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Introduction

This book is for people who want to write software for the Macintosh. It's not an
introductory book; you should be experienced in (or in the process of learning) a
high-level language such as Pascal or C, or assembly language. It also helps to be
familiar with the basics of how Macintosh programs are written. If you don’t have
that kind of experience, a good sense of adventure will definitely help. If you've read
or even skimmed the Macintosh Programming Primer books by Dave Mark and Cart-
wright Reed or Inside Macintosh from Apple, you'll benefit from this book.

What this book will tell you

What's in this book that’s not in the others just mentioned? This book explains lots
of the mysteries and myths about Macintosh programming that aren’t really cov-
ered anywhere else. It talks about how and where things are stored in memory. It
discusses what things in memory may be moved around, and teaches you how to
know exactly when they may be moved. It explains how to debug your applica-
tions using available debugging tools. It shows you how to examine your program’s
code to learn precisely what's going on when it runs. It also gives you dozens of facts,
tips, and tricks that you can use to make your software more powerful.

How this book was written

In my three years in the Developer Technical Support group at Apple, I worked
with hundreds of programmers in helping them write and debug their software.
I've tried to put as much of my experience as possible into this book. I've also putin
alot of stuff that we’ve taught developers in our MacCollege training course at Apple.

XV
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Introduction

I wrote this book with several principles in mind:

No mysteries. I've tried very hard to explain things that people find confusing
or puzzling about Macintosh programming and to leave nothing significant
unexplained that’s within the book’s scope.

No fuzziness. There’s nothing more irritating than a book that takes you to the
brink of a great revelation, then wimps out with fuzzy, vague writing. This
usually makes it obvious that the writer doesn’t know any more and is trying to
get on to the next topic. I've tried to avoid fuzziness by explaining things in
depth.

No wizards. Sure, some people are smarter than others. It’s not right, though, to
withhold potentially useful information because you don't trust people to use it
correctly. I've tried to refrain from holding back information. Ifit's abad idea to
use a particular feature or technique, Iwon’t just say “don’t,” I'll tell you why.

All work and no fun is no fun. While we're going over all this stuff, it's a good
idea to have some fun, too, so I've tried to keep the mood light enough to keep
you awake, even while we work through the heavy subjects.

If you use the information presented in this book, you'll know an awful lot

about the Macintosh, and your programs will be better. There’s enough informa-
tion presented here that you may not absorb all of it as you read it through. Don’t
worry about that. You can reread it as many times as you like, at no extra charge.

The Macintosh has gained quite a reputation for requiring a lot from a pro-

grammer. For various reasons, it was incredibly hard to create Macintosh software
when the computer first appeared in January of 1984. In the years that have passed
since then, lots of things have happened to make Macintosh programming a little
easier:

Dozens of programming languages and tools have been developed, most of
them coming from outside of Apple. There are compilers for many languages,
powerful debuggers, disk patching tools, and more.

More technical material on the Macintosh has been created. Apple has pro-
duced Inside Macintosh and technical notes, and many good (and bad) books on
Macintosh programming have appeared.

The general level of knowledge in the programming community (wherever
that may be—I think it's near Berkeley) has increased tremendously as Macin-
tosh programmers everywhere have gotten smarter.

The Macintosh itself has become more powerful. The first Macintosh had 128K
bytes of RAM and 800K of disk space, if you were lucky enough to have an
external disk drive. Today, you can get just about as much speed and power as
you want to pay for, including over 100 megabytes of RAM, gigabytes of hard
disk space, and very zippy microprocessors.
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Still, there are some things about Macintosh programming that aren’t well
known and aren’t written down anywhere. In this book, I've tried to gather
together lots of “mysterious” things and take all the mystery out of them. As you
read, you'll discover that things aren’t so hard to understand after all—they’re just
not well known.



About This Book

This book is divided into three parts, plus appendices. Here’s what you'll find:

Part One is called How It All Works. This part of the book concentrates on
general information about the Macintosh and how to program it, with an in-depth
discussion on how things in RAM behave and misbehave.

Chapter 1, Getting Started, talks about what makes Macintosh programming
different and presents a brief overview of development tools.

Chapter 2, Things in Memory, tells about the way things are stored in memory,
what happens to them, and how you can manage them.

Chapter 3, More about Heaps and Fragmentation, describes some common
memory management problems and how to avoid them.

Part Two is called Debugging, which kinda tells you what it's about.

Chapter 4, Debugging Macintosh Software, introduces some general thoughts
about debugging, tells about MacsBug, and presents information about many of
the most common problems that Macintosh programmers run into.

Chapter 5, Examining Compiled Code, shows you how to look at the object
code produced by your high-level language program.

Chapter 6, More about Compiled Code, continues directly from Chapter 5, but
itwould have made one big, obnoxious chapter if it had been all together, soit’s not.

Chapter 7, Real Live Debugging, presents a sample program that has bugs in it
and then uses an object code debugger to find and fix the problems.

Part Three is called Tips, Tricks, and Techniques, and it’s got some of each of
those, including a few sample programs.

Chapter 8, General Techniques, presents stuff that’s generally useful if you're
writing Macintosh software.

Chapter 9, Toolbox Techniques, contains information on some goodies that
will help you make better use of the Macintosh’s User Interface Toolbox.

Xix
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About This Book

Chapter 10, Operating System Techniques, covers some good things to know
about various parts of the Macintosh Operating System.

Appendix A, Assembly Language Overview, is very important if you're not
familiar with 68000 assembly language. To use an object code debugger, you
should be able to read 68000 code and understand what’s going on. You don’t have
to be able to write assembly language. This appendix will tell you what all those
strange instructions mean. You can read this appendix before reading Part Two or
atany point that you think you need it. Even if you're already a 68000 programmer,
you might want to read it to learn some fine points.

Don'’t forget about Appendix A. When you start to come across assembly
language information that's unfamiliar to you, try reading Appendix A. It
should help a lot.

Appendix B, Common Problems, lists some of the most common (and most
fatal) errors that can cause a Macintosh programmer to lose sleep.

Appendix C, Ancient History, contains information that may be of interest to
those who want to know how some Macintosh things worked long ago. Why,
when I started programming the Macintosh, I used to have to walk sixteen miles
through a driving Cupertino snowstorm just to use a C compiler. You young folks
today have it so easy!

Appendix D, Debugging Quick Reference Guide, contains some charts that
you may find handy when you're debugging.

At the end of the book you'll find the obligatory glossary of whizzy terms.

Conventions used in this book

All words in the text that are in boldface, can be found in the glossary.

Hexadecimal numbers are always preceded by a dollar sign, like this:
$388 —$42  $40F7A2.

Numbers not preceded by a dollar sign are decimal numbers unless otherwise
stated.

Calls to routines in the Macintosh User Interface Toolbox and Operating Sys-
tem are referred to as system calls, ROM calls, traps, or A-traps, depending on the
context. All these terms mean the same thing,.
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Information. A paragraph that looks like this is an incidental note. It con-
tains information that’s interesting and useful, but not vital to the material.

Warning. A paragraph marked with this icon is a warning. Imagine the
robot on Lost in Space saying, ““danger, Will Robinson!”

Fact. A sentence that looks like this is an important, simple truth that you
should know. These sentences present facts that help to take the mystery out
of Macintosh programming.

Things to remember. This icon, found at the end of each chapter, marks a
list of key points and concepts that were introduced in that chapter.

The amazing colossal disclaimer

There’s a lot of technical information in this book. It's been reviewed carefully by
several people, and all the known problems have been fixed. Just as with software,
though, there may be undiscovered bugs. Also, as the Macintosh world evolves,
things change. If you find anything wrong, I would very much appreciate it if you
would write to me about it in care of the publisher.

What you need to use this book

To make the most of this book, you should be somewhat familiar with Pascal or C.
You should also have access to a copy of Inside Macintosh, the technical reference
manual for the Macintosh computers.

0 8 @
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About This Book

In Part Two, we will spend a lot of time looking at programs with a debugger.
The debugger that’s used for the examples is MacsBug, the debugger that Apple
distributes.

This book presents a lot of specific information, such as examples of how
compilers compile code. Although this specific information is very useful, you
should realize that this book’s true mission is to tell you that you should observe
your program’s behavior closely and figure out for yourself what’s going on. In
particular, the compiled code examples given in Part Two are correct for MPW
Pascal and C (version 3.2) but may be different for other Pascal and C compilers. The
only way to know how your compiler does things is to look at the code it produces.

How to learn more

The best way to learn more about Macintosh programming is to write programs! A
good source of information is your local users’ group. Many users’ groups have
special-interest groups for programmers, and most groups publish newsletters.

You might also want to join an on-line bulletin-board service. These services
are frequented by Macintosh fanatics who are able to answer almost any Macintosh
programming question, or at least point you in the right direction. These services
also contain lots of public domain software that you can download, including the
latest goodies from Apple.

There are also some good books available, including some specifically for Pas-
cal, C, or assembly language programming on the Macintosh. More books are
appearing constantly, so keep checking your favorite bookstore.

One reason there’s so much third-party software that runs on Apple comput-
ers is that Apple has a lot of programs that help developers in a variety of ways.
These programs include marketing assistance, developer-programmer matchmak-
ing, technical support, and more. In addition, Apple distributes lots of different
products, like technical documentation and software tools, through channels other
than your neighborhood computer store. The most important source for informa-
tion and tools is the Apple Programmers and Developers Association (APDA). You
can get more information by calling APDA at 800-282-2732. Apple also licenses its
system software (like the Finder and the System file) so that you can ship this
software on your disks.

There’s so much stuff available from Apple that it can get confusing. If you
need to find out anything about Apple’s programs for developers or technical
products, you can write to Apple Computer, Inc., Developer Programs, 20525 Mar-
iani Avenue, Cupertino, California 95014.

Also, it's a good idea to develop a nice, quiet hobby unrelated to programming,
so that you can relax for a while. Sky diving, for example.
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Notes for the third edition

You're reading the third edition of this book, which was published in the spring of
1992. The first edition came out in prehistoric times, September of 1986, and the
second edition appeared back in August of 1988. Here’s a summary of the most
significant changes from the second edition:

Everything was brought up to date to reflect the new world of hardware and
software, including changes for the Quadra and PowerBook lines, as well as
System 7 and 32-bit addressing. Everything that didn’t work was either fixed or
thrown out.

MacsBug grew up since the second edition. Because of this and because Macs-
Bug is pretty much everywhere, it's now used as this book’s debugger of
choice.

