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Preface

This book covers the basics of programming in C for the Presentation Man-
ager, the graphical windowing environment included in OS/2 version 1.1.
The Presentation Manager combines a powerful protected mode multitask-
ing operating system (0S/2) with the application architecture and user inter-
face of Microsoft Windows version 2 and a sophisticated graphics system
from IBM.

The OS/2 Presentation Manager runs on IBM (and compatible) PCs and
PS/2s that are based on the Intel 80286 and 80386 microprocessors. Although
the Presentation Manager was designed for 0OS/2, IBM intends to port it to
its minicomputers and mainframes, and Microsoft has announced plans to
help port the Presentation Manager to run under UNIX.

I’'m writing this preface just 37 days after OS/2 1.1 was officially released.
Yet it already seems likely that the Presentation Manager will be the domi-
nant application environment for small computers in the 1990s. Program-
mers, of course, will be responsible for writing these applications. The
purpose of this book is to help aspiring Presentation Manager programmers
get started in that job.

My Assumptions About You

I assume that you know how to program in C. If you don’t, programming
for the 0OS/2 Presentation Manager is probably not a good place to begin. I
suggest you learn C programming for a more conventional environment
such as the 0S/2 kernel or DOS. You should have a comfortable familiarity
with C pointers and structures, as well as an understanding of the concepts
of ‘‘near’’ and ‘‘far’’ as they apply to the segmented-memory architecture
of the Intel microprocessors.

I’'m also assuming that you have some experience using the Presentation
Manager. If not, take some time and play around with it.
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I do not assume that you have any experience with programming for other
graphical windowing environments such as the Apple Macintosh or
Microsoft Windows. Experience with these environments might help with
some of the initial conceptual hurdles, but it’s not necessary.

What You’'ll Need

viii

To compile and run the programs in this book, you need the following soft-
ware installed on your hard disk:

m IBM 0S/2 1.1 (if you have an IBM PC or PS/2) or a version of MS 0S/2 1.1
available from the manufacturer of your computer

m The Microsoft 0S/2 Software Development Kit, or The Microsoft 0S/2
Presentation Manager Toolkit 1.1, or The Microsoft OS/2 Presentation
Manager Softset

s The Microsoft C Compiler, version 5.1 (or later)

In addition, two of the programs shown in this book require the Microsoft
Macro Assembler, version 5.1, but you can skip these programs if you want.

Both the Microsoft 0OS/2 Software Development Kit and the Microsoft 0OS/2
Presentation Manager Toolkit 1.1 have the header files you’ll need for Pre-
sentation Manager programming, as well as the OS2.LIB import library, the
resource compiler, development utilities such as ICONEDIT and DLGBOX,
and technical documentation. Although Programming the OS/2 Presentation
Manager shows you how to use many of the Presentation Manager function
calls, it is not a replacement for the official technical documentation. Note
that the Microsoft OS/2 Presentation Manager Softset contains all of the
software listed above, but it does not contain technical documentation. You
can purchase the technical documentation from Microsoft Press (Microsoft
0S/2 Programmer’s Reference. Microsoft Press, 1989).

You should be able to write and compile programs using the IBM OS/2 Pro-
grammer’s Toolkit 1.1, the IBM C/2 Compiler 1.1, and the IBM 0S/2 Techni-
cal Reference 1.1, but having not seen these packages, I can’t verify this.
Eventually, C compilers from other manufacturers will be suitable for
compiling Presentation Manager programs. Check with the compiler
manufacturer.

The hardware you’ll need to run these programs is the same hardware you
need to run OS/2 1.1. In addition, you should have a mouse. Although the
Presentation Manager does not require a mouse, some of the programs in
this book do.
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Installing the C Compiler

The sample programs in this book generally use small model (that is, the
EXE files are compiled and linked to contain one code segment and one
data segment). The ‘‘make files’’ for these sample programs assume that the
08/2 C run-time library for small model is named SLIBCE.LIB.

If You've Already Installed the Compiler
If you have already installed Microsoft C 5.1 for both 0S/2 and DOS, the in-
stalled run-time libraries might be named SLIBCEP.LIB (for OS/2 protected
mode) and SLIBCER.LIB (for real mode DOS). This is the default when
you install the compiler for both 0S/2 and DOS. In this case, rename
SLIBCEP.LIB to SLIBCE.LIB.

It’s also conceivable that when you installed Microsoft C 5.1 for 0S/2 and
DOS, you specified that you wanted to use the default library names for
DOS. In this case, the installed run-time libraries are named SLIBCEP.LIB
(for 0S/2) and SLIBCE.LIB (for DOS). Rename SLIBCELIB to
SLIBCER.LIB, and rename SLIBCEP.LIB to SLIBCE.LIB.

If you have already installed Microsoft C 5.1 and you know that your
SLIBCE.LIB file is the OS/2 run-time library (rather than the DOS run-time
library), you’re in good shape.

If You're Installing for the First Time

If you are installing Microsoft C 5.1 for the first time, run the SETUP pro-
gram included with the compiler. The second screen you see will ask you to
make a number of decisions. You can choose the minimum configuration of
Microsoft C 5.1 required to compile the programs in this book by accepting
the defaults of five of the lines on this screen. You can handle the others as
you wish. The important defaults are

» Build combined libraries.

= 0S/2 Protect Mode libraries only.

= Emulator math library.

= Small memory model.

m Use default library names for the OS/2 libraries.

This configuration builds a small-model C run-time library for OS/2 named
SLIBCE.LIB. Another question you’re asked during the setup procedure is
whether or not to delete the library components. You can answer ‘‘Yes.”’
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If you prefer to install Microsoft C 5.1 for both 0S/2 and DOS, you can do
so. You should specify that you want to use the default library names for the
0S/2 libraries but do not want to use the default library names for the DOS
libraries. In this case, the OS/2 run-time library is named SLIBCE.LIB, and
the DOS run-time library is named SLIBCER.LIB. .

Some programs and dynamic link libraries in the last two chapters of this
book do not use small model. These programs use special large-model li-
braries that are designed for multithread programs and dynamic link librar-
ies. These libraries are always installed when you install Microsoft C 5.1
for 0S/2, so you needn’t do anything special to get them.

Other Books of Interest

The OS/2 Presentation Manager is a very large system that includes about
500 function calls in addition to the 240 functions in OS/2 1.0. I cannot pre-
tend to cover them all in this book. In particular, my coverage of the
Graphics Programming Interface (GPI) component of the Presentation
Manager is restricted to the basics. A second book has been planned, and it
will be dedicated to an in-depth discussion of GPL

Before 0S/2 1.1 there was 0S/2 1.0, which is sometimes called the OS/2
kernel. Some of the programs in this book use OS/2 kernel functions.
Although I discuss these functions when necessary, you can find much more
information about the OS/2 kernel in Ray Duncan’s Advanced 0S/2 Pro-
gramming (Microsoft Press, 1989).

Inter-Programmer Communication

X

If you’d like to get in touch with me, I can be reached through CompuServe
(72241,56) or MCI Mail (CPETZOLD or 143-6815).

I can also frequently be found in the Programming forum of PC MagNet,
PC Magazine’s information service available on CompuServe. To use this
service, just type go pcmagnet at a CompuServe prompt and follow the
menus to the Programming forum.
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And Many Thanks

Programming the 0S/2 Presentation Manager was begun in August 1987 (at a
time when the Presentation Manager was barely functional) and was fin-
ished in early December 1988, about five weeks after the product had been
officially released.

This book would have been impossible to produce without the help of some
very fine people. I want to thank everyone at Microsoft Press who worked
on the book during these 16 months, all of whom bore with me as the chap-
ters and sample programs went through several series of revisions.

A number of people at Microsoft also helped in various ways, by answering
questions, tracking down problems, offering suggestions and encourage-
ment, pointing out the existence of a very useful function call that I had
overlooked, or telling me I was doing something completely wrong. In al-
phabetic order, they are Steve Ballmer, Larry Barello, Mark Cliggett, Lori
Hoerth, Doug Hogarth, Michael Hyman, Lionel Job, Neil Konzen, Jonathan
Lazarus, Mike Leu, Mark Mackaman, Ron Murray, Tony Rizzo, Manny
Vellon, and Ralph Walden. Thank you all very much.

I"d also like to congratulate everyone else at IBM and Microsoft involved in
the design, development, and programming of the 0S/2 Presentation Man-
ager. You did a great job, and you did it by October 1988.

And many thanks to Jan and the Friday evenings that were my only refuge
from the world of windows, messages, and presentation spaces.

Charles Petzold
December 7, 1988
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expiration date. Please allow 2 — 3 weeks for delivery. ‘

Foreign Ordering Information (within the U K., see below):

Please follow ordering procedures for domestic order and add $7.00 for
foreign postage and handling.

U K. Ordering Information:

Send your order in writing along with £27.95 (including VAT) to:
Microsoft Press, 27 Wrights Lane, London W8 5TZ. You may pay by check or
money order (payable to Microsoft Press) or by American Express, VISA,
MasterCard, or Diners Club; please include both your credit card number and the
expiration date. Please specify 5.25-inch format or 3.5-inch format.

If any of these disks prove defective, please send them along with your
packing slip to: Microsoft Press, Consumer Sales, 16011 NE 36th Way, Box
97017, Redmond, WA 98073-9717.
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CHAPTER ONE

0S/2 AND THE
PRESENTATION
MANAGER

The Presentation Manager is the primary application environment under
0S/2. Programs designed to run under the OS/2 Presentation Manager share
the video display with other programs in a graphical windowing environ-
ment. Presentation Manager programs are characterized by a consistent user
interface involving menus, dialog boxes, scroll bars, and other visual de-
vices that are accessible through either the keyboard or a pointing device
such as a mouse. Users generally find such an interface to be easily learned
and even mastered. Figure 1-1 on the following page shows several pro-
grams from this book running under the Presentation Manager.

The Presentation Manager user environment is reminiscent of systems de-
veloped at the Xerox Palo Alto Research Center (PARC) in the 1970s and
early 1980s. In recent years, windowing environments have been pop-
ularized by the Apple Macintosh and, under MS-DOS, by Microsoft Win-
dows. The user interface of the OS/2 Presentation Manager is the same
interface used in Windows 2.0, Windows/286, and Windows/386.

For the program developer, the Presentation Manager has an extensive ap-
plication program interface (API) that includes many high-level functions
for creating windows and implementing the user interface. This API is
largely derived from Microsoft Windows; although the two systems aren’t
exactly the same, they have many structural and conceptual similarities.
The OS/2 Presentation Manager also includes the Graphics Programming
Interface (GPI), a sophisticated graphics system adapted from IBM’s
Graphics Data Display Manager (GDDM) and the 3270 Graphics Control
Program (GCP), with some elements inherited from the Windows Graphics
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Figure 1-1. An OS/2 Presentation Manager screen.

Device Interface (GDI). Because the Presentation Manager runs under 0S/2,
programs designed for the environment can also take advantage of preemp-
tive, priority-based multitasking, 16 megabytes of physical memory, virtual
memory management, and interprocess communication.

This book shows you how to write programs for the OS/2 Presentation Man-
ager. If you have some experience programming for Microsoft Windows or
the Apple Macintosh, you’re in good shape. But if your programming ex-
perience is limited to more conventional operating systems (such as MS-
DOS, the 0S/2 kernel, or UNIX), you need to put aside your preconceptions
of how programs work and brace yourself for some strange ideas. We’re off
on a voyage to a new world.

The Big Picture

Developed by Microsoft and IBM as a successor to MS-DOS, 0S/2 is an
operating system for small computers based on the Intel 80286 and 80386
microprocessors. OS/2 uses the protected mode of the 80286 microprocessor
to unleash the 16 MB address space of the 80286 and implement efficient and
safe multitasking. -

The introduction of 0S/2 is a critical turning point for the entire industry
that has grown up around the IBM PC. MS-DOS has proved unable to satisfy
the growing needs of users and program developers. To be tolerable,
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MS-DOS now requires various add-on kludges such as bank-switched
memory or control programs based on the virtual-8086 mode of the 80386
microprocessor. OS/2 and the Presentation Manager give the IBM PC indus-
try the opportunity to pull free of the MS-DOS quagmire and take a major
step forward. Some people at Microsoft say that OS/2 will establish the
foundations of PC operating systems for the next decade. That’s a gutsy pre-
diction. But considering that MS-DOS has lasted seven years already, it’s
really not so difficult to believe.

The 0S/2 Kernel

The initial version of 0S/2 (0S/2 1.0), often called the OS/2 kernel, has been
available to programmers since June 1987. Microsoft released version 1.0 to
original equipment manufacturers (OEMs) in December 1987, and IBM
released it for retail sale the same month.

The OS/2 kernel is a traditional environment for both users and program-
mers. The command line interface and most internal and external com-
mands have been inherited from MS-DOS. From the programmer’s
perspective, the functionality of the kernel resembles MS-DOS, UNIX, and
traditional minicomputer operating systems. The kernel handles file I/O,
memory management, and multitasking. The API includes facilities for key-
board and mouse input and a fast full-screen character-mode video 1/0
(VIO) system.

The OS/2 kernel supports multiple full-screen sessions (sometimes also
called “‘screen groups’’). Each session runs one or more processes that use
the video display in either a teletype or full-screen fashion. A user can
switch between sessions by pressing the Alt-Esc key combination. One ses-
sion is the MS-DOS compatibility mode session, which uses the real mode
of the 80286 microprocessor to run most existing programs written for
MS-DOS.

The OS/ 2 Presentation Manager

The Presentation Manager is part of 0OS/2 version 1.1, released in the last
quarter of 1988. In 0S/2 1.1, one session runs in a graphics mode and is
devoted to the Presentation Manager. All Presentation Manager applica-
tions (as well as a Task Manager and Start Programs window that are part
of the Presentation Manager shell) run in this session. The addition of the
Presentation Manager to OS/2 requires little in the way of changes to the
0S/2 kernel. Instead, the Presentation Manager is basically a collection of
dynamic link libraries (.DLL files) that extend the functionality of OS/2 to
include window management and graphics.

CHAPTER ONE: 0S/2 AND THE PRESENTATION MANAGER



Although the Presentation Manager session is primarily for Presentation
Manager programs, many programs written for the OS/2 kernel can also run
in ‘“‘text windows’’ in this session. However, these programs can’t use
graphics or take advantage of menus, dialog boxes, and other aspects of the
user interface. OS/2 kernel programs that write directly to the video display
or that install video, keyboard, or mouse subsystems are prohibited from
running under the Presentation Manager. These programs must continue to
run in their own sessions.

Freedom of Choice

Programmers have a choice of developing applications for either the 0S/2
kernel or the OS/2 Presentation Manager. Each environment has distinct ad-
vantages and disadvantages.

For some applications, the OS/2 kernel is obviously preferable. For ex-
ample, an existing MS-DOS character-mode text editor or word processor
that is known for its speed should probably be ported to the OS/2 kernel
rather than to the Presentation Manager. Because the Presentation Manager
runs in a graphics mode, a Presentation Manager version of the program
will run more slowly with existing video display adapters. The kernel is
also a better choice for developers who have designed a unique and well-
known user interface for their MS-DOS programs and feel reluctant to
abandon it. '

Developers who want to port their MS-DOS programs to OS/2 as quickly as
possible will find the kernel to be an easier path. Presentation Manager pro-
grams are more difficult to develop and debug than traditionally structured
programs. Porting an existing MS-DOS program to the Presentation Man-
ager often requires turning the program inside out to accommodate the Pre-
sentation Manager architecture.

But for many sophisticated applications — particularly those that use
graphics—the Presentation Manager is clearly the better environment.
Let’s see why.

The Graphical Environment

The proof is in the programs. Two of the more interesting MS-DOS applica-
tions released in the past couple of years are Microsoft Excel and Aldus
PageMaker, both of which run under Microsoft Windows. That both of
these programs were originally developed for the Apple Macintosh indi-
cates how a graphical windowing environment can inspire program devel-
opers to create a radically new and exciting variation of an older concept (in
the case of Microsoft Excel) and even to create a whole new class of
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software (in the case of PageMaker). The graphical environment of the Pre-
sentation Manager is rich in functionality — programs can use graphics and
formatted text to convey a high density of information to the user.

A traditional program gets user input from the keyboard and displays output
to the screen. But with the addition of a mouse, the screen itself becomes a
potential source of user input. Logic within the Presentation Manager as-
sists the application in obtaining user input from various controls on the
screen, such as menus, scroll bars, buttons, and dialog boxes. The interac-
tion between the mouse and the screen narrows the gap between user
and program.

The Consistent User Interface

Because the menu and dialog box interface is built into the Presentation
Manager rather than into each individual application, the interface is consis-
tent across applications. This means that a user with experience with one
Presentation Manager program (or with Microsoft Windows) can easily
learn a new Presentation Manager program. For example, the first time I
saw a beta version of Microsoft Excel for Windows, I had no documenta-
tion, no help files, and no experience with the Macintosh version of
Microsoft Excel. But I did have experience with other Windows programs. I
knew how the menus and dialog boxes worked, and I was able to quickly
learn much of Microsoft Excel solely by experimentation.

Some people fear that a system such as the Presentation Manager will lead
to an undesirable uniformity of programs. Every program will look like ev-
ery other program, they say, and designer creativity will be inhibited. To
counter this view, the best examples are, again, PageMaker and Microsoft
Excel. Although the menus and dialog boxes are certainly the most obvious
aspects of the user interface, much more important interaction between the
user and program occurs within the window itself. The programmer is lib-
erated from worrying about the mundane aspects of the user interface and is
free to spend more time where it really counts.

Device-independent Graphics

The IBM PC was designed around the principle of open architecture. Third-
party manufacturers have responded to this fact by developing many differ-
ent—and often incompatible — graphics output devices. Under MS-DOS,
program developers have faced the problem of writing their own device
drivers for the CGA, the Hercules Graphics Card, the EGA, and the VGA, as
well as for a number of high-resolution video adapters. The problem of
printers is even worse: Some MS-DOS word-processing packages include
one or two disks containing nothing but small files, each supporting a dif-
ferent printer.
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With the Presentation Manager, this all goes away. The Graphics Program-
ming Interface (GPI) of the Presentation Manager is device independent. An
application need not identify the output device in order to use it. If a Presen-
tation Manager driver exists for the output device, then all Presentation
Manager programs can use the device. This also helps to protect programs
from obsolescence. Video technology is advancing very quickly, but Pre-
sentation. Manager programs written today will run without change on the
video adapters of the future. ‘

The SAA Future

Aside from their important role in 0S/2, the Presentation Manager user in-
terface and API are also part of IBM’s ambitious Systems Application Ar-
chitecture (SAA). SAA attempts to correct a historical weakness in IBM’s
line of computers and operating systems by setting user interface and API
standards. The Presentation Manager is one of the first products to be a part
of SAA. If the goals of SAA come to pass, then the Presentation Manager
user interface will become a common sight on IBM minicomputer and
mainframe terminals. Just as important for the program developer, it may
one day be possible to write a Presentation Manager program in a high-level
language and compile it to run on a variety of computers from: the IBM AT
to the IBM 370.

Of course, this isn’t going to happen next month or even the month after
that. Porting Presentation Manager programs to other operating systems in-
volves problems that PC programmers usually don’t need to worry about
(such as filenames over 12 characters in length) and problems PC program-
mers usually wish they didn’t need to worry about (such as the segmented
architecture of Intel microprocessors). Nonetheless, SAA indicates the po-
tential importance of the Presentation Manager in the future of the personal
computer and the not-quite-personal computers as well.

Presentation Manager Programming

At first glance, a typical Presentation Manager program seems to be written
in an unfamiliar programming language. The programs are full of upper-
case identifiers and variable types, strgnge-looking variable names, nested
switch statements, and many calls to Presentation Manager functions. Those
odd-looking Presentation Manager programs are usually written in C.
Although it is possible to use other languages, C will probably remain the
preferred language for Presentation Manager programming, largely be-
cause of its flexibility in pointer and structure manipulation. If you don’t
know C, programming for the Presentation Manager is probably not a good
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place to start learning the language. I recommend you learn C by program-
ming for a more traditional environment, such as the 0S/2 kernel. If your C
is a little rusty, brushing up on structures and pointers is a must.

The Header Files

C programs for the Presentation Manager require the use of header files
supplied with the Microsoft 0S/2 Programmer’s Toolkit. These are the
header files used in OS/2 kernel and Presentation Manager programs:

Header File Description

OS2.H Includes OS2DEF.H, BSE.H, and PM.H

OS2DEF.H Common type and macro definitions

BSE.H Includes BSEDOS.H, BSESUB.H, and BSEERR.H

BSEDOS.H Dos functions and structures

BSESUB.H Vio, Mou, and Kbd functions and structures

BSEERR.H Dos, Vio, Mou, and Kbd error codes

PM.H Includes PMWIN.H, PMGPLH, PMDEV.H, PMAVIO.H, and
PMSPL.H

PMWIN.H Most Win functions and structures; and includes PMSHL.H

PMSHL.H Win functions for session manager shell

PMGPLH Gpi functions and structures

PMDEV.H Dev functions and structures

PMAVIO.H Vio functions for Advanced VIO interface

PMSPL.H Spl functions and structures

These header files are an important part of Presentation Manager documen-
tation. You’ll want to print out a copy for reference.

Many Presentation Manager functions require numeric constants as
parameters. You rarely need to remember the actual values of these con-
stants, because the header files contain hundreds of #define statements that
define identifiers for the constants. These identifiers are in uppercase letters.
Most begin with a two-letter, three-letter, or four-letter prefix that indicates
a general group of identifiers. The header files also define identifiers for
most of the data types you use in your Presentation Manager programs, as
well as numerous data structures used in passing information between the
application and the Presentation Manager. I'll discuss these as we encounter
them in the chapters ahead.

Programmers working with the Presentation Manager often find helpful a
convention for naming variables that is known as ‘‘Hungarian notation,”” in
honor of its inventor, the legendary Microsoft programmer Charles
Simonyi. This convention adds a lowercase abbreviation of the data type to
the beginning of the variable name. Again, I'll discuss this system in con-
text as we begin writing Presentation Manager programs.
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All 0S/2 and Presentation Manager functions available to an application
are declared in the header files. These function declarations provide type
checking during compilation. In some cases, the function templates also
help with pointer conversions. For example, whenever a pointer is passed as
a parameter to an OS/2 function, it must be a far (or long) 32-bit pointer.
However, you usually don’t need to explicitly cast near (or short) 16-bit
pointers to far pointers. The function template in the header file lets the
compiler do this for you.

The 0S/2 functions always begin with a three-letter prefix that identifies a
large group of functions. The header files are generally organized around
these groups of functions:

Prefix - Function Group

Dos Kernel file I/O, memory management, and tasking

Vio Video I/0

Kbd Keyboard input in kernel programs

Mou Mouse input in kernel programs

Win Presentation Manager windowing and user interface
Gpi Presentation Manager Graphics Programming Interface
Dev Presentation Manager device context interface

Spl Presentation Manager print spooler

The Kbd and Mou functions aren’t used at all in Presentation Manager pro-
grams. Vio functions are used only in a Presentation Manager output system
called ‘‘Advanced VIO,”’ which I discuss in Chapter 7.

Message-based Architecture

10

Most traditional operating systems provide a set of functions that a program
calls for various system services. That is still the case in the Presentation
Manager, but a Presentation Manager program also gets information from
the operating system in a very different way —through ‘‘messages.”” For
example, in an 0S/2 kernel program you use Kbd and Mou functions to ob-
tain keyboard and mouse input. In the Presentation Manager, a program ob-
tains keyboard and mouse input through messages that the Presentation
Manager sends to the program.

But it’s not only simple keyboard and mouse input that is delivered to a pro-
gram in the form of messages. Messages also inform a program when a user
has selected an item from a menu, when the program’s window has been
resized, and even when the program should repaint part of its window. In
fact, Presentation Manager programs are largely message-driven. A pro-
gram remains dormant most of the time until it receives a message; it thus
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does little but process messages. Coming to terms with this message archi-
tecture is a major hurdle of learning to program for the Presentation Man-
ager. But don’t worry about understanding this architecture right off the
bat. We’ll spend most of this book learning how to process messages.

A Note to Windows Programmers

If you have experience with programming for Microsoft Windows, you’re
already several steps ahead of everybody else in mastering the Presentation
Manager. But don’t feel too complacent. The major concepts are the same,
but the details are different. For example, right now you’re familiar with a
program’s ‘‘client area.”” In the Presentation Manager we speak instead of a
““client window.”’ All parts of the window that are ‘‘nonclient areas’’ under

Windows are separate windows in the Presentation Manager.

I found it relatively easy to go from Windows programming to Presentation
Manager programming. I also found it easy (in most cases) to convert exist-
ing Windows programs to the Presentation Manager API. The best news for
Windows programmers, however, is that OS/2 is a more hospitable environ-
ment for a windowing and multitasking system. Under MS-DOS, Windows
outclasses the operating system and has to compensate for the weaknesses
in MS-DOS. Windows is like stained-glass artwork in the wall of a log
cabin. Under 0S/2, Windows (in the form of the Presentation Manager) has
finally found its proper home.

Easy or Hard?

Microsoft Windows has the reputation of being a difficult system for pro-
grammers to learn, and it’s likely that the Presentation Manager will gain
the same reputation. I’ve already spoken of the hurdle of moving from a tra-
ditional operating system to a message-based architecture. That’s part of
the problem. The steep learning curve also results from the sheer bulk of
Presentation Manager function calls (about 500 of them). But what’s the
alternative? Would you rather learn how to use the menu logic built into the
Presentation Manager, or would you prefer to write your own menu rou-
tines? Would you rather learn how to draw circles using GPI functions, or
would you prefer to write your own circle-drawing routines and adapt them
for every video adapter and printer your program may encounter?

Out of necessity, application programs have become more complex in the
past few years, because the programs have been made easier to operate for
naive users and, at the same time, more powerful for sophisticated users. As
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the user base expands to encompass less sophisticated users, the applica-
tions, application program interfaces, and programmers must become more
sophisticated. Program developers can no longer require users to spend
many hours reading manuals before they begin to use an application. The
application’s interface must be obvious and intuitively clear. By program-
ming for the Presentation Manager, you begin with an interface that is
already familiar to the user. In short, learning to program for the Presenta-
tion Manager may be hard, but it’s easier than the alternative.

So enough of this. Let’s start pounding out some code.
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CHAPTER TWDO

WELCOME TO
PRESENTATION
MANAGER
PROGRAMMING

Books that teach you how to program in C often begin with a ‘‘do-nothing™’
program and proceed quickly to the traditional ‘‘Hello world’’ program.
The Presentation Manager analogue of the ‘‘Hello world’’ program isn’t
quite as straightforward, so we’ll spend this entire chapter creating it. We’ll
begin with a ‘‘do-nothing” program called W and progressively build it
into a program called WELCOME] that creates a window, displays a mes-
sage in it, and (as a bonus) plays a little music.

W—The Do-Nothing Program

A Presentation Manager program is usually constructed from several files.
Figure 2-1 on the following page shows the three files that make up the
W program:

a W (a make file)

= WC(a prograin source code file)

m  W.DEF (a module definition file)

As you will see, these three types of files are normal for all Presentation
Manager programs.

Because the W program itself does nothing interesting, we’ll instead take a
moment to examine the mechanics of compiling and linking a Presentation
Manager program.
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The W File

w.0bj : w.c
¢l -c -G2 -W3 w.cC

w.exe : w.obj w.def
1ink w, /align:16, NUL, o0s2, w

The W.C File

/* _____________________________
W.C -- A Do-Nothing Program
............................. */
int main (void)
{
return 0 ;
}
The W.DEF File
; W.DEF module definition file
NAME W WINDOWCOMPAT
DESCRIPTION 'Welcome to PM -- Program No. 1 (C) Charles Petzold, 1988°'
PROTMODE
HEAPSIZE 1024
STACKSIZE 2048

Figure 2-1. The W program.

The Make File

The first file is a ‘‘make file’” named W. A make file is a text file that con-
tains a series of commands to create a .EXE (executable) file from one or
more source code files.

By convention, a make file is given the same name as the program it creates
but with no extension. The MAKE.EXE program that is included with the
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Microsoft C compiler reads this file and compares the date and time of the
“‘target’’ file (to the left of a colon) with the date and time of the ‘‘depen-
dent”’ file or files (to the right of the colon). If any dependent file has been
changed more recently than the target file, the indented commands that fol-
low are run. In the W make file, the C compiler (CL —the .EXE extension is
assumed) is run if the W.C source code file is more recent than the W.OBJ
object file. The linker (LINK —the .EXE extension is assumed) is run if
W.OBJ or W.DEF is more recent than W.EXE. Besides simplifying the crea-
tion of EXE files, the make file also serves as a form of documentation
about the program. It shows the various modules that contribute to the pro-
gram and how they are combined into an executable file.

Assuming you have the 0S/2 C compiler and associated files properly
installed, you can create W.EXE from W, W.C, and W.DEF by running the
MAKE program on the OS/2 CMD.EXE command line (either in a full-
screen character-mode session or running in a window in the Presentation
Manager):

MAKE W

If MAKE, CL, or LINK reports errors, your system is probably not set up
correctly. You should have the 0S/2 C compiler, LINK, and MAKE acces-
sible through a directory listed in your PATH environment variable and the
C and 0S/2 .LIB files in a directory listed in your LIB environment variable.
In particular, LINK needs to find the SLIBCE.LIB library file. (I explain in
the preface how to install Microsoft C 5.1 so that this file exists.)

Compiling
The following command line in the W make file compiles the W.C source
code file, creating the W.OBJ object code file:

cl -c -G2 -W3 w.c

The switches used in this compilation are as follows:
»

The -c switch causes the C compiler to compile the program but not to link
it. The link is the second step in the make file.

The -G2 switch generates 80286 code during the compilation. Because the
0S/2 Presentation Manager runs only on an Intel 80286 or 80386 micropro-
cessor, you should always use this switch. It creates smaller and faster
programs.
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The -W3 switch stands for ‘‘warning level 3’ and causes the C compiler to
display additional warning messages about potential problems in your pro-
grams. This becomes particularly important when the program makes calls
to OS/2 or Presentation Manager functions. You should set as a goal that all
your Presentation Manager programs compile without any warning mes-
sages when the -W3 switch is used.

Linking
If the compilation is successful, the following command in W links the
W.OBJ file to create an executable W.EXE file:

Tink w, /align:16, NUL, o0s2, w

The first parameter to LINK.EXE is the name of the W.OBJ object code file.
The .OBJ extension is assumed.

The second parameter is the name of the .EXE file. If this name isn’t ex-
plicitly listed (as it isn’t here), LINK uses the name of the first .OBJ file and
adds a .EXE extension. The /align:16 switch aligns segments in the .EXE file
on 16-byte boundaries. By default, LINK aligns segments on 512-byte
boundaries. For programs with small code and data segments, this switch
can appreciably reduce the size of the EXE file.

The third parameter to LINK is the name of a map file. Specifying NUL
prevents the map file from being created.

The fourth parameter lists the names of the libraries to be linked with the
.OBJ file. (LINK also uses the C run-time library SLIBCE.LIB, but because
the C compiler embeds this name in the .OBJ file, you don’t have to list it in
the LINK step.) OS2.LIB is an “‘import library’’ for OS/2 functions. This file
allows LINK to construct the .EXE file so that it contains dynamic link in-
formation. When you run an OS/2 program, OS/2 uses this information in
the .EXE files to link calls to OS/2 functions within the program with the
functions themselves. Although W doesn’t seem to make any OS/2 function
calls, the start-up code makes a few. The presence of these imported func-
tions causes LINK to create a .EXE file in the ‘‘New Executable’’ format,
which is the 0S/2 .EXE format.

The fifth parameter to LINK is the name of the program’s ‘‘module defini-
tion file,”’ W.DEF. The .DEF extension is assumed.
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The Module Definition File

Although it isn’t strictly required for this simple do-nothing program, Pre-
sentation Manager applications usually require a ‘‘module definition file.”’
This is a simple text file that LINK uses when constructing the program’s
.EXE file. The module definition file commonly has the same name as the
program, but with a .DEF extension.

The W.DEF file shown in Figure 2-1 begins with a NAME statement. This
identifies the module as a program (rather than a dynamic link library) and
gives it a module name of W. This should be the same name as the pro-
gram’s .EXE file. The keyword WINDOWCOMPAT causes LINK to set a
flag in the W.EXE file. This flag tells OS/2 that although the program is not
a Presentation Manager program, it can be run in a text window within the
Presentation Manager session.

The text in the DESCRIPTION line is embedded by LINK in the header sec-
tion of the .EXE file. This is an excellent place for a copyright notice or
other information about the program.

The PROTMODE keyword indicates that the program will be run only in
0S/2 protected mode. This often allows LINK to shorten the .EXE file.

The HEAPSIZE statement specifies an initial size of memory to be used for
a local heap. The local heap is located in the program’s automatic data seg-
ment. C library functions (such as malloc) and some Presentation Manager
functions let you allocate memory from this heap.

The STACKSIZE statement specifies the size of the program’s stack. The
recommended minimum stack size for 0S/2 programs is 2 KB. The stack
size for Presentation Manager programs that create windows is 8 KB, so
we’ll use a larger STACKSIZE later in this chapter.

We’ll add another line to the module definition file before this chapter is
completed, but the general information shown in the W.DEF file will remain
about the same for most programs in this book.

'Running W.EXE

After creating W.EXE, you can run the program in a variety of ways, most
easily by executing it from the OS/2 CMD.EXE prompt, either in a full-
screen character-mode session or in a Presentation Manager window. You
can also run the program from the File System or install it to be run from
the Start Programs window. When installing it in the Start Programs win-
dow, specify that it is not a Presentation Manager program. If you run
W.EXE from the File System or Start Programs window, a text window is
briefly created for it and then destroyed as the program terminates.
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WE — Obtaining an Anchor Block Handle

A Presentation Manager program makes many calls to Presentation Man-
ager functions. But the very first Presentation Manager function that the
program must call is Winlnitialize. This function registers the program with
the system and returns the ‘‘anchor block handle.”” (The term ‘‘anchor
block” has origins in the mainframe world but has no significant meaning
in the context of OS/2 or the Presentation Manager.) Before the program ter-
minates, it should call WinTerminate to free the anchor block handle. The
WE program in Figure 2-2 shows how this is done. WE is still basically a
do-nothing program, but it’s now a do-nothing program that can use some
Presentation Manager functions.

The WE File

we.obj 1 we.c
¢l -¢c -G2 -W3 we.c

we.exe : we.obj we.def
link we, /align:16, NUL, o0s2, we

The WE.C File

#inctude <os2.h>
int main (void)
{
LAB hab ;
hab = WinInitialize (0) ;
WinTerminate (hab) ;

return 0 ;
}
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The WE.DEF File

________________________________

NAME WE WINDOWCOMPAT

DESCRIPTION 'Welcome to PM -- Program No. 2 (C) Charles Petzold, 1988’
PROTMODE

HEAPSIZE 1024

STACKSIZE 2048

Figure 2-2. The WE program.
You can create WE.EXE from the three files by executing
MAKE WE

You can run WE.EXE in the same way you run W.EXE. The program still
doesn’t do much of anything.

In going from W to WE, the changes made to the three standard files at first
look innocuous. But you’ll find when creating WE.EXE that the compilation
takes a little longer than it did previously. It’s almost as if the compiler has
to digest several other files in addition to WE.C. As you’ll see in the follow-
ing discussion, that’s exactly the case.

The Header Files

Near the top of WE.C is the preprocessor statement:
#include <os2.h>

OS2.H is a master header file that contains other #include statements for all
other OS/2 and Presentation Manager header files. All of these header files
should be located in a subdirectory listed in your INCLUDE environment
string. These header files are extremely important, and you should treat
them as primary documentation for the Presentation Manager, as I men-
tioned in Chapter 1. Even for a program as simple as WE, these header files
supply function declarations and definitions of identifiers used in the pro-
gram. Let’s examine how the header files affect the compilation of WE.C.
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The WE.C program defines one variable (hab) and calls two Presentation
Manager functions, Winlnitialize and WinTerminate. These two functions are
located in the PMWIN.DLL dynamic link library that OS/2 links your pro-
gram with when you run the program. The hab variable is defined within
the main function of WE.C:

HAB hab ;

The data type of hab is HAB, which stands for ‘‘handle to an anchor
block.”” (I'll discuss what a handle is shortly.) This HAB type is defined by
a typedef statement in OS2DEF.H:

typedef LHANDLE HAB
The LHANDLE data type is defined like this:
typedef void far *LHANDLE ;

Thus the C compiler will treat the variable hab as a 32-bit far pointer.
The Winlnitialize and WinTerminate functions are declared in PMWIN.H:

HAB  APIENTRY WinInitialize (USHORT) ;
BOOL APIENTRY WinTerminate (HAB hab) ;

BOOL and USHORT are data types defined in OS2DEF.H:

typedef unsigned short BOOL ;
typedef unsigned short USHORT

Thus the Winlnitialize function takes an unsigned short parameter and
returns a 32-bit value of type HAB, a handle to an anchor block. The Win-
Terminate function accepts an anchor block handle as a parameter and
returns an unsigned short. The program treats this return value as a BOOL,
which is a data type that is either O or 1.

The APIENTRY identifier is also defined in OS2DEF.H:
#define APIENTRY pascal far

This indicates that the two functions are far functions (that is, the compiler
must generate a far, or intersegment, call to these functions when compiling
the program) and that they have a ‘‘Pascal’’ calling sequence. Using the
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Pascal calling sequence tells the C compiler two important facts about the
function:

m The parameters to the function are pushed on the stack from left to right,
rather than from right to left as is normal with C functions.

m The function itself adjusts the stack to remove the parameters. When the
function returns to the program, the parameters have already been
removed. ’

For the Intel 8086 family of microprocessors, the Pascal calling sequence is
slightly faster and more efficient than the C calling sequence. Because all
Presentation Manager functions are far functions that use the Pascal calling
sequence, they are all declared in the header files with the APIENTRY
identifier.

If you were to write WE.C without using the header files or any #define or
typedef statements, it would look like this:

void far * pascal far Winlnitialize (unsigned short) ;
unsigned short pascal far WinTerminate (void far *) ;

int main (void)
{
void far *hab ;

hab = WinInitialize (0) ;

WinTerminate (hab) ;
return 0 ;

}

In one sense, this is easier to read, because it uses only data types that are
understood by the Microsoft C Compiler. However, in many ways this ver-
sion is much more obscure than the version that uses the Presentation Man-
ager header files.

For example, the WinTerminate function is declared in PMWIN.H as return-
ing a BOOL (Boolean value), indicating that the function returns a 0 if the
function fails and a 1 if it succeeds. This fact could be important, and yet
it’s not at all intuitive if the WinTerminate function is declared as returning
an unsigned short. Likewise, the return value of Winlnitialize isn’t just any
old far pointer—it’s a handle to an anchor block. It’s not even important
for you to know that an anchor block handle is really a far pointer. All you
need to know is that it’s an anchor block handle. You should use this value
only in other functions that accept an anchor block handle as a parameter,
such as WinTerminate.
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Although the far and pascal keywords are supported in Microsoft C, you
should keep in the back of your mind the possibility of one day recompiling
your Presentation Manager programs to run on systems other than the PC.
Because the far keyword is necessary only because of the segmented archi-
tecture of the 8086 family of microprocessors, this keyword probably isn’t
supported in C compilers on other systems. For this reason, many of the
more machine-specific keywords in Microsoft C are redefined with upper-
case names, like this:

fidefine FAR far
fidefine PASCAL pascal

If you need to use the far or pascal keywords in your program, use these up-
percase identifiers instead. This allows you to more easily port your pro-
grams to another system, because you’ll recompile the program with
different header files that define the identifiers as appropriate for the system.

The Proper Handling of Handles

22

When you program for the Presentation Manager, you're really engaged in
a form of ‘‘object-oriented programming.”” Many Presentation Manager
functions obtain information about an object, act on an object, or cause an
object to act on itself. A “‘handle” is a number that refers to an object.
Almost every Presentation Manager function call—one exception is
Winlnitialize—requires a handle as the first parameter.

NOTE: Although this requirement implies that every Presentation
Manager function acts on an object, this is really not the case. Presen-
tation Manager function calls require a handle as the first parameter
because of the requirements of IBM’s Systems Application Architecture
(SAA), of which the Presentation Manager is a part. As you'll see,
some functions really don’t need a handle to anything. These functions
sometimes require the anchor block handle as the first parameter.

The concept of a handle shouldn’t be new to you. If you’ve done assembly-
language programming under MS-DOS or the OS/2 kernel, or if you’ve ever
used the C file I/O functions open, read, write, and close, you’re familiar
with file handles. Under the OS/2 kernel, a program can obtain a file handle
from the DosOpen function call. The open file is an object. The file handle
refers to this object. You use the handle when calling DosRead, DosWrite, or
other functions that act on the open file. You eventually close the file using
DosClose. After the DosClose call, the file handle is invalid. Although the
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file handle is a number, the actual value of the handle returned from
DosOpen isn’t important to your program. The value of the file handle is
meaningful only to the 0S/2 kernel. Obviously, the OS/2 kernel maintains a
table of open files, and the file handle somehow references that table. But
your program doesn’t need to know this. OS/2 hides this data from your
program.

The handles you use in the Presentation Manager are similar to file handles.
But in the Presentation Manager almost everything has a handle. Before
we're finished with this chapter, we’ll have encountered a number of them:

= Anchor block handles

m Message queue handles

m Window handles

m System mouse pointer handles
m Presentation space handles

Every handle is obtained from a Presentation Manager function. You save
the handle in a variable. You then use this handle in other Presentation
Manager functions. At some point, you usually call a function that destroys
the resources connected with the handle. At that time the handle becomes
invalid.

Most handles are 32 bits long, but some are 16 bits long. Often, handles are
actually addresses to structures that are maintained internally by the Pre-
sentation Manager. But your program doesn’t access these structures di-
rectly. You don’t even have to know which handles are 32 bits long and
which are 16 bits long, because you use the data types defined in the header
files (such as HAB) to define variables to store the handles.

A handle with a value of 0 is called a NULL handle. (NULL is defined in
OS2DEFH as 0.) Just as in C programming, where a NULL pointer is often
an invalid pointer, in Presentation Manager programming a NULL handle
returned from a function is usually an indication of an error. In some cases,
however, you can use a NULL handle as a default parameter to a function
that requires a handle. We’ll examine these cases as they arise.

The anchor block handle is a peculiar handle. I’ve already mentioned that
handles refer to objects. The object to which the anchor block handle refers
is the program itself —the program that calls Winlnitialize. Let’s be more
precise. What we call a program is usually the .EXE file. But the program
can be run multiple times. While a particular instance of a program is run-
ning, it is called a process. The anchor block handle refers to the particular
process that calls Winlnitialize.
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Usually, a Presentation Manager program calls Winlnitialize when it begins
execution, so the program can then call other Presentation Manager func-
tions. Right before the program is ready to terminate, it pulls up its anchor
with WinTerminate and departs.

Running WE.EXE

I have some bad news for you. Although we are gathered here to write Pre-
sentation Manager programs, we’re not there yet. You might think that call-
ing the magic function Winlnitialize turns an ordinary OS/2 program into a
Presentation Manager program, but it’s not so. Like WEXE, WE.EXE is an
0S/2 kernel program. Although a call to Winlnitialize is necessary in a Pre-
sentation Manager program, it isn’t sufficient. You can call Winlnitialize
from an old-fashioned character-mode OS/2 program also. Getting that
anchor block handle lets you access some functions within the Presentation
Manager —the heap management and atom management functions — that
are not directly connected with the windowing or graphics facilities of the
Presentation Manager. But don’t fret: Although we’re not quite there yet,
the next step will get us there.

WEL—Creating a Message Queue

Calling Winlnitialize to get an anchor block handle is like getting a pass to
the pool. The next step—creating a message queue —is like jumping in.
(We’ll soon be swimming laps.) As you know, OS/2 supports multiple ses-
sions, one being the Presentation Manager session. A program that creates a
message queue is always run in the Presentation Manager session along
with other Presentation Manager programs. The WEL program in Figure 2-3
shows how to create this message queue.

The WEL File

24

wel.obj : wel.c
cl -c -G2s -W3 wel.c

wel.exe : wel.obj wel.def

link wel, /align:16, NUL, os2, wel
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The WEL.C File

/*..__._-....__-....._.~.' ..........................
WEL.C -- A Program that Creates a Message Queue

#include <os2.h>

int main (void)
{
HAB hab ;
HMQ hmq ;

hab = Winlnitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;
return 0 ;

}

The WEL.DEF File

NAME WEL WINDOWAPI

DESCRIPTION 'Welcome to PM -- Program No. 3 (C) Charles Petzold, 1988"
PROTMODE

HEAPSIZE 1024

STACKSIZE 2048

Figure 2-3. The WEL program.

The Message Queue Difference

As you’ll see, Presentation Manager programs are based on a message-
driven input model. Programs receive all input in the form of messages.
We’re not quite ready to look at this message system in detail, but after
working with it, you’ll probably realize that this input model is almost a
necessary part of a windowing environment like the Presentation Manager.

Many messages that a program receives from the Presentation Manager are
stored in a message queue. This message queue must be created explicitly
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by the program with a call to the Presentation Manager. This call estab-
lishes the program as a Presentation Manager application.

Following the WinlInitialize call, WEL.C makes this call:
hmq = WinCreateMsgQueue (hab, 0) ;

This call (as the name implies) creates a message queue. Like most Presen-
tation Manager functions, WinCreateMsgQueue requires a handle as the first
parameter. This is the anchor block handle, which is the only handle we
have so far. The second parameter indicates the size of the queue, where 0
means a default size sufficient for most programs. The value returned from
the function is the handle to the message queue. This is stored in a variable
named hmg of type HMQ. The program destroys the queue like this:

WinDestroyMsgQueue (hmg) ;

Following this call, the Amq handle is invalid.

Message queues get a little more complex for programs with multiple
threads of execution. A message queue is always associated with a particu-
lar thread — the thread that creates it. A thread can have only one message
queue. In a multithread program, some threads can create message queues,
but others don’t have to.

When 0S/2 is booted, the first program that calls WinCreateMsgQueue (nor-
mally, the Presentation Manager shell) establishes a session as the Presenta-
tion Manager session. It is during the WinCreateMsgQueue call that the
screen display is switched from character mode to graphics mode. Later pro-
grams that call WinCreateMsgQueue— even if executed from the CMD.EXE
prompt in a character-mode session — are run in this same session.

Notice also that the WINDOWCOMPAT keyword in W.DEF and WE.DEF has
been changed to WINDOWAPI in WEL.DEF. This causes LINK to set a flag
in the WEL.EXE file to inform OS/2 that this is truly a Presentation Manager
program.

Inhibiting Stack Checks

26

Yet another switch, -Gs, has been added to the compile step. This switch is
combined with the -G2 switch and written as -G2s.

Normally, the C compiler inserts a call to the _chkstk function in the
prologue section of every function in your program. This _chkstk function
determines if the amount of space necessary for local variables in the func-
tion will cause a stack overflow. If so, the function displays a message to the
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standard error output device (the screen) using DosWrite and terminates the
program. In the Presentation Manager, however, this approach is ineffec-
tive, because the Presentation Manager ignores output written to the display
through DosWrite. The -Gs switch removes the checks for stack overflow.
You should instead be sure that the stack size specified in the module defini-
tion file is sufficient for the program’s needs.

WELC—Creating a Standard Window

A program running in the Presentation Manager session occupies one or
more windows. In simple terms, a window is a rectangular area of the
screen that the program uses to receive input and display its output. A win-
dow is like a virtual terminal. A user can move and resize the windows on
the screen and select one window (and hence one program) as the active, or
foreground, window. A Presentation Manager program must create the win-
dow that the program uses. The WELC program in Figure 2-4 shows how
this is done.

The WELC File

welc.obj : welc.c

¢l -¢ -G2s -W3 welc.c

welc.exe : welc.obj welc.def

Tink welc, /align:16, NUL, o0s2, welc

The WELC.C File

#include <os2.h>

int main (void)

{

static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF..SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

(continued)
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Figure 2-4. The WELC.C File. continued

HAB hab ;
HMQ hmq ;
HYND hwndFrame ;

hab = WinInitialize (0)
hmg = WinCreateMsgQueue (hab, 0) ;

hwndFrame = WinCreateStdWindow (

HWND_DESKTOP, /!
WS_VISIBLE, /7
&f1Frameflags, //
NULL, 7/
NULL, 7/
oL, /1!
NULL, //
0, /1

NULL)Y /17

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

}

The WELC.DEF File
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NAME WELC WINDOWAPI

Parent window handle

Style of frame window

Pointer to control data

Client window class name

Title bar text

Style of client window

Module handle for resources

ID of resources

Pointer to client window handle

DESCRIPTION ‘Welcome to PM -- Program No. 4 (C) Charles Petzold, 1988°'

PROTMODE
HEAPSIZE 1024
STACKSIZE 8192

Figure 2-4. The WELC program.
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WELC.EXE is the first version of the program that has a substantial, visible
result. When you run WELC, a window appears that looks much like the
windows of other programs running under the Presentation Manager. The
window contains a thick resizing border, a system menu box in the upper-
left corner, a minimize and maximize box in the upper-right corner, and a
title bar across the top containing the name of the program, WELC.EXE.
Not bad—but not perfect. The problem is that this window disappears
almost immediately after it’s created. We’ll fix that problem in the next ver-
sion of our program, but first, let’s examine what we’ve done to get this far.

The WinCreateStdWindow Function

WELC.C calls two Presentation Manager functions in addition to those
introduced earlier: WinCreateStdWindow creates a window, and Win-
DestroyWindow destroys it. WinCreateStdWindow is the function normally
used to create a main window for a Presentation Manager application. This
isn’t the only way to create an application window, but it’s certainly the
easiest. The WinCreateStdWindow function requires nine parameters, which
are identified with comments in WELC.C. (The double slashes are recog-
nized by the Microsoft C Compiler as setting off single-line comments.) Six
of the parameters are set to 0 or NULL in this example. Certainly, we’re not
yet taking advantage of WinCreateStdWindow’s full potential.

WinCreateStdWindow creates a type of window known as a ‘‘frame win-
dow.”” We’ll examine what this means a little later. The function returns a
handle to the frame window. In WELC.C this handle is stored in a variable
named hwndFrame and defined as type HWND (‘‘handle to a window™’).
This handle must be used in other Presentation Manager functions to refer
to the window. For example, in WELC.C this window handle is passed to
WinDestroyWindow to destroy the window, which means that the Presenta-
tion Manager frees all the resources associated with the window and re-
moves it from the screen. The window handle then becomes invalid.

The first parameter to WinCreateStdWindow is the identifier known as
HWND_DESKTOP (defined in PMWINH as 1), which specifies the
“‘parent’’ of the frame window. This concept will be explored in more
detail in the next chapter.

The second parameter specifies the style of the window. The parameter is
the identifier WS_VISIBLE (which is defined in PMWIN.H as the value
0x80000000L). The WS prefix stands for ‘‘window style.”” This value in-
structs the WinCreateStdWindow function to make the window visible when
it is created.

CHAPTER TWO: WELCOME TO PRESENTATION MANAGER PROGRAMMING
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The third parameter is a pointer to the variable fiFrameFlags. The ‘1"’ pre-
fix is an example of ‘‘Hungarian notation,”” which I alluded to in Chapter 1.

