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Unit —|
Windows Programming

1. What is Windows Programming?

2. What isan API?

3. Writethe ways of implementing API?

4. What arethe uses of kernel, user and GDI Libraries?

5. Name any platform independent API?

6. What arethe stepsrequired to create awindow?

7. How toregister awindow class?

8. What isawindow class?

9. How to create a window?

10. Define M essage L oop?

11. What isthe use of GetM essage?

12. What isthe use of TransateM essage?

13. What isthe use of Dispatch M essage?

14. What ar e the actions of windows procedur e?

15. What isthe value retur ned from GetM essage?

16. What isWM_PAINT message?

17. How does a client area become invalid?

18. WM _PAINT messageis processed?

19. What isWM_DESTROY message?

20. How the program ister minated?

21. What isGDI?

22. Define Scroll bar and what ar e the message gener ated?
23. What isa keyboard accelerator ? What ar e the messages gener ated?
24. What arethe types of messages generated by a mouse?
25. What isa menu? What areitstypes?

Part B( from charles petzold)

Creation of Window.(page 57)

Implement Scroll bar control(page 97)

explain GDI concepts (page 121)

How to draw rectangle and clipping( page 196)
M ouse movement programs ( page 273)

Child window control like list box etc(page 401)
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Unit =11 and |11

1. What is message processing?

2. Give some messages used in windows?

3. What isGDI?

4. What are dynamiclink libraries?

5. What is an application framework?

6. Mention some of the program elements?

7. Explain the document-view ar chitecture?

8. What isa view?

9. Difference between Single Document | nterface and Multiple Document | nterface?
10. M ention some window resour ces?
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11. Explain message map?

12. What isWindow’s Client area?

13. What is Cscrollview class?

14. Explain about accepting keyboard input?

15. Explain WM_CREATE and WM _CL OSE message?
16. Explain the display context classes CClientDC and CWindowDC?
17. What isthe state of the device context?

18. What are GDI abjects?

19. Mention some of the GDI derived classes?

20. Difference between modal and modeless dialogs?

21. What is system modal dialog?

22. Lisgt some of the COMDL G32 classes?

23. What are dialog controls?

24. Mention some of the windows common control?

25. Explain WM_NOTIFY M essage?

Part B( refer David kruglinski)

1. Explain VC++ components.(page6)
2. Explain MFC (to explain SDI, MDI, and Dialog Based)( page 31)
3. Writeaprogram to draw a sinewave without using M FC( refer windows
programming)
Writea VC++ program to implement property shests.
Writea VC++ program to add imagesto thetreelist view control.
Menu, Popup menu and keyboard accelerators.
Colorsand Fonts.
Explain Toolbar and Status bar
Explain Modal and M odeless dialog.( page 103).
. Explain Windows common dialog Control.( page 147)
. Writea VC++ program to show the uses of dlider control, spin button control and
tool tip control.
. Writeaprogram to draw atext in awindow.
. Implement DLL concepts
. Explain Class Wizard and application wizard.
. Writea VC++ program to create Combo box and push button.
. Explain about Serialization (Document View Ar chitecture).
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(1)) WhatisDLL?

(2) What arethe advantages of using DLL?
(3) What arethedisadvantages of using DLL?
(49) What do you mean by Resource DLL?

(5) How tocreateown DLLS?

(6) WhatisDLLMain ()?

(7) Writeshort noteson the memory issues of DLL.
(8 WhatisLoad Library () function?

(99 WhatisFreelLibrary () function?

(10) What is GetProcAddress( ) function?

(11) Define Object Model.

(12) What isDCOM?
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(13) What are main features of COM?

(14) What arethe methods of Binary | nterface method?
(15) Write short noteson Threading Moddl.

(16) Writeshort notes on Versioning.

(17) What isMTS?

(18) Define OLE.

(19) What arethe applications of OLE?

(20) What isRFX and whereit isused?

(21) What isthe use of CRecordSet :: dynamic?

(22) What arethe stepsto create sample database?
(23) Writethe general syntax to create a table. Give one example.
(24) How to use Single Row Functions?

(25) What are Datatransfer and itstwo structures?
(26) What isthe use of CFile Dialog Class?

(27) Which header file contains Ctoolbar class?

(28) Explain | SAPI server?

(29)

Part B

Explain ActiveX control through VC++ program.

Explain about COM and what way it is different with CORBA.
Explain OLE control.

Explain Space ship program.

Explain ODBC architecturewith MFC ODBC classes.

Explain DAO concepts through VC++ program.

Employee or Student Database creation.

Explain how to implement Sound and Video files.
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Visual C++ Programming:

1. Explain about the History of Windows Programming Environment?
A History of Windows

Soon after the introduction of the IBM PC in the fall of 1981, it became evident that the predominant operating
system for the PC (and compatibles) would be MS-DOS, which originally stood for Microsoft Disk Operating
System. MS-DOS was a minimal operating system. For the user, MS-DOS provided a command-line interface to
commands such as DIR and TYPE and loaded application programs into memory for execution. For the
application programmer, MS-DOS offered little more than a set of function calls for doing file input/output (1/0).
For other tasks—in particular, writing text and sometimes graphics to the video display—applications accessed
the hardware of the PC directly.

Due to memory and hardware constraints, sophisticated graphical environments were slow in coming to small
computers. Apple Computer offered an alternative to character-mode environments when it released its ill-fated
Lisa in January 1983, and then set a standard for graphical environments with the Macintosh in January 1984.
Despite the Mac's declining market share, it is still considered the standard against which other graphical
environments are measured. All graphical environments, including the Macintosh and Windows, are indebted to
the pioneering work done at the Xerox Palo Alto Research Center (PARC) beginning in the mid-1970s.

Windows was announced by Microsoft Corporation in November 1983 (post-Lisa but pre-Macintosh) and was
released two years later in November 1985. Over the next two years, Microsoft Windows 1.0 was followed by
several updates to support the international market and to provide drivers for additiona video displays and
printers.

Windows 2.0 was released in November 1987. This version incorporated several changes to the user interface.
The most significant of these changes involved the use of overlapping windows rather than the "tiled" windows
found in Windows 1.0. Windows 2.0 also included enhancements to the keyboard and mouse interface,
particularly for menus and dialog boxes.

Up until this time, Windows required only an Intel 8086 or 8088 microprocessor running in "real mode" to access
1 megabyte (MB) of memory. Windows/386 (released shortly after Windows 2.0) used the "virtual 86" mode of
the Intel 386 microprocessor to window and multitask many DOS programs that directly accessed hardware. For
symmetry, Windows 2.1 was renamed Windows/286.

Windows 3.0 was introduced on May 22, 1990. The earlier Windows/286 and Windows/386 versions were
merged into one product with this release. The big change in Windows 3.0 was the support of the 16-bit
protected-mode operation of Intel's 286, 386, and 486 microprocessors. This gave Windows and Windows
applications access to up to 16 megabytes of memory. The Windows "shell" programs for running programs and
maintaining files were completely revamped. Windows 3.0 was the first version of Windows to gain afoothold in
the home and the office.

Any history of Windows must also include a mention of OS/2, an alternative to DOS and Windows that was
originally developed by Microsoft in collaboration with IBM. OS/2 1.0 (character-mode only) ran on the Intel 286
(or later) microprocessors and was released in late 1987. The graphical Presentation Manager (PM) came about
with OS/2 1.1 in October 1988. PM was originally supposed to be a protected-mode version of Windows, but the
graphical APl was changed to such a degree that it proved difficult for software manufacturers to support both
platforms.

By September 1990, conflicts between IBM and Microsoft reached a peak and required that the two companies go
their separate ways. IBM took over OS/2 and Microsoft made it clear that Windows was the center of their
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strétegy tor oioeratl ng systems While OS2 still has some fervent admirers, it has not nearly approached the

popularity of Windows.

Microsoft Windows version 3.1 was released in April 1992. Several significant featuresincluded the TrueType
font technology (which brought scaleable outline fonts to Windows), multimedia (sound and music), Object
Linking and Embedding (OLE), and standardized common dialog boxes. Windows 3.1 ran only in protected mode
and required a 286 or 386 processor with at least 1 MB of memory.

Windows NT, introduced in July 1993, was the first version of Windows to support the 32-bit mode of the Intel
386, 486, and Pentium microprocessors. Programs that run under Windows NT have accessto a 32-bit flat
address space and use a 32-bit instruction set. (I'll have more to say about address spaces alittle later in this
chapter.) Windows NT was also designed to be portable to non-Intel processors, and it runs on severa RISC-
based workstations.

Windows 95 was introduced in August 1995. Like Windows NT, Windows 95 also supported the 32-bit
programming mode of the Intel 386 and later microprocessors. Although it lacked some of the features of
Windows NT, such as high security and portability to RISC machines, Windows 95 had the advantage of
requiring fewer hardware resources.

Windows 98 was released in June 1998 and has a number of enhancements, including performance
improvements, better hardware support, and a closer integration with the Internet and the World Wide Web.

Programs running in Windows can share routines that are located in other files called "dynamic-link libraries."
Windows includes a mechanism to link the program with the routines in the dynamic-link libraries at run time.
Windows itself is basically a set of dynamic-link libraries.

Windows is a graphica interface, and Windows programs can make full use of graphics and formatted text on
both the video display and the printer. A graphical interface not only is more attractive in appearance but also can
impart a high level of information to the user.

Programs written for Windows do not directly access the hardware of graphics display devices such as the screen
and printer. Instead, Windows includes a graphics programming language (called the Graphics Device Interface,
or GDI) that alows the easy display of graphics and formatted text. Windows virtualizes display hardware. A
program written for Windows will run with any video board or any printer for which a Windows device driver is
available. The program does not need to determine what type of device is attached to the system.

Dynamic Linking

Central to the workings of Windows is a concept known as "dynamic linking." Windows provides a wealth of
function calls that an application can take advantage of, mostly to implement its user interface and display text
and graphics on the video display. These functions are implemented in dynamic-link libraries, or DLLs. These are
files with the extension .DLL or sometimes .EXE, and they are mostly located in the \WINDOWS\SY STEM
subdirectory under Windows 98 and the \WINNT\SYSTEM and \WINNT\SY STEM32 subdirectories under
Windows NT.

In the early days, the great bulk of Windows was implemented in just three dynamic-link libraries. These
represented the three main subsystems of Windows, which were referred to as Kernel, User, and GDI. While the
number of subsystems has proliferated in recent versions of Windows, most function calls that a typical Windows
program makes will still fall in one of these three modules. Kernd (which is currently implemented by the 16-bit
KRNL386.EXE and the 32-bit KERNEL32.DLL) handles all the stuff that an operating system kernel
traditionally handles—memory management, file 1/0O, and tasking. User (implemented in the 16-bit USER.EXE
and the 32-bit USER32.DLL) refers to the user interface, and implements al the windowing logic. GDI
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(1Implemented In the 16 bit GDI.EXE and the 32-bit GDI32.DLL) is the Graphics Device Interface, which allows
aprogram to display text and graphics on the screen and printer.

Windows 98 supports several thousand function calls that applications can use. Each function has a descriptive
name, such as CreateWindow. This function (as you might guess) creates a window for your program. All the
Windows functions that an application may use are declared in header files.

In your Windows program, you use the Windows function calls in generally the same way you use C library
functions such as strlen. The primary difference is that the machine code for C library functions is linked into
your program code, whereas the code for Windows functionsis|ocated outside of your program in the DLLS.

When you run a Windows program, it interfaces to Windows through a process caled "dynamic linking." A
Windows .EXE file contains references to the various dynamic-link libraries it uses and the functions therein.
When a Windows program is loaded into memory, the calls in the program are resolved to point to the entries of
the DLL functions, which are also loaded into memory if not already there.

When you link a Windows program to produce an executable file, you must link with specia "import libraries"
provided with your programming environment. These import libraries contain the dynamic-link library names and
reference information for al the Windows function calls. The linker uses this information to construct the table in
the .EXE file that Windows usesto resolve calls to Windows functions when loading the program.

2. Explain the basics simple windows program and what ar e the windows header files

The Windows Equivalent

/*

HelloMsg.c -- Displays "Hello, Windows 98!" in a message box
(c) Charles Petzold, 1998
*/

#include <windows.h>

int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance,
PSTR szCmdLine, int iCmdShow)
{

MessageBox (NULL, TEXT ("Hello, Windows 98!"), TEXT ("HelloMsg"), 0) ;

return O ;
}

To begin, select New from the File menu. In the New dialog box, pick the Projects tab. Select Win32 Application.
In the Location field, select a subdirectory. In the Project Name field, type the name of the project, whichin this
caseisHelloMsg. Thiswill be a subdirectory of the directory indicated in the Location field. The Create New
Workspace button should be checked. The Platforms section should indicate Win32. Choose OK.

A dialog box labeled Win32 Application - Step 1 Of 1 will appear. Indicate that you want to create an Empty
Project, and press the Finish button.

Select New from the File menu again. In the New diaog box, pick the Filestab. Select C++ Source File. The Add

To Project box should be checked, and HelloM sg should be indicated. Type HelloMsg.c in the File Name field.
Choose OK.
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Now you can type In the HELLOMSG.C file shown above. Or you can select the Insert menu and the File As
Text option to copy the contents of HELLOM SG.C from the file on this book's companion CD-ROM.

Structurally, HELLOMSG.C isidentical to the K&R "hello, world" program. The header file STDIO.H has been
replaced with WINDOWS.H, the entry point main has been replaced with WinMain, and the C run-time library
function printf has been replaced with the Windows API function MessageBox. However, thereis much in the
program that is new, including several strange-looking uppercase identifiers.

Let's start a the top.
TheHeader Files

HELLOMSG.C begins with a preprocessor directive that you'll find at the top of virtualy every Windows
program written in C:

#include <windows.h>

WINDOWS.H isamaster include file that includes other Windows header files, some of which aso include other
header files. The most important and most basic of these header files are:

WINDEF.H Basic type definitions.

WINNT.H Type definitions for Unicode support.
WINBASE.H Kernd functions.

WINUSERH User interface functions.
WINGDI.H Graphics device interface functions.

These header files define dl the Windows data types, function calls, data structures, and constant identifiers.

Program Entry Point

Just as the entry point to a C program is the function main, the entry point to a Windows program is WinMain,
which always appears like this:

int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance,
PSTR szCmdLine, int iCmdShow)

This entry point is documented in /Platform SDK/User Interface Services/Windowing/Windows/\Window
Reference/Window Functions. It is declared in WINBASE.H like so (line breaks and all):

int

WINAPI

WinMain(
HINSTANCE hinstance,
HINSTANCE hPrevinstance,
LPSTR IpCmdLine,
int nShowCmd

)i
Y ou'll notice I've made a couple of minor changesin HELLOMSG.C. The third parameter is defined as an

LPSTR in WINBASE.H, and I've made it a PSTR. These two data types are both defined in WINNT.H as pointers
to character strings. The LP prefix stands for "long pointer" and is an artifact of 16-bit Windows.
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I've also changed two ot the parameter names from the WinMain declaration; many Windows programs use a
system called " Hungarian notation™ for naming variables. This system involves prefacing the variable name
with ashort prefix that indicates the variable's datatype. just keep in mind that the prefix i stands for int and sz
stands for "string terminated with a zero."

The WinMain function is declared asreturning an int. The WINAPI identifier is defined in WINDEF.H with the
statement:

#define WINAPI __ stdcall

This statement specifies a calling convention that involves how machine code is generated to place function call
arguments on the stack. Most Windows function calls are declared as WINARPI.

Thefirst parameter to WinMain is something called an "instance handle.” In Windows programming, ahandle is
simply a number that an application uses to identify something. In this case, the handle uniquely identifies the
program. It is required as an argument to some other Windows function calls. In early versions of Windows, when
you ran the same program concurrently more than once, you created multiple instances of that program. All
instances of the same application shared code and read-only memory (usually resources such as menu and dialog
box templates). A program could determineif other instances of itself were running by checking the
hPrevinstance parameter. It could then skip certain chores and move some data from the previous instance into its
own data area.

In the 32-hit versions of Windows, this concept has been abandoned. The second parameter to WinMain is aways
NULL (defined as 0).

Thethird parameter to WinMain is the command line used to run the program. Some Windows applications use
thisto load afile into memory when the program is started. The fourth parameter to WinMain indicates how the
program should be initially displayed—either normally or maximized to fill the window, or minimized to be
displayed in the task list bar.

3. Write a windows program to create a window.

HELLOWIN.C -- Displays "Hello, Windows 98!" in client area
(c) Charles Petzold, 1998
*/

#include <windows.h>
LRESULT CALLBACK WndProc (HWND, UINT, WPARAM, LPARAM) ;

int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance,
PSTR szCmdLine, int iCmdShow)
{

static TCHAR szAppName[] = TEXT ("Hellowin") ;
HWND hwnd ;

MSG msg ;

WNDCLASS wndclass;

wndclass.style =CS HREDRAW | CS VREDRAW ;
wndclass.IpfnWwndProc = WndProc ;
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wndclass.cbClsExtra =0;
wndclass.coWndExtra =0;
wndclass.hinstance = hinstance;
wndclass.hlcon = Loadlcon (NULL, IDI_APPLICATION) ;
wndclass.hCursor = LoadCursor (NULL, IDC_ARROW) ;
wndclass.hbrBackground = (HBRUSH) GetStockObject (WHITE_BRUSH) ;
wndclass.|pszMenuName = NULL ;
wndclass.|pszClassName = szAppName ;

if ('RegisterClass (&wndclass))
{
MessageBox (NULL, TEXT ("This program requires Windows NT!"),
szAppName, MB_ICONERROR) ;
return O ;
}
hwnd = CreateWindow (szAppName, /l window class name
TEXT ("The Hello Program"), // window caption
WS_OVERLAPPEDWINDOW, // window style

CW_USEDEFAULT, /[ initial x position
CW_USEDEFAULT, /[ initial y position
CW_USEDEFAULT, /l'initial x size
CW_USEDEFAULT, /l'initial y size
NULL, /I parent window handle
NULL, // window menu handle
hinstance, /I program instance handle
NULL) ; /[ creation parameters
ShowWindow (hwnd, iCmdShow) ;
Updatewindow (hwnd) ;
while (GetMessage (& msg, NULL, 0, 0))
{
TrandateMessage (& Msg) ;
DispatchMessage (& msg) ;
}
return msg.wParam ;
}
LRESULT CALLBACK WndProc (HWND hwnd, UINT message, WPARAM wParam, LPARAM |Param)
{
HDC hdc ;
PAINTSTRUCT ps;
RECT rect ;
switch (message)
{

case WM_CREATE:
PlaySound (TEXT ("hellowin.wav"), NULL, SND_FILENAME | SND_ASYNC) ;
return O ;

case WM _PAINT:
hdc = BeginPaint (hwnd, &ps) ;
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GetClientRect (hwnd, &rect) ;

DrawText (hdc, TEXT ("Hello, Windows 98!"), -1, &rect,
DT_SINGLELINE |DT_CENTER |DT_VCENTER) ;

EndPaint (hwnd, &ps) ;

returnO;

case WM_DESTROY':
PostQuitMessage (0) ;
return O ;

}
return DefWindowProc (hwnd, message, wParam, |Param) ;

This program creates a normal application window, as shown in Figure 3-2, and displays, "Hello, Windows 98!"
in the center of that window. If you have a sound board installed, you will also hear me saying the same thing.

3. List out the various Windows Function Call.
TheWindows Function Calls

HELLOWIN makes callsto no fewer than 18 Windows functions. In the order they occur, these functions (with a
brief description) are:

Loadlcon Loads anicon for use by a program.

LoadCursor Loads a mouse cursor for use by a program.
GetSockObject Obtains a graphic object, in this case a brush used for painting the window's background.
RegisterClass Registers awindow class for the program’s window.
MessageBox Displays a message box.

CreateWindow Creates a window based on awindow class.
ShowWindow Shows the window on the screen.

UpdateWindow Directs the window to paint itself.

GetMessage Obtai ns a message from the message queue.
TrandateMessage Translates some keyboard messages.
DispatchMessage Sends a message to a window procedure.
PlaySound Plays a sound file.

BeginPaint Initiates the beginning of window painting.
GetClientRect Obtains the dimensions of the window's client area.
DrawText Displays atext string.

EndPaint Ends window painting.

PostQuitMessage Inserts a"quit”" message into the message queue.
DefWindowPrac Performs default processing of messages.

These functions are described in the Platform SDK documentation, and they are declared in various header files,
mostly in WINUSER.H.

Prefix Constant

CS Class style option
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Cw Create window option
DT Draw text option

IDI ID number for anicon
IDC ID number for a cursor
MB M essage box options
SND Sound option

WM Window message

WS Window style

Y ou almost never need to remember numeric constants when programming for Windows. Virtualy every numeric
constant has an identifier defined in the header files.

HELLOWIN also uses four data structures (which I'll discuss later in this chapter) defined in the Windows header
files. These data structures are shown in the table below.

Structure Meaning

MSG M essage structure
WNDCLASS Window class structure
PAINTSTRUCT Paint structure

RECT Rectangle structure

Thefirst two data structures are used in WinMain to define two structures named msg and wndclass. The second
two are used in WhndProc to define two structures named ps and rect.

Getting a Handle on Handles

Findly, there are three uppercase identifiers for various types of "handles':

I dentifier Meaning

HINSTANCE Handle to an "instance"—the program itself
HWND Handle to a window

HDC Handle to a device context

Handles are used quite frequently in Windows. Before the chapter is over, you will also encounter HICON (a
handle to an icon), HCURSOR (a handle to a mouse cursor), and HBRUSH (a handle to a graphics brush).

A handle is simply anumber (usually 32 bitsin size) that refersto an object. The handlesin Windows are similar
to file handles used in conventional C or MS-DOS programming. A program almost always obtains a handle by
calling aWindows function. The program uses the handle in other Windows functionsto refer to the object. The
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handle knows how to useit to reference the object.

The variable name prefixes I'll generally be using in this book are shown in the following table.

Prefix Data Type

c char or WCHAR or TCHAR

by BYTE (unsigned char)

n Short

[ Int

X, Y int used as x-coordinate or y-coordinate
CX, Cy int used asx or y length; ¢ stands for "count"
borf BOOL (int); f stands for "flag"

w WORD (unsigned short)

I LONG (long)

dw DWORD (unsigned long)

fn Function

S String

sz string terminated by O character

h Handle

p Pointer

Registering the Window Class

A window is always created based on a window class. The window class identifies the window procedure that
processes messages to the window.

Before you create an application window, you must register awindow class by calling RegisterClass. This
function requires a single parameter, which is a pointer to astructure of type WNDCLASS. This structure
includes two fields that are pointers to character strings, so the structure is defined two different ways in the
WINUSER.H header file. First, there'sthe ASCII version, WNDCLASSA:

typedef struct taglWWNDCLASSA
{
UINT style;
WNDPROC IpfnwndProc ;
int cbClsExtra;
int cbWndExtra;
HINSTANCE hinstance;
HICON hicon;
HCURSOR hCursor ;
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HBRUSH hbrBackground ;
LPCSTR IpszMenuName;

LPCSTR  IpszClassName;

WNDCLASSA, * PWNDCLASSA, NEAR* NPWNDCLASSA, FAR * LPWNDCLASSA ;

Notice some uses of Hungarian notation here: The Ipfn prefix means "long pointer to afunction.” (Recall that in
the Win32 API there is no distinction between long pointers and near pointers. Thisis aremnant of 16-bit
Windows.) The cb prefix stands for "count of bytes" and is often used for a variable that denotes a byte size. The
h prefix isahandle, and the hbr prefix means "handle to abrush.” The Ipsz prefix is a"long pointer to astring
terminated with a zero."

4. Explain about Painting and Repainting

Windows is a message-driven system. Windows informs applications of various events by posting messagesin
the application's message queue or sending messages to the appropriate window procedure. Windows informs a
window procedure that part of the window's client area needs painting by posting aWM_PAINT message.

The WM _PAINT Message

Most Windows programs call the function UpdateWindow during initialization in WinMain shortly before
entering the message loop. Windows takes this opportunity to send the window procedureits first WM_PAINT
message. This message informs the window procedure that the client area must be painted. Thereafter, that
window procedure should be ready at almost any time to process additional WM_PAINT messages and even to
repaint the entire client area of the window if necessary. A window procedure receivesaWM_PAINT message
whenever one of the following events occurs:

e A previoudy hidden area of the window is brought into view when a user moves awindow or uncovers a
window.

e Theuser resizesthe window (if the window class style hasthe CS HREDRAW and CW_VREDRAW
bits set).

e The program uses the ScrollWindow or ScrollDC function to scroll part of its client area.

e Theprogram uses the InvalidateRect or InvalidateRgn function to explicitly generateaWM_PAINT

message.

In some cases when part of the client areais temporarily written over, Windows attempts to save an area of the
display and restore it later. Thisis not always successful. Windows may sometimes post aWM_PAINT message
when:

e Windows removes a dialog box or message box that was overlaying part of the window.
e A menuis pulled down and then rel eased.
e Atool tipisdisplayed.

In afew cases, Windows always saves the area of the display it overwrites and then restoresit. Thisisthe case
whenever:

e The mouse cursor is moved across the client area.
e Aniconisdragged acrossthe client area.

Deding with WM_PAINT message requires that you ater the way you think about how you write to the video
display. Y our program should be structured so that it accumulates all the information necessary to paint the client
area but paints only "on demand"—when Windows sends the window procedureaWM_PAINT message. If your
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program needs to update Its client area at some other time, it can force Windows to generate thisWM_PAINT
message. This may seem aroundabout method of displaying something on the screen, but the structure of your
program will benefit fromiit.

Valid and Invalid Rectangles

Although awindow procedure should be prepared to update the entire client area whenever it receives a
WM_PAINT message, it often needs to update only a smaller area, most often arectangular area within the client
area. Thisis most obvious when adialog box overlies part of the client area. Repainting is required only for the
rectangular area uncovered when the dialog box is removed.

That areais known as an "invalid region" or "update region.” The presence of aninvalid region in aclient areais
what prompts Windows to place aWM_PAINT message in the application's message queue. Y our window
procedure receivesaWM_PAINT message only if part of your client areaisinvalid.

Windows internally maintains a "paint information structure” for each window. This structure contains, among
other information, the coordinates of the smallest rectangle that encompasses the invalid region. Thisis known as
the "invalid rectangle." If another region of the client area becomes invalid before the window procedure
processes apending WM_PAINT message, Windows cal culates a new invalid region (and anew invalid
rectangle) that encompasses both areas and stores this updated information in the paint information structure.
Windows does not place multiple WM _PAINT messages in the message queue.

A window procedure can invalidate arectanglein its own client area by caling InvalidateRect. If the message
queue already containsaWM_PAINT message, Windows calculates anew invalid rectangle. Otherwise, it places
aWM_PAINT message in the message queue. A window procedure can obtain the coordinates of the invalid
rectangle when it receivesaWM_PAINT message (aswe'll see later in this chapter). It can aso obtain these
coordinates at any other time by calling GetUpdateRect.

After the window procedure calls BeginPaint during the WM_PAINT message, the entire client areais validated.
A program can also validate any rectangular area within the client area by calling the ValidateRect function. If
this call hasthe effect of validating the entire invalid area, then any WM_PAINT message currently in the queue
isremoved.

5. Explain about paint information structure

ThePaint Information Structure

Earlier | mentioned a " paint information structure” that Windows maintains for each window. That's what
PAINTSTRUCT is. The structureis defined as follows:

typedef struct tagPAINTSTRUCT

HDC hdc ;
BOOL fErase;
RECT rcPaint;

BOOL fRestore;

BOOL fIlncUpdate;

BYTE rgbReserved[32] ;
} PAINTSTRUCT ;

Windows fillsin the fields of this structure when your program calls BeginPaint. Y our program can use only the
first three fields. The others are used internally by Windows. The hdc field is the handle to the device context. In a
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FHeach Q'JrédLuErEdaAé; tygl (I:;:llkl of Wi ntdEows, the value returned from BeginPaint is also this device context handle. In most
cases, fErase will be flagged FALSE (0), meaning that Windows has already erased the background of theinvalid
rectangle. This happens earlier in the BeginPaint function. (If you want to do some customized background
erasing in your window procedure, you can process the WM_ERASEBKGND message.) Windows erases the
background using the brush specified in the hbrBackground field of the WNDCLASS structure that you use when
registering the window class during WinMain initialization. Many Windows programs specify a white brush for
the window background. Thisisindicated when the program sets up the fields of the window class structure with
astatement like this:

wndclass.hbrBackground = (HBRUSH) GetStockObject (WHITE_BRUSH) ;

However, if your program invalidates a rectangle of the client area by calling InvalidateRect, the last argument of
the function specifies whether you want the background erased. If this argument is FALSE (that is, 0), Windows
will not erase the background and the fErase field of the PAINTSTRUCT structure will be TRUE (nonzero) after
you call BeginPaint.

ThercPaint field of the PAINTSTRUCT structure is a structure of type RECT., the RECT structure defines a
rectangle with four fields named | €ft, top, right, and bottom. The rcPaint field in the PAINTSTRUCT structure
defines the boundaries of the invalid rectangle, as shown in Figure 4-1. The values are in units of pixelsrelative to
the upper left corner of the client area. The invalid rectangle is the area that you should repaint.

ThercPaint rectangle in PAINTSTRUCT is not only the invalid rectangle; it isalso a"clipping” rectangle. This
means that Windows restricts painting to within the clipping rectangle. More precisely, if theinvalid region is not
rectangular, Windows restricts painting to within that region.

To paint outside the update rectangle while processing WM _PAINT messages, you can make this call:
InvalidateRect (hwnd, NULL, TRUE) ;

before calling BeginPaint. Thisinvalidates the entire client area and causes BeginPaint to erase the background. A
FALSE vaue in the last argument will not erase the background. Whatever was there will stay.

It isusually most convenient for a Windows program to simply repaint the entire client area whenever it receives
aWM_PAINT message, regardless of the rcPaint structure. For example, if part of the display output in the client
areaincludes acircle but only part of the circle falls within the invalid rectangle, it makes little sense to draw only
theinvalid part of the circle. Draw the whole circle. When you use the device context handle returned from
BeginPaint, Windows will not paint outside the rcPaint rectangle anyway.