There are still more new jokes, new puns, new obscure song references, and
here and there I changed a word just to make it better or more interesting. It still
astonishes me that after having read the words in this book fifty times or more,
I still found some typos, which I fixed, too.

I'm thrilled to say that this book is now published by Addison-Wesley, makers
of Inside Macintosh, the Macintosh Inside Out series, and lots of other cool stuff.
To give you an idea of just how wacky these folks are, they were the ones who
suggested that we get an artist from Mad magazine to do the cover. These are
people I can understand!
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C HAPTETR 1

Getting Started

In this chapter, we'll talk about what makes Macintosh programming different, and
we'll briefly go over some of the tools available to help you write Macintosh software.

Different

Macintosh programs don’t look or feel like programs on other, conventional com-
puters. The Macintosh’s user interface, which makes heavy use of graphics, gives
its software a distinctive look. These days, lots of other personal computers can
have applications that look like Macintosh programs, but the Macintosh is the only
system that was expressly designed from the ground up for software with this kind
of user interface.

Conventional computers have a screen format that shows 24 lines of 80 char-
acters each and have the capability of sending those characters to a printer. If
you've programmed a personal computer, you probably know how to put your
display screen into a graphics mode, which allows you to draw lines and pictures
in addition to (or instead of) text.

When you start to learn about Macintosh, you begin to discover that somebody
has changed the rules on you. The 24-by-80 text screen is gone; instead, there are
scrollable, resizable windows. At the top of the screen is a list of words, the menu
bar, which suggests things that you can do, like “File” or “Edit.” You've probably
also noticed lots of dialog boxes—they re the little windows that appear and ask you
about things, like what name to use when you save a document, or whether you really
want to quitanapplication. If you've used even a couple of Macintosh applications,
or programmed a few, all these user-interface goodies should be familiar to you.



PART ONE HOW IT ALL WORKS

One of the most famous Macintosh concepts is the icon, or picture. If you read
some of the computer trade magazines, you often see Macintosh referred to as
being an “icon-based” system or having an “iconic” operating system. These
phrases should immediately clue you in to the fact that the writer probably hasn’t
used a Macintosh very much. Icons are just a part of the Macintosh user interface;
most applications use them infrequently. Windows and pull-down menus are the
real guts of the user interface.

The first thing most people ever see on a Macintosh is something like Figure 1-1.
This screen, of course, is from the Finder, the program you normally see when you
start up a Macintosh. The Finder usesicons to show disks, applications, documents,
and folders. It also uses a trash-can icon as a destination for things to be thrown
away or deleted.

Your application can use icons, too, if you want, but you'll probably get a lot
more play out of windows and menus when designing your user interface.

Over the years, the Finder has evolved, first adding multitasking capabilities
with the creation of MultiFinder, then retaining those multitasking features as the
MultiFinder features burrowed their way into the Macintosh Operating System itself.

" & File Edit Diew Label Special DD ) 4

9:22:59 PM

11 items 1324.9 MB in disk £1.5 MB availab
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Figure 1-1. Finder display



Chapter 1  Getting Started

The ROM

If the Finder is not Macintosh’s Operating System, what is the OS? What does it
look like? Where is it? How is it called by programs? Well, when you're writing
software, parts of the Macintosh operating system will probably look similar to
other systems you may have used. There’s a File Manager, with calls to create,
delete, open, close, read from, write to, and get information about files and disks.
There are device drivers to control the disk drives, serial ports, printer, and sound
capabilities. There’s a Memory Manager to control the allocation of chunks of
RAM. Most of the Macintosh Operating System is pretty conventional (in contrast
to the very unconventional user interface).

The Macintosh OS takes up part of the computer’s ROM. Many computers put
some low-level portion of the system in ROM and then load in more of the OS
when the system is started. Macintosh roughly follows this pattern, except that it’s
got more of the OS in its ROM than most systems do. There’s also some system stuff
kept in a file on the disk called System. For a disk to boot, it has to have that file.
There will be more information later on what's in the System file.

The Macintosh’s Operating System takes up only a fraction of the ROM. What
really makes the Macintosh unique is the code that’s in the rest of the ROM. It’s
called the User Interface Toolbox, and it consists of hundreds of callable routines
that are used to implement the windows, menus, dialog boxes, buttons, icons, and
all the other familiar trappings that give the Macintosh its personality. At the heart
of the User Interface Toolbox (usually just called the Toolbox) is QuickDraw, the
magic artist that lets you draw almost anything you want on the Macintosh’s
screen.

The Macintosh ROM has grown and changed significantly over the years. The
original ROM was 64K and provided the fundamental Macintosh personality that
we still know and love: menus, windows, controls, and so on. Later versions added
the hierarchical file system, fancier text editing, enhanced versions of QuickDraw,
and support for 32-bit addressing.

In Figure 1-2, you'll see the pieces of the system and where they come from. In
the rest of this chapter, we’ll talk about how the Macintosh uses somewhat unfa-
miliar techniques to accomplish familiar computing tasks in a spectacular way and
how to make sure the results are what you want.

MultiFinder and Process Manager

The Macintosh was originally designed to allow exactly one application in the
computer at any time. When you started MacPaint from the Finder, the Finder
went away completely. When you quit MacPaint, it vanished and the Finder was
loaded back in. Moving between two applications was pretty tedious this way.
Obviously, someone realized that it would really be great if you could have
more than one application hanging around at a time. This is exactly what Andy
Hertzfeld’s Switcher program accomplished in 1985. Switcher sliced up your
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Figure 1-2. Macintosh system software

Item Location Comments
Operating System ROM Includes File Manager, Memory
Manager, some device drivers, etc.
User Interface Toolbox ROM Includes QuickDraw, Window
Manager, Menu Manager, Control
Manager, etc.
ROM patches System file Used to fix ROM bugs and add
features
Desk accessories, fonts, System file Stored as resources
more device drivers and other files
Finder Finder file Contains the Finder program
Printing software StyleWriter, “Chooser” desk accessory picks
ImageWriter, desired printer
LaserWriter files

Macintosh into several smaller pieces, and each piece could hold one application.
Only one could have the screen at any time, but you could switch among loaded
applications with a click.

Adding this kind of functionality and making it work with existing software
was something like lifting up a skyscraper to rebuild the foundation. Hertzfeld,
who had written much of the Macintosh’s ROM, called it “application developer’s
revenge” against him for sins he committed in the ROM because he had to make it
work with existing programs.

In 1987, Apple released MultiFinder, a more amibitious product which not only
allowed multiple applications at the same time, but let them all share the screen.
Hertzfeld was working on a project called Servant which would do that, too, plus
allow users to modify resources easily, but he announced that he would rebuild
Servant to use Apple’s multiapplication system, since it would be the “official” way
of doing things.

From the first release of MultiFinder in 1987, a work of crazed genius produced
by Phil Goldman and Erich Ringewald, until the appearance of Macintosh System
7 in 1991, Apple moved to integrate MultiFinder’s features into the operating
system. With the release of System 7, the features of MultiFinder were officially
relocated to a new part of the system called the Process Manager, and the name
MultiFinder was officially dropped.

One of the most remarkable things about Apple’s MultiFinder/Process Man-
ager multitasking stuff is that it didn’t change the rules of Macintosh programming
very much at all. Most Macintosh programs written before MultiFinder existed
continued to work fine after it arrived. Apple system software programmers work
very, very hard to minimize the disruption caused by new software, but they can’t
eliminate it completely if they want to make any progress at all.
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Everything you know is wrong

Is everything you know really wrong? No, it just seems that way sometimes when
you're programming a Macintosh, especially when you're getting started. This
uncomfortable feeling, common to new Macintosh programmers, arises from a
sense of disorientation when you begin to write Macintosh software.

The first symptom of “Macintosh Malaise” usually comes about when you
attempt to write your first program. Most folks start with a short, simple program
that says “Hello, world” on the screen, or prints the integers from one to ten, or
something easy like that. To accomplish this task for the first time on a Macintosh,
you have to face a number of unexpected hurdles. See if any or all of these are
familiar to you:

1. Understanding what a resource file is and how to create one with the right
things in it.
2. Learning which Init calls to put in your program and in what order.

3. Figuring out how to put text on the screen of a computer that appears to have
no text mode.

4. Making sure that your program, once created on the disk, is known by the
Finder to be an application, so that you can run it.

5. Figuring out how to get all those great graphics printed out.

These steps are necessary in addition to the usual ones you need to figure out
how to use a new development environment. It's easy to see why the Macintosh
acquired the reputation of a machine that’s hard to program (and we haven't even
gotten to the hard stuff yet!).

Some of the more Macintosh-like development systems insulate you from a lot
of the shock of your first leap into the Macintosh development world. There are
several systems that actually let you get a simple program running without having
to deal with a lot of extraneous hassle. However, to finish building an application
will still require that you jump over the hurdles listed.

Is the Macintosh really hard to program? It's true that there’s a lot for the
programmer to learn. You may remember the original Macintosh commercials, in
which a large instruction manual was dropped on a desk next to a computer made
by you-know-who, causing the table to shake, while the Macintosh’s tiny owner’s
guide (which most users never need and keep perpetually shrink-wrapped) flut-
ters down next to the Macintosh. You might think of Inside Macintosh, Apple’s
comprehensive technical reference, as the table-shaker for Macintosh.

Is this deceptive on Apple’s part? Not at all. The Macintosh system hides
complexity from the user, but builds in enough power for developers to create pro-
grams like 4th Dimension and Excel. Thanks to this hiding of complexity, Macintosh
quickly established its initial goal of being perceived as an easy-to-learn computer.
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Yes, but is the Macintosh hard to program? In 1983, when the first Macintosh
developers began, the answer was an unqualified yes. The development tools were
few and fairly crude, the documentation was incomplete, and the sum of experi-
ence in Macintosh application development was zero.

Today, the situation is astonishingly different. There are now over fifty dif-
ferent development environments, representing at least a dozen different lan-
guages, including C ++, Object Pascal, C, Pascal, assembler, BASIC, Lisp, Modula-2,
Fortran, Prolog, Smalltalk, Forth, and COBOL (yes, COBOL); there are disk patch
tools, disassemblers, debuggers, memory-display utilities, and more; there is a
complete technical manual called Inside Macintosh; there are powerful object pro-
gramming tools and libraries, including the incredible MacApp system from Apple;
but maybe most important, there is the sum of close to ten years of experience in
application software development for the Macintosh—thousands of applications.

Obviously, we can’t all learn about every technique used by developers over
the years, but we do know enough to be light-years ahead of where we were when
the Macintosh was introduced. We know what different kinds of user interfaces
look like; we know about several efficient memory management techniques; we
know a lot about debugging. Much of this book is devoted to presenting this
accumulated knowledge.

