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Introduction

If you shop like | do, you've just noticed this book on the shelf and picked it up to see what
interesting topics it covers. You've read the table of contents. Aggressive. There is obviously a lot of
detailed MFC information, but there is also a lot of ATL and COM information. Interesting.

So you turn to the introduction to see what it has to say about the wealth of information and hard-
won experience contained in this (very large) volume. Will it convince you this book is the best MFC
programming book on the market today?

Absolutely not. If by now you aren’t convinced that this is the best MFC programming book on the
market, this introduction won’'t sway you. However, this is the best MFC programming book on the
market today. Why? Simply because the information contained within these pages represents
decades of collective MFC programming experience—not the hobby-shop kind of programming, but
rather the hard-core, schedule-pressure, “we need it now” kind of programming. From the basic to
the intricate, every page contains more experience per page than any other MFC book out there
today.

Programmers of all levels will benefit from the information you find here. You don’t understand the
Document/View architecture? It's explained here. You want to extend and go beyond the Document/
View architecture? That's here too, as well as all other aspects of MFC programming. In a nutshell,
here is what you'll find:

* MFC'’s architecture and class layout

* MFC as C++

 MFC as a Windows application programming tool

» How to create compelling MFC applications

» Using Developer Studio to create more compelling MFC applications
 Using the Windows Common Controls from MFC applications

* Implementing your own custom controls using MFC

* MFC and the GDI

 All about MFC’s message routing scheme

» Documents and views, and how to supercharge their use

* MFC application user interface programming

* MFC and printing

* MFC as a COM server programming platform, including ActiveX programming
* MFC as a COM client programming platform

» Adding scripting to your MFC applications

* MFC and databases

* MFC'’s utility classes, including exception processing

* MFC and the Web, including DHTML, Winlnet, and ISAPI programming
* MFC and hot graphics programming using both OpenGL and DirectX

» How to add help access to your MFC applications

It is true that many of these topics can be found in some of the other books you see sitting on the
shelf alongside this book. But none of them cover this much information in one place, and each
topic here is covered in the deepest detail. After all, that is why the book is titted MFC Programming
with Visual C++ 6 Unleashed.

How This Book Is Organized



This book is designed to be the most comprehensive MFC programming resource available
anywhere today. As you work from chapter to chapter, you'll not only learn what makes MFC tick,
but you'll also learn how to supercharge MFC, customize it, and take the architecture and make it
work the way you want it to work. You'll go way beyond the wizard-generated code and see how
experienced MFC programmers do their magic. Soon, it'll be your magic, too:

» Part |, “Core MFC,” covers the core MFC concepts. Here, you see how MFC was crafted
to be a tremendous general-purpose application framework. When you understand the
basic mechanics, you'll see how to tailor MFC to better fit your programming requirements.
Chapter 1 shows you the MFC architecture and introduces you to the major MFC classes
you need to understand to get the most from the tool. Chapter 2 initiates your journey
through MFC application development by showing you how MFC interacts with data and
windows through the use of dialog boxes. Chapter 3 provides the details you need to get
the most from the Windows common controls, especially the useful list and tree controls.
Chapter 4 shows you how to manage GDI resources using MFC, as well as how you work
with fonts, brushes, and so on. After you know how to deal with standard controls and paint
screen items, you have what you need to tackle Chapter 5, which shows you how to create
custom controls specific to your application. Finally, Chapter 6 dispels the myths
surrounding MFC'’s idle processing, allowing you to use seemingly idle application
processing time to your advantage.

e Part Il, “Documents, Views, and Applications That Use Them,” details the MFC
architecture and how you can both optimize it and modify it to suit your personal needs.
Chapter 7 describes the Document/View architecture. Chapter 8 shows you how to extend
your application’s user interface. Finally, Chapter 9 blows the cover off using the printer
from your MFC application, allowing you to move past the basic wizard-based code to really
use the printer.

o Part lll, “MFC and COM Programming,” describes MFC and COM programming, as most
of today’s Windows applications use COM to provide at least some of their functionality.
Chapter 10 introduces you to COM, and Chapter 11 provides an explanation of MFC’s
implementation of COM. Chapters 12 and 13 discuss OLE servers and clients, and Chapter
14 shows you how to write feature-packed ActiveX controls that the containers you'll
develop in Chapter 15 can use to their advantage. Chapter 16 gives you the facts about
mixing MFC and ATL, a templated COM framework. Chapter 17 shows you how to add
scripting capabilities to your MFC applications.

» Part IV, “MFC Database Programming,” shows you how MFC and databases work
together. Chapter 18 looks at MFC and various database programming concepts and
technologies. Chapter 19 moves past the basics and shows you the current technologies in
MFC (and COM) database processing.

« Part V, “MFC Utility Classes,” nails down the details regarding the MFC utility classes.
Chapter 20 covers MFC string and collection management. Chapter 21 shows you how to
work with files using MFC. Chapter 22 provides the critical details you need to process
exceptional runtime conditions.

» Part VI, “MFC and the Web,” marries MFC and the Web. Chapter 23 introduces you to
Dynamic HTML (DHTML) and how you can access DHTML from your MFC application.
Chapter 24 shows you the basics of MFC network programming. Chapter 25 moves to
advanced MFC network programming. Chapter 26 describes MFC ISAPI programming.
Need to add telephonic or electronic mail support to your MFC application? Then Chapters
27 and 28 are here for you.

» Part VII, “MFC and Graphics Programming,” introduces you to the fascinating area of
MFC graphics programming. Chapter 29 describes OpenGL and how you can exploit that
technology in your MFC applications. Chapter 30 similarly describes MFC and DirectX.
Chapter 31 goes a step further by adding full-fledged multimedia support to your MFC
applications.

» Part VIII, “Advanced MFC,” gives you a wealth of insight born of experience. Chapter 32
shows you how to work with the Windows Registry database. Chapter 33 describes using
MFC from within DLLs. And the final chapter, Chapter 34breaks open the secrets of
Developer Studio AppWizard programming.



Who Should Read This Book?

Actually, this book is perfect for just about anyone interested in programming Windows applications
using MFC. Whether you are just beginning or have weathered MFC programming from its
inception, there are valuable nuggets for you here:

Beginners—The basic concepts are clearly and concisely covered. More important than
that, however, is the valuable coverage you'll find regarding pitfalls and potential
optimizations. You'll learn the basics, but you'll also learn how to avoid common beginning
MFC programmer mistakes.

Casual and accomplished MFC programmers—Use this book as a reference to delve into
topics of specific interest. You will be able to reuse much of the code you find here to
enhance your ongoing Windows programming tasks. You'll also find detailed coverage of
the latest Microsoft technologies with specific use from within MFC-based applications.
Experts—For you, this book provides the detailed programmer-to-programmer information
you won't find elsewhere. Our goal was to provide you with the deepest details and provide
alternative methods of accomplishing intricate programming tasks. If you need it, it's here
for you.

We have worked exceptionally hard to provide you with the definitive work to date regarding MFC
programming. Enjoy!



Foreword

The Microsoft Foundation Classes are a excellent example of how an object-oriented approach to
packaging software functionality can lead to code reuse, reduced application complexity, and in the
end, a more efficient software development environment.

MFC has been around for about seven years now. The first version of MFC was released with
version 7 of Microsoft's 16-bit C/C++ compiler, and it represented little more than a wrapper around
the Window GDI calls. (Visual C++ version 1 followed Microsoft C/C++ version 7.)

For those who had been developing applications using the Windows API, MFC promised an
immense gain in programming productivity. Rather than write Petzold-style WinMain procedures,
message loops, and switch statements to dispatch messages, you could create an instance of a
class that would take care of much of the drudgery. Rather than create GDI objects, write many
lines of code to initialize and use the objects, carefully track their lifetimes, and be sure to release
them properly, you could instantiate an MFC class, often simply use the default values, and then let
the destructor worry about cleaning up system resources.

Indeed, to truly comprehend the advantages of using MFC, you should write a significant graphics
application first using MFC and then using strictly the Windows API. Then compare war stories.

But although MFC made the programmer’s life easier, early versions were not without cost. MFC
applications were much larger than a non-MFC equivalent. They tended to run slower as well
(probably because they were so much larger...). And whenever it was necessary to stretch the MFC
envelope a bit, a working knowledge of the Windows API was still a prerequisite.

MFC has gone through many iterations since version 1 was released. The current revision of MFC
is version 6. MFC added the Document/View architecture in version 2, ODBC and drag-and-drop
support in version 2.5, and multithreading and Unicode support in version 3. Subsequent releases
have added support for socket classes, Internet classes, OLE automation, and thread
synchronization. MFC has constantly evolved in its support of new graphic interface features and
now offers a rich collection of support classes such as arrays, lists, and strings, to name a few.

Over the years, I've used MFC on many projects. One of the most rewarding of those endeavors
was being part of the software development team for Qualcomm’s Eudora versions 3 and 4. We
used MFC extensively in the creation of the Windows version of that product.

The real world still holds challenges for programmers! MFC has not changed that; MFC is still
supplied with source code for good reason. But without MFC, | believe developing Eudora would
have been a much more difficult and time-consuming task. MFC allowed us to build a product that
conformed to Windows GUI standards, incorporated new and improved user interface metaphors,
and ran with a high degree of independence on many versions of operating systems and hardware
platforms. MFC also saved time when constructing non-GUI data structures and objects used by the
internals of Eudora.

This book is an authoritative reference document that describes MFC: what it is and how to get the
most out of it. This book is written by programmers for programmers. It is filled with sample
applications and code snippets to clarify and demonstrate the use of MFC 6. If you are new to MFC,
this book will get you up to speed quickly. If you are familiar with MFC but need to drill down into the
details of a specific MFC class, this book will be quite valuable as well. This book can also be used
as a companion to the Microsoft documentation, which is typically quite good but perhaps a bit terse



in spots.
I hope you find this book both educational and enjoyable.

Keith Mcintyre

Vice President—Engineering
Internet Systems Division
Stellcom, Inc.
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The MFC Architecture

by Bill Heyman
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The Microsoft Foundation Classes (MFC) allow you to develop C++ GUI applications for Windows
using its rich set of classes. This chapter discusses the evolution of MFC and the fundamental
classes used in almost every MFC-based application.

A Brief History of MFC

Since its beginnings in 1987, Windows has introduced legions of traditional DOS programmers to a
new way of programming: a device-independent, event-driven model. Although the Windows API
has grown to add much new functionality, it still retains the basic functions that existed in the early
versions of Windows (such as Windows/286 and Windows/386).

In the late 1980s, BASIC, 8088 assembler, and Pascal were the lingua francae for DOS software
development. At this time, the C language was starting to grow beyond its UNIX roots and become
a high-performance, systems development language on other platforms. Microsoft’s choice of using
C (combined with 8088 assembler) for the development of Windows allowed C to gain a foothold
among the PC developers.

The original Windows API (now sometimes called Win16) catered to using a C development
environment. The American National Standards Institute (ANSI) standardized the C language in
1989, thus solidifying C as a language for application and systems development. Armed with the
Windows Software Development Kit (SDK) and the Microsoft C compiler, developers started
developing GUI applications that took advantage of the Windows API.

The C language was procedural—it had no built-in support for the object-oriented features that are
commonly used today: encapsulation, inheritance, and polymorphism. The Windows API was
designed and delivered as a procedure-based interface and, hence, was perfect for the



development technology of the time. However, as object-oriented extensions to C were developed
and more widely accepted in a new language called C++, an object-oriented wrapper interface to
the Windows API seemed a natural next step. Microsoft developed this interface as its Application
Frameworks (AFX) product in 1992. This evolved into the Microsoft Foundation Classes (MFC)
product that exists today.

Note:

The Windows API is object-based. This means that you can programmatically
interact with the system objects (such as windows, semaphores, and pens) through
a handle and a defined interface. The actual implementation and data used by the
implementation is hidden from the view of the program. This “data hiding” is called
encapsulation.

The MFC Class Libraries are object-oriented. This means that in addition to the
encapsulation, the interfaces (packaged in a set of C++ classes) also provide
inheritance and polymorphism. Inheritance is the capability to share and extend the
functionality of an existing class. Polymorphism is the capability of objects to
support the same interface, but provide different implementations.

Note:

Although the Windows API is procedural and designed to be called from procedural
languages (like C), you can (and will) use the Windows API directly from your MFC
applications written in C++.

The concept of device independence was a boon for both software developers and hardware
manufacturers (well, at least the manufacturers that didn’t have a great amount of market share at
the time). Unlike the traditional DOS programs that required specific routines for different video and
print devices, programs coded for Windows could be written to a common interface and work across
a wide variety of video and print devices. The result is that developers could focus more on the
problem on hand, rather than the hardware used to solve the problem; and manufacturers could
focus more on creating device drivers for Windows and allow a much wider variety of software that
can use their devices.

Concomitant with the move to device independence, Windows GUI development forced a paradigm
shift on the traditional DOS programmers. At that time, most software was written in a procedural
manner: one function calling another, with the main program always being in control. The event-
driven model forced programs to give up their total control and, instead, wait and respond to
external events to provide their functionality to the end users.

The structure of Winl6 (and now Win32) GUI programs remains the same today as it was in 1987.
Figure 1.1 shows the basic structure of a Windows GUI application. Observe that each program
consists of an entry point, the creation of a main window, a message loop, and the destruction of
the main window. In addition, there is a function associated with the main window, called a window
procedure, which contains the code that handles the system and application events (such as
keyboard entry, mouse movement and clicks, timer alarms, menu selections, and pushbutton clicks).
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Figure 1.1 Structure of a Windows GUI application.

The entry point of a Windows GUI program is called WinMain. Named similarly to the entry point of C
programs, main, every Windows GUI application must provide a WinMain function. Unlike main, it is
passed different parameters and is declared as follows in Win32 programs:

i nt CALLBACK W nMai n( H NSTANCE hl nst ance, H NSTANCE hPrevl nst ance,
LPSTR | pCdLi ne, int nShowCnd);

The four parameters to the winMain function include two handles (HINSTANCE), a pointer to a string
(LPSTR), and an integer (int). The instance handle represents a unique application identifier for the
program’s main executable file in memory. The previous instance handle is no longer used in Win32
and is always equal to zero. The pointer to a string contains the command-line arguments passed to
the program at start time. Finally, the integer contains an integer value that the program is supposed
to pass to the ShowWindow function that indicates whether the main window is to appear minimized,
maximized, or normal.

Note:

A handle is simply a 16- or 32-bit value that uniquely identifies a system object to an
application. By exposing only the handle of a system object, Windows can hide
(encapsulate) that object’s implementation and data and provide a controllable
interface to that system object. This allows Microsoft to add more functionality to
existing system objects, yet still support old applications—as long as they do not
change the behavior of the existing interfaces. (Occasionally some interface’s
behavior does change between releases. This often is the exception rather than the
rule.)

The most basic C++ classes in MFC wrap the handles to the Windows system
objects: windows, device contexts, pens, and brushes, to name a few.

