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Preface

Welcome to the Programmer’s
Introduction

The Apple 11GS® is a new kind of computer. It offers precise color
graphics, sophisticated sound hardware, a large memory capacity,
and an extensive toolbox of programming routines—giving you
programming resources without precedent among personal
computers. The Programmer’s Introduction to the Apple IIGS gets
you started writing programs that take advantage of these unique
features.

You needn’t be an expert programmer to benefit from this book,
but we do assume that you know some fundamentals. Your
background will most likely determine your approach.

O If you are familiar with programming other Apple® I
computers, and wondering how different Apple IIGS
programming might be...

O If you are familiar with programming the Macintosh®
computer, and wondering how similar Apple IIGS programming
might be...

O If you are familiar with programming other computers, and
wondering how rewarding Apple IIGS programming might be...

0 If you are familiar with using the Apple IIGS, and wondering
how much fun Apple IIGS programming might be...

...this book will help get you started. It can’t be a complete
programming course, but it does cover the major features that set
the Apple IIGS apart and make it an exciting machine to write
programs for.

Xiil



You should be familiar with the Apple 1IGS, at least from a user’s
perspective, before you start this book. In particular, you should

understand how to start the system and how to use the keyboard,
mouse, and disk drives.

We don't teach you any programming languages here. The books
listed in the next section under “Roadmap to the Apple 1IGS
Technical Manuals” can help you with C and 65816 assembly
language. The other Apple 1IGS technical manuals cover
individual topics in far greater detail than we can here; please
consult them as needed.

< Toolbox manual: It is not possible to write the kind of program
described here without the aid of the Apple 1IGS Toolbox
Reference. We give lots of examples and general call
descriptions in this book, but you’ll need both volumes of the
Toolbox Reference if you want to write your own applications.

Roadmap to the Apple IIGS technical
manuals

The Apple IIGS personal computer has many advanced features,
making it more complex than earlier models of the Apple II. To
describe it fully, Apple has produced a suite of technical manuals.
Depending on the way you intend to use the Apple IIGS, you may
need to refer to a select few of the manuals, or you may need to
refer to most of them.

The technical manuals are listed in Table P-1. Figure P-1 is a
diagram showing the relationships among the different manuals.

xiv Preface: Infroduction to the Programmer’s Introduction
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Table P-1
The Apple liss technical manuals

Title Subject
Technical Introduction to the Apple 1IGS What the Apple IIGS is

Apple IIGS Hardware Reference Machine internals—hardware
Apple 1IGS Firmware Reference Machine internals—firmware
Programmer’s Introduction to the Apple 1IGS Concepts and a sample program
Apple IIGS Toolbox Reference, Volume 1 How the tools work and some toolbox

specifications
Apple 1IGS Toolbox Reference, Volume 2 More toolbox specifications
Apple IIGS Programmer’s Workshop Reference The development environment

Apple IIGS Programmer’s Workshop Assembler Reference Using the APW Assembler

Apple IIGS Programmer’s Workshop C Reference Using C on the Apple IIGS
ProDOS 8 Technical Reference Manual Standard Apple II operating system
Apple 1IGS ProDOS 16 Reference Apple IIGS operating system and loader

Human Interface Guidelines: The Apple Desktop Interface Guidelines for the desktop interface

Apple Numerics Manual Numerics for all Apple computers
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Introductory manuals

The introductory manuals are for developers, computer
enthusiasts, and other Apple IIGS owners who need technical
information. As introductory manuals, their purpose is to help the
technical reader understand the features of the Apple IIGS,
particularly the features that are different from other Apple
computers.

m The technical introduction: The Technical Introduction to the
Apple 1IGS is the first book in the suite of technical manuals
about the Apple IIGS. It describes all aspects of the Apple IIGS,
including its features and general design, the program
environments, the toolbox, and the development environment.

® The programmer’s introduction (this book): When you start
writing Apple IIGS programs, the Programmer’s Introduction to
the Apple IIGS provides the concepts and guidelines you need.
It is not a complete course in programming, only a starting
point for programmers writing applications that use the Apple
desktop interface (with windows, menus, and the mouse). It
introduces the routines in the Apple IIGS Toolbox and includes
a sample event-driven program.

Machine reference manuals

There are two reference manuals for the machine itself. They
contain detailed specifications for people who want to know
exactly what's inside the machine.

m The hardware reference manual: The Apple IIGS Hardware
Reference is required reading for hardware developers and
anyone else who wants to know how the machine works.
Information for developers includes the mechanical and
electrical specifications of all connectors, both internal and
external. Information of general interest includes descriptions
of the internal hardware and how it affects the machine’s
features.

Roadmap to the Apple lics technical manuals XVii



m The firmware reference manual: The Apple IIGS Firmware
Reference describes programs and subroutines stored in the
machine’s read-only memory (ROM). The Firmware Reference
includes information about interrupt routines and low-level I/O
subroutines for the serial ports, the disk port, and for the
Desktop Bus interface, which controls the keyboard and the
mouse. The Firmware Reference also describes the Monitor
program, a low-level programming and debugging aid for
assembly-language programs.

The toolbox manuals

Like the Macintosh, the Apple IIGS has a built-in toolbox of
software routines. The two volumes of the Apple IIGS Toolbox
Reference completely describe the calls and data structures for all
tool sets, and also tell how to write and install your own tool set.

The desktop interface is If you are developing an application that uses the desktop
described in Chapter 1. interface, or if you want to use the Super Hi-Res graphics display,
you'll find the toolbox indispensable.

The Programmer’'s Workshop manual

The Apple IIGS Programmer’s Workshop (APW) is the
development environment for the Apple IIGS computer—a set of
programs that enables developers to create application programs.
The Apple IIGS Programmer’s Workshop Reference describes the
APW Shell, Editor, Linker, and utility programs; these are the parts
of the workshop that all developers need, regardless of which
programming language they use.

The APW reference manual includes a sample program to show
how to create an application. It also describes object module
format, the file format used by all APW compilers to produce files
loadable by the Apple IIGS System Loader.

Programming-language manuals

Apple currently provides a 65C816 assembler and a C compiler.
Other compilers can be used with the workshop, provided that
they follow the standards defined in the Apple IIGS Programmer’s
Workshop Reference.
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There is a separate reference manual for each programming
language. Each manual includes the specifications of the language
and of the Apple IIGS libraries for the language, and describes
how to use the assembler or compiler for that language. The
manuals for the languages Apple provides are the Apple IIGS
Programmer’s Workshop Assembler Reference and the Apple IIGS
Programmer’s Workshop C Reference.

% Note: The Apple IIGS Programmer’s Workshop Reference and
the two programming-language manuals are available through
the Apple Programmer’s and Developer’s Association (APDA).

Operating-system manuals

There are two operating systems that run on the Apple IIGS:
ProDOS® 16 and ProDOS 8. Each operating system is described
in its own manual: the Apple IIGS ProDOS 16 Reference and the
ProDOS 8 Technical Reference Manual. ProDOS 16 uses the full
power of the Apple IIGS. The ProDOS 16 manual describes its
features and includes information about the System Loader, which
works closely with ProDOS 16 to load program segments into
memory.

ProDOS 8, previously called ProDOS, is the standard operating
system for most Apple II computers with 8-bit CPUs. It also runs
on the Apple IIGS, but it cannot access certain advanced Apple
1IGS features.

All-Apple manuals

There are two manuals that apply to all Apple computers: Human
Interface Guidelines: The Apple Desktop Interface and Apple
Numerics Manual. If you develop programs for any Apple
computer, you should know about those manuals.
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The Human Interface Guidelines manual describes Apple’s
standards for the desktop interface of any program that runs on
Apple computers. If you are writing a commercial application for
the Apple IIGS, you should be familiar with the contents of this
manual.

The Apple Numerics Manual is the reference for the Standard
Apple Numeric Environment (SANE™), 3 full implementation of
the EEE Standard for Binary Floating-Point Aritbmetic (IEEE Std
754-1985). If your application requires accurate or robust
arithmetic, you'll probably want to use the SANE routines in the
Apple IIGS.

How to use this book

The Programmer’s Introduction is not a tutorial. Rather than ask
you to type in line after line of code, we've built the book around
a finished example—a sample program named HodgePodge.
HodgePodge is a fully functioning framework of an application
that demonstrates most of the programming concepts we present
in this book. More than that, HodgePodge is a rather
heterogeneous collection of generally useful Apple II1GS
routines—hence its name. You are invited to study, copy, or
incorporate any of those routines, wholesale or piecemeal,
unchanged or greatly altered, into your own programs.

Start by reading Chapter 1. It introduces the basic concepts of this
book—event-driven programming, the desktop user interface, the
Apple 1IGS Toolbox, and program segmentation.

Then run HodgePodge to see what it does. At that point you
should be ready for Chapter 2, an extensively annotated set of
source listings of the principal parts of HodgePodge. The listings
give you the big picture on how event-driven programs are
organized, demonstrate how heavily desktop programming relies
on toolbox calls, and function as templates for you to use in your
own programming. Complete source listings in Pascal, C, and
65816 assembly language, are in Appendixes E through G.
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Chapters 3 through 8 expand further on the concepts of toolbox
use, memory management, program segmentation, the
development environment, and specialized program
requirements. These chapters include sample source listings where
appropriate, but they also discuss important Apple IIGS concepts
not represented in any of the samples. They are overviews
designed to give you ideas to pursue in your own programming
when aided by other reference manuals.

Chapter 9 is a brief wrap-up that summarizes general program
design ideas and shows where to go for further help.

Appendixes include hints on converting existing Macintosh
applications to run on the Apple IIGS, and enhancing existing
Apple I applications to take full advantage of the new Apple IIGS
features.

% Note: Please don't feel that you need to read this book in any
order. Skipping around among programming examples,
explanations, and theory may be the best way to absorb the
material presented here. Most important of all, experiment on
the Apple IIGS as you go along. Use HodgePodge or write your
own examples.

Terms and conventions

This book may define certain terms in a slightly different manner
from which you are accustomed. Here are two:

m Apple II: A general reference to the Apple II family of
computers. It includes the Apple II, Apple II Plus, Apple Ilc,
Apple Ile, and Apple IIGS.

m standard Apple II: Any Apple II computer that is not an Apple
IIGS. Because previous members of the Apple II family share
many characteristics, it is useful to distinguish them as a group
from the Apple IIGS. A standard Apple II may also be called an
8-bit Apple II, because of the 8-bit registers in its 6502 or 65C02
microprocessor.
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Important

Warning

Typographic conventions

Each new term introduced in this book is printed in bold type
where it is first defined. That lets you know that the term has not
been defined earlier, and also indicates that there is an entry for
it in the glossary.

Assembly-language labels, entry points, program and subroutine
names, and filenames that appear in text passages are printed in a
special typeface (for example, DowItem and MENU.PAS). There
is one exception: the names of Apple IIGS system software routines
such as toolbox calls and operating system calls (for example,
NewModalDialog and QUIT), are printed in normal type.

% Note: The source-code listings of the program HodgePodge
follow a different, special typographic convention. See “Code-
Listing Convention” in Chapter 2.

Watch for these
The following words mark special messages to you:

 Note: Text set off in this manner presents sidelights or
interesting points of information.

Text set off in this manner—with the word Important—presents
important information or instructions.

Text set off in this manner—with the word Warning—indicates
potential serious problems.
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Writing well-designed programs for the Apple IIGS computer is
both an adventure and a challenge. It may require some changes
in the way you approach programming, some changes that at first
seem confusing. But don’t worry; there are tools and resources to
help you at every step, to make the shift in programming style
relatively easy. And fast.

As you start, you'll want to keep several key concepts in mind. This
chapter introduces those basic ideas. We'll be building on them
throughout the book, and showing examples of them in action, in
the sample program HodgePodge. They include

O desktop applications—programs with a user inteface based on
Apple’s Human Interface Guidelines

O event-driven programming—creating the fundamental internal
structure of desktop applications

O the Apple IIGS Toolbox—the extensive set of programming
routines that make desktop, event-driven programming
practical

O segmentation—techniques that allow your programs to use
memory more efficiently

O development—steps to follow in creating a running program

A more powerful Apple I

The Apple IIGS personal computer is a new Apple II with many
high-performance features. Some of its highlights are

0 a more powerful microprocessor with faster operation than
processors used in standard Apple II computers, and with a
24-bit address bus

O 256K memory, expandable to 8 megabytes

O high-resolution RGB video display for Super Hi-Res color
graphics and text

O multi-voice digital sound synthesizer
O detached keyboard with Apple Desktop Bus™ connector

O built-in I/O: clock, disk port, and serial ports with AppleTalk®
interface

O slots and game I/O connectors compatible with standard
Apple II computers

Chapter 1: Apple lics Concepts



% Note: If you are not familiar with the Apple II family of
computers, you may want to refer to the Technical Introduction
to the Apple IIGS or your Apple IIGS Owner’s Guide for
explanations of some of the terms in this section.

WL

Super Hi-Res video

Detached keyboard

Apple Desktop Bus
. Mouse support

i« 65C816 processor

Expanded memory
= Toolbox ROM routines
~ Digital sound synthesizer

Built-in AppleTalk

Built-in 1/O ports

7 expansion slots

A 16-bit processor handles data in

- chunks of 16 bits at a time, twice

~ asmuch data per cycle as an
8-bit processor.

Figure 1-1
Apple lles features

The 65816 microprocessor

The microprocessor in the Apple IIGS is a 655C816, a 16-bit
CMOS design based on the 6502 processor used in previous
Apple II computers. Among the features of the 65816 are

O ability to emulate 6502 and 65C02 8-bit microprocessors

O 16-bit accumulator and index registers

A more powerful Apple |I 3



Stack and direct-page concepts
are discussed further in Chapter 6.

The 65816 registers are discussed
in more detail in the Apple lics
Hardware Reference.

O relocatable stack and direct page (zero page)

O 24-bit internal address bus, giving a 16-megabyte memory
space

Two execution modes

The 65816 microprocessor can operate in two different modes:
native mode, with all of its new features, and 6502 emulation
mode, for running programs written for standard (8-bit) Apple I
computers.

Applications written for the Apple IIGS use native mode with the
accumulator and index registers 16 bits long. Also, the size of the
stack and the locations of the stack and direct page within bank
$00 are at the discretion of the application.

Two clock speeds

The microprocessor in the Apple IIGS can operate at either of two
clock speeds: the standard Apple II speed of 1 MHz, or the faster
speed of 2.8 MHz. When running programs in RAM the Apple IIGS
uses a few clock cycles for refreshing memory, making the
elfective processing speed about 2.5 MHz. System firmware,
running in ROM, runs at the full 2.8 MHz.

Transformable registers

If you are an assembly-language programmer, note from Figure
1-2 how the processor’s registers change size to accommodate
mode changes. The accumulator and X- and Y-index registers
change from 8 bits to 16 bits in going from emulation to native
mode. The stack pointer also becomes 16 bits long, meaning that
in native mode the stack can be anywhere in bank $00; in
emulation mode it is confined to page 1 of bank $00. The direct
register is not used in emulation mode; in native mode it is the
base address for all zero-page addressing modes, meaning that in
native mode the Apple IIGS can have several zero pages (called
direct pages), located anywhere in bank $00.

Chapter 1: Apple lics Concepts



For additional memory concepts,
see Chapter 6 of this book. For
more complete Information, read
the Technical Infroduction to the
Apple lics.

6502 Emulation Mode 65816 Native Mode

: [ 00 | A | Accumulator : A |
: 00 | X | Xindexregister : X ]
: 00 | v | Yindexregister : Y |
E : : Data bank register | DBR :
[0 [ o1 [ s ] sStackpointer [ 00 | S |
: : II| Program stafus : : I:i—_-l
[ PBR | PC_ | Program counter | PBR | PC |
Lo 0000 | Directregister | 00 | D l
2I4 1[6 213 (I) 2|4 116 EIS Cl)
Register length in bits Register length in bits
Figure 1-2

Program registers in the 65816 microprocessor

Expanded memory

Thanks to the 24-bit addresses of the 65816, the Apple IIGS can
access a total memory space of 16 megabytes. Of this total, up to 8
megabytes of memory is available for RAM expansion, and one
megabyte is available for ROM expansion. The rest is not used.

The minimum memory configuration for the Apple IIGS is 256K
of RAM. Programs written for the Apple IIGS—that is, programs
that run the 65816 microprocessor in native mode (thereby
gaining the ability to address more than 64K of memory)—can
use up to about 176K of the 256K. The rest is reserved for displays
and for use by the system firmware.

%+ Note: If your application uses the Apple IIGS Toolbox—as this
book strongly recommends—your application will have less
than 176K of available space on a 256K machine. So if you are
writing anything other than a very small program, the program
will probably require an Apple IIGS with a minimum of 512K of
RAM.
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$00 SO] $02

Bank numbers

S7F SEO SE1 SFO SFD_SFE SFF

RAM J K ROM j

For more information on the
memory configuration of
standard Apple Il computers, see
the Apple lle Technical
Reference Manualor Apple lic
Technical Reference Manual.

| Basic configuration :] Expansion memory
[:l Bank-switched memory _ 1/O memory

Figure 1-3
Apple lles memory map

The basic 256K of RAM memory is mapped as four banks ($00,
$01, $EO, and $E1) of 64K each. As Figure 1-3 shows, portions of
those banks are reserved for system use or I/O addresses, just as
in other Apple II computers.

The Apple IIGS has a special card slot dedicated to memory
expansion. All the RAM on an Apple IIGS memory expansion
card is available for Apple 1IGS application programs. Expansion
memory is contiguous: its address space extends without a break
through all the RAM on the card. Expansion RAM on the

Apple IIGS is not limited to use as data storage; program code can
run in any part of RAM.

Super Hi-Res video display

The Apple IIGS gives you the most sophisticated high-resolution
color display of any member of the Apple II family. Now your
applications can mix dazzling color and sharp, 80-column text or
precise line drawings on the same screen. And do it easily, with
the help of built-in toolbox routines.

6 Chapter 1: Apple lics Concepts




Hi-Res, Double Hi-Res, and other
standard-Apple Il video display
modes are described in the
Apple lle Technical Reference
Manual and Apple lic Technical
Reference Manual.

In addition to all the video display modes of the Apple Ilc and
Apple Ile, the Apple IIGS has two new Super Hi-Res display modes
that look much clearer than standard Hi-Res and Double Hi-Res.
Super Hi-Res is also easier to program than Hi-Res or Double Hi-
Res, because it maps entire bytes onto the screen, instead of seven
bits, and because its memory map is linear.

Used with an analog RGB video monitor, the Apple IIGS displays
high-quality, high-resolution color graphics. Table 1-1 lists the
specifications of the two new graphics modes.

Table 1-1
Super Hi-Res graphics modes

Horizontal Vertical Bits per Colors Colors Colors
Mode resolution resolution pixel per line on screen possible
320 320 200 4 bits 16 256 4096
640 640 200 2 bits 16* 256* 4096

*Different pixels in 640 mode use diffe

Pixel is short for picture element. A
pixel corresponds to the smallest
dot you can draw on the screen.

For more Information on using
color, see "Drawing to the
Screen” in Chapter 3.

rent subsets of the available colors.

Each dot on the Super Hi-Res screen is a pixel. The screen image
is either 320 pixels or 640 pixels across, by 200 pixels down. In
memory, each pixel has either a 2-bit (640 mode) or a 4-bit (320
mode) value associated with it. The pixel values select colors from
programmable color tables. A color table consists of 16 entries,
and each entry is a 12-bit value specifying one of 4096 possible
colors.

In 320 mode, each pixel consists of four bits, so it can select any
one of the 16 colors in a color table. Its palette is all 16 colors in
the color table. In 640 mode, each pixel is only two bits, so it can
select from four colors only. However, the 640-mode color table is
divided into four mini-palettes of four colors each, and successive
pixels select from successive groups of four colors. Thus, even
though a given pixel in 640 mode can be one of only four colors,
different pixels in a line can take on any of the colors in a color
table.

To further increase the number of colors available on the display,
there can be up to 16 different color tables in use at the same
time, giving as many as 256 different colors on the screen.

A more powerful Apple i 7
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'Digiir:sl sound synthesizer

Like alher computers in the Apple IT family, the Apple 11GS can
produce simple, single-hit sounds such as dicks, beeps, and tones,

But it can also do a whele lot more. The Apple 11GS has a new
digital sampling sound system built around a special-purpose
synthesizer IC called the Digital Osallaler Chip, ar DOC for
short, Using the DOC, the Apple 1165 can produce 15-voice music
and olher complex sounds wilthout tving up its main processor,

The sound system consists of the DOC, an audio amplifisr and
internal speaker, & connector for an external amplifier and
spedker, 64K of independent RAM for storage of sound samples,
and a custom IC called the Sound QLU (general logic unil), The
Sound GLU is the system inlerface 1o the DOC, and also controls
the volume of (he old-style single-bit ourput,

Detached keyboard with Apple Desktop Bus

The new detached keyboard includes cursor keys and a numeric
keypad. The Apple Deskiop Bus, which supparts the keyvboard and
the: Apple Mouse, can also handle other input devices such as
jovsticks and graphics tablets.

Expansion slots and built-in I/0

In addition (¢ the memory expansion slot mentioned eaclier, the
Apple 11GS has seven 1/ expansion slots like those on an Apple
He. Most peripheral cards designed lor the Apple 11 Plus and the
Apple e work in the Apple 1G5 slots. The Apple 1165 also has
game /O connectors for jovsticks and other game hardware,

Like the Apple I, the Apple 11GS has one built-in disk port and
two serial TAD ports, The built-in AppleTalk interface uses one of
the: serial ports. Programs can use either the buill-in ports or
peripheral cards in slots 1o perform input/output functions,

g Chapter 1: Apple llss Concepts



Built-in 140 features are accessed as though they were peripheral
cards in slots. For most of the expansion slots, the user ¢an
choose (on the Control Panel) between using a peripheral card or
using the buili-in feature associated with the slot Table 1-2 shows
the slet-equivalents for the builtin features.

Table 1-2

Apple llzs expansdon dofs and Infermnal-part egulivalants
Slot Avaolioble internal tealure

1 serial port Cprinter)

2 serial ot {eommunicalions)

3 E0-column display Ormware

4 MOusE support

3 SmarPort (dish suppot)

5} Disk n® supprrt

7 AppleTalk suppon

Eibck-cuiendur and Control Fimé’i’ B

The Apple 1IGS has a built-in real-time clock. The user sels the
time and date with the Control Panel, a ROM-based program that
also configures expansion slots, seaal ports, display colo, sound
volume and pitch, and other options

All Conuaol Panel settings, including the clock-calendar values, are
maintained in a special battery-powered RAM thar is maintained
LIV {lunng I'H!-W!H fﬂ!{‘:rﬂ]pllt}ﬂ.ﬁ

Compatibility with standard Apple Il computers

Although the Apple 1IGS is more powertul than previous Apple I
computers, it is still 2 member of the family. With the
microprocessor in 6502 emulation mode, and with the ProDOS &
operating sysiem active, nearly any ProDO5 -8 based Apple 11
application runs just fine on the Apple 1165, The only noticeable
diff{'.r::nr.{'. I3 A 2.5-““’1{’.5 INCreEase 1N 1”.‘.{{’.{:11“:{_]['1 ﬁ[‘rﬁ.ﬁd‘—ﬂﬁd VN
that difference can be eliminated if your software must run ac the
6502 clock speed. Furthermaore, as just noted, most peripheral
cards designed for the Apple 11 Plus or Apple [le sill function
identically in the Apple TIGS.
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Getting the most out of the Apple IIGS, however, requires
execution in 65816 native mode under the more advanced

ProDOS 16is the Apple liGs disk ProDOS 16 operating system. That's what this book is about:
operating sytem. If is writing programs that take full advantage of the computer. Under
documented in the Apple lIGS . L. .

ProDOS 16 Reference. See also those conditions, existing standard-Apple II applications cannot
Chapter 6 of this book. run without at least some modification. If you have written a

standard-Apple 1I application, see Appendix B for suggestions on
how to modify it for native-mode operation under ProDOS 16.

The Apple desktop interface

Desktop applications are programs of a particular style—a style
that presents an accessible, nonthreatening, and predictably
consistent interface to the user. If your programs show these
qualities, they will be easier to learn and more satisfying to use.

The concepts behind this style of program constitute the Apple
Human Interface Guidelines. This section will help you see what's
involved in writing an application that follows the guidelines.

i,

Figure 1-4 shows some of the common visual features of a desktop
application. The interface is graphics-based rather than text-based.
The screen itself represents the desktop, upon which documents
appear in movable, scrollable, overlapping windows. Pull-down
menus appear across the top of the desktop. Icons instead of text
may represent certain concepts or objects. The user can
manipulate the menus, icons, windows, and window contents with a
mouse or other pointing device as well as with the keyboard.
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& File Edit View Special Color

S HIRTITHIR T = |

CORTLAND
23 items 1803K used 17780K available

GRANNY.SMI TH =—"——=F12
1803K used 17780K available

. WORDMRKER

il

The Apple lics desktop

These visual features are not the real essence of a desktop
application, however. The true importance of desktop applications
lies in their relationship with the user, as explained next.

Human Interface Guidelines

If you are developing application programs for the Apple IIGS
computer, you are strongly encouraged to follow the principles
presented in Human Interface Guidelines: The Apple Desktop
Interface. That manual describes the desktop interface through
which the computer user communicates with the computer and
the applications running on it. This section briefly outlines a few
of the human interface concepts. The Apple Desktop Interface,
first introduced with the Macintosh computer, is designed to
appeal to a nontechnical audience. Whatever the purpose or
structure of your application, it will communicate with the user in
a consistent, standard, and nonthreatening manner if it adheres to
the desktop interface standards. These are some of the basic
principles:

® Human control: Users should feel that they are controlling the
program, rather than the reverse. Give them clear alternatives
to select from, and act on their selections consistently.

The Apple desktop interface 11
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Dialog: There should be a clear and friendly dialog between
human and computer. Make messages and requests to the user
in plain English.

Direct manipulation and feedback: The user’s physical actions
should produce physical results. When a key is pressed, place
the corresponding letter on the screen., Use highlighting,
animation, and dialog boxes to show users the possible actions
and their consequences.

See-and-point (instead of remember-and-type): The user select
actions from alternatives presented on the screen. In general,
the process is in the order object followed by verb—that is,
one selects first the object to be acted upon, and then the
action to be performed.

Exploration: Give the user permission to test out the
possibilities of the program without worrying about negative
consequences. Keep error messages infrequent. Warn the user
when risky situations are approached, but don’t erect
unnecessary barriers.

Graphic design: Good graphic design is a key feature of the
guidelines. Objects on the screen should be simple and clear,
and they should have visual fidelity (that is, they should look
like what they represent). Use familiar, concrete metaphors to
represent aspects of the computer and program. The desktop is
the primary metaphor in the Apple Desktop Interface.

Avoiding modes: A mode is a portion of an application that
the user must explicitly enter and leave, and that restricts the
operations that can be performed while the mode is in effect.
By restricting the user’s options, modes reinforce the idea that
computers are unnatural and unfriendly. Use modes sparingly.

Device-independence: Make your program as hardware-
independent as possible. Don’t bypass the system-provided
software tool sets and interfaces—your program may become
incompatible with future products and features.

Consistency: As much as possible, all your applications should
use the same interface. Don'’t confuse the user with a different
look for each program.

Evolution: Consistency does not mean that you are restricted to
using existing desktop features. New ideas are essential for the
evolution of the Human Interface concept. If your application
has a feature that is not described in Human Interface
Guidelines, make sure it cannot be confused with an existing
feature. It is better to do something completely different than
to half-agree with the guidelines.

Chapter 1: Apple lics Concepts



Appendix B discusses how writing
Apple liGs desktop applications
differs from programming for
standard Apple Il computers.

Appendix A discusses how writing
Apple lIcs desktop applications
differs from Macintosh
programming.

Why write desktop applications?

The biggest reason for programming desktop applications on the
Apple IIGS is the consistent interface they present. Users spend
less time learning and more time using an application if they
already know their way around.

There are some disadvantages to desktop applications. Apple IIGS
desktop programs will not run on the Apple Ile and Ilc. Because
desktop applications require the use of graphics to support
windows and multiple fonts, the interface can be slower than a
simpler text-based command-line or menu interface. Also it takes
time to learn the techniques of writing desktop applications.

On the other hand, experience with the Apple Macintosh
computer has shown that an interface that is consistent from one
application to another is extremely attractive to users, because it
dramatically cuts down the learning time for each new
application. The Apple desktop and the Human Interface
Guidelines have been refined over several years of studies and
first-hand experience by Apple and independent developers.

The cost to you in development time is minor when you consider
the increase in your product’s appeal due to ease of use and
compatibility with the Macintosh interface. In addition, if you are
an Apple II developer new to the Apple desktop, the techniques
you learn (although not the actual code, in most instances) are
directly applicable to the Macintosh.

Event-driven programming

In the old days of programming, all programs were executed in
batch mode: the entire program was put on computer cards (or
worse, punched paper tape) and fed into the computer all at once.
The computer executed the instructions in the same sequence
every time the program was run (any conditional branching was
controlled by data read in with the program), reading data and
writing out results at specified points in the program.

Batch mode was fine for “crunching data”, but it wasn’t very useful
for applications (such as word processing or drawing) that require
the user to make decisions while the program is running. When
computer terminals were invented, programmers began writing
programs that allowed users to send commands to the computer
and wait for responses—interactive programs were born.

Event-driven programming 13



An event is a nofification to the

application of some occurrence,

internal or external, to which the
application may choose to
respond.

Any interactive program is in some sense event-driven. That is,
the computer spends much of its time waiting for some user input
to occur, usually a key press. Traditional interactive programs,
however, still largely control the choices and the sequence in
which operations are performed. The user, who follows rather
than leads, still feels that the program is in control.

With the introduction of the Apple Macintosh and Lisa®
computers, Apple’s Human Interface Guidelines and event-driven
programming came into prominence. The basic principle of
event-driven programming is that there are many choices
available at any time, and that the user controls the flow of the
program. In a typical Apple IIGS program, for example, the user
can select choices from a half-dozen menus, open or close
windows, use desk accessories, resize or move windows, or do
some sort of work (such as word processing or drawing). With few
exceptions, any of these operations is available at any given time.

Events that cause a response by the program include key presses
and mouse-button clicks, and might also include use of game
paddles, insertion of a disk in a disk drive, data coming over a
communication line, or even events generated by the program
itself.

The main event loop

Although an event-driven program may at first appear extremely
complex, its basic structure is actually quite simple. It spends most
of its time waiting in a program loop called the main event loop.
The only thing the program is waiting for is an event—any event.
When it detects an event, it determines the type of event, takes
whatever action is necessary, and returns to the main event loop
to wait for the next event.

Figure 1-5 is a conceptual representation of the flow of execution
in an event-driven program. For most of the time, the taxi
(program execution) remains in the event loop, circulating
constantly, and stopping at the taxi stand (the event queue) each
time to sce if there is a waiting passenger (an event). The taxi takes
passengers in order, one at a time, to their respective destinations
(various event-handling subroutines). The taxi waits out front while
the event is being handled (execution temporarily leaves the
event loop), then proceeds around the loop once more to pick up
another passenger. Circulation continues until the program ends.
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Event
Handler

Figure 1-5
The main event loop

For a more specific example, assume that the program is a word
processor. From the user’s point of view, any of a large number of
operations are available, from typing a character to reformatting
the entire document to setting control-panel options. The main
event loop, however, need wait for only two types of events:
mouse-button-down and key-down.

Event handling

To illustrate how a program handles an event, let's suppose that
the user decides to select an item in a window titled CORTLAND
(see, for example, Figure 1-4) that is open on the screen but not
currently active. The user moves the mouse to the inactive window
and clicks the mouse button. When the program detects the event,
it handles it like this:

Event-driven programming 15



TaskMaster is described in
Chapter 3.

1. What kind of event was it (mouse-down, key-down, and so
forth)?

Mouse-down

(At this point execution leaves the main event loop to handle
the event.)

2. Was it in a2 window, on the menu bar, or neither?
Window

3. Was it the active window or an inactive window?
Inactive

4. Which inactive window?
CORTLAND

5. Make CORTLAND the active window.

6. Return to the main event loop.

Why return to the main event loop now instead of going to a loop
that can handle events that can occur only within the active
window? Because the user might change his mind and decide to
open a menu, select a different window, or even quit the program,
If you return to the main event loop as soon as possible, the user
retains the feeling of being in control of the program.

The structure of an event-driven program can be fundamentally
different from that of other types of applications. Its principal
subroutines are organized by events to handle (“mouse-down,”
“key-down”), rather than by the specific tasks the program was
wrilten to perform (“text entry,” “drawing™). Chapter 2 illustrates
this difference in detail.

The Apple 1IGS provides a large number of software tools that
make it easier for you to write an event-driven program. The
Event Manager performs the bookkeeping that makes your
program’s main event loop work—it gathers events, determines
their types, and places them in order, for your program to
handle. A toolbox routine called TaskMaster automatically takes
care of simple event-handling such as resizing or moving a
window. Then it passes the information on to your program.

We'll look at events in much greater detail as we go along. Chapters
2 through 5 describe the sequence of tool calls and procedures that
an event-driven program must execute on the Apple 1IGS, and
Appendixes E through G present source code for such a program in
three different programming languages (assembly language, C, and
Pascal).

16 Chapter 1: Apple lics Concepts



- Tooland fool set are
Synonymous.

Pen size and pen mode are
discussed under “Drawing to the
Screen,” in Chapter 3.

Manager is simply another name
for fool set.

The Apple lIGS Toolbox

Trying to write a desktop, event-driven application without the aid
of some powerful system software could be quite difficult.
Fortunately, the Apple IIGS comes equipped with a software
toolbox, which contains a complete complement of tool sets
designed to make your job easier.

The Apple IIGS tools support the standard desktop interface and
provide you with building blocks to help you construct your
application.

What is a tool set?

A tool set in the Apple IIGS environment is a collection of
related software routines that provides one major capability. Each
routine within a tool set performs a fundamental operation. For
example, the QuickDraw II tool set provides routines that handle
graphics on the Apple IIGS. Within QuickDraw II, SetPenSize and
SetPenMode are routines that set the pen size and pen mode. A
routine may take one or more specific parameters as input and
yield one or more values as output.

The tool sets, then, are groups of related routines that perform
many common tasks and are always available for your
application’s use. Taken together, the tool sets are very similar to
the Macintosh toolbox. Many of the capabilities of the Apple IIGS,
even those not directly related to desktop applications, are easily
accessed through the tools. For example, both the Memory
Manager (which allocates all Apple IIGS memory) and the Event
Manager (which controls event-driven programs) are tool sets.

The Apple lles Toolbox 17



You can even use the Tool
Locator to access a too! set you
have wiitten yourself, See “User
Tool Sets” in Chapter 8.

Why use tool sets?

Making use of tool sets allows you to concentrate on your
application’s specific business rather than on background work.

A number of the tools are in ROM. They are therefore available f¢
all programs without using disk space. Additional tools are
available in RAM, but you needn’t worry about where a particular
tool set or routine is. A tool set called the Tool Locator, which
enables tool sets and applications to communicate, takes care of
the necessary bookkeeping functions. All you need to know is the
name of the routine and how to call it in your programming
language.

Tool sets insulate your program from the details of machine
hardware. If the program accesses a hardware feature with a tool
call, the program will remain compatible through future versions
of the Apple IIGS, even if the hardware feature changes.

The tools thus provide an abundance of capabilities at a
minimum cost in programming time and memory space. Their
bookkeeping functions are almost automatic, the interface to them
is simple, and the applications you write will not be rendered
obsolete by future changes to the hardware.

<+ Note: Many of the Apple IIGS tool sets are independent of the
operating system. They are thus available for any Apple 1IGS
application, regardless of the operating system it is written for,

To get an idea of the range of capabilities of the Apple 1IGS
Toolbox, it’s useful to group the tool sets into categories. The
arrangement given in Figure 1-6 is arbitrary; as you get to know the
tools better, you may prefer other groupings.

Brief explanations of the tool sets within each category follow. The
tool sets are described in more detail in Chapters 3 through 6.
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The five basic Desktop-interface tool sets

tool sets
Scrap Manager ﬁ Menu Manager ﬁ

. Tool Locator ﬁ
. Event Manager j Desk Manager ﬁ Dialog Manager ﬁ
List Manager j

. Memory Mcnogerﬁ

Control Manager j

Miscellaneous ) . )

E Tool Set j LineEdit Tool Set j ‘ Window Monogerﬁ
: QuickDraw i
. QuickDrcwIlAuxilioJ Font Manager j

Device-interface Operating-environment Specidlized tool sets

tool sets tool sets

. Aﬁﬁlﬁgﬁséé?pj scheduler j
. Text Tool Set j System Locder T
. Print Manager W
! Standard File j
Operations Tool Set

SANE Tool Set j

nteger Math Tool Seﬁ

Sound Tool Set j

Note Synthesizer j

Note Sequencer j

Figure 1-6
Apple lies tool sets
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The list of tool sets needed to
support desk accessories Is given
In Table 8-1.

The five basic tool sets

The five tool sets listed below provide the framework upon which
the other tools can build. All of these tool sets must be used in
every event-driven application:

m Tool Locator: Handles all tool calls. This tool set relieves you
of having to know where in memory any tools resides; the Tool
Locator finds and passes execution to the proper routine when
you make a tool call. Once you start the Tool Locator, its
operation is automatic.

m Memory Manager: Allocates memory for use by the
application. When your application needs memory, it must
request it from the Memory Manager.

m Miscellaneous Tool Set: Includes mostly system-level routines
that must be available for other tool sets to use.

® QuickDraw II: Controls the graphics environment and draws
basic graphic objects and text on the screen. QuickDraw II
Auxiliary is an extension to QuickDraw II. Other tool sets call
QuickDraw II and QuickDraw II Auxiliary to draw such things as
windows and icons.

® Event Manager: Receives events as they happen, maintains a
queue of events, and passes events on to the application.

Desktop-interface tool sets

Tools in this group support the desktop interface. You will almost
always use the Window Manager and Menu Manager in desktop
programs; you should use the other tool sets if your application
needs their features (for example, you need the Dialog Manager if
your application uses dialog boxes). Many of these tools are also
needed to support desk accessories.

m Window Manager: Creates and updates windows, keeps track of
size changes and overlapping.

m Control Manager: Implements controls—obijects on the screen
such as check boxes—which the user can manipulate with the
mouse to cause instant action or to change settings.

m List Manager: Along with the Control Manager, handles
ordering, display, and selection of lists of selectable items in
windows.
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Dialog Manager: Implements dialog boxes, which your
application should place on the screen when it needs more
information to carry out a command.

LineEdit Tool Set: Presents text on the screen (usually in dialog
boxes), and allows the user to edit that text in limited ways.

Menu Manager: Controls and maintains pull-down menus and
the items in the menus.

Font Manager: Provides fonts in a variety of sizes and styles for
QuickDraw II to use when it draws text.

Scrap Manager: Supports the desk scrap, data to be copied
from one application to another (or from one place to another
within an application).

Desk Manager: Enables applications to support desk
accessories, mini-applications that can be run at the same time
as another application.

Device-interface tool sets

Tools in this group manage input and output between the
computer and peripheral devices.

Print Manager: Carries out page-setup and printing commands
from the user. Provides an interface between the application
and printer drivers.

Standard File Operations Tool Set: Presents dialog boxes to the
user when a file is to be saved or opened. Provides a
standardized interface between the user and ProDOS 16.

Apple Desktop Bus Tool Set: Provides access to Apple Desktop
Bus commands. The Apple Desktop Bus transmits signals to
and from the keyboard, mouse, and other input devices.

Text Tool Set: Allows applications running in native mode to
access Apple II character device drivers, which require the
processor to be in emulation mode.
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Operating-environment tool sets

Tool sets in this group control low-level hardware and software

functions. The Memory Manager and the Miscellaneous Tool Set
listed under “The Five Basic Tool Sets,” can also be considered
part of this group. Other members are:

m System Loader: Loads all program and data segments into
memory.

® Scheduler: Allows more than one program to access system
resources that normally cannot be shared.

Specialized tool sets

Tool sets in this group perform various specialized functions, as
listed.

Sound generation |
These tools make it easy to take advantage of the advanced sound
capabilities of the Apple IIGS. ‘ ;
® Sound Tool Set: Constitutes the sound hardware’s interface to ;

the Apple IIGS Toolbox, and provides basic sound |

manipulation routines.

m Note Synthesizer: Facilitates creation of musical notes
simulating a variety of instruments.

m Note Sequencer: Strings together notes from the synthesizer
into the sequences, patterns, and phrases that make up a tune. .

Mathematical computation

These tools perform mathematical functions and calculations.

m Integer Math Tool Set: Provides mathematical routines that
manipulate integers, long integers, and signed fractional
numbers. Also converts numbers to hexadecimal and decimal
ASCII strings.

B SANE Tool Set: Implements the Standard Apple Numerics
Environment, which provides extended-precision floating-poi
arithmetic that conforms to IEEE standard 754. Supports
multiplication and division and trigonometric and other
transcendental functions.
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Load files are programs in
machine-executable format.See
the Apple IS Programmer’s
Workshop Referencefor
information on the file format for
program segments.

See the Apple licS ProDOS 16
Referencefor complete
Information on ProDOS 16 and the
System Loader.

See the Apple lics Toolbox
Referencefor complete
Information on the Memory
Manager.

Program segmentation

Another powerful feature available to Apple IIGS programs is that
they can be segmented, and the segments can be relocatable and
dynamic. A segmented program is divided into chunks that can
be loaded into memory piecemeal. A relocatable segment is a
piece of code or data that needn’t be put at any particular
memory address in order to function correctly. A dynamic
segment is one that is not loaded until it is needed during
program execution.

Segmentation of executable programs (load files) gives two
principal advantages: (1) your program might fit into a smaller
memory space to help it run in small-memory machines and
under application-switching programs, and (2) it might load and
start to execute more quickly. Both advantages occur because less-
needed segments can be made dynamic and left on disk until they
are actually called into use. Furthermore, on the Apple I1IGS
computer no single block of code can occupy more than 64K
bytes of contiguous memory. To load a larger program than that,
you must split it up into two or more load segments.

Making your load-file segments relocatable means that the
available memory in the computer can be allocated efficiently
among multiple programs (including system software and desk
accessories).

Segmentation works because the Apple IIGS Memory Manager and
System Loader tool sets, work together with ProDOS 16, the Apple
IIGS operating system, to execute, move, and remove program
segments in a fashion that is sophisticated yet totally transparent
to the program user (and in many cases to the programmer too).
The Memory Manager takes care of assigning each segment to a
block of memory; the System Loader keeps track of where in
memory the segment has been loaded, and patches intersegment
calls in each segment as it is loaded. ProDOS 16 controls
execution of the programs once they are in memory.

Chapter 6 presents a more detailed discussion of load-segment
structure and how the Memory Manager, System Loader, and
ProDOS 16 interact to make it all work.
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Patchingis the process of
modifying code once it isin
computer memory.

Absolute and relocatable segments

To make efficient use of memory with segmented programs, the
Memory Manager and System Loader need to be free to place
code and data segments where they choose.

Absolute code is computer code that must be loaded at a specifi
address in memory and never moved. Many standard Apple II
programs contain absolute code. The programmer decides where
the program will sit in memory, and designs all address
references and subroutine jumps accordingly.

Relocatable code is computer code that contains relative and
symbolic address references, and so can execute correctly

wherever it is placed in memory. See Figure 1-7. Once it is in
memory, relocatable code must be patched by the loader so that
its address operands contain the proper values.

For efficient memory use, it is very important that as many
segments as possible be relocatable. The Memory Manager must
be free to place segments so they will not conflict with each other,
and so that contiguous areas of free memory are maximized.
None of your program’s segments should be absolute.

$6000

Absolute $4000
segment can't |—_———> $4000
be loaded:;
another segment
occupies

locati 4000
ocation $ $2000

Relocatable SXXXX :7*
segment = L ) o
fits in any

open space

Figure 1-7
Absolute and relocatable segments
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. See Chapter 6 for more
- Information on how static and
- dynamic segments are loaded.

.
7
3

Static and dynamic segments

A dynamic segment is a load segment that can be loaded and run
automatically during program execution. The application itself
needn’t do any loading—whenever the application calls a routine
that is in a dynamic segment, the segment is automatically loaded
and executed. Furthermore, that dynamic segment is not
subsequently unloaded from memory unless the application
permits it, and even then only when the memory is needed for
something else; in most cases the segment remains instantly
available the next time it is called.

A segment that is not dynamic is static. A static segment is
loaded at program startup, and is not unloaded or moved during
execution. The main segment of any program is static; any other
segments may be static or dynamic. See Figure 1-8.

The question of which segments to make static and which ones to
make dynamic is not as easily answered as the question of
absolute and relocatable. At least one segment in each program
must be static; if the program is small, that single segment may
constitute the entire program. But if the program is large or if it is
designed to require little memory, many of its segments may be
dynamic.

Making as many segments dynamic as possible can also decrease
the time required to initially load and start up a program. On the
other hand, there may then be momentary delays during
execution, as the dynamic segments are loaded when called.

. Program's main
static (static) segment
. —{ stays in memory
dynamic

dynamic N . )
dynamic | Dynamic segments loaded and

Y/ S— discarded as needed

Figure 1-8
Static and dynamic segments
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An object fileis a program that
has passed through an

assembler or compiler. It contains
machine-language code.

Chapter 6 shows you how to
specify object segments and
load segments.

Asource file is a program in its
original text form, as written by the
programmer.

The Programmer’s Workshop

To help you write application programs that make the most of th
new Apple IIGS features, Apple has produced an integrated
development environment called the Apple IIGS Programmer’s
Workshop (APW for short).