By now, you've probably figured out that I'm not going to give a straight
answer to the question of whether Macintosh is hard to program (author’s prerog-
ative). Let's just say that there’s more to learn, and more power to be exploited, than
on a conventional system. The same amount of effort, applied in the right way to
Macintosh development, can produce a result that is both easier for a user to learn
and more powerful than an application program on a conventional system.

Think of it this way: imagine that you're in San Jose and that you have an hour
to travel. You have a choice: you can spend the hour in your car, driving up the
peninsula to San Francisco, or you can spend the hour flying in a jet plane, arriving
in Los Angeles at the end of the hour (see Figure 1-3). Both are ways to travel; both
trips take an hour. By using the airplane, you have a journey that is technologically
more difficult, and perhaps riskier, but you get to go farther.

Writing software is the same way. Macintosh development can be tricky, butin
the end you will have gone farther. You'll also have a lot more fun getting there,
even if you like San Francisco better than Los Angeles.

Something that can make any task, especially writing software, seem impossi-
ble is blind ignorance and lack of information. Unfortunately, there’s so much to
learn in writing Macintosh software that ignorance often gets the upper hand. The
only way to really solve programming problems is to understand precisely what is
going wrong and why. When your Macintosh crashes, it hasn’t randomly decided
that it wants you to go to lunch—it’s actually providing some clues about what
went wrong.

And that’s what this book s all about—to tell you what’s happening when your
application crashes, to teach you how to use lots of Toolbox tricks, and to give you
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Figure 1-3. Flying versus driving

good, solid information about what's going on inside the Macintosh when your
application is running. This book is intended to enlighten you and demystify
Macintosh programming for you.

How to get there from here

Since the Macintosh Operating System and the Toolbox are both in ROM, and since
all programs have to call on the OS and Toolbox to get things done, there must be
some kind of communication set up between the programming language you're
using and the ROM.

The ROM contains hundreds of individually callable routines. Each requires
certain parameters to be passed to it and then uses these parameters to perform
some action. Some routines also return values to you when you call them.

High-level languages learn how to call the ROM through the use of chunks of
code called libraries. These libraries are programs, usually supplied on disk with
language products, that define for you some or all of the Macintosh ROM calls so
that your program can use them.

For example, when you use a Macintosh C compiler, you might write a state-
ment like this:

InitFonts ();

When the compiler, which translates your source code into machine language,
comes to this statement, how does it know what to do? It doesn’t have statements like
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InitFonts built into it—that would make it huge and inflexible. Instead, you've prob-
ably got a statement at the beginning of your program that looks something like this:

#include fonts.h

This means that there’s a file on the disk called fonts.h, which has been previ-
ously created, that contains definitions for the compiler; in this case, it defines calls
to the Font Manager in the Macintosh ROM, including InitFonts. So, when the
compiler reaches the InitFonts line, it determines what to do by looking in the file
called fonts.h, which you've told it about in your “include” statement.

In the Macintosh ROM, commands like Initfonts are encoded as a single
instruction to the MC68000-series microprocessor that runs the Macintosh. Some-
times this instruction is produced by the compiler; sometimes it's created by the
linker, if your system uses a linker. Whether the compiler or linker actually gener-
ates this ROM call instruction depends on which development system you're using
and which ROM call was made.

The single-instruction machine language encoding produces several benefits:

1. The ROM routines are not required to stay fixed in a certain location from one
ROM version to another, as they were, for example, with the original Apple II
ROM.

2. The names of the ROM routines are not present in the ROM itself; they’re
known by number, and the high-level language assigns the name.

3. Calls to the ROM routines are simply a special 68000 instruction which takes up
just 2 bytes.

Although much of the Macintosh ROM (especially the Toolbox) was originally
written with Pascal callers in mind, virtually any language can be adapted to call
the ROM. The most popular languages for Macintosh programming are C, Pascal,
and assembler, but all the languages available for the Macintosh provide some
access to the ROM calls. For more on how ROM calls work, see the Chapter 10
section entitled How ROM Calls Work (appropriately enough).

Resources

Once you've compiled and linked your program, you'll probably have another
development step that isn’t required on other systems. This step involves the
creation of your program’s resources.

To implement the user interface, the Macintosh uses lots of little pieces of data
and code: a list of words in a menu, the dimensions of a window, the code that
draws a scroll bar, the bits that constitute an icon. These pieces, and many others,
are known as resources. Resources are so common and important in the Macintosh
system that many people find it difficult to define them concisely. If you ask a
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Macintosh programmer what a resource is, you're likely to be told, “Everything is
a resource!” That's close, but we'll try to be a little more definitive.

Every Macintosh disk file has two parts, a data fork and a resource fork. The
data forkis a conventional disk file; it consists of a stream of bytes that is interpreted
by the program that created it. The resource fork is also a stream of bytes, but it’s got
a sort of index, called the resource map, that allows the system to see it as a
sequence of separate, discrete things: resources. The part of the Macintosh ROM
called the Resource Manager understands this map and provides access to the
resources in the file by name and number.

Every resource has a kind, called its type, and a number, its ID, that the
Resource Manager can use to get it. For example, if a program wants to display an
icon that it has stored in a resource file, it does not have to know specifically where
in the file the icon is stored; by knowing its type, which will probably be ICON, and
its ID number, the program can ask the Resource Manager to get the icon.

Several nice advantages come along with the use of resources. Since just about
all the standard data types used by the system are defined as resource types, you
rarely have to know their format in order to use them. Another idea behind the
creation of the Resource Manager is that it allows a program’s logic to be separated
from its data to a very high degree. This makes it a lot easier to translate an
application to another (human) language. For example, most applications have all
their text—the words that show up in menus, dialogs, and windows—stored as
resources. This means that a person who is not a programmer can use a resource
editing tool to translate the text to the new language—no recompiling (or source
code) is needed. The same person can continue using the resource editor to resize
windows and dialog boxes as necessary to accommodate the new text, which may
be shorter or longer.

Why a fork? Many Macintosh applications put their information in
resource forks. You'll find very few files that have more information in the
data fork than in the resource fork. If this is the case, why does the data fork
exist at all? Why doesn’t the Macintosh simply support resource forks? The
main reason is that resources require some overhead to decode resource
maps, which translates into slower disk access. So the data fork is provided as
a way of storing raw data that the program interprets directly.

Another interesting feature of the Resource Manager is that it provides a
degree of virtual memory. A single Resource Manager call, GetResource, will first
check to see if the desired resource is already in memory. If so, the call returns,
simply telling the caller where in memory to find the resource; if not, the Resource
Manager tries to load the resource from disk. If necessary, previously loaded
resources can be unloaded from memory, making room for the new one. This
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means that simply using the GetResource call will automatically take advantage of
larger-memory systems without changing any of your code.

Building our application

Let's say we’'ve completed compiling and linking our application, and we've just
figured out that we need to create a resource file as output. Now that we've
discussed what resources are and how they fitinto a resource file, it's time to figure
out the relationship between a resource file and an application program on disk.

Actually, that relationship is very simple: an application isa Macintosh file, and
every Macintosh file has a resource fork and a data fork (as we just discussed). What
goes where, and how does it get there?

The real meat of the application, the compiled code that you've carefully
crafted, goes into the resource fork. It consists of resources of type CODE (case is
significant in resource types; it's CODE, not code or Code). These CODE resources
are generated automatically by most development systems. For example, in MPW
Pascal, you can use the $S compiler directive to split your program up into sepa-
rately loadable segments. When you pass the program through the compiler and
linker, you'll get one CODE resource for each segment that you declared in your
program.

No matter how it was created, every application has at least two CODE
resources in its resource fork. One of them, the CODE resource with ID 1, is a
special segment called the main segment. This segment is loaded when the appli-
cation starts up and stays put until the application quits. It's used as a sort of anchor
for the rest of the application’s resources, which can be loaded, moved, unloaded,
and reloaded as the application runs. Most development systems create CODE 1
out of whatever part of your application hasn’t been directed into a specific seg-
ment. If you specify no segmentation at all, your whole program will become
CODE 1. That's all right for small applications, but you'll have to segment to get the
best use of the Macintosh’s memory for most applications.

The other required, special CODE resource has an ID of 0. This resource actu-
ally isn't part of your program at all, but is a special table of information that is
loaded into memory when your application is started. It includes information like
the amount of memory that all your global variables require. We’ll discuss this
resource later.

These two special resources (CODE 0 and CODE 1), as well as other CODE
resources, are usually generated automatically from your source code by whatever
development system you're using, so you normally won’t have to worry about
creating them yourself. Again, most development systems use some sort of seg-
mentation command (like $S in MPW Pascal) to tell the compiler to start making a
new, separately loadable CODE resource.

An application must contain at leasta CODE 0 and a CODE 1 or it will generate
an error when it’s started, but most applications have a lot more resources. Most
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applications have menus and store them in MENU resources; most have windows
whose layout is kept in WIND resources; most have dialogs and keep the dialog
information ina DLOG resource, with the dialog’s item list (the things displayed in
the dialog) kept in a DITL; and most have many more resources. The Finder, for
example, has 17 different resource types and more than 80 different resources;
HyperCard has 24 different types and over 250 different resources! How are these
resources created?

There are two fundamental types of resource creation tools: resource compil-
ers and resource editors. Resource compilers generally work the way other com-
pilers do: they take a textual, symbolic representation and produce a translated,
machine-usable output file. In Figure 1-4 you'll see a sample section of input to the
resource compiler that’s supplied with Apple’s Macintosh Programmer’s Work-
shop. This fragment describes a dialog item list (type DITL).

resource ‘DITL’ (1000,purgeable) {
{
{50,30,70,110},
Button {
enabled,
Yes
}e ;
{85,30,105,110},
Button {
enabled,
No
} ,_
{85,170,105,250},
Button {
enabled,
Cancel
},
{13,57,33,220},
StaticText {
disabled,
Do you really want to?

Figure 1-4. Resource compiler input



14

PART ONE HOW IT ALL WORKS

Resource compilers have one major drawback: they're textual representations
of mostly graphical objects. Why should items be positioned by specifying coordi-
nates? Why shouldn’t we be able to see the dialog on the screen as it will appear and
drag the items around with the mouse to their proper places?

These questions become even more acute when you consider that one of the
promises of resources was that the separation of code from data would allow a
nontechnical person to translate software from one language to another. A trans-
lator who has to use a resource compiler must learn a significant amount about the
Macintosh and its resources. If, on the other hand, a graphically oriented resource
editor were used, the translator could get along with a lot less mucking around in
the system’s internal details. Instead, the translator could enlarge a window by drag-
ging its size box or translate a button’s text by clicking on the button and typing.