Because it needs to perform a great deal of initialization at program startup and it provides an object-
oriented interface to the Windows API, MFC provides a WinMain function for your application. The
MFC-provided WinMain calls another function, AfxwinMain, which creates and manages your
CWinApp-derived application object. If you need to perform application-specific initialization, run
handling, and/or termination, refer to the more detailed discussion of the CwinApp class and
CWinApp::Initinstance, CWinApp::Run, and CWinApp::Exitinstance methods later in this chapter.

Without a main window, an application wouldn’t have a graphical user interface and would find it
hard to respond to window-related events. Consequently, almost all Windows GUI applications
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create a main window as their first order of business when starting.

Using direct calls to the Win32 API, your application calls RegisterClassto register a window class
(basically associating a name with a window event callback function), followed by CreateWindowEXx,
to create a main window (which is an instance of the registered window class). In MFC, this work is
done “automagically”when Visual Studio generates the code for you. Generally, in generated code,
your main frame’s application window is created in the CWinApp::Initinstancecode.

The next basic feature required for every Windows application is the message loop. Typically in
programs that call the Windows API directly, this is accomplished as shown following:

MSG nsg;

whil e (CGet Message(&rsg, 0, 0, 0)) {
Transl at eMessage( &r8Q) ;
Di spat chMessage( &r8Q) ;

This loop allows the current application thread to get system events that are queued up for windows
created by that thread. The GetMessagefunction returns a Boolean value TRUEfor all messages,
except the WM_QUITmessage, which allows the whileloop to end, due to application termination.
After the call to GetMessagereturns with a message (event) for one of the thread’s windows, that
thread calls TranslateMessage, t0 process any accelerator keys and menu hot keys, followed by
DispatchMessage, to send the message to the window to which it belongs by calling that window’s
registered window procedure.

What Is a Thread

You are probably intimately familiar with the concept of a process. In many operating systems, a
processcorresponds to an instance of executing code in the computer’'s memory. Processes
contain memory (usually some for code and some for data) and open resources, such as files,
pipes, and other system objects. Traditionally, many operating systems had the current execution
state (current machine registers, including the instruction pointer, and a stack) associated with the
process. As a result, each process was treated as a single unit of execution when the operating
system shared the CPU via multitasking.

Windows and many other modern operating systems allow multiple units of execution within the
same process. Each unit of execution is called a thread. Each thread within a process has the
same access to all the memory and resources owned by the process. However, each thread
maintains its own copy of the machine registers and call stack.

Threads are often used to perform some operation “concurrently”within the process and provide a
simpler and more efficient mechanism as compared to creating or “forking”a new process.
(Actually, on a uniprocessor system, threads cannot literally run at the same time; however, on a
multiprocessor system they actually could run simultaneously.)

Another advantage of threads is that they enable you to separate logical units of code and
maximize throughput in your programs. For example, if one thread is waiting for (blocking) a file I/
O request, another thread could perform some mathematical calculation, and yet another thread
can handle user interface events. The end result is that the program’s overall performance can be
improved because its utilization of the CPU(s) is maximized for a given amount of time.

For MFC applications, once again the message loop is automatically included as part of your
application. In the case of Single Document Interface (SDI) and Multiple Document Interface (MDI)



applications, this message loop is put into control through the CwinApp::Runmethod. (More
specifically, CwWinApp::Runcalls the CwinThread::Runmethod, which is in its base class.) For dialog-
based applications, the message loop is instantiated during the CWinApp::initinstancethrough a call to
CDialog::doModal. In addition, when messages are dispatched from the thread’s message loop, they
are routed through the standard MFC-owned window procedures (AfxWndProcBaseand AfxwndProc)
and finally mapped to a function within your window or dialog class. (This process will be explained
in more detail later in this chapter.)

The final phase of a typical Windows program’s WinMainfunction is the destruction of the main
window via a call to the DestroyWindowfunction. Of course, this is also part of the MFC code that your
application uses. If you need to do termination processing in your application, you would override
the CWinApp::Exitinstancemethod in your application’s CwinApp-derived class.

At this point you should have a basic understanding of how some of the more basic features of a
standard Windows API application correlate to an MFC application. From this point forward, the
discussions will leave the Windows API behind and deal with the features of MFC. Of course,
specific Windows APIs might be mentioned from time to time, but not as a major part of any section
in this book.

The MFC Class Hierarchy

So far several MFC classes have been mentioned. This section covers some of the more important
classes that make up the MFC architecture.

Figure 1.2 shows the inheritance hierarchy of some of the most important application architectural
classes within MFC. You might immediately observe that these classes all ultimately derive from a
class named CObject.
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Figure 1.2 MFC architecture class hierarchy.

CObject

The CObjectclass is the “mother of all MFC classes.”Well, actually not quite allMFC classes, but
quite a few of them. Its primary responsibilities are to support handle runtime type information and
object persistence (or serializationin MFC-speak), and to perform diagnostic output for derived
objects.

Classes that are derived from the CObjectclass can support its features in one of four ways:
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1. (Most basic) General diagnostic support.

2. (Dynamic) All features described thus far plus runtime type identification.

3. (DynCreate) All features thus far plus the capability of unbound dynamic object creation.
That is, the class can be constructed by code that does not know the class’s name at the
time it was compiled and linked.

4. (Serial) All features thus far plus the capability of storing and restoring instances of the
object to and from a byte stream.

Diagnostic Support (All CObject-Derived Classes)

The diagnostic support within the CObjectclass is limited to two methods: Assertvalidand Dump. Each
of these methods can be called at any time from your derived class.

AssertValid

The Assertvalidmethod allows a class to perform a sanity check on itself before continuing. It is
declared as a public method in the CObjectclass as follows:

virtual void AssertValid() const;

If you choose to override this method, you will typically use the ASSERTmacro to perform sanity
checks on your object’s data. In addition, you should call your base class’s implementation of this
method so it can also validate its data. Because this method is const, you cannot change your
object’s state from within this method.

Caution:

Do not depend on AssertValidworking in release code. This is because the
ASSERTmacro is only defined when _DEBUGIs defined at compilation time.

Because it is a public method, you can call it either from inside your class or from outside your class
at any time.

Dump

The Dumpmethod allows a class to put diagnostic information in the human-readable form of text
and/or numbers to a stream, typically through the OutputDebugStringAPI, which displays it in the
debugger’s output window (or any other program that traps debug strings). It is declared as a public
method in the CObjectclass as follows:

virtual void Dunmp(CDunpCont ext &c) const;

If you override this method, first call your base class’s dumpmethod. Next, call the insertion operator
(<<) on the CDumpContextobject to output information about your object. As a C++programmer, this
is no different from how you would use the cerror coutobject to output diagnostic information about
your object. Finally, make sure that you do not output a trailing newline (\n) on your final line of



output.

Note:

If your CObject-derived class does not include runtime type information, CObject:
dumpdisplays only CObjectas the class name. Otherwise, it properly displays the
name of your derived class.

Runtime Type Information (Dynamic and DynCreate Classes)

When a class supports MFC’s Runtime Type Information (RTTI), it can respond to a request for its
name and its base class. To support the Dynamicform of RTTI, simply include a
DECLARE_DYNAMICmacro invocation within your class declaration and an
IMPLEMENT_DYNAMICmacro invocation near your class definition.

Caution:

Do not confuse MFC’s RTTI with the RTTI support built into the newer C+
+compilers (and activated using Visual C++'s /GRswitch). As of MFC 4.2, MFC’s
RTTI support does not use C++'s RTTI support in any way, shape, or form.

If you have a class named CMyClassthat is derived from CObjectand you want your class to support
RTTI, add the following to your header file:

class CWd ass : public CObject {
DECLARE_DYNAM C( CMyd ass)
/1 other class information

1
In your source file, add the following at file scope:

| MPLEMENT _DYNAM C( CMyCl ass, CObj ect)

When your class is Dynamic, it has a static CRuntimeClassobject associated within it that contains the
runtime type information for the object. You can obtain a pointer to the runtime class object using
the RUNTIME_CLASSmacro, invoking it using the name of the class that you'd like. So, to obtain a
pointer to the CRuntimeClassobject associated with CMyClass(a Dynamicclass), simply use the
following code:

RUNTI ME_CLASS( CM/Cl ass)

An extension of the Dynamicclass is a DynCreateclass. When a class is DynCreate, a program can
construct an object of that class simply by knowing its name at runtime as opposed to compilation



time.

To support dynamic creation, your class must have a default constructor (that is, a constructor with
no parameters) that creates a stable object, and you must add macro invocations for
DECLARE_DYNCREATEand IMPLEMENT_DYNCREATE, as you did for dynamic objects previously.

Note:

Because dynamic creation is a superset of the dynamic support, do not add
invocations of the DECLARE_DYNAMIC/IMPLEMENT_DYNAMICmacros to your class
files.

The DynCreatemacros add a method named CreateObjectto your class. The implementation of this
method simply calls newon your specific object and returns it as a pointer to a CObject. If you have a
class named CMyClassthat supports dynamic creation, you can instantiate one of these objects by
using the RUNTIME_CLASSmacro to get the RTTI information and call the CreateObjectmethod on it
as follows:

CWd ass *myQbj = DYNAM C_DOWNCAST( CWd ass,
RUNTI ME_CLASS(CWM d ass) - >Creat e(bj ect () ) ;

Note:

The DYNAMIC_DOWNCASTand STATIC_DOWNCASTmacros improve the type safety
for casting operations on MFC CObject-derived types. By using MFC’s RTTI, they
can check if the cast is valid at runtime.

You can use the C++dynamic_castand static_castkeywords to perform typesafe casts
on MFC objects as long as you compile your application with C++RTTI turned on
(Visual C++'s /IGRcompiler switch). MFC is already built with this switch on;
however, the Visual Studio default is off.

Serialization (Serial Classes)

Serializationis the capability of an object to save its state to a byte stream and rebuild itself from that
stream. If an object supports serialization, it can be saved to a file, transmitted over a socket or
pipe, and later reconstituted either from that file or on the other end of the socket or pipe.

To create a CObject-derived class that supports serialization, you must add the
DECLARE_SERIALmMacro inside its class declaration in the header file and the
IMPLEMENT_SERIALmMacro in the source file containing the class’s method and data definitions, in
the same manner as was demonstrated for a Dynamicclass.

Note:



Because serialization is a superset of the dynamic and dynamic creation support,
do not add invocations of the DECLARE_DYNAMIC/IMPLEMENT_DYNAMICor the
DECLARE_DYNCREATE/IMPLEMENT_DYNCREATEmMacros to your class files.

When a CObject-derived class supports serialization, there are two methods that are used:
IsSerializableand Serialize.

IsSerializable

The IsSerializablemethod allows another object to determine whether this CObject-derived class
supports serialization. It is declared as a public method in the CObjectclass as follows:

BOOL IsSerializable() const;

Because this function is not virtual, you cannot override it in any meaningful way. The MFC
CRuntimeClassobject determines whether serialization is supported from its m_wSchemafield. The
only valid values supported within this field are 0xffff(meaning not serializable) and
VERSIONABLE_SCHEMA(meaning supports standard MFC serialization).

Serialize

The Serializemethod is called to actually perform the saving and restoring of the object from a
serialization stream (within a CArchiveobject). It is declared as a public method in the CObjectclass as
follows:

virtual void Serialize(CArchive&ar);

If your class needs to save or restore its state when being serialized, you must override this method.

Of course, if you're implementing this method so your class can support serialization, you first need
to know whether or not you need to save your object’s data to or restore your object’s data from the
CArchivestream. You can use either the CArchive::lsLoadingor CArchive::IsStoringmethods to determine
which direction you need to go.

Note:

You are guaranteed that if CArchive::IsLoadingreturns TRUE, CArchive::IsStoringreturns
FALSEand vice versa.

Next, if the archive object is in loading mode, you can use the CArchiveclass’s extraction operators
(>>) to retrieve data from the data stream. Likewise, if it is in storing mode, you can use its insertion
operators (<<) to add data to the data stream.



Serialization “Gotchas”

The serialization protocol requires that you call your base class’s Serializemethod before
performing your own serialization support.

If you detect an error while handling your Serializemethod, you can safely throw one of the
following exceptions: CMemoryException, CFileException, or CArchiveException.

You must store your data in exactly the same order that you load it.

All MFC lists support serialization. Be very careful when serializing lists of objects. If your list
contains a pointer to an object being serialized, it will attempt to “reserialize”the object and get
trapped in a recursive loop. This will cause a hang followed by a stack overflow in your
application.

A typical implementation of the Serializemethod for the fictitious CMyClassclass is shown here:

voi d CMyC ass: : Serialize(CArchive&ar)

{
Chj ect:: Serialize(ar);
if (ar.IsStoring()) {
ar <<m nyDat a;
} else {
ar >>m nyDat a;
}
}

Serialization can be done either explicitly or implicitly by your application through the MFC
framework. When your MFC application is generated by Visual Studio, it implicitly creates a
CArchiveobject, associates it with a CFileobject, and calls the CArchive::ReadObjector CArchive::
WriteObjectmethods in response to the File menu bar, Open, Save, and Save As commands. These
methods call the Serializemethod on the appropriate objects.

Likewise, you can perform your own serialization explicitly within your application. First, create a
CFileor CFile-derived object (such as CSocketFile). Next, construct a CArchiveobject passing a pointer
to your CFileobject to its constructor. Finally, call either the CArchive::WriteObjector CArchive::
ReadObjectmethod to save or restore your object, respectively.

CCmdTarget

The CCmdTargetclass, derived from CObiject, is responsible for managing the routing of system and
window events to the objects that can respond to these events. So, any class that expects to
receive one of these events derives from this class and overrides the CCmdTarget::
OnCmdMsgmethod.

Examples of classes that expect to receive system and window events are CWnd(the window class),
CView(the view class), CDocument(the document class), CWinThread(the user interface thread class),
and CWinApp(the application class). These classes are described in more detail later in this chapter.

The methods within the CCmdTargetclass can be organized into three categories: message routing,
wait cursor, and automation support.



Message Routing

In all Windows GUI applications, the application thread’s message loop processes all system and
window events for that thread’s windows. MFC is no exception. However, unlike the procedural
window procedure with a large switchstatement, the MFC architecture maps these events to object
methods for each object.

In fact, a C++programmer would immediately think that C++does provide a mechanism for doing just
this: virtual functions. Continuing on this logic, that programmer would think that to process and
dispatch the window messages, simply create a base Window object and add virtual functions for
each of the possible events that could arrive. Furthermore, you would derive from the base Window
object and simply override those events to which your window needs to respond.

Ah, if it were only that simple. MFC does not use the C++virtual function mechanism for handling the
various Windows events. Instead, it creates a static data structure for each CCmdTargetclass called
a message map. In essence, this structure maps an event to its corresponding handler in the object.

Why Doesn’t MFC Use the C++Virtual Function Mechanism?

