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Windows without pain

Turbo Pascal for Windows provides an exciting new way to
develop applications for Microsoft Windows. Until now, most
Windows programming has used the C programming language
and a lot of development tools that run under DOS. As a result,
the process of developing Windows programs tended to be long,
complicated, and confusing.

Enter, Turbo Pascal for Windows

The Turbo Pascal
language

Infroduction

But that was then, and this is now. Turbo Pascal for Windows

introduces several important new innovations to take the pain out

of developing Windows applications.

m Extensions of the Pascal language

m A Windows-hosted environment

m Windows-hosted, interactive resource editing tools

m The ObjectWindows library to streamline Windows
programming

m Turbo Debugger for Windows

Let’s look at each of these features.

Up until now, if you've developed applications for Windows, you
have probably been using the C language. But sometimes you just
don’t want to write in C, or you may have Pascal code you wish



Programming for
Windows, in
Windows

Resource editing
tools

The
ObjectWindows
library

to adapt to Windows. Turbo Pascal now has all the facilities you
need to develop rich Windows applications.

In addition to all the features you've come to expect from Turbo
Pascal, like fast compilation, reuseable code units, and object-
oriented programming, Turbo Pascal for Windows also provides
support for using and creating dynamic-link libraries (DLLs),
direct inclusion of Windows resource files, several new data
types, and revised versions of the standard DOS Turbo Pascal
units for Windows.

The first thing you'll probably notice about writing Turbo Pascal
programs for Windows is that the integrated development
environment (IDE) runs in Windows as a Windows program. This
means you can write, compile, and test your Turbo Pascal
applications while making full use of the multitasking capabilities
of Windows.

Turbo Pascal for Windows includes the Microsoft resource
compiler and a full set of resource editors. The resource editors
enable you to edit resources such as menus, dialogs, bitmaps,
icons, and cursors visually, without programming. The resource
compiler lets you compile resource scripts written by other
Windows programmers.

Windows introduces many new wrinkles you may never have
had to think about before, like dealing with text and graphics in
resizeable windows, interacting with other programs in a
multitasking environment, and manipulating the nearly 600
functions in the Windows API. Perhaps the most frustrating part
of all can be figuring out just which basic things your program
needs to do to function in Windows, and then making sure you've
done all of them.

It requires a lot from an application just to qualify as a Windows
program. For example, you cannot write directly to the screen.
Nor can you directly modify memory. In addition, a Windows
application must know how to respond to the volley of

Windows Programming Guide



Turbo Debugger
for Windows

notification messages Windows sends to its applications in
response to user events like selecting a menu option.

But we wouldn’t leave you to deal with that all by yourself. We
give you a head start: ObjectWindows.

ObjectWindows is an object-oriented library that encapsulates
most of the behaviors that every window has to know, and lets
you inherit all that instead of reinventing it every time you start a
new program. By providing you with that stable, solid
framework, we enable you to focus on the parts of the program
you want to write, instead of the parts that are common to all
Windows applications.

Turbo Debugger for Windows is a powerful source-level
debugger designed to work with Turbo Pascal for Windows.
Turbo Debugger for Windows provides full support for
evaluation of Turbo Pascal and assembler expressions, with
special facilities for debugging Windows applications and object-
oriented programs.

Full details for use of the debugger can be found in the Turbo
Debugger for Windows User’s Guide.

What you need to know

Infroduction

There are several things you need to know before you start
writing applications for Windows. First is that you need to know
how to use both Turbo Pascal and Windows. The elements of
programming in Turbo Pascal can be found in the User’s Guide
and the Programmer’s Guide, and details on using Windows comes
with the Windows software.

In addition, you need to be pretty comfortable with object-
oriented programming in order to use ObjectWindows.
Applications written with ObjectWindows make extensive use of
object-oriented techniques, including inheritance and
polymorphism. These topics are covered in Chapter 4, “Object-
oriented programming,” in the User’s Guide.

In addition to object-oriented techniques, you also need to be
familiar with the use of pointers and dynamic variables, because



nearly all of ObjectWindows’ object instances are dynamically
allocated on the heap.

What’s in this book?

Because Turbo Pascal for Windows is a new approach to
Windows programming, and because ObjectWindows utilizes
some techniques you may not be familiar with, this manual
includes a lot of explanatory material. Complete reference
material for both ObjectWindows and the Windows Application
Programming Interface can be found in the Windows Reference
Guide.

This manual is divided into four parts:

m Part 1, Learning Object Windows, introduces you to the principles
of writing Windows applications in Turbo Pascal, including a

fatarial that walke van thranioh the nracoece of writino and
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extending an ObjectWindows application.

m Part 2, Using ObjectWindows, gives greater detail on the
elements of ObjectWindows itself, including an overview of the
object hierarchy and how it interacts with the Windows
environment and detailed explanations of the parts of the
hierarchy and how they are used.

m Part 3, Advanced ObjectWindows, discusses important topics for
more advanced programming for Windows, especially the parts
where you have to interact with the Windows environment
directly, including graphics, use of resources, memory
management, sharing code and data, and guidelines for
Windows programming.

m Part 4, Collections and streams, describes how to use the
collection and stream mechanisms with Turbo Pascal objects,
with a special emphasis on uses in ObjectWindows.

4 Windows Programming Guide
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Inherit the window

This chapter is an overview of programming for Microsoft
Windows using Turbo Pascal, with an emphasis on object-
oriented programming. The examples presented here use
ObjectWindows supplied with Turbo Pascal. You will learn what
goes into a Windows application and what comes out. You will
learn the required behavior of a Windows application, and how
object-oriented programming with ObjectWindows automates
many tasks and simplifies others.

To get the most out of this chapter, you need to understand
object-oriented programming concepts. If object-oriented
programming is new to you, study Chapter 4, “Object-oriented
programming,” in the User’s Guide. You should also know how to
use Windows.

What is a Windows application?

Figure 1.1 shows the major components of a Windows application.
This documentation depends on your knowledge of these
components.

Chapter 1, Inherit the window 7



Figure 1.1
The onscreen components of
a Windows application
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A Windows application is a special type of PC program that
m Must be in a special executable (.EXE) file format.

m Runs only with Windows.

m Generally, runs in a rectangular window on the screen.

m Follows user interface guidelines to appear and perform in a
standard way.

m Can run simultaneously with other Windows and non-
Windows applications, including other instances of itself.

m Can communicate and share data with other Windows
applications.

Windows offers many benefits to both users and developers.
Benefits to users include

m Standard and predictable operation. If you know how to use
one Windows application, you know how to use them all.

m No need to set up devices and drivers for each application.
Windows provides drivers to support peripherals.

m Inter-application cooperation and communications.

Windows Programming Guide



Requirements

m Multitasking: the ability to run many applications at once.
m Access to more memory. Windows supports protected mode.

Benefits to developers include
m Device-independent graphics, so graphical applications run on
all standard display adapters.

m Immediate support for a wide range of printers, monitors and
mice.

m A rich library of graphics routines.
m More memory for large programs.
m Support for menus, icons, bitmaps and more.

The other side to the array of benefits Windows offers to the user
and developer is the more stringent list of hardware
requirements. Windows generally requires better graphics, more
memory, and faster processors for equivalent performance
compared to a DOS application. If you have an 80286 machine or
better and at least 2 MB of memory, Windows will run fine.

Programming facilities

An event-driven
architecture

Chapter 1, Inherit the window

Windows provides a great many programming facilities for the
application developer.

Windows is based on an event-driven architecture. This means
that all user input is handled as events. Whether the event is
clicking a mouse button or pressing a keyboard key, an event
occurs and Windows generates a message. For example, if the user
presses the left mouse button, Windows generates a message
called wm_LButtonDown. If the user presses a key, Windows
generates a wm_KeyDown message. Windows treats all menu and
control commands, whether selected by mouse or keyboard, as
wm_Command messages. You'll learn more about messaging in
Chapter 7, “Object Windows overview.” This event-driven
architecture fits in nicely with Turbo Pascal’s object-oriented
approach.



Device-
independent
graphics

Multitasking

Interprocess communication
is covered in Chapter 16,
“Dynamic Data Exchange.”

Windows unifies the process of writing to the screen and printer
into a single module, called the graphics device interface (GDI),
which provides a common interface to every Windows program.
What'’s more, Windows supplies device drivers for most standard
graphics adapters and printers. The resulting system allows you
to write one application that runs, unmodified, on a great
majority of the world’s currently available hardware.

Device-independent graphics offers some benefits that might not
be immediately apparent. For one, Windows applications are
generally easy to install, since they don’t have to reconfigure your
system with their particular device drivers. Another is that
Windows applications often run better on a local area network
because each user has his or her own local configuration.

But device-independent graphics comes at a cost. The developer’s
cost is adhering to the somewhat strict requirements of GDI. GDI
limits the programmer’s options in designing applications.

Windows allows users to run many applications concurrently,
eliminating the need for terminate-and-stay-resident (TSR)
programs. Not only does Windows allow multitasking, it
supports it with a number of facilities for interprocess communi-
cation, such as the Clipboard and dynamic data exchange (DDE).

Windows manages multiple applications by limiting each
application’s use of the full screen to one or more rectangles called
windows. These windows can be moved, resized, and temporarily
hidden as icons, allowing the user to switch between tasks
quickly. From the programmer’s side, this means that a program
should not write text and graphics directly to screen locations.
Instead, it should draw only into its window’s client area, the area
inside the window frame. Likewise, an application has to share
the computer’s available memory with other applications. A well-
behaved Windows application correctly follows Windows' rules
of screen and memory management.
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Memory

management ma typical Windows session, multiple applications are started
and closed many times, so it is not feasible to simply load each
application into memory at the end of the previous one: Windows
would soon run out of memory. Instead, Windows can move most
of an application’s memory, either to another part of memory or
onto disk, to accommodate other applications or Windows itself.

Windows memory A Windows application, therefore, must accommodate Windows’
management is describedin - gynamic memory management by avoiding direct access of
detail in Chapter 14, . . .
*Memory management,”  Memory locations. For example, a tradltxonal‘ pointer to a memory
location could soon become invalid when Windows reallocates
memory, because the pointer may point to memory that is now

being used for something else.

In place of pointers, Windows applications use handles, which are
essentially pointers to pointers. Handles are numbers that serve as
indexes into a table of pointers managed by Windows. Thus,
Windows applications refer to a window or display context (an
area for drawing on the screen) by its handle. There are also
handles to application instances, strings, drawing tools, and
resources such as menus and icons.

In normal usage, you won’t have to deal with memory handles
yourself. You can allocate and deallocate heap space using the

usual New, Dispose, GetMem, and FreeMem routines, and Turbo
Pascal deals with Windows to make sure it knows where those
pointers actually point.

One of the primary advantages of Windows memory manage-
ment is the ability to share compiled code among applications.
For example, if the user runs two instances of the same
application, the two applications use the same compiled code in
memory. Likewise, an application can dynamically load a library
module that can be shared among different applications. This is
known as a dynamic-link library, or DLL.

Resources

Resources are descriptions of a Windows application’s user
interface devices: its menus, dialog boxes, cursors, icons, bitmaps,
strings, and accelerator keys. Windows provides a facility for
maintaining these descriptions outside of an application’s source
code. The application’s resources are united with its compiled
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Dynamic linking

Clipboard

Dynamic data
exchange

executable file before the application is run. In order to limit
memory usage, the application calls its resources into memory
only when they are needed.

Separating resource specification from the source code has an
added benefit: The look and feel of an application can be altered
without affecting the program’s source code. In fact, you need not
even have the source code to modify an application’s resources.
This makes it easy to customize or translate existing Windows
applications.

Turbo Pascal includes a full set of editors for creating and
customizing resources.

Windows allows applications, including Turbo Pascal programs,
to load and free library modules at run time. These modules must
be in a special executable (EXE) format called a dynamic-link library
(DLL). Often these libraries perform a specific and complex task
such as file format conversions. If this is the case, an application
can use DLLs as filters for file importing and exporting. What's
more, DLLs can be shared among a group of applications,
promoting reuse and memory conservation.

You can write dynamic-link libraries in Turbo Pascal.

The Windows Clipboard lets users transfer information such as
text, graphics, and data between applications, between different
parts of an application, or to temporary storage for later use. For
example, a word processing application would use the Clipboard
for its cut, copy, and paste operations.

Dynamic data exchange (DDE) is another information transfer
protocol. Where the Clipboard is under the user’s control, DDE
works behind the scenes under the program’s control. An
application transfers information to another application by
sending DDE messages.
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Multiple

document Multiple document interface (MDI) is a set of user interface
interface conventions for creating windows that contain child windows
inside them. The Turbo Pascal integrated development
environment (IDE) is an example of MDI. The user can open
several edit windows on the Turbo Pascal desktop. Each edit
window is a child window.

Figure 1.2
The Turbo Pascal IDE is an
MDI application

" Turbe Pascal
File Edit Search Run Compile Options Window Help

clipwstep2.pas
PHyWindow = “HyWindow;
MyWindow = object(TWindow)
function CanClose: Boolean; virtual;
procedure WMLButtonDown(var Msg: THMessage); virtual wm_Fi
end;

procedure HyApplication.InitMainWindow;
| ] begin

Pl MainWindow := New(PHyWindow, Init(nil, ‘Hello, OWL!'));
| "] end;

! function MyWindow.CanClose: Boolean;
|} var Reply: Integer;

Windows data types

Because of Windows’ data management scheme and its
association with the C programming language, programming for
Windows with Turbo Pascal is greatly facilitated by some
specialized data types. For example, a handle to a window is
stored as an HWnd type. Turbo Pascal and ObjectWindows define
new types to accomodate types such as HWnd. All these new
types and data structures are documented in the Windows
Reference Guide.
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Object-oriented windowing

A better intferface

14

o Windows

Interface objects

As you can see, programming for a windowing environment
demands an awareness of many events, formats, handles, and
other applications, so developing a Windows program can be a
daunting task. Fortunately, object-oriented programming
simplifies the task of programming for a windowing environ-
ment, allowing the application developer to focus on the
application’s function, rather than its form. By using objects to
represent complex structures such as windows, a Turbo Pascal
program can encapsulate its operations and data storage. This is
the goal of ObjectWindows.

Object-oriented programming (OOP) provides a framework
within which the programmer uses objects to represent the fairly
complex user-interface elements of a Windows program. This
means, most obviously, that a window is an object. The
ObjectWindows window and application object types manage the
message-processing behavior required from a Windows program,
greatly simplifying the programmer’s interaction with the user. In
fact, ObjectWindows objects represent more than just windows:
they represent dialog boxes and controls, such as list boxes and
buttons.

ObjectWindows uses object-oriented extensions of Turbo Pascal to
encapsulate the Windows application programming interface
(API), insulating you from the details of Windows programming.
As a result, you can use Turbo Pascal to write Windows programs
with much less time and effort than with non-object-oriented
approaches. Specifically, ObjectWindows provides three helpful
features: encapsulation of window information, abstraction of
Windows API functions, and automatic message response.

While ObjectWindows defines objects for windows, dialog boxes,
and controls, it supplies only the object’s behavior, attributes, and
data storage. The physical implementation, the item’s visual
appearance on the screen, is managed by Windows itself. Thus,
ObjectWindows objects, which we’ll call interface objects, form a
partnership with the corresponding visual elements, which we’ll
call interface elements. Successful management of the object/
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element partnership is the key to successful Windows
programming with ObjectWindows.

The connection in the object/element relationship is the window
handle. When you construct an interface object, one of the things
it does is tell Windows to create an interface element. Windows
returns a handle identifying that element, which the object stores
in a field called HWindow. Many Windows functions require the
window handle as a parameter, so storing it in a field keeps it
readily accessible to the window object. Similarly, interface object
fields can be used to store drawing tools or status information for
that particular window.

Abstracting Windows  Windows applications affect their appearance and behavior by
functions calling Windows functions, the set of almost 600 functions that
makes up the Windows application program interface (API). Each
function takes a variety of parameters of many different types,
which can become quite a headache. Although you can call any
Windows function directly from Turbo Pascal, ObjectWindows

simplifies the task by offering object methods that abstract the
function calls.

As noted earlier, many of the parameters for Windows functions
are already stored in the fields of interface objects. Thus, methods
can use this data to supply Windows functions with parameters.
In addition, ObjectWindows groups related function calls into
single methods that perform higher-level tasks. The result is a
streamlined, easier-to-use API to enhance the existing Windows
APL

While this approach greatly reduces your dependence on the
hundreds of Windows API functions, it does not restrict you from
calling the API directly. ObjectWindows offers the best of both
worlds: high-level, object-oriented development plus maximum
control over the graphical environment.

Automating

MessAage Inaddition to telling the Windows environment to do things,

response most applications need to be able to respond to the hundreds of
Windows messages that result from user actions (such as clicking
the mouse), other applications, or other sources. Processing and
responding to messages correctly is critical to the proper
functioning of your program. After all, your application must
respond in some way to a menu selection, and responding to any
particular message is no big deal. But writing an application that
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knows how to respond to close to 200 different Windows
messages can be as daunting as calling the right Windows
functions.

Objects, with their predefined behavior (methods), are perfectly
suited to the task of responding to incoming stimuli (Windows
messages). ObjectWindows takes Windows messages and turns
them into Turbo Pascal method calls. Therefore, using
ObjectWindows, you simply define a method to respond to each
message your application needs to handle. For example, when the
user presses the left mouse button down, Windows generates a
wm_LButtonDown message. If you want a window or control in
your program to respond to such mouse clicks, you simply define
a WMLButtonDown method keyed to the wm_LButtonDown
message. Then, whenever Windows sends that message, your
object will automatically call the method you've defined.

Such methods are called message response methods. Without object-
oriented programming and ObjectWindows, you would be
required to write a lengthy case statement for each window and
control, recognizing that a message has arrived, then sorting out
what kind of message it is, then deciding what to do with it.
ObjectWindows takes care of all that for you.

The structure of a Windows program

The structure of
Windows

16

With so many software elements such as DOS, Windows, and
applications interacting at once, it helps you to know about how
parts of your Windows applications interact with the world
around them. This section explores the structure of Windows and
typical Windows applications written in Turbo Pascal with
ObjectWindows.

At run time, the functionality of Windows and its API resides in
three external library modules called by the currently running
applications. Here are the Windows modules:

m KERNEL.EXE — Responsible for memory and resource
management, scheduling, and interaction with DOS.

m GDLEXE — Responsible for displaying graphics on the screen
and printer.
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Interacting with
Windows and
DOS

Figure 1.3

How Windows applications
interact with Windows and
DOS. The shaded part is what
you write.

m USER.EXE — Responsible for window management, user
input, and communications.

These modules are a part of the retail version of Windows, so they
are already loaded on your users’ computers, assuming they have
Windows. You will supply a program that makes use of these
library modules, but does not actually include them.

Because of the limited scope of the DOS operating system, it is
easy to overlook the contribution DOS makes to the successful
operation of your DOS application programs. Nonetheless, a DOS
program runs because of the interaction between your application
code and the facilities of the operating system. The same is true of
a Windows program. Because Windows offers so many more
operating system functions, it is harder to overlook the interplay
between Windows and an application. For example, to draw
graphics on the screen, your program must call a Windows GDI
function. To respond to-a user clicking the mouse, your program
must define a message response method. Your program must
continually interact with the operating system (DOS plus
Windows).

GDI,

Windows modules: USER and KERNEL

A °es A
DOS device drivers 4\ Windows device drivers

~

Computer and peripheral hardware

> 4

“Hello, Windows”

The traditional way to introduce a new language or environment
is to present a “Hello, World” program written in the language or
for the environment. This program usually consists of only
enough code to display the string “Hello, World” on the screen.
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Application startup
responsibilities

Of course, in Windows there’s a lot more to do than that. You
need to put up a window, write in it, and then make the window
understand how to interact with the world around it, at least
enough for you to close the window and make it go away. If you
do this from scratch, it takes quite a bit of code just to get those
basic tasks done. For example, the program GENERIC.PAS,
included on your distribution disks, performs just these minimal
tasks, and it’s well over 100 lines long!

That’s because Windows has a list of requirements an application
must meet before it can run in Windows. Even the simplest
program requires a substantial amount of code. Fortunately,
programs written with ObjectWindows automatically meet most
of those requirements, including creating and displaying the main
window and storing a handle to the application. Therefore, “Hello
World” is simplified to just 16 lines:

program HelloApp;

uses WObjects;
type
THelloWorld = object (TApplication)

procedure InitMainWindow; virtual;
end;

procedure THelloWorld.InitMainWindow;
begin )

MainWindow := New (PWindow, Init (nil, ’Hello, Turbo Pascal world’));
end;

var HelloWorld: THelloWorld;

begin
HelloWorld.Init (’HelloWorld’);
HelloWorld.Run;
HelloWorld.Done;

end.

An ObjectWindows program’s first act upon starting is to take
four values from Windows and store them in global variables.
This happens automatically and is something you would have to
handle if you wrote applications that didn’t use ObjectWindows.
Here are the global variables.

m HInstance — stores a handle to the application instance.

m HPrevInst — stores a handle to the last instance of the same
application. It’s zero if this is the first instance.
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Main window
responsibilities

The application
development
cycle

m CmdShow — stores an integer representing the initial main
window display mode. It’s used for calls to the Show method.

m CmdLine — stores a string representing the application startup
command line, including options and file name. For example,
‘CALC.EXE /M’ or ‘WORDPROC.EXE LETTER1.DOC".

As an ObjectWindows application, HelloApp must construct and
initialize the main window object. It can initialize only the first
instance of HelloApp with the InitApplication method, or it can
initialize each instance of HelloApp with the InitInstance method.