The concept of a resource editor was developed early in the Macintosh’s life,
but creating the program itself proved to be an unimagined challenge. A resource
editor is a metatool, since it must run in a system that is composed mostly of
resources. Apple offers a resource editor, named ResEdit, that allows you to create
and modify resources that your application will use. In Figure 1-5 you can see the
dialog as it will appear in real life. You move items by dragging them. You change
text by clicking on it and then typing. What a concept!

There is one nice advantage to resource compilers. They allow you to specify a
textual, human-readable, printable source file that can be used to re-create the
resource file at any time. If you use a resource editor to create your resources, the
only form you get is the object code—the resource file itself. If you ever lose your
only copy, there’s no automated way to rebuild.

Fortunately, this problem is solved by a tool called a resource decompiler. This
program can take a resource file as input and produce a text representation as
output. This text representation can be printed out, put in a binder alongside your
program source code, and stored in a fireproof safe to save you from disaster. As a
final touch, the resource compiler can recompile the source listing and produce a
resource file. Apple provides a resource compiler and decompiler (called Rez and
DeRez) as a part of the Macintosh Programmer’s Workshop.

So a good technique for creating a resource file is this:

1. Use the resource editor to create your MENUSs, WINDs, DLOGs, and so on.
Use the decompiler to produce a text source.

3. Asdevelopment progresses, use the resource editor to make changes and then
the decompiler to make a source listing; or use a text editor to modify the source
listing and use the resource compiler to produce a resource file. Figure 1-6
shows this process.

With this array of resource editing tools at your fingertips, you're way ahead of
early Macintosh developers, who had nothing but a resource compiler to help their
resource creativity. Three cheers for progress!
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Other kinds of programs

Applications are the programs most people write most of the time, but there are
other kinds of programs running around inside a Macintosh. Like most other
computers, the Macintosh uses device drivers, programs that understand how to
talk to various built-in or plugged-in devices like disk drives, modems, and digi-
tizers. But the Macintosh system also uses many other kinds of programs to do
various tasks.

One special kind of Macintosh program is the desk accessory. Originally, desk
accessories were designed as over-ambitious drivers that had user interfaces and
performed decidedly nondriver functions, like calculators and clocks. Desk acces-
sories were a way to let users run more than one thing at once, even though all the
things but one were not full-fledged applications.

As the system has evolved, the nature and role of desk accessories has changed.
With System 7’s multitasking, many applications can live at once, so desk accesso-
ries are no big deal in that regard. Under System 7, desk accessories, like Chip in
“Beauty and the Beast,” no longer have to sleep in the System file—they’re sepa-
rate, double-clickable files, just like applications.

Anotbher, less visible kind of program is the definition function. A definition
function is a program that describes the behavior and appearance of a menu,
control, or window. For example, the standard menu definition function draws
menus that have one line of text per item, with options such as a check mark to the
left of the item, various text styles such as bold and italic, command key equivalents
to the right of the item, and more. The Toolbox allows you to write your own
definition functions to customize the appearance of menus, controls, and windows
while still taking advantage of the Toolbox structures. Again, the format of these
functions is strictly defined.

There are additional pieces of system software called packages, which didn’t fit
into the ROM; for example, the Disk Initialization Package. These packages also
consist of programs in a carefully defined format.

As you may have guessed, all these “alternative” kinds of programs are stored
as resources. Device drivers and desk accessories are DRVR resources; menu, con-
trol, and window definition functions are MDEF, CDEF, and WDEF resources;
packages are resources of type PACK. There are other kinds of resources that
contain code; these are just a few.

If you want to write one of these special kinds of resources, you have to know
how to generate the special formats required. Sometimes the way to do that isn’t
obvious, especially with high-level languages. One of the topics we'll play with in
Chapter 9is the creation of some of these kinds of resources with high-level languages.
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Power tools

Now that we’ve discussed the fundamentals of what tools are needed to do which
jobs in Macintosh software development, let’s take a brief look at some of the
specific development systems and utilities that are available.

Inside Macintosh

Apple’s comprehensive technical reference for Macintosh programmers is called
Inside Macintosh. This manual comes in six volumes, one for each of the Star Trek
movies. Volumes 1 through 3 provide the documentation for the original 64K ROM
and system software; volume 4 gives the additional information for the 128K ver-
sion of the ROM, which is mainly the hierarchical file system; volume 5 adds the
new stuff for the 256K ROM, primarily color goodies and slots; volume 6 is filled
with details about new System 7 features. The whole set is published by Addison-
Wesley.

Volumes in the Inside Macintosh set do not replace previous books; they provide
changes and supplemental information. This makes them hard to use sometimes.
To remedy this situation, Apple has created compact disc-based versions of the
material that makes searching easier. Also in the works is a total reconstruction of
the paper version into a new edition.

You just can’t attempt serious Macintosh programming without Inside Macin-
tosh. Although there are lots of other books that tell you about programming the
Macintosh (like the one you're reading), none of them attempts to replace the
encyclopedic completeness of Inside Macintosh.

Macintosh technical notes

Books like Inside Macintosh take a long time to create and revise, but Macintosh
system software is constantly evolving. Apple provides Macintosh technical notes
as a way of getting out technical information fast. Technical notes act as a sort of
supplement to Inside Macintosh, offering examples, documenting bugs, and pre-
senting new information. A new set of notes is published every two months.

develop magazine

Four times a year, Apple publishes a technical journal called develop. This magazine
includes sample programs, informational articles, news of useful tools, and general
good stuff for developers. Not insignificantly, develop is edited by Caroline Rose,
who wrote and edited most of the first three volumes of Inside Macintosh.
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Macintosh Programmer’s Workshop

The reference standard for Macintosh software development (that means it's the
one that everything else gets compared to) is the Macintosh Programmer’s Work-
shop (MPW), produced by Apple. MPW got a fairly late start as a Macintosh devel-
opment environment, but because of its power and the fact that it has Apple’s
name, it has become very popular. MPW is used by Apple itself for most of its
software development.

The heart of MPW is an application called MPW Shell, which is both a text
editor and an environment for interpreting commands. After you start MPW Shell,
you can open old text files or create new ones, each getting its own window in the
familiar style. Since MPW Shell is a command interpreter, you can also type in
many commands for file handling (Open, Newfolder, Delete, Duplicate, Move),
editing (Adjust, Align, Count), and other functions (Compare, AddMenu, Files,
StackWindows, and many others). The command language gives you the ability to
string together a set of commands that you'll repeat a lot and save them in a file,
then execute them just by typing the name of the file they're in.

MPW Shell also lets you run specially written programs called tools, which
include compilers, a linker, an assembler, and lots of other utilities (you can also
write your own). All these tools run without having to leave the shell.

Apple sells C and Pascal compilers that work with MPW. Each compiler comes
with a set of libraries and definition files for the Macintosh system calls. Of course,
since they come from Apple, these are the definitive versions, always striving to
match Inside Macintosh exactly. One advantage to MPW is that it usually contains
libraries for the latest ROMs and system software (but not always).

MPW will probably look familiar if you've used powerful development sys-
tems on other computers, and it may appear completely alien if you've never used
any computer other than a Macintosh. This is because MPW blends the conven-
tional, command-line style of traditional development systems with many of the
trappings of the Macintosh interface.

The best example of this merger is a tool that can be used to provide a
Macintosh-like dialog, with buttons, check boxes, file lists and all, for even the most
convoluted MPW tools. This tool, called Commando for obscure and possibly
clever reasons, greatly humanizes MPW for a new user, or even an old user who
doesn’t want to memorize lots of command-line options. Figure 1-7 gives an exam-
ple of a dialog built with Commando (it’s for the C compiler). In addition to Com-
mando, MPW has a good help facility that will remind you about a command and
its parameters.

MPW comes with MPW Shell, a linker, assembler, resource compiler, resource
decompiler, debugger, resource editor, source code control system, and many
miscellaneous tools. The C and Pascal compilers are sold separately (not recom-
mended for children under 7).
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MacApp

MacApp is a set of libraries that implement a generic Macintosh application that
already performs most of the standard user-interface tasks, like creating multiple,
selectable, draggable windows with scroll bars, providing pull-down menus, print-
ing, and so on. The idea of MacApp is that a programmer shouldn’t have to reim-
plement this kind of standard behavior for every new application. Instead, the
programmer just implements the part of an application that’s not part of the com-
mon user interface; for example, drawing a picture in a window, sending informa-
tion to the modem, or recalculating a spreadsheet.

Object-oriented programming turns out to be a good match for the way Macin-
tosh programs are structured, and MacApp is a thorough and well-documented im-
plementation. MacApp works under MPW, and you can program in Pascal or C ++.

Third-party tools and languages

One of Apple’s wisest strategic decisions about Macintosh was to encourage third-
party (that is, non-Apple) development of software and hardware add-ons. There
has always been a sizable program at Apple that provides help to developers.

A pleasant result of this program is that many companies have created
Macintosh-based development systems. As we said earlier, there are now over fifty
different development systems available for Macintosh. Included in this list are
some powerful and innovative tools. The most popular is probably THINK C from
Symantec, which is used to create many commercial applications. THINK C and its
companion, THINK Pascal, offer amazingly fast compilation time, source-level
debugging, and object-oriented extensions.
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On-line services

Bulletin boards and on-line services are great places to find an answer to a technical
question. Probably the best-known and busiest service is the Apple Developer’s
Forum on CompuServe. This is a place where lots of amateur and professional
programmers get together to talk to each other electronically. Reading the public
messagesis a great way to learn new things. You can also find out lots of cool stuff from
the developer forum on another service, America Online. Also, if you have access to
UseNet, you can find massive programming discussions there.

Apple Programmers and Developers Association

To help distribute all the programmer tools and documentation, Apple runs the
Apple Programmers and Developers Association (known as APDA). This group
publishes a catalog that includes MPW, Inside Macintosh, third-party products, and
lots of other goodies for Macintosh programmers. Through APDA, Apple provides
prerelease software and draft manuals for important new development products.
To order products from APDA, you can call 800-282-2732.

Where to get this stuff

The third-party products listed in this section are available through enlightened
retailers and mail-order dealers. If you can’t find something you want, just call the
manufacturer. Inside Macintosh is available in many book stores, and it can be
ordered from Addison-Wesley if you can’t find it. MPW, MacApp, and Macintosh
technical notes are available from APDA.

