Like fg_waitfor(), fg_stall() has a 
single integer parameter that specifies the length of the delay. However, instead of being expressed in clock 
ticks, fg_stall() measures the delay in delay units. 

The fg_measure() function determines the number of delay units per clock tick for the processor 
being used. It has no parameters and returns the number of delay units per clock tick as its function value. 
Once we determine this value, we can use fg_stall() to delay a program's execution in real time. This 
provides a much more refined delay than the clock tick unit used by fg_waitfor(). 

Summary 
This section summarizes the functional descriptions of the Fastgraph functions presented in this 

chapter. More detailed information about these functions, including their parameters and return values, may 
be found in the Fastgraph 6.0 Reference Manual. 

fg_getclock() Returns the number of clock ticks since Windows started. 

fg_measure() Returns the approximate number of delay units per clock tick. This quantity is 
proportional to the system's processor speed. 

fg_stall() Delays a program's execution for a given number of processor-specific delay 
units. 
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fg_waitfor() Delays a program's execution for a given number of clock ticks. There are 18.2 
clock ticks per second, regardless of the system's processor speed. 
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Overview 
In this chapter, we’ll use the fish tank program from Chapter 12 to illustrate the process of 

converting typical Fastgraph DOS programs to Windows. We’ll focus on converting the source code, but 
we’ll also discuss converting artwork or image files (which can sometimes take longer than porting the 
code). 

The DOS Fish Tank 
The original DOS version of the fish tank program runs in the 320x200 256-color “mode X” graphics 

mode (Fastgraph’s mode 20) with four video pages. The program uses three of these video pages: pages 0 
and 1 alternately serve as the visual page and workspace page in each animation frame, and page 2 always 
contains a clean copy of the coral background. Let’s look at the source code: 
/****************************************************************************\ 
*                                                                            * 
*  Fish1.c                                                                   * 
*                                                                            * 
*  This is the original DOS version of the Fastgraph Fish Tank.              * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fastgraf.h> 
#include <stdio.h> 
#include <stdlib.h> 
 
void main(void); 
void GetFish(void); 
void GoFish(void); 
void PutFish(int,int,int,int); 
 
#define MAX(x,y) ((x) > (y)) ? (x) : (y) 
#define MIN(x,y) ((x) < (y)) ? (x) : (y) 
 
#define NFISH 11 
 
/****************************************************************************\ 
*                                                                            * 
*  main program                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
void main() 
{ 
   // in case we're compiling for protected mode 
   fg_initpm(); 
 
   // make sure the system supports video mode 20 with three pages 
   if (fg_testmode(20,3) == 0) 
   { 
      printf("This program requires VGA graphics.\n"); 
      exit(0); 
   } 
 
   // initialize the video environment 
   fg_setmode(20); 
 
   // display the coral background on page 2 (which will always 
   // contain a clean copy of the background image) 
   fg_setpage(2); 
   fg_showpcx("CORAL.PCX",2); 
 
   // copy the background to the visual page 
   fg_copypage(2,0); 
 
   // get the fish 
   GetFish(); 
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   // make the fish go 
   GoFish(); 
 
   // restore the original video state 
   fg_setmode(3); 
   fg_reset(); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GetFish()                                                                 * 
*                                                                            * 
*  Fill the fish bitmap arrays.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
char Fish1[56*25]; 
char Fish2[54*38]; 
char Fish3[68*26]; 
char Fish4[56*30]; 
char Fish5[62*22]; 
char Fish6[68*36]; 
 
int FishX[]      = {  0, 64,128,200,  0, 80}; /* location of fish x & y */ 
int FishY[]      = {199,199,199,199,150,150}; 
int FishWidth[]  = { 56, 54, 68, 56, 62, 68}; /* size of fish: width */ 
int FishHeight[] = { 25, 38, 26, 30, 22, 36}; /* size of fish: height */ 
 
char *Fishes[] = {Fish1, /* for convenience, an array of pointers to fishes */ 
                  Fish2, 
                  Fish3, 
                  Fish4, 
                  Fish5, 
                  Fish6}; 
 
void GetFish() 
{ 
   register int FishNum; 
 
   // get the fish bitmaps from a PCX file 
   fg_setpage(1); 
   fg_showpcx("FISH.PCX",2); 
 
   for (FishNum = 0; FishNum < 6; FishNum++) 
   { 
      fg_move(FishX[FishNum],FishY[FishNum]); 
      fg_getimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GoFish()                                                                  * 
*                                                                            * 
*  Make the fish swim around.                                                * 
*                                                                            * 
\****************************************************************************/ 
 
/*  There are 11 fish total, and 6 different kinds of fish. These 
*   arrays keep track of what kind of fish each fish is, and how each 
*   fish moves: 
* 
*   Fish[]   -- which fish bitmap applies to this fish? 
*   xStart[] -- starting x coordinate 
*   yStart[] -- starting y coordinate 
* 
*   xMin[]   -- how far left (off screen) the fish can go 
*   xMax[]   -- how far right (off screen) the fish can go 
*   xInc[]   -- how fast the fish goes left and right 
*   Dir[]    -- starting direction for each fish 
* 
*   yMin[]   -- how far up this fish can go 
*   yMax[]   -- how far down this fish can go 
*   yInc[]   -- how fast the fish moves up or down 
*   yTurn[]  -- how long fish can go in the vertical direction 
*               before stopping or turning around 
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*   yCount[] -- counter to compare to yTurn 
*/ 
 
int Fish[]   = {   1,   1,   2,   3,   3,   0,   0,   5,   4,   2,   3}; 
int xStart[] = {-100,-150,-450,-140,-200, 520, 620,-800, 800, 800,-300}; 
int yStart[] = {  40,  60, 150,  80,  70, 190, 180, 100,  30, 130,  92}; 
 
int xMin[]   = {-300,-300,-800,-200,-200,-200,-300,-900,-900,-900,-400}; 
int xMax[]   = { 600, 600,1100,1000,1000, 750, 800,1200,1400,1200, 900}; 
int xInc[]   = {   2,   2,   8,   5,   5,  -3,  -3,   7,  -8,  -9,   6}; 
int Dir[]    = {   0,   0,   0,   0,   0,   1,   1,   0,   1,   1,   0}; 
 
int yMin[]   = {  40,  60, 120,  70,  60, 160, 160,  80,  30, 110,  72}; 
int yMax[]   = {  80, 100, 170, 110, 100, 199, 199, 120,  70, 150, 122}; 
int yTurn[]  = {  50,  30,  10,  30,  20,  10,  10,  10,  30,   20, 10}; 
int yCount[] = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
int yInc[]   = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
 
void GoFish() 
{ 
   register int i; 
   int VisualPage, WorkPage; 
   unsigned char Key, Aux; 
 
   // initially page 0 is the visual page and page 1 is the workspace page 
   VisualPage = 0; 
   WorkPage = 1; 
 
   // make the fish swim around 
   do 
   { 
      // copy the background to the workspace page 
      fg_copypage(2,WorkPage); 
 
      // put all the fish in their new positions 
      for (i = 0; i < NFISH; i++) 
      { 
         yCount[i]++; 
         if (yCount[i] > yTurn[i]) 
         { 
            yCount[i] = 0; 
            yInc[i] = (rand() % 3) - 1; 
         } 
         yStart[i] += yInc[i]; 
         yStart[i] = MIN(yMax[i],MAX(yStart[i],yMin[i])); 
 
         if (xStart[i] >= -72 && xStart[i] < 320) 
            PutFish(Fish[i],xStart[i],yStart[i],Dir[i]); 
 
         xStart[i] += xInc[i]; 
         if (xStart[i] <= xMin[i] || xStart[i] >= xMax[i]) 
         { 
            xInc[i] = -xInc[i]; 
            Dir[i] = 1 - Dir[i]; 
         } 
      } 
 
      // page flip to display the new frame 
      VisualPage = WorkPage; 
      fg_setvpage(VisualPage); 
 
      // the old visual page becomes the workspace next frame 
      WorkPage = 1 - WorkPage; 
      fg_setpage(WorkPage); 
 
      // intercept a keystroke, if it is escape exit the program 
      fg_intkey(&Key,&Aux); 
   } 
   while (Key != 27); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PutFish()                                                                 * 
*                                                                            * 
*  Draw one of the six fish anywhere you want.                               * 
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*                                                                            * 
\****************************************************************************/ 
 
void PutFish (int FishNum, int x, int y, int FishDir) 
{ 
   // move to position where the fish will appear 
   fg_move(x,y); 
 
   // draw a left- or right-facing fish, depending on FishDir 
   if (FishDir == 0) 
      fg_flpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   else 
      fg_clpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
} 

The program first checks if the required video mode (mode 20) is available on the user’s system, 
and exits if not. Otherwise, it calls fg_setmode() to set the video mode. Next, we load the coral 
background on page 2 and copy it to the visual page to give the user something to look at while the 
program performs the rest of the set up work. The GetFish() function loads the fish sprites on page 1 and 
uses fg_getimage() to retrieve each of the six fish into a 256-color bitmap. 

At this point, we call GoFish() to start the animation. The GoFish() function makes the fish move 
by performing animation frames until the user presses the Escape key. Initially, page 0 is the visual page 
and page 1 is the workspace page; we keep track of which page is which in the VisualPage and 
WorkPage variables. The rest of GoFish() is a do/while loop that performs one frame per iteration. 
Each frame begins by copying the coral background from page 2 to the workspace page. Next, a for 
loop puts each of the 11 fish in their new positions on the workspace page (some of the fish may be 
completely off the page, so we won’t always see all 11 of them). We’re then ready to display the 
workspace page, so we set the VisualPage variable to the workspace page and call fg_setvpage() to 
display it. We complete the page flip by setting the WorkPage variable to the previous visual page 
number, and then call fg_setpage() to make it the new active video page. We repeat this process for 
each frame, with a check for the Escape key between frames. After GoFish() returns, the main program 
restores the original video mode and returns to DOS. 

The Intermediate Step 
At first glance, it might appear that the original DOS fish tank cannot be ported to Windows 

because it accesses off-screen video memory and uses page flipping, both of which Windows won’t 
tolerate. We must obviously eliminate this behavior if we want to port the fish tank to Windows. 