APW helps you create event-driven, segmented desktop
applications that access the full power of the Apple IIGS Toolbox.
With APW you can write modular source-code segments in a ‘
variety of high-level and low-level programming languages, and
then combine them into a single functioning program.

APW'’s object files and load files follow a file specification called"
object module format (OMF). OMF was developed, in part, to
create a system in which program segments written in several
languages could be combined and run together, because they all
would have one uniform object file “language”. With OMF you
can optimize various routines by writing them in different
languages and combining them into a single program. A routine
written for a program in one language can be dropped into
another program in another language, without modification.

Figure 1-9 is a simplified picture of what takes place from writing
to running an application under APW.

1. A program is first created as a source file, using a text editor
appropriate for the language(s) involved. APW includes a full-
featured, multi-language text editor.

2. The source file, in ASCII text form, is then either compiled or
assembled to produce an object file. Directives in the source
file control whether and how the object file is to be segmented.
A single source file can be compiled into more than one
object file.

3. The object file is converted by a linker into a load file.
Directives in the original source file, as well as commands to
the linker, can control segmentation in the load file. More than
one object file can be combined into a single load file. '

4. In the final step (if all goes well), the load file runs correctly whi
the loader places it in memory and it is executed. In the early
stages, of course, program development usually involves at least:
some time with a debugger such as the Apple 1IGS Debugger.
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Text editor Source
‘ file

Assembler/

Object

’ compiler file
Linker Load
file
Loader \

Executable
codein
memory

Figure 1-9
Steps In creating an application

Using APW to design and write segmented programs is covered in
Chapter 7. But before we get too deeply into the how of Apple
1IGS programming, we'd like to show you some more of the what
and why. The next five chapters present an extensive
programming example and give some additional background,
showing what Apple 1IGS programs can do and why they go about
it in the ways they do.
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Chapter 2: HodgePodge: A Sample Event-Driven Application

Now that you've had an overview of the Apple IIGS and
programming concepts, let’s plunge right into an example.

This chapter explores a demonstration application developed
Apple, called HodgePodge. HodgePodge has a recommended
organization for event-driven, desktop applications on the Ap,
IIGS. We walk you through the program, presenting the code as
explaining it in detail as we go along.

You may wonder why we're dissecting the sample program so |
soon—after all, much of its structure and most of its tool calls
parameters aren’t explained until later in the book. Our hope if
that, given the general concepts already presented and the exte
sive commentary accompanying these listings, your quickest ro
to understanding is to see actual code from a functioning prog

On the other hand, there is no required reading order for this |
book. If you want to delve deeper into toolbox concepts before
looking at code samples, by all means skip ahead to Chapters 3
through 5. Come back to this chapter when you’re ready.

Don't forget to look in Appendixes E, F, and G for the complete
source-code listings of HodgePodge in all three languages .’
(assembly language, C, and Pascal). And, whichever order you
read things in, don't forget to try HodgePodge in action on yo

Apple IIGS! i

What HodgePodge does

HodgePodge is a short application that loads stored graphic
images (picture files) from disk and displays them in movable,
scrollable, resizeable, overlapping windows on the screen. It also.
displays, in windows, text samples of the various fonts available

your system. See Figure 2-1. ;

Like a proper desktop application, HodgePodge shows menus,
displays messages in dialog boxes, supports desk accessories,
stores and retrieves files, prints text and graphics, and even
provides an “About HodgePodge” dialog box accessible from
Apple menu.

If you have a copy of the sample program, put it in your computg
and run it now. On the disk that accompanies this book, it’s the

application named HP, in the folder for any of the three language
(There are three files named HP—one for each language.)



New desk accessories are
described under “Supporting
Other Desktop Features” in
Chapter 5.
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Figure 2-1
HodgePodge desktop

HodgePodge’s menus

HodgePodge displays five pull-down menus from a menu bar at
the top of the screen: Apple menu, File menu, Edit menu, Windows
menu, and Fonts menu. Within each menu, items that the user may
select appear in black; items that the user may not select are
dimmed (gray). When the user selects an item on a menu, that
menu’s title is highlighted until the selected task is completed.

Apple menu

The Apple menu is a standard menu that all desktop applications
should have. Its title is a small, colored Apple icon. The first item
in the Apple menu is “About HodgePodge.” Selecting it brings up
a dialog box that explains a bit about the progam and its authors.
“About” dialog boxes are typical of desktop programs.

The Apple menu also lists the new desk accessories available on
the user’s system.
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The Clipboard and the concepts
of cut, copy, and paste are
described under "Supporting
Other Desktop Features” in
Chapter 5.

File menu

The File menu is a standard menu that all desktop applications
should have. Here it contains seven items:

B Open: Opens a picture file and displays it in a window.
m Close: Closes the frontmost or active window.

B Save As: Allows the user to save 2 picture window with its
present filename or under another name.

® Choose Printer: Allows the user to select a printer.
B Page Setup: Lets the user set certain parameters for printing,

B Print: Prints the contents of either a picture window or a font
window.

B Quit: Shuts down the program.,

All of the items in the File menu are standard, but their
implementation in some cases is specific to HodgePodge.

Edit menu

The Edit menu is a standard menu that all desktop applications
should have. Here it contains five items:

® Undo: Allows the user to reverse the last action undertaken,

m Cut: Deletes the selected part of a document and places the
selection in the Clipboard.

® Copy: Puts a copy of the selected part of a document in the
Clipboard.

B Paste: Copies the contents of the Clipboard into a document.

® Clear: Deletes a selected part of a document, without affecting
the Clipboard.

HodgePodge itself does not use the Edit menu; however, the Edit
menu must be present in case a desk accessory that needs it is
activated.

Windows menu

The Windows menu is nothing but a list of HodgePodge’s
currently open windows. The list is arranged in the order in which
the windows were opened. Selecting the name of a window from
the Windows menu causes that window to be brought in front of
any other open windows on the desktop.
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Fonts menu

With the Fonts menu, the user can display a piece of sample text
using any font on the system, in any size and with any desired
styling variation (such as bold or italic). Selecting the first item on
the menu brings up a dialog box with which the user selects the
font to display, and then draws the text in a2 window. Selecting the
second item toggles the display of the next-opened font window
between proportionally spaced and monospaced display.

HodgePodge’s picture windows

HodgePodge retrieves, displays, and stores color pixel images in a
particular type of picture file. The user may open a file, view the
picture, and then save the file again with the same or another
name.

With picture windows, HodgePodge demonstrates how to create
windows and how to display images on the screen. It also shows
an example of file access and demonstrates color printing. Figure
2-2 is an example of a picture displayed in a window.

Figure 2-2
A HodgePodge picture window
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HodgePodge’s font windows

HodgePodge displays sample text in windows on the screen.
text may be in any point size and may have any combination g
styling variations such as bold, italic, or underline. The text m
be in any font available on the user’s system. The actual lines o
‘text that are displayed are specified in HodgePodge; the user ]
cannot alter them.

Many different font windows, with different sizes and styles, ma
be open simultaneously. Unlike picture windows, font windows
not opened or saved as files.

With font windows, HodgePodge demonstrates how to create
windows and how to draw text on the screen. Figure 2-3 is an
example of a font window display.
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Figure 2-3
A HodgePodge font window

How to use the sample program

The sample program serves two purposes. First, it provides a rez
framework within which to describe how Apple 1IGS application:
operate and how they should be written. Second, it provides yot
with source code modules that you can adapt to your own 4
purposes on your own programs. You are encouraged to use an
modify any applicable parts of HodgePodge for any programs
you write. 4
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See Appendix D for a complete
listing of HodgePodge
subroutines.

Because you may be writing programs in any of various available
Apple 1IGS languages, we provide the sample program in three
languages—assembly language, C, and Pascal. Complete source
code listings are in Appendixes E through G. The parts of the
program listings reproduced in Chapters 2 through 6 are in
Pascal.

< HodgePodge versions: Source code and executable forms of
HodgePodge, in all three languages, are on the disk that
accompanies this book. Sightly different versions of
HodgePodge, with different features, have been distributed
through other sources such as APDA. See Chapter 9.

Organization

The source code for HodgePodge consists of many individual
subroutines in several separate files. Figure 2-4 shows the overall
organization of the principal routines. The main program (on the
left) calls each of the principal subroutines (on the right) in
order, from top to bottom.

InitGlobals

— StartUpTools J

— SetUpDefault

SetUpMenus

SetUpWindows

Main program Main event loop

HodgePodge MainEvent

Quit
ShutDownTools

Figure 2-4
HodgePodge organization (simplified)
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The most general routines, versions of which will probably appea
in every desktop program you write, are more heavily shaded:
HodgePodge, StartUpTools, SetUpMenus, MainEvent, and
HodgePodge’s main event loop ShutDownTools. Most execution time is spent in the main eve

is described under "Cycle 1 MainE nd in the subroutines that it calls.
Through the Main Event Loop,” oop (MainEvent) and HProutine

later in this chapter. Smaller versions of Figure 2-4, highlighted to show particular
subroutines, accompany discussions of the principal parts of the |
program. Another set of subroutine diagrams, starting with

Figure 2-5, shows the flow of execution within and from the main

event loop.

Code-listing convention

The HodgePodge source code listings in this chapter and
Pascal HodgePodge was written Chapters 3 through 6 are in Pascal. In addition to the standard

In TML Pascal™ for APW. See the Pascal syntax and notation, please note the following conventions:
Bibliography.

O Toolbox calls are in boldface. i
0O Reserved words (such as if; then, begin, end, goto) are in italics.

0O Names of functions, procedures, types, and user-defined
constants begin with capital letters.

O Names of variables, fields within records, and toolbox-defined
constants begin with lowercase letters.

O Boolean values (such as TRUE and FALSE) are all capital
letters.

HodgePodge at a glance:
the main program

Briefly, HodgePodge (and any event-driven application) follows
this sequence of operations when it executes:

1. It starts up:
O It initializes variables and data structures.
O It starts up the tool sets.

O It sets up the program’s menu bar.

[ HodgePodge — 2. Tt continually cycles through the main event loop.

3. As necessary, it handles application-specific events.

4. Finally, it shuts down.
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4 Most of the above tasks are carried out in subroutines, but they are
' The HodgePodge main program controlled by the main program. It is very short; this is what the
i sIn fhe source file HP.PAS. Pascal version looks like:

program HodgePodge; {begin HodgePodge...}

- {.}
{. USES and other declarations}

1.}
- begin

InitGlobals; {Initialize our globals, menus, etc.}
if StartUpTools then {if all tool sets loaded CK..}
begin
SetUpDefault; {Set up print record}
SetUpMenus; {Set up menus}
SetUpWindows; {Set up windows}
MainEvent; {Use the application}
end;
ShutDownTools; {Shut down IIGS tool sets}
end. {End of HodgePodge}

Subsequent sections lead you through the principal subroutines
called from the main program. The subroutines cover the steps
common to most applications—setting up, handling events, and
shutting down.

The details of how HodgePodge performs its own specific tasks,
such as displaying fonts or pictures, are mostly left for later
chapters. Here we are more interested in how HodgePodge
illustrates the general independence of form from function in
event-driven programs. That is, from a general point of view most
desktop applications look pretty much the same.

Step 0. Set the stage

The source code for a typical desktop application begins with
statements that bring in needed library files, sets up the operating
environment, and perhaps defines some data structures. Many of
these statements control what happens when the program is
assembled or compiled, rather than when it executes.
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O For assembly-language programs, this category includes such
tasks as selecting long or short registers, loading macro
libraries, and initializing various toolbox dara structurcs with
using dircctives.

Lt For higher-level programming languages, this category may
include defining variable types, dimensioning arrays, and
leading library [les.

Reler to Appendixes T through G for details.

Many constants arl daa structures are predefined in the interfice
librarics 10 the Apple 11GS Toolbox, and thus need not be defined
within an application, They include formats and field names for
toolbox records and templates, and predefined constants (or
values such as event codes and memory-block atiribues, We'll
discuss these and other data structures as we encounter them in
HodpePodge,

Steﬁ il Start the program

With the preliminaries out of the way, let’s look a1 program
execution. To start a deskiop program off on the right foot, vou nee
o initialize any program-specific variables and data stroctures you
are going Lo use, statt up the tool scts, and set up the system menu
bar,

Initialize variables and data shructures

Where and how you define your data and data structures depend
UpOn your program's purpose, the language you're using, and your
personal preference,

Pascal NodgePodge has three subroutines callod early in program
execution to sol up initial values of imporant components of the
progrant. Even though two of these routines are actually called
gfler lool starup (as Figure 2-4 shows), all three are grouped hers
far simplicity. In general, your programs will do some
initialization before starting tools, and some afier,

Unlike several of the HodgePodge routines described in this
chapter, thesc initialization routines are appplication-specific;
your program may have very different ones,
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& Note: The initialization routines InitGlobals and

SetUpWindows do not appear in the assembly-language and C
: versions of HodgePodge. In those languages, variables can be

initialized as they are defined in the source file, rather than

during execution.

InitGlobals

e InitGlobals is the first routine called from the main program.
L """""""""""""""""""" It initializes several variables and text strings used later in the
L program; we will not describe them individually here. It also
defines the text strings that constitute HodgePodge’s menus. (The
unusual formatting of the menu strings is explained under
“Making and Modifying Menus” in Chapter 5.) In addition,

InitGlobals is in the source file InitGlobals creates a large colored Apple icon that is
GLOBALS PAS. displayed in the “About HodgePodge” dialog box (Figure 4-14).
procedure InitGlobals; {begin InitGlobals..}
begin
with plsWtTemp do {template for "Please wait.." dialog}
begin {--format defined by Dialog Manager}
é SatRact(dtBoundsRect,120,30,520,80); {set its size}
5 dtVisible :=TRUE; {make it visible}
; dtRefCon :=0; {no special info here}
: dtItemList [0] :=pointer (0); {we'll insert this pointer later}
§ dtItemList[1] :=NIL; (this terminates the item list}
% end;

{Now define the text of HodgePodge's
menu titles and items:}

AppleMenuStr := concat ('>>@\N300X\0"',
'—About Hodge Podge...\N301\0',
'==-\N302D\0.");

FileMenuStr := concat ('>> File \N400\0',
'=Open. . .\N401*0o\0",
'==Close\N255D\0"',
'==Save As...\N403D\O',
'==—\N404D\0"',
'—Choose Printer...\N405\0',
'=—Page Setup...\N406D\O',
‘==Print...\N407*PpD\O",
'==-\N408D\0"',
'=—=Quit\N409*Qq\0.") ;
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EditMenuStr := concat ('>> Edit \N500D\O’,
'==Undo\N250%*2z\0"',
'==-\N501D\0O",
'==Cut\N251*Xx\0"', :
'==Copy\N252*Cc\0"', ‘
'==Paste\N253*vyv\0"',
'==Clear\N254\0."');

WindowMenuStr := concat('>> Window \N60OD\O"',
'== No Windows Allocated\N601D\0.');

FontMenuStr = concat ('>> Fonts \N700\0",
'==Display Font...\N701*Ff\0',
'==Display Font as Mono-spaced\N702*Mm\O0. ') ;
{Now initialize other variables,
records & strings:}
lastWindow := NIL; {window pointer}
noWindstr :=
'==No Windows Allocated\N601D\O.'; {item for Windows menu}
monoStr =
'==Display Font as Mono-spaced’; {Item for Fonts menu}
proStr =
'==Display Font as Proportional'; {Item for Fonts menu)}
isMonoFont := FALSE; {start fonts as proportional}

with desiredFont do

begin {set default font characteristics:}
famNum := $FFFE; {family number}
fontStyle := 0; {plain text}
fontSize = 8; {8 pt.}
end;
wlndex := 0; {WIndex is the number of open windows}

{Last, define the colored Apple icon
to appear in the "About.." box:}

SetRect(AppleIcon.boundsRect,0,0,64,34); {size of icon}

HPStuffHex (@Applelcon.data[l], {HPStuffHex puts pixel values in array}
'OOO00000OOOOOOOOOOOOOOOOOOOOOOOO');

HPStuffHex(@AppleIcon.data[2],
'UbhbrbhhbrbbbrbbbbbrbhbbhbhbbFFO');

-}
. define each pixel of the}
. icon (see Appendix G)}

{
{
{
{.}

40 Chapter 2: HodgePodge: A Sample Event-Driven Application



HPStuffHex (@Applelcon.data[33],
' 0FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFO ys
HPStuffHex(@AppleIcon.data[34],
'0000000OOO0000000000000000000000');

end;

SetUpDefault is in the source file
PRINT.PAS.

procedure SetUpDefault;

{End of InitGlobals}

SetUpDefault

SetUpDefault creates a default print record. (PrRecHdl is a
handle-type, that references a Print Manager print record.)
SetUpDefault must be called after tool startup because it makes
Memory Manager and Print Manager calls.

{begin SetUpDefault..}

begin
printHndl := PrRecHdl (NewHandle (140, {allocate memory for print record}
myMemoryID, {with our ID}
attrNoCross+attrLocked, {and these attributes}

Ptr(0))):
PrDefault (printHndl);
end;

SetUpWindows Is in the source file
WINDOW.PAS.

procedure SetUpWindows;

{no location restriction}
{fill record with default values}
{end of SetUpDefault}

SetUpWindows

SetUpWindows sets initial window size and position on the
screen. It is called after tool startup, although in this particular
case it could just as easily have been part of InitGlobals.

{begin SetUpWindows...}

begin
wXoffset := 20; {set initial window position}
wYoffset := 12; {from top left corner of screen}
SetRect(iSizPos,10,20,350,80); {the window's port rectangle}
end; {End of SetUpWindows}
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........

StartUpTools is in the source file

HP.PAS.

function StartUpTools : Boolean; {begin StartUpTools..}

const TotalDP = $B0O; {11 pages total direct-page space}
DPForQuickDraw = $000; {offset to QuickDraw direct pages}
DPForEventMgr = $300; {offset to Event Mgr direct page}
DPForCtlMgr = $400; {offset to Control Mgr direct page}
DPForLineEdit = $500; {offset to LineEdit direct page}
DPForMenuMgr = $600; {offset to Menu Mgr direct page}
DPForStdFile = $700; {offset to Std. File direct page}
DPForFontMgr = $800; {offset to Font Mgr direct page}
DPForPrintMgr = $900; {offset to Print Mgr direct pages}

var toolRec ToolTable; {Tool Locator record-type} !
paramBlock : FileRec; {ProDOS 16 parameter block}
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Start up the tool sets

Proper initialization, especially for the Apple I1IGS Toolbox, is |
critical for successfully running an application. For that reaso
you are urged to simply adopt the following code for your ow

programs. It works. ]

In HodgePodge, tool startup is in the subroutine StartUpTool
called from the main program right after InitGlobals. The |
steps are shown here in the order in which they are executed i
HodgePodge. Although that is not always the precise order in ]
which they must appear in your own source code, tool startup
order is in general very important. If you change the order
without knowing exactly what you are doing, your program ma
crash.

The tool startup subroutine peforms three essential tasks:

1. It loads the absolutely necessary tool sets—the Tool Locator,
the Memory Manager, the Miscellaneous Tool Set, QuickDraw
II, and the Event Manager.

2. Using a tool table and a single LoadTools call, it loads all the
other tools HodgePodge will need. ]

S

It starts up those just-loaded tools, in proper order.

0,

% Note: Many of the startup calls shown below require inputs or.
return results. Look at the discussions of individual tool sets in
Chapters 3 through 5 for more information; see the Apple IIG
Toolbox Reference for complete explanations. ‘

StartUpTools begins by starting up the five basic tool sets. It
also reserves some memory space (direct-page space) needed by
several of the tool sets. ‘




baseDP : Integer;
label 1;

begin
StartUptools:=TRUE;
TLStartUp;
CheckToolError ($1) ;

myMemoryID := MMStartUp;

MTStartUp;
CheckToolError ($2) ;

toolsZeroPage :=
NewHandle (TotalDP,
myMemoryID,
attrBank+attrFixed+
attrLockedtattrPage,
Ptr(0));
CheckToolError ($3) ;

baseDP := LoWord (toolsZeroPage®) ;

QDStartUp
(BaseDP+DPForQuickDraw,
ScreenMode,
MaxScan,
myMemoryID) ;
CheckToolError ($4) ;

EMStartUp

(BaseDP+DPForEventMgr,

20,

OI

MaxX,

0,

200,

myMemoryID) ;
CheckToolError ($5) ;

{start address of direct pages}

{label used for disk-mount loop}

{Start by assuming all will go well}
{start up Tool Locator}
{check for error}

{Start up Memory Manager: it returns
a User ID for HodgePodge to use}
{Start up Misc Tools}

{check for error}

{The tools need direct-page space:}
{allocate 11 pages, supplying..}
{..HodgePodge's User ID..}

{..these memory-block attributes..}
{..and make it in bank $00}
{check for error}

{get the 2-byte address of the space}

{address of QuickDraw's 3 dir. pages}
{640 mode}

{max size of scan line}

{HodgePodge's User ID}

{check for error}

{address of Event Mgr's direct page}
{event queue size}

{X min clamp}

{X max clamp}

{Y min clamp}

{Y max clamp}

{HodgePodge's User ID}

{check for error}

Next, StartUpTools loads all RAM-based tools and RAM
patches to ROM-based tools at once, with the LoadTools call. It
first puts a simple message on the screen to notify the user that it
is busy; then it constructs the tool table (the list of all tools to
load); and then it loads them.

MoveTo (20, 20) ;
SetBackColor (0);
SetForeColor (15);

{Foreground color

{Move Pen where we want it}
{Background color black}
white}
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DrawString ('One Moment Please...'); {Write the string on screen..}

ShowCursor; {..and display the arrow cursor}
{Now load RAM based tools
(and RAM patches to ROM tools)
—first, define the contents
of the Tool table:}
toolRec.numTools := 14; {14 tool sets to be loaded}
toolRec.tools[1].tsNum := 4; {QuickDraw //}
toolRec.tools[1l] .minVersion := 0;
toolRec.tools[2] .tsNum := 5; {Desk Manager}
toolRec.tools[2] .minVersion := 0;
toolRec.tools[3].tsNum := 6; {Event Manager}
toolRec.tools[3].minVersion := 0;
toolRec.tools[4] .tsNum := 14; {Window Manager} .
toolRec.tools[4] .minVersion := 0; §
toolRec.tools[5] .tsNum := 15; {Menu Manager} §
toolRec.tools[5] .minVersion := 0; i
toolRec.tools[6] .tsNum := 16; {Control Manager}
toolRec.tools[6] .minVersion := 0;
toolRec.tools[7].tsNum := 18; {QuickDraw Aux}
toolRec.tools([7] .minVersion := 0; !
toolRec.tools[8] .tsNum := 19; {Print Manager}
toolRec.tools[8] .minVersion := 0; ;
toolRec.tools[9] .tsNum := 20; {Line Edit}
toolRec.tools[9] .minVersion := 0;
toolRec.tools[10].tsNum := 21; {Dialog Manager}
toolRec.tools[10] .minVersion := 0;
toolRec.tools[11l].tsNum := 22; {Scrap Manager}
toolRec.tools[11l] .minVersion := 0;
toolRec.tools[12].tsNum := 23; {Standard File}
toolRec.tools[12] .minVersion := 0;
toolRec.tools[13].tsNum := 27; {Font Manager}
toolRec.tools[13] .minVersion := 0;
toolRec.tools[14].tsNum := 28; {List Manager}
toolRec.tools[14] .minVersion := 0;

{Now load the tools we've defined:}
1: {here's the label}
paramBlock.pathname := Q'*/SYSTEM/TOOLS'; {=pathname of tool directory}
GET FILE INFO (paramBlock) ; {Look for that directory:}
1f toolErr<>0 then {If it's not there..}
1f MountBootDisk = 1 then {Ask user to mount boot disk..}

goto 1; {..If OK go back and try again}
else {But if user cancels..}
begin
StartUpTools := FALSE; {tool startup fails!}
Exit; {..s0 quit this subroutine}
end;

{But if all is OK..}
{..load the tools named in Tool Table}
{check for error}

LoadTools (toolRec) ;
CheckToolError ($6) ;
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Note that, if the disk with the needed tools isn't on line,
StartUpTools calls the routine Mount BootDisk, which
prompts the user to remount the boot disk so tool loading can
continue. MountBootDisk is described under “Error Handling”

in Appendix D.

Once all the tool sets have been loaded, they need to be started
up. StartUpTools now starts each one, in the proper order and
with the proper input parameters as needed.

WindStartUp (myMemoryID) ;
CheckToolError ($7) ;

RefreshDesktop (NIL) ;

CtlstartUp

(myMemoryID,
. BaseDP+DPForCt1Mgr) ;
CheckToolError ($8) ;

LEStartUp
(BaseDP+DPForLineEdit,
myMemoryID) ;
CheckToolError ($9) ;

DialogStartUp

(myMemoryID) ;
CheckToolError ($A) ;

MenuStartUp
(myMemoryID,
BaseDP+DPForMenuMgr) ;
CheckToolError (SB) ;

DeskStartUp;
CheckToolError (SC) ;

ShowPleaseWait;

SFstartUp
(myMemoryID,
BaseDP+DPForStdFile) ;
CheckToolError ($D) ;
SFAllCaps (TRUE) ;

QDAuxStartUp;
CheckToolError (SE) ;

{start up Window Manager}
{check for error}

{redraw desktop}

{start up Control Manager}

{User ID for memory blocks}
{address of Ctl Mgr's direct page}
{check for error}

{start up Line Edit}

{address of LineEdit's direct page}
{User ID for memory blocks}

{check for error}

{start up Dialog Manager}
{User ID for memory blocks}
{check for error}

{start up Menu Manager}

{UserID for memory blocks}

{address of Menu Mgr's direct page}
{check for error}

{start up Desk Manager}
{check for error}

{Bring up a dialog box that says
"Please wait while we.."}

{start up Standard File}

{UserID for memory blocks}

{address of Std File's direct page}
{check for error}

{Display file names in all caps}

{start up QuickDraw Aux}
{check for error}
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WaitCursor;

FMStartUp {start up Font Manager}
(myMemoryID, {UserID for memory blocks} 1
BaseDP+DPForFontMgr) ; {address of Font Mgr's direct page}
CheckToolError(SF); {check for error} :
ListstartUp; {start up List Manager}
CheckToolError ($10) ; {check for error}
ScrapStartUp; {start up Scrap Manager}
CheckToolError ($11) ; {check for error}
PMstartUp {start up Print Manager}
(myMemoryID, {UserID for memory blocks} ]
BaseDP+DPForPrintMgr) ; {address of Print Mgr's 2 dir. pages}
CheckToolError ($12) ; {check for error}
HidePleaseWait; {Remove the "Please wait.."}
InitCursor; {restore normal cursor}
end;

ShowPleaseWait and
HidePleaseWait are descrived
under "“Constructing Dialog Boxes
and Alerts” in Chapter 4,
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{put up watch cursor,
now that it's available}

{End of StartUpTools}

This completes toolbox initialization. The routine StartUpToo
ends and returns control to the main program which, in additic
to calling the two short initialization subroutines SetUpWindos
and SetUpDefault (described earlier in this section), calls the

subroutine that sets up the menu bar. That routine, SetupMenuﬁ;
is described next.

% ShowPleaseWait: During tool startup, the HodgePodge routi
ShowPleaseWait is called. It puts up a dialog box that infor
the user that the startup process may take a few seconds. e
startup is done, HidePleaseWait removes the dialog box fic
the screen. Keeping the user informed is an important
component of the Human Interface Guidelines.

% Error handling: You may have noted that, after each tool
startup call, the HodgePodge subroutine CheckToolError is
called. CheckToolError is a very simple error handling ?_
routing; it is described under “Error Handling” in Appendix I
It is good practice to routinely check for errors after making
tool calls that can return them. 1



Sehupierus iz in e source lile
Pzl BAS,

propeders Bel Upblonus;
VAT height: Tnteger;

begin
SatMTitlaStart (10}

Set up the sysf_eﬁ{ menu bar

The rouline that sets up the menu bar when HadgeFPodpge slarls ap
iz called detupMenus. SetupHManus s called from the main
program, alter StartUpTools and the two small initialization
TEMALIneS,

For each menu in wrn, Setupkenus calls the Menu Manager
routine NewMenu, passing it 2 pointer to g sel of character strings
|hal define the menu name and the llems it contains. (The men
strings were defined in the routine IndLSlebals,) NewMen
returns a handle 1o the newly cres el e, SetupMenus then
calls InsertMenuy, passing it the menu handle and a position
parameler (here defaulted to zero), to put the menu into the menu
bar,

Finally, SetUpMenus adds all desk accessory names o the Appsle
meny (eith he DeskManaper call FisApplemenu), calculates the
height of the menu bar, and draws the bar,

{bagin SetupMenas.]

{= height of menu Lontl

(Belk starl position, from left edge
of menu hbar, of first memn titlal

InsartMenu (NewMenu (AFonkMenusSLe [L]), 00 ; {oroate a@nd insert Fonts Henu)
InsertMenu (NewMenu (EWindowkenusSco [11), G) 2 {oroate and insert Windows Hanul
InsartMana (HewMonu (AEditMenudts [11), 00 ; {oreate and insert Bdit Menu)
InsaertMan (HeawManu (AR 1 laMor St (110,00 ; {oreate and lnsert Tile Menu)
InsartManu (HowManu (GAnpleMenostr [1]), G) 1 {oreate and insert Apple Menul

FixhpplaManu (AppleMenulIl) ;

haeight = FixMeanuBar;
DrawdenuBar;
end;

{hdd Dhs Teo apple menul
{Zet sizes of menua)

{..- and draw Lhe meoo barcl)
{Bnd. of SetUpMenus]
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...........................

TaskMaster and GetNextEvent
are further described under
“Handling Events” in Chapter 3.
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Step 2. Cycle through the main event

A desktop application spends most of its time in the main eve
loop, waiting for an event to handle. How an application functio
is determined by what events it chooses to handle and how it
handles them. The event loops for most programs are quite
similar—it is in the subroutines to which the various events caust
branches that the special personality of each application lies.

HodgePodge’s main event loop is diagrammed in Figure 2-5.
Each time through the loop, HodgePodge checks whether it’s tin
to quit. If it isn’t, HodgePodge adjusts menu items if necessary
and then looks for the next event. It does this by calling the
Window Manager routine TaskMaster. Alternatively, an 1
application could call the Event manager routine GetNextEvent,

HodgePodge uses TaskMaster because TaskMaster automatically
handles many events for it. TaskMaster itself calls GetNextEvent,
and takes care of ecvents that affect the size and shape of windows,
such as a mouse click in the Zoom, Close, or Grow boxes. This is
not a requirement; your application can ignore TaskMaster
entirely and do all event-handling itself. For example, you might
not use TaskMaster if you want the application to respond in an
atypical manner. 3

If TaskMaster can’t completely handle an event, it passes a task
code (described in “Handling Events” in Chapter 3) back to the
application, and the application must deal with the event '
specified by that code. For example, if the user selects 2 menu
item, TaskMaster passes the information back to the application,
which must find out which item was selected and take the :
appropriate action.

When action on an individual event is finished, the application
(or TaskMaster) returns to the main event loop to wait for the nex
event.



MainEvent is in the source file
EVENT.PAS.

Time \\
ITo yes back to

quit? main program

no

™ CheckFrontw

TaskMaster
no
yes
DoMenu
A
(;'Ose yes
window DoCloseltem
event?

Figure 2-5
HodgePodge’s main event loop

The loop

Here is the code for HodgePodge’s main event loop. Compare it

with Figure 2-5. Depending on its features, your application may

have an identical event loop, or it may respond to a different set

of events.
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procedure MainEvent; {begin MainEvent...}

var code: Integer; {the task code (or event code)
: returned by TaskMaster}
begin
Event.wmTaskMask := SO0001FFF; {pass all events to TaskMaster}
done := FALSE; {initialize the Quit flag}
repeat
CheckFrontW; {adjust menu items if necessary}
code := TaskMaster (SFFFF, Event); {Call TaskMaster: let it handle
all events; record name=Event; it
returns the task code}
case code of {If the task code represents..}
wInGoAway: {If a window close box selected..}
DoCloseItem; {..go to DoCloselItem}
wlnSpecial, {If an Edit-menu item or a..}
wInMenuBar: {..regular menu item selected..}
DoMenu {..go to DoMenu}
end; {end of Case statement}
until done; {Stop when Done=TRUE}
end; {End of MainEvent}

The different events are specified by toolbox-defined constants
(such as wInMenuBar) that define Event Manager and TaskMas
event codes. See Chapter 3.

The main event loop here is much shorter than it would be if

TaskMaster were not used. Without TaskMaster, there might have
been as many as 16 separate items in the above case statement,
each with its own subroutine call. :

 Check front window: Each time through the loop, before
checking for events, HodgePodge determines which window (i
any) is the frontmost, and adjusts menu items accordingly. Fo
example, if the front window is a font window, the Save item 0
the File menu should be disabled because HodgePodge does -
not save font-window contents to disk. If the front window isa
desk accessory window, the Edit menu should be enabled.

The routine that does this menu manipulation is CheckF ront|
It is in the source file EVENT . PAS. See Appendix G.
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Window closing Is described
under “Window-Related Events,”
later In this section.

Window-content definition
procedures are discussed
under “Creating Windows” in
Chapter 4.

Step 3. Handle specific events

It may already seem that the organization of this program is a
little different from what you expected. So far, we've seen no
major divisions of the code into “Picture Window Stuff” and
“Font Window Stuff,” as you might expect in a program whose
principal tasks are the manipulation of picture windows and font
windows.

Event-driven programs have the equivalents to such modules, but
they are chopped up and arranged in different ways. Elements of
them are distributed throughout the flow of events in the program.

Therefore let’s continue along the path of execution, seeing where
we go when we leave the main event loop to handle the events
that HodgePodge responds to. We'll mention each of the types of
events and point you to where in the book to look for the specific
routine that handles that event type.

TaskMaster-handled events

In HodgePodge, TaskMaster automatically handles all moving,
resizing, scrolling, activating, updating, and redrawing of windows.
It handles nearly all window events automatically. This is a great
convenience (as you can imagine if you are a Macintosh
programmer) and it means that, apart from closing a window,
there is little for HodgePodge to do in terms of window
manipulation.

In general, there is one thing that TaskMaster cannot do for an
application, and that is draw the contents of a window. TaskMaster
cannot know what purpose the application created the window for.
But, if a window’s contents can always be described by a routine,
an application can provide TaskMaster with a way to call that
routine whenever a window is drawn. That routine, although part
of your program, acts as a sort of extension to TaskMaster, and it
can do the redrawing of the window’s contents. Such routines are
called window-content definition procedures.

HodgePodge uses this trick for both picture windows and font
windows. Figure 2-6 is an extension to part of the event-loop
diagram of Figure 2-5, and shows the window-drawing routines that
are called from within TaskMaster.
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Paint is in the source file
PAINT.PAS.

procedure Paint;

var tmpPort : GrafPortPtr; {pointer to a grafPort}
myDataHandle: WindDataH; {handle to a window-data record
--defined in GLORALS.PAS}
begin
tmpPort := GetPort; {get a pointer to current port}
myDataHandle := WindDataH ( {Get a handle to the window-data..}
GetWRefCon (tmpPort) ) ; {..record for the current port}
{Using the picture pointer in the..}
PaintIt (myDataHandle”*.pict); {..record, call the routine that
draws picture-window contents}
end; {end of Paint}
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Paint

TaskMaster

A DispFontWindow.
no . Any
<+ event »
‘.l,'yes
Figure 2-6

HodgePodge routines called by TaskMaster

< Note: Don't get the impression from Figure 2-6 that drawing
window contents is al/ that TaskMaster does. TaskMaster does
many more things, as already discussed, but Paint and
DispFontWindow are the only HodgePodge routines that
TaskMaster calls. ]

Picture window contents

When a picture window’s contents need to be drawn or redrawn,
TaskMaster calls the definition procedure Paint, which sets up.
the proper parameters and then calls the routine PaintIt to d
the actual drawing. Paint It is described under “Drawing to the
Screen (and elsewhere)” in Chapter 3. Paint looks like this:

{begin Paint..}



DispFontWindow is in the source
file FONT.PAS.

procedure DispFontWindow;

var tmpPort

begin
tmpPort

with myDataHandle”* do

ShowFont (theFont, isMono) ;

end;

: GrafPortPtr;
myDataHandle: WindDataH;

:= GetPort;
myDataHandle := WindDataH (
GetWRefCon (tmpPort) ) ;

Note that Paint (and Paint It too, as you will see) is completely
unconcerned about where on the screen the window to be drawn
appears, what other windows may or may not be in front of it, and
even how big the window is or what part of the picture is being
displayed. All these details are taken care of by the toolbox!

Font window contents

When a font window’s contents need to be drawn or redrawn,
TaskMaster calls the definition procedure DispFontWindow,
which sets up the proper parameters and then calls the routine
ShowFont to do the actual drawing. ShowFont is described in
Chapter 3, under “Drawing to the Screen.” DispFontWindow
looks like this:

{begin DispFontWindow...}

{pointer to a GrafPort}
{handle to a window-data record
—--defined in GLOBALS.PAS}

{Get pointer to current port}
{Get a handle to the window-data..}
{..record for the current port}

{Using font info from the record..}
{..call the routine that draws
font-window contents}

{End of DispFontWindow}

Just as in the case of picture windows, DispFontWindow and
ShowFont are completely unconcerned about where on the
screen the window to be drawn appears, what other windows may
or may not be in front of it, and even how big the window is or
what part of the font display is to be drawn. The toolbox does it
all.
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DoMenu is in the source file
MENU.PAS

procedure DoMenu;

var menuNum: Integer;
itemNum: Integer;
begin
menuNum := HiWord (Event.wmTaskData) ; {get number of menu and item}

itemNum := LoWord (Event.wmTaskData);

case itemNum of

AboutItem: DoAboutItem; {bring up "About HodgePodge" dialog}

OpenItem: DoOpenItem; {open a picture window}

Closeltem: DoCloseItem; {close a window}

SaveAsItem: DoSaveltem; {save a picture file}

ChoosePItem: DoChooserItem; {choose a printer}

PageSetItem: DoSetupItem; {do page-setup}

PrintItem: DoPrintItem; {print contents of a window}

QuitItem: DoQuitItem; {quit HodgePodge}

UndoItem: ;

CutItem: ;

CopyIltem: ; {ignore special menu items}

PasteItem: ;

ClearItem: H

FontItem: DoOpenItem; {open a font window}

MonoItem: DoSetMono; {set font spacing}
otherwise

DoWindow (itemNum) ; {bring the chosen window to front}
end; {of Case statement}

HiliteMenu (FALSE, menuNum) ;

end;
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Menu-related events

Each of the subroutines listed in this section is called as the re
of a menu selection made by the user. Thus there is one ]
subheading for each HodgePodge menu entry. Figure 2-7 is an
extension to part of Figure 2-5; it shows which routines can be -
called when the main event loop sends a menu-related event (g
the routine DoMenu. ;

When a menu item is selected (either with the mouse or with a
keyboard-equivalent), TaskMaster returns 17 ( = wInMenuBar—
see “Handling Events” in Chapter 3) as the value of myEvent,
which causes execution to pass to the subroutine DoMenu. ]
TaskMaster also sets the taskData field of the extended task
event record equal to the menu ID and the ID of the item ‘
selected, and then passes control back to HodgePodge so it mat
perform the specific task. DoMenu looks like this: '

{begin DoMenu...}

{unHighlight menu title}

{End of DoMenu}



The menu ID variables (CloseItem, About Item, and so forth)
are defined in the source file GLOBALS .PAS.

M DoWindow
- DoCloseltem
—  DoAboutltem
l B DoQuitltem
Menu yes 1
“. event DoMenu DoOpenltem
I}vo u DoSaveltem
— DoChooseltem
H  DoSetupltem
— DoPrintltem
= DoSetMono
Figure 2-7

HodgePodge routines that handle menu-related events

The various routines called by DoMenu are listed either elsewhere
in this book or in Appendix G. In brief, this is what each does:

m DoAboutltem: Brings up the “About HodgePodge” dialog box.
DoAbout Item is listed under “Constructing Dialog Boxes and
Alerts” in Chapter 4.

® DoOpenlItem: Opens a font or picture window. DoOpenItem
calls OpenWindow to open the window, then calls AddToMenu
to add the window’s name to the Windows menu. DoOpenItem
is listed under “Opening a Window: An Example” in Chapter 4.
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® DoCloseltem: Closes a font or picture window, releases its
allocated memory, and adjusts the Windows menu.

DoCloseItem is listed under “Window-Related Events,” lat‘
in this section.

® DoSaveltem: Saves the contents of a picture window as a disk,

file. DoSaveItem is listed under “Communicating With Files
and Devices” in Chapter 5,

® DoChooserItem: Brings up a dialog box permitting the user
choose a printing device. DoChooserItem is listed under
“Communicating With Files and Devices” in Chapter 5.

® DoSetupltem: Brings up a dialog box permitting the user to
page-setup parameters. DoSetupItem is listed under
‘Communicating With Files and Devices” in Chapter 5.

B DoPrintItem: Prints the contents of the frontmost window.

DoPrintItem is listed under “Communicating With Files an(
Devices” in Chapter 5.

¥ DoQuitltem: Assigns the value TRUE to the boolean variable 1
done. That causes temination of the main event loop. s
DoQuitItemis in the source file MENU . PAS. See Appendix G,

® DoSetMono: Toggles a flag that controls whether fonts are |
displayed as monospaced or proportional, and updates the
Fonts menu accordingly. DoSetMono is in the source file
FONT.PAS. See Appendix G.

® DoWindow: Brings the selected window (chosen from the
Windows menu) to the front. DoWindow is in the source file
MENU. PAS. See Appendix G.

Window-related events

Closing is the only window-related event that HodgePodge must
respond to explicitly. Figure 2-8 is an extension to part of Figure |
2-5; it shows the routines that can be called when the main event
loop encounters a window-related event,



Close yes

# window “——_ DoCloseltem ———1  AdjWind
. event i
N9 T
T no
Figure 2-8

HodgePodge routines that handle window-related events

, Closing is a window event, but it is also a menu event . When the
user clicks in an active window’s close box, or selects Close from

the File menu, TaskMaster returns that information to
DoCloseltem is in the source file HodgePodge, which in turn calls DoCloseItem DoCloseItemis
WINDOW.PAS. also called at program shutdown, to close all windows. Its source
code looks like this:
procedure DoCloseltem; {begin DoCloseItem..}
var theWindow : GrafPortPtr; {ptr to window to be closed}
myDataHandle: WindDataH; {window-data-record handle}
begin
theWindow := FrontWindow; {Get a pointer to the front window}
CloseNDAbyWinPtr (theWindow) ; {Assume that it's a desk acc. window}
if isToolError then {If it wasn't an NDA window...}
begin
AdjWind (theWindow) ; {Call AdjWind to update menu}
myDataHandle := WindDataH( {Get a handle to window's..}
GetWRefCon (theWindow) ) ; {.window-data record}
DisposeHandle (Handle (myDataHandle)) ; {Get rid of the window-data record}
CloseWindow (theWindow) ; {Get rid of the window completely}
Dec (wIndex) ; {decrease number of open windows}
end; {end of IF wasn't an NDA}
end; {end of DoCloseltem}

% AdjWind: DoCloseItem calls the HodgePodge routine
Adjwind, which removes the name of the just-closed window
from the Windows menu. Ad3jWind is described under “Making
and Modifying Menus” in Chapter 5.

Step 3. Handle specific events 57



Step 4. Shut down the program

When it’s time for your application to quit, the following steps:
ensure a graceful exit: :

1. Shut down all tool sets in reverse order from the way you
“started them up.

2. Release any memory your application requested from the
. Memory Manager.

L 3. Shut down the Memory Manager (with your application’s Ust

1D as inpud)

4. Shut down the Tool Locator.

S. In assembly language, use the ProDOS 16 QUIT call to leave
application. (In C and Pascal, this is taken care of for you).

HodgePodge terminates when the user selects Quit from the Fi ?
menu. The routine DoQuit Item executes, setting the variable d¢
to TRUE, which causes the main event loop to stop. Execution p:
to the main program, which calls ShutDownTools and ends.

ShutDownTools is in the source file ShutDownTools shuts down all tool sets, in reverse order fro '
HP.PAS. startup. You may be able to use this code verbatim in your ]
programs. It looks like this:

procedure ShutDownTools; {begin ShutDownTools...}
begin
DeskShutDown; {shut down Desk Manager}
if WindStatus <> 0 then {make sure Window Mgr. active..}
HideAllWindows; {close all windows—--this may take
some time if many open windows!}
ListShutDown; {shut down List Manager}
FMShutDown; {shut down Font Manager}
ScrapShutDown; {shut down Scrap Manager}
PMShutDown; {shut down Print Manager}
QDAuxShutDown; {shut down Quick Draw Aux}
SFShutDown; {shut down Standard File}
MenuShutDown; {shut down Menu Manager}
DialogShutDown; {shut down Dialog Manager}
LEShutDown; {shut down Line Edit}
CtlShutDown; {shut down Control Manager}
WindShutDown; {shut down Window Manager}
EMShutDown; {shut down Event Manager}
QDShutDown; {shut down QuickDraw II}
MTShutDown; {shut down Misc. Tool Set}
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if MMStatus <> 0 then

{If Memory Mgr. active..}

begin {delete the direct-page memory..}
DisposeHandle (toolsZeroPage) ; {..allocated at startup}
MMShutDown (myMemoryID) ; {shut down Memory Manager}
end;
TLShutDown; {shut down Tool Locator}

end;

{End of ShutDownTools}

& HideAllWindows: Note that ShutDownTools calls
HideAllWindows, which simply closes all windows and
releases their associated memory. HideAllWindows is in the
source file WINDOW. PAS. See Appendix G.

Conclusion

This completes our overview of the organization of HodgePodge.
You can see that it has a structure almost independent of the tasks
it was written to perform. That, of course, is the intention—if all
event-driven programs execute in a similar manner, they can
present a uniform interface to the user. In addition, they can be
extended easily to add new features, and they can remain
compatible with future revisions of system software.