6.Explain about Text out function and system metric.

TextOut: The Details

TextOut is the most common GDI function for displaying text. Its syntax is

TextOut (hdc, X, y, psText, iLength) ;

Let's examine this function in more detail.

The first argument is the handl e to the device context—either the hdc value returned from GetDC or the hdc value
returned from BeginPaint during processing of aWM_PAINT message.
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The attri butes of the dew ce context control the characteristics of this displayed text. For instance, one attribute of
the device context specifies the text color. The default color (we discover with some degree of comfort) is black.
The default device context aso defines atext background color, and thisis white. When a program writes text to
the display, Windows uses this background color to fill in the rectangular space surrounding each character, called
the "character box."

The text background color is not the same background you set when defining the window class. The background
in the window classis a brush—which is a pattern that may or may not be a pure color—that Windows uses to
erase the client area. It is not part of the device context structure. When defining the window class structure, most
Windows applications use WHITE_BRUSH so that the default text background color in the default device context
is the same color as the brush Windows uses to erase the background of the client area.

The psText argument is a pointer to a character string, and iLength is the number of charactersin the string. If
psText points to a Unicode character string, then the number of bytesin the string is doubl e the iLength value. The
string should not contain any ASCII control characters such as carriage returns, linefeeds, tabs, or backspaces.
Windows displays these control characters as boxes or solid blocks. TextOut does not recognize a zero byte (or for
Unicode, a zero short integer) as denoting the end of a string. The function uses the iLength argument to
determine the string's length.

The x and y arguments to TextOut define the starting point of the character string within the client area. The x
value isthe horizontal position; the y value is the vertical position. The upper left corner of the first character is
positioned at the coordinate point (X, y). In the default device context, the origin (that is, the point where x and y
both equal 0) isthe upper left corner of the client area. If you use zero values for x and y in TextOut, the character
string starts flush against the upper left corner of the client area.

Just as a program can determine information about the sizes (or "metrics") of user interface items by calling the
GetSystemMetrics function, a program can determine font sizes by calling GetTextMetrics. GetTextMetrics
requires a handle to a device context because it returns information about the font currently selected in the device
context. Windows copies the various values of text metricsinto a structure of type TEXTMETRIC defined in
WINGDI.H. The TEXTMETRIC structure has 20 fields, but we're interested in only the first seven:

typedef struct tagTEXTMETRIC
LONG tmHeight ;
LONG tmAscent ;
LONG tmDescent ;
LONG tminternalLeading ;
LONG tmExternalLeading ;
LONG tmAveCharWidth ;
LONG tmMaxCharWidth ;

[other structure fields]

}
TEXTMETRIC, * PTEXTMETRIC ;

The values of these fields are in units that depend on the mapping mode currently selected for the device context.
In the default device context, this mapping modeisMM_TEXT, so the dimensions are in units of pixels.

To usethe GetTextMetrics function, you first need to define a structure variable, commonly called tm:
TEXTMETRIC tm;

When you need to determine the text metrics, you get a handle to a device context and call GetTextMetrics:
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hdc = GetDC (hwnd)
GetTextMetrics (hdc, &tm) ;
ReleaseDC (hwnd, hdc) ;

Y ou can then examine the values in the text metric structure and probably save afew of them for future use.
Text Metrics: The Details

The TEXTMETRIC structure provides various types of information about the font currently selected in the device
context. However, the vertical size of afont is defined by only five fields of the structure, four of which are

shown in Figure 4-3.
N 1
iminternalLeading

> imAscent
> tmHeight

— Baseling
imDescer j

Figure 4-3. Four values defining vertical character sizesin a font.

The most important value is tmHeight, which is the sum of tmAscent and tmDescent. These two val ues represent
the maximum vertical extents of charactersin the font above and below the baseline. The term "leading” refers to
space that a printer inserts between lines of text. In the TEXTMETRIC structure, internal leading isincluded in
tmAscent (and thus in tmHeight) and is often the space in which accent marks appear. The tminternal Leading
field could be set to O, in which case accented |etters are made alittle shorter so that the accent marks fit within
the ascent of the character.

The TEXTMETRIC structure aso includes a field named tmExternal Leading, which is not included in the
tmHeight value. Thisisan amount of space that the designer of the font suggests be added between successive
rows of displayed text. Y ou can accept or reject the font designer's suggestion for including external 1eading when
spacing lines of text. In the system fonts that I've encountered recently, tmExter nal Leading has been zero, which
iswhy | didn't includeit in Figure 4-3. (Despite my vow not to tell you the dimensions of a system font, Figure 4-
3isaccurate for the system font that Windows uses by default for a 640 by 480 display.)

The TEXTMETRIC structure contains two fields that describe character widths: the tmAveCharWidth field isa
weighted average of lowercase characters, and tmMaxCharWidth is the width of the widest character in the font.
For afixed-pitch font, these val ues are the same. (For the font illustrated in Figure 4-3, these values are 7 and 14,
respectively.)
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The sample prrograms In thlslchapter will require another character width—the average width of uppercase letters.

Y ou can calculate this fairly accurately as 150% of tmAveCharWidth.

It's important to realize that the dimensions of a system font are dependent on the pixel size of the video display
on which Windows runs and, in some cases, on the system font size the user has selected. Windows provides a
device-independent graphicsinterface, but you have to help. Don't write your Windows programs so that they
guess at character dimensions. Don't hard-code any values. Use the GetTextMetrics function to obtain this
information.

7. Writeawindows program to draw a scroll bar.

#include <windows.h>
#include "sysmets.h"

LRESULT CALLBACK WndProc (HWND, UINT, WPARAM, LPARAM) ;

int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance,
PSTR szCmdLine, int iCmdShow)
{

static TCHAR szAppName[] = TEXT ("SysMets2") ;
HWND hwnd ;

MSG msg ;

WNDCLASS wndclass;

wndclass.style =CS HREDRAW |CS VREDRAW ;
wndclass.IpfnwndProc = WndProc ;

wndclass.cbClsExtra =0;

wndclass.cbwndExtra =0;

wndclass.hinstance = hinstance ;

wndclass.hlcon = Loadlcon (NULL, IDI_APPLICATION) ;
wndclass.hCursor = LoadCursor (NULL, IDC_ARROW) ;
wndclass.hbrBackground = (HBRUSH) GetStockObject (WHITE_BRUSH) ;
wndclass.|pszMenuName = NULL ;

wndclass.|pszClassName = szAppName ;

if ('RegisterClass (&wndclass))

MessageBox (NULL, TEXT ("This program requires Windows NT!"),
szAppName, MB_ICONERROR) ;
return O ;

}

hwnd = CreateWindow (szAppName, TEXT ("Get System Metrics No. 2"),
WS_OVERLAPPEDWINDOW |WS_VSCROLL,
CW_USEDEFAULT, CW_USEDEFAULT,
CW_USEDEFAULT, CW_USEDEFAULT,

NULL, NULL, hinstance, NULL) ;

ShowWindow (hwnd, iCmdShow) ;
UpdateWindow (hwnd) ;

while (GetMessage (& msg, NULL, 0, 0))
{
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TrandateMessage (& msg) ;
DispatchM essage (& msg) ;
}

return msg.wParam ;

}

LRESULT CALLBACK WndProc (HWND hwnd, UINT message, WPARAM wParam, LPARAM |Param)
{

static int cxChar, cxCaps, cyChar, cyClient, iVscrollPos;;

HDC hdc ;

int ihY;

PAINTSTRUCT ps;

TCHAR  szBuffer[10] ;

TEXTMETRIC tm;

switch (message)
{

case WM_CREATE:
hdc = GetDC (hwnd) ;

GetTextMetrics (hdc, &tm) ;

cxChar = tm.tmAveCharWidth ;

cxCaps = (tm.tmPitchAndFamily & 1?3 :2) * cxChar / 2;
cyChar = tm.tmHeight + tm.tmExternal Leading ;

ReleaseDC (hwnd, hdc) ;

SetScrollRange (hwnd, SB_VERT, 0, NUMLINES - 1, FALSE) ;
SetScrollPos (hwnd, SB_VERT, iVscrollPos, TRUE) ;
returnO;

caseWM_SIZE:
cyClient = HIWORD (IParam) ;
returnO;

case WM_VSCROLL:
switch (LOWORD (wParam))
{
case SB_LINEUP:
iVscrollPos-=1;
break ;

case SB_LINEDOWN:
iVscrollPos+=1;
break ;

case SB_ PAGEUP:
iVscrollPos -= cyClient / cyChar ;
break ;

case SB_PAGEDOWN:

iVscrollPos += cyClient / cyChar ;
break ;
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case SB. THUMBPOSITION:
iVscrollPos = HIWORD (wParam) ;
break ;

default :
break ;
}

iVscrollPos = max (0, min (iVscrollPos, NUMLINES - 1)) ;
if (iVscrollPos !'= GetScroll Pos (hwnd, SB_VERT))

SetScrollPos (hwnd, SB_VERT, iVscrollPos, TRUE) ;
InvalidateRect (hwnd, NULL, TRUE) ;

}
return O ;

case WM _PAINT:
hdc = BeginPaint (hwnd, &ps) ;

for 1=0;i <NUMLINES; i++)

{
y =cyChar * (i - iVscrollPos) ;

TextOut (hdc, O, v,
sysmetricgi].szLabdl,
Istrlen (sysmetricgi].szLabel)) ;

TextOut (hdc, 22 * cxCaps, Y,
sysmetricg[i].szDesc,
Istrlen (sysmetricgi].szDesc)) ;

SetTextAlign (hde, TA_RIGHT | TA_TOP) ;
TextOut (hdc, 22 * cxCaps + 40 * cxChar, y, szBuffer,
wsprintf (szBuffer, TEXT ("%?5d"),
GetSystemMetrics (sysmetricgi].ilndex))) ;

SetTextAlign (hdc, TA_LEFT | TA_TOP) ;

}
EndPaint (hwnd, &ps) ;
return O ;

case WM_DESTROY:

PostQuitMessage (0) ;
return O ;

}
return DefWindowProc (hwnd, message, wParam, [Param) ;

}

8. Write a windows program to draw a sinewave
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SINEWAVE.C

/*

SINEWAVE.C -- Sine Wave Using Polyline
(c) Charles Petzold, 1998
*/

#include <windows.h>
#include <math.h>

#define NUM 1000
#define TWOPI (2 * 3.14159)

LRESULT CALLBACK WndProc (HWND, UINT, WPARAM, LPARAM) ;

int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance,
PSTR szCmdLine, int iCmdShow)
{

static TCHAR szAppName[] = TEXT ("SineWave") ;
HWND hwnd ;

MSG msg ;

WNDCLASS wndclass;

wndclass.style =CS HREDRAW |CS VREDRAW ;
wndclass.IpfnWwndProc = WndProc ;

wndclass.cbClsExtra =0;

wndclass.cbwndExtra =0;

wndclass.hinstance = hinstance;

wndclass.hlcon = Loadlcon (NULL, IDI_APPLICATION) ;
wndclass.hCursor = LoadCursor (NULL, IDC_ARROW) ;
wndclass.hbrBackground = (HBRUSH) GetStockObject (WHITE_BRUSH) ;
wndclass.|pszMenuName = NULL ;

wndclass.|pszClassName = szAppName ;

if ('RegisterClass (&wndclass))

MessageBox (NULL, TEXT ("Program requires Windows NT!"),
szAppName, MB_ICONERROR) ;
return O ;

}

hwnd = CreateWindow (szAppName, TEXT ("Sine Wave Using Polyling"),
WS_OVERLAPPEDWINDOW,
CW_USEDEFAULT, CW_USEDEFAULT,
CW_USEDEFAULT, CW_USEDEFAULT,
NULL, NULL, hinstance, NULL) ;

ShowWindow (hwnd, iCmdShow) ;
UpdateWindow (hwnd) ;

while (GetMessage (& msg, NULL, 0, 0))

{
TrandateMessage (& msg) ;

DispatchM essage (& msy) ;
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return msg.wParam ;

}
LRESULT CALLBACK WndProc (HWND hwnd, UINT message, WPARAM wParam, LPARAM |Param)
{
staticint cxClient, cyClient ;
HDC hdc ;
int i;
PAINTSTRUCT ps;
POINT  apt[NUM];
switch (message)
{
caseWM_SIZE:
cxClient = LOWORD (IParam) ;
cyClient = HIWORD (IParam) ;
return O ;
case WM_PAINT:
hdc = BeginPaint (hwnd, &ps) ;
MoveToEx (hdc, 0, cyClient /2, NULL) ;
LineTo (hdc, cxClient, cyClient/ 2) ;
for(1=0;i<NUM ;i++)
{
apt[i].x =i * cxClient / NUM ;
apt[i].y = (int) (cyClient/ 2* (1 -sin (TWOPI * i /| NUM))) ;
Palyline (hdc, apt, NUM) ;
return O ;
case WM_DESTROY:
PostQuitMessage (0) ;
return O;
}
return DefWindowProc (hwnd, message, wParam, |Param) ;
}

i Sine Wave Uring Polyline
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9. Explain about Child window controls.

These programs display a grid of rectangles. When you click the mouse in a rectangle, the program draws an X.
When you click again, the X disappears. Although the CHECKER1 and CHECKER?Z versions of this program use
only one main window, the CHECKERS version uses a child window for each rectangle. The rectangles are
maintained by a separate window procedure named ChildProc.

If we wanted to, we could add afacility to ChildProc to send a message to its parent window procedure
(WhdProc) whenever arectangleis checked or unchecked. Here's how: The child window procedure can
determine the window handle of its parent by calling GetParent,

hwndParent = GetParent (hwnd) ;

where hwnd is the window handle of the child window. It can then send a message to the parent window
procedure:

SendM essage (hwndParent, message, wParam, |Param) ;

What would message be set to? Well, anything you want, really, aslong as the numeric value is set to WM_USER
or above. These numbers represent a range of messages that do not conflict with the predefined WM _ messages.
Perhaps for this message the child window could set wParam to its child window ID. The |Param could then be
setto alif the child window were being checked and a 0 if it were being unchecked.

Thisin effect creates a"child window control.” The child window processes mouse and keyboard messages and
notifies the parent window when the child window's state has changed. In this way, the child window becomes a
high-level input device for the parent window. It encapsulates a specific functionality with regard to its graphical
appearance on the screen, its response to user input, and its method of notifying another window when an
important input event has occurred.

Child window controls are used most often in dialog boxes. As you'll seein Chapter 11, the position and size of
the child window controls are defined in a dialog box template contained in the program'’s resource script.
However, you can also use predefined child window controls on the surface of a normal window's client area.

Y ou create each child window with a CreateWindow call and adjust the position and size of the child windows
with calls to MoveWindow. The parent window procedure sends messages to the child window controls, and the
child window controls send messages back to the parent window procedure.

The Windows programming documentation discusses child window controls in two places. First, the ssimple
standard controls that you've seen in countless dialog boxes are described in /Platform SDK/User Interface
Services/Controls. These are buttons (including check boxes and radio buttons), static controls (such as text
labels), edit boxes (which let you enter and edit lines or multiple lines of text), scroll bars, list boxes, and combo
boxes. With the exception of the combo box, these controls have been around since Windows 1.0. This section of
the Windows documentation also includes the rich edit control, which is similar to the edit box but allows editing
formatted text with different fonts and such, and application desktop toolbars.

TheButton Class

WEell begin our exploration of the button window class with a program named BTNLOOK ("button look™), which
isshown in Figure 9-1. BTNLOOK creates 10 child window button controls, one for each of the 10 standard
styles of buttons.

Creating the Child Windows
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BTNLOOK definesa structure called button that contains button window styles and descriptive text strings for
each of the 10 types of buttons. The button window styles all begin with the letters BS, which stand for "button
style." The 10 button child windows are created in afor loop during WM_CREATE message processing in
WhdProc. The CreateWindow call uses the following parameters:

Class name TEXT ("button™)

Window text button[i].szText

Window style WS _CHILD |WS VISIBLE | button[i].iStyle
X position cxChar

y position cyChar * (1+2*1i)

Width 20 * xChar

Height 7* yChar/ 4

Parent window hwnd

Child window 1D (HMENU) i

Instance handle ((LPCREATESTRUCT) IParam) -> hinstance
Extra parameters NULL

The class name parameter is the predefined name. The window style uses WS _CHILD, WS _VISIBLE, and one of
the 10 button styles (BS_PUSHBUTTON, BS DEFPUSHBUTTON, and so forth) that are defined in the button
structure. The window text parameter (which for a normal window is the text that appearsin the caption bar) is
text that will be displayed with each button. I've simply used text that identifies the button style.

List Box Styles
The Listbox Class

Thefind predefined child window control I'll discussin this chapter isthelist box. A list box isa collection of
text strings displayed as a scrollable columnar list within arectangle. A program can add or remove strings in the
list by sending messages to the list box window procedure. Thelist box control sends WM_COMMAND
messages to its parent window when an iteminthelist is selected. The parent window can then determine which
item has been selected.

A list box can be either single selection or multiple selection. The latter allows the user to select more than one
item from the list box. When alist box has the input focus, it displays a dashed line surrounding an item in the list
box. This cursor does not indicate the selected item in the list box. The selected item isindicated by highlighting,
which displays the item in reverse video.

You create alist box child window control with CreateWindow using "listbox" asthe window class and

WS _CHILD asthe window style. However, this default list box style does not send WM_COMMAND messages
to its parent, meaning that a program would have to interrogate the list box (via messages to the list box controls)
regarding the selection of items within the list box. Therefore, list box controls amost always include the list box
styleidentifier LBS NOTIFY, which alows the parent window to receive WM_COMMAND messages from the
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list box. It you want thellst box control to sort the itemsin thelist box, you can also use LBS_SORT, another

common style.
10. Explain about rectangle and clipping.
Rectangles, Regions, and Clipping

Windows includes severd additional drawing functions that work with RECT (rectangle) structures and regions.
A region isan area of the screen that is a combination of rectangles, polygons, and ellipses.

Working with Rectangles
These three drawing functions require a pointer to arectangle structure:

Fill Rect (hdc, &rect, hBrush) ;
FrameRect (hdc, &rect, hBrush) ;
Invert Rect (hdc, &rect) ;

In these functions, the rect parameter is a structure of type RECT with four fields: left, top, right, and bottom. The
coordinates in this structure are treated as logical coordinates.

FillRect fills the rectangle (up to but not including the right and bottom coordinates) with the specified brush. This
function doesn't require that you first select the brush into the device context.

FrameRect uses the brush to draw arectangular frame, but it does not fill in the rectangle. Using a brush to draw a
frame may seem alittle strange, because with the functions that you've seen so far (such as Rectangle) the border
is drawn with the current pen. FrameRect allows you to draw arectangular frame that isn't necessarily a pure
color. Thisframeis onelogica unit wide. If logical units are larger than device units, the frame will be 2 or more
pixelswide.

InvertRect inverts all the pixelsin the rectangle, turning ones to zeros and zerosto ones. This function turns a
white areato black, ablack areato white, and a green areato magenta.

Windows a so includes nine functions that alow you to manipulate RECT structures easily and cleanly. For
instance, to set the four fields of a RECT structure to particular values, you would conventionally use code that

looks like this:

rect.left = xLeft ;
rect.top = xTop ;
rect.right = xR ght ;
rect.bottom= xBottom;

By calling the SetRect function, however, you can achieve the same result with asingle line:

Set Rect (& ect, xLeft, yTop, xRight, yBottom ;

Clipping with Rectangles and Regions

Regions can also play arolein clipping. The InvalidateRect function invalidates a rectangular area of the display

and generatesaWM_PAINT message. For example, you can use the InvalidateRect function to erase the client
areaand generate aWM_PAINT message:
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InvalidateRect (hwnd NULL TRUE) ;

Y ou can obtain the coordinates of the invalid rectangle by calling GetUpdateRect, and you can validate a
rectangle of the client area using the ValidateRect function. When you receive aWM_PAINT message, the
coordinates of theinvalid rectangle are available from the PAINTSTRUCT structure that isfilled in by the
BeginPaint function. Thisinvalid rectangle also defines a"clipping region." Y ou cannot paint outside the clipping
region.

Windows has two functions similar to InvalidateRect and ValidateRect that work with regions rather than
rectangles.

InvalidateRgn (hwnd, hRgn, bErase) ;
and
VaidateRgn (hwnd, hRgn) ;

When you receive aWM_PAINT message as aresult of an invalid region, the clipping region will not necessarily
be rectangular in shape.

Y ou can create a clipping region of your own by selecting a region into the device context using either
SelectObject (hdc, hRgn) ;

or

SelectClipRgn (hdc, hRgn) ;

A clipping region is assumed to be measured in device coordinates.

GDI makes a copy of the clipping region, so you can del ete the region object after you select it in the device
context. Windows also includes several functions to manipulate this clipping region, such as ExcludeClipRect to
exclude a rectangle from the clipping region, IntersectClipRect to create a new clipping region that isthe

intersection of the previous clipping region and a rectangle, and OffsetClipRgn to move a clipping region to
another part of the client area.
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VISUAL PROGRAMMING
Unit —11
1. Explain about VC++ components

Visual C++

Code compilation Resource compilation

P - L
- Hesource compiler

TheVisual C++ Components

Microsoft Visual C++ istwo complete Windows application development systems in one product. If you so
choose, you can develop C-language Windows programs using only the Win32 API. C-language Win32
programming is described in Charles Petzold's book Programming Windows 95 (Microsoft Press, 1996). Y ou
can use many Visua C++ tools, including the resource editors, to make low-level Win32 programming
easier.

Visual C++ also includesthe ActiveX Template Library (ATL), which you can use to develop ActiveX
controls for the Internet. ATL programming is neither Win32 C-language programming nor MFC
programming, and it's complex enough to deserve its own book.

Use of the MFC library programming interface doesn't cut you off from the Win32 functions. In fact, you'll
almost aways need some direct Win32 callsin your MFC library programs.
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Microsoft Visual C++ 6.0 and the Build Process

Visua Studio 6.0 isasuite of developer tools that includes Visual C++ 6.0. The Visua C++ IDE is shared by
several toolsincluding Microsoft Visua H+. The IDE has come a long way from the original Visual
Workbench, which was based on QuickC for Windows. Docking windows, configurable toolbars, plusa
customizable editor that runs macros, are now part of Visual Studio. The online help system (now integrated
with the MSDN Library viewer) works like aWeb browser. Figure 1-2 shows Visual C++ 6.0 in action.

If you've used earlier versions of Visua C++ or another vendor's IDE, you aready understand how Visual
C++ 6.0 operates. But if you're new to IDES, you'll need to know what a project is. A project isa collection
of interrelated source files that are compiled and linked to make up an executable Windows-based program
oraDLL. Sourcefilesfor each project are generally stored in a separate subdirectory. A project depends on
many files outside the project subdirectory too, such asinclude filesand library files.

Visua C++ creates some intermediate filestoo. The following table lists the files that Visual C++ generates
in the workspace.

File Extension Description

APS Supports ResourceView
BSC Browser information file
CLW Supports ClassWizard
DEP Dependency file

DSP Project file*

DSW Workspace file*

MAK External makefile

NCB Supports ClassView
OPT Holds workspace configuration
PLG Buildslog file

* Do not delete or edit in atext editor.
The Resour ce Editors—Wor kspace Resour ceView

When you click on the ResourceView tab in the Visua C++ Workspace window, you can select aresource
for editing. The main window hosts a resource editor appropriate for the resource type. The window can aso
host a wysiwyg editor for menus and a powerful graphica editor for dialog boxes, and it includes tools for
editing icons, bitmaps, and strings. The dialog editor allows you to insert ActiveX controls in addition to
standard Windows controls and the new Windows common controls (which have been further extended in
Visua C++ 6.0). Each project usualy has one text-format resource script (RC) file that describesthe
project's menu, dialog, string, and accelerator resources. The RC file also has #include statementsto bring in
resources from other subdirectories. These resources include project-specific items, such as bitmap (BMP)
and icon (ICO) files, and resources common to all Visual C++ programs, such as error message strings.
Editing the RC file outside the resource editorsis not recommended. The resource editors can also process
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EXE and DLL files, so you can use the clipboard to "steal" resources, such as bitmaps and icons, from other
Windows applications.

The C/C++ Compiler

The Visual C++ compiler can process both C source code and C++ source code. It determines the language
by looking at the source code's filename extension. A C extension indicates C source code, and CPP or CXX
indicates C++ source code. The compiler is compliant with all ANSI standards, including the latest
recommendations of aworking group on C++ libraries, and has additional Microsoft extensions. Templates,
exceptions, and runtime type identification (RTTI) are fully supported in Visual C++ version 6.0. The C++
Standard Template Library (STL) isaso included, although it is not integrated into the MFC library.

The Sour ce Code Editor

Visua C++ 6.0 includes a sophisticated source code editor that supports many features such as dynamic
syntax coloring, auto-tabbing, keyboard bindings for a variety of popular editors (such asVI and EMACS),
and pretty printing. In Visual C++ 6.0, an exciting new feature named AutoComplete has been added. If you
have used any of the Microsoft Office products or Microsoft Visual Basic, you might already be familiar
with this technology. Using the Visua C++ 6.0 AutoComplete feature, all you have to do istype the
beginning of a programming statement and the editor will provide you with alist of possible completionsto
choose from. This feature is extremely handy when you are working with C++ objects and have forgotten an
exact member function or data member name—they are all therein thelist for you. Y ou no longer have to
memorize thousands of Win32 APIs or rely heavily on the online help system, thanks to this new feature.

The Resour ce Compiler

The Visual C++ resource compiler reads an ASCII resource script (RC) file from the resource editors and
writes a binary RESfile for the linker.

TheLinker

The linker reads the OBJ and RES files produced by the C/C++ compiler and the resource compiler, and it
accesses LIB filesfor MFC code, runtime library code, and Windows code. It then writes the project's EXE
file. Anincremental link option minimizes the execution time when only minor changes have been made to
the source files. The MFC header files contain #pragma statements (special compiler directives) that specify
therequired library files, so you don't have to tell the linker explicitly which librariesto read.

The Debugger

If your program works the first time, you don't need the debugger. The rest of us might need one from time
totime. The Visua C++ debugger has been steadily improving, but it doesn't actually fix the bugs yet. The
debugger works closely with Visual C++ to ensure that breakpoints are saved on disk. Toolbar buttonsinsert
and remove breakpoints and control single-step execution. Figure 1-3 illustrates the Visual C++ debugger in
action. Note that the Variables and Watch windows can expand an object pointer to show all data members
of the derived class and base classes. If you position the cursor on asimple variable, the debugger shows you
itsvaluein alittle window. To debug a program, you must build the program with the compiler and linker
options set to generate debugging information.

Figure 1-3. The Visual C++ debugger window.
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Visua C++ 6.0 adds a new twist to debugging with the Edit And Continue feature. Edit And Continue lets
you debug an application, change the application, and then continue debugging with the new code. This
feature dramatically reduces the amount of time you spend debugging because you no longer haveto
manually leave the debugger, recompile, and then debug again. To use this feature, simply edit any code
while in the debugger and then hit the continue button. Visual C++ 6.0 automatically compiles the changes
and restarts the debugger for you.

AppWizard

AppWizard is a code generator that creates a working skeleton of a Windows application with features, class
names, and source code filenames that you specify through dialog boxes. Y ou'll use AppWizard extensively
as you work through the examples in this book. Don't confuse AppWizard with older code generators that
generate all the code for an application. AppWizard code is minimalist code; the functionality isinside the
application framework base classes. AppWizard gets you started quickly with a new application.

Advanced devel opers can build custom AppWizards. Microsoft Corporation has exposed its macro-based
system for generating projects. If you discover that your team needs to develop multiple projects with a
telecommunications interface, you can build a special wizard that automates the process.

ClassWizard

ClassWizard is a program (implemented as a DLL) that's accessible from Visual C++'s View menu.
ClassWizard takes the drudgery out of maintaining Visual C++ class code. Need a new class, a new virtual
function, or a new message-handler function? ClassWizard writes the prototypes, the function bodies, and (if
necessary) the code to link the Windows message to the function. ClassWizard can update class code that
you write, so you avoid the maintenance problems common to ordinary code generators. Some ClassWizard
features are available from Visua C++'s WizardBar toolbar, shown in Figure 1-2.

The Sour ce Browser

If you write an application from scratch, you probably have a good mental picture of your source code files,
classes, and member functions. If you take over someone else's application, you'll need some assistance. The
Visua C++ Source Browser (the browser, for short) |ets you examine (and edit) an application from the class
or function viewpoint instead of from the file viewpoint. It's a little like the "inspector” tools available with
object-oriented libraries such as Smalltalk. The browser has the following viewing modes:

o Definitions and References—Y ou select any function, variable, type, macro, or class and then see
where it's defined and used in your project.

o Call Graph/Callers Graph—For asdected function, you'll see agraphica representation of the
functionsit calls or the functionsthat call it.

e Derived Classes and Member §Base Classes and M ember s—These are graphical class hierarchy
diagrams. For aselected class, you see the derived classes or the base classes plus members. Y ou can
control the hierarchy expansion with the mouse.

e File Outline—For aselected file, the classes, functions, and data members appear together with the
places in which they're defined and used in your project.

If you rearrange the lines in any source codefile, Visual C++ regenerates the browser database when you
rebuild the project. Thisincreases the build time.
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2. List out thefeature of application framework

One definition of application framework is "an integrated collection of object-oriented software components
that offers al that's needed for a generic application.” That isn't a very useful definition, isit? If you realy
want to know what an application framework is, you'll have to read the rest of this book. The application
framework example that you'll familiarize yourself with later in this chapter is a good starting point.

Why Usethe Application Framework?

If you're going to develop applications for Windows, you've got to choose a development environment.
Assuming that you've already rejected non-C options such as Microsoft Visual Basic and Borland Delphi,
here are some of your remaining options:

Program in C with the Win32 API

Write your own C++ Windows class library that uses Win32

Use the MFC application framework

Use another Windows-based application framework such as Borland's Object Windows Library
(OWL)

If you're starting from scratch, any option involves a big learning curve. If you're already a Winl6 or Win32
programmer, you'll still have alearning curve with the MFC library. Since its release, MFC has become the
dominant Windows class library. But even if you're familiar with it, it's still a good idea to step through the

features of this programming choice.