One explanation suggests that there is a large amount of performance overhead carrying around
the virtual tables (vtables) for all the possible objects.

In analyzing this explanation, a few issues need to be considered: What does “carry”’mean and
how large are these vtables anyway? Certainly most MFC objects do, in fact, have vtables and,
certainly, each object has an extra four bytes to store a pointer to the table. These four bytes
have to be “carried”around anyway.

However, for each class of object, there is only one vtable; that is, all Cwndobjects share the
same vtable in memory. Also, each abstract class has a vtable that won’t ever be used. (Actually
MFC now uses the _declspec(novtable)keyword to prevent these from being linked into the
application.) So, the number of static vtables is less than or equal to the number of classes that
exist within the executable.

In addition, each vtable has one four-byte entry for each possible event that can occur. Assuming
that there are 256 events, each vtable would be approximately 1KB in size. So, if you have 100
different concrete CCmdTarget-derived classes in your application, this would add about 100KB to
your application size. Certainly on a system that has only 16MB of RAM, it could eat up 2% of
your physical RAM if you were running three of these programs (and all the vtables were not
paged out to disk).

In the context of 16MB machines, this might be unreasonable. Today, with 128MB to 256MB
standard on some machines, it might not be that bad. However, if the number of events is
increased, the cost increases linearly, of course. Overall, the explanation seems plausible, but
still not totally satisfying. (The term carrystill seems off base, however, unless used in the context
of the actual executable image.)

Another rarely espoused explanation, however, seems to indicate another possibility. C++'s
virtual table mechanism does not provide any sort of forward compatibility. As a result, as
Windows evolves and more events are possible, either reserved space would have to be
allocated in each object’s vtable beforehand or the application would have to be recompiled for
each release.




So, it would require early versions of MFC to determine up front what virtual table size is required
going forward. That would be a very difficult task, except perhaps for an oracle of some sorts (no
pun intended).

When MFC was originally developed, it did not have the advantage of the Component Object
Model (COM) to provide a more flexible, maintainable vtable mechanism. Consequently, the
designers created the message map as a slightly slower, but more memory-efficient and
maintainable custom “vtable”’mechanism.

The method that MFC uses for mapping system and window events to objects is called message
mapping. Each class that is derived ultimately from CCmdTargetcontains a message map that allows
it to specify the events that it can handle and map those events to a method within the class.

To add a message map to your class, you must add an invocation of the
DECLARE_MESSAGE_MAPMacro within your object. For the fictitious CMyViewclass, this code is as
follows:

class CWView : public Cview{ // CViewis a subclass of CCndTar get
DECLARE_MESSAGE_MAP()
/1 other class information

b

The DECLARE_MESSAGE_MAPmMacro expands to declare two static members in your class, the
combination of which comprises your message mappings. In addition, two methods are added; one
internal (_GetBaseMessageMap), which returns the message map in the base class, and one external
(GetMessageMap), which returns a pointer to the message map mappings for this class.

Next, you need to add macro invocations within your source code at file scope to actually define the
message map for your class. An example of such code for the CMyViewclass is as follows:

BEG N_MESSAGE_MAP(CMyVi ew, CVi ew)
ON_COVMAND( | D_FI LE_OPEN, OnFi | eOpen)
ON_WM SI ZE()

END_MESSAGE_MAP( )

The key elements are the macro invocations for BEGIN_MESSAGE_MAPand END_MESSAGE_MAPthat
provide the appropriate delimiting code. In between these macros, there are macros that describe
the exact events that can be handled by this class. In this case, using the ON_COMMANDmMacro,
CMyViewmaps the menu item command identifier ID_FILE_OPENTto the OnFileOpenmethod. In
addition, using the ON_WM_SIZEmacro maps the WM_SIZEwindow event to a method named OnSize
(which is actually defined in that specific macro). Because there are a large number of actual
events, there are a large number of macros that you can use in a message map. For more
information, please refer to header file AFXMSG_.H.

OnCmdMsg

There is one method that supports the dispatching of system and window events, OnCmdMsg.
Typically, you do not need to modify the handling of this method and, hence, you can just let the
event dispatching occur automatically. However, if you need to provide custom and/or dynamic
routing of events, you can override this virtual function in your CCmdTarget-derived class. The
declaration of this method is as follows:



virtual BOOL OnCndMsg(UNIT nI D, int nCode, void *pExtra,
AFX_CVDHANDLERI NFO * pHandl er | nf 0) ;

Your override method must return TRUEIf it handles the event, and FALSEotherwise.
Wait Cursor

The CCmdTargetclass defines three methods that applications can use to change the state of the
mouse pointer. These methods are BeginWaitCursor, EndWaitCursor, and RestoreWaitCursor.

BeginWaitCursor, EndWaitCursor, and RestoreWaitCursor

Use the BeginWaitCursormethod to change the mouse pointer to an hourglass, thus notifying the user
that the current operation might take some time. When your operation is complete, call
EndWaitCursorto change the pointer back to what it was at the BeginWaitCursorcall.

Use RestoreWaitCursorto change the pointer back to its original state after the pointer had been
changed by some external operation, such as displaying a message box.

These methods are declared as follows in the public access section of the CCmdTargetclass:

voi d Begi nWait Cursor();
voi d EndWai t Cursor();
voi d RestoreWitCursor();

Automation Support

If your MFC application allows interaction through an IDispatchCOM interface, it supports
automation. The CCmdTargetclass not only can dispatch system and window events to objects of its
derived classes, but also it can translate automation interface methods in a similar way.

The methods within CCmdTargetthat support automation are: EnableAutomation, FromIDispatch,
GetlIDispatch, IsResultExpected, and OnFinalRelease.

EnableAutomation

The EnableAutomationmethod is called from your CCmdTarget-derived class’s constructor to indicate
that it contains both a dispatch and an interface map. It is declared in the public section of the
CCmdTargetclass as follows:

voi d Enabl eAut omati on();

The dispatch and interface maps are very similar in layout to the message map that was described
previously in this chapter. Like the message map, they require macro invocations in the class
declaration using the DECLARE_DISPATCH_MAPand DECLARE_INTERFACE_MAPMacros,
respectively. The following code demonstrates these macros for the sample CMyDocumentclass:

cl ass CWwDocunent : public CDocurent {
DECLARE_DI SPATCH_NMAP()
DECLARE_| NTERFACE_MAP()
/1 other class nmenber declarations...

b



When declared in the class declaration, the dispatch map and interface maps must be defined in the
source file for the class. In the case of the CMyDocumentclass (located in the MyApp application),
these maps look as follows:

/1 {6C9C4209- 9D58- 11D2- 8FAF- 00400566CE21}
static const |ID 11D | MWApp =

A{ 0x6c9c4209, 0x9d58, 0x11d2,
A{ 0x8f, Oxaf, 0x0, 0x40, 0x5, 0x66, Oxce, 0x21 } };

BEG N_| NTERFACE_MAP( CMyDocurent , CDocunent )
| NTERFACE_PART( CWDocument, |1D_| MyApp, Dispatch)
END_| NTERFACE_MAP()

BEG N_DI SPATCH_MAP( CMyDocunent, CDocunent)
DI SP_FUNCTI ON( CMyDocunent, “OpenFile”, OpenFile, VT_EMPTY, VTS BSTR)
END_DI SPATCH _MAP()

In this example, the COM automation interface for the MyApp application is mapped to be a
dispatch interface. Additionally, one automation (dispatch) function, OpenFile, is mapped to a
method of the same name.

FromIDispatch and GetIDispatch

The FromIDispatchand GetlDispatchmethods allow an application to get the CCmdTargetobject given an
IDispatchinterface pointer and vice versa. Of course, not all CCmdTargetobjects contain
IDispatchinterfaces and, hence, might return a NULLpointer. These methods are declared in the
public section of the CCmdTargetclass as follows:

static CCndTarget * Froml D spat ch(LPDI SPATCH | pDi spat ch);
LPDI SPATCH Get | Di spat ch(BOOL bAddRef);

IsResultExpected

The IsResultExpectedmethod returns TRUEIf the automation client is waiting for a return value from
the function. Otherwise, if a result is not expected, the application can ignore calculating it
(particularly if it might take time to do so) and improve automation performance. This function is
declared as follows in the public section of the CCmdTargetclass:

BOOL | sResul t Expected();

OnFinalRelease

The OnFinalReleasemethod is a virtual method that the CCmdTarget-derived class can choose to
override to perform any sort of special processing when the last COM interface reference to or from
the object is released. Otherwise, the CCmdTarget-derived object is simply deleted. This method is
declared in the public section of the CCmdTargetclass as shown here:

virtual void OnFinal Rel ease();

CWinThread

The CwinThreadclass is derived from the CCmdTargetclass and represents a thread of execution
within the MFC application. All MFC applications have at least one CwWinThreadobject—the main



application’s CWinAppobject (which is derived from CwinThread). If you want to provide additional
asynchronous processing within your application, you can construct and run additional
CWinThreadobjects, as needed.

You can obtain a pointer to the current CWinThreadobject by calling AfxGetThread.

Within MFC, there are two different types of threads: worker threads and user interface threads.

Worker Threads

Worker threadsare threads that are created to do some additional processing, but do not require
any sort of system or window event processing. A worker thread would be useful to perform a time-
consuming calculation or to read data from a file. By creating a worker thread, you can do additional
work without interfering with the operation of the application’s user interface.

A worker thread is created using the AfxBeginThreadfunction. In its simplest form, you simply need a
callback function and a user-defined data pointer. After it has been created, a CWinThreadobject is
returned to the calling thread, and the new worker thread starts execution. This form of
AfxBeginThreadis declared as follows:

CW nThread *Af xBegi nThr ead( AFX_THREADPROC pf nThr eadProc, LPVO D pParam
int nPriority = THREAD PRI ORI TY_NORVAL,
U NT nStackSize = 0, DWORD dwCreat eFl ags = 0,
LPSECURI TY_ATTRI BUTES | pSecurityAttrs = NULL );

In addition, your callback function, AFX_THREADPROC, must be declared as shown here:

typedef U NT (AFX_CDECL * AFX_THREADPROC) (LPVQI D) ;

When the thread function is complete and wants to end itself, it simply returns or calls
AFXEndThread. If you want to end the created thread from another thread, you must set up your own
signaling mechanism, probably via the use of system event semaphores.

User Interface Threads

User interface threadsare threads that have their own message loop and can create, interact with,
and destroy user interface objects, such as modeless dialog windows that operate separately from
the main application thread’s user interface.

To use user interface threads, you must first derive a class from the CwinThreadclass that creates a
user interface element for which to handle events. You can choose to use the Initinstanceand
Exitinstancemethods to show and hide your user interface elements. When that is done, you can
choose one of two approaches to create and start the thread.

The first approach is to construct your derived CwinThreadfunction and then call the
CreateThreadmethod to start it. This method is declared as follows in the CwinThreadclass:

BOOL Creat eThread( DWORD dwCr eat eFl ags = 0, U NT nStackSize = 0,
LPSECURI TY_ATTRI BUTES | pSecurityAttrs = NULL);



Using the CreateThreadmethod is a fairly clean coding approach to creating and starting a new user
interface thread.

The second approach to creating a user interface thread is very similar to the technique for creating
a worker thread, except for using a different overload of the AfxBeginThreadfunction. This overload is
declared as follows:

CW nThread *Af xBegi nThread(CRunti ned ass* pThreadd ass,
int nPriority = THREAD PRI ORI TY_NORVMAL,
U NT nStackSi ze = 0, DWORD dwCreat eFl ags = O,
LPSECURI TY_ATTRI BUTES | pSecurityAttrs = NULL);

You might note that the primary difference between the two overloads is in the initial parameter.
Instead of requiring a callback function and a user-defined pointer, the user interface
AFXBeginThreadoverload requires a pointer to the runtime class of the CWinThread-derived object that
you want to instantiate. Remember to use the RUNTIME_CLASSmacro to obtain a pointer to this
object for a specific class.

When creating CwinThreadobjects, you might find it necessary to initialize some members of the
CWinThreadobject beforethe thread starts executing. To do this, pass CREATE_SUSPENDEDto the
dwCreateFlagsparameter, which creates the thread in suspended mode. After the thread has been
created, set the members that you require and call the CwinThread::ResumeThreadmethod to allow
the thread to start executing.

When the thread needs to terminate, it can simply call AfxPostQuitMessageto end its message loop
and set an exit code for the thread. This function is declared thus:

voi d AFXAPI Af xPost Qui t Message(i nt nExit Code);

CWinThread Methods

The methods described in the following sections are contained in the CwinThreadclass. Remember
that because your CWinApp-derived application object has CwinThreadas a base class, you can use
these methods on that object.

Initinstance and Exitinstance

The Initinstanceand Exitinstancevirtual functions can be overridden by your application to provide pre-
message loop and post-message loop initialization and termination. If you override the Runmethod,
as you can do to create a worker thread, these virtual functions do not get called, unless you call
them directly. These public methods are declared as follows:

virtual BOOL Initlnstance();
virtual int Exitlnstance();

The CwinThread::Exitinstanceimplementation automatically deletes the CwinThreadobject if the
m_bAutoDeletemember is set to TRUE. Therefore, if you override Exitinstance, call your base class’s
Exitinstanceto maintain this behavior. Additionally, if the call to Initinstancefails, Exitinstanceis called.

Run

The Runmethod is where the actual thread operation occurs. The default implementation provides a
message loop for the thread and continues until a WM_QUITmessage is encountered. You can



create a CWinThread-derived worker thread if you override the Runmethod to perform your worker
thread processing. This method is declared as a public method as follows:

virtual int Run();

The return value from this function becomes the exit code from the thread. This value can be
obtained by calling the GetExitCodeThreadfunction in the Windows API.

SuspendThread and ResumeThread

Use the SuspendThreadand ResumeThreadmethods to control the execution of a thread. A suspend
count is maintained with each thread; thus, for each call that you make to SuspendThread, you must
make an equal number of calls to ResumeThreadbefore the thread resumes execution. These public
methods are declared as shown here:

DWORD SuspendThread() ;
DWORD ResuneThread();

The return value from each of these methods is the suspend count for the thread upon completion
of the call.

GetThreadPriority and SetThreadPriority

If you want control over the priority of a thread owned by a CwinThreadobject, use the
GetThreadPriorityand SetThreadPrioritymethods. The Windows thread scheduler, of course, prefers
higher priority threads to lower priority ones. The priority values can be one of the following (or an
integer between any two levels): THREAD_PRIORITY_IDLE, THREAD_PRIORITY_LOWEST,
THREAD_PRIORITY_BELOW_NORMAL, THREAD_PRIORITY_NORMAL,
THREAD_PRIORITY_ABOVE_NORMAL, THREAD_PRIORITY_HIGHEST, and
THREAD_PRIORITY_TIME_CRITICAL.