The rest of the book gives more details on how HodgePodge
actually performs its individual tasks, and gives some of the
concepts behind the tool calls that HodgePodge, like any event-
driven program, needs to make. Most discussions are general, but
HodgePodge listings are included where appropriate. See Table 2-1.

Table 2-1

HodgePodge routines described in this book

Routine See chapter and section...

AddToMenu Chap. 5: “Making and Modifying Menus”
Adjwind Chap. 5: “Making and Modifying Menus”
AskUser Chap. 5: “Communicating With Files...”

CheckToolError  App. D: “Error Handling”
CheckDiskError  App. D: “Error handling”
DispFontWindow  Chap. 2: “Handle Specific Events”

DoAboutItem Chap. 4: “Constructing Dialog Boxes...”
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Table 2-1 (continued)
HodgePodge routines described in this book

Routine See chapter and section...
DoChooseFont Chap. 3: “Drawing to the Screen”
DoChooserItem Chap. 5: “Communicating With Files...”
DoCloseItem Chap. 2: “Handle Specific Events”
DoMenu Chap. 2: “Handle Specific Events”

DoPrintItem Chap. 5: “Communicating With Files. ..

DoSaveItem Chap. 5: “Communicating With Files. ..
DoSetUpItem Chap. 5: “Communicating With Files. ..
DoTheOpen Chap. 4: “Creating Windows”
DrawTopWindow Chap. 5: “Communicating With Files...
HodgePodge Chap. 2: “HodgePodge at a Glance”
InitGlobals Chap. 2: “Start the Program”
StartUptools Chap. 2: “Start the Program”
LoadOne Chap. 6: “The ProDOS File System”

MainEventLoop Chap. 2: “Cycle Through the MainEvent”

OpenWindow Chap. 4: “Creating Windows”

Paint Chap. 2: “Handle Specific Events”
PaintIt Chap. 3: “Drawing to the Screen”
SaveOne Chap. 6: “The ProDOS File System”
SetUpDefault Chap. 2: “Start the Program”
SetUpMenus Chap. 2: “Start the Program”
SetUpWindows Chap. 2: “Start the Program”

ShowFont Chap.

5

5

5

4

5

2

2

2

6

2
MountBootDisk App. D: “Error Handling”

4

2

3

6

2

2

2

3: “Drawing to the Screen”

2

ShutDownTools Chap. 2: “Shut Down the Program”
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The compilete reference for all
toolbox calls is the Apple lics
Toolbox Reference,intwo
volumes.
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In Chapter 2, the sample program HodgePodge showed an
example of toolbox use in action. Now let’s examine some of thy
concepts behind the toolbox calls HodgePodge makes. Even
though an introductory book like this can only get you started y :
each tool set, the overall view of what the tools can do for you
and the example of how HodgePodge integrates them should tak
you a long way toward understanding and exploiting their power;

The Apple 1IGS Toolbox is made up of about 30 tool sets. Each
tool set is made up of many routines. In all, there are more than
800 toolbox routines in ROM and RAM, covering a wide variety
tasks from managing memory to drawing to the screen to giving
you the time of day. And don’t WOITy—you needn’t memorize ;
them all to write an Apple IIGS application. Just the few you lea

from this book will get you started.

You can think of the toolbox as a very large library of prewritten
subroutines, optimized and integrated to relieve you of a large
part of your programming burden. They exist to free you to
concentrate on the fundamental, creative aspects of the program
yOu want to write.

In this chapter we discuss events and how to handle them, and
basic process of drawing to the Apple IIGS screen by using .
QuickDraw II. Chapters 4 and 5 describe the remaining tool sets,
We'll include actual examples from HodgePodge where '
appropriate, but otherwise the details of individual calls and thej
parameters are left for other books.

Starting up and calling the tools

Required tool sets

There are three tool sets required for any application using the
Apple 1IGS Toolbox. Start them first, and start them in this order:

1. The Tool Locator



Refer o “Set the Stage” in
Chapter 2 to see how closely
HodgePodge follows this
sequence.

HodgePodge's tool table is
initialized in the routine
StartUpTools.

Important

For a list of all current tool sets and
their numbers, see “User Tool
Sets” in Chapter 8.

2. The Memory Manager
3. The Miscellaneous Tool Set
Beyond these three, there are two other tool sets that, while not

absolutely required for the Apple IIGS to function, are nevertheless
used in nearly every application. Start them up in this order:

4. QuickDraw II
5. The Event Manager

Other tool sets

After the required tool sets are in place, you should load and start
up all other tool sets your application might use.

Loading

To simplify things, and to ensure that the correct versions of tool
sets are available, it's best to load all of your needed tool sets at
once, with the Tool Locator’s LoadTools call. LoadTools does two
things: it loads RAM-based tools into the computer (remember,
some tools are not in ROM), and it checks the version numbers of
all the specified tool sets, whether in ROM or RAM. That version
check is important because some tool sets will not function
without the proper minimum versions of other tool sets.

When you make the LoadTools call, you pass it a pointer to a tool
table, which lists the total number of tool sets to load, and the
number and minimum acceptable version of each tool set.

Make sure that all the RAM-based tools your program needs are in
the TOOLS subdirectory of the SYSTEM directory on the system disk.
See Appendix C.

Starting up

After you have loaded the remaining tool sets, you must then start
up each one. Each tool set has its own startup call; some calls
require or return parameters, others have no inputs or outputs.
Because some tool sets require the presence of other tool sets in
order to function, tool sets must be started in proper order. Table
3-1 gives the suggested startup order.
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Table 3-1
Tool set startup order

Hex. Dec. Name

$01 1 Tool Locator

$02 2 Memory Manager

$03 3 Miscellaneous Tool Set
$04 4 QuickDraw II

$06 6 Event Manager

$0E 14 Window Manager

$10 16 Control Manager

$OF 15 Menu Manager

$14 20 LineEdit Tool Set

$15 21 Dialog Manager

$05 5 Desk Manager

$17 23 Standard File Operations Tool Set
$16 22 Scrap Manager

$1C 28 List Manager

$13 19 Print Manager

$1B 27 Font Manager

You can assume that tool sets not on this list are either started
already, or can be started in any order.

% HodgePodge: You may have noticed that HodgePodge doe:
follow this sequence exactly when it starts its tool sets. ,
Specifically, it starts up the Menu Manager after starting the
LineEdit Tool Set and the Dialog Manager. So in some
instances it may be possible to alter startup order slightly,
is safest just to follow the order given in Table 3-1.

In addition to the dependencies reflected in the startup order
tool sets, there are additional, complex dependencies among &
sets because a routine in one tool set may call routines in othe
tool sets (which may call routines in still other tool sets, and s¢
on). These dependencies are beyond the scope of this book; se
the individual tool set and routine descriptions in the Apple Il
Toolbox Reference.



The Tool Locator is documented
fully under “The Tool Locator” in
the Apple lIcs Toolbox
Reference

The input and output parameters
for each assembly-language tool
call are described in the Apple
lles Toolbox Reference.

Calling an individual routine

You can access toolbox routines easily from either assembly
language or high-level languages. The initial languages offered
with the Apple 1IGS Programmer’s Workshop (APW, described in
Chapter 7) are 65816 assembly language and C; macro libraries
and interface libraries are available for these languages. Any other
languages with similar interface libraries (such as the TML Pascal
used to write the Pascal version of HodgePodge) allow similar
tool-calling procedures.

The Tool Locator

Every time you make a tool call, your request goes through the
Tool Locator, the first tool set started up at the beginning of your
program. The Tool Locator (in ROM) keeps tables in RAM that
point to the individual routines (which may be in either ROM or
RAM). The pointer tables are kept in RAM so that they may be
easily modified when tool sets are updated, moved to ROM from
RAM, or otherwise changed. Your application needn’t know or
care where a routine is—it just tells the Tool Locator to get it.

Calling from assembly language

The simplest way to make tool calls from assembly language is to
use macros. The macros provided with APW relieve you of having
to remember the tool set number and routine number for each
call. Assembly-language HodgePodge makes all its calls with
macros.

Make a tool call as follows:

1. If the function has any output, push the correct amount of
space for it on the stack.

2. If the function has any inputs, push them on the stack in the
specified order.

3. Invoke the appropriate macro by name. A macro name is the
same as the routine it calls, except that, by convention, it has a
leading underline character.

4. Check for errors, as described under “Machine State on Return
from the Call,” later in this section.

5. Pull the output, if any, from the stack.
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The names of the parameters for
each tool routine in the C
language are described in the
Apple lics Toolbox Reference.

For a complete description of
register and flag states after a
toolbox call, see “Using the
Apple liGs Tool Sets” in the Apple
llcs Toolbox Reference
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You can make an assembly-language tool call without macros,
course. The method is almost identical to that just described,
except that instead of calling the routine by name, you jump:
the Tool Locator’s entry point ($E1 0000) with a JSL instructio
with the tool set number and routine number as the high-ord
and low-order bytes in the X register. All tool set and routine
numbers are documented in the Apple 1IGS Toolbox Referenc
Nevertheless, it is probably best to use macros because names
easier to remember and read. :

Calling from a high-level language

The interface libraries that allow C programmers to access the
Apple IIGS Toolbox are included in APW C. Those libraries
contain the function definitions for the tools. The steps to call
routine are as follows. Other high-level languages will have sim
libraries, appropriate to the languages’ structures.

1. Make the routine accessible by using an #include statemes
that includes the appropriate file (for example, QuickDra
for QuickDraw II calls). The included file will provide the ‘
function declarations and the necessary constants and data
structures. '

2. Invoke the call by entering its name and supplying the cor g
parameters. '

3. Examine the global error variable (_toolErr in C,
ToolErrorNum in Pascal) for errors, if necessary. If the
variable is equal to zero, no errors occurred; otherwise, it
contains the number of the error.

Machine state on return from the call

When it completes a call, a toolbox routine returns control
directly to the application that called it. The accumulator conta
zero and the ¢ flag (carry bit) is cleared to zero if the call was
completed successfully. Other flags and registers have values
dependent on the specific routine called.

If an error occurred during the call, the carry bit is set (=1) and
the accumulator contains an error code in this format: ‘

high-order byte = tool set number
low-order byte = error number



All toolbox error codes are
summarized in an appendix fo
Volume Il of the Apple IicS
Toolbox Reference.

& Error passing: With this method, an error can be properly
identified even if it occurs during a call to one tool set, but
doesn’t actually show up until a call returns from another tool
set. For example, using this method, a QuickDraw II call can
pass on an error message from the Memory Manager.

Handling events

The central part of any event-driven program is its main event
loop. As Figure 2-5 shows in the case of HodgePodge, the program
continually cycles through the event loop, waiting for an event to
act upon. The application decides what to do from moment to
moment by looking at each event and responding to it
appropriately.

What constitutes an event? An event is a notification to the
program that something has occurred, something that the
program may wish to respond to. It may be a signal from outside
the program, such as a keystroke. Or it may be something internal,
such as the need to redraw part of a window when an overlapping
window has been moved.

< Interrupts: An event is different from an interrupt in that it is
generated in software, and that it does not force action by the
application. An application can ignore any event it does not
need to act upon.

The Event Manager is the Apple IIGS tool set that notes these
occurrences and records them as events (by creating event
records). For example, whenever the user presses or releases the
mouse button, the Event Manager records the action in an event
record. The Event Manager collects events from a variety of
sources and reports them to the application on demand, one at a
time. The Event Manager doesn’t necessarily report the events in
the exact order they occur, because some have higher priority
than others.

The Event Manager is also used by other parts of the toolbox. For
instance, when HodgePodge calls TaskMaster in its main event
loop, TaskMaster in turn calls the Event Manager. See “Using
TaskMaster,” later in this section.
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Events and the event queue

The event queue

Most events are placed in an event queue, which is an ordered i
of event records. As events occur, they are placed at one end of
the queue; as the application cycles through its event loop, it pul
events off the other end, one at a time, by making a call such as -
GetNextEvent. :

< TaskMaster: Rather than call GetNextEvent directly, we suggest
that your application call TaskMaster instead. The end result,
however is the same—Taskmaster calls GetNextEvent, which
pulls events off the event queue as usual. See “Using
TaskMaster,” later in this section.

Figure 3-1 shows a simplified view of how events are presented to’
an application. All event types, except switch events and the ]
window-related events activate and update, pass through the event
queue. The various types of events are ordered by priority before:
the application sees them. Also, the application can filter out, or :
mask, types of events that don’t apply to a particular situation.

The event queue

T queue ————

! :

! |

! |

|

L Event v Event Event :_, Event | |

| record record record | | mask
|

! :

! |

e 3

Figure 3-1



Event types

Events are of various types. Some report actions by the user;
others are generated by the Window Manager, device drivers, or
the application itself for its own purposes. The system handles
some events before the application ever sees them, and it leaves
others for the application to handle.

Each event's type is described by an event code, a numeric value
that the Event Manager returns to the application getting the
event. For programming convenience, there is also a set of
predefined constants for these codes. Table 3-2 lists the codes and
constants. The first half of the TaskTable in the assembly-
language version of HodgePodge’s main event loop (in the file
EVENT .ASM) is a code equivalent to Table 3-2; C and Pascal
HodgePodge, on the other hand, use the predefined constants to
describe event codes.

Table 3-2

Event Manager event codes

Value Constant Meaning

0 nullEvt null event

1 mouseDownEvt mouse-down event

2 mouseUpEvt mouse-up event

3 keyDownEvt key-down event

4 (undefined)

5 autoKeyEvt auto-key event

6 updateEvt update event

7 (undefined)

8 activateEvt activate event

9 switchEvt switch event

10 deskAccEvt desk-accessory event

11 driverEvt device-driver event

12 applEvt application-defined event
13 app2Evt application-defined event
14 app3Evt application-defined event
15 app4Evt application-defined event
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From Table 3-2 you can see that 16 is the maximum number
cases your main event loop has to consider if your applicati
calls GetNextEvent. If it calls TaskMaster instead, many of the
events are handled automatically; however, there is an addii
set of codes, called task codes, returned by TaskMaster. See
TaskMaster,” later in this section.

Event records and masks

Every event is represented by an event record containing all
pertinent information about that event. The event record inc
the following information:

® What: the event code, such as mouse-down
® When: the time the event was posted (the tick cound

® Where: the location of the mouse at the time the event was
posted, in global coordinates (see “Global and Local
Coordinate Systems,” in this chapter)

m Modifiers: the state of the mouse buttons and modifier key
the time the event was posted, such as Option key down

m Message: any additional, event-specific information, such
which key the user pressed or which window is being acti

Some of the Event Manager routines can be restricted to ope
on a specific event type or group of types; in other words, sor
event types are enabled while all others are disabled. For ins
instead of just requesting the next available event, the applic:
can specifically ask for the next keyboard event. It does so b ¢
supplying an event mask as a parameter. The mask disables 2
unwanted event types.

There’s also a global system event mask that controls which e
types, the Event Manager posts into the event queue in the fir
place. When the system starts up, the system event mask is set.
post all events.

Responding to events

Here are some typical application responses to commonly
occurring events.

% TaskMaster: These responses apply to a program that uses
GetNextEvent in its event loop. If you are using TaskMaster
instead, see “Using TaskMaster,” later in this section.



Mouse events

Mouse-down and mouse-up events occur when the mouse button
is pressed or released. Mouse movements cause the cursor
position to be updated, but do not create events.

On receiving a mouse-down event, an application should first call
the Window Manager to find out where the cursor was on the
screen when the mouse button was pressed, and then respond in
whatever way is appropriate. Depending on where the cursor was
when the button was pressed, the application may have to call
toolbox routines in the Menu Manager, the Desk Manager, the
Window Manager, or the Control Manager.

If the application attaches special significance to the user pressing
a modifier key or keys along with the mouse button, it can
discover the state of the modifier keys by examining the
appropriate flags in the modifiers field of the event record.

If you want your application to respond to mouse double-clicks, it
must detect them itself. It can do so by comparing the time and
location of a mouse-up event with the time and location of the
mouse-down event immediately following the mouse-up event.

Mouse-up events can be significant in other ways; for example,
they can signal that the user has stopped dragging the mouse after
selecting a group of objects. Most applications, however, can
ignore mouse-up events, and handle dragging with other calls
such as TrackControl.

< HodgePodge: HodgePodge does not need to respond to mouse
events directly. See “Using TaskMaster,” later in this section.

% Alternative pointing devices: All applications that use the Event
Manager work with alternative devices just as they do with the
mouse. When a device such as a graphics tablet is being used,
its X-Y location and button status appear in the event records
in place of the mouse information. Mouse-up and mouse-down
events are posted when the alternative device’s buttons change
state.

Keyboard events

Key-down events occur when character keys are pressed. Modifier
keys (Shift, Caps Lock, Control, Option, and Apple) generate no
keyboard events of their own—whenever an event is posted, the
state of the modifier keys is reported in a field of the event
record. The character keys also generate auto-key events when the
user holds them down.
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For a key-down event, the application should first check thé
modifiers field to see whether the character was typed wi
Apple key held down; if so, the user may have been choosit
menu item by typing its keyboard equivalent.

If the key-down event is not a menu command, the applical
should respond to the event in whatever way is appropriate
example, if one of the windows is active, the application cot
insert the typed character into the active document; if none
windows is active, it might choose to ignore the event.

Most applications can handle auto-key events the same way.
handle key-down events. However, you may want your appli
to ignore auto-key events that invoke commands you don't
continually repeated.

< HodgePodge: The only key events in HodgePodge are
keyboard equivalents to menu commands. TaskMaster ha
those events and returns the menu-selection information
HodgePodge, so HodgePodge itself needn’t respond to ke
events at all.

Window events

To coordinate the display of windows on the screen, the Wi _‘
See “Creating Windows” in Manager generates activate events and update events. Acti !
Chapter 4 for a discussion of events occur whenever an inactive window becomes active ol
window features. . . . . :
active window becomes inactive. Update events occur when 2
part of a window’s contents need to be drawn or redrawn, ust
as a result of the user’s opening, closing, activating, or movi
window. '

When the application receives an activate event for one of its
windows, the Window Manager will already have done all of 1
normal housekeeping associated with the event, such as i
highlighting or unhighlighting the window. The application
then take any further necessary action, like showing or hiding’
scroll bar, or highlighting or unhighlighting a selection.

On receiving an update event for one of its own windows, the

application is responsible for updating (redrawing) the contel
of the window. 4

“ HodgePodge: Activate and update events in HodgePodge
handled automatically through TaskMaster.
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For a full discussion of
TaskMaster, see “Window
Manager” in the Apple lIGS
Toolbox Reference.

Event codes are listed in
Table 32

Window regions are discussed
under “Creafing Windows” in
Chaopter 4.

Other events

Device-driver events are generated by device drivers in certain
situations; for example, an application might set up a driver to
report an event when its transmission of data is interrupted.

A desk accessory event occurs whenever the user enters the
special keystoke (Control-Apple-Escape) to invoke a classic desk
accessory. See “Supporting Other Desktop Features” in Chapter 5.

An application can define as many as four application-defined
events of its own and use them for any purpose.

Switch events are reserved for future use.

The Event Manager returns a null event if it has no other events to
report. Most applications ignore null events and continue through
the event loop.

Using TaskMaster

TaskMaster is a routine that can handle many standard events.
Technically, it is part of the Window Manager, and it handles
window-related events such as drawing, scrolling, activating, and
updating windows. It is discussed here because it replaces the
GetNextEvent call for an application, and it also does preliminary
event-handling for mouse-down and key-down events.

When your program calls TaskMaster instead of GetNextEvent, the
following happens:

1. TaskMaster calls GetNextEvent.

2. If no event is ready to be handled, TaskMaster returns zero.

3. If an event is ready, TaskMaster looks at it and tries to handle it.
4

. If Taskmaster can’t handle the event, it returns the Event
Manager event code to your application. The application can
handle the event as if the event were coming from GetNextEvent.

5. If TaskMaster can handle the event, it calls standard toolbox
functions to carry out the task. For example, if the user presses
the mouse button in an active window’s zoom region,
TaskMaster detects it and calls TrackZoom; it then calls
ZoomWindow if the user actually selects the zoom region; and
finally it returns no event.
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When calling TaskMaster, you pass a pointer to a TaskMaste g
record, the extended task event record. The beginning of I
is the same as an event record, as described under “Event '_
and Masks,” earlier in this section. When TaskMaster calls
GetNextEvent, it passes the provided pointer, so the event re
part of that record is set by GetNextEvent. The record also in
a task mask, similar to the event mask; it tells TaskMaster whi
types of events to handle. ;

Sometimes TaskMaster can handle an event only up to a poit
user presses the mouse in the active window’s content region,
Master detects it, but won't be able to go any further, so it el
application that a mouse-down event occurred in the active w
dow’s content region, and lets the application decide what to
next. 1

Because it only partially handles some events, TaskMaster
generates its own set of “events” that a program’s main event
loop needs to respond to. Each type of TaskMaster event has.
task code, a numeric value that TaskMaster returns to the
application. Just as for the Event Manager events described e
in this section, there is a set of predefined constants for the
codes. Table 3-3 lists the codes and constants. The second ha
TaskTable in the assembly-language version of HodgePod‘
main event loop (in the file EVENT . ASM) is a code represents
of Table 3-3; C and Pascal HodgePodge, on the other hand, us
the predefined constants.

* Note: Many of these task codes are just the results returned |
the call FindWindow, which TaskMaster makes after calhng,
GetNextEvent. :

Table 3-3

TaskMaster task codes

Value Constant Meaning

16 wInDesk in the desktop area

17 wInMenuBar in the system menu bar

18 (undefined)

19 wInContent in a window’s content region

20 wInDrag in a window’s drag (title bar) region
21 wInGrow in a2 window’s grow (size box) regi
22 wInGoAway in a window’s go-away (close box) re
23 wInZoom in a window’s zoom (zoom box) re



24 wInInfo in a window’s information bar

25 wInSpecial  in the special menu item bar
(predefined items in the Edit menu)

26 wInDeskItem in a desk accessory menu item on the
Apple menu

27 wInFrame in a window, but not in any of the

above parts of it
28 wInactMenu in an inactive menu item

$8xxx  wInSysWindow in a system (desk-accessory) window

Together, Table 3-2 and Table 3-3 show that TaskMaster can return
to your application up to 25 or so events that your main event
loop may have to deal with. In most situations, though, TaskMaster
handles most of them automatically. HodgePodge, as we saw in
Chapter 2, responds only to task codes 17, 22, and 25
(wInMenuBar, wInGoAway, and wInSpecial).

You should use TaskMaster for at least two reasons:

0O It can help you get an application running as quickly as
possible, still taking advantage of the standard user interface.
TaskMaster represents one of the steps taken to remove the
most tedious user-interface chores from the application.

O TaskMaster will help assure upward compatiblity. New, as yet
unknown, features may be added to the Apple IIGS system in
the future. It may be possible to incorporate those features by
modifying TaskMaster without adversely affecting past
applications. In other words, your application may be able to
use new features without any modification on your part.

Drawing to the screen (and elsewhere)

Any time your desktop application needs to draw something, it uses
the Apple IIGS tool set QuickDraw II (and its extension, QuickDraw
II Auxiliary). QuickDraw II is an adaptation and extension of the
Macintosh toolbox component QuickDraw—it performs similar
operations but has been enhanced to support Apple IIGS color.

QuickDraw II allows you to perform graphic operations easily and
quickly. QuickDraw draws text in different fonts with styling
variations such as italics and boldface. It draws lines and shapes
of various sizes and patterns. It can draw items in a variety of
colors or in gray scales.
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The Print Manager is described
under "Communicating With Files
and Devices,” in Chapter 5,
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QuickDraw II can draw to the screen or to other parts of Ap
IIGS memory. In fact, printing a document with the Print Ma
involves using QuickDraw to “draw” your document into a
memory buffer used by the Print Manager.

 Note: For brevity, we'll use the terms QuickDraw and
QuickDraw II synonymously here. Unless otherwise explic
stated, QuickDraw means the Apple IIGS tool sets QuickDr:
and QuickDraw II Auxiliary, not the Macintosh version.

To get our bearings, we'll first consider where QuickDraw II
Then we'll briefy discuss how it draws, and finally look at wh

draws. The chapter ends with two examples that tie together.
several of the key ideas. ;

Where QuickDraw Il draws

0 Drawings are stored in Apple IIGS memory as pixel imag
ordered collections of bytes that represent rectangular arr
of pixels. Screen memory contains a special pixel image—
contents are displayed on the computer’s monitor. '

0 QuickDraw II draws its text and graphic objects on an ab. g
dimensional mathematical surface called the coordinate ¢
Points on a plane are much easier to visualize and manipt
than addresses in memory. Locations on the QuickDraw II
coordinate plane are related to pixel-image memory locat
specific location information supplied to QuickDraw.

O Quickdraw draws most objects within the context of graphi
ports. A port is a complete drawing environment and defi
among other things, a specific part of memory and a spec
rectangular area on the coordinate plane where drawing c:
occur. There can be many open ports at a time—some for
drawing to the screen, some for drawing to other parts of -
memory. Different ports’ drawing spaces may be separate
each other or they may overlap.



Important

0 QuickDraw II can be made to clip, or constrain its drawing, to
within limits of arbitrary size, shape, and location.

0 By manipulating two independent sets of coordinates (global
coordinates and local coordinates), an application can easily
control both what gets drawn inside a port’s drawing space and
where, on the screen or other pixel image, that drawing space
appears.

The coordinate plane

QuickDraw locates every action it takes in terms of coordinates on
a two-dimensional grid (Figure 3-2). The grid is QuickDraw’s
coordinate plane; coordinates on the plane are integers ranging
from —16K to +16K in both the X- and Y-directions. The point
(0,0, therefore, is in the middle of the grid. Note also that grid
values increase to the right and downward on the plane; this is
different from what you might be used to, but it is the same
direction and order in which video scan lines are drawn.

Distances on the grid are measured in pixels. Thus a 10 x 10
“square” on the coordinate plane is equivalent to a rectangle 10
pixels by 10 pixels on the display screen (which would not be a
square, of course, because Apple IIGS pixels are not square). Only
a very small portion of the coordinate plane can be displayed on
the screen at any one time—the plane is 32,000 pixels on a side,
whereas the screen can show a maximum of 640 pixels by 200
pixels at a time. Figure 3-2 shows the approximate size of the
screen (and user) compared to the coordinate plane.

QuickDraw must not be asked to draw outside the coordinate
plane. Commands to draw outside this space will produce
unpredictable results. They won’t generate errors.

% Macintosh programmers: This conceptual drawing space is not
the same size as that used by QuickDraw on the Macintosh. On
the Macintosh, the drawing space is 64K by 64K pixels centered
around 0,0, thus making the boundary coordinates -32K,-32k
and 32K,32K.
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-16,384

-16,384 e +1

+16,384

Figure 3-2
The QuickDraw Il coordinate plane

To understand how QuickDraw does its drawing, we need to ¢
how it represents some basic graphic elements. On the coordi
plane, grid lines are considered to be infinitely thin. A point i
defined as the intersection of two grid lines, so it also has no |
dimensions. Pixels, on the other hand, have a definite size; the
thought of as falling between the lines of the grid. The smalles
clement that QuickDraw can draw is a pixel, so if it were to dra
point at the location (3,3) on the coordinate plane, it must dra
single pixel. But which one? Four pixels touch the point. Quick
defines the pixel corresponding to each point on the plane as
pixel immediately below and to the right of the point. See Figy
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Grid lines

1
Poin’r(3,3)\2

) —
Pixel

4
Figure 3-3

Grid lines, points, and pixels on the coordinate plane

Pixel images and the coordinate plane

A pixel image is an area of memory that contains a graphic
image. The image is organized as a rectangular grid of pixels
occupying contiguous memory locations. Each pixel has a value
that determines what color in the graphic image is associated with
that pixel.

% Macintosh programmers: QuickDraw II's pixel images are
similar to Macintosh QuickDraw’s bit images. The major
difference is that a pixel is described by more than a single bit.

As described above, QuickDraw II draws to the coordinate plane.
However, the coordinate plane is really just an abstract concept.
Inside the Apple IIGS, drawing actually occurs by modifying pixel
images—that is, by modifying the contents of certain memory
locations. In particular, drawing something visible on the screen
involves modifying the contents of screen memory.

The data structure that ties the coordinate plane to memory is the
LoclInfo (for location information) record. The LocInfo record
tells QuickDraw where in memory to draw, how the pixel image in
that part of memory is arranged, and what its position on the
coordinate plane is. In Pascal, the LocInfo record definition looks
like this:

LocInfo = Record

portSCB : Word

ptrToPixImage : Ptr

width : Integer

boundsRect : Rect
end
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The scan-line control byte and
the differences between 640
mode and 320 mode are

discussed further under “Drawing

In Color,” later in this section,
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The record consists of four fields:

B portSCB (a replica of the scan-line control byte) tells
QuickDraw how many bits per pixel there are in this
image—two for 640 mode, four for 320 mode,

® ptrToPixImage (or image pointe? is the memory addre
the image. It points to the first byte of the pixel image, wh
contains the first (upper-leftmost) pixel.

® width (or image widih) specifies the width (in bytes, not p
of each line in the pixel image. QuickDraw needs to know
$0 it can tell where each new row in the image starts, (Th :
image width must be an even multiple of 8 bytes.)

® boundsRect (for boundary rectangle) is a rectangle that
the pixel image onto the coordinate plane. The upper-left
in the rectangle corresponds to the first pixel in the ima
lower-right corner of the rectangle describes the exten of
pixel image (as far as QuickDraw is concerned). See Figure

/—* Image width ﬁ

Image ;:>
pointer

Origin = (0,0) EEmsSEEsseEEESRESSSaaE
Boundary ———
rectangle NS RN
L Pixel image in memory—/
0 1byte (= 2 pixels in 640 mode)
Figure 3-4

Pixel image and boundary rectangle



GrafPort, port rectangle, and clipping

Most drawing takes place in conjunction with a data structure
called a GrafPort (for graphic port). Each GrafPort contains a
complete specification of a drawing environment, including the
location information (LocInfo record) described above. In
addition to the location information, a GrafPort contains three
other fields that restrict where drawing in a pixel image can take
place: the port rectangle, clipping region, and visible region.

The port rectangle (or portRect) is a rectangle on the
coordinate plane. Any drawing in a GrafPort occurs only inside
Windows are described further its portRect. When you look at a window on the screen in a
gr;’cégrtercllrechng Windows® in desktop application, its interior (everything but its frame)
' corresponds to a port rectangle.

The port rectangle can coincide with the boundary rectangle or it
can be different. You can think of it as a movable opening,
allowing access to all or part of the pixel image. As Figure 3-5
shows, QuickDraw can draw only where the boundary rectangle
and port rectangle overlap.

Boundary rectangle -

Port rectangle

Figure 3-5
Boundary rectangle/port rectangle intersection
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The origin of a rectangle, in
QuickDraw I, is its upper-left
corner.
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The clipping region (or clipRgn) is provided for an applical
use. When a GrafPort is opened or initialized, the clipping r¢
is set to the entire coordinate plane (effectively preventing 2
clipping from occuring). The program can use the clipRgn i
way it wants. Any drawing to a pixel image through a GrafPo
occurs only inside the clipping region.

The visible region (or visRgn) is normally maintained by the
Window Manager. An application can have multiple window:
the screen, each one associated with a GrafPort. Windows caj

overlap, and each port’s visible region represents the parts
window that are visible.

In summary, drawing occurs in a pixel image only in the
intersection of the boundary rectangle, port rectangle, clippl
region, and visible region. '

Global and local coordinate systems

Everything is positioned in QuickDraw’s universe in terms o
coordinates on the plane. However, if you think of multiple o
windows on the screen, you can see that there are at least two
different ways in which you might want to locate objects;:

0 You may want to specify where windows appear on the scr
(for example, when they are moved). ’

O You may want to specify where objects appear within wind

(for example, when scrolling), independently of where on “
screen the windows may be. "

* HodgePodge: Because TaskMaster takes care of all windowf
events related to tasks such as moving and scrolling,

HodgePodge itself doesn’t worry about coordinates at all
it draws a window.

The toolbox needs global coordinates whenever more than 0!
GrafPort share the same pixel map; the global coordinates tell
QuickDraw exactly where every port rectangle is compared to’
cvery other one. The global coordinate system for each Graf®t
is that in which the boundary rectangle for its pixel map has its
origin at (0,0) on the coordinate plane. For drawing to the screg
you can think of global coordinates as screen coordinates, wher
the upper-left corner of the screen is the point (0,0). '



However, each port also has its own local coordinate system. For
example, when drawing into a port it might be more convenient
to think in terms of distance from the port rectangle’s origin
rather than the boundary rectangle’s origin. By defining the port
rectangle as starting at (0,0), you can base all your drawing
commands on distance in from the left edge and down from the
top of the portRect.

That’s convenient for drawing in a window, but local coordinates
are more of a convenience than that. They aren’t constrained to a
value of (0,0) for the port rectangle origin—you can set them to
any coordinate-plane value. Why would you want to? Because of
the way drawing commands work.

Suppose you are using a window to display portions of a
document that is larger than the port rectangle in size—a fairly
common occurrence. You are using drawing commands that draw
the entire document, and you know that's no problem because the
drawing will be automatically clipped to the port rectangle. But
how do you control which part of the document shows in your
window? You do it by adjusting local coordinates.

All QuickDraw’s drawing commands are based on the current
port’s local coordinate system. So if location (0,0) in your
GrafPort’s local coordinates corresponds to the port rectangle’s
upper-left corner, any time you draw your document into that
port, its upper-left corner will be displayed. If you define your
local coordinates differently, different parts of your document will
appear in the window. Thus you can think of local coordinates as
document coordinates—the upper-left corner of the document
being viewed in the port has the value (0,0) in local coordinates.
See Figure 3-6.
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Port
rectangle

Size of
document
being drawn
into port

Pen location and other pen
characteristcs are described
next, under “How QuickDraw |l
Draws.”
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(
a. PortRect origin = (0,0)

0.0)

in local coordinates

L 25755006

| YR ——

©.0

(50,250)

b. PortRect orig
in local coor

Figure 3-6
Drawing different parts of a document by
changing local coordinates

K
0.0

Note: When the local coordinates of a GrafPort are chany
the coordinates of the GrafPort’'s boundary rectangle anc
visible region are similarly recalculated, so (as noted) the
will not change its relative position on the screen or in
to other open ports on the screen. ‘

However, when the local coordinates are changed the
GrafPort’s clipping region and pen location are not
changed—that is, they appear to shift right along with the
image that is being viewed iz the port. It makes sense to I
the pen, which is used to modify the image being viewed,
the clipping region, which is used to mask off parts of
image being viewed, “stick” to it.



How QuickDraw Il draws

How QuickDraw II draws any of its objects depends on the
drawing environment specified in the current GrafPort. Each
GrafPort record includes location and clipping information
(described above), information about the graphics pen
(described next), information about any text that will be drawn
(described under “...And Text Too,” later in this section), and
other information such as pen patterns to draw with.

The drawing pen

Each open port has its own drawing pen. By means of several
characteristics modifiable by the application, the pen controls
where and how drawing (of both text and graphics) occurs.

Pen location: The pen has a coordinate-plane location (in local
coordinates). The pen location is used for drawing lines and text
only—other shapes are drawn independently of pen location.

Pen size: The pen is a rectangle that can have almost any width
or height. Its default size is 1 x 1 (pixels). If either the width or
height is set to 0, the pen will not draw.

Pen pattern: The pen pattern is a repeating array (8 pixels by 8
pixels) that is used like ink in the pen. Wherever the pen draws,
the pen pattern is drawn in the image. The pattern is always
aligned with the coordinate plane so that adjacent areas of the
same pattern drawn at different times will blend in a continuous
manner.

Background pattern: The background pattern is an array similar
to the pen pattern. Erasing is the process of drawing with the
background pattern.

Drawing mask: The drawing mask is an 8-bit by 8-bit pattern that
is used to mask, or screen off, parts of the pattern as it is drawn.
Only those pixels in the pattern aligned with an on (=1) bit in the
mask are drawn. Figure 3-7 shows how a mask affects drawing with
a pattern.
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All eight pen modes (also called
transfer modes) are described
and diagrammed under
“QuickDraw II” in the Apple liGs
Toolbox Reference.

Repeated
8x8 pattern every 8 pixels

8x8
drawing mask

8x8 pattern
with mask applied

Figure 3-7
Drawing with pattern and mask

Note that drawing with a mask in which every bit has the value :
like drawing with no mask at all—all pen pixels are passed throl
to the image. Likewise, drawing with a mask that is all zeros is lik
not drawing at all—all pen pixels are blocked.

Pen mode: The pen mode specifies one of eight Boolean
operations (COPY, notCOPY, OR, notOR, XOR, notXOR, BIC a
notBIC) that determine how the pen pattern is to affect an
existing image. When the pen draws, QuickDraw II compares
pixels in the existing image with their corresponding pixels in
pattern, and then uses the pen mode to determine the value of
resulting pixels. For example, with a pen mode of COPY, the
existing pixels’ values are ignored—a solid black line is black
regardless of the image already on the plane. With a pen mode
notXOR, the bits in each pen pixel are inverted and then ‘
combined in an exclusive-OR operation with the bits in each
corresponding existing pixel. Figure 3-8 shows a rectangle draws
over an existing circle, in both COPY and notXOR mode. '
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QuickDraw’s shapes are
described next, under *What
QuickDraw Il Draws.”

COPY mode notXOR mode

Figure 3-8
How pen mode affects drawing

Basic drawing functions

QuickDraw draws lines with the current pen size, pen pattern,
drawing mask, and pen mode.

QuickDraw draws other shapes (rectangles, rounded-corner
rectangles, ovals, arcs, polygons, and regions) in five different
ways:

Frame: QuickDraw draws an outline of the shape, using the
current pen size, pen pattern, drawing mask, and pen mode.

Paint: QuickDraw fills the shape, using the current pen pattern,

drawing mask, and pen mode.

Erase: QuickDraw fills the shape, using the current background

pattern and drawing mask.

Invert: QuickDraw inverts the pixels in the shape, using the
drawing mask.

Fill: QuickDraw fills the shape, with a specified pattern and
using the drawing mask.

QuickDraw draws text as described under “...And Text Too,” later
in this section.

Drawing to the screen (and elsewhere)
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What QuickDraw Il draws

QuickDraw II can draw a number of graphic objects into a
image. It draws text characters in a variety of monospaced
proportional fonts, with styling variations that include italic
boldfacing, underlining, outlining, and shadowing. It dray ‘;
lines of any length, width, and pattern. It draws hollow or p
filled rectangles, circles, and polygons. It draws elliptical af
filled wedges, irregular shapes and collections of shapes. It
draws pictures—combinations of these simple shapes. Fig
summarizes them.

Lines Rectangles and Circles
rounded-corner and ovals
rectangles

Normal
51 ® yore
Italic

Underlined

Polygons Regions Text

Figure 3-9
What QuickDraw Il draws

Points and lines

A point is represented mathematically by its Y- and X- |
coordinates—two integers. A line is represented by its ends-
points, or four integers. Like a point, a line is infinitely thin.
drawing a line, QuickDraw II moves the upper-left corner of|
pen along the straight-line trajectory from the current pen
location to the destination location. The pen hangs below ai
the right of the trajectory, as illustrated in Figure 3-10. ]



Starting
pen location \

)

Pen size and \
pattern \

)

N

+,_//

|
Destination location __/

The line as drawn

Figure 3-10
Drawing lines

Before drawing a line, you can use QuickDraw calls to set the
current pen location and other characteristics such as pen size,
mode, and pattern.

Important  QuickDraw’s data structure that defines a point has the vertical
coordinate first: (y x) rather than (x.y).

Rectangles

A rectangle (Figure 3-11) is also represented by two points: its
upper-left and lower-right corners. The borders of a rectangle are
infinitely thin. Rectangles are fundamental to QuickDraw; there are
many functions for moving, sizing, and otherwise manipulating
rectangles.
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Oval width
Oval height

Important

0 1 2 3 4 5 6 1

The rectangle is

defined by the points 2
(1.2) and (7.6). It

encloses 24 pixels. 3

4

5

6

7

8
Figure 3-11
A rectangle

The pixels associated with a rectangle are only those within
rectangle’s bounding lines. Thus the pixels immediately bele
and to the right of the bottom and right-hand lines of the
rectangle are not part of it. ;

Rectangles may have square or rounded corners. The corn '
rounded-corner rectangles are sections of ovals (described
they are specified by an oval bheight and oval width.

The QuickDraw data structure that defines a rectangle has

coordinates in the following order: top, left, bottom, right. Thus
defining coordinates for the rectangle in Figure 3-11 are (1.27,
may seem strange, but it is consistent with the (y.x) ordering of
points. ;

Circles, ovals, arcs, and wedges

Ellipses and portions of ellipses form another class of shapg
drawn by QuickDraw II. An oval is an ellipse, and it is define
like a rectangle—the only difference is that QuickDraw is tol
draw the ellipse inscribed within the rectangle rather than tt
rectangle itself. If the enclosing rectangle is a square, the res
oval is a circle. ]

 Pixel shape: Remember, Apple IIGS pixels are not square.
circle on the screen, or a true square, will have unequal
horizontal and vertical dimensions in terms of pixels.
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Start angle

Arc angle

SE R s 57

An arc is a portion of an oval, defined by the oval’s enclosing
rectangle and by two angles (the starting angle and the arc angle),
measured clockwise from vertical.

If an arc is painted, filled, inverted, or erased, it becomes a
wedge; its fill pattern extends to the center of the enclosing
rectangle, within the area defined by the lines bounding the arc
angle.

Polygons

A polygon is any sequence of connected lines. You define a
polygon by moving to the starting point of the polygon and
drawing lines from there to the next point, from that point to the
next, and so on.

Polygons are not treated in exactly the same manner as other
closed shapes such as rectangles. For example, when QuickDraw II
draws (frames) a polygon, it draws outside the actual boundary of
the polygon, because the line-drawing routines draw below and to
the right of the pen locations. When it paints, fills, inverts, or
erases a polygon, however, the fill pattern stays within the
boundary of the polygon. If the polygon’s ending point isn’t the
same as its starting point, QuickDraw adds a line between them to
complete the shape.

Regions

A region is another fundamental element of QuickDraw, one that
can be considerably more complex than a line or a rectangle. A
region can be thought of as a collection of shapes or lines (or
other regions), whose outline is one or more closed loops. Your
application can draw, erase, move, or manipulate regions just like
any other QuickDraw structures.

You can define regions by drawing lines, framing shapes,
manipulating existing regions, and equating regions to rectangles
or other regions.

Regions are particularly important to the Window Manager, which
must keep track of often irregularly shaped, noncontiguous
portions of windows in order to know when to activate the
windows or what parts of them to update.
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Pictures are used for transferring
data between applications, via
the Clipboard. See “Scrap
Manager” in the Apple lIGs
Toolbox Reference.

Text modeis similar to pen mode,
discussed earlier in this section.
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Pictures

A picture is a collection of any QuickDraw drawing commal
data structure consists of little more than the stored comm
QuickDraw plays the commands back when the pictute is
reconstructed with a DrawPicture call. A complex mechani
drawing produced from an Apple IIGS drafting program m
saved as a single QuickDraw II picture.

...And text too

QuickDraw II doesn’t draw graphic images only—it also doe
text drawing for desktop applications. As an application
programmer, you can easily control the placement, size, styl
font, and color of display text with QuickDraw calls.

Your program can provide QuickDraw II with text in a numf
formats:

m character: a single ASCII character at a time

m Pascal string: a length byte followed by a sequence of ASC
characters

m C string: a sequence of ASCII characters terminated by 2 &
byte i

m text block: an arbitrary number of ASCII characters in a s

However it receives the text, QuickDraw II draws it in the s2 m
way. It draws each character at the current pen location, wi
current font, using the current text mode, with the current
character style, and using the current foreground and
background colors. After drawing each character, QuickDraw:
updates the pen location for drawing the next one. :

Providing QuickDraw with various fonts and character styles
job of the Font Manager. The Font Manager is a tool set t
supports QuickDraw’s character-drawing ability by providing
application with different fonts and styled variations of fonts
you want to allow the user to choose from all of the fonts :
available when the application is run, or if you're developing
application that requires a specific font, the Font Manager can
help you.



Characters

To help understand just where text appears and how much space
it takes up, let’s define a few terms. Refer to Figure 3-12.

Text fonts are made up of individual characters. A character is
represented in memory as a rectangular array of bits, called a
character image, representing rows and columns of pixels. The on
(=1) bits are the foreground pixels; the off (=0) bits are the
background pixels.

Every character in a font has a base line. The base line is a
horizontal line, in the same position for every character in the
font. Any foreground pixels of a character image that lie below
the base line constitute the character’s descender (characters like
p and q have descenders). The ascent line is the horizontal line
just above the top row of a character (including any blanks); the
distance from the base line to the ascent line is the font’s ascent,
and is equal to the height of the tallest character in the font. The
descent line is the line just below the bottom row of the character
(including any blanks); the distance from the base line to the
descent line is the font’s descent, and is equal in size to the largest
descender in the font.

Each character’s origin is a point on the base line that is used to
position the character for drawing. This point need not touch any
foreground pixels of the character image. When the character is
drawn, it is placed in the destination location so that its character
origin coincides with the current pen location. For many letters,
the character origin is located on the left edge of the character
image; then, when the character is drawn, its leftmost foreground
pixels fall just to the right of the pen location.

The font height is the sum of the ascent and descent heights, and
it is the same for all characters in a font. The character width is
the number of pixels the pen position is to be advanced after the
character is drawn. It includes the width of the character itself and
any needed space between it and the next character to be drawn.