The MFC library isthe C++ Microsoft Windows API. If you accept the premise that the C++ language is
now the standard for serious application development, you'd have to say that it's natural for Windows to have
a C++ programming interface. What better interface i s there than the one produced by Microsoft, creator of
Windows? That interface isthe MFC library.

Application framework applications use a standard structure. Any programmer starting on alarge
project develops some kind of structure for the code. The problem isthat each programmer's structureis
different, and it's difficult for a new team member to learn the structure and conform to it. The MFC library
application framework includes its own application structure—one that's been proven in many software
environments and in many projects. If you write a program for Windows that uses the MFC library, you can
safely retire to a Caribbean island, knowing that your minions can easily maintain and enhance your code
back home.

Don't think that the MFC library's structure makes your programsinflexible. With the MFC library, your
program can call Win32 functions at any time, so you can take maximum advantage of Windows.

Application framework applications ar e small and fast. Back in the 16-bit days, you could build a self-
contained Windows EXE file that was less than 20 kilobytes (KB) in size. Today, Windows programs are
larger. One reason isthat 32-bit code is fatter. Even with the large memory model, aWin16 program used
16-hit addresses for stack variables and many globals. Win32 programs use 32-bit addresses for everything
and often use 32-hit integers because they're more efficient than 16-bit integers. In addition, the new C++
exception-handling code consumes alot of memory.
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That old 20-KB program dldnt have a docking toolbar, splitter windows, print preview capabilities, or
control container support—features that users expect in modern programs. MFC programs are bigger because
they do more and look better. Fortunately, it's now easy to build applications that dynamically link to the
MFC code (and to C runtime code), so the size goes back down again—from 192 KB to about 20 KB! Of
course, you'll need some big support DLLs in the background, but those are a fact of life these days.

Asfar as speed is concerned, you're working with machine code produced by an optimizing compiler.
Executionisfast, but you might notice a startup delay while the support DLLs are |oaded.

The Visual C++ toolsreduce coding drudgery. The Visual C++ resource editors, AppWizard, and
ClassWizard significantly reduce the time needed to write code that is specific to your application. For
example, the resource editor creates a header file that contains assigned val ues for #define constants. A pp-
Wizard generates skeleton code for your entire application, and ClassWizard generates prototypes and
function bodies for message handlers.

." This document-view architecture is the core of the application framework and is loosely based on the
Mode/View/Controller classes from the Smalltalk world.

In simple terms, the document-view architecture separates data from the user's view of the data. One obvious
benefit is multiple views of the same data. Consider a document that consists of a month's worth of stock
guotes stored on disk. Suppose atable view and achart view of the data are both available. The user updates
values through the table view window, and the chart view window changes because both windows display
the same information (but in different views).

In an MFC library application, documents and views are represented by instances of C++ classes

3. What arethevarioustypes of mapping modes available.
M apping M odes
Up to now, your drawing units have been display pixels, aso known as device coordinates. The EX04A

drawing units are pixels because the device context has the default mapping mode, MM_TEXT, assigned to it.
The statement

pDC->Rectangle(CRect(0, 0, 200, 200));

draws a square of 200-by-200 pixels, with its top-left corner at the top left of the window's client area.
(Positive y values increase as you move down the window.) This square would ook smaller on a high-
resolution display of 1024-by-768 pixels than it would look on a standard VGA display that is 640-by-480
pixels, and it would look tiny if printed on alaser printer with 600-dpi resolution. (Try EXO04A's Print
Preview feature to see for yourself.)

What if you want the square to be 4-by-4 centimeters (cm), regardless of the display device? Windows
provides a number of other mapping modes, or coordinate systems, that can be associated with the device
context. Coordinates in the current mapping mode are called logical coordinates. If you assign the
MM_HIMETRIC mapping mode, for example, alogica unit is /.0 millimeter (mm) instead of 1 pixel. In the
MM_HIMETRIC mapping mode, they axis runs in the opposite direction to that in the MM_TEXT mode: y
values decrease as you move down. Thus, a4-by-4-cm square is drawn in logical coordinates this way:

pDC->Rectangle(CRect(0, 0, 4000, -4000));
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Looks easy, doesnt it? Well, it isn't, because you can't work only in logical coordinates. Y our programis
aways switching between device coordinates and logical coordinates, and you need to know when to convert
between them. This section gives you afew rules that could make your programming life easier. First you
need to know what mapping modes Windows gives you.

The MM_TEXT Mapping Mode

At first glance, MM_TEXT appears to be no mapping mode at all, but rather another name for device
coordinates. Almost. In MM_TEXT, coordinates map to pixels, values of x increase as you move right, and
values of y increase as you move down, but you're allowed to change the origin through callsto the CDC
functions SetViewportOrg and SetWindowOrg. Here's some code that sets the window origin to (100, 100) in
logical coordinate space and then draws a 200-by-200-pixel square offset by (100, 100). (An illustration of
the output is shown in Figure 4-2.) Thelogica point (100, 100) maps to the device point (0, 0). A scrolling
window uses this kind of transformation.

void CMyView::OnDraw(CDC* pDC)

{
pDC->SetMapMode(MM_TEXT));
pD C->SetWindowOrg(CPoint(100, 100));
pDC->Rectangle(CRect(100, 100, 300, 300));

Q. 0)
{100, 100}—origin in logical
coordinate space...
"y, g,
it "y
= iy
"t "‘w,,,‘%
) i, s ~.mapsto (0 0)—crigin in
o, o ~we device coordinate space
o, o
b,
’m,% W
ity g This is what you would
o b see on screen.

This is the visible part of
logical coordinate space.

Figure4-2. A square drawn after the origin has been moved to (100, 100).
The Fixed-Scale Mapping Modes

Oneimportant group of Windows mapping modes provides fixed scaling. Y ou have already seen that, in the
MM_HIMETRIC mapping mode, X values increase as you move right and y values decrease as you move
down. All fixed mapping modes follow this convention, and you can't change it. The only difference among
the fixed mapping modes is the actual scale factor, listed in the table shown here.

Mapping Mode Logical Unit
MM_LOENGLISH 0.01 inch
MM_HIENGLISH 0.001inch
MM_LOMETRIC 0.1 mm
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MM_HIMETRIC 0.01 mm
MM_TWIPS Y1440 inch

The last mapping mode, MM_TWIPS, is most often used with printers. One twip unit is /, point. (A point is
atype measurement unit. In Windows it equals exactly /7, inch.) If the mapping modeis MM_TWIPS and
you want, for example, 12-point type, set the character height to 12 x 20, or 240, twips.

The Variable-Scale Mapping M odes

Windows provides two mapping modes, MM_ISOTROPIC and MM_ANISOTROPIC, that alow you to
change the scale factor aswell as the origin. With these mapping modes, your drawing can change size asthe
user changes the size of the window. Also, if you invert the scale of one axis, you can "flip" an image about
the other axis and you can define your own arbitrary fixed-scal e factors.

With the MM_ISOTROPIC mode, a1:1 aspect ratio is aways preserved. In other words, acircleis aways a
circle asthe scale factor changes. With the MM_ANISOTROPIC mode, the x and y scal e factors can change
independently. Circles can be squished into ellipses.

Here's an OnDraw function that draws an ellipse that fits exactly in its window:

void CMyView::OnDraw(CDC* pDC)

{
CRect rectClient;

GetClientRect(rectClient);
pDC->SetMapMode(MM_ANISOTROPIC);

pD C->SetWindowExt(1000, 1000);
pDC->SetViewportExt(rectClient.right, -rectClient.bottom);
pDC->SetViewportOrg(rectClient.right / 2, rectClient.bottom / 2);

pDC->Ellipse(CRect(-500, -500, 500, 500));
}

What's going on here? The functions SetWindowExt and SetViewportExt work together to set the scale, based
on the window's current client rectangle returned by the GetClientRect function. The resulting window sizeis
exactly 1000-by-1000 logical units. The SetViewportOrg function sets the origin to the center of the window.
Thus, acentered ellipse with aradius of 500 logica unitsfills the window exactly, asillustrated in Figure 4-
3.

Faabo0Engineers.com

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



faallnll!nglnanr S IIIIIII

G AGTG ISPIRL

-.-..

V axis

Client rectangle

(—500, 0) (500, 0)

X axis

Figure4-3. A centered ellipse drawn in the MM_ANISOTROPIC mapping mode.
Here are the formulas for converting logical unitsto device units:

x scale factor = x viewport extent / x window extent
y scale factor =y viewport extent / y window extent
devicex =logical x x x scale factor + x origin offset
devicey =logical y x y scae factor + y origin offset

Suppose the window is 448 pixels wide (rectClient.right). The right edge of the ellipse's client rectangleis
500 logical units from the origin. The x scale factor is 48/ 000, and the x ori gin offset is 448/, device units. If
you use the formulas shown on the previous page, the right edge of the ellipse's client rectangle comes out to
448 device units, the right edge of the window. The x scale factor is expressed as aratio (viewport
extent/window extent) because Windows device coordinates are integers, not floating-point values. The
extent values are meaningless by themsel ves.

If you substitute MM_ISOTROPIC for MM_ANISOTROPIC in the preceding example, the "ellipse” is always
acircle, as shown in Figure 4-4. It expands to fit the smallest dimension of the window rectangle.

4.Explain MFC (to explain SDI, MDI, and Dialog Based)

5.Explain in detail about GDI aobjects
GDI Objects

A Windows GDI object typeis represented by an MFC library class. CGdiObject is the abstract base class
for the GDI object classes. A Windows GDI object is represented by a C++ object of a class derived from
CGdiObject. Here's alist of the GDI derived classes:
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e CBitmap—A bitmap isan array of bitsin which one or more bits correspond to each display pixel.
Y ou can use bitmaps to represent images, and you can use them to create brushes.

e CBrush—A brush defines a bitmapped pattern of pixelsthat is used to fill areaswith color.

¢ CFont—A font is acomplete collection of characters of aparticular typeface and a particular size.
Fonts are generally stored on disk as resources, and some are device-specific.

o CPalette—A paetteis acolor mapping interface that alows an application to take full advantage of
the color capability of an output device without interfering with other applications.

e CPen—A penisatool for drawing lines and shape borders. Y ou can specify a pen's color and
thickness and whether it draws solid, dotted, or dashed lines.

e CRgn—A region is an areawhose shapeis a polygon, an ellipse, or a combination of polygons and
ellipses. Y ou can use regions for filling, clipping, and mouse hit-testing.

Constructing and Destroying GDI Objects

Y ou never construct an object of class CGdiObject; instead, you construct objects of the derived classes.
Constructors for some GDI derived classes, such as CPen and CBrush, allow you to specify enough
information to create the object in one step. Others, such as CFont and CRgn, require a second creation step.
For these classes, you construct the C++ object with the default constructor and then you call a create
function such as the CreateFont or CreatePolygonRgn function.

The CGdiObject class has a virtua destructor. The derived class destructors delete the Windows GDI objects
that are attached to the C++ objects. If you construct an object of a class derived from CGdiObject, you must
deleteit prior to exiting the program. To delete a GDI object, you must first separate it from the device
context. You'll see an example of thisin the next section.

Failureto delete a GDI object was a serious offense with Winl16. GDI memory was not released until the
user restarted Windows. With Win32, however, the GDI memory is owned by the process and is released
when your program terminates. Still, an unreleased GDI bitmap object can waste a significant amount of
memory.

Tracking GDI Objects

OK, so you know that you have to delete your GDI objects and that they must first be disconnected from
their device contexts. How do you disconnect them? A member of the CDC:: SelectObject family of
functions does the work of selecting a GDI object into the device context, and in the processit returns a
pointer to the previously selected object (which gets deselected in the process). Troubleis, you can't deselect
the old object without selecting a new object. One easy way to track the objectsisto "save" the origina GDI
object when you select your own GDI object and "restore” the origina object when you're finished. Then
you'll be ready to delete your own GDI object. Here's an example:

void CMyView::OnDraw(CDC* pDC)
{
CPen newPen(PS_DASHDOTDOT, 2, (COLORREF) 0); // black pen,
Il 2 pixelswide
CPen* pOldPen = pDC->Sel ectObj ect(& newPen);

pDC->MoveTo(10, 10);

pDC->Lineto(110, 10);
pDC->Sel ectObject(pOldPen); /I newPen is deselected
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} // newPen automatically destroyed on exit

When a device context object is destroyed, al its GDI objects are deselected. Thus, if you know that a device
context will be destroyed before its selected GDI objects are destroyed, you don't have to deselect the
objects. If, for example, you declare a pen as a view class data member (and you initidize it when you
initialize the view), you don't have to deselect the pen inside OnDraw because the device context, controlled
by the view base class's OnPaint handler, will be destroyed first.

Stock GDI Objects

Windows contains a number of stock GDI objects that you can use. Because these objects are part of
Windows, you don't have to worry about del eting them. (Windows ignores requests to del ete stock objects.)
The MFC library function CDC:: SelectStockObject selects a stock object into the device context and returns
a pointer to the previously selected object, which it deselects. Stock objects are handy when you want to
deselect your own nonstock GDI object prior to its destruction. Y ou can use a stock object as an alternative
to the "old" object you used in the previous example, as shown here:

void CMyView::OnDraw(CDC* pDC)
{
CPen newPen(PS_DASHDOTDOT, 2, (COLORREF) 0); // black pen,
Il 2 pixelswide

pDC->Sel ectObject(& newPen);

pDC->MoveTo(10, 10);

pDC->Lineto(110, 10);

pDC->Sel ectStockObject(BLACK _PEN); /I newPen is deselected
} // newPen destroyed on exit

The Microsoft Foundation Class Reference lists, under CDC:: SdectStockObject, the stock objects available
for pens, brushes, fonts, and palettes.

6. Explain about Windows color mapping
Windows Color Mapping

The Windows GDI provides a hardware-independent color interface. Y our program supplies an "absolute”
color code, and the GDI maps that code to a suitable color or color combination on your computer's video
display. Most programmers of applications for Windows try to optimize their applications color display for a
few common video card categories.

Standard Video Graphics Array Video Cards

A standard Video Graphics Array (VGA) video card uses 18-bit color registers and thus has a pal ette of
262,144 colors. Because of video memory constraints, however, the standard VGA board accommodates 4-
bit color codes, which means it can display only 16 colors at atime. Because Windows needs fixed colors for
captions, borders, scroll bars, and so forth, your programs can use only 16 "standard" pure colors. You
cannot conveniently access the other colors that the board can display.

Each Windows color is represented by a combination of 8-bit "red," "green," and "blue" values. The 16
standard VGA "pure" (nondithered) colors are shown in the table below.
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Color-oriented GDI functions accept 32-bit COLORREF parameters that contain 8-bit color codes each for
red, green, and blue. The Windows RGB macro converts 8-bit red, green, and blue values to a COLORREF
parameter. The following statement, when executed on a system with a standard VGA board, constructs a
brush with a dithered color (one that consists of a pattern of pure-color pixels):

CBrush brush(RGB(128, 128, 192));

Red Green Blue Color

0 0 0 Black

0 0 255 Blue

0 255 0 Green

0 255 255 Cyan

255 0 0 Red

255 0 255 Magenta
255 255 0 Yellow

255 255 255 White

0 0 128 Dark blue

0 128 0 Dark green
0 128 128 Dark cyan
128 0 0 Dark red
128 0 128 Dark magenta
128 128 0 Dark yellow
128 128 128 Dark gray
192 192 192 Light gray

The following statement (in your view's OnDraw function) sets the text background to red:
pDC->SetBkColor(RGB(255, 0, 0));

The CDC functions SetBkColor and SetTextColor don't display dithered colors as the brush-oriented drawing
functions do. If the dithered color pattern is too complex, the closest matching pure color is displayed.

256-Color Video Cards

Most video cards can accommodate 8-bit color codes at al resolutions, which means they can display 256
colors simultaneously. This 256-color modeis now considered to be the "lowest common denominator” for
color programming.

If Windows is configured for a 256-color display card, your programs are limited to 20 standard pure colors
unless you activate the Windows color palette system as supported by the MFC library CPalette class and the
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Windows AP, in which case you can choose your 256 colors from atotal of more than 16.7 million.. With
an SVGA 256-color display driver installed, you get the 16 VGA colorslisted in the previous table plus 4
more, for atotal of 20. The following table lists the 4 additional colors.

Red Green Blue Color

192 220 192 Money green
166 202 240 Sky blue
255 251 240 Cream

160 160 164 Medium gray

The RGB macro works much the same as it does with the standard VGA. If you specify one of the 20
standard colors for a brush, you get a pure color; otherwise, you get a dithered color. If you usethe
PALETTERGB macro instead, you don't get dithered colors; you get the closest matching standard pure color
as defined by the current palette.

16-Bit-Color Video Cards

Most modern video cards support aresolution of 1024-by-768 pixels, and 1 MB of video memory can
support 8-bit color at this resolution. If avideo card has 2 MB of memory, it can support 16-bit color, with 5
bits each for red, green, and blue. This means that it can display 32,768 colors simultaneously. That sounds
like alot, but there are only 32 shades each of pure red, green, and blue. Often, a picture will ook better in 8-
bit-color mode with an appropriate palette selected. A forest scene, for example, can use up to 236 shades of
green. Palettes are not supported in 16-bit-color mode.

24-Bit-Color Video Cards
High-end cards (which are becoming more widely used) support 24-bit color. This 24-bit capability enables
the display of more than 16.7 million pure colors. If you're using a 24-bit card, you have direct accessto al

the colors. The RGB macro allows you to specify the exact colors you want. You'll need 2.5 MB of video
memory, though, if you want 24-bit color at 1024-by-768-pixel resolution.

7.What are modal and modeless windows.

Modal vs. M odeless Dialogs

The CDialog base class supports both modal and model ess dialogs. With amodal dialog, such as the Open
File dialog, the user cannot work elsewhere in the same application (more correctly, in the same user
interface thread) until the dialog is closed. With amodeless dialog, the user can work in another window in
the application while the dial og remains on the screen. Microsoft Word's Find and Replace dialog is agood

example of a modeless dialog; you can edit your document while the dialog is open.

Y our choice of amodal or a modeless dialog depends on the application. Moda dialogs are much easier to
program, which might influence your decision.

Programming a M odal Dialog
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Modal dialogs are the most frequently used dialogs. A user action (a menu choice, for example) brings up a
dialog on the screen, the user enters data in the dialog, and then the user closesthe dialog. Here's asummary
of the stepsto add amodal dialog to an existing project:

1. Usethedialog editor to create adial og resource that contains various controls. The dial og editor
updates the project's resource script (RC) file to include your new dialog resource, and it updates the
project's resource.h file with corresponding #define constants.

2. UseClassWizard to create adialog class that is derived from CDialog and attached to the resource
created in step 1. ClassWizard adds the associated code and header file to the Microsoft Visual C++
project.

3. UseClassWizard to add data members, exchange functions, and validation functions to the diaog
class.

4. Use ClassWizard to add message handlers for the diaog's buttons and other event-generating
controls.

5. Writethe code for special control initialization (in OnlnitDialog) and for the message handlers. Be
sure the CDialog virtual member function OnOK is called when the user closes the dialog (unlessthe
user cancels the dialog). (Note: OnOK is called by default.)

6. Writethe codein your view class to activate the dialog. This code consists of acall to your didog
class's constructor followed by a cal to the DoModal dialog class member function. DoModal
returns only when the user exits the dialog window.

Now we'll proceed with areal example, one step at atime.

M odeless Dialogs

In the Microsoft Foundation Class (MFC) Library version 6.0, modal and modeless dial ogs share the same
base class, CDialog, and they both use a dialog resource that you can build with the dialog editor. If you're
using amodeless dialog with aview, you'll need to know some specialized programming techniques.

Creating M odeless Dialogs

For modd dialogs, you've aready learned that you construct a dialog object using a CDialog constructor that
takes aresource template ID as a parameter, and then you display the modal dialog window by calling the
DoModal member function. The window ceasesto exist as soon as DoModal returns. Thus, you can
construct amodal diaog object on the stack, knowing that the dialog window has been destroyed by the time
the C++ dia og object goes out of scope.

M odel ess dialogs are more complicated. Y ou start by invoking the CDialog default constructor to construct
the dialog object, but then to create the dialog window you need to call the CDialog: : Create member
function instead of DoModal. Create takes the resource ID as a parameter and returns immediately with the
dialog window still on the screen. Y ou must worry about exactly when to construct the dialog object, when
to create the dialog window, when to destroy the dialog, and when to process user-entered data.
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Here's a summary of the differences between creating a modal dialog and a modeless dial og.

Modal Dialog M odeless Dialog
Constructor used Constructor with resource ID Default constructor (no

param params)
Function used to create DoModal Create with resource ID param

window

User-Defined M essages

Suppose you want the model ess dialog window to be destroyed when the user clicks the dialog's OK button.
This presents a problem. How does the view know that the user has clicked the OK button? The dialog could
call aview class member function directly, but that would "marry" the dialog to a particular view class. A
better solution isfor the dialog to send the view a user-defined message as the result of acall to the OK
button message-handling function. When the view gets the message, it can destroy the dialog window (but
not the abject). This sets the stage for the creation of anew dialog.

Y ou have two options for sending Windows messages. the CWnd:: SendMessage function or the
PostMessage function. The former causes an immediate call to the message-handling function, and the latter
posts a message in the Windows message queue. Because there's a dight delay with the PostMessage option,
it's reasonabl e to expect that the handler function has returned by the time the view gets the message.

8.What arethe variouswindows common control under modal window.
Windows Common Controls

The controls you used in EXO6A are great learning controls because they're easy to program. Now you're
ready for some more "interesting" controls. Well take alook at some important new Windows controls,
introduced for Microsoft Windows 95 and available in Microsoft Windows NT. These include the progress
indicator, trackbar, spin button control, list control, and tree control.

The code for these controlsisin the Windows COMCTL32.DLL file. This code includes the window
procedure for each control, together with code that registers awindow class for each control. The registration
codeis called when the DLL isloaded. When your program initializes adialog, it uses the symbolic class
name in the dial og resource to connect to the window procedure in the DLL. Thus your program ownsthe
control's window, but the codeisin the DLL. Except for ActiveX controls, most controls work this way.

Example EX06B uses the aforementioned controls. Figure 6-2 shows the dialog from that example. Refer to
it when you read the control descriptions that follow.

Be aware that ClassWizard offers no member variable support for the common controls. You'll have to add
code to your OninitDialog and OnOK functions to initialize and read control data. ClasswWizard will,
however, allow you to map notification messages from common controls.
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Windows Common Controls Dialog
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Figure 6-2. The Windows Common Controls Dialog example.
TheProgressIndicator Control

The progress indicator is the easiest common control to program and is represented by the MFC
CProgressCtrl class. It is generally used only for output. This control, together with the trackbar, can
effectively replace the scroll bar controls you saw in the previous example. To initialize the progress
indicator, call the SetRange and SetPos member functions in your OnlnitDialog function, and then call
SetPos anytime in your message handlers. The progress indicator shown in Figure 6-2 has arange of 0 to
100, which isthe default range.

TheTrackbar Control

Thetrackbar control (class CSiderCtrl), sometimes called a dider, allows the user to set an "analog" value.
(Trackbars would have been more effective than diders for Loyalty and Reliability in the EXO6A example.)
If you specify alarge range for this control—O0 to 100 or more, for example—the trackbar's motion appears
continuous. If you specify a small range, such as 0to 5, the tracker moves in discrete increments. Y ou can

program tick marks to match the increments. In this discrete mode, you can use atrackbar to set such items
as the display screen resolution, lens f-stop values, and so forth. The trackbar does not have a default range.

The trackbar is easier to program than the scroll bar because you don't have to map the WM_HSCROLL or
WM_VSCROLL messagesin the dialog class. Aslong as you set the range, the tracker moves when the user
dlides it or clicksin the body of the trackbar. Y ou might choose to map the scroll messages anyway if you
want to show the position value in another control. The GetPos member function returns the current position
value. Thetop trackbar in Figure 6-2 operates continuously in the range 0 to 100. The bottom trackbar has a
range of 0 to 4, and those indexes are mapped to a series of double-precision values (4.0, 5.6, 8.0, 11.0, and
16.0).

The Spin Button Control

The spin button control (class CSpinButtonCtrl) is an itsy-bitsy scroll bar that's most often used in
conjunction with an edit control. The edit control, located just ahead of the spin control in the dialog's
tabbing order, is known as the spin control's buddy. The ideais that the user holds down the left mouse
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button on the spin control to raise or lower the value in the edit control. The spin speed accelerates as the
user continues to hold down the mouse button.

If your program uses an integer in the buddy, you can avoid C++ programming almost entirely. Just use
ClassWizard to attach an integer data member to the edit control, and set the spin control's range in the
OnlnitDialog function. (Y ou probably won't want the spin control's default range, which runs backward from
aminimum of 100 to amaximum of 0.) Don't forget to select Auto Buddy and Set Buddy Integer in the spin
control's Styles property page. Y ou can call the SetRange and SetAccel member functionsin your
OninitDialog function to change the range and the acceleration profile.

If you want your edit control to display a noninteger, such as atime or afloating-point number, you must
map the spin control's WM_VSCROLL (or WM_HSCROLL) messages and write handler code to convert
the spin control's integer to the buddy's value.

ThelList Control

Usethelist control (class CListCtrl) if you want alist that contains images as well as text. Figure 6-2 shows
alist control with a"list" view style and small icons. The elements are arranged in agrid, and the control
includes horizontal scrolling. When the user selects an item, the control sends a notification message, which
you map in your dialog class. That message handler can determine which item the user selected. Items are
identified by a zero-based integer index.

Both the list control and the tree control get their graphic images from a common control element called an
image ligt (class Clmagelist). Y our program must assemble the image list from icons or bitmaps and then
pass an image list pointer to the list control. Y our OnlnitDialog function isa good place to create and attach
theimage list and to assign text strings. The Insertltem member function serves this purpose.

List control programming is straightforward if you stick with strings and icons. If you implement drag and
drop or if you need custom owner-drawn graphics, you've got more work to do.

TheTreeControl

Y oure already familiar with tree controlsif you've used Microsoft Windows Explorer or Visual C++'s
Workspace view. The MFC CTreeCtrl class makesit easy to add this same functionality to your own
programs. Figure 6-2 illustrates atree control that shows a modern American combined family. The user can
expand and collapse e ements by clicking the + and - buttons or by double-clicking the elements. The icon
next to each item is programmed to change when the user selects the item with asingle click.

Thelist control and the tree control have some things in common: they can both use the sameimage list, and
they share some of the same notification messages. Their methods of identifying items are different,
however. The tree control uses an HTREEITEM handle instead of an integer index. To insert an item, you
call the Insertitem member function, but first you must build up a TV_INSERTSTRUCT structure that
identifies (among other things) the string, the image list index, and the handle of the parent item (whichis
null for top-level items).

Aswith list contrals, infinite customization possibilities are available for the tree control. For example, you
can alow the user to edit items and to insert and delete items.

TheWM_NOTIFY Message
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The original Windows controls sent their notificationsin WM_COMMAND messages. The standard 32-bit
wParam and |Param message parameters are not sufficient, however, for the information that acommon
control needs to send to its parent. Microsoft solved this "bandwidth” problem by defining a new message,
WM_NOTIFY. With the WM_NOTIFY message, wParamisthe control ID and IParamisa pointer to an
NMHDR structure, which is managed by the control. This C structure is defined by the following code:

typedef struct tagNMHDR {
HWND hwndFrom; // handle to control sending the message
UINT idFrom; // 1D of control sending the message
UINT code;  // control-specific notification code

} NMHDR,;

Many controls, however, send WM_NOTIFY messages with pointersto structures larger than NMHDR.
Those structures contai n the three members above plus appended control -specific members. Many tree
control notifications, for example, pass a pointer to an NM_TREEVIEW structure that contains TV_ITEM
structures, a drag point, and so forth. When ClassWizard mapsaWM_NOTIFY message, it generates a
pointer to the appropriate structure.

9. Explain about ActiveX controls?

ActiveX Controlsvs. Ordinary Windows Controls

An ActiveX control is a software module that plugs into your C++ program the same way a Windows control
does. At least that's the way it seems at firgt. It's worthwhile here to analyze the similarities and differences
between ActiveX controls and the controls you aready know.

Ordinary Controls—A Frame of Reference

In Chapter 6, you used ordinary Windows controls such as the edit control and the list box, and you saw the
Windows common controls that work in much the same way. These controls are al child windows that you
use most often in dialogs, and they are represented by MFC classes such as CEdit and CTreeCtrl. The client
program is aways responsible for the creation of the control's child window.

Ordinary controls send notification command messages (standard Windows messages), such as
BN_CLICKED, tothedialog. If you want to perform an action on the control, you call a C++ control class
member function, which sends a Windows message to the control. The controls are all windows in their own
right. All the MFC control classes are derived from CWnd, so if you want to get the text from an edit control,
you call CWhd:: GetWindowText. But even that function works by sending a message to the control.

Windows controls are an integral part of Windows, even though the Windows common controlsarein a
separate DLL. Another species of ordinary control, the so-called custom contral, is a programmer-created
control that acts as an ordinary control in that it sends WM_COMMAND notifications to its parent window
and receives user-defined messages. Y ou'll see one of these in Chapter 22.

How ActiveX Controls Are Similar to Ordinary Controls

Y ou can consider an ActiveX control to be a child window, just as an ordinary contral is. If you want to
include an ActiveX control in adialog, you use the dialog editor to placeit there, and the identifier for the
control turns up in the resource template. If you're creating an ActiveX control on the fly, you call a Create
member function for a class that represents the control, usually in the WM _CREATE handler for the parent
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window. When you want to manipulate an ActiveX control, you call a C++ member function, just as you do
for aWindows control. The window that contains a control is called a container.