Starting with version 4.0, virtual buffers are also available in Fastgraph for DOS. This makes it rather 
easy to create an “intermediate” version of a DOS program that serves as a good first step when converting 
to Windows. The intermediate version will use virtual buffers instead of off-screen video pages and will not 
write to video memory except when copying the contents of a virtual buffer to the screen. Here is the source 
code for an intermediate version of the fish tank program: 
/****************************************************************************\ 
*                                                                            * 
*  Fish2.c                                                                   * 
*                                                                            * 
*  This is the DOS version of the Fastgraph Fish Tank that uses virtual      * 
*  buffers.                                                                  * 
*                                                                            * 
\****************************************************************************/ 
 
#include <fastgraf.h> 
#include <malloc.h> 
#include <stdio.h> 
#include <stdlib.h> 
 
void main(void); 
void GetFish(void); 
void GoFish(void); 
void PutFish(int,int,int,int); 
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#define MAX(x,y) ((x) > (y)) ? (x) : (y) 
#define MIN(x,y) ((x) < (y)) ? (x) : (y) 
 
#define NFISH 11 
 
int hVB1, hVB2; 
 
/****************************************************************************\ 
*                                                                            * 
*  main program                                                              * 
*                                                                            * 
\****************************************************************************/ 
 
void main() 
{ 
#ifdef FG32 
   char *Buffer1; 
   char *Buffer2; 
#else 
   char far *Buffer1; 
   char far *Buffer2; 
#endif 
 
   // in case we're compiling for protected mode 
   fg_initpm(); 
 
   // make sure the system supports video mode 19 
   if (fg_testmode(19,1) == 0) 
   { 
      printf("This program requires VGA graphics.\n"); 
      exit(0); 
   } 
 
   // initialize the video environment 
   fg_setmode(19); 
 
   // create two 320x200 virtual buffers 
   fg_vbinit(); 
#ifdef FG32 
   Buffer1 = (char *)malloc(320*200); 
   Buffer2 = (char *)malloc(320*200); 
#else 
   Buffer1 = (char far *)farmalloc(320L*200L); 
   Buffer2 = (char far *)farmalloc(320L*200L); 
#endif 
   hVB1 = fg_vbdefine(Buffer1,320,200); 
   hVB2 = fg_vbdefine(Buffer2,320,200); 
 
   // display the coral background in virtual buffer #2 (which 
   // will always contain a clean copy of the background image) 
   fg_vbopen(hVB2); 
   fg_showpcx("CORAL.PCX",2); 
 
   // copy the background to the visual page 
   fg_vbpaste(0,319,0,199,0,199); 
 
   // get the fish 
   GetFish(); 
 
   // make the fish go 
   GoFish(); 
 
   // free the virtual buffer memory 
   fg_vbclose(); 
#ifdef FG32 
   free(Buffer1); 
   free(Buffer2); 
#else 
   farfree(Buffer1); 
   farfree(Buffer2); 
#endif 
 
   // restore the original video state 
   fg_setmode(3); 
   fg_reset(); 
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} 
 
/****************************************************************************\ 
*                                                                            * 
*  GetFish()                                                                 * 
*                                                                            * 
*  Fill the fish bitmap arrays.                                              * 
*                                                                            * 
\****************************************************************************/ 
 
char Fish1[56*25]; 
char Fish2[54*38]; 
char Fish3[68*26]; 
char Fish4[56*30]; 
char Fish5[62*22]; 
char Fish6[68*36]; 
 
int FishX[]      = {  0, 64,128,200,  0, 80}; /* location of fish x & y */ 
int FishY[]      = {199,199,199,199,150,150}; 
int FishWidth[]  = { 56, 54, 68, 56, 62, 68}; /* size of fish: width */ 
int FishHeight[] = { 25, 38, 26, 30, 22, 36}; /* size of fish: height */ 
 
char *Fishes[] = {Fish1, /* for convenience, an array of pointers to fishes */ 
                  Fish2, 
                  Fish3, 
                  Fish4, 
                  Fish5, 
                  Fish6}; 
 
void GetFish() 
{ 
   register int FishNum; 
 
   // get the fish bitmaps from a PCX file 
   fg_vbopen(hVB1); 
   fg_showpcx("FISH.PCX",2); 
 
   for (FishNum = 0; FishNum < 6; FishNum++) 
   { 
      fg_move(FishX[FishNum],FishY[FishNum]); 
      fg_getimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   } 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  GoFish()                                                                  * 
*                                                                            * 
*  Make the fish swim around.                                                * 
*                                                                            * 
\****************************************************************************/ 
 
/*  There are 11 fish total, and 6 different kinds of fish. These 
*   arrays keep track of what kind of fish each fish is, and how each 
*   fish moves: 
* 
*   Fish[]   -- which fish bitmap applies to this fish? 
*   xStart[] -- starting x coordinate 
*   yStart[] -- starting y coordinate 
* 
*   xMin[]   -- how far left (off screen) the fish can go 
*   xMax[]   -- how far right (off screen) the fish can go 
*   xInc[]   -- how fast the fish goes left and right 
*   Dir[]    -- starting direction for each fish 
* 
*   yMin[]   -- how far up this fish can go 
*   yMax[]   -- how far down this fish can go 
*   yInc[]   -- how fast the fish moves up or down 
*   yTurn[]  -- how long fish can go in the vertical direction 
*               before stopping or turning around 
*   yCount[] -- counter to compare to yTurn 
*/ 
 
int Fish[]   = {   1,   1,   2,   3,   3,   0,   0,   5,   4,   2,   3}; 
int xStart[] = {-100,-150,-450,-140,-200, 520, 620,-800, 800, 800,-300}; 
int yStart[] = {  40,  60, 150,  80,  70, 190, 180, 100,  30, 130,  92}; 
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int xMin[]   = {-300,-300,-800,-200,-200,-200,-300,-900,-900,-900,-400}; 
int xMax[]   = { 600, 600,1100,1000,1000, 750, 800,1200,1400,1200, 900}; 
int xInc[]   = {   2,   2,   8,   5,   5,  -3,  -3,   7,  -8,  -9,   6}; 
int Dir[]    = {   0,   0,   0,   0,   0,   1,   1,   0,   1,   1,   0}; 
 
int yMin[]   = {  40,  60, 120,  70,  60, 160, 160,  80,  30, 110,  72}; 
int yMax[]   = {  80, 100, 170, 110, 100, 199, 199, 120,  70, 150, 122}; 
int yTurn[]  = {  50,  30,  10,  30,  20,  10,  10,  10,  30,   20, 10}; 
int yCount[] = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
int yInc[]   = {   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0}; 
 
void GoFish() 
{ 
   register int i; 
   unsigned char Key, aux; 
 
   // make the fish swim around 
   do 
   { 
      // copy the background to the workspace 
      fg_vbcopy(0,319,0,199,0,199,hVB2,hVB1); 
 
      // put all the fish in their new positions 
      for (i = 0; i < NFISH; i++) 
      { 
         yCount[i]++; 
         if (yCount[i] > yTurn[i]) 
         { 
            yCount[i] = 0; 
            yInc[i] = (rand() % 3) - 1; 
         } 
         yStart[i] += yInc[i]; 
         yStart[i] = MIN(yMax[i],MAX(yStart[i],yMin[i])); 
 
         if (xStart[i] >= -72 && xStart[i] < 320) 
            PutFish(Fish[i],xStart[i],yStart[i],Dir[i]); 
 
         xStart[i] += xInc[i]; 
         if (xStart[i] <= xMin[i] || xStart[i] >= xMax[i]) 
         { 
            xInc[i] = -xInc[i]; 
            Dir[i] = 1 - Dir[i]; 
         } 
      } 
 
      // copy this frame to the screen 
      fg_vbpaste(0,319,0,199,0,199); 
 
      // intercept a keystroke, if it is escape exit the program 
      fg_intkey(&Key,&aux); 
   } 
   while (Key != 27); 
} 
 
/****************************************************************************\ 
*                                                                            * 
*  PutFish()                                                                 * 
*                                                                            * 
*  Draw one of the six fish anywhere you want.                               * 
*                                                                            * 
\****************************************************************************/ 
 
void PutFish (int FishNum, int x, int y, int FishDir) 
{ 
   // move to position where the fish will appear 
   fg_move(x,y); 
 
   // draw a left- or right-facing fish, depending on FishDir 
   if (FishDir == 0) 
      fg_flpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
   else 
      fg_clpimage(Fishes[FishNum],FishWidth[FishNum],FishHeight[FishNum]); 
} 
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First, and perhaps most importantly, notice that a great deal of the code in this version of the fish 
tank is the same as in the original version. The only real differences lie in the use of virtual buffers and the 
elimination of the page flipping, which of course were the goals of the intermediate version. 

The main program creates two 320x200 virtual buffers that correspond to video pages 1 and 2 in 
the original version. We allocate the virtual buffer memory with farmalloc() or malloc(), depending on if 
we’re compiling for a 16-bit or 32-bit platform, and then use fg_vbdefine() to create the virtual buffers. 
We then load the coral background in the second virtual buffer, replacing the fg_setpage() call with a call 
to fg_vbopen(). Next, we use fg_vbpaste() instead of fg_copypage() to display the coral background on 
the screen. The GetFish() function loads the fish sprites into the first virtual buffer instead of video page 
1. 

The GoFish() function no longer performs page flipping, so we don’t need the VisualPage and 
WorkPage variables. Instead, it constructs each frame by first copying the background from the second 
virtual buffer to the first and then applying the fish sprites to the first virtual buffer. Once the frame is 
ready, we use fg_vbpaste() to display it on the screen rather than page flip; this is the only place where 
we write to video memory. As before, GoFish() continues until the user presses the Escape key. 

The main program has two additional tasks to perform: it must call fg_vbclose() to shut down the 
virtual buffer environment (otherwise the call to fg_setmode() will not restore the original video mode), 
and it must release the virtual buffer memory. We use conditional compilation to distinguish 16-bit and 32-
bit platforms, calling either farfree() or free() as appropriate. 

Before we wrap up this section, there’s one important issue we should address. In 320x200 256-
color graphics modes, each video page requires 64,000 bytes. Each virtual buffer likewise takes up 64,000 
bytes, so we need to be able to allocate 128,000 bytes of conventional memory for the two virtual buffers. 
That’s not too unreasonable, but if we were using a SuperVGA graphics mode, each virtual buffer would 
require more space. For example, suppose we wanted to create an intermediate version of a program that 
ran in the 800x600 256-color SVGA graphics mode (Fastgraph’s mode 26) and used two video pages. In this 
mode, each video page requires 480,000 bytes, so we would need a 480,000-byte virtual buffer to take the 
place of the second video page. That’s a large chunk of the 640K limit of real mode DOS, so it’s entirely 
possible that we wouldn’t be able to create such a large virtual buffer. The solution in such cases is to use 
Fastgraph’s protected mode libraries instead of real mode. Protected mode provides a minimum 16MB 
address space, as opposed to the 640K real mode limit. 

The Jump to Windows 
We’ve now eliminated the use of off-screen video pages and page flipping from our fish tank 

program. In fact, the only time we update video memory is when the GoFish() function copies the virtual 
buffer contents to the screen. By now, it should be apparent that this exactly the behavior we need in a 
Windows program. 

However, we still have some work to do. First, we don’t set the video mode in a Windows 
program, so we need to remove the call to fg_testmode() and the two calls to fg_setmode() in the main 
program. Next, we need to change the way we create the virtual buffers. Instead of allocating the memory 
ourselves and using fg_vbdefine(), we use fg_vballoc(). Of course, we then remove the calls to farfree() 
or free() at the end of the main program. We then move these tasks into the WM_CREATE message 
handler in WindowProc(), and add the device context and default logical palette setup: 

case WM_CREATE: 
   hDC = GetDC(hWnd); 
   fg_setdc(hDC); 
   hPal = fg_defpal(); 
   fg_realize(hPal); 
 
   fg_vbinit(); 
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   hVB1 = fg_vballoc(320,200); 
   hVB2 = fg_vballoc(320,200); 
 
   fg_vbopen(hVB2); 
   fg_vbcolors(); 
   fg_showpcx("CORAL.PCX",FG_AT_XY|FG_KEEPCOLORS); 
 
   GetFish(); 
   return 0; 

In the DOS versions, the GoFish() function displayed all the animation frames, looping until the 
user pressed Escape. We called it once from the main program. While we could do the same thing under 
Windows, it wouldn’t be too Windows-friendly. That is, as long as GoFish() was looping, we’d effectively 
disable all Windows messages. The solution is to make GoFish() build and display just one frame of 
animation and call GoFish() repetitively from an animation-based message loop in WinMain(). This has 
the same effect as before without disabling the ability to process Windows messages. Finally, because 
GoFish() displays a single frame and then returns, we no longer rely on the Escape key to terminate the 
program. Instead, we let the user exit the program in the traditional manner for a Windows application. 