Things to remember

¢ Macintosh programming involves learning new ways of doing things,
since the Macintosh user-interface concepts are so different from those in
conventional computers.

e Much of the Macintosh’s personality is defined by its ROM, which contains
the Operating System and the User Interface Toolbox.

® Resources are entities that can be referred to by type and ID, in memory or
in files. Many pieces of Macintosh data are resources.

¢ Every Macintosh application must have at least CODE resources 0 and 1.

e There are dozens of languages and tools available for writing Macintosh
software. '
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Things in Memory

In this chapter we'll discuss things that live in the Macintosh’s memory and how
they behave. If you're new to Macintosh programming, this information will help
you get off on the right foot. If you've been programming the Macintosh for a while,
you may find that you know some of this stuff, but not all of it, and the new
information will be very useful for you, too.

Fables

In Chapter 1 we talked about the funny feeling you get when you realize that, from
a programmer’s point of view, just about everything on a Macintosh seems to be
unlike other computers. As you progress, you begin to discover how to get things
done, but you may not truly learn how and why certain things happen on a
Macintosh. Eventually, this gap of knowledge rises up like a monster and bites you
on the nose, stopping a project cold for hours or even days until you figure out
what’s going on.

These knowledge gaps have led to the existence of several popular Macintosh
Programming Fables, which are stories handed down from generation to genera-
tion of Macintosh programmers, and which have in common the fact that they're
absolutely false and will eventually mess up the unsuspecting programmer. One of
the jobs of this book is to expose these fables.

The most popular Macintosh Programming Fable is undoubtedly the Story of
the RAM That Ran Away. The story says that the Memory Manager in the Macin-
tosh’s operating system is always moving things around, like an insane electronic
version of musical chairs, and that as soon as you put something somewhere in

21



22

PART ONE HOW IT ALL WORKS

Macintosh RAM, it’s not there any more. This means that you'd better take extraor-
dinary measures to keep track of your variables, and that anything that goes wrong
with your program can be blamed on something that simply “floated away” from
where it belongs.

Well, it just ain’t so. As with all fables, this one is based on a grain of truth and
then blown completely out of proportion. The grain of truth is that the Macintosh’s
Memory Manager supports relocatable blocks, which are objects in memory that
can move around at certain well-defined times. Unfortunately, the “well-defined”
part is usually forgotten, and so a fable is born. In this chapter we'll discuss exactly
what kinds of things can move in memory, exactly when they can and cannot
move, and how to live with all of it.

The second most popular fable is the Tale of the Macintosh That Went to
Lunch. This one says that when your program makes your Macintosh put up a
system error box, or when it does something even weirder, like flashing the screen,
making machine-gun sounds, or even rebooting the system, your program has
gone haywire, the Macintosh went nuts, it all just sort of happened at random, and
you'll never, ever find out what happened. Not true! All these happenings are
distinct signals from your Macintosh as it cries out for help.

In this chapter and others we’ll discuss exactly what's going on when these
things happen and what you can do about them.

That amazing moving memory

Everybody loves memory maps, especially old-timers. Just show ‘'em a memory
map and they’ll figure out the rest. If you like memory maps, you'll be glad to know
that we’ve got one to help you through this discussion. The memory map, which
you can see in Figure 2-1, is incredibly oversimplified, but it's a good starting point.
It divides the Macintosh’s RAM into five main sections:

System globals
Screen buffer
System heap
Application heap
Stack

The lowest part of memory, starting at location 0, belongs to the system. This
area, called the system globals, is filled with variables that are used by various parts
of the system, and you can sometimes use them too. The kinds of things that are
stored in this part of memory are the pattern with which the desktop is painted
(called DeskPattern), the menu ID of the currently highlighted menu (TheMenu),
and the name of the current application (CurApName). The information kept in
the system globals area is vital, and virtually all applications will have to use it at
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Screen buffer

Stack

Application heap

System heap

System globals

Figure 2-1. Macintosh memory map

some point. A lot of the information that’s found in this area is available in other
ways, such as through ROM calls. If there’s a higher-level way to get information
that’s in the system globals area, use it. As Apple evolves the operating system, it
gets harder and harder to maintain compatibility with programs that tickle low
memory locations, but ROM calls stay pretty stable.

Elsewhere memory is the RAM that’s mapped to the screen. Most applications
never deal directly with this part of memory. In general, they draw on the screen by
using QuickDraw calls.

The next important section of RAM is the system heap, which contains objects
that are used mainly by the Operating System. Unlike the system globals area,
which contains mostly small variables used by the Toolbox and Operating System,
the system heap contains larger data structures, such as information about open
files. System heap structures are allocated dynamically as things happen in the
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system; for example, the system heap contains a data structure called a Volume
Control Block (VCB) for every disk volume that’s currently mounted by the system.
If you insert a new disk, a new VCB is allocated in the system heap and filled in by
the operating system.

Another difference between the system globals area and the system heap is
that your application will rarely, if ever, get any information directly from the
system heap.

The last two pieces of RAM are called the application heap and the stack. These
are the areas that are mostly reserved for use by your application. You'll notice that
the vast majority of RAM is dedicated to this purpose, so your programs get to use
most of the computer's RAM.

Our memory map in Figure 2-1 gives no addresses for a couple of good reasons:
first, the addresses tend to change as the Macintosh hardware and system software
evolve, and second, you usually don’t have to care where these things are, since
you program at a higher level.

In case you do need to find these areas in memory—such as when you're
debugging—there are system globals to help you out. The system heap starts at the
location pointed to by SysZone, and the application heap starts at ApplZone. The
ScrnBase global points to the start of the screen buffer. See Appendix D for other
fun globals you can look at.

MultiFinder/Process Manager

If you're using MultiFinder or System 7, some parts of the memory map are dif-
ferent. There are still a system globals area and a system heap at the bottom of
memory, and a video buffer somewhere. However, each application needs to keep
track of its own world, which includes its application heap, its stack, and some
system globals.

When an application is launched, a new application heap and stack are created
from available RAM. Instead of using all the available space from the system heap
on up, the newborn application gets a chunk of space whose size is dictated by a
resource (type SIZE, ID —1)inits resource file. When the user tries to launch another
application, it will also get its own heap and stack if there’s enough RAM left.

Since every application has its own complete application heap and stack, the
system can just switch between these application worlds when the user moves
from one application to another. But what about the system globals? Some of the
system globals have to be different for each application; for example, the global
MenulList contains a handle to the application’s current menu bar; obviously, every
application that’s running has to have its own copy of this global.

To accommodate these globals, the system creates a separate copy of them for
each active application. When the user switches from one application to another, the
right set of globals is swapped in along with the heap and stack. Also, the system is
smart enough to know which globals should be swapped and which can be left alone.
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The stack usually holds static variables. For example, when you declare a
variable in Pascal like this:

VAR myResult : CHAR;
or like this in a C program:
char myResult;

your variable myResult will be stored on the stack. Most languages allocate space
for stack variables in the order that they're encountered. Global variables stick
around for the duration of the program. Variables that are local to a procedure or
function are placed on the stack when the function starts, manipulated while the
function is running, then thrown away by cutting back (shrinking) the stack when
the function ends.

The final area of memory shown in Figure 2-1 is the application heap. This
chunk of memory holds virtually everything used by your application except its
variables, which are kept on the stack, as noted previously. Among the things kept
in the application heap are all your application’s resources as they’re loaded into
memory. Remember that an application’s resources include things like MENUS,
DLOGs, ICONSs, and even the application’s code itself (resources of type CODE).

Along with resources, the application heap holds all the objects that you create
in your application when you call NewHandle or NewPtr to request memory from
the Memory Manager. In fact, that’s why you'll find your resources in the applica-
tion heap: before a resource is loaded into memory, the Resource Manager gets a
chunk of memory for it by calling NewHandle. Lots of ROM routines call NewHan-
dle or NewPtr to get space for things in the heap, and objects created with
NewHandle or NewPtr are always located in the heap.

Different heaps. Some resources get loaded into the system heap, and
sometimes NewHandle and NewPtr are used to reserve memory in the sys-
tem heap. In the case of the Memory Manager calls, there’s a special flavor of
NewHandle and NewPtr that causes the new block to be allocated in the
system heap. In addition, resources have an attribute you can set that causes
them to be loaded into the system heap instead of the application heap.
Putting things in the system heap is a way to keep them around between
applications, since both the stack and the application heap’s contents are
reinitialized when a new application starts up. You can learn more about this
subject in the Keeping Things Around between Applications section of Chap-
ter 10.
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Allocating memory

As your program runs and as new things are allocated in memory, the stack and the
application heap expand, as suggested by the ominous-looking arrows in Figure
2-1. We've learned that the application heap holds blocks that are created with the
Memory Manager calls NewHandle and NewPtr, while the stack holds a program’s
declared variables. How do the stack and heap allocation processes work?

First, it's important to realize the fundamental differences in creating new
items in the stack and the application heap. When a new stack object is created,
usually with a variable declaration in a high-level language (as noted previously),
the space for the item is placed on the top of the stack. As new things are added, the
size of the stack simply increases by the size of the new item. When another new
itemisadded, it'sadded to the new top of the stack. The system maintains a pointer
to the top of the stack called, cleverly enough, the stack pointer.

When anitemis removed from the stack, the size of the stack isreduced and the
stack pointer is adjusted to point to the top of the new, smaller stack. This kind of
operation is called a last in, first out or LIFO stack; in other words, the last thing
“in” (added to the stack) will be the first thing “out” (removed from the stack). This
operation is pictured in Figure 2-2.

¥ stack

Stack Stack . Stack
pointer Top pointer . pointer pointer
of
stack
Initial New object New object Object
stack added added removed

Figure 2-2. How a LIFO stack works
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Feeling gravity’s pull. Most computer books that show you a picture of a
stack (including this one and Inside Macintosh) show the top of stack at the
bottom of the picture. Is this done just to confuse you? Yes. No, just kidding.
Actually, stacks are normally pictured this way because on most computers,
the stack grows in memory from high to low addresses. So, the top of the stack
is actually the lowest address on the stack. The reason computer stacks usu-
ally go from high to low memory is obscure (which means I don’t know and
I couldn’t find anyone else who knew, either).

This kind of operation tells us several things about using the stack. First, it's
obvious that the stack is a good place for allocating a few things at a time, using
them for a while, then removing them all at once. In fact, that’s exactly what you do
in a high-level language when you call a procedure or function. When that func-
tion is called, it must allocate space for its local variables all at once; when it’s
finished, it must deallocate that space, again all at once.

High-level languages also use the stack as a place to pass parameters to rou-
tines. When you call a procedure or function, its parameters are pushed on the
stack and then the routine is called. The routine can then access the parameters by
looking back on the stack.