How ActiveX Controls Are Different from Ordinary Controls—Properties and M ethods

The most prominent ActiveX Controls features are properties and methods. Those C++ member functions
that you call to manipulate a control instance al revolve around properties and methods. Properties have
symbolic names that are matched to integer indexes. For each property, the control designer assignsa
property name, such as BackColor or GridCellEffect, and a property type, such as string, integer, or double.
There's even a picture type for bitmaps and icons. The client program can set an individual ActiveX control
property by specifying the property's integer index and its value. The client can get a property by specifying
the index and accepting the appropriate return value. In certain cases, ClassWizard lets you define data
membersin your client window class that are associated with the properties of the controls the client class
contains. The generated Dialog Data Exchange (DDX) code exchanges data between the control properties
and the client class data members.

ActiveX Controls methods are like functions. A method has a symbolic name, a set of parameters, and a
return value. Y ou call amethod by calling a C++ member function of the class that represents the control. A
control designer can define any needed methods, such as PreviousYear, Lower Control Rods, and so forth.

An ActiveX control doesn't send WM __ notification messages to its container the way ordinary controls do;
instead, it "fires events." An event has a symbolic name and can have an arbitrary sequence of parameters—
it's really a container function that the control calls. Like ordinary control notification messages, events don't
return avalue to the ActiveX control. Examples of events are Click, KeyDown, and NewMonth. Events are
mapped in your client class just as control notification messages are.

In the MFC world, ActiveX controls act just like child windows, but there's a significant layer of code
between the container window and the control window. In fact, the control might not even have a window.
When you call Create, the control's window isn't created directly; instead, the control code isloaded and
given the command for "in-place activation." The ActiveX control then creates its own window, which MFC
lets you access through a CWhd pointer. It's not a good idea for the client to use the control's hwid directly,
however.

A DLL isused to store one or more ActiveX controls, but the DLL often hasan OCX filename extension
instead of aDLL extension. Y our container program loads the DLLs when it needs them, using sophisticated
COM techniques that rely on the Windows Registry. For the time being, simply accept the fact that once you
specify an ActiveX control at design time, it will be loaded for you at runtime. Obvioudy, when you ship a
program that requires special ActiveX controls, you'll have to include the OCX files and an appropriate setup
program.

Installing ActiveX Controls

Let's assume you've found a nifty ActiveX control that you want to usein your project. Y our first step isto
copy the control's DLL to your hard disk. You could put it anywhere, but it's easier to track your ActiveX
controls if you put them in one place, such asin the system directory (typically \Windows\System for
Microsoft Windows 95 or \Winnt\System32 for Microsoft Windows NT). Copy associated files such as help
(HLP) or license (LIC) filesto the same directory.

Your next step isto register the control in the Windows Registry.

Faabo0Engineers.com

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



Faabo0Engineers.com

EMGAGING PEERS, INSPIRING CAREERS!
After you register your ActiveX control, you must ingtall it in each project that usesit. That doesn't mean that

the OCX file gets copied. It means that ClassWizard generates a copy of a C++ class that's specific to the
control, and it means that the control shows up in the dialog editor control palette for that project.

Toingtal an ActiveX control in a project, choose Add To Project from the Project menu and then choose
Components And Controls. Select Registered ActiveX Contrals, as shown in the following illustration.

The Calendar Control

The MSCal.ocx control isapopular Microsoft ActiveX Calendar control that's probably already installed and
registered on your computer.

Creating ActiveX Controlsat Runtime

Y ou've seen how to use the dialog editor to insert ActiveX controls at design time. If you need to create an
ActiveX control at runtime without aresource template entry, here are the programming steps.

1. Insert the component into your project. ClassWizard will create the files for a wrapper class.

2. Addan embedded ActiveX control wrapper class data member to your dialog class or other C++
window class. An embedded C++ object is then constructed and destroyed a ong with the window
object.

3. Choose Resource Symbols from Visual C++'s View menu. Add an ID constant for the new control.

4. If the parent window isadialog, use ClassWizard to map the dialog's WM _INITDIALOG message,
thus overriding CDialog-:: OnlinitDialog. For other windows, use ClassWizard to map the
WM _CREATE message. The new function should call the embedded control classs Create member
function. This call indirectly displays the new control in the dialog. The control will be properly
destroyed when the parent window is destroyed.

5. Inthe parent window class, manually add the necessary event message handlers and prototypes for
your new control. Don't forget to add the event sink map macros.

10.Explain about M enus and keyboard accelerator.

Windows Menus

A Microsoft Windows menu is afamiliar application element that consists of atop-level horizontal list of
items with associated pop-up menus that appear when the user selects atop-level item. Most of thetime, you
define for aframe window a default menu resource that loads when the window is created. Y ou can aso
define a menu resource independent of a frame window. In that case, your program must cal the functions
necessary to load and activate the menu.

A menu resource completely defines theinitial appearance of a menu. Menu items can be grayed or have
check marks, and bars can separate groups of menu items. Multiple levels of pop-up menus are possible. If a
first-level menu item is associated with a subsidiary pop-up menu, the menu item carries aright-pointing
arrow symbol, as shown next to the Start Debug menu item in Figure 13-2.

Visua C++ includes an easy-to-use menu-resource editing tool. Thistool lets you edit menusin awysiwyg
environment. Each menu item has a properties dialog that defines all the characteristics of that item. The
resulting resource definition is stored in the application's resource script (RC) file. Each menuitemis
associated with an ID, such as ID_FILE_OPEN, that is defined in the resource.h file.
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The keyboard accelerator resource consists of atable of key combinations with associated command IDs.
The Edit Copy menu item (with command ID ID_EDIT_COPY), for example, might be linked to the Ctrl-C
key combination through a keyboard accelerator entry. A keyboard accelerator entry does not have to be
associated with amenu item. If no Edit Copy menu item were present, the Ctrl-C key combination would
nevertheless activate the ID_EDIT_COPY command.

11. Explain about Tool bar and status bar.
Control Barsand the Application Framework

Thetoolbar is an object of class CToolBar, and the status bar is an object of class CSatusBar. Both these
classes are derived from class CControlBar, which isitself derived from CWnd. The CControlBar class
supports control bar windows that are positioned inside frame windows. These control bar windows resize
and reposition themselves as the parent frame moves and changes size. The application framework takes care
of the construction, window creation, and destruction of the control bar objects. AppWizard generates control
bar code for its derived frame class located in the files MainFrm.cpp and MainFrm.h.

In atypical SDI application, a CToolBar object occupies the top portion of the CMainFrame client areaand a
CSatusBar object occupies the bottom portion. The view occupies the remaining (middle) part of the frame.

The Toolbar

A toolbar consists of a number of horizontally (or vertically) arranged graphical buttons that might be
clustered in groups. The programming interface determines the grouping. The graphical images for the
buttons are stored in asingle bitmap that is attached to the application's resource file. When abutton is
clicked, it sends a command message, as do menus and keyboard accel erators. An update command Ul
message handler is used to update the button's state, which in turnis used by the application framework to
modify the button's graphical image.

The Toolbar Bitmap

Each button on atoolbar appearsto have its own bitmap, but actually a single bitmap serves the entire
toolbar. The toolbar bitmap has atile, 15 pixels high and 16 pixels wide, for each button. The application
framework supplies the button borders, and it modifies those borders, together with the button's bitmap tile
color, to reflect the current button state. Figure 14-1 shows the rel ationship between the toolbar bitmap and
the corresponding tool bar.

Figure 14-1. A toolbar bitmap and an actual toolbar.

The toolbar bitmap is stored in the file Toolbar.bmp in the application’s \res subdirectory. The bitmap is
identified in the resource script (RC) file asIDR_MAINFRAME. Y ou don't edit the toolbar bitmap directly;
instead you use Visua C++'s special tool bar-editing facility.

The Status Bar
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The status bar window neither accepts user input nor generates command messages. Itsjob issmply to
display text in panes under program control. The status bar supports two types of text panes—message line

panes and status indicator panes. To use the status bar for application-specific data, you must first disable the
standard status bar that displays the menu prompt and key-board status.

The Status Bar Definition

The static indicators array that AppWizard generates in the MainFrm.cpp file defines the panes for the
application's status bar. The constant ID_SEPARATOR identifies a message line pane; the other constants are
string resource IDs that identify indicator panes. Figure 14-3 shows the indicators array and its relationship
to the standard framework status bar.

Mezzage pane [sul:-slcript ]| E.:-‘-.F' NlilM SIEFEL

StaticUINT indicators(] =
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1

Figure 14-3. The status bar and the indicators array.

The CStatusBar: : Setlndicators member function, called in the application's derived frame class, configures
the status bar according to the contents of the indicators array.

TheMessagelLine

A message line pane displays a string that the program supplies dynamically. To set the value of the message
line, you must first get access to the status bar object and then you must call the CStatusBar:: SetPaneText
member function with a zero-based index parameter. Pane 0 is the leftmost pane, 1 is the next pane to the
right, and so forth.

The following code fragment is part of aview class member function. Note that you must navigate up to the
application object and then back down to the main frame window.

CMainFrame* pFrame = (CMainFrame*) AfxGetApp()->m_pMainwnd;
CStatusBar* pStatus = & pFrame->m_wndStatusBar;
pStatus->SetPaneText(0, "message line for first pane™);

Normally, the length of a message line paneis exactly one-fourth the width of the display. If, however, the
message lineisthe first (index 0) pane, it is a stretchy pane without a beveled border. 1ts minimum length is
one-fourth the display width, and it expands if room is available in the status bar.

The Status I ndicator

A statusindicator paneis linked to a single resource-supplied string that is displayed or hidden by logicin an
associated update command Ul message handler function. Anindicator isidentified by a string resource ID,
and that same ID is used to route update command Ul messages. The Caps Lock indicator is handled in the
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frame class by a message map entry and a handler function equivalent to those shown below. The Enable
function turns on the indicator if the Caps Lock modeis set.

ON_UPDATE_COMMAND_UI(ID_INDICATOR_CAPS, OnUpdateK eyCapsL ock)
void CMainFrame::OnUpdateK eyCapsL ock(CCmdUI* pCmduUl)

pCmdUI->Enable(::Getk eyState(VK_CAPITAL) & 1);
}

The status bar update command Ul functions are called during idle processing so that the status bar is
updated whenever your application receives messages.

The length of a status indicator pane is the exact length of the corresponding resource string.

12. How will you register an application

If you've used Winl6-based applications, you've probably seen INI files. You can still use INI filesin
Win32-based applications, but Microsoft recommends that you use the Windows Registry instead. The
Registry is a set of system files, managed by Windows, in which Windows and individual applications can
store and access permanent information. The Registry is organized as akind of hierarchical database in
which string and integer datais accessed by a multipart key.

For example, atext processing application, TEXTPROC, might need to store the most recent font and point
size in the Registry. Suppose that the program name forms the root of the key (a simplification) and that the
application maintains two hierarchy levels below the name. The structure looks something like this.
TEXTPROC
Text formatting

Font = Times Roman

Points= 10
The MFC library provides four CWinApp member functions, holdovers from the days of INI files, for
accessing the Registry. Starting with Visual C++ version 5.0, AppWizard generates a call to
CWinApp:: SetRegistryKey in your application's I nitlnstance function as shown here.
SetRegistryKey(_T("Local AppWizard-Generated Applications"));
If you remove thiscall, your application will not use the Registry but will create and use an INI filein the
Windows directory. The SetRegistryKey function's string parameter establishes the top of the hierarchy, and
the following Registry functions define the bottom two levels: called heading name and entry name.
GetProfilelnt
WriteProfilelnt

GetProfileSring
WriteProfileString
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These functions treat Registry data as either CString objects or unsigned integers. If you need floating-point
values as entries, you must use the string functions and do the conversion yourself. All the functions take a
heading name and an entry name as parameters. In the example shown above, the heading nameis Text
Formatting and the entry names are Font and Points.

To use the Registry access functions, you need a pointer to the application object. The global function
AfxGetApp does the job. With the previous sample Registry, the Font and Points entries were set with the
following code:

AfxGetApp()->WriteProfileString(" Text formatting”, "Font",

"Times Roman");
AfxGetApp()->WriteProfilelnt("Text formatting”, "Points*, 10);
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VISUAL PROGRAMMING
Unit—1I11

1.What ismeant by serialization ?
Serialization—What Is1t?

Theterm "seridization™ might be new to you, but it's already seen some use in the world of object-oriented
programming. Theideais that objects can be persistent, which means they can be saved on disk when a
program exits and then can be restored when the program is restarted. This process of saving and restoring
objectsiscaled seridization. In the Microsoft Foundation Class (MFC) library, designated classes have a
member function named Serialize. When the application framework calls Serialize for a particular object—
for example, an object of class CSRudent—the data for the student is either saved on disk or read from disk.

Inthe MFC library, seridization is not a substitute for a database management system. All the objects
associated with a document are sequentially read from or written to asingle disk file. It's not possible to
access individual objects at random disk file addresses.

Disk Filesand Archives

How do you know whether Serialize should read or write data? How is Serialize connected to adisk file?
With the MFC library, objects of class CFile represent disk files. A CFile object encapsulates the binary file
handle that you get through the Win32 function CreateFile. Thisis not the buffered FILE pointer that you'd
get with acall to the C runtime fopen function; rather, it's a handle to abinary file. The application
framework uses this file handle for Win32 ReadFile, WriteFile, and SetFilePointer calls.

If your application does no direct disk I/O but instead relies on the serialization process, you can avoid direct
use of CFile objects. Between the Serialize function and the CFile object is an archive object (of class
CArchive), as shown in Figure 17-1.

The CArchive object buffers data for the CFile object, and it maintains an internal flag that indicates whether
the archive is storing (writing to disk) or loading (reading from disk). Only one active archive is associated
with afile at any one time. The application framework takes care of constructing the CFile and CArchive
objects, opening the disk file for the CFile object and associating the archive object with the file. All you
have to do (in your Serialize function) isload data from or store data in the archive object. The application
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framework calls the document's Serialize function during the File Open and File Save processes.

i
e

The Senalize function is called by
the application framework when
the File Open or File Save
command is chosen

Figure 17-1. The serialization process.
Making a Class Serializable

A serializable class must be derived directly or indirectly from CObject. In addition (with some exceptions),
the class declaration must contain the DECLARE_SERIAL macro call, and the class implementation file must
con- tain the IMPLEMENT_SERIAL macro call. (See the Microsoft Foundation Class Reference for a
description of these macros.)

Writing a Serialize Function
In Chapter 16, you saw a CStudent class, derived from CObject, with these data members:

public:
CString m_strName;
int  m_nGrade;

Now your job isto write a Serialize member function for CSudent. Because Serialize is avirtua member
function of class CObject, you must be sure that the return value and parameter types match the CObject
declaration. The Serialize function for the CSudent classis below.

void CStudent::Serialize(CArchive& ar)

{
TRACE(" Entering CStudent:: Serialize\n");

if (ar.IsStoring()) {
ar <<m_strName << m_nGrade;
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}
ese{
ar >>m_strName>>m_nGrade
}
}

Most seridization functions call the Serialize functions of their base classes. If CStudent were derived from
CPerson, for example, the first line of the Serialize function would be

CPerson:: Serialize(ar);

The Serialize function for CObject (and for CDocument, which doesn't override it) doesn't do anything
useful, so there's no need to call it.

The insertion operators are overloaded for values; the extraction operators are overloaded for references.
Sometimes you must use a cast to satisfy the compiler. Suppose you have a data member m _nType that is an
enumerated type. Here's the code you would use:

ar << (int) m_nType;
ar >> (int&) m_nType;

MFC classes that are not derived from CObject, such as CString and CRect, have their own overloaded
insertion and extraction operators for CArchive.

void CStudent:: Serialize(CArchive& ar)
{
if (ar.1sStoring()) {
ar << m_strName << m_nGrade;
}
ese{
ar >>m_strName >> m_nGrade;
}
m_transcript.Serialize(ar);
}

Before the CSudent:: Serialize function can be called to load a student record from the archive, a CStudent
object must exist somewhere. The embedded CTranscript object m_transcript is constructed along with the
CSudent object before the call to the CTranscript:: Serialize function. When the virtua

CTranscript:: Serialize function does get called, it can load the archived transcript datainto the embedded
m_transcript object. If you're looking for arule, hereit is. always make adirect call to Serialize for
embedded objects of classes derived from CObject.

Suppose that, instead of an embedded object, your CSudent object contained a CTranscript pointer data
member such asthis:

public:
CTranscript* m_pTranscript;

Y ou could use the Serialize function, as shown below, but as you can see, you must construct a new
CTranscript object yourself.
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void CStudent:: Serialize(CArchive& ar)

if (ar.IsStoring())
ar << m_strName << m_nGrade;

ese{
m_pTranscript = new CTranscript;
ar >>m_strName >> m_nGrade;

}

m_pTranscript->Serialize(ar);

}

2.Explain in detail about splitter window and itstypes?
The Splitter Window

A splitter window appears as a specid type of frame window that holds several views in panes. The
application can split the window on creation, or the user can split the window by choosing a menu command
or by dragging a splitter box on the window's scroll bar. After the window has been split, the user can move
the splitter bars with the mouse to adjust the relative sizes of the panes. Splitter windows can be used in both
SDI and MDI applications. Y ou can see examples of splitter windows in this chapter.

An object of class CSplitter\Wnd represents the splitter window. Asfar as Windowsis concerned, a
CSplitterWind object is an actua window that fully occupies the frame window (CFrameWnd or
CMDIChildwnd) client area. The view windows occupy the splitter window pane areas. The splitter window
does not take part in the command dispatch mechanism. The active view window (in asplitter pane) is
connected directly to its frame window.

View Options

When you combine multiview presentation methods with application models, you get a number of
permutations. Here are some of them:

e SDI application with splitter window, single view class This chapter's first example, EX20A,
coversthis case. Each splitter window pane can be scrolled to adifferent part of the document. The
programmer determines the maximum number of horizontal and vertical panes; the user makes the
split at runtime.

o SDI application with splitter window, multiple view classes The EX20B exampleillustrates this
case. The programmer determines the number of panes and the sequence of views; the user can
change the pane size at runtime.

o SDI application with no splitter windows, multiple view classes The EX20C example illustrates
this case. The user switches view classes by making a selection from a menu.

e MDI application with no splitter windows, single view class Thisis the standard MDI application
you've seen aready in Chapter 18. The New Window menu item lets the user open anew child
window for a document that's open already.

e MDI application with no splitter windows, multiple view classes A small change to the standard
MDI application allows the use of multiple views. As example EX20D shows, all that's necessary is
to add a menu item and a handler function for each additional view class available.

e MDI application with splitter child windows This case is covered thoroughly in the online
documentation. The SCRIBBLE example illustrates the splitting of an MDI child window.

Dynamic and Static Splitter Windows
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A dynamic splitter window allows the user to split the window at any time by choosing a menu item or by
dragging a splitter box located on the scroll bar. The panesin adynamic splitter window generally use the
same view class. The top left paneisinitialized to a particular view when the splitter window is created. In a
dynamic splitter window, scroll bars are shared among the views. In awindow with a single horizontal split,
for example, the bottom scroll bar controls both views. A dynamic splitter application starts with asingle
view object. When the user splitsthe frame, other view objects are constructed. When the user unsplits the
frame, view objects are destroyed.

The panes of adtatic splitter window are defined when the window is first created and they cannot be
changed. The user can move the bars but cannot unsplit or resplit the window. Static splitter windows can
accommodate multiple view classes, with the configuration set at creation time. In a static splitter window,
each pane has separate scroll bars. In a static splitter window application, all view objects are constructed
when the frame is constructed and they are dl destroyed when the frame is destroyed.

3.Explain about DLL

Basically, aDLL isafileon disk (usualy with aDLL extension) consisting of global data, compiled
functions, and resources, that becomes part of your process. It is compiled to load at a preferred base address,
and if there's no conflict with other DLLS, the file gets mapped to the same virtual addressin your process.
The DLL has various exported functions, and the client program (the program that loaded the DLL in the
first place) imports those functions. Windows matches up the imports and exports when it loads the DLL.

How Imports Are Matched to Exports

A DLL contains atable of exported functions. These functions are identified to the outside world by their
symbolic names and (optionally) by integers caled ordinal numbers. The function table also containsthe
addresses of the functions within the DLL. When the client program first loads the DLL, it doesn't know the
addresses of the functionsit needsto call, but it does know the symbols or ordinals. The dynamic linking
process then builds atable that connects the client's calls to the function addressesin the DLL. If you edit
and rebuild the DLL, you don't need to rebuild your client program unless you have changed function names
or parameter sequences.

Inthe DLL code, you must explicitly declare your exported functions like this:
__declspec(dllexport) int MyFunction(int n);

(The dternativeisto list your exported functions in a module-definition [DEF] file, but that's usually more
troublesome.) On the client side, you need to declare the corresponding imports like this:

__declspec(dllimport) int MyFunction(int n);
If you're using C++, the compiler generates a decorated name for MyFunction that other languages can't use.
These decorated names are the |ong names the compiler invents based on class name, function name, and

parameter types. They arelisted in the project's MAP file. If you want to use the plain name MyFunction,
you have to write the declarations this way:

extern "C" __declspec(dllexport) int MyFunction(int n);
extern "C" __declspec(dllimport) int MyFunction(int n);
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By default, the compiler usesthe  cdecl argument passing convention, which means that the calling
program pops the parameters off the stack. Some client languages might requirethe __stdcall convention,
which replaces the Pascal calling convention, and which means that the called function pops the stack.
Therefore, you might have to use the __stdcall modifier in your DLL export declaration.

Just having import declarations isn't enough to make aclient link to aDLL. The client's project must specify
theimport library (LIB) to the linker, and the client program must actualy contain a cal to at least one of the
DLL'simported functions. That call statement must be in an executable path in the program.

How the Client Program FindsaDLL

If you link explicitly with LoadLibrary, you can specify the DLL's full pathname. If you don't specify the
pathname, or if you link implicitly, Windows follows this search sequence to locate your DLL.:

The directory containing the EXE file

The process's current directory

The Windows system directory

The Windows directory

The directories listed in the Path environment variable

grpODNE

Here'satrap you can easily fall into. You build aDLL as one project, copy the DLL fileto the system
directory, and then run the DLL from a client program. So far, so good. Next you rebuild the DLL with some
changes, but you forget to copy the DLL fileto the system directory. The next time you run the client
program, it loads the old version of the DLL. Be careful!

Debugginga DLL

Visua C++ makes debugging aDLL easy. Just run the debugger from the DLL project. The first time you do
this, the debugger asks for the pathname of the client EXE file. Every time you "run" the DLL from the
debugger after this, the debugger loads the EXE, but the EXE uses the search sequence to find the DLL. This
means that you must either set the Path environment variable to point to the DLL or copy the DLL to a
directory in the search sequence.

4. Explain about MFC DLL’s

AppWizard lets you build two kinds of DLLswith MFC library support: extension DLLs and regular DLLS.
Y ou must understand the differences between these two types before you decide which oneis best for your
needs.

Of course, Visual C++ lets you build apure Win32 DLL without the MFC library, just asit lets you
build a Windows program without the MFC library. Thisis an MFC-oriented book, however, so
well ignore the Win32 option here.

An extension DLL supports a C++ interface. In other words, the DLL can export whole classes and the client
can construct objects of those classes or derive classes from them. An extension DLL dynamically links to
the codein the DLL version of the MFC library. Therefore, an extension DLL requires that your client
program be dynamically linked to the MFC library (the AppWizard default) and that both the client program
and the extension DLL be synchronized to the same version of the MFC DLLs (mfc42.dll, mfc42d.dll, and so
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on). Extension DLLs are quite small; you can build a ssmple extension DLL with asize of 10 KB, which
loads quickly.

If you need aDLL that can be loaded by any Win32 programming environment (including Visua Basic
version 6.0), you should use aregular DLL. A big restriction hereisthat the regular DLL can export only C-
style functions. It can't export C++ classes, member functions, or overloaded functions because every C++
compiler hasits own method of decorating names. Y ou can, however, use C++ classes (and MFC library
classes, in particular) inside your regular DLL.

When you build an MFC regular DLL, you can choose to statically link or dynamically link to the MFC
library. If you choose static linking, your DLL will include a copy of all the MFC library code it needs and
will thus be self-contained. A typical Release-build statically linked regular DLL is about 144 KB insize. If
you choose dynamic linking, the size dropsto about 17 KB but you'll have to ensure that the proper MFC
DLLs are present on the target machine. That's no problem if the client program is already dynamically
linked to the same version of the MFC library.

When you tell AppWizard what kind of DLL or EXE you want, compiler #define constants are set as shown
in the following table.

Dynamically Linked to Shared MFC Statically Linked* to MFC
Library Library

Regular DLL  _AFXDLL, USRDLL _USRDLL

Extension _AFXEXT, AFXDLL unsupported option

DLL

Client EXE _AFXDLL no constants defined

* Visua C++ Learning Edition does not support the static linking option.

If you look inside the MFC source code and header files, you'll see aton of #ifdef statements for these
constants. This means that the library code is compiled quite differently depending on the kind of project
you're producing.

The Shared MFC DLLsand theWindowsDLLs

If you build a Windows Debug target with the shared MFC DLL option, your program is dynamically linked
to one or more of these (ANSI) MFC DLLSs:

mfc42d.dll Core MFC classes

mfco42d.dll ActiveX (OLE) classes

mfcd42d.dll Database classes (ODBC and DAO)
mfcn42d.dll Winsock, Winlnet classes

When you build a Release target, your program is dynamically linked to mfc42.dll only. Linkage to these
MFC DLLsisimplicit viaimport libraries. Y ou might assume implicit linkage to the ActiveX and ODBC
DLLsin Windows, in which case you would expect all these DLLs to be linked to your Release-build client
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when it loads, regardless of whether it uses ActiveX or ODBC features. However, thisis not what happens.
Through some creative thunking, MFC loads the ActiveX and ODBC DLLs explicitly (by calling

LoadLibrary) when one of their functionsisfirst called. Y our client application thus loads only the DLL s it
needs.

MFC Extension DL Ls—Exporting Classes

If your extension DLL contains only exported C++ classes, you'll have an easy time building and using it.
The steps for building the EX22A example show you how to tell AppWizard that you're building an
extension DLL skeleton. That skeleton has only the DIIMain function. Y ou simply add your own C++ classes
to the project. There's only one special thing you must do. Y ou must add the macro AFX_EXT _CLASSto the
class declaration, as shown here:

classAFX_EXT_CLASS CStudent : public CObject

This modification goes into the H file that's part of the DLL project, and it also goesinto the H file that client
programs use. In other words, the H files are exactly the same for both client and DLL. The macro generates
different code depending on the situation—it exports the class in the DLL and imports the classin the client.

6.Implement a DLL function?
The EX22C Example—An MFC Regular DLL

This example creates aregular DLL that exports asingle square root function. First you'll build the ex22c.dll
file, and then you'll modify the test client program, EX22B, to test the new DLL.

Here are the steps for building the EX22C example:

1. Run AppWizard to produce \vcpp32\ex22c\ex22c. Proceed as you did for EX22A, but accept
Regular DLL Using Shared MFC DLL (instead of choosing MFC Extension DLL) from the one and
only AppWizard page.

2. Examinetheex22c.cpp file. AppWizard generates the following code, which includes a derived
CWinApp class:

/I ex22c.cpp : Defines the initialization routines for the DLL.
1

#include "stdafx.h"
#include "ex22c.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS FILE

static char THIS FILE[] =_ _FILE__;
#endif

(generated comment lines omitted)

i
/I CEx22cApp
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BEGIN_MESSAGE_MAP(CEx22cApp, CWinApp)
I{{AFX_MSG_MAP(CEx22cApp)
/I NOTE - the ClassWizard will add and remove mapping macros here.
/I DO NOT EDIT what you see in these blocks of generated code!
IYAFX_MSG_MAP
END_MESSAGE_MAR()

i
/I CEx22cA pp construction

CEx22cApp::CEx22cApp()

// TODO: add construction code here,
/I Place all significant initialization in Initlnstance

}

T T e T T
/I The one and only CEx22cA pp object

CEx22cApp theApp;

Add the code for the exported Ex22cSquareRoot function. It's okay to add this code in the ex22c.cpp
file, dthough you can use anew fileif you want to:

extern " C" __declspec(dllexport) double Ex22cSquar eRoot(double d)

{
AFX_MANAGE_STATE(AfxGetStaticM oduleState());

TRACE(" Entering Ex22cSquar eRoot\n");
if (d>=0.0){

return sqrt(d);
}

AfxM essageBox(" Can't take squareroot of a negative number.");
return 0.0;

}

Y ou can see that there's no problem with the DLL displaying a message box or another modal dialog.
Y ou'll need to include math.h in the file containing this code.

3. Build the project and copy the DLL file. Copy the file ex22c.dll from the \vcpp32\ex22c\Debug
directory to your system directory.

Updating the EX22B Example—Adding Code to Test ex22c.dll
When you first built the EX22B program, it linked dynamically to the EX22A MFC extension DLL. Now
you'll update the project to implicitly link to the EX22C MFC regular DLL and to call the DLL's square root

function.

Following are the steps for updating the EX22B example.
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Add a new dialog resource and classto \vcpp32\ex22b\ex22b. Use the dialog editor to create the

Input e dit

Compute Sort
Output (£ it

IDD_EX22C temp |ate, as shown here.

Cancel

Then use ClassWizard to generate a class CTest22cDialog, derived from CDialog. The controls, data
members, and message map function are shown in the following table.

Control ID Type Data Member Message Map Function
IDC_INPUT edit m_dInput (double)
IDC_OUTPUT edit m_dOutput (double)

IDC_COMPUTE button OnCompute

N

N U ~®W

10.
11.
12.
13.
14.