The ““f”’ indicates that the variable is a series of flags, and the

“199

indicates

that the flags are encoded in a 32-bit long data type. The flFrameFlags vari-
able is defined as a ULONG (unsigned long). This ‘‘control data’’ parameter
tells WinCreateStdWindow what the standard window should include. I’ve
initialized fIFrameFlags like this:

static ULONG f1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST

The FCF (‘‘frame creation flags’’) identifiers are defined in PMWIN.H.
Some of these identifiers are almost self-explanatory: FCF_TITLEBAR
means that we want a title bar across the top of the window;
FCF_SYSMENU, a system menu box to the left of the title bar;
FCF_SIZEBORDER, a thick sizing border around the window; and
FCF_MINMAX, a minimize and maximize box to the right of the title bar.
FCF_SHELLPOSITION instructs the Presentation Manager shell to give the
window a default size and position on the screen. FCF_TASKLIST installs

the program on the Task Manager.

Here’s how these six identifiers are defined in PMWIN.H:

fdefine
fdefine
f#define
fdefine
fdefine
fdefine

FCF_TITLEBAR 0x00000001L
FCF_SYSMENU 0x00000002L
FCF_SIZEBORDER 0x00000008L
FCF_MINMAX 0x00000030L

FCF_SHELLPOSITION 0x00000400L
FCF_TASKLIST 0x00000800L

Each identifier is a 32-bit constant with one or two bits set to 1 and the other
bits set to 0. These identifiers are combined into one 32-bit number using the
C bitwise OR operator (i). Many identifiers defined in the header files work
this way.

A Larger Stack

You’ll notice that the WELC.DEF file specifies a STACKSIZE value of 8192.
The earlier programs have a 2 KB stack. The 8 KB stack is required for any
program that creates a window, even if the window is displayed only
momentarily.
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Of course, most windows created by Presentation Manager programs re-
main on the screen longer than the window in WELC. Our first priority is to
fix that problem.

WELCO — Looping Through the Messages

The problem with WELC is that we don’t have a chance to enjoy the won-
derful window we’ve created. The program calls WinCreateStdWindow to
create the frame window but then calls WinDestroyWindow to blow it away.
Obviously, we have to insert some code between those two function calls to
keep the window up on the screen a little longer. If this were a conventional
0S/2 program, you might set up a little loop to call KbdCharln and then wait
for a keystroke before destroying the window. But the KbdCharln function
isn’t allowed in Presentation Manager programs. Nor are any of the other
keyboard functions provided by the OS/2 kernel. What we can do instead is
add a ‘‘message loop.”” This message loop is something like a loop that
reads the keyboard, but it is much, much more. A program with a message
loop— WELCO —is shown in Figure 2-5.

The WELCO File

welco.obj : welco.c
¢l -¢ -G2s -W3 welco.c

welco.exe : welco.obj welco.def
link welco, /align:16, NUL, os2, welco

The WELCO.C File
WELCO.C -- A Program with a Message Loop
#include <o0s2.h>

int main (void)
{

(continued)
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Figure 2-5. The WELCO.C File. continued

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST

static ULONG flFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

HAB hab ;
HMQ hmg ;
HWND hwndFrame ;
aMsG gmsg ;

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0)

hwndFrame = WinCreateStdWindow (

HWND_DESKTOP, // Parent window handle
WS_VISIBLE, // Style of frame window
&“1FramaFlags, // Pointer to control data

NULL, // Client window class name

NULL, // Title bar text

oL, // Style of client window

NULL, // Module handle for resources

0, // ID of resources

NULL) // Pointer to client window handle

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (had, &gmsg)

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerrinate (hab) ;

return 0 ;
}

The WELCO.DEF File

NAME WELCO WINDOWAPI

DESCRIPTION 'Welcome to PM -- Program No. 5 (C) Charles Petzold, 1988
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

Figure 2-5. The WELCO program
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When you run WELCO.EXE under the Presentation Manager, you’ll be
treated to a real Presentation Manager window, as shown in Figure 2-6.
With this window you can

s Press the mouse button when the pointer is positioned over the title bar
and drag the window around the screen.

= Drag the sizing border to change the size of the window.
m Click on the maximize arrow and expand the window to full screen.

= Click on the minimize arrow and compress the window into a little
square.

= Use the mouse or keyboard to invoke the system menu.
m Size or move the window with the keyboard.
= Use Alt with a function key to invoke system menu options.

m Close the window, removing it from the screen.

WELCO.EXE

Figure 2-6. A Presentation Manager window.

That’s a considerable improvement, considering that only three lines were
added to the program.
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Anatomy of a Window

34

As we develop a Presentation Manager program in this chapter, we will en-
counter three major concepts that are central to Presentation Manager
programming:

» Windows
m Messages
= Presentation spaces

These three concepts are closely related: A window receives input in the
form of messages and displays output to a presentation space. This entire
book is about receiving messages and writing to presentation spaces. The
window is at the center of it all.

Earlier I said that a window is a rectangular area on the screen. That’s too
easy. Sure, a window occupies an area on the screen, but that’s what the
window looks like, not what it is. As you start programming for the Presen-
tation Manager, windows seem to take on life. You will use anthro-
pomorphic language when thinking and talking about windows. You will
say a window does something, a window responds in a certain way, and a
window has a style. A window has a parent and can also have children; a
window can talk to another window. And yes, a window occupies a rectan-
gular area on the screen.

You’ll find it helpful to think of windows in terms common in object-
oriented programming. For example, you might now believe that some code
someplace in the Presentation Manager draws the sizing border, system
menu box, title bar, and minimize/maximize box so that they look the way
they do. Yes, but no— you’re closer to reality if you think of the window as
drawing itself. The window itself determines how it will look.

This may become clearer if I discuss the WinCreateStdWindow function
more. I’ve been speaking about the window that WinCreateStdWindow
creates as if it were a single window. Actually, WinCreateStdWindow is a
high-level function that does the work of several other functions. As used in
WELC, WinCreateStdWindow causes four windows to be created:

a A frame window
m A title bar window
= A system menu window

® A minimize/maximize window
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(A fifth window —the drop-down menu displayed from the system menu—
is also created. But let’s ignore that for this discussion.)

These are separate windows. They are certainly bound together into one
tidy unit, and they certainly have some relationship among themselves, but
in other ways these windows are distinct and independent.

The WinCreateStdWindow function creates the frame window, and the frame
window creates the other three windows. These three windows correspond
to the FCF_TITLEBAR, FCF_SYSMENU, and FCF_MINMAX flags set in the
fIFrameFlags parameter that is passed to WinCreateStdWindow. Each of
these four windows has its own window handle. WinCreateStdWindow
returns only the window handle of the frame window, but the other handles
are available if you need them.

The frame window is like a base on which the other three windows are ar-
ranged. Each of these four windows draws itself. The frame window draws
itself as a solid background surrounded by a sizing border. The title bar
window, system menu window, and minimize/maximize window are rela-
tively small windows that sit on top of the frame window.

Each of these four windows is distinct in appearance because each window
draws itself in a unique way. Each window responds to input in a distinct
way because each window processes its own input. This input takes the
form of ‘‘messages.”’

Messages

In a conventional operating system, you must always ask for information. In
the Presentation Manager, information is delivered to your program in the
form of ‘‘messages.”” For example, in a conventional OS/2 kernel program,
you can determine the size of the screen display in units of characters or
pixels by calling the VioGetMode function. In a Presentation Manager pro-
gram, the size of the screen is less important than the size of one of your
program’s windows. The size of these windows can change. The window is
notified of such a change through messages. Messages are notifications of
user input and everything else that affects the program’s windows.

A Presentation Manager program works by processing messages. In fact, it
does little else except process messages. We say that a Presentation Man-
ager program is ‘‘message-driven.”’

A message is a data structure of type QMSG (queue message), which is de-
fined in PMWIN.H as shown on the following page.
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typedef struct _QMSG

{

HWND hwnd ;
USHORT msg ;
MPARAM mpl ;
MPARAM mp2 ;
ULONG time ;
POINTL pt1 ;
}

aMsG ;

A message is usually directed to a particular window. The handle of the in-
tended recipient of a message is given in the Awnd field of the structure.

The msg field (defined as type USHORT, or unsigned short) identifies the
message. All messages have identifiers defined in PMWIN.H. Many of them
begin with the letters WM (‘‘“window message’’). Examples of these iden-
tifiers are WM_CREATE, WM_SIZE, WM_CHAR, WM_MOUSEMOVE,
WM_PAINT, WM_DESTROY, and WM_QUIT. The mpl and mp2 fields (de-
fined as type MPARAM, which is a 32-bit far pointer) are ‘‘message parame-
ters.”” They contain information connected with the particular message;
The time field is the time the message was sent, and pt/ (a POINTL structure)
indicates the position of the mouse pointer at the time the message was sent.
The following table summarizes this information:

THE MESSAGE STRUCTURE
The message is addressed to hwnd
The message is msg
More detailed information is found in mpl and mp2
The time of the message is time
The mouse pointer was positioned at ptl

When a message is addressed to a particular window (the usual case), the
window processes the message. Everything a window does is the result of
processing messages.

The message queue is a place where messages are stored. After a thread
creates a message queue by calling WinCreateMsgQueue, the Presentation
Manager uses this queue to store messages to all windows created in that
thread. Not all messages are stored in the message queue (a distinction I'll
discuss a little later), but most messages relating directly to user input are
stored there. The message queue created by WELCO stores messages for the
frame window, the title bar window, the system menu window, and the
minimize/maximize window.
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The Message Loop

After a thread creates a message queue, it can create windows. Messages for
the windows created in the thread are stored in the thread’s message queue.
Messages are retrieved from the message queue in a two-line piece of code
called the ‘‘message loop.”” The program first must define a variable of type
QMSG, the message structure:

QMSG  qmsg ;
After creating its windows, the program enters the message loop:

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg) ;

Note that the last three parameters in the WinGetMsg call are set to NULL or
0. This is normal: It indicates that WinGetMsg should retrieve all messages
to all windows created in that thread.

WinGetMsg passes to the Presentation Manager a pointer to the QMSG mes-
sage structure. The Presentation Manager fills the fields of the structure
with the next message from the queue and returns control to the program.
When WinGetMsg returns, the QMSG structure holds a valid message from
the message queue. The program then ‘‘dispatches’’ the message by calling
WinDispatchMsg. When WinDispatchMsg returns, the program again calls
WinGetMsg. If there are no messages in the queue, WinGetMsg waits until
one is available. For all messages except WM_QUIT, WinGetMsg returns a
nonzero value. WM_QUIT is a very special message. It causes WinGetMsg to
return a 0 value and fall out of the while loop. (The WM_QUIT message is
put into the queue when you select Close from the system menu.) The
program then makes calls to WinDestroyWindow, WinDestroyMsgQueue, and
WinTerminate and exits main, ending the program.

Do you find this message loop code a little peculiar? The program fetches a
message from the queue with WinGerMsg. That’s OK. But the program is
seemingly not doing anything with the message. It’s simply throwing the
message away by calling WinDispatchMsg. If the message is actually being
dispatched somewhere, who’s getting it? Where does the message go? Well,
the message is addressed to a particular window, so obviously that window
gets the message. WinDispatchMsg sends a message to a window.

Perhaps this is still bothering you. Perhaps you’re not quite comfortable
with the concept of a window getting messages —it’s too abstract. Would it
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make more sense if I said that WinDispatchMsg causes a function to be
called? And that the message being dispatched takes the form of parameters
to the function? And that this function interprets these parameters and does
something to process the message? Would you be more comfortable with
the idea that this function—in a very real sense — is the window?

The Window Procedure

38

Every window has an associated window procedure, which processes mes-
sages for the window. The window procedure determines how the window
responds to input (in the form of messages) and what the window looks like.

WinGetMsg retrieves messages addressed to all windows that have been cre-
ated in the thread of the process. During the WinDispatchMsg call, the Pre-
sentation Manager determines the address of the window procedure for the
window whose handle is in the Awnd field of the message structure. It then
calls this window procedure. The window procedure processes the message
and returns control to the Presentation Manager, which then returns control
to the program that called WinDispatchMsg.

The window procedures for the four windows created in WELCO are lo-
cated in PMWIN.DLL, one of the dynamic link library modules that con-
stitute the Presentation Manager. For example, PMWIN.DLL contains a
function called WinTitlebarWndProc. This function is the window procedure
that processes messages for all title bars created by all programs currently
running under the Presentation Manager. The title bar window displays text
because that happens to be the way the window procedure draws the win-
dow. The title bar changes color to indicate that the program (or more pre-
cisely, the frame window) is active because the frame window sends the
title bar window a message telling it to change the color. The title bar win-
dow responds to mouse input in its own specialized way to allow the win-
dow to be repositioned on the screen, and it then sends a message to the
frame window informing it of the new position.

A typical window procedure is shown in Figure 2-7. Note that the four
parameters to the window procedure are the first four fields of the message
structure —the window handle, the message identifier, and the two
MPARAM values that provide message-specific information. When the
WinDispatchMsg function calls the window procedure, it extracts these four
fields from the structure to pass to the window procedure.

A window procedure generally processes messages using a switch and case
construction. For each type of message, the mpl and mp2 parameters pro-
vide additional information about the message.
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MRESULT EXPENTRY DoodadWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{

[definitions of local variables]

switch (msg)
{
case WM_CREATE:

[do initialization]
return 0 ;

case WM_PAINT:
[paint the window]
return 0 ;

case WM_CHAR:
[process keyboard messages]
return 0 ;

case WM_MOUSEMOVE:
[process nouse movement messages]
return 0 ;

case WM_DESTROY:
[clean up]
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}

Figure 2-7. A typical window procedure.

The value the window procedure returns depends on the message. Usually
it’s a 0. Any message the window doesn’t process must be passed on to a
function called WinDef WindowProc. This function does default processing
of all messages that a window procedure chooses to ignore.

Why are we spending time looking at the structure of window procedures
that are internal to the Presentation Manager? Because not all window
procedures are inside the Presentation Manager. Presentation Manager pro-
grams can also contain window procedures. In fact, they almost always do.
And that’s why we will soon add a window procedure —and a new win-
dow —to our program.

CHAPTER TWO: WELCOME TO PRESENTATION MANAGER PROGRAMMING



WELCOM —Adding a Standard lcon

Before we add a new window to the program, let’s address a little problem

in WELCO.

If you minimize WELCO, you’ll see the program displayed at the bottom of
the screen as a small nondescript white rectangle. It should look more like a

normal Presentation Manager icon.

We can add a standard application icon to the program with a few lines of
code. The new version, called WELCOM, is shown in Figure 2-8.

The WELCOM File

welcom.obj : welcom.cC
¢l -c -G2sw -W3 welcom.c

welcom.exe : welcom.obj weicom.def
tink welcom, /align:16, NUL, o0s2, welcom

The WELCOM.C File

40

WELCOM.C -- A Program that has a Standard Icon

f#fdefine INCL_WIN
#include <os2.h>

int main (void)
{
static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

HAB hab ;
HMQ hmgq ;
HWND hwndFrame ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;
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FCF_SYSMENU
FCF_MINMAX

FCF_TASKLIST ;
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Figure 2-8. The WELCOM.C File. continued

hwndFrame = WinCreateStdWindow (

HWND_DESKTOP, // Parent window handle
WS_VISIBLE, // Style of frame window
&f1Frameflags, // Pointer to control data

NULL, // Client window class name

NULL, // Title bar text

oL, // Style of client window

NULL, // Module handle for resources

0, // 1D of resources

NULL) ; // Pointer to client window handle

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND._DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

)

The WELCOM.DEF File

NAME WELCOM WINDOWAPI

DESCRIPTION ‘Welcome to PM -- Program No. 6 (C) Charles Petzold, 1988'
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

Figure 2-8. The WELCOM program.

Many Presentation Manager programs use customized icons to identify the
program when it is minimized and displayed at the bottom of the screen.
We’ll begin doing this in Chapter 12. Until then, we’ll use a standard icon
that is defined within the Presentation Manager.
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The frame window must display an icon when the window is minimized.

" We have to tell the frame window what icon to use for this. I’ve been

discussing messages, and here we can see an example of one. A program
can tell the frame window which icon to use by sending the frame window a
WM_SETICON message. You do this by calling the WinSendMsg function:

WinSendMsg (hwndFrame, WM_SETICON,

WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL) ;

You’ll recall that a window procedure has four parameters: the window
handle, the message identifier, and two message parameters. WinSendMsg
has these same four parameters. The first is AwndFrame, the handle of the
window to which we’re sending the message. The second parameter,
WM_SETICON, identifies the message. The last two parameters to Win-
SendMsg correspond to the mpl and mp2 parameters of the window pro-
cedure. These provide information unique to the WM_SETICON message.

For WM_SETICON, mp2 is not used and can be set to NULL. The mpl
parameter is a handle to a pointer. (The word ‘‘pointer,” as used here, gen-
erally refers to the mouse pointer that you move on the screen using your
mouse. But as you’ll discover in Chapter 12, icons and mouse pointers are
closely related and interchangeable in many cases.) This handle is obtained
from the WinQuerySysPointer function call. The first parameter of this
handle is HWND_DESKTOP, which is required for this function. The
SPTR_APPICON identifier (the SPTR prefix stands for ‘‘system pointer’’)
refers to a simple icon that looks like a little window if you use your
imagination.

The last parameter to WinQuerySysPointer is set to FALSE to indicate that we
do not want the Presentation Manager to make a copy of this icon. All we
want is the handle to it. This is one case where you don’t call a function to
destroy the resources connected with the handle. You don’t need to save the
handle returned from WinQuerySysPointer; you just pass it to the Win-
SendMsg function.

You’ll notice that I've added the following line to the top of WELCOM.C:
fidefine INCL_WIN

This line appears before the #include statement for 0S2.H. The declaration
for the WinQuerySysPointer function and the definition of the SPTR_APPI-
CON identifier in PMWIN.H (as well as a number of other functions and
identifiers) are not included by default. Defining INCL_WIN causes them to
be included.
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WELCOME —Creating a Client Window

The four windows in WELCOM seem to get along OK. But it’s like a party
taking place in your house to which you weren’t invited. After WELCOM
creates the four windows, all it does is retrieve messages from the message
queue and dispatch them to window procedures located somewhere in
PMWIN.DLL. Let’s get in on this action. In the WELCOME version of our
program, shown in Figure 2-9, I’ve changed the WinCreateStdWindow call
slightly so that it creates a fifth window. This window will fill that large
area between the title bar and the visible parts of the sizing border, covering
the still-visible part of the frame window. This fifth window is our win-
dow — we process the messages to it.

The WELCOME File

welcome.obj : welcome.c
cl -¢c -G2sw -W3 welcome.c

welcome.exe : welcome.obj welcome.def
Tink welcome, /align:16, NUL, os2, welcome

The WELCOME.C File

fidefine INCL_WIN
#include <o0s2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass (] = "Welcome" ;
static ULONG flframeFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST

(continued)
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Figure 2-9. The WELCOME.C File. continued

HAB hab ;
HMQ hmg ;
HWND hwndFrame, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (

hab, // Anchor block handle
szClientClass, // Name of class being registered
ClientWndProc, // Window procedure for class

oL, // Class style

0) ; // Extra bytes to reserve

hwndFrame = WinCreateStdWindow (

HWND_DESKTQP, // Parent window handle
WS_VISIBLE, // Style of frame window
&f1frameFlags, // Pointer to control data
szClientClass, // Client window class name

NULL, // Title bar text

oL, // Style of client window

NULL, // Module handle for resources

0, // ID of resources

&hwndClient) ; // Pointer to client window handle

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
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The WELCOME.DEF File

NAME WELCOME  WINDOWAPI

DESCRIPTION ‘Welcome to PM -- Program No. 7 (C) Charles Petzold, 1988'
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 2-9. The WELCOME program.

This new window is called a ‘‘client window.”” Messages for this client
window are stored in the message queue just like messages for the other four
windows created in WinCreateStdWindow. The messages are retrieved from
the queue with WinGetMsg and dispatched to the appropriate window pro-
cedure with WinDispatchMsg. But the window procedure for the client
window is not in PMWIN.DLL. This window procedure is located in
WELCOME itself.

Registering a Window Class

Every window has an associated window procedure. More precisely, every
window is based on a particular ‘‘window class.”” It’s the window class that
defines the window procedure used to process messages for all windows
created based on that class.

The Presentation Manager has nine predefined window classes. (One of
them, for example, is the class called WC_TITLEBAR, using the PMWIN.H
identifier.) Each of these window classes has a window procedure located in
PMWIN.DLL. (The window procedure for the WC_TITLEBAR class is
WinTitlebarWndProc.) When WinCreateStdWindow was called in previous
versions of the program, it created four windows based on four of these pre-
defined window classes. Messages to these windows go to the window pro-
cedure for the window class.

If you want WinCreateStdWindow to create a client window with a window
procedure in your own program, you must first register a new window
class that identifies this window procedure. You do this by calling
WinRegisterClass, as shown in the WELCOME.C program. The second and
third parameters to WinRegisterClass are the most important: They specify
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the name of the window class and the address of the window procedure for

that class. The window procedure processes messages to all windows that
are based on that class.

The predefined window classes in PMWIN.DLL are ‘‘public’’ window
classes: They can be used by all programs running under the Presenta-
tion Manager. When your program contains a window procedure and you
register a class for it, that is a “‘private’’ class that can be used only by
your program. :

The name of a private window class registered in a program is generally a
character string that either is the name of the program or is derived from the
name of the program, but it can really be anything you want. In
WELCOME, the class name is the character string ‘“Welcome’’ stored in the
array szClientClass. (The sz prefix indicates that the variable is a string ter-
minated by a zero byte.) The window procedure is the function named
ClientWndProc, which in WELCOME is located after the main function. You
can name the window procedure whatever you like. The window procedure
is declared near the top of the program with the following statement:

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

Declaring ClientWndProc before main is mandatory: This lets the C com-
piler recognize ClientWndProc as a function when compiling code for the
WinRegisterClass call.

The EXPENTRY identifier stands for ‘‘exported entry point’’ and indicates
that the function is called from outside the program. It is defined in
OS2DEF.H in the same way as APIENTRY:

#define EXPENTRY far pascal

All window procedures must be defined as EXPENTRY functions.

The New WinCreateStdWindow Call

46

The next step is to change some of the parameters to WinCreateStdWindow
so that it creates a client window in addition to the other five windows. The
fourth parameter to WinCreateStdWindow (previously set to NULL) is now
set to the name of the client window class, which is the character array
szClientClass. The last parameter to WinCreateStdWindow is a pointer to a
variable that will receive the handle of the client window when
WinCreateStdWindow creates it. This variable is named AwndClient and de-
fined as type HWND.

SECTIGN ONE: BASIC CONCEPTS



WinCreateStdWindow now creates five windows, four of them based on pre-
defined window classes and the fifth—the client window —based on the
““Welcome™’ class. WinCreateStdWindow returns the window handle of the
frame window, but it also stores the window handle of the client window in
the variable pointed to by its last parameter.

Processing the Messages

The ClientWndProc window procedure in WELCOME is called only from
the Presentation Manager, from outside the program’s code segment, using
the Pascal calling sequence, which is why it’s defined as an EXPENTRY
function. The window procedure returns an MRESULT (a 32-bit far pointer)
to the Presentation Manager. ClientWndProc receives messages only for the
client window. Whenever ClientWndProc is called, the hwnd parameter is
the window handle of the client window. This is the same window handle
stored in the ~wndClient variable in main.

ClientWndProc doesn’t yet process any messages itself. Any message a
window procedure doesn’t process must be passed on to the WinDef-
WindowProc function in the Presentation Manager. The value returned from
WinDef WindowProc is then returned from the window procedure.

NOTE: That ClientWndProc doesn’t process any messages causes a
little problem: The client window isn’t painted. If you experiment with
WELCOME in the Presentation Manager, you'll find that the client
window displays whatever was underneath it when it is created or
resized! Of course, we’ll fix this problem shortily.

The Stream of Processing

With the client window procedure in place, you can now get a good sense of
how Presentation Manager programs are structured and how they operate.
The main function first performs initialization. At the very least, this in-
volves calls to Winlnitialize, WinCreateMsgQueue, WinRegisterClass, and
WinCreateStdWindow. It then enters the message loop. When it exits the
message loop, it cleans up with WinDestroyWindow, WinDestroyMsgQueue,
and WinTerminate and exits main, terminating the program.

In the message loop, the program calls WinGetMsg, which retrieves the next
message from the program’s message queue. These messages include user
input from the keyboard and mouse. The program passes the message back
to the Presentation Manager by calling WinDispatchMsg. The Presentation
Manager determines the address of the window procedure for the particular
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window that must receive the message, and it then calls the window pro-
cedure. This is either a predefined window procedure within the Presen-
tation Manager or a window procedure within the program (such as
ClientWndProc).

The window procedure either processes the message or calls WinDef-
WindowProc. The window procedure then returns control to the Presenta-
tion Manager (still in the WinDispatchMsg call), which returns control to
the program’s message loop.

This is a considerably more complex interaction between a program and an
operating system than is typical in a more conventional operating system
such as the OS/2 kernel. In the Presentation Manager, programs have a more
intimate connection with the operating system and (potentially) other pro-
grams running under the Presentation Manager. It’s the use of messages
that makes the difference. Messages are the means of communication be-
tween the Presentation Manager and windows, and between windows
themselves.

Queued and Nonqueued Messages

48

I've been discussing how messages get from the message queue to a window
procedure. However, not all messages originate in the message queue. Win-
dow procedures can also be called directly from the Presentation Manager.

When a message is placed in a program’s message queue, retrieved with
WinGetMsg, and dispatched to the window procedure with WinDispatchMsg,
that message is said to be a ‘‘queued message.”” Many of the messages
relating to user input (such as the WM_CHAR keyboard message and the
WM_MOUSEMOVE mouse message) are ‘‘queued’’ messages. Timer mes-
sages are queued, as are menu messages (which signal a window procedure
that a menu item has been chosen). But many other messages are sent to the
window procedure directly without first being placed in the message queue.
For example, the WM_CREATE message — which is the first message that a
window procedure receives—is sent to the window at the same time the
Presentation Manager is executing the WinCreateStdWindow function. The
WM_DESTROY message is sent to a window procedure as part of the Pre-
sentation Manager’s processing of the WinDestroyWindow call. These are
“nonqueued’’ messages.
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Whether a message is sent directly to a window procedure or dispatched to
the window procedure after being retrieved from the message queue is gen-
erally not very important. The window procedure is ‘‘message central’’ —
it gets all messages to the window. It usually doesn’t matter what route the
messages took to get to the window procedure.

A window can also ‘‘post’” or ‘‘send’’ messages to other windows. The
WinPostMsg function places a message in the message queue associated with
a particular window and returns immediately. The WinSendMsg function
(which I used to send the frame window a WM_SETICON message) causes
the Presentation Manager to call the window procedure directly. Win-
SendMsg returns after the window procedure has processed the message.
(The WinDispatchMsg call used in the message loop is similar to the Win-
SendMsg call.)

In short, post means to put the message in the mail box; send means to hand-
deliver the message to the recipient. A message that is posted becomes a
queued message; a message that is sent becomes a nonqueued message. As I
said, from the perspective of the window procedure, the distinction is
usually not very important. When speaking about messages, the term send
is often used for convenience even when the message is actually posted. In
the chapters ahead, I'll discuss whether a message is queued or nonqueued
when necessary, but otherwise I’ll tend to use this convenient terminology.

Messages sometimes generate other messages. This can happen when a win-
dow procedure declines to process a message and passes the message to
WinDefWindowProc. WinDefWindowProc sometimes does default process-
ing of a message by sending the window procedure another message. Call-
ing Presentation Manager functions also sometimes results in the window
procedure being sent a message.

This means that the window procedure must be recursive. Generally, this
fact doesn’t cause any problems, but you should keep it in the back of your
mind. If you encounter a strange bug (a static local variable in your window
procedure changing when you call a Presentation Manager function, for ex-
ample), perhaps your window procedure is changing the variable itself
while processing another message generated by the call to the Presentation
Manager function. You should also keep at a reasonable level the size of lo-
cal automatic variables in main and in the window procedures. The recur-
sive use of window procedures is the primary reason for the minimum
recommended 8 KB stack size in Presentation Manager programs. Feel free
to increase it if you use large automatic variables in a window procedure.
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Special Treatment of Window Procedures

Window procedures require some special attention when you compile and
link the program. First, for any program that contains a window procedure,
the compiler requires yet another switch: -Gw. (The w stands for ‘‘win-
dow.”’) This switch is combined with the -G2 and -Gs switches to make the
-G2sw switch. Second, the window procedure must be mentioned in an
EXPORTS statement in the module definition file:

EXPORTS ClientWndProc

With this statement you’re ‘‘exporting’’ the window procedure so that it
can be called from another module (specifically, from the Presentation
Manager).

The -Gw compiler switch and the EXPORTS statement are very closely re-
lated and involve some manipulation on the machine-code level when con-
trol passes between the Presentation Manager and your program. When a
program calls a Presentation Manager function (such as WinDispatchMsg),
that function generally uses its own data area, which is a data segment
associated with the dynamic link library that contains the function. In
assembly-language terms, the function must push the current DS register
(which points to the data segment of the program making the function call)
on the stack and set DS to its own data segment. Before returning to the pro-
gram, it pops the original DS off the stack. However, in the course of the
WinDispatchMsg function call, the dynamic link library might need to call
the program’s window procedure. The DS value associated with the window
procedure isn’t directly available. Thus the window procedure would be un-
able to access its own data segment.

The -Gw switch adds a special prologue and epilogue to the window pro-
cedure to save the value of DS (the dynamic link library’s DS) on entry to
the window procedure and restore it on exit. Exporting the window pro-
cedure directs OS/2 to add some code to this prologue to set DS to the
program’s data segment. Thus the window procedure can be called from the
dynamic link library without problems.

WELCOME1 —Painting the Client Window

50

Now that we have a client window with its very own window procedure that
processes messages to the window, we are ready to process a few messages
and paint the client window. The final WELCOME program in this chapter,
WELCOME], is shown in Figure 2-10.
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The WELCOMEH File

welcomel.obj : welcomel.c
¢l -¢ -G2sw -W3 welcomel.c

welcomel.exe : welcomel.obj welcomel.def

Tink welcomel, /align:16, NUL, os2, welcomel

The WELCOMEA.C File

WELCOMEL1.C -- A Program that Writes to its Client Window

f#define INCL_WIN
f#include <os2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{

static CHAR szClientClass [] = "Welcomel” ;

static ULONG fiFrameFlags = FCF_TITLEBAR

FCF_SYSMENU |

f

i
FCF_SIZEBORDER i FCF_MINMAX |

t

|

FCF_SHELLPOSITION FCF_TASKLIST ;
HAB hab ;
HMQ hmg
HWND hwndFrame, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) ;

hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (
hab,
szClientClass,
ClientWndProc,
CS_SIZEREDRAW,
0

// Anchor block handle

// Name of class being registered
/7 Window procedure for class

// Class style

// Extra bytes to reserve

(continued)
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Figure 2-10. The WELCOMEL.C File. continued
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hwrndFrame = WinCreateStdWindow (
HWND_DESKTOP,
WS_VISIBLE,
&f1Frameflags,
szClientCtass,
NULL,
oL,
NULL,
0,
&hwndClient)

WinSendMsg (hwndFrame, WM_SETICON,

/1
1/
/1
/1
//
/7
I/
/!
/7

Parent window handle

Style of frame window

Pointer to control data

Client window class name

Title bar text

Style of client window

Module handle for resources

ID of resources

Pointer to client window handle

WinQuerySysPointer (HWND_DESKTQP, SPTR_APPICON, FALSE),

NULL) ;

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))

WinDispatchMsg (hab, &qmsg) ;

WinDestroyWindow (hwndframe) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

MRESULT EXPENTRY ClientWndProc (HWND twnd, USHORT msg, MPARAM mpl, MPARAM mp2)

static CHAR szText [] = "Welcome to the 05/2 Presentation Manager"

return 0 ;

}

{

HPS hps;
RECTL rcl

switch (msg)

{

case WM_CREATE:
DosBeep (261, 100) ;
DosBeep (330, 100) ;
DosBeen (392, 100) ;
DosBeep (523, 500) ;
return 0 ;

case WM_PAINT:

hps = WinBeginPaint (hwnd, NULL, NULL) ;

SECTION ONE: BASIC CONCEPTS

(continued)



Figure 2-10. The WELCOMEL.C File. continued

case

}

WinQueryWindowRect (hwnd, &rcl) ;

WinDrawText (hps, -1, szText, &rcl, CLR_NEUTRAL, CLR_BACKGROUND,
DT_CENTER | DT_VCENTER | DT_ERASERECT) ;

WinEndPaint (hps) ;
return 0 ;

WM_DESTROY :
DosBeep (523, 100) ;
DosBeep (392, 100) :
DosBeep (330, 100) ;
DosBeep (261, 500) ;
return 0 ;

return WinDefWindowProc (hwnd, msg, mpl, mp2) :

)

The WELCOME.DEF File

NAME

DESCRIPTION
PROTMODE
HEAPSIZE
STACKSIZE
EXPORTS

WELCOME1 WINDOWAPI
‘Welcome to PM -~ Program No. 8 (C) Charles Petzold, 1988°
1024

8192
ClientWndProc

Figure 2-10. The WELCOMEI program.

WELCOMELEXE displays the text ‘‘Welcome to the OS/2 Presentation

Manager’

’ in the center of its client window as shown in Figure 2-11 on the

following page.
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WELCOMET.EXE

Welcome to the 05/2 Presentation Manager

Figure 2-11. The WELCOMEI display.

Processing Messages

54

The ClientWndProc window procedure in WELCOMEI1 shows the typical
switch and case construction used to process messages. The msg parameter
to the window procedure identifies the message. ClientWndProc processes
three messages: WM_CREATE, WM_PAINT, and WM_DESTROY. In most
cases, a window procedure returns OL when it processes a message. Any
message not/processed must be passed on to WinDefWindowProc, and
the value returned from WinDefWindowProc must be returned from the
window procedure.

The WM_CREATE message is the first message that a window procedure
receives. It is sent directly to the window procedure during the
WinCreateStdWindow-call. A window procedure can perform some window
initialization during the WM_CREATE message. In WELCOME]1, Client-
WndProc calls the 0S/2 DosBeep function to play the notes of a C-major
chord to indicate that the client window has arrived.

The WM_DESTROY message is the last message a window procedure
receives. The Presentation Manager sends this message to the window
procedure during the WinDestroyWindow call. Although window proce-
dures can do some ‘‘cleanup’’ during the WM_DESTROY message,
ClientWndProc again calls DosBeep a few times as a swan song to indicate
that the client window is being destroyed.
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The WM_PAINT Message

One of the most important messages that a window procedure receives is
WM_PAINT, which tells the window procedure when to display something
on the window. ‘“What?’’ you say. ‘‘The Presentation Manager is telling me
when I can display something on my window? I have to be given permis-
sion? What kind of fascist operating system is this?”’ Cool down. The
WM_PAINT message is simply the Presentation Manager’s way of telling
you that a portion of your window is ‘‘invalid’’ —that is, that part of the
window’s visible area contains garbage or perhaps nothing at all. The
WM_PAINT message tells the window function that the window is due
for a paint job.

How does the window become invalid? When a window is first created, the
entire window is invalid. In fact, one of the first queued messages the client
window receives is WM_PAINT. The window function can take this oppor-
tunity to display something in the window. Now suppose you minimize the
window and then restore it to the original size. The Presentation Manager
doesn’t save the contents of the window when the window is minimized. In
a graphical environment it’s simply too much data. Thus when the window
is restored after being minimized, the window is invalid, and a WM_PAINT
message is placed in the message queue. If you start rearranging several
windows on the display, a window may overlap others. The Presentation
Manager generally won’t save the area of a window covered by another
window. When the window is uncovered, the previously hidden area is in-
valid, and a WM_PAINT message goes into the message queue.

This is probably quite different from the way you usually think about using
the video display. Under a conventional operating system, your program can
display something on the screen whenever it wants and not worry about
something on the screen mysteriously disappearing. Under the Presentation
Manager, you can still—if you want—display something on a window
whenever you want. But it makes more sense to do painting only when the
window function receives the WM_PAINT message. The program must re-
tain what it needs to recreate the appearance of the window, because it can
receive a WM_PAINT message at almost any time. If the window function
displays something on the window while processing a message other than
WM_PAINT, it must also execute the same painting code when it gets
a WM_PAINT message.

Normally, if you resize a window to make it smaller, the window procedure
doesn’t receive a WM_PAINT message. The Presentation Manager simply
cuts off the edges of the window that previously extended past the new
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size. You’ll note, however, that in WELCOMEI! the fourth parameter to
WinRegisterClass is set to CS_SIZEREDRAW. This is a class style. It causes
the Presentation Manager to invalidate the entire window and post a
WM_PAINT message to the client window whenever the size of the win-
dow changes.

When you get a WM_PAINT message, you can obtain the coordinates of the
invalid area of the window. You need update only that part of the window.
We’ll explore this and other aspects of the WM_PAINT message more in
upcoming chapters. Right now all you have to know is that WM_PAINT
informs the window procedure that it’s time to update the appearance
of the window.

Processing WM _PAINT

56

case

The code that processes the WM_PAINT message in a window function
must begin with a call to WinBeginPaint and end with a call to WinEndPaint.
When WinEndPaint is called, the Presentation Manager validates the entire
area of the window. Using a simple form of the WinBeginPaint call, the code
looks like this:

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

[paint the window]

WinEndPaint (hps) ;
return 0 ;

If your program doesn’t process WM_PAINT messages (as WELCOME
doesn’t), they are passed to WinDef WindowProc. WinDef WindowProc sim-
ply calls WinBeginPaint and WinEndPaint (with nothing in between) to vali-
date the entire area of the client window. This is a good example of how
WinDef WindowProc takes care of chores a program chooses to ignore. If
WinBeginPaint and WinEndPaint aren’t called during a WM_PAINT message,
an area of the window remains invalid, and the WM_PAINT message isn’t
removed from the message queue.

The handle returned from the WinBeginPaint call is a handle to a presenta-
tion space. The handle is stored in a variable named /ps of type HPS. You
need this handle to the presentation space to draw on the surface of the cli-
ent window. The presentation space handle is the first parameter to all the
Graphics Programming Interface (GPI) drawing functions.

The presentation space is essentially a data structure that defines an abstract
display surface. The presentation space is associated with a ‘‘device con-
text,”” which defines a particular physical display medium. In the form of
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the WinBeginPaint call used here, the presentation space for which we get a
handle is associated with a device context for the video display —in par-
ticular, the part of the display that the client window occupies. This form of
the WinBeginPaint call (with the second parameter set to NULL) implies that
we're using a subset of GPI that is called the ‘‘cached micro-PS.”’

Painting WELCOME1’s Client Window

After the WinBeginPaint call, WELCOMEI! obtains the dimensions of the
client window by using this function:

WinQueryWindowRect (hwnd, &rcl) ;

The first parameter is Awnd, the handle to the client window. The rcl vari-
able is a structure of type RECTL (rectangle). The RECTL structure has four
fields: xLeft, yBottom, xRight, and yTop. WinQueryWindowRect fills the fields
of the rcl structure with the current coordinates of the client window. These
coordinates are relative to the lower-left corner of the window; hence the
xLeft and yBottom fields are set to 0. The xRight field is actually the width of
the window in pixels, and yTop is the height of the window in pixels.

The WinDrawText function is used to display the string ‘“Welcome to the
0S/2 Presentation Manager’’ in the center of the client window. It uses the
rcl rectangle structure and the parameter DT_CENTER | DT_VCENTER |
DT_ERASERECT to specify that the string is to be horizontally and ver-
tically centered within the rectangle and that the rectangle (the entire win-
dow) is to be erased before the text is displayed. The CLR_NEUTRAL and
CLR_BACKGROUND parameters specify the text color and background
color. I'll discuss these two ‘‘colors’’ in Chapter 5.

Too Much Overhead?

This has been a long journey to write a simple program that displays some
text and plays a tune. But we’ve basically covered all the facets of the Pre-
sentation Manager. You’ve learned about windows. You’ve learned about
messages. You’ve learned about presentation spaces. That’s it. Everything
that follows is just detail.
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CHAPTER THREE

MORE FUN
WITH WINDOWS

In Chapter 2, our rush to create a functional window required that we ig-
nore some details and finer points of the art of window creation. Here we’ll
explore variations on the basic theme.

Exploring the Standard Window

The WinCreateStdWindow function creates one or more windows. In the fi-
nal version of WELCOMEI, shown in Chapter 2, WinCreateStdWindow
creates five windows —the frame, title bar, system menu, minimize/maxi-
mize window, and the client window. The term ‘‘standard window’’ refers
to this collection of windows organized around the frame window. All but
one of the windows that make up the standard window are created based on
window classes already registered by the Presentation Manager. Messages
to these windows come through the program’s message queue but are dis-
patched to the particular window procedure in PMWIN.DLL that is defined
by the window class. The client window, on the other hand, is generally
based on a window class that the program itself registers, and it uses a win-
dow procedure within the program (called ClientWndProc in WELCOMEI)
to process its messages.

The windows that make up the standard window receive messages from the
Presentation Manager (often initiated by user input) but can also send mes-
sages to one another. They essentially carry on a family conversation.
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The Family of Windows

Windows created in the Presentation Manager usually have a parent-child
relationship. In the standard window, the frame window is the parent, and
the other windows (including the client window) are the children of the
frame window. Thus we can define the term standard window as ‘‘a frame
window and its children.”” Windows with a common parent are called *‘sib-
ling windows.”” A window can have many children but only one parent. A
window’s children, its children’s children, and so forth are called the win-
dow’s ‘‘descendants.”’

The grand matriarch of Presentation Manager windows is the ‘‘desktop
window.”’” The desktop window occupies the entire screen. Although it ap-
pears to be simply a background color, the desktop window is a real win-
dow with a window procedure in PMWIN.DLL named WinDesktopWndProc
that processes its messages. Every other window is a descendant of the desk-
top window. (This isn’t quite true. Some windows, called ‘‘object win-
dows,”” have no parent. Like other windows, an object window can send and
receive messages, but an object window isn’t visible on the screen and
doesn’t receive user input. When I discuss windows in this book I’m usually
talking about nonobject windows.)

A child of the desktop window is called a ‘‘top-level window.”’ Virtually
every program that runs under the Presentation Manager creates at least
one top-level window. When a program such as WELCOMEI calls
WinCreateStdWindow to create the application’s main window, the frame
window is a top-level window. The other windows created by the function
are children of the frame window and are not top-level windows. The
family tree for the WELCOME] program is shown in Figure 3-1.

A child window is affected by its parent in several ways:

= A child window is always displayed within the area of the screen oc-
cupied by its parent. We say that the child is ‘‘clipped’’ on the area of its
parent. This is fairly obvious in the case of the desktop window and the
frame window because the desktop window encompasses the entire
screen. The children of the frame window also appear within the area
occupied by the frame. If the frame window tried to position part of the
title bar window outside of the area that is occupied by the frame, the
part of the title bar outside the frame window would not be visible.

m Child windows remain in the same position relative to the parent unless
explicitly moved. When you move the frame window around the screen,
the children follow. This happens automatically: When the frame win-
dow wants to move itself (usually because it has received a message
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from the title bar window that the user has moved the window), it need
only tell the Presentation Manager to move the frame. The Presentation
Manager takes care of moving the children.

m When a parent window is hidden, minimized, or destroyed, all of its
children (and, by extension, all its descendants) are also hidden,
minimized, or destroyed. This should be partly obvious in WELCOME1.
If you minimize the frame window, all the children of the frame win-
dow are also removed from the screen. When the frame window is
destroyed by the call to WinDestroyWindow after WELCOMETI leaves the
message loop, all the children of the frame window (including the client
window) are also destroyed. ClientWndProc receives a WM_DESTROY
message at that time.

m Sibling windows can overlap on the screen. We’ll see examples of over-
lapping siblings in the WELCOME2 and WELCOME3 programs in this
chapter.

The Presentation Manager includes a function, WinQueryWindow, that you
can use to determine a window’s parent:

hwndParent = WinQueryWindow (hwnd, QW_PARENT, FALSE) ;

The variable hiwndParent is set to the handle of the parent window of Awnd.
For example, after the WinCreateStdWindow function returns control to your
program, the following call obtains the frame window handle:

hwndFrame = WinQueryWindow (hwndClient, QW_PARENT, FALSE) ;
This will be the same window handle returned from WinCreateStdWindow.

Desktop
window

Frame
window
(hwndFrame)

Standa{rd
window

Title Client System Minimize/
bar window menu maximize
window (hwndClient) window window

Figure 3-1. The WELCOMEI family tree.
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If hwndFrame is a top-level window, you can obtain the desktop window
handle by calling

hwndDesktop = WinQueryWindow (hwndFrame, QW_PARENT, FALSE) ;
Or you can use the function specifically designed for this purpose:
hwndDesktop = WinQueryDesktopWindow (hab, NULL) ;

In many Presentation Manager functions, the HWND_DESKTOP identifier is
used to refer to the desktop window. Usually you pass HWND_DESKTOP as
the first parameter to WinCreateStdWindow. This makes the frame a top-
level window. The application often has no choice-but to do this: The frame
window must have a parent, but the application doesn’t know about any
other windows except the desktop window. The desktop is thus the only
possible parent.

If the program calls WinCreateStdWindow a second time, it has a choice:
The second frame window could be another top-level window, or it could be
a child of one of the windows created in the first WinCreateStdWindow call
(most likely a child of the first client window). Let’s look at an example of
the first approach.

Creating Muitiple Top-Level Windows
The WELCOME2 program, shown in Figure 3-2, creates two top-level
standard windows. The program contains two window procedures
(ClientIWndProc and Client2WndProc), registers two window classes
(““Welcome2.1”’ and ‘“Welcome2.2”’), and calls WinCreateStdWindow twice.
Note that the EXPORTS section of WELCOME2.DEF lists both window
procedures.

The WELCOMER File

welcome2.0bj : welcome2.c
¢l -c -G2sw -W3 welcome2.c

welcome2.exe : welcome2.0bj welcome2.def
1ink welcome2, /align:16, NUL, o0s2, welcome2
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The WELCOMER.C File

fidefine INCL_WIN
#include <o0s2.h>

MRESULT EXPENTRY ClientlWndProc (HWND, USHORT, MPARAM, MPARAM) ;
MRESULT EXPENTRY Client2WndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClassl [] = "Welcome2.1",
szClientClass2 [] = "Welcome2.2"
static ULONG fi1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmg ;
HWND hwndframel, hwndFrame2, hwndClientl, hwndClient2 ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterllass (

hab, // Anchor block handle
szClientClassl, // Name of class being registered
ClientlWndProc, // Window procedure for class
CS_SIZEREDRAW, // Class style

0) ; // Extra bytes to reserve

WinRegisterClass (

hab, // Anchor block handle
szClientClass2, // Name of class being registered
Client2WndProc, // Window procedure for class
CS_SIZEREDRAW, // Class style

0) ; // Extra bytes to reserve

—~

hwndFramel = WinCreateStdWindow

HWND_DESKTOP, // Parent window handle
WS_VISIBLE, // Style of frame window
&f1FrameFlags, // Pointer to control data

(continued)
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Figure 3-2. The WELCOME2.C File. continued
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szClientClassl,
NULL,

oL,

NULL,

0.
&hwndClientl) ;

hwndFrame2 = WinCreateStdWindow (
HWND_DESKTOP,
WS_VISIBLE,
&f1Frameflags,
szClientClass2,
" - Window No. 2",
oL,
NULL,
0,
&hwndClient2) :

WinSendMsg (hwndFramel, WM_SETICON,

1/
1/
1
1/
1/
/

1/
/1
1/
v
//
1
1/
1/
/!

Client window class name

Title bar text

Style of client window

Module handle for resources

ID of resources

Pointer to client window handle

Parent window handie

Style of frame window

Pointer to control data

Client window cltass name

Title bar text

Style of client window

Module handie for resources

ID of resources

Pointer to client window handle

WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),

NULL) ;

WinSendMsg (hwndFrame2, WM_SETICON,

WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),

NULL)

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))

WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndframel) ;
WinDestroyWindow (hwndframe2) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientlWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static CHAR szText [] = "Welcome to Window No. 1" ;
HPS hps

RECTL rcl ;

switch (msg)
{
case WM_PAINT:

hps = WinBeginPaint (hwnd, NULL, NULL) ;
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Figure 3-2. The WELCOME2.C File. continued

WinQueryWindowRect (hwnd, &rcl) ;

WinDrawText (hps, -1, szText, &rcl, CLR_NEUTRAL, CLR_BACKGROUND,
DT_CENTER | DT_VCENTER | DT_ERASERECT) :

WinEndPaint (hps) ;

return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
MRESULT EXPENTRY Client2WndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static CHAR szText [] = "Welcome to Window No. 2" ;
HPS hps ;
RECTL rcl ;

switch (msg)
{
case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

WinQueryWindowRect (hwnd, &rcl) ;

WinDrawText (hps, -1, szText, &rcl, CLR_NEUTRAL, CLR_BACKGROUND,
DT_CENTER | DT_VCENTER | DT_ERASERECT) ;

WinEndPaint (hps) ;
return 0 ;

case WM_CLOSE:
return 0 ;
}

return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}

The WELCOMER2.DEF File

NAME WELCOMEZ WINDOWAPI

(continued)
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Figure 3-2. The WELCOME2.DEF File. continued
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PROTMODE

DESCRIPTION ‘Creates Two Top-Level Windows (C) Charles Petzold, 1988’
HEAPSIZE 1024
STACKSIZE 8192
EXPORTS ClientluWndProc
Client2WndProc

Figure 3-2. The WELCOME?2 program.

The first parameter in the WinCreateStdWindow call is the parent of the
frame window. In both function calls, this parameter is set to HWND-
_DESKTOP. The two frame windows in WELCOME?2 share the same parent
and are thus siblings. The WELCOME2 family tree is shown in Figure 3-3.

When you run WELCOME2 (as shown in Figure 3-4), you’ll find that the
two top-level windows function independently, almost as if they were cre-
ated in different programs. Both windows are listed on the Task Manager.
Because all top-level windows are siblings, top-level windows overlap.
Only one top-level window is ‘‘active’” at any time. You can switch be-
tween the two windows (as you can switch among all top-level windows
listed on the Task Manager) using the Alt-Esc or Alt-Tab key combinations.

Desktop
window
Frame Frame
window window
(hwndFramet) (hwndFrame2)
Title Client System Minimize/ Title Client System Minimize/
bar window menu maximize bar  window menu maximize
window (hwnd- window window window (hwnd- window window
Client1) Client2)

Figure 3-3. The WELCOME? family tree.
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— WELCOMEZ EXE (o4

Welcome to Window No. 1

WELCOMEZ2.EXE - Window No. 2

Welcome to Window No. 2

Figure 3-4. The WELCOME? display.

To simplify this demonstration, I have both window functions in
WELCOME?2 perform approximately the same task (display some text in the
client window). However, the two window functions could perform entirely
different tasks from one another. For example, it’s not difficult to imagine a
Presentation Manager CAD (computer-assisted design) program organized
into two top-level windows. One window could be an ASCII text editor and
allow you to enter and edit a series of drawing commands. The other win-
dow could display the graphical representation of these commands. When
you change one of the commands in the editor window, the change could be
reflected in the graphics window; likewise, if you change the drawing itself
(perhaps using the mouse), the change could be reflected in the correspond-
ing text command in the editor window. The two client window procedures
would communicate these changes to each other with messages. You would
store the two client window handles returned from the WinCreateStdWindow
calls in global variables so that they could be accessed by both window
procedures.