Font height, ascent, descent, character width, and leading (the
space between lines of text) are needed for calculating string
lengths and line spacings when you display text on the screen.
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MoveTo(20,20);
SetBackColor (0)
SetForeColor(lS);
DrawString ('One Moment

Character width

|
Ascent C g

line

height

Base
line

Descent
line

Character Next character
origin origin

Figure 3-12

A character image

The basic commands necessary to draw characters on the screen
are quite simple. Recall from Chapter 2 how HodgePodge puts up
the “One moment please...” message when the program loads
tools:

{move pen to upper left of screen}
{background color = black}
{foreground color = white}

Please...'); {write the message}

Once the foreground and background colors are set, all that’s
needed to display a character string is to move the pen to the
desired location, and call the QuickDraw routine DrawString,

Fonts

Each collection of related characters is called a font. With the
font manipulation capabilities of the Font Manager, your Apple
IIGS applications can show sophisticated text display in a variety
of fonts, sizes, and styles.

The font strike: All the character images making up a font are
stored in memory as a font strike. A font strike is a long,
rectangular array of bits consisting of the character images of
every defined character in the font, placed sequentially in order
of increasing ASCII code. The character images in the font strike
abut each other; no blank columns are left between them,
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Ihe family name of the Apple IIGS
system font (in ROM) is Shaston

Figure 3-13
Part of a font strike

A given font strike need not contain a character image for every
possible ASCII code. The font may leave some characters
undefined; these are called missing characters. Immediately
following the last defined character in the font strike is a character
known as the missing symbol, which is to be used in place of any
missing character. In many fonts the missing symbol is a hollow
rectangle; in the Apple I1IGS system font, it's a white-on-black
question mark. Whenever the QuickDraw II text-handling routines
encounter a missing character, they substitute the missing symbol
for the character.

Choosing a font: Fonts for the Apple IIGS are grouped into font
families. Individual fonts within families can have various
characteristics, as noted in the following list. When your
application requests a font, the Font Manager searches all
available fonts and chooses the one that most closely matches the
request, in these categories:

m Name: Every font family has a name. The name refers to both
plain-styled characters of all sizes, and any styled variations,
such as bold or italics.

® Number: Every font family has a number, also independent of
point size or style modifications. Every family number is
unique, and corresponds to a single family name. $0000
represents the system font.

Whenever an application requests a font whose family number
is not available, the Font Manager substitutes the system font.

m Size: An individual font has a size, described in points. A point
is a typesetting measure equal to about 1/72nd of an inch.
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The Font Manager can provide both real and scaled fonts. A
real font is one that actually exists on disk at a particular point
size. Conversely, a scaled font is one that was enlarged or
reduced by calculation from a font of a different size. The Font
Manager may scale a font from an existing size if the requested
size is not available. Real fonts generally have a better screen
appearance than scaled fonts.

m Style: An individual font also has a style (or combination of
styles). The presently defined styles are

Plain

Bold

ltalic

Underline

Outline

Shadow

There are two different ways to obtain styled variations of fonts,
First, the Font Manager will provide a styled font if one is
available—one whose characters are designed with (for
example) bold or italic styling. Second, QuickDraw II can style
a font—that is, it can produce a bold or italicized version of a
plain-styled font. In fact, it can produce any combination of the
defined styles.

O 0o o o o

% Note: Fonts that are already styled will not be further styled (in
the same manner) by QuickDraw II, regardless of the text
styling selected. For example, an italic font is not further
italicized if that option is selected on a style menu. However, it
could be underlined.

X3

* Underlining: Text cannot be underlined unless the font’s
characters have a descent value (distance between the base line
and descent line) of at least 2 pixels. The Apple IIGS system
font (Shaston 8) has a descent value of 1, and therfore cannot
be underlined.

o

Important  The Font Manager looks for fonts in the subdirectory called FONTS/ in
the SYSTEM/ subdirectory on the system disk. This subdirectory must
contain all fonts (except the system font) that are to be available to
applications. See Appendix C. ’
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DoChooseFont is in the source file Your application can allow the user to select a font by calling the
FONT.PAS. Font Manager routine ChooseFont. That's what HodgePodge does
in its DoChooseFont subroutine, called from the routine DoMenu:

function DoChooseFont: Boolean;

var theFont : FontID;
dummy : Integer;
tmpPort : GrafPortPtr;
tmpPortRec: GrafPort;
famName : Str255;
begin

tmpPort := GetPort;
OpenPort (@tmpPortRec) ;

theFont := ChooseFont (desiredFont,0);

if LongInt (theFont) = O then
DoChooseFont := FALSE
else
begin
desiredFont := theFont;
dummy := GetFamInfo (dDesiredFont.famNum,
famName) ;
myReply.filename :=
concat (famName,
IntToString
(desiredFont.fontsize));
DoChooseFont := TRUE;
end;

ClosePort (@tmpPortRec) ;
SetPort (tmpPort) ;
end;

{begin DoChooseFont..}

{Save current port..}

{..and open new one, so that

the current port is not affected}
{Bring up a dialog prompting

the user to select a font}

{If the user cancels..}
{DoChooseFont unsuccessful}

{Update global variable DesiredFont}

{Get the font name from its number..}

{.and put the font name and size in..}

{..global variable myReply.filename}
{DoChooseFont completed successfully}
{end of IF user doesn't cancel}

{Close the temporary port..}
{..and restore the current port}
{End of DoChooseFont}

ShowFont is listed under The ShowFont subroutine in HodgePodge is an example of how

*Displaying Documents in Ports:
Two Examples,” later in this

to draw text strings in a specific font with QuickDraw. It is called

section. when a font window is first opened and also whenever it needs to

be redrawn.
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Drawing in color

The video display hardware of the Apple 1IGS includes advanced
color capabilities. Although tool calls make it unneccessary for
you to manipulate the hardware directly, knowledge of a few
background concepts will help you understand the way QuickDraw
II manipulates the colors on the screen.

The Apple IIGS offers two Super Hi-Res graphics modes. Both
modes have 200 scan lines, but the scan lines differ in horizontal
resolution—one mode has 320 pixels (the color of each specified
by 4 bits), and the other has 640 pixels (the color of each specified
by 2 bits). In changing from 320 mode to 640 mode, the horizontal
resolution is doubled at the expense of dividing the color resolution
by four.

Both modes use a chunky pixel organization (in which the bits for
a given pixel are contained in adjacent bits within one byte), as
opposed to bit planes (in which adjacent bits in memory affect
adjacent pixels on the screen). Therefore the 4 bits of a pixel in
320 mode are in the same memory locations as the 4 bits of a
pair of adjacent 2-bit pixels in 640 mode.

Colors on the Apple 1IGS are determined from master color values,
which are mathematical combinations of the primary red, blue, and
green hues available on a color monitor. A master color value is a
2-byte number. The low-order nibble of the low-order byte, controls
the intensity of the color blue. The high-order nibble of the low-
order byte, controls the intensity of the color green. The low-order
nibble of the high-order byte, controls the intensity of the color red,
The high-order nibble of the high-order byte is not used. Figure 3-14
illustrates the format of a master color value.

Byte 1 Byte 0
Bit: (1514 13 12|11 wlols]7Te[s[als]2]17]0
Value: (not used) red green blue

Figure 3-14
Master color value format

A 3-digit hexadecimal number can describe each master color,
with one digit (§0-$F) for each primary color. Thus a master
color value of $000 denotes black, $FFF is white, $00F is the
brightest possible blue, $080 is a medium-dark green, and so on.
Because each primary color has 16 possible values, a total of 4096
colors are possible.




At any one time, the Apple IIGS can display only a small subset of
all possible colors. An application specifies its colors by
constructing one or more color tables, short lists of the available
colors for any one pixel.

Color tables and palettes

Applications cannot specify pixel colors directly by using master
color values. Pixels contain only 2 or 4 bits, and it takes 12 bits to
specify a master color value. That's why color tables are
necessary. A color table is a table of 16 2-byte entries. Each entry
in the table is a master color value; any of the 4096 possible color
values may appear in any position in the color table.

An application determines the color of a given pixel by
specifying an offset into the color table. The number of bits used
to describe a pixel limits how far into the table it can reach. The
colors available to the application, as specified in its color tables,
constitute its palette. See Figure 3-15.

Pixels in 320 mode are represented in memory by 4-bit integers.
For each pixel, that 4-bit value is used as an offset in a color table.
With 4 bits, there are 16 possible pixel values, so the palette in 320
mode is 16 colors—the entire color table.

Pixels in 640 mode are represented in memory by 2-bit integers.
With 2 bits, there are 4 possible pixel values to offset into the
color table, so the palette in 640 mode consists of only 4 colors.
That would seem to leave three-quarters of the color table unused
in 640 mode, and severely restrict the use of color, but it’s not
really so.

In the first place, each 4 adjacent pixels in 640 mode use 4
different parts of the same color table; a color table, then, consists
of four mini-palettes, which needn’t have the same sets of master
colors. Therefore, although each individual pixel in 640 mode can
have one of only four colors, groups of four pixels can have a
total of 16 colors from which to choose. How to use this ability to
create a large variety of colors is described under “Dithered
Colors in 640 Mode,” later in this section.
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Table Table
5 1 pixel = 4 bits o [F' 1 pixel = 2 bifs
( ] Mini- ] Pixel vglue = 3
5 palette 3 5 < offset into table
<— (Maximum
S K S value = 3)
4 ( 4
S Mini- S
6 < Pixel value = palette 4 6
- offset into table
7 | 7
Palette
8 /8
9 Mini- 9
10 palette 1 10
1 | n
12 2
13 Mini- 13
14 palette 2 14
< (Maximum
K 15 value = 15) k 15
320 640
mode mode
Figure 3-15
Accessing the color table in 320- and 640 mode
An application may construct as many as 16 different color tables
to choose from. Each of the 200 scan lines in Super Hi-Res
graphics can use any one of the 16 tables. For each scan line, a
The scan line control byte is scan line control byte (SCB) decides which color table is
gzictgsf'dinuf?\%e; Trluee ”\C’;'geo active. The SCB also controls screen display mode (320 or 640),
Ha?d\zare Refe,e%%ecnd under interrupt mode (whether or not to generate an interrupt during
“QuickDraw II” in the Apple lics horizontal blanking), and fill mode (whether or not pixel

Toolbox Reference. values of zero can be used to fill areas of color in 320 mode).

Standard color palette (320 mode)

The standard palette (the default color table) for 320 mode is
shown in Table 3-4. In the table, offset means positon in the color
table, and value means master color value, the hexadecimal value
controlling the fundamental red-green-blue intensities.
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Table 3-4
Standard palette—320 mode

Offset Color Value
0 Black 000
1 Dark Gray 777
2 Brown 841
3 Purple 72C
4 Blue OOF
5 Dark Green 080
6 Orange F70
7 Red DOO
8 Beige FA9
9 Yellow FFO
10 Green OEO
11 Light Blue 4DF
12 Lilac DAF
13 Periwinkle Blue 78F
14 Light Gray ccCcCcC
15 White FFF

The standard palette was selected because of its flexibility and
appearance; we recommend that you use it unless you have a
specific need to change it.

Dithered colors in 640 mode

As explained above, only four colors are available for each pixel in
640 mode. But when small pixels of different colors are next to eacl
other on the screen, their colors blend. For example, a black pixel
next to a white pixel appears to the eye as a larger gray pixel. By
cleverly choosing the entries in the color table we can make more
colors appear on the screen. This process is called dithering.

At the same time, in order to preserve the maximum resolution for
displaying text, both black and white must be available for each
pixel. This leaves only two remaining colors per pixel to choose
from, which seems like a severe restriction. But with dithering, you
can have 640-mode resolution for text and still display 16 or more
colors, if you are willing to resort to a few simple tricks.
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Consider the following byte with four pixels in it:

Bit value 0i1]oi1Jol1]oiT]
Pixel number 1 2 3 4

Each pixel has the value 1, which is an index into the second p
in each of the color table’s minipalettes (as shown in Figure 3-1
So pixel 1's color is determined by entry 1 in minipalette 1, pix
color is determined by entry 1 in minipalette 2, and so on. If we
the standard 640-mode color table (shown in Table 3-5) then pi

can assume in 640 mode, meaning that you can obtain 16 colors
by this dithering method. To implement it, just make sure that !
pattern you use for drawing or filling consists of a repeating arra
of 4-bit ( = 2-pixel) values.

Table 3-5
Standard palette—640 mode

Offset Color Value (minipalette offset)
0 Black 000 0
1 Blue OO0F 1
2 Yellow FFO 2
3 White FFF 3
4 Black 000 0
5 Red D00 1
6 Green OEO 2
7 White FFF 3
8 Black 000 0
9 Blue O0F 1
10 Yellow FFO 2
11 White FFF 3
12 Black 000 0
13 Red D00 1
14 Green 0EO 2
15 White FFF 3
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% Black and white: Note that the entries in the minipalettes for
the standard 640-mode color table are set up so that black and
white appear in the same positions in each palette. This
arrangement provides pure black and white at full 640
resolution, allowing crisper text display.

Displaying documents in ports: two examples

Commonly you may want to have an application open up a port
and display, within its port rectangle, a portion of a previously
created drawing or text document. You might even want to allow
the user to scroll around within that document, showing different
parts of it in the port.

This is not as complicated as it sounds. We'll just give you a brief
idea here of two simple ways to approach it—two of the methods
used in HodgePodge. Please consult the Apple IIGS Toolbox
Reference for more details. See also “Creating Windows” in
Chapter 4 for more information on scrolling.

< Note: Ultimately, you are likely to want to let the user altera
part of a document while viewing it in a port, and be sure that
the changes made are reflected in updates to the document
itself. HodgePodge does not have that capability; you may want
to add it as a programming exercise.

Pixel images

The keys to displaying a portion of a pixel image in a GrafPort are
the QuickDraw (and QuickDraw Auxiliary) routines that copy
pixels from one region to another. One is CopyPixels; the one we
use here is PPToPort (for Paint-Pixels-to-Port). PPToPort transfers
pixels from a given source pixel image to the current GrafPort’s
pixel image (the destination pixel image). To use this method to
view a document you might try the following:

1. Define a LocInfo record that describes the offscreen pixel
image you wish to display.

2. Open an onscreen GrafPort; its boundary rectangle is the
screen image boundary rectangle. Make its port rectangle any
size you wish, up to full screen size. Now anything you draw into
that port will be visible on screen.

3. Set your port’s local coordinates, to control which portion of
the image you want to display first. To show the upper-left
corner of the image, set the port rectangle’s origin to (0,0).
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Paintlt is in the source file

PAINT.PAS.

procedure PaintIt

var

begin

srcLoc : LocInfo
srcRect: Rect;

HLock (pict) ;

with srcLoc do
begin

SetRect (srcRect, 0,0, 640,200) ;

portSCB

(pict: Handle); {begin PaintIt..}

’

$0080;

ptrToPixImage := pict”;
width 1=

SetRect (boundsRe

end;

PPToPort (srcloc,

srcRect,
0,

0,
srcCopy) ;

HUnLock (pict) ;

end;
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160;

ct,0,0,640,200) ; {boundary-rectangle coordinates}

4. Call PPtoPort to copy the offscreen image onto the onscreen:
rectangle. The call asks QuickDraw to draw the entire image, b
because drawing is automatically clipped to the port rectangle,
you only get the part you want.

HodgePodge uses PPtoPort to draw the contents of its picture
windows. Here is the routine that does the drawing (PaintIt,
called by the routine Paint) :

{a LocInfo record}
{a rectangle}

{Lock the image's memory block}
{Define the LocInfo fields:}

{set 640 mode}
{pointer to the image}
{row-width of image in bytes}

{rectangle to copy FROM}

{Copy pixels from this LocInfo..}
{..and this source rectangle..}

{.to location (0,0) in the current..}
{..GrafPort's local coordinates..}
{.with a pen mode of COPY}

{Unlock the image now that we're done}‘
{End of PaintIt}

Text documents

Many documents, such as text files, have no explicit pixel image
in memory that represents the contents of the file. If you want =
your application to permit displaying or scrolling through such a
document in a port, you wouldn’t transfer pixels from one image
to another—you would draw directly into the port you opened.



Nevertheless, the concept of local coordinates is still important
and is used identically. Instead of using an actual pixel image
somewhere in memory, you need to calculate a “virtual image” of

The pixel-based image of a the document. You need to know its exact size, in pixels, and be
document as seen in @ window s able to place it properly in relation to the port rectangle so that
commonly called the data area. . . s Th

. See “Creating Windows” in the part you want displayed is within the rectangle. Then you can
Chapter 4. set local coordinates accordingly and draw the document to the

port, knowing that it will be clipped appropriately.

% Note: Pascal HodgePodge calculates document height when it
creates a text window, but it simply assumes a particular width.
Assembly-language and C versions of HodgePodge, on the
other hand, calculate document width also, in the routine
FindMaxWidth. See Appendixes E and F.

HodgePodge calculates line height in pixels and locates all
drawing in relation to the document origin—point (0,0)0— when it
displays the contents of a font window using the routine
ShowFont is in the source file ShowFont. The routine first installs a font (loads it into memory),
FONT.PAS. then calculates line height, and then uses that information to draw
the text. ShowFont is called from the routine DispFontWindow.

procedure ShowFont (TheFontID: FontID;

IsMono: Boolean); {Begin ShowFont..}
var fontInfo : FontInfoRec; {a record to hold font information}
currHeight: Integer; {line height of selected font}
i,3 : Integer;
theCh : Integer;
currPt : Point;
fontStr : Str255; {string variable to hold characters}
begin
InstallFont (TheFontID, 0); {Load the font into memnory...}
GatFontInfo (fontInfo) ; {..and store its data in FontInfo}
- currHeight := fontInfo.ascent +
fontInfo.descent +
fontInfo.leading; {Calculate the font's line height}

i := GetFamInfo (TheFontID.famNum, fontStr); {Get the font's name..}

fontStr := concat (fontStr,' ',
IntToString
(TheFontID.fontsize)); {.make a title string with
font's name and size}

i := GetFontFlags; {Get current mono/prop. setting}
if IsMono then {If menu selection says "mono"...}
i := BitOr (i, $0001) {..set bottom bit = fixed width}

else (Otherwise:}
i := BitAnd (i, $0000); {Clear bottom bit = proportional}
SetFontFlags (i) {Store result in font flags}
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{Now draw the lines of text:}

MoveTo(S,currHeight); {Move pen to start of first line}
DrawString(fontStr); {Draw the title string}
MoveTo(S,currHeight*3); {Skip a line, move to start of next}
DrawString ( {Draw second line}

'The quick brown fox Jjumps over the lazy dog.');
- MoveTo (5, currHeight *4) ;
DrawString ( {Draw third line}
'She sells sea shells down by the sea shore.');

MoveTo(S,currHeight*S); {Now draw all characters in the font:}
for i := 0 to 7 do {For each of 7 lines...}
begin
GetPen (currPt) ; {starting at current pen location..}
MoveTo (5, currPt.v + currHeight) ; {..drop to start of next line}
theCh := i * 32; {..calculate starting character..}
for j :=1 to 32 do {For each of 32 chars. in the line..}
begin
fontStr(j] := chr (theCh) ; {put the character into fontStr}
Inc (theCh); {go to the next character}
end; {end filling fontStr for this line}
fontStr[0] := chr (32) ; {Now set the length byte to 32..}
DrawString(fontStr); {..and draw the character string}
end; {end of drawing the line}
end; {End of ShowFont}
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The concepts of GrafPort and
port rectangle are covered in
Chapter 3.
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This chapter continues the discussion of the Apple IIGS Toolbox.
Starting up, handling events, and basic drawing to the screen were
covered in Chapter 3; here we look at tool sets that help you
create windows, dialog boxes, and alerts. Chapter 5 presents the
remaining tools.

Creating windows

A window is basically a port rectangle with a frame; when you
create a window you create a GrafPort, along with some
additional information that makes a window. When you draw into
a window, you are drawing into the port rectangle of the GrafPort
associated with that window. The Window Manager is the Apple
IIGS tool set that creates these “ports with frames,” keeps track of
their characteristics, and makes it easy for you to deal with the
fact that there may be multiple, movable, scrollable, overlapping
windows on the screen at any one time. ‘

Window basics

To begin to understand windows, let’s look at some basic
concepts, specifically:

O how windows relate to GrafPorts

O what data structures define a window’s features

O what types of window frames and controls are available
0

what window regions are, and how the content region of a
window relates to its data area

Windows and GrafPorts

IU's easy to use windows—a window is a port that your application
can draw into conveniently with QuickDraw II routines. When you
first create a window, the pixel image and boundary rectangle for
its GrafPort correspond to the entire screen (QuickDraw II's
default assignment), and the pen pattern and other characteristics -
are also the default values for a GrafPort. You can accept these
default characteristics unchanged, or you can easily change them
with QuickDraw II routines,




For examples of the use of these
fields in HodgePodge., see the
listings of Paint or

DispFontWindow under "Handle
Specific Events” in Chapter 2. See
also the listing of the routine
DoTheOpen, under “"Opening a
Window: An Example,” later in
this section.

But there is more to a window than the port in which the
application draws. The other part of a window is called the
window frame. It usually surrounds the window, and is not part of
the window’s GrafPort. You don’t draw into the window’s frame
area directly—the Window Manager takes care of that.

% Note: For drawing window frames, the Window Manager uses a
GrafPort that has the entire screen as its port rectangle; this
GrafPort is called the Window Manager port.

Window records and templates

The Window Manager keeps all the information it requires for its
operations on a particular window in a window record. The record
consists of the window’s GrafPort record plus other information
the Window Manager needs to manage windows. Application
access to record information is restricted to calls through the
Window Manager and directly to the GrafPort part of the window
record. As in the case of any toolbox records, accessing their
fields through calls instead of reading them directly, helps to
guarantee that your application will remain compatibile with
future toolbox revisions.

When you create a new window with the NewWindow call, you pass
the Window Manager a NewWindow parameter list, a template that
defines the details of the window to be created, including its size
and location and what controls it will have. The Window Manager
uses this information to construct the window’s record. Three
fields in the NewWindow parameter list are worth specific
mention:

O wFrame, a set of bit flags that controls, among other things,
whether the window is to have frame scroll bars. Simply by
setting bits in this field, HodgePodge specifies that its windows
are to have both horizontal and vertical scroll bars.

O wRefCon, which can have any contents an application wants.
HodgePodge uses this field to store a pointer to information
about the type of window (font or picture) being created.

O wContDefProc, which, if nonzero, contains a pointer to a
routine (definition procedure, or defProc) that draws the
contents of the window. HodgePodge stores pointers to the
routines Paint or DispFontWindow in this field.
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Some of the standard window
parts are controls. Controls are
described in more detail in the
following section, “Putting
Controls in Windows.”

Clicking refers to pressing and
releasing the mouse button while
the mouse poinfer is stationary on
the screen.

Dragging refers to pressing

the mouse button to select
something and holding the button
down while moving the mouse.
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Window frames and controls

There are two kinds of predefined window frames, document and
alert. Figure 4-1 illustrates them. ‘

Figure 4-1
Window frames

The alert window is used by the Dialog Manager; see
“Constructing Dialog Boxes and Alerts,” later in this chapter. The
document window is what an application typically uses. Inside a
document window can be standard window parts, which include
the following;:

Document window frame Alert window frame

Title bar, a rectangle at the top of the window that displays the ]
window’s title, may hold the close and zoom boxes, and may
be a drag region for moving the window.

Close box (go-away box), a small square in the title bar that
the user clicks on to remove the window from the screen.

Zoom box, a small square in the title bar that the user clicks on
to alternately make the window its maximum size or return it to
its previous size and position. 1

Right scroll bar, a rectangle on the right side of the window that
the user manipulates to scroll vertically through the data shown.
in the window. ]

Bottom scroll bar, a rectangle at the bottom of the window that
the user manipulates to scroll horizontally through the data
shown in the window.

Size box, a small square at the lower-right corner of the
window that the user drags to change the size of the window.

Information bar, a rectangular area where the application can
display information that won't be affected by the scroll bars.



Color in an application should be
designed carefully. Please refer
to Human Interface Guidelines:
The Apple Desktop Interfacefor
suggestions.

It's possible to define your own
type of window, such as round or
hexagonal. See the Apple lIGS
Toolbox Referencefor more
Information.

Close box — =

Information bar ——+

These standard parts may be used in document windows only;

they may not be added to alert windows. They are illustrated in
Figure 4-2.
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Figure 4-2
Standard window controls

A document window may have any or all of the standard window
parts. The only restrictions are that if there is a close or zoom box,
there must also be a title bar, and if there is a size box, there must
also be a vertical scroll bar. Common sense suggests that there be
a zoom box if there is a size box, but this is not a requirement.

% Color: You can specify the colors of the frame and controls of
a window you create. Colors are selected from a color table.

See “Window Manager” in the Apple IIGS Toolbox Reference
for details.

You can use the standard window types, or you can create your
own window types. Some windows may be created indirectly for
you when you use other parts of the toolbox—for example, the
Dialog Manager creates a window to display an alert. Windows
created either directly or indirectly by an application are
collectively called application windows. There’s also a class of
windows called system windows; those are the windows in
which desk accessories are displayed.
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Aregionis a graphic object
defined by QuickDraw II. See
"Drawing to the Screen” in
Chapter 3.

The routines Paintlt and ShowFont
in Chapter 3 show how
HodgePodge represents the
data areas of its windows.

How scrolling is accomplished is
described later in this section
under “Handling Window-
Related Events.”
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Content region and data area

A window is composed of regions. The window as a whole (the

structure region) is made up of the content region and the fram

region: ‘

0 The content region is bounded by the rectangle you specify |
when you create the window (that is, the port rectangle of the
window’s GrafPort). The content region is where your
application presents information to the user.

O The frame region is the rest of the window. It may include
several subregions that correspond to the locations of the
standard window parts described earlier. When the user
manipulates a certain control, the Window Manager sees it 2
an event occurring in a certain subregion. See “Handling
Window-Related Events,” later in this section.

The content region of a window is what the user “sees” within the
window. It commonly represents a larger area, containing more.
information than the screen can display at one time. The windoy
is then like a microfiche machine—what is seen at any one time
in its content region, like what is seen in a microfiche viewer,
might be only a small portion of the window’s entire data area, |
equivalent to the microfiche sheet. |

The data area is a pixel-based “picture” of whatever document i§
being displayed in the window. For a pixel image (suchasa
HodgePodge picture file), the data area is the pixel image itself. |
For a text document (such as a HodgePodge font window display.
the data area is a conceptual representation of what the documes
would look like if it were a pixel image. The document doesn’t
exist in that form anywhere; the appropriate parts of it are
calculated and drawn in the window’s GrafPort each time the
window is drawn or updated.

Scroll bars are the controls used to scroll the data area through
the content region of the window. The size box and zoom box ar¢
used to display more, or less, of the data area at one time. When
the window as a whole is moved to another location on the :
screen, the data area is moved with it, so the view in the content |
region remains the same. ’



A window’s plane is its front-to-
back position on the screen. in
relation to other windows.

Figure 4-3
A window displays part of its data area

Handling window-related events

The Window Manager’s principal function is to keep track of
overlapping windows. Your application can draw in any window
without running over onto windows in front of it. You can move
windows to different places on the screen, change their plane, or
change their size, all without concern for how the various windows
overlap. The Window Manager keeps track of any newly exposed
areas and provides a convenient mechanism for you to ensure
that they are properly redrawn.

There are two ways to handle user input in relation to windows.
You can poll the user with the Event Manager routine
GetNextEvent, or with the Window Manager routine TaskMaster,
which handles most events dealing with standard user interfaces.
See “Using TaskMaster” in Chapter 3.
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Compare these results from
FindWindow with the TaskMaster
“task codes in Table 3-3.
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O The grow area corresponds to the size box in the window’s

If you are using GetNextEvent, you should call FindWindow even
time a mouse-down event occurs, to see if the mouse button was
pressed inside a window. The FindWindow call determines whic
region is affected, and returns the information to you. The ‘
following are the various subregions recognized by FindWindow,
and the standard actions to take in each case.

O The content region has already been described. If the mouse’
button is pressed in a window’s content region, call "
SelectWindow if the window is not the active window. Otherwi
handle the event according to your application.

O The drag area corresponds to the window’s title bar (except fi
the close and zoom boxes, if present). Dragging in this
subregion pulls an outline of the window across the screen,
moves the window to a new location, and makes it the active
window (if it isn’t already). :

If the mouse button is pressed in a window’s drag region, call’
DragWindow.

O The go-away area corresponds to the close box in the window
title bar. Clicking in this subregion closes the window. ,,
Depending on your application, the window may disappear
permanently or simply become hidden.

If the mouse button is pressed in the active window’s close box
call TrackGoAway. If TrackGoAway returns TRUE, call
CloseWindow, or HideWindow, perhaps after saving whatever
the user was working on inside the window. You may also want
to close any disk file associated with the closed window. :

O The zoom area corresponds to the zoom box in the window’s
title bar. Clicking in this subregion toggles between the current
position and size, to a maximum size and back again.

If the mouse button is pressed in the active window’s zoom
area, call TrackZoom. If TrackZoom returns TRUE, call
ZoomWindow.

lower-right corner. Dragging in this region pulls the lower-righ
corner of an outline of the window across the screen with the
window’s origin fixed, and then resizes the window when the
mouse button is released.

It the mouse button is pressed in the active window’s grow are
call GrowWindow. When the button is released, call
SizeWindow.



The visible regionis the portion of
awindow that is not offscreen or
hidden by other windows. It is one
of the fields in a GrafPort that clips
drawing commands. See
‘Drawing to the Screen” in
Chapter 3.

The update region is the portion of
a window that needs to be
redrawn. It may be a part

exposed by moving or closing
another window, or it may be a
new part of the data area

exposed during scrolling.

O The menu bar is not a2 window subregion, but a result returned
by FindWindow that means “not on the desktop.”

If the mouse button is pressed somewhere outside the desktop,
it is most likely in the system menu bar. Call MenuSelect.

s Inactive window: Clicking in any region (other than the drag
region) of an inactive window should have no effect other than
making it the active window. It is brought to the front and
highlighted to indicate that it is active.

% TaskMaster: If you are using TaskMaster, it calls FindWindow for
you. It also calls MenuSelect, DragWindow, TrackGoAway, or
other appropriate calls depending on the results of
FindWindow. In general, you needn’t handle any window-
related mouse events, except possibly in the content region of
an active window. TaskMaster may not know what you want
drawn in an active window.

Drawing or redrawing a window

When a window is drawn or redrawn, the window frame is drawn
first, followed by the window contents. The Window Manager
handles all frame drawing.

When a window’s contents need to be redrawn, the Window
Manager generates an update event that includes a pointer to the
affected window in the message field of the event record. Your
application should respond to update events as follows:

1. Call BeginUpdate. This procedure temporarily replaces the
visible region of the window’s GrafPort with the intersection of
the visible region and the update region. It then clears (resets
to zero size) the update region for that window.

2. Draw the window contents. Because of step 1, the redrawing is
automatically clipped, or limited, to the part of the visible
region that needs updating.

3. Call EndUpdate to restore the actual visible region.

% TaskMaster: If you use TaskMaster, this procedure is done for
you, as long as you provide TaskMaster with a routine that
draws your window’s contents (equivalent to step 2, above).
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* HodgePodge: Although it uses TaskMaster and doesn't really.
need an update routine, HodgePodge has a short example of
an update routine in the code that creates one of its dialog
boxes. See the listing of ShowPleaseWait, under

“Constructing Dialogs and Alerts,” later in this chapter.

Making a window active

A number of Window Manager routines change the state of a
window from inactive to active or from active to inactive. For
each such change, the Window Manager generates an activate
event. When the Event Manager finds out from the Window

Manager that an activate event has been generated, it passes the
event on to the application through GetNextEvent. ]

Activate events for dialog and alert windows are handled by the
Dialog Manager, so your application doesn’t have to bother with
them. In response to activate events for windows created directly
by your application, you might take actions such as the following

O Inactivate controls in inactive windows, and activate controls
active windows. {

O In a window that contains text being edited, remove the ;
highlighting or blinking cursor from the text when the window:
becomes inactive, and restore it when the window becomes
active.

O Enable or disable a menu or certain menu items as appropriat
to match what the user can do when windows become active o
inactive.

% TaskMaster: If you use TaskMaster, highlighting of standard
windows and controls is handled for you. Enabling and
disabling of menu items is not.

% HodgePodge: To keep menu highlighting in agreement with
activate events, HodgePodge calls its subroutine CheckFront}
each time through the event loop. i
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Local coordinates are discussed
under “Drawing to the Screen” in
Chapter 3.

Your application determines how
many pixels are needed to shift
the Image. See “Putting Controls
In Windows,” later in this chapter.

Scrolling

Scrolling is the process by which the user can bring different parts
of a document (data area) into view in a window. To accomplish
scrolling, the user manipulates scroll bars, standard window
controls managed by the Control Manager. An application (or
TaskMaster) responds to user manipulation of scroll bars by:

1. Updating the appearance of the scroll bars to reflect the
change in position of the data area. This step is described
under “Putting Controls in Windows,” later in this chapter.

2. Showing a new part of the document in the window. The
application (or TaskMaster) does this by shifting the image in
the window, then changing the window’s local coordinates and
redrawing the parts of the data area brought into view. This step
is described below.

% TaskMaster: If your application uses TaskMaster, it can have
TaskMaster-controlled scroll bars (frame scroll bars) in its
windows. In that case the application need have no scrolling
routines at all. The following applies only if your application
creates and manipulates its own scroll brars.

% HodgePodge: Because it calls TaskMaster, HodgePodge has no
scrolling procedure.

Consider a pixel image, part of which is displayed in a window,
such as the dollar bill in Figures 3-5 and 3-6. Let’s say that the
window presently shows George Washington’s face (Figure 4-4),
and the user wants to scroll the image to bring into view the
circular Federal Reserve seal to the left of Washington. With the
mouse, the user activates the left-facing arrow on the bottom
scroll bar. When your application determines that there has been
a mouse-down event in that part of the scroll bar, it should
respond as follows:

1. Call the QuickDraw routine ScrollRect and tell it to move all
the pixels in the content area of the window a certain number
of pixels to the right. George shifts a bit to the right. The way
ScrollRect works, any pixels moved off the right edge of the
window are lost, and extra pixels added to the left edge of the
image are blank (colored with the background pattern).

2. Your onscreen image has been shifted, but QuickDraw hasn'’t
automatically filled in the new part of the image that has come
into view. However, ScrollRect returns information to you that
tells you exactly what part of your window needs redrawing. Call
InvalRgn to add that newly exposed area to the window’s
update region.
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3. Call BeginUpdate.

4. Call your routine that draws window contents. What that rou
should do is:

a. Set the local origin to its scrolled value: what it was the last
time the window’s contents were drawn PLUS the (negative |
value of the) number of pixels that ScrollRect shifted the
image.

b. Draw the window’s contents (perhaps by calling PPToPort
The image is properly shifted and clipped so that just the
needed part is drawn. There’s the seal!

¢. Set the local origin back to (0,0).
5. Call EndUpdate.

See the toolbox reference for If you put the above steps into a control action procedure, they
Z’gtr'ig?g‘;coe’:jmgc”””g a control will be called repeatedly as long as the user holds the mouse
' button down with the pointer in the scroll bar. The image will

scroll continuously.

Alternatively, if continuous scrolling is unnecessary, you can

ignore steps 3 through 5. The InvalRgn call causes the Window
Manager to generate an update event for exactly that part of the
window, and the next time through the event loop, your regular
update routine redraws the window. The redrawing won’t happen,
though, until the user releases the mouse button.

118 Chapter 4: Using the Toolbox (1)



a. Part of a document displayed

in a GrafPort
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c. Application updates the new
area scrolled info view by shifting
coordinates and redrawing.

Figure 4-4
Scrolling a pixel image in a window
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Important

The sequence of subroutine calls
described In this section is
diagrammed in Appendix D.

DoOpenltem is in the source file
MENU.PAS.

procedure DoOpenItem;

begin

if windex < LastWind then

if OpenWindow then
AddtoMenu

else

else
ManyWindDialog;

end;
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When a window is created, the Window Manager assigns ifs port
rectangle origin a value of (0.0) in local coordinates. Whenever |t
redraws the window frame, the Window Manager requires the orig
to have that same value.

Therefore, every time you draw your window’s contents you shou d
(1) set the origin to whatever is appropriate, (2) draw the contents,
and then (3) restore the origin to (0,0). 4

Opening a window: an example

The following example from HodgePodge shows the steps ‘
involved in allocating the memory for, creating, and drawing the
initial contents of a window. Remember that in HodgePodge thee
are two types of window: one type displays picture files and the
other displays lines of text using a particular font.

The sequence starts when the user chooses Open from the File
menu or Show Font from the Font menu. In either case execution
passes from DoMenu to the routine DoOpenItem. DoOpenItemis
very short:

{begin DoOpenlItem..}

{If there's room for another window..}
{call OpenWindow. If it opens OK..}
{.add its name to the Windows menu}

{If 16 windows already open..}
{put up a dialog and disallow open}
{End of DoOpenItem}

Note that DoOpenItem calls both OpenWindow (to open the
window) and AddToMenu (to add the window’s name to the
Windows menu). AddToMenu is described under “Making and
Modifying Menus” in Chapter 5. If 16 windows are already open
HodgePodge does not allow another to be opened.



OpenWindow is in the source file
WINDOW.PAS.

function OpenWindow: Boolean;
begin
OpenWindow := FALSE;

i1f (LoWord (Event.wmTaskData =FontItem)

begin
1f DoChooseFont then
1f DoTheOpen then
OpenWindow := TRUE
end
else
begin
if AskUser then
1f DoTheOpen then
OpenWindow := TRUE
end;

end;

DoTheOpen is in the source file
WINDOW.PAS.

The complete format for the
NewWindow parameter list is
given under “Window Manager”
inthe Apple lics Toolbox
Reference

function DoTheOpen :

var theWindow

theMenuStr : Str255;
ourFontInfo :

Boolean;

: GrafPortPtr;
myDataHandle: WindDataH;

FontInfoRec;

OpenWindow determines which type of window is to be opened,
and prompts the user for the necessary information (picture
filename or font characteristics). It then calls the routine
DoTheOpen, which actually opens the window. OpenWindow looks
like this:

{begin OpenWindow...}

{initial value of function = FALSE}

then {if it is a font window..}

{..and if the user doesn't.cancel..}
{..and if the window opens OK..}
{OpenWindow completes successfully}

{if it is a picture window..}

{..and if the user doesn't cancel..}
{..and if the window opens OK..}
{OpenWindow completes successfully}

{End of OpenWindow}

DoChooseFont was described earlier in this chapter. AskUser is
described in Chapter 5, under “Communicating With Files and
Devices.”

Once it has all the information it needs, OpenWindow calls
DoTheOpen to open the window. DoTheOpen looks like a long
and complex routine, but that's partly because it is two routines in
one; it handles two types of windows. It also does a lot of
assignment and initialization that your programs may not need at
this point. We'll break its description into chunks to make it easier
to follow.

DoTheOpen starts by allocating memory for the window data
record (a structure defined by HodgePodge), and putting some
initial values into the NewWindow parameter list, a toolbox-
defined structure that is a required input to the NewWindow call.

{begin DoTheOpen...}

{a pointer to our window}

{a handle to our own window-data
record--defined in GLOBALS.PAS}
{window's title for menu display}

{to hold font information}
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begin

DoTheOpen := FALSE;
myDataHandle := WindDataH (
NewHandle (sizeof (WindDataRec),
myMemoryID,
attrLocked+tattrFixed,
Ptr(0))):;

1f isToolError then

Exit;

with myWind do

begin

paramLength := sizeof (ParamList);
wFrameBits = SDDAO;
wRefCon = LongInt (myDataHandle) ;
SetRect (wZoom, 0,26,520,190);
wColor := NIL;

wYOrigin = 0;

wXOrigin = 0;

wDataH := 188;
wDataW := 640;
wMaxH := 200;

wMaxW = 640;
wScrollVer = 4;
wScrollHor = 16;
wPageVer = 40;

wPageHor := 160;
wInfoRefCon = 0;
wInfoHeight = 0;
wFrameDefProc:= NIL;
wInfoDefProc := NIL;
wPlane = -1;

wStorage := NIL;

end;

theMenuStr := concat ('==',

myReply.filename,
l\Nl,

IntToString(
FirstWindItem+wIndex),
'\0.");

with myDataHandle”* do

begin
name
menuStr :
menulD
end;

myReply.filename;
theMenuStr;
:= FirstWindItem+wIndex;
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{initial value of function = FALSE}

{get a handle to our record by..}
{..requesting memory with these..}

{attributes: size, User ID,}
{locked and fixed,}
{anywhere}

{terminate if memory unavailable} :
{myWind is a window parameter block, }
{..required input to NewWindow call}
{Initialize the window's features:}
{total size of list}

{this specifies scroll bars, etc.}
{handle to our window data record}
{window size & postion when zoomed}
{no colors for this window}

{y-coord. of port rect origin}
{x-coord. of port rect origin}
{document height}

{document width}

{max. window height to grow}

{max. window width to grow}

{amt. to scroll if v. arrow clicked)
{amt. to scroll if h. arrow clicked)
{amt. to scroll if v. page clicked)
{amt. to scroll if h. page clicked)
{no info. bar for this window}

{no info bar for this window}

{no special frame-drawing routine}
{no special info-bar content routine}
{make this window frontmost}

{let Window Mgr allocate the memory}

{Make a title for the..}

{.window to appear in..}

{.theWindows menu.}
{In the window-data record..}

{..fill in the name field}
{..fi1l in the menu title field}




After this initial allocation, DoTheOpen sets up the window to
display either text or a picture. It inserts into the NewWindow
parameter list a pointer to the procedure that draws the window’s
interior, and sets the remaining fields in the window-data record.

if LoWord (Event .wmTaskData) = FontItem then

begin
myWind.wContDefProc := @DispFontWindow;
with myDataHandle”” do
begin
flag = 1;
theFont := DesiredFont;
isMono := isMonoFont;
end;
InstallFont (desiredFont, 0);
GetFontInfo (ourFontInfo);
myWind.wDataH := 15*% (ourFontInfo.ascent+
ourFontInfo.descent) ;
end

else
begin
myWind.wContDefProc := @Paint;
with myDataHandle”” do

begin
flag := 0;
pict := picHndl;
end;
end;

{if it is a font window..}

{DispFontWindow will draw contents}

{1 means it's a font window}
{store present font ID in theFont}
{store present setting of isMonoFont}

{load the desired font into memory}
{.get its characteristics..}

{..and calculate document height--}
{15 = 2 + no. of lines in document}
{end of IF it's a font window}

{But if it's a picture window..}
{Paint will draw contents}

{0 means it's a picture window}
{store handle to desired picture..}

{..(determined by AskUser)}
{end of IF it's a picture window}

Now DoTheOpen determines where on the screen the window is to
appear. Each newly-opened window is offset down and to the right
from the previously opened window. Recall from SetUpWindows
(Chapter 2) that ISizPos is the initial position and size of a

window.

with myWind do
begin
wTitle := @myDataHandle””.name;
SetRect (wPosition,
wXoffset + iSizPos.hl,
wYoffset + iSizPos.vl,
wXoffset + iSizPos.h2,
wYoffset + iSizPos.v2);
end;

wXoffset := wXoffset + 20;

wYoffset := wYoffset + 12;

if wYoffset > 120 then
wYoffset := 12;

{In the window-data record..}

{set window title to name field}
{Add the window dimensions to the...}
{..current X- and Y- offsets}

{end of setting record fields}

{Then increment offsets..}
{.to set position of next window}

{ (after 10 windows make another row) }
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Finally, now that everything is all set up, DoTheOpen creates
window itself. It uses the NewWindow call, passing to NewWind
the parameter list that DoTheOpen just filled in. You can see fr
the following code that opening a window is quite simple and
short. It is the preparation and initialization that makes the
routine seem long and complicated.

theWindow := NewWindow (myWind) ; {Open the window--NewWindow
returns a pointer to it}

SetPort (theWindow) ; {Make the window the active port}

SatOriginMask(SFFFE,theWindow); {Adjust window origins to make
dithered colors come out right}

InitCursor; {Go back to the arrow cursor}

DoTheOpen := TRUE; {DoTheOpen completes successfully}

end; {End of DoTheOpen}

Putting controls in windows

A control is an object on the IIGS screen with which the user, |
using the mouse, can cause instant action with graphic results or,
change settings to modify a future action. Controls are
fundamental to the concepts behind the Human Interface
Guidelines; they provide a simple, intuitive interface, permitting
the user to affect the course of an application. If well-designed, |
they reinforce the feelings of user control, friendliness, and '
consistency that mark a good desktop application.

The Control Manager is the part of the Apple 1IGS Toolbox that ,'
helps you create and manipulate controls. The Control Manager.

Controls may be of various types, each with its own characteristic
appearance on the screen and responses to the mouse. Each
individual control has its own specific properties—such as its
location, size, and setting—but controls of the same type behave .
in the same general way. 1

Types of controls

Certain standard types of controls are predefined for you. Your
application can easily use these standard types, or define its own 1
custom controls. Predefined controls perform a number of ;
functions:
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s Buttons cause an immediate or continuous action when clicked
or pressed with the mouse. They typically appear on the screen
as rounded-corner rectangles with a title centered inside.

Check boxes retain and display a setting, either checked (on)
or unchecked (off); clicking with the mouse reverses the setting.
On the screen, a check box appears as a small square with a
title to the right of it; the box is either filled in with an X
(checked) or empty (unchecked). Check boxes are frequently
used to control or modify some future action, instead of
causing an immediate action of their own. More than one box
may be checked at any one time.

Radio buttons also retain and display an on-or-off setting.
They’re organized into families; only one button in a family
should be on at a time. Clicking any button on should turn off
all the others in the family, like the buttons on a car radio. The
radio button that’s on is filled with a small black circle.