Codethe OnCompute function to call the DLL's exported function. Edit the ClassWizard-
generated function in Test22cDia og.cpp as shown here;
void CTest22cDial og::OnCompute()
{
UpdateData(TRUE);
m_dOutput = Ex22cSquar eRoot(m_dl nput);
UpdateData(FAL SE);
}

Y ou'll have to declare the Ex22cSquareRoot function as an imported function. Add the following
line to the Test22cDialog.h file:

extern " C" __declspec(dllimport) double Ex22cSquar eRoot(double d);

Integrate the CTest22cDialog classinto the EX22B application. You'll need to add atop-level
menu, Test, and an Ex22c DLL option with the ID ID_TEST _EX22CDLL. Use ClassWizard to map
this option to a member function in the CEx22bView class, and then code the handler in
Ex22bView.cpp asfollows:
void CEx22bView::OnTestEx22cdll()
{
CTest22cDialog dig;
dig.DoM odal();

}

Of course, you'll have to add thislineto the Ex22bView.cpp file:
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15.

16.

#include " Test22cDialog.h"

Add the EX22C import library to thelinker'sinput library list. Choose Settings from Visual
C++'s Project menu, and then add \vcpp32\ex22c\Debug\ex22c.lib to the Object/Library Modules

control on the Link page. (Use a space to separate the new entry from the existing entry.) Now the
program should implicitly link to both the EX22A DLL and the EX22C DLL. Asyou can see, the

client doesn't care whether the DLL isaregular DLL or an extension DLL. You just specify the LIB
name to the linker.

Build and test the updated EX22B application. Choose Ex22c DLL from the Test menu. Type a

number in the Input edit control, and then click the Compute Sgrt button. The result should appear in
the Output control.
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VISUAL PROGRAMMING
Unit—1V

1. Explain about ActiveX controls?

ActiveX Controlsvs. Ordinary Windows Controls

An ActiveX control is a software module that plugs into your C++ program the same way a
Windows control does. At least that's the way it seems at first. It's worthwhile here to analyze the
similarities and differences between ActiveX controls and the controls you aready know.

Ordinary Controls—A Frame of Reference

In Chapter 6, you used ordinary Windows controls such as the edit control and the list box, and
you saw the Windows common controls that work in much the same way. These controls are dl
child windows that you use most often in dialogs, and they are represented by MFC classes such
as CEdit and CTreeCtrl. The client program is always responsible for the creation of the control's
child window.

Ordinary controls send notification command messages (standard Windows messages), such as
BN_CLICKED, to the dialog. If you want to perform an action on the control, you call a C++
control class member function, which sends a Windows message to the control. The controls are
al windows in their own right. All the MFC control classes are derived from CWnd, so if you
want to get the text from an edit control, you call CWnd::GetWindowText. But even that function
works by sending a message to the control.

Windows controls are an integral part of Windows, even though the Windows common controls
are in a separate DLL. Another species of ordinary control, the so-called custom contral, is a
programmer-created control that acts as an ordinary control in that it sends WM_COMMAND
notifications to its parent window and receives user-defined messages.

How ActiveX ControlsAre Similar to Ordinary Controls

You can consider an ActiveX control to be a child window, just as an ordinary contral is. If you
want to include an ActiveX control in adiaog, you use the dialog editor to place it there, and the
identifier for the control turns up in the resource template. If you're creating an Activex control
on the fly, you call a Create member function for a class that represents the control, usually in the
WM_CREATE handler for the parent window. When you want to manipulate an ActivexX
control, you call a C++ member function, just as you do for a Windows control. The window that
contains a control is called a container.

How ActiveX Controls Are Different from Ordinary Controls—Properties and M ethods

The most prominent ActiveX Controls features are properties and methods. Those C++ member
functions that you call to manipulate a control instance all revolve around properties and
methods. Properties have symbolic names that are matched to integer indexes. For each property,
the control designer assigns a property name, such as BackColor or GridCellEffect, and a
property type, such as string, integer, or double. There's even a picture type for bitmaps and icons.
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The client program can set an individua ActiveX control property by specifying the property's
integer index and its value. The client can get a property by specifying the index and accepting
the appropriate return value. In certain cases, ClassWizard lets you define data members in your
client window class that are associated with the properties of the controls the client class contains.
The generated Dialog Data Exchange (DDX) code exchanges data between the control properties
and the client class data members.

ActiveX Controls methods are like functions. A method has a symbolic name, a set of parameters,
and a return value. You cal a method by calling a C++ member function of the class that
represents the control. A control designer can define any needed methods, such as PreviousYear,
Lower ControlRods, and so forth.

An ActiveX control doesn't send WM _ notification messages to its container the way ordinary
controls do; instead, it "fires events." An event has a symbolic name and can have an arbitrary
sequence of parameters—it's really a container function that the control calls. Like ordinary
control notification messages, events don't return a value to the ActiveX control. Examples of
events are Click, KeyDown, and NewMonth. Events are mapped in your client class just as
control notification messages are.

In the MFC world, ActiveX controls act just like child windows, but there's a significant layer of
code between the container window and the control window. In fact, the control might not even
have a window. When you call Create, the control's window isn't created directly; instead, the
control code is loaded and given the command for “in-place activation." The ActiveX control
then creates its own window, which MFC lets you access through a CWhd pointer. It's not a good
ideafor the client to use the control's hwind directly, however.

A DLL is used to store one or more ActiveX controls, but the DLL often has an OCX filename
extension instead of a DLL extension. Your container program loads the DLLs when it needs
them, using sophisticated COM techniques that rely on the Windows Registry. For the time
being, smply accept the fact that once you specify an ActiveX control at design time, it will be
loaded for you at runtime. Obviously, when you ship a program that requires special ActiveX
controls, you'll have to include the OCX files and an appropriate setup program.

Installing ActiveX Controls

Let's assume you've found a nifty ActiveX control that you want to use in your project. Your first
step is to copy the control's DLL to your hard disk. Y ou could put it anywhere, but it's easier to
track your ActiveX controls if you put them in one place, such as in the system directory
(typically \Windows\System for Microsoft Windows 95 or \Winnt\System32 for Microsoft
Windows NT). Copy associated files such as help (HLP) or license (LIC) files to the same
directory.

Y our next step isto register the control in the Windows Registry.
After you register your ActiveX control, you must install it in each project that uses it. That
doesn't mean that the OCX file gets copied. It means that ClassWizard generates a copy of a C++

class that's specific to the control, and it means that the control shows up in the dialog editor
control palette for that project.
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Toinstall an ActiveX control in a project, choose Add To Project from the Project menu and then
choose Components And Controls. Select Registered ActiveX Controls, as shown in the
following illustration.

The Calendar Control

The MSCal.ocx contral is a popular Microsoft ActiveX Caendar control that's probably already
installed and registered on your computer.

Creating ActiveX Controlsat Runtime

Y ou've seen how to use the dialog editor to insert ActiveX controls at design time. If you need to
create an ActiveX control at runtime without a resource template entry, here are the programming
steps:

1. Insert the component into your project. ClassWizard will create the files for a wrapper
class.

2. Add an embedded ActiveX control wrapper class data member to your dialog class or
other C++ window class. An embedded C++ object is then constructed and destroyed
along with the window object.

3. Choose Resource Symbols from Visual C++'s View menu. Add an ID constant for the
new control.

4, If the parent window is a diadog, use ClassWizard to map the dialog's
WM_INITDIALOG message, thus overriding CDialog-::OninitDialog. For other
windows, use ClassWizard to map the WM_CREATE message. The new function should
call the embedded control class's Create member function. This call indirectly displays
the new control in the dialog. The control will be properly destroyed when the parent
window is destroyed.

5. In the parent window class, manualy add the necessary event message handlers and
prototypes for your new control. Don't forget to add the event sink map macros.

2. What is meant by COM?

The Component Object Model (COM) is the foundation of much of the new Microsoft ActiveX
technology, and after five years it's become an integral part of Microsoft Windows. So COM is
now an integral part of Programming Visual C++. Soon, most Windows programming will
involve COM, so you'd better start learning it now. But where do you begin? Y ou could start with
the Microsoft Foundation Class classes for ActiveX Controls, Automation, and OLE, but as
useful as those classes are, they obscure the real COM architecture. You've got to start with
fundamentd theory, and that includes COM and something called an interface.

The Component Object M odel

COM is an "industry-standard" software architecture supported by Microsoft, Digital Equipment
Corporation, and many other companies. It's by no means the only standard. Indeed, it competes
directly against other standards, such as Corba from the Open Software Foundation (OSF). Some
people are working to establish interoperability between COM and other architectures, but my
guess isthat COM will become the leading standard.

TheProblem That COM Solves
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The "problem” is that there's no standard way for Windows program modules to communicate
with one another. "But,” you say "what about the DLL with its exported functions, Dynamic Data
Exchange (DDE), the Windows Clipboard, and the Windows API itself, not to mention legacy
standards such as VBX and OLE 1? Aren't they good enough?' Well, no. You cant build an
object-oriented operating system for the future out of these ad hoc, unrelated standards. With the
Component Object Model, however, you can, and that's precisely what Microsoft is doing.

The Essence of COM

What's wrong with the old standards? A lot. The Windows API has too large a programming
"surface area’'—more than 350 separate functions. VBXs don't work in the 32-bit world. DDE
comes with a complicated system of applications, topics, and items. How you cal a DLL is
totally application-specific. COM provides a unified, expandable, object-oriented
communications protocol for Windows that already supports the following features:

e A dandard, language-independent way for a Win32 client EXE to load and call a Win32
DLL

e A genera-purpose way for one EXE to control another EXE on the same computer (the
DDE replacement)

e A replacement for the VBX controal, called an ActiveX control

o A powerful new way for application programsto interact with the operating system

e Expansion to accommodate new protocols such as Microsoft's OLE DB database
interface

e The distributed COM (DCOM) that alows one EXE to communicate with another EXE
residing on a different computer, even if the computers use different microprocessor-chip
families

So what is COM? That's an easier question to ask than to answer. At DevelopMentor (a training
facility for software developers), the party line isthat "COM islove.” That is, COM is a powerful
integrating technology that allows you to mix all sorts of disparate software parts together at
runtime. COM alows devel opers to write software that runs together regardless of issues such as
thread-awareness and language choice.

COM s a protocal that connects one software module with another and then drops out of the
picture. After the connection is made, the two modules can communicate through a mechanism
called an interface. Interfaces require no statically or dynamically linked entry points or hard-
coded addresses other than the few general-purpose COM functions that start the communication
process. An interface (more precisely, a COM interface) is aterm that you'll be seeing alot of.

3. Explain COM interface with an example?- space ship example.

What Isa COM Interface?

Before digging into the topic of interfaces, let's re-examine the nature of inheritance and
polymorphism in normal C++. We'll use a planetary-motion simulation (suitable for
NASA or Nintendo) to illustrate C++ inheritance and polymorphism. Imagine a
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spaceship that travels through our solar system under the influence of the sun's gravity. In
ordinary C++, you could declare a CSpaceship class and write a constructor that sets the
spaceship'sinitial position and acceleration. Then you could write a nonvirtual member
function named Fly that implemented Kepler's laws to model the movement of the
spaceship from one position to the next—say, over aperiod of 0.1 second. Y ou could aso
write a Display function that painted an image of the spaceship in awindow. The most
interesting feature of the Cpaceship classis that the interface of the C++ class (the way
the client talks to the class) and the implementation are tightly bound. One of the main
goas of COM isto separate a classs interface from its implementation.

If wethink of this example within the context of COM, the spaceship code could exist as
aseparate EXE or DLL (the component), which isa COM module. In COM the
simulation manager (the client program) can't call Fly or any CSpaceship constructor
directly: COM provides only a standard global function to gain access to the spaceship
object, and then the client and the object use interfaces to ta k to one another. Before we
tackle real COM, let's build a COM simulation in which both the component and the
client code are statically linked in the same EXE file. For our standard global function,
we'll invent afunction named GetClassObject.

CSpaceship object
XMotion object CSpaceship::XMotion class vtable
pMat Flyfunction pointer
private data members for GetPosition function pointer

Fly and G efPosifion

XVisualobject CSpaceshipzXVisual class viable
pVis Disolavfunction pointer

private data members for
Dis play

If you want to map this process back to the way MFC works, you can look at
CRuntimeClass, which serves as a class object for CObject-based classes. A class object
isameta-class (either in concept or in form).

In this COM simulation, clients will use this global single abstract function
(GetClassObject) for objects of a particular class. In real COM, clients would get a class
object first and then ask the class object to manufacture the real object in much the same
way MFC does dynamic creation. GetClassObject has the following three parameters:

BOOL GetC asshject(int nCsid, int nlid, void** ppvQbj);

Thefirst GetClassObject parameter, nClsid, is a 32-bit integer that uniquely identifies the
CSpaceship class. The second parameter, nlid, isthe unique identifier of the interface that
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we want. The third parameter is a pointer to an interface to the object. Remember that
we're going to be dealing with interfaces now, (which are different from classes). Asit
turns out, a class can have severa interfaces, so the last two parameters exist to manage
interface selection. The function returns TRUE if the call is successful.

In C++, interfaces are declared as C++ structs, often with inheritance; in C, they're
declared as C typedef structs with no inheritance. In C++, the compiler generates vtables
for your derived classes; in C, you must "roll your own" vtables, and that getstedious. It's
important to realize, however, that in neither language do the interface declarations have
data members, constructors, or destructors. Therefore, you can't rely on the interface
having avirtual destructor—but that's not a problem because you never invoke a
destructor for an interface.

The lUnknown I nterface and the Queryl nterface
Member Function

Let's get back to the problem of how to obtain your interface pointersin the first place.
COM declares a specid interface named IUnknown for this purpose. As a matter of fact,
all interfaces are derived from 1Unknown, which has a pure virtual member function,
Querylnterface, that returns an interface pointer based on the interface ID you feed it.

Once the interface mechanisms are hooked up, the client needs to get an IUnknown
interface pointer (at the very least) or a pointer to one of the derived interfaces. Hereis
the new interface hierarchy, with [lUnknown at the top:

struct | Unknown

{
}s

struct IMtion : public |IUilknown

{

virtual BOOL Querylnterface(int nlid, void** ppvObj) = 0;

virtual void Fly() = 0;
virtual int& GetPosition() = 0;

}s

struct IVisual : public I Unknown

{
}s

virtual void Display() = 0;

To satisfy the compiler, we must now add Querylnterface implementations in both
CSpaceship:: XMotion and CSpaceship:: XVisual. What do the vtables |ook like after this
is done? For each derived class, the compiler builds a vtable with the base class function
pointers on top, as shown here.
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GetClassObject can get the interface pointer for a given CSpaceship object by getting the
address of the corresponding embedded object. Here's the code for the Querylnterface
function in XMotion:

BOOL CSpaceshi p:: XMbti on: : Queryl nterface(int nlid,
voi d** ppvObj)
{

METHOD_ PROLOGUE( CSpaceshi p, Moti on)
switch (nlid) {
case |1 D_| Unknown:
case |1 D | Motion:
*ppvObj = &pThi s->m xMoti on;
br eak;
case |1 D _IVisual:
*ppvObj = &pThi s->m xVi sual ;
br eak;
defaul t:
*ppvObj = NULL;
return FALSE;

}
return TRUE;
}

Because IMotion is derived from [Unknown, an IMotion pointer isavalid pointer if the
caller asks for an IlUnknown pointer.

The COM standard demands that Querylinterface return exactly the same IUnknown
pointer value for [1D_lUnknown, no matter which interface pointer you start with. Thus,
if two IUnknown pointers match, you can assume that they refer to the same object.
IUnknown is sometimes known as the "void*" of COM because it represents the object's
identity.

4. Explain about Containment and Aggregation vs. Inheritance

In normal C++ programming, you frequently use inheritance to factor out common
behavior into areusable base class. The CPersistentFrame class) is an example of
reusability through inheritance.

COM uses containment and aggregation instead of inheritance. Let's start with
containment. Suppose you extended the spaceship simulation to include planetsin
addition to spaceships. Using C++ by itself, you would probably write a COrbiter base
class that encapsulated the laws of planetary motion. With COM, you would have "outer"
CSpaceship and CPlanet classes plus an "inner" COrbiter class. The outer classes would
implement the IVisual interface directly, but those outer classes would delegate their
IMotion interfaces to the inner class. The result would look something like this.
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Wnknown IUnknown
B Wb Mk v
Wisual CSpaceship IVisual CPlanet
IMotion COrbiter Motion COrbiter
WWotion Mot n

Note that the COrbiter object doesn't know that it's inside a CSpaceship or CPlanet
object, but the outer object certainly knows that it has a COrbiter object embedded inside.
The outer class needs to implement all its interface functions, but the IMotion functions,
including Querylnterface, simply call the same IMotion functions of the inner class.

A more complex aternative to containment is aggregation. With aggregation, the client
can have direct access to the inner object's interfaces. Shown here is the aggregation
version of the space simulation.

IUnknown (outer) W nknown (outen)
W nknown (inner) U nknown (inner)
IVisual CSpaceship WVisual CPlanet
IMation COrhiter IMoation COrbiter

The orbiter is embedded in the spaceship and planet, just as it was in the containment
case. Suppose the client obtains an IVisual pointer for a spaceship and then calls
Querylnterface for an IMotion pointer. Using the outer |Unknown pointer will draw a
blank because the CSpaceship class doesn't support IMotion. The CSpaceship class keeps
track of the inner IlUnknown pointer (of its embedded COrbiter object), so the class uses
that pointer to obtain the IMotion pointer for the COrbiter object.

Now suppose the client obtains an IMotion pointer and then calls Querylnterface for
IVisual. Theinner object must be able to navigate to the outer object, but how? Take a
close look at the Createl nstance call back in Figure 24-10. The first parameter is set to
NULL in that case. If you are creating an aggregated (inner) object, you use that
parameter to pass an |Unknown pointer for the outer object that you have aready created.
This pointer is called the controlling unknown. The COrbiter class savesthis pointer in a
datamember and then usesiit to call Querylnterface for interfaces that the class itself
doesn't support.
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The MFC library supports aggregation. The CCmdTarget class has a public data member
m_pOuter Unknown that holds the outer object's |Unknown pointer (if the object is
aggregated). The CCmdTarget member functions Exter nal Querylnterface,

External AddRef, and Exter nal Release del egate to the outer [lUnknown if it exists.
Member functions Inter nal Querylnterface, Internal AddRef, and Internal Release do not
delegate. See Technical Note #38 in the online documentation for a description of the
MFC macros that support aggregation.

6. Explain about MFC Drag and Drop

Drag and drop was the ultimate justification for the data object code you've been looking at. OLE
supportsthis feature with its IDropSource and IDropTarget interfaces plus some library code that
manages the drag-and-drop process. The MFC library offers good drag-and-drop support at the
view level, so welll useit. Be aware that drag-and-drop transfers are immediate and independent
of the clipboard. If the user cancel s the operation, there's no "memory" of the object being
dragged.

Drag-and-drop transfers should work consistently between applications, between windows of the
same application, and within a window. When the user starts the operation, the cursor should
changeto an arrow_rectangle combination. If the user holds down the Ctrl key, the cursor turns
into aplus sign (+), which indicates that the object is being copied rather than moved.

MFC also supports drag-and-drop operations for itemsin compound documents. Thisis the next
level up in MFC OLE support, and it's not covered in this chapter. Look up the OCLIENT
example in the online documentation under Visual C++ Samples.

The Source Side of the Transfer

When your source program starts a drag-and-drop operation for a data object, it cals
COleDataSource:: DoDragDrop. This function internally creates an object of MFC class
COleDropSource, which implements the | OleDropSour ce interface. DoDragDrop is one of those
functions that don't return for awhile. It returns when the user drops the object or cancelsthe
operation or when a specified number of milliseconds have el apsed.

If you're programming drag-and-drop operations to work with a CRectTracker object, you should
call DoDragDrop only when the user clicks inside the tracking rectangle, not on its border.
CRectTracker::HitTest gives you that information. When you call DoDragDrop, you need to set
aflag that tells you whether the user is dropping the object into the same view (or document) that
it was dragged from.

TheDestination Side of the Transfer

If you want to use the MFC library's view class drag-and-drop support, you must add a data
member of class COleDropTarget to your derived view class. This class implements the
IDropTarget interface, and it holds an IDropSource pointer that links back to the
COleDropSource object. In your view's Onlnitial Update function, you call the Register member
function for the embedded COleDropTarget object.
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After you have made your view a drop target, you must override four CView virtual functions,
which the framework calls during the drag-and-drop operation. Here's a summary of what they
should do, assuming that you're using atracker.
OnDragEnter  Adjusts the focus rectangle and then calls OnDragOver

OnDragOver Moves the dotted focus rectangle and sets the drop effect (determines cursor

shape)

OnDraglLeave Cancelsthetransfer operation; returns the rectangle to its original position
and size

OnDrop Adjusts the focus rectangle and then calls the DoPaste hel per function to get
formats from the data object

The Drag-and-Drop Sequence

Figure 26-4 illustrates the MFC drag-and-drop process.

»~

gf

I Cache Globallata

GetGlobaData

IDrop Sowes
QueryContinuelrag

Figure 26-4. MFC OLE drag-and-drop processing.
Here's a summary of what's going on:

User presses the left mouse button in the source view window.

Mouse button handler calls CRectTracker:: HitTest and finds out that the cursor was
inside the tracker rectangle.

Handler stores formatsin a COleDataSour ce object.

Handler calls COleDataSource::DoDragDrop for the data source.

User moves the cursor to the view window of the target application.

OLE cdls|DropTarget::OnDragEnter and OnDragOver for the COleDropTarget object,
which callsthe corresponding virtual functionsin the target's view. The OnDragOver
function is passed a COleDataObject pointer for the source object, which the target tests
for aformat it can understand.

7. OnDragOver returns adrop effect code, which OLE uses to set the cursor.
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oOukw

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



Faabo0Engineers.com

Erlcaaitg PEERS, | NsPIRIMNG CAREERS!

8. OLE cadllsIDataSource:: QueryContinueDrag on the source side to find out whether the
drag operation is fill in progress. The MFC COleDataSour ce class responds
appropriately.

9. User releases the mouse button to drop the object in the target view window.

10. OLE cals|DropTarget::OnDrop, which calls OnDrop for the target's view. Because
OnDrop is passed a COleDataObject pointer, it can retrieve the desired format from that
object.

11. When OnDrop returnsin the target program, DoDragDrop can return in the source
program.

7. Explain about Container-Component | nteractions

Analyzing the component and the container separately won't help you to understand fully how
they work. You must watch them working together to understand their interactions. Let's revea
the complexity one step at atime. Consider first that you have a container EXE and a component
EXE, and the container must manage the component by means of OLE interfaces.

The client program called CoGetClassObject and IClassFactory::Createlnstance to load the
spaceship component and to create a spaceship object, and then it caled Querylnterface to get
IMotion and IVisual pointers. An embedding container program works the same way that the
space simulation client works. It starts the component program based on the component's class
ID, and the component program constructs an object. Only the interfaces are different.

Figure 28-2 shows a container program looking at a component. You've already seen al the
interfaces except one—IOleObject.

Container maintains a peinter to the object WUnknewn
Container Component
application application
Document 10le Object

Object
[Data Object
IPersistStorage
§ e )
Storage IStopage Class factory
ICiassFactory

Component gets [Storage« from
container; calls ISforagerSave and

IStorage:load
Object data GContainers compound file
(in a storage) {compound document)

Figure 28-2. A container program's view of the component.
Using the Component's 1 OleObject | nterface

Loading a component is not the same as activating it. Loading merely starts a process, which then
sits waiting for further instructions. If the container gets an 10leObject pointer to the component
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object, it can cal the DoVerb member function with a verb parameter such as
OLEIVERB_SHOW. The component should then show its main window and act like a Windows-
based program. If you look at the 10leObject::DoVerb description, you'll see an 10leClientSte*
parameter. Well consider client sites shortly, but for now you can simply set the parameter to
NULL and most components will work okay.

Another important 101eObject function, Close, is useful at this stage. As you might expect, the
container calls Close when it wants to terminate the component program. If the component
process is currently servicing one embedded object (as is the case with MFC components), the
jprocess exits.

L oading and Saving the Component's Native Data—Compound Documents

Figure 28-2 demonstrates that the container manages a storage through an 1Storage pointer and
that the component implements IPersistStorage. That means that the component can load and
save its native data when the container calls the Load and Save functions of |PersistStorage.
You've seen the ISorage and IPersistSorage interfaces used in Chapter 27, but this time the
container is going to save the component's class ID in the storage. The container can read the
class ID from the storage and use it to start the component program prior to calling
|PersistStorage: : Load.

Actualy, the storage is very important to the embedded object. Just as a virus needs to live in a
cell, an embedded object needs to live in a storage. The storage must always be available because
the object is constantly loading and saving itself and reading and writing temporary data.

A compound document appears at the bottom of Figure 28-2. The container manages the whole
file, but the embedded components are responsible for the storages inside it. There's one main
storage for each embedded object, and the container doesn't know or care what's inside those
storages.

Clipboard Data Transfers

Theres actualy less here than meets the eye. The only thing inside the
CF_EMBEDDEDOBJECT format is an |Storage pointer. The clipboard copy program verifies
that IPersistStorage: : Save has been caled to save the embedded object's data in the storage, and
then it passes off the | Sorage pointer in a data object. The clipboard paste program gets the class
ID from the source storage, loads the component program, and then calls IPersistSorage::Load
to load the data from the source storage.

The data objects for the clipboard are generated as needed by the container program. The
component's | DataObject interface isn't used for transferring the objects' native data.

Getting the Component's M etafile

You aready know that a component program is supposed to draw in a metafile and that a
container is supposed to play it. But how does the component deliver the metafile? That's what
the |DataObject interface, shown in Figure 28-2, is for. The container cadls
IDataObject::GetData, asking for a CF_METAFILEPICT format. But wait a minute. The
container is supposed to get the metafile even if the component program isn't running. So now
you're ready for the next complexity level.
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TheRole of the I n-Process Handler

If the component program is running, it's in a separate process. Sometimes it's not running at al.
In either case, the OLE32 DLL is linked into the container's process. This DLL is known as the
object handler.

Figure 28-3 shows the new picture. The handler communicates with the component over the RPC
link, marshaling all interface function calls. But the handler does more than act as the
component's proxy for marshaling; it maintains a cache that contains the component object's
metafile. The handler saves and loads the cache to and from storage, and it can fill the cache by
calling the component's | DataObject: : GetData function.

When the container wants to draw the metafile, it doesn't do the drawing itself; instead, it asks the
handler to draw the metafile by calling the handler's 1 ViewObject2::Draw function. The handler
tries to satisfy as many container requests as it can without bothering the component program. If
the handler needs to call a component function, it takes care of loading the component program if
it is not aready loaded.

The IViewODbject2 interface is an example of OLE's design evolution. Someone decided to add a
new function—in this case, GetExtent—to the 1ViewObject interface. |ViewObject2 is derived
from 1ViewObject and contains the new function. All new components should implement the new
interface and should return an ViewObject2 pointer when Querylnterface is called for either
I1D_IViewObject or [ID_IViewObject2. Thisis easy with the MFC library because you write two
interface map entries that link to the same nested class.

{Unknown
In-process
handler
(OLE32.DLL)
Container Component
application 10l Dbt application
: Object
Document IData Object 10k Objct Object
IData Obyect
MiswObject2 ¢
1P arsistStorages
IPersistStorage
Storage Class factory | 1PC connection Class factory
ICkssFactory
IStorage ICiassFactony
Metafile Objec(::}'ast:ative Containers compound file (compound docurment)

Figure 28-3. Thein-process handler and the component.

Figure 28-3 shows both object data and metafile data in the object's storage. When the container
calls the handler's |PersistStorage: : Save function, the handler writes the cache (containing the
metafile) to the storage and then calls the component's | PersistSorage:: Save function, which
writes the object's native data to the same storage. The reverse happens when the object is loaded.
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8. Implement calendar control using ACTIVEX

The EX08A Example—An ActiveX
Control Dialog Container

Now it's time to build an application that uses a Calendar control in adialog. Here are the
steps to create the EX08A example:

1. Verifythat the Calendar control isregistered. If the control does not appear in
the Visual C++ Gallery's Registered ActiveX Controls page, copy the files
M SCal.ocx, MSCal.hlp, and MSCal.cnt to your system directory and register the
control by running the REGCOMP program.

2. Run AppWizard to produce \vcpp32\ex08a\ex08a. Accept all of the default
settings but two: select Single Document and deselect Printing And Print Preview.
In the AppWizard Step 3 dialog, make sure the ActiveX Controls option is
selected, as shown below.

MFC AppWizard - Step 3 of B

What compound document support would you like ta

B Application inchude?
File Edit ¥icw Wisdow Help

I = Mane

" Container

" Mini-zerver
" Full-zerver

" Both cortainer and server
Rady ,_
' ~

o~
e

‘What ather support would vou like to include?

[ Automation

< Back | Mest = | Finizh | Cancel |

3. Install the Calendar control in the EXO08A project. Choose Add To Project
from Visual C++'s Project menu, and then choose Components And Controls.
Choose Registered ActiveX Controls, and then choose Calendar Control 8.0.
ClassWizard generates two classes in the EXO8A directory, as shown here.
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Confirm Classes
The checked clazzles] will be generated fram
the Activel Contral. Click on a class name to

browse or edit its attibutes.
Cancel

Clazs name: Baze class:
|I:Calendar Chw'nd
Header file:

|Ea|endal.h

Implernentatian file:

|Ealendar.cpp

4. Edit the Calendar control classto handle help messages. Add Caendar.cpp to
the following message map code:

BEA N_MESSAGE MAP( CCal endar, CWhd)
ON_WM HELPI NFQ()
END_MESSAGE_MAP()

In the same file, add the OnHelplnfo function:

BOOL CCal endar: : OnHel pl nf o( HELPI NFO* pHel pl nf 0)

/1 Edit the following string for your system

;. WnHel p(Get Saf eHwnd(), "c:\\wi nnt\\systenB82\\nscal . hl p",
HELP_FI NDER, 0);

return FALSE;

}
In Calendar.h, add the function prototype and declare the message map:

pr ot ect ed:
af x_msg BOOL OnHel pl nf o( HELPI NFO* pHel pl nf o) ;
DECLARE_MESSAGE_MAP()

The OnHelpinfo function is called if the user presses the F1 key when the
Caendar control has the input focus. We have to add the message map code by
hand because ClassWizard doesn't modify generated ActiveX classes.