Now all that remains (at least from a code standpoint) is the addition of our standard WM_PAINT, 
WM_SETFOCUS, WM_SIZE, and WM_DESTROY message handlers and WinMain() function. Refer 
back to the Fishtank program in Chapter 12 to review these. 

Converting Palette-Based Image Files 
The fish tank program uses PCX files to hold the background image and sprites. Because of the 

way fg_showpcx() performs color reduction in Fastgraph for Windows, problems can arise if you use 
more than one palette-based image file with 256-color virtual buffers. 

Consider the case of a game in which you have one PCX file for the background and a second 
PCX file for the sprites that you’ll display against that background. To avoid color problems in DOS, we 
would either have the two PCX files use the same palette, or else reserve specific colors for the sprites 
and then not use those colors in the background image. With either strategy, we’ll most likely encounter 
problems because Fastgraph for Windows could produce different palettes for each image after applying 
the color reduction. 

To illustrate this problem, suppose our two PCX files each used a palette in which color 60 was 
red. If the background image included pixels of some color less than 60 that weren’t in the sprite image 
(or if such a color were eliminated from the sprite image during the color reduction process), color 60 
pixels would be mapped to a lower-numbered color in the sprite image. For example, let’s suppose we let 
fg_showpcx() perform color reduction when loading the background image into a virtual buffer. This, of 
course, will reduce the image to 236 non-system colors and set up these colors in the active logical 
palette -- no problem when we display the background image. Now if we use fg_showpcx() to load the 
sprite image into another virtual buffer, its colors will be different from the reduced palette of the 
background image. If our color 60 sprite pixels remapped to, say, color 58, they won’t appear red when 
we display them against the background. 

The easiest solution to this problem is to use the WinPal and WinMatch utilities described in 
Appendix A. WinPal reduces a palette-based BMP or PCX file to 236 colors (if necessary) and remaps 
the color indices to avoid using the Windows system colors. WinMatch matches the palette in one image 
file to that of another. We can run WinPal on both PCX files, then run WinMatch to match the palette of 
the color-reduced sprite PCX file to that of the color-reduced background PCX file. After this, we’ll have 
two color-reduced PCX files that use the same palette, and the palette would not use any Windows 
system colors. When you display such image files with fg_showpcx() or fg_showbmp(), be sure to 
specify the FG_KEEPCOLORS flag to disable color reduction. 
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If the two PCX files originally used the same palette, we can also solve this problem by combining 
the two PCX files into a single PCX file. For example, suppose we had two 320x200 PCX files. We could 
create a 320x400 PCX file, with the upper half containing one image and the lower half containing the 
other. The fg_showpcx() color reduction will then apply to the entire image, so naturally their colors 
would be compatible afterward. 

Of course, the best solution to this problem is just to avoid using the Windows system colors 
altogether in your image files. If this is feasible, you can display all palette-based image files with color 
reduction disabled, and probably save yourself a few headaches along the way. 

Other Considerations 
While the fish tank DOS to Windows conversion illustrated the most common problems you’ll 

encounter when porting programs to Windows, they’re certainly not all-encompassing. For example, a 
DOS program that uses Fastgraph’s low-level keyboard handler will include calls to fg_kbinit() and 
fg_kbtest(). Because the keyboard handler is always enabled in Fastgraph for Windows programs, 
Fastgraph for Windows does not include the fg_kbinit() function. In this case, the solution is simple: just 
remove the call to fg_kbinit(). In other cases, your program might call other Fastgraph for DOS functions 
that aren’t available in the Windows version. Appendix B lists these Fastgraph functions, along with 
descriptions of how some Fastgraph functions behave differently in Windows. 

If you're porting a program that includes calls to fg_setcolor(), you’ll probably need to make 
some changes to the color values. Unless you’ve changed colors 0 and 255 in the DOS program, 
fg_setcolor(0) and fg_setcolor(255) calls can be left as is because these colors are also black and white 
in Windows. If the program uses only the first 16 DOS colors, you can add 10 to all values passed to 
fg_setcolor(), assuming you’ll use the default logical palette in the Windows program. Another possibility 
is to use fg_maprgb() to locate the color in terms of its RGB color components, and then use the 
fg_maprgb() return value when you want to specify that color in fg_setcolor() calls. 

Fastgraph for DOS includes the fg_resize() function for resizing video memory. It is typically used 
with another function, fg_pan(), to perform smooth hardware panning. Because Windows does not 
support hardware panning, Fastgraph for Windows does not include either of these functions. Still, it’s not 
terribly difficult to port DOS programs that resize video memory to Windows. A good example of this is the 
QuickFire program presented in Chapter 12. Its original DOS version resized video memory (in mode 20) 
to one large 352x727 page and simulated page flipping by panning between two distinct 320x200 subsets 
of this page. In the Windows version, we created a 352x727 virtual buffer and used fg_vbscale() to blit 
the same 320x200 regions to the client area. 
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The WinPal and WinMatch utilities provide additional palette controls for BMP and PCX files. 
WinPal reduces a 256-color BMP or PCX image to a 236-color image, using only colors that do not 
conflict with the Windows system palette. WinMatch matches the color palette of one BMP/PCX file to the 
palette of another BMP/PCX file. Both WinPal and WinMatch are Win32 console applications. 

By default, Fastgraph's BMP and PCX image display functions automatically reduce 256-color 
files to 236 colors. Further, they map the 236 colors to the Windows non-system colors (colors 10 to 245). 
While this strategy works very well when displaying individual image files, problems can arise when 
displaying parts of two different image files at the same time, even if the two image files use the same 
palettes. 

Consider the case of some sprites displayed against a background. It's not unusual to store the 
background in one image file and the sprites in another, with each file having the same palette. The color 
reduction process in the image display functions combines colors on based on two criteria: (1) their 
distance apart in color space, and (2) how many pixels there are of each color. Because the two images 
will almost certainly have different color populations, their reduced palettes will be different. In our 
example, the sprites would likely appear in the wrong colors. 

The WinPal and WinMatch utilities provide an easy solution to this problem. You could first use 
WinPal to reduce both image files to 236 non-system colors, then use WinMatch to make their palettes 
identical again, as shown here: 

C> WINPAL BACK.PCX BACK1.PCX 
C> WINPAL SPRITES.PCX TEMP.PCX 
C> WINMATCH TEMP.PCX BACK1.PCX SPRITES1.PCX 
C> DELETE TEMP.PCX 

Your program would then use the PCX files BACK1.PCX and SPRITES1.PCX instead of the original PCX 
files. When displaying the PCX files, you would specify the FG_KEEPCOLORS flag when calling 
fg_showpcx() to inhibit the color reduction since the images are already reduced to the 236 non-system 
colors. 

The WinPal command syntax is: 
WINPAL <infile> <outfile> 

where <infile> is the original 256-color BMP or PCX file, and <outfile> is the same image reduced to 236 
non-system colors. WinPal does not modify <infile>, but it will overwrite <outfile> if an identically named 
file already exists. 

The WinMatch command syntax is: 
WINMATCH <infile> <matchfile> <outfile> 

where <infile> is the image file whose colors are matched to the palette in the <matchfile> to create the 
new file <outfile>. WinMatch does not modify <infile> or <matchfile>, but it will overwrite <outfile> if an 
identically named file already exists. 
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This appendix will describe the major differences between the DOS and Windows versions of 
Fastgraph. For the DOS product, we assume Fastgraph version 5.0 or later. Of course, all Fastgraph for 
Windows functions differ from their DOS counterparts because they always write to virtual buffers, where 
Fastgraph’s DOS functions can write either to virtual buffers or directly to video memory. 

Fastgraph for DOS includes 88 functions not found in Fastgraph for Windows: 

fg_allocate() fg_alloccms() fg_allocems() fg_allocxms() 
fg_automode() fg_bestmode() fg_bmpmode() fg_button() 
fg_capslock() fg_chgattr() fg_chgtext() fg_chipset() 
fg_cursor() fg_defpages() fg_egacheck() fg_fadein() 
fg_fadeout() fg_findpage() fg_flicmode() fg_fontsize() 
fg_freepage() fg_getaddr() fg_getattr() fg_getbanks() 
fg_getchar() fg_getentry() fg_getkey() fg_getmode() 
fg_getvpage() fg_getxjoy() fg_getyjoy() fg_hush() 
fg_hushnext() fg_initems() fg_initjoy() fg_initpm() 
fg_initxms() fg_intjoy() fg_intkey() fg_jpegmode() 
fg_kbinit() fg_kblast() fg_kbreset() fg_memory() 
fg_modename() fg_mouse256() fg_mousebut() fg_mousedcb() 
fg_mousefin() fg_mousespd() fg_music() fg_musicb() 
fg_numlock() fg_palette() fg_palettes() fg_pan() 
fg_pattern() fg_pcxmode() fg_playing() fg_printc() 
fg_quiet() fg_reset() fg_resize() fg_resume() 
fg_scrlock() fg_setattr() fg_setbanks() fg_setcaps() 
fg_setentry() fg_setfunc() fg_setlines() fg_setmode() 
fg_setnum() fg_setvpage() fg_sound() fg_sounds() 
fg_split() fg_suspend() fg_svgainit() fg_svgastat() 
fg_svgaver() fg_testmode() fg_textc() fg_vbcut() 
fg_vbtcxfer() fg_vgastate() fg_waitkey() fg_waitvr() 

Many of these functions pertain to DOS-specific video capabilities, off-screen video pages, or other 
features that are not applicable to Windows. We have intentionally omitted GIF file support from both the 
DOS and Windows versions of Fastgraph because of the Unisys patent fiasco concerning the LZW 
compression used in GIF files. 

The following table lists other differences between Fastgraph for DOS and Fastgraph for 
Windows: 

Fastgraph for Windows Fastgraph for DOS 

Easier to manage virtual buffers with 
fg_vballoc() and fg_vbfree(). 

Easier to use fg_vbdefine() due to potential 
memory allocation conflicts. 

RGB color components are always between 0 
and 255. 

RGB color components are between 0 and 63 
for palette-based modes, and between 0 and 
255 for direct color modes. 

The fg_setdacs() and fg_setrgb() functions 
modify colors in the active logical palette. 

These functions directly modify the video DAC 
registers in palette-based video modes. 

The fg_getdacs() and fg_getrgb() functions 
retrieve colors from the active logical palette. 

These functions directly read the video DAC 
registers in palette-based video modes. 

The fg_drect() and fg_drectw() dither matrix 
size is always 2x4 pixels. 

The dither matrix size depends on the video 
mode. 
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Image file display functions can perform color 
mapping/reduction to avoid conflicts with 
system colors. 