HelloApp starts the message loop by calling Run. Finally it ends
itself by disposing of the application object using the Done
method.

The main window of an application is the window that first
appears when an application is started. It is responsible for
presenting to the user a list of available commands (a menu).
During the course of the application session, the main window
manages the application’s interface, and in many cases, serves as
the program’s only working area, spawning dialog boxes where
appropriate. Other, more complex applications might have many
windows that serve as work areas. Finally, when the user closes
the main window, it is responsible for initiating the process to
close the application.

Since there are certain requirements of any Windows application
(initializing the main window, for one), it is usually easiest to
begin your application by using an existing Windows application
and customize it from there. ObjectWindows supplies many
sample programs. Choose the one most like your application.

Using the integrated development environment within Windows,
you can save a great deal of development time. Because of
Windows’ multi-tasking ability, you can run the IDE, resource
editors, the debugger, and your application — all at the same
time. Not only do the tool supplied with Turbo Pascal for
Windows make each task easier, but they also cut down on the
number of tasks in developing a Windows application.
Essentially, the process boils down to just these steps:

1. Create the program code.
2. Create resources for dialogs, menus, etc.
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3. Compile the program (resources can be linked in
automatically). ’
4. Debug the program interactively.

Turbo Pascal for Windows provides the easiest environment for
developing Windows applications.
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Stepping through Windows

Now that you've been briefly introduced to the ObjectWindows
library, you're ready to start building some simple
ObjectWindows programs. In the next few chapters, you will
build a graphical, interactive Windows program, complete with
menus, file saving and loading, graphics and text drawing, and
even a simple help system. On the way, you will be introduced to
the major principles of Windows application design, such as
message processing, managing parent and child window
relationships, and automatic graphics redrawing.

This walk-through consists of ten steps.

m Step 1: Creating an application

m Step 2: Defining a main window object type

m Step 3: Drawing text in a window

m Step 4: Drawing lines in a window

m Step 5: Changing line thickness

m Step 6: Repainting your windows

m Step 7: Adding a menu

m Step 8: Adding popup windows and dialog boxes

m Step 9: Storing the drawing in a file

m Step 10: Adding controls in a window and using units
The source code for the application is provided at various stages

on the distribution disks. The files are named STEP1.PAS,
STEP2.PAS and so on, corresponding to the steps in the tutorial.
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Figure 2.1
A complete ObjectWindows
application

Figure 2.1 shows the application you will have created at the end
of this cookbook.

Sample ObjectWindows Program

File Help

fons M

mbo Boxes FE
Controls

t Boxes

[ 5 l oll Bars %]

Input a new thickness:

lp Information:

Combo box controls combine the
item selection properties of list

boxes with the editing properties
of an edit control. They let you

Step 1: A simple Windows application

Application
requirements
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You'll start your application development by writing a bare:bones
ObjectWindows application, called MyProgram. This program,
found in STEP1.PAS, can serve as the starting point for all of the
programs you write in ObjectWindows. MyProgram will
instantiate and create the application’s main window.

All Windows programs have a main window that appears when
the user starts the program. The user quits the application by
closing the main window. In a ObjectWindows application, the
main window is a window object. This object is owned by the
application object, which is responsible for creating and displaying
the main window, processing Windows messages, and
terminating the application. The application object acts as an
object-oriented surrogate for the application itself. In the same
way, ObjectWindows provides window, dialog and other object
types to hide the details of Windows programming.
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Every ObjectWindows program must define a new application
type that descends from the supplied type, TApplication. In
MyProgram, this type is called TMyApplication. Here is the main
block of MyProgram:

var
MyApp: TMyApplication;
begin
MyApp. Init ('MyProgram’);
MyApp.Run;
MyApp.Done;
end.

Init is TMyApplication’s constructor and creates the new
application object, MyApp. It also sets the application’s name (an
object field) to ‘MyProgram’. Init also creates and shows the
application’s main window. Run sets off a series of method calls
that sets the new Windows application in motion. Dore is
TMyApplication’s destructor.

Defining the  Your application must derive a new type from the standard
application type  ObjectWindows type TApplication (or some type derived from
TApplication). This new type should override at least one inherited
method, InitMainWindow. TApplication.InitMainWindow is an
abstract method that is called automatically by ObjectWindows to
set up your program’s main window. Every ObjectWindows
= application must construct its own main window to do anything

meaningful.

Here’s the definition of the type TMyApplication:

rnMn v\n1i’n'«‘-'zf~n = b [MAnnT 3 ~ade .‘,\n\
nynppiiCatlon = UUJB\-\—\J.nyy.LJ.baLJ.U ]

procedure InitMainWindow; virtual;
end;

InitMainWindow is responsible for constructing the window object
that will serve as the application’s main window. This main
window object is stored in the application object’s MainWindow
field. The application object owns the main window object, but the
two are not related hierarchically. This ownership relationship is
called an instance linkage.

procedure TMyApplication.InitMainWindow;
begin
MainWindow := New (PWindow, Init (nil,
'Sample ObjectWindows Program’));
end;
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Figure 2.2
Your first ObjectWindows
program, MyProgram

This is STEP1.PAS.

You will usually modify the above method to supply a new main
window type. The above method uses an object instance of
TWindow, an ObjectWindows-supplied window type which
defines the most generic window. In Step 2, you will replace it
with a more interesting window type. Figure 2.2 shows the
appearance of MyProgram.

Sample ObjectWindows Program

To write an ObjectWindows program, you will have to use at least
the WObjects unit. More complicated applications will need to use
additional units. For example, any program that makes calls
directly to the Windows API will have to include the units
WinProcs and WinTypes.

At this point, MyProgram does nothing but display a blank
window that can be moved, resized, maximized, minimized and
closed. Here is a full listing of MyProgram, up to this point:

program MyProgram;
uses WObjects;
type
TMyApplication = object (TApplication)

procedure InitMainWindow; virtual;
end;
procedure TMyApplication.InitMainWindow;
begin
MainWindow := New(PWindow, Init(nil,
"Sample ObjectWindows Program’));
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end;

var MyApp: TMyApplication;
begin
MyApp.Init (’MyProgram’);
MyApp.Run;
MyApp.Done;
end.

Step 2: The main window object type

What is a window
object?

The program you created in Step 1 consists of two objects: an
application object and a window object. The application object,
MyApp, is an instance of type TMyApplication, a type you derived
from TApplication. The window object, held in the MainWindow
field of the application object, is an instance of TWindow, a generic
ObjectWindows window. In all but the simplest programs, you
need to define your own window type for the main window,
incorporating application-specific behavior. In this section, you
will bring the main window object to life by defining a more
specialized window type, derived from TWindow.

In Step 1 you saw that an application object encapsulates the
standard behaviors of a Windows application, including
construction of the main window. Type TApplication provides the
fundamental behaviors of every application you will create.

Similarly, a window object encapsulates the behaviors of the
windows that ObjectWindows applications create, including their
main windows. These behaviors include being displayed, resized
and closed, responding to user events such as clicking, dragging,
and choosing menu options, and displaying controls, such as list
boxes and buttons. Type TWindow, and its ancestor
TWindowsObject, provide the foundation methods and object
fields for these behaviors. In order to make your programs useful
and interesting, you will have to create new window types
derived from TWindow. The new types will inherit TWindow’s
methods and fields, and add some of their own. Overall, the
object-oriented approach will save you from constantly “rein-
venting the window.”
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Handles

Parents and children

Creating a new
window type

All window objects have at least three fields: HWindow, Parent,
and ChildList. As noted in Chapter 1, HWindow holds the handle
to the window. A handle is an ID number that associates an
interface object, such as a window, dialog box, or control object,
with its corresponding interface element.

Thus HWindow holds an integer that identifies the appropriate
interface element. It’s a lot like a claim number at a coat check.
Just as you present a claim check to get your coat, you present
your handle to get your window. In most of your work with
window objects, you will not have to directly manipulate the
window handle. It is needed, however, when calling Windows
functions directly. For example, to bring up a message box, as
you’ll do later in this part, you will call the MessageBox function.
MessageBox requires that you supply a parameter identifying the
message box’s parent window. You will supply the main window,
whose handle is stored in the HWindow object field:

MessageBox (MainWindow” .HWindow, ‘Do you want to save?’, ’‘File has
changed’, mb_YesNo or mb_IconQuestion);

Most windows do not exist independently of others: They need to
be linked together so they can act in concert. For example, when
you terminate an application, the application must have some
way of cleaning up all the windows it is responsible for. In
general, Windows handles this by linking windows as parents
and children. A parent window is responsible for its children.
ObjectWindows provides fields for each window object to keep
track of its parent and any number of children.

The Parent field holds the window’s parent window object. This is
not a parent as in an ancestor type, but more like an owner
window. Parent window relationships are described in Step 8.

The third window object field is ChildList, which holds a linked
list of the window’s child windows, if any. You will add child
windows to your program in Step 8.

Now that you have some idea of what a window object holds, you
can define a new window type, descending from type TWindow,
to serve as a main window for MyProgram. First, update the type
definitions to specify the new type, TMyWindow. Also, be sure to
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define a pointer to the type, PMyWindow, which will be useful
when you instantiate TMyWindow.

type
PMyWindow = ~TMyWindow;
TMyWindow = object (TWindow)
end;

Then, update TMyApplication.InitMainWindow so it creates a
TMyWindow, rather than a TWindow, as its main window.

procedure TMyApplication.InitMainWindow;
begin
MainWindow := New (PMyWindow, Init (nil,
'Sample ObjectWindows Program’));
end;

Defining the new type and instantiating it in InitMainWindow is all
that’s required to define a new type for TMyProgam’s main
window. The application object calls methods to create the
window interface element (Create) and to display it on the screen
(Show). You will amost never use these methods directly.
Normally, they are called for you when you call the application
object’s MakeWindow method. MakeWindow is explained in chapter
10, “Window objects.”

However, TMyWindow defines no new behaviors beyond those
inherited from TWindow and TWindowsObject. In other words, it
doesn’t make MyProgram any more interesting. In the next
section, you will add some behaviors.

Responding to

messages The quickest way to make a window object useful is to teach it
how to respond to Windows messages. For example, when the
user clicks the left mouse button in the main window of
MyProgram, the corresponding window object receives a
wm_LButtonDown message from Windows. This tells the window
object that the user clicked the mouse in it. It also passes the
coordinates of the point where the user clicked. This information
will be used in Step 6 of this tutorial.

Similarly, when the user clicks the right mouse button, the main
window object receives the wm_RButtonDown message from
Windows. The next step is to teach the main window, an instance
of TMyWindow, how to respond to these messages and do
something useful.
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Figure 2.3
MyProgram responding to a
user event
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To intercept and respond to Windows messages, you must define
a method for each type of incoming message you care to respond
to. These are called message response methods. To mark a method
definition header as a response method, you'll add an extension,
which is the identifier of the message to which it is a response. For
example, the method defined next will respond to all
wm_LButtonDown messages:

TMyWindow = object (TWindow)
procedure WMLButtonDown(var Msg: TMessage); virtual wm First +
wm_LButtonDown;
end;

Msg is a TMessage record that holds information such as the
coordinates of the point that was clicked on. You'll examine the
Msg argument further in Step 3.

For now, just define response methods that put up message boxes
announcing that the mouse buttons have been pressed. Later, you
will add more useful responses. Here is the definition for the left
button response method:

procedure TMyWindow.WMLButtonDown (var Msg: TMessage);
begin
MessageBox (HWindow, ’You have pressed the left mouse button’,
'Message Dispatched’, mb_OK);
end;

Sample ObjectWindows Program

You have pressed the left mouse button
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The full source code for this step is listed at the end of this
chapter.

Terminating an

application The program created here closes when the user double-clicks on
the Control-menu box of its main window, the small square in its
upper-left corner. The window and the application close
immediately. This behavior is fine for simple programs, but may
not be for some others.

For example, have you ever quit an application without saving
your work? A good application always asks if the user wants to
save work, if it has not yet been saved, before quitting. You can
easily add this behavior to your ObjectWindows applications.
Take MyProgram and add the ability to double-check the user’s
request to quit.

When the user tries to close your ObjectWindows application, the
virtual CanClose method of your application type is invoked.
CanClose is a Boolean function that indicates whether it is okay
(True) to close the application. As a default, the CanClose method
inherited from TApplication calls the CanClose method of the main
window object. In most cases, it is the main window object that
decides if it is okay to close.

Your main window type, TMyWindow, inherits a CanClose method
from TWindowsObject that calls the CanClose methods of each of its
child windows, if any. If there are no child windows (as in this
case), CanClose simply returns True. To modify an application’s
closing behavior, you'll redefine a CanClose method for your main
window object type:

function TMyWindow.CanClose: Boolean;
var Reply: Integer;
begin
CanClose := True;
Reply := MessageBox (HWindow, ‘Do you want to save?’, 'File has
changed’, mb_YesNo or mb_IconQuestion);
if Reply = idYes then CanClose := False;
end;

Now, when users try to close MyProgram, they are presented with
a message box that asks, “Do you want to save?” Clicking on the
Yes button returns False and prevents the main window and
application from closing. Clicking on the No button returns True
and the application terminates. In Part 4, you will give this

Chapter 2, Stepping through Windows 29



30

Figure 2.4
MyProgram with refined
closing behavior

This is STEP2.PAS.

message box some meaning. Figure 2.4 shows the modified
MyProgram.

Sample ObjectWindows Program

Here is the full source code to MyProgram thus far:

program MyProgram;

uses WinTypes, WinProcs, WObjects;

type
TMyApplication = object (TApplication)
procedure InitMainWindow; virtual;
end;

type
PMyWindow = “TMyWindow;
TMyWindow = object (TWindow)
function CanClose: Boolean; virtual;
procedure WMLButtonDown (var Msg: TMessage) ;
virtual wm First + wm_LButtonDown;
procedure WMRButtonDown (var Msg: TMessage) ;
virtual wm First + wm_RButtonDown;
end;

function TMyWindow.CanClose: Boolean;
var

Reply: Integer;
begin

CanClose := True;
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Reply := MessageBox (HWindow, ‘Do you want to save?’,
'File has changed’, mb YesNo or mb_IconQuestion);
if Reply = id Yes then CanClose := False;
end;

procedure TMyWindow.WMLButtonDown (var Msg: TMessage);
begin
MessageBox (HWindow, ’You have pressed the left mouse button’,
'Message Dispatched’, mb_Ok);
end;

Procedure TMyWindow.WMRButtonDown (var Msg: TMessage);
begin
MessageBox (HWindow, ’You have pressed the right mouse button’,
'Message Dispatched’, mb 0Ok);
end;

procedure TMyApplication.InitMainWindow;
begin
MainWindow := New (PMyWindow, Init (nil, ’Sample ObjectWindows
Program’));
end;

var
MyApp: TMyApplication;

begin
MyApp. Init (‘MyProgram’);
MyApp.Run;
MyApp.Done;

end.
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Filling in The window

Menus, dialog boxes, and popup windows manage the program’s
user interface. However, the program doesn’t do anything
interesting yet. In this part, you'll take MyProgram, which is no
more than a shell of a program, and transform it into a useful,
interactive graphics application. First you'll draw text on
MyProgram’s main window. Then you'll transform MyProgram
into a full graphics application that lets you draw lines into the
main window. After that, you will refine the drawing program to
redraw its graphics, change the thickness of the lines, and finally,
save its graphics into a file for reloading at a later time.

What in the world is a display context?

Device contexts are You can think of a display context as an element that represents
Chap ferd’e;cf,'zigt’jno gfg’gl{Q the drawing surface of a window. A display context is required by

Windows for drawing any text or graphics in a window.
Windows manages a display context in its own memory space,
but the application keeps track of it by storing a handle to a
display context. Like a handle to a window, a handle to a display
context is a number that identifies the correct Windows display
context.

Since a display context is for drawing in a window, you will
create a new object field for your main window object, called
DragDC, to hold the handle to a display context. DragDC will be
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of type HDC, a special Windows-style type equivalent to the
standard Word type in Turbo Pascal.

In order to draw on a window, you must first obtain a display
context. Do this by calling the Windows function GetDC from
within one of the window type’s methods, right before drawing to
the screen:

DragDC := GetDC (HWindow) ;

Now you can use DragDC as a parameter in Windows graphics
function calls that require a handle to a display context. Here are a
few examples:

TextOut (DragDC, 20, 20, ’Sample Text’, 11);
LineTo (DragDC, 30, 45);

After drawing text or graphics, you must release the display
context. It is very important that you release any display context
you have obtained as soon as you are done drawing.

ReleaseDC (HWindow, DragDC);

If you do not release all obtained display contexts, you will soon
run out of them (the entire Windows environment has a limit of
five), and your application will fail, usually causing your com-
puter to hang. If your application fails the third or fourth time
you draw something, unreleased display contexts are the first
thing to check.

The display context serves some important drawing functions.
First, it ensures that you do not draw your text and graphics
outside the surface of a window. Second, it manages the selection
and deletion of drawing tools: pens, brushes, and fonts. An
example of selecting a new pen is provided in the graphics
drawing example later in this part. But first, you'll start with
drawing text.

Step 3: Drawing text in a window

34

To draw text in the main window of MyProgram, follow the
display context drawing model introduced in the preceding
section; first display context, and finally release the display
context. To make things interesting, draw the text in response to
the left mouse button clicks you originally intercepted in Step 2.
Instead of bringing up a message box, this time you'll respond by
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drawing text that shows the coordinates of the point where you
clicked on the window.

For example, “(20, 30)" is the point 20 pixels right of the upper-left
corner of the window’s drawing surface and 30 pixels down.
You'll also draw in right on the clicked point. This example also
has the benefit of familiarizing you with the Windows coordinate
system. See Figure 3.1.

MyProgram dra‘\:/f/ig:gri:é Sample ObjectWindows Program
where the user clicks
(147, 41) (422, 37)
(14,73 (286, 61)
19,79 ’
l ) (420, 90)
(163.106) (291,114)
(32.160) (189,160) (305,169) (425,160)
(117,223) (259,223)
(440,243)
[110,264)

Remember that a left button click event generates a
wm_LButtonDown message, which you intercept with a message
response method called WMLButtonDown.

Message records

In Step 2, you saw that the Msg argument of a message response
method carries valuable information, such as the point on which
the user clicked. Msg is a TMessage record with fields to hold the
Longint parameter, [Param, and the Word parameter, wParam. The
identifiers [Param and wParam are the same as the corresponding
fields in Windows” own message structure, TMsg.

TMessage also defines fields to hold subfields of /Param and
wParam. For example, Msg.IParamLo holds the low-order word of
[Param, while Msg.IParamHi holds the high-order word. Most
often, you will use these fields: wParam, IParamLo, and IParamHi.
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Note that Windows expects
sfrings to be null-terminated

(ending with a zero byte).
See Chapter 13 in the Pro-

grammer’s Guide for details
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on using these strings.

Clearing the
screen

In the case of WMLButtonDown, Msg.lParamLo holds the x-
coordinate of the clicked point, while Msg./ParamHi holds the y-
coordinate. Thus, to rewrite WMLButtonDown to draw text
showing the coordinates of the clicked point, you need to convert
Msg.IParamLo and Msg.IParamHji into strings and concatenate
them with two parentheses and a comma, to make strings like
’(25,34)'. This example will use the Windows function WVSPrintF
to format the string. WVSPrintF is explained in Chapter 2 of the
Windows Reference Guide.

Once you have obtained the final string, you can draw it at the
point that was clicked by passing back to Windows, in a TextOut
function call, the string, S, the coordinates, Msg.[ParamLo and
Msg.IParamHi, and the string length, StrLen(S). Also, be sure to
obtain the display context before drawing and release it
afterwards.

procedure TMyWindow.WMLButtonDown (var Msg: TMessage);
var
DC: HDC;
S: array[0..9] of Char;
begin
WVSPrintF (S, " (%d,%d)’, Msg.LParam);
DC := GetDC (HWindow) ;
TextOut (DC, Msg.LParamLo, Msg.LParamHi, S, StrLen(S)):;
ReleaseDC (HWindow, DC);
end;

The calls to Str and StrPCopy do the type conversions. Str converts
the coordinates, of type Word, to string types. StrPCopy (a
procedure found in the Strings unit) converts a Pascal-style string
to a null-terminated string.

One more function you can add to the text drawing application is
clearing the screen. Notice that once you resize the window, or
cover and reveal it, the drawn text is erased. However, you might
want to force screen clearing in response to a menu choice, or
some other user action, such as a mouse click.

You'll clear the window in response to a right mouse button click.
To implement this, redefine the wmRButtonDown method to call
the Windows procedure, InvalidateRect, which causes the whole
window to be repainted. Since your window doesn’t yet know
how to repain itself, it just clears its client area:

procedure TMyWindow.WMRButtonDown(var Msg: TMessage);
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begin
InvalidateRect (HWindow, nil, True);
end;

You can see the current source code in the file STEP3.PAS.

Step 4: Drawing lines in the window

The dragging
model

Now that you've seen the drawing model (obtain a display
context, draw, release the display context), you can use it in a
more complete, interactive graphics application. In the next few
steps, you’ll build a simple painting program that lets the user
draw on the main window.

You will take the following steps:

1. Respond to left mouse button clicks and drags by connecting
the dots along the way, resulting in drawn lines.

2. Respond to the right mouse button clicks by bringing up an
input dialog, allowing the user to change the line thickness.

3. Make the window automatically redraw its contents by storing
the points and redrawing them in response to a paint message.

To do these steps, first you'll study the Windows dragging model,
then you'll implement a simple graphics drawing program.