Heaps

Stacks and high-level languages were made for each other, and most procedure-
oriented languages use the Macintosh stack for variables and parameters, among
other things. This is a pretty conventional use of a stack in a personal computer.

On the Macintosh, however, you also need another kind of memory allocation.
Since you have an environment in which little pieces of stuff (usually resources) are
constantly being loaded into memory, used, then tossed away, and since these little
pieces, unlike local variables, don’t necessarily correspond to a particular part of
the application and often have to be loaded one at a time, another way of doing
things is in order, and that’s where the idea of the heap comes along.

In a Macintosh heap, blocks are not necessarily allocated in a neat, linear
fashion as they are in the stack. Instead, the Memory Manager will attempt to put
anew block wherever it has room in the heap, following certain rules of preference
as to where the application would like the new block to go, but putting it elsewhere
if it has to.

This flexibility is why the heap is the place for resources, which load into
memory, and which then may go away and come back later. It’s also the place for
dynamically allocated data structures that belong to the application. For example,
if your application keeps a database of information and doesn’t know at run time
how many records it will need, it can allocate space for a new record in the heap
whenever necessary by making a NewHandle call.
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Blocks in a heap may be scattered around, possibly with unused space between
two heap blocks. Each block, though, must consist of consecutive bytes. You can’t
have a single heap block that is in pieces; all of its bytes must be together.

Heaps in Pascal. If you've used Pascal compilers on other systems, espe-
cially UCSD Pascal, you may be familiar with the term heap as an area in
memory from which space can be dynamically allocated. However, the
Macintosh concept of a heap is only loosely based on this idea. To avoid
confusion, you should assume that a Macintosh heap behaves completely
differently from the “other” kind of heap. Also, a terminology reminder:
Macintosh heaps are also called heap zones. Heap = heap zone.

If we think a bitabout the job a heap has to do, we can come up with some more
requirements for its capabilities. For example, we’ve said that new blocks will be
loading into the heap all the time, and that old, unneeded ones may be removed if
their space is needed. Let’s say that we want to create three blocks in memory (by
calling NewHandle). We'll call them Alan, Bryan, and Cary (see Figure 2-3). Then
we'll throw away (by calling DisposHandle) Bryan when we’re done with him, and

Part of heap Part of heap
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/ / rs
NG
\/\/\/\z\/ Cary "~ R /\/\ N

.//r/

Free

&\\\ \\\\

After allocating three blocks After deallocating Bryan,
then allocating Donn

Figure 2-3. Allocation of blocks
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allocate a new, fourth block, called Donn. We're left with a gap between Alan and
Cary, and if the new block s larger than the gap, the Memory Manager would have
to putitafter Cary, leaving an unused (and potentially unusable) space in the heap;
if we never request a space smaller than or equal to the size of the gap, that space
will be wasted.

If this process continues throughout the execution of the program, we could
wind up with free space inlittle chunks all over the heap. We could have 100K bytes
free, yet not be able to allocate a 10K-byte block if we didn’t have 10K of consecutive
bytes free (see Figure 2-4 for a look at this situation). How can we avoid this?

Well, since the Macintosh Memory Manager was designed for just such a
busy-memory system, in which new blocks are constantly being created and old ones
released, itincludes the all-important capability of maintaining relocatable objectsin a
heap zone, as we mentioned earlier in this chapter. When you request some mem-
ory with the NewHandle call, the memory block that’s created for you in the
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Figure 2-4. Noncontiguous free space
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heap is relocatable. This allows the Memory Manager, at well-defined times (there’s that
phrase again), to move the block from one location to another within the heap. This
means that we can revisit the poor, muddled heap last seen in Figure 2-4 and request
our 10K block again. But as we now know (Figure 2-5), the blocks are relocatable, so the
Memory Manager can put all the free space together, fulfilling our memory request.

Can you think of any obvious disadvantages of having relocatable blocks? Can
you say “dangling pointer”? Sure you can, and if you're gonna go sliding things
around in memory, you'd better have a pretty good way of keeping track of just
where everything is and, while you're at it, letting the application know, too.

The way the Macintosh Memory Manager keeps track of relocatable blocks is
by creating one special pointer to each block. This pointer never moves. It is called
the master pointer for that block. When the Memory Manager moves the block, it
changes the master pointer to indicate the block’s new position.

When you call NewHandle to request a new relocatable block, the Memory
Manager allocates the new block, sets up a master pointer for it, and then returns to
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Figure 2-5. Heap compacted
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you the address of the master pointer as NewHandle’s function result. This address
of the master pointer is called a handle. Since the Memory Manager will always
keep the master pointer valid, and since the master pointer never moves in mem-
ory, the handle always provides a valid way to access the contents of the block, so
no matter where it goes, there you are (see Figure 2-6, buckaroo).

Terminology corner. Talking about relocatable blocks, handles, and master
pointers can sometimes be difficult. Here’s a helpful definition for these
terms: the value of a handle is the address of a master pointer; the value of a
master pointer is the address of a relocatable block.

In a high-level language, you can use a handle to get to a block by double-
dereferencing it. In Pascal, it looks like this:

MyHandle™ "
In C, you could write this:

**MyHandle

Heap

Master
pointer

Before
relocation

Figure 2-6. Master pointer updating

Heap

_ (Master pointer
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R

After
relocation



32

PART ONE HOW IT ALL WORKS

Translating from programming languages to English, these statements say that
MyHandle is “a pointer to a pointer to some data,” but, truly, to appreciate what's
going on, be sure you remember that there’s

e Ablock in the heap that can be relocated
® A master pointer to that block, kept up to date by the Memory Manager
¢ Ahandle (MyHandle) that points to that master pointer

Because MyHandle holds the address of the master pointer and the master
pointer is updated by the Memory Manager whenever it moves the block, MyHan-
dle is always good for finding the memory block. You can see an example of how
this works in Figure 2-7.

What's where? When you allocate a new relocatable heap block, you call
NewHandle, and NewHandle returns a handle as a function result. You
usually wind up writing a line of code that looks like this:

myHandle := NewHandle (someSize);

Justlike all blocks created with NewHandle, this block is allocated in the heap.
However, myHandle is a variable declared by the program, soit’s on the stack.
Can this be right? Sure. The variable myHandle is just a pointer to the block’s
master pointer, remember. So,myHandle, a variable on the stack, contains the
address of a master pointer, which is in the heap; the master pointer contains
the address of the relocatable block we just allocated. There’s a picture of this
relationship in Figure 2-8.

Description Contents Description Contents
Heap block Heap block Block was moved
starts ot Data starts at Data
112830 66522

3

Master pointer L_-l Master pointer Master pointer

at 52024 112830 |t 52024 66522 | oo moves, but fs
1 value is changed by

Memory Manager

Handle | 52024 | Handle I 52024 | Handle never

- I changes
Before relocation After relocation

Figure 2-7. How handles work
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Figure 2-8. Handle on stack, block in heap

Not all the blocks allocated in heaps are relocatable. In fact, when you call
NewPtr, the block that’s created is nonrelocatable. These blocks are allocated and
then sit there without budging until the application ends or until the application
calls DisposPtr on them, whichever comes first. Since nonrelocatable blocks never
move, there’s no master pointer for the Memory Manager to update, and no han-
dle. When you create a new nonrelocatable block with NewPtr, you get a pointer to
the block that remains valid until you dispose of the block (if you ever do).

In general, nonrelocatable blocks are bad news and should be avoided for your
data structures. The season is that nonrelocatable blocks are deadly to a heap: they
can reduce your available heap space by driving a stake down the middle of your
precious free space. Remember that the Memory Manager can allocate a block only
with consecutive bytes. If the free space in the heap becomes fragmented, as it did
in Figure 2-4, you wind up with lots of free memory that’s virtually useless. So,
when you need to create a new block in the heap for a dynamic data structure, like
a database record, make it a relocatable block by calling NewHandle, and you'll
help to keep your heap nice and unfragmented.

For an in-depth discussion of using relocatable blocks with random-access file
I/O, see the Random Access File I/O section of Chapter 10.

Allocation algorithms. The Memory Manageris actually pretty smartabout
where it places newly allocated nonrelocatable blocks. It will try very hard to
put a new nonrelocatable as low in the heap as possible so as not to cause
fragmentation.

Heap allocation. Remember that a stack is a last in, first out or LIFO struc-
ture. You might say that a heap, which really doesn’t maintain any kind of
ordering of its objects, is a LIOF structure: last in, okay, fine.
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Sometimes you’'ll need to guarantee that a block in memory doesn’t move over
some period of time. You want to be a good person and make it relocatable, but
during some critical portion of your program, for any of several reasons (which
we’'ll discuss later in this chapter), you have to be sure that the block stays put and
is not relocated. The Memory Manager provides the flexibility for doing this by
allowing you to temporarily lock a relocatable block. You can do this by calling the
Memory Manager function HLock. Locking a block prevents it from being relocated.

You don’t want to go around blindly locking blocks, though, since a locked
relocatable is just asimmobile as a nonrelocatable. As soon as the block doesn’t have
to be locked down any longer, you should unlock it by calling HUnlock. This will
allow it to resume being relocatable, should the Memory Manager need to move it.

If you're going to keep the block locked for some time, you can call the Memory
Manager routine MoveHHi to get the block up and out of the way as much as
possible before locking it. If it won't be locked for very long, you don’t have to
bother with MoveHHi.

Purging

Many of the relocatable blocks in the heap are resources that have been loaded
from disk, so the Memory Manager employs another trick to maximize the use of
the space in the heap. Relocatable blocks can be made purgeable. This means that
the Memory Manager can throw them away if it needs the space. Typically, many
resources are made purgeable.

At first thought, this sounds disastrous: it's not bad enough that things are
getting moved around, but now they’re being completely thrown away! Purged
resources are usually not a problem. By using the Resource Manager call
GetResource, you can ensure that a resource is actually in memory before attempt-
ing to use it (always a good idea). If the resource is already in memory, the
GetResource call will simply return its handle; if not, it will be loaded. This is a very
low-overhead way to make sure that the resource is in memory before you use it.

Also, note that just making a block purgeable does not necessarily mean that it
will be purged. It will only be purged if its space is needed for some other block that
has to be loaded or created. When a block is marked purgeable it isn’t immediately
thrown away, but it does get sent to purgeatory.