Color mapping/reduction is not available. 

The fg_makepcx() function cannot create 16-
color or monochrome PCX files. 

16-color and monochrome PCX files can be 
created if using a 16-color or monochrome 
video mode. 

The low-level keyboard handler is always 
enabled. 

The low-level keyboard handler is enabled or 
disabled with fg_kbinit(). 

The fg_mouseini() function returns 1 if 
successful. 

This function returns the number of mouse 
buttons if successful. 

The fg_mousecur() function activates a cursor 
defined with fg_mouseptr(). 

This function defines a text mode mouse 
cursor. 

The fg_mousepos() function returns the mouse 
cursor position. 

This function returns the mouse cursor position 
and button status. 

The fg_mouseptr() function returns a Windows 
handle to the new mouse cursor shape. 

This function has no return value. 

Internal globals are initialized by fg_vbinit(). Initialization occurs in fg_setmode(). 
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The information in this appendix provides information about the naming and calling conventions 
used in Fastgraph. These details are needed when calling Fastgraph functions from assembly language 
programs. It is not intended to be a complete tutorial on the subject, but it should provide experienced 
assembly language programmers with enough details to incorporate Fastgraph calls in their applications. 

Fastgraph for Windows uses the same naming and stack-based calling conventions used by the 
Windows API functions. The details of these conventions important to assembly language programming 
are summarized below. If you're calling Fastgraph functions from an assembly language program, the 
program must follow these conventions. 

• All array and pointer parameters are passed by near reference (a 32-bit offset into DGROUP). 
Other parameters are passed by value. 

• Parameters are pushed onto the stack from right to left. 

• The calling program is responsible for removing the parameters from the stack. 

• Function values are returned in the EAX register. 

• Function names use lower case letters and are prefixed with an underscore (for example, 
_fg_vbinit). The Delphi units are the exception – they don't use the leading underscore. 

All Fastgraph functions preserve the EBX, EDI, ESI, EBP, DS, and ES registers. The contents of 
any other registers are unknown upon return from a Fastgraph function (except for registers that contain 
the function's return value). 
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Legacy functions are still included in Fastgraph, but they have been replaced by other functions 
and may not be supported in future releases. We therefore recommend that new applications avoid using 
the legacy functions, and where possible, you eliminate them from existing programs. The functions listed 
here are considered legacy functions: 

fg_clipmask() fg_getblock() fg_pagesize() fg_tcmask() 
fg_defcolor() fg_getindex() fg_project() fg_tcxfer() 
fg_dispfile() fg_getlines() fg_putblock() fg_text() 
fg_display() fg_getpage() fg_restore() fg_texture() 
fg_displayp() fg_jpegbuf() fg_restorew() fg_transfer() 
fg_drawmask() fg_jpegmem() fg_revmask() fg_unpack() 
fg_findrgb() fg_loadpcx() fg_rotate3d() fg_view3d() 
fg_fixdiv() fg_locate() fg_save() fg_where() 
fg_fixed() fg_makeppr() fg_savew() fg_xalpha() 
fg_fixmul() fg_makespr() fg_setalpha() fg_xconvert() 
fg_fixtrig() fg_memavail() fg_setpage() fg_yalpha() 
fg_flipmask() fg_move3d() fg_showppr() fg_yconvert() 
fg_float() fg_pack() fg_showspr()  

The descriptions of the above functions in Fastgraph 6.0 Reference Manual include information about 
which Fastgraph functions should be used in place of the legacy functions. 
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BMP, PCX, JPEG, FLI/FLC, and AVI files include headers that define the image size, number of 
colors, and other information needed to display the image. Fastgraph provides functions for reading the 
image headers and retrieving their more useful items. However, there may be times when you need 
additional information stored in the file header. This appendix provides full details about the structure of 
the image file headers. In the tables that follow, we'll assume all offsets start at zero, all field sizes are in 
bytes, and all numeric values are stored with the least significant byte first. 

Windows BMP files begin with a 54-byte header: 

offset size description 
0 2 signature, must be 4D42 hex 
2 4 size of BMP file in bytes (unreliable) 
6 2 reserved, must be zero 
8 2 reserved, must be zero 
10 4 offset to start of image data in bytes 
14 4 size of BITMAPINFOHEADER structure, must be 40 
18 4 image width in pixels 
22 4 image height in pixels 
26 2 number of planes in the image, must be 1 
28 2 number of bits per pixel (1, 4, 8, or 24) 
30 4 compression type (0=none, 1=RLE-8, 2=RLE-4) 
34 4 size of image data in bytes (including padding) 
38 4 horizontal resolution in pixels per meter (unreliable) 
42 4 vertical resolution in pixels per meter (unreliable) 
46 4 number of colors in image, or zero 
50 4 number of important colors, or zero 

OS/2 BMP files begin with a 26-byte header: 

offset size description 
0 2 signature, must be 4D42 hex 
2 4 size of BMP file in bytes (unreliable) 
6 2 reserved, must be zero 
8 2 reserved, must be zero 
10 4 offset to start of image data in bytes 
14 4 size of BITMAPCOREHEADER structure, must be 12 
18 2 image width in pixels 
20 2 image height in pixels 
22 2 number of planes in the image, must be 1 
24 2 number of bits per pixel (1, 4, 8, or 24) 
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PCX files begin with a 128-byte header: 

offset size description 
0 1 manufacturer byte, must be 10 decimal 
1 1 PCX version number 
     0 = PC Paintbrush version 2.5 
     2 = PC Paintbrush 2.8 with palette information 
     3 = PC Paintbrush 2.8 without palette information 
     4 = PC Paintbrush for Windows 
     5 = PC Paintbrush 3.0 or later, PC Paintbrush Plus 
2 1 run length encoding byte, must be 1 
3 1 number of bits per pixel per bit plane 
4 8 image limits in pixels: Xmin, Ymin, Xmax, Ymax 
12 2 horizontal dots per inch when printed (unreliable) 
14 2 vertical dots per inch when printed (unreliable) 
16 48 16-color palette (16 RGB triples between 0-255) 
64 1 reserved, must be zero 
65 1 number of bit planes 
66 2 video memory bytes per image row 
68 2 16-color palette interpretation (unreliable) 
     0 = color or b&w, 1 = grayscale 

70 2 horizontal screen resolution - 1 (unreliable) 
72 2 vertical screen resolution - 1 (unreliable) 
74 54 reserved, must be zero 

Strictly speaking, JPEG files do not have formal headers, but fg_jpeghead() and fgi_jpeghead() return 
relevant information from the file’s start of frame segment. We call it a header for consistency with other 
image file formats. 

offset size description 
0 2 JPEG SOI marker (FFD8 hex) 
2 2 image width in pixels 
4 2 image height in pixels 
6 1 number of components (1 = grayscale, 3 = RGB) 
7 1 horizontal/vertical sampling factors for component 1 
8 1 sampling factors for component 2 (if RGB) 
9 1 sampling factors for component 3 (if RGB) 
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FLI and FLC files begin with a 128-byte header. The fields starting at offset 22 and above in the flic file 
header apply to FLC files only. For FLI files, they should all be zero. 

offset size description 
0 4 file size in bytes 
4 2 signature, AF11 hex for FLI files, AF12 hex for FLC files 
6 2 number of frames 
8 2 image width in pixels 
10 2 image height in pixels 
12 2 bits per pixel, must be 8 
14 2 reserved, must be 3 
16 4 time delay between frames 
     units are 1/70 second for FLI files 
     units are milliseconds for FLC files 

20 2 reserved, must be zero 
22 4 file creation date/time (MS-DOS format) 
26 4 creator serial number (unreliable) 
30 4 file revision date/time (MS-DOS format) 
34 4 updater serial number (unreliable) 
38 4 horizontal aspect ratio of creating video mode 
40 2 vertical aspect ratio of creating video mode 
42 38 reserved, must be zero 
80 4 byte offset to start of first frame 
84 4 byte offset to start of second frame 
88 40 reserved, must be zero 

 AVI files contain a 56-byte header, starting at offset 32 within the file. 

offset size description 
0 4 time delay between frames in microseconds 
4 4 data rate of AVI data 
8 4 padding multiple size, typically 2048 
12 4 parameter flags 
16 4 number of video frames 
20 4 number of preview frames 
24 4 number of data streams (1 or 2) 
28 4 suggested playback buffer size in bytes 
32 4 width of video image in pixels 
36 4 height of video image in pixels 
40 4 time scale, typically 30 
44 4 data rate (frame rate = data rate / time scale) 
48 4 starting time, typically 0 
52 4 size of AVI data chunk in time scale units 
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.NET, 8, 435 

2 

2D animation, 461–518 
2D graphics fundamentals, 111–63 

arcs, 123 
circles, 121 
ellipses, 121 
lines, 115–19 
points, 113 
polygons, 126–29 
rectangles, 119–21 
region fill, 124 

3 

3D, 519–619. See also Direct3D 
backface removal, 526, 527 
clipping, 521, 527, 534, 535, 546, 564 
geometry system, 520, 521, 536, 545 
legacy functions, 522, 617 
lines, 532, 535 
low-level functions, 614–17 
matrices, 617 
model space, 521 
object space, 521, 522, 523, 532, 534 
objects, 522, 523, 526, 534 
polygon culling, 527–28, 595 
polygons, 532, 535 
POV, 521, 527 
projection ratio, 521 
references, 520 
render state, 533, 546, 564 
rotation, 523, 546, 582 
shading, 528, 535, 581 
texture mapping, 529–31, 533, 535, 562 
transformation, 534 
transparency, 535 
tutorial, 520 
up vector, 617 
vertex order, 526 
ViewOut vector, 524 
viewport, 521 
visual surface determination, 526–27 
world space, 521, 522, 523, 532, 534 
z-buffering, 526, 527, 532, 533, 534, 536, 564, 626 

5 

5/5/5 encoding, 64, 105 
5/6/5 encoding, 64, 105 

A 

ActivateApp module (VB), 514 
HookWindowProc(), 514 
UnHookWindowProc(), 514 

affine texture mapping. See linear texture mapping 
alpha blending, 344, 371, 372, 373, 374, 375 
alpha channel, 64 
amazon.com, 5 
animation, 461–518 

Direct3D, 626 
DirectDraw, 506 

App.Path property, 207 
application frameworks 

.NET, 8, 435 
MFC, 8, 12–17 

AppPath(), 207 
AppWizard, 12, 44 
arcs, 123 
assembly language programs, 674 
Autodesk 3D Studio, 212 
Autodesk Animator, 212 
Autodesk Animator Pro, 212 
AVI files, 215–18, 328–40 

compression quality, 328 
context descriptor, 216, 328, 329 
continuous play, 215 
creating, 328, 329, 339 
dimensions, 216, 328 
four-character code, 328, 329 
header, 216, 680 
high-level functions, 215 
low-level functions, 216 
palette, 216 
playing, 215 