The thread priority methods are declared as follows:

int GetThreadPriority();
void Set ThreadPriority(int nPriority);

Caution:

Do not assume that priority is an absolute value in Windows. The thread scheduler,
by default and design, can randomly and temporarily boost a thread’s priority. If you
need to disable this behavior, use the SetThreadPriorityBoostAPI.

IsldleMessage and Onldle

You can use the IsldleMessageand Onldlemethods to control processing that occurs when no
messages exist in the thread’s message queue.



If you think that idle message processing might be required for your application, first consider using
either worker or user interface threads to do the work. If you do not want the overhead and
synchronization required for threading, use the age-old technique of Windows idle message
processing.

The Onidlemethod is called when the thread’s message queue is empty. In your override
implementation, it is suggested that you call PeekMessagewith the PM_NOREMOVEflag to check for
the arrival of new messages in the queue. If a message arrives, return from this function to allow the
thread’s message processing to continue. The Onldlemethod is declared as follows:

virtual BOOL Onldl e(LONG user Count);

By overriding the IsldleMessagemethod when you also override the Onldlemethod, you can prevent
Onldlefrom being repeatedly called in response to recurring messages. This public method is
declared as shown here:

virtual BOOL Isldl eMessage( MSG *pMsg) ;
PreTranslateMessage

You can override the PreTranslateMessagevirtual function to handle a message before it is translated
from an accelerator to a command and dispatched to a window. Return TRUEfrom this method if you
do not want the message to be processed any more. This public method is declared as follows:

virtual BOOL PreTransl at eMessage( MSG *pMsg) ;
ProcessMessageFilter

The ProcessMessagefFiltervirtual function allows your application to catch messages that are trapped
by the MFC message hooks. Return TRUEIf you process a message passed to your implementation.
In addition, call your class’s base class implementation to ensure that the message hook processing
continues as designed. This method is declared as follows:

virtual BOOL ProcessMessageFilter(int hookCode, LPMSG | pMsQ);
ProcessWndProcException

Override the ProcesswWndProcExceptionmethod to handle any MFC exceptions that have been trapped
from within the Windows message processing. This method is declared as shown here:

virtual LRESULT ProcessWidProcExcepti on(CException *xcp,
Aconst MSG *pMsg) ;

CWinApp

The CwinAppclass, derived from the CWinThreadclass, represents not only the program’s main
thread of execution, but also the application itself. As a result, there is only one CwinAppobject in
any MFC application.

Typically, you derive your application class from CWinApp. In addition, you would override the
Initinstanceand ExitInstancevirtual functions to provide your own initialization and termination support



(like creating and destroying your application’s main window). If you do override these functions,
remember to call your base class’s implementations, too.

Functions

There are several functions that you can call to obtain global application information. They are
AfxGetApp, AfxGetinstanceHandle, AfxGetResourceHandle, and AfxGetAppName.

AfxGetApp and AfxGetAppName

Use the AfxGetAppfunction to obtain the pointer to the executable’s CWinAppobject. Similarly, you
can use AfxGetAppNameto get the name of your MFC program. These functions are declared as
shown here:

CW nApp * AFXAPl Af xGet App();
LPCTSTR AFXAP| Af xGet AppName() ;

Note:

The MFC application name is determined first by finding a string resource with an
ID equal to AFX_IDS_APP_TITLE. If a matching string resource does not exist, the
fully qualified executable filename is returned.

AfxGetlnstanceHandle, AfxGetResourceHandle, and AfxSetResourceHandle

Use the AfxGetinstanceHandleto obtain a handle to the loaded executable file (EXE or DLL) within
which the current code is located. Use the AfxGetResourceHandleand AfxSetResourceHandlefunctions
to find and specify the location of the executable file that contains your bound resources. With these
functions, your strings and dialogs are not required to be located in the same executable file as your
code. By default, the resource handle for each module is set to be the handle of the executable file
that contains that code. These functions are declared as follows:

Hl NSTANCE AFXAPI Af xGet | nst anceHandl e() ;
Hl NSTANCE AFXAPI Af xGet Resour ceHandl e() ;
voi d AFXAPI Af xSet Resour ceHandl e( H NSTANCE hl nst Resour ce) ;

If you need to determine whether or not your code is in an EXE or a DLL, use the Boolean value
from the afxContextlsDLLmacro.

Registry Support

Applications often use the registry to store custom parameters that assist in the usability of the
software. For example, applications store items such as window positions, path names, and so on,
to allow them to be customized to the user’s preferences. If your application needs to store large
amounts of data, you are strongly encouraged to store this data in your own custom file, rather than
the registry.

For more information about using the registry, refer to Chapter 32, “Inside the Registry.”



SetRegistryKey

Use the SetRegistrykeymethod to inform MFC of the location (under HKEY_CURRENT_USER\Software)
at which to store all application profile data. You should use a key value that is unique and is
unlikely to conflict with other applications. For example, the trademarked name of your company is
an excellent choice. If you do not specify a registry key, all registry method calls will refer to a text-
based .INI file.

This public method is declared as follows in the CWinAppclass:

voi d Set Regi stryKey(LPCTSTR | pszRegi st ryKey) ;
voi d Set Regi stryKey( Ul NT nl DRegi stryKey);

Note:

The second form of the SetRegistryKkeymethod takes the ID of a string resource as a
parameter.

Tip:

After you've called SetRegistryKey, you can use the GetAppRegistryKeyand
GetSectionKeymethods to get the HKEYregistry handle directly. When finished with
the handle, you must call RegCloseKeyto release it.

GetProfileDataType and WriteProfileDataType

Use the GetProfilelnt, WriteProfileInt, GetProfileString, WriteProfileString, GetProfileBinary, and
WriteProfileBinarymethods to store or retrieve key and value pairs in or from the registry (or an .INI
file, if no registry has been set via SetRegistryKey). When using these functions, use a unique name
(within your specified registry key) for your application as the “section”’name.

These public methods are declared as follows:

U NT GetProfilelnt(LPCTSTR | pszSection, LPCTSTR | pszEntry, int nDefault);
BOOL WiteProfilelnt(LPCTSTR | pszSection, LPCTSTR | pszEntry, int nVal ue);
CString GetProfileString(LPCTSTR | pszSection, LPCTSTR | pszEntry,

LPCTSTR | pszDefault = NULL);
BOOL WiteProfileString(LPCTSTR | pszSection, LPCTSTR | pszEntry,

LPCTSTR | pszVal ue) ;
BOOL Get Profil eBi nary(LPCTSTR | pszSecti on, LPCTSTR | pszEntry,

LPBYTE* ppData, U NT* pBytes);
BOOL WiteProfil eBinary(LPCTSTR | pszSection, LPCTSTR | pszEntry,

LPBYTE pData, Ul NT nBytes);

Document Support



For more information about MFC document and view support, refer to Chapter 7, “The Document/
View Architecture.”

AddDocTemplate

The AddDocTemplatemethod adds a document template to the list of documentemplates available to
the application. You would typically call this method in your override of the Initinstancemethod. This
method is declared as follows:

voi d AddDocTenpl at e( CDocTenpl ate *pTenpl ate) ;

GetFirstDocTemplatePosition and GetNextDocTemplate

The GetFirstDocTemplatePositionand GetNextDocTemplatemethods allow you to iterate through all the
document template objects (CDocTemplate) that currently are added to the application. If no
document templates are available, GetFirstDocTemplatePositionreturns NULL.

These public methods are declared as follows:

POSI TI ON CGetfirstDocTenpl at ePosition() const;
CDocTenpl at e *CGet Next DocTenpl at e( POSI TI ON&pos) const ;

Note:

Because GetNextDocTemplateupdates the position value, always check that the
current position is not NULLbefore calling GetNextDocTemplate.

OpenDocumentFile

The OpenDocumentFilemethod opens a file representing a document. It creates a frame and view for
that document, based on matching the file extension to a registered document template. If the
document is already loaded, this method activates that frame and view. This public method is
declared as shown here:

virtual CbDocunent *QpenDocunentFil e(LPCTSTR | pszFi |l eNane) ;

LoadStdProfileSettings and AddToRecentFileList

Use the LoadStdProfileSettingsand AddToRecentFileListmethods to initialize and manage your
application’s recent file list. Call LoadStdProfileSettingsin your Initinstanceoverride to add the list of
most recently used files to your application. Call AddToRecentFileListwhen you want to add another
file to the recent file list. These methods are declared thus:

voi d LoadStdProifleSetti ngs(UNIT nMaxMRU = _AFX_MRU_COUNT) ;
virtual void AddToRecentFil eLi st (LPCTSTR | pszPat hNane) ;



EnableShellOpen, RegisterShellFileTypes, and UnregisterShellFileTypes

Call the EnableShellOpenand RegisterShellFileTypesmethods in sequence to register your document
templates in the system registry. By default, the RegisterShellFileTypesmethod iterates through your
document templates and adds support for printing from the desktop shell (though the Print and
PrintTo keys) and associates an icon for each template type (via the Defaulticon key). If
EnableShellOpenis called first, the RegisterShellFileTypesmethod will add support for opening the
document from the desktop shell. Call UnregisterShellFileTypesto remove all the registered
associations.

These methods are declared as follows:

voi d Enabl eShel | Open();
voi d Regi sterShel | Fil eTypes(BOOL bConpat =FALSE) ;
voi d Unregi sterShell Fil eTypes();

Tip:

Make sure that you add all your application’s document templates (via
AddDocTemplate) before calling RegisterShellFileTypes.

Command-Line Parsing

Sometimes you'll find it necessary to handle the command line passed to your application in a
standard Windows application way. Use the RunEmbedded, RunAutomated, ParseCommandLine, and
ParseShellCommandmethods to help your application respond properly to command-line options
passed to it.

RunEmbedded and RunAutomated

The RunEmbeddedand RunAutomatedmethods search for /Embeddingor /Automated(or the dash forms)
in the passed command line. If found, the appropriate option is removed from the command line and
TRUEISs returned. Your program will receive these options if it is being launched as a server to an
automation client application. Refer to Chapter 12, “MFC OLE Servers, for more information.

These public methods are declared as follows:

BOOL RunEnbedded();
BOOL RunAut omat ed() ;

ParseCommandLine and ProcessShellCommand

The ParseCommandLineand ProcessShellCommandmethods parse the command-line parameters and
perform the standard application actions (such as printing, DDE, and automation) for your
application. Use these methods in sequence in your application’s Initinstanceoverride. These public
methods are declared as follows:

voi d Par seComrandLi ne( CConandLi nel nf o& Cndl nf 0) ;
BOOL ProcessShel | Cormmand( CConmandLi nel nf o&r Cndl nf 0) ;



Tip:

If you need to handle additional options that could be passed from the command
line, derive a class from the CCommandLinelnfoobject and override its
ParseParammethod.

CWnd

The Cwndclass, derived from CCmdTarget, is the most fundamental GUI object class in MFC.
Instances of this class and derived classes are windows and have a system window handle (HWND)
associated with them.

From the Windows point of view, a window is an object that has a registered window procedure, and
consequently, can receive and handle system and window events. Most windows have a graphical
representation and many respond to user input. Examples of windows include main application
windows, dialogs, and controls (such as list boxes, pushbuttons, and static text fields).

NOTES on MFC Classes That Wrap System Handles

Several classes in MFC (such as Cwnd, CDC, CPen, and CBrush, to name a few) provide wrappers
to their respective system handles (HWND, HDC, HPEN, and HBRUSH, respectively).

When using these classes, you must understand the relationship of the lifetime of objects of that
class and the lifetime of the associated system handles.

First, you can create the system handle for some classes, like CPen, in either a one- or two-step
process. To create this object in one step, simply use one of its nondefault constructors that takes
a style, width, and color parameter. To create a CPenobject in two steps, use its default
constructor and then call one of the CreatePenor CreatePenindirectmethods.

Classes typically have a Createmethod. However, some classes can have completely different
names. For example, CFrameWndhas both a Createand a LoadFramemethod to accomplish this.

Likewise, some system handle wrapper classes require a two-step process to fully construct the
object. For example, if you construct a Cwndclass, no system handle is created until you call the
Create(or similar) method on the class. Therefore, there is a two-step process for constructing
system handle wrapper objects.

First, when the MFC object has the system handle, that remains valid until the object is
destroyed—at which time the handle is returned to the system.

Second, if you happen to have a system handle for which you'd like an object constructed, use
the object’s Attachmethod to assign handle ownership to the object.

If you'd like to take ownership of the system handle from an MFC object, call its Detachmethod.
When this call is made, the handle is disconnected completely from the object and you are




responsible for releasing the handle back to the system.

Finally, if you have a system handle, you can look up and/or create a temporary instance of a
wrapper class. Most system handle wrapper classes provide a FromHandlefunction that returns an
instance of a class given a handle. If the handle does not have an object associated with it, a
temporary object is created.

The Cwndclass and CimagelListclasses also provide a FromHandlePermanentfunction that returns an
object only if one exists for the handle. This function does not create a temporary object.

Registering New Window Classes

You can use either AfxRegisterClassor AfxRegisterwndClassto register a new window class. In either
case, you can pass the registered window class’s name in a subsequent call to Cwnd::Createto
create an instance of that window.

AfxRegisterClassis very similar to the Win32 RegisterClassAPI, except that if the class is registered
from within a DLL, that class is automatically unregistered when the DLL is unloaded.

The preferred window class registration function, AfxRegisterwndClass, returns a string containing the
generated class name.

These functions are prototyped as follows:

BOOL AFXAPI Af xRegi sterd ass(WNDCLASS *| pwhdd ass) ;
LPCTSTR AFXAPI Af xRegi st er WidCl ass( Ul NT nC assStyl e, HCURSOR hCursor = 0,
HBRUSH hbr Background = 0, HI CON hlcon = 0);

Obtaining an Application’s Main Window

The AfxGetMainwndfunction to get the pointer to the Cwndobject that represents the main window for
your thread. Typically, it simply returns the m_pMainwndmember of the active CwinThreadobject. It is
prototyped as follows:

CWd * AFXAPI Af xGet Mai nWad() ;

Note:

Don’t assume that every CwinThreadobject in an application has the same
m_pMainWndobject. When a new CWinThreadobject is constructed, it “inherits"the
m_pMainWndpointer from the thread that created it. However, each thread can
change this pointer at any time.

Creation and Use

Like other system handle wrapper classes, Cwndprovides many of the standard mechanisms for



creating system handles or attaching existing ones. The methods supported are Create, CreateEx,
CreateControl, FromHandle, FromHandlePermanent, Attach, and Detach.