What messages would the two client windows send to each other? That’s up
to you. PMWIN.H defines the identifier WM_USER specifically for the pur-
pose of creating your own messages. Within a program, you can define pri-
vate messages that use values of WM_USER or above.
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fidefine WM_MYMESSAGEO (WM_USER + 0)
fidefine WM_MYMESSAGE1 (WM_USER + 1)
fdefine WM_MYMESSAGE2 (WM_USER + 2)

If ClientiWndProc needs to send a WM_MYMESSAGEl message to
Client2WndProc, it can do so:

WinSendMsg (hwndClient2, WM_MYMESSAGE1l, MPFROMLONG (1Datal),
MPFROMLONG (1Data2)) ;

{Datal and IData2 are long integers with message-specific data. The
MPFROMLONG macros convert a long integer to an MPARAM data type.
The message would be processed within Client2WndProc like this:

case WM_MYMESSAGEL:

[process message]
return 0 ;

Keep in mind that the two MPARAM values that accompany messages can
be far pointers to structures or to big blocks of memory, so the amount of
data passed in the message can be very large. The value returned from
WinSendMsg is the value that the window procedure returns once it has pro--
cessed the message. This is defined as an MRESULT, which is also a
far pointer.

Title Bar Text

68

Notice that in Figure 3-4 the first window’s title bar contained the text
“WELCOME2.EXE” and the second had ‘‘“WELCOME2EXE—Window
No. 2.” This is what you’ll see when you run the program from the
CMD.EXE prompt or the Presentation Manager File System. If you install
WELCOME?2 in the Start Programs window and run the program that way,
you’ll see the program title specified in Start Programs in place of
‘““WELCOME2.EXE"’ on the title bar of each of the windows.

This is part of what the FCF_TASKLIST flag does. The title bar text (and the
Task Manager entry) is the name under which the program was started,
concatenated with the title bar text specified in the WinCreateStdWindow
function. For most programs in this book, I use NULL for the
WinCreateStdWindow parameter that indicates the title bar text. This causes
the title bar to display only the .EXE filename or the program title from
Start Programs. For the second window in WELCOME2, however, I used
““—Window No. 2"’ in WinCreateStdWindow, so this text also appears in
the title bar and on the Task Manager.
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Terminating a Presentation Manager Program

I’ve written WELCOME?2 so that you cannot terminate the program by
selecting ‘‘Close’’ from the second window’s system menu. This requires a
little explanation of how Presentation Manager programs terminate. When
you select Close from the system menu, the client window procedure
receives a WM_CLOSE message. If the window procedure passes
WM_CLOSE to WinDefWindowProc, the Presentation Manager posts a
WM_QUIT message to the message queue. This causes WinGetMsg to return
0 when the WM_QUIT message is retrieved from the queue, and the
program exits the message loop. If a window procedure simply traps
WM_CLOSE messages and returns from the window procedure without call-
ing WinDefWindowProc, then nothing happens. This is how Client2WndProc
essentially disables the Close option on its system menu. (However, you can
terminate the program by closing either of the two windows from the Task
Manager. The Task Manager simply posts a WM_QUIT message to the
message queue. I describe how to process this WM_QUIT message in
Chapter 13.)

WELCOME?2 is somewhat unorthodox. A Presentation Manager program
usually creates only one top-level main window. Any other top-level win-
dows created in the program (such as dialog boxes) exist for only short
periods of time.

Creating Children of the Client

A more common approach to creating multiple standard windows is demon-
strated in the WELCOMES3 program, shown in Figure 3-5.

The WELCOMES File

welcome3.obj : welcome3.c
cl -c -G2sw -W3 welcome3.c

welcome3.exe : welcome3.obj welcome3.def
link welcome3, /align:16, NUL, o0s2, welcome3
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The WELCOMES.C File
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fidefine INCL_WIN
{Hnclude <o0s2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;
MRESULT EXPENTRY ChildWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)

{

static CHAR szClientClass [] = "Welcome3”,
szChildClass [] = "Welcome3.Child"” ;

static ULONG flFrameFlags = FCF_TITLEBAR i FCF_SYSMENY |
FCF_STZEBORDER ! FCF_MINMAX |
FCF_SHELLPOSITION | FCF_TASKLIST

HAB hab ;

HMQ hmq ;

HWND hwndFrame, hwndChildFramel, hwndChildFrame2,

hwndClient, hwndChildClientl, hwndChildClient2 ;
QMsSG qmsg
hab = WinInitialize (0) ;

hmqg = WinCreateMsgQueue C(hab, 0) ;
WinRegisterClass (
hab,
szClientClass,
ClientWndProc,
CS_SIZEREDRAW,
0)

WinRegisterClass (
hab,
szChildClass,
ChildWndProc,
CS_SIZEREDRAW,
sizeof (PVOID)) ;
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Figure 3-5. The WELCOME3.C File. continued

hwndframe = WinCreateStdWindow (
HWND_DESKTOP,
WS_VISIBLE,
&f1FrameFlags,
szClientClass,
NULL,
oL,
NULL,
0,
&hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,

/!
/!
1/
/1
/1!
/!
/1
/!
/1

Parent window handie

Style of frame window

Pointer to control data

Client window class name

Title bar text

Style of client window

Module handle for resources

ID of resources

Pointer to client window handle

WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),

NULL)

f1FrameFlags &= ~FCF_TASKLIST ;

hwndChildFramel = WinCreateStdWindow (

hwndClient,
WS_VISIBLE,
&f1FrameFlags,
szChildClass,
"Child No. 1",

oL,

NULL,

0,
&hwndChildClientl)

hwndChildFrame2 = WinCreateStdWindow (

hwndClient,
WS_VISIBLE,
&f1Frameflags,
szChildClass,
"Child No. 2",

oL,

NULL,

0,
&hwndChildClient2)
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Title bar text
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Pointer to control data
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Figure 3-5. The WELCOME3.C File. continued

WinSendMsg (hwndChildFramel, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

WinSendMsg (hwndChildFrame2, WM_SETICON,
WinQuerySysPointer (HWND.DESKTOP, SPTR_APPICON, FALSE),
NULLY

WinSetWindowPtr (hwndChildClientl, QWL_USER, "I'm a child ...") ;
WinSetWindowPtr (hwndChildClient2, QWL_USER, "... Me too!") ;

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;
}
MRESULT EXPENTRY ClientWndProc {(HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{ .
static CHAR szText [] = "I'm the parent of two children” ;
HPS hps
RECTL rcl ;

switch (msg)
{
case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

WinQueryWindowRect (nwnd, &rcl) ;

WinDrawText (hps, -1, szText, &rcl, CLR_NEUTRAL, CLR_BACKGROUND,
DT_CENTER | DT_VCENTER | DT_ERASERECT) ;

WinEndPairt (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}

(continued)
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Figure 3-5. The WELCOME3.C File. continued

MRESULT EXPENTRY ChildWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{
HPS hps ;
RECTL rcl

»

switch (msg)

{
case

case

}

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

WinQueryWindowRect (hwnd, &rcl) ;

WinDrawText (hps, -1, WinQueryWindowPtr (hwnd, QWL_USER), &rcl,
CLR_NEUTRAL, CLR_BACKGROUND,
DT_CENTER | DT_VCENTER | DT_ERASERECT) ;

WinEndPaint (hps) ;
return 0 ;

WM_CLOSE:
WinDestroyWindow (WinQueryWindow (hwnd, QW_PARENT, FALSE)) ;
return 0 ;

return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The WELCOMES3.DEF File

; WELCOME3.DEF module definition file

NAME

DESCRIPTION
PROTMODE
HEAPSIZE
STACKSIZE
EXPORTS

WELCOME3 WINDOWAPI
‘Creates Top-Level and Two Children (C) Charles Petzold, 1988'

1024

8192
ClientWndProc
ChildWndProc

Figure 3-5. The WELCOMES3 program.
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WELCOME3 makes three calls to WinCreateStdWindow. The first call
creates a top-level window. The second and third calls create child standard
windows of the first client window. For these children, the first parameter to
WinCreateStdWindow is hwndClient—the client window handle returned
from the first call. The second and third standard windows are siblings.
Both client windows of these children are based on the same window class
(““Welcome3.Child’) and thus share the same window procedure,
ChildWndProc, but they could easily be based on different window classes.
Figure 3-6 shows the WELCOMES3 family tree, and Figure 3-7 shows the
program running under the Presentation Manager.

Desktop
window

Frame
window
(hwndFrame)

Title Client System Minimize/
bar window menu maximize
window (hwndClient) window window

| ' 1

Frame Frame
window window
(hwndChildFrame1) (hwndChildFrame2)
Title Client System Minimize/ Title Client System Minimize/
bar window menu maximize bar window menu maximize
window (hwnd- window window window (hwnd- window window
Child- Child-
Client1) Client2)

Figure 3-6. The WELCOMES3 family tree.
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= ' WELCOME3.EXE | BIE

Child No. 1

I'm a child ...

I'm the parent of two children

= Child No. 2 [S]¢

... Me too!

Figure 3-7. The WELCOMES3 display.

This is the more common technique for creating multiple windows within a
program and is the basis for the Multiple Document Interface (MDI) con-
vention used by the File System program. The top-level window is the ap-
plication’s main window. The client window of this top-level standard
window is the application’s work space. Several other child windows can
exist within this work space.

You’ll notice that the two child standard windows obey the rules for child
windows discussed earlier: They can be displayed only within the area oc-
cupied by their parent; because they are siblings, they can overlap; they fol-
low the parent when the parent is moved around the screen; and they are
minimized when the parent is minimized. You can also independently
minimize these two children-— their windows will still appear within the
area of the parent. This is analogous to the organization and display of top-
level windows relative to the desktop window.

Although you can use the Alt-Esc or Alt-Tab key combination to move
between the top-level windows in the Presentation Manger, there is no auto-
matic keyboard interface for moving between windows that are not top-
level windows. The program would have to provide this keyboard interface.
However, you can bring a particular child standard window to the top by
clicking on its window with the mouse.

CHAPTER THREE: MORE FUN WITH WINDOWS

75



The two child windows are not listed on the Task Manager. Only top-level
windows can be listed there. Before creating these child windows, WEL-
COMES3 removes the FCF_TASKLIST flag from flFrameFlags:

fi1FrameFlags & = ~FCF_TASKLIST ;

This also causes the title bar text for the child windows to be exactly what is
specified in the WinCreateStdWindow function. ‘

WELCOMES uses a little trick that allows the two child standard windows
to display different text in their client windows. When the program registers
the ‘“Welcome3.Child”* window class, it specifies that 4 bytes (the size of a
PVOID or far pointer) are to be reserved for use by the program for every
window created based on this class. This is indicated by the fifth parameter
to WinRegisterClass:

WinRegisterClass (

hab, // Anchor block handle
szChildClass, // Name of class being registered
ChildWndProc, // Window procedure for class
CS_SIZEREDRAW, // Class style

sizeof (PVOID); // Extra bytes to reserve

After the two child standard windows are created, WELCOME3 uses
WinSetWindowPtr to store something in that area:

WinSetWindowPtr (hwndChildClientl, QWL_USER, "I'm a child ...™) ;
WinSetWindowPtr (hwndChildClient2, QWL_USER, "... Me too!") ;

What is stored in this space is actually the long (or far) address of the static
text strings “I’'m a child ...” and “... Me too!” In ChildWndProc, these
addresses are retrieved during processing of the WM_PAINT message and
passed to the WinDrawText function:

WinDrawText (hPS, -1, WinQueryWindowPtr (hwnd, QWL_USER), &rcl,
CLR_NEUTRAL, CLR_BACKGROUND,
DT_CENTER | DT_VCENTER | DT_ERASERECT) ;

Thus the window procedure doesn’t have to figure out which child window
is receiving the WM_PAINT message. Although this is a somewhat unusual
application of the technique, storing window-specific data in the reserved
area is often quite handy when two or more windows share the same win-
dow procedure.

SECTION ONEA: BASIC CONCEPTS



case

The processing of the WM_CLOSE message in ChildWndProc destroys the
window being closed but doesn’t terminate the program:

WM_CLOSE:
WinDestroyWindow (WinQueryWindow (hwnd, QW_PARENT, FALSE)) ;
return 0 ;

WinQueryWindow obtains the parent of the client window (which is its
frame window); destroying that frame window also destroys the client
window.

The program can be terminated only from the main window. After leaving
the message loop, WELCOMES3 destroys the program’s top-level frame win-
dow as usual:

WinDestroyWindow (hwndFrame) ;

If one or both of the two child standard windows still exist, they, too, will
be destroyed as a result. All windows in WELCOME3 are descendants of
hwndFrame, so the one WinDestroyWindow call destroys all the windows in
the program.

Controls and Their Owners

The frame window is the parent of all other windows created in the
WinCreateStdWindow function. The frame window is also the ‘‘owner”’
of these other windows. A window is always displayed to the foreground
of its owner (if it has one). However, it is not clipped to the surface of its
owner. As with the parent/child relationship, when a window is hidden,
minimized, or destroyed, the windows it owns are also hidden, minimized,
or destroyed.

The owner relationship also affects how messages are sent between the win-
dows. The title bar, system menu, and minimize/maximize windows are
often called ‘‘control windows.”” Control windows usually have a relatively
simple appearance and function. The primary job of a control window is to
receive user input (keystrokes and mouse activity) in the form of messages
and then send notification messages to the window’s owner. The owner of
the control window (which in all the examples so far is a frame window)
then acts on the notification message.

For example, when you click on the maximize icon with the mouse, the
minimize/maximize window sends a WM_SYSCOMMAND message to its
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owner — the frame window. The frame window then begins the process of
maximizing the window. Likewise, the title bar window notifies the frame
window of a new window position.

Although every window (except object windows and the desktop window
itself) has a parent, windows do not need owners. The frame window
created in WinCreateStdWindow has no owner. The frame window is the
owner of the client window, but the client window doesn’t really need an
owner either.

You can determine the owner of a window by calling WinQueryWindow:
hwndOwner = WinQueryWindow (hwnd, QW_OWNER, FALSE)‘:

A window can be assigned a new owner:

WinSetOwner (hwnd, hwndNewOwner) ;

The hwndNewOwner parameter can be set to NULL. This causes the win-
dow whose handle is siwnd to have no owner.

Registering the Window Class

78

Let’s back up a little and examine in more detail some of the functions in-
volved in creating a standard window. The standard window usually in-
cludes a client window. A preliminary step in creating a client window is
the registering of a class for that window. The call to WinRegisterClass in
WELCOMEIL.C from Chapter 2 looks like this:

WinRegisterClass (

hab, // Anchor block handle
szClientClass, // Name of class being registered
ClientWndProc, // Window procedure for class
CS_SIZEREDRAW, // Class style

0; // Extra bytes to reserve

Of these five parameters, the second and third are the most important. The
second parameter is the name of the window class being registered. The
name is a zero-terminated character string generally derived from the name
of the program. In WELCOME]1 the class name is ‘“Welcomel.”” The third
parameter is the address of the window procedure for the class. This win-
dow procedure processes all messages to all windows that are later created
based on this class.
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The class style parameter is a 32-bit unsigned long integer that sets certain
characteristics of all windows later created based on the class. You can set
the class style parameter to OL for a default class style. Or you can use one
or more identifiers beginning with the letters CS (*‘class style’’) defined in
PMWIN.H to specify a nondefault class style. You combine these identifiers
with the C bitwise OR operator (1). Each identifier sets one bit in the class
style. For this reason, the identifiers are sometimes called “‘class style bits.”’
Ten class style bits are defined in PMWIN.H and are shown in Figure 3-8 in
a diagram that indicates how each identifier contributes to the resultant
32-bit window style.

These class styles are described in the documentation that accompanies the
Microsoft 0S/2 Programmer’s Toolkit. Most of them are not commonly
used. For the programs in this book, I use only CS_SIZEREDRAW and
CS_SYNCPAINT. The CS_SIZEREDRAW bit affects how the Presentation
Manager should invalidate a window (and hence cause the window to
receive a WM_PAINT message) when it is resized by the user. If the
CS_SIZEREDRAW bit is not set and the window is reduced in size, the Pre-
sentation Manager does not need to invalidate the window. The part of the
window outside the new size can be simply erased. When the
CS_SIZEREDRAW bit is set, the entire window is invalidated when it is
resized. CS_SIZEREDRAW should be used for all windows whose ap-
pearance depends on the size of the window. Because we have been display-
ing centered text in our client windows, CS_SIZEREDRAW is proper for the
window class.

[31[a0]29]2827]26]25]...| 5| 4] 3] 2] 1] 0]

CS_MOVENOTIFY

CS_SIZEREDRAW

CS_HITTEST

CS_PUBLIC

CS_FRAME

CS_SYNCPAINT

CS_SAVEBITS

CS_PARENTCLIP

CS_CLIPSIBLINGS

CS_CLIPCHILDREN

Figure 3-8. The window class style bits.
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When CS_SYNCPAINT is set, WM_PAINT messages are sent directly to a
window procedure when part of the window becomes invalid. When this bit
is not set, WM_PAINT messages are posted to the message queue and
retrieved later. The CS_SYNCPAINT bit is used mostly with small control
windows that must be repainted immediately.

The parameter to WinRegisterClass labeled ‘‘extra bytes to reserve’
reserves a block of memory associated with each window created based on
this class. You put data into this area using WinSetWindowUShort,
WinSetWindowULong, and WinSetWindowPtr; you retrieve it by using Win-
QueryWindowUShort, WinQueryWindowULong, and WinQueryWindowPtr.
You can do whatever you want with this memory. As you saw in
WELCOMES, it’s a handy place to store data unique to each window. Here’s
the general rule: When a variable defined in a window procedure is needed
only during the processing of a message, use an automatic variable. To re-
tain information from message to message, use static variables. However, if
two or more windows share the same window procedure, use static vari-
ables only for data that can be shared among all windows. Use the reserved
area for data unique to each window.

Creating the Standard Window

80

The WinCreateStdWindow call from last chapter’s WELCOME1 program
looks like this:

hwndFrame = WinCreateStdWindow (

HWND_DESKTOP, // Parent window handle
WS_VISIBLE, // Style of frame window
&f1Frameflags, // Pointer to control data
szClientClass, // Client window class name

NULL, // Title bar text

oL, // Style of client window

NULL, // Module handle for resources

0, // 1D of rescurces

&hwndClient) ; // Pointer to c¢lient window handle

Two parameters in the WinCreateStdWindow function are ‘‘window styles’’:
The second parameter is the window style of the frame window, and the
sixth parameter is the window style of the client window. A window style is
a 32-bit unsigned long integer. Like the class style discussed previously, the
window style sets certain characteristics of the window. But although
the class style applies to all windows based on the class, the window style
applies only to the particular window being created.
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The PMWIN.H header file contains identifiers (sometimes called ‘‘window
style bits’’) to set bits in the window style when the identifiers are combined
with the C bitwise OR operator (i ).

The high 16 bits of the window style are defined in the same way for all
window classes. The identifiers begin with WS (‘‘window style’’). These
are shown in Figure 3-9.

Like the control style flags, many of these are rather rare. The WS_SYNC-
PAINT, WS_SAVEBITS, WS_PARENTCLIP, WS_CLIPSIBLINGS, and
WS_CLIPCHILDREN bits have the same purpose as the equivalent class
style bits. Thus you can create a window class without these styles but then
create windows based on that class that use these styles. The only window
style from Figure 3-9 that we’ve used so far for the frame window is the
WS_VISIBLE bit. By default, a window is invisible when it’s created.
Specifying WS_VISIBLE overrides that default. Alternatively, you can ex-
clude WS_VISIBLE from the frame window style when creating the window
and later call WinSetWindowPos and WinShowWindow. The WS_VISIBLE bit
isn’t required for the client window style, because the Presentation Manager
specifically makes the client window visible.

The WS_GROUP and WS_TABSTOP style bits are used only for control
windows (such as buttons) within dialog boxes. (Chapter 14 is devoted to
dialog boxes.)

[31]30]20] 28] 27| 26] 25] 24| 23| 22] 21| 20] 19] 18] 17 16|

WS_GROUP

—— WS_TABSTOP

WS_MAXIMIZED

WS_MINIMIZED

WS_SYNCPAINT

WS_SAVEBITS

WS_PARENTCLIP

WS_CLIPSIBLINGS

WS_CLIPCHILDREN

WS_DISABLED

WS_VISIBLE

Figure 3-9. The high window style bits.
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The WS_MAXIMIZED bit causes a window to be maximized when the win-
dow is first displayed. Similarly, the WS_MINIMIZED bit causes the
window to be initially displayed as an icon.

If the WS_DISABLED bit is set, the window can’t receive mouse input and is
generally inert. The window can be subsequently enabled by a call to
WinEnableWindow.

The low 16 bits of the window style have different meanings, depending on
the window class. The window procedure for the class interprets these bits.
We’ll see examples of this in the WELCOME4 program coming up shortly.

The Frame Creation Flags

82

The third parameter to WinCreateStdWindow is a pointer to a ULONG that
indicates what child windows should be created in the standard window.
The frame creation flags you use for this are shown in Figure 3-10. The
PMWIN H header file also defines FCF_STANDARD to be the -same as

FCF_TITLEBAR | FCF_SYSMENU | FCF_MENU |
FCF_SIZEBORDER | FCF_MINMAX | FCF_ICON |
FCF_ACCELTABLE | FCF_SHELLPOSITION | FCF_TASKLIST

The FCF_MINMAX identifier is the same as
FCF_MINBUTTON | FCF_MAXBUTTON

You can experiment with the WELCOME1, WELCOME?2, or WELCOME3
program (within limits) by removing some of the frame creation flags and
putting in others. For example, you can exclude FCF_SYSMENU by using

f1Frame Flags = FCF_TITLEBAR | FCF_SIZEBORDER |
FCF_MINMAX | FCF_SHELLPOSITION |
FCF_TASKLIST ;

In this case, the system menu window isn’t created, and the title bar extends
to the left to fill the space. You’ll have to exit the program from the Task
Manager. If you exclude FCF_MINMAX, then the minimize/maximize
window isn’t created, and the title bar again fills the space. The Minimize
and Maximize options are also disabled on the system menu. You can use
FCF_MINBUTTON or FCF_MAXBUTTON to include one option but not
the other.

If you exclude FCF_TITLEBAR, the title bar isn’t created, and the Presenta-
tion Manager ignores the ‘‘title bar text’” parameter of WinCreateStd-
Window. The system menu and minimize/maximize box are created (if
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FCF_TITLEBAR

FCF_SYSMENU

FCF_MENU

FCF_SIZEBORDER

FCF_MINBUTTON

FCF_MAXBUTTON

FCF_VERTSCROLL

FCF_HORZSCROLL

FCF_DLGBORDER
FCF_BORDER

FCF_SHELLPOSITION

FCF_TASKLIST

FCF_NOBYTEALIGN

FCF_NOMOVEWITHOWNER

FCF_ICON

FCF_ACCELTABLE

FCF_SYSMODAL

FCF_SCREENALIGN

FCF_MOUSEALIGN

Figure 3-10. The frame creation flag bits.

FCF_SYSMENU and FCF_MINMAX are specified) and displayed in the nor-
mal places. But the area normally occupied by the title bar is not part of the
client window. You can’t move the window, because that is a function of
the title bar. '

If you exclude FCF_SIZEBORDER, the sizing border window isn’t created.
Without the sizing border, the window not only looks a little naked, but
the user can change the size of the window only by minimizing or max-
imizing it from the system menu or from the minimize/maximize box.
You’ll probably want to use FCF_BORDER to draw a thin black border
around the naked window. If you use both FCF_SIZEBORDER and
FCF_BORDER, FCF_BORDER is ignored.
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The FCF_DLGBORDER frame creation flag bit causes a wide border to be
drawn. This is more commonly seen on dialog boxes. Like the title bar,
the dialog border uses color to indicate if the window is active. If you
use both FCF_DLGBORDER and FCF_SIZEBORDER for the window,
FCF_DLGBORDER is ignored.

You can include FCF_VERTSCROLL or FCF_HORZSCROLL or both in the
frame creation flags. The window will then include scroll bars. The vertical
scroll bar appears to the right of the client window, and the horizontal scroll
bar is on the bottom. We’ll start using scroll bars in the next chapter.

At the moment you can’t use the FCF_MENU, FCF_ICON, or FCF_ACCEL-
TABLE bits in the frame creation flags. These bits cause the Presentation
Manager to attempt to load a menu, icon, or keyboard accelerator table from
the module (a .EXE or .DLL file) whose module handle is indicated in the
seventh parameter of the WinCreateStdWindow function. Menus, icons, and
accelerator tables are known as ‘‘resources.”’ Every resource has an ID
number. The ID number for all three of these resources must be the same
and is specified as the eighth parameter in WinCreateStdWindow.

Note that some frame creation flags— specifically the FCF_TITLEBAR,
FCF_SYSMENU, FCF_MENU, FCF_MINBUTTON, FCF_MAXBUTTON,
FCF_VERTSCROLL, and FCF_HORISCROLL flags —cause windows to be
created; others (such as FCF_SIZEBORDER, FCF_BORDER, and FCF_DLG-
BORDER) affect only the appearance and functionality of the frame window.

The WinCreateWindow Function

The WinCreateStdWindow function creates several windows organized
around a frame window. Within the Presentation Manager, each window is
created by a call to WinCreateWindow. This function is available for use by
your programs also. It looks like this:

hwnd = WinCreateWindow (

hwndParent, // Parent window handle
szClassName, // Window class

szText, // Window text

WS_..., // Window style

xStart, yStart, // Initial position of window
xSize, ySize, // Initial size of window
hwndOwner, // Owner window handle
hwndOrder, // Placement window handle
idChild, // Child window 1D
pControlData, // Control data
pPresParams) ; // Presentation parameters
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The parameters to this function indicate the full array of information re-
quired to create a window, and they show how WinCreateStdWindow makes
the job of creating a standard window in your program a whole lot simpler.

You'll note here that each window has a ‘‘window text.”” But many control
windows (such as the system menu window, sizing border window, and
minimize/maximize window) don’t display this text. The Presentation
Manager uses the ‘‘title bar text’’ parameter to WinCreateStdWindow (con-
catenated to the name under which the program was started) as the *‘win-
dow text’’ parameter to WinCreateWindow only when it is creating the
title bar window. The title bar window procedure displays that text in
its window.

Each window also has a position and size. The position is relative to the
lower-left corner of the window’s parent. We haven’t been worrying about
this. The Presentation Manager gives the frame window a default position
and size and then organizes the other windows within that.

The Predefined Window Classes

In the WinCreateStdWindow call, only one window class parameter is re-
quired —the window class of the client window. However, the Presentation
Manager needs to specify a window class in each WinCreateWindow call it
makes when creating the standard window. For the windows other than the
client window, the Presentation Manager uses predefined window classes.
These have identifiers in PMWIN.H and are shown in the following table:

Predefined

Window Class Type of Window

WC_FRAME Standard frame window (including dialog boxes)

WC_BUTTON Push button, check box, and so on

WC_MENU Menu (including system menu & minimize/maximize
window)

WC_STATIC Text field, static rectangle

WC_ENTRYFIELD Text editing field

WC_LISTBOX List box

WC_SCROLLBAR Scroll bar

WC_TITLEBAR Standard title bar

Each of these window classes has a corresponding window procedure in
PMWIN.DLL.

In the WinCreateStdWindow calls made in the various WELCOME programs,
the Presentation Manager creates windows based on the WC_FRAME,
WC_MENU, and WC_TITLEBAR styles. Perhaps it will be instructive to
call WinCreateWindow ourselves in a program and see how this works.
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Creating Child Control Windows

The WELCOME4 program, shown in Figure 3-11, creates one standard win-
dow and three control windows as children of the client window. These
three control windows are created using WinCreateWindow and are based
on the predefined window classes of WC_BUTTON, WC_SCROLLBAR,
and WC_ENTRYFIELD.

The WELCOMEA File

welcome4d.obj : welcomed.c
¢l -c -G2sw -W3 welcomed.c

welcomed.exe : welcomed.obj welcomed.def
1ink welcomed4, /align:16, NUL, os2, welcome4

The WELCOMEA4.C File
WELCOME4.C -- Creates a Top-Level Window and Three Children

fidefine INCL_WIN
#include <o0s2.h>

ftdefine ID_BUTTON 1
ftdefine ID_SCROLL 2
ffdefine ID_ENTRY 3

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "Welcomed" ;
static ULONG flFrameFlags = FCF_TITLEBAR
FCF_BORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINBUTTON |
FCF_TASKLIST ;

HAB hab ;
HMQ hmg ;
HWND hwndFrame, hwndClient ;
aMSG6 qmsg ;
RECTL rcl ;

(continued)
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Figure 3-11. The WELCOMEA4.C File. continued

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (
hab,
szClientClass,
ClientWndProc,
CS_SIZEREDRAW,
0) ;

hwndFrame = WinCreateStdWindow (
HWND_DESKTOP,
WS_VISIBLE,
&f1FrameFlags,
szClientClass,
NULL,
oL,
NULL,
0,
&hwndClient)

WinSendMsg (hwndFrame, WM_SETICON,

1/
1/
1/
/7
1

1/
/1
/1t
//
/7
1/
1/
17
//

Anchor block handle

Name of class being registered
Window procedure for class
Class style

Extra bytes to reserve

Parent window handle

Style of frame window

Pointer to control data

Client window class name

Title bar text

Style of client window

Module handle for resources

ID of resources

Pointer to client window handle

WinQuerySysPointer (HWND_DESKTQP, SPTR_APPICON, FALSE),

NULL) ;

WinQueryWindowRect (hwndClient, &rcl)

rcl.xRight /= 3 ;

WinCreateWindow (
hwndClient,
WC_BUTTON,
“Big Button",
WS_VISIBLE

! BS_PUSHBUTTON,

10,
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Figure 3-11. The WELCOMEA4.C File. continued
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WinCrea

10,

(SHORT) rcl.xRight - 20,
(SHORT) rcl.yTop - 20,
hwndClient,

HWND_BOTTOM,

ID_BUTTON,

NULL,

NULL)

teWindow (
hwndClient,
WC_SCROLLBAR,
NULL,
WS_VISIBLE
| SBS_VERT,
(SHORT) rcl.xRight + 10,
10,
(SHORT) rcl.xRight - 20,
(SHORT) rcl.yTop - 20,
hwndClient,
HWND_BQTTOM,
ID_SCROLL,
NULL,
NULL)

WinCreateWindow (

hwndClient,
WC_ENTRYFIELD,
NULL,
WS_VISIBLE
| ES_MARGIN
! ES_AUTOSCROLL,

2 * (SHORT) rcl.xRight + 10,

10,

(SHORT) rcli.xRight - 20,
(SHORT) rcl,yTop - 20,
hwndClient,

HWND_BOTTOM,
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/!
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1/
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1/
1
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1/
1/

1/
1/
1/
1/

/1

/1

i
//

Window size

Owner window handle
Placement window handle
Child window 1D

Control data
Presentation parameters

Parent window handle
Window class
Window text
Window style

Window position
Window size

Owner window handle
Placement window handle
Child window ID

Control data
Presentation parameters

Parent window handle
Window class
Window text
Window style

Window position

Window size

Owner window handle
Placement window hancle
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Figure 3-11. The WELCOMEA.C File. continued

ID_ENTRY, // Child window ID
NULL, // Control data
NULL) : // Presentation parameters

while (WinGetMsg (hab, &gmsg, NULL. 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab)

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
switch (msg)
{
case WM_COMMAND:
switch (COMMANDMSG(&msg)->cmd)
{
case ID_BUTTON:
WinAlarm (HWND_DESKTOP, WA_NOTE) ;
return 0 ;
}

break ;

case WM_ERASEBACKGROUND:
return 1 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}

The WELCOME4.DEF File

; WELCOME4.DEF module definition file

NAME WELCOME4 WINDOWAPI

DESCRIPTION ‘Creates Top-Level and 3 Children (C) Charles Petzold, 1988’
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 3-11. The WELCOME4 program.
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The standard window in WELCOME4 uses FCF_BORDER rather than
FCF_SIZEBORDER and has no maximize icon. The window is shown in
Figure 3-12.

After creating the standard window, WELCOME4 makes a call to Win-
QueryWindowRect to obtain the rectangle structure that defines the size of
the client window:

WinQueryWindowRect (hwndClient, &rcl) ;

The xRight field of this structure is the width of the client area in pixels.
WELCOME4 divides it by 3 to be used in the three WinCreateWindow calls.

The first WinCreateWindow call creates the window based on the
WC_BUTTON class:

WinCreateWindow (

hwndClient, // Parent window handle
WC_BUTTON, // Window class
"Big Button", // Window text
WS_VISIBLE // Window style

| BS_PUSHBUTTON,
10, // Window position
10,
(SHORT) rcl.xRight - 20, // Initial size of window
(SHORT) rcl.yfop - 20,
hwndClient, // Owner window handle
HWND_BOTTOM, // Placement window handle
ID_BUTTON, /{/ Child window ID
NULL, // Control data
NULL) ; // Presentation parameters

This call creates a large push button (such as those that appear in dialog
boxes) in the left third of the client window. The text inside the button is
‘‘Big Button.”” Both the parent and owner are set to the ~wndClient window
handle returned from the original WinCreateStdWindow call. The window
style uses WS_VISIBLE and BS_PUSHBUTTON. Identifiers beginning with
BS (‘“button style’”) are class-specific window styles for buttons. The initial
position of the window is relative to the lower-left corner of the client win-
dow. These two parameters are both set to 10 pixels to provide a small
margin around the push button. The size of the window is set to one-third
the width of the client window and to the height of the client window, minus
20 pixels from each dimension.
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Figure 3-12. The WELCOMEA4 display.

The second WinCreateWindow call creates a vertical scroll bar in the middle

third of the client window:

WinCreateWindow (
hwndCiient,
WC_SCROLLBAR,
NULL,
WS_VISIBLE
| SBS_VERT,
(SHORT) rcl.xRight + 10,
10,
(SHORT) rcl.xRight - 20,
(SHORT) rcl.yTop - 20,
hwndClient,
HWND_BOTTOM,
ID_SCROLL,
NULL,
NULL)

/!
1/
12
1/

/!

/1

1
r
/1
/!
//

Parent
Window
Window
Window

Window

Window

window handle
class
text
style

position

size

Owner window handle
Placement window handle
Child window ID

Control data
Presentation parameters

The class is WC_SCROLLBAR, and the class-specific window style is
SBS_VERT. SBS stands for ‘‘scroll-bar style,”” and VERT indicates a verti-

cal scroll bar.
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The third WinCreateWindow call creates a text entry field window:

WinCreateWindow (

hwndClient, // Parent window handle
WC_ENTRYFIELD, // Window class
NULL, // Window text
WS_VISIBLE, /7 Window style

| ES_MARGIN

i ES_AUTOSCROLL
2 * (SHORT) rcl.xRight + 10, // Window position

10,

(SHORT) rcl.xRight - 20, // Window size

(SHORT) rcl.yTop - 20,

hwndClient, // Owner window handle
HWND_BOTTOM, // Placement window handle
ID_ENTRY, // Child window ID

NULL, // Control data

NULL) ; // Presentation parameters

The class is WC_ENTRYFIELD and the style bits are ES_MARGIN (to draw
a border around the window) and ES_AUTOSCROLL (to scroll text horizon-
tally within the window).

All three WinCreateWindow calls return the handle to the window they
create, but WELCOME4 doesn’t save these handles.

Although WELCOME4’s button and scroll bar may appear to be somewhat
grotesque, they are still functional. When you click on the button with the
mouse, it flashes. When you click on various parts of the scroll bar, they,
too, flash. (You can’t move the scroll bar slider—that’s a program’s
responsibility, as you’ll see in the next chapter.) You can even click on the
text entry field and type in some text.

These three control windows created in WELCOME4 send ‘‘notification
messages’’ to their owner (which is the client window) when they receive
user input. For example, the push button sends its owner a WM_COMMAND
message when the button is clicked with the mouse. ClientWndProc receives
this message and beeps by calling WinAlarm. Likewise, the control windows
that make up the standard window notify their owner (the frame window) of
user input. The WELCOME4 family tree is shown in Figure 3-13. This
family tree shows the parent-child relationship; the owner-owned relation-
ship is identical to this, except that the desktop window doesn’t own the
frame window.
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window

Frame
window
(hwndFrame)

Title Client System Minimize/
bar window menu maximize
window (hwndClient) window window

Button Scroll bar Text
window window entry
window

Figure 3-13. The WELCOME4 family tree.

Child window IDs

When the Presentation Manager (or your program) creates child windows
using the WinCreateWindow function, each child is assigned a ‘‘child win-
dow ID”’ that is specified as the eleventh parameter to WinCreateWindow.
In WELCOME4, these ID numbers are set to ID_BUTTON, ID_SCROLL, and
ID_ENTRY, which are defined at the top of the program as 1, 2, and 3. The
control window uses this ID to identify itself to its owner when it sends a
notification message. For example, in the WM_COMMAND notification
message that push buttons send, the mp/ parameter contains this ID. Thus a
window can contain many push buttons or other control windows, each
with a different ID. (We’ll examine this in greater detail in Chapters 11, 13,
and 14.)

When the frame window creates its children, each of them is assigned an ID
number. As shown in the following table, these are fixed values defined in
PMWIN.H, and have identifiers beginning with the letters FID (which
stands for ‘‘frame ID"").
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FID Type of Child Window

FID_SYSMENU System menu
FID_TITLEBAR Title bar
FID_MINMAX Minimize/maximize box
FID_MENU Program’s menu
FID_VERTSCROLL Vertical scroll bar
FID_HORZSCROLL Horizontal scroll bar
FID_CLIENT Client window

A program can determine the window handle of a child window based on
the parent window handle and the child ID:

hwndChild = WinWindowFromID (hwndParent, idChild) ;

If you need to know the window handle of the system menu window (for ex-
ample), you can easily obtain it:

hwndSysMenu = WinWindowFromID (hwndFrame, FID_SYSMENU) ;

Why would you need this information? Well, you might want to send the
system menu window a message. Improbable? Not at all—we’ll do it in
Chapter 13.

You can also determine a window’s ID from its window handle:
idChild = WinQueryWindowUShort (hwnd, QWS_ID) ;

The WinQueryWindowUShort, WinQueryWindowULong, and WinQuery-
WindowPtr functions also let you obtain a window’s message queue handle,
its style, and the address of the window procedure, as well as the reserved
areas specified in the window class.

Styles, Classes, and IDs

94

By now you’ve seen similar identifiers connected with various parts of the
standard window used in various ways. For the title bar, for example,
you’ve seen identifiers named FCF_TITLEBAR, WC_TITLEBAR, and
FID_TITLEBAR. This may all be a little confusing. Here’s a table that can
help you keep the identifiers straight.
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The Frame Causes the Frame Window With a Child
Creation Flag: to Create a Child of Class: Window ID Of:
FCF_TITLEBAR WC_TITLEBAR FID_TITLEBAR
FCF_SYSMENU WC_MENU FID_SYSMENU
FCF_MENU WC_MENU FID_MENU
FCF_MINMAX WC_MENU FID_MINMAX

FCF_VERTSCROLL
FCF_HORZSCROLL

WC_SCROLLBAR
WC_SCROLLBAR

FID_VERTSCROLL
FID_HORZSCROLL

The FCF identifiers are used in the WinCreateStdWindow call to specify the
window style of the frame window. Within the Presentation Manager, a call
to the WinCreateWindow function creates each of the control windows. The
window class is one of the WC identifiers, and the child window ID is an

FID identifier.
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CHAPTER FOUR

AN EXERCISE
IN TEXT OUTPUT

The Presentation Manager is a graphical environment, and yet for many ap-
plications the display of text and numbers is more important than pictures.
Although it might be nice to write a database program that can include bit-
mapped images of employees’ faces, the fact remains that the employees’
names, addresses, and social security numbers are still the most important
data. This chapter covers the basic concepts involved with displaying plain-
vanilla text in the client window. Although the chapter touches on keyboard
and mouse input, these subjects are discussed in more depth in Chapters 8
and 9.

When programming for the Presentation Manager, you don’t use OS/2
kernel functions such as DosWrite and VioWrtTTY or C functions such as
printf and puts to write text to the screen. Instead, you use functions pro-
vided by the Graphics Programming Interface (GPI) component of the Pre-
sentation Manager. (Exceptions do exist: Several high-level drawing
functions such as WinDrawText aren’t really part of GPL. Also, we’ll see in
Chapter 7 how you can use the VioWrtTTY function in Presentation Man-
ager programs.) GPI functions begin with the prefix Gpi. Although this
chapter covers only text output, many of the concepts examined here are
applicable to graphics also.

Displaying Text on the Client Window

As a case study, let’s write a Presentation Manager program that displays
all of the information obtainable from the WinQuerySysValue function.

You can use WinQuerySysValue in a program to obtain the height and width
of the screen as well as 46 other interesting pieces of information, mostly
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concerning the sizes of various windows created by the Presentation Man-
ager. The first parameter to the function is the identifier HWND_DESKTOP,
and the second parameter is one of the identifiers defined in PMWIN.H with
the letters SV (‘‘system value’’). For example, the following call returns the
height of the title bar in pixels:

WinQuerySysValue (HWND_DESKTOP, SV_CYTITLEBAR)

Like many of the values that WinQuerySysValue returns, this value depends
on the resolution of the video display on which the Presentation Manager is
running. In later chapters we’ll use WinQuerySysValue for various purposes.
Here we merely want to look at all the values. We’ll display this informa-
tion in the client window. The 48 items will be displayed, one per line, in
three columns: the SV identifier passed to WinQuerySysValue, a description
of the item, and the value returned from the function. The first version of
the program to display these values is called SYSVALS1 and is shown in
Figure 4-1. :

The SYSVALS1 File

sysvalsl.obj : sysvalsl.c sysvals.h
cl -¢ -G2sw -W3 sysvalsl.c

sysvalsl.exe : sysvalsl.obj sysvalsl.def
link sysvalsl, /align:16, NUL, o0s2, sysvalsl

The SYSVALS.H File

f#idefine NUMLINES (sizeof sysvals / sizeof sysvals [0])

struct
{
SHORT sIndex :
CHAR *szldentifier ;
CHAR *szDescription ;
}

(continued)
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sysvals [] =

{

SV_SWAPBUTTON,
SV_DBLCLKTIME,
SV_CXDBLCLK,
SV_CYDBLCLK,
SV_CXSIZEBORDER,
SV_CYSIZEBORDER,
SV_ALARM,
SV_CURSORRATE,

SV_FIRSTSCROLLRATE,

SV_SCROLLRATE,
SV_NUMBEREDLISTS,
SV_WARNINGFREQ,
SV_NOTEFREQ,
SV_ERRORFREQ,

SV_WARNINGDURATION,

SV_NOTEDURATION,
SV_ERRORDURATION,
SV_CXSCREEN,
SV_CYSCREEN,
SV_CXVSCROLL,
SV_CYHSCROLL,
SV_CYVSCROLLARROM,
SV_CXHSCROLLARROW,
SV_CXBORDER,
SV_CYBORDER,
SV_CXDLGFRAME,
SV_CYDLGFRAME,
SV_CYTITLEBAR,
SV_CYVSLIDER,
SV_CXHSLIDER,
SV_CXMINMAXBUTTON,
SV_CYMINMAXBUTTON,
SV_CYMENU,
SV_CXFULLSCREEN,
SV_CYFULLSCREEN,
SV_CXICON,
SV_CYICON,
SV_CXPOINTER,
SV_CYPOINTER,
SV_DEBUG,
SV_CMOUSEBUTTONS,
SV_POINTERLEVEL,
SV_CURSORLEVEL,

Figure 4-1. The SYSVALS.H File. continued

"SV_SWAPBUTTON",
"SV_DBLCLKTIME",
"SV_CXDBLCLK",
"SV_CYDBLCLK",
"SV_CXSIZEBORDER",
"SV_CYSIZEBORDER",
"SV_ALARM",
"SV_CURSORRATE",

"SV_FIRSTSCROLLRATE",

"SV_SCROLLRATE",

*SV_NUMBEREDLISTS",

"SV_WARNINGFREQ",
"SV_NOTEFREQ",
"SV_ERRORFREQ",

"SV_WARNINGDURATION",

"SV_NOTEDURATION",

"SV_ERRORDURATION",

"SV_CXSCREEN",
"SV_CYSCREEN",
"SV_CXVSCROLL",
"SV_CYHSCROLL",

"SV_CYVSCROLLARROW",
"SV_CXHSCROLLARROW",

"SV_CXBORDER",
"SV_CYBORDER",
"SV_CXDLGFRAME™,
"SV_CYDLGFRAME",
"SV_CYTITLEBAR",
"SV_CYVSLIDER",
"SV_CXHSLIDER",

"SV_CXMINMAXBUTTON",
"SV_CYMINMAXBUTTON",

"SV_CYMENU",
"SV_CXFULLSCREEN",
"SV_CYFULLSCREEN™,
"SV_CXICON",
"SV_CYICON",
"SV_CXPOINTER",
"SV_CYPOINTER",
"SV_DEBUG",

"SV_CMOUSEBUTTONS™,

"SV_POINTERLEVEL",
"SV_CURSORLEVEL",
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"Mouse buttons swapped flag",
"Mouse double click time in msec”,
"Mouse double click area width",
"Mouse double click area height”,
"Sizing border width",

"Sizing border height",

"Alarm enabled flag",

"Cursor blink rate”,

"Scroll bar time until repeats”,
"Scroll bar scroll rate",

"Flag for numbering of 1ists",
"Alarm frequency for WA_WARNING",
"Alarm frequency for WA_NOTE",
"Alarm frequency for WA_ERROR",
"Alarm duration for WA_WARNING",
"Alarm duration for WA_NOTE",
"Alarm duration for WA_ERROR",
"Screen width in pixels”,

"Screen height in pixels”,
"Vertical scroll bar width",
"Horizontal scroll bar height”,
"Vertical scroll arrow height",
"Horizontal scroll arrow width®”,
“Border width",

"Border height",

"Dialog window frame width",
“Dialog window frame height",
"Title bar height”,

“Vertical scroll slider height”,
"Horizontal scroll slider width",
"Minimize/Maximize button width",
"Minimize/Maximize button height”,
"Menu bar height”,

"Full screen client window width",
"Full screen client window height"”,
"Icon width”,

"Icon height”,

"Pointer width”,

"Pointer height",

"Debug version flag",

"Number of mouse buttons®,
"Pointer display count”,

"Cursor display count”,

(continued)

101



Figure 4-1. The SYSVALS.H File. continued

SV_TRACKRECTLEVEL, "SV_TRACKRECTLFVEL", "Tracking rectangle display count”,

SV_CTIMERS, "SV_CTIMERS", "Number of available timers"™,
SV_MOUSEPRESENT, "SV_MOUSEPRESENT", “"Mouse present flag"”,
SV_CXBYTEALIGN, "SV_CXBYTEALIGN™, "Horizontal pixel alignment value”,
SV_CYBYTEALIGN, "SY_CYBYTEALIGN", "“Vertical pixel alignment value”
1

The SYSVALS1.C File

fidefine INCL_WIN
fidefine INCL_GPI
#include <o0s2.h>
f#include <stdlib.h>
#include <string.h>
f#inciude "sysvals.h”

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
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{

static CHAR szClientClass [] = "SysValsl” ;

static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU
FCF_MINMAX
FCF_TASKLIST ;

HAB hab ;

HMQ hmq :

HWND hwndFrame, hwndClient ;
QMSG gmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) :
hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
oL, NULL, 0, &hwndClient) ;
WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTQP, SPTR_APPICON, FALSE),
NULL)Y

(continued)
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Figure 4-1. The SYSVALSL.C File. continued

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static SHORT cxChar, cxCaps, cyChar, cyDesc, cxClient, cyClient ;

CHAR

szBuffer [10] ;

FONTMETRICS fm ;

HPS
POINTL
SHORT

hps
ptl ;
sLine ;

switch (msg)

{
case

case

case

WM_CREATE:
hps = WinGetPS (hwnd) ;
GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;

cxChar = (SHORT) fm.lAveCharWidth ;
cxCaps = (SHORT) fm.1EmlInc ;

cyChar = (SHORT) fm.1MaxBaselineExt ;
cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps)
return 0 ;

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

for (sLine = 0 ; sLine < NUMLINES ; sLine++)
{
pt1.x = cxCaps ;
pti.y = cyClient - cyChar * (sLine + 1) + cyDesc ;

(continued)
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Figure 4-1. The SYSVALSIL.C File. continued

}

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine]l.szldentifier),
sysvals[sLine].szIdentifier) ;

.

ptl.x += 20 * cxCaps ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLinel.szDescription),
sysvals{sLine].szDescription) ;

Ttoa (WinQuerySysValue (HWND_DESKTOP,
sysvals[sLinel.sIndex), szBuffer, 10) ;

ptl.x += 38 * cxChar ;

GpiCharStringAt (hps, &ptl, (LONG) strien (szBuffer),
szBuffer) ;

}

WinEndPaint (hps) ;
return 0 ;

return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The SYSVALS1.DEF File

NAME

DESCRIPTION
PROTMODE
HEAPSIZE
STACKSIZE
EXPORTS

SYSVALS1 WINDOWAPI

'System Values Display No. 1 (L) Charles Petzold, 1988°

ClientWndProc

Figure 4-1. The SYSVALSI program.

The SYSVALS.H header file defines a structure named sysvals that contains
all the system value identifiers and text descriptions that SYSVALS1 needs
to obtain and display the information from WinQuerySysValue. The same
SYSVALS.H file will be used in the subsequent versions of the program in
this chapter. Notice that the SYSVALS1 make file recompiles the program

whenever the SYSVALSI.C or SYSVALS.H file is altered.
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The definition of the INCL_WIN and INCL_GPI identifiers near the top of
SYSVALSL.C is required in order to include sections of the OS/2 header files
that are omitted by default.

The SYSVALS1 window is shown in Figure 4-2. You might have already
noticed that SYSVALSI is seriously flawed. Never fear; we’ll hammer away
at it until we get it right. Despite its flaws, SYSVALS1 illustrates many of
the basic concepts involved in displaying text on your client window.

SYSVALS1 EXE
SY_SWAPBUTTON Mouse buttons swapped flag 0
SV_DBLCLKTIME Mouse double click time in msec 500
8V_CXDBLCLK Mouse double click area width 6
SV_CYDBLCLK Mouse double click area height 6
SV_CXSIZEBORDER Sizing border width 4
SV_CYSIZEBORDER Sizing border height 4
SV_ALARM Alarm enabled flag 1
8SV_CURSORRATE Cursor blink rate 500
SV_FIRSTSCROLLRATE  Scroll bar time until repeats 200
SV_SCROLLRATE Scroll bar scroll rate 50
SV_NUMBEREDLISTS Flag for numbering of lists 0
SV_WARNINGFREQ Alarm frequency for warning 880
SV_NOTEFREQ Alarm frequency for note 1760
SV_ERRORFREQ Alarm frequency for error 440
SV_WARNINGDURATION  Alarm duration for warning 50
SV_NOTEDURATION Alarm duration for note 100
SY_ERRORDURATION Alarm duration for error 100
8V_CXSCREEN Screen width in pixels 640
SV_CYSCREEN Screen height in pixels 350
SV_CXVSCROLL Vertical scroll bar width 17
SY_CYHSCROLL Horizontal scroll bar height 15
SV_CYVSCROLLARROW  Vertical gcroll arrow height 16
8V_CXHSCROLLARROW  Horizontal scroll arrow width 20
SV_CXBORDER Border width 1
SV_CYBORDER Border height 1
SV_CXDLGFRAME Dialog window frame width 5

Figure 4-2. The SYSVALSI display.

Device-independent Programming

One primary purpose of the Presentation Manager is to provide a ‘“device-
independent’’ environment for your applications. This means that your pro-
grams should run without change or special drivers on any machine — and
in particular, with any video display adapter—on which the Presentation
Manager itself runs. Some programmers who have experience with
Microsoft Windows are already aware of the deep and satisfying pleasure
that results from seeing their programs run without change on everything
from the IBM Color/Graphics Adapter (with 640 pixels horizontally by 200
scan lines vertically) to high-resolution video adapters of 1664 by 1200. In
the years to come, programmers who write applications for the Presentation
Manager can experience the same pleasure in seeing their programs run on
video displays of even higher resolution.
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Because a display driver is one of the dynamic link libraries in the Presenta-
tion Manager, Presentation Manager applications don’t require their own
video display drivers. The application makes various GPI calls, the Presen-
tation Manager calls the display driver dynamic link library, and the dis-
play driver handles the hardware screen output. Of course, you do your
part by writing Presentation Manager programs that can easily adapt them-
selves to different environments. This involves one basic rule: Don’t
assume anything.