B 

backface removal, 526, 527 
BCC32 command, 39, 40 
BeginPaint(), 11, 37, 507 
bitmap sections, 327 
bitmapped characters, 202 
bitmapped images. See bitmaps 
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bitmaps, 259–341 
256-color, 260, 261, 262, 263, 299, 306 
clipped, 262, 276 
direct color, 272, 274, 275, 276, 277, 286, 299, 315 
filler bits, 288 
high color, 272, 273, 275, 286 
inverting, 304, 305 
memory requirements, 299 
monochrome, 287, 288, 290, 291, 299 
retrieving, 299, 304, 482 
reversed, 262, 276, 299 
reversed clipped, 262, 276 
rotation, 317, 318, 326 
scaling, 306, 315, 499 
sections, 327 
shearing, 306, 315 
size of rotated bitmap, 317 
storage, 261, 275 
translation, 286, 287, 339, 648 
true color, 274, 275, 286 
use of virtual palette, 304 
without transparent pixels, 262, 276 

blitting, 2 
block transfer, 390–93 

DirectX, 393 
full-buffer, 391 
general, 390 
transparency, 391, 392 

BMP files, 208–10 
creating, 209 
dimensions, 210 
displaying, 209 
displaying from image buffer, 254 
header, 210, 678 
palette, 210 

books. See Windows programming references 
Borland C++, 2, 39 
Borland C++ IDE, 39 
Borland C++Builder. See C++Builder 
Borland Delphi. See Delphi 
brightness, 348 
Bug Lite, 516, 517, 518 

C 

C#. See Visual C# .NET 
C++Builder, 2, 17, 40 

CS_OWNDC, 50, 51 
event-handling procedures, 19 
IDE, 40 
OnActivate event, 20 
OnCreate event, 19 
OnDestroy event, 20 
OnPaint event, 20 
OnResize event, 20 

calling conventions, 674 
character display. See string display 
circles, 121 

CL command, 44 
clipboard, 400 
clipping (2D), 113, 388 
clipping (3D), 521, 527, 534, 535, 546, 564 
clock tick, 652 
clock tick interrupt, 652 
codec, 215, 328 
color cycling, 472 
color reduction, 251, 252, 498, 664, 665, 668 

256-color image files, 251 
disabling, 251 
manual, 252 

color remapping, 251, 252 
16-color image files, 251 
monochrome image files, 251 

colors, 59–87 
compilation, 37–49 

Borland C++, 39 
C++Builder, 40 
Delphi, 41 
PowerBASIC, 47 
Symantec C++, 48 
Visual Basic, 42 
Visual Basic .NET, 43 
Visual C# .NET, 46 
Visual C++, 44 
Visual C++ .NET, 44 
Watcom C/C++, 49 

compilers, 2 
contrast enhancement transform, 344, 350, 351 
convex shape, 128 
coordinate conversion, 57 
coordinate systems, 54 
CreateFont(), 182 
CreateFontIndirect(), 182 
CreateWindow(), 10, 11, 36, 80, 97 
CreateWindowEx(), 80, 97 
CS_OWNDC style flag, 50, 51 
CSC command, 46 
cube, 522, 526 
current color, 70–74 

256-color virtual buffer, 70 
high color virtual buffer, 71 
true color virtual buffer, 72 

cursor mask, 450 

D 

dash pattern, 118 
DC. See device context 
DCC32 command, 41 
default colors, 65 
default font, 181 
default logical palette, 65 
DefWindowProc(), 12, 37 
delay units, 652 
DeleteObject(), 65, 67, 182 
Delphi, 2, 25, 37, 41 
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CS_OWNDC, 50, 51 
event-handling procedures, 26 
IDE, 41 
OnActivate event, 27 
OnCreate event, 27 
OnDestroy event, 28 
OnPaint event, 27 
OnResize event, 28 

DestroyCursor(), 452, 454, 455 
device context, 11, 16, 19, 23, 27, 29, 32, 36, 50 
direct color, 62 
direct color bitmaps. See bitmaps 
Direct3D, 2, 3, 529, 530, 531, 621–49. See also DirectDraw 

and DirectX 
animation, 626 
defined, 3, 622 
functions that use, 626 
hardware acceleration, 622, 623, 624 
immediate mode, 622 
initialization, 622 
program structure, 623 
required version, 90, 622 
software rendering, 622, 623, 624 
texture management, 625 
using externally, 648 
z-buffering, 626 

DirectDraw, 2, 3, 89–109, 90, 531. See also Direct3D and 
DirectX 
animation, 506 
attached surface, 103 
back buffer, 103 
blitting, 97, 103 
color depth, 91, 97, 98 
defined, 3, 90 
device context, 190 
errors, 105, 106 
flipping, 97, 103, 104 
front buffer, 103 
full screen programs, 91, 97, 98, 103 
GDI objects, 104 
high color, 105, 287 
hybrid programs, 104 
lock manager, 106 
mouse cursor, 103, 104 
objects, 108 
primary surface, 91, 97, 103, 104 
required version, 90 
restoring surfaces, 506 
screen resolution, 97 
surface locking, 106, 107, 191 
surface unlocking, 106 
system memory surface, 104 
using externally, 108 
using with C and C++, 90 
using with C#, 90, 97 
using with C++Builder, 90, 97 
using with Delphi, 90, 97 
using with PowerBASIC, 91 
using with Visual Basic, 90, 97 

using with Visual Basic .NET, 90, 97 
version control, 107 
video memory surface, 104 
window style, 97, 104 
windowed programs, 91 

DirectX, 2, 3, 90, 622. See also Direct3D and DirectDraw 
block transfer, 393 
conditional compilation, 506, 626, 627 
defined, 3, 90 
errors, 105, 106 
library names, 90 
required version, 90, 622 
version control, 107 

DispatchMessage(), 433, 482 
display driver, 60, 61, 62 
display settings, 79 
dithering, 120 
dithering matrix, 120 

alignment, 121 
DrawMenuBar(), 393, 462 

E 

ellipses, 121 
EnableMenuItem(), 393 
EndPaint(), 11, 37, 507 
Euler angles, 525 
examples 

AVImake (C/C++), 329 
AVImake (C++Builder), 332 
AVImake (Delphi), 334 
AVImake (VB), 337 
Bitmap (C/C++), 264 
Bitmap (C++Builder), 266 
Bitmap (Delphi), 268 
Bitmap (VB), 271 
Blend (C/C++), 376 
Blend (C++Builder), 379 
Blend (Delphi), 381 
Blend (VB), 384 
BugLite (C/C++), 516 
CBdemo (C/C++), 400 
CBdemo (C++Builder), 402 
CBdemo (Delphi), 403 
CBdemo (VB), 405 
Colors (C/C++), 74 
Colors (C++Builder), 76 
Colors (Delphi), 77 
Colors (VB), 78 
Columns (C/C++), 595 
Columns (C++Builder), 600 
Columns (Delphi), 603 
Columns (VB), 608 
Cube (C/C++), 546 
Cube (C++Builder), 551 
Cube (Delphi), 554 
Cube (VB), 558 
Dcb (C/C++), 277 
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Dcb (C++Builder), 280 
Dcb (Delphi), 282 
Dcb (VB), 285 
Display (C/C++), 80 
Display (C++Builder), 82 
Display (Delphi), 84 
Display (VB), 85 
Fade (C/C++), 462 
Fade (C++Builder), 465 
Fade (Delphi), 467 
Fade (VB), 470 
First (C#), 21 
First (C/C++), 9 
First (C++Builder), 17 
First (Delphi), 25 
First (MFC), 12 
First (PB), 34 
First (VB), 28 
First (VB.NET), 31 
FirstDD (C/C++), 92 
FirstDD (C++Builder), 93 
FirstDD (Delphi), 94 
FirstDD (VB), 96 
Fish1 (DOS), 656 
Fish2 (DOS), 659 
FishHC (C/C++), 497 
Fishtank (C/C++), 482 
Fishtank (C++Builder), 486 
Fishtank (Delphi), 489 
Fishtank (VB), 494 
Fontdemo (C/C++), 183 
Fontdemo (C++Builder), 185 
Fontdemo (Delphi), 187 
Fontdemo (VB), 189 
FrameDD (C/C++), 507 
FrameDD (C++Builder), 510 
FrameDD (Delphi), 512 
FrameDD (VB), 515 
FullScr (C/C++), 98 
FullScr (C++Builder), 100 
FullScr (Delphi), 101 
FullScr (VB), 102 
GDIdemo (C/C++), 154 
GDIdemo (C++Builder), 156 
GDIdemo (Delphi), 157 
GDIdemo (VB), 158 
Geometry (C/C++), 536 
Geometry (C++Builder), 539 
Geometry (Delphi), 541 
Geometry (VB), 543 
Graphix (C/C++), 130 
Graphix (C++Builder), 136 
Graphix (Delphi), 141 
Graphix (VB), 147 
Image (C/C++), 219 
Image (C++Builder), 229 
Image (Delphi), 236 
Image (VB), 243 
ImgProc (C/C++), 352 

ImgProc (C++Builder), 358 
ImgProc (Delphi), 362 
ImgProc (VB), 367 
KBdemo (C/C++), 439 
KBdemo (C++Builder), 442 
KBdemo (Delphi), 444 
KBdemo (VB), 447 
MCdemo (C/C++), 452 
MCdemo (C++Builder), 454 
MCdemo (Delphi), 455 
Monomap (C/C++), 292 
Monomap (C++Builder), 294 
Monomap (Delphi), 295 
Monomap (VB), 297 
Panner (C/C++), 415 
Panner (C++Builder), 418 
Panner (Delphi), 420 
Panner (VB), 423 
PCXflip (C/C++), 299 
PCXflip (C++Builder), 301 
PCXflip (Delphi), 302 
PCXflip (VB), 303 
Prdemo (C/C++), 409 
Prdemo (C++Builder), 411 
Prdemo (Delphi), 412 
Prdemo (VB), 414 
QuickFire (C/C++), 505 
Rainbow (C/C++), 473 
Rainbow (C++Builder), 475 
Rainbow (Delphi), 477 
Rainbow (VB), 479 
Rotate (C/C++), 319 
Rotate (C++Builder), 322 
Rotate (Delphi), 323 
Rotate (VB), 325 
Scale (C/C++), 307 
Scale (C++Builder), 310 
Scale (Delphi), 311 
Scale (VB), 314 
Scroller (C/C++), 426 
Scroller (C++Builder), 428 
Scroller (Delphi), 430 
Scroller (VB), 432 
SetupD3D (C/C++), 648 
SetupDD (C/C++), 109 
Strings1 (C/C++), 167 
Strings1 (C++Builder), 170 
Strings1 (Delphi), 171 
Strings1 (VB), 173 
Strings2 (C/C++), 175 
Strings2 (C++Builder), 177 
Strings2 (Delphi), 178 
Strings2 (VB), 180 
SWchars (C/C++), 193 
SWchars (C++Builder), 195 
SWchars (Delphi), 197 
SWchars (VB), 199 
Tdemo (C++), 612 
Tetris (Delphi), 504 
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TGSdemo (C++), 499 
TMcube (C/C++), 564 
TMcube (C++Builder), 569 
TMcube (Delphi), 573 
TMcube (VB), 577 
TMcubeX (C/C++), 627 
TMcubeX (C++Builder), 633 
TMcubeX (Delphi), 637 
TMcubeX (VB), 643 
Tunnel (C/C++), 582 
Tunnel (C++Builder), 586 
Tunnel (Delphi), 588 
Tunnel (VB), 591 
VBdemo (C/C++), 394 
VBdemo (C++Builder), 396 
VBdemo (Delphi), 397 
VBdemo (VB), 399 