Dials display a quantitative setting or value, typically in some
pseudo-analog form such as the position of a sliding switch, the
reading on a thermometer scale, or the angle of a needle on a
gauge. The setting may be displayed numerically as well.

The control’s moving part that displays the current setting is
called the indicator. The user may be able to change a dial’s
setting by dragging its indicator with the mouse, or the dial
may simply display a value not under the user’s direct control
(such as the amount of free space remaining on a disk).

The standard controls and a few other typical controls are
illustrated in Figure 4-5.

Button1

Button 2

X Check box 1 L[liuls
X Check box 2

[ Check box 3

O Radio button1
@ Radio button 2
O Radio button 3

Figure 4-5
Standard and typical controls
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Scroll bars

Scroll bars are predefined dials. Selecting the arrows in a scroll
bar scrolls data a line at a time (or an analogous number of pix
in the horizontal direction); selecting the paging regions scrolls
data a page at a time; and dragging the thumb to any position
within the scrolling area locates the window equivalently within
the data area. Although each of these components may seem (0
behave like individual controls, they are all parts of a single
control, the scroll-bar type of dial. You can define other dials 0
any shape or complexity if your application needs them.

% Note: For scrolling, what constitutes a page and what constitul
a line are definable by your application.

Figure 4-6 shows the parts of the vertical and horizontal scroll ba

Up arrow

Page-up region

Thumb

Down arrow —
|

Figure 4-6
Parts of the scroll bars

Scroll bars are proportional—that is, they show the relationship
between the total amount of data and the amount viewed (and
where the view is in the data). As Figure 4-7 shows, the thumbis ¢
the same ratio to the scrolling area (the total distance between
arrows) as the content region is to the data area. ]



When the user clicks in a scroll bar, the Control Manager returns
to your application a part code, telling it what part of the scroll
bar the event occurred in. Depending on whether it is in an arrow,
paging region, or thumb, your application probably should scroll
the document by a different amount. Once you know how much
the view should be scrolled, you can recalculate the scroll bar
values to keep the proportions as illustrated in Figure 4-7. Then,
call SetCtlvalue to redraw the scroll bar with the thumb in the
proper new position.

& Note: Part codes are returned for all types of controls, but they
are most significant for complex controls such as scroll bars.

With the SetCtlParams call, you can store in a scroll bar’s record

the current sizes of your document’s data area and content region
(window size). Then you can easily calculate their proportions for
setting scroll bar values after scrolling or resizing.

Data Area

Content region

- D

Figure 4-7
Relation of scroll bars to data area
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Highlighting can mean different
things in different instances, but it
often consists of inverting an
object—that is, changing all its
black pixels to white, and vice
versa .

Eve controls and highlighting

If the user presses the mouse button when the cursor is over a
control, the control is usually highlighted; see Figure 4-8. It's
also possible for just part of a control to be highlighted: for
example, if the user presses the mouse button when the pointer s
inside an arrow in a scroll bar, the arrow, not the whole scroll bar,
becomes highlighted.

A control may be active or inactive. Active controls respond to
the user’s mouse actions; inactive controls don’t, A control should
be made inactive when it has no meaning or effect in the current
context, such as an Open button when no document has been
sclected to open, or a scroll bar when there’s currently nothing to
scroll to. An inactive control is shown in some special way,
depending on its control type. Figure 4-8 illustrates some active
and inactive controls,

L Button | [ Button | | Button ]
q Check box (] Check box L. Cheek bay
QX Radio button O Radio button (> Radio button

=N )
[ ]
Active (high lighted) Active Inactive

Figure 4-8
Active controls and Inactive controls

The title and outline of 2 button, check box, or radio button are
dimmed automatically when the control s made inactive. Figure
4-8 shows two different appearances that an inactive scroll bar can
take.

You can make a control inactive by setting its value to a particular
number. You can also render a control inactive by, making it
invisible. Invisible controls are inactive in the sense that they
can’t be selected.
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Using controls

Controls and windows

Every control belongs to a window: when the control is displayed,
it appears within that window’s content region; when manipulated
with the mouse, it acts on that window. All coordinates pertaining
to the control (such as those describing its location) are given in
the window’s local coordinate system. Even the state of the
control can be tied to the state of the window. A bit in the
window’s record can be set so the controls in the window will be
considered inactive if the the window is inactive. See “Window
Manager” in the Apple IIGS Toolbox Reference.

% Frame scroll bars: Frame scroll bars (manipulated by
TaskMaster) work the same as other controls, but are part of a
window’s frame region rather than its content region.

Controls and events

When GetNextEvent reports that an update event has occurred for 2
window, your application should call DrawControls to redraw the
window’s controls as part of the process of updating the window.

% TaskMaster: If you're using TaskMaster, you needn’t redraw
controls that are part of the window frame—TaskMaster takes
care of it for you.

When GetNextEvent reports a mouse-down event for a window
that contains controls, do this:

1. Call FindWindow to determine which part of which window the
cursor was in when the user pressed the mouse button. If it was
in the content region of the active window, continue with step 2.

2. Call FindControl to find out where the event occurred.

3. If FindControl indicates that the event occurred in an active
control, call TrackControl to handle user interaction with the
control. TrackControl handles the highlighting of the control
and determines whether the mouse is still in the control when
the mouse button is released. The routine also handles the
dragging of the thumb in-a scroll bar and responds to presses
or clicks in the other parts of a scroll bar.
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4. If TrackControl confirms that a valid control was selected, do.
whatever is appropriate as a response. (If no control was
selected, then of course no action is necessary).

The application’s exact response to mouse activity in a control
that retains a setting depends upon the current setting of the
control. For example, when a check box or radio button is clicke
you'll make a Control Manager call to change the setting and
draw or clear the mark inside the control.

* TaskMaster: If your application calls TaskMaster, the above
procedure is handled automatically for frame scroll bars in |
standard windows. Only if you have other controls will you
need a control-drawing routine.

< HodgePodge: Because it uses only window-frame controls, and
because it calls TaskMaster, HodgePodge has no specific '
routine to manipulate or draw controls.

Defining your own controls

In addition to predefined controls, you can also define your own
custom controls. Perhaps you need a three-way selector switch, a.
memory-space indicator that looks like a thermometer, a thrustes

To define your own type of control, you place a control definitios
procedure in your application. The Control Manager stores the
address of the procedure in the ctlProc field of the control recos
when you create the control with 2 NewControl routine. Later,
when the Control Manager needs to perform a type-dependent
action on the control, it calls the control definition procedure.
See the Apple IIGS Toolbox Reference for details.

Manipulating lists of selectable items

If your program displays a list of available fonts, files, telephone
numbers, icons, or other items in a window, it may put them in
lists, as defined by the Apple IIGS Toolbox. A list is a vertical
arrangement of similar items on the screen, with a scroll bar to |
the right. Each item in the list is selectable, meaning it can be
highlighted individually, with a mouse click or other action.
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The List Manager is the Apple IIGS tool set that creates, manipu-
lates and supports lists. It relieves you (the programmer) of much
of the housekeeping involved with building and maintaining
complicated lists of items the user may select from. Lists created
by the List Manager are custom controls, called list controls; that’s
why we mention the List Manager here, under the Control
Manager.

You create a list as a Jist record, with a specific format. You may
use the List Manager to sort the list, if desired, and then to create
the list control. Once the list control is drawn on the screen, the
user can select individual items or a range of items from the list.
How your application handles those selections is, of course, up to
you.

Constructing dialog boxes and alerts

Two of the most useful and versatile means of commmunicating
with your application’s user are provided by dialog boxes and
alerts. The Dialog Manager provides these capabilities in a way
consistent with the Apple Human Interface Guidelines.

The Dialog Manager is a sophisticated window- and control-
manipulation tool set. It automatically performs many functions
your application would otherwise have to manage explicitly
through Event Manager, QuickDraw II, Window Manager, LineEdit,
and Control Manager calls.

What are dialog boxes?

Your application typically puts a dialog box on the screen when it
needs more information from the user in order to carry out a
command. As shown in Figure 4-9, a dialog box resembles a form
on which the user checks boxes and fills in blanks.

Constructing dialog boxes and alerts 131



132

ﬁrint the document

@®81/2" x 11" paper

O 81/2" x 14" paper

BJStop printing after each page
Title: [Annual report ]

Figure 4-9
A modal dialog box

By convention, a dialog box appears slightly below the menu bar
is somewhat narrower than the screen, and is centered between
the left and right edges of the screen. It may contain any of the
following:

O informative or instructional text

O rectangles in which text may be entered (initially blank or
containing default text that can be edited)

O controls of any kind
O graphics (icons or QuickDraw II pictures)
O anything else your application wants

The user provides the necessary information in the dialog box,
for example by entering text or clicking a check box. There’s
usually a button labeled OK to tell the application to accept the
information provided and perform the command, and a button
labeled Cancel to cancel the command as though it had never
been given (retracting all actions since its invocation). Some
dialog boxes may use a more descriptive word than OK; for
simplicity, we'll refer to the button as the OK button. There may
even be more than one button that will perform the command,
each in a different way.
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Modal or modeless

Most dialog boxes require the user to respond before doing
anything else. Clicking a button to perform or cancel the command
makes the box go away; clicking outside the dialog box only causes a
beep from the speaker. This type of box is called a modal dialog
box because it puts the user in the state (or mode) of being able to
work only inside the dialog box. Figure 4-9 is an example of how a
modal dialog box might look; note that it has no close box.

One of the buttons in a modal dialog box may be boldly outlined; it
is called the OK button (whatever text it may contain). Pressing the
Return key has the same effect as clicking the OK button; it should
initiate the preferred (or safest) action in the current situation. If
there’s no boldly outlined button, pressing the Return key has no
effect. A Cancel button, if present, closes the dialog box and cancels
the effects of all work done while the box was open.

Other dialog boxes do not require the user to respond before
doing anything else. They are called modeless dialog boxes. The
user can work in a document window on the desktop between
clicking buttons in a modeless dialog box. Modeless dialog boxes
can be set up to respond to the standard editing commands in
the Edit menu. Clicking a button in a modeless dialog box does
not make the box go away; it stays on the desktop so that the user
can perform the command again.

As shown in Figure 4-10, a modeless dialog box typically looks like
a document window. It can be moved, made inactive and active
again, or closed like any document window. When you’re finished
with the command and want the box to go away, you can click its
close box, or you can choose Close from the File menu if the
dialog box is the active window.

i

O0=—= (hange =—":

Find text: [Guide Lines |

Change to: [Guide lines |

[Chunge neﬂ fChunge All ]

Figure 4-10
A modeless dialog box
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Update routines are described
under "Creating Windows,”
earlier in this chapter

ShowPleaseWait and
HidePleaseWait are in the source
file DIALOG.PAS.

procedure ShowPleaseWait;

var r : Rect;
origPort : GrafPortPtr;
msgWindPtr: GrafPortPtr;
begin
origPort := GatPort;
msgWindPtr :=

GetNawModalDialog(@PlsWtTemp); {..created in InitGlobals}

SatRect(r,70,19,640,200);
NewDItem (
mngindPtr,lSOZ,r,lS,

@'Please wait while we set things up.', {..displaying this string..}

0,0,Pointer (0)) ;
BeginUpdate (msgWindPtr) ;
DrawDialog (msgWindPtr) ;
EndUpdate (msgWindPtr) ;
end,;

procedure HidePleaseWait;

begin
CloseDialog (msgWindPtr) ;
SetPort (origPort) ;
end;
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Some dialog boxes may in fact require no response at all. For
example, while an application is performing a time-consumi
process, it can display a dialog box that contains only a mess;
telling what it’s doing; then, when the process is complete,
application can simply remove the dialog box. HodgePodge
this with the ShowPleaseWait and HidePleaseWait routi
called up during tool initialization. ShowPleaseWait also
demonstrates how to bring up a dialog box and show it

immediately, without even waiting for an update event to triggt

its display. It does this by having its own little update routine: :

{begin ShowPleaseWait..}

{rectangle to display dialog in}
{common variable with HidePleaseWait
{common variable with HidePleaseWait}

{Save the current GrafPort} :
{Open the dialog, with the template..}

{Define rectangle dimensions}
{Create an item for the dialog:}
{..with these parameters..}

{..and with these other parameters}
{Treat this like an update...}
{.manually draw the dialog..}
{..and end the update-handling}
{End of ShowPleaseWait}

{begin HidePleaseWait..}

{Remove dialog from the screen}
{Restore the original GrafPort}
{End of HidePleaseWait}



If you want to write a custom alerf
sound procedure, see
*Miscellaneous Tool Set” and
*Sound Tool Set” in the Apple lIGS
Toolbox Reference.

Figure 4-11 shows what the dialog box created by
ShowPleaseWait looks like. It is a message dialog box because it
requires no response from the user, and disappears on its own
when no longer needed.

Please wait while we set things up.

Figure 4-11
HodgePodge message dialog box

Alerts

With alerts, your applications have a standardized way to report
errors or give warnings. An alert box is similar to a modal dialog
box, but appears only when something has gone wrong or must be
brought to the user’s attention. The alert box is usually placed
slightly farther below the menu bar than a dialog box. To help the
user who isn’t sure how to proceed when an alert box appears, the
preferred button to use in the current situation is doubly outlined
so that it stands out from the other buttons in the alert box. The
outlined button is the alert box’s default button; if the user presses
the Return key, the effect is the same as clicking this button.

There are three standard kinds of alerts—Stop, Note, and
Caution—each indicated by a particular icon in the upper-left
corner of the alert box. Figure 4-12 illustrates a Stop alert. You can
put anything you like in the upper-left corner of an alert, including
blank space.

The alert mechanism also provides another type of signal: sound
from the speaker. The application can base its response on the
number of consecutive times an alert occurs; the first time, it
might simply beep, and thereafter it may present an alert box.
The sound isn’t limited to a single beep but may be any sequence
of tones, and may occur éither alone or along with an alert box.
As an error is repeated, there can also be a change in which
button is the default button (perhaps from OK to CanceD). You
can specify different responses for up to four occurrences (stages)
of the same alert.
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HodgePodge’s main error handler, CheckDiskError, is an ;
example of a routine that puts up a Stop alert (Figure 4-12). The.
éxact message displayed depends on the particular error that
occurred. CheckDiskError is listed and described under “B
Handling” in Appendix D. Some of its features are described
under “Item Lists,” later in this section.

@ Disk Error $002B occurred at $19.

Figure 4-12
HodgePodge Stop alert

Dialog and alert windows

A dialog box appears in a dialog window. When you call a Dialo,
Manager routine to create a dialog, you supply the same kind of
information as when you create a window with a Window Manag
routine. You can manipulate a modeless dialog window with
Window Manager or QuickDraw routines, just like any other ;
window—showing it hiding it, moving it, or changing its size and
plane, for example. If you want clipping to occur, you can set the.
dialog box GrafPort’s clipping region with QuickDraw calls. ‘

An alert box appears in an alert window. You don’t have the sam
flexibility in defining and manipulating an alert window, however,
The Dialog Manager chooses the window definition procedure, s
that all alert windows have a standard appearance and behavior.
The size and location of the box are supplied as part of the 1
definition. You don’t specify the alert window’s plane; it always |
comes up in front of all other windows, Because an alert box
requires the user to respond before doing anything else, and the;
response makes the box go away, the application doesn’t
manipulate the alert window:.
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Item ID’s are discussed in this
section, under “ltem Lists.”

Ifanitemis enabled, the Dialog
Manager notifies the application
whenever the user selects the
ifem.

Dialog records

To create a dialog, you pass information to the Dialog Manager,
with which it creates a dialog record. The dialog record contains
the window record for the dialog window, a handle to the dialog’s
item list, and some additional fields. The Dialog Manager creates
the dialog window by calling the Window Manager.

The Dialog Manager passes to your application a pointer to the
dialog port, which you use thereafter to refer to the dialog in
Dialog Manager routines or even in Window Manager or
QuickDraw II routines. The dialog pointer is equivalent to the
window pointer for the dialog box. It is not a pointer to the dialog
record or even to the window record. It is a pointer to the
GrafPort record only.

You can do all the necessary operations on a dialog without
accessing the fields of the dialog record directly. To get or change
information about an item in a dialog, you pass the dialog pointer
and the item ID to a Dialog Manager routine. You'll rarely access
information directly through the handle to the item.

Items

A dialog box or alert is a window with items. To create a dialog
box or an alert, the Dialog Manager needs to know what items the
window contains. It also needs to know the following information
for each item:

O The item type. This includes not only whether the item is a
standard control, editable text, or other type, but also whether
it is enabled.

0O A display rectangle, which determines the location of the item
within the dialog or alert box.

O An item ID number uniquely identifying the item in the dialog.
All subsequent Dialog Manager calls referring to that item will
need its ID number.

O Other information specific to certain types of items, such as the
item’s title, its initial value, its colors, its orientation, and
whether it is visible or invisible.
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ltem type

Only a few types of items normally appear in dialog boxes and
alerts; Figure 4-13 shows most of them. Item types are specified b
predefined constants or combinations of constants. See “Dialog
Manager” in the Apple 1IGS Toolbox Reference for more details.

lcon Static text Button

Lail, p .

=7 Print the document
®81/2" x 11" paper C K]
O 81/2" x 14" paper

Check box / £ Stop printing after each page

Radio button

Choose file
to print: Mydocument
] Calc.Sheet

Figymaie

User-defined control

Scroll bar

Title: |Annual report

User-defined dialog item

Progress of printing B

Figure 4-13
Dialog item types

An editable text item (predefined constant = editLine) initially
may be empty or it may have default text. Text entry and editing is
handled by the LineEdit Tool Set, described later in this section, |

If the predefined constant itemDisable is specified for an item,
the Dialog Manager ignores events involving that jtem. For ;
cxample, if you want to prevent the user temporarily from
manipulating an item, you can disable it

Important  Some dialog items are also controls. Disabling an item is not quite -
the same as making a confrol inactive with the Control Manager

You can make an item invisible if you want. This technique can be
uselul, for example, if your application needs to display a number
of similar dialog boxes with one item missing or different in some -
of them, ]
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The view rectangle and other
aspects of Linekdit are described
under “LineEdit Tool Set” in the
Apple lIGS Toolbox Reference.

Display rectangle
Each item in the item list is displayed within its display rectangle:

O For standard controls, scroll bars and user controls, the display
rectangle becomes the control’s enclosing rectangle.

O For an editable text item, it becomes LineEdit’s view rectangle.
The text is clipped (not drawn) wherever it extends beyond the
rectangle. In addition, the Dialog Manager uses QuickDraw II to
draw a bordering rectangle outside the display rectangle.

O Static text items are displayed in generally the same way as
editable text items, except that a rectangle isn’t drawn outside
the display rectangle. Also, there are three different formats for
static text.

0O Icons are aligned with the display rectangle’s origin.

®,
*

.

Note: Clicking anywhere within the display rectangle is
considered a click in that item. If display rectangles overlap, a
click in the overlapping area is considered a click in whichever
item comes first in the item list.

item ID

Each item in an item list is identified by an item ID, a unique
number within the list. By convention, the OK button in an alert’s
item list should have an ID of 1 and the Cancel button should
have an ID of 2. The Dialog Manager provides predefined
constants equal to the item ID for OK and Cancel, as follows:

ok = 1
cancel = 2

In a modal dialog’s item list, the item whose ID is 1 is assumed to
be the dialog’s default button (unless specified otherwise); if the
user presses the Return key, the Dialog Manager normally returns
the ID of the default button, just as when that item is actually
clicked.

To conform with the Apple Human Interface Guidelines, the
Dialog Manager automatically outlines the default button in bold,
unless there is no default button (that is, no button item with ID

D.

< Note: If you don’t want a default button, do not create any item
with an ID of 1.
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MakeATemplate is in the source

file DIALOG.PAS.

procedure MakeATemplate ( TheTemplate:

AlertTempPtr;
TheStr: StringPtr); {begin MakeATemplate..}
var currentIteml: ItemTemplate; {toolbox-defined structure}
currentItem2: ItemTemplate;
begin
with TheTemplate” do {First define alert box:}
begin
SetRect (atBoundsRect,120,30,520,80); {bounding rectangle for alert}
atAlertID := 1500;
atStagel := $80;
atStage2 = $80; {at each stage, make alert..}
atStage3 = $80; {..visible but silent}
atStaged = $80;
atIteml := QcurrentIteml; {ptr to first item's template}
atItem2 := @QcurrentItem2; {ptr to 2nd item's template}
atItem3 := NIL; {terminates item list}
end; {end of defining box template}
with currentIteml do {Now define item 1:}
begin
itemID = 1; {item #1 = default item}
SetRect (itemRect, 320,25,0,0); {display rectangle}
itemType := 10; {it's a buttton item}
itemDescr := Q'OK'; {text in button}
itemValue := 0; {initial value = 0}
itemFlag = 0; {=default style}
itemColor := NIL; {no color}
end; {end of item 1}
with currentItem2 do {Now define item 2:}
begin
itemID = 2;
SetRect (itemRect,72,11,639,199); {display rectangle}
itemType := 15 + $8000; {disabled static text}
itemDescr := Pointer (TheStr); {the string passed to this routine}
itemValue := 0; {no initial value}
itemFlag := 0; {default style}
itemColor := NIL; {no color}
end; {end of item 2}
end; {End of MakeATemplate}
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Example

MakeATemplate is a routine called by CheckDiskError
(described earlier and listed in Appendix D) in order to fill in th
dialog record and the item list for the HodgePodge stop alert
shown in Figure 4-12. MakeATemplate describes the basic alert
box, including what is to happen at each stage, and defines two
items: an OK button for the user to click, and a static text item
contains the error message.




The desk scrap is described
under “Supporting Other Desktop
Features” in Chapter 5.

Using dialogs

In most cases, you probably won’t have to make any changes to
the dialogs from the way they’re defined at their creation.
However, there are calls to modify items, move controls, or
change text. If you want the font in your dialog and alert windows
to be something other than the system font, call SetDAFont to
change the font.

To handle events in a modal dialog, call the routine ModalDialog
after putting up the dialog box. If your application includes any
modeless dialog boxes, they’re a bit more complex to handle;
part of your event-handling will include determining whether
events need to be handled as part of the dialog box. You can
support the use of the standard cut, copy, paste, and delete editing
commands in a2 modeless dialog box.

You can substitute text in static text items with text that you specify
in the ParamText routine. This means, for example, that a
document name supplied by the user can appear in an error
message.

Editing text with LineEdit

To provide simple text-editing capabilities needed for dialog
boxes and other general purposes, the Apple IIGS Toolbox
includes the LineEdit Tool Set. The routines in LineEdit provide
basic text-editing capabilities that follow the Apple Human
Interface Guidelines. These capabilities include

inserting new text
deleting characters that are backspaced over

O

o

O translating mouse activity or arrow keys into text selection
O deleting selected text and possibly inserting it elsewhere
]

copying selected text without deleting it

LineEdit uses inverse highlighting to show the current text
selection, or a blinking vertical bar to show the insertion point.
LineEdit places cut or copied text into the LineEdit
scrap—different from the desk scrap.
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DoAboutitem is
DIALOG.PAS.
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in the source file

LineEdit is not a complete text editor. It does not support

U more than 256 characters per line (except when using
LETextBox or LETextBox2)

O fully justified text; that is, text aligned with both the left and
right margins (except when using LETextBox2)

automatic word wrap (except when using LETextBox2)
scrolling

fonts that kern characters

0O 0 o o

using LETextBox2)

0 “intelligent” cut and paste (adjusting spaces between words
during cutting and pasting)

O tabs

The Dialog Manager automatically handles editing of text in
dialog boxes by making calls to LineEdit. If you wish to use

LineEdit yourself in other situations, see “LineEdit Tool Set” in
Apple IIGS Toolbox Reference.

The routine starts out by accessing and allocating space for the 1
Apple icon we want to display in the box. It then defines an OK

button for the user to click. Finally, it draws the text items in the
box.



procedure DoAboutItem; {begin DoAboutItem..}

var aboutDlog : GrafPortPtr; {pointer to this dialog}
r : Rect;
itemHit : Integer; {item selected by user}
appleIconP: Ptr; {pointer and handle to the Apple..}
appleIconH: Handle; {..icon created in InitGlobals}
begin
SetRect (r,146,20,495,192); {= rectangle the dialog appears in}
aboutDlog := NewModalDialog(r, TRUE,O) ; {Open the dialog: in rectangle r,
visible, no reference value}
SetRect (r,270,153,0,0); {Define a display rectangle and..}
NewDItem (aboutDlog, 1, r,ButtonItem, {.make a dialog item for it:..}
Q'CK',0,0,NIL); {.the OK button}
SetRect (r,20,135,0,0); {Define another display rectangle..}
appleIconP := @Applelcon;
appleIconH := @ApplelconP; {..get a handle to the Apple icon..}

NewDItem(aboutDlog, 3, r,
iconltemt+itemDisable,
ApplelconH,0,0,NIL); {make it a disabled icon item}

{For the rest of the text, simply
write it directly in the port,
rather than creating dialog items}

SetPort (aboutDlog); {make sure this is the active port}
SetForeColor (0); {foreground color = black}
SetBackColor (15); {background color = white}

MoveTo (40,17); {move the pen to starting position..}
SetTextFace (8) ; { (change to outline text)}
DrawString

(' HodgePodge') ; {Draw the first line..}
SetTextFace (0); { (go back to plain text)}

MoveTo (40,27); {Move to next line and continue..}
DrawString

(' A potpourri of routines that');
MoveTo (40,37);
DrawString

(' demonstrate many features of');
MoveTo (40,47);
DrawString

(' the Apple IIGS Tools.');
MoveTo (40,67);
DrawString

(' By the Apple IIGS Development Team');
MoveTo (36,77);
DrawString

('Translated to TML Pascal by TML Systems');
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MoveTo (40,87);
DrawString

(' Copyright Apple Computer, Inc.');
MoveTo (40,117);

Drawstring

(' 1986-87, A1l rights reserved') ;
MoveTo (40,127) ;

Drawstring
(' v4.0', 23—Sep—87');

itemHit := ModalDialog(NIL); {call ModalDialog; it returns when

any enabled item ig selected}

CloseDialog(aboutDlog); {Close the Dialog when OK clicked}

end; {End of DoAboutItem}

Figure 4-14 shows what the dialog box constructed by this rout
looks like (the assembly-language and C versions have slightly §
different text from the Pascal example).

HodglelPoldge
A potpourri of routines that
demonstrate many features of
the Apple 1165 Tools.

By the Apple 1168 Development Team
Translated to THL Pascal by THL Systems
Copyright Apple Computer, Inc.

1986-87, A1l rights reseryed
vi.0  23-8ep-87

- o

Figure 4-14
The “About HodgePodge...” dialog box
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This chapter concludes our brief discussion of the Apple 1IGS
Toolbox. The tool sets described here can help you accomplis
these tasks: E

O creating menus

O supporting other desktop features such as desk accessories 2
- cut-and-paste ;

accessing external devices and files
generating and playing sounds
performing mathematical computations

O 0 o o

controlling parts of the Apple IIGS operating environment

Making and modifying menus

Pull-down menus are an important part of the desktop
environment. Menus allow users to examine all choices available
to them at any time without being forced to choose one of them,
and without having to remember command words or special ke

The Menu Manager is the Apple IIGS tool set that supports men $
of the style recommended by the Apple Human Interface ]
Guidelines. The user displays a menu by positioning the cursor in
the menu bar and pressing the mouse button over a menu title.

The Menu Manager highlights the selected title (by redrawing it
inverted colors) and “pulls down” the menu below it. As long as
the mouse button is held down, the menu is displayed. Dragging
through the menu causes each of its menu items (commands) to
be highlighted in turn. If the mouse button is released over an
item, that item is considered chosen. The item blinks briefly to
confirm the choice, and the menu disappears. '

When the user chooses an item, the Menu Manager tells the ‘
application which item was chosen, and the application performs
the corresponding action. When the application completes the
action, it removes the highlighting from the menu title, indicating
to the user that the operation is complete,

If the user moves the cursor out of the menu with the mouse
button held down, the menu remains visible, though no menu :
items are highlighted. If the mouse button is released outside the
menu, no choice is made; the menu just disappears and the
application takes no action. The user can always look at a menu
without causing any changes in the document or on the screen.
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All applications should support
desk accessories. See
“Supporting Other Desktop
Features,” later in this chapter.

Window menu bars are
described under “Menu
Manager” in the Apple IIGS
Toolbox Reference.

Menu bars

A menu bar is an outlined rectangle that holds the titles of all the
menus associated with the bar. A menu in the bar may be enabled
or temporarily disabled. A disabled menu can still be pulled
down, but its title and all the items in it are dimmed and not
selectable.

The principal menu bar is the system menu bar; see Figure 5-1.
There can only be one system menu bar on the screen at one
time. The system menu bar always appears at the top of the Apple
IIGS screen; nothing but the cursor ever appears in front of it. In
applications that support desk accessories, the first (leftmost)
menu should be the desk accessory menu (also called Apple
menu, the menu whose title is a colored apple symbol). The desk
accessory menu contains the names of all available desk
accessories, and usually the name of a dialog box that gives brief
information about the application itself. When the user chooses a
desk accessory from the menu, the title of the menu belonging to
the desk accessory may appear in the menu bar for as long as the
accessory is active, or the entire menu bar may be replaced by
menus belonging to the desk accessory.

Titles of enabled menus  Titles of disabled menus

N o !

Menubar{| ® File Edit View Special Lsls

Figure 5-1
The system menu bar

In addition to the system menu bar, your application can have
various window menu bars. These can appear anywhere on the
screen and in windows. Window menu bars are provided to give
you more menu space, particularly because of the limited
resolution in 320 mode. Window menu bars should be used
moderately, if at all.
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Menu appearance

A standard menu consists of a number of menu items listec

A shadowed rectangle is one that vertically inside a shadowed rectangle. Items on a menu :
appears fo have a thin shadow the text of a command, a solid color, or just a line dividing
just below and to the right of it, f choi M 1 in front of ~
making it appear to stand out groups of choices. Menus always appear in front of everythi

slightly from the desktop. except the cursor. Figure 5-2 shows a menu with six items,
including two dividing lines.

€ File QXN View Special (oler

Keyboard equivalent: ndo al
tems ot of
Dividing line \\\\Copu al
Mark Paste aV

NClear

vihow Cliphoard
Disabled item

Figure 5-2

A standard menu

Figure 5-2 shows some of the typical variations in an item'’s
appearance:

O A mark may appear on the left side of the item, to denot
status of the item or of the mode it controls. :

O An Apple logo followed by a capital letter may appear t
right of the item, to show that the item may be invoked fi
the keyboard (that is, it has a keyboard equivaleni). If the
presses the letter key while holding down the Apple key, i
menu item is invoked just as if it had been chosen from
menu.

O Each item’s text may have its own text style.

O An item can be dimmed to indicate that it is disabled an
can’t be chosen.

O A dividing line is a separate menu item. Dividing lines s 5
always be disabled.
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See "Menu Manager” in the
Apple licS Toolbox Referencefor
information on how to create
custom menus.

If a standard menu doesn’t suit your needs—for example, if you
want more graphics, or perhaps a nonlinear text arrangement—
you can write a custom menu definition procedure. The Menu
Manager will call that procedure when it draws the menu. The
custom menu can be visibly very different, and yet respond to
your application’s Menu Manager calls just like a standard menu.
The items in the menu can have any appearance.

Keyboard equivalents

Your program can set up a keyboard equivalent for any of its
menu commands in order to allow the user to invoke the
command from the keyboard. The character you specify for a
keyboard equivalent should be a letter that the user can type in
either uppercase or lowercase. For example, typing either “G” or
“g” while holding down the Apple key invokes the command
whose equivalent is “Q G.”

< Note: For consistency among applications, you should specify
the letter in uppercase in the menu.

Constructing menus

It’s simple to construct your application’s menus. All you need to
do is define the text of the menu titles and items, and assign ID
numbers to each menu title and item.

% Note: The menu bar does not allow for a large number of
menus or menus with lengthy titles. If you're having trouble
fitting your menus into the menu bar, you should review their
organization and titles. Furthermore, if your program is likely to
be translated into other languages, remember that translated
menu titles may take up more space.

Menu lines and item lines

You create menus by constructing a list of menu and item lines,
and passing a pointer to that list to the NewMenu routine.
NewMenu parses the menu and item lines, allocates enough
memory for necessary records, and initializes those records. The
menu and item lines must remain in memory as long as the menu
exists.
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For a complete discussion of
menu- and item-line syntax,
including a description of all
special characters, see “Menu
Manager” in the Apple IIGS
Toolbox Reference.

The list must follow a specific syntax; here is an example:

>>Title 1\N1

--Item string 1\N256
--Item string 2\N257
-—-Item string 3\N258

This is a simple list of one menu line and three item lines. The
first character on the first line is the title character; it denotes the
start of a menu. The first character on any line other than a title
line is the item character; it denotes an item in the menu. The
second character in each line can be anything (it is changed by
the Menu Manager)—here it just repeats the first character. Each
line is terminated by a return (decimal 13) or a null byte (0).
Finally, a termination character, different from the menu and item
character, denotes the end of the list.

In the example above, “>” is the title character, “” is the item
character, and a period is the termination character. But you may
use any characters, as long as the title and item characters are
different, and the termination character is different from the item
character. (Thus, the title and termination character may be the
same.)

Before the terminating character of each line, “N” followed by a
number specifies the menu and menu item ID number.

For an example of menu and item lines using multiple special
characters and different title, item, and terminating characters, see
the HodgePodge source code listing of InitGlobals, under
“Start the Program” in Chapter 2. In InitGlobals the title
character is “>”, the item character is “=”, and the termination
character is a period. The second character in each line repeats
the first. You can see from the listing that, depending on how you
want your menus to appear, the syntax can be quite complex.

Using just the “@” symbol in a title provides the Apple logo. The
@ must follow the character denoting a menu title, and then be
followed by an end-of-line mark (carriage return). Do not place a
space before or after the @, as you must with other menu titles.
See the InitGlobals example.
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Important

Menu and item ID numbers

ID numbers are assigned in the menu/item line list. The ID
numbers must be allocated as shown in Table 5-1.

A Menu ID must be unique for each menu:; that is, no two menus can
have the same ID. Similarly, no two items, whether in the same or
separate menus, can have the same ltem ID.

Table 5-1

Menu ID number assignment

Hexadecimal Decimal Meaning

Menu ID numbers

$0000 0 Internal use, generally means
front, or first menu in bar.

$0001-$FFFE 1-65534 Reserved for application use.

$FFFF 65535 Internal use, generally means
end, or last menu in bar.

Item ID numbers

$0000 0 Internal use, generally means
front, or first item in menu.

$0001 - $00F9 1-249 Reserved for desk accessory
items.

$00FA 250 Undo edit item.

$O0FB 251 Cut edit item.

$00FC 252 Copy edit item.

$00FD 253 Paste edit item.

$00FE 254 Clear edit item.

$00FF 255 Close command item.

$0100 - $FFFE 256-65534 Reserved for application use.

$FFFF 65535 Internal use, generally means

end, or last item in menu.
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182

AppleMenulID
AboutItem
FileMenuID
OpenItem
CloseItem
SaveAsItem
ChoosePItem
PageSetItem
PrintItem
QuitItem
EditMenuID
UndoItem
CutItem
CopyItem
PasteItem
ClearItem
WindowsMenulID

NoWindowsItem

300;
301;
400;
401;
255;
403;
405;
406;
407;
409;
500;
250;
251;
252;
253;
254;
600;
601;

FirstWindItem = 2000;

FontsMenuID
FontItem
MonoItem

I

700;
701;
702;

HodgePodge uses symbolic constants for menu ID numbers in its
menu- and item-line definitions. It assigns menu ID’s to those
constants in the file GLOBALS . PAS, as follows:

{reserved ID number}
{reserved ID number }
{reserved ID number }
{reserved ID number}
{reserved ID number}

{window menu ID's are allocated
dynamically starting at 2000}

How HodgePodge sets up the menu bar when the program
executes is demonstrated in Chapter 2.

Accepting user input

How your application responds to menu selections made by the
user depends largely on whether or rot the application calls
TaskMaster.

Without TaskMaster, an application typically calls GetNextEvent

each time through the event loop. If the user selects a menu item
with the mouse, a mouse-down event occurs and the application
responds as follows:

1. It calls FindWindow, which (in this case) returns to the
application the information that the mouse button was pressed
in the menu bar.
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Tracking means following
changes in cursor position
befwen the time a mouse button

is pressed and when it is released.

That way a user’s selection is not
finalized until the mouse button is
released.

DoMenu s listed and described
under “Handle Specific Events” in
Chapter 2.

2. It then calls MenuSelect, which tracks the mouse, opening
menus and highlighting selections until the mouse button is
released. If it is released in 2 menu selection, MenuSelect
returns to the application the number of the menu and the
number of the item in the menu that was selected. It also
highlights the menu’s title.

3. The application then branches to the subroutine that handles
the menu item selected.

4. When the task is completed, the application unhighlights the
menu title and continues in the main event loop.

% Keyboard equivalent: If the menu item was selected with its
equivalent keystroke combination rather than with the mouse, a
key-down event occurs. The application must look at the
modifiers field of the event record to know that the Apple key
was pressed at the same time, meaning a menu selection has
been made. The application then highlights the menu title and
proceeds from step 3 (above).

On the other hand, if your application calls TaskMaster instead of
GetNextEvent each time through the event loop, most of the
above procedure is handled automatically. For both mouse-down
and key-down events, TaskMaster takes care of finding out whether
they represent menu-selection actions. If the user selects a menu
item with the mouse or with a keyboard-equivalent, TaskMaster
highlights the menu and returns a task code of wInMenuBar
(meaning a menu selection was made). Your application can
examine the taskData field of the extended task event record to
see which item in which menu was selected. Then it can branch
directly to the appropriate subroutine.

% HodgePodge: HodgePodge uses TaskMaster. After receiving a
wInMenuBar task code from TaskMaster, HodgePodge jumps
to its menu-event dispatcher, DoMenu. DoMenu gets the
individual menu item’s ID number from the Event .taskDate
field of the extended event record, and jumps to the proper
subroutine.
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AddToMenu is in the source file
MENU.PAS.

procedure AddToMenu;

Modifying menus during execution

If your menu bar, or items in a menu, are going to change while
on the screen, you can use Menu Manager calls to rearrange the
menus and items. In the routine AddToMenu (called from the
routine DoMenuItem), HodgePodge adds a new item to the
Windows menu when a new window is opened on the desktop.
AddToMenu does this principally by calling InsertMItem and
DeleteMItem. AddToMenu also adjusts the window list—a list of
pointers to all open windows.

{begin AddToMenu...}

var theWindow : GrafPortPtr;

myDataHandle: WindDataH;

{window-data-record handle}

begin
theWindow := FrontWindow; {Get a pointer to the front window..}
windowList [wIndex] := theWindow; {add the pointer to the window list}
myDataHandle := WindDataH ( {.then get a handle to its..}
GetWRefCon (theWindow) ) ; {.window-data record, to get name}
InsertMItem(@myDataHandleA‘.menustr[l], {Insert window's name at the end...}
SFFFF, WindowsMenulID) ; {..of the Windows menu}

if windex = 0 then

{If this is the first open window...}

begin
DeleteMItem(NoWindowsItem); {..remove "No Windows Allocated" item}
SetMenuFlag(SFF7F,WindowsMenuID); {..enable the Windows menu..}
DrawMenuBar; {.and draw it}
end;
CachanuSize(0,0,WindowsMenuID); {Recalculate the size of the menu }

Inc (wIndex) ;
end;

{Increment the number of open windows}
{End of AddToMenu}

The above example shows how HodgePodge adds items to a
menu. On the other hand, when windows are removed from the
desktop, HodgePodge deletes the corresponding menu item with
code in the routine Ad§Wind. Adjwind is called from
DoCloseItem when the user selects Close from the File menu or
when the user clicks the close box of the frontmost window.
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AdWind is in the source file
WINDOW.PAS.

AdjWind makes the menu-related calls InsertMItem, DeleteMItem
and CalcMenuSize. It also adjusts the window list to reflect the fact

that a window has been removed.

procedure AdjWind (TheWindow: GrafPortPtr);

var i ': Integer;
theOne : Integer;

begin
i := FirstWind;
while windowList [i] <> TheWindow do
Inc (i);
theOne:=i;

if windex = 1 then
begin
InsertMItem (@noWindStr[1l],
FirstWindItemt+theOne,
WindowsMenulID) ;
SetMenuF'lag ($0080,WindowsMenulD) ;
DrawMenuBar;
wXoffset := 20;
wYoffset := 12;
end;

DeleteMItem (firstWindItemt+theOne) ;
CalcMenuSize (0, 0,WindowsMenulD) ;

{begin AdjWind..}

{start with menu ID of 1lst window}
{.and run through the window list}

{..to get this window's position.}
{If we're closing the LAST window..}

{..reinsert "No Windows Allocated"..}
{.after this item.}

{..in the Windows menu.}

{.disable the Windows menu...}
{..redraw the menu bar..}

{..and reinitialize the position..}
{..of the next-opened window}

{end of IF its the last window}
{Delete item on the Windows menu..}
{..and recalculate size of the menu}

Inc (1); {Now go to the next window on list}
while i < lastWind do {..and for each window in turn..}
begin {move it down one position..}
windowList [1-1] :=windowList[i]; {..in the window list}
Inc (i);
end;

for i := theOne to lastWind do
SetMItemID (firstWindItem+i-1,
firstWindItemt+i) ;

{now renumber items in Windows menu:}
{its new ID number}
{its old ID number}

end; {End of AdjWind}

% Note: AdjWind performs some rather complex manipulations

; of pointer lists and menu IDs. Your program can easily remove
| menu items without going through such acrobatics if menu item
‘ IDs are not going to change and if menu changes do not
require adjustment of other lists in memory.
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Just what kind of control an NDA
exercises is described under
"Desk Manager” in the Apple lics
Toolbox Reference.

Supporting other desktop features

Two other important desktop-programming features have tool sets
that support them. The Desk Manager controls desk accessories
(called from the Apple menu) and the Scrap Manager handles
cutting, copying, and pasting from the Edit menu.

Desk accessories

Any application you write should support desk accessories. Desk
accessories are short programs such as clock displays, note pads,
and calculators that a user might want to access without having to
leave your program. Desk accessory support is a convenience for
the user, it enhances the multitasking feel of the desktop, and it i
consistent with the aims of the Human Interface Guidelines.
Furthermore, it’s easy to include in your programs.

The Desk Manager is the tool set that enables your application to
support desk accessories. There are two types of desk accessories
in the Apple IIGS environment: classic desk accessories and new

desk accessories.

m Classic desk accessories (CDA’s) are desk accessories designed
to function in a non-desktop, non-event-driven environment.
Unlike new desk accessories, a CDA gets full control of the
computer during what is basically an interrupt state (generated
by a keypress). The desk accessory is responsible for saving and
restoring any of the application’s memory that it uses, as well
as handling all I/O. The Control Panel is a classic desk
accessory.

m New desk accessories (NDA's) are desk accessories designed
to execute in a desktop, event-driven environment. NDA’s run
in a window and get control when that window is the frontmost
window.

“ Macintosh Programmers: New desk accessories are the style of
desk accessories available on the Macintosh.
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See “"Controlling the Apple IIGS
Operating Environment” in this
chapter, and “The Scheduler” in

the Apple IIGS Toolbox Reference
;or more information on the Busy
ag.

If you want to write a classic desk
accessory (CDA), see Chapter 8
of this book.

Supporting classic desk accessories

A user activates a classic desk accessory from the CDA menu. The
CDA menu is displayed by pressing Apple-Control-Escape at any
time during program execution. Two CDA’s are built into the
system:

O Control Panel

O Alternate Display Mode

Any others (up to eleven) are loaded from disk. From the CDA
menu, a user can select any of the CDA’s currently in the system.
The desk accessory selected is activated and retains control until
it shuts down. When it shuts down, the Desk Manager redisplays
the CDA menu. Only when the user selects Quit from the CDA
menu does the original application resume operation.

When can the CDA menu be displayed? The Desk Manager gets
control in two ways. If the Event Manager is active, the Desk
Manager is called in conjunction with GetNextEvent. If the Event
Manager is not active, the Desk Manager gets control whenever
the user presses Apple-Control-Escape, which generates an
interrupt. Before the Desk Manager displays the CDA menu, it
checks the system Busy flag. If something in the system is busy,
the Desk Manager waits until the Busy flag is cleared, then “wakes
up” and displays the CDA menu. This guarantees that CDA’s have
all system resources available to them when they are called.

The only thing your application needs to do to support classic
desk accessories is make sure that interrupts are not disabled for
long periods.

Supporting new desk accessories

New desk accessories are loaded automatically by the operating
system at boot time. An application that wants to make NDA’s
available to the user does not have to do a lot of work, particularly
if the application is using the Window Manager routine TaskMaster.
By convention, however, desk accessories can assume that the
following tool sets are already available for them to use, so the
application must make sure that they are loaded and started up:

O Tool Locator

Memory Manager

QuickDraw II

a
O Miscellaneous Tool Set
O
0 Event Manager
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If you want to write a new desk
accessory (NDA), see Chapter 8
of this book.
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Window Manager
Control Manager
Menu Manager
LineEdit Tool Set
Dialog Manager

O 0o o oo o

Scrap Manager

With TaskMaster: If the Application uses TaskMaster, it only nee
to make three calls to support new desk accessories after it has
loaded and started up the proper tool sets:

O DeskStartup—to initialize the Desk Manager :
O FixAppleMenu—to add to the list of NDA’s in the Apple menu

O DeskShutdown—to shut down the Desk Manager before the
other tool sets are shut down

After the FixAppleMenu call has been made, TaskMaster
automatically handles opening NDA’s in response to menu
selections, calling SystemTask and SystemClick when appropriate.
If the application sets up the menu items correctly, TaskMaster
can even call SystemEdit when the user selects an item from the
Edit menu, or close a desk accessory in response to the user’s
selecting Close from the File menu.