The ON_WM_HELPINFO macro maps the WM_HEL P message, which is new to

Microsoft Windows 95 and Microsoft Windows NT 4.0. Y ou can use
ON_WM_HELPINFO in any view or dialog class and then code the handler to
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activate any help system. Chapter 21 describes the MFC context-sensitive help
system, some of which predates the WM _HELP message.

. Usethedialog editor to create a new dialog resour ce. Choose Resource from

Visual C++'sInsert menu, and then choose Dialog. The dialog editor assigns the
ID IDD_DIALOGLI to the new dialog. Next change the ID to
IDD_ACTIVEXDIALOG, change the dialog caption to ActiveX Dialog, and set the
dialog's Context Help property (on the More Styles page). Accept the default OK
and Cancel buttons with the IDs IDOK and IDCANCEL, and then add the other
controls as shown in Figure 8-1. Make the Select Date button the default button.
Drag the Calendar control from the control palette. Then set an appropriate tab
order. Assign control I1Ds as shown in the following table.

Control ID

Caendar control IDC_CALENDAR1
Select Date button IDC_SELECTDATE
Edit control IDC DAY

Edit control IDC_MONTH

Edit control IDC_YEAR

Next Week button IDC_NEXTWEEK

. UseClassWizard to create the CActiveXDialog class. If you run ClassWizard

directly from the dialog editor window, it will know that you want to create a
CDialog-derived class based on the IDD_ACTIVEXDIALOG template. Simply
accept the default options, and name the class CActiveXDial og.

Click on the ClassWizard Message Maps tab, and then add the message handler
functions shown in the table below. To add a message handler function, click on
an object ID, click on amessage, and click the Add Function button. If the Add
Member Function dialog box appears, type the function name and click the OK
button.

Object ID M essage Member Function
CActiveXDialog WM_INITDIALOG OnlnitDialog (virtual function)
IDC_CALENDAR1 NewMonth (event) OnNewMonthCalendar 1
IDC_SELECTDATE  BN_CLICKED OnSdectDate
IDC_NEXTWEEK BN_CLICKED OnNextWeek

IDOK BN_CLICKED OnOK (virtua function)
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7. UseClassWizard to add data membersto the CActiveXDialog class. Click on

the Member Variables tab, and then add the data members as shown in the
illustration bel ow.

Y ou might think that the ClassWizard ActiveX Eventstab isfor mapping ActivexX
control eventsin acontainer. That's not true: it'sfor ActiveX control developers
who are defining events for a control.

MFC ClazsWizard E

tezzage Maps tember " ariables | Autormation | Activel, Events | Clazz Info |

Project: Clazs name: Add Class. =
exl8a ﬂ | CactiverDialog ﬂ T "-u-'-'arial:ule
C:hhex08ahdctiveDialog b, C:h. . hex03attctivexDialog. cpp =
Control 1D Type temnber Delete Yariable

IDC CALEMDART CCalendar m_calendar
IDC_Day ghart m_zDay
IDC_MOMTH ghart m_zkonth
IDC_MEXTWEEK.

IDC_SELECTDATE

IDC_YEAR ghiort m_grear
IDCAMCEL

D0k,

R

Dezcription;

] | Cancel |

8. Edit the CActiveXDialog class. Add the m varValue and m_BackColor data
members, and then edit the code for the five handler functions OninitDial og,
OnNewMonthCalendar 1, OnSelectDate, OnNextWeek, and OnOK. Figure 8-2
shows al the code for the dialog class, with new code in boldface.

ACTIVEXDIALOG.H

/1 {{AFX_| NCLUDES()

#i ncl ude "cal endar. h"

/1}} AFX_| NCLUDES

#if

I def i ned( AFX_ACTI VEXDI ALOG H 1917789D 6F24 11D0 8FD9 00C04FC2A0C2__ | NCLUDED )
#defi ne AFX_ACTI VEXDI ALOG H 1917789D 6F24 11D0 8FD9 00C04FC2A0C2_ | NCLUDED
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#i f _MSC_VER > 1000
#pragma once
#endif // _MSC _VER > 1000

/'l ActiveXDi al og.h : header file
/1

FEELLEIEE b i bbb bbb rrrrirri
/1 CActiveXDi al og dial og
class CActiveXDialog : public CD al og

{
/] Construction
public:

CActi veXDi al og( CwWhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
/1 {{ AFX_DATA( CAct i veXDi al og)
enum { I DD = | DD_ACTI VEXDI ALOG };

CCal endar m _cal endar ;
short m sDay;

short m_shont h;

short m sYear ;

/1}}AFX_DATA
Cd eVari ant mvar Val ue;
unsi gned | ong m BackCol or;

/1 Overrides
/1l dassWzard generated virtual function overrides
/1 {{AFX_VI RTUAL( CAct i veXDi al og)
pr ot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); // DDX DDV

/'l support
/1}}AFX_VI RTUAL

/1 Irmplementation
pr ot ect ed:

/'l Generated nessage map functions
/1 {{ AFX_MSQE CAct i veXDi al og)

virtual BOOL OnlnitDi al og();

af x_msg voi d OnNewMont hCal endar 1() ;
af x_msg void OnSel ect Date();

af x_msg voi d OnNext Week();

virtual void OnCK();
DECLARE_EVENTSI NK_MAP()

11}} ARX_MSG

DECLARE_MESSAGE_MAP()

}s
/1 {{AFX_| NSERT_LOCATI ON} }
// Mcrosoft Visual C++ will insert additional

/1 declarations inmedi ately before the previous |ine.

#endi f //
I def i ned( AFX_ACTI VEXDI ALOG H 1917789D 6F24_11D0_8FD9_00C04FC2A0C2__ | NCLUDED )
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ACTIVEXDIALOG.CPP

/'l ActiveXDial og.cpp : inplenentation file
/1

#i ncl ude "stdaf x. h"
#i ncl ude "ex08a. h"
#i ncl ude "ActiveXDi al og. h"

#i f def _DEBUG

#def i ne new DEBUG NEW

#undef THI S_FI LE

static char THHS FILE[] = __FILE ;
#endi f

FHELLEETE b r b r bbb rrrrirri
/1 CActiveXDi al og dial og

CActiveXDi al og: : CActi veXDi al og( CWhd* pParent /*=NULL*/)
CDi al og( CAct i veXDi al og: : | DD, pParent)
{

/1 {{AFX_DATA | NI T( CActi veXDi al og)
m sDay = O;

m shWonth = 0;

m sYear = O;

[1}Y}ARX_DATA INIT

m BackCol or 0x8000000F;

}

voi d CActi veXD al og: : DoDat aExchange( CDat aExchange* pDX)
{
CDi al og: : Dobat aExchange( pDX) ;
/1 {{ AFX_DATA NMAP( CActi veXDi al og)
DDX_Control (pDX, |1 DC_CALENDARL, m cal endar);
DDX_Text ( pDX, | DC_DAY, m sDay);
DDX_Text (pDX, | DC_MONTH, m sMonth);
DDX Text (pDX, | DC_YEAR, m sYear);
/1}} AFX_DATA MAP
DDX_OCCol or (pDX, |1 DC_CALENDAR1, DI SPI D BACKCOLOR, m BackCol or);

}

BEA N_MESSAGE MAP( CActi veXDi al og, CDi al og)
/1 {{AFX_MSG_MAP( CAct i veXDi al og)
ON_BN_CLI CKED( | DC_SELECTDATE, OnSel ect Dat €)
ON_BN_CLI CKED( | DC_NEXTWEEK, OnNext Week)
/1}} AFX_MSG_NMAP

END_MESSACGE_MAP()

FEEELEITE bbb bbb bbb rrrrrrri
/1 CActiveXDi al og nmessage handl ers

BEG N_EVENTSI NK_MAP( CAct i veXDi al og, CDi al og)
/1 {{ AFX_EVENTSI NK_MAP( CAct i veXDi al og)
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11.

ON_EVENT( CActi veXDi al og, | DC_CALENDARL, 3 /* NewMonth */,
OnNewMbnt hCal endar 1, VTS_NONE)

/1}} AFX_EVENTSI NK_NAP
END_EVENTSI NK_MAP( )

BOOL CActiveXDi al og:: OnlnitDi al og()

{
CDi al og: : Onl nitDi al og();
m cal endar . Set Val ue(m varVal ue); // no DDX for VARI ANTs
return TRUE;, // return TRUE unless you set the focus to a control
/1 EXCEPTI ON: OCX Property Pages should return FALSE
}

voi d CActiveXD al og: : OnNewibnt hCal endar 1()

Af xMessageBox (" EVENT: CActiveXD al og: : OnNewbnt hCal endar 1") ;

}
voi d CActiveXD al og:: OnSel ect Dat e()
{
CDat aExchange dx(this, TRUE);
DDX_Text (&dx, | DC _DAY, m sDay);
DDX_Text ( &dx, | DC_MONTH, m shonth);
DDX Text (&dx, | DC_YEAR, m sYear);
m cal endar . Set Day( m sDay) ;
m _cal endar . Set Mont h(m_sMont h) ;
m cal endar . Set Year (m sYear) ;
}
voi d CActiveXD al 0g: : OnNext Week()
{
m _cal endar . Next \eek() ;
}
voi d CActiveXD al og:: OnOK()
{
CDi al og: : OnCK() ;
m var Val ue = m cal endar. Get Val ue(); // no DDX for VARI ANTs
}

Figure 8-2. Code for the CActiveXDialog class.

The OnSdlectDate function is called when the user clicks the Select Date button.
The function gets the day, month, and year values from the three edit controls and
transfers them to the control's properties. ClassWizard can't add DDX code for the
BackColor property, so you must add it by hand. In addition, there'sno DDX code
for VARIANT types, so you must add code to the OninitDialog and OnOK
functions to set and retrieve the date with the control's Vaue property.

Connect the dialog to the view. Use ClassWizard to map the
WM_LBUTTONDOWN message, and then edit the handler function as follows:

voi d CEx08aVi ew. : OnLBut t onDown( Ul NT nFl ags, CPoi nt point)

CActi veXDi al og dl g;
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dl g. m BackCol or = RGB(255, 251, 240); // light yellow
CO eDat eTi ne today = CO eDateTine:: Get Current Ti ne() ;
dl g. m var Val ue = CA eDat eTi ne(t oday. Get Year (), today. Get Month(),
t oday. Get Day(), 0, 0, 0);
if (dlg. Dovbdal () == IDOK) {
Cd eDat eTi ne dat e(dl g. m var Val ue) ;
Af xMessageBox(date. Format ("9B %d, %™));

}
}

The code sets the background color to light yellow and the date to today's date,
displays the modal dialog, and reports the date returned by the Calendar control.
You'll need to include ActiveXDialog.h in ex08aView.cpp.

12. Edit the virtual OnDraw function in the file ex08aView.cpp. To prompt the
user to press the left mouse button, replace the code in the view class OnDraw
function with thissingle line:

pDC- >Text Qut (0, 0, "Press the left nobuse button here.");

13. Build and test the EX08A application. Open the dialog, enter a date in the three
edit controls, and then click the Select Date button. Click the Next Week button.
Try moving the selected date directly to a new month, and observe the message
box that istriggered by the NewMonth event. Watch for the fina date in another
message box when you click OK. Press the F1 key for help on the Calendar
control
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Unit 5
1.Explain about Process and Threads

Process:

A processis an executing instance of an application. A process maintains its own memory and
other system resources. It also has structures that keep track of code aswell as data used by the
application. Both WIN95 and WINNT allow multiple processes to run simultaneously. The
operating system takes care of switching between various running processes at specific time
intervals. The operating system all ocates resources to the process.

THREAD:

A thread is a path of execution within a process. It isthe smallest unit of code that the operating
system can execute. Every process has a minimum of one thread of execution. When you start an
application, the operating system creates a process and begins executing the primary thread of
that process. When this thread terminates, so does the process.

A thread cannot request for resources for resources nor will it be allocated any resources, the
thread has to use the resources of the process.

Applications are of two types — Single threaded applications and multithreaded applications.
SINGLE THREAD APPLICATIONS:

Applications that have only one thread are called single threaded applications. Thisthread isalso
known as the main thread of the application. In these applications, al the processing isdonein a
linear fashion. Such applications take more time for execution also. The applications cannot
perform any background processing.

MULTI-THREADED APPLICATIONS:

Applications that use more than one thread are called multithreaded applications. Y ou can create
additional threads in your applicationsif you wish. Such applications make full use of the
resources even if the application is running in a multiprocessor environment.

Some illustrations of a multithreaded applications are as follows:

e Printing multiple copies of a document while you continue to edit your document.

o Recdculating spreadsheet entries automatically when a cell value is updated.

e Compiling and building your application while you continue to work in the Microsoft
Developer studio.

HOW WIN32 VIEWS PROCESSESAND THREADS:

A processisaprogram that isloaded into memory and prepared for execution. Each process hasa
private virtual address space. A process consists of the code, data and other system resources,
such asfiles, pipesthat are accessible to the threads of the process.

Each processis started with a single thread, but additionally executing threads can be created.

A thread can execute any part of the program’ s code, including a part executed by another thread.
Threads are the basic entity to which the operating system alocates CPU time. All threads of a
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process share the virtual address space and can access the global variables and system resources
of the process.

In Windows, the Win32API is designed for preemptive multitasking, this means that the system
allocates small dices of CPU time among the competing threads. The currently executing thread
is suspended when itstime slice elapses, allowing another thread to run. When the system
switches from one thread to another, it saves the context of the suspended thread and restores the
saved context of the next thread in the queue.

Because each time diceis small, it appears that multiple threads are executing at the same time.
Thisis actually the case on multiprocessor systems, where the executable threads are distributed
among the available processors.

On asingle processor system, however, using multiple threads does not result in more
instructions being executed. In fact, the system can low down if it is forced to keep track of too
many threads.

To the application developer, the advantage of multitasking is the ability to create applications
that use more than one process and to create processes that use more than one thread of execution.

TYPESOF THREAD:

MFC supports two kinds of threads:

e User-interface threads
e  Worker threads

USER-INTERFACE THREADS:

User-interface threads are used to handle user input and respond to events generated by the user
as well as windows messages. User-interface threads have message handler functions. Example
the application object. The CWinThread classis used for thread processing in MFC. Thus, in our
MFC applications the primary thread of execution is auser interface thread.

WORKER THREADS:

Worker threads are commonly used to complete tasks, such as recal culation and background
printing, that do not require user input. Since worker threads do not handle user-inputs, they do
not have any message handler functions associated with them. An application can create any
number of worker threads.

FUNCTIONING OF THREADS:

All threadsin MFC applications are represented by CWinThread objects. In most situations, you
do not have to explicitly create these objects. Instead, you can call the AfxBeginThread function,
which creates CWinThread object.

CREATING WORKER THREAD:
A worker thread is commonly used to handle background tasks that do not require user
interaction. So they do not handle any messages. Programming using the worker threads includes

the following steps:
o Implementing the controlling function.

Faabo0Engineers.com

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



Faabo0Engineers.com

EMGAGING PEERS, INSPIRING CAREERS!
e Starting the thread.

The controlling function specifies the code to be executed when the thread starts. In fact, when
you start thread, the address of the controlling function is passed as a parameter to the thread. The
AfxBeginThread function is used to create threads. This function is overloaded, one for usr
interface thread and other for worker thread.

AfxBeginT hread Function:

Following is the syntax of the AfxBeginThread function to create a worker thread:

CWinThread* AfxBeginThread(AFX_THREADPROC pfnthreadProc, LPVOID pParam , int
nPriority=THREAD_PRIORITY_NORMAL, UINT nStackSize =0 , DWORD dwCreateFlags =0
, LPSECURITY_ATTRIBUTES IpSecurityAttrs = NULL);

Where,

pfnThreadProc isthe name of the function that will run the thread.

pParam isaparameter passed to the thread to the thread function. The data type of this pointer is
void * , can pass any data type.

nPriority specifiesthe priority of the thread, default is normal priority.
nStackSize specifiesthe size of the stack for the threaded function.
dwCreateFlags additional flags that control thread creation.
IpSecurityAttributes any security attributes for the thread.

The following code segment illustrates the implementation of aworker thread.

CWinThread *pThread=AfxBeginThread(MyT hreadProcedure, GetSafeHwnd(),
THREAD_PRIORITY_NORMAL);

Thefirst parameter isthe address of the function to be executed in the thread. Y ou can write any
instructionsin the controlling function and they will be executed by the thread.

The second parameter is the handle to the application window. The member function
GetSafeHwnd of the CWnd class returns a handle to the application window. The thread usesthis
handle when it has to communicate to the main thread of the application.

The third parameter specifies the thread' s priority code. This parameter is optional. By default it
isTHREAD_PRIORITY_NORMAL. All the symbols and macros regarding this processes and
threads are defined in winbase.h file.

The function AfxBeginThread returns a pointer of the type CWinThread to the newly created

thread object. Y ou can use this pointer to suspend or resume the thread while your application is
running using SuspendThread and ResumeT hread, which are member functions of CWinThread.
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Every thread has a base priority level. This priority level is determined by the thread’ s priority
value and the priority of its application. A threads priority value is specified at the time of
creation of the thread. The priority of the application is determined at the operating system level.

The SetThreadPriority member function of the CWinThread class sets the priority value for a
specified thread. Every running application has a runtime priority assigned to it by the operating
system. This function takes an integer as the priority value. The following code segment
illustrates the usage of the function.

BOOL status;
Status= pThread->SetThreadPriority(THREAD_PRIORITY_NORMAL);

The following are the priority values an be set using the function are as follows:

THREAD_PRIORITY_NORMAL—indicates normal priority.

THREAD_ PRIORITY_ABOVE_NORMA L—indicates one point above normal priority.
THREAD_ PRIORITY_BELOW_NORMA L—indicates one point below normal priority.
THREAD_ PRIORITY_HIGHEST—indicates two points above normal priority.
THREAD_ PRIORITY_LOWEST—indicates two points below norma priority.

CREATING USER INTERFACE THREADS:

A user-interface thread is commonly used to handle user input and respond to user events
independently of other threads executing in other portions of the application. The main
application thread is a user-interface thread and is derived from the CWinApp class.

The application should make acall t thefollowing overridden version of AfxBeginThread to
create user-interface thread.

CWinThread* AfxBeginThread(CRuntimeClass* pThreadClass, int nPriority=int
THREAD_PRIORITY_NORMAL, UINT nStackSize =0, DWORD dwCreateFlags =0 ,
LPSECURITY_ATTRIBUTES IpSecurityAttrs = NULL);

Where,
pThreadClass isthe RUNTIME_CLASS of an object derived from CWinT hread.

nPriority specifiesthe priority of the thread, default is normal priority.

nStackSize specifiesthe size of the stack for the threaded function.

dwCreateFlags additiona flags that control thread creation.

IpSecurityAttributes any security attributes for the thread.

Thefirst thing you must do when creating a user-interface thread is derive a class from
CWinThread. Y ou must implement this class using the DECLARE_DYNCREATE and

IMPLEMENT_DYNCREATE macros. The class must override certain functions and can
override others. These functions are:
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o Exitinstance
¢ [|nitinstance
¢ Onldle— perform thread specific idle-time processing . Not usually overridden.

TERMINATING THREADS:

Two normal situations cause a thread to terminate—the controlling function exits or the thread is
not be alowed to run to completion. Should the user wish to cancel the printing, however, the
background printing thread would have to be terminated prematurely.

Normal Thread Termination:

For aworker thread, norma thread termination is simple, exit the controlling function and return
value that signifies the reason for termination . Typically the return value O signifies successful
compl etion.

For auser-interface thread , the processis just as simple-from within the user-interface thread,
call ::PostQuitMessage function. The exit code O typically signifies successful completion.
Premature Thread Termination:

Terminating athread prematurely is almost as simple- call AfxEndThread from within the thread.
Pass the desired exit code as the only parameter. This stops execution of the thread, releases the
thread' s resources, detaches al DLLs attaches to the thread and del etes the thread object from
memory.

2RDBMS

A relational databaseis a collection of related information organized into one or more tables.
Tables are visualy represented as atwo dimensiona array, wit rows representing records and
columns representing fields.

DATABASE OPERATIONS:

¢ Query: Retrieval of information from a database. A query is often qualified by afilter( a
WHERE clause).

e Join: Combination of two tablesto form a new table. While joining two tables, you can set
the criteriafor selecting records.

e Update: Updation of one or more recordsin asingle or multiple tables in a database. This
changes the state atable.

e recordation: Addition of recordsto atable.

e Record Deletion: Removal of records from atable.

For performing these operations, all RDBM S —based packages provide alanguage called
Structured Query Language(SQL).

SQL:
SQL stands for Structured Query Language . Most DBMS's support SQL. SQL standards are,

however, constantly evolving , and SQL grammar varies between products. ODBC allows a user
to connect to a data source and execute SQL statements on the data source.
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DATABASE MANAGEMENT WITH ODBC:

In the previous sessions, we had seen the use of Document-View architecture to code
applicationsin MFC. Now we will see how to apply the same to programs for a different kind of
interface—The ODBC interface. The applications required fast access to individual recordsin a
large database. Today Microsoft Windows programmers have a wide choice of programming
DBMS, including Powersoft PowerBuilder, Borland Paradox, Microsoft Access and Microsoft
FoxPro.

V C++ product contains two separate database access systems.
ODBC and DAQ( Data Access Objects).

ODBC is based on astandardized version of SQL . With ODBC and SQL, you can write database
access code that isindependent of database products.

FEATURES OF ODBC:

ODBC offers a structured approach for the construction of such an application interface. There
aretwo tasks that have to be provided for:

e Extracting database information.

e Importing datainto the application.

It provides a standard interface that allows both application and providers of libraries to move
data between applications and data sources.

ODBC Interface:

ODBC interfaceis an open, vendor —neutral interface for database connectivity that provides
accessto avariety of personal computer, minicomputer, and mainframe systems, including
Windows-based systems and the Apple Macintosh.

The ODBC interface of MFC includes:

e A library of ODBC function calls that allow an application to logon and connect to a DBMS,
execute SQL statements, and retrieve results.

e A standard set of error codes.

e A standard representation for datatypes.

ODBC Architecture;

ODBC has four components- The application, the driver manager, the drive and the data source.

e Application: Thisisthe application program which perform all the processing and calls
ODBC functions to submit statements and retrieve results.

o Driver Manager: This routine loads drivers on behalf of an application.
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e Driver: Thisroutine processes ODBC function calls, submits SQL requests to a specific data
source and returns results to the application. If necessary, the driver modifies an application
request so that the request conforms to the syntax supported by the associated DBMS.

e Data Source: Thisconsists of the data the user wants to access and the associated operating
system DBM S, and network platform used to accessthe DBMS.

MFC APPLICATION
MFC DATABASE CLASSES
ODBC DRIVER MANAGER
DRIVER DRIVER DRIVER
| | |
DATA DATA DATA
SOURCE SOURCE SOURCE
A A A
A 4 \ 4 A 4
DATABASE DATABASE DATABASE

DATA SOURCE:

A data source consists of the data a user wants to access, it associated DBMS, the platform on
which the DBM S resides, and the network used to access that platform. Each data source requires
that a driver provide certain information in order to connect to it.

ODBC CLASSES OF MFEC:

An ODBC data source contains a specific set of data, the information required to access that
data, and the location of the datasource, which data can be described using a data source name.

To access data provided by a data source, your program must first establish a connection to the

data source. All data accessis managed through that connection . Data source connections are
encapsulated by the class CDatabase.

CDatabase Class;

The CDatabase class represents a connection to a data source through which you can operate on
the data source. The CDatabase class treats a data source as a specific instance of data hosted by a
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database management system(DBMS). Y ou can connect to multiple databases by creating
multiple CDatabase objects.

The simplest way to use the CDatabase class is to construct a CDatabase object call its Open
member function. This opens connection to the data source. When you finish using the
connection, you call the Close member function and destroy CDatabse object.

Once a CDatabase object is connected to a data source, you can:

e Construct recordsets, which select records from tables or queries.

e Manage transactions, that are committed to the data source at once.
e Execute SQL statements.

CRecordset Class:

The CRecordset class encapsul ates a set of records selected from a data source. Record sets make
use of RFX mechanism to exchange data between field data members of the recordset object and
corresponding table-columns of the data source. Recordsets enable scrolling from record to
record, updating records, qualifying the selection with a filter and sorting the sel ection.

Using a CRecordset object at run time, you can:

e Examinethe datafields of the current record.
Filter or sort the recordset.

Customize the default SQL SLECT statement.
Scroll through the selected records.

Add, update, or delete records.

Once you have finished using the recordset object , it must be closed and them destroyed.

DISPLAYING AND MANIPULATING DATA INA FORM:

Many data-access applications select data and display it in the fields in a form. The user-interface
is aform containing controls in which the user examines, enters or edits data. To make your
application for-based use CRecordView class. The database class CRecordView givesyou a
CFormView object directly connected to a recordset object.

CRecordView Class:

The CRecordView class provides aform view that is directly connected to a record set object.
The Dialog Data Exchange(DDX) mechanism exchange data between the recordset and the
controls of the record view. Record views also support moving from record to record in the
recordset, updating records and closing the associated recordset when the record view closes.

REX M echanism:
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The Record Field eXchange (RFX) Mechanism exchanges data between the field data members
of your recordset object and the corresponding columns of the record in the data source. The RFX
mechanism isimplemented by the DoFiel dExchange member function of the CRecordset class.

The framework calls this function implicitly to automatically exchange data between the field
data embers of your recordset object and the corresponding columns of the current record on the
data source.

The exchange happensin both the directions.

The data types supported by RFX mechanism are as bel ow:

RFX FUNCTION FUNCTION

RFX_Text Transfers string data

RFX_Long Transfer long int data

RFEX _Int Transfer int data

RFX_Byte Transfers asingle byte of data

RFX_Double Transfers double precision float data
RFX_Date Transfers time and date data

RFX_Binary Transfers arrays of bytes of type CByteArray
RFX_LongBinary Transfers binarylarge object (BLOB)data

Let Us see a code segment to demonstrate transfer of data between the data source field members
and the corresponding CRecordset class members.

class CRecordSet : public CRecordset

{

public:
CString Manama;
Costarring madders;
long mage;

public:

virtual void DoFieldExchange(CFieldExchange* pFX);

void CRecordSet::DoFi el dExchange(CFieldExchange* pFX)
{
AFX_FIELD_MAP(CRecordSet)
pFX ->SetFid dType(CFiel dExchange: :outputColumn);
RFX_Text(pFX, _T("[NAME]"), m_name);
RFX_Text(pFX, _T("[ADDRESS]"), madders);
RFX_Long(pFX, T("[AGE]"), mage);
IN}YAFX_FIELD_MAP

The DoFieldExchange function takes one parameter to the CfieldExchange class. The
CFieldExchange class is responsible for the flow of data between the CDatabase class and the
CRecordset class.
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Thefirst statement in the function SetFieldType, specifies that the data exchangeis for the field
data members. Then next set of RFX statements makes the data exchange is from the current
record of the data source of the corresponding variables in the class CRecordset.

FROM DATABASE TO RECORDVIEW —THE PICTURE:

+ The CDatabase class encapsul ates the data source and provides a connection for you to
operate on the data source.
=  The RFX mechanism exchanges data between field data members of the recordset
object and corresponding table columns of the data source.

¢+ The Crecordset class encapsul ates a set of records from a data source.
» Recordsets alow you to scroll from record to record, update records, qualify
selection with afilter and sort the selection.

= Inthe case of the form-view , the DDX mechanism exchanges data between the
form-view and the recordset object, and is usually used to display the current record

The framework’ s Record Field eXchange (RFX) mechanism exchanges data between the
recordset and the data source. The dialog data exchange (DDX) mechanism exchanges data
between the field data members of the recordset object and the controls on the form.
CRecordView also provides default command handler functions for navigating from record to
record on the form. The DDX mechanism applies only to the CRecordView class.

CONNECTING TO A DATA SOURCE:

There are two ways to connect to a data source:

e By creating a CDatabase object and then cdling its Open member function.
e Using the GetDefaultConnect member function of the CRecordset class.

Example of usage of GetDefaultConnect function as shown under:

class CRecordSet : public CRecordset

{
public:
CString CRecordSet:: GetDefaultConnect()
{
return _T("ODBC;DSN=xyz");
}
1

In the above example, the GetDefaultConnect is called by the framework. The function returns a
string containing information about the data source—the data source name, the user-id and the
password.

In the above function, T macro is used to convert CString object to its UNICODE counterpart if
the platform supports UNICODE applications.
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GETDEFAULTSOL FUNCTION:

Once the connection between the data source and the application program has been established,
the next step isto select a default table. This operation can be done using the GetDefaultSQL
member function of the Crecordset class. TH frame work calls this member function implicitly to
get the default SQL statement on which the recordset is based. The return value might be atable
name .

If the GetDefaultSQL function returns the names of two tables the recordset will retrieve al the
records from two tables.

Ex:
CString CRecordSet:: GetDefaultSQL ()
{
return _T('[Table2]™);
}

SNAPSHOTSAND DYNASETS:

A dynaset is arecordset with dynamic properties. A recordset object in dynaset mode changes for
every updations or deletions or insertions of data. Thisis helpful in a multiuser environment.

Unlike dynaset, a snapshot type recordset object is static set records cannot be updated.

The default recordset is snapshot.

INITIALIZING A CRECORDSET OBJECT:

The recordset data members are explicitly initialized usually in the constructor of the CRecordset
object. The data members of the CRecordset object are :

o m nDefaultType- Used to specify the type of the recordset as either a snapshot or
dynaset.
e m_strFilter—It is used to manipul ate the WHERE clause of the SQL statement.
The recordset uses this string to filter the records it selects during the Open call.
o m_strilter data member can also be used to set join conditions.
e m strSort- Used to set the ORDER BY clause of the SQL statement. Y ou can use
this feature to sort arecordset on one or more columns.
e m_nFields:-specifies the number of fields, thisvalue to the m_nFields data
member is assigned by the framework. m_nFields data member assigned
by the framework.
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DOCUMENT_VIEW ARCHITECTTURE AND ODBC:

Toimplement the document-view ar chitecturefor ODBC:

Create a single document template using the user -defined Document, View
and Frame.