It will be helpful to first review the Windows mouse event model.
You have already seen that a left mouse button click results in a
wm_LButtonDown message and a WMLButtonDown method call.
Earlier in this tutorial, you responded to left mouse button clicks
by bringing up message boxes and by drawing text on the screen.
You also saw that a right mouse button click results in a
wm_RButtonDown message and a WMRButtonDown method call.
You responded to right mouse button clicks by clearing the
screen. But these responses only cover the initial clicks of a mouse
button. Many interactive Windows programs require you to click
and drag the mouse around on the screen to draw lines or
rectangles, or to place graphics in particular locations. For your
graphics drawing program, you want to capture the dragging
events and respond by drawing lines.
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Table 3.1
Common mouse event
messages

Responding to
drag messages

Table 3.2
Messages used in Step 4

You will do this by responding to a few more messages.
wm_MouseMove is received when the user drags the mouse to a
new point in a window and wm_LButtonUp is received when the
user releases the left mouse button. Typically, a window will
receive one wm_LButtonDown message, followed by a series of
wm_MouseMove messages (one for each point dragged over),
followed by one wm_LButtonllp message. A typical graphical
Windows program will respond to wm_LButtonDown by initiating
the drawing process (obtaining a display context, among other
things). It will respond to wm_MouseMove by drawing or moving
graphics, and it will respond to wm_LButtonUp by terminating the
drawing process (releasing the display context).

The following table summarizes the most common mouse event
messages.

Message Event

wm_LButtonDown The user clicks down on the left mouse
button.

wm_RButtonDown The user clicks down on the right mouse
button.

wm_MouseMove The user drags the mouse.

wm_LButtonUp The user clicks up on the left mouse button.

wm_RButtonUp The user clicks up on the right mouse
button.

wm_LButtonDblClk The user double-clicks the left mouse
button.

wm_RButtonDbIClk The user double-clicks the right mouse
button.

The following table summarizes how you'll respond to drag
messages to create your line drawing program:

Message Response

wm_LButtonDown Clear the screen. Then obtain a display
context and store it in DragDC. Situate the
drawing pen at the point clicked.

wm_MouseMove Draw a line from the previous point to the
current point.
wm_LButtonUp Release DragDC.

As stated previously, wm_LButtonDown is always followed by
wm_LButtonUp, with or without wm_MouseMove messages in

between. After all, what goes down must come up! Therefore,
every time you obtain a display context, you later release it. In
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this case, you'll obtain a single display context for all the drawing
that takes place between the time the user clicks down on the left
mouse button and the time he releases it.

Pairing the obtaining with a release is critical to the proper
functioning of your graphics programs. However, you can also
add one more safety measure. Define a new Boolean object field
for TMyWindow, the main window type, called ButtonDown.
WMLButtonDown will set it to True and WMLButton Up will set it
to False. Then you can check the value of ButtonDown before
obtaining and releasing the display context.

Here are the three mouse drag methods:

procedure TMyWindow.WMLButtonDown (var Msg: TMessage) ;
begin
InvalidateRect (HWindow, nil, True);
if not ButtonDown then
begin
ButtonDown := True;
SetCapture (HWindow) ;
DragDC := GetDC (HWindow) ;
MoveTo (DragDC, Msg.lParamlo, Msq.lParamHi);

end;
end;

procedure TMyWindow.WMMouseMove (var Msg: TMessage);
begin
if ButtonDown then
LineTo(DragDC, Msg.lParamlLo, Msg.lParamHi) ;
end;

procedure TMyWindow.WMLBut tonUp (vazr Msg: TMessage);
begin
if ButtonDown then
begin
ButtonDown := False;
ReleaseCapture;
ReleaseDC (HWindow, DragDC);
end;
end;

MoveTo and LineTo are graphics functions in the Windows API
which move the current drawing position and draw a line to the
current position, respectively. They require a handle to the
display context, DragDC, to function properly. Remember that

g youarenot drawing directly on the window, but on its display
context.
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This brings the code up to
STEP4.PAS.

SetCapture and ReleaseCapture are Windows functions that ensure
the proper sending of the wm_MouseMove messages by Windows.
For example, if you drag the mouse outside of the window, it will
still send wm_MouseMove messages to the main window, rather
than to an adjacent window.

Be sure to update the object definition for TMyWindow with
method headers for WMMouseMove and WMLButtonUp:

procedure WMLButtonUp (var Msg: TMessage); virtual wm First +
wm_LButtonUp;

procedure WMMouseMove (var Msg: TMessage); virtual wm First +
wm_MouseMove;

Step 5: Changing the line thickness
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Figure 3.2
Changing line thickness

Tracking line
thickness

At this point, you can draw only thin lines. But drawing programs
traditionally let you change the thickness of the lines that you
draw. When you do this, you're not really changing the thickness
of the lines, but the thickness of the pen you use to draw the lines.
Pens, as well as brushes, fonts and palettes, are drawing tools
embodied by a display context. In this step, you'll learn how to set
new tools in a display context while giving MyProgram the ability
to set a new line thickness.

You'll also use an input dialog (of type TInputDialog) to provide a
mechanism for the user to change the line thickness. Figure 3.2
shows the input dialog in use.

In order to change the thickness of the drawn lines, you need to
first understand a little more about Windows graphics, and
display contexts in particular.
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Earlier, you saw the drawing tools used to produce graphics and
text in a window: pens, brushes, and fonts. These drawing tools
are window elements, whose descriptions are stored in Windows
memory, not unlike interface elements. Also like windows,
drawing tools are accessed by applications by means of handles.
Since drawing tools are not represented by ObjectWindows
objects, your programs are responsible for creating them and for
deleting them from Windows memory when you are done with
them.

Think of a drawing tool as a painter’s paintbrush and a display
context as his canvas. Once he has created his drawing tools
(paintbrush), he obtains a display context (canvas), and selects the
proper drawing tools. Similarly, a Windows program must select
drawing tools into a display context. So, how is it that you could
draw text and lines in your windows without selecting any
drawing tools? All display contexts come with a set of default
tools: a thin black pen, a solid black brush, and a system font. In
this step, you will select a different, thicker pen for drawing in the
window.

The first step is to add support for input dialogs to MyProgram.
Add the unit StdDIgs to the uses statement. In order to use the
Windows-compatible string manipulation functions, also use
Strings. The start of your program file should now look like this:

program MyProgram;

uses Strings, WinTypes, WinProcs, WObjects, StdDlgs;

Next, you need to add an object field to TMyWindow to store a
handle to the pen tool you will use to draw graphics. In this
program, you will limit yourself to drawing and displaying lines
in only one thickness at a time. The pen corresponding to this
thickness will be stored in the new TMyWindow field called
ThePen. You'll also write a method, SetPenSize, to create the new
pen tool and delete the old pen tool. Your TMyWindow object
declaration should now look like this:

type
PMyWindow = "“TMyWindow;
TMyWindow = object (TWindow)
DragDC: HDC;
ButtonDown: Boolean;
ThePen: HPen;
PenSize: Integer;
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constructor Init (AParent: PWindowsObject; ATitle: PChar);

destructor Done; virtual;

function CanClose: Boolean; virtual;

procedure WMLButtonDown (var Msg: TMessage); virtual wm First +
wm_LButtonDown;

procedure WMLButtonUp (var Msg: TMessage); virtual wm First +
wm_LButtonUp;

procedure WMMouseMove (var Msg: TMessage); virtual wm First +
wm_MouseMove;

procedure WMRButtonDown (var Msqg: TMessage); virtual wm First +
wm_RButtonDown;

procedure SetPenSize (NewSize: Integer); virtual;

end;

To initialize these new data fields, you need to modify the Init
constructor to set up the pen, and override the Done destructor to
dispose of the pen. Remember to call the inherited methods in the
new methods:

constructor TMyWindow.Init (AParent: PWindowsObject; ATitle: PChar);
begin

TWindow.Init (AParent, ATitle);

ButtonDown := False;

PenSize := 1;

ThePen := CreatePen(ps_Solid, PenSize, 0);
end;

destructor TMyWindow.Done; .
begin
DeleteObject (ThePen) ;
TWindow.Done;
end;

Now alter the WMLButtonDown method to select the current pen
(ThePen) into the newly obtained display context. If ThePen equals
zero, there has been no special pen created, so use the default
(thin) pen. Like MoveTo and MessageBox, SelectObject is a Windows
API function.

procedure TMyWindow.WMLButtonDown (var Msg: TMessage) ;
begin

InvalidateRect (HWindow, nil, True);

if not ButtonDown then

begin
ButtonDown := True;
SetCapture (HWindow) ;

DragDC := GetDC (HWindow) ;
SelectObject (DragDC, ThePen);
MoveTo (DragDC, Msg.lParamLo, Msg.lParamHi) ;
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end;
end;

The above method selects the already-created pen into the display
context. However, to create the pen, you need to write the
following SetPenSize method:

procedure TMyWindow.SetPenSize (NewSize: Integer);
begin
DeleteObject (ThePen) ;
ThePen := CreatePen(ps_Solid, NewSize, 0):
PenSize := NewSize;
end;

Calling the Windows function CreatePen is one way to create a
Windows pen tool with the specified thickness. You store a
handle to the pen in ThePen. Deleting the previous pen is a very
important step. Without this step, you would slowly use up
Windows memory with no way of recovering it.

Running the input

dialog Clicking the right mouse button is a convenient way to bring up
the option to change the line thickness. Let’s redefine the
WMRButtonDown method to bring up an input dialog, one of
ObjectWindows’ stock dialogs. An input dialog serves as a simple
dialog box that takes one line of text input. To use it, you need not
modify TInputDialog or any of its methods.

Since the input dialog will appear for only a short time, and all of
its processing can be handled by one method, you need not define
it as an object field of TMyWindow. It can exist as a local variable
of the WMRButtonDown method. You will construct and dispose
of the input dialog object, all within the WMRButtonDown
method.

Once the input dialog object has been constructed with Init, you
can run it as a modal dialog by calling the Execute method. Execute
is similar to Create for a window object in that it creates the inter-
face object’s corresponding element. The processing for Execute,
however, ends only after the user has closed the dialog by clicking
OK or Cancel. If the user clicks OK, InputTxt is filled with the
user’s input by calling the GetText method of TInputDialog. Since
you are asking for a thickness number, you must convert the
returned text to a number and pass it in a call to SetPenSize. Thus,
every time the user chooses a new line thickness, delete the old
pen and create a new pen.
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procedure TMyWindow.WMRButtonDown (var Msg: TMessage) ;
var
InputText: array(0..5] of Char;
NewSize, ErrorPos: Integer;
begin
if not ButtonDown then
begin
Str(PenSize, InputText);
if Application”.ExecDialog (New (PInputDialog,

Init (@Self, ’Line Thickness’, ’Input a new thickness:’,
InputText, SizeOf (InputText)))) = id Ok then
begin

Val (InputText, NewSize, ErrorPos);
if ErrorPos = 0 then SetPenSize (NewSize);
end;
end;
end;

As one final step, be sure to delete the final pen from Windows
memory before terminating the application. To do this, override
the Done destructor to delete the pen.

destructor TMyWindow.Done;
begin
DeleteObject (ThePen);
TWindow.Done;
end;

Step 6. Automatically redisplaying graphics

Nz mmntmlat lan cssssmrtond ba Tansees thhat tlhqy cwansmlaian asm A £avt vrmae
I10u llll.s.lll |94 DMLPLLDCU LU ICdlll tldal Ui SIGPLULD ailul LICAL _yuu.
draw in a window using Windows functions like TextOut and
LineTo disappear when you resize or uncover the window. Where

did they go?

A better question is, “Where were they in the first place?” You
never stored the text or lines in any type of variable. Once the
graphics data goes to Windows through calls to Windows
functions, you can never get it back to redraw it when needed. In
order to have a window re-display its graphics, you've got to
store the graphics in some other type of structure; an object is well
suited to the task. Objects can store simple or complex graphics,
and can be easily maintained as object fields of the main window.
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The painting

Model  When the user of your application resizes or uncovers your
window, it requires updating, or painting. ObjectWindows
automatically calls the Paint method of your window type in
response to the need for painting. The Paint inherited from
TWindow does nothing. Paint is where you write the code to paint
the contents of the window. In fact, Paint is called when the
window first appears. Paint is responsible for updating the
display with its current contents.

There is one major difference between drawing graphics in the
Paint method and at other times, such as in response to mouse
actions. The display context to be used for painting is passed in
the PaintDC parameter, so your program need not obtain or
release it. You will, however, need to reselect your drawing tools
into PaintDC.

To paint your window’s contents, you are going to replay the
actions that led to the original drawing on DragDC, but use
PaintDC instead. The visual effect will be the same as when they
were drawn the first time by the user, much like replaying an
audio recording of a concert; Is it live or is it ObjectWindows? But
first, you need to store the graphics as objects, so you can paint
them in a Paint method.

Storing graphics
Qs objects Lets store the drawn line as a collection of points to be stored in a
TMyWindow object field called Points. For this collection, you will
use the type TCollection, found in the WObjects unit. At all times,
Points will contain the current drawing in the form of a collection
of points. Whenever the window needs painting, it will use the
data stored in Points to replay the drawing of the line.

The next question to answer is, “What is a line?” You saw in step
4 that a drawn line is no more than a collection of points passed
from Windows to the program through the wm_MouseMove
message. You need an object type to represent points. Define
DPoint to hold x- and y-coordinates as object fields.

Because TCollection objects know how to grow dynamically as you
add more elements, they are well suited to holding an unknown
quantity of lines and points. In fact, one line might hold
thousands of points.
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Here is the object definition for DPoint:

type
PDPoint = “TDPoint;
TDPoint = object (TObject)
X, Y: Integer;
constructor Init (AX, AY: Integer);
end;

constructor TDPoint.Init (AX, AY: Integer);

begin
X := AX;
Y := AY;
end;

While DPoint does not define any new behavior, it needs to be an
object in order to be stored on a stream later on. Be sure to
construct Points in TMyWindow.Init and dispose of it in
TMyWindow.Done. To do this, you'll have to override the Init and
Done inherited from TWindow.

constructor TMyWindow.Init (AParent: PWindowsObject; ATitle: PChar);
begin :
TWindow.Init (AParent, ATitle);
ButtonDown := False;
ThePen := CreatePen(ps_Solid, 1, 0);
PenSize := 1;
Points := New(PCollection, Init (50, 50));
end;

destructor TMyWindow.Done;
begin

TWindow.Done;

Dispose (Points, Done);
end;

To review, the main window of MyProgram holds a collection of
points in its Points field. As the user draws lines, you must
convert them into objects and add them to Points. Then, when the
window requires painting, you must iterate over Points and
redraw each of its points.

In order to store the lines as objects, you must alter
WMLButtonDown and WMMouseMove.

procedure TMyWindow.WMLButtonDown (var Msg: TMessage);
var

APoint: PDPoint;
begin
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Points”.DeleteAll;

InvalidateRect (HWindow, nil, True);

if not (ButtonDown) then

begin
ButtonDown := True;
SetCapture (HWindow) ;
DragDC := GetDC (HWindow);
if ThePen <> 0 then SelectObject (DragDC, ThePen);
MoveTo (DragDC, Msg.lParamLo, Msg.lParamHi);
Points”.Insert (New (PDPoint, Init (Msg.LParamLo, Msg.LParamHi)));

end;

end;

procedure TMyWindow.WMMouseMove (var Msg: TMessage);
var APoint: PDPoint;
begin
if ButtonDown then
begin
LineTo (DragDC, Msg.lParamLo, Msg.lParamHi);
Points”.Insert (New (PDPoint, Init (Msg.LParamLo, Msg.LParamHi)));
end;
end;

WMLButtonlUp requires no modification.

Redrawing stored

graphics Now that TMyWindow is storing its current line, you must teach it
to paint it on command, and this command is Paint. Let’s write a
Paint method for TMyWindow that repeats the actions of WML-
ButtonDown, WMMouseMove, and WMLButtonUp. By iterating
over the point collection, Paint sees the points in the order that the
user originaily entered them. Here is the Paint method:

procedure TMyWindow.Paint (PaintDC: HDC; var PaintInfo: TPaintStruct);
var First: Boolean;

procedure DrawLine (P: PDPoint); far;

begin
if First then MoveTo(PaintDC, P*.X, P".Y)
else LineTo(PaintDC, P*.X, P".Y);
First := False;

end;
begin
SelectObject (PaintDC, ThePen);
First := True;
Points”.ForEach (@DrawLine) ;
end;
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Menu resources

Adding a menu

Most Windows applications have a menu on their main window

4~ mwnxrida o raviater Af calantianma faw tlhn 11car grialk aa Tila | Qavya
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File | Open, and Help. In this section, you'll add a standard menu
to MyProgram.

In a windowing environment, a menu selection is in the same
category as a mouse click: they’re both user events. Responding to
a menu selection is a lot like responding to other user events. This
section traces the required steps to add a menu to an application:

1. Design the menu as a menu resource.

2. Load the menu resource into the main window object.
3. Define responses to menu selections.

4. Specify the resource file from the program.

Chapter 4, Adding a menu

Somewhere in an application with a menu, there must be a menu
specification that contains the text of the menu selections and the
structure of the top-level items and their sub-items. This is true of
any ObjectWindows application, but this specification is not part
of the program’s Pascal source code. It’s part of a separate specifi-
cation called a resource. Windows stores resources in a compact
and efficient way. You will use the Resource Toolkit to inter-
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Figure 4.1
MyProgram with a menu
resource

actively design menus and other resources, such as dialog boxes,
icons, and bitmaps.

An application accesses its attached resources by specifying the
resource ID. This ID is an integer, such as 100, or integer constant,
such as MyMenu. An application distinguishes one menu
selection from another by the menu ID associated with each menu
item.

To continue with MyProgram, use a resource editor or the resource
compiler to create a menu resource and save it as a .RES file,
COOKBOOK.RES. See the file COOKBOOK.RC for the resource
file in source format. You can also use the COOKBOOK.RES file
provided on the distribution disks. Once the .RES file is created,
include it using the $R compiler directive like this:

{$R COOKBOOK.RES}

Figure 4.1 shows the appearance of this menu (resource ID 100),
including Help (menu ID 901) and File selections, the latter with
the sub-items New, Open, Save, and SaveAs (menu IDs 101, 102,
103, and 104, respectively). Top-level menus that have sub-items,
such as File, do not have menu IDs, and selecting them causes no
action besides displaying their sub-items. If a top-level menu item
has no sub-items, as in Help, it has a menu ID and can cause some
action.

Sample Object¥indows Program

Because the menu is designed outside of the ObjectWindows
program and because menu handling is fairly simple, you don’t
need to make a menu into an object. Instead, make it an attribute
of the main window, much like the main window’s caption. In the
next step, you will attach the menu to the main window.
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Step 7: A menu for the main window

Chapter 4, Adding a menu

As stated previously, an application’s menu is not a separate
object, owned by the main window. It's not an object at all, but
merely an attribute of the main window. In fact it is stored in the
Menu field of Attr, a window object field that stores a record of a
window's creation attributes. To set the menu attribute, among
others, you will redefine the Init constructor for your window
type, TMyWindow.

The menu resource stored in COOKBOOK.RES has a resource ID
of 100. Obtain the resource by calling the LoadMenu Windows
function:

LoadMenu (HInstance, PChar (100));

PChar(100) casts the number 100 into a string type, called PChar,
which is a pointer to an array of characters. Windows functions
that receive strings as arguments require them to be of the PChar
type. To obtain access to PChar, the $X+ compiler directive must
be on (which is the default setting).

As an alternative, a menu resource might have a symbolic
identifier, such as ' SAMPLE MENU'. In that case, load the menu
resource as follows:

LoadMenu (HInstance, ‘SAMPLE MENU');

Here'’s how TMyWindow.Init should look. Notice that the first
thing you did was to call TWindow.Init to perform the
initialization required of all window objects:

constructor TMyWindow.Init (AParent: PWindowsObject; ATitle: PChar);
begin

TWindow.Init (AParent, ATitle);

Attr.Menu := LoadMenu(HInstance, PChar(100));

ButtonDown := False;

PenSize := 1;

ThePen := CreatePen(ps_Solid, PenSize, 0);

Points := New(PCollection, Init (50, 50));
end;

I

Now, when the main window is displayed, it has the operational
menu shown in Figure 4.1. In order to make the menu selections
do something, however, you must follow the remaining steps to
intercept and respond to the menu message.
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Infercepting the menu message

Message ranges and offsets

are explained more
thoroughly in Chapter 7.

When the user selects a menu, the window to which the menu is
attached receives a Windows command message. To process one of
these messages, define a method for the TMyWindow object type
using a special extension:

procedure FileNew(var Msg: TMessage); virtual cm First + 101;

where cm_First is a ObjectWindows-defined constant defining the
beginning of the range of constants for commands, and 101 is the
desired menu ID. Do not confuse this dynamic method index,
based on cm_First, with the one for responding to incoming
Windows messages, which is based on the offset wm_First. This is
a special case only for menus and accelerators.

To make the code more readable, substitute the menu IDs with
constants you'll define at the beginning of the program:

const
cm New = 101;
cm_Open = 1027

cm_Save = 103;
cm_SaveAs = 104;
cm Help = 901;

Now, you can define all of the command message response
methods:

procedure FileNew (var Msg: TMessage); virtual cm First + cm New;

procedure FileOpen(var Msg: TMessage); virtual cm First + cm_Open;

procedure FileSave(var Msg: TMessage); virtual cm First + cm Save;

procedure FileSaveAs(var Msg: TMessage); virtual cm First +
cm_SaveAs;

procedure Help(var Msg: TMessage); virtual cm First + cm Help;

Responding to the menu message

52

For each menu selection, you now have a method that will be
invoked. For example, for a Help selection, your Help method will
be invoked. For now, you'll merely display a message box:

procedure TMyWindow.Help(var Msg: TMessage);
begin

MessageBox (HWindow, ’‘Feature not implemented.’, ’Help’, mb_OK);
end;
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Figure 4.2 shows MyProgram’s response to the Help selection.