¢ HodgePodge: The three calls listed above are in the routines
StartUpTools, SetUpMenus, and ShutDownTools.

Without TaskMaster: Applications that do not use TaskMaster
must take the following steps to support new desk accessories.

1. Call DeskStartup to start up the Desk Manager. ;
2. Call FixAppleMenu to add to the list of NDA's in the Apple men

3. Call OpenNDA when the user selects an NDA from the Apple
menu.

4. Call SystemTask frequently (at least every time through the
event loop).

5. Call SystemClick when a mouse-down event occurs in a system
window.

6. Call SystemEdit when a desk accessory is active and the user
selects Undo, Cut, Copy, Paste, or Clear from the Edit menu.

7. Close the desk accessory when the user selects Close from the
File menu. You can use CloseNDA or CloseNDAbyWinPtr to do
this. |

8. Call DeskShutdown to shut down the Desk Manager.



Cutting and pasting

An important part of the convenience provided by desktop
applications is the ability they give the user to transfer and copy
fragments of text or graphics within a document, or from one
document to another.

The Scrap Manager is the tool set that lets an application handle
cutting and pasting of the desk scrap. From the user’s point of
view, all data that’s cut or copied resides in the Clipboard. The
Cut command deletes data from a document and places it in the
Clipboard; the Copy command copies data into the Clipboard
without deleting it from the document. The Paste command—
whether applied to the same document or another, in the same
application or another—inserts the current contents of the
Clipboard at a specified place. See Figure 5-3.

An application that supports cutting and pasting may also provide
a Clipboard window for displaying the current contents of the
scrap; it may show the Clipboard window at all times or only when
requested via the toggled command Show (or Hide) Clipboard.

% Note: The Scrap Manager is designed to transfer small amounts
of data; attempts to transfer very large amounts of data may fail
from lack of memory.

Desk scrap

Clipboard window

Documents

Figure 5-3
The Clipboard and the desk scrap
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The desk scrap s usually stored in memory, but can be stored o
disk {in the [ile CTLTPEOARD in the SYS5TEM subdirectory ol the
Boot velime) if there’s nol enough room for it in memory, The
Dosk Manager kecps lrack of whether the sera [ I8 in miernory o
on the disk, so vou don't have to waorry ahout lesading it firsl,

The natere of the data 1o be transferred varics accord ing 1o tha
application: a word processor handles [ormatled text; & prapiics
application bandles pictures, The Serap Manager allows for a
varicly of dara types, and provides a mechanisim whereby
applications have suome control over how much information is
retained when dara is transferad,

Desk scrap data types

From the user's point of view there can be only one thing in the
Clipboard at a lime, but the application may store moee than ong
version of the information in the serap, each represenling the
same Clipboard contents in a different form. For example, fext o
[rom a word processor document may be slored in the desk SCra[y
Both as text and 45 a QuickDiaw 11 picture.

Why would an application want to do this? Applications like to
keep information in their own internal fermat, but they also wanl
to be able to communicate via the Clipboard with cther
applications. When a user culs or copies something (o the
Cliphoard, the application can put It there two different WRYE!

o The internal way so thatl a sy bsequent paste Cwithin the same
application) can b easily handled. Precisely the information
needed by the application can be transfered.

The public way so that il the user tries 1o paste il into another
application or desk accessory, the other application can at legs
deal with it, even if some information might be lasl,

There are two defined pubslic serap types: texl and plctues,
Applicalions must write at least one of these standard typuess of
dala o the desk sorap, and must be able to read both types,

Using the Scrop Manager

If your application suppeits display of the Clipboard, you shoull
call the Nesk Manager each tme through your main event loop m
seit if the Cliphoard window needs 1o be updated,

When a Cut or Copy command s given, use the appropriate Desk
Manager calls to werile the cut or copied data to the desk scrap.
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When a Paste command is given, use other Desk Manager calls to
access the particular type of data in the desk scrap that you want,
and to get information about the data.

% Edit menu: The user accesses the desk scrap through the Edit
menu. Whether or not your application supports cutting and
pasting, it must include an Edit menu. Desk accessories may
need it.

% HodgePodge: HodgePodge does not support cutting and
pasting. It has an Edit menu, but all items are initially dimmed
(disabled).

Setting up a private scrap

If your application defines its own private type of data, or if very
large amounts of data might be cut and pasted, you may want to
set up a private scrap for this purpose. A private scrap can have
any format, because no other application will use it. Your
application must, however, be able to convert data between the
format of its private scrap and the format of the desk scrap.

If you use a private scrap, be sure that the right data is always
pasted when the user gives a Paste command. The right data is
whatever was most recently cut or copied from any application or
desk accessory. Make sure also that the Clipboard, if visible, always
shows the current data. You should copy the contents of the desk
scrap to your private scrap at application startup and whenever a
desk accessory (NDA) is deactivated. When your application quits
or when a desk accessory is activated, you should copy the
contents of your private scrap to the desk scrap.

% LineEdit: The LineEdit scrap is a private scrap for applications
that use LineEdit. LineEdit provides routines for accessing this
scrap; you'll need to transfer data between the LineEdit scrap
and the desk scrap so that the Clipboard will always be current.

% Scrap too large: If your application has problems copying one
scrap to another, it should alert the user. If the desk scrap is too
large to copy to the private scrap, the user may want to leave
the application or proceed with an empty Clipboard; if the
private scrap is too large to copy to the desk scrap, the user
may want to stay in the application and cut or copy something
smaller.
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The HodgePodge routine
Openfilter, listed under “The

ProDOS Flle System” in Chapter 6,

Is an example of how an
application can fiter file types in
its Open File dialog box

Communicating with files and devices
The Apple IIGS Toolbox includes several tool sets that handle
input/output functions. They include

O Standard File Operations Tool Set

O Print Manager

O Apple Desktop Bus Tool Set

O Text Tool Set

Using these tool sets makes your application easier to write and
ensures a uniform user interface. Almost every application needs
the Standard File Operations Tool Set and the Print Manager;
fewer programs need the Apple Desktop Bus Tool Set or the Text
Tool Set. ‘

Accessing files

The Standard File Operations Tool Set provides the standard user |
interface for selecting a file to be opened or saved. The tool set
displays dialog boxes that allow the user to open and save a file
on a disk in any drive, and change disks in a drive. The user is i
completely freed from having to know how the operating system
handles those tasks.

Before you make calls to the Standard File Operations Tool Set, it
must be loaded and started up. If you think it may not be needed
every time the program is run, you can choose to load the tool set
only when you need to present the dialog boxes. ]

Opening a file

When the user makes a request to open a file, your application
calls the SFGetFile routine to present the standard Open File v
dialog box (Figure 5-4) and retricve the filename. SFGetFile allows ]
you to specify where the standard dialog box will be placed on
the screen, to specify the prompt at the top of the box, and to
select, or filter, the types of files to be displayed in the box. The
routine does not allow you to modify the appearance of the box;

if you wish to construct your own custom dialog box, another
routine is available.
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AskUser is in the source file
PAINT.

function

var

begin

PAS.

Load which picture
/HODGEPODGE/

HREIE

( Cancel )

Figure 5-4
The Open File dialog box

In HodgePodge, the opening of a file is initiated when the user

chooses Open from the File menu. That menu choice causes the
execution of the routine DoOpenItem, which calls OpenWindow,
described in Chapter 4. When opening a picture file rather than a

looks like this:

AskUser: Boolean;

ourTypeList: TypeListPtr;

SFGetFilae (

AskUser

20, 20,

'Load wich picture:

@OpenFilter,
TypeListRecPtr(0),
myReply) ;

:= FALSE;

if myReply.good then
if LoadOne then

end;

AskUser

:= TRUE;

font window, OpenWindow calls AskUser, the routine that uses
Standard File Operations to select which file to open. AskUser

{begin AskUser..}

{a record that lists file types:
defined by Std. File Operations}

{Call up the dialog box..}
{upper-left corner = 20,20}

{= message to user}

{OpenFilter screens file types}
{NIL ptr--show all file types}
{place the results here}

{initialize this function}

{if SFGetFile not cancelled..}
{..and if the file opens OK..}
{AskUser completes successfully}
{End of AskUser}

Communicating with files and devices
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The complete sequence of
roufines that execute when a file
is opened is diagrammed in
Appendix D.

DoSaveltem is in the source file
PAINT.PAS.
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AskUser calls LoadOne, which allocates the memory for and 3
actually opens the requested file by making Memory Manager
and ProDOS 16 calls. SFGetFile calls OpenFilter, a routine that
controls which types of files are displayed in the dialog box and
how they are highlighted. LoadOne and OpenFilter are
described in Chapter 6, under “The ProDOS File System.”

Saving afile

When the user makes a request to save a file, use the SFPutFile
routine to present the standard Save File dialog box (Figure 5-5).
SFPutFile allows you to specify where the standard dialog box will
be placed on the screen, to specify the prompt at the top of the
box, and to specify the maximum number of characters the user ]
may type. If you wish to construct your own custom dialog box,
you use another routine.

/HODGEPODGE/
Free: 222k out of 800k.

(_Disk_)

L FRaBtR Bats
53 P M [ New Folder )
C3IHP.CC W)
1 HP.PAS (——‘
™ prey Glase
Dy pigg
Save which picture: | )
PIC2 (" Cancel )

Figure 5-5
The Save File dialog box

In HodgePodge, DoSaveItem is executed when the user selects
Save As from the File menu. (CheckFrontW makes sure that Save 1
As is enabled only when a picture window is in front, because only
picture windows can be saved.) DoSaveItenm first calls SFPutFile }
to bring up the standard SaveFile dialog box, and then calls
SaveOne, which saves the contents of the specified window to disk.



‘,prmmdure DoSaveltem; {begin DoSaveltem..}

var theWindow : GrafPortPtr; {pointer to a window}
myDataHandle: WindDataH; {handle to our window-data record}
i : Integer;
begin
theWindow := FrontWindow; {Get a pointer to the front window}
myDataHandle := WindDataH ( {Get a handle to the window-data..}
GetWRefCon (theWindow) ) ; {..record for the window}
SFPutFile ( {Bring up the Save File dialog..}
20,20, {..at location (20,20)..}

.with this prompt string..}
.default = current filename..}

'Save which picture:’,
myDataHandle”” .name,

_— -~

15, .allow 15 characters in name..}
myReply) ; .put answers in Reply record--
format specified by Std. File}
if myReply.good then
begin {If user doesn't cancel..}
WaitCursor; {Put up the watch cursor and..}
SaveOne (myDataHandle””.pict); {..save the file to disk.}
with myDataHandle”” do {Update our window-data record:}
begin
name := myReply.fileName; {Update the window name}
menuStr:= Concat ('="', {Make a new menu string..}
myReply.fileName,
I\Nl,
IntToString (menulD),
'\0.");
for i := firstWind to lastWind do {Go through the window-pointer list:}
if WindowList[i] = theWindow then {If this window is the one..}
Leave; {..exit from this loop}
SetMItem (MenuStr,
FirstWindItem+i) ; {Change menu name to new window}
end; {end updating window-data record}
SetWTitle (myDataHandle””.name,theWindow); {Update window name to filename}
CalcMenuSize (0, 0, WindowsMenulD) ; {Resize menu for new window name}
InitCursor; {go back to arrow cursor}
end; {end of IF myReply.good=TRUE}
end; {End of DoSaveltem}

The disk writing is done by the routine SaveOne. SaveOne is
described under “The ProDOS File System” in Chapter 6.

Don't forget to shut down the Standard File Operations Tool Set
after you have finished using it—either right afterward, or with the
other tool sets at application shutdown. If you wish, you can also
unload the tool set from memory and thus save space.

% Note: If you choose to unload the Standard File Operations Tool
Set, be sure to reload it before making its startup call again.
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Printing

The Print Manager is an Apple IIGS tool set that allows you to use
standard QuickDraw II routines to print text or graphics. The P
Manager calls a printer driver to do the specific printing tasks, so
your application doesn’t need to know what kind of printer is
connected to the computer. However, the Print Manager also
includes low-level calls to the printer drivers so that you can
implement alternate, low-level printing routines.

An application that supports printing must have three items in its
File menu: Choose Printer, Page Setup, and Print. Choosing these
items brings up dialog boxes that allow the user to specify howa -
document will be printed. |

Choosing a printer

When the user selects the Choose Printer item, the Choose Printe
dialog box is displayed (Figure 5-6). It lets the user select a
destination device from among the printer drivers on the system:
disk. The Choose Printer dialog box also lets the user pick which
port or slot the device is connected to, from among the port
drivers on the system disk.

Choose Printer vl.2

Printer type:

THAGEWRITER |47
LASERWRITER

Printer port:
APPLETALK

Figure 5-6
The Choose Printer dialog box
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DoChooserltem is in the source
fle PRINT.PAS.

procedure DoChooserltem;

var dummy : Boolean;
begin

dummy := PrChooser;
end;

If the AppleTalk network is installed and the AppleTalk selection is
made in the dialog box, the network is scanned for the names of
all connected printers. If one or more printers of the chosen type
are available on the network, an additional dialog box appears so
that the user can select one.

% Macintosh programmers: On the Apple IIGS, the Choose
Printer function is part of the Print Manager, rather than part
of the Chooser desk accessory as on the Macintosh.

The HodgePodge routine that brings up the Choose Printer
dialog box is called DoChooserItem. It is called from DoMenu,
when the user selects Choose Printer from the File menu.

{begin DoChooserItem..}

{returned value is unimportant here}

{Bring up dialog box--that's it!}
{End of DoChooserItem}

Making page settings

When the user selects the Page Setup item, a Style dialog box is
displayed (Figure 5-7). It allows the user to specify formatting
information, such as the page size and printing orientation. This
information is not changed frequently and is usually saved with
the document. The LaserWriter offers two style options
unavailable for the ImageWriter: smoothing of bitmapped fonts,
and font substitution.
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DoSetupltem is in the source file
PRINT.PAS.

IMAGEWRITER/APPLETALK

vl.3

Paper: (@) US Letter
) US Legal
(CIAY Letter
(_) International Fanfold

Vertical Sizing: Printer Effects:
(@ Normal
(_) Condensed

Orientation: Pages

(_Cancel ) '

I3
18

[150% Reduction
[INo Gaps Between

LASERWRITER/APPLETALK

vlli

Paper: @ US Letter (O AY Letter
(O US Legal (BS Letter
Orientation:

Vertical Sizing:

. (@ Normal
.ﬂ., (O Intermediate
—— () Condensed

Printer Effects: Reduce or
<) Smoothing? Enlarge:

G Font Substitution?

-

Figure 5-7
Style dialog boxes

Page setup in HodgePodge is handled by the routine
DoSetupItem, called from DoMenu when the user selects Page
Setup from the File menu. DoSetupItem calls the Print Manager
routine PrStlDialog, passing it a handle to a print record. The
print record has been allocated and initialized by the routine

SetUpDefault, called at startup.
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procedure DoSetupltem; {begin DoSetUpItem..}

var dummy: Boolean; {function result unimportant here}
begin
dummy := PrStlDialog (printHndl); {Call up the dialog, pass it the
handle to our print record}
end; i {End of DoSetupItem}
Printing

When the user chooses to print a document, usually by making a
selection on the File menu, the Job dialog box is displayed (Figure
5-8). The Job dialog box lets the user select print quality, page
range, number of copies, and other printer-specific information.

IMAGEWRITER/APPLETALK vl.3

Quality: () Better Text
(@ Better Color
() Draft

Page range:

@ All
) From: To: J

Copies:

Paper Feed:(® Automatic () Manual

Ccolor (Cancel )

LASERWRITER/APPLETALK vil
Pages: @Al
() From: To:

Copies:
Paper Source:

(@) Paper Tray
() Manual Feed

(

Figure 5-8
Job dialog boxes
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DoPrintitem is In the source file
PRINT.PAS.

procedure DoPrintItem;

var prPort : GrafPortPtr;
theWindow: GrafPortPtr;

The Print Manager automatically gives you a QuickDraw II
GrafPort when you open a document for printing. You then print
text and graphics by drawing into this port with QuickDraw II calls,
just as if you were drawing on the screen. The Print Manager ]
installs its own versions of QuickDraw II's low-level drawing
routines in this GrafPort, causing your higher-level QuickDraw II
calls to drive the printer instead of drawing on the screen.

The HodgePodge routine that prints files is DoPrint Item, called
from DoMenu when the user selects Print from the File menu. ]
DoPrintItem calls the routine PrJobDialog to bring up the Job
dialog box, and then calls Dra wTopWindow to print the file:

{begin DoPrintItem..}

{pointer to a printing GrafPort}
{window pointer}

begin
theWindow := FrontWindow; {Get a pointer to the front window}
if theWindow <> NIL then {If there IS a window open...}
if PrJobDialog (printHndl) then {.bring up the dialog box; if..}
begin {.the user doesn't cancel...}

WaitCursor; {put up the watch cursor..}
prPort := PrOpenDoc(printHndl,NIL); {open a printing GrafPort...}
PrOpenPage (prPort, NIL) ; {begin a new (& only) page..}
DrawTopWindow(theWindow); {draw the contents of the page..}

PrClosePage (prPort) ;

PrCloseDoc(prPort);

{.close the page}

{..close the GrafPort}

PrPicFile(printHndl,NIL,NIL); {.print the spooled file}

InitCursor;
end;

end;

DrawTopWindow is in the source
file PRINT.PAS.

{..and restore the regular cursor}
{end of printing}

{end of IF a window is open}

{End of DoPrintItem)

See “Using the Print Manager,” later in this section, for
explanations of some of the Print Manager calls that
DoPrintItem makes.

DoPrintItem calls the subroutine DrawTopWindow, which does
the actual drawing in the printer GrafPort. DrawTopWindow acts

no differently than if it were drawing to the screen; it calls either

ShowFont or PaintIt, depending on what type of window is to
be printed:
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procedure DrawTopWindow (TheWindow:WindowPtr) ;

var myDataHandle: WindDataH;

begin

myDataHandle := WindDataH (

GetWRefCon (TheWindow) ) ;

with myDataHandle”” do
if Flag = 0 then
PaintIt (pict)
else

ShowFont (theFont, isMono) ;

end;

The structure of a print record is
shown in the Apple lIGS Toolbox
Reference

Important

{begin DrawTopWindow...}

{handle to window-data record}

{Get a handle to the window's..
{.window-data record}

{If it's a picture window..}
{paint the picture w/this handle}
{But if it's a font window..}
{draw text w/this font & style}
{End of DrawTopWindow}

Using the Print Manager

Print records: Before you can print a document, you need a valid
print record. The print record describes information such as page
dimensions and resolution. You can either use an existing print
record (for instance, one saved with a document) or create one
through Print Manager calls. HodgePodge uses the same print
record for all documents. That record can be modified by the
user through the Style and Job dialog boxes.

% Note: Whenever your application saves a document, it should
save an appropriate print record with the document. This sets
up the printing parameters for the document so that they can
be used the next time the document is printed.

In most instances your application should not directly change the
data in the print record—it should use the standard dialog routines
for changing this information. Attempting to set certain values
directly in the print record can produce unexpected results.

Draft and spool printing: There are two basic methods of
printing documents: draft and spool.

In draft printing, your QuickDraw II calls are converted directly
into command codes the printer understands, which are then
immediately used to drive the printer. The LaserWriter always uses
draft printing, because the QuickDraw II calls are translated
immediately into PostScript commands. The ImageWriter and
other nonintelligent dot matrix printers are written to in draft
mode for text only. High-quality pixel images are produced by
spool printing.
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Compare this sequence of calls
with the listing of the HodgePodge
routine DrawTopWindow, earlier
in this section,
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In spool printing the Print Manager processes your printing
requests in two steps. First it writes out (spools) a representatio
your document’s printed image to a disk file or to memory.
Second, this information is converted into a bit image and
printed. This method is used to print graphics on the
ImageWriter.

The printing loop: To print a2 document, you call the following
routines: E

1. PrOpenDoc, which returns a pointer to the GrafPort to be us
for printing 1

2. PrOpenPage, which starts each new page (reinitializing the
GrafPort)

3. QuickDraw routines, for drawing the page into the port creat¢
by PrOpenDoc ;

4. PrClosePage, which terminates the page

5. PrCloseDoc, at the end of the entire document, to close the |
GrafPort being used for printing

6. PrPicFile, to print the spooled document

Steps 2 through 4 are the printing loop itself; they are repeated
as many pages as are printed. Each page is either printed '
immediately (draft printing) or written to disk or to memory -
(spool printing). Your application may inspect the print record
see whether spooling was done, but it doesn’t have to. The prop:
method is always selected automatically, and PrPicFile is executt
only if needed. :

You should check for errors after each Print Manager call. If an
error occurs and you cancel printing (or if the user aborts 3
printing), be sure to exit properly from the printing loop so tha ._
all files are closed correctly—that is, be sure that every
PrOpenPage is matched by a PrClosePage, PrOpenDoc is
matched by PrCloseDoc, and PrPicFile is still called.

¢ Note: The maximum number of pages in a spool file is 16,382
If, for some strange reason, you need to print more than 16,38
pages at one time, just repeat the printing loop. i



Transfer modes are discussed
under *Drawing fo the Screen.” in
Chapter 3.

The multiple-segment sample
program listed under “Creating
Segmented Code: Three
Examples” in Chapter 7 includes
calls to the Text Tool Set.

The Pascal and BASIC character
device drivers are discussed in
the Apple lIGS Firmware
Reference

QuickDraw Il consequences and limitations: Even though you
print by making QuickDraw calls, remember that printing to paper
is not really the same as drawing to the screen. Clipping regions
and character spacings don’t translate exactly. Erasing, of course,
can’t be done on a printer. Some transfer modes and some
drawing routines don’t work on a LaserWriter. For more
information about optimizing your printing code, see the Apple
IIGS Toolbox Reference and the LaserWriter Reference.

Background procedure: An optional background procedure
runs whenever the Print Manager has directed output to the
printer and is waiting for the printer to finish. It is typically a
dialog box that informs the user that a print job is in progress,
and allows the user the option of canceling it.

If you don’t designate a background procedure, the Print Manager
uses a default procedure for canceling printing: the default
procedure just polls the keyboard and sets a Print Manager error
code if the user presses Apple-Period. If you use this option, you
should display a dialog box during printing to inform the user
that the Apple-Period option is available.

Sending text to Apple Il character devices

If you are writing a native-mode Apple 1IGS application but don'’t
want to use QuickDraw II and the graphic desktop interface, you
may necd the Text Tool Set. It provides an interface between
Apple II character device drivers, which must be executed in
emulation mode, and new applications running in native mode. It
also provides a means of redirecting 1/O through RAM-based
drivers. The Text Tool Set makes it possible to deal with the text
screen without switching 65816 processor modes and moving to
bank zero. Dispatches to RAM-based drivers still occur in full
native mode.

The Text Tool Set has global routines that are used to set or read
the current global parameters used by RAM and the Pascal and
BASIC text drivers. The tool set also has I/O directing routines
that direct 1/0 from the tool set to a specific type of character
device driver, or request information about the directing of a
specific /O driver. Finally, the tool set has text routines that
interface with any BASIC, Pascal 1.1, or RAM-based character
device driver. See “Text Tool Set” in the Apple IIGS Toolbox
Reference for more details.
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Communicating with Apple Deskiop Bus devices

The Apple Desktop Bus (ADB) is a hardware channel and a
protocol for connecting input devices, such as keyboards and
mouse devices, with personal computers. The personal computer
is considered to be the host during the communication, and A
controls the communication on the bus by issuing ADB
commands to the devices.

The Apple Desktop Bus Tool Set sends commands and data
between the Apple Desktop Bus microcontroller and the rest of
the system. Typically, the tool set is used to control ADB activity,
but other commands, which are used by diagnostic routines and
the Control Panel, are available.

Most applications have no need to use the ADB Tool Set.
However, if your program needs to modify the system’s interface
with the mouse, keyboard, or other ADB device, the ADB Tool Set
is indispensable.

More details about the bus can be found in the Apple IIGS
Firmware Reference and the Apple IIGS Hardware Reference. The
tool set is described under “Apple Desktop Bus Tool Set” in the
Apple 1IGS Toolbox Reference.

Making sounds

The Apple IIGS has a very advanced sound-generation system,
capable of creating and reproducing complex music, sound
effects, and speech. Sound tools at several levels give you access
to the sound hardware and make music generation easy.

;
2

The sound hardware

The Apple IIGS sound hardware supports two sound-generation
methods. In the first method, which replicates the Apple Ile sound
capabilities, an application toggles a soft switch which in turn
generates clicks in a speaker. The application can control the rate
of clicking and the volume of the speaker.
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The second method uses a digital oscillator chip (DOC) and the
rest of the sound hardware, as diagrammed in Figure 5-9: 64K of
dedicated RAM, the Sound GLU (general logic unit), the analog
section, and the sound connector.

: S q Speaker|
- oun Toggle |
N Y N
—»| Analog >
A
v \ :
K | poc __ sound
S Connector

Figure 5-9
Sound hardware block diagram

The sound GLU acts as the 1/O interface between the Apple IIGS
system hardware and the sound hardware. The dedicated RAM
stores the waveforms used for sound generation. From them the

For further information on the DOC, DOC can create sounds of practically any pitch and duration.
see the Apple llGS Hardware
Reference. The analog section contains all the circuitry needed to amplify

and filter the signal coming from the Sound GLU or the DOC.
From there the signal is sent to the speaker.

The sound connector provides the connection to interface cards
that can take the tones generated by the DOC and modify them
further. Three examples of possible sound cards are
programmable filter cards, stereo interface cards, and sound
sampling cards.

Oscillators and generators

An oscillator is the basic sound-generating unit in the DOC. The
DOC contains 32 oscillators, each of which can function
independently from all the other oscillators.
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The System Failure Manager is
described under “Miscellaneous
Tool Set” in the Apple lics
Toolbox Reference,

See “Sound Tool Set” in the
Apple lIcS Toolbox Referencefor
details on both high-level (free-
form synthesizer) and low-level
calls.

One of the modes of the DOC is called swap mode. The Sound
Tool Set (described next) uses this mode to generate sounds. In
swap mode, a pair (swap pair) of oscillators forms a functional
unit called a generator. There are 15 generators defined in the
Apple 1IGS sound system. The oscillators in a generator take turns
making sound, each signaling the end of its sound by generating
an interrupt.

Oscillators 30 and 31 are reserved for system use and should not
be be used by applications. If an interrupt is generated by
oscillator 30 or 31 it is a fatal error—a sound interrupt is reported
to the System Failure Manager, which halts execution,

The Sound Tool Set

The Sound Tool Set gives you the ability to access the sound
hardware without having to know specific hardware 1/O addresses.
Sound Tool Set calls can be divided into two groups: high-level
and low-level.

High-level calls constitute the Jreeform synthesizer. Calls to the
free-form synthesizer are made through the normal tool call
mechanism, with parameters being passed to and from the called
routines on the stack. With high-level calls you can

O write multibyte sound data to and read it from DOC RAM
O get or set the volume of individual generators
O start and stop sound on an individual generator

Low-level routines read from and write to the DOC hardware
registers and individual DOC RAM locations. Unlike the other
Sound Tool Set routines, which use the stack to pass parameters in
the normal tool call fashion, these routines use registers to pass
parameters and are entered through a jump table. The low-level
routines can move information faster than the higher-level calls
to the free-form synthesizer, but they do none of the error
checking and housekeeping of the higher-level routines.
Furthermore, if you use the low-level routines, you will have to
install your own interrupt handler to service sound interrupts.
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The Note Synthesizer

The Note Synthesizer gives your application a convenient way to
play musical notes. You use the Note Synthesizer by making tool
calls to start and stop individual notes. The general sequence of
calls is something like this:

1. Allocate an individual generator.

2. Start a note, with the NoteOn call. The call’s parameters specify
the generator to play the note on, the note’s volume and pitch,
and what instrument to use. An instrument is a data structure
that specifies such parameters as the amplitude envelope
(attack and decay shapes), pitchbend and vibrato
characteristics, and the specific waveforms that characterize the
sound to be played.

3. Stop the note with the NoteOff call. When the note stops
playing, the generator is automatically deallocated.

The Note Synthesizer provides for priority in allocation of
individual generators. If all generators are in use, generators
producing low-priority sound (such as notes trailing off) can be
“stolen” to produce higher-priority sounds (such as notes starting
up). Priority assignment can assure that there will always be a
generator available when a note needs to be played.

% Enable interrupts: Interrupts must be enabled in order for the
Note Synthesizer to function. Anything that disables interrupts
(such as accessing a disk drive) will disrupt the sound being
played.

The Note Sequencer

The Note Sequencer is the tool set that makes it easy for you to
include music in your programs. In particular, it allows music to
be played asynchronously, in the background.

The Note Sequencer builds upon the Note Synthesizer, in that it
strings together individual notes created by the sythesizer.

You can think of the Note Sequencer as a cross between a player
piano and a language interpreter. A sequence is a series of
commands that tell the computer which notes to play and when.
The Note Sequencer plays back that sequence to generate muscial
sound.
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MIDI stands for Musical Instrument
Digital Interface, an international
standard for electronic transfer of
musical data.
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Sequences are built up from simpler components. Individual ba
commands to the Sequencer are called items. Items typically tu
a note on or off, or control some aspect of the note’s sound, su
as vibrato. Items are assigned to one or more tracks, to facilitate
the concept of multi-instrument music and chords. A pattern is
series of items; the pattern groups those items in terms of their
mutual timing relationships. :

A phrase is a set of pointers to patterns or to other phrases.
Phrases make it easy to build repetitive, complex passages out o
simple patterns. A sequence is a top-level phrase, one which
points to patterns or other phrases but is not pointed to by any
other phrases. '

You play music with the Sequencer by making a StartSeq call. It
plays a specified sequence. In interrupt mode, the sequence is
played automatically until it finishes. In Step mode, your
application can play the sequence item-by-item. Step mode is
useful if you need to synchronize the sequence with other events
in your program.

* Enable interrupts: Interrupts must be enabled in order for the
Sequencer to function. Anything that disables interrupts (such
as accessing a disk drive) will disrupt the sound being played.

% MIDI: The Sequencer is not directly compatible with the MIDI
protocol. If you wish to communicate with a MIDI synthesizer
on your Apple IIGS, you will need to install a2 MIDI interface
card or a MIDI serial adapter (manufactured for the Macintosh
Plus). At the time of this writing, there are no software tools to

allow the Note Synthesizer or Sequencer to manipulate MIDI
data.

Computing

If your applications require mathematical computations on either
integers or floating-point numbers, there are Apple IIGS tool sets
that provide you with fast, consistent, and accurate algorithms.



Integer Math

The Integer Math Tool Set supports multiplication and division of
several types of numbers, and also converts numbers from one
type to another. The types of numbers dealt with are these:

integer 16-bit signed or unsigned value
longint 32-bit signed or unsigned value
fixed 32-bit signed value with 16 bits of fraction
frac 32-bit signed value with 30 bits of fraction
extended 80-bit signed value with 64 bits of fraction

% Note: The extended type really serves as a pathway to the
Standard Apple Numeric Environment. See the next section in
this chapter, “High-Precision Floating-Point Math (SANE).”

The Integer Math Tool Set also manipulates Integer Math strings,
which are ASCII-string representations of numbers. An Integer
Math string consists of only digits (hexadecimal or decimal) and
blanks and has no length byte within it.

Within the tool set, there are math routines and Integer Math
string routines. Math routines support multiplication and division
of integer, long integer, fixed, and frac numbers, perform simple
trigonometric calculations, and convert from one type of value to
another. Integer Math string routines convert between a binary
value and an ASCII character string representing that value. The
binary value can be either an integer or a long integer. The
character string can be in either hexadecimal or decimal format.

Your application can make use of the Integer Math routines at any
time; the tool set is always active. Furthermore, the Integer Math
Tool Set does not rely upon the presence of any other tool sets.

High-precision floating-point math (SANE)

For high-precision calculations on floating-point numbers, your
application should use the Standard Apple Numerics
Environment (SANE). SANE is a collection of routines that
perform extended-precision IEEE arithmetic, with elementary
functions. SANE scrupulously conforms to IEEE standard 754 for
binary floating-point arithmetic and to the proposed IEEE
standard 854, which is a radix-independent and word-length-
independent standard for floating-point arithmetic.
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Additional information on SANE
routines is found under “SANE
Tool Set” in the Apple lics
Toolbox reference

SANE provides sufficient numeric support for most application:
includes

O IEEE types single (32-bit), double (64-bit), and extended (80-
bit)

a 64-bit type for large-integer computations, as in accounting
fundamental floating-point operations ( + — * / v rem )
comparisions

binary-to-decimal and floating-point-to-integer conversions
scanning and formatting for ASCII numeric strings
logarithmics, trigonometrics, and exponentials

compound and annuity functions for financial computations
a random number generator

functions for management of the floating-point environment

000 O0OO0oooo o

other functions required or recommended by the IEEE
Standard

The Apple I1IGS SANE tool set matches the functions of the
Macintosh SANE packages, and the 6502 assembly-language S
software from which it is derived.

The functions of SANE are completely documented in the App
Numerics Manual, which you will need if you are going to use
routines in your application.

Controlling the operating environment

Many components make up the Apple IIGS operating
environment, the overall hardware and software setting within
which application programs run. Several tool sets’ principal
functions are to control and modify that environment. You mi
call them low-level tool sets, in contrast to the higher-level,
desktop interface tools.

The Event Manager, described earlier, and the Memory Manage
and System Loader, described in the next chapter, are three of
most important tool sets in this group. Two others are the
Miscellaneous Tool Set and the Scheduler, described here.
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Parameter RAM, also known as
Battery RAM, retains clock-
calendar and Control Panel
information when the computer
power is off.

Tick count is (approximately) the
number of 60th-second intervals

elapsed since system startup.

For more information about
interrupt sources and handlers,
see the Apple IIGS Firmware
Referenceand the Applelis
ProDOS 16 Reference.

The Miscellaneous Tool Set

The Miscellaneous Tool Set is a collection of several small tool
sets. Most of them set or return information about various low-
level functions of the Apple IIGS. Several other managers and tool
sets make calls to the Miscellaneous Tool Set.

Many of the routines in this tool set retrieve the address or return
the value of a given parameter so that your program need not rely
on fixed addresses. Please use these calls instead of directly
accessing memory locations; there is no guarantee that an address
being used for something in one version of system software will
be used the same way in subsequent versions.

Groups of routines

O You can use Battery RAM routines to write and read data to
and from parameter RAM. Any data written to parameter
RAM will affect the default system configuration, which will be
used the next time the system is booted.

O The clock routines provide you with a way to read the current
time either in hex or ASCII format, or set the current time using
hex format. The GetTick routine reads the current tick count.

O Vector routines set or return the vector address for a specified
interrupt manager or handler. Interrupt control routines allow
your application to enable or disable certain interrupt sources
and get the current status of those interrupts.

O Address and entry routines return the addresses and native-
mode entry points of some important firmware parameters and
routines.

O The HeartBeat routines allow you to install or delete tasks from
the HeartBeat Interrupt Task queue. Such tasks might include
controlling cursor movement, or posting a disk-insert event, or
checking the stack. They are called at some multiple of every
“heartbeat” (vertical blanking interval), 60 times a second.

O The System Failure Manager routine allows you to customize
the system failure message. Thus, if the user causes your
application to crash, you can have the System Failure Manager
display a message that gives the user an idea of what happened.
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0O The User ID Manager routines create and delete the numbers
by which the ownership of all allocated memory blocks is
specified. Every program on the Apple IIGS has a User 1D,
assigned by the User ID Manager; each block that the Memory
Manager allocates for that program is given the program’s
User ID.

0 The mouse routines allow your application to directly set or g
the mouse location. However, the Event Manager calls these
routines automatically, so most applications don’t need to
make the calls. If you’re not using the Event Manager or
TaskMaster, you may need to use the mouse routines.

O The PackByles routine packs data to make a file smaller. This
can be useful for such things as graphic images, which would
ordinarily take up too much space on disk. UnPackBytes
unpacks the data from the PackBytes format.

O The Munger routine allows your application to manipulate
strings easily.

0O The SysBeep routine causes the system speaker to beep.

“The Miscellaneous Tool Set” in the Apple IIGS Toolbox
Reference describes in detail all of the above groups of routines.

The Scheduler

The Scheduler is a tool set that delays the activation of a desk
accessory or other task until the resources that the desk accessory
or task needs become available. Much of the system code is not
reentrant; that is, the code cannot be called again while it is
executing. Because of that, activating a desk accessory within non-
reentrant code almost always causes the system to fail. Thus, the
Apple 1IGS provides a Busy flag that the Scheduler can check to
discover if a needed resource is busy or available.

To write a typical application, you won't need to use the
Scheduler. Even if you are writing a classic desk acccessory you
won’t need to call the Scheduler—the Desk Manager does it for
you. Perhaps the only time you need to use it is when you are
writing interrupt handlers that access ProDOS 16 or the toolbox
routines. For example, an application that performs background
printing might need to access the Scheduler.
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The Scheduler is completely
documented under “The
Scheduler” in the Apple IIGS
Toolbox Reference.

Scheduler maintains a queue of tasks waiting to execute, and
consults the Busy flag before dispatching them. When a non-
reentrant module is entered, your interrupt handler should set the
Busy flag; when exiting from the module, the application should
clear the Busy flag, permitting the Scheduler to execute any tasks
that have been placed in its queue.

Your interrupt handler should therefore check the state of the
Busy flag before it calls any system software. If the word is
nonzero, the necessary system resources are not currently
available, and you should add your task to the Scheduler’s queue.
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Memory, Segments, and Files
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system, and how to write programs that take advantages of lower-
level system software. In particular, we discuss

O how to work with the Memory Manager to request and release
blocks of memory ’

O what segmented load files are, and how the Memory Manager
and System loader work together to place them in memory

0 how to use the System Loader to launch other programs from .
your program, load other files, and load individua] segments

O how to use the ProDOS 16 QUIT call to pass execution to
another program, and then bring your program back to exe
again

O what direct-page/stack space is and how to set jt up for your
program

O how to access disk files

You do not need detailed knowledge of all of these topics in ord
to write an application. But if you use the toolbox you should knoy
what direct page/stack space is; if you work with disk files you nee

The Memory Manager is in charge!

As a programmer, especially if you are an Apple 1I programmer,
YOu may be used to analyzing a computer’s memory map and

in fact, you are strongly discouraged from doing so, because it

may interfere with the efficient use of memory and the ]
functiom'ng of your own or other programs. Instead, you should ]
rely on the Memory Manager. {
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. For a complete description of

. Memory Manager functions, see
. “Memory Manager” in the Apple
. lles Toolbox Reference.

What the Memory Manager does

The Memory Manager is a ROM-resident Apple IIGS tool set that
controls the allocation, deallocation, and repositioning of
memory blocks in the Apple IIGS. The Memory Manager works
closely with ProDOS 16 and the System Loader to provide the
needed memory spaces for loading programs and data and for
providing I/O buffers. All Apple IIGS software, including the
System Loader and ProDOS 16, must obtain needed memory
space by making calls to the Memory Manager.

The Memory Manager keeps track of how much memory is free
and what parts are allocated to whom. Memory is allocated in
blocks of arbitrary length; each block possesses several attributes
that describe how the Memory Manager may modify it (such as
moving it or deleting it), and how it must be aligned in memory
(for example, on a page boundary). Table 6-1 describes the
memory block attributes and lists the predefined constants with
which each can be specified.

Table 6-1

Memory block aftributes

Attribute Constant* Explanation

Fixed (yes/no) attrFixed Must the block remain at the same location

Fixed address (yes/no)
Fixed bank (yes/no)
Bank-boundary limited (yes/no)

Page-aligned (yes/no)

in memory?
attrAddr Must it be at a specific address?
attrBank Must it be in a particular memory bank?

attrNoCross Is it prohibited from extending across a
bank boundary?

Special memory not usable (yes/no) attrNoSpec Is it prohibited from residing in banks $00,
$01, and parts of banks $E0, $E1?
attrPage Must it be aligned to a page boundary?
attrPurge Can it be purged (made available for other

Purge level (0 to 3)

Locked (yes/no)

* Equivalent to “yes” if present

use)? If so, with what priority?

attrLocked Is the block locked (temporarily fixed and
unpurgeable)?
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“* HodgePodge: For an example of the use of predefined
constants (column 2 of Table 6-1) in specifying memory-block
attributes, see any of HodgePodge's NewHandle calls—such as
in the routine StartUpTools (Chapter 2). See also “How Your
Application Obtains Memory,” later in this section.

Th% System Loader is described Memory-block attributes are specified in an attributes word.
under “Loading Programs and 1 f i
Segments,” Iater in fhis chapter. When you request a block of memory, you supply the attributes

word for that block. Later, you can modify the value of the
attributes word to change the block’s characteristics.

In addition to creating and deleting memory blocks, the Memory
Manager moves blocks when necessary to consolidate free
memory and relieve memory fragmentation. When it compacts
memory in this way (Figure 6-1), the Memory Manager can move
only those blocks that needn’t be fixed in location. Therefore as
many memory blocks as possible should be movable (not fixed),
if the Memory Manager is to be efficient in compaction. Data
segments and segments containing position-independent code
can generally be placed in movable blocks.

Before compaction After compaction

B [ ] [

Fixed blocks Movable blocks Free memory ;

Figure 6-1 i
Memory fragmentation and compaction
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Pointers and handles to memory blocks

To access an entry point in a movable block, an application can-
not use a simple pointer, because the Memory Manager may move
the block and change the entry point’s address. Instead, each time
the Memory Manager allocates a memory block, it returns to the
requesting application a handle referencing that block.

A handle is a pointer to a pointer: it is the address of a fixed (non-
movable) location that contains the address of the block. If the
Memory Manager changes the location of the block, it updates the
address in the fixed location; the value of the handle itself is not
changed. Thus the application may continue to access the block by
using the handle, no matter how often the block itself is moved in
memory.

Memory block

Q. Pointer:

Value of pointer =
starting address of memory block

XXX E———e

Memory block

b. Handle: > SXXX

Value of handle = . .

address of master pointer * Master pointer °
s2zz | > 5727 5XXX

Figure 6-2

Pointer and handle

If a block will always be in the same place in memory (that is
cither locked or fixed), it may be referenced by a pointer instead
of by its handle. To obtain a pointer to a particular block or
location, an application can dereference the block’s handle. The
application reads the address stored in the location pointed to by
the handle—that address is the pointer to the block. Of course, if
the block is ever moved that pointer is no longer valid.

The Memory Manager is in charge! 189



Deref

START

sta 0

stx 2

ldy #4
lda [0],y
ora #$8000
sta [0],y
dey

dey

lda [0],y
tax
1da[0]
rts

END

A memory handle that points to a
value of zero is calledNIL.

190
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In most high-level languages, dereferencing is a simple, single-
statement task. For example, in C the statement

z:*y

dereferences the memory handle y. The variable z now contai
a pointer to the memory block whose handle is y. In assembly-
language it takes a few more statements; the HodgePodge routine
Deref (in the file GLOBALS . ASM) looks like this: ;

; store low word of handle at zero-page address 0
; store high word of handle at zero-page address 2
/ Put the value "4" in Y register

; set the..

; ..attributes bit that..

; ..locks the block

; now Y=3

; now Y=2

; put high word of pointer into acumulator

; put high word of pointer in X register

/ put low word of pointer in accumulator

; return to caller

When a memory block is purged, the memory that its handle
pointed to becomes available for other use but the handle itself
remains in memory. A purged memory handle points to the
address $00 0000, but retains its User ID and all its attributes as
listed in Table 6-1, so that the memory block can be quickly and
easily reallocated if necessary.

When all the attributes of a memory handle as well as the
memory it points to are discarded, the handle is said to be
disposed. A disposed memory handle is no longer associated with
a particular program. Your application can get rid of memory it
no longer needs by making a DisposeHandle call. ’

Pointers and handles must be at least 3 bytes long to access the
full range of Apple IIGS memory. However, pointers and handles
passed as parameters are always 4 bytes long, because they are
then easier to manipulate in the 16-bit registers of the 65C816
microprocessor.

Do not use the high-order byte of a 4-byte pointer or handle to
store data. The unused byte Is reserved for system use—your
application should always fill it with zeros,




How your application obtains memory

When an application makes a call to the operating system or
other system software that requires allocation of memory (such as
opening a file or writing from a file to a memory location), the
system software first obtains any needed memory blocks from the
Memory Manager and then performs its tasks. When an
application informs the operating system that it no longer needs
that memory, the information is passed on to the Memory
Manager which in turn frees that application’s allocated memory.
In these cases the memory allocation and deallocation is
completely automatic, as far as the application is concerned.

Requesting memory

Any other memory that an application needs for its own purposes
must be requested directly from the Memory Manager. The
shaded areas in Figure 6-3 represent those parts of the Apple IIGS
memory that can be allocated through requests to the Memory
Manager. Apple 1IGS applications should avoid requesting
absolute (fixed-address) blocks—it defeats the Memory Manager’s
ability to allocate memory as efficiently as possible, and increases
the probability that the program will not be able to load or run.

Bank numbers

S00 $01 $02 S7F SEO SE1

$0800— $2000

Figure 6-3
Memory allocatable through the Memory Manager
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toolsZeroPage := NewHandle(TotalDP,

Direcf-pc:ge space is described
in more detail later in this chapter.

The User ID Manager is described
under “Miscellaneous Tool Set”
inthe Apple IIGs Toolbox
Reference
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Your application requests memory with the Memory Manager’s
NewHandle call. Here is an example from HodgePodge:

myMemoryID,

attrBank+attrFixed+attrLocked+attrPage,
Ptr(0));

In this example HodgePodge is requesting direct-page space for |
tool set use. ToolsZeroPage is a handle to the requested space. |
Inputs to the call are: size (TotalDP), User ID (myMemoryID),
predefined constants specifying attributes (as described in Table -

6-1), and a pointer to where the block is to begin (bank $00 in
case).