Construct arecordset object in the class derived from the CDocument class.
Thisensuresthat the recordset iscreated when the document is created.

In theclass derived from CRecordView, declare a pointer to the recor dset
object.

The constructor of the class derived from CRecordset isdesigned to accept a
parameter-a pointer to CDatabase class.

Initialize all variablesfor the recordset object which correspond to field
member s of the data source, set the valuesto memberslike
m_n_DefaultType, m_strFilter, m_strSort, m_nFields.

Usethe GetDefaultConnect function to connect to the data sour ce and
GetDefaultSQL to set default SQL/Table.

Use the GetDocument in the Onl nitialUpdate member function of your
View classto obtain a pointer to the document object.

Using the pointer obtained, accessthe recordset data member of the
document object and assign it to pointer to therecordset object.
Associate the recordset pointer of theview, IntheView class's
OnlnitialUpdate member function . If therecordset isalready open, closeit
using the Close member function and open it again.

L et usunderstand what each class doesin the Document-View ar chitecture:

CRecordset class — This class contains the data member s corresponding to
the data source sfields. The constructor of therecordset classtakesa
parameter asa pointer to the CDatabase class and passesit to its base class
constructor.
The GetDefaultConnect function — specifiesthe data sour ce to connect to
and the GetDefaultSQL function returnsthe SQL statement which
generatestherecord set. The DoFieldExchange transfersthe contents of the
data sour cefield memberswith the recordset’ sfields.
CDocument class—T his class constructs the recor dset object.
CRecordView class—T his declares a pointer to therecordset class. The
OnlInitialUpdate function, which is called implicitly by the frame work, sets
and view and openstherecordset. The following arefew functions ar e used
by the framework to display therecords.
» |sEOF — Checksif theend of the recordset object isreached.
» |sBOF - Checksif the beginning of the recor dset object isreached.
» MoveFirst- Movestherecord pointer tothefirst record in the
recordset object.
» Movel ast- Movestherecord pointer to thelast record in the
recordset object.
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» MoveNext—Movestherecord pointer tothe next record in the
recor dset.

» MovePrev—Movestherecord pointer tothe previousrecord in the
recor dset.

e CFramewWnd Class—Isthe same asin all Document-view programs
e CWinApp Class—Issameasin all Document-View programs.

CRecordView Class:

A record-view isafrom-view with controlsthat are mapped directly to thefield data
member s of a recordset object. A CRecordView object isa view that displays database
recordsin controls. Theview iscreated from a dialog templateresour ce and displaysthe
fiedds of the CRecordset object in the dialog template’s controls. The CRecordView object
usesthe DDX and RFX mechanism to automate the transfer of data between the controlsin
the form and the fields of the recor dset.

The stepsinvolved in manipulating the CRecordView class.

Thefirst step towards handling the CRecordView classisto code constructor of the class
derived from CRecordView. Thedialog resource-id must be passed to the base class
constructor.

Ex:

class CMyRecordView : public CRecordView

{
protected:

CRecordSet* m_pSet;

public:

CMyRecordView::CMyRecordView() :
CRecordView(CMyRecordView::1DD)

{
m_pSet = NULL;

CRecordset* CMyRecordView::OnGetRecor dset()
{
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return m_pSet;

BROWSING RECORDS THROUGH A RECORD VIEW:

L et usassume that the menu developed for the application has optionsfor scrolling from
onerecord to another, either in theforward or reversedirection.

Thefirst step isto write handlersfor the menu optionsin the class derived from
CFramewnd.

Ex:
IMPLEMENT_DYNCREATE(CMyRecordView, CRecordView)

BEGIN_MESSAGE_MAP(CMyRecordView, CRecordView)
ON_BN_CLICKED(IDC_FIRST, OnFirst)
ON_BN_CLICKED(IDC_NEXT, OnNext)
ON_BN_CLICKED(IDC_PREVIOUS, OnPrevious)
ON_BN_CLICKED(IDC_LAST, OnLast)

END_MESSAGE_MAP()

Thefollowing member functions of the CRecor dset class are used to moveto the
corresponding record.

MovePrev —Movesto the previousrecord
MoveNext —Movestothe next record
Movel ast —MovestotheL ast record
MoveFirst —Movesto the First record

The sample code to move from onerecord to the next record

void CMyRecordView::OnNext()

{
if(m_pSet->I SEOF()

{
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M essageBox (" Attempt to scroll beyond last record” ," scroll error™);
return;
}
m_pSet->M oveNext();
UpdateData(FAL SE);

}

Similarly the code for moverecord tofirst, last , and prev are as below.

void CMyRecordView::OnFirst()
{
if(m_pSet->1SBOF())
{
M essageBox (" Attempt to scroll beforefirst record”," scroll error™);
return;
}
m_pSet->M oveFirst();
UpdateData(FAL SE);

void CMyRecordView::OnPrevious()

{
if(m_pSet->1sBOF())
{
M essageBox(" Attempt to scroll beforefirst record”," scroll error™);
return;
}
m_pSet->M ovePrev();
UpdateData(FAL SE);
}
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void CMyRecordView::OnL ast()
{
if(m_pSet->1SEOF())
{
M essageBox(" Attempt to scroll beforelast record” " scroll error™);
return;
}
m_pSet->M ovel ast();
UpdateData(FAL SE);

ADDING RECORDSTO A DATABASE:

Adding recordsto the recordset can be done using AddNew member function of the
CRecordset class.

The changes done are not reflected in the recor dset immediately the data isnot updated. In
order to update the data you need to perform the following tasks:

e Call the Update member function of the CRecordset class. Thisupdatesthe
record currently added by the user.

o Reconstruct therecordset by calling the Requery member function of the
CRecordset class.

And clear button should clear the contents of the edit controlsin the dialog box.

void CMyRecordView::OnClear ()

{
SetDIgltemInt(IDC_AGE,0,TRUE);
SetDlgltemText(IDC_NAME,"");
SetDIgltemText(IDC_ADDRESS,"");
SetDlgltemText(IDC_1D,0);

void CMyRecordView::OnAdd()
{
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m_pSet->M ovel ast();
m_pSet->AddNew();
UpdateData(T RUE);
if('m_pSet->Update())
M essageBox(" cannot perform updation™);
if(m_pSet->Requery()==0)
return;
UpdateData(FAL SE);

MODIFYING RECORDSIN A DATABASE:

Modification is another kind of update operation performed on a data source. The only
differ ence between addition and modification of recordsusing MFC database classesisthat
no new records are added to the data source. The Edit member function of the CRecor dset
classisused to bring about modification.

void CMyRecordView::OnM odify()
{

m_pSet->Edit();
UpdateData(T RUE);
if(!m_pSet->Update())
M essageBox (" cannot perform updation”);
if(m_pSet->Requery()==0)
return;
UpdateData(FAL SE);

DELETING RECORDS FROM A DATABASE:

To deleterecordsin therecordset, you usethe Delete member function of the CRecor dset
class. Thefollowing code deletes the current record.

Faabo0Engineers.com

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



Faabo0Engineers.com

ErcaciMg PEERS, [ MNsSPIRIMG CAREERS!

void CMyRecordView::OnDeete()
{
m_pSet->Delete();
m_pSet->M oveNext();
if(m_pSet->1sEOF())
{
m_pSet->M ovel ast();
m_pSet->SetFiel dNull(NULL);
}
m_pSet->Requery();
UpdateData(FAL SE);

SetFieldNull(NULL) function isa member function of CRecordset class. It will set the
recordset toNULL.

ADMINISTERING THE ODBC SUPPORT:

Step 1: Open Control panel window and click on 32bit ODBC icon.

Step 2: Click on add button.

Step 3 : Select the appropriate driver according to the data source or back end .

Step 4 : Enter the data source name and click on select button and select the database.
Step 5: Click on OK.

CREATING AN MFC APPLCATION WITH DATABASE SUPPORT:

Step 1: Click on File menu item and then click on New and then click on project tab.
Step 2: Enter the project name and select the directory where ever you want to createthe

project.
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Step 3: Click on Single document interface radio button.
Step 4: Click on the option database without file support.
Step 5: Click on data sour ce button and enter the data sour ce name created through
ODBC then click on OK and select thetable or tables.
Step 6: Click on Finish button.

The AppWizard createsthe following code:

class CRecordDoc : public CDocument
{
protected:
CRecordDoc();
DECLARE_DYNCREATE(CRecordDoc)
public: CRecordSet m_recordSet;

public:
virtual BOOL OnNewDocument();
virtual ~CRecor dDoc();
DECLARE_MESSAGE_MAP()

In the above code CRecordSet isthe recordset object derived from CRecor dset tothe
data sour ce and performs all data management.

The AppWizard also generates a dialog box template that will be displayed in the
CRecordView object. Following isthelisting of the sour ce code generated by AppWizard.

Rest of the code in document isthe same as other document-view applications.

class CMyRecordView : public CRecordView

{
protected:

CMyRecordView();
DECLARE_DYNCREATE(CMyRecordView)
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public:
CRecordSet* m_pSet;

public:
CRecordDoc* GetDocument();

public:

virtual CRecordset* OnGetRecor dset();

virtual BOOL PreCreateWindow(CREATESTRUCT& cs);
protected:

virtual void DoDataExchange(CDataExchange* pDX);

virtual void OnlnitialUpdate();

virtual BOOL OnPreparePrinting(CPrintlnfo* plnfo);

virtual void OnBeginPrinting(CDC* pDC, CPrintInfo* plnfo);
virtual void OnEndPrinting(CDC* pDC, CPrintlnfo* plnfo);
IYAFX_VIRTUAL

public:
virtual ~CMyRecor dView();

protected:
I{{AFX_MSG(CMyRecordView)
afx_msg void OnFirst();
afx_msg void OnNext();
afx_msg void OnPrevious();
afx_msg void OnL ast();
afx_msg void OnAdd();
afx_msg void OnM odify();
afx_msg void OnDelete();
afx_msg void OnClear ();
afx_msg void OnEXxit();
DECLARE_MESSAGE_MAP()
|3

void CMyRecordView::OnlnitialUpdate()

{
m_pSet = & GetDocument()->m_recor dSet;
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CRecordView::OnlnitialUpdate();

}

Rest of the codein view isthe same as other document-view applications.

class CRecordSet : public CRecor dset

{

public:
CRecordSet(CDatabase* pDatabase = NULL);
DECLARE_DYNAMIC(CRecordSet)

II{{AFX_FIEL D(CRecordSet, CRecor dset)
Cstring m_NAME;

CsString m_ADDRESS;

long m_AGE;

long m_ID;

INYAFX_FIELD

I{{AFX_VIRTUAL (CRecor dSet)
public:
virtual CString GetDefaultConnect();
virtual CString GetDefaultSQL ();
virtual void DoFieldExchange(CFieldExchange* pFX);
INAFX_VIRTUAL

IMPLEMENT_DYNAMIC(CRecordSet, CRecor dset)

CRecordSet:: CRecor dSet(CDatabase* pdb)
: CRecordset(pdb)
{
I{{AFX_FIELD_INIT(CRecordSet)
m_NAME=_T("");
m_ADDRESS=_T("");
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m_AGE =0;
m_ID =0;
m_nFields = 4;
INYAFX_FIELD_INIT
m_nDefault Type = snapshat;

Cstring CRecor dSet:: GetDefaultConnect()

{
return _T("ODBC;DSN=xyz");

Cstring CRecor dSet:: GetDefault SQL ()

{
return_T("[Table2]");

void CRecor dSet:: DoFiel dExchange(CFie dExchange* pFX)
{
I{{AFX_FIELD_MAP(CRecordSet)
pFX->SetFieldType(CFieldExchange:: outputColumn);
RFX_Text(pFX, _T("[NAME]"), m_NAME);
RFX_Text(pFX, _T("[ADDRESS]"), m_ADDRESS);
RFX_Long(pFX, _T("[AGE]"), m_AGE);
RFX_Long(pFX, _T("[ID]"), m_ID);
IN}AFX_FIELD_MAP
}

The application compilesto produce the output wher e dialog box is empty since no controls
arethere.

The next step isto add controlsto thedialog box and associate the controlswith the
variables of therecord set object with the help of ClassWizard .

The ClassWizard generates a codein therecord view, which is below.

Faabo0Engineers.com

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



Faabo0Engineers.com

ErcaciMg PEERS, [ MNsSPIRIMG CAREERS!

void CMyRecordView:: DoDataExchange(CDataExchange* pDX)

{

CRecordView::DoDataExchange(pDX);
I{{AFX_DATA_MAP(CMyRecordView)
DDX_FieldText(pDX, IDC_ID, m_pSet->m_|D, m_pSet);

DDX_FieldText(pDX, IDC_ADDRESS, m_pSet->m_ADDRESS, m_pSet);
DDX_FieldText(pDX, IDC_NAME, m_pSet->m_NAME, m_pSet);
DDX_FieldText(pDX, IDC_AGE, m_pSet->m_AGE, m_pSet);
INYAFX_DATA_MAP

}

Thefollowing code implementsthe RFX mechanism for the variablesin the recor dset object

void CRecor dSet: : DoFiel dExchange(CFiel dExchange* pFX)

{

I{{AFX_FIELD_MAP(CRecordSet)
pFX->SetFieldType(CFieldExchange:: outputColumn);
RFEX_Text(pFX, _T("[NAME]"), m_NAME);
RFX_Text(pFX, _T("[ADDRESS]"), m_ADDRESS);
RFX_Long(pFX, _T("[AGE]"), m_AGE);
RFX_Long(pFX, _T("[ID]"), m_ID);
IN}AFX_FIELD_MAP

}

REGISTRY:

Introduction:

Applicationsrunning under DOS environment depend on theinformation in CONFIG.SYS
and AUTOEXEC.BAT filesfor their configuration and initialization. Similarly, under
Windows environment the applications depend on WIN.INI and SYSTEM.INI files. These
INI files storeinformation that control application startup aswell as various resour ces
used by applicationslike cursor and icon.
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These filesprovide an ideal solution in single user environment. But these files areincapable
of storing separate information for individual usersin a multi-user environment . Both
WIN95 and WInNT centralize program information in a database called registry. They still
support the abovefilesfor compatibility.

REGISTRY:

Theregistry isa hierarchical database. Users can edit registry values by running regedit
utility. Theregistry serversasa central configuration database stored in it can be viewed as
atreestructure. Each nodein thetreeiscalled akey. Theregistry storesall theinformation
about a computer and itsusersby dividing them into five sub-trees. Thesetreesare
described asfollows:

HKEY_LOCAL_MACHINE:

This subtree containsinfor mation about hardware currently installed, programs and
applications running on the machine.

HKEY_CURRENT_CONFIG:

This sub-tree window containsinfor mation about the har dwar e properties and also the
har dwar e configuration used by the operating system during booting.

HKEY_CLASSES ROOT:

This sub-tree containstheinfor mation about file associations. M ost of the infor mation
under thistreeisalsofound in the HKEY _LOCAL_MACHINE sub-hive.

HKEY_USERS:

This sub-tree contains user profiles. Thisinformation includes user propertiesaswell as
their privileges used in a multi user environment. The userswho are using the system for
thefirst time are also given a default profile.

HKEY_CURRENT_USER:

Containsthe profile information, which includes environment profiles, per sonal program
groups, desktop settings, networ k connections and printers.
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ACCESSING REGISTRY:
All entriesin theregistry are of the following format.
SECTION:ENTRY=Value

Applicationsrequireto get information from the registry. Also in some cases applications
should be abletowriteinformation to the registry.

READING FROM REGISTRY:

The GetProfileString function is be used for accessing theregistry. Thisfunctionisa
member of the CWinApp class. The usage of the function is asfollows:

Cstring GetProfileString(CString Section, CString Entry);

Thisfunction returnsa string which has as entry as specified in the Entry from the section
specified by Section from theregistry.

WRITING FROM REGISTRY':

The other function frequently used for storing information in registry is WriteProfileString.
Thisisalso amember function of the CWinApp Class. The usage of the function isas
follows.

BOOL WriteProfileString(CString Section, CString Entry, CString Value);

Thisfunction writesthe Valuefor the entry under the section in theregistry. Thisfunction
returns TRUE if successful, FAL SE otherwise.

Winsock

Winsock isthe lowest level Windows API for TCP/IP programming. Part of the code is located in
wsock32.dll (the exported functions that your program calls), and part is inside the Windows
kernel. Y ou can write both internet server programs and internet client programs using the
Winsock API. This APl is based on the original Berkely Sockets API for UNIX.
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Synchronous vs. Asynchronous Winsock Programming

Winsock was introduced first for Winl16, which did not support multithreading. Consequently,
most devel opers used Winsock in the asynchronous mode. In that mode, all sorts of hidden
windows and PeekMessage calls enabled single-threaded programs to make Winsock send and
receive calls without blocking, thus keeping the user interface (Ul) alive. Asynchronous Winsock
programs were complex, often implementing "state machines" that processed callback functions,
trying to figure out what to do next based on what had just happened.

The MFC Winsock Classes
1.CAsyncSocket

2.CSocket classes

The Blocking Socket Classes

Since we couldn't use MFC, we had to write our own Winsock classes. CBlockingSocket is athin
wrapping of the Winsock API, designed only for synchronous use in aworker thread. The only
fancy features are exception-throwing on errors and time-outs for sending and receiving data. The
exceptions help you write cleaner code because you don't need to have error tests after every
Winsock call. The time-outs (implemented with the Winsock select function) prevent a
communication fault from blocking athread indefinitely.

CHttpBlockingSocket is derived from CBlockingSocket and provides functions for reading HTTP
data. CSockAddr and CBIlockingSocketException are hel per classes.

The CSockAddr Helper Class

Many Winsock functions take socket address parameters. As you might remember, a socket
address consists of a 32-bit 1P address plus a 16-hit port number. The actual Winsock typeisa
16-byte sockaddr_in structure, which looks like this:

struct sockaddr _in {
short sin_famly;
u_short sin_port;
struct in_addr sin_addr;
char sin_zero[ 8];

3
The IP address is stored as type in_addr, which looks like this:

struct in_addr {
uni on {
struct { u_char s_bl,s b2,s b3,s _b4; } S un_b;
struct { u_short s_wl,s wW2; } S un_w
u long S addr;
} S un;
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} The CBlockingSocketException Class

All the CBIlockingSocket functions throw a CBIlocki ngSocketException object when Winsock
returns an error. This classis derived from the MFC CException class and thus overrides the
GetErrorMessage function. This function gives the Winsock error number and a character string
that CBlockingSocket provided when it threw the exception.

The CBlockingSocket Class

It shows an excerpt from the header file for the CBlockingSocket class.

BLOCKSOCK.H
cl ass CBl ocki ngSocket : public Chject

{
DECLARE_DYNAM C( CBI ocki ngSocket)
publi c:
SOCKET m hSocket ;
CBl ocki ngSocket (); { mhSocket = NULL; }
voi d d eanup();
void Create(int nType = SOCK_STREAM ;
void d ose();
voi d Bi nd( LPCSOCKADDR psa) ;
void Listen();
voi d Connect ( LPCSOCKADDR psa) ;
BOOL Accept ( CBl ocki ngSocket & s, LPCSOCKADDR psa);
int Send(const char* pch, const int nSize, const int
nsSecs);
int Wite(const char* pch, const int nSize, const int
nsSecs);
i nt Receive(char* pch, const int nSize, const int nSecs);
i nt SendDat agram(const char* pch, const int nSize,
LPCSOCKADDR psa,
const int nSecs);
i nt ReceiveDat agran{char* pch, const int nSize,
LPCSOCKADDR psa,
const int nSecs);
voi d CGet Peer Addr ( LPCSOCKADDR psa) ;
voi d Get SockAddr ( LPCSOCKADDR psa) ;
static CSockAddr Get Host ByNane(const char* pchNane,
const USHORT ushPort = 0);
static const char* Get Host ByAddr ( LPCSOCKADDR psa);
oper at or SOCKET();
{ return mhSocket; }
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Following is alist of the CBlockingSocket member functions, starting with the constructor:

Constructor—The CBlockingSocket constructor makes an uninitialized object. Y ou must
call the Create member function to create a Windows socket and connect it to the C++
object.

Create—This function calls the Winsock socket function and then sets the m_hSocket
data member to the returned 32-bit SOCKET handle.

Parameter Description

nType

Type of socket; should be SOCK_STREAM (the default value) or
SOCK_DGRAM

Close—This function closes an open socket by calling the Winsock closesocket function.
The Create function must have been called previoudly. The destructor does not call this
function because it would be impossible to catch an exception for aglobal object. Y our
server program can cal Close anytime for a socket that islistening.

Bind—This function calls the Winsock bind function to bind a previoudly created socket
to a specified socket address. Prior to calling Listen, your server program calls Bind with
a socket address containing the listening port number and server's IP address. If you
supply INADDR_ANY as the |P address, Winsock deciphers your computer's | P address.

Parameter Description

psa

A CSockAddr object or a pointer to a variable of type sockaddr

Listen—This TCP function calls the Winsock listen function. Y our server program calls
Listen to begin listening on the port specified by the previous Bind call. The function
returns immediately.

Accept—This TCP function calls the Winsock accept function. Y our server program calls
Accept immediately after calling Listen. Accept returns when a client connects to the
socket, sending back a new socket (in a CBlockingSocket object that you provide) that
corresponds to the new connection.

Parameter  Description

S

psa

Return
value

A reference to an existing CBlockingSocket object for which Create has not
been called

A CSockAddr object or a pointer to a variable of type sockaddr for the
connecting socket's address

TRUE if successful

Connect—This TCP function calls the Winsock connect function. Y our client program
calls Connect after calling Create. Connect returns when the connection has been made.
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Parameter Description

psa A CSockAddr object or a pointer to a variable of type sockaddr

e Send—This TCP function calls the Winsock send function after calling select to activate
the time-out. The number of bytes actually transmitted by each Send call depends on how
quickly the program at the other end of the connection can receive the bytes. Send throws
an exception if the program at the other end closes the socket before it reads al the bytes.

Parameter Description

pch A pointer to a buffer that contains the bytes to send
nSze The size (in bytes) of the block to send

nSecs Time-out value in seconds

Return value The actual number of bytes sent

e  Write—This TCP function calls Send repeatedly until al the bytes are sent or until the
receiver closes the socket.

Parameter Description

pch A pointer to a buffer that contains the bytes to send
nSze The size (in bytes) of the block to send

nSecs Time-out value in seconds

Return value The actual number of bytes sent

e Receive—This TCP function calls the Winsock recv function after calling select to
activate the time-out. This function returns only the bytes that have been received. For
more information, see the description of the CHttpBlockingSocket class in the next

section.
Parameter Description
pch A pointer to an existing buffer that will receive the incoming bytes
nSze The maximum number of bytes to receive
nSecs Time-out value in seconds

Returnvalue  The actual number of bytes received

e SendDatagram—This UDP function calls the Winsock sendto function. The program on
the other end needs to call ReceiveDatagram. There is no need to call Listen, Accept, or
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Connect for datagrams. Y ou must have previoudly called Create with the parameter set to
SOCK_DGRAM.

Parameter ~ Description

pch A pointer to a buffer that contains the bytes to send

nSze The size (in bytes) of the block to send

psa The datagram's destination address; a CSockAddr object or a pointer to a
variable of type sockaddr

nSecs Time-out value in seconds

Return The actua number of bytes sent

value

e ReceiveDatagram—This UDP function calls the Winsock recvfrom function. The
function returns when the program at the other end of the connection calls
SendDatagram. Y ou must have previously called Create with the parameter set to
SOCK_DGRAM.

Parameter  Description

pch A pointer to an existing buffer that will receive the incoming bytes

nSze The size (in bytes) of the block to send

psa The datagram's destination address; a CSockAddr object or a pointer to a
variable of type sockaddr

nSecs Time-out value in seconds

Return The actua number of bytes received

value

o GetPeer Addr—This function calls the Winsock getpeername function. It returns the port
and IP address of the socket on the other end of the connection. If you are connected to
the Internet through a Web proxy server, the IP addressis the proxy server's |P address.

Parameter Description

psa A CSockAddr object or a pointer to a variable of type sockaddr

o GetSockAddr—This function calls the Winsock getsockname function. It returns the
socket address that Winsock assigns to this end

o of the connection. If the other programisa server on aLAN, the IP addressis the address
assigned to this computer's network board. If the other program is a server on the
Internet, your service provider assigns the IP address when you dial in. In both cases,
Winsock assigns the port number, which is different for each connection.
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Parameter Description

psa A CSockAddr object or a pointer to a variable of type sockaddr

e GetHostByName—This static function calls the Winsock function gethostbyname. It
gueries a name server and then returns the socket address corresponding to the host name.
The function times out by itself.

Parameter  Description
pchName A pointer to a character array containing the host name to resolve

ushPort The port number (default value 0) that will become part of the returned socket

address
Return The socket address containing the |P address from the DNS plus the port
value number ushPort

e GetHostByAddr—This static function calls the Winsock gethostbyaddr function. It
gueries a name server and then returns the host name corresponding to the socket address.
The function times out by itself.

Parameter ~ Description

psa A CSockAddr object or a pointer to a variable of type sockaddr
Return A pointer to a character array containing the host name; the caller should not
value delete this memory

e Cleanup—Thisfunction closes the socket if it is open. It doesn't throw an exception, so
you can cal it inside an exception catch block.

e operator SOCKET—This overloaded operator lets you use a CBlockingSocket object in
place of a SOCKET parameter.

The CHttpBlockingSocket Class

If you call CBlockingSocket::Receive, you'll have a difficult time knowing when to stop receiving
bytes. Each call returns the bytes that are stacked up at your end of the connection at that instant.
If there are no bytes, the call blocks, but if the sender closed the socket, the call returns zero
bytes.

In the HTTP section, you learned that the client sends a request terminated by a blank line. The
server is supposed to send the response headers and data as soon as it detects the blank line, but
the client needs to analyze the response headers before it reads the data. This means that aslong
as a TCP connection remains open, the receiving program must process the received data as it
comesin. A simple but inefficient technique would be to call Receive for 1 byte at atime. A
better way is to use a buffer.
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The CHttpBlockingSocket class adds buffering to CBlockingSocket, and it provides two new
member functions. Here is part of the \vcpp32\ex34A\Blocksock.h file:

cl ass CHt t pBl ocki ngSocket : public CBlI ocki ngSocket

{
publ i c:

DECLARE_DYNAM C( CHt t pBI ocki ngSocket )

enum {nSi zeRecv = 1000}; // max receive buffer size (> hdr
line

/1 length)

CHt t pBl ocki ngSocket () ;

~CHt t pBl ocki ngSocket () ;

i nt ReadHtt pHeaderLi ne(char* pch, const int nSize, const int
nsSecs);

i nt ReadHtt pResponse(char* pch, const int nSize, const int
nSecs);
private:

char* m pReadBuf; // read buffer

int mnReadBuf; // nunber of bytes in the read buffer
3

The constructor and destructor take care of alocating and freeing a 1000-character buffer. The
two new member functions are as follows:

o ReadHttpHeaderLine—This function returns a single header line, terminated with a

<cr><|f> pair. ReadHttpHeader Line inserts aterminating zero at the end of theline. If
the line buffer isfull, the terminating zero is stored in the last position.

Parameter Description

pch A pointer to an existing buffer that will receive the incoming line (zero-
terminated)

nSze The size of the pch buffer

nSecs Time-out value in seconds

R:Iturn The actual number of bytes received, excluding the terminating zero

value

e ReadHttpResponse—T his function returns the remainder of the server's response
received when the socket is closed or when the buffer is full. Don't assume that the buffer
contains a terminating zero.

Parameter Description

pch A pointer to an existing buffer that will receive the incoming data
nSze The maximum number of bytes to receive

nSecs Time-out val ue in seconds
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Returnvaue  Theactua number of bytes received

A Simplified HTTP Server Program

Now it'stime to use the blocking socket classesto write an HTTP server program. All the frills
have been eliminated, but the code actually works with a browser. This server doesn't do much
except return some hard-coded headers and HTML statementsin response to any GET request.
(Seethe EX34A program later in this chapter for amore complete HTTP server.)

Initializing Winsock

Before making any Winsock calls, the program must initialize the Winsock library. The following
statements in the application’s I nitlnstance member function do the job:

WSADATA wsd;
WBASt art up(0x0101, &wsd);

Starting the Server

The server starts in response to some user action, such as a menu choice. Here's the command
handler:

CBl ocki ngSocket g _sListen; // one-and-only gl obal socket for
listening

voi d CSocket Vi ew. : Onl nternet Start Server ()

{

try {
CSockAddr saServer (1 NADDR_ANY, 80);

g_sListen. Create();

g_sLi sten. Bi nd(saServer);

g_sListen. Listen();

Af xBegi nThr ead( Ser ver ThreadPr oc, Cet Saf eHwnd());

}
cat ch( CBl ocki ngSocket Exception* e) {
g_sLi sten. d eanup();

/1 Do something about the exception
e->Del ete();

}

Pretty ssmple, really. The handler creates a socket, starts listening on it, and then starts aworker
thread that waits for some client to connect to port 80. If something goes wrong, an exception is
thrown. The global g_sListen object lasts for the life of the program and is capable of accepting
multiple simultaneous connections, each managed by a separate thread.