Create and CreateEx

The Createand CreateExmethods map very closely to the Win32 APIs CreateWindowand
CreateWindowEXx. Like the Win32 APIs, the difference between the two is the ability to specify
extended window styles in the extended version. These methods are declared as follows:

virtual BOOL Create(LPCTSTR | pszCl assNane, LPCTSTR | pszW ndowNane,
DWORD dwstyl e, const RECT& ect, Cwhd *pPar ent Whd,
U NT nl D, CCreateContext* pContext = NULL);
BOOL Creat eEx( DWORD dwexStyl e, LPCTSTR | pszC assNane,
ALPCTSTR | pszW ndowNane,
DWORD dwsStyle, int x, int y, int nWdth, int nHeight,
HWD hwdPar ent, HVENU nl Dor HVenu, LPVQ D | pParam = NULL);
BOOL Creat eEx(DWORD dwexStyl e, LPCTSTR | pszC assNane,
ALPCTSTR | pszW ndowNane,
DWORD dwsSt yl e, const RECT&rect, Cwhd *pPar ent Whd,

AUI NT nlI D,
LPVAO D | pParam = NULL);

CreateControl

Use the CreateControlmethod to instantiate an ActiveX control and associate it with the Cwndobject.
Specify either the control’s ProgID or CLSID for the class name. The various forms of this method
are declared as follows:

BOOL CreateControl (REFCLSID cl sid, LPCTSTR pszW ndowNane, DWORD dwsStyl e,
const RECT&rect, Cwhd* pParentWhd, U NT nl D, CFile* pPersist=NULL,
BOCL bStorage=FALSE, BSTR bstrLi cKey=NULL);
BOOL CreateControl (LPCTSTR pszd ass, LPCTSTR pszW ndowNarme, DWORD dwStyl e,
const RECT&rect, Cwhd* pParentWhd, U NT nl D, CFile* pPersist=NULL,
BOCL bStorage=FALSE, BSTR bstrLi cKey=NULL);
BOOL CreateControl ( REFCLSID cl sid, LPCTSTR pszW ndowNanme, DWORD dwstyl e,
const PO NT* ppt, const SIZE* psize, CwWd* pParentWhd, U NT nl D,
CFil e* pPersist = NULL, BOOL bStorage = FALSE, BSTR bstrLicKey = NULL );

FromHandle and FromHandlePermanent

The FromHandleand FromHandlePermanentstatic functions look up and return an existing CWndobject
based upon a passed system window handle (HWND). If a matching Cwndobject does not exist, the
FromHandlefunction creates a temporary Cwndobject and attaches the specified handle to it. These
functions are prototyped as shown here:

static CWND * PASCAL FronHandl e( HWND hwWhd) ;
static CWND * PASCAL FronHandl ePer manent ( HWND hWwhd) ;

Attach and Detach

You can associate and unassociate a system window handle (HWND) with a Cwndobject using the
Attachand Detachmethods. After you've attached the handle to the object, the object is responsible
for releasing the handle back to the system, unless you detach the handle. These methods are
declared as follows:



BOOL Attach(HWD hwWidNew) ;
HWND Det ach();

ExecuteDIglnit

The ExecuteDlglnitmethod creates a dialog window based upon the specified dialog resource. Use
this function if you need to load a window from a dialog resource. It is recommended that you try to
use the CbDialogclass first, however. This method is declared as shown here:

BOOL ExecuteDi gl nit (LPCTSTR | pszResour ceNane) ;
BOOL ExecuteDi glnit(LPVO D | pResource);

PreCreateWindow

The PreCreateWindowvirtual function is called before a window gets created. You can override this
function if you need to modify the CREATESTRUCTof a window before it gets created. If you need to
terminate the construction of a window, return FALSE. This function is declared as follows:

virtual BOOL PreCreat eW ndow CREATESTRUCT&CS) ;

Subclassing Windows

Briefly, subclassing a window is the process of hooking its window procedure to change how that
window receives and responds to specific window events. You can subclass a window to give that
control a different look and feel. Subclassing windows is described in detail in Chapter 5, “Custom
Control Development.”The methods that support subclassing are SubclassWindow, SubclassDlIgltem,
UnsubclassWindow, and PreSubclassWindow.

SubclassWindow, SubclassDlgltem, and UnsubclassWindow

The SubclassWindowand SubclassDIgltemmethods provide an easy mechanism to hook into the
window procedure of another window. After the window has been subclassed, you can respond to
system and window messages passed to that control’'s window procedure via the MFC message
map mechanism. The Unsubclasswindowmethod returns the subclassed window to its original state.

These methods are declared as follows:

BOOL Subcl assW ndow( HAND hWhd) ;
BOOL Subcl assDiglten(U NT nl D, CWhd *pParent);
HWND Unsubcl assW ndow() ;

PreSubclassWindow

Your CWnd-derived object receives the PreSubclassWindownotification prior to being subclassed. If
you choose to override this virtual function, your object can perform whatever operations it needs to
do prior to being subclassed. This function is declared as follows:

virtual void PreSubcl assW ndow();

GetSafeHwnd

Use the GetSafeHwndmethod to obtain the window handle attached to the window object. It is called



“safe”because it returns NULLIf the thispointer of the Cwndobject is equal to NULL. Additionally, this
method returns NULLIf the Cwndobject is not attached to a window, or is attached to a NULLwindow
handle (usually meaning the desktop window). This public method is declared as follows:

HW\D Get Saf eHwnd() const;

GetStyle, GetExStyle, ModifyStyle, and ModifyStyleEx

Use the GetStyle, GetExStyle, ModifyStyle, and ModifyStyleExmethods to obtain and change the style
and extended style flags for a window. These public methods are declared thus:

DWORD CGet Styl e() const;

DWORD CGet ExStyl e() const;

BOOL Modi fyStyl e(DAORD dwRenove, DWORD dwAdd, Ul NT nFlags = 0);
BOOL Modi fyStyl eEx( DWORD dwRenpve, DWORD dwAdd, UINT nFlags = 0);

GetOwner and SetOwner

Use the GetOwnerand SetOwnermethods to obtain and modify the owner of the current window.
Some controls, such as CToolBar, send notification messages to their owner windows. If the window
has no owner, the parent becomes its owner. Unlike the parent/child relationships, owner/ownee
relationships between windows do not limit the drawing area for the owned window. These public
methods are declared as follows:

CWhd *CGet Oaner () const;
(e)voi d Set Onner (CWhd * pOaner Whd) ;

ToolTip Support

ToolTips are the small yellow textual pop-ups that appear when the mouse pointer is positioned
over user interface elements. You can control their appearance using the methods described in the
following sections.

EnableToolTips and OnToolHitTest

Use the EnableToolTipsmethod to turn on or off the display of ToolTips for the current window. You
can override the OnToolHitTestvirtual function to control the location and positioning of the ToolTip
message. These methods are declared as shown here:

BOOL Enabl eTool Ti ps(BOOL bEnabl e) ;
virtual int OnTool Hit Test (CPoi nt point, TOOLINFO *pTl) const;

UpdateData

You can override the UpdateDatavirtual function to either initialize data into the window’s child
controls or validate and save the data. If the bSaveAndValidateparameter is equal to TRUE, your
function must validate and save the child controls’data. Otherwise, you must initialize the child
controls from their appropriate data source.

This public virtual function is declared as follows:



BOOL Updat eDat a( BOOL bSaveAndVal i date = TRUE) ;

This method is the primary mechanism for Dialog Data Validation (DDV) and Dialog Data Exchange
(DDX). For more information, refer to the section “Dialog Data Exchange”section in Chapter 2,
“MFC Dialogs, Controls, and Data Interaction.”

UpdateDialogControls

Use the UpdateDialogControlsmethod to disable child controls, menu items, and toolbar buttons if no
handler exists for them. This method is declared as follows:

voi d Updat eDi al ogControl s(CCrdTar get *pTarget, BOOL bDi sabl el f NoHandl! er);
CenterWindow

The Centerwindowmethod centers a window relative to another window. By default, it centers the
window relative to its parent. If the window is owned, it centers the window relative to its owner. This
public method is declared as follows:

voi d Center Wndow( CWhd *rel ativeTo = NULL);
RunModalLoop, ContinueModal, and EndModalLoop

Use the RunModalLoop, ContinueModal, and EndModalLoopmethods to make the specified window
modal. RunModalLoopplaces the window into a modal mode. The window remains modal until your
application calls EndModalLoop, which causes ContinueModalto return FALSEand the modal loop to be
ended. These methods are declared as follows:

i nt RunMbdal Loop( DAWORD dwHl ags = 0);
virtual BOOL ContinuelMddal ();
virtual void EndMbdal Loop(int nResult);

Win32 Methods

As an experienced Win32 programmer, you are probably familiar with many of the functions and
windows messages. Many of the methods in the Cwndclass map (more or less) directly to the
Win32 API functions of the same name (but without the HWNDparameter, of course). Others map to
some of the standard notification messages. Please consult documentation on each of these Win32
API functions and messages for more information.

Arranged by functional category, these methods are as follows:

Message Handling

SendMessage, PostMessage, IsDialogMessage, SendNotifyMessage
Window Text

SetWindowText, GetWindowText, GetWindowTextLength, SetFont, GetFont
Menu Support

GetMenu, SetMenu, DrawMenuBar, GetSystemMenu, HiliteMenultem



Window Size and Positioning

Islconic, IsZoomed, MoveWindow, SetWindowRgn, GetWindowRgn, SetWindowPos,
ArrangelconicWindows, BringWindowToTop, GetWindowRect, GetClientRect, GetWindowPlacement,
SetWindowPlacement

Coordinate Mapping

ClientToScreen, ScreenToClient, MapWindowPoints
Painting

BeginPaint, EndPaint, GetDC, GetWindowDC, ReleaseDC, UpdateWindow, SetRedraw,
GetUpdateRect, GetUpdateRgn, Invalidate, InvalidateRect, InvalidateRgn, ValidateRect, ValidateRgn,
ShowWindow, IsWindowVisible, ShowOwnedPopups, GetDCEX, LockWindowUpdate,
UnlockWindowUpdate, RedrawWindow, Print, PrintClient

Timer

SetTimer, KillTimer
Window Styles

IsWindowEnabled, EnableWindow, GetActiveWindow, SetActiveWindow, SetForegroundWindow,
GetForegroundWindow, GetCapture, SetCapture, GetFocus, SetFocus, GetDesktopWindow
Child Window

GetDIgCtrlID, SetDIgCtrlID, GetDlgltem, CheckDIgButton, CheckRadioButton,
GetCheckedRadioButton, DIgDirList, DIgDirListComboBox, DIgDirSelect, DIigDirSelectComboBox,
GetDlgltemInt, GetDlgltemText, GetNextDIgGroupltem, GetNextDIgTabltem, IsDIgButtonChecked,
SendDlgltemMessage, SetDlgltemInt, SetDlgltemText

Scrolling

GetScrollPos, GetScrollRange, ScrollWindow, SetScrollPos, SetScrollRange, ScrollWindowEX,
GetScrollinfo, SetScrollinfo, GetScrollLimit, ShowScrollBar, EnableScrollBarCtrl, GetScrollBarCtrl
Z-order and Location

ChildWindowFromPoint, FindWindow, GetNextWindow, GetTopWindow, GetWindow,
GetlLastActivePopup, IsChild, GetParent, SetParent, WindowFromPoint, DestroyWindow
Alert

FlashWindow, MessageBox
Clipboard

ChangeClipboardChain, SetClipboardViewer, OpenClipboard, GetClipboardOwner,
GetClipboardViewer, GetOpenClipboardwWindow
Caret

CreateCaret, CreateSolidCaret, CreateGrayCaret, GetCaretPos, SetCaretPos, HideCaret, ShowCaret
Shell Interaction

DragAcceptFiles
Icon

Setlcon, Getlcon
Help

GetWindowContextHelpld, SetWindowContextHelpld



CFrameWnd

The CFrameWndclass, derived from Cwnd, is a window that contains the title bar, system menu,
border, minimize/maximize buttons, and an active view window. The CFrameWndclass supports the
single document interface (SDI).

For multiple document interface (MDI) frame windows, use CMDIFrameWndfor the workspace frame
and CMDIChildwndfor the MDI child windows. Both of the aforementioned classes are derived from
CFrameWnd.

For the thinner, toolbox-style frame window, use the CMiniFrameWndclass. To support in-place
editing, use the COlelPFrameWndclass.

Functions

The CFrameWndclass provides several functions that allow you to obtain the active document, view,
and frame. In addition, there are functions to interact with the title bar and status bar text. These
functions are described in this section.

GetActiveDocument, GetActiveView, SetActiveView, and GetActiveFrame

The GetActiveDocument, GetActiveView, and GetActiveFramemethods return a pointer to the current
document, view, or frame, respectively. The SetActiveViewmethod activates a view window. These
methods are declared as follows:

virtual CDocunent *Cet ActiveDocunent();

virtual CFrameWhd *Get ActiveFrame();

CVi ew *Get ActiveView) const;

voi d Set ActiveVi ew( CVi ew *pVi ewNew, BOOL bNotify = TRUE);

GetTitle and SetTitle

The GetTitleand SetTitlemethods obtain and set the text in the frame window’s title bar. These
methods are declared as shown here:

CString CGetTitle() const;
void SetTitl e(LPCTSTR | pszTitle);

SetMessageText

The SetMessageTextmethod sets the status bar text (in pane zero of the status bar). You can specify
either a string or a string resource identifier. The variations of this method are declared as follows:

voi d Set MessageText (LPCTSTR | pszText);
voi d Set MessageText (U NT nl D);

BeginModalState, EndModalState, and InModalState

The BeginModalState, EndModalState, and InModalStatemethods control the modality of the frame
window. Use BeginModalStateto enter the modal state, ExitModalStateto end the modal state, and



InModalStateto determine your current state. These methods are declared as follows:

virtual void Begi nvbdal State();
virtual void EndMbdal State();
BOOL | nWbdal State() const;

CView

The CViewclass, derived from CWnd, is responsible for displaying/printing and handling all user
interactions for the document attached to it. You need to derive classes from CViewto present your
document’s data to the user in the required ways.

When you create a CView-derived class, at the minimum, you need to override the OnDrawand
OnUpdatemethods.

Methods

The CViewclass provides methods that you can override to allow your application to respond to
external events (such as redraw requests, window activation, and document changes). Additionally,
there is a method to return a pointer to the document associated with the view.

OnDraw

Override the OnDrawmethod to draw your document view to the passed device context. This method
handles drawing both to the display and a printer. If you need to have printer versus screen drawing
logic within this method, call CDC::IsPrintingto determine the current state. The OnDrawmethod is
declared as shown here:

virtual void OnDraw( CDC *pDC) = O;
OnUpdate

Override the OnUpdatemethod to allow your view class to be notified when the document has
changed. This method is invoked when CDocument::UpdateAllViewsis called or when the view is
initially attached to the document, but before it is displayed.

When you receive this notification, do not redraw the changes directly. You can cause the changes
to be redrawn by calling CWnd::InvalidateRect.