Figure 4.2
MyProgram with help system

At this point, you can respond to the File | New menu selection in
an interesting way, by clearing the screen. Add the following
FileNew method:

procedure TMyWindow.FileNew(var Msg: TMessage);
begin

Points”.FreeAll;

InvalidateRect (HWindow, nil, True);
end;

This method deletes all of the stored points and forces a
repainting of the screen. Since there are no points to redraw, the
screen becomes blank.

For FileOpen, FileSave, and FileSaveAs, write dummy methods
similar to Help. Later you will rewrite these methods to perform
meaningful actions.

The complete source code to MyProgram up to this point is in the
file STEP7.PAS.

Attaching resources to the executable file

After you have compiled your ObjectWindows program, but
before you run it, you must attach the menu resource. Using the
$R compiler directive, this is done automatically at the end of the
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compile and link. The resource file specified in the directive is
appended to the compiled executable file.

Resources can also be added to or removed from existing
executable files, and existing resources can be modified. For
information on how to do this, refer to the Whitewater Resource
Toolkit.
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Holding a dialog

Up to this point, you have created only two types of windows,
main windows (the TMyWindow object) and message boxes (for
announcing “Feature not implemented” and “Are you sure you
want to quit?”). A full-featured Windows program could have ten
or more window objects (windows, controls, and dialogs) asso-
ciated with it. With the exception of the main window, each
window has one parent window upon which it is dependent.
These dependent windows are called child windows. For exam-
ple, when the user closes a parent window, its child windows also
close.

These parental relationships result in a network of related parent
and child windows for each application, with the main window as
the ultimate parent. In this network, most windows serve as a
child to one window and as a parent to others, and no window is
an orphan. The group of related child and parent windows for
MyProgram, which is now only partly implemented, is shown in
51.
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Figure 5.1
A group of related parent
and child windows

application
(TMyApplication)

main window file dialog
(TMyWindow) (TFileDialog)
edit control help window list box
(TEdit) (THelpWindow) (TListBox)
buttons static control
(TButton) (TStatic)

There are two types of child windows. One type is an indepen-
dent child window. This type controls its own appearance and
location. Message boxes and pop-up windows are independent
child windows. The other type is a dependent child window. This
type appears to be stuck to the surface of its parent and moves
around with the parent. Controls, such as the buttons on message
boxes, and some other types of child windows are dependent
child windows. In this step, you'll create two types of
independent child window objects: pop-up windows and dialog
boxes.

Do not confuse the terms parent and child with ancestor and
descendant types. Parent and child refer to ownership. For
example, the main window owns the help window, a window
you’ll begin to build in this part. This ownership concept in
Windows is almost identical to the ownership, or instance-
linkage, concept of object-oriented programming. In fact,
throughout this tutorial, child window objects will generally be
stored in data fields of their parent window objects. Although this
is not required, it is a good design technique and results in clear
and easily maintained programs.
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Step 8: Adding a pop-up window

Let’s add to MyProgram a pop-up window that appears as a result
of selecting the Help menu. This window can serve as the basis of
a help system for MyProgram. For now, you’ll make the pop-up
window an object instance of TWindow. In Step 10, you'll create a
new type for it and give it some useful behavior. For now, just get
it on the screen.

Since this is the first “new” window you’ve added, other than the
main window, which is automatically displayed, this would be a
good time to look at how window objects and window elements
are created and displayed.

In this step, you'll alter the response to the Help menu selection to
create and display a help window.

Creating and

showing the InStep 7, you responded to the Help menu selection by putting
- i up a message box. Here, you'll substitute that message box with a
Pop-up window blank pop-up window object, HelpWnd. While the immediate
results will be less interesting than the message box, you'll add a
lot more behavior to the help window in Step 10.

For now, just redefine Help to create and display the help
window:

procedure TMyWindow.Help(var Msg: TMessage);

var HelpWnd: PWindow;

begin
HelpWnd := New(PWindow, Init (@Self, ’Help System’));
with HelpWnd".Attr do

begin
Style := Style or ws_PopupWindow or ws_Caption;
X :=100;
Y := 100;
W = 300;
H := 300;

end;

Application”.MakeWindow (HelpWnd) ;

end;

Figure 5.2 shows the new help window which appears when the
user clicks on Help.
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Figure 5.2
MyProgram’s new help
window

The MakeWindow

function

ValidWindow is explained in

58

more detail in the “Writing
safe programs” section of
Chapter 19.

Help System

The TApplication object defines a very important method called
MakeWindow. MakeWindow performs all the actions necessary to
associate an interface element with a window object safely. By
“safely,” we mean that MakeWindow checks for error conditions
before they can cause serious problems like hanging your system.
There are two important steps taken by MakeWindow.

The first is a test of the validity of the interface object, through a
call to ValidWindow, which checks to make sure your application
didn’t run out of memory or otherwise fail to construct itself
completely.

If the interface object was constructed successfully, MakeWindow
attempts its second step: creating an interface element with the
object’s Create method. Create uses the information in the object’s
fields to tell Windows what kind of interface element you want. If
the element cannot be created, an error message box will pop up.

If either the validity check or the interface element creation fails,
MakeWindow returns nil. Otherwise, it returns a pointer to the
interface object passed as its parameter.
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Calling MakeWindow is the safest way to create interface elements.
Calling Create directly without checking memory and trapping
errors is dangerous, and not advisable.

Adding a dialog box

Chapter 5, Holding a dialog

A dialog box is like a pop-up window, but it usually stays on the
screen for a short period of time and performs one particular
input-related task, such as choosing a printer or setting up a
document page. Here, you'll add to MyProgram a dialog box for
opening and saving files.

Like a pop-up window, a dialog box is an independent child
window. Conceptually, adding a dialog box as a child window is
exactly like adding a pop-up window, as you did in the previous
section. After all, a dialog box is a lot like a window, but it does
have some major differences:

m Dialog object types descend from type TDialog rather than
TWindow. Both TDialog and TWindow descend from
TWindowsObject.

m Dialog boxes normally require resources that specify their size,
location, and appearance.

m Dialog boxes usually perform a short task and return a value.
For example, the CanClose message box, a limited type of dialog
you created in Step 2 returned a yes or no answer from the user.

You'll add one of ObjectWindows’ stock dialog boxes, the file
dialog box, defined by type TFileDialog, a descendant of TDialog.
The file dialog box is useful in any situation where you are asking
the user to pick a disk file for saving or loading. For example, a
word processing application would use a file dialog box for
opening and saving documents. You will bring up a file dialog
box in response to the user’s selection of File | Open or File | Save
As. The file dialog box will replace the “Feature not
implemented” message box. In Step 9, you’ll hook it up to some
real files and save and open them to store and retrieve real data.
For now, you'll just show the dialog boxes. Figure 5.3 shows the
appearance of the file dialog box.
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Figure 6.3
MyProgram with the file
dialog box

Adding an object

60

field

Sample ObjectWindows Program
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Instead of storing an entire file dialog box object as a field of its
parent window, you'll construct a new file dialog box object each
time you need one. What you’ll store instead is just the data you
want to use with the file dialog box: a file name and a file mask.
This is good practice. Instead of keeping entire objects around
when you may never need them, simply store the data you would
need to initialize the objects, should you need them.

Constructing a file dialog box takes three parameters: a parent
window, a resource template, and a file name or mask, depending
on whether the dialog is for opening or closing a file. The resource
template specifies which of the standard file dialog boxes you
want to use. The standard file dialog resources are identified by
the resource IDs sd_FileOpen and sd_FileSave. The file name
parameter is used to pass a default file mask to the file open
dialog (as well as returning the selected file name), and to pass the
default name for file saving.

The resource template parameter determines whether the file
dialog box will be used to open a file or save a file. If the dialog
resource has a file list box with the control ID id_FList, the dialog
box is for opening files; the lack of such a list box indicates the
dialog box is for saving files.

The TMyWindow type definition should now look like this:
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TMyWindow = object (TWindow)

FileName: array[0..fsPathName] of Char;

Modifying the Init
constructor  You created an Init constructor for type TMyWindow to instantiate

the help window object. Now you need to add to it the code to
initialize FileName:

StrCopy (FileName, ’*.PTS’);

The .PTS extension will be used on files that hold the points of
your drawings.

Running the

dialog box Depending on the resource template parameter passed to the
constructor of a file dialog object, the dialog box can support
either file opening or saving. Either option produces a dialog box
similar to the one shown in Figure 5.3. There are two differences
between the file open and the file save dialog: The file open dialog
has a list of files in the current directory matching the current file
mask, while the file save dialog initially shows the current file
name in the edit area of the dialog’s edit control, but has no list of
files.

Here’s how you'll rewrite FileOpen and FileSaveAs:

procedure TMyWindow.FileOpen(var Msg: TMessage);

begin
if Application”.ExecDialog (New (PFileDialog,
Init (@Self, PChar(sd_FileOpen), FileName))) = id Ok then
MessageBox (HWindow, FileName, ’‘Open the file:’, mb_0k) ;
end;

procedure TMyWindow.FileSaveAs(var Msg: TMessage);

begin
if Application”.ExecDialog (New (PFileDialog,
Init (@Self, PChar(sd FileSave), FileName))) = id Ok then
MessageBox (HWindow, FileName, ’Save the file:’, mb_0k);
end;

The full source code to MyProgram, to this point, is in the file
STEP8.PAS.

Just as you used TApplication.MakeWindow to create “safe”
interface elements, you can use TApplication.ExecDialog to create
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and execute safe dialog boxes. Like MakeWindow, ExecDialog calus
ValidWindow to make sure that constructing the dialog box object
was successful. If it was, then ExecDialog calls the dialog box
object’s Execute method. After the dialog box executes, ExecDialog
returns the value returned by Execute, unless an error occurred, in
which case it returns id_Cancel, so it looks to your program as if
the user cancelled the dialog box. In any case, ExecDialog
dissposes the dialog box object.

Using ExecDialog is the safest way to run dialog boxes. You can
call Execute directly, but doing so is dangerous, and you risk
hanging your system.

Step 9: Storing the drawing in a file

62

Monitoring the
status

Now that you've got a data representation of the drawing stored
as part of the window object, you should be able to transfer that
data into a file (actually, a DOS stream) and read it back. In this
step, you'll add object fields to store the saving status and modify
the file saving and opening methods.

There are two characteristics of the drawing you need to monitor.
The first is whether the file needs saving and the second is
whether there is a file currently loaded. You can think of these
characteristics as Boolean attributes of TMyWindow, so make them
object fields:

TMyWindow = object (TWindow)
IsDirty, IsNewFile: Boolean;

end;
IsDirty is True if the current drawing is “dirty.” By dirty, you
mean that it needs to be saved because it has changed since it was
last saved, or because it has never been saved. When the user
starts drawing (WMLButtonDown), you should set IsDirty to True.
When the user opens a new file or saves the existing one, you
should set IsDirty to False. When the user closes the application

(CanClose), you should check the status of IsDirty and display the
message box only if it is True.
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IsNewFile is True only when the application first starts (Init) and
after the user selects the File | New menu (FileNew). It is set to False
whenever a file is opened (FileOpen) or saved (FileSave or
FileSaveAs). In fact, FileSave uses IsNewFile to see if the file can be
saved immediately (False) or if the user needs to select a file from
a file dialog (True).

Listed here are the CanClose method and the file saving and
loading methods. At this point, they do everything but save and
load files. The file saving behavior has been concentrated into one
new method, called SaveFile, and file opening is delegated to
LoadFile.

function TMyWindow.CanClose: Boolean;
var
Reply: Integer;
begin
CanClose := True;
if IsDirty then
begin
Reply := MessageBox (HWindow, ‘Do you want to save?’,
'File has changed’, mb_YesNo or mb_IconQuestion);
if Reply = idYes then CanClose := False;
end;
end;

procedure TMyWindow.FileNew(var Msg: TMessage)
begin
if CanClose then
begin
Points”.FreeAll;
InvalidateRect (HWindow, nil, True);
IsDirty := False;
IsNewFile := True;
end;
end;

procedure TMyWindow.FileOpen(var Msg: TMessage);
begin
if CanClose then
if Application”.ExecDialog (New (PFileDialog, Init (@Self,
PChar (sd FileOpen), StrCopy(FileName, ’*.PTS’)))) = id Ok then
LoadFile;
end;
procedure TMyWindow.FileSave (var Msg: TMessage);
begin
if IsNewFile then FileSaveAs(Msg) else SaveFile;
end;

Chapter 5, Holding a dialog 63



Saving and
loading Files

procedure TMyWindow.FileSaveAs (var Msg: TMessage) ;
begin
if IsNewFile then StrCopy(FileName, '’);
if Application”.ExecDialog (New (PFileDialog,
Init (@Self, PChar (sd_FileSave), FileName))) = id Ok then
SaveFile;
end;

procedure TMyWindow.LoadFile;

begin
MessageBox (HWindow, @FileName, ’Load the file:’, mb_OK);
IsDirty := False;
IsNewFile := False;

end;

procedure TMyWindow.SaveFile;

begin
MessageBox (HWindow, @FileName, 'Save the file:’, mb_OK);
IsNewFile := False;
IsDirty := False;

end;

Now that you've built the framework for saving and loading files,
all that is left is to actually save and load the collection of points
into a file. For this, you use the automatic object-storing
mechanism of streams. First, you'll have to teach points to store
and load themselves (since collections already know how). Then
you’ll modify the SaveFile and FileOpen methods to make use of
streams.

Here is the code necessary for teaching TDPoint objects to store
and load themselves:

type
PDPoint = “TDPoint;
TDPoint = object (TObject)
X, Y: Integer;
constructor Init (AX, AY: Integer);
constructor Load(var S: TStream);
procedure Store(var S: TStream);

end;
const
RDPoint: TStreamRec = (
ObjType: 200;

VmtLink: Ofs (TypeOf (TDPoint)");
Load: @TDPoint.Load;
Store: QTDPoint.Store);
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procedure StreamRegistration;
begin
RegisterType (RCollection);
RegisterType (RDPoint) ;
end;

constructor TDPoint.Load(var S: TStream);
begin

S.Read (X, SizeOf(X));

S.Read (Y, SizeOf(Y));
end;

procedure TDPoint.Store(var S: TStream);
begin

S.Write(X, SizeOf(X));

S.Write(Y, SizeOf(Y));
end;

Then, you must call StreamRegistration when the application starts
up. You can put this call in the TMyWindow.Init method.

The final step is to rewrite the SaveFile and LoadFile methods:

procedure TMyWindow.LoadFile;
var
TempColl: PCollection;
TheFile: TDosStream;
begin
TheFile.Init (FileName, stOpen);
TempColl := PCollection(TheFile.Get);
TheFile.Done;
if TempColl <> nil then
begin
Dispose (Points, Done);
Points := TempColl;
InvalidateRect (HWindow, nil, True);
end;
IsDirty := False;
IsNewFile := False;
end;

procedure TMyWindow.SaveFile;

var
TheFile: TDosStream;

begin
TheFile.Init (FileName, stCreate);
TheFile.Put (Points);
TheFile.Done;
IsNewFile := False;
IsDirty := False;

end;
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Popping up windows

Now you're ready to add the finishing touch to your
ObjectWindows program, the help system. You can think of a
help system as a program within a program that can be invoked
at a moment’s notice. One of the benefits of a Windows program is
that, with its multiple windows, it can encompass and unify many
activities. Adding a help system to MyProgram will illustrate how
to design ObjectWindows programs in a modular format, using
units, for a high degree of reuse and maintainability.

Step 10: Popping up a help window

In Step 8, you added a Help menu to MyProgram’s main window.
Selecting this menu produced a plain window, an object instance
of type TWindow. In this part, you'll replace that plain window
with a useful help window that makes use of some of the
Windows controls supported by ObjectWindows: list boxes, scroll
bars, edit controls, static controls, buttons, and combo boxes. In
the process, you will define the help system in a unit, requiring
little change in your existing program. Figure 6.1 shows the
finished help system, which provides a small description of each
of the controls ObjectWindows supports.
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Figure 6.1
MyProgram’s help system
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single declarative command, as in

Using units with ObjectWindows

68

Modifying the
main program

A Turbo Pascal unit is a convenient storage mechanism for defini-
tions of objects or groups of related objects. This use is especially
important in Windows programming, where you tend to reuse
windows (window objects in ObjectWindows) from one
application to the next. Here, you'll build your help system as an
object type called THelpWindow and store its definition in a unit
called HelpWind.

MyProgram requires only two changes:

m Add the HelpWind unit to the uses statement.
mRemove all of the code to set up the attributes of HelpWind from
TMyWindow.Help. This code will now go into THelpWindow.Init.

Now, when the user selects the Help menu item, MyProgram
responds by producing a THelpWindow. That means you need to
define the THelpWindow type. You’'ll do that in the HelpWind unit.
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Creating the unit

The HelpWind unit will do nothing more than define the interface
and implementation of the type THelpWindow. Once created, this
unit can be used by any other ObjectWindows program. It is, in
effect, a window in a unit. Here is the format of the unit (the gaps
will be filled in later):

unit HelpWind;

Interface

uses Strings, WinTypes, WinProcs, WObjects;

const
id_LB1 = 201;
id BN1 = 202;
id BN2 = 203;
id EC1 = 204;
id ST1 = 205;
type

PHelpWindow = ~THelpWindow;

THelpWindow = object (TWindow)
LB1: PListBox;
ECl: PEdit;
constructor Init (AParent: PWindowsObject; ATitle: PChar);
procedure SetupWindow; virtual;
procedure IDLB1(var Msg: TMessage); virtual id_First + id LBl;
procedure IDBNI(var Msg: TMessage); virtual id First + id_BNI1;
procedure IDBN2(var Msg: TMessage); virtual id First + id BN2;
procedure FillEdit (SelStringPtr: PChar); virtual;

end;

Implementation

constructor THelpWindow.Init (AParent: PWindowsObject; ATitle: PChar);
begin

end;

procedure THelpWindow.SetupWindow;

begin

end;

procedure THelpWindow.IDLBI (var Msg: TMessage);

var

begin
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end;

procedure THelpWindow.IDBN1 (var Msg: TMessage);
var

begin

end;

procedure THelpWindow.IDBN2(var Msg: TMessage);
begin

end;

procedure THelpWindow.FillEdit (SelStringPtr: PChar);
var

begin

end;

end.

Once an ObjectWindows application lists HelpWind in its uses
statement, it can instantiate type THelpWindow by defining vari-
ables to be the PHelpWindow type.

Adding controls to a window

70

What are
controls?

In Step 8, you learned that there are two types of child windows:
dependent and independent. In that part you added to the main
window two types of independent child windows: dialogs and
popup windows. Now, you'll add a type of dependent child
window called a control. These controls will have the help
window as a parent window. Remember that the help window is
an independent child window whose parent window is your
application’s main window. Therefore, your help window is
simultaneously a child window and a parent window. This is
allowed, and required, for a Windows application with any
complexity.

Controls are visual devices that make up part or all of a window’s
or dialog boxes” user interface. For example, the Save and Open
buttons on file dialog boxes are controls, as are the combo boxes
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Creating window
conftrols

Dialog controls can have
objects associated with them
as well. See “Associating
control objects” in

Chapfter 11.

you used to display files. MyProgram’s main window has no
controls, but here you'll add some to your help window.

There are many types of controls, including list boxes, scroll bars,
edit controls, static controls, buttons, and combo boxes. Your help
window, pictured in Figure 6-1, makes use of a list box (the large
box in the top half of the window), an edit control (the large box
in the lower half of the window), a static control (the text “Help
Information:”), and two buttons (Help and Cancel). Scroll bars are
part of both the edit control and the list box, but these are not
scroll bar objects. They are most often used as optional parts of
other controls and windows and rarely appear as standalone
controls.

The ObjectWindows type TControl supplies the behaviors of all
controls in general, and its descending types handle each type of
control. For example, TListBox defines list box objects and TEdit
defines edit control objects. You should also realize that TControl
descends from TWindow. Controls are actually specialized

While they behave identically, there’s an important programming
difference between the controls in dialog boxes, such as file
dialogs, and the controls in windows, such as in your help
window. You specify the controls of a dialog box in the dialog’s
resource. They are not objects and the dialog boxes that own them
are completely responsible for managing them. Chapter 5 shows
how to create your own dialogs from dialog resources and to
handle their controls.

A window’s controls, however, are specified by object definitions.
A parent window manages its controls through the rich set of
methods defined by the ObjectWindows control objects. For
example, to get the text item the user has selected from a list box,
call the list box object’s GetSelString method. Like a window or
dialog box object, a control object has a corresponding visual
element. A control object and its control element are linked
through the control object’s ID field. Each control has a unique ID
that is used by its parent window to identify the control for
routing of control events, such as when the user clicks on a
button. For clarity, you should define constants for each control
ID:
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controls

const

id 1Bl = 201; { ID for list box 1 }
id BN1 = 202; { ID for first (OK) button }
id_BNZ = 203; { ID for second (Cancel) button }
id EC1l = 204; { ID for edit control }
id ST1 = 205; { ID for static text }

It is sometimes convenient to store a pointer to a control object (or
other child window) as a field in a window object. This is only
necessary for child windows that will later be manipulated
directly by calling their object methods. In this case, only the list
box and edit control qualify. THelpWindow will store each of these
control objects in a separate field. Here is part of THelpWindow’s
object definition:

THelpWindow = object (TWindow)
LBl: PListBox;
ECl: PEdit;

end;
One these child control objects have been instantiated, you can
manipulate them with method calls. For example, you can add a
string to the list in LB1 by calling LBI1".AddString. It is possible to
access the control objects for child windows not stored as fields by

using the ChildList of the parent window, but it is far more
convenient to do so with fields.