Check that error. When you call GetResource, the Resource Manager will
return a handle to the resource, whether it’s already in memory or has to be
loaded from disk. If it can’t find the resource at all, it'll return Nil (a handle
whose value is zero) as its function result. You should always check
GetResource calls for this error.
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Justas you can make a block temporarily immovable by calling HLock, you can
also make a block nonpurgeable, that is, prevent the Memory Manager from purg-
ing it. You do this with the HNoPurge call. Of course, there’s a corresponding
HPurge call that makes a block purgeable.

What things can safely be made purgeable? Resources have resource attributes
that provide some information about them, and one of these attributes tells
whether the resource will be purgeable or nonpurgeable when it’s loaded into
memory. You can set this attribute with most of the resource compilers and
resource editors available for Macintosh. In addition, you can override the resource
attribute after loading the resource by using the HPurge and HNoPurge calls.

Most any resource can safely be made purgeable. Resources that you don’t use
often are the best candidates for being made purgeable. Be careful of MENU resources.
The Menu Manager assumes that MENU resources are nonpurgeable, and if you make
one purgeable, you'll probably get a system error very soon after the MENU is purged.

In general, it's not a good idea to make anything purgeable that’s not a
resource. If you do, you're on your own about making sure that you do the right
things before the block is blown away; you may be interested in reading about the
Memory Manager’s PurgeProc in Inside Macintosh.

We can now summarize (in Figure 2-9) the three kinds of structures that are
used to hold data in memory: variables, relocatable heap blocks, and nonrelocat-
able heap blocks. By knowing that variables and nonrelocatables never move,
you've taken the first step toward eliminating the paranoia that surrounds the
Macintosh Memory Manager.

Figure 2-9. Kinds of structures in memory

Kind Location How created Comments
variable stack application declared never moves
nonrelocatable heap NewPtr call never moves
relocatable heap NewHandle call can move

How relocation works

There are still several pieces of vital information that are necessary to completely
understand what’s happening in memory. We said (twice!) that relocation of
blocks only occurs at well-defined times, and now we’ll define those times.

One simple statement defines the essence of when you can expect relocation
to occur:

Fact. The Memory Manager only relocates blocks when it’s trying to find
space to create a new block or enlarge an existing one.
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That's it. In other words, the Memory Manager does not relocate blocks just for
the heck of it (really!). It relocates blocks when it’s trying to allocate memory, either
to a new block (as with NewHandle and NewPtr) or to an existing block (with
SetHandleSize or SetPtrSize).

Even when your application makes one of these calls, there’s no guarantee that
relocation of any blocks will take place. In particular, when the Memory Manager
allocates a new relocatable block, it’s not very picky about where the new block
goes, since the new block can be moved in the future anyway. If the Memory
Manager finds a long enough run of consecutive free bytes anywhere in the heap,
it will allocate the new block there.

The Memory Manager is considerably more choosy about where it puts non-
relocatable blocks, however, as we mentioned earlier. It will go to great lengths to
make sure that a new nonrelocatable block is placed as low in the heap as possible
so that it won't fragment the heap. It gets real zealous, relocating or even purging
blocks, if necessary, to achieve that goal.

So now you know that the Memory Manager will never relocate anything
unless it’s trying to allocate some memory. In fact, there are only eight calls in the
Memory Manager that can trigger a relocation, and most applications only use four
of them: NewHandle, NewPtr, SetHandleSize, and SetPtrSize. They're all listed in
Figure 2-10. Let’s discuss each of them. We've already mentioned NewHandle and
NewPtr; they obviously allocate new blocks. SetHandleSize and SetPtrSize are
used to resize existing blocks. If you use either of these calls to make a block larger,
memory will be allocated. These are the only commonly used calls that can trigger
relocation.

The other four calls are rarely used, and some of them are pretty obscure. One
is ReallocHandle, which is used to allocate a new relocatable block with an existing
handle. The final three calls all manipulate the heap in different ways and give
statistics back: MaxMem reports the largest contiguous free space in the heap after
relocating and purging; CompactMem returns the size of the largest contiguous

Figure 2-10. Memory Manager calls that
can trigger heap compaction

Commonly used: NewHandle
NewPtr
SetHandleSize*
SetPtrSize*

Less common: ReallocHandle
MaxMem
CompactMem
ResrvMem

*Only if the call attempts to make the block
larger.
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free block after relocating only (no purging); and ResrvMem tries to create a space
at the lowest place in the heap by purging and compacting.

Fake-out. Now we've got a contradiction: we said that the only calls that
could cause relocation were those that allocated memory, but the last three
calls, MaxMem, CompactMem, and ReservMem don’t actually allocate any
space—they just move things around. It's true that these calls don’t really
allocate any space, but they sort of “fool” the Memory Manager into thinking
that some memory is about to be allocated in order to accomplish their tasks.
In any case, they can cause relocation to occur, so they complete our list.

NewPtr calls ResrvMem. The action of ResrvMem may sound familiar to
careful readers. It tries to open a space at the lowest point in the heap. That
sounds exactly like the description we had for NewPtr. In fact, NewPtr calls
ReservMem in the ROM to open the space low in the heap before allocating
the new block. You'll find a lot of this behavior in the ROM; routines call other
routines all the time.

Once you know the calls that can cause relocation, you've taken another giant
step toward understanding the Memory Manager. Unfortunately, just knowing
these eight calls doesn’t tell you everything. Since many of the ROM routines call
other ROM routines, you can easily get an indirect call to one of the relocation-
triggering routines. For example, GetResource may call NewHandle, potentially
causing relocation; MoreMasters calls NewPtr, which may cause relocation. Luck-
ily, Inside Macintosh includes an appendix that lists all the routines that might call
the relocation-triggering Memory Manager routines.

Aswe discussed in Chapter 1, some of the Macintosh system software is loaded
from disk. Apple usually releases new versions of the disk-based system a couple of
times each year, and a new release can contain a new version of any systemroutine.
So, it’s possible that a routine that’s not listed as causing relocation in Inside Macin-
tosh can suddenly become an offender. Because of this uncertainty, it's a good idea
to assume that any system call can cause relocation. Even if you do this, it's impor-
tant to remember the principles behind relocation that you've read in this chapter.

There’s one other common situation in which the Memory Manager can relo-
cate blocks in the heap. It happens when your application calls a routine that is in
another segment, like this fragment:

case myEvent.what of
inMenuBar: DoCommand (MenuSelect (myEvent.where));
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If DoCommand is in another segment, this call will cause that segment (a
CODE resource, remember) to be loaded into memory. If there’s not enough con-
tiguous free memory in the heap for the segment, relocation can happen. So you
must add intersegment calls to the list of things that can cause relocation.

Actually, this relocation trigger fits right in with the original statement that the
Memory Manager relocates only when it needs more space. When your application
callsaroutine in another segment, it causes a GetResource calltoload in the needed
CODE resource, and GetResource will call NewHandle to get space for the CODE
resource if it’s not already in memory.

Other causes of relocation. In most development systems, only explicit
calls by your application to the Inside Macintosh appendix routines or cross-
segment calls can ever cause relocation. Some development systems may
produce implicit ROM calls where you don’t expect them. One place you'll
find these routines is in a compiler’s built-in functions. For example, a C
compiler may have a printf function that, invisibly to the programmer, calls a
ROM routine that could cause relocation of objects. Your development sys-
tem may tell you if it has routines like this. If source code is provided, you can
check for yourself. If you're not sure, see Being Paranoid, which follows.

The potential causes of relocation are summarized in Figure 2-11.

Figure 2-11. Causes of relocation

Directly calling any of the eight Memory Manager routines (see Figure 2-10)

Calling a system routine that calls any of the eight Memory Manager routines
(see Inside Macintosh, Appendix B)

Calling a routine in another code segment of your application
(this may call GetResource, which may call NewHandle)

Calling a development system-supplied library routine, such as printf
(this may call a relocation-triggering ROM call)

By using the “evil eight” list in Figure 2-10, together with the Inside Macintosh
appendix and your knowledge of your application’s segmenting, you now have
the ability to absolutely guarantee where relocation will not occur in your applica-
tion. Take a moment to congratulate yourself—this is some significant knowledge!

OK, now that we've figured that out, let’s discover why this newfound knowl-
edge is so valuable and then put it to work. Since a handle is always a valid way to
get a block, why should it matter when relocation occurs or what blocks it happens
to? In general, it's not a problem if you always use the handle to access a block.
Using a handle to access a block is called double-dereferencing, since you're going
through two levels of indirection.
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Sometimes, though, you don’t use the handle to get to a relocatable block.
Instead, you may use the master pointer, which points directly to the block. Using
the master pointer to access the block is also called single-dereferencing, or just
dereferencing. (Figure 2-12 demonstrates the difference between dereferencing
and double-dereferencing.) There are two ways to dereference a handle: explicit
dereferencing and implicit dereferencing. Aren’t those impressive sounding
words? Wait until you tell your friends that you're doing some explicit dereferenc-
ing. Don’tbe intimidated by these terms, though—we’ll describe exactly what they
mean and why they’re important.

Heap block Data Heap block Data
4 3
Master pointer 112830
/
Handle 52024 Pointer 112830
Handle™ Pointer®
Double-dereference Single-dereference

Figure 2-12. Single- versus double-dereferencing

Explicit dereferencing

An explicit dereference takes place when you make a copy of a block’s master
pointer and then use that copy to directly access the block. For example, consider
the program fragment in Listing 2-1.

This little program fragment will create a relocatable heap block that’s just big
enough to hold an “aRecord” (an integer, a Boolean, and 1000 more integers). It
then uses the for loop to initialize the values in the array so that each value is the
same as its index. In the for loop, each assignment is done by double-dereferencing
the handle to the record, so it will work fine.
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.
Listing 2-1.
program Fragment;
TYPE aRecord = record
myNum : integer;
myBool : boolean;
myArray : array [1..1000]) of integer;
end;
aPtr = “aRecord;
aHdl = “aPtr;
VAR myHdl : aHdl;
sparePtr : aPtr;
counter : integer;
begin
myHdl := NewHandle (SizeOf (aRecord));
{Creates a relocatable block big enough for an aRecord}
for counter := 1 to 1000 do
myHd1l~ "~ .myArray [counter] := counter;
{Initialize each value of myArray to its index;}
{for example, myArray [1l] = 1, myArray [345] = 345, etc.}
.