The OnUpdatemethod is declared as follows:

virtual void OnUpdat e(CVi ew *pSender, LPARAM | H nt, CObject *pHint);

GetDocument

The GetDocumentmethod returns the document to which this view is attached. It is declared as
follows:

CDocunent *Get Docunent () const;

OnActivateVie and OnActivateFrame



Override the OnActivateViewand OnActivateFrameif your view needs to respond in some way to its
activation or deactivation. These virtual functions are declared as follows:

virtual void OnActivateView(BOOL bActivate, CView *pActivateVi ew,
CVi ew *pDeacti vat eVi ew) ;
virtual void OnActivateFrame(U NT nState, CFrameWhd *pFranmeWhd) ;

CDocument

How Are Documents Related to Views?

With MFC, you can partition your application into a document and one or more views of that
document. A documentcontains the data that your application works with. A viewis a graphical
representation of that data. Hence, all the views reference the same document. If a change is
made to the document from one view, all the other views get updated with that change.

An example of a document could be a set of data that correlates the names of cities with a value
representing each city’s population.

You could have several types of views of this same data. One view could be a text list that allows
the user to sort itself by either city name or by population. Another view could display a map that
puts the population value next to the appropriate city name. Yet another view could be the same
as the first view text list, except scrolled down to a different location in the list. So, in this case,
you have three total view instances of two view types.

To create a document, derive a class that represents your data from the CDocumentclass. To
create a view type, derive a class from the CViewor a CView-derived class.

For more information about MFC document and view support, refer to Chapter 7.
GetTitle and SetTitle

The GetTitleand SetTitlemethods obtain and set the text in the frame window’s title bar for all the
views attached to this document. These methods are declared as shown here:

const CString&CetTitle() const;
virtual void SetTitle(LPCTSTR | pszTitle);

GetPathName and SetPathName

The GetPathNameand SetPathNamemethods obtain and set the fully qualified path associated with the
document. You only need to call these methods if you are also overriding OnOpenDocumentand
OnSaveDocument. The GetPathNameand SetPathNamemethods are declared as shown here:

const CString&Get Pat hNane() const;
virtual void SetPat hnanme(LPCTSTR | pszPat hnane, BOOL bAddToMRU = TRUE);

GetDocTemplate



The GetDocTemplatemethod returns the CDocTemplateobject upon which this document is based. If
this document does not have a document template associated with it, NULLis returned. This method
is declared as follows:

CDocTenpl at e *CGet DocTenpl ate() const;

IsModified, SetModifiedFlag, and SaveModified

The IsModified, SetModifiedFlag, and SaveModifiedmethods are used to control the modification state
within the document object. Call SetModifiedFlagwhenever you make a change to your document. To
determine the current modification state, call IsModified. If you want to prompt the user about saving
the document modification in a way different from the default implementation, override the
SaveModifiedmethod.

These methods are declared as shown here:

virtual BOOL |Ishodified();
virtual void SetMdifiedFl ag(BOOL bMdified = TRUE);
virtual BOOL SaveModified();

AddView, RemoveView, and OnChangedViewList

Call the Addviewand RemoveViewmethods to attach and detach a Cview-derived object to and from
this document. Each successful call to Addviewand RemoveViewresults in a call to OnChangedViewList.
The default implementation of OnChangedViewListdeletes the document when the last view is
detached. These public methods are declared as shown here:

voi d AddVi ew( CVi ew *pVi ew) ;
voi d RenoveVi ew( CVi ew *pVi ew) ;
virtual void OnChangedVi ewLi st ();

GetFirstViewPosition and GetNextView

The GetFirstViewPositionand GetNextViewmethods enable you to iterate through all the view objects
(Cview) that currently are associated with the document. If no views are available,
GetFirstViewPositionreturns NULL.

These public methods are declared as follows:

virtual POSITION GetFirstViewPosition() const;
virtual CView *CGet Next Vi e POSI TI ON&pos) const;

Note:

Because GetNextViewupdates the position value, always check that the current
position is not NULLbefore calling GetNextViewagain.




UpdateAllViews

Use the UpdateAllViewsmethod to have the CView::OnUpdatemethod to be called on one or all views
associated with this document. If the pSenderparameter is equal to NULL, the update is broadcast to
all views associated with this document. This method is declared as shown here:

voi d Updat eAl | Vi ews(CVi ew *pSender, LPARAM I Hi nt = 0, CObject
A*pHint = NULL);

DeleteContents

Override the DeleteContentsmethod to delete your document’s data before the document is
destroyed or reused. Because SDI applications have only one document, it is reused.
Consequently, it is important to delete your document’s data in this method. This method is declared
as follows:

virtual void Del eteContents();
OnNewDocument, OnOpenDocument, OnSaveDocument, and OnCloseDocument

Override the OnNewDocument, OnOpenDocument, OnSaveDocument, and OnCloseDocumentvirtual
functions to respond to each of the new, open, save, and close events for the document.

Tip:

Because a single document object is used in SDI applications, you must initialize it
by overriding the OnNewDocumentmethod.

These functions are declared as follows:

virtual BOOL OnNewDocunent () ;

virtual BOOL OnOpenDocunent (LPCTSTR | pszPat hNane) ;
virtual BOOL OnSaveDocunent (LPCTSTR | pszPat hNane) ;
virtual void OnC oseDocunent();

ReportSaveLoadException

Override the ReportSavelLoadExceptionvirtual function if you need to provide custom error reporting
when an exception is caught while saving or loading the document. This virtual function is declared
as shown here:

virtual void ReportSavelLoadExcepti on(LPCTSTR | pszPat hNane,
CException *e, BOCL bSavi ng,
U NT nl DPDef aul t);

GetFile and ReleaseFile

Override the GetFileand ReleaseFilemethods to provide a custom mechanism for opening and closing



the document data file. These methods are declared as follows:

virtual CFile *CGetFil e(LPCTSTR | pszFi |l eNanme, U NT nQpenFl ags,
CFi | eException *pError);
virtual void ReleaseFile(CFile *pFile, BOOL bAbort);

CanCloseFrame and PreCloseFrame

The CanCloseFrameand PreCloseFramemethods give you an opportunity to handle the closing of
document views contained in frame windows. Override the CanCloseFramevirtual function if you need
to provide special handling when frame windows are closed. The default implementation prompts
the user to save the document upon closing the last frame. Override the PreCloseFramevirtual
function to provide custom handling when a frame window containing views associated with a
document is closed. These methods are declared as shown here:

virtual void CanC oseFrane( CFranmeWhd *pFrane);
virtual void PreC oseFrane(CFranmeWhd *pFrane);

Summary

This chapter covers the fundamental architectural classes involved in almost every MFC-based
application. You will incorporate all these classes either directly or indirectly in every MFC GUI
application that you write.

The CObjectclass is the root of all other MFC classes and provides general methods that are useful
to classes derived from it. The runtime type information allows each class to identify its type. The
serialization support provides a mechanism for persisting the object to any byte stream. Finally, the
diagnostic support provides a standard way of dumping the contents of an object and ensuring that
the object is in a valid state.

The CCmdTarget, CWinThread, and CWinAppclasses are a line of related classes in the MFC class
hierarchy that form the basis of your GUI application. These classes allow your application to
receive and process GUI events. Additionally, these classes provide the general framework for the
controller part of the object-oriented model/view/controller (MVC) paradigm.

The object-oriented model and view classes are supported via MFC’s document/view architecture
and the CDocumentand CViewclasses, respectively. When you derive from each of these classes,
you can separate your application’s business logic from its display logic.

Finally, the document views are displayed in GUI windows that are represented by the
CFrameWndand CWndclasses. The windowing classes are the fundamental objects that manage
your GUI application and present its data to the user.
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This chapter describes the general techniques for creating dialog-based MFC applications using Microsoft
Visual Studio. If you have already created MFC applications using AppWizard, you are probably already familiar
with this material and might want to move to the more in-depth topics in later chapters.

Creating an Application

This section describes the MFC AppWizard supplied by Visual Studio. It leads you through the process of
generating a new dialog-based MFC application and describes the basic features of the generated code.

Starting and Using MFC AppWizard

If you want, you can certainly derive your own classes from CWinApp and create your own MFC application from
scratch. However, you can save yourself much effort by using the AppWizard, which automatically creates a lot
of the common application code for you. The AppWizard gives you a jump start on getting into the actual coding
of the business logic necessary for your application—without having to worry about the MFC infrastructure
issues initially.

Starting the AppWizard is easy. In Microsoft Visual Studio, simply choose File, New from the menu. This
displays the dialog shown in Figure 2.1, which gives you a choice of new projects to create.
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Figure 2.1 The Projects tab of the New dialog displaying a list of the types of projects that you can create.

Because you want to create an MFC application, choose the project type entry named MFC AppWizard (exe). In
the Location entry field, type the parent directory to contain this project (in Figure 2.1, e:\\MyProjects was typed).
Finally, in the Project Name, type the name of your project (in the Figure 2.1, MFCSample was typed). When you
type the project name, the project location is automatically extended to have a subdirectory with the name of the
project (in the Figure 2.1, this is how E:\MyProjects\MFCSample was created).

Note:

Among the project types, you could also choose MFC AppWizard (dil). Choose this AppWizard
if you want to package your MFC application in a dynamic link library to be used by other
applications.

You might also note that the Create New Workspace radio button is automatically selected for you. A project
contains all of the file references and compile and link options to allow you to create a single executable (EXE)
or dynamic link library (DLL). When you have a more sophisticated application that has multiple DLLs and
EXEs, you can associate all of your projects in an entity called a workspace. In the case of MFCSample, you

are only creating a single executable—so a single workspace is appropriate. Choose OK to move to the start of
the MFC AppWizard.

Note:

You can add a project to an existing workspace at a later time, by opening that workspace.
From the FileView tab, select the Workspace entry (on the top line), and right-click to display the
context menu. Choose Insert Project into Workspace to display a dialog that allows you to
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select the project to add to the workspace.

Also, if you need to logically associate your EXE and DLL projects in multiple groupings, you
can add your projects to more than one workspace.

The MFC AppWizard generates the initial code for your application, so you don’t have to code it by hand.
Consequently, it guides you through the process of defining the general characteristics of your application, so it
can generate code suited to your application’s needs. Figure 2.2 shows the MFC AppWizard - Step 1 dialog
box.

The MFC AppWizard - Step 1 dialog box enables you to select whether your application uses the Single
Document Interface (SDI), Multiple Document Interface (MDI), or is dialog-based. In addition, you choose
whether or not your application uses the MFC document/view architecture, which separates the logic that
displays your data to the user from logic that interacts with your data. Refer to Chapter 7, “The Document/View
Architecture,” for more specific information on using the MFC document/view architecture. Because the
document/view architecture is described later (and to keep things simple), the MFC Sample application is a
dialog-based application. The document/view architecture is not available to dialog-based applications; hence,
that check box is disabled. Click Next to proceed to the next MFC AppWizard step.

MFC AppWizard - Step 1 HE|

= Application

What type of application would pou like to create?

i~ Single document

™ Multiple documents

¥ | Doctment/dew actitestie slpport?

‘what |anguage would pou like your resources in?

| English [United States] [APPWZENU.DLL = |

£ Back Mest » Finizh Cancel

Figure 2.2 The first MFC AppWizard dialog box enables you to specify whether your application is a single
document, multiple documents, or dialog-based.
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SDI, MDI, and Dialog-Based Applications

A Single Document Interface (SDI) application is like the Paint accessory shipped with Windows. It has a
single client area and often has a pull-down menu and toolbar. Use an SDI application when each instance of
an application interacts with a single file or data and it displays data within a client area.

A Multiple Document Interface (MDI) application is like Microsoft Word. It has multiple client areas, but often
has a single pull-down menu and toolbar. Use an MDI application when you want the user to have multiple
documents open within the same application.

A dialog-based application is similar to the AppWizard within Visual Studio. It consists of a single form-based
window with any of the various Windows controls, such as pushbuttons, list boxes, and entry fields. Use a
dialog-based application when you do not need a client area in which to draw in your application or when your
application is form-based and needs only the various Windows controls to interact with the user.

The MFC AppWizard - Step 2 of 4 dialog enables you to specify some of the features of the generated code.
These include whether or not your application has an About box, WinSock capabilities, and ActiveX controls,
and whether it supports automation. In addition, you can specify text that appears in your dialog’s title bar. This
dialog is shown in Figure 2.3. Click Next to move to the next AppWizard step.

MFC AppWizard - Step 2 of 4 FE|

| What featuras would vou like to include?

Application

v About box
[T Context-zensitive Help
¥ 3D controls

Abont App...

What other support would you lilke to include?

[ Automation
v Actived Controls

‘ . Would you ke to include WOSA support?

Editing Control: IFItcnn‘I

[ Windows Sockets

F Check Box -I"E- Radio Button
ff- Radio Buttos

e e e e ————

Fleaze enter a title for your dialog:

[My MFC S ample

¢ Back Mest & Einizh Cancel

Figure 2.3 The Step 2 MFC AppWizard dialog enables you to add an About box and specify title bar text for
your application.

Figure 2.4 shows the MFC AppWizard - Step 3 of 4 dialog. Using this dialog, you can specify whether you'd like
your application to appear as an MFC Standard application or as a Windows Explorer-like application, with a
tree view in one child window and a list view in another. In addition, you can indicate whether you'd like to link
the MFC class library statically as part of your application—or have your application use the MFC dynamic link
library. Click Next to move to the final step.
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Figure 2.4 The Step 3 MFC AppWizard dialog allows you to choose to make your application appear like
Windows Explorer.

The MFC AppWizard - Step 4 of 4 dialog is informational and requires no input from you. It lists the classes and
source files that will be generated for your application. For the MFCSample project, Figure 2.5 shows the
classes and files that are generated. Click Finish to complete the AppWizard process.

Note:

Remember that if you link MFC as a DLL, your application’s installation routines must install the
appropriate MFC DLLs needed by your application.
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MFC AppWizard - Step 4 of 4 EE|

Appwizard creates the following classes for pou:
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CMFCSampleDlg
Clazs name; Header file;
| CMFCS ampledpp [MFCSample b
Basze class: Implementation file:;
IE‘-.J--‘InE‘-.pn IH:-_I:'E. ample.cpp
< Back | [Ewts | Finish Cancel

Figure 2.5 The Step 4 MFC AppWizard dialog shows you the classes and source files that AppWizard will
generate for your application.

The AppWizard-Generated Code

After AppWizard has generated code for your MFC application, your current project will be loaded into the
Visual Studio environment. You might be interested to know that, without any modification, you can compile and
run this application. Of course, without the logic that you need to add, this application won’t do anything specific.

On the left side of the Visual Studio environment, there are three tabs containing different views of your
application: FileView, ClassView, and ResourceView.

The FileView Tab

The rightmost tab, FileView, is shown in Figure 2.6 for the MFCSample application. There are five source files
that are used to contain the definitions for the primary application classes. These files are MFCSample.cpp and
MFCSampleDlg.cpp. The description of these files’contents is discussed with the ClassView tab later in this
section.
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-] Version

B4 ClassView | [ ResourceV...| E] FileView
Figure 2.6 The FileView tab in Visual Studio for MFCSample.