Any window type that has control objects must define a construc-
tor, Init, to construct its control objects. In addition, it can override
SetupWindow, to set up the controls prior to display. The parent
window (THelpWindow) automatically creates and displays all of
its child windows.

Listed here is the help window’s Init method. The first thing it
does is set its own location and size attributes. Since a window’s
Init method is responsible for setting its own creation attributes,
and because its controls are created with it, you must also
construct its controls in its Init. A parent window (@Self) is the
first parameter in every control’s constructor call. A control ID is
the second parameter in every control’s constructor call.
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constructor THelpWindow.Init (AParent: PWindowsObject; ATitle: PChar);
var
TempStat: PStatic;
TempBtn: PButton;
begin
TWindow.Init (AParent, ATitle);
DisableAutoCreate;
Attr.Style := ws_PopupWindow or ws_Caption or ws Visible;
Attr.X := 100;
Attr.Y := 100;
Attr.Ww := 300;
Attr.H := 300;
LBl := New(PListBox, Init(@Self, id LB1, 20, 20, 180, 80));
TempBtn := New(PButton, Init(@Self, id BN1, ’Help’, 220, 20, 60,
30, True));
TempBtn := New(PButton, Init(@Self, id BN2, ’Cancel’, 220, 70, 60,
30, False));
ECl := New(PEdit, Init(@Self, id EC1, 20, 180, 260, 90, 0, True));
EC1".Attr.Style := EC1"Attr.Style or ws_Border or ws_VScroll;
TempStat := New(PStatic, Init(@Self, id_ST1, ’Help Information:’,
20, 160, 160, 20, 0));
end;

THelpWindow.SetupWindow is called following the window’s
creation in order to set up the window’s controls. You will use
TListBox’s modification methods, such as AddString, to add items
to the list box. Whenever you override a window’s SetupWindow
method, be sure to call TWindow.SetupWindow first, because it
creates all of the child controls.

procedure THelpWindow.SetupWindow;

begin
TWindow.SetupWindow;
{ Fill the list box }
LB1".AddString(’List Boxes’);
LB1"*.AddString ('Buttons’);
LB1".AddString(’Scroll Bars’);
LB1".AddString ('Edit Controls’);
LB1".AddString(’Static Controls’);
LB1".AddString (' Combo Boxes’);
LB1”.SetSellIndex (0);

end;

Init and SetupWindow methods are enough to get all the controls
displayed properly in the help window. The list box will scroll
and buttons will press, but with no resulting action. In the next
section you'll define a response to control events.

73



74

Responding to
control events

At this point, the controls will appear in the help window, but
clicking on the buttons and selecting list box items will not have
any effect. That’s because clicking and selecting are control events.
They are very similar to the menu events you responded to in
Step 7.

You responded to menu events by defining command message
response methods, and you’ll do something similar with control
messages. However, control events produce child-ID-based
messages, which are like command messages but carry the control
1D instead of the menu ID. Use the sum of a control’s ID and the
constant id_First to identify a child-ID-based method header. For
clarity, give these message response methods names like IDLBI.
Here’s the THelpWindow type definition showing the method
headers:

THelpWindow = object (TWindow)
LBl: PListBox;
EC1: PEdit;
constructor Init (AParent: PWindowsObject; ATitle: PChar);
procedure SetupWindow; virtual;
procedure IDLBI (var Msg: TMessage); virtual id First + id_LBl;
procedure IDBNI(var Msg: TMessage); virtual id First + id BN1;
procedure IDBN2(var Msg: TMessage); virtual id First + id BN2;
procedure FillEdit (SelStringPtr: PChar); virtual;

end;

Next, decide how THelpWindow should respond to control events.
When the user clicks on the Cancel (BN2) button, the window
should close. Thus the implementation of IDBN2 is the most
simple:

procedure THelpWindow.IDBN2(var Msg: TMessage);
begin

Destroy;
end;

However, when the user clicks on the OK (BN1) button, you want
MyProgram to check to see which list box item is selected and fill
up the edit control (EC1) with corresponding text. Thus, IDBN1
calls GetSelString for the list box (LB1) to get the text of the
selected list item. The text is passed to a method you must write
called FillEdit. FillEdit's definition is listed in the full code listing at
the end of this step.
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procedure THelpWindow.IDBN1 (var Msg: TMessage) ;
var
SelString: array[0..25] of Char;
begin
LB1".GetSelString(SelString, 25);
FillEdit (SelString);
end;

As an added touch, you can respond to the message generated
when the user double-clicks directly on a list box item by also
filling the edit control with text. However, a list box can generate
a variety of messages (called list box notification messages) in
response to clicking, double-clicking, scrolling and more. To
distinguish between all the messages, you define IDLBI1 to check
Msg.LParamHi, where the list box notification is held. If the value
is Ibn_DbICIk, the user double-clicked. You will ignore all other
codes, which will then be handled by the default window
procedure, DefWndProc.

procedure THelpWindow.IDLBI (var Msg: TMessage) ;
var
SelString: array([0..25] of Char;
begin
if Msg.LParamHi = lbn DblClk then
begin
LB1".GetSelString(SelString, 25);
FillEdit (SelString);
end
else DeffindProc (Msg) ;
end;

ObjectWindows’s control objects provide a variety of querying
and modifying methods. Calling these methods in response to
control events will animate your windows, as you have done with
the help window.
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Object Windows overview

ObjectWindows, the windows object library, is a comprehensive
set of object types that will streamline your development of
Microsoft Windows programs with Turbo Pascal.

This chapter gives an overview of the ObjectWindows object
hierarchy. The remaining chapters in this part provide detailed
descriptions of the different parts of the hierarchy.

In addition to describing the object hierarchy, this chapter outlines
the basic principles of programming for the Windows
environment, including use of resources, calling the Windows
AP], and receiving and handling messages from Windows.

ObjectWindows conventions

The names of all object types provided with ObjectWindows start
with T. For example, type TDialog produces dialog box objects.
Along with every type definition, there is a pointer to that type
that starts with a P. For example, the pointer to TDialog is PDialog.
Throughout the examples provided in this manual, you will
create dynamic object instances, for example, PDialog objects
rather than TDialog objects.

Message-response methods are named after the messages they
respond to, but without the underscores. For example, a method
responding to the wm_KeyDown message would be called
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WMKeyDown, and a message responding to the cm_FileOpen
command would be called CMFileOpen.

The ObjectWindows hierarchy

Figure 7.1
ObjectWindows object type

hierarchy

80

ObjectWindows is a library consisting of a hierarchy of object
types that you can use, modify, or add to, using inheritance.
Chapter 5 in the Windows Reference Guide is a complete reference
to these types and their fields and methods. This manual is a
complete user’s guide to the library’s object types and methods. It
also provides sample programs to guide you through the steps
involved in building Windows programs with ObjectWindows.
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Base objects

TObject is the base object type, the common ancestor of all
ObjectWindows object types. It defines a rudimentary constructor
and destructor. ObjectWindows streams require that the objects
stored on them be descendants of TObject.

TApplication

This type defines the behavior required of all ObjectWindows
applications. Each ObjectWindows application you write will
define an application object type that descends from T Application.
It is responsible for, among other things, initialization of the main
window object. Application objects are described in detail in
Chapter 8, “Application objects.”

Interface objects

classified generally as interface objects. They are interface objects
both in the sense that they represent elements in the Windows
user interface, and because they serve as a kind of interface
between your application code and the Windows environment.
Interface objects are described in detail in Chapter 9, “Interface
objects.”

The remaining nh}'prfg in the Oh}'pr'tWindnwg hiprar(‘hy are

TWindowsObject TWindowsObject is an abstract object type that unifies the three
main types of ObjectWindows interface objects: windows, dialog
boxes and controls. It provides methods to handle the creation,
message processing, and destruction of window objects.

Window objects

Window objects represent not only the familiar windows of the
windowing environment, but also most of the visual elements
within that environment, such as controls.

TWindow  TWindow objects are general-purpose windows that can serve as
the main window of an application, or as one of its pop-up
windows. Object instances of TWindow can display graphics, but
most often you will specialize TWindow’s behavior by defining
descendant types.
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TFileWindow

Dialog objects

TDialog

TDIgWindow

TFileDialog

TinputDialog

Control objects
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A descendant of TWindow, TEditWindow defines a window that
allows text editing.

A descendant of TEditWindow, TFileWindow defines a window
that loads, edits, and saves text files.

Dialog objects serve to facilitate interactive groups, particularly
groups of controls such as buttons, list boxes, and scroll bars.
Dialog objects are explained in detail in Chapter 11, “Dialog
objects.”

This abstract object type serves as a template for descendant types
that manage Windows dialog boxes. Dialog objects are associated
with dialog resources, and can be run as either modal or modeless
dialog boxes. Methods are provided to handle communication
between a dialog and its controls.

This type combines the resource specification of dialog objects
with the customizability of window objects.

TFileDialog is a stock dialog type that is immediately useful in
many applications. It defines a dialog that allows the user to
choose a file for any purpose, such as opening, editing, or saving.

This type defines a stock dialog box for user input of a single text
item.

Within dialogs and some windows, controls allow users to enter
data and select options. Control objects provide a consistent and
simple means of dealing with all the different kinds of controls
defined by Windows. Control objects are described in detail in
Chapter 12, “Control objects.”
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TRadioButton

TGroupBox

TEdit

TScrollBar

TStatic
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TControl is an abstract object type that serves as a common
ancestor type for every variety of Windows controls, including list
boxes and buttons. It defines methods that create controls and
process messages for its descendant types.

TButton handles the creation of Windows push buttons.

This class handles creation of and selection from Windows list
boxes.

A descendant type of TListBox, TComboBox defines behavior for
Windows combo boxes. A combo box is an interdependent list
box and edit control.

TCheckBox handles creation and state management for Windows
check boxes.

TRadioButton handles creation and state management for
Windows radio buttons.

TGroupBox handles creation of Windows group boxes.

TEdit supports the extensive text processing capabilities for a
Windows edit control.

This type supports the creation and management of a standalone

s
scroll bar control.

TStatic provides methods which set, query, and clear the text of a
static (output only) control.

Windows implements a standard for handling multiple docu-
ments within the framework of a single window called the
Multiple Document Interface (MDI). ObjectWindows provides a
means of setting up and manipulating MDI windows. MDI
objects are described in detail in Chapter 13, “MDI objects.”
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TMDIWindow TMDIWindow provides the windowing behavior appropriate for
the main window of an application that follows the Windows
MDI specification.

TMDIClient  TMDIClient provides additional support for MDI windows. The
MDI client object is the object that actually manages the MDI
window’s client area, the area which contains the child windows
(“documents”).

ObjectWindows units

ObjectWindows implements the types listed above in compiled
Turbo Pascal units. This section summarizes the content of the
supplied units. Only the WObjects unit is required in every
ObjectWindows application.

WObjects

WObjects must be used by all ObjectWindows applications. It
defines all the standard types for windows objects, abstract
objects like TObject, and other useful types which implement
collections and streams.

WinProcs

WinProcs defines function and procedure headers for the
Windows Applications Programming Interface (API). Every
routine provided by the standard Windows libraries can be
accessed through WinProcs. Together with WinTypes, WinProcs
defines the Turbo Pascal implementation of the Windows APL
The WinProcs unit and its contents are described in the “Windows
functions” section on page 85 of this chapter.

WinTypes

WinTypes defines Turbo Pascal versions of all the types used by
Windows API routines, including simple types and data
structures (records), and all the standard Windows constants,
including styles, messages, and flags.
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StaDlgs

StdWnds

StdDlIgs defines two standard dialog types, TFileDialog and
TInputDialog.

StdWnds defines two standard window types, TDIgWindow and
TFileWindow.

Windows resources

ObjectWindows includes two resource files: STDDLGS.RES,
which holds the resources required by TFileDialog and
TInputDialog objects, and STDWNDS.RES, which holds the re-
sources used by the TFileWindow and TEditWindow objects. The
resources are automatically included when the corresponding

units are used, so any program that uses the StdDigs unit will
automatically have access to the resources in STDDLGS.RES.

Windows functions

ObjectWindows
calls Windows
functions

Chapter 7, Object Windows overview

The functionality of Windows lies in its 600 or so functions. Each
of these functions has a name, such as LoadMenu and MessageBox.
The only way for a Windows application to manipulate the
environment, modify its appearance, or act in response to user
input is to call one or a series of Windows functions. Using
ObjectWindows, however, you can create windows, display
dialog boxes, and manipulate controls, all without calling any
Windows functions. How does it work?

The methods of ObjectWindows call Windows functions. But
ObjectWindows isn’t duplicating functionality; it’s repackaging
Windows' list of functions, its application program interface
(API), into a dynamic, object-oriented library. In addition,
ObjectWindows greatly simplifies the task of specifying the
numerous parameters required by Windows functions. Often
ObjectWindows automatically supplies parameters such as
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Access to
functions

window handles and child window IDs, which are stored as fields
in interface objects.

For example, many Windows functions require a handle to a
window to specify which window they are to act upon, and these
functions are usually called from the methods of a window object.
The object holds the handle of its associated window in its
HWindow field, so it can pass that as the handle, freeing you from
having to specify that item each time. Thus, ObjectWindows’s
object types serve as an object-oriented layer implemented with
calls to the non-object-oriented Windows APL

In order to directly access any of the Windows functions from
your ObjectWindows applications, you must use the WinProcs
unit. WinProcs defines a Turbo Pascal procedure or function
header for each Windows function, allowing you to call Windows
functions just as you would any Turbo Pascal routine. See
Chapter 2, “Windows function reference,” in the Windows
Reference Guide or the file WINPROCS.INT for a listing of the
function headers.

Windows functions require you to pass a variety of Word- and
Longint-type constants as arguments. These constants represent
window, dialog box, and control styles, as well as return values
and more. Code using these constants is more readable, maintain-
able, and independent of changes in future versions of Windows
than code which uses numbers. For example, it is more
informative to define a window with the style ws_Popup, rather
than $80000000. ws_Popup and the other constants are defined in
the WinTypes unit, and are described in Chapter 1, “Windows
styles and constants,” in the Windows Reference Guide.

Some functions require more complex data structures, such as
those describing fonts (TLogFont) or window classes (TWndClass).
Windows and ObjectWindows define these and other data struc-
tures. For a list of the available structures, see Chapter 4,
“Windows type reference,” in the Windows Reference Guide, or the
file WINTYPES.INT.

Using ObjectWindows, all the Windows functions are directly
available and can be called from within your source code, as long
as WinProcs appears in the program’s uses clause. For example,
this code calls the Windows function, MessageBox, to produce a
message box:
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Reply := MessageBox (HWindow, ’Do you want to save?’, 'File has
changed’, mb_YesNo or mb_IconQuestion);

The value returned by MessageBox is an integer, the value of
which indicates the action the user took to close the message box.
If the user clicked on the Yes button, the result is equal to the
Windows-defined integer constant id_Yes. If the user clicked on
the No button, the result is id_No.

Combining style
constants Windows functions that produce interface elements usually

require some style parameter of type Word or Longint. Windows
defines hundreds of style constants, which are listed in Chapter 1,
“Windows styles and constants,” in the Windows Reference Guide.
Style-constant identifiers consist of a two-letter mnemonic prefix
followed by an underscore and a descriptive name. For example,
ws_Popup is a window style constants (ws_ means “window
style”) for pop-up windows.

Often, these styles must be combined to produce another style. In
the MessageBox example, you send mb_YesNo or mb_IconQuestion
as the style parameter. This style produces a message box with
two buttons, Yes and No, and a question mark icon. The or
bitwise operator actually combines the two constants bit by bit.
The resulting style is not one style or the other, but a combination
of both.

Keep in mind that some styles are meant to be mutually exclusive.
Combining these produces unpredictable, unintended, and
probably undesirable results.

Types of Windows

functions Following are the kinds of Windows functions available to your
ObjectWindows programs.

Window manager These functions handle messages, manipulate windows and
interface functions  dialog boxes, and create system output. This category includes
functions for menus, cursors, and the Clipboard.
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Graphics device
interface (GDI)
functions

System services
interface functions

Callback
functions

These functions output text, graphics, and bitmaps on a variety of
devices, including the screen and the printer. The functions are
not tied to any particular device, but are device independent.

These functions handle a wide range of system services, including
memory management, interfacing with the operating system,
resource management, and communications.

Windows has enumeration functions that permit you to loop over
or enumerate certain types of elements in the Windows system. For
example, you might want to enumerate over the fonts in the
system and print a sample of text in each. To use these functions,
you must pass a pointer to a function (the callback function) for
Windows to call during the enumeration process. The specified
function will be called directly by Windows as it enumerates over
its list of window properties, windows, child windows, fonts, and
the like.

Windows functions that require callback functions include
EnumChildWindows, EnumClipboardFormats, EnumFonts,
EnumMetaFile, EnumObjects, EnumProps, EnumTaskWindows, and
EnumWindows.

You can pass a pointer to a virtual method as the callback
function in these methods, but that method will always be called,
regardless of polymorphism. In other words, the address is
resolved at compile time, so that particular method will always be
the one called. In most cases, a static method or regular function
should be used. The pointer to the function is passed as the first
parameter, of type TFarProc, in these methods. For example, if you
defined the Pascal callback function, ActOnWindow, as follows:

function ActOnWindow(TheHandle: HWnd; TheValue: Longint): Integer;

you could pass it as a callback in a call to the Windows function
EnumWindows:

ReturnVal := EnumWindows (TFarProc (ActOnWindow), ALongint);

The callback function must have the same type return value as the
Windows function that calls it. The function ActOnWindow would
take some action on the window specified by the passed handle.
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The TheValue parameter is any value the caller of EnumWindows
chose to pass.

Receiving Windows messages

How events
become method
calls

A typical Windows application is little more than a message
dispatcher and message processor. For example, when the user
clicks the mouse in a window, Windows sends a message to the
application. Like Windows functions, there are many different
Windows messages, each with its own name, like
wm_LButtonDown and wm_Command (wm_ stands for Windows
Message). A Windows message is like a function call in that it
carries parameters filled with important data. In a way, a message
is Windows’ way of calling a function in your program.

An application is responsible for intercepting the messages and
dispatching them to the appropriate part of the application’s code.
For example, a Windows application might define a routine to
handle the case where the user clicked the mouse in a window.
ObjectWindows dispatches the messages automatically, with help
of an addition to the Turbo Pascal virtual method table (VMT)
called a dynamic method table (DMT). The DMT allows you to
extend a method definition to include an identifier which corres-
ponds to a Windows message. All you have to do is write
methods that respond to Windows messages. We call these
methods response methods.

Here is a response method definition header for a method which
is called when the user clicks the left mouse button:

procedure WMLButtonDown(var Msg: TMessage); virtual wm First +
wm_LButtonDown;

To become a successful ObjectWindows programmer, you need to
learn how to write response methods. In order to do that,
however, you should understand what types of events result in
what types of messages. Windows messages can come from these
sources:

m The user, by moving or clicking the mouse or typing on the
keyboard, generates a user-event message.

m Your program can send messages directly to itself.
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Figure 7.2
How a message gets to an
application

m Your program can call Windows functions which result in its
receiving other Windows messages.

m Applications can send messages to other applications through
dynamic data exchange (DDE).

m The Windows shell, including the Program Manager, sends a
message to all open applications before it closes.

Responding to user-event messages is the primary means for
interacting with the user. This is event-driven programming. When
an event occurs, the Windows module, USER.EXE, generates a
message and places it in an application’s message queue. While
there is only one instance of USER.EXE for a Windows session,
each currently running application has its own message queue.
Each application is responsible for polling its message queue and
responding to its messages. ObjectWindows takes care of this
polling for its applications. This is how Windows” multitasking
works. See Figure 7.2.
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Inside each Windows application is a piece of code called a
message loop, which runs during the course of the program’s
operation. The message loop polls the message queue and
dispatches the message throughout the program. The message
loop of an ObjectWindows application is the MessageLoop method
of its TApplication object.

Each message from Windows identifies the window which is
most associated with the instigating event by including the
handle of the window in the message recoxd. ObjectWindows
dispatches the message to the window object associated with that
window handle. ObjectWindows determines whether that
window defines a response method for that particular message,
and if so, calls that method. Otherwise, the default response is
invoked. This guarantees that all messages are responded to in
some way.
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For example, if the user clicked the mouse on a window, the
resulting Windows message would carry a handle to that
window. As a result, a window object receives messages for
which its type may or may not define response methods. If it does
not define a response method, ObjectWindows invokes the
default message response, the object’s DefWndProc method.
Default message processing is described in Chapter 9, “Interface
objects.”

The parameters

of a Windows Each Windows message comes along with a handle to a message
message structure with six fields. Two are used internally by Windows.
Another two, the window handle and the message identifier, are
used by ObjectWindows to properly dispatch the correct message
to the correct window. Only two parameters hold data directly
useful to your program.

wParam is a Word that holds one piece of information, usually a
handle, identifier, or code. For example, a menu selection gener-
ates a wm_Command message whose wParam equals the ID of the
menu item selected.

[Param is a Longint that usually holds two pieces of information,
one in the low-order Word and one in the high-order Word. I[Param
usually holds more complex data such as coordinate points or
pointers to strings (PChar). For example, the wm_LButtonDown
message, generated when the user clicks the left mouse button in
a window, carries the x-coordinate of the clicked point in the
low-order word of [Param and the y-coordinate in the high-order
word. Because TMessage is defined as a variant record, the low-
and high-order words can be accessed as [ParamLo and [ParamHi,
respectively.