But with the Presentation Manager, there’s really no need for assump-
tions: All the information you need concerning the video display can be ob-
tained through various Presentation Manager functions. For example,
WinQuerySysValue can tell you the width and height of the video display in
pixels. Just about the only guarantee you have is that the video display can
accommodate at least 80 text characters across and 24 text lines down when
you use the standard default ‘‘system font’’ (which I'll discuss shortly). Of
course, this doesn’t mean you necessarily have access to the entire screen.
Normally, your application must share the display with other programs
(which explains why the results of your program should be designed to be
functional in both maximized and nonmaximized windows).

Most Presentation Manager programs have a sizing border that lets the user
change the size of your program’s window. This has a profound conse-
quence: Not only can you not make any assumptions about the size of your
program’s client window, but you can’t even assume that the size will re-
main constant while your program is running. So the first job we’ll tackle is
how a program can determine the size of its client window.

The Size of the Client Window

106

The programs presented in Chapters 2 and 3 obtained the size of the client
window by calling

WinQueryWindowRect (hwnd, &rcl) ;

The rcl variable is a structure of type RECTL with four fields—xLeft,
yBottom, xRight, and yTop. The WinQueryWindowRect function fills in these
fields by setting the xLeft and yBottom fields to 0 and the xRight and yTop
fields to the pixel width and height of the client window. This function was
convenient in the earlier programs because they used WinDrawText to dis-
play centered text in the client window and could simply pass the RECTL
pointer directly to DrawText.
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But SYSVALSI1 doesn’t use the WinDrawText function. WinDrawText works
well for displaying text within a rectangle, but it’s less suitable for display-
ing multiple lines of text, as SYSVALS1 does. Instead, SYSVALS1 uses the
GPI function GpiCharStringAt to display the text, and GpiCharStringAt
doesn’t use the RECTL structure.

Moreover, the approach used in the previous programs required that
the WinQueryWindowRect function be called when processing every
WM_PAINT message. It’s more efficient to obtain the size of the client win-
dow only when the size changes. How do you know when the size of the cli-
ent window changes? Simple —the Presentation Manager sends a message
to the client window procedure. That message is WM_SIZE.

The window procedure receives the first WM_SIZE message during the
WinCreateStdWindow call. Thereafter, the window procedure receives a
WM_SIZE message whenever the user changes the window’s size, either by
using the sizing border or by maximizing or minimizing the window. The
mpl and mp2 parameters that accompany a WM_SIZE message indicate the
previous size of the client window and the new size of the window. The
width and height of the window are given in pixels. These values are en-
coded in mpl and mp2 as shown in Figure 4-3.

WM_SIZE is a good example of a message that encodes two unsigned short
integers (the USHORT type) in a 32-bit far pointer (the MPARAM type). To
help you extract the two USHORTs from the MPARAM, the PMWIN.H
header file contains two macros: SHORTIFROMMP and SHORT2FROMMP.
These are defined as follows:

fidefine SHORTIFROMMP(mp) ((USHORT) (ULONG) (mp))
fidefine SHORT2FROMMP(mp) ((USHORT) ((ULONG) mp >> 16))

mp1 [31]30]20]...[18]17]16]15]14][13]..[2] 1] 0]
- N >

v Y
Previous Previous
height width
in pixels in pixels

mp2 [31]30]290]...[18]17]16]15]14]13]..J2] 1] 0]
. A J

g Y~
New New
height width
in pixels in pixels

Figure 4-3. The WM_SIZE mp! and mp2 parameters.

CHAPTER FOUR: AN EXERCISE IN TEXT OUTPUT 107



case

For example, you can obtain the new height of the client window with
SHORT2FROMMP (mp2)

You should use these macros rather than your own code to extract the
USHORT values. On some future implementations of the Presentation Man-
ager, the two USHORT values might be encoded in the MPARAM in a differ-
ent way. The macros insulate you from the implementation.

Processing the WM_SIZE message is simple. In the client window pro-
cedure, you define two static variables named cxClient and cyClient (for ex-
ample) to store the width and height of the client window:

static SHORT cxClient, cyClient :

An x prefix to a variable name usually indicates a horizontal position; a y
prefix indicates a vertical position. The ¢ prefix stands for ‘‘count,”” and
when combined with x indicates a width and with y a height. Here’s how the
SYSVALS1 program processes the WM_SIZE message:

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

The cxClient and cyClient variables must be defined as static because they
are used later when processing other messages. After the first WM_SIZE
message, the window procedure always has access to a valid client window
size. In most cases you won’t need to store or use the previous window size.
You’ll find similar WM_SIZE processing in most of the programs in this
book. (Although the SHORTIFROMMP and SHORT2FROMMP macros ex-
tract unsigned short integer values from mpl and mp2, the values are stored
in cxClient and cyClient, which are defined as signed short integers. As
you’ll see, the cxClient and cyClient are often used in arithmetic manipula-
tions for which the SHORT definition is safer.)

The Presentation Space
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To write to the client window, you need a handle to a ‘‘presentation space.”
(A presentation space is a data structure that describes an abstract display
surface.) The presentation space handle is the first parameter to virtually all
GPI functions and is your permission slip to use the various GPI drawing
functions. The presentation space contains certain ‘‘attributes’” that deter-
mine how the GPI functions work. These attributes all have default values
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when the presentation space is first created. You can change these attributes
with GPI functions, but often the defaults are the most convenient attributes.

For example, in SYSVALS1 we probably want to display black text on a
white background. These colors are attributes defined in the presentation
space, and the defaults are black text on a white background. (Actually, the
default colors are a little more complex than simply black and white, but I’
discuss that in Chapter 5.) We want the text to run from left to right rather
than right to left or top to bottom or bottom to top; this also is defined by the
default presentation space. We want the letters of the text string to be posi-
tioned top side up and not tilted in some way; the default presentation space
attributes define the characters to be displayed like this. The presentation
space also defines the font used to display text. In the default presentation
space, this is a font known as the ‘‘system font,”” which is the same font that
the Presentation Manager uses for text in title bars, menus, message boxes,
and dialog boxes. The system font is a ‘‘proportionally spaced’” Helvetica
font. This means that characters have different widths. For example, a W is
about three and one-half times wider than an I. Working with a propor-
tionally spaced font certainly adds a layer of complexity to text output, but
nothing insurmountable.

In this book, I’'ll most often use the type of presentation space called the
“‘cached micro-PS.”” The cached micro-PS gives a program access to only a
subset of the GPI functions, but it is often easier to use in small programs.

Because a presentation space defines an abstract drawing surface, it isn’t
very useful by itself (unless, of course, you own an abstract display or an
abstract printer). This is why a presentation space is usually ‘‘associated
with’’ a particular ‘‘device context.”” The device context refers to a device
driver and the physical output device, such as the video display, a printer, or
a plotter. (A device context can also describe an output device that isn’t
quite real, such as a ‘‘memory device context,”” in which a block of
memory mimics a real display surface, or a ‘‘metafile device context,” in
which the graphics drawing functions are collected in a file.) Here’s a sim-
plified description of the relationship between a presentation space and a
device context: '

m The presentation space describes an abstract drawing surface.
m The device context describes a physical output device.

= When the presentation space is associated with the device context, what
you draw on the presentation space by calling GPI functions will appear
on the device.
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The cached micro-PS, however, is always associated with the device context
for the video display. More specifically, the cached micro-PS applies only to
a particular window on the video display, typically your client window.
When you obtain a handle to a cached micro-PS, you can’t draw outside this
window. It’s not an error if you try to do so—the Presentation Manager
simply ignores the attempt.

Getting a Handle to a Presentation Space

In using a cached micro-PS, you obtain the handle to the presentation space
when you need to draw, and you ‘‘release’’ the handle when you finish
drawing. After you release the handle, it’s no longer valid. You have to ob-
tain a new handle when you want to draw again. You should obtain and
release the presentation space handle while processing a single message.
You should not obtain the handle while processing one message and release
it while processing another. Each time you obtain the handle, all attributes
of the presentation space are set to default values. Changes you make to
these attributes are lost when you release the handle.

In your window procedure, you define a variable (usually called /ps) that is
of type HPS, a handle to a presentation space:

HPS hps ;

There are two methods for obtaining a cached micro-PS handle for your cli-
ent window. The SYSVALS1 program uses both methods.

Method one: during processing of the WM_PAINT message
The first way to obtain a cached micro-PS handle is while processing the
WM_PAINT message:

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

[call GPI functions]

WinEndPaint (hps)
return 0 ;

You should always call WinBeginPaint and WinEndPaint as a pair. Don’t call
WinBeginPaint and WinEndPaint while processing messages other than
WM_PAINT. By setting the second parameter of WinBeginPaint to NULL,
you request a cached micro-PS handle. Otherwise, you would set this
parameter to the noncached presentation space handle you obtain from
GpiCreatePS (a function I'll touch on in Chapters 6 and 7).
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The window procedure receives a WM_PAINT message only when part of
the window is invalid and must be repainted. For example, if part of your
program’s client window is partly off the screen and the user then moves
the window so it is entirely within the screen, the area previously off the
screen is marked as invalid. The Presentation Manager posts a WM_PAINT
message in the window procedure’s message queue.

The third parameter to WinBeginPaint is an optional pointer to a RECTL
structure to obtain the coordinates of the rectangle encompassing the in-
valid area. (We’ll use this in the SYSVALS3 version of the program.) The
presentation space handle you obtain from WinBeginPaint allows you to
draw only within this rectangle. When you call WinEndPaint, the Presenta-
tion Manager validates the entire area of the window.

Method two: during processing of other messages
You can also obtain a cached micro-PS handle while processing messages
other than WM_PAINT:

hps = WinGetPS (hwnd) ;
[call GPI functions]
WinReleasePS (hps) ;

You should always call WinGetPS and WinReleasePS as a pair. With the
handle from WinGetPS, you can draw on any part of the client window.
However, unlike WinEndPaint, WinReleasePS doesn’t validate any part of
the window. SYSVALS1 calls WinGetPS and WinReleasePS while processing
the WM_CREATE message. I’ll describe shortly what the program does dur-
ing that message.

The Coordinate System

Parameters to GPI functions often specify coordinate positions and sizes.
Several attributes of the presentation space define the coordinate system in
effect when you draw; that is, they determine how the coordinate positions
and sizes you specify in GPI functions are translated and mapped to the pix-
els of the output device. By default, coordinates and sizes for a cached
micro-PS are specified in units of pixels, and coordinates are relative to the
lower-left corner of the window, regardless of where the window is posi-
tioned on the screen. Values on the horizontal (or x) axis increase to the
right; values on the vertical (or y) axis increase going up.

The notation (x, y) is often used to indicate a particular point in x and y
coordinates. The point (0, 0) is the lower-left corner of the client window. If
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you set variables cxClient and cyClient while processing the WM_SIZE mes-
sage, the upper-right of the client window is (cxClient — 1, cyClient — I). The
coordinate system for a cached micro-PS is shown in Figure 4-4.

= Title bar @ ﬁ

y = {cyClient -1) —»

y=0 —

J |

x = (cxClient -1)

v

Figure 4-4. The cached micro-PS default coordinate system.

The Size of a Character

Because this coordinate system has an origin at the lower-left corner of the
client area, it is somewhat inconvenient for displaying text, which most of
us read from the top down. But that’s a relatively simple adjustment you can
make when it comes time to display the text. The GPI function used in
SYSVALSI1 to display text is GpiCharStringAt. This function requires the x
and y coordinates of the starting position of the text. SYSVALS! calls
GpiCharStringAt three times—once for each of the three columns to be dis-
played. Thus, to properly space successive lines and columns of text,
SYSVALS1 needs to know the height and width of the characters in pixels.

When you obtain a handle to a cached micro-PS, the default presentation
space includes a font. Unless you change that font, the Presentation Man-
ager uses that font for all text you write to the presentation space. The
default font is called the ‘‘system font.”” This is the proportionally spaced
font used for normal text in the Presentation Manager. You can obtain char-
acter dimensions of the current font in the presentation space by calling
GpiQueryFontMetrics. You first define a structure of type FONTMETRICS:

FONTMETRICS fm ;
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Then you call the function:
GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm);

The second parameter is the size of the structure in bytes, and the last
parameter is a pointer to the structure.

On the function’s return, the fields of the fin structure describe many of the
basic characteristics of the font. Figure 4-5 shows the fields that describe the
dimensions of characters. Obviously, these fields represent much more in-
formation than you need right now, but they give you a sense of just how
much information is available.

All these values are LONG (32-bit) integers, as indicated by the *‘1”’ prefix.

Figure 4-5. The character dimension fields from GpiQueryFontMetrics.

Character width

For a proportionally spaced font like the system font, the FONTMETRICS
structure provides two fields that are valuable. The IAveCharWidth field is
the weighted average width of lowercase letters based on the frequency of
these letters in English. The [Emlnc field is a weighted average width of up-
percase letters. (The FONTMETRICS structure also includes a field called
IMaxCharlnc, which is the width of the widest character.) In all cases the
width includes intercharacter spacing.

Character height

When it comes to character heights, the FONTMETRICS structure provides
more detailed information. The [XHeight value is the average height above
the baseline of a lowercase letter without ascenders, and [EmHeight is the
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average height of an uppercase letter. Depending on the typeface, the
ILowerCaseAscent value could be less than I[EmHeight, greater than
IEmHeight, or the same. The lInternalLeading field is the space reserved for
diacritics. For some fonts, it could be zero. The [ExternalLeading field is the
amount of white space recommended by the designer of the font to be added
between lines of text. For some fonts, this also can be zero.

Interline spacing

For spacing successive lines of text, use the value returned in the
IMaxBaselineExt field. You can also use /MaxBaselineExt less I[ExternalLead-
ing if you want to get more lines of text into a smaller space. Earlier I noted
that the Presentation Manager requires the screen to display at least 24
lines of 80 characters. For some low-resolution displays that holds true
only if you space lines of text using the /MaxBaselineExt values minus
IExternalLeading.

The size of the system font won’t change during the time your program is
running, so you need to obtain the character sizes only once. An excellent
time to do this is while processing the WM_CREATE message, which is the
approach that SYSVALS1 uses. SYSVALSI defines four static variables to
hold the average lowercase width, average uppercase width, total height,
and descender height of a character:

static SHORT cxChar, cxCaps, cyChar, cyDesc, cxClient, cyClient ;

While processing WM_CREATE, SYSVALS1 obtains a handle to the presen-
tation space, calls WinQueryFontMetrics, and saves the values of the
lAveCharWidth, IMaxBaselineExt, and IMaxDescender fields:

WM_CREATE:
hps = WinGetPS (hwnd) ;

GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;

cxChar = (SHORT) fm.lAveCharWidth ;

cxCaps = (SHORT) fm.lEmInc ;
cyChar = (SHORT) fm,1MaxBaselineExt ;
cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps)
return 0 ;

Like the processing of the WM_SIZE message, this is fairly standard code;

you’ll see it frequently in Presentation Manager programs that work with
simple text.
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During the WM_CREATE message, SYSVALS1 obtains a handle to the pre-
sentation space only to obtain information. Attempting to draw during the
WM_CREATE message is unwise, because the window isn’t yet displayed on
the screen. (And be forewarned that the FONTMETRICS structure is over
200 bytes long. For purposes of clarity, I’ve defined fm as a local variable in
ClientWndProc. In most programs, the definition of fim and the GpiQuery-
FontMetrics call should probably be moved to a subroutine so the structure
doesn’t take up stack space whenever the window procedure is called.)

The WM_PAINT Message

WM_PAINT is an extremely important message. The window procedure
receives a WM_PAINT message when an area of the window becomes in-
valid. This can happen frequently as the user moves and resizes various
windows on the screen. Your Presentation Manager programs should be
structured so that they can entirely update the client window on receipt of a
WM_PAINT message. In many cases, this means the program can be most
efficient if it draws on the client window only during the WM_PAINT
message.

This certainly isn’t a hard-and-fast rule. Obviously, the program can access
a presentation space by calling WinGetPS and paint on the client window at
almost any time. But the program must be able to entirely repaint the client
window when it receives the WM_PAINT message anyway, so any drawing
it does during other messages has to be duplicated during WM_PAINT
processing. Often, however, a window procedure will determine during a
message other than WM_PAINT that part of the client window should be
changed. We’ll see examples of how programs can themselves generate
WM_PAINT messages in the SYSVALS2 and SYSVALS3 programs presented
in this chapter.

The GpiCharStringAt Function

SYSVALSI1 uses the GpiCharStringAt function to write text to the client area.
The At part of the function name indicates that the function requires
specific coordinates for where the text is to begin. The general syntax of
GpiCharStringAt is

GpiCharStringAt (hps, &ptl, 1Count, pchString) ;

The first parameter is a handle to the presentation space. That’s the case for
virtually all GPI functions. The last parameter is a pointer to a character
string (as indicated by the ‘‘pch’’ prefix). The third parameter is a LONG
value of the number of characters in the string. Unlike WinDrawText,
GpiCharStringAt doesn’t recognize zero-terminated character strings.
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The second parameter to GpiCharStringAt is a pointer to a structure of type
POINTL (which stands for ‘‘a point with LONG coordinates’”). The defini-
tion of the POINTL structure in OS2DEF.H looks like this:

typedef struct _POINTL
{
LONG x
LONG y ;
}
POINTL ;

It’s simply a structure that specifies a point in terms of x and y coordinates.
You can define a variable (the name ptl is standard) of type POINTL in your
window procedure:

POINTL ptl ;

You then set the x and y fields of this structure before you call
GpiCharStringAt. These x and y values indicate the starting position of the
string, specifically the point corresponding to the baseline of the left side of
the first character. If you use GpiCharStringAt with the string ‘‘go”’, for ex-
ample, it’s displayed relative to the lower-left corner of the client window,
as shown in Figure 4-6.

A

n [ .
pily llll= ANER

v

ptl.x

Figure 4-6. A character string with starting coordinates set by the GpiCharStringAt
function.
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The use of the baseline for the y coordinate can be a little tricky. For ex-
ample, to display the string ‘‘go’’ in the lower-left corner of the client win-
dow, you might want to use code like this:

ptl.x = 0 ;
ptl.y = 0 ;

GpiCharStringAt (hps, &ptl, (LONG) 2, "go™) :

But the descender on the g won’t be visible. Instead, you need to adjust the y
coordinates for the length of the descender:

gpt.y = cyDesc ;

Numeric Formatting

If you felt disheartened when I announced at the beginning of this chapter
that printf can’t be used in Presentation Manager programs, cheer up and
take a look at sprintf. Like printf, sprintf formats numbers and text based on
a formatting string. However, rather than writing the resultant formatted
text to standard output, sprintf stores it in a character buffer that you pro-
vide. The general syntax is

iLength = sprintf (szBuffer, szFormat, ...) ;

where iLength is the integer length of the zero-terminated output string that
sprintf stores in szBuffer.

When you use springf in a Presentation Manager program, include the
STDIO.H header file at the top of the C source code file:

fHinclude <stdio.h>

You must also define a buffer large enough for the formatted text. For
example:

CHAR szBuffer [80] ;
You can then use sprintf with GpiCharStringAt like this:

iLength = sprintf (szBuffer, "The sum of %d and &d is %d”,
iNuml, iNum2, iNuml + iNum2) ;

GpiCharStringAt (hps, &ptl, (LONG) ilLength, szBuffer) ;
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Or you can dispense with the iLength variable and combine both statements
into one:

GpiCharStringAt (hps, &ptl,
(LONG) sprintf (szBuffer, "The sum of %d and %d is %d",
iNuml, iNum2, iNuml + iNum2),
szBuffer) ;

This may look ugly, but it’s a common construction in Presentation Man-
ager prograins.

But sprintf is overkill for SYSVALSI. Instead, the program can display text
strings by passing them directly as the last parameter to GpiCharStringAt
and using strlen to find the length of each string (required for the third
parameter to GpiCharStringAt). For formatting the value returned from Win-
QuerySysValue, SYSVALS1 can use the C ltoa function.

At this point, the processing of the WM_PAINT message in SYSVALSI1
should be almost comprehensible:

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

for (sLine = 0 ; sLine < NUMLINES ; slLine++)
{
ptl.x = cxCaps ;
ptl.y = cyClient - cyChar * (sLine + 1) + cyDesc ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine]l.szidentifier),
sysvals[sLine].szldentifier) ;

ptl.x += 20 * cxCaps ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine].szDescription),
sysvals[sLine].szDescription) ;

Ttoa (WinQuerySysValue (HWND_DESKTOP,
sysvals[sLinel.sIndex), szBuffer, 10) ;

ptl.x += 38 * cxChar ;
GpiCharStringAt (hps, &ptl, (LONG) strlen (szBuffer),
szBuffer)
}
WinEndPaint (hps) ;
return 0 ;
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Between the WinBeginPaint and WinEndPaint calls is a call to GpiErase
(which erases the invalid rectangle) and a simple for loop. The NUMLINES
identifier is defined in SYSVALS.H.

The x field of the POINTL structure is initially set to cxCaps. Thus every
line is indented one character width from the left side of the client window.
For the first line (sLine equals 0), the y field is set to (cyClient — cyChar +
cyDesc), the top line of the client window. Each successive line begins
yChar pixels below the previous line. The first GpiCharStringAt call
displays the szldentifier field of the sysvals structure (for example,
SV_SWAPBUTTON). For the second GpiCharStringAt call, the x field of the
POINTL structure is increased by 20 times the average width of an
uppercase letter:

ptl.x += 20 * cxCaps ;

The szDescription field is then displayed. SYSVALS1 converts the value ob-
tained from WinQuerySysValue by calling ltoa. It moves the x field of the
POINTL structure to the right of the description column:

pt1.x += 38 * cxChar ;

It then displays the value.

The Problem with SYSVALS1

So that’s it— SYSVALS1 obtains the width and height of a system font char-
acter while processing the WM_CREATE message, obtains the width and
height of the client window from the WM_SIZE message, and paints the cli-
ent window using this information during WM_PAINT. It’s simple, and it’s
wrong —on most standard video displays, there’s not enough room to dis-
play all 48 values obtained from WinQuerySysValue. SYSVALS1 always
displays the values starting at the top of its client window and has no way to
bring the hidden lines into view. That’s a problem. But it’s nothing a scroll
bar can’t fix.

Adding Scroll Bars

Scroll bars are an important part of the consistent user interface in the Pre-
sentation Manager. For users, scroll bars are easy to learn and to use, and
they provide good visual feedback. Scroll bars are usually thought of as
controlling the view of a document, as in a word-processing program, but
they can be used in any program that has more to display than can fit in the
client window. A vertical scroll bar, like the one shown in Figure 4-7 on the
following page, is normally positioned to the right of the client window.
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Click here to move ]
up one ling ——» T

Click here to move
up one page ——»

Drag the slider to —
scroll to position ——»|

Click here to move
down one page —»

Click here to move 1
down one line —»i

Figure 4-7. A vertical scroll bar and the actions it performs.

A click on the arrow at the top of the scroll bar moves the view one line
toward the beginning of the document. (This is called ‘‘scrolling up”’ in
keeping with the user’s perspective, even though the document actually
scrolls down relative to the window.) Similarly, a click on the bottom arrow
moves the view one line toward the end of the document.

Between the two arrows is a long area containing the moveable scroll-bar
slider. Clicking above the slider moves the view one page toward the begin-
ning of the document; clicking below the slider moves the view one page
toward the end. The slider indicates the approximate position within the en-
tire document of the portion displayed on the screen. You can move to a
position in the document by dragging the slider to the relative spot in the
slider area. For example, you can move to the beginning of the document by
dragging the slider to the top of the slider area.

Horizontal scroll bars (normally positioned at the bottom of a client win-
dow) are used in a similar fashion to scroll documents left and right.

Creating the Scroll Bar

120

The first step in adding a scroll-bar interface involves changing a parameter
to the WinCreateStdWindow call. You simply include the necessary frame
creation flag identifier (FCF_HORZSCROLL, FCF_VERTSCROLL, or both) in
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the fIFrameFlags variable. The Presentation Manager creates the scroll-bar
windows as children of the frame window. With only this change, the scroll
bars don’t seem to do very much. The scroll bar colors itself with a reverse-
video flash when you click on it, but that’s about it.

Looks are deceiving. When you click on a scroll bar, the scroll-bar window
procedure (located in the Presentation Manager) receives a mouse message.
The scroll bar then posts a notification message to its owner, which is the
frame window. This notification message contains information about the
action of the mouse on the scroll bar. The frame window graciously sends
this message to the client window procedure, which is in your program. The
notification messages are WM_HSCROLL for a horizontal scroll bar and
WM_VSCROLL for a vertical scroll bar.

Your client window procedure can also send messages to the scroll-bar win-
dow. These messages set the ‘‘range’” and current ‘‘position” of the scroll-
bar slider. To send these messages, you need to know the window handle of
the scroll bar. When the Presentation Manager creates the scroll bars as part
of the standard window, they are assigned predefined child ID numbers of
FID_HORZSCROLL and FID_VERTSCROLL. Thus you can obtain the win-
dow handle of horizontal and vertical scroll bars by calling

hwndHscroll = WinWindowFromID (hwndframe, FID_HORZSCROLL) ;
hwndV¥scroll = WinWindowFromID (hwndFrame, FID_VERTSCROLL) ;

The scroll bars’ parent is iwndFrame. The frame window is also the parent
of the client window, so you can also obtain these handles within your cli-
ent window procedure by using only the hwnd parameter passed to the pro-
cedure. You’ll probably do this while processing the WM_CREATE
message:

hwndHscroll = WinWindowFromID (
WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_HORZSCROLL) :

hWndVscroll = WinWindowFromID (

WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_VERTSCROLL)

Within a client window procedure, these window handles should be stored
in static variables of type HWND.
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The Range and Paosition

After obtaining the window handle of a scroll bar, the program can initial-
ize the scroll bar to a range and slider position. When first created, a scroll
bar has a default range of 0 to 100. The position of the scroll-bar slider is
always a discrete integral value within this range:

m If the slider is at the top (or left) of the scroll bar, the position is 0.

m If the slider is at the bottom (or right) of the scroll bar, the position
is 100.

If that 0 to 100 range isn’t appropriate for your program, you can set a dif-
ferent range by sending the scroll bar an SBM_SETSCROLLBAR message.
SBM_SETSCROLLBAR, like other messages that begin with SBM (*‘scroll-
bar message’’), is a message understood only by scroll bars. Set the mpl
parameter of this message to the initial position of the scroll-bar slider. Set
mp2 to contain the range of the scroll bar, with the minimum value in the
low half of mp2 and the maximum value in the high half. You can convert
these values to an MPARAM data type using the MPFROM2SHORT macro.
For example, suppose you want to set the vertical scroll-bar range to 10
through 40 and the initial position to 15. Here’s the code:

sMinPos = 10 ;
sMaxPos = 40 ;
sPosition = 15 ;

WinSendMsg (hwndVscroll, SBM_SETSCROLLBAR,

MPFROM2SHORT (sPosition, 0),
MPFROM2SHORT (sMinPos, sMaxPos)) ;

If you ever need to obtain the range from the scroll bar, you can do so by
sending the scroll bar an SBM_QUERYRANGE message:

mr = WinSendMsg (hwndVscroll, SBM_QUERYRANGE, NULL, NULL) ;

The minimum and maximum range positions are encoded in mr (a variable
of type MRESULT) and can be extracted using the SHORTIFROMMR and
SHORT2FROMMR macros:

sMinPos = SHORT1FROMMR (mr)
sMaxPos = SHORT2FROMMR (mr) ;
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Receiving Notification Messages from the Scroll Bar

Scroll bars post notification messages to their owner (the frame window)
when the various parts of the scroll bar are clicked on or dragged. The
frame window sends these messages to the client window. For vertical
scroll bars, the notification message is WM_VSCROLL,; for horizontal scroll

bars, it’s WM_HSCROLL.

Messages from Vertical Scroll Bars

The low half of mpl (which you can obtain using the SHORTIFROMMP
macro) contains the child window ID. For a vertical scroll bar created as
part of the standard window, this is FID_VERTSCROLL. You need to ex-
amine this value only if you create multiple vertical scroll bars as children
of your client window. The high half of mp2 indicates the action of the
mouse on the scroll bar. The value corresponds to an identifier defined in
PMWIN.H that begins with the letter SB. Figure 4-8 shows how these values
identify the mouse actions on the vertical scroll bar. The low half of mp2 is
the current position of the slider for SB_SLIDERTRACK and SB_SLIDER-

POSITION actions.

Press button:  SB_LINEUP T
Release button: SB_ENDSCROLL

Press button:  SB_PAGEUP
Release button: SB_ENDSCROLL

Press and drag: SB_SLIDERTRACK
Release button: SB_SLIDERPOSITION

Press button: SB_PAGEDOWN
Release button: SB_ENDSCROLL

—_»

Press button:  SB_LINEDOWN
Release button: SB_ENDSCROLL l

Figure 4-8. Vertical scroll-bar action identifiers.
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Within your client window procedure, you process the WM_VSCROLL mes-
sage with code that looks like this:

case WM_VSCROLL:
switch (SHORT2FROMMP (mp2)

{
case SB_LINEUP:

[process line up action]
break :

case SB_PAGEUP:
[process page up action]
break ;
[and so forth]

Messages from Horizontal Scroll Bars

Horizontal scroll bars generate messages in the same way vertical scroll
bars do: The notification message is WM_HSCROLL, the child window ID is
FID_HORZSCROLL, and the identifiers indicating the mouse actions are
those shown in Figure 4-9.

SB_LINELEFT SB_SLIDERTRACK SB_LINERIGHT
SB_ENDSCROLL SB_SLIDERPOSITION SB_ENDSCROLL
SB_PAGELEFT SB_PAGERIGHT
SB_ENDSCROLL SB_ENDSCROLL
A 4 A 4 A A 4 A 4
Rl [ | =3

Figure 4-9. Horizontal scroll-bar action identifiers.

Processing Scroll-Bar Messages

You have some options in how you handle scroll-bar messages. When the
user clicks on the arrows or the slider area, you receive at least two
WM_VSCROLL or WM_HSCROLL messages. You get the first message
when the mouse button is pressed. The action identifier is SB_LINEUP,
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SB_PAGEUP, SB_LINEDOWN, or SB_PAGEDOWN for vertical scroll bars
or one of the similar identifiers for horizontal scroll bars. When the button
is released, you receive a WM_VSCROLL or WM_HSCROLL message with
the SB_ENDSCROLL action identifier. As a general rule, you process the
various ‘‘button down’’ messages and ignore SB_ENDSCROLL.

However, if your program requires a lot of time to process these actions,
you might want to delay the processing until the mouse button is released.
You can simply track how many messages you receive and do something
that affects the client window only when you get SB_ENDSCROLL. This ap-
proach requires more complex logic and provides less feedback to the user,
but it is an alternative.

The SB_SLIDERTRACK and SB_SLIDERPOSITION actions can be some-
what troublesome. As the user drags the slider up and down the scroll bar,
your window procedure receives many SB_SLIDERTRACK actions.

m If your program is fast enough, you should process SB_SLIDERTRACK
actions and ignore SB_SLIDERPOSITION.

= If yourprogram has a hard time keeping up, you should process
SB_SLIDERPOSITION and ignore SB_SLIDERTRACK.

(These two approaches are illustrated later in the chapter: SYSVALS2 is a
slow, simple program that processes SB_SLIDERPOSITION; SYSVALS3 is
optimized sufficiently to process SB_SLIDERTRACK actions on the vertical
scroll bar.)

Setting the New Slider Position
The scroll-bar window itself never changes the position of the scroll-bar
slider unless you tell it to. To change the position of the slider, you send the
scroll bar a message. Assume the variable sPosition contains the new posi-
tion of the vertical scroll bar. You send the scroll bar an SBM_SETPOS mes-
sage in which mpl is the new position:

WinSendMsg (hwndVscroll, SBM_SETPOS, MPFROMSHORT (sPosition), NULL) ;

You typically send the scroll bar the SBM_SETPOS message while process-
ing the WM_VSCROLL or WM_HSCROLL notification message from the
scroll bar.

If you need to obtain the current position of the scroll-bar slider, you can
send the scroll bar an SBM_QUERYPOS message:

sPosition = SHORT1FROMMR (WinSendMsg (hwndVScroll,
SBM_QUERYPOS, NULL, NULL)) ;
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The Implementation

Now we’re ready to look at the SYSVALS?2 program, shown in Figure 4-10.
You’ll need the SYSVALS.H header file from Figure 4-1 to compile the
program.

The SYSVALS2 File

sysvals2.obj : sysvals2.c sysvals.h
¢l -c -G2sw -W3 sysvals2.c

sysvals2.exe : sysvals2.obj sysvals2.def
1ink sysvals2, /align:16, NUL, os2, sysvals2

The SYSVALS2.C File

#define INCL_WIN
ftdefine INCL_GPI
#include <o0s2.h>
#include <stdlib.h>
#include <string.h>
#include "sysvals.h"

MRESULT EXPENTRY ClientiWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "SysVals2" ;
static ULONG flFrameFlags = FCF_TITLEBAR FCF_SYSMENU |
FCF_.SIZEBORDER | FCF_MINMAX |
FCF_SHELLPOSITION | FCF_TASKLIST |
FCF_VERTSCROLL :

HAB hab ;

HMQ hmg ;

HWND hwndFrame, hwndClient ;
aMsG qmsg ;

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

(continued)
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Figure 4-10. The SYSVALS2.C File. continued

WinRegisterClass (hab, szClientClass., ClientWndProc, CS_SIZEREDRAW, 0) :

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FramefFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg. MPARAM mpl, MPARAM mp2)
{
static HWND hwndVscroll ;
static SHORT cxChar, c¢xCaps, cyChar, cyDesc,
sVscroll1Pos, cxClient, cyClient ;

CHAR szBuffer [10] ;
FONTMETRICS fm ;

HPS hps ;

POINTL ptl ;

SHORT sline ;

switch (msg)
{
case WM_CREATE:
hps = WinGetPS (hwnd) ;
GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;

cxChar = (SHORT) fm.1lAveCharWidth ;
cxCaps = (SHORT) fm.1EmInc ;

cyChar = (SHORT) fm.1MaxBaselineExt ;
cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps) ;
hwndVscroll = WinWindowFromID (

WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_VERTSCROLL) ;

(continued)
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Figure 4-10. The SYSVALS2.C File. continued

128

WinSendMsg (hwndVscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sVscrollPos, 0),
MPFROM2SHORT (0, NUMLINES - 1)) ;
return 0 ;

case WM_SIZE:
cxClient = SHORT1FROMMP (mp2)
cyClient = SHORT2FROMMP (mp2)
return 0 ;

case WM_VSCROLL:
switch (SHORT2FROMMP (mp2))
{
case SB_LINEUP:
sVscroilPos -=1 ;
break

case SB_LINEDOWN:
sVscrollPos += 1 ;
break ;

case SB_PAGEUP:
sVscrollPos -= cyClient / cyChar ;
break ;

case SB_PAGEDOWN:
sV¥scrol1Pos +
break :

cyClient / cyChar ;

case SB_SLIDERPOSITION:
sVscrollPos = SHORT1FROMMP (mp2) ;
break ;
}
sVscrol1Pos = max (0, min (sVscrollPos, NUMLINES - 1)) ;

if (sVscroliPos = SHORT1FROMMR (WinSendMsg (hwndVscroll,
SBM_QUERYPOS, NULL, NULL)))
{
WinSendMsg (hwndVscroll, SBM_SETPQS,
MPFROMSHORT (sVscrollPos), NULL) ;
WinInvalidateRect (hwnd, NULL, FALSE) ;
}
return 0 ;

(continued)
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Figure 4-10. The SYSVALS2.C File. continued

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
Gpitrase (hps) ;

for (sLine = 0 ; sLine < NUMLINES ; sLine++)
{
ptl.x = ¢xCaps ;
ptl.y = cyClient - cyChar * (sLine + 1 - sVscrollPos)
+ cyDesc ;

GpiCharStringAt Chps, &pti,
(LONG) strlen (sysvals[sLine].szldentifier),
sysvals[sLine].szldentifier) :

ptl.x += 20 * cxCaps ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine].szDescription),
sysvals[sLine]J.szDescription) ;

Ttoa (WinQuerySysValue (HWND_DESKTOP,
sysvals[sLine].sIndex), szBuffer, 10) ;

ptl.x += 38 * cxChar ;
GpiCharStringAt (hps, &ptl, (LONG) strlen (szBuffer),
szBuffer) ;
}
WinEndPaint (hps)
return 0 ;

}
return WinDefWindowProc C(hwnd, msg, mpl, mp2) ;

}

The SYSVALS2.DEF File

NAME SYSVALS2 WINDOWAPI

DESCRIPTION ‘System Values Display No. 2 (C) Charles Petzold, 1988’
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 4-10. The SYSVALS2 program.
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The SYSVALS2 window with the vertical scroll bar is shown in Figure 4-11.

SYSVALS2 EXE
8V_CXSIZEBORDER 8izing border width L]
SV_CYSIZEBORDER 8izing border height 4
8V_ALARM Alarm enabled flag 1
SY_CURSORRATE Cursor blink rate 500
8V_FIRSTSCROLLRATE Scroll bar time until repeats 200
8V_SCROLLRATE Scroll bar scroll rate 50
SV_NUMBEREDLISTS Flag for numbering of lists 0
SV_WARNINGFREQ Alarm frequency for warning 880
8V_NOTEFREQ Alarm frequency for note 1760
SV_ERRORFREQ Alarm frequency for error 440
SV_WARNINGDURATION  Alarm duration for warning 50
SV_NOTEDURATION . Alarm duration for note 100
SV_ERRORDURATION Alarm duration for error 100
SV_CXSCREEN Screen width in pixels 640
8V_CYSCREEN Screen height in pixels 350
SV_CXVSCROLL Vertical scroll bar width 17
8V_CYHSCROLL Horizontal scroll bar height 15
8V_CYVSCROLLARROW  Vertical scroll arrow height 16
SV_CXHSCROLLARROW  Horizontal scroll arrow width 20
SV_CXBORDER Border width 1
SV_CYBORDER Border height 1
SV_CXDLGFRAME Dialog window frame width 5
8V_CYDLGFRAME Dialog window frame height 5
SV_CYTITLEBAR Title bar height 15 _
8V_CYVSLIDER Vertical scroll slider height 18 b
8V_CXHSLIDER Horizontal scroll slider width 20 ;

Figure 4-11. The SYSVALS?2 display.

The only change in main is that the flFrameFlags variable now includes the
identifier FCF_VERTSCROLL. This causes the Presentation Manager to
create a vertical scroll bar as part of the standard window. ClientWndProc
contains two new variables: AwndVscroll, which stores the handle of the
scroll-bar window, and sVscrollPos, which stores the current position of
the scroll-bar slider.

While processing the WM_CREATE message, the program obtains the win-
dow handle of the scroll bar:

hwndVscroll = WinWindowFromID (
WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_VERTSCROLL) ;

The program then initializes the range and slider position by sending the
scroll bar a message:

WinSendMsg (hwndVscroll, SBM _SETSCROLLBAR,
MPFROM2SHORT (sVscrollPos, 0),
MPFROM2SHORT (0, NUMLINES - 1)) ;
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case

The range (in mp2) is set to a minimum position of 0 and a maximum posi-
tion of NUMLINES — 1. Thus the scroll bar has as many positions as there
are lines of text. The initial value of sVscrollPos is 0 (because it is defined as
a static variable but not explicitly initialized), so the slider is set to the
topmost position.

SYSVALS?2 uses the position of the vertical scroll-bar slider to determine
how it displays the lines of text in the client window. The value of the slider
position corresponds to the line that appears at the top of the client window,
as shown in the following table:

Slider Position Line at Top of Client Window
0 (top) First

1 Second

2 Third

NUMLINES - 1 (bottom) Last

The processing of the WM_VSCROLL message begins with the sVscrollPos
variable being incremented or decremented, depending on the particular ac-
tion of the mouse on the scroll bar:

WM_VSCROLL:
switch (SHORT2FROMMP (mp2))
{
case SB_LINEUP:
sVscrollPos -= 1 ;
break ;

case SB_LINEDOWN:
sVscrollPos += 1 ;
break ;

case SB_PAGEUP:
sVscrol1Pos -= cyClient / cyChar ;
break ;

case SB_PAGEDOWN:
s¥scrollPos += cyClient / cyChar ;
break ;

case SB_SLIDERPOSITION:

sVscroliPos = SHORT1FROMMP (mp2)
break ;
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a For SB_LINEUP and SB_LINEDOWN, sVscrollPos is simply decre-
mented or incremented by 1 for a change of one line.

m For SB_PAGEUP and SB_PAGEDOWN, the variable is decreased or in-
creased by cyClient / cyChar, which is the number of lines that can fit in
the client window.

= For the SB_SLIDERPOSITION action, the low USHORT encoded in mp2
is the new slider position after the slider has been dragged and released.

SYSVALS? ignores the SB_ENDSCROLL and SB_SLIDERTRACK actions.

It’s possible that the new value of sVscrollPos is outside the range of the
scroll bar. For example, the scroll-bar slider could have been at the top of
the scroll bar when the user clicked the up arrow. This statement uses the
min and max macros defined in STDLIB.H to bring sVscrollPos within the
scroll bar range:

sVscrollPos = max (0, min (sVscrol1Pos, NUMLINES - 1)) ;

After this adjustment, it’s possible that sVscrollPos hasn’t changed at all. To
determine this, the value of sVscrollPos is checked against the real position
of the slider, which is determined by sending an SBM_QUERYPOS message
to the scroll-bar window:

if (sVscrollPos != SHORT1FROMMR (WinSendMsg (hwndVscroll,

SBM_QUERYPOS, NULL, NULL)))
{

If sVscrollPos has changed, then the slider is set to the new position by send-
ing it the SBM_SETPOS message:

WinSendMsg (hwndVscroll, SBM_SETPOS,
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MPFROMSHORT (sVscrollPos), NULL) ;

Finally, SYSVALS2 must update its client window to reflect the change. It
must get a presentation space handle, erase the entire client window, rewrite
all the lines of text, and then release the presentation space handle. It does
this by calling

WinInvalidateRect (hwnd, NULL, FALSE) ;

What’s this? This one WinlnvalidateRect statement does all that? It sure
does, because this statement invalidates the entire client window and causes
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the Presentation Manager to post a WM_PAINT message in SYSVALS2’s
message queue. The repainting actually occurs during the WM_PAINT
message.

Earlier I discussed the idea of structuring your programs so that all drawing
on the client window occurs during the WM_PAINT message. The
WinlnvalidateRect function is one of the tools that help you achieve this
. goal. The second parameter to WinlnvalidateRect can be a pointer to a
RECTL structure to specify that only a small rectangular area of the win-
dow is to be invalidated. Specifying NULL invalidates the whole window.

WM _PAINT Processing in SYSVALS2

Now let’s look at the WM_PAINT processing. If you compare it with the
WM_PAINT logic in SYSVALSI1, you’ll find only one changed statement.
SYSVALSI used the following statement to set the y field of the POINTL
structure passed to GpiCharStringAt:

ptl.y = cyClient - cyChar * (sLine + 1) + cyDesc ;
SYSVALS?2, on the other hand, uses this statement:
ptl.y = cyClient - cyChar * (sLine + 1 - sVscrollPos) + cyDesc ;

When the scroll-bar slider is at the top of the bar, sVscrollPos is 0, and ptl.y is
set to the same value as in SYSVALSI1. The first line of text is displayed at
the top of the client window. When sVscroliPos is 1, then ptly is set to
(cyClient + cyDesc), which means that the first line of text is displayed right
above the client window, which means that it isn’t displayed at all. The sec-
ond line of text (when sLine equals 1) occupies the top line of the client win-
dow. Thus SYSVALS?2 calls GpiCharStringAt for all 48 lines of text, but the
program begins writing these lines either at the top of the client window
(when sVscrollPos is 0) or somewhere above the client window. The Presen-
tation Manager obligingly clips everything that falls outside the window.

This isn’t very efficient WM_PAINT processing. It may not be too bad for 48
lines of text, but what if there were several hundred lines? The painting
should really be restricted only to what’s needed. So let’s not be satisfied
that we got the program working. Anybody can do that. Let’s take a crack at
making it better.
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Optimizing the Code

The new and improved SYSVALS3 program is displayed in Figure 4-12. In
addition to faster vertical scroll-bar processing and repainting, this version
also includes a horizontal scroll bar for left and right scrolling. The
JfIFrameFlags variable in main includes the frame creation flag identifiers
FCF_HORZSCROLL and FCF_VERTSCROLL.

The SYSVALSS File

sysvals3.obj : sysvals3.c sysvals.h
¢l -c -G2sw -W3 sysvals3.c

sysvals3.exe : sysvals3.obj sysvals3.def
link sysvals3, /align:16, NUL, os2, sysvals3

The SYSVALS3.C File

ftdefine INCL_WIN
fidefine INCL_GPI
#include <o0s2.h>
#include <stdlib.h>
#include <string.h>
f#include "sysvals.h"

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass []1 = "SysVals3” ;
static ULONG fl1FrameFlags = FCF_TITLEBAR | FCF_SYSMENU |
FCF_SIZEBORDER ! FCF_MINMAX '
FCF_SHELLPOSITION | FCF_TASKLIST |
FCF_VERTSCROLL | FCF_HORZSCROLL ;

HAB hab ;

HMQ hmg ;

HWND hwndFrame, hwndClient ;
QMsG qmsg

(continued)
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Figure 4-12. The SYSVALS3.C File. continued

LONG

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient)

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_.DESKTOP, SPTR_APPICON, FALSE),
NULL) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) :
WinTerminate (hab) ;

return 0 ;

}

RtdustCharStringAt (HPS hps, POINTL *pptl. LONG 1Length, CHAR *pchText)
{

POINTL apt1TextBox[TXTBOX_COUNT] ;

GpiQueryTextBox (hps, 1lLength, pchText, TXTBOX_COUNT, aptlTextBox) ;

ppt1->x -= apt1TextBox[TXTBOX_CONCAT].x ;

return GpiCharStringAt (hps, pptl, lLength, pchText) ;
}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static HWND hwndHscroll, hwndVscroll ;

static SHORT sHscrollMax, sVscrollMax, sHscrollPos, sVscrollPos,
cxChar, cxCaps, cyChar, cyDesc, cxClient, cyClient,
cxTextTotal ;

CHAR szBuffer [10] ;

FONTMETRICS fm ;

HPS hps ;

POINTL ptl

SHORT sLine, sPaintBeg, sPaintEnd, sHscrolllnc, sVscrolllnc ;
RECTL rclInvalid ;

(continued)
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Figure 4-12. The SYSVALS3.C File. continued

switch (msg)

{

case WM_CREATE:

case

hps = WinGetPS (hwnd) ;
GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;

cxChar = (SHORT) fm.lAveCharWidth ;
cxCaps (SHORT) fm.l1EmInc ;

cyChar = (SHORT) fm.1MaxBaselineExt ;
cyDesc = (SHORT) fm.lMaxDescender ;

WinReleasePS (hps) ;

cxTextTotal = 28 * cxCaps + 38 * cxChar ;

WinWindowFromID (
WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_HORZSCROLL) ;

hwndHscroll

hwndVscroll = WinWindowFromID (
WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_VERTSCROLL) ;

return 0 ;

WM_SIZE:
cxClient = SHORTLFROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;

sHscrollMax = max (0, cxTextTotal - cxClient) ;
sHscrol1Pos = min (sHscroll1Pos, sHscrollMax)

WinSendMsg (hwndHscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sHscrollPos, 0),
MPFROM2SHORT (0, sHscrollMax)) ;

WinEnableWindow (hwndHscroll, sHscrollMax ? TRUE : FALSE) ;

sVscroliMax = max (0, NUMLINES - cyClient / cyChar) ;
sVscrollPos = min (sVscrollPos, sVscrollMax) ;

WinSendMsg (hwndVscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sVscrollPos, 0),
MPFROM2SHORT (0, sVscroliMax)) ;

WinEnableWindow (hwndVscroll, sVscrollMax ? TRUE : FALSE) ;
return 0 ;

(continued)
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Figure 4-12. The SYSVALS3.C File. continued

case WM_HSCROLL:
switch (SHORT2FROMMP (mp2))
{
case SB_LINELEFT:
sHscrolllnc = -cxCaps ;
break ;

case SB_LINERIGHT:
sHscrollInc = cxCaps ;
break ;

case SB_PAGELEFT:
sHscrolllnc = -8 * cxCaps ;
break ;

case SB_PAGERIGHT:
sHscrolllInc = 8 * cxCaps :
break ;

case SB_SLIDERPOSITION:
sHscrollInc = SHORT1FROMMP (mp2) - sHscrollPos;
break :

default:
sHscrolllnc = 0 ;
break ;
}
sHscrollInc = max (-sHscrollPos,
min (sHscrolllnc, sHscrollMax - sHscrollPos)) ;

if (sHscrolllnc t= 0)
{
sHscrol1Pos += sHscrolllnc ;
WinScrollWindow (hwnd, -sHscrolllnc, O,
NULL, NULL, NULL, NULL, SW_INVALIDATERGN) ;

WinSendMsg (hwndHscroll, SBM_SETPOS,
MPFROMSHORT (sHscrollPos), NULL) ;
}
return 0 ;

case WM_VSCROLL:
switch (SHORT2FROMMP (mp2))
{
case SB_LINEUP:
sVscrolllne = -1 ;
break ;

(continued)
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Figure 4-12. The SYSVALS3.C File. continued

case SB_LINEDOWN:
sVscrolline
break ;

]
—

case SB_PAGEUP:
sVscrolilnc
break ;

min (-1, -cyClient / cyChar) ;

case SB_PAGEDOWN:
sVscrolllnc = max (1, cyClient / cyChar) ;
break ;

case SB_SLIDERTRACK:
sVscrollInc = SHORTIFROMMP (mp2) - sVscrollPos;
break ;

default:
sVscrolllne = 0
break
}
sVscrollinc = max (-sVscrollPos,
min (sVscrolllnc, sVscrollMax - sVscrollPos))

if (sVscrollinc = 0)
{
sVscroliPos += s¥scrolllnc ;
WinScroliWindow (hwnd, 0, cyChar * sV¥scrollinc,
NULL, NULL, NULL, NULL, SW_INVALIDATERGN) ;

WinSendMsg (hwndVscroll, SBM_SETPQS,
MPFROMSHORT (sVscrollPos), NULL) ;

WinUpdateWindow (hwnd)
}
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, &rclInvalid) ;
GpiErase (hps) ;

sPaintBeg = max (0, sVscrollPos +
(cyClient - (SHORT) rclInvalid.yTop) / cyChar) ;
sPaintEnd = min (NUMLINES, sVscrollPos +
(cyCtient - (SHORT) rclInvalid.yBottom)
/ cyChar + 1) ;

(continued)
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Figure 4-12. The SYSVALS3.C File. continued

for (sLine = sPaintBeg ; sLine < sPaintEnd ; sline++)
{
ptl.x = cxCaps - sHscrollPos ;
ptl.y = cyClient - cyChar * (sLine + 1 - sVscrollPos)
+ cyDesc ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine].szldentifier),
sysvals[sLine].szldentifier) ;

ptl.x += 20 * cxCaps ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine].szDescription),
sysvals[sLine].szDescription) ;

1toa (WinQuerySysValue (HWND_DESKTOP,
sysvals[sLinel.sIndex), szBuffer, 10) ;

ptl.x += 38 * cxChar + 6 * cxCaps ;
RtdustCharStringAt (hps, &ptl, (LONG) strlen (szBuffer),
szBuffer) ;

}
WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The SYSVALS3.DEF File

; SYSVALS3.DEF module definition file

NAME SYSVALS3 WINDOWAPI

DESCRIPTION 'System Values Display No. 3 (C) Charles Petzold, 1988'
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 4-12. The SYSVALS3 program.
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The SYSVALS3 window is shown in Figure 4-13.