F 

far clipping plane, 527 
Fastgraph Rendering Editor, 613, 614 
Fastgraph/Fonts, 202 
fg_3Daxisangle(), 525 
fg_3Daxisangleobject(), 534 
fg_3Dbehindviewer(), 527, 528, 595 
fg_3Dforward(), 594 
fg_3Dgetmatrix(), 617 
fg_3Dgetpov(), 524 
fg_3Dline(), 532, 535 
fg_3Dlookat(), 523, 524, 525, 594 
fg_3Dmove(), 524, 525 
fg_3Dmoveforward(), 525, 582 
fg_3Dmoveforwardobject(), 534 
fg_3Dmoveobject(), 534, 536, 595 
fg_3Dmoveright(), 525, 526 
fg_3Dmoverightobject(), 534 
fg_3Dmoveup(), 525 
fg_3Dmoveupobject(), 534 
fg_3Dpolygon(), 532, 533, 535, 536 
fg_3Dpolygonobject(), 532, 533, 535, 536, 564, 595, 615 
fg_3Dpov(), 525, 526 
fg_3Dproject(), 615 
fg_3Drenderstate(), 533, 615 
fg_3Droll(), 526 
fg_3Drollobject(), 535 
fg_3Drotate(), 524 
fg_3Drotateobject(), 534 
fg_3Drotateright(), 526, 582 
fg_3Drotaterightobject(), 535 
fg_3Drotateup(), 526 
fg_3Drotateupobject(), 535 
fg_3Dsetmatrix(), 617 
fg_3Dsetobject(), 534, 546 
fg_3Dsetzclip(), 521, 527, 534 
fg_3Dshade(), 532, 535, 582 
fg_3Dshadeobject(), 532, 535 
fg_3Dtexturemap(), 532, 533, 535 

fg_3Dtexturemapobject(), 532, 533, 535, 564 
fg_3Dtransformobject(), 615 
fg_3Dupvector(), 617 
fg_3Dviewport(), 521 
fg_3Dzclip(), 615, 617 
fg_3Dzcliprgb(), 617 
fg_3Dzcliptm(), 617 
fg_arc(), 123 
fg_arcw(), 124 
FG_AT_XY flag, 207, 209, 211, 212, 215, 250 
fg_avidone(), 216, 217, 328 
fg_aviframe(), 328, 329, 339 
fg_avihead(), 216, 251 
fg_avimake(), 328, 329 
fg_aviopen(), 216, 251, 328 
fg_avipal(), 216, 251 
fg_aviplay(), 216, 217, 251 
fg_avisize(), 216, 251 
fg_aviskip(), 216, 251 
fg_blend(), 372 
fg_blend50(), 371, 372 
fg_blenddcb(), 373, 374, 375 
fg_blendvar(), 373, 374, 375 
fg_blendvb(), 374, 375 
fg_blendvbv(), 374, 375 
fg_bmphead(), 210, 249 
fg_bmppal(), 210, 249 
fg_bmpsize(), 210, 249 
fg_box(), 119 
fg_boxdepth(), 119 
fg_boxw(), 119 
fg_boxx(), 119 
fg_boxxw(), 119 
fg_circle(), 121, 122, 123 
fg_circlef(), 121 
fg_circlefw(), 121 
fg_circlew(), 121 
fg_clip2vb(), 400 
fg_clipdcb(), 276, 277 
fg_clipmap(), 290 
fg_clpimage(), 262, 482, 517 
fg_clprect(), 119 
fg_clprectw(), 119 
fg_clprectx(), 119 
fg_colors(), 60, 79, 91 
fg_contdcb(), 350 
fg_contrgb(), 351 
fg_contvb(), 350 
fg_copypage(), 352, 391, 393 
fg_cut(), 327, 328 
fg_cutdcb(), 327, 328 
fg_dash(), 118 
fg_dashrel(), 118 
fg_dashrw(), 118 
fg_dashw(), 118 
fg_ddapply(), 108, 648 
fg_ddflip(), 103, 104, 507, 626, 627 
fg_ddflipnw(), 103 
fg_ddframe(), 626, 627 
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fg_ddfreedc(), 190, 191 
fg_ddgetdc(), 190, 191 
fg_ddgetobj(), 108, 648 
fg_ddgetversion(), 107 
fg_ddlock(), 106, 107, 317 
fg_ddmemory(), 104, 506 
fg_ddrestore(), 506, 507, 510, 512, 514, 627 
fg_ddsetblt(), 393 
fg_ddsetobj(), 108, 648 
fg_ddsetup(), 97, 98, 103, 104, 622, 623, 626, 627 
fg_ddsetversion(), 107 
fg_ddstatus(), 106 
fg_ddunlock(), 106, 107 
fg_ddusage(), 625 
fg_defpal(), 12, 16, 20, 28, 29, 37, 52, 65, 66, 67, 79, 263 
fg_draw(), 115, 152, 425 
fg_drawdcb(), 275, 276, 327 
fg_drawmap(), 288, 290, 291, 304, 450 
fg_drawrel(), 115, 116 
fg_drawrelx(), 115 
fg_drawrw(), 115 
fg_drawrxw(), 115 
fg_draww(), 115, 116 
fg_drawx(), 115 
fg_drawxw(), 115 
fg_drect(), 120, 121 
fg_drectw(), 120, 121 
fg_drwimage(), 261, 262, 263, 290, 304, 306, 327, 499 
FG_DX_BLIT flag, 97, 98, 622 
FG_DX_FLIP flag, 97, 98, 103, 622, 626 
FG_DX_RENDER_FG flag, 622, 623, 627 
FG_DX_RENDER_HW flag, 622, 623, 626, 627 
FG_DX_RENDER_SW flag, 622, 623, 627 
FG_DX_TCDEPTH flag, 98, 622 
FG_DX_ZBUFFER flag, 622, 626 
fg_ellipse(), 121, 122, 123 
fg_ellipsef(), 121, 472 
fg_ellipsew(), 121 
fg_ellipsfw(), 121 
fg_erase(), 107, 112, 393, 482 
fg_fillpage(), 71, 107, 112, 113, 130, 393 
fg_fixdiv(), 617 
fg_fixed(), 617 
fg_fixmul(), 617 
fg_fixtrig(), 617 
fg_flicdone(), 213 
fg_flichead(), 213, 250 
fg_flicopen(), 213, 250, 329 
fg_flicplay(), 213, 250, 329 
fg_flicsize(), 213, 250 
fg_flicskip(), 213, 250 
fg_flipdcb(), 276, 277 
fg_float(), 617 
fg_flood(), 124 
fg_floodw(), 124 
fg_flpimage(), 262, 482, 517 
fg_fontdc(), 174, 175, 191 
fg_fontload(), 181, 182 
FG_FROMBUFFER flag, 207, 209, 211, 212, 254 

fg_gammadcb(), 348 
fg_gammargb(), 349 
fg_gammavb(), 348 
fg_gdiflip(), 104, 514 
fg_getblock(), 64 
fg_getclip(), 113 
fg_getclock(), 652 
fg_getcolor(), 71, 74 
fg_getdacs(), 69, 79, 252, 462, 497 
fg_getdc(), 174 
fg_getdcb(), 105, 287, 299, 304, 339, 375, 529, 531, 564 
fg_getdepth(), 63 
fg_gethcbpp(), 287, 648 
fg_getimage(), 105, 299, 304, 329, 339, 482, 499, 517, 

529, 531, 564 
fg_getmap(), 299, 304 
fg_getmaxx(), 54 
fg_getmaxy(), 54 
fg_getpixel(), 114 
fg_getrgb(), 69, 79 
fg_getview(), 55 
fg_getworld(), 57 
fg_getxbox(), 119 
fg_getxjust(), 167 
fg_getxpos(), 115 
fg_getybox(), 119 
fg_getyjust(), 167 
fg_getypos(), 115 
fg_gouraud(), 617 
fg_gouraudz(), 617 
fg_graydcb(), 346 
fg_grayrgb(), 347 
fg_grayvb(), 346 
FG_IGNOREAVIPALETTE flag, 215 
FG_IGNOREFLICPALETTE flag, 212 
FG_IGNOREPALETTE flag, 207, 209, 251 
fg_imagebuf(), 253, 254, 255 
fg_imagesiz(), 299, 317 
fg_initw(), 56, 114, 192, 193 
fg_inside(), 129 
fg_invdcb(), 305, 530, 531, 564 
fg_invert(), 304, 305, 530, 531, 564 
fg_jpeghead(), 211, 250, 679 
fg_jpegsize(), 211, 212, 250 
fg_justify(), 166, 167 
fg_kbtest(), 438, 665 
FG_KEEPCOLORS flag, 207, 209, 212, 251 
FG_LINEAR_TM flag, 533 
fg_loadpcx(), 251 
fg_logfont(), 182 
fg_logpal(), 66, 67, 68 
fg_makebmp(), 209, 210, 250, 251 
fg_makepcx(), 207, 208, 250, 251 
fg_mapdacs(), 68 
fg_maprgb(), 71, 72, 74, 105, 274, 371, 391, 665 
fg_measure(), 652 
fg_modeset(), 79, 80, 82, 83, 85, 627 
fg_modetest(), 79, 80, 82, 83, 85 
fg_mousecur(), 452 
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fg_mouseini(), 103, 449, 450, 452 
fg_mouselim(), 449, 450 
fg_mousemov(), 449 
fg_mousepos(), 450 
fg_mouseptr(), 450, 452, 457 
fg_mousesiz(), 457 
fg_mousevis(), 103, 449 
fg_move(), 114, 115, 118, 167, 291, 425, 482 
fg_move3d(), 617 
fg_moverel(), 114, 116 
fg_moverw(), 114 
fg_movew(), 114, 116 
FG_NODELAY flag, 212, 215 
fg_opacity(), 372, 373 
fg_paint(), 124, 152, 425 
fg_paintw(), 124 
fg_paste(), 327, 328 
fg_pastedcb(), 327, 328 
fg_pcxhead(), 208 
fg_pcxpal(), 208 
fg_pcxrange(), 208 
fg_pcxsize(), 208 
FG_PERSPECTIVE_TM flag, 533 
fg_photodcb(), 344, 345 
fg_photorgb(), 345 
fg_photovb(), 345 
fg_point(), 113, 114 
fg_pointw(), 113, 114 
fg_pointx(), 114 
fg_pointxw(), 114 
fg_polyedge(), 129, 624 
fg_polyfill(), 127, 128, 129, 152, 615, 617 
fg_polyfilz(), 617 
fg_polygon(), 126, 127 
fg_polygonw(), 126 
fg_polyline(), 127, 129, 624 
fg_polyoff(), 127, 129, 152 
fg_print(), 166, 167, 174, 181, 182, 190, 192 
fg_printdc(), 406 
fg_printer(), 406 
fg_project(), 617 
fg_putblock(), 64 
fg_putdcb(), 105, 276, 277, 373 
fg_putimage(), 105, 262, 263, 264, 287 
fg_putpixel(), 106, 113 
fg_realize(), 11, 16, 20, 27, 29, 37, 65, 67, 92 
fg_rect(), 55, 119, 120, 152, 166 
fg_rectw(), 119, 202 
fg_rectx(), 119 
fg_reduce(), 252 
fg_resize(), 24, 30, 33 
fg_revdcb(), 276, 305 
fg_revimage(), 262, 299, 305 
fg_rotate(), 317, 318, 327 
fg_rotate3d(), 617 
fg_rotdcb(), 317, 318, 327 
fg_rotsize(), 317, 318, 319 
fg_scale(), 306, 315, 317, 499 
fg_scaledcb(), 315, 317 

fg_scroll(), 425, 433 
fg_setangle(), 201 
fg_setclip(), 56, 113 
fg_setclipw(), 113 
fg_setcolor(), 70, 71, 72, 74, 112, 113, 130, 290, 371, 564, 