Types of Windows

messages  Listed below are the types of messages a Windows application
can receive.

Window-management These messages signal the state of a window has changed. For
messages example, wm_Close is sent when a window is closed and wm_Paint
is sent when part or all of a window needs to be re-displayed.
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Input messages

System messages

Clipboard messages

System-information
messages

Control-manipulation
messages

Control-notification
messages

These messages are sent when a program creates a menu
(wm_InitMenu) or dialog box (wm_InitDialog).

These messages are received as a result of input through the
mouse (wm_MouseMove), keyboard (wm_Char), scroll bars
(wm_VScroll), or system timer (wm_Timer). One of the most
common input messages is wm_Command, which results from a
menu or accelerator selection, or from a control event, such as
clicking on a button.

These messages are sent in response to the user’s manipulation of
an application’s standard accessories, such as its Control-menu
box, scroll bars, or minimize or maximize button.
wm_SysCommand is sent as a result of a Control-menu box
selection. Most applications do not intercept system messages.

These messages are sent as a result of another application’s
attempt to access your window’s Clipboard.

These messages are sent when a Windows system-level attribute,
such as color (wm_SysColorChange) or font (wm_FontChange),
changes.

These messages are sent by an application to its controls, such as
list boxes and buttons. Each control type understands its own set
of messages for querying and setting its attributes. Control
messages differ from all other messages except MDI messages in
that they do not notify the application about an event, they cause
an event. See “Sending messages from within your program” on
page 93.

These are wm_Command messages that notify a parent window of
a control event, such as a list box item being selected or an edit
control being typed into. The message’s parameters specify a
particular notification code, such as lbn_SelChange and en_Change.
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Scroll-bar-notification
messages

Non-client area
messages

Multiple document
interface (MDI)
messages

Default message
processing

Sending
messages

These are specialized control-notification messages for scroll bar
controls. There are two messages, wm_HScroll and wm_VScroll.

These messages are similar to input messages, but deal speci-
fically with events outside a window’s client area, including its
menu bar, title bar, and borders. They include wm_NCMouseMove
and wm_NCPaint. Usually your application will not need to use
these messages.

These messages are sent by an application that follows the MDI
standard to manipulate its child windows. MDI messages include
wm_MDIActivate and wm_MDIDestroy.

Some Windows messages require a particular default action or
return value. The Windows function DefWindowProc provides the
default actions for each message. ObjectWindows calls
DefWindowProc automatically for any ignored messages. How-
ever, intercepting these messages with response methods might
prevent required actions. This is true only in some Windows
messages, and in these cases, you should call DefWindowProc
directly (through the TWindowsObject method DefWndProc).

One source of messages is your program itself. Your program can
call a Windows function, SendMessage. As a result, your program
receives a message. This technique is also useful to simulate an
event from within your program.

SendMessage is most useful when manipulating controls, such as
list boxes and buttons. Windows defines control-manipulation
messages to do such things as add items to a list box (Ib_AddString)
or change the state of a check box (bm_SetCheck). ObjectWindows’s
control objects define methods such as TListBox.AddString and
TCheckBox.SetCheck that send many of these messages (those
commonly used) to their associated interface elements. If you
want to send some of the more obscure messages to controls in
your windows, use SendMessage, using the control’s HWindow as
the first (Wnd) parameter.
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Message ranges

Table 7.1
Ranges of Windows
messages

User-defined
messages

When you want to send a message to a control in a dialog box, the
procedure is somewhat different. Often, the controls in your
TDialog objects will not have their own interface objects associated
with them, but you can send messages to them using TDialog’s
SendDlgltemMsg method. You can facilitate communication with
controls in your dialog boxes by associating interface objects with
them, using the InitResource constructor. See “Associating control
objects” in Chapter 11.

Since messages are defined by Word-type values, there are 65,536
possible messages. Windows divides messages into unique ranges
for standard Windows messages, command messages, notification
messages, and so on. To make these ranges more identifiable,
ObjectWindows defines constants to use as offsets for the separate
ranges. The message ranges and their ObjectWindows constants
are listed in Table 7.1.

Constant Value Range Meaning

wm_First $0000 $0000-$7FFF Window messages

wm_User $0400 $0400-$8FFF User-definable
messages

id_First $8000 $8000-$8FFF Child-ID messages

id_Internal $8F00 $8F00-$8FFF Reserved for internal
use

nf_First $9000 $9000-$9FFF Notification messages

nf_Internal $9F00 $9F00-$9FFF Reserved for internal
use

cm_First $A000 $A000-$FFFF Command messages

cm_Internal $FF00 $FF00-$FFFF Reserved for internal
use

Windows allows you to define your own messages for use by
your application. User-defined messages are useful when defining
and responding to a new event. For example, you can have one
window send a user-defined message to all the remaining open
windows in the application.

Associated with each Windows message is a Word-type identifier.
For each of the predefined Windows messages, ObjectWindows
defines a corresponding Word-type constant, which is the constant
used in the method header of a message response method.
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Within the allowable range of Windows message identifiers are
values reserved for user-defined messages. The range of values
reserved for predefined Windows messages is 0 to wm_User — 1.
(wm_User is a constant.) The allowable range of values for user-
defined messages is wm_User to wm_User + 31,744. It's probably
best to define user-message values as constants, starting with the
values wm_User, wm_User + 1, wm_User + 2, and so on. For
example,

const
wm_MyFirstMessage = wm User;
wm_MySecondMessage = wm User + 1;
wm_MyThirdMessage = wm User + 2;

L}

Then send your messages using the Windows function,
SendMessage:

SendMessage (AWindow”.HWindow, wm_MyFirstMessage, AWord, ALongint);

To receive a user-defined message, follow the same procedure as
for a standard Windows message. For example,

MyWindow = object (TWindow)

procedure WMMyFirstMessage (var Msg: TMessage); virtual wm First +
wm_MyFirstMessage;
procedure WMMySecondMessage (var Msg: TMessage); virtual wm_First +
wm_MySecondMessage;
procedure WMMyThirdMessage (var Msg: TMessage); virtual wm First +
wm_MyThirdMessage;
end;
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Application objects

The first requirement of an ObjectWindows application is the
definition of an application object derived from the abstract type,
TApplication. The application object will encapsulate the following
behavior of an ObjectWindows application:

m Creating and displaying the application’s main window.

m Initializing every instance of an application, for example, to
load an accelerator table. (You can simultaneously run many
instances of the same ObjectWindows application.)

m Initializing the first instance of an application for any tasks that
serve all instances of the application, such as configuring a
communications port.

m Processing the Windows messages an application will receive.

m Closing the application.

Besides defining a TApplication descendant type, you must add to
it the ability to construct the main window object. You will also
have the option to refine the default behavior for initializing
instances, closing the application, and processing Windows
messages.

Controlling an application’s flow

Here’s a minimal ObjectWindows application’s main program:
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program MinimalApp;
uses WObjects;
var
MyApp: TApplication;
begin
MyApp. Init (' TestApp’);
MyApp.Run;
MyApp.Done;
end.

This program, MinimalApp, is the absolute minimum
ObjectWindows application, and it requires no definition of new
object types. Typically, however, you will define new object types
for at least the application and the main window.

The application object is constructed in an ObjectWindows
application’s main program. If needed, it can be accessed from
other parts of an ObjectWindows program by referring to the
global variable, Application, in which it is also stored.

The main program of your ObjectWindows application will
normally consist of just three statements.

The first statement constructs the application object by calling its
Init constructor. Init also initializes the data fields of the
application object, then calls InitApplication and InitInstance, which
perform first-instance and each-instance initialization,
respectively. InitMainWindow is then called to create a main
window. When Init has finished, the main window of your
application is on the screen. In most cases, you will need to
redefine only InitMainWindow (see Figure 8.1).

The second statement calls the application’s Run method, which
sets the application in motion by calling MessageLoop to begin
processing incoming Windows messages, the instructions that
direct an application’s activity. MessageLoop calls methods that
process the particular incoming messages. MessageLoop is exactly
that, a message loop, which continues running until the
application closes.

Done is the destructor for application objects that frees the
application object’s memory prior to application termination.
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Figure 8.1
Method calls that control an
application’s flow

InitApplication

InitMainWindow
» MessageLoop

Initfializing applications

Initializing the
main window

The flow of method calls that initialize the application object
allow you to customize many parts of the process by redefining
methods. The one required method you must write is
InitMainWindow. You can also redefine InitInstance to initialize
each executing instance of an application, and InitApplication to
initialize the first executing instance of a ObjectWindows
application.

Here is a minimal application object type definition:

type
MyApplication = object (TApplication)
procedure InitMainWindow; virtual;
end;

You must define an InitMainWindow method, which constructs
and initializes the main window object and stores it in the
application object’s MainWindow field. Here is a simple
InitMainWindow method:

procedure MyApplication.InitMainWindow;
begin

MainWindow := New(PWindow, Init(nil, ’The Main Window’));
end;
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This method creates a new object instance of the ObjectWindows
type TWindow (PWindow is a pointer to the type TWindow).
Normally, your program will define a new window type for its
main window, and your InitMainWindow will use that new type,
rather than TWindow.

This simple ObjectWindows application consists of a main
program plus an application type definition that defines one
method, InitMainWindow. Here is the source code for the
program, which differs from the earlier MinimalApp only in that
its main window has a caption:

program TestApp;

uses WObjects;

type
MyApplication = object (TApplication)
procedure InitMainWindow; virtual;
end;

procedure MyApplication.InitMainWindow;
begin

MainWindow := New (PWindow, Init (nil, ’The Main Window’));
end;

var
MyApp: MyApplication;
begin
MyApp.Init (' TestApp’);
MyApp.Run;
MyApp.Done;
end.

Toct A inimal annlication that cimnly Amnlmm a window
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with the caption “The Main Window’, as shown in Flgure 8.2. You
can move and resize this window. You can also minimize it to an
icon by clicking on the | icon in the upper nght corner. To restore
it, double-click on the icon. Clicking on the T icon maximizes it to
take over the full screen. Close the window, and terminate the
application, by double-clicking on the Control-menu box in the
upper left corner. TestApp is a fully-functional, bare-bones
application featuring only the simplest main window.
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Figure 8.2
The Main Window

The Main Window

Initializing each

application The user can execute multiple instances of one ObjectWindows
instance application simultaneously. The InitInstance method initializes

each instance of the application. It should only perform
initialization for the application instance. Main window
initialization should be done in InitMainWindow. TApplication
defines an InitInstance method which calls InitMainWindow and
then displays the main window with a call to its Show method.
You need only redefine InitInstance to modify the standard
initialization, for example, to load an accelerator table, an
application-oriented activity. If you redefine InitInstance for your
application type, be sure it calls TApplication.InitInstance first.

Here is an InitInstance method that loads an accelerator table
before the application is set in motion. 100 is the constant
identifier of the accelerator table, defined in the resource file.

procedure TEditApplication.InitInstance;
begin

TApplication.InitInstance;

HAccTable := LoadAccelerators(HInstance, PChar(100));
end;
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Initializing the first

application If the user runs your application many times, simultaneously
instance (without terminating it), you can define some processing to occur
the first time it is run. We will call this processing the first instance
initialization. Note that if the user starts and terminates your
application, starts it again, and so on, each instance is considered
a first instance.

If the current instance is a first instance, its InitApplication method
will be called. TApplication defines a placeholder InitApplication
method that can be redefined to perform special first instance
initialization.
For example, you can modify TestApp to make the main window’s
caption reflect whether or not it is the first instance. To do this,
add a Boolean object field called FirstApp to the application type,
MyApplication. Then define an InitApplication method that sets
FirstApp to True. Only the first instance of the application will
have a True value for FirstApp. Finally, modify InitMainWindow to
check FirstApp and display an appropriate caption on the
application’s main window, as shown in Figure 8.3.

Figure 8.3

Refining application
initialization

Additional Instance
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program TestApp;

uses WObjects;
type

MyApplication = object (TApplication)
FirstApp: Boolean;
procedure InitMainWindow; virtual;
procedure InitApplication; virtual;
end;

procedure MyApplication.InitMainWindow;
begin

if FirstApp then

MainWindow := New (PWindow, Init (nil, ’'First Instance’))

else MainWindow := New(PWindow, Init(nil, ’Additional Instance’));
end;

procedure MyApplication.InitApplication;
begin

FirstApp := True;
end;

var
MyApp: MyApplication;

begin
MyApp. Init (' TestApp’);
MyApp.Run;
MyApp.Done;

end.

Running applications

Your application’s message loop is invoked when your program
calls its application object’s Run method, which calls its
MessageLoop method. Throughout the operation of your program,
the message loop processes incoming Windows messages. Your
ObjectWindows programs will inherit a MessageLoop method that
works automatically. Refine the message loop only for special
dialog, accelerator or MDI handling.

The MessageLoop method calls three translate methods to process
Windows messages. ProcessDIgMsg handles modeless dialogs,
ProcessAccels handles accelerators, and ProcessMDIAccels handles
accelerators for MDI applications. For applications that do not use
accelerators or modeless dialog boxes, or which are not MDI
applications, you may want to streamline the MessageLoop
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somewhat. See the entries for the translate methods under
TApplication in Chapter 5 of the Windows Reference Guide.

Closing applications

104

Calling Done in your application’s main program disposes of the
application object. However, before that happens, the program
must break out of the message loop. This may happen as a result
of the user attempting to close the main window of the
application. We say it may happen because ObjectWindows
provides a mechanism to refine an application’s closing behavior;
for example, to check for unsaved files before closing.

Here’s what happens when the user tries to close an application
by double-clicking on its Control-menu box:

1. Windows sends a wm_Close message to the application’s main
window.

2. The main window object responds by calling the CanClose
method of the application object.

3. The application object’s CanClose method calls the CanClose
method of its main window.

4. The main window decides if it’s okay to close itself based on
whether all of its child windows say it’s okay to close. If all the
child windows’ CanClose methods return True, the main
window’s CanClose returns True, and the application closes.

All window objects inherit a CanClose method that returns True by
default, signifying that it’s okay to close. That’s why the previous
TestApp closes without hesitation. You are free to redefine the
CanClose methods of the application or main window type,
resulting in some other closing behavior. Normally, you will
refine the closing behavior of the main window object type; for
example, to check to see if all files are saved.

This mechanism is comparable to announcing, “If there’s anyone
who knows why this application should not close, please speak
now or forever hold your peace.” In the end, the application
object has the responsibility for giving the approval for closing the
application. By default, it checks with the main window before
giving this approval. This volley of method calls is depicted in
Figure 8.4.
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Figure 8.4
Method calls to close an
application

3. CanClose? MS-Windows

4. Yes or No 1. wm_Close

application P main window
object ~ object

2. CanClose?

The CanClose methods are Boolean functions that expect a True
return value if the application can close. Usually a refined
CanClose method performs some cleanup operations and, if
successful, returns a True value.

The application type of an ObjectWindows program inherits
TApplication’s CanClose method, which simply calls the CanClose
method of its main window object. Unless it redefines CanClose,
the main window type inherits the CanClose of TWindowsObject,
which returns True after calling the CanClose methods of its child
windows. To modify the closing behavior of your main window,
redefine a CanClose method for your main window type. It can
check for open files, for example, or verify that the user intended
to close the window.

Chapter 8, Application objects s 105



106 Windows Programming Guide



Interface objects

Objects representing windows, dialog boxes, and controls are
called user interface, or interface, objects. This chapter discusses
the general requirements and behavior of interface objects and
their relationship with the actual windows, dialog boxes, and
controls that appear on the screen.

This chapter also explains the relationship between the different
interface objects of an application, as well as the mechanism for
passing Windows messages.

The TWindowsObject type

TWindowsObject is an abstract object type that unifies descendant
Windows-interface object types: TDialog, TWindow, and its

descendant, TControl. TWindowsObject defines behavior common
to window, dialog, and control objects. TWindowsObject methods:

m Maintain the dual ObjectWindows/Windows object structure,
including creating and destroying objects.

m Automatically support parent-child relationships between
interface objects (not object inheritance relationships).

m Register new Windows classes; see Chapter 10, “Window
objects.”

The work of TWindowsObject is behind the scenes. You will rarely,
if ever, derive new types directly from TWindowsObject, but it
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serves as the foundation for the object-oriented
ObjectWindows/Windows model. It defines much of the
functionality an object inherits when you derive new types from
TWindow and TDialog. This chapter includes an example
application that registers a new Windows class, something you
might have to do when designing new types of windows and
dialogs.

Why interface objects?

Window handles are
explained in Chapter 7,
*Object Windows overview.”
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Why do you need interface objects if Windows already has visual
windows, dialogs and controls?

Each interface object normally has an associated visual interface
element—not an object, but a physical window, dialog, or
control—for which it acts as an object-oriented surrogate. The
interface object provides methods for creating, initializing,
managing and destroying its associated interface element, and has
fields that hold data, including its interface element’s handle and
its parent and child windows. The interface object’s methods
handle many of the details of Windows programming for you.

The object/element relationship is a lot like that between an DOS
file and a Pascal file variable. With a file, you assign a file variable
to represent the physical structure of the actual disk file. With
ObjectWindows, you define a variable (an object) to represent a
physical window, control, or dialog box that is actually managed
by the Windows window manager.

The structure of an interface object, with an associated interface
element, requires some awareness on your part to properly
manipulate windows, dialogs and controls. For example, to create
a complete interface object, you have to call two methods. The first
is a constructor, such as Init, which constructs the interface object
instance and sets its attributes, such as its style and menu, if any.

The second method is the creation method, MakeWindow, which
associates the interface object with a new interface element. This
association is maintained by the interface object’s HWindow field,
which holds a handle to a window. MakeWindow is a method of
the application object. MakeWindow calls the object’s Create
method, which actually tells Windows to create a visual element.
Create also calls SetupWindow, which initializes the interface
object, for example, to create child windows.

Windows Programming Guide



Window parent-

Normally under Windows, a newly created interface element
receives a wm_Create message from Windows, to which it can
respond by performing initialization. ObjectWindows interface
objects will not receive wm_Create messages, so be sure to define a
SetupWindow method to perform initialization.

Similarly, to eliminate an interface object from your program, you
must destroy the visual interface element and dispose of the
corresponding interface object. The Destroy method, which is
invoked directly by the program or indirectly when the user
closes the window or its parent window (discussed later),
eliminates the interface element. You can destroy the interface
element without disposing of the corresponding object, for
example, if you wish to create and display it again. When the
interface element is destroyed, its object’s handle is set to zero.
You can tell if an interface object is still associated with an
interface element by examining its handle.

You should note that creating both an interface object and
corresponding visual element doesn’t necessarily mean that you'll
see something on the screen. Upon creation of the visual element,
Windows checks to see if the window has the style ws_Visible set.
ws_Visible and other window styles are set or cleared in the Init
constructor, by setting or clearing them in the interface object’s
Attr.Style field. If ws_Visible is set, the interface element will be
displayed, if ws_Visible is not set, the element is hidden.

At any point, an element can be shown or hidden by calling the
interface object’s Show method.

child relationship

Chapter 9, Interface objects

In a Windows application, interface elements (windows, dialog
boxes, and controls) are related through parent-child links. Two
interface elements are related when one is the parent window of
the other, child window. Don’t confuse this parental relationship
with inheritance or with instance ownership, both object
relationships. A child window does not inherit anything from its
parent window and need not be stored in an object field of its
parent window object, although it often will be.

A child window is an interface element (it doesn’t have to be a
window) that is managed by another interface element. For
example, list boxes are managed by the window or dialog box in
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which they appear. They are displayed only when their parent
windows are displayed. In turn, dialog boxes are child windows
managed by the windows which spawn them. When you move or
close the parent window, the child windows automatically close,
and in some cases, move with it. The ultimate parent of all child
interface elements in an application is the main window, although
you can have parentless windows and dialogs.

Only dialog boxes and windows, but not controls, can be parent
windows. Any interface element (dialog boxes, windows, or
controls) can be a child window.

You must specify an interface element’s parent at the time you
construct it. The parent window object is a required parameter of
the interface element constructor, Init (see Chapter 10 for an
example). A child window object keeps track of its parent
window object by storing a pointer to the object in its Parent object
field. It also keeps track of its child window objects in a linked list,
stored in its ChildList field. ChildList is maintained automatically.
The child window currently pointed to by ChildList is the last
child window created.

When you define a new interface object type with child windows,
define the Init constructor to also construct the child window
objects.

Then, when the application calls the parent window’s Create
method, the parent’s interface element is created. If successful,
Create calls the SetupWindow method. The SetupWindow inherited
by all interface objects iterates over every child window in
ChildList, calling the Create method for each one except dialogs, by
default. Often you will redefine the SetupWindow of the parent
window to perform some setting-up tasks after its child windows
are created. Filling a list box with elements is one example. In that
case, be sure the first line of your redefined SetupWindow method
calls the inherited SetupWindow method.

Just as calling the parent window’s Create method results in
calling its child windows’ Create methods, calling the parent’s
Done destructor results in calling the destructors of all its child
windows. Your programs need not explicitly call Create or Done
for child windows. The same is also true for the CanClose method,
which returns True only after calling CanClose for its child
windows.
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iterators
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To explicitly exclude a child window (such as a popup window)
from the automatic create-and-show mechanism, call the method
DisableAutoCreate after constructing the object. To explicitly add a
child window (such as a dialog box, which would normally be
excluded) to the automatic create-and-show mechanism, call the
EnableAutoCreate method after constructing the object.