SYSVALS3.EXE

8V_CXBORDER Border width

SV_CYBORDER Border height

8V_CXDLGFRAME Dialog window frame width

SV_CYDLGFRAME Dialog window frame height 5

8SV_CYTITLEBAR Title bar height 15

SV_CYVSLIDER Vertical scroll slider height 18

8SV_CXHSLIDER Horizontal screll slider width 20

8V_CXMINMAXBUTTON  Minimize/Maximize button width 52

8Y_CYMINMAXBUTTON  Minimize/Maximize button height 14

SV_CYMENU Menu bar height 14

SV_CXFULLSCREEN Full screen client window width 640

8V_CYFULLSCREEN Full screen client window height 335

8V_CXICON Icon width 32

SV_CYICON Icon height 32

SV_CXPOINTER Pointer width 32

SV_CYPOINTER Pointer height 32

8V_DEBUG Debug version flag 262206

8V_CMOUSEBUTTONS Number of mouse buttons 2

SY_POINTERLEVEL Pointer display count 0

SV_CURSORLEVEL Cursor display count 1

SV_TRACKRECTLEVEL Tracking rectangle display count 1

8V_CTIMERS Number of available timers 36

SY_MOUSEPRESENT Mousze present flag 1

SV_CXBYTEALIGN Horizontal pixel alignment value 8 -

8V_CYBYTEALIGN Vertical pixel alignment value 1 3
+] [=

Figure 4-13. The SYSVALS3 display.

Right-justified Text

LONG
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You’ll notice I’ve also prettied up the display a little. In SYSVALSI and
SYSVALS2, the values returned from WinQuerySysValue were displayed be-
ginning at the same horizontal pixel position. Columns of numbers are
commonly displayed right justified. In SYSVALS3, the RtJustCharStringAt
function results in right-justified text. ‘

RtJustCharStringAt (HPS hps, POINTL *pptl, LONG 1Length, CHAR *pchText)
{

POINTL apt1TextBoxITXTBOX.COUNT] ;

GpiQueryTextBox (hps, TLength, pchText, TXTBOX_COUNT, aptl1TextBox) ;
ppt1->x -= apt1TextBox[TXTBOX_CONCAT].x :

return GpiCharStringAt (hps, pptl, 1Length, pchText) ;

}

This function is defined with the same parameters as GpiCharStringAt, but
when the function is called, the x field of the POINTL structure should be set
to the pixel position where the text should end rather than begin. This func-
tion uses the identifiers TXTBOX_COUNT and TXTBOX_CONCAT, defined
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in PMGPLH. They are used when working with the GpiQueryTextBox func-
tion, which obtains an array of POINTL structures that give the coordinates
of the four corners of a text string, assuming that the text begins at the point
(0,0). The TXTBOX_CONCAT eclement of the apt! structure contains the
coordinates of the end of the string (where more text would follow). So
when the x coordinate of TXTBOX_CONCAT is subtracted from the x field
of the POINTL structure passed to RtJustCharStringAt, the resulting value is
the x coordinate that will result in right-justified text.

Changing the Range Based on Window Size

Another change incorporated in SYSVALSS3 is that the scroll-bar range and
slider position are no longer set during processing of the WM_CREATE mes-
sage. Instead, a new range and position are set during each WM_SIZE
message.

The primary goal is to have the last line of text be visible at the bottom of
the client window. So during the WM_SIZE message, the maximum posi-
tion of the vertical scroll-bar slider is calculated based on the total number
of text lines and the number of lines that can fit in the client window:

sVscrol1lMax = max (0, NUMLINES - cyClient / cyChar) ;

The existing value of sVscrollPos could be outside this new range, so
sVscrollPos is adjusted using the min macro:

sVscrolTPos = min (sVscroliPos, sVscrollMax) ;
Then the new range and position are set by sending the scroll bar a message:

WinSendMsg (hwndVscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sVscrollPos, 0),
MPFROM2SHORT (0, sVscrollMax))

If all the text fits in the client window, then sVscroliMax equals 0, and there
is no need for a working scroll bar. To enable or disable the scroll bar, call
WinEnableWindow based on the value of sVscrollMax:

WinEnableWindow (hwndVscroll, sVscrollMax ? TRUE : FALSE) ;

A disabled scroll bar is made partly invisible and beeps if you click on it.
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Scrolling the Window
Rather than immediately altering the value of sVscrollPos, the new
WM_VSCROLL processing sets a variable named sVscrolllnc to the incre-
mental change in the slider position indicated by the mouse action:

case WM_VSCROLL:
switch (SHORT2FROMMP (mp2))}

min (-1, -cyClient / cyChar) ;

max (1, cyClient / cyChar) ;

sVscrellInc = SHORT1FROMMP (mp2) - sVscrollPos;

{

case SB_LINEUP:
sVscrolllnc = -1 ;
break ;

case SB_LINEDOWN:
sVscrolllnc =
break ;

case SB_PAGEUP:
sVscrollinc =
break :

case SB_PAGEDOWN:
sVscrollline =
break ;

case SB_SLICERTRACK:
break ;

default:
sVscrolilnc = 0
break ;

}

SYSVALS3 processes
SB_SLIDERPOSITION. This allows the program to change the client win-
dow while the user is dragging the slider with the mouse rather than after
the dragging action is completed.

the SB_SLIDERTRACK action rather than

Next, sVscrolllnc is adjusted based on the position of the slider and the range
maximum:

iVscrollIne = max (-sVscrollPos,
min (sVscrolllnc, sVscroliMax - sVscrollPos));
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If sVscrolllnc is still nonzero, processing continues with the calculation of a
new slider position:

sVscrol1Pos += sVscrolllnc ;

In SYSVALS?2, the entire window was redrawn whenever the scroll-bar posi-
tion was changed. SYSVALS3 attempts to preserve part of the window by
scrolling the contents of the window:

WinScrollWindow (hwnd, 0, cyChar * sVscrolllnc,
NULL, NULL, NULL, NULL, SW_INVALIDATERGN) ;

This function can scroll a rectangular area of a window up, down, left, or
right. Here we’re specifying that the contents of the entire window move up
by cyChar * sVscrolllnc pixels. Thus, if the action is SB_LINEDOWN, then
sVscrolllnc is 1, and the contents of the window move up cyChar pixels. This
means that only the last line at the bottom of the window has to be redrawn.
Including SW_INVALIDATERGN as the last parameter of WinScrollWindow
tells the Presentation Manager to invalidate the area uncovered by the
scroll —the bottom line of the client window. A WM_PAINT message is
placed in SYSVALS3’s message queue.

Normally, SYSVALS3 would retrieve the WM_PAINT message from its mes-
sage queue and repaint the window. If the scroll bar is busy receiving and
processing mouse messages, however, this won’t happen immediately. We
can force the client window to be repainted right away with this function:

WinUpdateWindow (hwnd) ;

This causes the Presentation Manager to call ClientWndProc with the
WM_PAINT message.

Painting Only the Invalid Rectangle

When the window procedure receives a WM_PAINT message, it’s likely that
only a small rectangular part of the client window is invalid and needs to be
repainted. When a program obtains a presentation space handle from
WinBeginPaint, it can paint only within that rectangular invalid area. The
Presentation Manager must clip all screen output that falls outside the in-
valid area. But for optimum efficiency, the program itself shouldn’t make
any GPI calls that will eventually be ignored by the Presentation Manager.
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To speed up the painting, SYSVALS3 obtains the coordinates of the rectan-
gular invalid area. It does this in the WinBeginPaint function:

hps = WinBeginPaint (hwnd, NULL, &rclinvalid) ;

The Presentation Manager fills in the fields of the RECTL structure named
rclInvalid with the coordinates of this rectangle.

SYSVALSS3 then uses the yTop and yBottom fields of the RECTL structure to
determine the range of lines that must be repainted:

sPaintBeg = max (0, sVscrollPos +

(cyClient - (SHORT) rclinvalid,.yTop) / cyChar) ;

sPaintEnd = min (NUMLINES, sVscrollPos +

(cyClient - (SHORT) rclinvalid.yBottom) / cyChar + 1) ;
The for loop encompasses only this range:
for (sLine = sPaintBeg ; sLine < sPaintEnd ; slLine++)

The improved efficiency in processing the WM_VSCROLL and WM_PAINT
messages allows SYSVALS3 to move the contents of the window during
SB_SLIDERTRACK actions from the vertical scroll bar.

Adding a Keyboard Interface
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Of course, if you don’t have a mouse, you haven’t been able to scroll
SYSVALS?2 or SYSVALSS3 at all. So let’s make one final change to the pro-
gram to allow the mouseless among us to scroll the window using the cursor
movement keys.

Scroll bars understand keyboard messages. However, the Presentation Man-
ager posts keyboard messages to only one window —the window with the
““input focus’’ (as you’ll see in Chapter 8, when we examine the keyboard
in more depth). If your program is active, then the window with the input
focus is generally the client window rather than the scroll-bar window.

Earlier I mentioned that the frame window is the initial recipient of
notification messages from the scroll bar and that the frame window sends
these messages to the client window. This raises an interesting question: If
the frame window passes scroll bar messages to the client window, why
can’t the client window pass keyboard messages to the scroll-bar window?
Let’s do it.
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The keyboard message is called WM_CHAR. For the cursor movement keys,
the high USHORT of mp2 is a ‘‘virtual key code’’ (more on this in Chapter
5) that identifies the key. The PMWIN.H header file has a macro called
CHARMSG that lets you extract this code. You probably want the Up Ar-
row, Down Arrow, Page Up, and Page Down keys to control the vertical
scroll bar and the Left Arrow and Right Arrow keys to control the horizon-
tal scroll bar. Here’s the code to be added to the window procedure:

case WM_CHAR:
switch (CHARMSG (&msg) ->vkey
{
case VK_LEFT:
case VK_RIGHT:
return WinSendMsg (hwndHscroll, msg, mpl, mp2) ;
case VK_UP:
case VK_DOWN:
case VK_PAGEUP:
case VK_PAGEDOWN:
return WinSendMsg (hwndVscroll, msg, mpl, mp2) ;
}
break ;

Simple enough, wouldn’t you say? With this addition, I declare the program
finished. The name of the final version is simply SYSVALS without any
degrading numeric suffix; the program is shown in Figure 4-14.

The SYSVALS File

sysvals.obj : sysvals.c sysvals.h
cl -c -G2sw -W3 sysvals.c

sysvals.exe : sysvals.obj sysvals.def
link sysvals, /align:16, NUL, 0s2, sysvals
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The SYSVALS.C File

Jidefine INCL_WIN
fidefine INCL_GPI
#include <o0s2.h>
f#tinclude <stdlib.h>
f#finclude <string.h>
#include "sysvals.h™

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "SysVals” ;
static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_STZEBORDER
FCF_SHELLPOSITION
FCF_VERTSCROLL

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST |
FCF_HORZSCROLL

>

HAB hab ;
HMQ hmq ;
HWND hwndFrame, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

}

(continued)
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Figure 4-14. The SYSVALS.C File. continued

LONG RtJustCharStringAt (HPS hps, POINTL *pptl, LONG TLength, CHAR *pchText)

{

POINTL apt1TextBox[TXTBOX_COUNT] ;

GpiQueryTextBox (hps, 1Length, pchText, TXTBOX_COUNT, aptlTextBox) ;

pptl->x -= apt1TextBox[TXTBOX_CONCAT].x ;

return GpiCharStringAt (hps, pptl, lLength, pchText) ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{
static HWND

hwndHscroll, hwndVscroll

static SHORT sHscrollMax, sVscrollMax, sHscrollPos, sVscrollPos,

CHAR
FONTMETRICS
HPS

POINTL
SHORT

RECTL

switch (msg)
{

cxChar, cxCaps, cyChar, cyDesc, cxClient, cyClient,
cxTextTotal ;

szBuffer [10] ;

fm ;

hps ;

ptl ;

sLine, sPaintBeg, sPaintEnd, sHscrolllnc, sVscrolllnc ;
rclinvalid ;

case WM_CREATE:
hps = WinGetPS (hwnd) ;

GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) :

cxChar = (SHORT) fm.lAveCharWidth ;
cxCaps = (SHORT) fm.lEmInc ;

cyChar = (SHORT) fm.1MaxBaselineExt ;
cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps) ;

cxTextTotal = 28 * cxCaps + 38 * cxChar ;

hwndHscroll = WinWindowFromID (

WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_HORZSCROLL) ;

(continued)

CHAPTER FOUR: AN EXERCISE IN TEXT OUTPUT 147



Figure 4-14. The SYSVALS.C File. continued

case

case

hwndVscroll = WinWindowFromID (
WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_VERTSCROLL) ;

return 0 ;

WM_SIZE:

¢xClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;

sHscroilMax = max (0, cxTextTotal - cxClient)
sHscrol11Pos = min (sHscrollPos, sHscrollMax) ;

WinSendMsg (hwndHscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sHscrollPos, 0),
MPFROM2SHORT (0, sHscrollMax))

WinEnableWindow (hwndHscroll, sHscroliMax ? TRUE : FALSE) :

sV¥scroiiMax = max (0, NUMLINES - cyClient / cyChar) ;
sVscrol1Pos = min (sVscrolilPos, sVscroilMax) ;

WinSendMsg (hwndVscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sVscrollPos, 0),
MPFROM2SHORT (0, sVscrollMax)) ;

WinEnableWindow (hwndVscroll, sVscrollMax ? TRUE : FALSE) ;
return 0 ;

WM_HSCROLL:
switch (SHORT2FROMMP (mp2))
{
case SB_LINELEFT:
sHscrollInc = -cxCaps ;
break

case SB_LINERIGHT:
sHscrollInc = cxCaps ;
break ;

case SB_PAGELEFT:
sHscrolllnc = -8 * cxCaps ;
break ;

case SB_PAGERIGHT:
sHscrolllnc = 8 * cxCaps ;

break ;

(continued)
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Figure 4-14. The SYSVALS.C File. continued

case SB_SLIDERPOSITION:
sHscrollInc = SHORT1FROMMP (mp2) - sHscrollPos;
break ;

default:
sHscrolllnc = 0
break ;

sHscrollInc = max (-sHscrollPos,
min (sHscrollInc. sHscrollMax - sHscrollPos)) ;

if (sHscrolllnc != 0)
{
sHscrollPos += sHscrolllnc ;
WinScrollWindow (hwnd, -sHscrolllinc, 0,
NULL, NULL, NULL, NULL, SW_INVALIDATERGN) ;

WinSendMsg (hwndHscroll, SBM_SETPOS,
MPFROMSHORT (sHscrol1Pos), NULL)
}
return 0 ;

case WM_VSCROLL:
switch (SHORT2FROMMP (mp2))
{
case SB_LINEUP:
sVscrolline = -1 ;
break ;

case SB_.LINEDOWN:
sVscrolllne = 1 ;
break ;

case SB..PAGEUP:
sVscrollInc = min (-1, -cyClient / cyChar) ;
break ;

case SB_PAGEDOWN:
sVscrollInc = max (1, cyClient / cyChar) ;
break :

case SB_SLIDERTRACK:
sVscrolllnc = SHORT1FROMMP (mp2) - sVscrollPos;
break ;

(continued)
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Figure 4-14. The SYSVALS.C File. continued

default:
sVscroliInc = 0 ;
break ;

}

sVscrolllnc = max (-sVscrollPos,
min (sVscrolllnc, sVscrollMax - sVscroliPos))

if (sVscrolllinc t=0) ;
{
sVscrol1Pos += sVscrollinc ;
WinScrollWindow (hwnd, 0, cyChar * sVscrollinc,
NULL, NULL, NULL, NULL, SW_INVALIDATERGN) ;

WinSendMsg (hwndVscroll, SBM_SETPOS,
MPFROMSHORT (sVscrollPos), NULL) ;
WinUpdateWindow (hwnd) ;
}
return 0 ;

case WM_CHAR:
switch (CHARMSG(&msg)->vkey)
{
case VK_LEFT:
case VK_RIGHT:
return WinSendMsg (hwndHscroll, msg, mpl, mp2) ;
case VK_UP:
case VK_DOWN:
case VK_PAGEUP:
case VK_PAGEDOWN:
return WinSendMsg (hwndVscroll, msg, mpl, mp2) ;
}
break ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, &rcllInvalid) ;
GpiErase (hps) ;

sPaintBeg = max (0, sVscroliPos +
(cyClient - (SHORT) rclinvalid.yTop) / cyChar) ;
sPaintEnd = min (NUMLINES, sVscrollPos +
(cyClient - (SHORT) rcllinvalid.yBottom)
/ cyChar + 1) ;

(continued)
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Figure 4-14. The SYSVALS.C File. continued

for (sLine = sPaintBeg ; sLine < sPaintEnd ; sLine++)

{

ptl1.x = cxCaps - sHscrollPos ;

ptt.y = cyClient - cyChar * (sLine + 1 - sVscrollPos)
+ cyDesc

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLinel.szldentifier),
sysvals[sLine].szldentifier) ;

ptl.x += 20 * cxCaps ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (sysvals[sLine].szDescription),
sysvals[sLine].szDescription)

Ttoa (WinQuerySysValue (HWND_DESKTOP,
sysvals[sLine].sIndex), szBuffer, 10) ;

pt1.x += 38 * cxChar + 6 * cxCaps ;
RtJustCharStringAt (hps, &ptl, (LONG) strlen (szBuffer),

szBuffer) ;
}
WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
The SYSVALS.DEF File

NAME SYSVALS  WINDOWAPI

DESCRIPTION ‘System Values Display (C) Charles Petzold, 1988'
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 4-14. The final SYSVALS program.
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CHAPTER FIVE

THE FIVE GPI
PRIMITIVES

The world of computer graphics is often separated into two large categories:
‘‘raster’’ graphics and ‘‘vector’’ graphics. These terms refer both to
graphics output devices and to the way that an application program draws
graphics objects on these devices. Raster output devices display images that
are made up of dots called pixels or “‘pels’’ (picture elements). Video dis-
plays, dot-matrix printers, and laser printers are all raster devices. Vector
output devices—such as plotters —display images made up of lines and
filled areas.

NOTE: The distinction between raster and vector devices gets a little
fuzzy with devices such as the IBM 8514/A video display adapter and
PostScript laser printers: Although these devices are technically raster
devices, they contain a high-level graphics interface that understands
and interprets vector drawing commands.

The 0S/2 Graphics Programming Interface (one of the two major compo-
nents of the Presentation Manager, the other being the windowing and user
interface) is fundamentally, but not exclusively, a vector graphics system:
Presentation Manager programs draw graphics in terms of lines and filled
areas. This approach works for every type of graphics output device —the
drawing commands need only be translated by a device driver into a format
the device can understand: vector drawing commands for vector output de-
vices and pixels for raster devices.

GPI also has several functions for working with raster graphics. These func-
tions allow a program to draw individual pixels (or, more commonly, col-
lections of pixels called ‘‘bitmaps’) on an output device. However, these
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functions are useful only with raster devices: Vector devices cannot ade-
quately draw individual dots.

Vectors and rasters each have their place in the world of graphics. An
architectural drawing is obviously a job for vector graphics, whereas the
reproduction of a digitized photograph requires raster graphics. Accord-
ingly, vector and raster graphics each have their place in this book: I cover
vector graphics in this chapter and raster graphics in the next chapter.

The following sections describe the five GPI primitives that form the basis
of the GPI vector graphics system: lines, patterned areas, text, marker sym-
bols, and images.

GPI Primitive 1: Lines

When drawing text in Chapter 4 we specified the starting point of a text
string using a POINTL structure. You also use the POINTL structure for
drawing lines. POINTL is defined in OS2DEF.H like this:

typedef struct _POINTL
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{
LONG x
LONG y
}
POINTL ;

The two fields x and y define a point in terms of GPI coordinates. For a
cached micro-PS, these coordinates are in units of pixels relative to the
lower-left corner of the presentation space, which corresponds to the lower-
left corner of the window. For convenience, I’1l sometimes use the notation
(x.y) to refer to a point in the presentation space. The point (0,0) is the lower-
left corner of the window. The x (horizontal) coordinates increase to the
right and the y (vertical) coordinates increase going up.

A structure variable of type POINTL is usually given a prefix of p#l. If you

" need only one POINTL structure variable, you can name it pt/ and define it

like this:
POINTL ptl ;
You can define an array of POINTL structures like this:

POINTL apti[5] ;
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and define a pointer to a POINTL structure like this:
POINTL *pptl ;

Simple Straight Lines
To draw a straight line, you must specify the two points that indicate the be-
ginning and end of the line. Let’s assume that cxClient and cyClient have
been set to the width and height of the client window. Suppose you want to
draw a diagonal line from the upper-left corner of the client window to the
lower-right corner.

After obtaining a handle to a cached micro-PS from the WinGetPS or
WinBeginPaint function, you set the two fields of a POINTL structure to the
beginning of the line: the point (0,cyClient). You then call GpiMove:

ptl.x = 0 ;
ptl.y = cyClient ;
GpiMove (hps, &ptl)

GpiMove does not draw anything. Instead, it sets the ‘‘current position’’
(defined shortly) to the specified point.

You then set the two fields of the structure to the second point and call
GpilLine:

ptl.x = cxClient ;
ptl.y = 0 ;
GpiLine (hps, &ptl) ;

GpiLine draws the line from (0,cyClient) to (cxClient,0).

Initially, it may seem annoying that drawing a single line requires four
assignment statements and two function calls. The syntax of the GpiMove
and GpiLine functions is defined in this way to be consistent with the
GpiPolyLine and GpiQueryCurrentPosition functions discussed later in this
chapter. In actual practice, it’s usually not as inconvenient as it first
appears to be.

The Current Position
We’ve just seen how the GpiMove function does not draw anything itself.
Instead, it affects the operation of a subsequent call to GpilLine. The
GpiMove function is said to set an ‘‘attribute’’ of the presentation space. In
one sense, the presentation space is simply a data structure internal to GPI.

.CHAPTER FIVE: THE FIVE GPI PRIMITIVES

155



This data structure identifies the output device associated with the presenta-
tion space and also retains all the attributes of the presentation space.

The GpiMove function sets the current position to the point specified in the
function. The current position is used by most GPI drawing functions as a
starting position when drawing a graphics object such as a line.

When you first obtain a handle to a cached micro-PS by calling WinGerPS
or WinBeginPaint, all the attributes are set to default values. The default cur-
rent position is the point (0,0). When you release a presentation space handle
by calling WinReleasePS or WinEndPaint, any changes you’ve made to the
attributes are lost.

The GpiLine function uses the current position as a starting point for the
line it draws and then sets the current position to the end of the line—the
point specified in the GpiLine function. Thus, you can draw another line
connected to the first by calling GpiLine again with a new point.

For example, suppose you want to draw a big *‘V”’ in your client window.
This job requires just one call to GpiMove and two calls to GpiLine:

ptl.x = 0 ;
ptl.y = cyClient ;
GpiMove (hps, &ptl) ;

ptl.x = cxClient / 2 ;
ptl.y =0 ;

Gpilkine (hps, &ptl)
ptl.x = cxClient ;

ptl.y = cyClient ;
GpilLine (hps, &ptl) ;

If you enjoy typing long function names, you can use the GpiSetCurrent-
Position function rather than GpiMove:

GpiSetCurrentPosition (hps, &ptl) ;

When using a cached micro-PS there is no difference between GpiMove and
GpiSetCurrentPosition. You can also obtain the current position by using this
function:

GpiQueryCurrentPosition (hps, &ptl) :

Note that all four functions covered have had the same parameter syntax.
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Some graphics programming languages have a function that draws a line
from the current position to a point relative to the current position. GPI does
not include such a function, but it’s easy enough to write one:

LONG LineRelative (HPS hps, POINTL *pptiRelative)
{
POINTL ptl ;

GpiQueryCurrentPosition (hps, &ptl) :
ptl.x += pptlRelative->x ;

ptl.y += pptiRelative->y ;

return GpiLine (hps, &ptl) ;

}

The pptl prefix of pptiRelative stands for ‘‘pointer to a POINTL structure.’’

Throughout this chapter, we will work mostly with three types of GPI func-
tions: functions that draw (like GpiLine), functions that set an attribute of
the presentation space (like GpiMove and GpiSetCurrentPosition), and func-
tions that query a presentation space attribute (like GpiQueryCurrent-
Position). Most basic GPI functions fall into one of these three categories.

Drawing Multiple Lines

The current position stored in the presentation space allows you to draw a
series of connected lines by making one call to GpiMove and multiple calls
to GpiLine. However, for jobs of that type it is more efficient to use the
GpiPolyLine function:

GpiPolyLine (hps, 1Count, aptl) ;

The aptl parameter is an array of POINTL structures. The function draws
ICount lines — the first from the current position to aptl[0], the second from
aptl[0] to aptl[l], and so forth. The [Count parameter also indicates the
number of points in the aptl array. When the function returns, the current
point is set to the end of the last line it draws, the point aptlfICount - 1].

GpiPolyLine is functionally equivalent to the following:

for (1Index = 0 ; 1Index < 1Count : 1Index++)
Gpiline (hps, aptl + 1Index) ;

(Newcomers to C who are not yet entirely comfortable with the equivalence

between array names and pointers might prefer the notation &aprifiIndex]
rather than aptl+iIndex.) However, any looping that GpiPolyLine performs
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occurs deep within a device driver. When drawing many connected lines,
GpiPolyLine is much faster than multiple GpiLine calls.

The STARS program in Figure 5-1 shows how to draw a five-pointed star
using GpiMove and GpiPolyLine.

The STARS File

star5.0bj : starbs.c
¢l -c -G2sw -W3 star5.c

star5.exe : star5.obj star5.def
link starb, /align:16, NUL, o0s2, starb

The STARS.C File

#include <os2.h>
MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "Star5” ;
static ULONG flFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF._SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmq ;
HWND hwndfFrame, hwndClient ;
aMsG qmsg

hab = WinInitialize (0) ;
hmqg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;
hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,

&f1FrameFlags, szClientClass, NULL,

oL, NULL, 0, &hwndClient) ;

(continued)
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Figure 5-1. The STARS.C File. continued

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gqmsg) :

WinDestroyWindow (hwndFrame) ;

WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static POINTL apti1Star{5] - {-59,-81, 0,100, 59,-81, -95,31, 95,31 } ;
static SHORT cxClient, cyClient ;

HPS
POINTL
SHORT

hps ;
apt1[5] :
sIndex ;

switch (msg)

{

case

case

}

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

for (sIndex = 0 ; sIndex < 5 ; sIndex++)
(
apti[sIndex].x = cxClient / 2 + cxClient *
aptiStar{sIndex].x / 200 ;
apti[sindex].y = cyClient / 2 + cyClient *
aptiStar[sindex].y /7 200 ;
}
GpiMove (hps, aptl + 4) ;
GpiPolyLine (hps, 5L, aptl) ;

WinEndPaint (hps) ;
return 0 ;

return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}
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The STARS.DEF File

NAME STARS WINDOWAPI

DESCRIPTION ‘Draws 5-Pointed Star (C) Charles Petzold, 1988'
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 5-1. The STARS program.

The apriStar array contains the five POINTL structures that define the star.
These are specified in ‘‘virtual’’ coordinates, that is, a coordinate system
that I fabricated. The point (0,0) is the center of the star, and the star extends
100 units in all four directions. STARS5 must convert these points so that the
star fills the client window, as shown in Figure 5-2.

" STARB.EXE

Figure 5-2. The STARS display.
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STARS converts the virtual coordinates to client window coordinates during
the WM_PAINT message. The x fields of the POINTL structures are
multiplied by cxClient and divided by 200. This adjusts for the window
width. Then half of cxClient is added to move the center of the star to the
center of the client window. The y fields are adjusted similarly, and the
resultant points are stored in the ap#/ array.

Notice how STARS calls GpiMove and GpiPolyLine to draw the star. First, it
sets the current position to the last point in the array:

GpiMove (hps, aptl + 4) ;

(The expression aptl + 4 is equivalent to &aptl[4].) The GpiPolyLine func-
tion then draws five lines starting with a line to the first point in the array:

GpiPolyLine (hps, 5L, aptl) ;

The five lines that GpiPolyLine draws are as follows:

Line Begin Point End Point
1 aptl[4] aptl[0]
2 aptl[0] aptl[1]
3 aptl[1] aptl[2]
4 aptl{2] aptl[3]
5 aptl[3] aptl[4]

It’s necessary to initially set the current position to the last point in the ar-
ray when the array defines a closed figure (like a star) and does not dupli-
cate the first point. An alternative is to define an array of six POINTL
structures, where the last point is the same as the first. In this case, you can
draw the star by calling

GpiMove (hps, aptl)
GpiPolyLine (hps, 5L, aptl + 1) ;

STARS is the first program in this book that looks good when minimized
and displayed as an icon at the bottom of the screen. For that reason, I’ve re-
moved the logic that tells the frame window to use the SPTR_APPICON for
the minimized state. To STARS, the minimized state is simply a very small
client window. When the window is minimized, ClientWndProc receives a
WM_SIZE message with the size of this tiny window and then receives a
WM_PAINT message.
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Drawing Curves with GpiPolyLine

The GpiPolyLine function is deceptive. The function seems to draw a series
of straight lines, and it can certainly be used for that purpose. But
GpiPolyLine has a more important role, which is to draw curves. To do this,
simply call GpiPolyLine with a POINTL array that defines many tiny lines.

Don’t hesitate to call GpiPolyLine with an array of hundreds—or even
thousands —of points. That’s the purpose of the function. Because
GpiPolyLine is interpreted by the device driver, it is very fast. The maxi-
mum number of points currently allowed for a GpiPolyLine call is 8000.
This limit is based on the size of a POINTL structure (8 bytes) and the max-
imum size of the memory segment under the 80286 microprocessor (64 KB).

Any curve that you can define mathematically you can draw as a series of
straight lines using GpiPolyLine. For example, suppose you want to draw
one cycle of a sine curve in your client window. You can define an array of
100 POINTL structures and set the points to define the sine curve:

#include <math.h> // for sin declaration

POINTL apt1[100] ;
SHORT slIndex ;

for (sIndex = 0 ; sIndex < 100 ; sIndex++)
{
aptt[sIndex].x
apt1[sindex].y
}

(LONG) sIndex * cxClient /7 100 ;
(LONG) (cyClient / 2 * (1 + sin (sIndex * 6,28 / 100))) :

The x fields of the POINTL structures range from 0 to cxClient. The y field is
the value of the sin function over one period, scaled to the height of the cli-
ent window.

To draw the sine curve, begin by setting the current position to the first
point as follows:

GpiMove (hps, aptl) ;

You then use the GpiPolyLine function to draw 99 lines beginning at the sec-
ond point:

GpiPolyLine (hps, 99L, aptl + 1) ;
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Curves and Parametric Equations

The sine curve is relatively easy because the y coordinate is a simple func-
tion of the x coordinate. In general, however, this is not the case. There
might be multiple y values for each value of x. A more generalized approach
to drawing curves uses ‘‘parametric’’ equations.

In parametric equations, both the x and y coordinates of every point are
calculated from functions based on a third variable, often called ¢ In-
tuitively, you can think of ¢ as time or as some other abstract index neces-
sary to define the entire curve. When you draw a curve using GPI functions,
the values of ¢ will range from 0 to the number of points that are in the
POINTL array.

For example, suppose you want to draw an ellipse that fills your client win-
dow. You can start with parametric equations that define a unit circle:

x(7) = cos(?)

y(®) = sin(?)

For ¢ ranging from 0 degrees to 2 X T radians, these equations define a circle
around the point (0,0) with a radius of 1. The ellipse is defined similarly:
x(t) = RX cos(?)

y(#) = RY sin(?)

The two axes of the ellipse are parallel to the horizontal and vertical axes.
The horizontal ellipse axis is 2 X RX in length; the vertical ellipse axis is
2 X RY. The ellipse is still centered around (0,0). To center it around the
point (CX,CY), the formulas are

x(f) = CX + RX cos(?)
y(t) = CY + RY sin(#)

Here’s the code to draw an ellipse centered in the client window:

#include <math.h> // for sin and cos declaration

double dAngile ;
POINTL apti[100] ;
SHORT sIndex ;

for (sIndex = 0 ; sIndex <= 100 ; sIndex ++)
{
dAnglie = sIndex * 6,28 / 100 ;

(continued)
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continued

apt1[sIndex}.x = (LONG) (cxClient / 2 * (1 + cos (dAngle))) ;
apt1{sindex].y = (LONG) (cyClient / 2 * (1 + sin (dAngle))) ;
}

GpiMove (hps, aptl)

GpiPolyLine (hps, 99L, aptl + 1) ;

In this case, both RX and CX are equal to cxClient/2, and RY and CY are
equal to cyClient/2.

The SPIRAL program shown in Figure 5-3 uses a variation of these formulas
to draw a spiral in its client window.

The SPIRAL File

spiral.obj : spiral.c
¢l -c -G2sw -W3 spiral.c

spiral.exe : spiral.obj spiral.def
link spiral, /align:16, NUL, os2, spiral

The SPIRAL.C File

#include <osZ2.h>
#include <math.h>

f#define NUMPOINTS 1000
fidefine NUMREV 20
#define PI 3.14159

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM)

(continued)
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Figure 5-3. The SPIRAL.C File. continued

int main (void)
{
static CHAR szClientClass [] = “Spiral"™ ;
static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmq ;
HWND hwndFrame, hwndClient ;
QMSG qgmsg ;

hab = Winlnitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0)

hwndfFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
OL, NULL, 0, &hwndClient) ;

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg)

WinDestroyWindow (hwndFrame)
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static SHORT cxClient, cyClient ;

double dAngie, dScale ;
HPS hps ;

PPOINTL pptl ;

SEL sel

SHORT sindex ;

switch (msg)
{
case WM_SIZE:
cxClient = SHORT1FROMMP (mp2) :
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

(continued)
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Figure 5-3. The SPIRAL.C File. continued

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

if (!DosAllocSeg (NUMPQINTS * sizeof (POINTL), &sel, 0))

{
pptl = MAKEP (sel, 0)

for (sIndex = 0 ; sIndex < NUMPOINTS ; sIndex ++)

{
dAngle = sIndex * 2 * PI / (NUMPOINTS / NUMREV) ;

dScale = 1 - (double) sIndex / NUMPOINTS ;

ppti1lsindex].x = (LONG) (cxClient / 2 *
(1 + dScale * cos (dAngle))) ;

ppti[sindex].y = (LONG) (cyClient / 2 *
(1 + dScale * sin (dAngle))) ;
}
GpiMove (hps, pptl) ;
GpiPolyLine (hps, NUMPOINTS - 1L, pptl + 1) ;

DosFreeSeg (sel) ;
}
WinEndPaint (hps)
return 0 ;

}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The SPIRAL.DEF File

; SPIRAL.DEF module definition file

NAME SPIRAL WINDOWAPI

DESCRIPTION 'GPI Spiral Using a Polyline (C) Charles Petzold, 1988’
PROTMODE

HEAPSIZE 1024
STACKSIZE 8192
EXPORTS ClientWndProc

Figure 5-3. The SPIRAL program.
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In effect, SPIRAL draws 20 ellipses but uniformly decreases the length of
the axes to create a spiral as shown in Figure 5-4.

SPIRAL.EXE

Figure 5-4. The SPIRAL display.

SPIRAL uses 1000 points to describe this figure. The program allocates a
block of memory for this array by calling the 0S/2 DosAllocSeg function.
This function returns a selector (segment address) to the memory block,
which is stored in the variable sel. The MAKEP macro makes a far (32-bit)
pointer from sel and stores it in pptl. Note that pptl is not defined as a
POINTL variable, but as a PPOINTL. PPOINTL is defined in OS2DEF.H as
a far pointer to a POINTL structure:

typedef POINTL FAR *PPOINTL ;

The segment is freed after the drawing is finished.

You can also use the C malloc and free functions for allocating memory to
store arrays of POINTL structures, in which case you would want to define
~ the pptl pointer like this:

POINTL *pptl ;

Whether pptl is a far pointer or near pointer now depends on what memory
model you specify when compiling the program. This will be compatible
with the pointer returned from malloc and passed to free.
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The Line Type
Up until now all the lines we have drawn have been solid lines. You can
also draw lines composed of various dots and dashes. This is called the
““line type attribute’” and you set it with the GpiSetLineType function:

GpiSetLineType (hps, 1LineType) ;

The ILineType parameter is one of the following identifiers defined in

PMGPILH:

LINETYPE_DEFAULT LINETYPE_LONGDASH
LINETYPE_DOT LINETYPE_DASHDOUBLEDOT
LINETYPE_SHORTDASH LINETYPE_SOLID
LINETYPE_DASHDOT LINETYPE_INVISIBLE
LINETYPE_DOUBLEDOT LINETYPE_ALTERNATE

These identifiers are fairly self-explanatory. The LINETYPE_DEFAULT
identifier (defined as OL) has the same effect as LINETYPE_SOLID. The
LINETYPE_ALTERNATE style draws every other pixel, giving the ap-
pearance of a gray line.

The line type is an attribute of the presentation space. When you set the line
type, it affects all subsequent lines you draw until you change the line type
again or release the presentation space.

You can determine the current line type by calling
1LineType = GpiQuerylLineType (hps) ;

However, if you call GpiQueryLineType for a new presentation space
without first calling GpiSetLineType, the function returns an identifier of
LINETYPE_DEFAULT rather than LINETYPE_SOLID.

The LINETYPE program (Figure 5-5) displays lines drawn with each of
these line types so that you can see what they look like.

The LINETYPE File

linetype.obj : linetype.c
¢l -c -G2sw -W3 Tinetype.c

(continued)
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Figure 5-5. The LINETYPE File. continued

Tinetype.exe : linetype.obj linetype.def
link linetype, /align:16, NUL, o0s2, linetype

The LINETYPE.C File

fdefine INCL_WIN
fidefine INCL_GPI
#include <os2.h>
fHinclude <string.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "LineType"” ;
static ULONG flFrameFlags = FCF_TITLEBAR | FCF_SYSMENU |
FCF_SIZEBORDER | FCF_MINMAX |
FCF_SHELLPOSITION | FCF_TASKLIST :

HAB hab ;
HMQ hmg ;
HWND hwndFrame, hwndClient ;
aMsG qmsg

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND.DESKTOP, WS_VISIBLE,
&f1FramefFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND._DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

(continued)
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Figure 5-5. The LINETYPE.C File. continued

WinDestroyWindow (hwndframe) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
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{

static struct {
LONG TLineType :
CHAR *szLineType ;
}
show [] =
{
LINETYPE_DEFAULT
LINETYPE_DOT
LINETYPE_SHORTDASH
LINETYPE_DASHDOT
LINETYPE_DOUBLEDOT
LINETYPE_LONGDASH
LINETYPE_DASHDOUBLEDOT
LINETYPE_SOLID
LINETYPE_INVISIBLE
LINETYPE_ALTERNATE
} s

. "LINETYPE_DEFAULT"

’

"LINETYPE_DOT"
“LINETYPE_SHORTDASH"
"LINETYPE_DASHDOT"
“LINETYPE_DOUBLEDOT™
"LINETYPE_LONGDASH"
"LINETYPE_DASHDOUBLEDOT"

, "LINETYPE_SOLID"

’

"LINETYPE_INVISIBLE"
"LINETYPE_ALTERNATE"

static SHORT cxClient, cyClient, cxCaps, cyChar, cyDesc,
sNumTypes = sizeof show / sizeof show[0] ;

FONTMLTRICS  fm ;

kEPS hps
POINTL ptl
SHORT sIndex ;

switch (msg)
{
case WM_CREATE:
hps = WinGetPS (hwnd) ;

GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;

cxCaps = (SHORT) fm.1EmlInc

’

cyChar = (SHORT) fm.1iMaxBaselineExt ;
cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps) :
return 0 ;
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Figure 5-5. The LINETYPE.C File. continued

case WM_SIZE:
cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ; '

for (sIndex = 0 ; sIndex < sNumTypes ; sIndex ++)
{
GpiSetLineType (hps, show [sIndex].1LineType) ;

ptl.x = cxCaps ;
ptt.y = cyClient - 2 * (sIndex + 1) * cyChar + cyDesc ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (show [sIndex].szlLineType),
show [sIndex].szLineType) ;

if (cxClient > 25 * cxCaps)
{
ptl.x = 24 * cxCaps :
ptl.y += cyChar / 2 - cyDesc ;
GpiMove (hps, &ptl) ;

ptl.x = cxClient - cxCaps ;
GpiLine (hps, &ptl) ;
}
}
WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
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The LINETYPE.DEF File

; LINETYPE.DEF module definition file

NAME LINETYPE WINDOWAPI

DESCRIPTION 'GPI Line Types (C) Charles Petzold, 1988’
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc
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Figure 5-5. The LINETYPE program.

The results are shown in Figure 5-6.

LINETYPE EXE

LINETYPE_DEFAULT
LINETYPE_LDOT = ====mee=ommmosemooooooooes oo
LINETYPE_SHORTDASH =~ — — = - —— = - —— == ——=———~———~——
LINETYPE_DASHDOT =~ — - — - — - — - — = — = — s — oo — o e —
UNETYPE_DOUBLEDOT == == == == == == == == =0 -0 == -0 o=
LINETYPE_LONGDASH . — —— — — — o — e o — —
LINETYPE_DASHDOUBLEDOT — -~ — = - — == — == — == == e oo e e e oo -

LINETYPE_SOLID
LINETYPE_INVISIBLE

LINETYPE_ALTERNATE

Figure 5-6. The LINETYPE display.

Each line type is a short sequence of dots or dashes that is repeated over the
length of the line. You can use these line types when drawing multiple lines
(even very short ones) with GpiPolyLine. When drawing each line, the de-
vice driver keeps track of which part of the short sequence it drew in the
last line. The next line picks up where the last line ended. You can also use
the line types with successive GpiLine calls. However, the device driver
resets its position to the beginning of the sequence when you call GpiMove,
GpiSetCurrentPosition, or GpiSetLineType.
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Boxes and a Simple Ellipse

Probably the most common closed figure is a rectangle. You can draw a
rectangle with one GpiMove and four GpiLine calls, or you can use the func-
tion that GPI provides:

GpiBox (hps, 10ption, &ptl!, OL, OL) ;

The GpiBox function draws a rectangle with sides parallel to the x and y
axes. The position and size of the rectangle are defined by any two opposite
corners of the rectangle. GpiBox uses the current position for one corner and
the POINTL structure passed to the function for the opposite corner. GpiBox
does not change the current position.

The [Option parameter can be one of the following identifiers defined in
PMGPI.H:

DRO_FILL
DRO_OUTLINE
DRO_OUTLINEFILL

DRO_FILL causes the rectangle to be filled. The DRO_OUTLINE option
directs GPI to draw only the outline of the rectangle. DRO_OUTLINEFILL
draws the outline and fills the rectangle. GPI uses the current line type for
drawing the outline. How GPI fills the interior of the rectangle is discussed
in the following section on patterned areas.

Suppose cxClient and cyClient are the width and height of your client win-
dow. You want to draw an unfilled rectangle that is one half that width and
height and centered in the client window. Here’s the code:

pti.x = xClient / 4 ;
ptl.y = yClient / 4 ;
GpiMove (hps, &ptl) ;

ptl.x *= 3 ;

ptl.y *= 3 ;
GpiBox (hps, DRO_OUTLINE, &ptl, OL, OL) ;

You can set the last two parameters of GpiBox to values greater than 0 to
draw a rectangle with rounded corners. The general syntax of GpiBox is

GpiBox (hps, 10ption, &ptl, cxEllipseAxis, cyEllipseAxis) ;
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The last two parameters define the width and height of an ellipse. (These
dimensions must be less than or equal to the width and height of the rect-
angle being drawn.) You can visualize GPI cutting this ellipse into four
quadrants and using each quadrant of the ellipse as a corner of the box.

If cxEllipseAxis and cyEllipseAxis are set equal to the width and height of the
rectangle being drawn, then GpiBox draws an ellipse. Here’s a simple
ellipse function that calculates the last two parameters of GpiBox:

#inctude <stdlib.h> // For labs declaration

LONG E1lipse (HPS hps, LONG 10ption, POINTL *pptl)

{
POINTL ptiCurrent ;

GpiQueryCurrentPosition (hps, &ptiCurrent) :

return GpiBox (hps, 10ption, pptl, labs (pptl->x - ptiCurrent.x),
Tabs (pptl1->y - ptiCurrent.y)) ;
}

Like GpiBox, this Ellipse function draws a figure with axes parallel to the
sides of the window. GPI provides even more versatile ellipse drawing facili-
ties with the GpiSetArcParams, GpiFullArc, GpiPointArc, and GpiPartialArc
functions. Other GPI functions that draw curves are GpiPolySpline,
GpiPolyFillet, and GpiPolyFilletSharp.

Pixels and Device Independence

174

Until now, we’ve been working in a coordinate system based on units of
pixels. To some people familiar with other graphics programming lan-
guages, the idea of working in units of pixels may seem a contradiction to
the goal of writing device-independent programs. After all, what can be
more device-dependent than pixels?

Pixels certainly have problems. The first is resolution. Almost every
graphics output device has a different pixel resolution. A 100-pixel-high im-
age on an IBM Color Graphics Adapter will encompass half the height of
the screen. On a 300-dots-per-inch laser printer, it will be /3 inch high. Sec-
ond, many video display adapters and dot-matrix printers use different hori-
zontal and vertical resolutions.

Let’s examine some ways to deal with these problems.
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Simple Techniques
If you draw in units of pixels, you can use pixels in a device-independent
manner. One simple technique (used in the SYSVALS programs in Chapter
4 and the LINETYPE program earlier in this chapter) involves basing all
coordinates and dimensions on the size of the standard system font
characters.

This technique is particularly useful when a program combines text with
some rudimentary graphics. For example, suppose you want to write a
simple database program using an index card metaphor. Each record is dis-
played in a simulated 3 X 5-inch index card on the screen. How large are the
index cards in pixels? Think of a typewriter. A typewriter with a pica type-
face types 10 characters per inch horizontally with 6 lines to the inch ver-
tically. Thus a 3 x 5 card can fit 18 rows of 50 characters each. If cxChar
and cyChar are the average width and height of a system font character, then
each card is (50 x cxChar) pixels wide and (18 X cyChar) pixels high.

Sometimes you need to display only graphics in your window and you want
the size of the objects to be based on the size of the window. In this case,
you can use the technique shown earlier in the STARS program. The five-
pointed star in that program is defined in a virtual coordinate system cen-
tered around the point (0,0) with a width of 200 units and a height of 200
units. Before drawing the object, the program scales these units to the size
of the client window and translates the points so that (0,0) corrésponds to
the center of the window.

Of course, for some applications these approaches are not satisfactory at all.
For example, how do you draw a square with sides of equal length? If the
output device has different horizontal and vertical resolutions, then the hori-
zontal and vertical dimensions of the object must be scaled differently.

The Device Context and Its Capabilities

You’ll recall from Chapter 4 that a ‘‘device context’ refers to a graphics
output device (such as a video display or a printer) and its device driver. A
presentation space is associated with a particular device context. A cached
micro-PS is always associated with the device context for the video display.

A program can obtain lots of interesting information about an output
device —including everything it needs to accurately scale graphics ob-
jects—by calling the DevQueryCaps (‘‘query capabilities’’) function. To
use DevQueryCaps for the video display, you first need a handle to the video
display device context. You can obtain this easily during WM_CREATE
processing by calling WinOpenWindowDC as shown on the next page.
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static HDC hdc ;

hdc = WinOpenWindowDC (hwnd) ;

Or, you can obtain a handle to the device context associated with a presenta-
tion space by calling

hdc = GpiQueryDevice (hps) ;

The PMDEV.H header file defines 39 identifiers, each beginning with the
word CAPS, that you use with DevQueryCaps. Each identifer obtains a par-
ticular item that describes the device. Although you can obtain information
about multiple items, it’s easier to use DevQueryCaps for only one item
at a time:

LONG 1CapsValue ;

DevQueryCaps (hdc, CAPS... , 1L, &1CapsValue) ;

The DEVCAPS program shown in Figure 5-7 obtains all the information
available from DevQueryCaps and displays it in a simple two-column
format.

The DEVCAPS File

devcaps.obj : devcaps.c devcaps.h

¢l -c -G2sw -W3 devcaps.c

devcaps.exe : devcaps.obj devcaps.def
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link devcaps, /align:16, NUL, os2, devcaps
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The DEVCAPS.C File

f#fdefine INCL_WIN
f#idefine INCL_GPI
f#include <os2.h>
#include <stdlib.h>
#include <string.h>
#include “devcaps.h”

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
(
static CHAR szClientClass [] = "DevCaps"” :
static ULONG f1FrameFlags = FCF_TITLEBAR | FCF_SYSMENU |
FCF_SIZEBORDER | FCF_MINMAX |
FCF_SHELLPOSITION | FCF_TASKLIST ;

HAB hab ;

HMQ hmg ;

HWND hwndframe, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, OL, 0) ;

hwndframe = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL) ;

while (WinGetMsg (hab, &gmsg, NULL, O, 0))
WinDispatchMsg (hab, &gmsg) ;

(continued)

CHAPTER FIVE: THE FIVE GPI PRIMITIVES

177



Figure 5-7. The DEVCAPS.C File. continued

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

LONG RtJdustCharStringAt (HPS hps, POINTL *pptl, LONG TLength, CHAR *pchText)
{
POINTL apt1TextBox[TXTBOX_COUNT] ;

GpiQueryTextBox (hps, TLength, pchText, TXTBOX_COUNT, aptiTextBox) ;
pptl1->x -= apt1TextBox[TXTBOX_CONCAT]I.x ;

return GpiCharStringAt (hps, pptl, lLength, pchText) ;
}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static HDC hdc ;
static SHORT cxClient, cyClient, cxCaps, cyChar, cyDesc :

CHAR szBuffer [12] ;
FONTMETRICS fm ;

LONG 1Value ;

POINTL pt1

HPS hps ;

SHORT sLine ;

switch (msg)

{

case WM_CREATE:
hps = WinGetPS (hwnd) ;
GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;
cxCaps = (SHORT) fm.1EmInc :
cyChar = (SHORT) fm,1MaxBaselineExt ;
cyDesc = (SHORT) fm.1MaxDescender ;
WinReleasePS (hps) ;

hdc = WinOpenWindowDC (hwnd)
return 0 ;

case WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

(continued)
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Figure 5-7. The DEVCAPS.C File. continued

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
Gpitrase (hps) ;

for (sLine = 0 ; sLine < NUMLINES ; sLine++)
{
pt1.x = cxCaps ;
ptl.y = cyClient - cyChar * (sLine + 2) + cyDesc ;

if (sLine >= (NUMLINES + 1) / 2)
{
pti.x += cxCaps * 35 ;
ptl.y += cyChar * (NUMLINES + 1) / 2 ;
}

DevQueryCaps (hdc, devcaps[sitinel.lIndex, 1L, &lValue) ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (devcaps[sline].szldentifier),
devcaps[sLine].szldentifier) ;

ptl.x += 33 * cxCaps ;
RtJustCharStringAt (hps, &ptl,
(LONG) strlen (1toa (1Value, szBuffer, 10)),
szBuffer) ;
}
WinEndPaint (hps) ;
return 0 ;
1
return WinDefWindowProc (hwnd, msg, mpl, mp2) :
}

The DEVCAPS.H File

#fdefine NUMLINES (sizeof devcaps / sizeof devcaps [0])
struct

{
LONG 1Index ;

(continued)
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Figure 5-7. The DEVCAPS.H File. continued
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CHAR *szlIdentifier ;

}

devcaps [] =

{

CAPS_FAMILY

CAPS_IO_CAPS
CAPS_TECKFNOLOGY
CAPS_DRIVER_VERSION
CAPS_HEIGHT

CAPS_WIDTH
CAPS_HEIGHT_IN_CHARS
CAPS_WIDTH_IN_CHARS
CAPS_VERTICAL_RESOLUTION
CAPS_HORIZONTAL_RESOLUTION
CAPS_CHAR_HLIGHT
CAPS_CHAR_WIDTH
CAPS_SMALL_CHAR_HEIGHT
CAPS_SMALL_CHAR_ WIDTH
CAPS_COLORS
CAPS_COLOR_PLANES
CAPS_COLOR_BITCOUNT
CAPS_COLOR_TABLE_SUPPORT
CAPS_MOUSE_BUTTONS
CAPS_FOREGROUND_MIX_SUPPORT
CAPS_BACKGROUND_MIX_SUPPORT
CAPS_VIO_LOADABLE_FONTS
CAPS_WINDOW_BYTE_ALIGNMENT
CAPS_BITMAP_FORMATS
CAPS_RASTER_CAPS
CAPS_MARKER_HEIGHT
CAPS_MARKER_WIDTH
CAPS_DEVICE_FONTS
CAPS_GRAPHICS_SUBSET
CAPS_GRAPHICS_VERSION
CAPS_GRAPHICS_VECTOR_SUBSET
CAPS_DEVICE_WINDOWING
CAPS_ADDITIONAL_GRAPHICS
CAPS_PHYS_COLORS
CAPS_COLOR_INDEX
CAPS_GRAPHICS_CHAR_WIDTH
CAPS_GRAPHICS_CHAR_HEIGHT
CAPS_HORIZONTAL_FONT_RES
CAPS_VERTICAL_FONT_RES

Yo

"CAPS_FAMILY"
"CAPS_IO_CAPS"
"CAPS_TECHNOLOGY"
"CAPS_DRIVER_VERSION"
"CAPS_HEIGHT™
"CAPS_WIDTH"
"CAPS_HEIGHT_IN_CHARS"

. "CAPS_WIDTH_IN_CHARS"

.