665 
fg_setcolorrgb(), 70, 71, 72, 74, 113 
fg_setdacs(), 66, 67, 68, 69, 79, 252, 263, 393, 462, 472, 

473, 497 
fg_setdc(), 11, 16, 19, 23, 27, 29, 32, 36, 50, 174 
fg_sethpage(), 425 
fg_setratio(), 192, 193 
fg_setrgb(), 66, 67, 68, 69, 79, 263, 393 
fg_setsize(), 192, 193 
fg_setsizew(), 192, 193 
fg_setview(), 54, 55 
fg_setworld(), 56, 57, 192, 193 
fg_shear(), 306, 315, 317 
fg_sheardcb(), 315, 317 
fg_showavi(), 107, 215, 216, 251 
fg_showbmp(), 209, 210, 249, 251, 664 
fg_showflic(), 107, 212, 213, 250 
fg_showjpeg(), 211, 250, 497 
fg_showpcx(), 207, 208, 211, 250, 251, 255, 299, 481, 497, 

498, 664, 665, 668 
fg_stall(), 652 
fg_swchar(), 192, 193, 201 
fg_swlength(), 201, 202 
fg_swtext(), 201, 202 
fg_tcdefine(), 392 
fg_texmap(), 617 
fg_texmapp(), 617 
fg_texmappz(), 617 
fg_texmapz(), 617 
fg_tmdefine(), 529, 530, 531, 564, 625 
fg_tmevict(), 625 
fg_tmfree(), 530, 531 
fg_tminit(), 529, 531 
fg_tmselect(), 530, 531, 564 
fg_tmspan(), 533, 534, 624 
fg_tmtransparency(), 535 
fg_tmunits(), 535 
fg_transdcb(), 286, 287, 339, 648 
fg_unmaprgb(), 74 
fg_vb2clip(), 400 
fg_vbaddr(), 317 
fg_vballoc(), 51, 52, 103, 104, 174, 388, 389, 506, 626, 

627, 663 
fg_vbclose(), 30, 52, 53, 104, 389, 504 
fg_vbcolors(), 52, 63, 389 
fg_vbcopy(), 390, 391, 392, 393 
fg_vbdefine(), 174, 388, 389 
fg_vbdepth(), 51, 62, 388 
fg_vbfin(), 30, 53, 104, 108, 504, 627 
fg_vbfree(), 30, 53, 103, 104, 389, 504, 627 
fg_vbhandle(), 390 
fg_vbinit(), 51, 62, 91, 92, 98, 103, 104, 105, 107, 108, 

114, 167, 174, 388, 504, 623, 624, 625, 626, 627, 648 
fg_vbopen(), 52, 389 
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fg_vbpaste(), 50, 52, 53, 63, 80, 98, 103, 124, 129, 152, 
200, 346, 348, 349, 351, 389, 415, 424, 425, 507, 594, 
595, 627 

fg_vbprint(), 406, 407 
fg_vbscale(), 11, 12, 16, 20, 24, 27, 28, 30, 33, 37, 50, 52, 

53, 63, 80, 98, 103, 124, 129, 152, 167, 200, 213, 217, 
249, 250, 251, 346, 348, 349, 351, 352, 389, 407, 462, 
482, 546, 582, 665 

fg_vbsize(), 389 
fg_vbtccopy(), 391, 392 
fg_vbtcopy(), 391, 392 
fg_vbtzcopy(), 391, 392, 393 
fg_vbundef(), 389 
fg_view3d(), 617 
fg_waitfor(), 652 
FG_WIREFRAME flag, 533 
fg_xclient(), 57, 167, 450 
fg_xscreen(), 57, 114, 119 
fg_xvb(), 57, 449 
fg_xview(), 55 
fg_xworld(), 57, 115 
fg_yclient(), 57, 167, 450 
fg_yscreen(), 57, 114, 119 
fg_yvb(), 57, 449 
fg_yview(), 55 
fg_yworld(), 57, 115 
fg_zballoc(), 532, 534, 626 
fg_zbframe(), 532, 564 
fg_zbfree(), 532 
fg_zbopen(), 532, 534 
FG_ZBUFFER flag, 533, 534 
FG_ZCLIP flag, 533, 534 
fgi_jpeghead(), 679 
FGWIN.H, 10, 37 
FGWin.inc, 36 
FGWPB32.DLL, 47 
FGWPB32D.DLL, 47 
FGWVB32.DLL, 42, 43, 46 
FGWVB32D.DLL, 42, 43, 46 
filler bits, 288 
FLC files. See flic files 
FLI files. See flic files 
flic files, 212–15 

context descriptor, 213 
continuous play, 212 
converting to AVI, 329 
delta compression, 212 
dimensions, 213 
displaying from image buffer, 254 
header, 213, 680 
high-level functions, 212 
low-level functions, 213 
playing, 212 

fog, 344, 372 
Font object (.NET), 182 
fonts, 165–203. See also Fastgraph/Fonts 
FRED. See Fastgraph Rendering Editor 
free(), 389 
ftp site, 4, 5 

full screen programs, 79. See also DirectX 
fundamental concepts, 7–58 

G 

gamma correction transform, 344, 348, 349 
gamma value, 348 
GDI, 2, 104, 154 
GDI+, 154 
GetActiveWindow(), 472 
GetDC(), 11, 12, 16, 19, 20, 27, 28, 36, 37, 50 
GetHdc() method (.NET), 23, 24, 32, 33, 50 
GetMessage(), 433 
GlobalAllocPtr(), 388, 389 
GlobalFreePtr(), 389 
Gouraud shading, 528, 581 
graphics cursor, 114 
Graphics Device Interface. See GDI and GDI+ 
grayscale transform, 344, 346, 347 

H 

hDC property, 29 
help file, 4 
high color, 62, 63, 105 
High Color Fish Tank, 497 
hot spot, 451 

I 

image buffer, 253 
image file header formats, 677–80 

AVI, 680 
BMP, 678 
flic, 680 
JPEG, 679 
PCX, 679 

image files, 205–57 
AVI, 215–18, 328–40 
BMP, 208–10 
colors, 206 
flic, 212–15 
JPEG, 210–12 
PCX, 206–8 

image processing, 343–86 
contrast enhancement transform, 350, 351 
gamma correction transform, 348, 349 
grayscale transform, 346, 347 
photo-inversion transform, 344, 345 

image transforms. See image processing 
images, 206 
immediate mode, 622 
installation, 3 
intensity interpolation, 528 
introduction, 1–5 
Invalidate(), 20, 27 
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InvalidateRect(), 11, 37 

J 

JFIF, 211 
JPEG, 210, 211 
JPEG compression, 210 
JPEG files, 210–12 

baseline JPEG, 211 
dimensions, 211 
displaying, 211 
displaying from image buffer, 254 
header, 211, 679 

K 

keyboard handler, 438, 665 
KillTimer(), 473 

L 

left-handed coordinate system, 520, 521 
legacy functions, 617, 676 
linear texture mapping, 533. See also texture mapping 
lines, 115–19 

3D, 532, 535 
dashed, 118 
solid, 115 
XOR, 115 

linking, 37–49 
LoadCursor(), 452 
logical fonts, 182 
logical palette, 11, 16, 19, 20, 23, 27, 29, 32, 36, 37, 52, 63, 

64, 65, 66, 67, 69, 252, 260, 472 
custom, 66 
default, 65, 66 
modifying, 67 
realizing, 65 
retrieving colors, 69 
system colors, 67 

lossy compression, 210 
low-level 3D functions, 614–17 
luminance, 346 

M 

maintenance updates, 5 
malloc(), 388, 389 
matrices (3D), 617 
message handlers, 11, 36 
message loop, 9, 11, 12, 34, 36, 433, 434, 435, 439, 482 

animation-based, 434 
messages, 11, 36 
MFC, 8, 12–17 

AppWizard, 12, 44 

Microsoft Foundation Classes. See MFC 
Microsoft Visual Basic. See Visual Basic 
Microsoft Visual Basic .NET. See Visual Basic .NET 
Microsoft Visual C# .NET. See Visual C# .NET 
Microsoft Visual C++. See Visual C++ 
Microsoft Visual Studio, 44 
model space, 521 
morphing, 344, 372 
mouse, 448–59 

cursor, 449, 450, 457 
cursor mask, 450 
default cursor, 450 
hot spot, 451 
initialization, 449 
limits, 449 
position, 449, 450 
screen mask, 450 

mouse cursor, 449, 450 
32x32, 457 
hot spot, 451 

multimedia timers, 652 

N 

naming conventions, 4, 674 
native library, 38 
near clipping plane, 527, 564 

O 

object space, 521, 522, 523, 532, 534 
opacity, 372, 373, 375 

P 

palette fade, 462 
palette manager, 61, 62, 63 
palettes, 59–87 
panning, 415, 424, 438, 439, 652 
PB/DLL. See PowerBASIC 
PBDLL command, 47 
PBRES, 153 
PC Paintbrush, 206 
PCX files, 206–8 

creating, 207 
dimensions, 208 
displaying, 207 
displaying from image buffer, 254 
header, 208, 679 
palette, 208 

PeekMessage(), 433 
perspective texture mapping, 533. See also texture mapping 
photo-inversion transform, 344, 345 
pixel, 54 
point of view. See POV 
points, 113 
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XOR, 114 
polygons, 126–29 

3D, 532, 535 
backface removal, 545 
convex, 522, 526, 529 
culling, 527–28, 595 
filled, 127, 128, 533 
shaded, 528, 532, 535 
texture-mapped, 529, 530, 532, 535 
unfilled, 126, 127, 533 
vertex offsets, 127 

porting DOS applications, 655–65, 670–71 
adding message handlers, 664 
animation frames, 664 
functions not available in Windows, 670 
GIF files, 670 
intermediate step, 659 
keyboard handler, 665 
palette conflicts, 664, 665, 668 
removing fg_setmode(), 663 
specific differences, 670 
use of fg_pan(), 665 
use of fg_resize(), 665 
use of fg_setcolor(), 665 
virtual buffer management, 663 

POV, 521, 523–26, 527, 534, 581, 582, 594, 595 
PowerBASIC, 2, 34, 37, 47 

distributing programs, 47 
prerequisite knowledge, 2 
printing, 406, 407 

units, 407 
projection ratio, 521 

Q 

QuickFire, 505, 506 

R 

RC. See resource compiler 
real-time operations, 652 
rectangles, 119–21 

dithered, 120 
solid, 119 
unfilled, 119 
unfilled XOR, 119 

region fill, 124 
register preservation, 674 
RegisterClassEx(), 154 
ReleaseDC(), 50 
ReleaseHdc() method (.NET), 24, 33, 50 
render state, 533, 546, 564 
resource compiler, 153 
resource file, 152, 154 
restoring DirectDraw surfaces, 506 
rubberband boxes, 115, 119 