You may want to write methods that iterate over each of a
window’s child windows to perform a function. For example, you
might want to check all of the child check boxes in a window. In
that case, use the TWindowsObject.ForEach method, as follows:

procedure TMyWindow.CheckAllBoxes;

procedure CheckTheBox (ABox: PWindowsObject); far;
begin

PCheckBox (ABox) *.Check;
end;

begin
ForEach (@CheckAllBoxes) ;
end;

Note that the use of ForEach (and the similar FirstThat and
LastThat methods) is similar to the like-named methods of
TCollection. Although ObjectWindows does not use a collection to
manage child windows, the iterator methods work in just the
same way.

You may also want to write methods that iterate over a window’s
list of child windows looking for a particular child. For example,
you might want to find the first check box that is checked, in a
window with many check box child windows. In that case, use
the TWindowsObject.FirstThat method as follows:

function TMyWindow.GetFirstChecked: PWindowsObject;

function IsThisOneChecked (ABox: PWindowsObject): Boolean; far;

begin
IsThisOneChecked := ABox".GetCheck;
end;
begin
GetFirstChecked := FirstThat (RIsThisOneChecked);
end;
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Message processing

ObjectWindows programs have a two-way communications
channel with Windows. In one direction, the application controls
the actions of the user interface by calling Windows functions. In
the other direction, Windows sends messages back to the
application in response to events in the program, such as the user
choosing a menu selection (wm_Command) or clicking the left
mouse button (wm_LButtonDown). There are over 100 standard
Windows messages, and you can also create your own user-defined
messages, as explained in Chapter 7, “Object Windows
overview.” Windows functions and messages constitute the two-
way communication depicted in Figure 9.1.

Figure 9.1: Communications between Windows and applications
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A Windows application performs processing in response to
messages received from Windows. Application-specific behavior
is achieved through selectively responding to the Windows
messages received. Windows functions may be called in the
process, and could themselves generate new Windows messages.

Incoming messages are always intended for a specific window—
that window the current event most directly affects. For example,
when you click the left mouse button in a particular window, the
wm_LButtonDown message generated is intended for that
window. ObjectWindows maps the incoming messages to
response methods which you define for your window object

types.

This interplay of Windows messages and object methods forms
the skeleton of a ObjectWindows application. As you can see, the
main duty of a ObjectWindows application is to respond to
Windows events. This is a very different orientation than the
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traditional program-controlled DOS application. This is message-
based, event-driven programming. You can think of it as not
speaking until you are spoken to. It requires discipline, but it pays off
in well-behaved, multitasking applications.

Responding to

Messages  In order to design your window objects to respond to incoming
Windows messages, you must write methods that correspond, on
a one-to-one basis, to each incoming message you care to respond
to. These methods are called message-response methods. This special
message-to-method correspondence is facilitated by an extension
to the virtual method definition. To mark a method (always a
procedure) as a message response method, add the sum of
wm_First and the message name (called the dynamic method
index) to the end of the virtual method definition header:

type
TMyWindow = object (TWindow)

procedure WMRButtonDown(var Msg: TMessage); virtual wm First +
wn_RButtonDown;

In this example, the WMRButtonDown method is invoked when a
TMyWindow object gets a wm_RButtonDown message. The method
and message names need not be similar, but it can improve the
readability of your programs. ObjectWindows uses this
convention in its interface object types. Msg is a required variable
argument typed as a TMessage record, which defines fields to
store the Word (wParam) and Longint (IParam) parameters from the
Windows message, as well as a field to store the result value
(Result).

wParam and [Param carry information about the action that
prompted the message. For example, a wm_LButtonDown message
passes the x- and y-coordinates clicked on by the user in [Param.
Often, each parameter holds two pieces of information. For
example, when wm_LButtonDown is sent, the low-order Word of
[Param holds the x-coordinate of the clicked point, and the high-
order Word holds the y-coordinate.

For convenience, TMessage includes variant fields to hold the low-
and high-order parts of wParam, IParam, and Result. wParamLo and
wParamHi are Byte fields that hold the low- and high-order bytes
of the Word, wParam. IParamLo and IParamHi are Word fields that

Chapter 9, Interface objects 113



Command and
child window
messages

Command message

114

processing

hold the low- and high-order words of the Longint, [Param. And
finally, ResultLo and ResultHi are Word fields that hold the low-
and high-order words of the Longint, Result. Note that the Lo and
Hi fields are not copies of the original data: If you change [ParamlLo,
you have changed [Param.

Most often, you will use the wParam, IParamLo, and IParamHi
fields, all Word types. Msg is passed as a variable argument
because a few Windows messages require a response that your
methods will store in the Result field of a TMessage record.

In your ObjectWindows programs, you can safely ignore
Windows messages to which you do not want your objects to
respond, by not defining methods that respond to those messages.
Those messages will be handled by default by the DefWndProc
method your window inherits from TWindowsObject.

There are shortcuts to the ObjectWindows message response
model for a few, very common messages associated with menus
and child windows, such as edit controls and scroll bars, as
outlined in the following sections.

Windows generates a command-based message when the user selects
a menu choice or types an accelerator. It generates a child-ID-based
message when the user activates a control, such as a button or a list
box. Most of these actions result in a wm_Command message.

To help sort out all the possibilities and avoid a lengthy case
statement, ObjectWindows automatically responds to
wm_Command messages by generating another, more specialized,
virtual method call based on the contents of the message. You
define command-based and child-ID-based message response
methods using a method definition extension, similar to the one
already described.

To identify a menu or accelerator command message response
method definition, use an identifier which is the sum of two
constants. The first constant is the ObjectWindows-defined
constant, cm_First. The second is the menu or accelerator ID
defined in the menu or accelerator resource, and passed in the
wm_Command message. For example, take a window, a
TFileWindow object, that has three menu options, File | New, File |
Open and File | Save. The menu IDs defined in the resource file
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are 101, 102 and 103, respectively. Here’s how the TFileWindow
object definition might look:

TFileWindow = object (TWindow)

procedure CMFileNew(var Msg: TMessage); virtual cm First + 101;

procedure CMFileOpen(var Msg: TMessage); virtual cm First + 102;

procedure CMFileSave(var Msg: TMessage); virtual cm First + 103;
end;

To make the code more readable, you can define constants for
each of the IDs. For example, you can define crn_FileNew as 101.
Then, the method header looks like:

procedure CMFileNew(var Msg: TMessage); virtual cm First +
cm_FileNew;

However, a window that owns a menu doesn’t always have to
define a respond to a command-based message. One of its child
windows, including controls, can define a response instead. In
fact, the child window that has the user’s input focus at the time of
the menu or accelerator selection gets the first opportunity to
respond to a command-based message by defining a response
method. Then, the message is sent to that child window’s parent
window, and to that window’s parent, and so on, until it reaches
the window that owns the menu. This means that an edit control
in a window can respond to editing menu selections directly. See
the type TEditWindow as an example of this technique.

At any point, a response method can stop the chain of messages
by setting the Result field of the TMessage record parameter to 1:

procedure TMyEdit.CMPaste (var Msg: TMessage);
begin

DoPaste;

Msg.Result := 1;
end;

Child message When the user affects a control (a child window), such as clicking
processing on a button or typing in an edit control, its parent window or

dialog object receives a child-ID-based message. To have the parent
respond to notification messages, define a method with an identi-
fier that is the sum of two constants. The first constant is the
ObjectWindows-defined constant id_First. The second is the child
window ID defined in a dialog resource or in the construction of a
control object. For example, take a window with a list box. Define
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processing

a method called IDListBox to respond to the child-ID-based
messages generated by the list box:

TListBoxWindow = object (TWindow)

procedure IDListBox(var Msg: TMessage); virtual id First +
id_ListBox;
end;
where id_ListBox is a constant defined to equal the control ID.
Child window IDs must be positive integers smaller than 4,094.

As an alternative to having the parent window process the child-
ID-based message, you can have the control respond directly; see
“Control notification messages” in Chapter 12, “Control objects.”

As with command-based messages, child window messages are
send to a chain of interface objects, starting with the particular
child window involved. (At this point, the message is a notify-
based message, as you'll learn in Chapter 12.) Then the message
becomes a child-ID-based message and is passed to its parent
window. The child window’s response method can stop the
message from reaching its parent by setting the Result field of the
TMessage record parameter to 1.

This section applies to Windows messages you intercept directly,
using the wm_First constant (that is, Windows messages), but not
to command-based, notify-based or child-ID-based messages.

A typical Windows application receives many more Windows
messages than its author might want to program responses to.
Just clicking on a window, for example, might generate 10 or
more messages. Knowledge of what happens when an application
intercepts or ignores a message will help you to correctly program
your message response methods.

When Windows sends a message to-an application, it needs to
know if the application intercepted and processed the message.
This is because Windows has standard, built-in responses for
ignored messages. For example, when the user types into an edit
control, Windows automatically responds by displaying the new
characters and scrolling if necessary. These standard responses
are invoked by the interface object’s default window procedure,
its DefWndProc method.
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When you ignore a Windows message (by not defining a method
to respond to it), ObjectWindows automatically invokes the
interface object’s default window procedure. However, even if
you intercept a message by defining a message response method,
you still might need to explicitly call DefWndProc.

For example, the following code wiil intercept the wm_Char
message, which is sent to an edit control object when the user
types into an edit control. Here is the wm_Char message response
method for our object descending from TEdit:

procedure TMyEdit.wnChar(var Msg: TMessage);
var
TheText: array(0..255] of Char;
begin
MessageBeep (0) ;
end;

This method responds to the user’s typing action by sounding a
beep. However, defining a response prohibits the standard
response defined by the default window procedure. Thus, you
hear the beep, but the edit control is unaffected by the user input.

What we probably wanted to do, however, was to sound the beep
and elicit the standard response. To do this, you can explicitly call
the DefWndProc method:

procedure TMyEdit.wnChar (var Msg: TMessage);
var
TheText: array[0..255] of Char;
begin
DefWndProc (Msg) ;
MessageBeep (0) ;
end;

In the above method, the character is added and then the beep is
sounded.

In general, call DefWndProc:
m When you want to intercept a message for notification purposes
only, but have no intention of acting on the message.

m When you intercept a message to perform some action other
than standard response, but you also want the standard
response.

m When intercepting a message seems to disable the use of the
associated interface element.
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10

Window objects

This chapter explains how to create, display, and fill an appli-

cation’s windows. The QbiectWindows obiect tyne T ’T'Wnﬂ]nn’
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serves as a template defining most of the fundamental behavior of
the program’s main window and its other popup windows, if any.
While instances of TWindow are generic windows, the type
defines the protocols for opening and closing windows, as for
child window and command message processing.

TWindow has three descendant types: TMDIWindow, TControl, and
TEditWindow. The MDI types are used in ObjectWindows
applications that conform to the Windows multiple document
interface standard. For an explanation of MDI and these types, see
Chapter 13. TControl defines controls, such as buttons and list
boxes, and is covered in Chapter 12. Most often, you will create
new window types derived from TWindow.

This chapter covers the types TWindow and TEditWindow, and
includes an example of registering a new Windows class.

The TWindow type

At a minimum, an ObjectWindows application must have a main
window that it displays on the screen when the application starts
up. The TestApp example of Chapter 8, “Application objects,” is an
example of a bare-minimum ObjectWindows program. An
ObjectWindows program’s main window is usually an object
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instance of type TWindow or, more often, of a descendant type the
program defines. Many applications have other windows that are
usually child windows to the main window. These additional
windows are also object instances of type TWindow or (usually) a
descendant of TWindow. For example, a painting program might
define a type TPaintWindow for its main window, and a
TZoomWindow type for another window that shows a blown-up
view of the painting. In this case, both TPaintWindow and
TZoomWindow types would descend from TWindow. In a well-
designed application, ZoomWindow would probably be a
specialized version of TPaintWindow and implemented as a
descendant of TPaintWindow (and TWindow, indirectly).

Initializing and creating window objects

Initializing window

120

objects

Table 10.1
Window attribute fields

Like dialog and control objects, window objects are interface
objects which are associated with visual interface elements. More
accurately, they represent window elements, connected through a
handle stored in the HWindow field inherited from
TWindowsObject. Since a window object has two parts, creating
one takes two steps: initializing the object, and creating the visual
element, in that order.

A typical Windows application has many different types of
windows: overlapped or popup, bordered, scrollable, and
captioned, to name a few. These style attributes, as well as a
window’s title and menu, are set during a window object’s
initialization and used during a window element’s creation.

A window object’s creation attributes, such as style, title and
menu, are stored in the ObjectWindows-defined record type,
TWindowAttr. Every window object stores a TWindowAttr record
in its Attr field. A TWindowAttr includes the following fields:

Field Usage

Title A PChar that holds the title, or caption, string.

Style A Longint that holds the combined style constant.

Menu A handle to a menu resource (HMenu).

X An Integer representing the window’s initial horizontal
location. It is the horizontal screen coordinate of the
window’s upper-left corner.
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Table 10.1: Window attribute fields (continued)

Y An Integer representing the window’s initial vertical location.
It is the vertical screen coordinate of the window's upper-left
corner.

W An Integer representing the window’s initial width, in screen
coordinates.

H An Integer representing the window’s initial height, in screen
coordinates.

Figure 10.1
A window’s attributes

Window initialization is the process of creating the
ObjectWindows window object by calling the constructor Init.

Windowl := New(PWindow, Init(nil, ‘Title of Window 1’));
Window2 := New (PNewWindowType, Init (nil, 'Title of Window 2');

Init creates the new window object and sets the Title field of Attr
to the passed PChar argument. As a default, it also sets Style to
ws_OverlappedWindow or ws_Visible if the window is the
application’s main window (just ws_Visible otherwise), and X, Y,
W, and H to cw_UseDefault, which result in a reasonably-sized
overlapped window. This is the standard way to size a new main
window. The first argument in the Init call is the window’s parent
window object. It is nil if the window is the main (parentless)
window.

When you derive new window types from TWindow, you may
define a new Init constructor, especially if you desire a non-
default creation attribute. If you do not wish to redefine Init, you
can still reset a window object’s attributes by directly
manipulating that object’s Attr field right after calling Init. If you
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do redefine Init, make sure that the first thing it does is call the
inherited TWindow.Init, which sets the default attributes. Then
you can reset any of the attributes you choose. For example, a
typical window type might define an Init that sets the Menu
attribute:

constructor AWindowType.Init (AParent: PWindowsObject; ATitle: PChar);
begin
TWindow.Init (AParent, ATitle);
Attr.Menu := LoadMenu(HInstance, PChar (100));
AChildWindow := New(PChildWindowType, Init (@Self, ’Child Title’));
Listl := New(PListBox, Init(@Self, id ListBox, 201, 20, 20, 180,
80)):

end;
Notice, in the previous example, that the sample window’s Init
constructor is responsible for constructing its child window

objects, such as popup windows and list boxes. In turn, a child
window type may reset its attributes in its own Init constructor:

constructor ChildWindowType.Init (AParent: PWindowsObject; ATitle:
PChar) ;
begin
TWindow.Init (AParent, ATitle);
with Attr do
begin
Style := Style or ws_PopupWindow oxr ws_Caption;
X := 100; Y := 100; W := 300; H := 300;
end;
end;

The Style attribute can be one or a combination of window style
constants, such as

ws_OverlappedWindow
ws_PopupWindow
ws_ChildWindow
ws_Caption
ws_Border
ws_VScroll

The preceding list includes some popular style constants. For a
complete list, see Chapter 1, “Windows styles and constants” in
the Windows Reference Guide.

As an alternative, if you choose not to define a descendant
window type, you can construct the window object first, and then
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Creating window
elements
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reset its attributes, all from within the parent window’s Init
constructor:

constructor AWindowType.Init (AParent: PWindowsObject; ATitle: PChar);
begin

TWindow.Init (AParent, ATitle);

Attr.Menu := LoadMenu(HInstance, PChar(100));

AChildWindow := New(PChildWindowType, Init (@Self, ’Child Title’));
with AChildWindow”.Attr do
begin
Style := Style or ws_PopupWindow or ws_Caption;
X :=100; Y := 100; W := 300; H := 300;
end;

end;

Creating window elements is the process of building the visual

elements associated with a window object. This is accomplished
by calling the application object’s MakeWindow method, passing
the window object as a parameter:

if Application”.MakeWindow (AWindow) <> nil then
{ creation successful }
else {creation unsuccessful }

MakeWindow calls two important methods. The first is
ValidWindow, which checks whether the window object was
constructed successfully. If the constructor failed for any reason,
MakeWindow returns nil. If the constructor was successful,
MakeWindow goes on to call the window object’s Create method.
Create is the method that actually tells Windows to create a visual
element. Again, if Create fails, MakeWindow returns nil. Otherwise,
it returns a pointer to the window object.

Although it is the method that actually creates the window
element, you won't normally call Create explicitly. The
application’s main window is automatically created upon
application startup by TApplication.InitInstance. All other
application windows are child windows, either directly or
indirectly, of the main window, and child windows are usually
either created in the SetupWindow method of their parent window
objects or dynamically, “on the fly,” with MakeWindow.
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Initialization and

creation sUMMAry When designing a new window object type, you can redefine Init

to set the window’s attributes and construct child window objects,
if any. (A window’s attributes can also be set directly; for example,
in the parent window’s Init). MakeWindow builds a window ob-
ject’s visual element by calling Create, which also calls the window
object’s SetupWindow method, which automatically creates the
window’s child windows.

In general, parent windows usually call Init and MakeWindow for
their child windows. A window object’s attributes are usually set
by its methods or by the methods of its parent window object.
Since an application’s main window has no parent, the application
object constructs and creates it upon application startup.

Window class registration

124

You learned that during window object initialization, you can set
attributes of a window, such as its style, location, and menu, by
filling the object’s Attr field. These attributes are used in creating
the corresponding window element, so we’ll call these creation
attributes. There are, however, some other attributes, including
background color, representative icon, and mouse cursor. To see
an example of this, run Windows with a few different types of
applications at once. As you move the mouse cursor from one
application to another, the cursor changes from an arrow (regular)

to a fat cross (for spreadsheets) to a thin cross (for graphics
programs).

These attributes are more inherent to the window object type and
cannot be changed during the operation of the program, as can
the creation attributes. To distinguish these inherent attributes,
we will call them registration attributes.

Associated with every window object type is a list of registration
attributes called a window class. The list of registration attributes is
a lot like the list of creation attributes stored as an Attr record in
an object field of a window object. However, the registration
attributes are stored in a record called TWndClass that is defined
and maintained by Windows. The process of associating a
window class with a window object type is called registering a
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window class. ObjectWindows automates the registration process.
Thus, if you do not wish to change any of the window’s default
characteristics, you need not worry about window class
registration.

If you do wish to change a registration attribute, the cursor or
icon for example, you need to define a new window class by
writing two methods: GetClassName and GetWindowClass.
GetClassName is a function that simply returns the name (PChar)
of the window class. TWindow defines a GetClassName method
that returns ‘TurboWindow”’, the name of the default window
class:

function TWindow.GetClassName: PChar;
begin

GetClassName := ’TurboWindow’;
end;

To define a window object type, called IBeamWindow, that uses an
I-beam cursor rather than the standard arrow, redefine the
inherited GetClassName method, as follows:

function IBeamWindow.GetClassName: PChar;
begin

GetClassName := ’IBeamWindow’;
end;

The class name may or may not be the same as the object type
name. It makes no difference.

The GetWindowClass method takes a TWndClass record as a
variable argument and fills its fields with new registration
attributes. It is similar to defining a new Init method for setting a
window’ attributes in that you should first call
TWindow.GetWindowClass. Then set the fields you wish to change.
For example, the hCursor field stores a handle to a cursor resource.
For IBeamWindow, define the following GetWindowClass method:

procedure IBeamWindow.GetWindowClass (var AWndClass: TWndClass);
begin

TWindow.GetWindowClass (AWndClass) ;

AWndClass.hCursor := LoadCursor (0, idc_IBeam);
end;

idc_Beam is a constant representing one of Windows’ stock
cursors. Figure 10.2 shows an application that uses the
IBeamWindow object.
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Figure 10.2
A program that uses the
{BeamWindow class

Registration
aftributes

Table 10.2
Window registration
attributes
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Window With An I-Beam Cursor

Besides windows, dialog windows (not dialog boxes) need
registered window classes. (See Chapter 5.) Dialog boxes and
controls do not need window classes.

Type TWindow defines a window class, “TurboWindow’, with a
blank icon, an arrow cursor, and standard window color. To
deviate from these characteristics, you must fill the fields of a
TWndClass record with different data in a GetWindowClass
method.

Here is a table showing the characteristics fields of a TWndClass
record and their default values, as defined by
TWindow.GetWindowClass:

Characteristic Field Default

class style style ¢s_HRedraw or cs_VRedraw

icon hlcon LoadIcon(0,
idi_Application)

cursor hCursor LoadCursor(0, idc_Arrow)

background color  hbrBackground HBrush(Color_Window +1)

default menu lpszMenuName  nil
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Icon field

Cursor field

Background color field
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This style field differs from the window-style (ws) attribute you
specify during window initialization because it specifies
behaviors inherent to the operation of the window, as opposed to
its visual appearance. This field can be filled with one or a
combination of class style (cs) constants. For example, cs_HRedraw
makes the entire window redraw when its horizontal size
changes; cs_NoClose inhibits the Close option on the Control
menu; and cs_ParentDC gives the window its parent’s display
context. For a complete list of ¢s_ constants, see Chapter 1,
“Windows styles and constants,” in the Windows Reference Guide.

TurboWindow class defines a window class with the style:

AWndClass.style := cs_HRedraw or cs_VRedraw;

This field holds a handle to an icon that is used to represent a
window in its minimized state. Usually, you will define an icon
resource to represent the main window of your program. As a
default, TurboWindow class uses the stock icon, idi_Application,
which appears as a blank rectangle.