"CAPS_VERTICAL_RESOLUTION"
"CAPS_HORIZONTAL_RESOLUTION"
"CAPS_CHAR_HEIGHT"
"CAPS_CHAR_WIDTH"
"CAPS_SMALL_CHAR_HEIGHT"
"CAPS_SMALL_CHAR_WIDTH"
"CAPS_COLORS™
"CAPS_COLOR_PLANES"
"CAPS_COLOR_BITCOUNT"
"CAPS_COLOR_TABLE_SUPPORT"
"CAPS_MOUSE_BUTTONS"
"CAPS_FOREGROUND_MIX_SUPPORT"
"CAPS_BACKGROUND_MIX_SUPPORT"

. "CAPS_VIO_LOADABLE_FONTS"

’

’

»

’

"CAPS_WINDOW_BYTE_ALIGNMENT™
"CAPS_BITMAP_FORMATS™
“CAPS_RASTER_CAPS™
"CAPS_MARKER_HEIGHT"
"CAPS_MARKER_WIDTH"
"CAPS_DEVICE_FONTS"
"CAPS_GRAPHICS_SUBSET"
"CAPS_GRAPHICS_VERSION"
"CAPS_GRAPHICS_VECTOR_SUBSET"
"CAPS_DEVICE_WINDOWING"
"CAPS_ADDITIONAL_GRAPHICS"
"CAPS_PHYS_COLORS"
"CAPS_COLOR_INDEX"
"CAPS_GRAPHICS_CHAR_WIDTH"
"CAPS_GRAPHICS_CHAR_HEIGHT"

. "CAPS_HORIZONTAL_FONT_RES"

"CAPS_VERTICAL_FONT_RES"
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The DEVCAPS.DEF File

NAME DEVCAPS  WINDOWAPI

DESCRIPTION ‘Device Capabilities (C) Charles Petzold, 1988°
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 5-7. The DEVCAPS program.

When the Presentation Manager is running on an IBM Enhanced Graphics
Adapter, DEVCAPS returns the information shown in Figure 5-8.

DEVCAPS EXE

CAPS_FAMILY 5 CAPS_BACKGROUND_MIX SUPPORT 18
CAPS_|0_CAPS 2 CAPS_VIO_LOADABLE_FONTS 0
CAPS_TECHNOLOGY 2 CAPS_WINDOW_BYTE_ALIGNMENT 0
CAPS_DRIVER_VERSION 266 CAPS_BITMAP_FORMATS 2
CAPS_HEIGHT 350 CAPS_RASTEF_CAPS 48
CAPS_WIDTH 840 CAPS_MARKEF_HEIGHT 9
CAPS_HEIGHT_IN_CHARS 24 CAPS_MARKER_WIDTH 9
CAPS_WIDTH_IN_CHARS 80 CAPS_DEVICE_FONTS ]
CAPS_VERTICAL_RESOLUTION 2000 CAPS_GRAPHICS SUBSET 0
CAPS_HORIZONTAL_RESOLUTION 2667 CAPS_GRAPHICS_VERSION 0
CAPS_CHAR_HEIGHT 12 CAPS_GRAPHICS_VECTOR_SUBSET ]
CAPS_CHAR_WIDTH 8 CAPS_DEVICE_WINDOWING 0
CAPS_SMALL_CHAR_HEIGHT 8 CAPS_ADDITIONAL_GRAPHICS 40
CAPS_SMALL_CHAR_WIDTH 8 CAPS_PHYS_COLORS 64
CAPS_COLOHS 16 CAPS_COLOR_INDEX 63
CAPS_COLOR_PLANES 1 CAPS_GRAPHICS_CHAR_WIDTH 9
CAPS_COLOR_BITCOUNT 4 CAPS_GRAPHICS_CHAR_HEIGHT 12
CAPS_COLOR_TABLE_SUPRORT 0 CAPS_HORIZONTAL_FONT_RES 96
CAPS_MOUSE_BUTTONS 0 CAPS_VERTICAL_FONT_RES 72
CAPS_FOREGROUND_MIX_SUPPORT 123

Figure 5-8. The DEVCAPS display.

Some information is encoded in bits in the return values. You’ll need the
Presentation Manager documentation and the PMDEV H header file in order
to decode it. For now, we’ll look at four items: CAPS_HEIGHT and
CAPS_WIDTH give the pixel dimensions of the output device (in this
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case the video display). CAPS_VERTICAL_RESOLUTION and CAPS-
_HORIZONTAL_RESOLUTION give the resolution of the output device in
the rather ungainly units of pixels per meter.

Thus, you can determine the physical dimensions of the output device (in
meters) by dividing CAPS_HEIGHT by CAPS_VERTICAL_RESOLUTION
and CAPS_WIDTH by CAPS_HORIZONTAL_RESOLUTION. (In most
cases, these quotients will be less than 1, so you’ll probably want to calcu-
late physical dimensions in something other than meters.) You now have
enough information to adjust horizontal and vertical sizes in order to draw
square squares and round circles.

The CLOCK program in Chapter 10 shows how to use the CAPS_VERTI-
CAL_RESOLUTION and CAPS_HORIZONTAL_RESOLUTION values to
draw round graphics objects regardless of the different resolutions of the
video display. The clock displayed by this program adjusts its size to fit the
window but remains round.

Using Metric Units

You may also want to draw graphic objects in specific sizes, such as units of
a fraction of an inch or millimeters. These are called ‘‘metric units.””

There are a couple of ways to do this. The easy approach (described in the
next section) lets GPI-do most of the work. But you may prefer to retain con-
trol over metric scaling entirely within your program. For example, suppose
you want to work in units of Yo inch. (These units are called ‘‘Low
English” because they use English measurements. ‘‘High English’’ units
are Yoo inch.)

You first need to obtain the horizontal and vertical resolution of the device:

static LONG cxPixelsPerMeter, cyPixelsPerMeter ;

DevQueryCaps (hdc, CAPS_HORIZONTAL_RESOLUTION, 1L, &cxPixelsPerMeter) :
DevQueryCaps (hdc, CAPS_VERTICAL_RESOLUTION, 1L,&cyPixelsPerMeter) ;

There are 2.54 centimeters to the inch and 100 centimeters to the meter.
Thus you can calculate pixels per inch by using the following method:

static LONG cxPixelsPerlInch, cyPixelsPerlinch ;

cxPixelsPerInch = (cxPixelsPerMeter * 254 + 5000) / 10000 ;
cyPixelsPerInch = (cyPixelsPerMeter * 254 + 5000) / 10000 ;
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The addition of 5000 before the division gives a rounded result.

If you want to set the current position 3 inches from the left and 1% inches
from the bottom of your client window, you start by setting p#.x and ptl.y to
these values in units of Yioo inch:

ptl.x = 300 ;
ptl.y = 150 ;

Now convert these coordinates to pixels:

ptl.x = ptl.x * cxPixelsPerInch / 100 ;
ptl.y = ptl.y * cyPixelsPerInch / 100 ;

Then call the GpiMove function.

You can also translate a pixel size or position to Low English units. For ex-
ample, suppose you want to save cxClient and cyClient in these units. Here’s
the new WM_SIZE code:

case WM_SIZE:
cxClient = SHORTLFROMMP (mp2) * 100 / cxPixelsPerInch ;
cyClient = SHORTZFROMMP (mp2) * 100 / cyPixelsPerlInch ;
return 0 ;

Page Units
Rather than do your own translation between metric units and pixels, you
can have GPI translate points for you. This requires that you use a function
called GpiSerPS to set ‘‘presentation page units,”” which are the units you
specify in GPI functions. GPI converts these page units into ‘‘device units,”’
the normal coordinate system in units of pixels relative to the lower-left
corner of the window.

To use GpiSetPS, you first define a structure of type SIZEL:
SIZEL sizl ;

The SIZEL structure has two fields named cx and cy. For our purposes, you
can set both of these fields to zero:

sizl.ex = 0 ;
sizl.cy = 0 ;
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You then call GpiSetPS:
GpiSetPS (hps, &sizl, 1PageUnits) ;

The last parameter specifies the page units. It can be any of the following
seven identifiers:

Page Units Identifier Units

PU_PELS Pixels
PU_ARBITRARY ““‘Square” Pixels
PU_LOMETRIC 0.1 millimeter
PU_HIMETRIC 0.01 millimeter
PU_LOENGLISH 0.01 inch
PU_HIENGLISH 0.001 inch
PU_TWIPS 440 inch

By default, page units are set to PU_PELS. Page units of PU_ARBITRARY
result in an adjustment so that horizontal units you specify in GPI functions
are the same as vertical units. This is a compromise between PU_PELS and
the five metric page units. The word ‘‘twips’’ stands for ‘‘twentieths of a
point,”” and refers to a printer’s point size, approximately %72 inch. Thus Y20
point is a440 inch.

Be careful with GpiSetPS: The function resets all attributes of the presenta-
tion space to default values. Thus, if you use GpiSetPS, it’s best to call it im-
mediately after you obtain a presentation space handle using WinBeginPaint
or WinGetPS.

The RULER program in Figure 5-9 shows how to use GpiSetPS to draw
using Low English units.

The RULER File

ruler.obj : ruler.c

¢l -c¢ -G2sw -W3 ruler.c

ruler.exe : ruler.obj ruler.def
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1ink ruler, /align:16, NUL, o0s2, ruler
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The RULER.C File

f#define INCL_WIN
ffdefine INCL_GPI
#Hinclude <o0s2.h>
f#finclude <stdio.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "Ruler” ;
static ULONG flFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmg ;
HWND hwndframe, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTQP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) :

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg)

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

(continued)
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Figure 5-9. The RULER.C File. continued

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static SHORT sTick[16] = { 100, 25, 35, 25, 50, 25, 35, 25,
70, 25, 35, 25, 50, 25, 35, 25} ;
static SHORT cxClient, cyClient, cxChar, cyChar, cyDesc ;
static SIZEL sizl ;

CHAR szBuffer (4] ;
FONTMETRICS fm ;

HPS hps

POINTL ptl

SHORT sIndex ;

switch (msg)
{
case WM_CREATE:
hps = WinGetPS (hwnd) ;
GpiSetPS (hps, &sizl, PU_LOENGLISH) ;

GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;
cxChar = (SHORT) fm.lAveCharWidth ;

cyChar = (SHORT) fm.1MaxBaselineExt ;

cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps) ;
return 0 ;

case WM_SIZE:
pt1.x = SHORT1FROMMP (mp2) ;
pti.y = SHORT2FROMMP (mp2) ;

hps = WinGetPS (hwnd) ;

GpiSetPS (hps, &sizl, PU_LOENGLISH) :

GpiConvert (hps, CVTC_DEVICE, CVTC_PAGE, 1L, &ptl) ;
WinReleasePS (hps) ;

cxClient = (SHORT) ptl.x ;
cyClient = (SHORT) ptl.y ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiSetPS (hps, &sizl, PU_LOENGLISH) :
GpiErase (hps) ;

(continued)
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Figure 5-9. The RULER.C File. continued
for (sIndex = 0 ; sIndex < 16 * (SHORT) c¢xClient / 100 ;

sIndex ++)
{
ptl.x = 100 * sIndex / 16 ;
ptl.y = 0 ;

GpiMove (hps, &ptl) ;

ptl.y = sTick [sIndex % 16] ;
GpiLine (hps, &ptl) :

if (sIndex % 16 == Q)

{
ptl.x -= ¢xChar / (sIndex > 160 ? 1 : 2) ;

ptl.y += cyDesc ;
GpiCharStringAt (hps. &ptil,
(LONG) sprintf (szBuffer, "%d", slndex / 16),
szBuffer) ;
}
}
WinEndPaint (hps)
return 0 ;

}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The RULER.DEF File

...................................

NAME RULER WINDOWAPI

DESCRIPTION 'Draw a Ruler (C) Charles Petzold, 1988°

PROTMODE

HEAPSIZE 1024

STACKSIZE 8192 '
EXPORTS ClientWndProc

Figure 5-9. The RULER program.

RULER draws a ruler with tick marks every Yis inch along the bottom of its
client window, as shown in Figure 5-10 on the following page.
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"RULEREXE

Figure 5-10. The RULER display.

In RULER, the sizl structure is defined as a static variable and implicitly ini-
tialized to zero. ClienfWndProc calls GpiSetPS with the PU_LOENGLISH
parameter whenever it obtains a presentation space handle, which it does
three times: during the WM_CREATE, WM_SIZE, and WM_PAINT
messages.

During the WM_CREATE message, the program obtains font metrics from
the GpiQueryFontMetrics function. Because page units have been set to Low
English, these font metrics are in units of Y00 inch.

The Low English page units don’t affect nongraphics functions. For ex-
ample, the WM_SIZE message will continue to report the window size in
device units (pixels). For this reason, RULER must convert the window size
to Low English units before saving the values in cxClient and cyClient. First,
the new window size is saved in a POINTL structure:

ptl.x = SHORT1IFROMMP (mp2) ;
ptl.y = SHORT2FROMMP (mp2) ;

Next, RULER gets a presention space handle and sets the page units:

hps = WinGetPS (hwnd) ;
GpiSetPS (kps, &sizl, PU_LOENGLISH)
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The coordinates of the POINTL structure are converted to page units using
GpiConvert, and the presentation space is released:

GpiConvert (hps, CVTC_DEVICE, CVTC_PAGE, 1L, &ptl) ;
WinReleasePS (hps)

The second parameter to GpiConvert indicates that the POINTL structure
(the last parameter) is in device units. The third parameter is the units to
which the POINTL structure should be converted. (You can switch these
two parameters to convert from page units to device units.) The fourth
parameter is the number of POINTL structures to be converted, passed as
the last parameter. Finally, cxClient and cyClient are saved from the con-
verted points as follows:

cxClient = (SHORT) ptl.x ;
cyClient = (SHORT) ptl.y ;

Thus, by the time the WM_PAINT message is processed, everything the pro-
gram needs to draw the RULER (the size of the client window and the font
metrics) is in units of Yoo inch. The sTick array (which has the lengths of the
ruler tick marks) has also been initialized in Low English units.

This discussion of page units only scratches the surface of GPI's various
transformation functions. The points you specify in GPI functions are ac-
tually in a coordinate system called ‘‘world space’’ and are translated to
““model space,”’ then to page units, and then to device coordinates. The
GpiSetModelTransformMatrix and GpiSetDefaultViewMatrix functions allow
you to perform translation, scaling, and rotation on world coordinates for
more complex drawing.

GPI Primitive 2: Patterned Areas

The second GPI primitive is a pattern that fills an enclosed area. You define
the area with a series of lines, and GPI fills it. The GpiBox function also uses
a pattern to fill the box interior.

Area filling under GPI is not implemented as a ‘‘flood fill,”” such as that
available with the PAINT statement in Microsoft’s QuickBASIC. In a flood
fill, you specify a point that is bounded by one or more existing lines. The
graphics system fills the area with a pattern by searching for the boundary
lines. Flood fills are possible only on raster output devices that allow the
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graphics system to read (as well as write) individual pixels. Instead, GPI ac-
cumulates the lines that you specify as boundaries to the area and then
algorithmically fills the enclosed areas defined by these lines.

If you have already experimented with the DRO_FILL and DRO_OUT-
LINEFILL options of GpiBox, you will have noticed that GPI simply fills the
box-with a solid color. But that’s only because the default area pattern is a
solid pattern. Let’s look at the other available patterns and the various ways
of defining and filling an area under GPL

Selecting the Pattern

190

To select the pattern that GPI uses to fill an area, you call
GpiSetPattern (hps, 1Pattern) ;

The [Pattern parameter can be any one of the following 19 identifiers begin-
ning with the prefix PATSYM (‘‘pattern symbol’’):

PATSYM_DEFAULT
PATSYM_DENSE1

PATSYM_VERT
PATSYM_HORIZ

PATSYM_DENSE2
PATSYM_DENSE3
PATSYM_DENSE4
PATSYM_DENSES

PATSYM_DIAG1
PATSYM_DIAG2
PATSYM_DIAG3
PATSYM_DIAG4

PATSYM_DENSE6
PATSYM_DENSE7
PATSYM_DENSES

PATSYM_NOSHADE
PATSYM_SOLID
PATSYM_HALFTONE
PATSYM_BLANK

The PATSYM_DEFAULT and PATSYM_SOLID identifiers have the same
effect; so do PATSYM_NOSHADE and PATSYM_BLANK. PATSYM_DIAGI!
and PATSYM_DIAG? are patterns composed of diagonal lines from lower
left to upper right. For PATSYM_DIAG3 and PATSYM_DIAG4, the diagonal
lines go from upper left to lower right.

The various PATSYM_DENSE identifiers result in shaded patterns:
PATSYM_DENSEI! has the highest color density, and PATSYM_DENSES8
has the lowest color density. You can get a 50 percent shading using
PATSYM_HALFTONE, which (depending on the output device) may or may
not be the same as PATSYM_DENSE4 or PATSYM_DENSES.

The PATTERNS program shown in Figure 5-11 uses the GpiBox function to
draw all 19 patterns in its client window.
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The PATTERNS File

patterns.obj : patterns.c
cl -c -G2sw -W3 patterns.c

patterns.exe : patterns.obj patterns.def
link patterns, /align:16, NUL, os2, patterns

The PATTERNS.C File

#define INCL_WIN
{idefine INCL_GPI
#include <os2.h>
f#include <string.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR sz(ClientClass [] = "Patterns” ;
static ULONG flFrameFflags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmg ;
HWND hwndFrame, hwndClient ;
QMS6 qmsg ;

hab = Winlnitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0)
hwndfFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,

&f1FrameFlags, szClientClass, NULL,
Oi, NULL, 0, &hwndClient) ;

(continued)
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Figure 5-11. The PATTERNS.C File. continued

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg)
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg,

{

static struct {
LONG 1PatternSymbol
CHAR *szPatternSymbol ;
}
show [] =
{
PATSYM_DEFAULT , "PATSYM_DEFAULT"
PATSYM_DENSE1 , "PATSYM_DENSEL" .
PATSYM_DENSE2 , "PATSYM_DENSE2" ’
PATSYM_DENSE3 , "PATSYM_DENSE3" .
PATSYM_DENSE4 , "PATSYM_DENSE4" .
PATSYM_DENSES , "PATSYM_DENSES" .
PATSYM_DENSE6 , "PATSYM_DENSE6"™ .
PATSYM_DENSE?7 , "PATSYM_DENSE7" ,
PATSYM_DENSES , “PATSYM_DENSES"

MPARAM mpl, MPARAM mp2)
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static SHORT

FONTMETRICS

PATSYM_VERT
PATSYM_HORIZ
PATSYM_DIAGL
PATSYM_DIAG2
PATSYM_DIAG3
PATSYM_DIAGA
PATSYM_NOSHADE
PATSYM_SOLID

PATSYM_HALFTONE

PATSYM_BLANK
} o

"PATSYM_VERT™
"PATSYM _HORIZ"

. "PATSYM_DIAGL™

"PATSYM_DTAG2"

, "PATSYM_DIAG3"

»

»

"PATSYM_DIAG4"
"PATSYM_NOSHADE™
"PATSYM_SOLID"

"PATSYM_HALFTONE" ,

"PATSYM_BLANK"

cxClient, cyClient, cxCaps, cyChar,
sNumTypes = sizeof show / sizeof show[0] ;

fm ;
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Figure 5-11. The PATTERNS.C File. continued

HPS
POINTL
SHORT

hps
ptl :
sIndex ;

switch (msg)

{
case

case

case

WM_CREATE:

hps = WinGetPS (hwnd) ;

GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;
cxCaps = (SHORT) fm.lEmInc ;

cyChar = (SHORT) fm.lMaxBaselineExt ;

cyDesc = (SHORT) fm.1MaxDescender ;

WinReleasePS (hps) ;

return 0 ;

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) :
return 0 ;

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

for (sIndex = 0 ; sIndex < sNumTypes ; sIndex ++)
{
GpiSetPattern (hps, show [sIndex].1PatternSymbol) ;

pt1.x = (sIndex < 10 ? 1 : 33) * cxCaps ;
ptl.y = cyClient - (sIndex % 10 * 5 + 4) * cyChar / 2
+ cyDesc ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (show [sIndex].szPatternSymbol),
show [sIndex].szPatternSymbol) ;

pt1.x = (sIndex < 10 ? 20 : 52) * cxCaps ;
ptl.y -= cyDesc + cyChar / 2 ;
GpiMove (hps, &ptl) ;

ptl.x += 10 * cxCaps ;
ptl.y += 2 * cyChar ;

GpiBox (hps, BRO_FILL, &ptl1, OL, OL) ;
}

(continued)
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Figure 5-11. The PATTERNS.C File. continued

WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The PATTERNS.DEF File

NAME PATTERNS WINDOWAPI

DESCRIPTION ‘GPI Area Patterns (C) Charles Petzold, 1988°
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 5-11. The PATTERNS program.

The various patterns drawn by this program are shown in Figure 5-12.

PATTERNS.EXE

PATSYM_DEFAULT PATSYM_HORIZ

PATSYM_DIAG %////////7//%
PATSYM_DIAG2 %
PATSYM_DIAGS M
PATSYM_DIAGA N

PATSYM_NOSHADE

PATSYM_DENSE1
PATSYM_DENSE2
PATSYM_DENSE3
PATSYM_DENSE4

PATSYM_DENSES

PATSYM_DENSEG6 PATSYM_SOLID

PATSYM_DENSE?7 PATSYM_HALFTONE

PATSYM_DENSES

PATSYM_BLANK

woerne I

Figure 5-12. The PATTERNS display.
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A pattern is really only a small rectangular bitmap that is repeated horizon-
tally and vertically to fill an area. In the next chapter I’ll show you how to
create your own patterns for area filling.

Defining an Area
Area filling is not limited to the GpiBox function. You can define any area
to be filled by simply drawing a series of lines betwéen the GpiBeginArea
and GpiEndArea functions:

GpiBeginArea (hps. lAreaFlags) ;
[draw lines to define the area]
GpiEndArea (hps)

This is known as an ‘‘area bracket.’” GPI does not fill the area until you call
the GpiEndArea function.

For example, suppose you want to draw a large filled triangle in your client
window. If cxClient and cyClient are the dimensions of the client window,
here’s the code:

GpiBeginArea (hps, OL) :

ptl.x =0 ;
ptl.y =0 ;
GpiMove (hps, &ptl) ;

ptl.x = cxClient / 2 ;
ptl.y = cyClient :
GpiLine (hps, &ptl)

ptl.x = cxClient ;
ptl.y = 0 ;
GpiLine (hps, &ptl) ;

ptl.x = 0 ;
ptl.y =0 ;
GpiLtine (hps, &ptl) ;

GpiEndArea (hps)
The last GpiLine call, which closes the triangle, is not required. If you do

not close the figure, GPI will close it for you by drawing a straight line to the
starting point.
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Only a subset of GPI functions are allowed within an area bracket. All line

"drawing and line attribute functions are allowed, but little else. If you call

GpiBox within an area bracket, it should be with the DRO_OUTLINE option.
If you want to use a nonsolid pattern, call GpiSetPattern before calling
GpiBeginArea.

You can define more than one filled area within a single area bracket. When
you call GpiMove in an area bracket, GPI closes the previous figure (if nec-
essary) and starts a second figure. For example, the following code draws
two filled triangles side by side in the window:

GpiBeginArea (hps, OL) .:

ptl.x =0 ;
ptl.y = 0 ;
GpiMove (hps, &ptl)

ptl.x = cxClient / 4 ;

ptl.y

= cyClient ;

GpilLine (hps, &ptl) ;

ptl.x

cxClient / 2 ;

ptli.y =0 ;
GpiLine (hps, &ptl)

GpiMove (hps, &ptl)

ptl.x = 3 * cxClient /7 4 ;
ptl.y = cyClient ;
GpilLine (hps, &ptl) ;

pti.x = cxClient ;
pti.y =0 ;
GpilLine (hps, &ptl) ;

GpiEndArea (hps) ;
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In this case I'm letting GPI close the two triangles. The GpiMove call in
the middle of this area bracket marks the beginning of the second tri-
angle, which is the same as the third point of the first triangle. As part of
area bracket processing, GPI closes the first triangle with a line from
(cxClient/2,0) to (0,0). Similarly, the GpiEndArea call causes GPI to con-
struct a boundary line from (cxClient,0) to (cxClient/2,0).

In the preceding examples, the boundary lines are not actually drawn by
GPI. GPI uses the lines you specify solely for defining the enclosed area.
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Whether GPI draws the boundary lines or not is governed by the second
parameter to GpiBeginArea. It can be one of the following identifiers:

BA_NOBOUNDARY
BA_BOUNDARY

The BA_NOBOUNDARY identifier is equal to zero, so no boundary line is
drawn in the preceding examples. You can also combine these identifiers by
using the C bitwise OR operator with one of the following identifiers:

BA_ALTERNATE
BA_WINDING

The BA_ALTERNATE identifier is equal to zero, so that is the default if you
use neither identifier. These identifiers govern whether GPI uses ‘‘alternate’’
or ‘‘winding’’ mode to fill areas.

Alternate and Winding Modes

When you draw a series of lines to define a filled area, the lines can cross
each other, and the enclosed area can actually comprise several smaller sub-
areas. You may not want all of these areas to be filled. The classic example
is a five-pointed star that you draw with five lines. The points of the star and
the interior pentagon are all sub-areas. You can have GPI fill that interior
pentagon by specifying winding mode or leave it unfilled by specifying
alternate mode. This is illustrated in the STARFILL program in Figure 5-13.

The STARFILL File

starfill.obj : starfill.c
¢l -c -G2sw -W3 starfill.c

starfill.exe : starfill.obj starfill.def
1ink starfill, /align:16, NUL, os2, starfill
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The STARFILL.C File

f#define INCL_GPI
#include <os2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "StarFiil"™ ;
static ULONG flFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;

HMQ hmg

HWND hwndFrame, hwndClient ;
aMsSa qmsg

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, Q) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass,
" - Alternate and Winding"”,
0L, NULL, 0, &hwndClient) ;

while (WinGetMsg (hab, &gmsg. NULL, 0, 0))
WinDispatchMsg (hab, &qmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) :

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static PCINTL aptiStar[5] = (-59,-81, 0,100, 59,-81, -95,31, 95,31 } ;
static SHORT c¢xClient, cyCiient ;
HPS hps .

(continued)
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Figure 5-13. The STARFILL.C File. continued

POINTL
SHORT

apt1[5] ;
sindex ;

switch (msg)

{
case

case

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

WM_PAINT:

hps = WinBeginPaint (hwnd, NULL, NULL) :
GpiErase (hps) ;

GpiSetPattern (hps, PATSYM_HALFTONE) ;

for (sindex = 0 ; sIndex < 5 ; sIndex++)
{
aptl[sIndex].x = cxClient / 4 + cxClient *
aptiStar{sIndex].x / 400 :
aptifsIndex].y = cyClient / 2 + cyClient *
aptiStar[sIndex].y / 200 ;
}

GpiBeginArea (hps, BA_NOBOUNDARY | BA_ALTERNATE) ;
GpiMove (hps, aptl) ;

GpiPolyLine (hps, 4L, aptl + 1) ;

GpiEndArea (hps) ;

for (sindex = 0 ; sIndex < 5 ; sIndex++)
aptl[sIndex].x += cxClient / 2 ;

GpiBeginArea (hps, BA_NOBOUNDARY | BA_WINDING) ;
GpiMove (hps, aptl) ;

GpiPolylLine (hps, 4L, aptl + 1) ;

GpiEndArea (hps) ;

(continued)

CHAPTER FIVE: THE FIVE GPI PRIMITIVES 199



Figure 5-13. The STARFILL.C File. continued

WinEndPaint (hps) ;
return 0 ;

}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The STARFILL.DEF File

NAME STARFILL WINDOWAPI

DESCRIPTION ‘Alternate and Winding Modes (C) Charles Petzold, 1988'

PROTMODE

HEAPSIZE 1024
STACKSIZE 8192

EXPGRTS ClientWndProc

Figure 5-13. The STARFILL program.

As you can see in Figure 5-14, the center of the five-pointed star is filled in
winding mode but not in alternate mode.

STARFILLEXE - Alternate and Winding

Figure 5-14. The STARFILL display.
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At first, the difference between alternate and winding modes seems rather
simple. For alternate mode, you can imagine a line drawn from a point in
an enclosed area to infinity. The enclosed area is filled only if that imagi-
nary line crosses an odd number of boundary lines. This is why the points
of the star are filled but the center is not.

The example of the five-pointed star makes winding mode seem simpler
than it actually is. When you’re drawing a single object in an area bracket,
in most cases winding mode will cause all enclosed areas to be filled. But
there are exceptions.

To determine whether an enclosed area is filled in winding mode, you again
imagine a line drawn from a point in that area to infinity:

m If the imaginary line crosses an odd number of boundary lines, the area
is filled, just as in alternate mode.

m If the imaginary line crosses an even number of boundary lines, the
area can be either filled or not filled. The area is filled if the number
of boundary lines going in one direction (relative to the imaginary line)
is not equal to the number of boundary lines going in the other direction.

For example, consider the object shown in Figure 5-15.

2

A

v
>
»

»
>

Figure 15-15. A figure in which winding mode does not fill all interior areas.

The arrows on the lines indicate the direction in which the lines are drawn.
Both winding mode and alternate mode will fill the three enclosed
L-shaped areas numbered 1 through 3. The two smaller interior areas, num-
bered 4 and 5, will not be filled in alternate mode. But in winding mode,
area number 5 is filled because you must cross two lines going in the same
direction to get from the inside of that area to the outside of the figure. Area
number 4 is not filled. You must again cross two lines, but the two lines go
in opposite directions.
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Is GPI really smart enough to figure this out? Sure it is, and the ALTWIND
program shown in Figure 5-16 demonstrates it.

The ALTWIND File

altwind.obj : altwind.c
€l -¢ -G2sw -W3 altwind.c

altwind.exe : altwind.obj altwind.def
Tink altwind, /align:16, NUL, o0s2, altwind

The ALTWIND.C File

ALTWIND.C -- Alternate and Winding Modes

f##define INCL_GPI
ffinclude <os2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "AltWind" ;
static ULONG fiFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU
FCF_MINMAX
FCF_TASKLIST ;

HAB hab ;
HMQ hmg
HWND hwndFrame, hwndClient ;
aMSG qmsg ;

Fab = WinInitialize (0) :
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;
hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,

&f1FrameFlags, szClientClass, NULL,

OL, NULL, 0, &hwndClient) ;

(continued)
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Figure 5-16. The ALTWIND.C File. continued

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static POINTL aptiFigure[10] = { 10,30, 50,30, 50,90, 90,90, 90,50,

30,50, 30,10, 70,10, 70,70, 10,70 } ;

static SHORT c¢xClient, cyClient ;

HPS
POINTL
SHORT

hps ;
apti[10] ;
sIndex ;

switch (msg)

{
case

case

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

WM_PAINT:

hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

GpiSetPattern (hps, PATSYM_HALFTONE) ;

for (sIndex = 0 ; slndex < 10 : sindex++)
{
aptifsindex].x = cxClient * aptiFigure[sIndex}.x / 200 ;
apti[sIndex].y = cyClient * aptiFigure[sIndexl.y / 100 ;
}

GpiBeginArea (hps, BA_BOUNDARY | BA_ALTERNATE) ;
GpiMove (hps, aptl) ;

GpiPolyLine (hps, 9L, aptl + 1)

GpiEndArea (hps) ;

(continued)
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" Figure 5-16. The ALTWIND.C File. continued

for (sIndex = 0 ; sIndex < 10 ; slIndex++)
apti[sIndex].x 4= c¢cxClient / 2 ;

GpiBeginArea (hps, BA_BOUNDARY | BA_WINDING) ;
GpiMove (hps, aptl)

GpiPolyLine (hps, 9L, aptl + 1) ;

GpiEndArea (hps) ;

WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}

The ALTWIND.DEF File

NAME ALTWIND  WINDOWAPI

DESCRIPTION ‘Alternate and Winding Modes (C) Charles Petzold, 1988°
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 5-16. The ALTWIND program.

Figure 5-17 shows the ALTWIND display.

If you use GpiBox with the DRO_OUTLINE option within an area bracket,
you need to know how GPI draws the box in order to anticipate how the in-
tersection of the box and other closed objects will be filled in winding
mode. GPI begins drawing the box at the current position. The first line it
draws is horizontal, and then the box is continued from there. Thus, if the
current position is the lower-left or upper-right corner of the box, the box is
drawn counterclockwise.
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ALTWIND EXE

Figure 5-17. The ALTWIND display.

Color and Mix
All text, lines, and areas we’ve drawn have appeared on the window in
black on a white background. Or maybe not: If you have set different ‘‘win-
dow. background’’ and ‘‘window text’’ colors using the Presentation Man-
ager Control Panel program, GPI uses these colors for the background of the
window and the color of text, lines, areas, and other primitives.

The Color Index
You specify a color by calling the GpiSetColor function:

GpiSetColor (hps, TColorlIndex) ;

The color is an attribute of the presentation space. The color you set with
GpiSetColor affects all subsequent GPI primitives until you change the color
again or release the presentation space.

Generally, the [ColorIndex value will be one of the following identifiers:

CLR_BACKGROUND CLR_DARKGRAY
CLR_BLUE CLR_DARKBLUE
CLR_RED CLR_DARKRED
CLR_PINK CLR_DARKPINK
CLR_GREEN CLR_DARKGREEN
CLR_CYAN CLR_DARKCYAN
CLR_YELLOW CLR_BROWN
CLR_NEUTRAL CLR_PALEGRAY
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Each of these color index identifiers is self-explanatory, with the exception
of CLR_BACKGROUND and CLR_NEUTRAL:

s CLR_BACKGROUND is the color you set in the Presentation Manager
Control Panel program as the ‘‘window background’’ color. By default,
this is white. The GpiErase function erases a window using this
CLR_BACKGROUND color.

m CLR_NEUTRAL is the ‘‘window text’’ color you set in the Control Panel
Program; by default, CLR_NEUTRAL is black. For a new presentation
space, all GPI primitives you draw will use the CLR_NEUTRAL color.
GPI also recognizes the CLR_DEFAULT identifier, which has the same
effect as CLR_NEUTRAL when used with GpiSetColor.

In one sense, these interpretations of the CLR_BACKGROUND and the
CLR_NEUTRAL identifiers are convenient for the programmer. The user
has selected these colors as his or her personal preferences for window
background and foreground colors. A Presentation Manager program uses
these colors by default. A user’s preference, however, can sometimes defeat
a feature of a program. For example, if your program uses CLR_RED text
for emphasis, the text won’t stand out if the user has selected red as the nor-
mal window text color.

Therefore, GPI lets you override the user’s preferences and explicitly set all
colors used by the program. GPI provides two additional color indexes for
specifying black and white:

CLR_BLACK CLR_WHITE
Another pair of color indexes is more appropriate for use with bitmaps:
CLR_FALSE CLR_TRUE

On a video display, CLR_FALSE has the same effect as CLR_BLACK, and
CLR_TRUE has the same effect as CLR_WHITE; on a printer, this relation-
ship is reversed because video displays are black background devices and
printers are white background devices.

You may be familiar with the IRGB (Intensity-Red-Green-Blue) color en-
coding of the IBM CGA, EGA, and VGA video adapters. The table on the
next page shows how it corresponds to the GPI color indexes.
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I R G B IRGB Color Name Egquivalent Color Index
0 0 0 0 Black CLR_BLACK

0 0 0 1 Blue CLR_DARKBLUE
0 0 1 0 Green CLR_DARKGREEN
0 0 1 1 Cyan CLR_DARKCYAN
0 1 0 0 Red CLR_DARKRED

0 1 0 1 Magenta CLR_DARKPINK

0 1 1 0 Brown CLR_BROWN

0 1 1 1 Light Gray CLR_PALEGRAY

1 0 0 0 Dark Gray CLR_DARKGRAY

1 0 0 1 Light Blue CLR_BLUE

1 0 1 0 Light Green CLR_GREEN

1 0 1 1 Light Cyan CLR_CYAN

1 1 0 0 Light Red CLR_RED

1 1 0 1 Light Magenta CLR_PINK

1 1 1 0 Yellow CLR_YELLOW

1 1 1 1 White CLR_WHITE

In literature about the IBM video adapters, ‘‘magenta’’ is often used to de-
scribe the color known as ‘‘pink’’ in GPIL In technical literature on the
CGA, EGA, and VGA boards, colors with the I (intensity) bit set are tradi-
tionally referred to as ‘‘light” colors; by contrast, in GPI, most colors
without the I bit set are ‘‘dark’’ or ‘‘pale’’ colors.

The COLORS program shown in Figure 5-18 displays the colors available

with all 21 CLR identifiers:

The COLORS File

colors.obj : colors.c
¢l -¢ -G2sw -W3 colors.c

colors.exe : colors.obj colors.def
1ink colors, /align:16, NUL, os2, colors
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The COLORS.C File

#define INCL_WIN
jtdefine INCL..GPI
#include <os2.h>
f#include <string.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [J = "Colors" :
static ULONG flFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmq
HWND hwndFrame, hwndClient ;
aMsa qmsg ;

hab = WinInitialize (0Q)
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, OL, 0) ;

hwndFrame = WinCreateStdWindow (HWND_.DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0t, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gqmsg, NULL, O, 0))
WinDispatchMsg (hab, &gqmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq)
WinTerminate (hab) ;

return 0 ;

}

(continued)

208 SECTION TWO: PAINTING THE CLIENT WINDOW



Figure 5-18. The COLORS.C File. continued

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static struct {

static SHORT

FONTMETRICS
HPS

POINTL
SHORT

switch (msg)
{

LONG 1ColorIndex ;
CHAR *szColorlIndex ;

}

show [] =

{

CLR_FALSE , "CLR_FALSE" s
CLR_TRUE , "CLR_TRUE" ,
CLR_DEFAULT , "CLR_DEFAULT" .
CLR_WHITE , "CLR_WHITE" ,
CLR_BLACK , "CLR_BLACK" ,
CLR_BACKGROUND , “CLR_BACKGROUND" ,
CLR_BLUE , "CLR_BLUE" ,
CLR_RED , "CLR_RED" .
CLR_PINK , "CLR_PINK" .
CLR_GREEN , "CLR_GREEN" .
CLR_CYAN , "CLR_CYAN" ,
CLR_YELLOW , "CLR_YELLOW" .

CLR_NEUTRAL . "CLR_NEUTRAL"
CLR_DARKGRAY  , "CLR_DARKGRAY"
CLR_DARKBLUE , "CLR_.DARKBLUE" ,
CLR_DARKRED , ""CLR_DARKRED" .
CLR_DARKPINK , "CLR_DARKPINK"
CLR_.DARKGREEN , "CLR_DARKGREEN"
CLR_DARKCYAN , "CLR_DARKCYAN" ,

CLR_BROWN , "CLR_BROWN" .
CLR_PALEGRAY , "CLR_PALEGRAY"
Y

cxClient, cyClient, cxCaps, cyChar, cyDesc,
sNumColors = sizeof show / sizeof show[0] ;
fm ;

hps ;

ptl

sIndex ;

case WM_CREATE:
hps = WinGetPS (hwnd) ;
GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;
cxCaps = (SHORT) fm.lEmInc ;
cyChar = (SHORT) fm.lMaxBaselineExt ;

(continued)
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Figure 5-18. The COLORS.C File. continued

cyDesc = (SHORT) fm.1MaxDescender ;
WinReleasePS (hps) ;
return 0 ;

case WM_SIZE:
cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

for (sIndex = 0 ; slndex < sNumColors ; sIndex ++)
{
ptl.x = (slndex < 11 2 1 : 33) * cxCaps ;
ptl.y = cyClient - (sIndex % 11 * 5 + 4) * cyChar / 2
+ cyDesc ;

GpiCharStringAt (hps, &ptl,
(LONG) strlen (show [sIndex].szColorlIndex),
show [sIndex].szColorIndex) ;

ptl.x = (sIndex < 11 ? 20 : 52) * cxCaps ;
ptl.y -= cyDesc + cyChar / 2 ;
GpiMove (hps, &ptl) :

GpiSavePS (hps) ;
GpiSetColor (hps, show [sIndex].1ColorIndex) ;

ptl.x += 10 * cxCaps :
ptl.y += 2 * cyChar ;
GpiBox (hps, DRO_FILL, &ptl, OL, OL)

GpiRestorePS (hps, -1L) ;

}
WinEndPaint (hps)
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}
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The COLORS.DEF File

NAME COLORS WINDOWAPI

DESCRIPTION 'GPI Foreground Colors (C) Charles Petzold, 1988°
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 5-18. The COLORS program.

This program sets the color by calling GpiSetColor and then calls the
GpiBox function to draw a solid rectangle using that color.

The GpiSetColor function sets the color for all GPI primitives, including
text. How does COLORS prevent the text from appearing in color? Very
simple: COLORS calls the GpiSavePS function before calling GpiSetColor
and calls GpiRestorePS after calling GpiBox. The GpiSavePS function saves
all the attributes of the presentation space and GpiRestorePS restores them.
If you remove these two functions from COLORS, you’ll find that the text
displayed by GpiCharStringAt will also appear in various colors.

I could have simplified COLORS a little by using the WinFillRect function:
WinFillRect (hps, &rcl, 1ColorIndex) ;

The second parameter is a pointer to a RECTL structure. The function fills
that rectangle with the specified color. The WinFillRect function is useful
for coloring the background of a client window without calling GpiErase:

WinQueryWindowRect (hps, &rcl) ;
WinFillRect (hps, &rcl, CLR_CYAN) ;

WinFillRect is one of the few drawing functions that begins with a Win
prefix rather than Gpi. (You encountered another of these functions—
WinDrawText—in Chapter 2.) These are high-level drawing functions that
do the work of several GPI functions. They are often convenient but can be
used only on a video display. Another useful high-level drawing function is
WinDrawBorder.
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Foreground Mix Mode

The use of color may seem fairly straightforward, but it’s not. In general,
GPI does not simply draw a color on the display. Instead, GPI performs a
bitwise operation between the foreground color of the image you’re draw-
ing (the source color) and the color already on the surface of the display
(the destination color). This operation is called the ‘‘mix mode’’ or simply
the ‘‘mix.”’

Let’s approach this by thinking about a monochrome video display that is
capable of two colors: black and white. Each pixel on the display can be
represented by either 0 (black) or 1 (white).

You want to draw a pixel on this display. This source pixel can be 0 or 1.
The surface of the display where you want to draw this pixel (the destina-
tion) can also be either 0 or 1. The resultant color of the drawn pixel is
defined by the mix mode.

There are 16 possible mix modes. These are represented by identifiers de-
fined in PMGPLH that begin with FM (‘‘foreground mix’”). The following
table uses C notation to show the bitwise combinations of pixels:

Source (SRC): 0 0 1 1

Destination

(DEST): 0 1 0 1 Operation Mix Mode

Result: 0 0 0 0 0 FM_ZERO
0 0 0 1 SRC & DEST FM_AND
0 0 1 0 SRC & ~DEST FM_MASKSRCNOT
0 0 1 1 SRC FM_OVERPAINT
0 1 0 0 ~SRC & DEST FM_SUBTRACT
0 1 0 1 DEST FM_LEAVEALONE
0 1 1 0 SRC A DEST FM_XOR
0 1 1 1 SRC | DEST FM_OR
1 0 0 0 ~(SRC | DEST) FM_NOTMERGESRC
1 0 0 1 ~(SRC ADEST) FM_NOTXORSRC
1 0 1 0 ~DEST FM_INVERT
1 0 1 1 SRC | ~DEST FM_MERGESRCNOT
1 1 0 0 ~SRC FM_NOTCOPYSRC
1 1 0 1 ~SRC | DEST FM_MERGENOTSRC
1 1 1 0 ~(SRC & DEST) FM_NOTMASKSRC
1 1 1 1 1 FM_ONE

You can change the mix mode by calling the following function:

GpiSetMix (hps, 1MixMode)
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where IMixMode is one of the FM identifiers shown in the table. The default
mix mode is FM_OVERPAINT, which transfers the color specified by the
GpiSetColor to the destination regardless of the color of the destination.
This is what we intuitively expect to happen. The PMGPLH header file also
includes the identifier FM_DEFAULT, which has the same effect as
FM_OVERPAINT.

If the mix mode is set to FM_XOR, the resulting pixel will be white (1) only
if either the source and destination pixels (but not both) were also white.
That is, the FM_XOR mix mode causes source pixels of 1 to invert the desti-
nation and source pixels of 0 to leave it unchanged:

m If you set color to CLR_BLACK and the mix mode to FM_XOR, any
lines you draw on a black background will be black, and any lines you
draw on a white background will be white.

» If you set color to CLR_WHITE and the mix mode to FM_XOR, any
lines you draw on a black background will be white; any lines you draw
on a white background will be black.

With color, the situation gets just a little more complex. Consider the EGA
and VGA display adapters in high-resolution graphics mode. These adapters
use 4 bits (intensity, red, green, and blue) for each pixel. The mix mode
works on each of these bits individually. For example, if a window is col-
ored with CLR_RED, the surface of the window has its intensity and red bits
set to 1 and its blue and green bits set to 0. If you set color to CLR_BLUE,
the intensity and blue bits are set to 1, and the green and red bits are set to 0.
You use the FM_XOR mix mode and display a line. The text is displayed in
CLR_DARKPINK. The resultant red and blue bits are set to 1, and the inten-
sity and green bits are set to 0.

The FM_ZERO mix mode causes the GPI primitive you draw to be dis-
played in black regardless of the destination color and the color you set with
GpiSetColor. Similarly, FM_ONE causes a GPI primitive to be displayed in
white. The FM_LEAVEALONE mix causes the GPI primitive to be invisible.

The FM_INVERT mix mode causes a GPI primitive to invert the color of the
destination regardless of the color you set. For example, text drawn on a
CLR_RED destination is displayed as CLR_DARKCYAN. FM_INVERT is
useful for drawing and erasing an object. When you draw the same object a
second time, the destination reverts to its original color. This technique is
used in the WEB program in Chapter 9.
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The Background Color and Mix
GPI also has two functions for setting the background color and mix:

GpiSetBackColor (hps, 1ColorIndex) ;
and
GpiSetBackMix (hps, 1MixMode) ;

Use of the CLR_DEFAULT as a parameter to GpiSetBackColor has the same
effect as CLR_BACKGROUND. For the IMixMode parameter to GpiSet-
BackMix, you use identifiers beginning with BM (‘‘background mix’’)
rather than FM. Not all mix modes are supported for background mixing.
The supported background mixes are shown in the following table:

Source (SRC): 0 0 1 1

Destination

(DEST): 0 1 0 1 Operation Mix Mode

Result: 0 0 1 1 SRC BM_OVERPAINT
0 1 0 1 DEST BM_LEAVEALONE
0 1 1 0 SRC A DEST BM_XOR
0 1 1 1 SRC | DEST BM_OR

The default background mix is BM_LEAVEALONE. (BM_DEFAULT pro-
vides the same result.) If you want to use a background color, you’ll have to
change the background mix to something other than BM_LEAVEALONE.
Otherwise, GPI will ignore the background color.

The background color and mix don’t affect lines, but do affect patterns.
You’ll note that many of the patterns are composed of lines or dots. These
lines and dots are drawn on the display using the foreground color and fore-
ground mix mode. The area between the lines and dots is drawn on the dis-
play using the background color and background mix mode.

For example, suppose you make the following series of function calls:

GpiSetColor (hps, CLR_BLUE) ;
GpiSetMix (hps, FM_OVERPAINT) ;
GpiSetBackColor (hps, CLR_RED) ;
GpiSetBackMix (hps, BM_OVERPAINT) ;
GpiSetPattern (hps, PATSYM_VERT; ;

When you call GpiBox with an option of DRO_FILL or DRO_OUT-

LINEFILL, the pattern will have blue vertical lines on a red background,
regardless of the original color of the display.
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GPI Primitive 3: Text

Text is the most common GPI primitive yet potentially the most complex
because of the use of various fonts. GPI allows you to enumerate all the
fonts available on the system and choose different fonts for the display of
text. Many of these fonts (such as the default system font) contain characters
of varying widths. In addition, you can alter the default spacing of charac-
ters to achieve such effects as justified text.

The Text Output Functions

GPI has four text output functions:
m GpiCharStringAt

m GpiCharString

8 GpiCharStringPos
GpiCharStringPosAt

The GpiCharStringAt and GpiCharString Functions

Perhaps the most common text output function is the function introduced in
Chapter 4:

GpiCharStringAt (hps, &ptl, TLength, &cString) ;

The last parameter is a character array or a pointer to a character string. The
ILength parameter is the length of this string. The POINTL structure indi-
cates the starting position of the text. This is usually the baseline of the left
side of the first character. (We’ll look at an exception to this rule shortly.)

You can also use the GpiCharString function to display text:
GpiCharString (hps, 1Length, &cString) :

It is the same as GpiCharStringAt, except that the text begins at the current
position. The GpiCharStringAt function is equivalent to

GpiMove (hps, &ptl1) ;
GpiCharString (hps, TLength, &cString) ;

Following the GpiCharString and GpiCharStringAt calls, the current position
is usually set to the baseline of the right side of the last character. (Again,
there are exceptions.) Therefore, you can call GpiCharString again to con-
tinue a line of text.
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The GpiCharStringPos and GpiCharStringPosAt Functions

Two other text output functions have some additional parameters:

GpiCharStringPos (hps, &rcl, 10ptions, 1Length, &cString, allncrement) ;

GpiCharStringPosAt (hps, &ptl, &rcl, 10ptions, lLength, &cString, allncrement) ;

216

The GpiCharStringPos function begins the text at the current position; the
GpiCharStringPosAt function begins the string at the POINTL structure
passed as the second parameter. Information in the following discussion of
GpiCharStringPos also applies to GpiCharStringPosAt.