User IDs

Many Memory Manager calls use the block’s User ID, a code
number that shows what program owns the memory block. User
ID’s are assigned by the User ID Manager.

When your application starts up the Memory Manager, the
operating system has already assigned a master User ID for that
execution of the application. The operating system gives the
master User ID number to the Memory Manager, which in turn
passes that ID to your application in the MMStartUp call. You
must save that ID for use when you shut down your application.

Byte 1 Byte 0
Bit:[15 [14[13 112 [11 [10] 9 | 8 7]6ls5[als]2]q
Value: typelD auxiD mainiD

Figure 6-4
User ID format

As Figure 6-4 shows, User IDs are made up of three fields—the
typelD, auxID, and mainID fields—contained in a word-length
parameter. The value in the mainID field is assigned by the User II
Manager. The typelD field contains a number that describes the
general kind of program segment that will occupy the block—such
as application, desk accessory, or tool set. The auxID field is ]
entirely definable by the program requesting the memory. Its initis
value is 0; your application can store any 4-bit value there.



Important

Using the auxID field, your application can create up to 15 new
and distinct User IDs from the single master User ID returned by
the Memory Manager at startup. You can use each new User ID to
allocate as many additional, private memory blocks as needed;
when finished with the memory allocated under a particular ID,
discard it all at once by calling DisposeAll with that ID. An
example of this technique is shown in the following assembly-
language code fragment.

pushword #0 ; space for master User ID
_MMStartUp

pla ; retrieve master User ID

sta MasterID ; store master User ID

ora #$0100 ; create User ID with AUX ID =1

sta MyID ; store ID for use w/ private memory

; (your code here)

Ce ; (ready to exit program)
pushword MyID
_DisposeAll ; discard all of my private memory
; (continue with termination

; processing)

Do not specify an auxID of 0. The Memory Manager routines
PurgeAll and DisposeAll tfreat an auxiD field with 0 in it as a wildcard
that matches all values.

The main advantage of this method is that you can dispose of all
allocated blocks quickly and easily, with a DisposeAll call, instead
of making sure to keep track of all allocated blocks and
deallocating them individually.

You don’t have to use this method. You could simply use the
master User ID, unchanged, to obtain new private memory.
However, your application could not then use the DisposeAll call
to discard everything—it would be disposing of itself too. Another
method is to obtain an entirely new User ID for private memory.
This method allows you to discard all private memory at once,
but leaves open the possibility of allocated blocks remaining in
memory after your application quits.

% HodgePodge: HodgePodge makes very few memory-allocation
requests. It uses an unmodified master User ID when it does so,
and it makes sure to dispose of its requested memory blocks
individually.
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Locking and unlocking, purging and disposing

If you need to access a movable memory block directly—that s,
you need to dereference its handle—you must first lock it so that
it won't move while you are using it. When you no longer need it
to be locked, make sure to unlock it so the Memory Manager can

move it during compaction. Don’t lock blocks that you are not
currently accessing.

If you are temporarily through using a block, and don’t mind if i
contents must be reconstructed the next time they are needed,
you can set the block’s purge level to make it purgeable. Then th
Memory Manager can purge it if more space is needed. If the
Memory Manager does purge a block, you can quickly restore it
with the same attributes, User ID, and size. :

Important  When the Memory Manager purges a block, all data in it is lost, You

application is responsible for saving and restoring the data
appropriately,

When your application is completely finished with its own priva
memory, it should dispose of it—for example, by calling the
DisposeAll routine and specifying the User ID with a modified
auxID field, as described earlier. If your application doesn’t
For more information on memory dispose of all memory that it has acquired, the memory
management, see the Apple lics

Toolbox Referencoand o management system can become clogged.
Apple lIcs ProDOS 16 Reference

important Do not call DisposeAll with the unmodified master User ID for your
own program (the one in which auxiD = 0).

Load segments and memory blocks

In Chapter 1 we introduced the idea of segmented programs. The
executable versions of program files are called load files, and th
consist of one or more load segments. Load segments are .
The System Loader is described placed in memory by the System Loader. The System Loader must
In the next section of this chapter. work closely with the Memory Manager because different types of
segments require memory blocks with different attributes. '

When the System Loader loads 4 program segment, it calls the

Memory Manager to allocate 2 memory block for the segment.

The attributes assigned to that memory block are closely tied to
the attributes of the segment that will inhabit the block.
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If the program segment is static, and therefore must not be
unloaded or moved, its memory block is marked as unpurgeable
and fixed. That means that the Memory Manager cannot change
that segment’s position or contents as long as the program is
running. If the program segment is dynamic, its memory handle is
initially marked as purgeable but locked (temporarily unpurgeable
and fixed; subject to change at the request of the application). If
the dynamic segment is position-independent, its memory handle
is marked as movable; otherwise, it is fixed.

In summary, a typical load segment will be placed in a memory
block that is

O locked
O fixed
O purge level = 0 (that is, unpurgeable) if the segment is static

O purge level = 1 if the segment is dynamic

Depending on other requirements the segment may have, such as
alignment in memory, the load segment-memory block
relationship may be more complex. Consult the Apple IIGS
ProDOS 16 Reference for details.

Loading programs and segments

The System Loader loads all programs and segments of programs.
It is called by ProDOS 16 when an application starts or quits, it is
called automatically to load dynamic segments during program
execution, and it can be called by your application to load and
unload other programs or program segments. This section
describes both the automatic operation of the loader and the
ways in which your program can call it directly.

R

% Note: If you are writing a typical application, you don’t have to
call the System Loader at all. All its operations are automatic
for most programs, even those with dynamic segments. If you
are not interested in System Loader details, skip ahead to
“Quitting and Launching Under ProDOS 16.”

% HodgePodge: HodgePodge makes no loader calls.
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The System Loader, although a
tool set, is documented in the
Apple lIGS ProDOS 16 Reference.

The Jump Table, Pathname
Table, and other System Loader
tables are discussed in detail in
the Apple lIcs ProDOS 16
Reference

How the System Loader works

The System Loader is the Apple IIGS tool set that manages the
loading of program segments into the Apple IIGS. It works very
closely with the Memory Manager and with the ProDOS 16
operating system.

The System Loader is a program that processes load files—it is
not concerned with source files or object files. Each load file
consists of load segments that the loader treats differently,
depending upon their attributes:

m Static segments are loaded into memory at application startup. -
They stay in memory until the program quits.

B Dynamic segments are placed in memory only as needed
during program execution. They may be removed when no
longer needed.

m Absolute segments are loaded at specified, fixed locations in
memory.

m Relocatable segments are placed wherever the System Loader
can find sufficient memory space. Once they are loaded, their
memory blocks are locked so they can’t move.

m Position-independent segments are placed wherever the System |
Loader can find sufficient memory space. Their memory blocks
are initially locked, but once unlocked they can be moved from
one location to another between executions. |

Some load segments consist of typical program code or data;
others are more specialized. The Jump Table segment, when

loaded into memory, becomes the Jump Table; it provides a ]
mechanism by which segments in memory can trigger the loading
of other needed segments. The Pathname segment becomes the
Pathname Table, a cross-reference between pathnames on disk

and load segments in memory. An initialization segment 4
contains any code that has to be executed first, before the rest of
the segments are loaded.

When the System Loader is called to load a program, it loads all
static load segments and constructs the tables necessary to allow
automatic loading of dynamic segments.
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- Confrolling programsare
. discussed under “Loading
_ Applications,” later In this section.

To unload a segment, the System Loader calls the Memory
Manager to make the corresponding memory block purgeable. If
the segment is dynamic, the loader also alters the Jump Table to
reflect the fact that the segment may no longer be in memory.

To unload all segments associated with a particular application
(for example, at shutdown), a controlling program such as a shell
calls the System Loader’s User Shutdown function, which in turn
calls the Memory Manager to make purgeable, purge, or

dispose of the application’s memory blocks (depending whether
the application is restartable or not—see “Shutting Down and
Restarting Programs in Memory,” later in this section).

Loading a relocatable segment

When a relocatable segment is loaded into memory, its code is
placed at the location assigned to it by the Memory Manager. The
loader then performs relocation on the code—it patches address
operands that refer to locations both within and external to the
segment.

1. Local references are coded in the load segment as offsets from
the beginning of the segment. The loader adds the starting
address of the segment to each offset, so that the correct
memory address is referenced.

2. External references may be to routines in static or dynamic
segments. If the reference is to a static segment, the loader
finds the memory location of the routine in that static segment
and patches the reference with its address. If the reference is to
a dynamic segment, the loader patches the reference to point
to a Jump Table entry. The Jump Table entry contains the
information necessary to transfer control to the external
segment when it is loaded.

You can see that most Apple IIGS code cannot be moved once it
is in memory: relocation happens only when the segment is
loaded, so if the segment is ever moved its address operands will
no longer be correct. Only position-independent code, which
needs no relocation, can be moved around in memory. And
position-independent code is difficult to write—therefore, most
Apple IIGS code is relocatable, but not position-independent.
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Object module formatis the file
format produced by Apple IS
development systems such as
the Apple liss Programmer’s
Workshop. See Chapter 7.

Loading applications

The functioning of the System Loader is completely transpare
to most applications. Any program that is in proper object
module format (with any combination of static and dynamic -
segments) will be automatically loaded, relocated, and execu
whenever it is called. Unless you want your program to load
dynamic segments manually, or load and execute other progas
you need not know how to use the System Loader. ‘

However, you can indirectly affect the functioning of the Systes
Loader by the method in which you segment your programs. If
your program is divided into static and dynamic segments, yo
may experiment with several configurations of a single prograt
after it has been assembled to see how loading of dynamic
segments affects performance. See Chapter 7 for further progra
design considerations involving static and dynamic segments.

Application control of segment loading

Most applications do not need to make loader calls directly, bt
for programs with specialized requirements the System Loader
offers this capability. ~

One advantage of manually loading a dynamic segment is that
segment can be referenced in a more direct manner than an
automatically loaded dynamic segment. Automatically loaded
dynamic segments can be referenced only through a JSL to the.
Jump Table; however, if the segment consists of data such asa
table of values, you would want to simply access those values
rather than passing execution to the segment. By manually
loading the segment into a locked memory block, and
dereferencing its memory handle (obtaining a pointer to the s
of the segment), you can then reference any location in the tabl
directly. Of course, because the loader does not resolve any
symbolic references in the manually loaded segment, the
application must know the segment’s exact structure.

Your program is responsible for managing the segments it Ioa,
That is, it must unload them with System Loader calls when the
are no longer needed.
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1

- The ProDOS 16 QUIT call is

~ explained under "Quitting and

~ Launching Under ProDOS 16, later
.~ Inthis chapter.

More detailed requirements for
controlling programs and their
subprograms (called shell
applications) are listed in
Chapter 8.

Loading by controlling programs (shells)

A program may cause the loading of another program in one of
two ways:

O The program can make a ProDOS 16 QUIT call. ProDOS 16
and the System Loader remove the quitting program from
memory, then load and execute the specified new program.

O The program can call the System Loader directly. The loader
loads the specified new program without unloading the original
program, then hands control back to the original program.

Most applications use the first method. Even if you want your
application to launch another specific program, and even if you
want control to return to your application after the succeeding
program quits, the ProDOS 16 QUIT call is all that is needed. For
example, a finder or program launcher, which always regains
control between execution of applications, uses the QUIT call to
launch the applications.

Programs that use the second method are called controlling
programs. Certain types of finders, switchers, and shells may be
controlling programs. ProDOS 16 is a controlling program; the
Apple IIGS Programmer’s Workshop Shell is a controlling
program. An application needs to be a controlling program only
if it must remain in memory after it calls another program, usually
because it has functions or sets up an environment needed by the
programs it executes.

The controlling program is completely responsible for the
subprogram’s ultimate disposition. When the subprogram is
finished, the controlling program must remove it from memory
and release all resources associated with its User ID. The best way
to do this is to call the System Loader’s User Shutdown function.

Shutting down and restarting programs in memory

By using System Loader calls, a controlling program can rapidly
switch execution among several applications. For switching to be
efficient, the loader must be able to shut a program down without
removing it from memory, and the program must be able to re-
execute itself without having to be reloaded from disk.
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Restartable software reinitializes
its variables every time it gains
control; it also makes no
assumptions about the state of
the machine it will find when it
starts up.
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The User Shutdown function can put an application into such a
dormant state. It does this by purging an application’s dynamic
segments, and making all its static segments purgeable. This
process frees space but keeps the dormant application’s essenti
segments in memory. As long as all the static segments are still
memory, the Restart function brings the application back rapidt
because disk access is not necessary. However, if for any reason,
the Memory Manager purges one of those static segments, the
application can no longer be restarted—the next time it is
needed, it must be loaded from its disk file.

Only software that is restartable can be executed in this way. In
general, if your program has a code routine that defines and
initializes all variables, and if that routine is called every time
program runs, and if the code in that routine is not modified
during execution, the program is probably restartable.

When an application quits with a ProDOS 16 QUIT call (describx
nex), it tells its controlling program whether it (the application;
is restartable or not. (The controlling program simply takes the |
application’s word for this, by the way.) If the application says it
wants to be restarted and claims to be restartable, the controllin
program makes it dormant. If the application says it is not '
restartable, the controlling program removes all of its segments
from memory. i

< Note: 1t is difficult to make some programs in some languages
restartable; they require initialization information to be loadel
from disk every time they execute. To help in such cases, the
System Loader supports RELOAD segments. If all initialization
information is put into a RELOAD segment, a program that *
could not otherwise be restarted can make itself restartable.
When a program is restarted from a dormant state, only its
RELOAD segments (plus any initialization segments) are read
from disk.

Quitting and launching under ProDOS 16

ProDOS 16 and the System Loader provide a sophisticated
method for passing control among different applications. 3
Through the ProDOS 16 QUIT call, an application can do one of!
three things: ’

O Quit permanently.



:

The system file level is described
later in this chapter, under “The

- ProDOS File System.”

O Quit permanently, but tell ProDOS 16 to launch another
specified application.

0 Quit to a specified application temporarily, telling ProDOS 16
it wants to be re-executed after the specified application quits.

When it launches another application or quits temporarily
through the QUIT call, an application is not functioning as a
controlling program. It is not maintained in memory (except,
possibly, in a dormant state) while the other program executes. A
finder or program launcher, for example, is an application that
quits temporarily each time an application is launched, returning
after the application quits. It is not a shell.

K2

< Note: If you are writing a typical application in a high-level lan-
guage, you may not need any of the information here—your
compiler determines the manner in which your program quits.
If you are writing a typical application in asssembly language, be
sure to read the “HodgePodge” note at the end of this section.

Quitting, launching, and returning

Calling QUIT terminates the present application. It also closes all
open files, sets the current system file level to zero, and
deallocates any installed interrupt handlers. ProDOS 16 can then

O launch a file specified by the quitting program

O automatically launch a program specified in the quit return
stack

The quit return stack is a table of User ID’s maintained in memory
by ProDOS 16. It provides a convenient means for a program to
function like a shell—the program can pass execution to
subsidiary programs (even other shell-like applications), while
ensuring that control eventually returns to it.

For example, a program selector may push its User ID onto the
quit return stack whenever it launches an application (by making a
QUIT call). That program may or may not specify yet another
program when it quits, and it may or may not push its own User
ID onto the quit return stack. Eventually, however, when no more
programs have been specified and no others are waiting for
control to return to them, the program selector’s User ID will be
pulled from the stack and it will be executed once again.

When your application makes a QUIT call, it specifies these two
parameters:
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The exact format of the flag word,

and the rest of the ProDOS 16 QUIT
call, is given in the Apple IS
ProDOS 16 Reference.

Using the ProDOS 8 QUIT call on the
Apple lIGS is discussed in the
Apple lIcS ProDOS 16 Reference.
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1. Pathname pointer—if specified, it indicates the program |
loaded and executed. If no pathname is specified, ProDO!
pulls a User ID from the quit return stack and executes the
program with that User ID.

2. Flag word—it contains two boolean values: a return flaga
restart-from-memory flag. The return flag tells ProDOS 16
whether the program making the QUIT call wants to returi
so, its User ID is pushed onto the quit return stack. The re
from-memory flag tells ProDOS 16 whether the quitting -
program is restartable. If it is not, the program must be
reloaded from disk the next time it is run. The informatios
from this flag is saved on the quit return stack along with t
User ID. '

¢ ProDOS 8: This automatic return mechanism is specific to
ProDOS 16 QUIT call, and therefore is not available to P
8 programs on the Apple IIGS. When a ProDOS 8 applicat
quits, it can pass control to another program but it cannof
its own ID on the quit return stack. ’
How a particular application quits is language-specific. For
example, C programs terminate with a left-facing bracket, an
Pascal programs end with an END. statement. In either case |
is no way to make an explicit QUIT statement. The actual g
statement is inserted when the program is compiled. Assemb
language programs, however, make explicit QUIT calls.

< HodgePodge: The assembly-language version of HodgePo
has the followingProDOS 16 (macro) QUIT statement:

_Quit QuitParams

where the _Quit macro translates directly into a ProDOS'
QUIT call, and the QuitParams parameter list consists of
null bytes (corresponding to a null pathname pointer),
followed by a word-length flag value of $4000 (meaning
HodgePodge is restartable from memory).

Setting up direct-page/stack space

For assembly-language programmers, the 65C816 processor
provides the convenience of a direct page. Accessing and
indexing from direct-page addresses are efficient because add
operands are a single byte, rather than the three bytes require
for a full address on the 65C816. :



RIS

Standard-Apple Il stack and zero
page are discussed in the Apple
lle Technical Reference Manual

and the Apple lle Technical

Reference Manual

For all programmers, direct page is of interest because several
Apple 1IGS tool sets require that the application provide direct-
page space for them.

The size and location of the stack may also be of particular
interest to you if you are writing heavily recursive routines that
require large stack space.

How direct page and stack are organized

In the Apple IIGS, the 65C816 microprocessor’s stack pointer
register is 16 bits wide; that means that the hardware stack may be
located anywhere in bank $00 of memory. Also, the stack may be
as much as 64K deep. In theory, then, the stack may occupy any
unused space of any size in bank $00.

The direct page is the Apple IIGS equivalent to the zero page on
a standard Apple II computer. The difference is that it need not
be page zero in memory. Like the stack, the direct page may be
placed in any unused area of bank $00. The microprocessor’s
direct register (D register) is 16 bits wide, and all zero-page
(direct-page) addresses are added as offsets to the contents of
that register. Because the direct page can be located anywhere in
bank $00, you can allocate more than 256 bytes (that is, more
than one page) as direct-page space for your program. Then, by
changing the value of the D register while the program is running,
you can use direct addressing to access any portion of the direct
page space.

In principle, the entire 64K of bank $00 could be used for the
combined direct-page/stack space. In practice, however, less space
is available. First, only the lower 48K of bank $00 can be allocated;
the rest is reserved for I/O and system software. Also, because
more than one program can be in memory at a time, there may
be more than one stack and more than one direct page in bank
$00. Furthermore, many applications may have parts of their code
as well as their stacks and direct pages in bank $00.

Your program should therefore be as efficient as possible in its
use of direct-page/stack space. The total size of both should
probably not exceed about 4K in most cases. Still, with a space
that size you can write programs that require stacks and direct-
page space much larger than the 512 bytes available on standard
Apple II computers.
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% Note: By convention, the direct page and stack occupy a si
memory block in bank $00. Direct-page addresses are pos
offsets from the base of the allocated space, and the stack |
downward from the top of the space. ]

Creating a direct-page/stack segment

Only you can determine how much stack and direct-page spa
your program will need when it is running. The best time to i
that determination is during program development, when you
create your source files. There are three ways to allocate the
direct-page/stack space you need: |

O Define it as a program segment.
O Use the ProDOS 16 default.

O Create it at run time.

Define it as a program segment

You can specify the size and contents of your program'’s stack
direct-page space by creating a direct-page/stack segment whe
you assemble (or compile) and link your program. The size of
segment is the total amount of stack and direct-page space
allocated to your program, and the contents of the segment at
whatever initial contents you want the direct-page/stack space
to have. ‘

Each time a program is started, the System Loader looks fora
direct-page/stack segment. If it finds one, it loads the segment
passes its base address and size to ProDOS 16, along with the -
program’s User ID and starting address. ProDOS 16 sets the A
(accumulator), D (direct), and S (stack) registers as shown beloy
then passes control to the program.
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Register Contents
A User ID assigned to the program
D address of the first (lowest) byte in the direct-

page/stack space

S address of the last (highest) byte in the direct-
page/stack space



kEd Is described in the Apple
lles Programmer ‘s Workshop
Reference An example of a
kEd file is shown In “Creating

KIND is a segment-description
fleld, See “Object Module

mat” inthe Apple lIGS
ogrammer’s Workshop
ference or "“System Loader
chnical Data” in the Apple lIGS
- ProDOS 16 Reference.

To specify the direct-page/stack space for your program, use the
following procedure (in APW assembly language, using LinkEd).

See also Figure 6-5.

1. Create a dala segment in your source file with the size and
contents you want for your initial direct page and stack.

2. Assemble the program.

3. Use a LinkEd file to link the program. Make the direct-
page/stack segment a load segment by itself, with KIND=$0812
(meaning it is a static, absolute-bank, direct-page/stack

segment).

1. 2. 3. 4,
Create an Place it in asingle  The System ProDOS 16 sets the
object segment direct-page/stack Loader stack register to
of proper size. load segment. quds it 'rhga highest address
Object file: Load file: into in the segment.
Bank
00.
Segment 1 J Segment 1 s
Segment 2
l
t - Linker | » Se t - - Loader - ¥ Penct poge
Segment m gment n and stack
ProDOS 16 sets the
direct register
to the lowest
address in
the segment.
Figure 6-5

Loading a direct-page/stack segment
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See theApple IIGS Toolbox
Referencefor a general
description of memory block
aftributes assigned by the
Memory Manager.

HodgePodge's direct-page
allocation for tool sets is
demonstrated under “Start the
Program® in Chapter 2.

Use the ProDOS 16 default

If the loader finds no direct-page/stack segment in a file at load
time, ProDOS 16 itself calls the Memory Manager to allocate a
default direct-page/stack segment, in a2 memory block with these
attributes:

Size 1,024 bytes i

Owner program with the User ID ;
returned by the loader i

Fixed/movable fixed 1

Locked/unlocked locked |

Purge level 1

May cross bank boundary? no 5

May use special memory? yes

Alignment page-aligned

Absolute starting address? no

Fixed bank? yes—bank $00

Once allocated, the default direct-page/stack space is treated just
as it would be if it had been specified by the program: ProDOS 16
sets the A, D, and S registers before handing control to the |
program, and at shutdown the System Loader makes the segment
purgeable.

For many assembly-language applications, the 1K default stack
and direct page space allocated by ProDOS 16 are sufficient.
Individual high-level language systems may have the same or
different default sizes; check your language reference manual.

% HodgePodge: HodgePodge accepts the default direct-
page/stack space set up for it by ProDOS 16. In addition, it
manually creates a direct-page space for tool sets, by a method
similar to that described next, under “Create It at Run Time.”

Create it af run time

If the ProDOS 16 default space is the wrong size for your applica-
tion, and if for some reason you do not want to specify the size of
your direct-page/stack space at link time, you can include ProDOS
16 and Memory Manager calls in your program that allocate a
direct-page/stack space during program execution. In that case,
when ProDOS 16 transfers control to your program, save the User
ID value left in the accumulator (or use the User ID returned by
the Memory Manager startup call) before doing the following:
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3 term ProDOS (as in ProDOS file
m) refers to features

on to both ProDOS 8 and

S 16. The term ProDOS 16 (as
ProDOS 16 prefixes ) is used to
scribe features that ProDOS 8
es not have.

Important

1. Using the starting or ending address left in the D or S register
by ProDOS 16, make a FindHandle call to the Memory
Manager to get the memory handle of the automatically
provided direct-page/stack space. Then, using that handle, get
rid of the space with a DisposeHandle call.

2. You can now allocate your own direct-page/stack space through
the Memory Manager NewHandle call. Make sure that the
allocated block is purgeable, unmovable, and locked.

3. Place the appropriate values (beginning and ending addresses
of the segment) in the D and S registers.

Cautions

When your program terminates with a QUIT call, the System
Loader makes the direct-page/stack segment purgeable, along with
the program’s other static segments. Bank $00 is heavily used, and
if the direct-page/stack segment is purged, your entire program
will have to be reloaded from disk when it reexecutes.

If your direct-page/stack load segment contains initialization data,
you need to make it a RELOAD segment if you want your program
to be restartable.

There is no provision for extending or moving the direct-
page/stack space after its initial allocation. Because bank $00 is so
heavily used, the space you request may be unavailable—the
memory adjoining your stack is likely to be occupied by a locked
memory block. Make sure that the amount of space you specify at
link time fills all your program’s needs.

The Apple lics provides no mechanism for detecting stack
underflow or overflow (collision of the stack with the direct page).
Your program must be carefully designed and tested to make sure
this cannot occur,

The ProDOS file system

You use the Apple IIGS disk operating system, ProDOS 16, to
open, close, create, delete, and otherwise manipulate files on disk.
This section describes the filename and prefix conventions used
by ProDOS 16 and introduces some of the ProDOS 16 functions
that your program may call.
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Filenames and pathnames

A ProDOS filename or volume name s up to 15 characters Io
It may contain uppercase letters (A-Z), digits (0-9), and period

converted to uppercase. A filename must be unique within its
directory.

A ProDOS pathname js 2 series of filenames, each preceded b
slash (/). The first filename in a pathname is the name of 3
volume directory; it, too, is preceded by a slash. Successive
filenames indicate the path, from the volume directory to the f
that ProDOS must follow to find a particular file. The maximun
length for a pathname is 64 characters, including slashes.

Pathname prefixes —

more names of subdirectorjes. ProDOS 16 allows you to define
more than one prefix, and refer to each prefix by its Drefix
number. When you specify no particular prefix number with a
partial pathname, ProDOS 16 adds the default prefix.

Seéparate it from the partial pathname. When ProDOS 16
processes the pathname, it replaces the prefix number with the
actual prefix it represents.

One of the prefix numbers (*/) has 2 fixed value, and the others
have default valyeg assigned by ProDOS 16, The predefined
prefixes are as follows:
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' See the ProDOS 8 Technical
Reference Manualfor more

' Information on ProDOS 8 prefix
- conventions.

' Table 6-2
4 Examples of prefix use

*/ Boot prefix: the name of the volume from which the
presently running ProDOS 16 was booted.

0/ Default prefix: (automatically attached to any partial
pathname that has no prefix number)—it has a value
dependent on how the current program was launched. In
most cases the default prefix is equal to the boot prefix.

1/ Application prefix: the pathname of the subdirectory
that contains the currently running application.

2/ System library prefix: the pathname of the subdirectory
(on the boot volume) that contains the library files used
by applications.

3/—7/ Null strings: (unless previously defined by an application).

Your application may change the values of all prefixes except
prefix */.

Prefix 0/, the default prefix, is similar to the ProDOS 8 system
prefix in that ProDOS 16 automatically attaches prefix 0/ to any
partial pathname for which you specify no prefix. However, its
initial value is not always equivalent to the ProDOS 8 system
prefix’s initial value.

The maximum length for a prefix is 64 characters. The minimum
length for a prefix is zero characters; a prefix of zero length is
known as a null prefix. You set and read prefixes using the calls
SET_PREFIX and GET_PREFIX. The 64-character limits for the
prefix and partial pathname combine to create a maximum
effective pathname length of 128 characters.

Table 6-2 shows some examples of prefix use. The pathname
provided by the caller is compared with the full pathname
constructed by ProDOS 16. The examples assume that prefix 0/ is
/VOLUMEl/and;xeﬁxS/is/VOLUMEl/TEXT.FILES/

 Case illustrated

- Full pathname

Implicit use of prefix 0/
Explicit use of prefix 0/

-f Use of prefix 5/

~ /VOLUME1/TEXT.FILES/.

Pathname provided Pathname as expanded
/VOLUME1/TEXT. FILES/CHAP.3 /VOLUME1/TEXT. FILES/CHAP.3
TEXT.FILES/CHAP.3 /VOLUME1/TEXT. FILES/CHAP.3
0/TEXT.FILES/CHAP. 3 /VOLUME1/TEXT. FILES/CHAP.3
5/CHAP.3 /VOLUME1/TEXT .FILES/CHAP.3

~ Note: These examples assume that prefix 0/ is set to /VOLUME1/ and that prefix 5/ is set to
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Important  When your application is launched, all nine prefix numbersare
assigned to specific pathnames (some are meaningful pathnam
and others may be null strings). However, prefixes 0/ and 2/ may.
nothave the expected ProDOS 16 default values—they may
reflect changes made by the previous application. Beware of
assuming any particular Initial value for any particular prefix,

Creating and destroying files ,
A file is placed on a disk by the ProDOS 16 CREATE call. When

All of these file attributes are fully you create a file, you assign it several properties, including
explained in Appendix A of the
Apple IIGS ProDOS 16 Reference. O pathname

O access attributes (deletable, renamable, writeable, readable,
backup-required)

O file type
O auxiliary type
O creation date and creation time

Once a file has been created, it remains on the disk until it is
deleted (by using the DESTROY call).

Opening, closing, and flushing files

Before you can read information from or write information to a
file, you must use the ProDOS 16 OPEN call to open the file for
access. The OPEN call returns a reference number for the file. All
subsequent references to the open file must use its reference
number. The file remains open until you use the CLOSE call on it,

When you finish reading from or writing to a file, you must use th
CLOSE call to close the file. CLOSE writes any unwritten data fro
the file’s 1/0 buffer to the file, and it updates the file’s size in the
directory if necessary. To access the file again, you have to
reopen it.

FLUSH, like CLOSE, writes any unwritten data from the file’s I/O ]
buffer to the file, and updates the file’s size in the directory.
However, FLUSH keeps the file open.
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File levels

When a file is opened, it is assigned a file level according to the
system file level. You can determine the current system file level
with a GET_LEVEL call, and can change the level with a
SET_LEVEL call. When you specify 0 as the reference number in
the CLOSE and FLUSH calls, all files having a file level greater
than or equal to the current system file level are closed or flushed.

This feature allows controlling programs to quickly close all files
associated with their subprograms. For example, when a shell
program takes control of the Apple IIGS, it can execute a
GET_LEVEL call to determine the current system file level, then
execute a SET_LEVEL call to set the system file level to a higher
level. Each file opened by the shell and by the programs that run
under the shell is then assigned the new file level by ProDOS 16.

When the shell is ready to quit, it can execute a CLOSE call with a
reference number of 0, and all files opened under the shell (that
is, those with a file level equal to or greater than the current
system file level) are closed. The shell can then execute a
SET_LEVEL call to return the system file level to its previous value,
and finally execute a QUIT call.

Reading and writing files

READ and WRITE calls to ProDOS 16 transfer data between
memory and a file. For both calls, the application must specify
the location in memory of a buffer that contains, or is to contain,
the transferred data. When the request has been carried out,
ProDOS 16 passes back to the application the number of bytes
that it actually transferred.

A read or write request starts at a specific position in the file, and
continues until the requested number of bytes has been
transferred (or, on a read, until the end-of-file has been reached).
Read requests can also terminate when a specified character (the
newline character set by the NEWLINE call) is read.
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LoadOne is in the source file
PAINT.PAS.

function

var openBlk :
readBlk :

begin
LoadOne := FALSE

WaitCursor;
pictHndl

if isToolError then
Exit;

HLock (pictHndl) ;

openBlk.openPathname

OpenRec;
FileIORec;

The HodgePodge routine that reads files is LoadOne, called fro
the routine AskUser, which itself is called from DoTheOpen wh
the user wants to open a picture window. LoadOne makes the
ProDOS 16 calls OPEN, READ, and CLOSE:

LoadOne: Boolean;

:= NewHandle ($8000,

myMemoryID,
OI
Ptr(0));

@myReply.fullPathname;

openBlk.ioBuffer := NIL;

OPEN (openBlk}) ;

1f CheckDiskError (27) then
Exit;

readBlk.databuffer

readBlk.requestCount :

readBlk.fileRefNum

READ (readBlk) ;

1f CheckDiskError (28)
Exit;

CLOSE (readBlk) ;
HUnLock (pictHndl) ;
LoadOne := TRUE;

end;

[l

pictHndl”;
$8000;

:= openBlk.openRefNum;

then
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{begin LoadOne...}

{ProDOS 16 parameter blocks..}
{..defined in ProDOS 16 interface}

]
{Initialize value of function} ;
{put up watch cursor} =
{request memory to hold the picture.}
{HodgePodge's User ID} ?
{not purgeable, no restrictions}
{anywhere}
{If the memory is unavailable..}
{..leave this subroutine}

{Lock handle so picture won't move}
{Now fill in parameter block:..}

{pathname from Std. File results..}
{zero this parameter}

{make a ProDOS 16 OPEN call}

{If it fails for some reason..}
{.display error and exit}

{Fill in parameter block for READ:..}
{pointer to where to put data}
{requested no. of bytes to read}
{file's reference number}

{make a ProDOS 16 READ call}

{If it fails for some reason..}
{.display error and exit}

{Open file no longer necessary:..}
{Make a ProDOS 16 CLOSE call}
{Unlock the handle until we..}
{..need the picture again}
{function successfully completed}

{end of LoadOne}



INT.PAS. saves the contents of a picture file to disk), described under

and CLOSE:

;'emue SaveOne (pict: Handle);

destroyBlk : PathnameRec;
createBlk : FileRec;
openBlk : OpenRec;
writeBlk : FileIORec;

egin
- destroyBlk.pathname :=
b @myReply.fullPathname;

- DESTROY (destroyBlk) ;
;‘createBlk.pathname 1=

1 @myReply.fullPathname;
. createBlk.fAccess := $C3;

. createBlk.fileType = $Cl1;
~ createBlk.auxType = 0;
. createBlk.storageType:= 1;
~ createlk.createDate = 0;
~ createBlk.createTime := 0;

i CREATE (createBlKk) ;
~ if CheckDiskError (25) then
Exit;

openBlk.openPathname :=
@myReply.fullPathname;
openBlk.ioBuffer := NIL;

OPEN (openBlk) ;

writeBlk.dataBuffer = pict”®;
writeBlk.requestCount := $8000;
writeBlk.fileRefNum := openBlk.fileRefNum;

WRITE (writeBlk) ;

if CheckDiskError (26) then
Exit;

CLOSE (writeBlk) ;

end;

{begn SaveOne..}

{a ProDOS 16 parameter block}
{a ProDOS 16 parameter block}
{a ProDOS 16 parameter block}
{a ProDOS 16 parameter block}

{Put pathname from DoSaveltem..}
{..reply record into param. block}

{Delete any existing file with
that pathname}

{Put the pathname in the block..}
{..glive it this access value..}
{..assign a file type (unpacked)..}
{.aux. type = 0..}

{.make it a seedling file..}

{..let ProDOS 16 assign..}
{..creation date and time.}

{Create the new file}
{If the file can't be created..}
{.display error and exit}

{Put the pathname into the block}
{ (this field must be zero)}

{Open the file we've just created}
{Make a pointer to the buffer..}
{..from the handle to the picture}
{Transfer the entire 32K-byte file}
{supply file's ref num}

{Write the data to the file}

{If the file can't be written to..}
{.display error and exit}

{Close the file}

{End of SaveOne}

The ProDOS file system

/ The HodgePodge routine that creates files and saves them to disk
veOne is in the source file is SaveOne. It is called from the routine DoSaveItem (which

“Communicating With Files and Devices” in Chapter 5. SaveOne
makes the ProDOS 16 calls CREATE, DESTROY, OPEN, WRITE,
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Brief explanations of certain
ProDOS 16 parameters, such as
access and file type, are found
elsewhere in this section.

For more information on all file
aftributes, see Appendix A of the
Apple lIcs ProDOS 16 Reference.
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The parameter lists for the ProDOS 16 calls used in Loado {
SaveOne are all combined into the single record P1 6Blk,
defined in the Pascal interface library to ProDOS 16. Compl
documentation of required parameters for all ProDOS 16
in the Apple IIGS ProDOS 16 Reference.

The EOF and Mark

To aid reading from and writing to files, each open file has ¢
number indicating the end of the file (the EOF), and anothel
defining the current position in the file (the Mark). ProDOS ;
moves (increments or decrements) both the EOF and the
automatically when necessary, but an application program ¢
also manipulate them independently of ProDOS 16. 1

The EOF is the number of readable bytes in the file. The Mz r
cannot exceed the EOF. If during a write operation the Mark |
the EOF, both the Mark and the EOF are moved forward on 3
position for every additional byte written to the file.

To move the EOF and Mark, use the SET_EOF and SET_MATF
calls. To determine the current values of the EOF and the Ma
use the GET_EOF and GET_MARK calls. :

% HodgePodge: HodgePodge doesn’t pay much attention to
and Mark in its file access, because it reads and writes onl;
entire files at a time.

File attributes

The directory entry for each file contains information that
be useful to your program. This section describes the follov
fields in directory entries and headers:

O creation and last-modification dates

O access attributes

o file type

O auxiliary type

If you want to know the properties of a given file, use the 1
GET_FILE_INFO call. If you want to change the file’s name, ust

CHANGE_PATH call. To alter the other properties, use the
SET_FILE_INFO call.



' is the operating system for
‘Apple Il computer.

Creation and last-modification date and time

The date and time of creation of a file are stored in the file’s
directory entry. When your program creates a new file, ProDOS 16
automatically gives the file the current system date and time.
When your program modifies a preexisting file, ProDOS 16
automatically sets the last-modification date and time to the
current date and time. In general, your program should not have
to change these attributes.

Access

The access attribute field, or access byte, determines whether the
file can be read from, written to, deleted, or renamed. It also
contains a bit that can be used to indicate whether a backup copy
of the file has been made since the file’s last modification.

ProDOS 16 sets the backup bit whenever the file is changed (that
is, after a CREATE, RENAME, CLOSE after WRITE, or
SET_FILE_INFO operation). This bit should be reset by a backup
utility (using CLEAR_BACKUP_BIT) whenever it makes a backup
copy of the file. No other program should ever reset the backup
bit.

% HodgePodge: When HodgePodge creates its picture files, it
assigns them the access value of $C3, meaning that they may
be destroyed, renamed, read from, and written to.

File type

The file type field in a directory entry identifies the type of
file described by that entry. This field should be used by
applications to guarantee file compatibility from one application
to the next. The currently defined hexadecimal values of this byte
are listed in Table 6-3.

Table 6-3 also lists the 3-character mnemonic file-type codes that
might appear in catalog listings. For any file type without a
specified mnemonic code, most catalog programs substitute the
hexadecimal file type number.

% SOS: SOS file types are included in Table 6-3 because SOS and
ProDOS have identical file structures. Each may read the
other’s files.

% HodgePodge: When HodgePodge creates its picture files, it
assigns them the file type $C1 (picture file, unpacked format).
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Table 6-3
ProDOS file types

File type Code Description

$00 Uncategorized file (SOS and ProDOS)
$01 BAD  Bad block file

$02 * PCD Pascal code file

$03 * PTX Pascal text file

$04 TXT ASCII text file (SOS and ProDOS)

$0s5 * PDA  Pascal data file 1
$06 BIN General binary file (SOS and ProDOS §)
$07 * FNT Font file v
$08 FOT Graphics screen file

$09 * BA3 Business BASIC program file

$0A * DA3 Business BASIC data file

$0B * WPF Word processor file

$oC * SOS SOS system file

$O0D-$0E * SOS reserved

$0F DIR Directory file (SOS and ProDOS)

$10 * RPD  RPS data file

$11 * RPI RPS index file

$12 * AppleFile discard file

$13 * AppleFile model file

$14 * AppleFile report format file

$15 * Screen library file

$16-$18 * SOS reserved

$19 ADB  AppleWorks® Data Base file

$1A AWP  AppleWorks Word Proc. file

$1B ASP AppleWorks Spreadsheet file

$1C-$AF Reserved

$B0O SRC APW source file

$B1 OBJ APW object file

$B2 LIB APW library file

$B3 S16 ProDOS 16 application program file
$B4 RTL APW run-time library file

$B5 EXE ProDOS 16 shell application file

$B6 PIF ProDOS 16 permanent initialization file
$B7 TIF ProDOS 16 temporary initialization file
$B8 NDA  New desk accessory

$B9 CDA  Classic desk accessory

$BA TOL Tool set file
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Table 6-3 (continued)
ProDOS file types

File type Code Description

$BB Driver file

$BC General ProDOS 16 load file

$BD-$BF Reserved for ProDOS 16

$CO Apple 1IGS picture file (packed formats)
$C1 Apple 1IGS picture file (unpacked format)
$C2-$EE Reserved

$EF PAS Pascal area on a partitioned disk

$F0 CMD  ProDOS 8 CI added command file
$F1-$F8 ProDOS 8 user-defined files 1-8

$F9 ProDOS 8 reserved

$FA INT Integer BASIC program file

$FB IVR Integer BASIC variable file

$FC BAS Applesoft program file

$FD VAR Applesoft variables file

$FE REL Relocatable code file (EDASM)

$FF SYS ProDOS 8 system program file

*apply to Apple III (SOS) only

Auxiliary type

Some applications use another field in a file’s directory entry, the
auxiliary type field (aux_type), to store additional information
not specified by the file type. Some catalog listings may display
the contents of this field under the heading “Subtype.”

For example, APW source files (file type $B0) include a language-
type designation in the aux_type field. The starting address for
ProDOS 8 executable binary files (file type $06) may be in the
aux_type field. The record size for random-access text files (file
type $04) may be specified in the auxiliary type field.
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For most file types, ProDOS 16 and ProDOS 8 impose no
restrictions (other than size) on the contents or format of the
auxiliary type field. Individual applications may use those two
bytes to store any useful information,

2

% HodgePodge: When HodgePodge creates its picture files, it
assigns them an auxiliary type value of 0. It stores no ‘
information in the auxiliary type field.

Controlling user access to files ‘
The picture files read and stored by HodgePodge are ProDOS f

On the other hand, it might be useful to let the user see, if not
select, other files in a directory.

SFGetFile sends to OpenfFilter only The HodgePodge routine OpenFilter is called by the Stand‘
e file fypes specified in its File Operations Tool Set to find out how to display files of varig
typelist parameter—see in th ialog b h fil :
"Communicating With Files and types in the Open dialog box. For eac ile entry it encounters,v
Devices” in Chapter 5. SFGetFile calls this routine. If the routine returns 0, the ﬁlenam
not displayed; if the routine returns 1, the filename appears
(dimmed) but the file is not selectable; if the routine returns 2, ¢
OpenfFilter Is in the source file filename is not dimmed and the file is selectable, OpenFilter
PAINT.PAS. dims all file types but $C1. 1

The variable FileTypePt r below is a pointer to the file-type 1
field in the directory entry for the file under consideration. The
file-type field is at an offset of 10 bytes into the file entry. ]

function OpenFilter(dirEntry:longint): Integer; {begin OpenFilter..}
type BytePtr = “byte;

var fileTypePtr : BytePtr;

begin {First, get a pointer to the file's..})
fileTypePtr := Pointer (dirEntry + $10); {file type from its directory entry.}
if (BitAND(fileTypePtrA,$OOFF) = $Cl) then {If it's unpacked Picture File type..}
OpenFilter := 2 {.make it black and selectable} 3
else {If it's any other file type..}
OpenFilter := 1; {..it's dimmed and nonselectable}
end; {End of OpenFilter}
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Chapter 7

Creating a
Segmented Application
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In this chapter we cansider the mechanics of developing
applications on the Apple ligs camputer. In particular, we s
you how o create 5 segmented applicaton,

Scpmentation may-be imporant you only i you ame writin;
large program. The execulable furm of HodgePodge, for examg

program design and develupment in this chaprer thal may le
usetul no maller what size your progeam s,

The chapter begins with a brief description of the Apple [iGs8
Proprammer's Workshap, the Prugramiriing CHviromment used |
all the sample: Programs in this book, Mext, we discuss the Iy
files used during program development —source files, ubject |
and load files—and relue these file types to the steps involva |
drvemin'ng 4 program. Then we discyuss the segmentation :.1["'5_1
files «nd of load files, explaining why you mIght want fo segny
Your program, and describing how to g0 aboul it We alse dlises
library files, which are special kinds of segmented filas.

Near the end of the clipter, we present theee sample progra
that illustrate the yse of segmentalion. Finally, we give soime hinls
thar will help you debug yvour segmented programs,

Apple lics Programmer's Workshop
The Apple nias Programmaer's Workshop CAPWY is 3 complate

developmeng environment for the Apple 11GS compuler thay
includes the fullowing COmMpOnenis:

C shell
C editor
linker

L3

= utility programs

These components of APW can be used by any of severa]
programming langusges, and are described in the Apple IGs
Programmery Workshop Reference Other current and future
components of the development environnment, described in
Separate manuals, inclyde '
65810 assembler

O C Compiler

5]

Q other compilers
debuggers

1
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Program descriptions

The programs included in the Apple IIGS Programmer’s
Workshop relate to each other as illustrated in Figure 7-1. The
APW Shell’s command interpreter serves as the interface between
you and the rest of the Apple IIGS system. The shell allows you to
call the other programs that constitute the Apple 1IGS
Programmer’s Workshop, and serves as the link between APW and
the Apple 1IGS Toolbox and operating system. The toolbox and
operating system (including ProDOS 16, the System Loader, and
the Memory Manager) are the interface between APW and Apple
11GS hardware and firmware.