The hlcon field holds a handle to a cursor that is used to represent
the mouse pointer when it is positioned over the window.
TurboWindow class uses the standard Windows arrow, idc_Arrow.
Some other stock cursors include the following:

idc_IBeam
idc_Wait
idc Cross

This field specifies the background color of the window. For most
applications, the default standard window color, which can be set
by the user in the Control Panel, will suffice. However, you can
substitute a particular color by setting this field to a handle to a
physical brush. Alternatively, you can also set it to any of the
Windows color values, such as color_ActiveCaption. Always add 1
to any color values.
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Default menu field

This field points to a menu resource name that serves as the
default menu for this class. For example, if you were to define an
EditWindow type that always has a standard editing menu, you
could specify that menu here. This would eliminate the need to
specify the menu in an Init method. If this menu resource has an
ID of 101, you would set this field with

AWndClass.lpszMenuName := LoadMenu(HInstance, PChar(101));

Edit windows and file windows

Edit windows
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ObjectWindows provides two descendants of TWindow that are
specialized windows for text editing. The TEditWindow object type
provides a simple text editor that cannot read from or write to a
file. The TFileWindow type, which descends from TEditWindow,
provides a text editor that allows reading from and writing to
files. These object types may be used directly as standard
components in your applications. You can also descend your own
types from them to create specialized editors. Programs using edit
windows or file windows must include the StdWnds unit in their
uses section.

An edit window is a window with a full-size edit control in it.
TEditWindow's Init constructor initializes the Editor field of
TEditWindow to point to an edit control. TEdit Window'’s
SetupWindow method sets the dimensions of the edit control to
that of the window’s client area and creates the edit control’s
interface element. The WMSize method ensures that the edit
control is resized when its window is resized. The WMSetFocus
method makes sure the edit control gets the input focus when its
window receives a wrn_SetFocus message.

The following program uses an edit window to let a user edit text
for a simple (non-functional) electronic mail application. Figure
10.3 shows this application.
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Figure 10.3
An edit window
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Edit Window Tester

Edit Test
Now is the time for all good men to come to the aid of my typing.

Four score and seven years ago, there was no Turbo Pascal for
Windows.

5 lines sent

program EditWindowTester;

{SR EWNDTEST.RES}
uses WObjects, WinTypes, WinProcs, Strings, StdWnds;

const
cm_SendText = 399;

type
TestApplication = object (TApplication)

procedure InitMainWindow; virtual;
end;

PMyEditWindow = “MyEditWindow;

MyEditWindow = object (TEditWindow)
constructor Init (AParent: PWindowsObject; ATitle: PChar);
procedure HandleSend(var Msg: TMessage); virtual cm First +
cm_SendText;
end;

constructor MyEditWindow.Init (AParent: PWindowsObject; ATitle:
PChar);
begin
TEditWindow.Init (AParent, ATitle);
Attr.Menu := LoadMenu (HInstance,PChar(102));
end;

procedure MyEditWindow.HandleSend (var Msg: TMessage);
var

Lines: Integer;

TextString: string[3];

Text: array[0..20] of Char;
begin

Lines := Editor”.GetNumLines;
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File windows

Table 10.3
File window methods and
menu IDs

Str(Lines, TextString);

StrPCopy (Text, TextString);

StrCat (Text, ’ lines sent’);

MessageBox (HWindow, @Text, ’'Message Sent’, mb_OK);
end;

{ Init the main window of the TestApplication - an EditWindow }

procedure TestApplication.InitMainWindow;
begin
MainWindow := New (PMyEditWindow, Init (nil,
'Edit Window - Try Typing and Editing’));
end;

var
TestApp: TestApplication;

begin
TestApp.Init ('EditWindowTester’);
TestApp.Run;
TestApp.Done;

end.

A file window is an edit window with additional capabilities
allowing it to read from and write to files. TFileWindow’s Init
constructor takes the window title as an argument. It initializes
the object field FileDialog to point to a file dialog object.
TFileWindow has four methods to deal with manipulating files.
Open, Save and SaveAs use the TFileWindow.FileDialog file dialog
field (see Chapter 5) to prompt the user for a file name. New gives
the user a chance to cancel if editing a new file will result in losing
changes to the current text. To give the user access to these
methods, create your menu with the following menu IDs:

Method Menu ID to invoke
New cm_FileNew

Open cm_FileOpen

Save cm_FileSave
SaveAs cm_FileSaveAs

You can use file windows as simple standalone text editors
without modification. However, sometimes you will want to
derive your own types from TFileWindow to provide additional
functionality. You might want to provide a search facility, for
example. Remember, you still have access to the
TFileWindow.Editor edit control.
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Scrolling windows

Scroller aftributes

Chapter 10, Window objects

Sometimes, there’s more to the world than what you can see
through a window. If that window is a Microsoft Windows
window, you're in luck, because you can scroll that window up,
down, right, or left to bring more of the window’s graphics and
text into view. In most cases, users manipulate scroll bars on the
edge of the window’s client area to scroll the current view. Unlike
standalone scroll bar controls, window scroll bars, are part of the
window itself, created for windows whose style constants include
ws_VScroll (vertical scroll bar) or ws_HScroll (horizontal scroll bar)
or both. The mechanism behind window scrolling is an object
called a scroller.

TScroller is the ObjectWindows object that gives life to window
scrollers, providing an automated way to scroll the text and
graphics you have put into your windows. In addition, TScroller
also scrolls your windows when the user drags the mouse outside
of a window’s client area; we'll call this auto-scrolling, and it
works for windows that don’t even have scroll bars.

A TScroller holds values that determine how much of a window is
to be scrolled. These values are stored in the TScroller object fields,
XUnit, YUnit, XLine, YLine, XPage, YPage, XRange, and YRange.
Fields that start with X represent horizontal values, while those
that start with Y represent vertical ones.

A scrolling unit determines the granularity of scrolling. It is the
smallest number of device units (usually, pixels in a window, but
it depends on the present mapping mode) that can you can scroll
in either the horizontal or vertical direction. The unit is usually
based on the kind of information you display. For example, if you
are displaying text that has a character width of 8 pixels and a
height of 15, then useful values for XUnit and YUnit would be 8
and 15, respectively.

The other scroller attributes, line, page, and range, are expressed
in terms of scrolling units. Line and Page values are the number of
units to scroll in response to a user’s scrolling request. A request
in the form of clicking on either of the arrows at the end of a scroll
bar scrolls the window “a line’s worth,” the number of units
stored in the line fields. A click in the scroll bar itself (but not on
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Table 10.4

Typical editing window field

settings

Giving your

window a scroller
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the scroll button, or “thumb”) scrolls “a page’s worth.” Finally,
the range attributes represent the total number of units that can
scrolled, usually based on the size of the window’s universe, such
as the document being edited.

As an example, let’s look at a text editing window. If you want to
display a text file that has 400 lines of text with a limit of 80
characters per line and 50 lines per page, you might choose these
values:

Field Value Meaning

XUnit 8 character width

YUnit 15 character height

XLine, YLine 1 1 Unit per Line

XPage 40 40 chars per horizontal page
YPage 50 50 Lines per vertical page
XRange 80 Maximum horizontal range
YRange 400 Maximum vertical range

A TScroller object with these values allows scrolling of one line or
page at a time. The entire file can be viewed by using the scroll
bars or auto-scrolling.

The default line values are 1, so it’s not necessary to set these
unless something else is desired. There is also a default scheme
for setting the page units, based on the current size of the
window, so that scrolling a “page” will actually scroll the current
client area’s height or width, depending on the scrolling direction.
It isn't necessary to set the page values unless you want to
override this mechanism.

To give your window a scroller, construct a TScroller object in
your window’s constructor and store the object in the window
object field Scroller. While doing this, you can set the size of the
units and the range if known. While window scroll bars are not
required for use of a scroller, as in auto-scrolling, many scrollable
windows have them. To add them to a window, simply add to the
window’s Attr.Style field in its constructor to ws_VScroll,
ws_HScroll, or both. Here is a constructor for the text editing
window example:

constructor TScrollWindow.Init (AParent: PWindowsObject; ATitle:
PChar);
begin
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TWindow.Init (AParent, ATitle);

Attr.Style := Attr.Style or ws VScroll or ws HScroll;

Scroller := New(PScroller, Init(@Self, 8, 15, 80, 400));
end;

TScroller.Init takes, as arguments, the scrollable window and the
initial values for the fields XUnit, YUnit, XRange and YRange,
respectively. The line and page attributes will rely on their default
values.

Once this window is displayed, the contents of its client area can
be scrolled vertically or horizontally by using the scroll bars or by
auto-scrolling. The window’s Paint method simply draws the
graphical information without needing to know that scrolling
may take place. Of course, it is not efficient to draw a large picture
when only a portion of it is being displayed. The Paint method
can be optimized to draw only the part of the picture being
displayed, as described at the end of this section.

A scrolling

example Lets illustrate how to build a complete application that draws a
graphics design that scrolls. This example draws a series of
rectangles that increase in size, so that the entire picture will not
fit in the client area of a window drawn on a regular VGA screen.
The scroll bars can be used to view different parts of the design,
or you can auto- scroll the picture by holding the left mouse
button down within the client area and then moving it out of the
area.

Here is the source:
This is SCROLAPP.PAS. program Scroll;

uses Strings, WinTypes, WinProcs, WObjects;

type
TScrollApp = object (TApplication)
procedure InitMainWindow; virtual;
end;

PScrollWindow = “TScrollWindow;
TScrollWindow = object (TWindow)
constructor Init (ATitle: PChar);
procedure Paint (PaintDC: HDC; var PaintInfo: TPaintStruct);
virtual;
end;

begin
MainWindow := New(PScrollWindow, Init (’Boxes’));
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Auto-scrolling
and tracking

end;

constructor TScrollWindow.Init (ATitle: PChar);
begin
TWindow.Init (nil, ATitle);
Attr.Style := Attr.Style or ws_VScroll or ws_HScroll;
Scroller := New(PScroller, Init(@Self, 8, 15, 80, 60));
end;

procedure TScrollWindow.Paint (PaintDC: HDC; var PaintInfo:

TPaintStruct);
var
X1, Y1, I: Integer;
begin
for I := 0 to 49 do
begin
X1 := 10 + I*8;
Y1 := 30 + I*5;
Rectangle(PaintDC, X1, Y1, X1 + X1, X1 + Y1 * 2);
end;
end;
var

ScrollApp: TScrollApp;

begin
ScrollApp.Init (' ScrollApp’);
ScrollApp.Run;
ScrollApp.Done;

end.

TScroller’s auto-scrolling feature is enabled by default, but can be
turned off by setting the AutoMode field in TScroller to False. The
owning window could do this in its constructor, after constructing
the TScroller object:

Scroller := New(PScroller, Init(@Self, 8, 15, 80, 60));
Scroller”.AutoMode := False;

If this is done, scrolling can only take place using the scroll bars.

One useful feature of auto-scrolling is the fact that the farther you
move the mouse out of the window’s client area, the faster the
window scrolls. Depending on how far out the mouse is, the
window scrolls in increments as small as the line value and as
large as the page value.

In addition to auto-scrolling, the example program above will
“track” the scrolling requests made by moving the scrolling
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button, or “thumb”. In other words, the picture moves as the
thumb is moved. This feature gives instant feedback, so that the
user can move to the desired part of the picture without having to
raise the mouse button. In some cases, however, tracking may be
undesirable. For example, if you are displaying a large file of text,
tracking may be slowed by the need to repeatedly read the disk
and display the desired portion of text for each movement of the
thumb. In such a situation, it is better to disable tracking:

Scroller”.TrackMode := False;

No scrolling will then take place while moving the thumb until
the mouse button is released, when the client area will be scrolled
just once to show the correct portion of the picture.

Modifying the
scrolling units dnd  In the examples so far, we assumed that the unit and range values
range are known at the time of TScroller construction. In many cases,
this information is not known or can change, such as when the
size of the information to be displayed changes. In this case, it
may be necessary to set or change the range values (and perhaps
the units) at a later time. If you don’t know these values at
construction, you can pass nil values in the TScroller constructor.

The SetRange method takes two integer arguments, the number of
horizontal and vertical units that determine the total scrolling
range. SetRange should be used whenever the size of the picture
changes. For example, when getting ready to display a picture 100
units wide and 300 units high, this command will properly set the
scroll range:

Scroller”.SetRange (100, 300);

If the units are not known when the TScroller object is initialized,
their values must be set before scrolling can take place. For
example, they could be set in the window’s SetupWindow method:

procedure ScrollWindow.SetupWindow;

begin
TWindow.SetupWindow;
Scroller”.XUnit := 10;
Scroller”.YUnit := 20;

end;
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size

Windows can force scrolling with the ScrollTo and ScrollBy
methods. Each of these takes two integer arguments in terms of
horizontal and vertical scrolling units. For example, if it’s
necessary to reset the scroll position to the upper left corner of the
picture, use ScrollTo:

Scroller”.ScrollTo(0, 0);

As another example, if the picture is 400 units long in the vertical
direction, the scroll position can be set to the middle of the picture
in this way:

Scroller”.ScrollTo (0, 200);

The ScrollBy method moves the scroll position by a number of
units up, down, left, or right. Negative values move the scroll
position toward the origin, or the top-left corner, and positive
values move right and down. If you want to scroll right 10 units
and down 20 units, this command will do it:

Scroller”.ScrollBy (10, 20);

By default, the page size (XPage and YPage) is set according to the
size of window’s client area. The scroller is notified when its
owning window’s size changes. The owning window’s WMSize
method calls its scroller’s SetPageSize method, which sets its object
fields XPage and YPage based on the current size of the window’s
client area and the values of XUnit and YUnit.

To override this mechanism, and set the page size directly, you
must override your window object’s inherited WMSize method to
not call SetPageSize:

procedure TTestWindow.WMSize (var Msg: TMessage);
begin

DefWndProc (Msg) ;
end;

Then you can set XPage and YPage directly from the window’s
constructor (or in a TScroller descendant’s constructor):

constructor ScrollWindow.Init (AParent: PWindowsObject; ATitle:
PChar);
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begin
TWindow.Init (AParent, ATitle);
Attr.Style := Attr.Style or ws VScroll or ws_HScroll;
Scroller := New(PScroller, Init(@Self, 8, 15, 80, 400));
Scroller”.XPage := 40;
Scroller”.YPage := 100;

end;

Optimizing Paint
methods for The example application above draws 50 rectangles but does not
scrolling attempt to determine if all of the rectangles are actually visible in
the window’s client area. This might result in wasted effort spent
drawing non-visible graphics. The T'Scroller.IsVisibleRect function
can be used in a window’s Paint method to optimize window
painting.
The ScrollWindow.Paint method below uses IsVisibleRect to
determine whether or not to call the Windows function Rectangle.
Rectangle takes arguments in device units, while IsVisibleRect is in
terms of scrolling units. For this reason, the values X1 and Y7, the
rectangle’s origin, and (X2-X1) and (Y2-Y1), the rectangle’s width
and height, must be divided by the respective unit values before

calling IsVisibleRect:
procedure TScrollWindow.Paint (PaintDC: HDC; var PaintInfo:
TPaintStruct);
var
X1, Y1, X2, Y2, I: Integer;
begin
for I :=0 to 49 do
begin
X1 := 10 + I*8;
Y1l := 30 + I*5;
X2 := X1 + X1;

Y2 := X1 + Y1 * 2;
if Scroller”.IsVisibleRect (X1 div 8, Y1 div 15, (X2 - X1) div 8,
(Y2 - Y1) div 15) then
Rectangle (PaintDC, X1, Y1, X2, Y2);
end;
end;
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Dialog objects

Dialog boxes, or dialogs, are child windows that appear, usually,
to perform a specific task, such as configuring a printer or
accepting a text entry. The TDialog object type supports the
initialization, creation, and execution of all types of dialog boxes.
As with TWindow, you can define dialog types that descend from
TDialog for each type of dialog in your application.
ObjectWindows already supplies object types for the two most
common dialogs, text input, and file dialogs. ObjectWindows also
supplies a type, TDIgWindow, that allows you to create a dialog
that behaves more like a window.

Using dialog resources

Chapter 11, Dialog objects

Like menus, dialogs are designed and specified using a resource
description created outside of the program code. The dialog
resource describes the appearance and placement of controls,
such as buttons, list boxes, edit areas, and text strings. It describes
only the appearance of the dialog and does not describe its
behavior. That is the application’s responsibility. Associated with
a dialog resource is an identifier, which can be an ID number
(Word) or a string (PChar). Inside an application, a dialog object is
matched up to a dialog resource through the resource ID.
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Executing dialogs

Modal and modeless
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dialogs

Using dialog objects is a lot like using popup window objects.
Dialogs are child windows of a parent window. For simple
dialogs that appear for only a short time, all of the dialog
handling can be done by one method of the parent window
object. The dialog can be constructed, executed and disposed all
in one method, with no need to store the dialog in an object field.
For more complex dialogs, you might want to store the dialog in
an object field of your dialog type.

Like popup windows and controls, dialogs are child windows,
and are added to the ChildList of their parent windows when
constructed.

Dialog objects are constructed and initialized with an Init
constructor. Init takes a pointer to the parent window and a PChar
representing the dialog resource name as its parameters:

ADlg := New(PSampleDialog, Init (€Self, 'EMPLOYEEINFO'));
or:

Dlg := New(PSampleDialog, Init (@Self, PChar(120)));

Executing, or running, a dialog is analogous to creating and
displaying a window. However, since dialogs are usually
displayed for a shorter time period, some of the steps can be
abbreviated. This is dependent on whether the dialog will be
displayed as a modal or modeless dialog.

Modal dialog boxes are the most common dialog boxes. Similar to
the message boxes generated from the MessageBox function,
modal dialogs are displayed for a specific purpose for a short
period of time. Modal means that while the dialog is displayed,
the user cannot select or use its parent window. The user must
use the dialog and click on the OK or Cancel buttons to destroy
the dialog and proceed with the program. A modal dialog, in
effect, freezes the operation of the rest of the program. Thus, with
one method call, ExecDialog, you can create, display and end a
dialog:

Windows Programming Guide



Ending dialogs

Managing dialog
objects

Chapter 11, Dialog objects

ReturnValue := Application”.ExecDialog(ADlg);
if ReturnValue = id OK then
{ Code to retrieve data and process dialog }
else
if ReturnValue = id Cancel then { Cancel was pressed }

If the user clicks the dialog box’s Cancel button, ExecDialog returns
id_Cancel.

A modeless dialog does not freeze the operation of the program.
It can be created and displayed in a single step, MakeWindow, just
as a window object can:

Applicétion“.MakeWindow(ADlg);

You can retrieve data from a dialog at any time, as long as the
dialog object still exists. This is most often done in the OK
method, which is the method called when the user presses the OK
button.

Every dialog box must have some way for the user to close it.
Most often, it is an OK or Cancel button, or both. Descendants of
TDialog automatically respond to either button by calling the
EndDIg method, which ends the dialog. You are free to design
new and different ways to end a dialog, as long as they resultin a
call to EndDIg. You may also redefine OK and Cancel methods to
modify the closing behavior.

For example, you can redefine an Ok method to copy input data
into a buffer outside the dialog box object. If the input is invalid,
you can put up a message box or generate a beep. If it is valid,
you can call EndDIg. The integer value passed in EndDIg becomes
the return value of the call to ExecDialog.

As with window objects, dialog objects call CanClose before the
dialog box closes. You can override CanClose to introduce a
closing condition, as in the case of a dialog box that verifies user
input. If you override CanClose, be sure to call the inherited
CanClose method, as it handles calling of child window CanClose
methods.

Dialogs differ from other child windows, such as popup windows
and controls, in that they are often displayed and destroyed many
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times during the life of their parent windows. Dialogs are rarely
displayed or destroyed at the same time as their parents. Usually,
a program produces a dialog box in response to a menu selection,
mouse click, error condition, or some other event.

Therefore, you must be sure not to construct new dialog box
objects, over and over, without disposing of them. Remember that
all constructed dialog objects are automatically inserted into the
child window lists of their parents.

In the case of modal dialogs, it is probably best to construct,
execute, and dispose of the objects all in one method of the parent
window object, as the examples in this chapter demonstrate. That
way, every time the dialog appears, it is a new object.

The case of modeless dialogs is more like that of popup windows
and controls. The main reason that you cannot dispose of
modeless dialogs right after running them is that, unlike their
modal counterparts, you can’t know when the user will close the
dialog box. (Remember that with modal dialogs, the ExecDialog
method does not return until the dialog is closed.) Thus, it is best
to construct a modeless dialog in the constructor of its parent
window and store it in an object field of the parent. Unlike
window and control objects used as child windows, dialogs are
not automatically displayed when their parent windows are
displayed.

constructor ParentWindow.Init (AParent: PWindowsObject; ATitle:
PChar) ;
begin

TWindow.Init (AParent, ATitle);

ADlg := New(PSampleDialog, Init (@Self, ’'EMPLOYEEINFO'));
end;

Then, every time you want to display the dialog, create and show
it:

begin
Application”.MakeWindow (AD1lg)
end;

Finally, the single dialog object will be automatically disposed
with its parent window is disposed.
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All but the simplest dialog boxes have (as child windows) a series
of controls such as edit controls, list boxes, and buttons. Note that
these controls are not control objects, but only control interface
elements, with no methods or object fields. To see how to use
control objects in a window (not a dialog box), see Chapter 12.
This chapter also describes an alternative technique that allows
you to associate control objects with the control elements of a
dialog using InitResource.

There is a two-way communication (a dialogue, you might say)
between a dialog object and its control elements. In one direction,
the dialog needs to manipulate its controls, for example, to fill a
list box. In the other direction, it needs to process and respond to
the control event messages generated, for example, when the us