The simplest form of GpiCharStringPos results from setting the &rcl and
allncrement parameters to NULL and the /Options parameter to 0:
GpiCharStringPos (hps, NULL, OL, TLength, &cString, NULL) ;

In this form, the function is equivalent to GpiCharString. Nonzero [Option
values cause some different results.

You can set the IOption parameter to CHS_LEAVEPOS:
GpiCharStringPos (hps, NULL, CHS_LEAVEPOS, 1Length, &cString, NULL) ;

On return from the function, the current position will be set at the begin-
ning of the string rather than the end. That is, the GpiCharStringPos func-
tion leaves the current position unchanged, but GpiCharStringPosAt sets the
current position to the POINTL structure passed to the function.

If you include the &rcl parameter (a pointer to a RECTL structure), you can
use the CHS_CLIP option:

GpiCharStringPos (hps, &rci, CHS_CLIP, l1Length, &cString, NULL) ;

In this case the character string will be clipped to the interior of the rect-
angle. Any part of the text string falling outside the rectangle will not be
displayed. The &rcl parameter is also required for the CHS_OPAQUE op-
tion, as follows:

GpiCharStringPos (hps, &rcl, CHS_OPAQUE, 1Length, &cString, NULL) ;

In this case the rectangle is colored with the current background color
before the text is displayed. GPI temporarily. sets the background mix to
BM_OVERPAINT before coloring the rectangle.
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The fourth and final option is CHS_VECTOR. This function requires that
the last parameter be an array of LONG integers:

GpiCharStringPos (hps, NULL, CHS_VECTOR, 1Length, &cString, allncrement) ;

The allncrement array contains /Length LONG values. GPI uses this array to
position the successive characters in the string, thereby overriding the
default spacing. The CHS_VECTOR option is the reason for the Pos
(*‘position”’) part of the GpiCharStringPos and GpiCharStringPosAt func-
tion names. '

You can use any combination of the CHS_OPAQUE, CHS_VECTOR,
CHS_LEAVEPOS, and CHS_CLIP identifiers by combining them with the C
bitwise OR operator. The RECTL structure passed as the second parameter
is required only for CHS_OPAQUE or CHS_CLIP. The array of LONG incre-
ment values passed as the last parameter is required only when you use
CHS_VECTOR.

Text Color

The color and mix mode affect the display of characters in the text string.
We’ve already seen how the CHS_OPAQUE option in GpiCharStringPos and
GpiCharStringPosAt functions can cause GPI to use the background color to
color a rectangle before displaying the text.

You can also use the background color and background mix with other
forms of the text output functions. If you set the background mix to some-
thing other than BM_LEAVEALONE, the background color is used to color
the small rectangular character cells that surround each character. You
might want to do this if you are displaying text over some existing graphics
and want the text to be more distinct. (Some GPI fonts are ‘‘outline’’ fonts
and will not be affected by the background color and mix.)

Font Files

The subject of fonts is quite complex, yet we must attack it. As you
discovered in Chapter 4, the default system font is proportionally spaced.
Although we have been successful in working with this font, it is not appro-
priate for all applications. For example, a programmer’s text editor or a
communications program should probably use a fixed-pitch font, in which
every character has the same width. We at least want to be able to switch to
a fixed-pitch font. The ability to use boldface and italic versions of fonts
would be nice also.
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GPI supports fonts in two very different formats: ‘‘Image’’ fonts are stored
as small bitmaps with 0 bits for the background of the character and 1 bits
for the character itself. ‘“Vector’” fonts are stored as a series of straight lines
and curves. This discussion is limited to image fonts.

The 0S/2 Presentation Manager includes three files that contain collections
of image fonts in various point sizes for various output devices. These files,
and the image fonts they contain, are shown in the following table:

Font File Font Face Name Point Sizes
COURIER.FON ‘“‘Courier” 8,10,12 .
HELV.FON ‘“‘Helv”’ 8,10, 12, 14, 18, 24
TIMES.FON “Tms Rmn”’ 8,10, 12, 14, 18, 24

NOTE: These three font files are stored in the CAOS2\DLL directory on
your hard disk. To use the fonts in these files, you must install the fonts
from the Presentation Manager Control Panel. It is only necessary to
install one font from each file. The Control Panel writes information to
the 0S2.INI file to load the fonts for use whenever you use the Presen-
tation Manager.

The default system font is stored in DISPLAY.DLL, the dynamic link library
for the video display. It has a font face name of ‘‘System Proportional’’ and
a point size of 12.

Each font is identified by a face name and a point size. The ‘‘Courier’’ font
is a fixed-pitch font similar to that produced by a typewriter. The ‘‘Helv”’
(Helvetica) and ‘“Tms Rmn”’ (Times Roman) fonts are both proportional
fonts. ‘‘Helv’’ is a sans serif font, which means that it does not have small
lines finishing off the strokes of the characters. ‘“Tms Rmn’’ has serifs and
is commonly used for text in magazines and books.

The point size refers to the maximum height of the characters. One point is
approximately Y72 inch. However, if you set page units to Low English,
High English, or Twips, the size of the fonts will not necessarily agree with
the GPI page units. For example, a 24-point font will not be 480 twips high.
The size of the fonts is based on an ideal ‘font resolution’’ for the device.
You can obtain this font resolution from DevQueryCaps using the
CAPS_HORIZONTAL_FONT_RES and CAPS_VERTICAL_FONT_RES. As
you can see from Figure 5-8, these values for the EGA are set to 96 pixels
and 72 pixels. This is greater than the actual resolution of the device, to
allow fonts as small as 8 points to be legible on the screen.
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The EASYFONT System

Working with fonts can be difficult, but I've attempted to make it a little
easier for you. Figure 5-19 shows two files named EASYFONT.H and EASY-
FONT.C that can greatly assist you in working with fonts in your Presenta-
tion Manager programs.

The EASYFONT.H File

BOOL EzfQueryfonts (HPS hps) ;
LONG EzfCreatelogFont (HPS hps, LONG 1cid, USHORT idFace, USHORT idSize,
USHORT fsSelection) ;

f#define FONTFACE_SYSTEM 0
ftdefine FONTFACE_COUR 1
ftdefine FONTFACE_HELV 2
ftdefine FONTFACE_TIMES 3

f#define FONTSIZE_8
j#define FONTSIZE_10
f#define FONTSIZE_12
fidefine FONTSIZE_14
f#idefine FONTSIZE_18
j##idefine FONTSIZE_24

AW - O

The EASYFONT.C File

{idefine INCL_GPI
finclude <o0s2.h>
#include <stdlib.h>
#include <string.h>
#include "easyfont.h™

static SHORT sFontSize[6] = { 80, 100, 120, 140, 180, 240 } ;
static CHAR *szFacename[4] = { "System Proportional”,

“Courier™, "Helv", "Tms Rmn" } ;
static LONG alMatch[4][6] :

(continued)
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Figure 5-19. The EASYFONT.C File. continued

BOOL EzfQu
{
FONTM
HDC
LONG
SHORT

hdc =
DevQu

DevQu

for (

eryFonts (HPS hps)

ETRICS *pfm ;
hdc ;
THorzRes, 1VertRes, 1RequestFonts, TNumberFonts ;
sIndex, sFace, sSize ;

GpiQueryDevice (hps)
eryCaps (hdc, CAPS_HORIZONTAL_FONT_RES, 1L, &lHorzRes) ;
eryCaps (hdc, CAPS_VERTICAL_FONT_RES, 1L, &IVertRes) ;

sFace = 0 ; sFace < 4 ; sFacet+)
{
1RequestFonts = 0 ;
TNumberFonts = GpiQueryFonts (hps, QF_PUBLIC, szFacename[sFace],
&TRequestFonts, OL, NULL) ;
if (1Numberfonts == 0)
continue ;

if (1Numberfonts * sizeof (FONTMETRICS) >= 65536L)
return FALSE ;

pfm = malloc ((SHORT) 1NumberFonts * sizeof (FONTMETRICS)) ;

if (pfm == NULL)
return FALSE ;

GpiQueryFonts (hps, QF_PUBLIC, szFacename[sFace],
&1 NumberFonts, (LONG) sizeof (FONTMETRICS), pfm) ;

for (sIndex = 0 ; sIndex < (SHORT) 1NumberFonts ; sIndex++)
if (pfm[sIndex].sXDeviceRes == (SHORT) 1HorzRes &&

pfmlsIndex].sYDeviceRes == (SHORT) TVertRes &&
(pfm[sIndex].fsDefn & 1) == Q)

{

for (sSize = 0 ; sSize < 6 ; sSize++)

if (pfmlsIndex].sNominalPointSize == sFontSize[sSizel)
break ;

if (sSize != 6)
alMatch[sFace][sSize] = pfm{sIndex].1Match ;

free (pfm) ;
}

(continued)
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Figure 5-19. The EASYFONT.C File. continued

return TRUE ;
}

LONG EzfCreatelLogFont (HPS hps, LONG 1cid, USHORT idFace, USHORT idSize,
USHORT fsSelection)
{
static FATTRS fat ;

if (idFace > 3 || idSize > 5 || alMatch[idFacel[idSize] == Q)
return FALSE ;

fat.usRecordLength = sizeof fat ;
fat.fsSelection = fsSelection ;
fat.1Match = alMatch[idFace][idSize] ;

strcpy (fat.szFacename, szFacename[idFacel)

return GpiCreatelLogFont (hps, NULL, Tcid, &fat) ;
}

Figure 5-19. The EASYFONT program.

EASYFONT.H contains declarations of the two functions in EASYFONT.C.
These are EzfQueryFonts and EzfCreateLogFont (‘‘create logical font’’). In
addition, EASYFONT.H contains a collection of identifiers you use as
parameters to EzfCreateLogFont.

To use EASYFONT, include the EASYFONT.H header file in your .C source
code file:

#include “easyfont.h"

Then compile and link EASYFONT.C with your program.
In a window procedure that uses fonts, obtain a handle to a presentation
space during the WM_CREATE message and call EzfQueryFonts:

hps = WinGetPS (hwnd) ;
EzfQueryFonts (hps) ;
WinReleasePS (hps) ;

This performs all necessary initialization. Later on, whenever you need to

use a non-default font, obtain a handle to a presentation space and call
EzfCreateLogFont:

EzfCreateLogFont (hps, 1c¢id, idFace, idSize, fsSelection) ;
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The Icid parameter is a ‘‘local ID.”” It can be any number between 1 and
254. The idFace parameter can be any of the FONTFACE identifiers defined
in EASYFONT.H. The idSize parameter is one of the FONTSIZE identifiers
also defined in EASYFONT.H.

Not all sizes are available for all font face names. In particular, the
FONTFACE_SYSTEM identifier can only be used with FONTSIZE_12. The
FONTFACE_COUR identifier can only be used with FONTSIZE_8, FONT-
SIZE_10, and FONTSIZE_12. EzfCreateLogFont returns TRUE if the font ex-

- ists and FALSE otherwise. You should check the return value before

attempting to use the logical font you asked for.

The fsSelection parameter can be any one of the following identifiers de-
fined in OS2DEF.H:

Identifier Meaning
FATTR_SEL_ITALIC Italic font
FATTR_SEL_UNDERSCORE Underlined font
FATTR_SEL_STRIKEOUT - Line drawn through characters
FATTR_SEL_BOLD Boldface font

Use 0 if you want a normal font without any attributes.

EzfCreateLogFont creates a logical font associated with a local ID. To use
this font, you pass the local ID to GpiSetCharSet:

GpiSetCharSet (hps, 1cid) ;

After this call, you can use GpiQueryFontMetrics to get the dimensions of
the new font. Any text you draw will be displayed with the new font. Before
releasing the presentation space, go back to the default font:

GpiSetCharSet (hps, LCID_DEFAULT) ;
Then delete the local ID you used:
GpiDeleteSetId (hps, 1cid) ;

You can call EzfCreateLogFont multiple times to create different logical
fonts, each associated with a unique local ID. You then use GpiSetCharSet to
use any one of these fonts for text output. Be sure to set the default font and
delete all local IDs before releasing the presentation space.
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The EzfQueryFonts function in EASYFONT.C first obtains the horizontal
and vertical font resolution of the output device from DevQueryCaps. This
is necessary because the font files contain image fonts for various output de-
vices. For each of the four font faces, the function calls GpiQueryFonts to
determine how many fonts are present and then allocates memory to store
that number of FONTMETRICS structures. GpiQueryFonts is called again to
obtain the FONTMETRICS structures for all the available fonts. Each font is
checked against the device resolution and the desired point sizes. The func-
tion saves a field of the FONTMETRICS structure named /Match in a static
array. This value is used in the GpiCreateLogFont call in EzfCreateLogFont.

Figure 5-20 shows a program called FONTS, which uses EASYFONT to dis-
play all of the fonts available for use.

The FONTS File

fonts.obj : fonts.c easyfont.h
cl -¢ -G2sw -W3 fonts.c

easyfont.obj : easyfont.c
cl -c -G2sw -W3 easyfont.c

fonts.exe : fonts.obj easyfont.obj fonts.def
link fonts easyfont, /align:16, NUL, os2, fonts
The FONTS.C File

FONTS.C -- GPI Image Fonts

jidefine INCL_WIN
f#define INCL_GPI
f#include <o0s2.h>
finclude <stdio.h>
#include <stdlib.h>
frinclude "easyfont.h®

ftdefine LCID_MYFONT 1L

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

(continued)
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Figure 5-20. The FONTS.C File. continued

int main (void)
{
static CHAR szClientClass [] = "Fonts” ;
static ULONG fiFrameFlags = FCF_TITLEBAR | FCF_SYSMENU |
FCF_SIZEBORDER i FCF_MINMAX |
FCF_SHELLPOSITION | FCF_TASKLIST |
FCF_VERTSCROLL 1 FCF_HORZSCROLL

v

HAB hadb ;
HMQ hmg ;
HWND hwndframe, hwndClient ;
QMSG qmsg

hab = WinInitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, Q) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0L, NULL, O, &hwndClient) ;

WinSendMsg (hwndfFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static CHAR  *szFace[]l = { "System™, "Courier",
"Helv"™, "Tms Rmn" } ;
static CHAR *szSize[] = { "8", "10", "12", "14v, "18", "24" } ;
static CHAR  *szSel[] = { "Normal", “Italic", "Underscore®,
"Strike-out"™, "Bold" } ; ’
static CHAR  szBuffer{80] ;
static HWND hwndVscroll, hwndHscroll ;
static USHORT jdFace[] = { FONTFACE_SYSTEM, FONTFACE_COUR,
FONTFACE_HELYV, FONTFACE_TIMES }

(continued)
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Figure 5-20. The FONTS.C File. continued

static USHORT i1dSize[] = { FONTSIZE_8, FONTSIZE_10, FONTSIZE_12,

FONTSIZE_14, FONTSIZE_18, FONTSIZE_24 } ;

static USHORT afsSell] = { 0, FATTR_SEL_ITALIC, FATTR_SEL_UNDERSCORE,

FATTR_SEL_STRIKEOUT, FATTR_SEL_BOLD } ;

static SHORT sVscrollMax = sizeof idFace / sizeof idFace[0] - 1,

sHscrollMax = sizeof afsSel / sizeof afsSel{0] - 1,
cxClient, cyClient, sHscrollPos, sVscrollPos ;

FONTMETRICS  fm ;

HPS
HWND
POINTL
SHORT

hps;
hwndFrame ;
pt1 ;
sIndex ;

switch (msg)

{

case

case

case

WM_CREATE:

hps = WinGetPS (hwnd) ;
EzfQueryFonts (hps) ;
WinReleasePS (hps) ;

hwndFrame = WinQueryWindow (hwnd, QW_PARENT, FALSE),
hwndVscroll = WinWindowFromID (hwndFrame, FID_VERTSCROLL) ;
hwndHscroll = WinWindowFromID (hwndFrame, FID_HORZSCROLL) ;

WinSendMsg (hwndVscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sVscrollPos, 0),
MPFROM2SHORT (0, sVscrollMax)) ;

WinSendMsg (hwndHscroll, SBM_SETSCROLLBAR,
MPFROM2SHORT (sHscrollPos, 0),
MPFROM2SHORT (0, sHscrollMax)) ;

return 0 ;

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) :
cyClient = SHORTZFROMMP (mp2) :
return 0 ;

WM_VSCROLL:
switch (SHORTZFROMMP (mp2))
{
case SB_LINEUP:
case SB_PAGEUP:
sV¥scrollPos = max (0, sVscrollPos - 1) ;
break ;

(continued)
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Figure 5-20. The FONTS.C File. continued

case SB_LINEDOWN:

case SB_PAGEDOWN:
sVscroliPos = min (sVscrollMax, sVscrollPos + 1) ;
break ;

case SB_SLIDERPOSITION:
sVscrol1Pos = SHORT1FROMMP (mp2)
break ;

defauit:
return 0 ;
}
WinSendMsg (hwndVscroll, SBM_SETPOS,
MPFROM2SHORT (sVscrollPos, 0), NULL) ;

WinlnvalidateRect (hwnd, NULL, FALSE) ;
return 0 ;

case WM_HSCROLL:
switch (SHORTZFROMMP (mp2))
{
case SB_LINELEFT:
case SB_PAGELEFT:
sHscrollPos = max (0, sHscrollPos - 1)
break ;

case SB.LINERIGHT:

case SB_PAGERIGHT:
sHscroilPos = min (sHscrollMax, sHscrollPos + 1) ;
break :

case SB_SLIDERPOSITION:
sHscrol1Pos = SHORT1IFROMMP (mp2) ;
break ;

default:
return 0 ;
}
WinSendMsg (hwndHscroll, SBM_SETPOS,
MPFROM2SHORT (sHscrol1Pos, 0), NULL) ;

WinlInvalidateRect (hwnd, NULL, FALSE) ;
return 0 ;

case WM_CHAR:
switch (CHARMSG(&msg)->vkey)

(continued)
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Figure 5-20. The FONTS.C File. continued

{
case VK_LEFT:
case VK_RIGHT:
return WinSendMsg (hwndHscroll, msg, mpl, mp2) ;
case VK_UP:
case VK_DOWN:
case VK_PAGEUP:
case VK_PAGEDOWN:
return WinSendMsg (hwndVscroll, msg, mpl, mp2) ;
}
break ;

case WM_PAINT;
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

ptt.x = 0 ;
pti.y = cyClient ;

for (slndex = 0 ; sIndex < 6 ; sIindex++)
if (EzfCreateLogFont (hps, LCID_MYFONT,

idFace[sVscroliPos],
idSizelsIndex],
afsSel[sHscrol1Pas]))

{

GpiSetCharSet (hps, LCID_MYFONT) ;

GpiQueryFontMetrics (hps, (LONG) sizeof fm, &fm) ;

ptl.y -= fm.1MaxBaselineExt ;

GpiCharStringAt (hps, &ptl,

(LONG) sprintf (szBuffer, “%s, %s point, %s",
szFace[sVscrollPos],
szSize[sIndex],
szSel{sHscrol1Pos]),

szBuffer)

GpiSetCharSet (hps, LCID_DEFAULT) ;
GpiDeleteSetId (hps, LCID_MYFONT) ;

}
WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

1.
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The FONTS.DEF File

NAME FONTS WINDOWAPI

DESCRIPTION ‘Displays GPI Image Fonts (C) Charles Petzold, 1988’
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 5-20. The FONTS program.

Several programs in upcoming chapters (KEYLOOK and TYPEAWAY in
Chapter 8 and HEAD in Chapter 14) use EASYFONT to obtain a fixed-pitch
Courier font for text output.

You’ll notice that the FONTS make file also compiles EASYFONT.C and
links EASYFONT.OBJ with the program. FONTS.C includes EASYFONT.H
for the function declarations and definitions of the FONTFACE and FONT-
SIZE identifiers.

Each screen in FONTS shows all the available font sizes for a particular face
name and fsSelection attribute (such as italics). You change the fsSelection
attribute using the horizontal scroll bar and the face name using the vertical
scroll bar. The ““Tms Rmn’’ italic fonts are shown in Figure 5-21.

GPI Primitive 4: Marker Symbols

228

‘““Markers’’ are small symbols about the same size as a system font charac-
ter. (To determine the size of a marker, call DevQueryCaps with the
CAPS_MARKER_WIDTH and CAPS_MARKER_HEIGHT identifiers.) You
can use markers as bullets or data points on a line graph.
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Y FONTS.EXE
Tins Ko, Spomt Rale

s Ruw, 10 point Nelic

Tins R, 12 poimt. falic

Tins Rmn, 14poit, Ialic

Tms Rmn, 18 point, Italic
Tms Rmmn, 24 point, lialic

Figure 5-21. The FONTS display.

Drawing a Marker
You can draw a marker by calling the following function:

GpiMarker (hps, &ptl) ;

GPI draws the marker with its center at the point specified in the POINTL
structure. The current position is also set to that point.

You can also draw a series of markers:
GpiPolyMarker (hps, 1 Number, aptl) ;

The aptl parameter is an array of /Number POINTL structures. Like
GpiPolyLine, GpiPolyMarker is more efficient than multiple GpiMarker calls
because the repetition occurs within the device driver. The current position
is set to the last point.

If you use markers to indicate data points on a line graph, you can use the
same array of POINTL structures for drawing the line and drawing the
markers. For example, suppose apt! contains sNum data points for the graph.
This code will draw the line and the markers:

GpiMove (hps, aptl)
GpiPolyLine (hps, sNum - 1L, aptl + 1) ;
GpiPolyMarker (hps, (LONG) sNum, aptl) ;
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Selecting a Different Marker Symbol

The default marker has the appearance of a small x and has the name
MARKSYM_CROSS. You can use the GpiSetMarker function to select a dif-
ferent marker:

GpiSetMarker (hps, 1Symbol) ;

The [Symbol parameter can be any of the following identifiers:

MARKSYM_DEFAULT MARKSYM_EIGHTPOINTSTAR
MARKSYM_CROSS MARKSYM_SOLIDDIAMOND
MARKSYM_PLUS MARKSYM_SOLIDSQUARE
MARKSYM_DIAMOND MARKSYM_DOT
MARKSYM_SQUARE MARKSYM_SMALLCIRCLE
MARKSYM_SIXPOINTSTAR MARKSYM_BLANK

The MARKSYM_DEFAULT identifier has the same effect as MARK-
SYM_CROSS.

The marker is drawn using the current color and mix. The background of
the rectangle that encompasses the marker is drawn using the current back-
ground color and background mix.

GPI Primitive 5: Images

230

I began this chapter by noting that GPI is fundamentally a vector graphics
system. But this final GPI primitive looks like it belongs more to the realm
of raster graphics. An ‘‘image’’ is a collection of bytes whose bits define a
little picture. Each bit corresponds to a display pixel.

You display an image by calling
Gpilmage (hps, OL, &sizl, lLength, abData) ;

The last parameter is an array of bytes that is [Length bytes long. This is the
image data. The third parameter is a pointer to a SIZEL structure. The
SIZEL structure is similar to the POINTL structure except that the fields are
named cx and cy. This structure defines the width and height of the image
in pixels.

The data in abData is organized with the top row of bits first. The first byte
contains the 8 leftmost bits of this row. The most significant bit of the first
byte is the leftmost pixel. Each row of bits must begin with a new byte; if
the width of the image is not a multiple of 8, the last few bits of the last byte
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of each row are not used. Thus you can calculate /Length using the follow-
ing formula:

TLength = (sizl.cx + 7) / 8 * sizl.cy ;

The leftmost pixel of the top row is displayed at the current position.
Gpilmage does not change the current position. The 1 bits are displayed
with the current foreground color and mix, and the 0 bits are displayed with
the current background color and mix.

The IMAGECAT program shown in Figure 5-22 uses the Gpilmage function
to draw a little cat in the center of the client window.

The IMAGECAT File

imagecat.obj : imagecat.c
¢l -¢ -G2sw -W3 imagecat.c

imagecat.exe : imagecat.obj imagecat.def
link imagecat, /align:16, NUL, o0s2, imagecat

The IMAGECAT.C File

f#idefine INCL_WIN
f#fdefine INCL_GPI
#include <os2.h>
#include <stdlib.h>

MRESULT EXPENTRY CiientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = “1lmageCat" ;
static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPQSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

(continued)
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Figure 5-22. The IMAGECAT.C File. continued

HAB hab ;
HMQ hmq ;
HWND hwndFrame, hwndClient :
QMsG qmsg ;

hab = Winlnitialize (0) ;
hmq = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) :

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndframe) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ; )
return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static BYTE abCat [] = {
0x01, OxF8, Ox1F, 0x80, 0x01l, 0x04, 0x20, 0x80,
0x00, Ox8F, OxFl, 0x00, 0x00, 0x48, 0x12, 0x00,
0x00, 0x28, 0x14, 0x00, 0x00, Ox1A, 0x58, 0x00,
0x00, 0x08, 0x10, 0x00, 0x00, OxFC, Ox3F, 0x00,
0x00, 0x09, 0x90, 0x00, 0x00, OxFC, Ox3F, 0x00,
0x00, 0x08, 0x10, 0x00, 0x00, 0x07, OxEQ, 0x00,
0x00, 0x08, 0x10, 0x00, 0x00, 0x08, Oxl0, 0xCO,
0x00, 0x08, 0x10, 0x20, 0x00, Ox10, 0x08, 0x10,
0x00, 0x10, 0x08, 0x08, 0x00, Ox10, 0x08, 0x04,
0x00, 0x20, 0x04, 0x04, 0x00, 0x20, 0x04, 0x04,
0x00, 0x20, 0x04, 0x04, 0x00, 0x40, 0x02, 0x04,
0x00, 0x40, 0x02, 0x04, 0x00, 0x40, 0x02, 0x04,
0x00, O0xCO, 0x03, 0x04, 0x00, 0x9C, 0x39, 0x08,
0x00, 0xA2, 0x45, 0x08, 0xCO, OxA2, 0x45, 0x10,
0x00, 0OxA2, Ox45, OxEO, Ox00, OxA2, 0x45, 0x00,
0x00, 0xA2, 0x45, 0x00, 0x00, OxFF, OxFF, 0x00 } :

static SHORT cxClient, cyClient ;

HPS hps
POINTL pt1
SIZEL sizl

(continued)
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Figure 5-22. The IMAGECAT.C File. continued

switch (msg)

{
case

case

}

WM_SIZE:

cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

ptl.x = cxClient / 2 - 16 ;
ptl.y = cyClient / 2 + 16 ;
GpiMove (hps, &ptl) ;

sizl.cx = 32
sizl.cy = 32 ;
Gpiimage (hps, OL, &sizl, (LONG) sizeof abCat, abCat) ;

WinEndPaint (hps) ;
return 0 ;

return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The IMAGECAT.DEF File

NAME

DESCRIPTION
PROTMODE
HEAPSIZE
STACKSIZE
EXPORTS

IMAGECAT WINDOWAPI
‘Cat Drawn Using Gpilmage (C) Charles Petzold, 1988°
1024

8192
CtientWndProc

Figure 5-22. The IMAGECAT program.

The cat is 32 pixels high and 32 pixels wide. It will look a little different on
various output devices. Figure 5-23 on the following page shows what it
looks like on an EGA.

CHAPTER FIVE: THE FIVE GPI PRIMITIVES

233



IMAGECAT EXE

Figure 5-23. The IMAGECAT display.

The Gpilmage function is easy to use but extremely limited. For example,
the function cannot alter the size of the displayed image to accommodate
various output devices. If Gpilmage were the only way to display bitmapped
data in GP], it would be important despite its limitations.

Fortunately, Gpilmage pales in comparison to the WinDrawBitMap and
GpiBitBlt functions, which are the subject of the next chapter. Among other
things, we’ll use these functions to stretch that little cat to fill the entire
client window.
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CHAPTER S IX

BITMAPS
AND BITBLTS

GPI is fundamentally a vector graphics drawing system and can display
graphics on both vector and raster output devices. For output to a vector
device, the GPI drawing commands are translated into commands the output
device understands. For output to a raster device, which displays an image
composed of color dots called pixels or pels, the device driver must trans-
late the GPI drawing commands into displayable pixels. If GPI were based
on a raster model, then output to a vector device would be nearly
impossible.

But GPI is not limited to vector graphics. A Presentation Manager program
can also draw pixels on a raster output device. Of course, drawing pixels
one at a time can be very slow: The IBM Video Graphics Array (VGA)
adapter running in its 640-by-480 graphics mode displays 307,200 pixels on
the screen. A laser printer with 300-dots-per-inch resolution requires about 8
million pixels to define an 8'.-by-11-inch page.

Instead, a Presentation Manager program that draws pixels usually works
with ‘‘bitmaps.”” A bitmap is an array of data organized into rows and col-
umns in which the bits correspond to pixels on the raster output device.

A bitmap can represent either a monochrome or a color image:

= In a monochrome bitmap, each bit corresponds to one pixel. When a
monochrome bitmap is displayed, a 0 bit usually corresponds to the
background color and a 1 bit is the foreground color.

= In a color bitmap, each pixel requires multiple bits to represent color.

This chapter is generally restricted to monochrome bitmaps but will touch
on color when necessary.
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Bitmaps are most suitable for small objects that must be frequently
redrawn. For example, the mouse pointer you see on the Presentation Man-
ager screen is stored as two bitmaps. Each time you move the mouse, the
Presentation Manager must redraw the two bitmaps on the display.

Bitmaps are highly device dependent. Because a bitmap represents an ob-
ject as a series of pixels, it is usually designed for a particular device. A bit-
map designed for the 640-by-350 resolution of the IBM Enhanced Graphics
Adapter (EGA) will be distorted when displayed on a VGA. (You can com-
pensate for this by stretching the bitmap, but this introduces other
distortions.)

Moreover, not all output devices are raster devices. Although every
graphics output device attached to the Presentation Manager can handle
vector graphics, only a raster output device can handle bitmaps. In short,
don’t expect to display a bitmap on a plotter. Even if the device driver could
translate the bitmap into approximate plotter commands, the plotter would
take a very long time to draw it.

The Bit-Block Transfer
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You can think of the entire video display as one big bitmap. The pixels you
see on the screen are represented by bits stored in memory on the video dis-
play adapter board. Any rectangular area of the video display is also a bit-
map. Each bitmap has a size — the number of rows and columns of pixels it
contains.

Let’s begin our journey into the world of bitmaps by copying a bitmap from
one area of the video display to another. This is a job for the powerful
GpiBitBlt function.

Bitblt (pronounced ‘‘bit blit’’) stands for ‘‘bit-block transfer.”” The term
was first used in graphics in connection with the SmallTalk system de-
signed at Xerox Palo Alto Research Center (PARC). In SmallTalk, all
graphics output operations are based around the bitblt. Among program-
mers, ‘‘blt”’ is often used as a verb, as in: ‘‘Blt the bitmap on the screen.”

The GpiBitBlt function is a pixel-mover, or (more vividly) a raster-blaster.
As you’ll see, the term ‘‘transfer’” doesn’t entirely do justice to the
GpiBitBIt function. The function actually performs a bitwise operation on
pixels and can result in some interesting effects.
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Simple Use of GpiBitBlt
The MINMAXI1 program shown in Figure 6-1 uses the GpiBitBlt function to

copy the program’s minimize-maximize menu (located in the upper-right
corner of the frame window) to its client window.

The MINMAX1 File

minmaxl.obj : minmaxl.c
cl -c -G2sw -W3 minmaxl.c

minmaxl.exe : minmaxl.obj minmaxl.def
1ink minmax1l, /align:16, NUL, os2, minmaxl

The MINMAXA1.C File

fidefine INCL_WIN
#include <os2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "MinMaxl" ;
static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU
FCF_MINMAX
FCF_TASKLIST :

HAB hab ;
HMQ hmg ;
HWND hwndframe, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

(continued)
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Figure 6-1. The MINMAX1.C File. continued

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFiags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR.APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &qmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gqmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static LONG cxMinMax, cyMinMax ;
static SHORT cxClient, cyClient ;

HPS hps
POINTL apt1[3] ;
LONG TRow, 1Col ;

switch (msg)
{
case WM_CREATE:
cxMinMax = WinQuerySysValue (HWND_DESKTOP, SY_CXMINMAXBUTTON) ;
cyMinMax = WinQuerySysValue (HWND_DESKTOP, SV_CYMINMAXBUTTON) ;
return 0 ;

case WM_SIZE:
cxClient = SHORTLIFROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

GpiErase (hps)

(continued)
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Figure 6-1. The MINMAXI1.C File. continued

for (1Row = 0 ; 1Row <= cyClient / cyMinMax : T1Row++)
for (1Col = 0 ; 1Col <= cxClient 7 cxMinMax ; 1Col++)

{

apt1[0].x = 1Col * cxMinMax ; // target
apt1{0].y = 1Row * cyMinMax ; /1 lower left
apt1[1].x = apt1[0].x + cxMinMax ; // target

apt1[1].y = apt1[0].y + cyMinMax ; // upper right

apt1{2].x
apt1{2l.y

cxClient - cxMinMax ; // source
cyClient ; /! lower left

GpiBitB1t (hps, hps., 3L, aptl, ROP_SRCCOPY, BBO_AND) ;
}
WinEndPaint (hps) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}

The MINMAXA1.DEF File

NAME MINMAX1  WINDOWAPI

DESCRIPTION 'Bitb1t of Min-Max Menu (C) Charles Petzold, 1988°

PROTMODE

HEAPSIZE 1024
STACKSIZE 8192

EXPORTS ClientWndProc

Figure 6-1. The MINMAXI program.

But why stop at one bitblt? In fact, MINMAX1 fills its client window with
multiple copies of the minimize-maximize window, as shown in Figure 6-2
on the following page. GpiBitBit transfers pixels from a rectangular area on
one presentation space (called the ‘‘source’’) to a rectangular area on an-
other presentation space (the ‘‘target,”” or ‘‘destination’’). In MINMAX1,
the two presentation spaces are the same: the cached micro-PS associated
with the program’s client window. The source rectangle is the minimize-
maximize menu; the destination is various rectangles on the client window.
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Figure 6-2. The MINMAXI display.

MINMAXI1’s minimize-maximize menu is outside the program’s client
window, so you may be surprised that GpiBitBlt can access that area of the
display. When you’re using a cached micro-PS, GPI only prohibits writing
outside the window. GPI does indeed allow GpiBitBIt to access an area out-
side the window’s limits. However, if MINMAX1 tries to repaint its client
window when part of the minimize-maximize menu is off the screen or par-
tially obscured, the image within the client window will reflect that by dis-
playing random data. GpiBitBlt is reading from the screen—if the image
isn’t on the screen, the function can’t read it.

MINMAXI1 calls the GpiBitBlt function during the WM_PAINT message
based on information obtained during WM_CREATE and WM_SIZE. Dur-
ing the WM_CREATE message, MINMAXI1 calls WinQuerySysValue to get
the size of the minimize-maximize menu. It saves the dimensions in
cxMinMax and cyMinMax. During the WM_SIZE message, MINMAX1 saves
the size of the client window in cxClient and cyClient, as usual. MINMAX1
uses these variables to determine the number of times it calls GpiBitBit dur-
ing the WM_PAINT message.

As used in MINMAXI, the GpiBitBIt function requires an array of three
POINTL structures. This array is defined in ClientWndProc like this:

POINTL apt1[3] ;
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During the WM_PAINT message, MINMAX1 sets the three POINTL struc-
tures with the coordinates (relative to the lower-left corner of the client win-
dow) of both the source and destination rectangles, as shown in the

following table:

POINTL

Structure Meaning

aptl[0] Target (or destination) of lower-left corner of bitmap
aptl[1] Target (or destination) of upper-right corner of bitmap
aptl[2] Lower-left corner of source bitmap

For each copy of the minimize-maximize menu that MINMAX1 draws,
aptl{2] is set to the lower-left corner of the source rectangle (that is, the
lower-left corner of the minimize-maximize menu) relative to the lower-left
corner of the client window:

apti1[2].x = cxClient - cxMinMax ;
apti[2].y = cyClient ;

For the first GpiBitBIt call during the WM_PAINT message, MINMAX1 sets
aptl{0] to the point (0,0), which is the lower-left corner of the client window.
The aptif1] structure indicates the width and height of the destination rect-
angle relative to aptl[0]. This is shown in Figure 6-3.

- e i
I

apti[2] = (cxClient — cxMinMax, cyClient)

<+— aptl[1] = (cxMinMax, cyMinMax)

v
T— aptl[0] = (0,0)

Figure 6-3. The aptl array coordinates for the first GpiBitBlt call in MINMAXI.
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For the subsequent GpiBitBlt calls in MINMAX1, aptl[0] and apti[I] are the
lower-left corner and upper-right corner of the target rectangle. This may be
a little confusing: aptl{1] is documented as the upper-right corner of the des-
tination rectangle, but in MINMAX]1 it really indicates the size of the source
bitmap. (We’ll see why it’s specified this way in this next section.)

MINMAX1 passes the aptl array to GpiBitBlt:
GpiBitB1t (hps, hps, 3L, aptl, ROP_SRCCOPY, BBO_AND) ;
The general syntax of GpiBirBlt is as follows:

GpiBitB1t (hpsDest, hpsSource, 1NumPoints, aptl, TRasterOp,
1CompressionType) ;

‘In the case of MINMAXI1, the source presentation space (hpsSource) and the

destination presentation space (hpsDest) are the same. The INumPoints
parameter indicates the number of POINTL structures passed as the fourth
parameter, in this case three. I'll discuss the last two parameters later in
this chapter.

Stretching the Bitmap

The third parameter to GpiBitBlt, INumPoints, indicates the number of
POINTL structures in the array passed as the fourth parameter.

u If you want the copy of the bitmap to be the same size and orientation as
the source bitmap (as is the case in MINMAX1), set the INumPoints
parameter to 3L.

m If you want to change the size of the bitmap as it is copied, you can use a
fourth POINTL structure in the array and specify I[NumPoint as 4L. This
is illustrated in the MINMAX2 program shown in Figure 6-4.

The MINMAXR2 File

minmax2.obj : minmax2.c
cl -c -G2sw -W3 minmax2.c¢

minmax2.exe : minmax2.obj minmax2.def
1ink minmax2, /align:16, NUL, o0s2, minmax2
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The MINMAX2.C File

fidefine INCL_WIN
{#include <os2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "MinMax2" ;
static ULONG flFrameFlags = FCF_TITLEBAR
) FCF_.SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST :

HAB hab ;
HMQ hmg ;
HWND hwndFrame, hwndClient ;
aMse qmsg ;

hab = Winlnitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndfFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1Frameflags, szClientClass, NULL,
OL, NULL, 0, &hwndClient) ;

WinSendMsg (hwndFrame, WM_SETICON,
WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),
NULL)

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{
static LONG cxMinMax, cyMinMax ;
static SHORT cxClient, cyClient ;

(continued)
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Figure 6-4. The MINMAX?2.C File. continued

HPS hps
POINTL apt1[4] ;

switch (msg)
{
case WM_CREATE:
cxMinMax = WinQuerySysValue (HWND_DESKTOP, SV_CXMINMAXBUTTON) ;
cyMinMax = WinQuerySysValue (HWND_DESKTOP, SV_CYMINMAXBUTTON) ;
return 0 ;

case WM_SIZE:

cxClient = SHORT1FROMMP (mp2)
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;
GpiErase (hps) ;

aptif0].x =0 ; // target lower Teft
apti{0].y = 0 ;

apt1[1].x = cxClient ; // target upper right
apti[1].y = cyClient ;

apt1{2].x = cxClient - cxMinMax ; // source lower left
apt1{2].y = cyClient ;

apt1[3].x = cxClient
apt1[3].y = cyClient + cyMinMax ;

// source upper right

.o

GpiBitB1t (hps, hps. 4L, aptl, ROP_SRCCOPY, BBO_AND) ;

WinEndPaint (hps)
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
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The MINMAX2.DEF File

NAME MINMAXZ2  WINDOWAPI

DESCRIPTION 'Bitb1t of Min-Max Menu (C) Charles Petzold, 1988'

PROTMODE

HEAPSIZE 1024
STACKSIZE 8192

EXPORTS ClientWndProc

Figure 6-4. The MINMAX?2 program.

MINMAX?2 calls GpiBitBlt only once during the WM_PAINT message, but it
does so in style: The minimize-maximize menu is stretched to fill the entire
client window, as shown in Figure 6-5.

"MINMAX2_EXE

Figure 6-5. The MINMAX? display.

When you use an array of four POINTL structures in the GpiBitBlt function,
they are interpreted as shown on the next page.
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POINTL

Structure Meaning

aptl{0] Target (or destination) of lower-left corner of bitmap
aptl[1] Target (or destination) of upper-right corner of bitmap
aptl[2] Lower-left corner of source bitmap

aptl[3] Upper-right corner of source bitmap

In MINMAX2, the destination points are the lower-left and upper-right cor-
ners of the client window. The two source points are the lower-left and the
upper-right corners of the minimize-maximize window. This is shown in
Figure 6-6.

aptl3] = (cxClient, cyClient + cyMinMax)

- : e @ ﬁ <« aptl[1] =

(cxMinMax,
cyMinMax)

apti[2] = (cxClient — cxMinMax, cyClient)

T— aptl[0] = (0,0)

Figure 6-6. The aptl array coordinates for the GpiBitBlt call in MINMAX2.

Now you can see that aptl{1] really indicates the upper-right corner of the
target rectangle rather than the size of the bitmap.

Flipping the Bitmap
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The apti[0] and aprif]1] elements of the POINTL array specify the points of
the destination rectangle that correspond to the lower-left corner and lower-
right corner of the source bitmap. The MINMAX?2 program in Figure 6-4
sets aptl[0] and aptl[1] as shown on the next page.
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apt1[0]l.x = 0 ;
apt1[0]l.y = 0 ;
apti1[1}.x = cxClient ;
apt1[1l.y = cyClient ;

But these two points do not have to be the lower-left corner and lower-right
corner of the destination rectangle. You can use any two opposite points for
a variety of effects. For example, if you’d like to turn the image upside

down, use
apt1[0].x = 0 ;
apt1[0].y = cyClient ;

apti[1].x = cxClient ;
aptifll.y = 0 ;

The lower-left corner of the source bitmap is copied to aptl[0], which is now
the upper-left corner of the client window. The upper-right corner of the
source bitmap is copied to aprlfl], the lower-right corner of the client
window.

To display the minimize-maximize menu flipped around the vertical
axis, use

apt1[0]}.x = xClient ;
aptif0l.y = 0 ;

apt1[1}.x = 0 ;
apt1[1].y = yClient ;

To display the minimize-maximize menu flipped on both axes, use

apt1[0].x = cxClient ;
apt1[0]).y = cyClient ;

apt1fil.x =0 ;
apti[1ll.y = 0 ;

When you flip a bitmap around the horizontal or vertical axis, you must
specify four points in the apt/ array, even if the bitmap is not being altered
in size. The rule is simple: Use three points in the ap#/ array when you do
not wish to change the size or orientation of the source bitmap. Use four
points otherwise.
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Different Presentation Spaces

The preceding examples use the same presentation space for both the source
and the target. You can modify the MINMAX2.C source code file to use dif-
ferent presentation spaces. The destination presentation space is still the
cached micro-PS for the client window, but the source presentation space
can be the cached micro-PS for the minimize-maximize menu.

To use this approach, you need another variable of type HPS to store the
source presentation space handle:

HPS hpsMinMax ;
During the WM_PAINT message, you can obtain ApsMinMax like this:

hpsMinMax = WinGetPS (
WinWindowFromID (
WinQueryWindow (hwnd, QW_PARENT, FALSE),
FID_MINMAX) ;

The WinQueryWindow function obtains the handle of the frame window
(which is the parent of the client window), WinWindowFromID returns the
handle to the minimize-maximize menu window, and WinGetPS obtains a
cached micro-PS for this window.

NOTE: At first, it seems rude to get a presentation space handle for a
window that does not belong to your program. But the window really is
part of your program. You created the minimize-maximize window by
calling WinCreateStdWindow. Although the window procedure for
this window is within the Presentation Manager, the window belongs
to your program. You can do what you want with it.

The aptl[0] and aptifl] structures are set to the same values shown in
MINMAX2.C. But the coordinates of the source bitmap are now relative to
the lower-left corner of the source presentation space:

apt1{2].x
apt1{2].y

[

0 ;
0 ;

I

apt1{3].x = cxMinMax ;
apti{3l.y = cyMinMax ;

The GpiBitBlt call specifies hpsMinMax as the source presentation space:

GpiBitB1t (hps, hpsMinMax, 4L, aptl, ROP_SRCCOPY, BBO_AND) ;
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Remember to release the presentation space handle of the minimize-
maximize menu when you’re finished with it:

WinReleasePS (hpsMinMax) ;

The Raster Operations

In MINMAX1 and MINMAX2, the source bitmap is simply copied from
one area of the screen to another. This is the result of specifying
ROP_SRCCOPY as the fifth parameter—the raster operation—to
GpiBitBlt. ROP_SRCCOPY is only 1 of 256 raster operations you can use
in GpiBitBlt. Let’s experiment with a few others in MINMAX?2 and then in-
vestigate the raster operations more methodically.

Try replacing ROP_SRCCOPY with ROP_NOTSRCCOPY. As the name sug-
gests, this raster operation inverts the colors of the bitmap as it is copied:
On the client window, the black area of the minimize-maximize menu
becomes white, and white becomes black. Try ROP_ZERO: The entire client
window is painted black. ROP_ONE causes the entire client window to be
painted white.

Now try replacing the GpiBitBIt call in MINMAX2 with the following two
statements:

GpiSetPattern (hps, PATSYM_HALFTONE) ;
GpiBitB1t (hps, hps, 4L, aptl, ROP_MERGECOPY, BBO_AND) ;

In this case, the black area of the minimize-maximize menu remains black
when copied to the client window, but the white area is displayed as the
PATSYM_HALFTONE pattern. Here’s another one:

GpiSetPattern (hps, PATSYM_HORIZ) ;
GpiBitBIt (hps, hps, 4L, aptl, ROP_PATCOPY, BBO_AND) :

This simply fills the entire client window with the PATSYM_HORIZ pattern.
Now try adding two more statements so that you call GpiSetPattern and
GpiBitBlt twice:

GpiSetPattern (hps, PATSYM_HORIZ) ;
GpiBitB1t (hps, hps, 4L, aptl, ROP_PATCOPY, BBO_AND) ;
GpiSetPattern (hps, PATSYM_VERT) ;
GpiBitBit (hps, hps, 4L, aptl, ROP_PATPAINT, BBO_AND) ;
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This one (shown in Figure 6-7) is strange: The black area of the minimize-
maximize menu is now copied as white, and the white area is a pattern of
black dots which (if you think about it) appears to be an ‘‘intersection’’ of
the horizontal and vertical line patterns.

" MINMAX2.EXE

e ]

Figure 6-7. The MINMAX? display with a different raster operation.

Just what on earth is going on here?

As I mentioned earlier, the GpiBitBIt function is not simply a bit-transfer
function. It actually performs a bitwise operation between the following
three bitmaps:

m Source: The source bitmap, expanded or compressed (if necessary) to be
the same size as the destination rectangle.

m Destination: The destination rectangle before the GpiBitBIt call.

m Pattern: The current pattern of the destination presentation space, re-
peated horizontally and vertically to be the same size as the destination
rectangle.

The result of this bitwise operation is copied to the destination rectangle.

The raster operations are conceptually similar to the mix modes we encoun-
tered in Chapter 5. The mix modes govern the way in which a graphics ob-
ject (such as a line) is combined with a destination. You’ll recall that there
were 16 foreground mix modes —all the unique results obtained when Os
and 1s in the object are combined with 0s and 1s in the destination.
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The raster operations used in GpiBitBlt involve a combination of three ob-
jects, and this results in 256 raster operations. There are 256 ways to com-
bine a source bitmap, a destination bitmap, and a pattern. Fifteen of these
raster operations are common enough to be given names (some of them
rather obscure) in PMGPLH. The raster operation identifiers all begin with
the prefix ROP. If you examine how they’re defined in PMGPLH, you’ll see
that each is defined as a number (which also seems rather obscure):

fdefine ROP_NOTSRCCOPY 0x0033L
#define ROP_SRCCOPY 0x00CCL
jidefine ROP_PATCOPY 0x00FOL

Those numbers have real meaning. They define how the source, destination,
and pattern bitmaps are combined.

Figure 6-8 shows the 15 raster operations that have names.

Pattern: 11110000

Source: 11001100 '

Destination: 1 0 1 0 1 0 1 0 Operation Value Identifier

. Result: 0.0 000 00O0 O 0x00 ROP_ZERO
00010001 ~SiD 0x11 ROP_NOTSRCERASE
00110011 -8 0x33 ROP_NOTSRCCOPY
01000100 S&-D 0x44 ROP_SRCERASE
01010101 ~D 0x55 ROP_DSTINVERT
01011010 PAD 0x5A ROP_PATINVERT
01100110 SAD 0x66 ROP_SRCINVERT
10001000 S&D 0x88 ROP_SRCAND
10111011 ~8i{D 0xBB ROP_MERGEPAINT
11000000 P&S 0xCO ROP_MERGECOPY
11001100 S 0xCC ROP_SRCCOPY
11101110 Si O0XxEE ROP_SRCPAINT
11110000 P 0xFO ROP_PATCOPY
11111011 Pi~SiD O0xFB ROP_PATPAINT
111111111 0xFF ROP_ONE

Figure 6-8. The 15 raster operations that have names defined in PMGPI.H.

This is an extremely important table, so let’s spend a little time exam-
ining it. ,

The numeric values of the ROP identifiers are listed in the second-to-last
column. These numbers are the hexadecimal representations of the

“‘result’” bits shown in the first eight columns. These bits are the result of a
bitwise operation between the pattern, source, and destination bits shown at
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the top. The Operation column uses C syntax to show how the pattern,
source, and destination are combined.

To begin understanding this table, it’s easiest to assume that you’re dealing
with a monochrome system in which 0 is black and 1 is white. The result of
the ROP_ZERO operation is all zeros regardless of the source, destination,
and pattern, so the destination will be colored black. Similarly, ROP_ONE
always causes the destination to be colored white.

Let’s take another look at these four lines of code shown earlier:

GpiSetPattern (hps, PATSYM_HORIZ) ;
GpiBitB1t (hps, hps, 4L, aptl, ROP_PATCOPY, BBO_AND) ;
GpiSetPattern (hps, PATSYM_VERT) ;
GpiBitBlt (hps, hps, 4L, aptl, ROP_PATPAINT, BBO_AND) ;

This code was responsible for the display in Figure 6-7. As you can see from
the table in Figure 6-8, ROP_PATCOPY causes the result bits to be the same
as the pattern bits. The source and destination bitmaps are essentially ig-
nored. In other words, ROP_PATCOPY simply copies the current pattern to
the destination rectangle.

The ROP_PATPAINT raster operation involves a more complex operation.
The result is equal to

When the source bitmap is black (a 0 bit), the result is always white (a 1 bit).
Figure 6-7 verifies this. When the source is white (1), the result is also white
if either the pattern or the destination is white. In other words, the result
will be black only if the source is white and both the pattern and the desti-
nation are black. Again, Figure 6-7 verifies this. Black dots appeared in the

‘white area of the source bitmap where the lines of the pattern that were

already on the destination intersected the lines of the current pattern.