The Server Thread

Now let's look at the Server ThreadProc function:
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U NT Server ThreadProc(LPVO D pPar anm
{
CSockAddr sadient;
CHt t pBl ocki ngSocket sConnect;
char request[100];
char headers[] = "HTTP/ 1.0 200 OK\r\n"
"Server: Inside Visual C++ SOCKO1\r\n"
"Date: Thu, 05 Sep 1996 17:33:12 GVIT\r\n"
"Content-Type: text/htm\r\n"
"Accept - Ranges: bytes\r\n"
"Content-Length: 187\r\n"
"\r\n"; // the inportant blank Iine
char htm[] =
"<htm ><head><titl e>l nside Visual C++
Server</title></head>\r\n"
"<body><body
background=\"/sanpl es/i mages/usal.jpg\">\r\n"
"<hl><center>This is a custom hone
page</cent er ></ hl><p>\r\n"
"</ body></htm >\r\n\r\n";
try {
i f(!g_sListen. Accept (sConnect, saCient)) {
/1 Handler in view class closed the |istening socket
return O;

}
Af xBegi nThr ead( Ser ver Thr eadPr oc, pPar anj
/1 read request fromclient
sConnect . ReadHt t pHeader Li ne(request, 100, 10);
TRACE(" SERVER: %", request); // Print the first header
i f(strnicnp(request, "CGET", 3) == 0) {
do { // Process the remaining request headers
sConnect . ReadHt t pHeader Li ne(request, 100, 10);
TRACE(" SERVER: %", request); // Print the other
headers
} while(strcnp(request, "\r\n"));
sConnect . Wite(headers, strlen(headers), 10); //
response hdrs
sConnect . Wite(htm , strlen(htm), 10); // HTM. code

}

el se {
TRACE(" SERVER: not a CGET\n");
/! don't know what to do

}

sConnect.C ose(); // Destructor doesn't close it

}
cat ch( CBl ocki ngSocket Exception* e) {

/1 Do something about the exception
e->Del ete();
}

return O;
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The most important function call isthe Accept call. The thread blocks until a client connects to

the server's port 80, and then Accept returns with a new socket, sConnect. The current thread
immediately starts another thread.

In the meantime, the current thread must process the client's request that just camein on
sConnect. It first reads all the request headers by calling ReadHttpHeaderLine until it detects a
blank line. Then it calls Write to send the response headers and the HTML statements. Finally,
the current thread calls Close to close the connection socket. End of story for this connection. The
next thread is sitting, blocked at the Accept call, waiting for the next connection.

Cleaning Up
To avoid amemory leak on exit, the program must ensure that all worker threads have been

terminated. The simplest way to do thisisto close the listening socket. This forces any thread's
pending Accept to return FALSE, causing the thread to exit.

try {
g_sListen. d ose();

Sl eep(340); // Wait for thread to exit
WBAC eanup(); // Term nate W nsock

}

cat ch(CUser Excepti on* e) {
e->Del ete();

}

A problem might arise if athread were in the process of fulfilling a client request. In that case, the
main thread should positively ensure that all threads have terminated before exiting.
A Simplified HTTP Client Program

Now for the client side of the story—a simple working program that does a blind GET request.
When a server receives a GET request with a dash, as shown below, it's supposed to deliver its
default HTML file:

GET / HITP/ 1.0

If you typed http://www.slowsoft.com in a browser, the browser sends the blind GET request.
This client program can use the same CHttpBlockingSocket class you've already seen, and it must
initialize Winsock the same way the server did. A command handler simply starts a client thread
with acal like this

Af xBegi nThread( Cl i ent Socket Thr eadProc, Get Saf eHwnd());

Here's the client thread code:

CString g_strServerNane = "local host"; // or some other host nane
U NT d i ent Socket ThreadPr oc(LPVAO D pPar an
{

CHt t pBl ocki ngSocket sdient;

Faabo0Engineers.com

Erlcac NG PEERS, | NsPIRIMNG CAREERS!



Faabo0Engineers.com

EMGAGING PEERS, INSPIRING CAREERS!

char* buffer = new char[ MAXBUF] ;

i nt nBytesRecei ved = 0;

char request]|] "GET / HTTP/1.0\r\n";

char headersJ] /1 Request headers
"User-Agent: Mzillal/l. 22 (Wndows; U; 32bit)\r\n"
"Accept: */*\r\n"
"Accept: image/gifir\n"
"Accept: i mage/ x-xbitmap\r\n"
"Accept: inmage/jpeg\r\n”
"\r\n"; // need this

CSockAddr saServer, sadient;

try {
sCient.Create();
saServer =

CBl ocki ngSocket : : Get Host ByNane(g_str Server Nane, 80);
sC i ent. Connect (saServer);
sCient.Wite(request, strlen(request), 10);
sCient.Wite(headers, strlen(headers), 10);
do { // Read all the server's response headers
nByt esRecei ved = sC i ent. ReadHt t pHeader Li ne( buf f er,

100, 10);

} while(strcnp(buffer, "\r\n")); // through the first
bl ank |ine

nByt esRecei ved = s ient. ReadH t pResponse(buffer, 100,

10);
i f(nBytesReceived == 0) {
Af xMessageBox("No response received");
}
el se {
buf f er[ nByt esRecei ved] = "\ 0';
Af xMessageBox( buf fer);
}
}

cat ch( CBl ocki ngSocket Exception* e) {
/1 Log the exception
e->Del ete();

}

sCient.C ose();

delete [] buffer;

return 0; // The thread exits

}

Thisthread first calls CBlockingSocket: : GetHostByName to get the server computer's |P address.
Then it creates a socket and calls Connect on that socket. Now there's a two-way communication
channel to the server. The thread sendsits GET request followed by some request headers, reads
the server's response headers, and then reads the response file itself, which it assumesis atext
file. After the thread displays the text in a message box, it exits.

3.Winlnet
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WiniInet is a higher-level API than Winsock, but it works only for HTTP, FTP, and gopher client
programs in both asynchronous and synchronous modes. Y ou can't useit to build servers. The
WININET DLL isindependent of the WINSOCK32 DLL. Microsoft Internet Explorer 3.0 (IE3)
uses Winlnet, and so do ActiveX controls.

Winlnet's Advantages over Winsock

Winlnet far surpasses Winsock in the support it gives to a professional-level client program.
Following are just some of the Winlnet benefits:

e Caching—Just like IE3, your Winlnet client program caches HTML files and other
Internet files. Y ou don't have to do athing. The second time your client requests a
particular file, it's loaded from alocal disk instead of from the Internet.

e  Security—WinlInet supports basic authentication, Windows NT challenge/response
authentication, and the Secure Sockets Layer (SSL). Authentication is described in
Chapter 35.

e Web proxy access—You enter proxy server information through the Control Panel (click
on the Internet icon), and it's stored in the Registry. Winlnet reads the Registry and uses
the proxy server when required.

o Buffered I/O—Winlnet's read function doesn't return until it can deliver the number of
bytes you asked for. (It returnsimmediately, of course, if the server closes the socket.)
Also, you can read individual text linesif you need to.

e Easy API—Status callback functions are available for Ul update and cancellation. One
function, ClnternetSession:: OpenURL, finds the server's |P address, opens a connection,
and makes the file ready for reading, all in one call. Some functions even copy Internet
files directly to and from disk.

e User friendly—WinlInet parses and formats headers for you. If a server has moved afile
to anew location, it sends back the new URL in an HTTP Location header. Winlnet
seamlessly accesses the new server for you. In addition, Winlnet puts afile's modified
date in the request header for you.

The MFC Winlnet isamodern API available only for Win32. The MFC wrapping is quite good,
which means we didn't have to write our own Winlnet classlibrary. Yes, MFC WinlInet supports
blocking calls in multithreaded programs, and by now you know that makes us happy.

The MFC classes closely mirror the underlying Winlnet architecture, and they add exception
processing. These classes are summarized in the sections on the following pages.

ClinternetSession

Y ou need only one Clnter netSession object for each thread that accesses the Internet. After you
have your ClnternetSession object, you can establish HTTP, FTP, or gopher connections or you
can open remote files directly by calling the OpenURL member function. Y ou can use the
ClnternetSession class directly, or you can derive aclass from it in order to support status
callback functions.

The ClnternetSession constructor calls the Winlnet I nternetOpen function, which returns an
HINTERNET session handle that is stored inside the ClnternetSession object. This function
initializes your application's use of the Win- Inet library, and the session handle is used internally
as aparameter for other Wininet calls.
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CHttpConnectlon

An object of class CHttpConnection represents a "permanent” HTTP connection to a particular
host. Y ou know aready that HTTP doesn't support permanent connections and that FTP doesn't
either. (The connections last only for the duration of afile transfer.) Winlnet gives the appearance
of a permanent connection because it remembers the host name.

After you have your ClnternetSession object, you call the GetHttpConnection member function,
which returns a pointer to a CHttpConnection object. (Don't forget to del ete this object when you
arefinished with it.)

The GetHttpConnection member function calls the Winlnet I nternetConnect function, which
returns an HINTERNET connection handle that is stored inside the CHttpConnection object and
used for subsequent Winlnet calls.

CFtpConnection, CGopherConnection

These classes are similar to CHttpConnection, but they use the FTP and gopher protocols. The
CFtpConnection member functions GetFile and PutFile allow you to transfer files directly to and
from your disk.

CinternetFile

With HTTP, FTP, or gopher, your client program reads and writes byte streams. The MFC
Winlnet classes make these byte streams look like ordinary files. If you look at the class
hierarchy, you'll seethat CInternetFile is derived from CRdioFile, which is derived from CFile.
Therefore, CinternetFile and its derived classes override familiar CFile functions such as Read
and Write. For FTP files, you use ClnternetFil e objects directly, but for HTTP and gopher files,
you use objects of the derived classes CHttpFile and CGopherFile. Y ou don't construct a
ClnternetFile object directly, but you call CFtpConnection: : OpenFile to get a ClnternetFile
pointer.

If you have an ordinary CFile object, it has a 32-bit HANDLE data member that represents the
underlying disk file. A ClnternetFile object usesthe same m_hFile data member, but that data
member holds a 32-hit Internet file handle of type HINTERNET, which is not interchangeable
with aHANDLE. The ClnternetFile overridden member functions use this handle to call WinInet
functions such as InternetReadFile and Inter net\WriteFile.

CHittpFile

This Internet file class has member functions that are uniqueto HTTP files, such as
AddRequestHeaders, SendRequest, and GetFileURL. Y ou don't construct a CHttpFile object
directly, but you call the CHttpConnection:: OpenRequest function, which calls the Winlnet
function HttpOpenRequest and returns a CHttpFile pointer. Y ou can specify a GET or POST
request for this call.

Once you have your CHttpFile pointer, you cal the CHttpFile:: SendRequest member function,
which actually sends the request to the server. Then you call Read.
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CFtpFileFind, CGopherFileFind

These classes et your client program explore FTP and gopher directories.
CinternetException

The MFC Winlnet classes throw Clnter netException objects that your program can process with
try/catch logic.

Internet Session Status Callbacks

Winlnet and MFC provide callback notifications as a Winlnet operation progresses, and these
status callbacks are available in both synchronous (blocking) and asynchronous maodes. In
synchronous mode (which we're using exclusively here), your Winlnet calls block even though
you have status call backs enabled.

Cdlbacks are easy in C++. You simply derive a class and override selected virtua functions. The
base class for Winlnet is ClnternetSession. Now let's derive a class named
CCallbacklnter netSession:

cl ass CCal | backl nt er net Sessi on : public ClnternetSession
{
publ i c:
CCal | backl nt er net Sessi on( LPCTSTR pstrAgent = NULL, DWORD
dwContext = 1,
DWORD dwAccessType = PRE_CONFI G_| NTERNET_ACCESS,
LPCTSTR pstrProxyNanme = NULL, LPCTSTR pstrProxyBypass =
NULL,
DWORD dwrl ags = 0 ) { Enabl eStatusCal | back() }
pr ot ect ed:
virtual void OnStatusCall back( DWORD dwCont ext, DWORD
dwi nt er nal St at us,
LPVAO D | pvSt at usl nformati on, DWORD
dwst at usl nf or mati onLengt h) ;

};

The only coding that's necessary is a constructor and a single overridden function,
OnSatusCallback. The constructor calls Clnter netSession: : EnableStatusCallback to enable the
status callback feature. Y our Winlnet client program makes its various Internet blocking cals,
and when the status changes, OnStatusCallback is called. Y our overridden function quickly
updates the Ul and returns, and then the Internet operation continues. For HTTP, most of the
callbacks originate in the CHttpFile:: SendRequest function.

What kind of eventstrigger callbacks? A list of the codes passed in the dwl nter nal Satus
parameter is shown here.

Code Passed Action Taken
INTERNET _STATUS RESOLVING_NAME Looking up the IP address of the
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supplied name. The nameisnow in
| pvSatusl nformation.

INTERNET _STATUS NAME RESOLVED Successfully found the IP address.
The IP addressis now in
| pvStatusl nformation.

INTERNET_STATUS CONNECTING_TO SERVER Connecting to the socket.
INTERNET_STATUS CONNECTED_TO_SERVER  Successfully connected to the socket.

INTERNET _STATUS SENDING_REQUEST Send the information request to the
server.

INTERNET STATUS REQUEST SENT Successfully sent the information
request to the server.

INTERNET STATUS RECEIVING RESPONSE Waiting for the server to respond to a
request.

INTERNET STATUS RESPONSE RECEIVED Successfully received a response
from the server.

INTERNET _STATUS CLOSING_CONNECTION Closing the connection to the server.
INTERNET STATUS CONNECTION_CLOSED Successfully closed the connection to

the server.
INTERNET STATUS HANDLE CREATED Program can now close the handle.
INTERNET _STATUS HANDLE CLOSNG Successfully terminated this handle
value.
INTERNET_STATUS REQUEST COMPLETE Successfully completed the

asynchronous operation.

Y ou can use your status callback function to interrupt a Winlnet operation. Y ou could, for
example, test for an event set by the main thread when the user cancels the operation.

A Simplified Winlnet Client Program

And now for the Winlnet equivalent of our Winsock client program that implements ablind GET
regquest. Because you're using Winlinet in blocking mode, you must put the codein aworker
thread. That thread is started from a command handler in the main thread:

Af xBegi nThread(C i ent W nl net ThreadPr oc, Get Saf eHwnd());

Here's the client thread code;

CString g strServerNane = "l ocal host™; // or some other host nane
U NT dientWnlnet ThreadProc(LPVO D pParam
{

Cl nt er net Sessi on sessi on;
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CHt t pConnecti on* pConnection = NULL;
CHtpFile* pFilel = NULL;
char* buffer = new char[ MAXBUF] ;
U NT nBytesRead = O;

try {
pConnection = session. Get Hi t pConnecti on(g_str Server Nane,

80) ;
pFil el = pConnecti on->CpenRequest (1, "/"); // blind GET
pFi | el- >SendRequest () ;
nByt esRead = pFil el- >Read(buffer, MAXBUF - 1);
buf fer[ nBytesRead] = "\0'; // necessary for nessage box
char tenp[ 10];
i f(pFilel->Read(tenp, 10) !'= 0) {
/1 makes caching work if read conplete
Af xMessageBox("Fil e overran buffer —not cached");
}
Af xMessageBox( buffer);
}

cat ch(Cl nternet Exception* e) {
/1 Log the exception
e->Delete();

}

if(pFilel) delete pFilel;

i f(pConnection) del ete pConnecti on;
delete [] buffer;

return O;

}

The second Read call needs some explanation. It has two purposes. If the first Read doesn't read
the whole file, that meansthat it was longer than MAXBUF -1. The second Read will get some
bytes, and that |ets you detect the overflow problem. If the first Read reads the whole file, you
till need the second Read to force Winlnet to cache the file on your hard disk. Remember that
Winlnet triesto read al the bytes you ask it to—through the end of the file. Even so, you need to
read O bytes after that.

Programming the Micr osoft I nternet Information Server

Microsoft Internet Information Server (11S) 4.0, which is bundled with Microsoft Windows NT
Server 4.0. l1Sis actualy three separate servers—one for HTTP (for the World Wide Web), one
for FTP, and one for gopher. This chapter tells you how to write HTTP server extensions using
the Microsoft 1S application programming interface (ISAPI) that is part of Microsoft ActivexX
technology. an ISAPI server extension and an ISAPI filter, both of which are DLLs. An ISAPI
server extension can perform Internet business transactions such as order entry. An ISAPI filter
intercepts data traveling to and from the server and thus can perform specialized logging and
other tasks.

Microsoft 11S

Microsoft I1S is a high-performance Internet/intranet server that takes advantage of Windows NT
features such as 1/0O completion ports, the Win32 function TransmitFile, file-handle caching, and
CPU scaling for threads.
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Installing and Controlling IIS

When you install Windows NT Server 4.0, you are given the option of installing I1S. If you
selected 11S at setup, the server will be running whenever Windows NT isrunning. 1S is a special
kind of Win32 program called a service (actually three services—WWW, HTTP, and gopher—in
one program called inetinfo.exe), which won't appear in the taskbar. Y ou can control 11S from the
Servicesicon in the Control Panel, but you'll probably want to use the Internet Service Manager
program instead.

Running Internet Service Manager

Y ou can run Internet Service Manager from the Microsoft Internet Server menu that's accessible
on the Start menu.

Y ou can also run an HTML-based version of Internet Service Manager remotely from a browser.
That version allows you to change service parameters, but it won't let you turn services on and
off. Figure 35-1 shows the Microsoft Internet Service Manager screen with the World Wide Web
(WWW) running and FTP services stopped.

Y ou can select a service by clicking on itsicon at the left. The triangle and square buttons on the
toolbar of the screen alow you to turn the sel ected service on or off.

= O O =1 - e |

| R =ady [1 S erv=ri=] [1 Servicel=]1 Running —

Figure 35-1. The Microsoft Internet Service Manager screen.

IIS Security
After you double-click on the WWW service icon of the Microsoft Internet Service Manager

screen, you'll see a property sheet. The Service page lets you configure 11S security. When a
client browser requests afile, the server impersonates alocal user for the duration of the request
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and that user name determines which filesthe client can access. Which local user does the server
impersonate? Most often, it's the one you see in the Username field, shown in Figure 35-2.

W Service Properties for v-davidk E3

Service | Directories | Logging | Advanced |

TCP Pott [0
Connection Timeout:  [300 = seconds
Masimum Connections: [100000
[ Anorymous Logon
Usemame: [IUSR_MYMACHINENAME

Password: [

(- Password Suthentication
Allow Anorgmous
[~ Basic (Cloa Tos)
™ Windows MT Chalenge/Response

Comment: |5ewer Comment

0K | Cancel Apply Help

Figure 35-2. The WMWV Service Properties screen.

Most Web page visitors don't supply a user name and password, so they are considered
anonymous users. Those users have the same rights they would have if they had logged on to
your server localy asIUSR_ MY MACHINENAME. That means that
IUSR_MYMACHINENAME must appear in thelist of usersthat is displayed when you run User
Manager or User Manager For Domains (from the Administrative Tools menu), and the
passwords must match. The 11S Setup program normally defines this anonymous user for you.

Y ou can define your own WWW anonymous user name, but you must be sure that the entry on
the Service page matches the entry in the computer's (or Windows NT domain's) user list.

Note a so the Password Authentication options. For the time being, stick to the Allow
Anonymous option only, which means that all Web users are logged on as
IUSR_MYMACHINENAME. Later in this chapter, we'll explain Windows NT
Challenge/Response.

IIS Directories
Remember SlowSoft's Web site from Chapter 347 If you requested the URL
http://d owsoft.com/newproducts.html, the newproducts.html file would be displayed from the

slowsoft.com home directory. Each server needs a home directory, even if that directory contains
only subdirectories. The home directory does not need to be the server computer's root directory,
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however. As shown in Figure 35-3, the WWW home directory isreally \WebHome, so clients
read the disk file \WebHome\newproducts.html.

W Service Properties lor v-davidk B

Service | Diecloies ILDQg\flgl Advanced |

Directo Alias Address | Error

dhEF /BugsFeed

BRemove Edit Properties..,
¥ | Enable Defaut Document —
Default Document: {Default him
[T Daectony Browsing Allwed
Ok | Cancel | oo Hep |

Figur e 35-3. The \WebHome WM home directory screen.

Y our server could get by with ahome directory only, but the I1S virtual directory feature might be
useful. Suppose SlowSoft wanted to allow Web access to the directory \BF on the D drive. The
screen above shows avirtual /BugsFixed directory that maps to D:\BF. Clients would access files
with aURL similar to this: http://d owsoft.com/BugsFixed/filel.html.

If your computer was configured for multiple IP addresses (see the Control Panel Network icon),
1S would alow you to define virtual Web servers. Each virtual server would have its own home
directory (and virtual directories) attached to a specified |P address, making it appear as though
you had several server computers. Unfortunately, the [1S Web server listens on all the computer's
IP addresses, so you can't run |1S simultaneously with the EX34A server with both listening on
port 80.

the browsers can issue a blind request. As Figure 35-3 shows, Internet Service Manager lets you
specify the file that ablind request selects, usualy Default.htm. If you select the Directory
Browsing Allowed option of the Directories page on the service property screen, browser clients
can see a hypertext list of filesin the server's directory instead.
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IIS Logging

1S is capable of making log entries for al connections. Y ou control logging from the Internet
Service Manager's Logging property page. Y ou can specify text log files, or you can specify
logging to an SQL/ODBC database. Log entries consist of date, time, client |P address, file
requested, query string, and so forth.

Testing IIS

It's easy to test 11S with abrowser or with any of the EX35A clients. Just make sure that 11Sis
running and that the EX35A server is not running. The default 11S home directory is
\Winnt\System32\i netsrv\iwwwroot, and some HTML files are installed there. If you're running a
single machine, you can use the localhost host name. For a network, use a name from the Hosts
file. If you can't access the server from aremote machine, run ping to make sure the network is
configured correctly. Don't try to build and run ISAPI DLLs until you have successfully tested
1S on your computer.

4,SAPI Server Extensions

AnISAPI server extensionis aprogram (implemented asa DLL loaded by 11S) that runsin
responseto a GET or POST request from a client program (browser). The browser can pass
parameters to the program, which are often values that the browser user types into edit controls,
selects from list boxes, and so forth. The ISAPI server extension typically sends back HTML
code based on those parameter values. You'll better understand this process when you see an
example.

Common Gateway Interface and ISAPI

Internet server programs were first developed for UNIX computers, so the standards werein
place long before Microsoft introduced 11S. The Common Gateway Interface (CGI) standard,
actually part of HTTP, evolved as away for browser programs to interact with scripts or separate
executabl e programs running on the server. Without altering the HTTP/CGI specifications,
Microsoft designed 11S to allow any browser to load and run aserver DLL. DLLs are part of the
I1S process and thus are faster than scripts that might need to load separate executable programs.
Because of your experience, you'll probably find it easier to writean ISAPI DLL in C++ than to
write a script in PERL, the standard Web scripting language for servers.

CGil shifts the programming burden to the server. Using CGI parameters, the browser sends small
amounts of information to the server computer, and the server can do absolutely anything with
thisinformation, including access a database, generate images, and control peripheral devices.
The server sends afile (HTML or otherwise) back to the browser. The file can be read from the
server's disk, or it can be generated by the program. No ActiveX controls or Java applets are
necessary, and the browser can be running on any type of computer.

A Simple ISAPI Server Extension GET Request

Suppose an HTML file contains the following tag:

<a href="scripts/maps. dl | ?St at e=l daho" >l daho Weat her Map</ a><p>
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When the user clicks on Idaho Weather Map, the browser sends the server a CGl GET request
likethis:

CET scripts/ maps. dl | ?St at e=l daho HTTP/ 1.0

I1S then loads maps.dil from its scripts (virtual) directory, calls a default function (often named
Default), and passes it the Sate parameter |daho. The DLL then goes to work generating a JPG
file containing the up-to-the-minute satellite weather map for Idaho and sendsiit to the client.

If maps.dil had more than one function, the tag could specify the function name like this:

<a href="scripts/mps. dl | ?Get Map?St at e=I dah
0&Res=5">| daho Weat her Map</ a><p>

In this case, the function GetMap is called with two parameters, State and Res.

Y ou'll soon learn how to write an ISAPI server similar to maps.dll, but first you'll need to
understand HTML forms, because you don't often see CGl GET requests by themselves.
HTML Forms—GET vs. POST

Inthe HTML code for the simple CGI GET request above, the state name was hard-coded in the
tag. Why not let the user select the state from a drop-down list? For that, you need aform, and
here's a simple one that can do the job.

<htm >
<head><titl| e>\Weat hermap HTM. Fornk/titl e>
</ head>
<body>
<hl><center>Wel cone to the Satellite Wathermp
Servi ce</ cent er ></ h1>
<form action="scripts/ maps. dl | ?Get Map" net hod=GET>
<p>Sel ect your state:
<sel ect name="State">
<option> Al abana
<option> Al aska
<option> | daho
<opti on> Washi ngt on

</sel ect>
<p><i nput type="subnmit"><i nput type="reset">
</fornp

</ body></htm >

If you looked at thisHTML file with a browser, you would see the form shown in Figure 35-4.
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[ Weathermap HTML Fotm - Microsolt Intemet Explorer H =] ES
File Edit View Go Favodites Help
=l

Welcome to the Satellite
Weathermap Service

Select your state: [Alsbama =]

Submi | Reset ]

Figur e 35-4. The Weathermap HTML Form window.

The select tag provides the state name from alist of four states, and the all-important "submit"
input tag displays the pushbutton that sends the form datato the server in the form of a CGlI GET
request that looks likethis:

CET scripts/ maps. dl | ?Get Map?St at e=I daho HTTP/ 1. 0

(various request headers)
(blank Iine)

Unfortunately, some early versions of the Netscape browser omit the function namein form-
originated GET requests, giving you two choices. provide only a default function in your ISAPI
DLL, and use the POST method inside aform instead of the GET method.

If you want to use the POST option, change one HTML line in the form above to the following:
<form action="scri pts/ maps. dl | ?Get Map" net hod=PCOST>

Now here's what the browser sends to the server:

POST scri pts/ maps. dl | ?Get Map

(various request headers)

(bl ank Iine)

St at e=| daho

Note that the parameter valueisin the last line instead of in the request line.

ISAPI DLLs are usualy stored in a separate virtua directory on the server because these DLLS
must have execute permission but do not need read permission. Clicking the Edit Properties
button shown in Figure 35-3 will alow you to access these permissions from the Internet Service
Manager, or you can double-click on a directory to change its properties.
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Writing an ISAPI Server Extension DLL

Visua C++ givesyou aquick start for writing ISAPI server extensions. Just select ISAPI
Extension Wizard from the Projects list. After you click the OK button, your first screen looks
like Figure 35-5.

ISAPI Extension Wizard - Step 1 of 1

what tppe of Intamnet information Server obyects wecwtd
you ke to crests?

I Generaste a Filler objecy
Filter Class Mame: |EEM353FEar
Filter Diescyiption: [ex35a Fites

' Generste a Server Exdengion object

E:ﬂarh_s-i;:n Cl=zs Mame: 1I:E:|.=35.aE wtension

Extension Descaption: ]Bxﬁﬁa E xtension

Huows waouild wou e bo wse the MFEC kbram?
" Az achaed DLL
A a stalicalp-icdoed lbisoe

<Back | mess | [ Emish | Cancel | Hep |

Figure 35-5. The Sep 1 page of the | SAPI Extension Wizard.

Check the Generate A Server Extension Object box, and you've got a do-nothing DLL project
with a class derived from the MFC CHittpServer class and a Default member function. Now it's
time for alittle programming.

Y ou must write your ISAPI functions as members of the derived CHttpServer class, and you must
write parse map macrosto link them to I1S. There's no "parse map wizard,” so you have to do
some coding. It's okay to use the Default function, but you need a GetMap function too. First
insert these lines into the wizard-generated parse map:

ON_PARSE_COMVAND( Get Map, CWeat her Ext ensi on, | TS_PSTR)
ON_PARSE_COMVAND PARAMS( " St at e")

Then write the GetMap function:

voi d CA\eat her Ext ensi on: : Get Map( CHt t pSer ver Cont ext* pC xt, LPCTSTR
pstrState)
{

Start Content (pCt xt);

WiteTitle(pCxt);

*pCtxt << "Visualize a weather map for the state of ";

*pCxt << pstrState;

EndCont ent (pCt xt);
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}

This function doesn't actually generate the weather map (what did you expect?), but it does
display the selected state name in acustom HTML file. The CHttpServer:: SartContent and
CHttpServer::EndContent functions write the HTML boilerplate, and CHttpServer::WriteTitle
callsthe virtual CHttpServer:: GetTitle function, which you need to override:

LPCTSTR CWeat her Extension: : Get Titl e() const

{
return "Your customweather nmap"; // for browser's title
w ndow

}

The MFC CHttpServer Context class has an overloaded << operator, which you use to put text in
the HTML file you're building. Behind the scenes, an attached object of the MFC class
CHtml Stream represents the output to the server's socket.

The MFC ISAPI Server Extension Classes

Now isagood time to review the three MFC classes that are used to create an MFC ISAPI server
extension. Remember that these classes are for ISAPI server extensions only. Don't even think of
using them in ordinary Winsock or Winlnet applications.

CHttpServer

With the help of the ISAPI Extension Wizard, you derive a class from CHttpServer for each
ISAPI server extension DLL that you create. Y ou heed one member function for each extension
function (including the default function), and you need an overridden GetTitle function. The
framework calls your extension functionsin response to client requests, using the connections
established in the parse map. The ISAPI Extension Wizard provides an overridden
GetExtensionVersion function, which you seldom edit unless you need initialization code to be
executed when the DLL isloaded.

One of the CHttpServer member functions that you're likely to call is AddHeader, which adds
specia response headers, such as Set-Cookie, before the response is sent to the server. (More on
cookies later.)

CHttpServerContext

There's one CHttpServer object per DLL, but there is one CHttpServer Context object for each
server transaction request. Y our extension functions each provide a pointer to one of these
objects. Y ou don't derive from CHttpServer Context, so you can't easily have variables for
individual transactions. Because different 11S threads can manage transactions, you have to be
careful to perform synchronization for any data members of your CHttpServer class or global
variables.

Y ou've already seen the use of the StartContent, EndContent, and WriteTitle functions of the
CHttpServer class plus the overloaded >> operator. Y ou might also need to call the
CHttpServer Context: : GetServer Variable function to read information sent by the client in the
request headers.
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CHtmIStream

Most of thetime, you don't use the CHtml Stream class directly. The CHttpServer Context class
has a CHtml Stream data member, m_pStream, that's hooked up to the >> operator and serves as
the output for HTML data. Y ou could access the CHtml Stream object and call its Write member
function if you needed to send binary data to the client. Because objects of the CHtmlStream class
accumulate bytes in memory before sending them to the client, you need an aternative approach
if your DLL relayslarge files directly from disk.
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