Other files of interest include MFCSample.rc and Resource.h. The MFCSample.rc file contains the binary
resource definitions of the icons, string table, version information, and dialogs for the application. Additionally, a
file named Resource.h accompanies this file to define the numeric ids for each of the resources. The actual
resources are discussed with the ResourceView tab later in this section.

Some of the more intriguing files that AppWizard generates for every MFC application are StdAfx.cpp and
StdAfx.h. These are common files that are used to improve compile-time performance for MFC applications.
Specifically, StdAfx.h is included by every source file first and contains the #includelines for each of the MFC
class library headers. If you do this, this header file (and all of the MFC headers) can be parsed and
precompiled into a binary form. Consequently, when subsequent source files are compiled, the compiler does
not have to read in and parse all of the system header files. Thus, each of the source files can be compiled
much faster.

Caution:

Although each project can contain files of the same name (StdAfx.h and Resource.h), these
files are likely to have different contents, particularly if the AppWizard options are different
between projects.

The ClassView Tab

The leftmost tab, ClassView, for the MFCSample application is shown in Figure 2.7. The class view of your
application lists all of the classes in it, as well as all of the methods and data members contained within each
class. For the MFCSample application, three classes are generated: CAboutDlg, CMFCSampleApp, and
CMFCSampleDlg.
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Figure 2.7 The ClassView tab for MFCSample in Visual Studio.

The primary application class that AppWizard generated is named CMFCSampleApp. Declared in MFCSample.h
and defined in MFCSample.cpp, this class is derived from CwinAppand represents the main class for your MFC
application. See Chapter 1, “The MFC Architecture,”for more information on the CWinAppclass.

The CMFCSampleDlgclass represents the main window of the dialog-based MFCSample application. The
CMFCSampleDlgclass is derived from the CDialogclass, and you can modify it to add the data and logic required
for your application. This class is associated with a generated dialog resource, named
IDD_MFCSAMPLE_DIALOG, which you can edit via the ResourceView tab. The CMFCSampleclass is declared in
MFCSampleDlg.h and defined in MFCSampleDlg.cpp.

Likewise, the CAboutDIgclass represents the About box in your application. You can add methods and data to
this class if you need to modify the look and feel of the modal window that is displayed when Help, About is
selected from your application’s pull-down menu. The CAboutDIgclass is derived from CbDialogand is associated
with a generated dialog resource, named IDD_ABOUTBOX. The CAboutDIgclass declaration is located in
MFCSampleDlg.h and its definition is located in MFCSampleDIg.cpp.

The ResourceView Tab

The final tab available for browsing your application in the Visual Studio environment is the ResourceView tab.
Shown in Figure 2.8, this tab enables you to browse and edit the binary resources associated with your
application. The actual resources are contained in the file MFCSample.rc, and the numeric identifiers for the
resources are stored in a file named Resources.h.

]

=] @ MFCSample classesi

=% CAboutDlg

& CaboutDlof)

-ﬁ?ﬁ Dol atak #change[CD atakE schar

=% CMFCSampledpp

& CMFCSampledpp(]

& |nitnztance(]
- ®1% CMFCSampleDlg
[ Globals

4 I [
B4 ClassView | /e ResourceV... Filehigw
Figure 2.8 The ResourceView tab for MFCSample in Visual Studio.
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The MFC AppWizard generated four different types of resources for your application: dialog, icon, string table,
and version. Each of these types has one or more instances of that type of resource.

The dialog resource contains the layout and controls contained on your application’s dialog windows. MFC
AppWizard generated two dialog resources for the MFC Sample application, named IDD_ABOUTBOXand
IDD_MFCSAMPLE_DIALOG, representing the About box and the main window, respectively. By double-clicking on
the dialog’s name (such as IDD_ABOUTBOX), you can edit and make changes to the layout of and controls within
that dialog. By default, the About box dialog contains a generic icon, application name, and copyright string, and
the main window dialog contains an OK and a Cancel pushbutton. You will certainly need to edit both of these
dialogs before shipping your application.

MFCAppWizard also generated a graphical icon resource named IDR_MAINFRAMEfor the MFCSample
application. The IDR_MAINFRAMEicon is the image that appears in your application’s upper-left hand corner of
the main frame, in its About box, and is associated with your executable.

The next resource type is the string table resource, which maps numeric identifiers to language-dependent
strings. If you double-click on the string table resource, you can see that the MFC AppWizard generated a single
string that can be used in a menu resource

Note:

It is a good idea to isolate all of your language-dependent strings into a string resource table. In
this way, your application code refers only to numeric identifiers, rather than literal strings. If you
use string resources, when you need to translate your application to another language, the
string tables can be translated to that language without change to your source code.

Finally, the MFC AppWizard generated a version resource hamed VS_VERSION_INFOfor the MFCSample
application. The version information contains both standard numeric information (such as a four-part version
number, like 1.0.0.1, and an operating system flag on which the application can run, such as
VOS__WINDOWS32) and standard and user-definable string information (such as an application description and
copyright string). Utilities such as installation programs can use this information to compare one executable file
to another to decide whether they need to replace an older version with a new one, for example.

Modifying the Application

At this point, you have a shell MFC dialog-based application called MFCSample. Of course, it contains no
business logic, and the dialog is pretty boring with the lonely OK and Cancel buttons. If you want, you can run
and debug it from the Visual Studio environment. Next, you can starting doing something interesting—like
adding more controls and actually having the application do something.

Adding Dialog Controls

Certainly the first thing that you need to do is to add controls to your dialog. Otherwise, you cannot add code to
handle and trigger events for the controls. Consequently, you'll add a few basic controls to the MFCSample
application to demonstrate some of the features of dialog-based MFC applications.

This chapter glosses over the actual functionality of the controls it describes and defers the in-depth analysis of
control events and behavior to Chapter 3, “The Windows Common Controls.”"However, this chapter does
introduce you to the look and feel of the controls that you can add to your application.

In the MFCSample application, there are simply some pushbuttons that demonstrate some of the standard
dialogs available to you as well as some entry fields and static text fields to demonstrate Dialog Data Exchange
(DDX). The MFCSample main window is shown in Figure 2.9.
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Figure 2.9 The MFCSample main window containing pushbuttons and other controls.

Dialog Control Types

A controlis a specialized GUI object that can allow passive or active user interaction with the application.
Controls usually serve a limited number of purposes and provide an intuitive means of the user interacting with
those purposes. Controls can be sorted in three basic categories: information presentation, information request,
and information modifiers. Some controls can be classified in only one category, whereas others could be
classified in more than one category.

An information presentation type of control simply displays data to the user. Perhaps the most basic information
presentation controls are the static text and the picture controls. Other controls such as the tree control and the
list box can be classified in the other two categories—but, in any case, still present information to the end user.

The second type of control is the information request control, which enables the user to obtain more information
from the application. The most basic control serving this purpose is the button control. However, depending on
how the application is written, a tree control and list box could be in this category also; namely, where an
application adds more data to the tree control when a node is expanded and a list box item is double-clicked.

Finally, the last type of control is the information modifier, which enables the user to change the application’s
data. The edit box, radio button, and check box are the most basic controls that serve this purpose.
Alternatively, the list control can be used to serve this purpose if it allows data to be edited within its cells.

Furthermore, three classifications of Windows controls are available to you through the Visual Studio resource
editor palette. These are the standard controls, the common controls, and the custom controls.

Standard Controls

The standard controls are the classic controls that have been a part of Windows since its earliest days. These
are the most basic controls that all Windows users know and love. These include buttons, list boxes, check
boxes, radio buttons, and scrollbars. In the subsequent sections, the behavior and use of each of these controls
is discussed briefly. Again, refer to Chapter 3 for a more in-depth discussion of the methods and events for each
of these controls that are programmatically available to your application.

Picture

The picture control represents a set of information presentation controls available to your application. This
control can contain an icon, a bitmap, a metafile, a rectangular outline (called a frame), or a filled rectangle,
depending on the style flag set at design time. Use this control to display an image or draw a filled or outlined
rectangle in your dialog. Figure 2.10 shows an example of a picture control with the default MFC icon in it.
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Pty
Figure 2.10 A picture control with the default MFC icon in it.
Static Text

The static text control is another information presentation control. It simply displays a line of text to the
user—however, the user typically does not directly interact with this text in any way. This control simply displays
text to the user. Figure 2.11 shows an example of a static text control.

Flgure 211 A statlc text control with an output-only message in it.
Edit Box

The edit box control is very similar to the static text control, except that the user can actually edit the textual data
contained within it. Use this type of control when you want the user to edit a single line or multiple lines of
textual data. It is considered to be both an information presentation and an information modifier type of control.
Figure 2.12 shows an example of an edit box control.

Edit
Figure 2.12 An edit box control just waiting for its text to be modified.

Group Box

The group box control is an information presentation control that provides simply a way of grouping other
controls. Group boxes are often used to contain a set of radio buttons that provide a mutually exclusive choice.
Figure 2.13 demonstrates this case.

T— E
" Red

" ¢ Green "
" Blue

Flgure 2. 13 A group box control with a set of mutually exclusive radio button choices within it.

Button

The button control (also known as a pushbutton) is an information request control. Use this control to enable
your application to respond to a user-triggered event. Perhaps the most common control on dialogs is a button
named Cancel that typically dismisses the dialog without saving its data. Figure 2.14 shows a Cancel button.

Figure 2.14 A button control named Cancel.

Check Box

The check box control is often used as an information modifier. It can represent either two or three states; two
states are true and false and three states are true, false, and indeterminate. Use this control when you'd like the
user to choose a Boolean state. Figure 2.15 shows a check box.
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¥ Check Me
Figure 2.15 A check box control enables the user to specify his or her preferences.

Radio Button

The radio button control is another information modifier. Rarely used in isolation, this control is often part of a
group of mutually exclusive choices. Use a group of these controls when you'd like the user to choose one of a
finite number of selections that are known at application design time. Figure 2.13, earlier in the chapter, shows
such a group of radio buttons.v

Combo Box

Like the radio button, the combo box control is another information modifier. It provides a similar purpose to a
group of radio buttons, except the finite number of selections can be specified at runtime. Using the combo box,
the user can choose one of its entries. There are three types of combo box available to you: simple, drop-down,
and drop-list. The simple and drop-list combo boxes are different only in visual appearance. The drop-down
combo box allows the user to enter a new entry in the edit box portion of the control. Figures 2.16 and 2.17
demonstrate each of these types.

o Club

" Diarmond
* Spade
W Heart

Figure 2.16 A simple combo box control.

Fackers ll

Figure 2.17 A drop-down or drop-list combo box control.
List Box

The list box control is another information modifier. It displays a list of choices to the user—and, depending on
its actual style, the user can choose either none, one, or many of its items. With a single selection list box, only
one entry can be selected, which makes its behavior similar to that of a simple combo box. Figure 2.18 shows a
list box.

Ca+ -
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Feil

Wizual Basic ;I

Figure 2.18 A list box control.
Horizontal and Vertical Scrollbars

The scrollbar control is often used to enable the user to move a graphical image or text within the current view.
Additionally, it can enable the user to select a contiguous range within a finite set, similar to the Slider control
(described following). Figures 2.19 and 2.20 show a horizontal and a vertical scrollbar, respectively.
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Figure 2.19 A horizontal scrollbar control.

.
+ |l

Fi'gu're 2.20 A vertical scrollbar control.

Common Controls

As Windows matured and the user-interaction needs of applications increased, Microsoft introduced a set of
advanced controls for dialogs. Called the “common”controls, they were shipped as a separate, redistributable
DLL and were not part of any standard Windows installation until Windows 95 and Windows NT 4. These
controls include the spin control, progress indicator, slider, hot key, list control, tree control, tab control,
animation control, rich text edit, date/time picker, month calendar, and IP address control.

Spin

The spin control (sometimes called a spin button or an up-down control) allows the user to increment or
decrement a value in an associated control. Consequently, it is an information modifier. This control allows the
user to fine-tune the data in another control and is often used to allow the user to scroll through a list of numeric
values. The spin control is shown in Figure 2.21.

Progress

The progress indicator control is an information presentation control that displays a graphical representation of
the percent progress. Use this control when you'd like your application to indicate graphically the current amount
of progress. Figure 2.22 demonstrates this control.

P Y .
Figure 2.22 A progress indicator control.

Slider

The slider control allows the user to select one of a range of values. It is similar to a level control on a stereo’s
equalizer. You can choose to have either horizontal or vertical sliders. This control is shown in Figure 2.23.

Figure 2.23 A horizontal slider control with a point and tick marks.

Hot Key

The hot key control enables the user to enter a combination keystroke that includes Alt, Shift, or Ctrl, and
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another key to define a hot key to the application. Use this control when you let the user define a keystroke
combination for the application. Figure 2.24 demonstrates this control.

Ctrl + Shift + Nurm Del

Figure 2.24 A hot key control.

List Control

The list control is essentially the classic list box on steroids. It allows one of four views: large icon (single column
with text), small icon (single column with text), list (multi-column, small icon with text), and report (single column,
small icon with text and other textual details in columns). Figure 2.25 shows a list control in report view.
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Flgure 2.25 A list control in report view.

Tree Control

The tree control provides a means of displaying a hierarchy of data within your application. The standard
Windows Explorer window is a tree control, showing a hierarchy of drives, folders, and files. The tree control is
shown in Figure 2.26.

& = ﬁ E:-:panu:led Node

: ﬂ Expanded Mode
3 : % Leaf

o B Leal

5 | @48 Collapsed Node

Leal

Figure 2.26 A tree control showing a hierarchy of data.

Tab Control

The tab control provides a means of logically organizing your application’s data in your user interface. If you use
this control, your GUI needs to display only the controls in which the user is interested—rather than
overwhelming him with a large number of controls at once. Figure 2.27 shows a tab control.

 Tab3 | Tab4 | Tabs
 Tabl | Tab2

Flgure 2.27 A tab control.

Animation

The animation control enables you to display an AVI file within the control's area when clicked. Use this control
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when you have multimedia graphics that you'd like displayed within your dialog.

Rich Edit

The rich edit control enables you to embed more sophisticated text processing in your application, so you can
provide the user a means of formatting text and paragraphs, as well as loading and saving the text in RTF
format. This control is shown in Figure 2.28.

Note:

You must call AfxInitRichEditin your application class’s Initinstancemethod to use the rich edit

control.
| ORI ! ......................... ]
HichEdit
] i
B W, .

i
igure 2.28 A rich edit control.
Date/Time Picker

The date/time picker control provides a means of allowing the user to select a date or time through your user
interface. Its visual appearance can be similar to a combo box or an edit text/spin control combination. The latter
combination is shown in Figure 2.29.

3/17/99 ;|

Figure 2.29 A date/time picker control using a spin control.
Month Calendar

The month calendar control allows your application to display an entire calendar month to the end user. It
provides an intuitive way for the user to interact with dates in your application. The month calendar control is
shown in Figure 2.30.