When a raster operation does not require a source bitmap, you can set the
second parameter of GpiBitBlt (the handle to the source presentation space)
to NULL and the third parameter (the number of POINTL structures in the
array) to 2L. This will speed up the drawing. The preceding example can
also be written as

GpiSetPattern (hps, PATSYM_HORIZ)
GpiBitB1t (hps., NULL, 2L, aptl, ROP_PATCOPY, BBO_AND) :
GpiSetPattern (hps, PATSYM_VERT) ;
GpiBitB1t (hps, hps, 4L, aptl, ROP_PATPAINT, BBO_AND) ;
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You don’t need to use one of the predefined identifiers for the raster opera-
tion parameter to GpiBitBlt. You can use any number between 0 and 255.
The hard part is determining what number to use for a particular effect.
Here are some examples:

Suppose you want to copy the white area of a source bitmap as white, but
you want to display the PATSYM_HALFTONE pattern where the bitmap is
black. You set up a little table similar to the one shown at the top of Figure
6-8 and work out the bits:

Pattern: 1 1 1 1 0 0 0 0

Source: 1 1 0 0 1 1 0 0

Destination: 1 0 1 0 1 0 1 0 Value
Result: 1 1 1 1 1 1 0 O 0xFC

When the source is 1 (white), the result is also 1. When the source is 0
(black), the result is the pattern. Thus the raster operation is 0xFC. Here’s
the code: '

GpiSetPattern (hps, PATSYM_HALFTONE) ;
GpiB1tBIt (hps, hps, 4L, aptl, OxFC, BBO_AND) ;

Simple, right?

Let’s try another. Where the source is white, you want the result to be col-
ored with horizontal lines, and where the source is black, you want vertical
lines. First, color the destination area using PATSYM_HORIZ and then set
the pattern to PATSYM_VERT:

GpiSetPattern (hps, PATSYM_HORIZ) ;
GpiBitB1t (hps, NULL, 2L, aptl, ROP_PATCOPY, BBO_AND) ;
GpiSetPattern (hps, PATSYM_VERT) ;

Now all you need is a raster operation that does the following: When the
source is 1 (white), the result is the destination; when the source is 0 (black),
the result is the pattern. Here’s the table:

Pattern: 1 1 1 1 0 0 0 0
Source: 1 1 0 0 1 1 0 0
Destination: 1 0 1 0 1 0 1 0 Value
Result: 1 0 1 1 1 0 0 O 0xB8
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And here’s the GpiBirBlt function that uses this raster operation:

GpiBitB1t (hps, hps, 4L, aptl, O0xB8L, BBO_AND) ;

Raster Operations and Color

254

As I discussed in Chapter 5, a color display uses multiple bits for each pixel.
For example, the EGA and VGA in high-resolution modes use 4 bits per
pixel and can display 16 colors simultaneously. Although both the EGA and
VGA can map these 4 bits to any one of 64 possible colors on the EGA (or
262,144 possible colors on the VGA), the mapping is usually defined so that
the 4 bits represent an IRGB (Intensity-Red-Green-Blue) color scheme.

Like the mix mode in Chapter 5, the GpiBitBIt function performs the bitwise
operation between each of these color bits separately. For example, if the
destination is CLR_RED (intensity and red bits set to 1) and the source is
CLR_PALEBLUE (blue bit set to 1), then an ROP_SRCPAINT raster opera-
tion will color the destination as CLR_PINK (intensity, red, and blue
bits set to 1).

If you are using a color display, and you have used the Presentation Man-
ager Control Panel to set your window background and window text colors
to something other than white and black, the preceding descriptions of
some raster operations probably did not agree with your observations. In-
stead, you saw results that included the CLR_BACKGROUND and
CLR_NEUTRAL colors.

Here’s why: When the GpiBitBit function performs a bitwise operation on a
source, destination, and pattern, all three bitmaps must have the same color
format. GpiBitBlt performs the operation on the color bits separately.

Patterns are stored as monochrome bitmaps. They have 1 bit per pixel. Dur-
ing GpiBitBlt the pattern must be converted to a color bitmap. That is, on the
EGA and VGA, each bit of the pattern must be converted to 4 bits so that
they can be combined with the source and destination. GPI does this by con-
verting the 1 bits to the 4 IRGB bits that describe the current presentation
space foreground color (the CLR_NEUTRAL color by default) and the 0 bits
to the 4 IRGB bits for the current presentation space background color
(CLR_BACKGROUND by default).

I guarantee this will be confusing at first. By default, CLR_NEUTRAL is
black and CLR_BACKGROUND is white. This means that 1 bits in the pat-
tern become black and 0 bits become white, which is exactly the opposite of
the interpretation of bits in a monochrome system.
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For example, the PATSYM_VERT pattern is mostly 0 bits except for the ver-
tical lines, which are 1 bits. In a monochrome system, for example,
PATSYM_VERT would have white lines on a black background. But when
the pattern is converted to a color bitmap (as it must be for GPI to display it
on a color screen), the pattern appears as CLR_NEUTRAL lines on a
CLR_BACKGROUND background, or black on white by default.

Bitblt Compression

I haven’t yet discussed the last parameter to GpiBitBlt. This parameter
governs how a source bitmap is altered when it is compressed to a smaller
destination. Three options are available: BBO_OR, BBO_AND, and
BBO_IGNORE.

If you considered the problem of stretching or compressing a bitmap, you
probably assumed that GPI simply duplicates rows and columns of pixels to
stretch a bitmap. This is correct. You may also have assumed that GPI
simply eliminates rows and columns of pixels to compress a bitmap. But
that’s only one of the three options—the one you get when you use
BBO_IGNORE, which is often not satisfactory.

For example, suppose you have a source bitmap that has a white background
and a 1-pixel-wide outline of a square in black. When GPI compresses the
bitmap, the rows and columns of the bitmap containing the black lines
could be the rows and columns that GPI eliminates. The result will be
entirely white.

When you have a bitmap with a black image on a white background, use
BBO_AND. GPI will not eliminate whole rows and columns but instead will
combine adjacent rows and columns of the bitmap with a bitwise AND
operation. A result pixel will be white only if both adjacent pixels are also
white. With a white image on a black background, use BBO_OR. Adjacent
rows and columns are combined with a bitwise OR operation so that a result
will be black only if adjacent pixels are black.

BBO_IGNORE is for use with color bitmaps. For color bitmaps, BBO_OR
and BBO_AND can result in the creation of colors not in the original bit-
map, even when you’re using ROP_SRCCOPY.

Bitmap Handles and Bitmap Drawing

We’ve been blting bitmaps around the video display but we haven’t really
gotten our hands on a bitmap, and it’s not quite clear what we could do with
one anyway.
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Let’s temporarily abandon the GpiBitBlt function and approach bitmaps
from another direction. We’ll first try getting a handle to a bitmap and
drawing the bitmap on the video display. After we nail down a couple of ad-
ditional concepts, we can again bring GpiBitBlt into our collection of tools.

The System Bitmaps
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If you’ve been exploring the Presentation Manager programming utilities,
you may have discovered that ICONEDIT can create a file containing a
monochrome bitmap. In ICONEDIT you color in the black and white pixels
with a mouse and then save the bitmap as a file with the extension .BMP. In
Chapter 12, you’ll see how you can use that bitmap as a ‘‘resource’’ in a
program, load it into memory, and display it on the screen.

But you needn’t jump ahead that far yet. The Presentation Manager and the
File System program themselves use bitmaps occasionally. These are called
“‘system bitmaps.’’ These bitmaps are stored as resources in DISPLAY.DLL,
the device driver for the video display. As I mentioned earlier, bitmaps are
very device dependent and must often be different sizes for different video
display drivers. Accordingly, the bitmaps are stored in the video display
device driver.

In preparation for getting your hands on a bitmap, you must define a vari-
able to store a bitmap handle. A bitmap handle is of type HBITMAP:

HBITMAP hbm ;

An HBITMAP variable begins with hbm by convention. Now you can call
WinGetSysBitmap:

hbm = WinGetSysBitmap (HWND_DESKTOP, idSysBitmap) ;

This function returns a handle to a copy of a system bitmap. The idSys-
Bitmap parameter is one of the identifiers defined in PMWIN.H that begins
with SBMP,

When you’ve finished using the bitmap, you should delete it:
GpiDeleteBitmap (hbm) ;

It’s okay to delete a bitmap you obtain from WinGerSysBitmap. You're not
deleting the system bitmap itself, only the copy that was made for you.

SECTION TWO: PAINTING THE CLIENT WINDOW



Drawing a Bitmap
If you look over the identifiers beginning with SBMP, you’ll find
SBMP_MINBUTTON and SBMP_MAXBUTTON. Of course! The Presenta-
tion Manager has to draw the minimize-maximize menu somehow. What it
uses are these system bitmaps.

This can only mean that you’re not yet done with the MINMAX series of
programs. It’s time for MINMAX3, which is shown in Figure 6-9.

The MINMAXS File

minmax3.o0bj : minmax3.c
cl -c -G2sw -W3 minmax3.c

minmax3.exe : minmax3.obj minmax3.def
link minmax3, /align:16, NUL, o0s2, minmax3

The MINMAX3.C File
MINMAX3,.C -- Minimize-Maximize Bitmap

fidefine INCL_WIN
#include <o0s2.h>

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "MinMax3" ;
static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_.SHELLPOSITION

FCF_SYSMENU
FCF_MINMAX
FCF_TASKLIST ;

HAB hab ;

HMQ hmq ;

HWND hwndFrame, hwndClient ;
QMSG qmsg ;

hab = Winlnitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

(continued)
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Figure 6-9. The MINMAXS3.C File. continued

WinRegisterClass (hab, szClientClass, ClientWndProc, CS.SIZEREDRAW, 0) :

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&fl1Frameflags, szClientClass, NULL,
0L, NULL, 0, &hwndClient) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gqmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static SHORT cxClient, cyClient ;
HBITMAP hbmMin, hbmMax ;

HPS hps

POINTL aptl [2] ;

switch (msg)
{
case WM_SIZE:
cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) :
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

hbmMin = WinGetSysBitmap (HWND_DESKTOP, SBMP_MINBUTTON) ;
hbmMax = WinGetSysBitmap (HWND_DESKTQP, SBMP_MAXBUTTON) ;

apt1(0].x = 0 ; // Target lower left
apt1[0].y = 0 ;
apti[1]).x = cxClient / 2 ; // Target upper right

apt1[1].y = cyClient ;

WinDrawBitmap (hps, hbmMin, NULL, aptl,
CLR_NEUTRAL, CLR_BACKGROUND, DBM_STRETCH) ;

apt1[0].x = cxClient / 2 ; // Target left
apti[1].x = cxClient ; // Target right

(continued)
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Figure 6-9. The MINMAXA3.C File. continued

WinDrawBitmap (hps, hbmMax, NULL, aptl,
CLR_NEUTRAL, CLR_BACKGRQUND, DBM_STRETCH) ;

GpiDeleteBitmap (hbmMin) ;
GpiDeleteBitmap (hbmMax) ;

WinEndPaint (hps) :

return 0 ;

}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The MINMAX3.DEF File

NAME MINMAX3  WINDOWAPI

DESCRIPTION ‘Min-Max Bitmap (C) Charles Petzold, 1988°

PROTMODE

HEAPSIZE 1024
STACKSIZE 8192

EXPORTS ClientWndProc

Figure 6-9. The MINMAX3 program.

MINMAX3.EXE

Figure 6-10. The MINMAX3 display.
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While processing the WM_PAINT message, MINMAX3 obtains handles to
the minimize and maximize bitmaps by calling WinGetSysBitmap twice. It
stores the handles in AbmMin and hbmMax. The program then draws the
two bitmaps on its client window by calling WinDrawBitmap and deletes the
bitmaps using GpiDeleteBitmap. The MINMAX3 display is shown in
Figure 6-10.

The WinDrawBitmap Function
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As you can tell by the Win prefix, WinDrawBitmap is a high-level drawing
function. It is certainly convenient and will be welcomed by Microsoft
Windows programmers. (Windows had no comparable function.) But you’ll
soon see that GPI offers a better approach to drawing bitmaps.

The general syntax of WinDrawBitmap is

WinDrawBitmap (hps, hbm, &rclSource, &ptlDest, clrForeground,
clrBackground, fsOptions) ;

The third parameter, &rclSource, is a pointer to a RECTL structure defining
a rectangular area of the bitmap you want to draw. If you set this parameter
to NULL (as MINMAX3 does), WinDrawBitmap draws the entire bitmap.

The fourth parameter specifies the destination coordinates. If you do not in-
clude DBM_STRETCH in the options, this parameter points to a POINTL
structure specifying the lower-left corner of the destination. If you use
DBM_STRETCH, the parameter is an array of two POINTL structures
specifying the lower-left corner and upper-right corner. Alternatively, you
can use a pointer to a RECTL structure for this parameter and cast it to a
PPOINTL (a pointer to a POINTL structure).

You specify two colors for the bitmap, clrForeground and clrBackground.
The clrForeground is used for the 1 bits of the bitmap and clrBackground
is used for the 0 bits. (MINMAX3 uses both CLR_NEUTRAL and
CLR_BACKGROUND.) If you have not changed the window background
and window text colors in the Presentation Manager Control Panel, the
minimize and maximize bitmaps are drawn as black arrows on a white
background. Alternatively, you can use the DBM_IMAGEATTRS option in
the final parameter to use the colors currently selected for drawing images.
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The fsOptions parameter can be a combination (using the C bitwise OR
operator) of the following identifiers:

Identifier Meaning

DBM_NORMAL Draw the bitmap normally
DBM_INVERT Invert the colors of the bitmap
DBM_HALFTONE Draw only every other bit of the bitmap
DBM_STRETCH Stretch the bitmap to fit the target area
DBM_IMAGEATTRS Use the image attributes for color

The DBM_NORMAL identifier is defined as 0, so that is the default when-
ever you use a 0 as the last parameter. Both the DBM_INVERT and
DBM_HALFTONE flags allow you to use a small subset of the 256 raster
operations to draw the bitmap. WinDrawBitmap uses the bitmap as the
source and temporarily sets the current pattern to PATSYM_HALFTONE
(which consists of alternating 0 and 1 bits). The last parameter to
WinDrawBitmap is equivalent to the following raster operations:

WinDrawBitmap Parameter Raster Operation
DBM_NORMAL ROP_SRCCOPY
DBM_INVERT ROP_NOTSRCCOPY
DBM_HALFTONE OXxFC (P | S)

DBM_INVERT | DBM_HALFTONE  0x30 (P & ~S)

Remember that GPI converts both the source and pattern to a color bitmap
before performing the logical operation on each set of color bits. Thus,
when you use ROP_NOTSRCCOPY, the 1 bits in the bitmap are colored with
the inverse of the ROP_NEUTRAL color and the 0 bits are colored with the
inverse of ROP_BACKGROUND.

Getting Bitmap Information

We managed to obtain handles to system bitmaps and draw them on the
MINMAX3 client window without knowing the size of the bitmaps. If you
need this information, you can obtain it. First you define a variable of type
BITMAPINFOHEADER:

BITMAPINFOHEADER bmp ;
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The recommended prefix for structures of this type is bmp, which actually
stands for ‘‘bitmap parameters.”” The BITMAPINFOHEADER structure is
defined in PMGPLH:

typedef struct _BITMAPINFOHEADER

{

ULONG cbFix ;
USHORT ¢cx ;

USHORT cy

USHORT cPlanes ;
USHORT c¢BitCount ;
}

BITMAPINFOHEADFR ;

You first set the cbFix field as the size of the structure, which is 12 bytes.
Then you pass a pointer to this structure to GpiQueryBitmapParameters:

GpiQueryBitmapParameters (hbm, &bmp) ;

On return from the function, the cx and cy fields will contain the width and
height of the bitmap in pixels. For a monochrome bitmap (such as all the
system bitmaps), the cPlanes and cBitCount fields are 1. For color bitmaps,
these two fields describe how the bitmap is organized to represent color.

You also use the BITMAPINFOHEADER structure when creating a bitmap.
Let’s get to it.

Working with Bitmaps

I mentioned earlier that you can create a bitmap using the ICONEDIT pro-
gram and store that bitmap as a resource in your program. This is certainly
an easy approach to creating a bitmap and using it. But we’ll wait for Chap-
ter 12 to see how that is done. Meanwhile, it is instructive to create bitmaps
and work with them directly in a program.

The Bitmap Bits
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What do you need to create a bitmap that represents an image? One major
requirement is obviously the bits themselves. In a program, these bits are
usually stored as an array of BYTE (unsigned character) values. For a
monochrome bitmap, this array is organized as follows:

m The array begins with the bottom row of bits.

m The first byte in each row is the leftmost eight pixels.
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= The most significant bit in each byte is the leftmost pixel.

m The number of bits in each row must be a multiple of the size of a
ULONG (32 bits). If the bitmap width is not a multiple of 32, the row
must be padded at the right.

= A 1 bit represents the foreground color (by default, black), and a 0 bit
represents the background color (by default, white).

For example, suppose you want to create a small bitmap that contains the
word ‘‘HELLO.”” You want the letters to be colored with the foreground
color (black, by default). The background will be white (by default). You
can picture such a bitmap like this:

This is a ‘“21-by-7"" bitmap, with 7 rows of 21 bits each. You can represent
the bitmap as a string of bits where the background bits are 0 and the fore-

ground bits are 1:

O = e e e = O

(=T S e [ e i e I e B e}
[ = R = I = i e R o]
[ B = i o BN = B = BN - )

[ I e e |
O = OO0 0O oo
[ 2 e R i = A = B - ]
o O O O O o o

O = e = s = O

O - O 0O 0O - O

O = e = O
o 0O OO0 O oo

Group each set of 8 bits into a byte. The leftmost bits are most significant.
Each row must be padded at the right for a multiple of 4 bytes per row. It
doesn’t matter whether you pad the rows with Os or 1s:

0x00
0x44
0x44
0x44
0x44
0x77
0x00

0x00
0x70
0x50
0x50
0x50
0x70
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
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Now reverse the order of the rows so that the array begins with the bottom
row. You can define the resultant array in a program like this:

static BYTE abHello [] = { 0x00, 0x00, 0x00, 0x00,
0x57, 0x77, 0x70, 0x00,
0x54, 0x44, 0x50, 0x00,
0x76, 0x44, 0x50, 0x00,
0x54, 0x44, 0x50, 0x00,
0x57, 0x44, 0x70, 0x00,
0x00, 0x00, 0x00, 0x00 } ;

Bitmap Creation and Initialization

To create a bitmap based on an array of bits, you use the GpiCreateBitmap
function. This function returns a handle to the bitmap that you store in a
variable of type HBITMAP.

Before calling GpiCreateBitmap, you need two structures that are very simi-
lar: BITMAPINFO and BITMAPINFOHEADER. You’ve already seen the
BITMAPINFOHEADER structure:

typedef struct _BITMAPINFOHEADER
(
ULONG cbFix ;
USHORT c¢x ;
USHORT cy ;
USHORT cPlanes ;
USHORT cBitCount ;
}
BITMAPINFOHEADER ;

The prefix for a BITMAPINFOHEADER structure is bmp.

The first five BITMAPINFO fields are the same as BITMAPINFOHEADER,
but a sixth field, an array of one RGB structure, is added:

typedef struct _BITMAPINFO
{
ULONG cbFix ;
USHORT ¢x
USHORT ¢y ;
USHORT cPlanes ;
USHORT cBitCount ;
RGB argbColor[1] ;
}
BITMAPINFO ;
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By convention, a BITMAPINFO structure variable begins with bmi. The
RGB structure defines a color as a combination of red, green, and blue
bytes:

typedef struct _RGB

{

BYTE bBlue ;
BYTE bGreen ;
BYTE bRed ;

}
RGB ;

Each byte can range from 0 through 0xFF (255). When all 3 bytes are set to
0, the color is black. When all 3 bytes are set to 255, the color is white. You
need one RGB structure for each color in the bitmap. For example, if the bit-
map has 4 color bits per pixel, you need an array of 16 RGB structures, one
for each of the 16 possible colors. These structures indicate to GPI what real
color corresponds to each combination of 4 bits. For a monochrome bitmap
(which we’ll be creating), you need an array of two RGB structures.

In both structures, the cbFix field is set to the fixed size of the structure,
which in both cases is 12 bytes. The cx and cy fields specify the size of the
bitmap in bits. The cPlanes and cBitCount fields indicate how bits in the bit-
map are organized to represent color. For a monochrome bitmap, these two
fields are set to 1.

So, to create a bitmap to contain the abHello array of bits, first define a
BITMAPINFOHEADER structure variable and set the fields like this:

BITMAPINFOHEADER bmp ;

bmp.
bmp.
bmp.
bmp.
bmp.

cbFix = sjzeof bmp ;
cx =21 ;

cy =7 ;

cPlanes =1 ;
cBitCount = 1 ;

The BITMAPINFO structure is set up similarly, but it needs two RGB values
that define how the 0 and 1 bits are interpreted. For a monochrome bitmap,
the three fields of the first RGB structure should be set to 0, and the three
fields of the second structure should be set to 255.

And now we have a little problem. We need to define values of
argbColor[0] and argbColor[l], but the definition of the BITMAPINFO
structure is large enough to accommodate only one RGB structure. We need
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a BITMAPINFO structure large enough for two RGB structures. Here’s one
way to do it. Don’t define a structure of type BITMAPINFO like this:

BITMAPINFO bmi ;

Instead, define a pointer to a BITMAPINFO structure:

BITMAPINFO *pbmi ;

Then use malloc to ailocate enough local memory for the structure:
pbmi = ma]ioc (sizeof (BITMAPINFO) + sizeof (RGB)) ;

The cbFix field is set equal to the size of the BITMAPINFO structure exclud-
ing the argbColor field, so you can set the fields of the structure like this:

pbmi->cbFix = sizeof bmp ;
pbmi->cx = 21 ;

pbmi->cy

[

7

pbmi->cPlanes = 1 ;
pbmi->cBitCount = 1 ;

pbmi->argbColor[0].bBlue =0 ;
pbmi->argbColor[0].bGreen = 0 ;
pbmi->argbColor[0].bRed =0 ;
pbmi->argbColor{1].bBlue = 255 ;
pbmi->argbColor{1].bGreen = 255 ;
pbmi->argbColor[1].bRed = 255 ;
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Now we’re ready to call GpiCreateBitmap using the abHello array and these
two structures:

hbm = GpiCreateBitmap (hps, &bmp, CBM_INIT, abHello, pbmi) ;

The first parameter to GpiCreateBitmap is a handle to a presentation space.
For bitmaps to be displayed on the screen, you can use the handle returned
from WinGetPS. 1f possible, GPI will use part of the video memory to store
the bitmap. Even if the bitmap is stored in system memory, it is always
associated with a particular device. The CBM_INIT identifier indicates that
we want the bitmap to be initialized with the abHello data after the bitmap
is created.

After you call GpiCreateBitmap, you want to free the memory used for the
BITMAPINFO structure:

free (pbmi) ;
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When your program is finished using a bitmap, the bitmap should be
deleted:

GpiDeleteBitmap (hbm) ;

You can also create a bitmap without initializing it. In this case, the bitmap
initially contains random data. If we simply wanted to create an un-
initialized 21-by-7 bitmap, the GpiCreateBitmap function would be

hbm = GpiCreateBitmap (hps, &bmp, OL, NULL, NULL) ;

Notice that only the BITMAPINFOHEADER structure is required for this
variation of the GpiCreateBitmap call. You don’t need to tell GPI how to in-
terpret color information when creating the uninitialized bitmap.

The Bit Cat

Now that we have some of the concepts down, let’s look at a program that
creates and displays a bitmap. Rather than the simple ‘‘HELLO’’ bitmap de-
scribed previously, this program uses a more interesting bitmap. Remember
the cat we displayed in Chapter 5 using Gpilmage? We’ll now display that
cat as a bitmap. BITCAT1 is shown in Figure 6-11.

The BITCAT1 File

bitcatl.obj : bitcatl.c bitcat.h
¢l -c -G2sw -W3 bitcatl.c

bitcatl.exe : bitcatl.obj bitcatl.def
link bitcatl, /align:16, NUL, os2, bitcatl

The BITCAT1.C File

f#define INCL_WIN
jdefine INCL_GPI
#include <os2.h>
#include <stdlib.h>
ffinclude "bitcat.h”

(continued)
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Figure 6-11. The BITCAT1.C File. continued

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{
static CHAR szClientClass [] = "BitCatl" ;
static ULONG flFrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmg ;
HWND hwndframe, hwndClient ;
aMsG qmsg ;

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) :

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
OL, NULL, 0, &hwndClient) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gqmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{
static HBITMAP  hbm ;

BITMAPINFO *pbmi ;
BITMAPINFOHEADER bmp
HPS hps
RECTL rel

switch (msg)
{
case WM_CREATE:

(continued)
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Figure 6-11. The BITCAT1.C File. continued

case

case

}

bmp. cbFix = sizeof bmp ;
bmp.cx =32 ;
bmp.cy =32

bmp.cPlanes =1 ;
bmp.cBitCount = 1 ;

pbmi = malloc (sizeof (BITMAPINFO) + sizeof (RGB)) ;

pbmi->cbFix = sizeof bmp ;
pbmi ->cx - 32 ;
pbmi->cy = 32 ;
pbmi->cPlanes 1;
pbmi->cBitCount = 1;

pbmi->argbColor[0].bBlue
pbmi->argbColor[0].bGreen 0 ;
pbmi->argbColor[0].bRed 0
pbmi->argbColor{1].bBlue = OxFF ;
pbmi->argbColor{1].bGreen = OxFF ;
pbmi->argbColor[1].bRed OxFF

0 :

hps = WinGetPS (hwnd) ;
hbm = GpiCreateBitmap (hps, &bmp, CBM_INIT, abBitCat, pbmi) ;

WinReleasePS (hps) ;
free (pbmi) ;
return 0 ;

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

WinQueryWindowRect (hwnd, &rcl) ;

WinDrawBitmap (hps, hbm, NULL, (PPOINTL) &rcl,
CLR_NEUTRAL, CLR_BACKGRQOUND, DBM_STRETCH) ;

WinDrawBitmap (hps, hbm, NULL, (PPOINTL) &rcl,
CLR_NEUTRAL, CLR_BACKGROUND, DBM_NORMAL) ;

WinkndPaint C(hps) ;
return 0 ;

WM_DESTROY:
GpiDeleteBitmap (hbm) ;
return 0 ;

return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}
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The BITCAT.H File

static BYTE abBitCat[] = {0x00, OxFF, OxFF, 0x00, 0x00, 0xAZ2, 0x45, 0x00,
0x00, OxA2, 0x45, O0x00, 0x00, OxA2, 0x45, OxEO,
0x00, 0xA2, 0x45, 0x10, 0x00, OxAZ2, 0x45, 0x08,
0x00, 0x9C, 0x39, 0x08, 0x00, O0xCO, 0x03, 0x04,

0x00, 0x40, 0x02, 0x04, 0x00, 0x40, 0x02, 0x04,
0x00, 0x40, 0x02, 0x04, 0x90, 0x20, Ox04, 0x04,
0x00, 0x20, 0x04, 0x04, 0x00, 0x20, Ox04, 0x04,
0x00, 0x10, 0x08, 0x04, 0x00, O0x10, 0x08, 0x08,

0x00, 0x10, 0x08, 0x10, 0x00, 0x08, 0x10, 0x20,
0x00, 0x08, 0x10, 0xCO, 0x00, 0x08, 0x10, 0x00,
0x00, 0x07, OxEQ, 0x00, 0x00, 0x08, 0x10, 0x00,
0x00, OxFC, Ox3F, 0x00, 0x00, 0x09, ©x90, 0x00,

0x00, OxFC, Ox3F, 0x00, 0x00, 0x08, 0x10, 0x00,
0x00, Ox1A, 0x58, 0x00, Ox00, 0x28, 0x14, 0x00,

0x00, 0x48, 0xl2, 0x00, 0x00, Ox8F, O0xF1l, 0x00,
0x01, 0x04, 0x20, 0x80, 0x01, OxF8, Ox1F, 0x80 } ;

The BITCAT1.DEF File

NAME BITCAT1  WINDOWAPI

DESCRIPTION ‘Bitmap Creation and Display (C) Charles Petzold, 1988°
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 6-11. The BITCATI program.

The abBitCat array in BITCAT.H contains the bytes that define the picture of
the cat. Note that the rows are in reverse order from the rows used in
Gpilmage. (Gpilmage requires the top row first.) The BITCAT1 program
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creates the 32-by-32 bitmap during the WM_CREATE message and deletes it
during the WM_DESTROY message.

During the WM_PAINT message, BITCAT1 draws the bitmap twice using
the WinDrawBitmap function. The first call draws the bitmap to fill the
entire client window. The second call draws the bitmap in the lower-left
corner of the client window in its actual pixel size. This is shown in
Figure 6-12.

BITCAT1.EXE

Figure 6-12. The BITCATI display.

Bitmaps and Bitblts

I mentioned earlier that the WinDrawBitmap function is convenient but that
GPI has a better way to draw a bitmap using our old friend, the GpiBitBIt
function. This will be demonstrated shortly in the BITCAT?2 program.

You may resist this new method at first because BITCAT2.C is longer than
BITCAT1.C and somewhat more complex. However, this method unleashes
all the power available in the GpiBitBIt function when drawing a bitmap.
This is where bitmaps and bitblts come together as two related tools.

You’ll recall that GpiBitBIt transfers a bitmap from one presentation space
to another, possibly combining it with the current pattern set in the destina-
tion presentation space. There doesn’t seem to be any place in the function
for a handle to a bitmap. To use the GpiBitBlt function to draw a bitmap, we
must first make the bitmap part of a presentation space. This requires a
concept that is very important for working with bitmaps: the memory
device context.
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The Memory Device Context

In Chapter 5 we worked briefly with the device context for the video dis-
play. ‘‘Device context” is a term used to describe the combination of an
output device and its device driver. A presentation space is associated with a
device context. When you call GPI drawing functions for a particular pre-
sentation space, GPI draws the objects on the device context associated with
the presentation space.

We’re going to create a device context that exists only in memory. This de-
vice context is not a real output device. It is called the memory device con-
text. To create this device context, you call DevOpenDC with a second
parameter set to the identifier OD_MEMORY and the other parameters as
shown here:

hdcMemory = DevOpenDC (hab, OD_MEMORY, "*", OL, NULL, NULL) ;

You then create a presentation space associated with this memory device
context by calling GpiCreatePS:

hpsMemory = GpiCreatePS (hab, hdcMemory, &sizl,
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PU_PELS ! GPIF_DEFAULT |
GPIT_MICRO | GPIA_ASSOC) ;

This presentation space is associated with the memory device context. The
third parameter is a pointer to a structure of type SIZEL with two fields
named cx and cy. Before calling GpiCreatePS, you set these two fields to 0.

Here comes the crucial step: You call GpiSetBitmap to set a bitmap in this
presentation space:

GpiSetBitmap (hpsMemory, hbm) ;

This function seems a little strange at first. Near the beginning of this chap-
ter I said that you could imagine the entire video display as one big bitmap.
The video adapter board contains a large block of memory that contains (in
one form or another) the digital representation of the image on the screen.

When you call GpiSetBitmap, the bitmap becomes the display surface of the
memory device context associated with the presentation space. You can then
use this presentation space as a source (or destination) with functions such
as GpiBitBlt. Moreover, anything you draw on this presentation space is ac-
tually drawn on the bitmap.
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When you are finished using the presentation space, the memory device
context, and the bitmap, you destroy them in this order:

GpiDestroyPS (hpsMemory) ;
DevCloseDC (hdcMemory) ;
GpiDeleteBitmap (hbm) ;

Now let’s look at BITCAT2, which uses this approach. The program is
shown in Figure 6-13.

The BITCAT2 File

bitcat2.obj : bitcat2.c bitcat.h
¢l -c -G2sw -W3 bitcat2.c

bitcat2.exe : bitcat2.obj bitcat2.def
link bitcat2, /align:16, NUL, os2, bitcat2

The BITCAT2.C File

fidefine INCL_WIN
Jdefine INCL_GPI
#include <0s2.h>
#include <stdlib.h>
#include "bitcat.h"

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;
HAB hab ;

int main (void)
{
static CHAR szClienlClass [] = "BitCat2" ;
static ULONG fl1FramefFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HMQ hmq ;
HWND hwndFrame, hwndClient ;

(continued)
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Figure 6-13. The BITCAT2.C File. continued

QMs6 qmsg

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&f1FrameFlags, szClientClass, NULL,
OL, NULL, O, &hwndClient) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &qmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;
}
MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static HBITMAP hbm ;
static HDC hdcMemory ;
static HPS hpsMemory
static SHORT cxClient, cyClient
BITMAPINFO *pbmi ;
BITMAPINFOHEADER bmp ;
HPS hps :
POINTL aptl [4]
SIZEL sizl ;

switch (msg)
{
case WM_CREATE:

hdcMemory = DevOpenDC (hab, OD_MEMORY, "*", OL, NULL, NULL) ;

sizl.cx = 0 ;
sizl.cy = 0 ;

(continued)
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Figure 6-13. The BITCAT2.C File. continued

hpsMemory = GpiCreatePS (hab, hdcMemory, &sizl,
PU_PELS ' GPIF_DEFAULT |
GPIT_MICRO | GPIA_ASSOC) ;

/* ........................
Create 32 by 32 bitmap
........................ */
bmp.cbFix = sizeof bmp ;
bmp.cx = 32
bmp.cy - 32 3

bmp.cPlanes =1 ;
bmp.cBitCount = 1 ;

hbm = GpiCreateBitmap (hpsMemory, &bmp, OL, NULL, NULL) ;

pbmi = malloc (sizeof (BITMAPINFO) + sizeof (RGB)) :

pbmi->chFix = sizeof bmp ;
pbmi->¢x = 32 ;
pbmi->cy = 32 ;

pbmi->cPlanes =1 ;
pbmi->cBitCount = 1 ;

pbmi->argbColor[0].bBlue =0 ;
pbmi->argbColor[0].bGreen = 0 ;
pbmi->argbCoior[0].bRed = 0 ;
pbmi->argbColor[1].bBlue = OxFF ;
pbmi->argbColor[1].bGreen = OxFF ;
pbmi->argbColor[1].bRed = OxFF ;

GpiSetBitmapBits (hpsMemory, OL, 32L, abBitCat, pbmi) ;

free (pbmi) ;
return 0 ;

(continued)
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Figure 6-13. The BITCAT2.C File. continued

case WM_SIZE:
cxClient = SHORT1FROMMP (mp2) ;
cyClient = SHORT2FROMMP (mp2) ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

aptif0]l.x =0 ; // target lower teft
apt1[0].y = 0 ;

apti[1]l.x = cxClient ; // target upper right
aptif{1].y = cyClient ;

aptif2].x = 0 ; // source lower left

aptif2]l.y = 0 ;

apt1[3]. 32 // source upper right
apti[3].y = 32 ;

x
]

GpiBitBlt (hps, hpsMemory, 4L, aptl, ROP_SRCCOPY, BBO_AND) ;
apti[1] = apt1(3] ; // target upper right
GpiBitB1t (hps, hpsMemory, 3L, aptl, ROP_SRCCOPY, BBO_AND) ;

WinEndPaint Chps) ;
return 0 ;

case WM_DESTROY:
GpiDestroyPS (hpsMemory) ;
DevCloseDC (hdcMemory) ;
GpiDeleteBitmap (hbm) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
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The BITCAT2.DEF File

NAME BITCATZ  WINDOWAPI

DESCRIPTION ‘Bitmap Creation and Display (C) Charles Petzold, 1988°
PROTMODE

HEAPSIZE 1024
STACKSIZE 8192
EXPORTS ClientWndProc

Figure 6-13. The BITCAT2 program.

The BITCAT2 program also requires the BITCAT.H header file from Figure
6-11. As you can see from Figure 6-14, the program shows the same output

as BITCAT1:

" BITCATZ.EXE

Figure 6-14. The BITCAT? display.

During the WM_CREATE message, BITCAT2 opens a memory dévice con-
text and creates a presentation space associated with that device context.
BITCAT?2 creates an initialized 32-by-32 bitmap exactly like BITCAT1. But
then it calls GpiSetBitmap to set the bitmap in the presentation space.
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During the WM_PAINT message, BITCAT2 uses the GpiBirBit function to
draw the bitmap on the display. The source presentation space is simply the
presentation space associated with the memory device context. Although
BITCAT2 uses ROP_SRCCOPY, it could also select a nondefault pattern in
the destination presentation space and use GpiBitBlt with all 256 raster
operations.

For drawing bitmaps, GPI also provides a function similar to GpiBitBit—
called GpiWCBirtBlt. (The WC stands for ‘‘world coordinates.”’) The second
parameter is a handle to a bitmap rather than a handle to a source presenta-
tion space. ’

Drawing on the Memory Device Context

I said earlier that the bitmap is the display surface of the memory device
context. Thus, when you use normal GPI functions to draw on the presenta-
tion space associated with this memory device context, you're actually
drawing on the bitmap. This is one reason why you can create a bitmap
without initializing it. You can create an image on the bitmap by simply
drawing on the presentation space.

This is shown in the HELLOBIT program in Figure 6-15.
The HELLOBIT File
## HELLOBIT make file
ommnneeee ERERREEE

hellobit.obj : hellobit.c
cl -c -G2sw -W3 hellobit.c

hellobit.exe : hellobit.obj hellobit.def A
link hellobit, /align:16, NUL, os2, hellobit

The HELLOBIT.C File
HELLOBIT.C -- "Hello, world” Bitmap

fdefire INCL_WIN
{fdefine INCL_GPI
f#include <os2.h>

(continued)
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Figure 6-15. The HELLOBIT.C File. continued

MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;
HAB hab ;

int main (void)
{
static CHAR szClientClass [] = "HelloBit" ;
static ULONG f1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU
FCF_MINMAX

HMQ hmq ;
HWND hwndFrame, hwndClient ;
QMSG qmsg ;

hab = WinInitialize (0) :
hmq = WinCreateMsgQueue (hab, 0) ;

FCF_TASKLIST :

.

WinRegisterClass (hab, szClientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,

&fiFrameFlags, szClientClass, NULL,

0L, NULL, 0, &hwndClient) ;

WinSendMsg ¢hwndFrame, WM_SETICON,

WinQuerySysPointer (HWND_DESKTOP, SPTR_APPICON, FALSE),

NULL)

while (WinGetMsg (hab, &gmsg, NULL., 0, 0))
WinDispatchMsg (hab, &qmsg)

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmg) ;
WinTerminate (hab) ;

return 0 ;
}
MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)
{
static CHAR szHello [] = " Hello, world " ;
static HBITMAP  hbm ;
static HDC hdcMemory ;
static HPS hpsMemory ;
static SHORT cxClient, cyClient, c¢xString, cyString ;
BITMAPINFOHEADER bmp ;
HPS hps ;
POINTL aptl [4]. ptl ;

(continued)

CHAPTER SIX: BITMAPS AND BITBLTS 279



Figure 6-15. The HELLOBIT.C File. continued

SHORT
SIZEL

switch (msg)
{

X, ¥
sizl

case WM_CREATE:

hdcMemory = DevOpenDC (hab, OD_MEMORY, "*"_ QL, NULL, NULL) :

sizl.cx = 0 ;

sizl.cy =0 ;
hpsMemory = GpiCreatePS (hab, hdcMemory, &sizl,
PU_PELS | GPIF_DEFAULT i
GPIT_MICRO | GPIA_ASSOC) ;
/* _____________________________________

GpiQueryTextBox (hpsMemory, sizeof szHello - 1L,
szHello, 4L, aptl) ;

cxString = (SHORT) (aptl [TXTBOX_TOPRIGHT].x -
apt1l [TXTBOX_TOPLEFT].x) :

cyString = (SHORT) (aptl [TXTBOX_TOPLEFT].y -
aptl [TXTBOX_BOTTOMLEFT].y) ;

/* ..........................................
Create bitmap and set it in the memcry PS
........................................... */
bmp.cbFix = sjzeof bmp ;
bmp.cx = cxString ;
bmp.cy = cyString ;
bmp.cPlanes =1 ;
bmp.cBitCount =1 ;

hbm = GpiCreateBitmap (hpsMemory, &bmp, OL, OL, NULL) ;

GpiSetBitmap (hpsMemory, hbm) ;
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Figure 6-15. The HELLOBIT.C File. continued

ptl.x = 0 ;
ptl.y = - aptl [TXTBOX_BOTTOMLEFT].y ;

GpiSetColor (hpsMemory, CLR_TRUE) ;

GpiSetBackColor (hpsMemory, CLR_FALSE) ;

GpiSetBackMix (hpsMemory, BM_OVERPAINT) ;

GpiCharStringAt (hpsMemory, &ptl, sizeof szHello - 1L,
szHello) ;

return 0 ;

case WM_SIZE:
cxClient = SHORT1FROMMP (mp2)
cyCtient = SHORT2FROMMP (mp2) ;
return 0 ;

case WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

for (y = 0 ; y <= cyClient / cyString ; yt++)
for (x = 0 ; x <= cxClient / cxString ; x++)
{
apt1[0].x = x * cxString ; // target lower left
apt1[0].y = y * cyString ;

apt1[1].
apt1[1].

apt1[0].x + cxString ; // upper right
apt1[0].y + cyString ;

< X
[ |

apt1[2].
apt1[2].

0 // source lower left
0 ;

< X
[ ]

GpiBitBit (hps, hpsMemory, 3L, aptl, ROP_SRCCOPY,
BBO_AND) ;
}
WinEndPaint (hps) ;
return 0 ;

case WM_DESTROY:
GpiDestroyPS (hpsMemory) ;
DevCloseDC (hdcMemory) ;
GpiDeleteBitmap (hbm) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;
}
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The HELLOBIT.DEF File

NAME

HELLOBIT WINDOWAPI

DESCRIPTION '"Hello, world" Bitmap (C) Charles Petzold, 1988’

PROTMODE

HEAPSIZE 1024
STACKSIZE 8192

EXPORTS ClientWndProc
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Figure 6-15. The HELLOBIT program.

HELLOBIT creates a memory device context and a presentation space
associated with this memory device context during the WM_CREATE mes-
sage. Then it determines the dimension of the text ‘‘Hello, world’’ by call-
ing GpiQueryTextBox. The program creates a bitmap of these dimensions
and sets the bitmap in the memory device context. \

HELLOBIT then writes the text string on the presentation space by calling
GpiCharStringAt. The bitmap is monochrome, so the foreground color is set

HELLOBIT.EXE
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world He
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, worid Hello. worid He|
Hello, world Hello, world Hello, worid Hello, world Hello, world Hello, world Hello, world He|
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hel
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world He|
Hello, world Hello, world Hello, world Helle, world Hello, world Hello, world Hello, world He!
Hello, werld Hello, worid Hello, world Hello, world Hello, world Hello, world Hello, world He
Hello, world Hello, world Hello, worid Hello, world Hello, world Hello, world Hello, world He|
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world He|
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hel
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hel
Hello, world Hello, world Hello, world Hello, world Hello, world Heflo, world Hello, world He
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hel
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hel
Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world Hello, world He
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Figure 6-16. The HELLOBIT display.
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to CLR_TRUE (1 bits), and the background color to CLR_FALSE (0 bits).
These are the best color values to use with monochrome bitmaps.
HELLOBIT also sets the background mix to BM_OVERPAINT so that the
background is filled in with 0O bits.

During the WM_PAINT message, HELLOBIT covers the window with
copies of this bitmap by calling GpiBitBlt. This is shown in Figure 6-16.

As in BITCAT2, the presentation space, device context, and bitmap are
destroyed during the WM_DESTROY message.

You might want to try a variation of HELLOBIT that uses WinDrawBitmap
during the WM_PAINT message. In this case, you don’t need the memory
device context or presentation space after you initialize the bitmap by call-
ing GpiCharStringAt. You can destroy them after that call:

GpiDestroyPS (hpsMemory) ;
DevCloseDC (hdcMemory) ;

During the WM_DESTROY message you need only destroy the bitmap.
Thus the memory device context and presentation space serve simply as a
mold to draw on the bitmap. You can then destroy the mold (calling
GpiDestroyPS and DevCloseDC), leaving the bitmap behind.

One common use of a memory device context is for a ‘‘shadow bitmap.”
You create a bitmap large enough to encompass the client window and
select that into a presentation space associated with a memory device con-
text. Whenever you draw on the window, you also draw on the presentation
space. During the WM_PAINT message, you can update the client window
with a simple GpiBitBit call. This approach is shown in the SKETCH pro-
gram in Chapter 9.

When a bitmap is set in a presentation space associated with a memory de-
vice context, you can set the bitmap bits with an array of data using GpiSer-
BitmapBits. This is yet another way to initialize a bitmap. You can also
obtain the bitmap bits and store them in an array by calling
GpiQueryBitmapBits.

Customized Patterns

Another use for bitmaps is to create your own customized patterns for area
filling. A pattern is based on an 8-by-8 bitmap. When a pattern is used to fill
an area, the bitmap is simply repeated horizontally and vertically.

For example, suppose you want to use a pattern that looks like a brick wall.
Assuming you want the brick itself to be the foreground color (1 bits) and
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the cement between the bricks to be the background color (0 bits), the bit-
map that you begin with might look like this:

These bits (padded at the right so each row is 32 bits) are stored in the
abBrick array in the BRICKS program in Figure 6-17.

The BRICKS File

bricks.obj : bricks.c
¢l -¢ -G2sw -W3 bricks.c

bricks.exe : bricks.obj bricks.def
1ink bricks, /align:16, NUL, 0s2, bricks

The BRICKS.C File

ftdefine INCL_WIN
ftdefine INCL_GPI
#include <os2.h>
#include <stdlib.h>

ffdefine LCID_BRICKS_BITMAP 1t
MRESULT EXPENTRY ClientWndProc (HWND, USHORT, MPARAM, MPARAM) ;

int main (void)
{

(continued)
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Figure 6-17. The BRICKS.C File. continued

static CHAR szClientClass [] = "Bricks" ;

static ULONG fl1FrameFlags = FCF_TITLEBAR
FCF_SIZEBORDER
FCF_SHELLPOSITION

FCF_SYSMENU |
FCF_MINMAX |
FCF_TASKLIST ;

HAB hab ;
HMQ hmq ;
HWND hwndFrame, hwndClient ;
QMSG qmsg

hab = WinInitialize (0) ;
hmg = WinCreateMsgQueue (hab, 0) ;

WinRegisterClass (hab, szCiientClass, ClientWndProc, CS_SIZEREDRAW, 0) ;

hwndFrame = WinCreateStdWindow (HWND_DESKTOP, WS_VISIBLE,
&flframeFliags, §zC1ientClass, NULL,
0oL, NULL, O, &hwndClient) ;

while (WinGetMsg (hab, &gmsg, NULL, 0, 0))
WinDispatchMsg (hab, &gmsg) ;

WinDestroyWindow (hwndFrame) ;
WinDestroyMsgQueue (hmq) ;
WinTerminate (hab) ;

return 0 ;

}

MRESULT EXPENTRY ClientWndProc (HWND hwnd, USHORT msg, MPARAM mpl, MPARAM mp2)

{

static BYTE abBrick [] = {
0x00, 0x00, 0x00, 0x00,
0xF3, 0x00, 0x00, 0x00,
0xF3, 0x00, 0x00, Ox0O0,
0xF3, 0x00, 0x00, 0Ox00,
0x00, 0x00, 0x00, 0x00,
0x3F, 0x00, 0x00, 0x00,
0x3F, 0x00, 0x00, 0x00,
0x3F, 0x00, 0x00, 0x00
1

static HBITMAP hbm ;

static POINTL aptl (2] ;

BITMAPINFO *pbmi ;
BITMAPINFOHEADER bmp ;
HPS hps ;

(continued)
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Figure 6-17. The BRICKS.C File. continued

switch (msg)

{
case

case

case

WM_CREATE:
/* ......................
Create 8-by-8 bitmap
______________________ */
bmp.cbFix = sizeof bmp ;
bmp.cx =8 ;
bmp.cy = H

8
bmp.cPlanes =1 ;
bmp.cBitCount = 1

»

pbmi = malloc (sizeof (BITMAPINFO) + sizeof (RGB)) :

pbmi->cbFix = sizeof bmp ;
pbmi->cx =8 ;
pbmi->cy =8 ;
pbmi->cPlanes =1 ;
pbmi->cBitCount = 1 ;
pbmi->argbCotor[0].bBlue = 0 ;
pbmi->argbColor[0].bGreen = 0 ;

pbmi->argbColor[0].bRed =0 ;

pbmi->argbColor[1].bBlue OxFF
pbmi->argbColor[1].bGreen = OxFF ;
pbmi->argbColor[1].bRed OxXFF ;

hps = WinGetPS (hwnd) ;
hbm = GpiCreateBitmap (hps, &bmp, CBM_INIT, abBrick, pbmi) ;

WinReleasePS (hps) ;
free (pbmi) ;
return 0 ;

WM_SIZE:

apt1[1].x = SHORT1FROMMP (mp2) ;
aptif1].y = SHORT2FROMMP (mp2) ;
return 0 ;

WM_PAINT:
hps = WinBeginPaint (hwnd, NULL, NULL) ;

GpiSetBitmapIld (hps, hbm, LCID_BRICKS_BITMAP) ;
GpiSetPatternSet (hps, LCID_BRICKS_BITMAP) ;

(continued)
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Figure 6-17. The BRICKS.C File. continued

GpiBitB1t (hps, NULL, 2L, aptl, ROP_PATCOPY, BBO_AND) ;

GpiSetPatternSet (hps, LCID_DEFAULT) ;
GpiDeleteSetId (hps, LCID_BRICKS_BITMAP) ;

WinEndPaint (hps)
return 0 ;

case WM_DESTROY:
GpiDeleteBitmap (hbm) ;
return 0 ;
}
return WinDefWindowProc (hwnd, msg, mpl, mp2) ;

}

The BRICKS.DEF File

NAME BRICKS WINDOWAPI

DESCRIPTION ‘Customized Pattern from Bitmap (c¢) Charles Petzold, 1988°'
PROTMODE

HEAPSIZE 1024

STACKSIZE 8192

EXPORTS ClientWndProc

Figure 6-17. The BRICKS program.

During the WM_CREATE message, BRICKS creates an 8-by-8 bitmap ini-
tialized with these bits. During the WM_PAINT message, the bitmap is first
tagged with an ID number:

GpiSetBitmapId (hps, hbm, LCID_BRICKS_BITMAP) ;

The LCID_BRICKS_BITMAP is defined in BRICKS.C as 1. (LCID stands for
““local id.”’) The bitmap is now an available pattern. You can use the
GpiSetPatternSet function to make this pattern the current pattern:

GpiSetPatternSet (hps, LCID_BRICKS_BITMAP) ;
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Notice that this is the GpiSetPatternSet function rather than the GpiSet-
Pattern function normally used for selecting a pattern.

BRICKS uses the GpiBitBlt function with the ROP_PATCOPY raster opera-
tion to fill the window with the bitmap, as shown in Figure 6-18.

Figure 6-18. The BRICKS display.

The program could also have used GpiBox with the DRO_FILL or
DRO_OUTLINEFILL option to display the bricks pattern. After BRICKS
uses the pattern, the current pattern set is established as the default pattern
set (containing all predefined patterns):

GpiSetPatternSet (hps, LCID_DEFAULT) ;

The LCID_DEFAULT identifier is defined in PMGPLH. BRICKS then deletes
the local ID:

GpiDeleteSetId (hps, LCID_BRICKS_BITMAP) ;

You can define up to 254 customized patterns using local IDs ranging from 1
through 254. When you want to use a customized pattern, you call GpiSet-
PatternSet with the local ID. When you want to use a predefined pattern,
you first call GpiSetPatternSet with LCID_DEFAULT and then use GpiSet-
Pattern with a PATSYM identifier.
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The local IDs for these customized patterns become part of the presentation
space. Before releasing a cached micro-PS by calling WinReleasePS or
WinEndPaint, you should set'the pattern to the default and delete all the IDs.
A bitmap cannot be deleted while it has a local ID. You can obtain<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>