Apple IGS hardware & firmware

ProDOS16

APW Shell

Edifor [] Unker |
T |

(I [ [
([
Lo o
Ll o

E

A
Utilities ’

Command interpreter

I I

Debugger Compilers

Figure 7-1
APW programs in the Apple lics system

Shell

The shell program is the interface that allows you to execute APW
commands and programs. With it you can perform a variety of
housekeeping functions, such as copying and deleting files or
listing a directory. The shell supports input and output redirection
and pipelining of APW programs.
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ProDOS 16 calls are described in
the Apple IIGs ProDOS 16
Reference

Macros are commands, each
one of which replaces several
assembly-language instructions
or assembler directives. When a
program is assembled, the
assembler replaces macros with
their equivalent instructions and
directives.
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The shell also acts as an interface and extension to ProDOS 16,
providing several functions, called shell calls, that can be called
by programs running under the shell. Shell calls can be used by
utility programs, compilers, linkers, or assemblers to perform su
functions as passing parameters and operations flags between th
shell and APW programs. The format for making these calls is
exactly like that used for making a ProDOS 16 call.

Editor

This full-screen text editor is designed for use with APW
assemblers and compilers. It allows you to enter, copy, delete, a
move text, and provides automatic search and search-and-repl
functions. '

Assembler

This full-featured assembler allows users to write 65816 assembly
language programs for the Apple IIGS computer, with complete
support for the standard Apple 1IGS file format and library files,
The Apple 1IGS Programmer'sWorkshop Assembler includes
macros to facilitate assembly-language programming, and allow
users to write their own macros and library files.

The APW Assembler is specifically designed for writing relocata
code, because the APW Linker, System Loader, and Memory Mas
are all designed to work most efficiently with relocatable code, -

C Compiler

The Apple IIGS Programmer’s Workshop C Compiler is a ;
complete implementation of the C programming language. It
consists of a C compiler, the Standard C Library, the Apple IIGS
Interface Libraries, and the C SANE Library. The object files

output by the C compiler are fully compatible with those output
by the APW Assembler and consist of relocatable code. i

Linker

The APW Linker takes the files (called object files) created by the
APW Assembler or any of the APW compilers, and generates fi €
that the System Loader can load into memory (load files). The |
resolves external references and creates relocation dictionaries,
which allow the System Loader to relocate code at load time,



Although the APW Linker is a single program, conceptually there
are two APW linkers:

0O Normally, the linker is called directly by a shell command
(such as the ASML command, which assembles and links a
program). These commands provide a limited number of
linker options; most linker options either are not available or
are set to default values. In this manual, this aspect of the linker
is referred to as the standard linker.

0O Alternatively, all functions of the APW Linker can be controlled
by compiling a file of linker commands. The linker command
language, called LinkEd, allows you to do such things as place
specific object-file segments in specific load-file segments,
create dynamic load segments, set load addresses for
nonrelocatable code, search libraries, and control the output
printed by the linker. You can compile and execute LinkEd
commands separately from your source code by using the
ASSEMBLE, COMPILE, or ALINK commands of the APW Shell.
In this manual, the aspect of the linker controlled by LinkEd
files is referred to as the advanced linker.

The advanced linker is provided for programmers who require
maximum flexibility from the system; for most purposes, the
standard linker is completely adequate. When a statement in this
book applies equally to the standard and advanced aspects of the
APW Linker, the terms APW Linker or linker are used.

Because all Apple I1IGS Programmer’s Workshop assemblers and
compilers create object code that conforms to the same format,
the APW Linker can link together object files written in any
combination of the development-environment languages.

Utility programs

The Apple IIGS Programmer’s Workshop includes several
programs, called APW Utilities, that perform functions not built
into the shell. Utilities include the following.

m Compact, which makes load files more compact so they load
faster and take up less space on disk.

m Crunch, which combines multiple object files created by partial
assemblies or compiles into a single object file.

= DumpOB]J, which lists an object-module-format file to standard
output (usually the screen).
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Prals 8 binary fies ara
exccitanle standara-Appie |l
Programs,

Ine Apple ss Debugager s
documentad in the Aceds oy
Debugper Referanca

8 Equal, which compares two files or dircctories for equality of
their conlents, dates, and file types,

m Files, which lisls the contents of a directory, including
subdirectaries. Files can also search for 1 file whose name
COMAins a siring vou specily,

Init, which initializes (formars) a disk,
¥ MacGen, which pencrates a custom macro file: for a program,

® MakeBin, which creates 1 ProDOS 8 binary file from a Probog
16 load file.

® MakeLib, which erealos a library file from object files or
modifies an existing library file.

B Search, which searches g texl of source file For 4 slring thal you
specily,

Apple lles Debugger

To facilitate the deby geing of programs, Apple provides 3
detmigger that works with 63816 machine code. The Apple TGS
Debugger allows you 1o race ar stepy through a program one
instruclion at a time or to execute (he program at full speed; in
either case, you can inserr breakpoints at which the debugger halg
execution so that you can inspect the contents of the registers,
memaory, direct page, and stacle

The debugger can display a variety of types of information on the
screen, including a disassembly of the code being traced, the
contents of memory, the normal display of the program being
tested, the conlents of the program’s dircet page, the contents of
Apple 11GS registers, and the contents of the program’s stack,

Because the debugper can provide only an assembly-language
listing of machine code, it is st useful for debugging programs
wrilten in assembly la nguage. However, if you have 3 goud
understanding of haw your hjgh-lm-'el—iangu::ge program is
compiled into machine code, you can use the the debugger ta
help find the subroutine conlaining the problem,

W Note: The Apple [IGs Debugger is not part of APW 1t isa
sepdarate praduct, available through APDA. Sec Chapter 9.
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See Chapter 9 for more
information on the Apple

Language considerations

The APW package includes a powerful 65816 assembler. At the
time of this printing, the other languages available for APW
include C and Pascal. The APW environment is designed to
support any number of programming languages; check with your
Apple dealer and the Apple Programmer’s and Developer’s
Association to find out what other languages are available. Before
you purchase any language, make sure that it creates APW-
compatible files and provides full and convenient toolbox
support.

One of the advantages of working with APW is that the object files
created by any APW assembler or compiler are compatible with
those created by any other assembler or compiler. This means
that you can link together routines written in any combination of
APW languages to create a program.

For example, you can write an application in a high-level language
such as C or Pascal, in order to make it portable to other
computers and to speed up development time. Most

programmers find it faster to write programs in high-level
languages than in assembly language. Once the program is
complete, you can determine which routines run most slowly and
then write assembly-language versions of only those routines to
enhance the performance of the program.

% Parameter-passing: The exact method by which parameters are
passed is usually of no concern to your application as long as
you work in a single language—your language’s interface
libraries and compiler take care of all parameter passing to
anq from the toolbox and among routines. However, if you are
writing a segmented program where parameters are passed
between routines written in different languages, you need to
understand the parameter-passing details of your system. See
your language reference for futher information.
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Object module formatis defined
inthe Apple lics Programmer’s
Workshop Reference.
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Source files, object files, and load files

source files, object files, and load files.

‘W Source files are ASCI] files consisting of code and data, 2
follow the conventions of 2 particular programming lang

® Object files are binary files created by assemblers and :
compilers; they represent an intermediate step in the pro
development process. Object files cannot be read and
modified like source files; neither can they be loaded by th
System Loader. Object files (and their close relatives, libra
files) are used only as input to the linker.

¥ Load files are binary files created by the linker. Load files

; if you want 1o link a new routine to a program
must go back to the object files to do so.

There is a single binary file format used by APW and the Apt
IIGS operating system: the Apple IIGS object module format 1
(OMP). Although OMF defines the structure and record types
both object files and load files, do not get the impression a
object and load files are two versions of the same thing. They
share some similarities of structure, but object files and load |
serve different purposes and are read by different programs,

Symbolic references and relocatable code

A source file consists of programming-language instructions, -
directives, functions, and so forth, together with data needed |
the program. In the source code, a specific instruction, subro
or block of data is often labeled with a name. You can refer t
name, for example, when yOu want to execute a subroutine, Sy

label is called a symbolic reference (that is, a symbol that
referenced or referred to).

references is called absolute.



Absolute code, relocatable
code, and the process of
 telocation by the System Loader
- are discussed in more detail in
Chapter 6.

The code created by an APW compiler normally contains no
absolute references, and so need not be loaded into a specific
location in memory. It is referred to as relocatable. Note that this
term is somewhat misleading: a relocatable program can be
loaded into any location in memory, but it cannot necessarily be
moved once it has been loaded.

The term relocation in this context means the process of
inserting into the program in memory (or patching) the actual
memory addresses to which jumps must be made. Relocation on
the Apple 1IGS is done during program load by the System
Loader.

When source code is assembled or compiled, it is converted into
object code containing machine-language instructions, data, and
symbolic references. Before the program is actually run, the
symbolic references must be resolved—they must be replaced
with code that the loader can use to patch in the proper addresses
at load time. The program that resolves the symbolic references is
the APW Linker. (The linker gets its name from the fact that it can
combine, or link together, several object files to create a single
load file.)

Do not write absolute code

The advantages of using relocatable code for the Apple IIGS are
considerable. Relocatable code can be placed in memory at
whatever location the Memory Manager chooses. Because desk
accessories, shell programs, RAM-based tool sets, and so on are
placed in memory by the System Loader and Memory Manager,
absolute code is likely to conflict with other code already in
memory. It is very unlikely that your program will have sole
control of the computer when it executes.

Object module format exists primarily as a specification for
relocatable, segmented code. The Apple IIGS System Loader and
the Memory Manager are designed to support relocatable code.
The APW Assembler and compilers are all designed to generate
relocatable code. It is easy to write relocatable code. Do not write
absolute code.
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Four steps to creating a program

The conversion of a source file into an executable program
loaded in memory is done in four main steps, as follows (and
shown in Figure 7-2):

L. You create one or more source files with a text editor. In this
you design the program, create its data structures, and write it
routines. The source file(s) may be in one or more APW langy

2. You assemble or compile each source file. Depending on
programming language used in the source file, the APW :
Assembler, C Compiler, or some other assembler or compile
processes the source file to create one or more object files. T
object files contain 65816 machine-language instructions, da
and symbolic references to program routines.

Object files, then, consist of machine-language instructions p
unresolved symbolic references. ‘

3. You link the object files, using the APW Linker. The linker com
bines all of the object files into a single load file and resolves
symbolic references. The linker verifies that every routine refe
enced is included in the load file; if there are any routines ths
linker has not found when it has finished processing all of the
object files, then it searches through any available library files
the missing routines. The linker replaces symbolic references !
entries in special tables it creates, called relocation dictionari

The load file, then, consists of blocks of machine-language co
that can be loaded directly into memory (called memory
images), plus relocation dictionaries that contain the 7
information necessary to patch address references when the
program is loaded into memory. ]

4. You execute the load file. It is loaded into memory by the
System Loader. The loader calls the Apple IIGS Memory :
Manager to request blocks of memory for the load file, loads
the memory images, and uses the relocation dictionaries to
patch the actual memory addresses into the machine-language
code in memory.

2

% Segments: The entire load file is not necessarily loaded into
memory at one time; all OMF files are divided into segments,

is a fundamental Apple 1IGS concept—what segments are is
discussed in Chapters 1 and 6; how to create them is
considered next.
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code in
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Figure 7-2
Creating an executable Apple liss program
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Segments

When you write a program, it is generally considered good
programming practice to divide the source code up into smal
units called subroutines. Subroutines make the program easier |
write, read, and modify.

Similarly, it is easier to link a program if the object files are
divided up into smaller units. In this case, we call the units 0bj
segments.

Load files, too, can be easier to load into memory if divided it
smaller units. The subunits of load files are called load segmen

Important  Although it is sometimes convenient to use the same or related
divisions for subroutines, object segments, and load segments, it
important to keep in mind that they need not correspond. An objs
segment can contain one to many subroutines, and a load
segment can contain one to many object segments.

The proper use of subroutines (source-code segments) is a su -'_
for another book. How to create object segments and load
segments by using APW is discussed in the following sections.

Defining object segments

Each APW language provides some means for specifying in yot
source file the subroutines that will go into each object segmen
and the name of the object segment. In some languages, such a
APW Assembly Language, you can specify the start and end for.
each object segment and can include any number of subrouting
within the segment. In some languages, such as APW C, each

subroutine becomes an object segment and the object segment
name is the same as the subroutine name. :

Figure 7-3 illustrates the conversion of source-file divisions into
object segments. 1
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Source file Object file

Segment name: MAIN
d object segment MAIN

Segment name: DAVE )
object segment DAVE

object segment BILL

object segment PAUL

Segment name: END

object segment END

|

Figure 7-3
Assigning object segments in your source code

About load segments

The APW Linker creates load files from object files and library
files. The linker cannot extract from an object file a portion of
code smaller than an object segment. So, to the linker, the object
segment is the fundamental unit of an object or library file. The
load file consists of one or more load segments, each of which is
loaded into memory separately. So, to the System Loader, the
load segment is the fundamental unit of a load file.

Keep in mind that object segments and load segments are
different entities. When you link a program, you tell the linker into
which load segment you want each object segment to go. You can
assign any number of object segments to the same load segment.
You can assign each object segment to its own load segment,
place the entire program into a single load segment, or anything
in between.
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How many load segments?

It is not generally necessary or desirable to divide a load file 1
into too many pieces, as the loader must handle each load |
segment independently. For small programs, in fact, you may
to have a single load segment. 3

- On the other hand, it is often desirable to have more than o (
load segment. Because two consecutive load segments do not
have to be loaded into contiguous memory locations, a '
segmented program may load into memory when a
nonsegmented program won't fit. In fact, it is necessary to )
segment some programs, because the 65816 processor does “
allow single blocks of program code larger than 64K to be loa
(there is no such restriction on blocks of data). Programs that
consist of segmented load files can often be started up more
quickly than unsegmented programs because not all the load
segments have to be processed during the initial load. Some
segments can be left on disk until they are needed (if ever),

What is the optimum number of load segments for a program
Only you can answer this question for your own program. If it
small program, all of which must be in memory for the progs
to run, a single load segment might be fine. If the program is A_
enough that machines with smaller amounts of memory might
have trouble loading it, several smaller segments might be bet
Fortunately, you can segment your load file during the link stag
of program development; if you are not sure how many load
segments will be best, you do not have to make the decision wi
you are writing the source code.

Which segments should be dynamic?

When you specify load segments, you can designate some as «‘
dynamic. A dynamic segment is loaded automatically by the °
loader and Memory Manager when it is needed during progral
execution. A segment that is not dynamic is referred to as -
static segment is loaded at program boot time and is never
unloaded or moved during execution.
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- Overlays are program segments
that are alternately loaded at
exactly the same memory
address. No two overlay
segments can be in memory at
the same time, and no other
program can use that memory
range.

When the System Loader first loads a program, it loads all the
program’s static segments and then passes control to the
program. When any part of the program references a routine in a
dynamic segments, the loader finds the dynamic segment on disk
and loads it. The dynamic segment then remains in memory for
as long as the program is running, unless the program unloads the
segment with a System Loader call. Unloading a segment makes its
memory block purgeable, so the Memory Manager can remove
the segment from memory if it needs space to load some other
segment.

One segment of every program—the program’s main
routine—must be static. Any other segments may also be static,
but (especially for large programs) the system will run more
efficiently if infrequently used segments are dynamic. There are
several advantages to designating a segment as dynamic. Because
dynamic segments are not loaded until they are needed, for
example, the initial load of a program is faster if some of the
segments are dynamic. Also, if there is a possibility that the
computer will run out of memory while your program is running,
you can use dynamic segments to allow several parts of the
program to share the same portion of memory.

When dynamic segments share the same general area of memory,
they are similar to overlays. However, dynamic segments are
much more versatile than overlays, because dynamic segments
(assuming they are also relocatable) can be loaded at any
location in memory when needed. Furthermore, one segment
need not be removed from memory to load the next. A dynamic
segment that is not being used is removed (purged by the
Memory Manager) only if the application permits it (with an
unload call), and only if the memory is needed for something
else. Otherwise, the segment remains in memory and need not be
reloaded the next time it is called.

For large programs, you will probably want to see what difference
it makes to designate a particular segment as dynamic. Sometimes,
for example, it may be more desirable to accept a delay in the
initial load of a program than to have the program pause while it
loads a dynamic segment during execution.
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To try out a segment as both static and dynamic, you can eithe
change the source file and recompile/reassemble, or use the v
advanced linker when you link the file. Most APW languages let
you specify in the source file that a particular load segment is f
be made dynamic. On the other hand, if you use the advanced
linker, you need not recompile the program to change the type
a single segment. Either way, you do this when you specify load
‘segments, as described next. 1

Assigning load segments in your source code |

You can assign object segments to load segments with source-

LinkEd, the standard linker, and code directives or with LinkEd commands. Even if you make
fhe advanced linker are source-code load-segment assignments, you can always overrid
discussed under Apple llcs R . . . . X
Programmer’s Workshop, - earlier those assignments at link time by using a LinkEd file rather than
in this chapter. the standard linker. '

object segment is indicated with a directive (such as START or
DATA). The label of the directive is the object segment name. (
can use these directives to specify the name of the load segmer
to which each object segment should be assigned, by putting th
load segment name in the operand field of the directive.

In APW C, on the other hand, each function is an object segmer

Figure 7-4 illustrates the assembly-language method, using the 1
same object file as that in Figure 7-3. Note also from Figure 7-4
that you don’t have to specify a load segment name for every
object segment—al] object segments without load-segment nam
are put into a single unnamed load segment. ]
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Assembly-language source file

| MAIN START SETUP

END

| DAVE START

END

Object file Load file

Object segment MAIN e N Segment SETUP
Load segment name: SETUP 9

\ 4

Object segment DAVE
Load segment name:

A

/

ﬁ BILL START SETUP

END

PAUL DATA SECOND
END

END START
END

Segment
Object segment BILL / Standard A
Load segment name: SETUP linker
Object segment PAUL /

Load segment name: SECOND I~

Segment SECOND

/

Object segment END

Load segment name: \ )

Figure 7-4
Assigning load segments in your source code

If you use the standard linker (that is, if you do not use a LinkEd
file), the source-code load-segment assignments are used when
you link the file. Object segments assigned to the same load
segment need not be contiguous in the source file; in fact, they do
not even have to be in the same source file. The linker places all
of the object segments that have the same load segment name
into the same load segment.

% Order of segments: The order in which the linker finds the load
segment names in the source file is the order in which it places
the load segments in the load file. If the order of the load
segments in your load file is important, then you must either
order your source code accordingly, or use a LinkEd file to link
the program.

The advantage of the standard linker over the advanced linker is
that the standard linker is quite automatic. You do not have to list
either the object segments or the load segments in the link
command. Library files in the APW library prefix are searched
automatically, and you can specify any other library files you wish.
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Initialization segments and direct-
page stack segments are
discussed in Chapter 6.
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But there are some disadvantages to the standard linker:

0 You must alter the source code to alter load-segment
assignments.

O Some APW languages may not allow you to assign special
segment types (such as initialization segments or direct- -
- page/stack segments) in the source code.

0 All of the object segments in the source code are linked,
whether you want to include them in the load file or not, |

If any of these restrictions cause a problem for you, you cant
the advanced linker to link the file, as described next.

Assigning load segments with a LinkEd file

The APW Linker can recognize both the names of the object
segments in an object file and the names of the load segmen
any) to which those object segments are assigned. You can K
LinkEd file to take advantage of this fact. E

For example, suppose you have written, compiled, and linked
program (using the standard linker), and you find that one Io
segment is larger than 64K. Because no single block of code
than 64K can be loaded into memory, you must break this loz
segment into smaller pieces. Rather than changing the load ;
segment assignments in the source code and recompiling the
program, you can link the program with the advanced linker,
LinkEd commands to specify the names of load segments anc
object segments that go into each load segment.

Figure 7-5 illustrates this process. Note that the object file is -
identical to the object file in Figures 7-3 and 7-4. Let's assume
the unnamed load segment is too large. By using a LinkEd file,
place object segments DAVE and END into separate load segm
named NANCY and LAST, respectively. The code in object
segment END has been put at the end of the program. Thereft
we have accomplished two things by using the advanced linke;
have split one large load segment into two smaller load segme
and we have changed the order in which the code appears in|
load file. ]



or more details on the standard
ind advanced linkers, see the
Apple lIcs Programmer’s
Norkshop Reference.

Object file Load file

Object segment MAIN / ™ Segment SETUP
Load segment name: SETUP

!

Object segment DAVE

Load segment name: — Segment NANCY
—

Object segment BILL Advanced

Load segment name: SETUP linker

Segment SHERYL

= g

Object segment PAUL

Load segment name: SECOND "

Segment LAST

Object segment END H

Load segment name: — /

Figure 7-5
Assigning load segments with the advanced linker

The advanced linker gives you the freedom to ignore source-file
load-segment assignments and to specify into which load segment
each object segment should go. It also lets you specify special
segment types for load segments, and the filename and file type
of the output file. On the other hand, you must specify each object
file to be included and each object segment to go into each load
segment.

For small programs with only a few object segments or for larger
programs with a simple load-file structure, the standard linker is
easier to use. If you are developing a large program with many
dynamic segments or with special segments such as a direct-
page/stack segment or initialization segments, the advanced linker
gives you much more flexibility. By changing the LinkEd file, you
can change the number and sequence of load segments, the
object files and object segments linked, and the segment types of
load segments. For such a program, it is well worth the time and
effort to learn how to use the LinkEd commands and to write a
LinkEd file.
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Aglobal symbol is a label in one
segment that can be referenced
in another segment, as opposed
to alocal symbol, which can be
used only within the segment in
which it is defined.
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% Note: In using dynamic segments, it is important that the 1
volumes containing all needed segments and libraries be on
line at run time. If the System Loader cannot find a dynamic
segment it needs to load, execution halts and the user is
requested to mount the proper volume.

Library files

Library files are object files whose segments contain routines
useful to many different programs. In APW, all library files are if
object module format, regardless of the language of the source
file. An Apple 1IGS library file (ProDOS filetype $B2) can ]
therefore be used by a program written in any source language.
Some languages, such as APW C, come with a set of library files
used by that language. 1

A library file includes a special segment at the beginning of the
file, called the library dictionary segment. The library '
dictionary segment is the first segment of a library file; it contain
the names and locations of all the global symbols in the file,
The linker uses the library dictionary segment to find the
segments it needs.

When the linker processes one or more object files and cannot
resolve a symbolic reference, it assumes that it is a reference to 2
segment in a library file. If you use the standard linker, it i
automatically searches all of the files in the APW library prefix
(prefix number /2—usually volume/APW/LIBRARIES/, where
volume is the volume name of your boot disk) as well as any
library files you specify on the command line. If you use the
advanced linker (that is, if you use a LinkEd command file), the
linker searches only the library files that you specify. Unless you
are using the advanced linker, you do not even need to know the
names of the library files in order to use them; the standard li ke
automatically finds the files and extracts the segments it needs.

Creating library files

You can create your own library files from one or more object _,‘
files by using the APW utility program MakelLib. Figure 7-6

illustrates the library-file creation process. You specify one or
more object files to be included in the library file. MakeLib ,
concatenates the files and creates the library dictionary segment.



The library dictionary segment makes it possible for the linker to
search a library file for global symbols (the names of the
subroutines it contains) much more rapidly than it can search an
object file. Consequently, the linker will search a library
dictionary segment several times if necessary to find segments
referenced by other segments in the library file, and the
sequential order of the segments in a library file is not important.
But if you use several library files, the order in which the files
occur is important because each is processed only once. It is for
that reason that MakeLib allows you to include several object files
in a single library file.

ObjectFile 1 LibraryFile
/ \ Library
: : Dictionary
. . Segment

segn o0

ObjectFile 2
segl

segn

Makelib
segl

segn

segn
segl

Y
L [/

segl

__/

I

segn

Figure 7-6
Creating a library file

MakeLlib is described in detail in In addition to creating library files, the MakeLib utility allows you
ihe Apple lIcs Programmer’s to modify existing library files, and even to recreate an object file
Workshop Reference. . .

that was a component of a library file.

Creating segmented code: three
examples

This section presents examples of segmented programs. Three
small program examples are provided: a program consisting of a

single, static load segment; a program containing several static
load segments; and a program using dynamic segments.

Creating segmented code: three examples 239



KEEP

MCOPY
MAIN START

PHK

PLB

WRITELN

LDA

RTL

END
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1. Boot APW and set the system language to the language tyg
the source code you intend to write. We are going to write;
simple assembly-language file for this example, so enter th
following command: ]

ASM65816 ]

2. Set the default prefix to the subdirectory you want to use fv
your files. If your work disk is called / MYPROGS, for exampl
enter the following command: !

PREFIX /MYPROGS

3. Open a file for editing. We will call our source file HW. En e
following command:

EDIT HW ‘

4. Write the source code for your program. For our example, |
in the following program:

HELLO Output filename
2/AINCLUDE/M16,UTIL Macro file
Beginning of segment
Set data bank equal
to code bank
#'Hello world!! Macro that writes string
#0

o

% Note: These examples are simple, text-based sample progi

meant only to illustrate segmentation concepts. Your prof
whether segmented or not, should be event-driven, desktoj
style applications. ’

A single, static load segment

The following is a typical sequence for writing, compiling, an
linking a simple one-segment program. It has only one STAR
directive, so only one segment is created. The segment is nof
explicitly made dynamic, so it is static. ’

Set error code to 0
Return to shell
End of segment



See Chapter 8 for requirements for
shell applications.

5. Press Apple-Q to quit the Editor. When the Quit menu appears,
press S to save the file to disk, then E to return to the APW
Shell command line.

6. To assemble, link, and execute the file HW, enter the following
command:

RUN HW

The words Hello world! should appear on the screen,
following the diagnostic output of the assembler and linker. If
they do not, check your source file for errors and try again.

7. You now have a file on your work disk called HELLO. To
execute this program, enter HELLO from the APW Shell
command line.

03

» Note: This program cannot be executed from a finder or
program launcher. It must run under APW.

Several static load segments

It is often desirable to write a program that consists of more than
one load segment. For example, when there is no single
contiguous block of memory large enough to load an entire
program, the program may still be loadable if it is divided into
several load segments. The program that follows is divided into
three object segments, and each object segment is assigned to a
different load segment.

This program also illustrates a few of the basic functions that
should be performed by any shell application before it begins to
run: reading the User ID assigned to the program, reading the ID
of the shell program that launched it, and checking the command
line for parameters. This sample program merely prints this
information to the screen; an actual application could do much
more:

O It could use the User ID in calls to the Memory Manager and
System Loader.

O It could use the Shell ID to determine whether it was launched
by the shell program under which it was designed to run. For
example, a compiler designed to run under APW might not be
able to run under ProDOS or under another shell.

0 It could use the parameters on the command line for whatever
purpose the shell application was created to fulfill.
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MAIN

CLINE

USER_ID

USERID

WRITE

242

KEEP SAMPLE
MCOPY SAMPLE.MACROS
START MAIN
SET UP ENVIRONMENT
GEQU 0
PEK
PLB
STA USER_ID
STY CLINE
STX CLINE+2
PUSHWORD USER_ID
PUSHLONG #USERID+1
PUSHWORD #4
_INT2HEX
JSL WRITE
RTL
ENTRY
DS 2
ENTRY
STR ' '
END
START OUTPUT
WRITE USER ID TO SCREEN
USING MSG
PUSHLONG #USRMSG
_WRITECSTRING
PUSHLONG #USERID
_WRITELINE
LDA CLINE
ORA CLINE+2

Chapter 7: Creating a Segmented Application

The program listed below has three segments: two that begin v
a START directive, and one that begins with a DATA directive.
program assembles into the object segments MAIN, WRITE,
MSG, which are linked into the load segments MAIN, OUTPUT,
LABELS, respectively. To create the program, first use the
following commands to set the current language to 65816
assembly language and to enter the editor:

ASM65816
EDIT SAMPLE.SRC

Then type in the following program:

Start segment

Define CLINE as direct page
Set data bank register equal to
program bank register
Accumulator holds User ID
X and Y registers contain
pointers to command line
Convert User ID to
hex number
ASCII
string
Jump to next segment

Reserve space for User ID

Reserve space for User ID ASCII string

Start second segment

Use data in data segment
Pointer to output string
Writes 'User ID = '
Pointer to User ID ASCII string
Writes User ID, Carriage Ret
If pointer to

command line = 0,



BNE LB1 no command line

PUSHLONG #NOLMSG Pointer to output string
_WRITECSTRING Writes 'No command line’
JSR LB5 If no command line, go to end
WRITE SHELL ID TO SCREEN
PUSHLONG #IDMSG Pointer to output string
_WRITECSTRING Writes 'Shell ID = '
LDY #0 Use Y for offset into Shell ID
LDX #8 Shell ID is 8 chars, use X for counter
PHX Save X on stack
PHY Save Y on stack
PUSHWORD [CLINE],Y Push next letter of shell ID on stack
_WRITECHAR Write one char of shell ID
PLY Pull Y from stack
PLX Pull X from stack
INY Increment Y
DEX Decrement X
PHX Save X on stack
PHY Save Y on stack
CPX #0 Compare X to 0
BNE LB2 Return to LB2 if X not O
PLY Pull Y from stack
PLX Pull X from stack
PUSHWORD #$0D Write
_WRITECHAR Carriage Return
WRITE COMMAND TO SCREEN
PUSHLONG #COMMSG Pointer to output string
_WRITECSTRING Writes 'Command is '
LDY #8 Use Y for offset into command line
PHY Save Y on stack
LDA [CLINE], Y Load next character into accumulator
AND #5007F Just look a t low 7 bits
CMP #r Test for Space character
BEQ - LB4 Stop after first space
PHA Push next letter of command on stack
_WRITECHAR Write one char of command string
PLY Pull Y from stack
INY Increment Y
PHY Save Y on stack
BRA LB3 Return to LB3
PUSHWORD #$0D Carriage Return
_WRITECHAR
WRITE PARAMETERS TO SCREEN
PUSHLONG #PARMSG Pointer to output string
_WRITECSTRING Writes 'Parameters are'
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LB6

LB7

LBS

MSG
IDMSG
USRMSG
COMMSG
PARMSG
NOLMSG

MACGEN SAMPLE.SRC SAMPLE.MACROS 2/AINCLUDE/M16.TEXTTOOL 2/AINCLUDE/M16.UTIL
2/AINCLUDE/M16.INTMATH
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PLY Pull Y from stack

INY Increment Y

LDA [CLINE],Y Load next character into accumulator
AND #S00FF Test for Null

BEQ LB7 Stop after Null

PHY Save Y on stack )
PHA . Push next letter of parameters on stac
_WRITECHAR Write one char of parameters

PLY Pull Y from stack

INY Increment Y

BRA LB6 Return to LB6

PUSHWORD #$0D Carriage Return

_WRITECHAR

LDA #0 Set return code to 0 j
RTL Return to segment Main to end routine
END End of segment

DATA LABELS Begin data segment

DC C'Shell ID is: ',H'00°

DC C'User ID is: ',H'00"

DC H'OA',C'Command is: ',H'00"

DC H'OA',C'Parameters are: ',H'00!

DC C'No Command Line.',H'00!

END End data segment

Press Apple-Q to quit the Editor. When the Quit menu appy
press S to save the file to disk, then E to return to the APW
command line.

The program uses macros in several places, including ma
calls to the Integer Math Tool Set and the Text Tool Set. E X
the following command to create a macro file for the pro

To assemble and link the program, use this command:

ASML SAMPLE
To run the program, enter this command:

SAMPLE ONE TWO BUCKLE MY SHOE
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The output should look like this (the actual User ID will vary, as a
new one is assigned each time the program is run):

User ID is: 1129

Shell ID is: BYTEWRKS

Command is: SAMPLE

Parameters are: ONE TWO BUCKLE MY SHOE

Dynamic segments

As an example of a program with dynamic segments, we can take
the same multisegment example we just created and make one
segment dynamic. What’s more, we won’t have to rewrite a single
line of the program’s code or re-assemble it to do so.

To make the second segment of the program dynamic, you can
link the program with a LinkEd file. First, if you have not done so
already, assemble the program (without linking it) with the
following command:

ASSEMBLE SAMPLE

Use the following commands to set the current language to the
LinkEd language and to enter the editor:

LINKED
EDIT SAMPLE.LINK

Type in the following LinkEd program:

KEEP SAMPLE

SEGMENT MAIN

SELECT/SCAN SAMPLE.STD (MAIN)
SEGMENT/DYNAMIC OUTPUT
SELECT/SCAN SAMPLE.STD (WRITE)
SEGMENT LABELS

SELECT/SCAN SAMPLE.STD (MSG)

Press Apple-Q to quit the Editor. When the Quit menu appears,
press S to save the file to disk, then E to return to the APW Shell
command line.

Execute the following command to link the program:

ALINK SAMPLE.LINK
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Classic desk accessories are
described under “Supporting
Other Desktop Features” in
Chapter 5.
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The APW Linker executes this LinkEd file. Each SEGMENT
command starts a new load segment. Each SELECT/SCAN
command scans through the files with the root filename
SAMPLE. STD for the object segment named in parentheses.
load segment OUTPUT is dynamic. The load file, SAMPLE, i
contains four segments; the fourth load segment is the Segme
Jump Table, created by the linker.

When you launch this version of SAMPLE, the first and third
segments are loaded immediately, but the second segment is nt
loaded as part of the initial load. When the JSL to WRITE is 4
executed, the loader loads the second segment. i

% Unloading: Note that, once loaded, the dynamic segment
remains in memory throughout execution of the program, T
make this segment available for automatic unloading by the
Memory Manager, you must include an Unload Segment ca
the end of the segment. ‘

Debugging

A variety of software instruments exist to help you locate and
correct errors in your Apple IIGS programs. Some are A
sophisticated and some are simple. Although nothing can make
debugging easy, the more experience you gain with these aids, t
more efficiently you can find and solve problems.

Debugging with desk accessories

The fact that Apple 1IGS code is typically relocatable can bea
problem during debugging. You can’t control where the loade
puts your program, and once it is in memory, you have no

obvious way to locate it. How can you debug something you can
even find? ]

Loader Dumper and Memory Mangler are two classic desk

accessories (CDA’s) provided with the Apple 1IGS Debugger
(described later in this section). They can give you very basic,
and thus very important, information on exactly where in ]
memory all the parts of your program are. Furthermore, becaust
they are desk accessories, they are instantly available from wi
your program or debugger. :



Loader Dumper

Loader Dumper is a classic desk accessory that permits you to
dump (print out) the System Loader’s data structures: the Memory
Segment Table, Pathname Table, Jump Table, Loader global
variables, load-segment information, and other information used
by the System Loader.

A principal use of the Loader Dumper is to get your program’s
User ID from the Pathname Table. Then, using Memory Mangler
(described next), you can find out where in memory all your
program’s segments are.

Memory Mangler

Memory Mangler is a classic desk accessory that can give you a
listing of all allocated memory blocks with their associated User
1D’s, sizes, addresses, attributes, and other information.

Most commonly, you would use Memory Mangler to inspect all
your programs’ segments and buffers in memory. They are
identified by User ID, which you might have obtained from
running Loader Dumper. Once you have found a segment you
want to look at more closely, you can go directly from Memory
Mangler into the Apple IIGS Debugger or into the Monitor
program (described next), to do detailed inspection and
debugging.

)

< Note: Memory Mangler also allows you to execute Memory
Manager calls, so you can use it as an exerciser program, to
practice calls before writing them into your code. Even though
this is not a direct debugging function, it is very useful because
you need to understand the Memory Manager well. Memory-
management errors are among the most common and most
elusive bugs on the Apple IIGS.

Debugging with the Monitor program

The Apple 11GS Monitor program is a set of ROM-based routines
that give the user direct access to program code in memory.
Using the Monitor, you can perform these tasks:

O Inspect and modify the contents of any location in memory, in
either hexadecimal or ASCII format.

0O Move, compare, or fill ranges of memory.
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The Monitor program and how to
callit are described in the Apple
liGs Firmware Reference.

The debugger is described in

detail in the Apple lics Debugger
Reference

O Search for specified patterns in memory.

O View and change the contents of various microprocessor an
software registers and flags.

0 Execute programs from within the Monitor.
0 Disassemble code in memory.

O Use the mini-assembler to assemble small programs.

set to zero and with the direct page equal to the zero page. In ¢
words, the machine must look exactly like a standard Apple II. .

A second method is to make 2 Miscellaneous Tool Set call to 1
invoke the Monitor. In this case, the machine must be in full
native mode and the Memory Manager must have been starte

up. The call can be made from anywhere in memory.

Debugging with the Apple ligs Debugger

The Apple 1IGs Debugger allows you to load your program in,
memory and to run through it under the debugger’s control. A
the program exccutes, you can examine the contents of the =
65816’s registers, of your program’s direct page and stack, and.
any locations in memory in which you are interested. You ca

The Apple 1IGs Debugger can display an assembly-language 1
disassembly of your program’s machine code. It cannot execut
your source code or recreate your source code from machine
code. Therefore, the debugger is easiest to use with- assembly-
language programs. However, even if your program was written
a higher-level language and you have no knowledge of assemb]
language, you can use the debugger to determine in which loag
segment the problem lies. You can also gain a better _
understanding of the operation of your program by examining
the contents of the stack, direct page, memory, and registers, ‘

We do not have the space here to examine in detail al] of the
abilities of the Apple 1IGS Debugger, but we will 8ive you some
hints that should help get you started debugging your program,
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Debugging segmented programs

In order to use the Apple IIGS Debugger to debug a segmented
program, you must know where in memory each segment has
been loaded. In the case of a dynamic segment, you must know
whether it has been loaded and, if so, where. This information is
available through the Loader Dumper desk accessory, described
earlier in this section.

To load your program by using the debugger and to determine
where in memory each segment is loaded, use the following
procedure:

1. Start up the debugger.
Use it to load your program into memory.
Call the Loader Dumper from the desk accessories menu.

Use the Loader Dumper to get the User ID of your program.

I AT A T

With that User ID, use the Loader Dumper to get a listing of all
your program’s load segments and their memory addresses.

You now have several possible courses of action open to you. If
you do not have any idea in which load segment your program is
crashing, you can start by running the program until it crashes
and then examining the debugger display to determine the
location of the problem instruction. If you know in which segment
the problem lies, you can go immediately to that segment, or you
can set a breakpoint at the beginning of that segment and run the
program until it stops automatically at that breakpoint.

Watching a running disassembly

If your program does not require any input from the keyboard,
you can watch a disassembly on the debugger screen as the
program executes to find the exact location at which it goes
astray. This technique will probably be useful only for short
programs or programs that crash almost immediately upon
execution, because the program will execute very slowly while the
debugger display is on the screen.

To run your program under control of the Apple IIGS Debugger,
with a running disassembly appearing on the screen, use the
following procedure:

1. Load your program with the debugger.
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2. Put the debugger in single-step mode, starting at the first
instruction of your program. Watch the contents of the regist
and the stack (and any specific memory locations you have
specified) as you execute individual commands. !

3. You can leave single-step mode and execute commands
automatically in quick succession by entering trace mode. Yo

- program will begin executing under debugger control, one
instruction at a time in rapid succession. Once in trace mode
you can stop execution at any time and then return to single-
step mode

In trace mode, when your program executes a BRK instruction
execution stops. The last instruction executed (the BRK i
instruction) is displayed on the screen, along with the previous
several instructions executed. A BRK instruction is actually a nul
(a zero byte); because such an instruction is not a normal part 0
a program, the fact that your program executed one probably
means that some previous instruction sent the program off to th
wrong place in memory. With luck, the instruction that sent your
program off into Never Never land will still be on the screen.

Using breakpoints

If you have to interact with your program in order for it to run, i
you have some idea of which segment contains the bug, or if you
just want to execute the program more quickly, you can set one ¢
more breakpoints before running the program. A breakpoint is 2
location at which the debugger suspends execution of the ]
program, giving you the opportunity to examine the disassembl
and the state of the machine at that location. |

To set breakpoints and run the program under debugger control,
try the following procedure: ‘

L. Load your program with the debugger.

2. As described above, use the Loader Dumper routine to '
determine the starting locations of the load segments of your,
program. ;

3. Back in the debugger, set breakpoints at the beginning of each
load segment (if you do not know in which segment the bug

lies) or at the beginning of any segment that you want to
examine more closely.
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4. Run your program under debugger control, with the debugger
display turned off. When the debugger comes to a breakpoint,
the program halts and the debugger’s display appears on the
screen, showing the location of the instruction at which the
program stopped and other pertinent information. You can
also view a disassembly of the program, starting at the
breakpoint location.

5. While at a breakpoint you can switch to single step mode. Step
through the segment one instruction at a time while watching
the contents of the stack, the machine’s registers, and up to 19
memory locations you specify. From single-step mode, you can
return to executing the program automatically.

If at any time during execution of the program a dynamic segment
is loaded, you can pause execution of your program and go back to
Loader Dumper to find out where in memory it has been placed.

Breakpoints can be used for purposes other than finding a
particular segment. Suppose, for example, that your program
seems to run all right for awhile, then crashes after having lulled
you into a false expectation of success. In this case, it is possible
that some routine is failing, not the first time it is run, but only
after going through several iterations. To handle such a situation
without stopping the program every time the routine is executed,
you can include a trigger value for a breakpoint. The debugger
counts the number of times it encounters the breakpoint, and
suspends execution only when the trigger value is reached.

If you must execute a routine at full speed in order for it to work
correctly, you can insert real breakpoints into the code. When you
do so, the debugger actually inserts BRK instructions into memory
at the breakpoint locations. Trigger values work for real
breakpoints that you have set; the debugger will still suspend
execution any time it encounters a BRK instruction that you did
not set as a breakpoint.
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Important

Chapter 7: Creating a Segmented Application

Using memory protection ranges

It may be that certain portions of your code must be execu

the full speed of the 65816 microprocessor. To cause this to
happen automatically every time you trace through the prog
you can set any areas of memory you choose as code trace ‘
ranges. When the program executes a jump to a location v it
code trace range, the debugger relinquishes control to your!
program and the code is executed at full speed. The portion
memory used to run tool calls is automatically set as a cod e
range when you load the debugger.

i

You can also set one or more portions of memory (the li

your code as revealed by Loader Dumper, perhaps) as code
window ranges. If the program attempts to execute code ou
the code-window ranges you have set, execution stops. You n
want to set a code-window range, for example, if your progra
executing a jump to some incorrect memory location and
trashing memory before it stops, forcing you to reboot the !
machine every time you try to run the program with the debt

If your program loads a dynamic segment during execution 1‘
you want to pause as soon as control is transferred to the dy,
segment, you can set code window ranges to include all the

segments at the start of the program. Then when the dynamig
segment is loaded and control is transferred to it, the progra

will be outside any code window range and execution will sto

Once you have set any code-window range, no code will be
executed that is not in a code-window range. Therefore, if you
code-window range equal to the memory location of one of
program segments, you must set code-window ranges for all ¢
segments that it calls. 1

Debugging multiple-language programs

One of the advantages of using the APW development v
environment is that it allows you to link together routines wr

in different programming languages. This facility can lead to
unique problems, however, especially when information is pa
between routines written in different languages. *



Parameter passing may fail in your program for any of several
reasons: you might have used a wrong variable type, for example,
or a called routine might expect to receive parameters in a
different order from the way they were passed by a calling routine.

To use the Apple 1IGS Debugger to debug parameter-passing
problems, use the following procedure:

1. Set breakpoints at the beginning of the calling segment and at
the beginning of the called segment.

2. Run the program in trace or real-time mode until the first
breakpoint is reached. Search this segment to find the JSL that
calls the other segment.

3. Set a breakpoint just before the JSL that calls the second segment.
You can remove the other two breakpoints now if you wish.

4. Run the program until the JSL breakpoint is reached.
Parameters are normally passed either on the stack or in the A,
X, and Y registers. The actual information passed may be a
pointer to the data rather than the data itself. By examining the
contents of the registers, the stack, and memory, determine the
location of the parameter being passed, and see if it has the
value you expect.

5. Execute the JSL. The return address should have been added to
the stack.

6. Step through the segment in single-step mode. Is the called
routine reading the parameters passed to it, in the proper form
and order? By a careful study of the action of the called
routine, you should be able to determine the source of the
problem.

7. If all parameters are being passed correctly, perhaps the
problem occurs when the results are passed back to the calling
routine. Find the RTL, and study the stack and registers as
before to determine whether the results are being passed
correctly back to the calling routine.

The ProDOS 16 Exerciser

The ProDOS 16 Exerciser is on the The ProDOS 16 Exerciser is a program that allows you to practice

disk that accompanies the Apple ; : : ;

165 ProDOS 16 Reforence. making opgraung sy§tem calls in a coptrolled environment,
before coding them into your applications.
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The ProDOS 16 Exerciser is not really a debugging tool, but

can use it in several ways during the debugging process. For
example:

0 By practicing the ProDOS 16 calls you intend to use in yo
program, you can “debug” them in the sense that you can
exactly how they function, before writing them into your ¢

O Because the Exerciser gives you direct access to file attribul
you can use it, for example, to change file types (such as fn
$B5 to $B3) without having to enter APW.

O The Exerciser allows you to inspect and modify the conten
any portion of memory, and any block on a disk—but see
warning below.

0 The Exerciser allows you to enter the Monitor program
directly. Once in the Monitor, you can use its debugging
facilities, as described earlier.

Warning  The ProDOS 16 Exerciser allows you unconstrained use of all Pr
16 calls, Including those that modify disk directories and blocks.
also permits you to modify any portion of memory, including th
occupled by system software or by the Exerciser itself. You can -
easily destroy the contents of a disk or cause a system crash.
careful what you modify!
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What Type of Program
to Write?
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Under ProDOS 16 on the Apple IIGs computer, programs are

A‘ list of all defined file types s classified by file type. Some rules for writing the following types
given under “The ProDOS File ; ; i i
System” in Chapter & of programs, most of which have unique file types, are given in

this chapter:
U general applications (file type $B3)

'O controlling programs, such as shells, switchers, and operating
systems ‘

O shell applications (file type $BS); that is, programs designed'
run un