S 

SC command, 48 
ScaleMode property, 29 
scaling, 306, 498 
scan codes, 438 
screen mask, 450 
screen space, 54 
scrolling, 425–35, 498, 652 

circular, 425 
end-off, 425 
increment, 425 
region, 425 

SetTimer(), 472 
SETUP program, 3 
shading. See Gouraud shading 
shear type, 306 
shearing, 306 
ShowWindow(), 11, 36, 80 
side-scroller games, 505, 506 
software characters, 191–202 

alternate font, 191, 193, 201 
angle, 201 
aspect ratio, 193 
font change operator (\), 193 
primary font, 191, 193 
size, 192 
string length, 201 
subscript operator (\v), 193 
superscript operator (\^), 193 
underline operator (_), 193 

span size, 533, 534 
special effects, 461–518 
stock fonts, 181, 182 
string display, 165–203. See also Fastgraph/Fonts 

bitmapped characters, 202 
client area, 166, 167 
client coordinates, 167 
software characters, 191 
virtual buffers, 174 

string justification, 166 
stroke characters. See software characters 
Symantec C++, 2, 48 
system colors, 61, 66, 67, 251, 252, 664 
system palette, 61, 62 

16-color drivers, 61 
256-color drivers, 61 

T 

taskbar 
ghost button (C++Builder), 83 
ghost button (Delphi), 85 

Tdemo, 612, 613 
Direct3D version, 648 

technical support, 4 
Tetris, 504, 505 
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texels, 529, 535 
texture coordinates, 533, 535 

floating point, 535 
integer, 535 

texture map, 529, 530 
texture map handle, 530 
texture map manager, 529, 531 
texture map translation, 648 
texture mapping, 529–31, 533, 535, 562, 625 
TGSdemo, 498 
Timer control (.NET), 435 
timing, 651–53 
ToHfont() method (.NET), 182 
top-level menu, 152 
transformation, 534 
TranslateMessage(), 433, 482 
translucency, 344, 371 
transparency, 262, 263, 276, 391, 392, 535 

direct color virtual buffers, 392 
true color, 62, 64 
tunnel, 581 

U 

up vector, 617 
UpdateWindow(), 11, 36 

V 

VB class, 503, 504 
VB.NET. See Visual Basic .NET 
VBC command, 43 
vector characters. See software characters 
vertex order, 526 
video mode, 60 
ViewOut vector, 524 
viewport (2D), 54 
viewport (3D), 521 
virtual buffers, 2, 8, 51, 63, 315, 387–436 

256-color, 63 
closing, 53 
colors, 63 
creation, 51 
direct color, 70 
displaying, 52 
high color, 63 
initialization, 51 
opening, 52 
palette-based, 70 
panning, 415 
printing, 406, 407 
releasing memory, 53 
scaling, 315 
scrolling, 425 
shearing, 315 
true color, 64 

virtual palette, 64, 79, 206, 260, 304, 392, 393 

Visual Basic, 2, 28, 37, 42 
activate event, 30 
distributing programs, 42 
event-handling procedures, 29 
load event, 29 
paint event, 30 
resize event, 30 
unload event, 30 

Visual Basic .NET, 2, 30, 37, 43 
activated event, 33 
closed event, 33 
distributing programs, 43 
event-handling procedures, 32 
load event, 32 
paint event, 33 
resize event, 33 

Visual C# .NET, 2, 21, 37, 46 
activated event, 24 
closed event, 24 
distributing programs, 46 
event-handling procedures, 23 
load event, 23 
paint event, 24 
resize event, 24 

Visual C++, 2, 44 
Visual C++ .NET, 44 
visual surface determination, 526–27 

W 

walls, 521 
Watcom C/C++, 2, 49 
Watcom IDE, 49 
WCL386 command, 49 
web BBS, 4 
web page, 4, 5 
Win16, 3 
WIN32API.INC, 36 
window class, 9, 10, 34, 36 
window procedure, 9, 10, 11, 34, 36 
WindowProc(), 9, 11, 34, 36, 153 
Windows 3.x, 3 
Windows API, 2, 8 
Windows multimedia timers, 652 
Windows programming references, 5 
WINDOWS.H, 10 
WinMain(), 9, 10, 12, 34, 36 
WinMatch, 498, 664, 668 
WinPal, 498, 664, 668 
WM_ACTIVATEAPP, 506, 507, 509, 511, 514, 627 
WM_COMMAND, 152, 153 
WM_CREATE, 11, 12, 13, 15, 36, 50, 51, 52 
WM_DESTROY, 11, 12, 13, 16, 36, 37, 50, 53 
WM_PAINT, 11, 12, 13, 16, 36, 37, 52, 507 
WM_SETCURSOR, 452 
WM_SETFOCUS, 11, 13, 16, 36, 37, 507 
WM_SIZE, 11, 12, 13, 16, 36, 37, 53 
WM_TIMER, 472, 473 
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world space (2D), 54, 56 
world space (3D), 521, 522, 523, 532, 534 

X 

XOR boxes, 119 

XOR lines, 115 
XOR pixels, 114 

Z 

z-buffering, 526, 527, 532, 533, 534, 536, 564, 626 

 


	User's Guide
	What is Fastgraph for Windows?
	Prerequisite Knowledge
	Supported Compilers
	DirectX
	Installing Fastgraph for Windows
	The Help File
	Fastgraph Naming Conventions
	Technical Support
	Maintenance Updates
	Windows Programming References
	Overview
	Fastgraph for Windows Programming Philosophy
	Our First Fastgraph for Windows Program
	C or C++ Using the Windows API
	C++ Using MFC
	Borland C++Builder
	C#
	Delphi
	Visual Basic
	Visual Basic .NET
	PowerBASIC PB/DLL

	Compilation and Linking
	Borland C++
	Borland C++Builder
	Delphi
	Microsoft Visual Basic
	Microsoft Visual Basic .NET
	Microsoft Visual C++
	Microsoft Visual C# .NET
	PowerBASIC PB/DLL
	Symantec C++
	Watcom C/C++

	Maintaining a Device Context
	An Introduction to Virtual Buffers
	Coordinate Systems
	Screen Space
	Viewports
	World Space
	Conversion Routines

	Summary
	Overview
	Windows Display Drivers
	The Windows Palette Manager
	Virtual Buffer Color Depth
	256-Color Virtual Buffers
	High Color Virtual Buffers
	True Color Virtual Buffers

	Logical Palettes
	Using the Default Logical Palette
	Using a Custom Logical Palette
	Modifying a Logical Palette
	Retrieving Logical Palette Colors

	Defining the Current Color
	256-Color Virtual Buffers
	Direct Color Virtual Buffers
	An Example

	The Virtual Palette
	Changing the Display Settings
	Summary
	Overview
	Building DirectDraw Programs
	Windowed vs. Full Screen Programs
	Windowed DirectDraw Programs
	Full Screen DirectDraw Programs
	Blitting and Flipping
	Video Memory and System Memory
	Hybrid Programs
	DirectDraw High Color Considerations
	DirectX Error Conditions
	DirectX Surface Locking
	DirectX Version Control
	Using DirectDraw Externally
	Summary
	Overview
	Filling a Virtual Buffer
	Clipping
	Points
	The Graphics Cursor
	Solid Lines
	Dashed Lines
	Solid Rectangles
	Unfilled Rectangles
	Dithered Rectangles
	Circles, Ellipses, and Arcs
	Region Fill
	Polygons
	Example: Graphics Primitives
	Resource Files
	Using GDI and GDI+ Functions with Fastgraph
	Summary
	Overview
	String Display Functions
	Displaying Strings in Virtual Buffers
	Stock Fonts
	Logical Fonts
	String Display in DirectX Programs
	Software Characters
	Bitmapped Characters
	Summary
	Overview
	Image File Colors
	PCX Files
	BMP Files
	JPEG Files
	FLI and FLC Files
	AVI Files
	An Example
	Color Mapping and Reduction
	Controlling the Image Buffer Size
	Summary
	Overview
	256-Color Bitmaps
	Displaying 256-Color Bitmaps
	256-Color Bitmaps: An Example Program
	Direct Color Bitmaps
	Displaying Direct Color Bitmaps
	Direct Color Bitmaps: An Example Program
	Direct Color Bitmap Translation
	Monochrome Bitmaps
	Displaying Monochrome Bitmaps
	Monochrome Bitmaps: An Example Program
	Retrieving Bitmaps
	Inverting Bitmaps
	Bitmap Scaling and Shearing
	Bitmap Rotation
	Bitmap Sections
	Creating AVI Files
	Summary
	Overview
	Photo-Inversion
	Grayscale
	Gamma Correction
	Contrast Enhancement
	A Simple Image Processing Program
	Alpha Blending
	Summary
	Overview
	Virtual Buffer Fundamentals
	Other Virtual Buffer Support Functions
	Block Transfer Functions
	General Block Transfer
	Full-Buffer Block Transfer
	Blocks with Transparent Colors
	Transparency Issues for Direct Color Virtual Buffers
	DirectX Block Transfer Options
	An Example

	Communicating with the Clipboard
	Printing a Virtual Buffer
	Virtual Buffer Panning
	Virtual Buffer Scrolling
	Summary
	Overview
	Low-Level Keyboard Handler
	Mouse Support
	Initializing the Mouse
	Controlling the Mouse Cursor
	Reporting the Mouse Status
	Defining the Mouse Cursor
	32x32 Mouse Cursors

	Summary
	Overview
	Palette Fades
	Color Cycling
	Fish Tank Animation Demo
	High Color Fish Tank
	TGSdemo: Scaling and Scrolling
	Tetris
	QuickFire
	DirectX Animation
	Bug Lite Animation Demo
	Summary
	Overview
	3D Geometry System
	Object Space and World Space
	The 3D Geometry Pipeline
	3D Viewports
	Defining 3D Objects
	Defining the Point of View
	Incrementally Changing the Point of View

	3D Concepts
	Visual Surface Determination
	3D Clipping
	Polygon Culling
	Gouraud Shading
	Texture Mapping

	Texture Map Management
	Z-Buffer Management
	Simplified 3D Functions
	Setting the Render State
	Displaying 3D Objects

	3D Examples
	Example: Geometry
	Example: Cube
	Example: TMcube
	Example: Tunnel
	Example: Columns
	Example: Tdemo

	Fastgraph Rendering Editor (FRED)
	Low-Level 3D Functions
	Legacy 3D Functions
	Summary
	Overview
	Hardware Acceleration and Software Rendering
	Building Direct3D Programs
	Direct3D Texture Map Management
	Direct3D Z-Buffering
	Direct3D Frame Animation
	Functions that Use Direct3D
	A Direct3D Example
	A Direct3D Version of Tdemo
	Using Direct3D Externally
	Summary
	Overview
	Real-Time Functions
	Functions Dependent on the System Speed
	Summary
	Overview
	The DOS Fish Tank
	The Intermediate Step
	The Jump to Windows
	Converting Palette-Based Image Files
	Other Considerations