B March1993 [
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Figure 2.30 The month calendar control.
IP Address

The IP address control provides a straightforward means of displaying and allowing the user to modify an
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Internet network address in a way consistent with the rest of the system. This control is shown in Figure 2.31.

222 .173.190. 239
Figure 2.31 An IP address control.

Extended Combo Box

The extended combo box control has the same behavior and types as the standard combo box control.
However, unlike the standard control, it supports the use of images—without requiring an owner draw routine to
draw them. Use this control if you need to allow the user to select one of a set of items with images.

Custom Controls

Another type of control that you can add to your dialog is called a customcontrol. You can create your own
controls to satisfy specific requirements for your application. Refer to Chapter 5, “Custom Control
Development,”for information on how to create and use custom controls.

Adding Initialization

There are two locations where dialog initialization is typically performed: in the constructor and in the
OninitDialogmethod for your dialog class. The actual location for your particular initialization code depends on
what is required at the time of initialization.

Use the dialog class constructor to initialize member variables that have no dependence on any controls on the
dialog. For example, the constructor is an excellent place to initialize any class pointers to zero. Listing 2.1
demonstrates how the constructor is used in the MFCSample application to initialize the m_currentColormember
variables.

Listing 2.1Initialization of Class Members in the Constructor

CMFCSanpl eDl g: : CMFCSanpl eDl g( CWhd* pParent /*=NULL*/)
CDi al og( CMFCSanpl eDl g: : | DD, pParent)
, m_current Col or (RGB(0, 0, 255))

{
1 {{ AFX_DATA_| NI T( CMFCSanpl eDl g)
mfileName = _T(“");
/1}}AFX_DATA INIT
/1 [omitted code]

}

Listing 2.1 also shows the initialization of a member variable, m_fileName, used in DDX. This variable represents
the filename that is displayed in the MFCSample application’s main window, as shown earlier in Figure 2.9.

Note:

The initialization of m_fileNameis contained within a set of comments that are tagged with
AFX_DATA_INIT. These comments are flags that indicate to the Visual Studio environment that
the code between the comments was generated. As a general rule, you typically leave this code
alone and do not put your own code within these comments, for fear of losing it at a later date.


javascript:displayWindow('images/02-31.jpg',131,31)
javascript:displayWindow('images/02-31.jpg',131,31)

The second (and perhaps most common) location of initialization code for your dialog is in the
OninitDialogmethod. MFC calls OninitDialogafter the dialog window and all of its controls have been created.
Consequently, feel free to interact with any of the controls in your dialog window in your dialog class’s
OninitDialogmethod. Listing 2.2 shows the calls to EnableToolTipsand DrawBitmapWithColorin initialization section
for the MFCSample application.

Listing 2.2Dialog Initialization in the OninitDialogMethod

BOOL CMFCSanpl eDl g: : Onl ni t Di al og()
{

Chi al og: : Onl nitDi al og() ;

/1 [omitted code]

/1 TODO Add extra initialization here
Enabl eTool Ti ps();

Dr awBi t mapW t hCol or () ;

return TRUE; // return TRUE unless you set the focus to a control

Note:

In general, insert your application’s initialization code after the Visual Studio-generated
comment, “TODO: Add extra initialization here.”

Using Dialog Controls

After you've created your dialog class, you'll most certainly need to programmatically interact with and receive
events from the controls in your dialog. The next section describes exactly how to do just that.

Interacting with Controls

To interact with your dialog’s controls, you'll need instances of classes for each of your dialog’s controls that you
need to manipulate. There are two basic ways of creating an instance of an object class. The first way is by
using the Visual Studio ClassWizard to define a member variable that is associated with your dialog’s control.
The second way is to create an MFC control class object on-the-fly.

To create an instance of an object class using Class Wizard, you must first open the ClassWizard dialog by
selecting View, ClassWizard from the Visual Studio pull-down menu. When the ClassWizard dialog appears,
choose the tab named Member Variables. The ClassWizard open to this tab is shown in Figure 2.32.



MFC ClassWizard 3 I

Mezsage Mapz  Member Varnables | Autamation I Activer Events | Clazz [nfao I
Froject; Class name: Add Clagzz.,. =
MFCSample | CMFCS ampleDig =
Add Variable, ..
E:\ . AMFCSampleDlg.h, E:A AMFCS amplellg.cpp
Control [Ds: Type tember elEtEYananle
IDC_PB_COLORA T
IDC_PE_CUSTOM_MODAL - picaz Dol
IDC PB CUSTOM MODELESS CButtan m_pbCustomM odeless T
B
IDC_PB_FOMNT
IDC_PE_FRIMT
IDC_ST_COLOR CStatic m_stCalar
IDC_ST_FILE CString m_filet ame
IDC_ST_FONT CStatic m_stFont
Descrption;
E, Cancel

Figure 2.32 Using the ClassWizard to view the current member variables associated with dialog controls.

Next, select the control for which you need a member variable defined and click Add Variable. At this point, the
Add Member Variable dialog appears as shown in Figure 2.33. Enter a name for your variable, choose the
Control category, and select the type for your variable. When you click OK, this member variable is added
automatically to your class.

Note:

Some controls might have additional categories beyond Control—usually types such as
Cstringand int. These types of member variables are used with Dialog Data Exchange, which is
explained later in this chapter.

Now that the member variable is defined, you can manipulate the control as required. Hence, to disable a button
named m_pbOK, code the following:

m_pbOK. Enabl eW ndow( FALSE) ;
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Add Member Variable 7] |

Mermber variable name; Ok
|rm_pbFild

Cancel
Categony:
I Control ;‘
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I CButton ;‘

Description:

map to CButton member

Figure 2.33 Using the ClassWizard to define a member variable for a dialog control.

The methods that you use are limited to the methods available to you for the control type that you specified
when you created the member variable.

The second way of interacting with a dialog control is by creating an automatic variable directly within your code.
To do this, you must first create an automatic instance of the class appropriate for your control. Next, you mt
obtain a pointer to a Cwndobject for your dialog’s control using the GetDIgitemmethod. Listing 2.3 demonstrates
the creation of an automatic variable named pbOKthat is associated with the IDOK control in your dialog.

Listing 2.30n-the-Fly Control Variable Creation

CButton *pbOK = DYNAM C_DOMNCAST( CButt on, Get Dl gl ten(| DCOK))

Caution:

Because the pointer returned from GetDIgitemis temporary and is not owned by your application,
do not store or delete it.

Receiving Events from Controls

Each type of control (CButton, CListCtrl, and so on) has its own set of events that you can handle in your
application. With the Visual Studio environment, it is straightforward to add event handlers to your application.

The MFCSample application sets up several event handlers to perform different actions. For example, each
button on its dialog has an event handler to perform an action when the user pushes it. To create an event
handler for a button click, you can use ClassWizard to help you quickly add it to your class.

First, from the Visual Studio pull-down menu, select View, ClassWizard. When the ClassWizard window opens,
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select the Message Maps tab, if that tab is not already on top. Figure 2.34 shows this tab for the MFCSample
application.

MFC ClassWizard 2]

Meszage Maps | Member Variables | Automation I Actiex Events | Class Infa I
Project: Class name: Add Class... ~
MFCSample =] |CMFCSampleDlg e '
- AT
E-\. AMFCSampleDig h, E:%.. AMFCSampleDlg.cpp S el
Object [0 Meszages: elete Birnsten
Calc'windowR ect - g

IDC_PB_COLOR Creals :! Edit Loge
IDC_PB_CUSTOM_MODAL DefwindowProc
IDC_PB_CUSTOM_MODELESS D estroviaindow
IDC_PB_FILE DoDataE xchange
IDC_PB_FONT Dokodal
IDC_PE_PRINT =] |GetScrlBarthl -]
hember functions:
W DoDataExchange ﬂ
W OnlinitDialog OMN_WwWM_INITDIALDG
W OnPaint OM_Wwh_PAINT
W OnParentMatify ON_wM_PAREWTHOTIFY
W OnPbColor OM IDC PBE COLOR:BM CLICKED :]
D ezcription;

OE Cancel

Figure 2.34 Using the ClassWizard to view the current message maps associated with dialog controls.

Next, select the class owning a control for which you'd like to set up a message map in the Class Name combo
box. After you choose the class, a list of the objects for which you can set up a message map is shown in the
Object IDs list box. By selecting the various Object IDs, you can see which events can be handled for that
object. Additionally, the events that are in bold in the Messages list box already have a handler defined.

To add a new event handler, choose the appropriate message in the Messages list box and click the Add
Function button. At this point, you are prompted for the name of the function to add, as shown in Figure 2.35.
When you click OK to nhame the function, Visual Studio generates code within your application to handle that
event.

Add Member Function |

tember function name: 0K

0fy [ oublechckedPbFile

Cancel

Meszage: BN_DOUBLECLICKED
Object 1D IDC_PB_FILE

Figure 2.35 Using the ClassWizard to name a member function to handle a dialog control event.

Finally, when you click Edit Code, Visual Studio displays the handler method for that event and allows you to
edit it. Listing 2.4 shows the handler method for the File button in the MFCSample application.

Listing 2.4Handling a File Pushbutton Click in MFCSample
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voi d CMFCSanpl eDl g: : OnPbFi | e()

{

/1 TODG Add your nessage handl er code here and/or call default
}
ToolTips

ToolTips are small, yellow text windows that appear over certain dialog controls after the mouse pointer stops
for a moment. They provide a mechanism for you to give the user more detailed information about how that
control is used. By adding ToolTips to your application, you can make it more user-friendly and usable.

Enabling ToolTips

To use ToolTips, you must first enable them for your dialog window by calling EnableToolTips. An ideal place for
doing this is in your OninitDialogmethod, as shown earlier in Listing 2.2. After you've done this, your application
receives TTN_NEEDTEXTnotification messages when a ToolTip window is about to be displayed by Windows.

Note:

If you need to disable ToolTips in your application, call CancelToolTips.

Displaying Text

The ToolTip notification message, TTN_NEEDTEXT, gives your application the opportunity to provide the text that
needs to appear in the ToolTip window. Follow these steps to add a handler for this message:

1. Add the following line to your message map declaration for your class in its declaration in the header
file:

af x_nsg BOOL OnNeedTool Ti pText (U NT id, NVHDR * pTTTStruct,
LRESULT * pResult);

2. Add the following line to your class’s message map definition in the source file between
BEGIN_MESSAGE_MAPand END_MESSAGE_MAP:

ON_NOTI FY_EX( TTN_NEEDTEXT, 0, OnNeedTool Ti pText)

3. Add a definition of the OnNeedToolTipTextmethod that you just declared in your class’s header file and
message map. Listing 2.5 shows the definition of this method for MFCSample.

Listing 2.5Handling of ToolTips in MFCSample

BOOL CMFCSanpl eDl g: : OnNeedTool Ti pText (U NT id, NVHDR * pNwVHdr,
LRESULT * pResult)
{



TOOLTI PTEXT *pTTT = (TOCOLTI PTEXT *) pNVHdr;

if (pTTT->uFl ags &TTF_| DI SHWND) {

UNT idCrl =::CGetDgCrllD(HAWDX pTTT->hdr.idFrom);
if (idCrl == |1 DC_PB_CUSTOM MODELESS &8&m cust Dl g. m hwd) {
PTTT- >l pszText = MAKEI NTRESOURCE(| DS_TT_PB_CUSTOM MODELESS?) ;
}
el se {
pTTT- >l pszText = MAKElI NTRESOURCE(i dCtrl);
}
pTTT- >hi nst = Af xGet Resour ceHandl e() ;

return TRUE;
}

return FALSE;

Listing 2.5 demonstrates how to add custom logic to dynamically change the actual ToolTip text according to the
current state of the application. In MFCSample, generally all ToolTips are loaded from string resources where
the string resource identifier is equal to the control identifier. However, if a modeless dialog is currently
displayed, the ToolTip for the custom modeless pushbutton changes accordingly.

Dialog Data Exchange

Dialog Data Exchange is a powerful means of associating non-control datatypes with controls. When DDX is
used, your application logic can deal with the data itself, rather than the controls to get and set the data.

The “Interacting with Controls”section discussed associating a control-type member variable with a control. With
DDX, you can associate a data member variable with a control. For example, rather than having an
m_edMyTextCEditBoxmember variable, you can have an m_myTextCStringmember variable. Furthermore, using a
DDX method named UpdateData, your application can always ensure that the data member variable and actual
control remain in sync.

Standard DDX

When you create a non-control member variable that is associated with a control, Visual Studio generates code
to initialize and associate the data member and the control. The MFCSample application has one member
variable, m_fileName, which is associated with a static text control to display its data.

Upon creating the member variable (as discussed in “Interacting with Controls”), Visual Studio creates
initialization code for those data members in the class’s constructor, as shown earlier in Listing 2.1.

Additionally, it creates a method named DoDataExchangethat exchanges the data between the control and the
data member (and vice versa). For the MFCSample application, this method is shown in Listing 2.6.

Listing 2.6DDX Method DoDataExchangein MFCSample

voi d CMFCSanpl eDl g: : DoDat aExchange( CDat aExchange* pDX)
{
CDi al og: : DoDat aExchange( pDX) ;
/1 {{ AFX_DATA_MAP( CMFCSanpl eDl g)
DDX_Control (pDX, | DC_ST_COLOR, m stCol or);
DDX_Control (pDX, |1 DC_PB_CUSTOM MODELESS, m pbCust omvbdel ess);
DDX_Control (pDX, | DC_ST_FONT, m stFont);



DDX_Text (pDX, 1 DC_ ST _FILE, mfil eName);
/1}} AFX_DATA_MAP
}

In the DoDataExchangemethod for the CMFCSampleDlgclass, four DDX associations are implemented. The first
three associate the dialog control with the control-type member variable that references it. In this way,
IDC_ST_COLORIs associated with m_stColor, IDC_PB_CUSTOM_MODELESSIs associated with
m_pbCustomModeless, and IDC_ST_FONTIs associated with m_stFont. The fourth association is between a control
and a data member variable: IDC_ST_FILEand m_fileName.

UpdateData

The UpdateDatamethod is what keeps all of the DDX associations in sync. Using this method, you can force the
data to go either from the control to the member variable or vice versa, based upon the passed parameter.

This UpdateDatamethod is declared as follows in the Cwndclass:

BOOL Updat eDat a( BOOL bSaveAndVal i dat e= TRUE);

If you pass TRUEas the parameter to UpdateData, the data moves from the controls to their associated data
members. Passing FALSEdoes the reverse. If an error occurs due to a data validation error, FALSEIs returned
from this method.

Using Standard Dialog Boxes

MFC provides four standard dialog boxes that allow your application to get information from the user in a way
consistent with other applications. These dialogs are the file open/save dialog, the color selector, the font
selector, and the print configuration dialog.

File Open/Save

The MFC CFileDialogclass represents the File Open/Save dialog. By instantiating an object from this class, your
application can prompt the user for a filename to open or save. The File Open dialog is shown in Figure 2.36.
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