Getting through the compiler. The firstline of code in Listing 2-1 will never
make it through the compiler. Here’s the problem: NewHandle is a function
that returns a value of type Handle (check Inside Macintosh); myHdl is a
variable of type aHdl (check the declaration). Although you know that Han-
dle and aHd]l are the same thing, the Pascal compiler thinks they’re different,
and you'll get a Type Mismatch Error if you try to compile this line. ,

Fortunately, most Macintosh Pascal compilers provide an easy way
around this problem, since it’s such a common situation with Macintosh
programs. You can convert a value of one type to another to make the com-
piler happy. In other words, we want to make the right side of this a551gnrnent
statement an expression of type aHdl. We can do this:

myHdl := aHdl (NewHandle (SizeOf (aRecord)));

Using aHdl like this causes the compiler to change the expression’s type to
aHdl, just like the left side of the statement. Functionally, all that this tech-
nique does is satisfy the Pascal compiler’s strong type checking. This is called
type casting, and you can read more about it in the How to Get around
Pascal’s Type Checking section in Chapter 8. Type casting in C works in much
the same way.
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Experienced Pascal programmers may realize that there’s some room for effi-
ciency improvement here. Although the double-dereference appears to be a trivial
accomplishment when written in Pascal, an experienced (or fanatically stingy)
Pascal programmer will realize that the object code that the for loop produces will
need two instructions to double-dereference the handle 1000 times (every time
through the loop), getting the same master pointer every time, since the block
never moves while the program is in the loop. It would certainly be more efficient
if we could dereference the handle only once, outside the loop. That would leave
just a single instruction to dereference the master pointer inside the loop. This
variation on the program fragment, shown in Listing 2-2, does just that (the
changes are shown in bold).

4 )
Listing 2-2.
begin
myHdl := NewHandle (SizeOf (aRecord));
{Creates a relocatable block big enough for an aRecord}
sparePtr := myHdl";
{Dereferences myHdl,copying the master pointer into sparePtr}
for counter := 1 to 1000 do
sparePtr”.myArray [counter] := counter;
{Initialize each value of myArray to its index;}
{for example, myArray [1l] = 1, myArray [345] = 345, etc.}
- J

This version accomplishes exactly the same function, initializing the values in
thearray, butit does it by dereferencing the handle only once instead of 1000 times.
Is this technique safe? Let’s examine exactly what’s going on here. We said earlier
that a handle contains the address of a master pointer and that a master pointer
contains the address of a relocatable block. By writing

sparePtr := MyHdl~";

we put the contents of the master pointer (that is, the address of the relocatable
block) in sparePtr. Then comes the for loop, which relies on sparePtr (1000 times!)
to be a correct pointer to the record, which is a relocatable block.

Is it valid for us to assume that sparePtr, a copy of the master pointer, remains
a correct pointer to the record all through the loop? The answer lies in determining
if the block that the master pointer points to could be relocated. If the block is
moved, the master pointer will be updated, but not copies of it (like sparePtr). So,
if the block is not relocated after sparePtr gets assigned to myHdI’, then the master
pointer will stay the same, and sparePtr will be correct.

Is there anything that comes between the sparePtr assignment and the use of
sparePtr that would cause relocation? No. There are no calls to the Macintosh
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ROM, no calls to any procedures or functions in other segments, in fact, no calls to
anything else at all. Since there is no chance that the block will be relocated, we can
count on sparePtr to continue pointing to the record throughout the loop. Listing
2-2 will work fine.

We interrupt this message. Since sparePtr is used in the very next state-
ment after it's assigned, without anything intervening that can cause reloca-
tion, we said we could be sure that it stayed valid. What happens if an
interrupt-driven routine executes during this time and causes relocation?
Couldn’t that mess things up?

The answer is a firm yes-but. Yes, if some interrupt-driven piece of code
took control and called a routine that caused relocation to occur, such as by
calling NewHandle, it could change the master pointer and ruin sparePtr.
You shouldn’t worry about it, though, because interrupt-driven routines are
prohibited from making any call that relies on the validity of the heap. This is
because it may have interrupted the Memory Manager itself right in the
middle of moving things around, so routines that run at interrupt time can’t
make memory allocation calls.

So, if an interrupt-driven routine is relocating things in the heap, it's
breaking the rules, and it will run into trouble eventually when it tries to mess
with a heap that’s in the middle of relocation.

In Listing 2-3 we mess things up again.

Listing 2-3.

begin
myHdl := NewHandle (SizeOf (aRecord));
{Creates a relocatable block big enough for an aRecord}
sparePtr := myHdl";
{Dereferences myHdl,copying the master pointer into sparePtr}
for counter := 1 to 1000 do
begin
sparePtr”.myArray [counter] := counter;
DrawChar (chr (counter));
end;
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What have we done here? There’s now an additional statement in the loop, a
call to the ROM routine DrawChar. By looking in Inside Macintosh’s Appendix B, we
find that DrawChar is on the “routines that may move blocks in the heap” list. This
absolutely destroys the credibility of sparePtr. Since DrawChar might cause things
to be relocated, it could cause our record to move. This would update its master
pointer, of course, but not sparePtr. This is the hazard of dereferencing a handle. As
longas you can guarantee that the object will not be relocated while you're using a copy
of the master pointer, everything will be fine. In this case, we can’t guarantee that,
because the call to DrawChar might cause any relocatable block in the heap to move.

What happens if the record moves after a DrawChar call? The next time
through the loop the program will continue using sparePtr as if it still pointed to
theblock, although it no longer does. The program would begin assigning values to
bytes in memory that used to belong to the record, but now are either free or are
allocated to another block. This would cause your data to be messed up, at best; at
worst, it could cause a system error. Figure 2-13 shows how this might look.

An important question remains: why bother using a dereferenced handle?
Who cares if it takes another assembly language instruction, at the cost of a few
microseconds, to do the extra dereference within the loop? One answer to this
question is that you may have a time-critical part of your application that needs all
the time savings it can get. If you make sure that no relocation will happen while

Heap block
at 44618 Data
Heap block
at 20464 Data
/'Y
20464
X sparePtr MOStrer N sparePtr
Master pointer a now points
pointer at l 20464 | 8428 | 44618 | to random
8428 1 (fixed by ' memory!
Memory Manager) (block's
former
myHdl | 8428 I myHd! I 8428 | location)
After  sparePtr :=myHdI" After DrawChar causes heap block

to be relocated

Figure 2-13. Dangling pointer



PART ONE HOW IT ALL WORKS

you're using the dereferenced handle, you should feel perfectly comfortable about
saving time this way.

Of course, you may want to do it this way even if you're not in a time-critical
part of your code. Maybe the thought of unnecessary waste of precious processor
cycles just drives you nuts. Maybe you want to show off your code to your friends.
That's all right, too.

But maybe you're not completely comfortable doing this . . . read on.

Where's the VAR? You may have noticed something interesting about the
fragments in the preceding section. Athough we declared TYPE aRecord, we
never declared a VAR of that type—yet we used a handle and a pointer to
aRecord and accessed its fields (the declarations are repeated here for your
convenience). What's going on here?

TYPE aRecord = record
myNum : integer;
myBool : boolean;
myArray : array [1..1000] of integer;

end;
aPtr = "aRecord;
aHdl = "aPtr;

VAR myHdl : aHdl;
sparePtr : aPtr;
counter : integer;

At the beginning of the program we allocated an object in the heap the size of
an aRecord. This reserves the bytes in memory that we used for the record’s
storage. Remember that declaring a VAR means reserving space for it on the
stack; we're reserving space in the heap by calling NewHandle. Even though
the record is allocated on the heap, we can still use our handle and pointer to
get to them. We'll discuss this technique later; for more information on keep-
ing your data in relocatable blocks, see the Random Access File I/O section in
Chapter 10.

Being paranoid

As we discussed earlier in this chapter, there is a way to guarantee absolutely that
a particular relocatable block will not be moved, even if one of the relocation
triggers is pulled. You do it by using the HLock call. This call takes a handle as its
only parameter. It sets a flag that tells the Memory Manager that this block can’t be
relocated.
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Macintosh programmers who don’t completely understand what's going on in
memory (they haven’tread this chapter!) use HLock everywhere, sometimes for no
apparent reason other than to satisfy their own paranoia. For example, some pro-
grammers would call HLock (myHdl) before dereferencing it in Listing 2-2 and
then HUnlock (myHdl) at the end of the for loop.

These calls would do no harm, but they would do no good either. Since we
determined that nothing could trigger relocation during the period when we were
using the dereferenced handle, there was no need to lock it. In Listing 2-3, how-
ever, it's a different story. When we put the DrawChar call into the loop, creating a
potential for relocation, we caused sparePtr to become unreliable. But what if we
had locked the block before dereferencing it, and then unlocked it afterward, as in
Listing 2-4?

s

Listing 2-4.

begin
myHdl := NewHandle (SizeOf (aRecord));
{Creates a relocatable block big enough for an aRecord}
HLock (myHdl);
sparePtr := myHdl";
{Dereferences myHdl,copying the master pointer into sparePtr}
for counter := 1 to 1000 do
begin
sparePtr” .myArray [counter] := counter;
DrawChar (chr (counter));
end;
HUnlock (myHdl);

N\

By locking the block, we’ve guaranteed that it won’t move in the heap. Even if
DrawChar causes relocation of heap blocks to occur, our block won’t be moved
because we called HLock. So this example is safe, and the call to HLock is necessary
to guarantee that SparePtr stays valid.

Implicit dereferencing

Sometimes, when you least expect it, your friendly old compiler will pull an
implicit dereference on you. Don’t panic, though. You can easily recognize when
this is happening and how to deal with it.

An implicit dereference takes place when your compiler makes a temporary
copy of a master pointer, just as we did in the example in Listing 2-2, but it does so
without an explicit assignment like sparePtr : = myHdI";. Many compilers will do this
in certain situations in order to optimize the object code, that is, make it smaller or
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faster. In other cases, it happens as a normal consequence of the compiler’s oper-
ation. Once again, the exact details of when these implicit dereferences take place
depend on what development system you're using. We'll discuss what MPW Pas-
cal does.

Let’s declare a simple (-minded) routine:

procedure setToZero (VAR aNumber:integer);
begin

aNumber := 0; {That’s all this procedure does.}
end;

Now let’s recall our record declaration from the previous section:

TYPE aRecord = record
MyNum : integer;
myBool: boolean;
myArray : array [1..1000] of integer;
end;

Let’s make a call to our simple setToZero procedure with the integer field of the
record:

setToZero (myHdl” "~ .MyNum);

What actually gets passed to setToZero? You might expect that the value of
MyNum would be passed. However, notice that the parameter to setToZero is
declared as a VAR parameter, since setToZero alters its value. This is known as a
variable parameter. Since setToZero is going to change the value of the thing we're
passing to it, Pascal can’t simply pass the value. To change the parameter, setToZero
must know where it is in memory—its address. In fact, this is what every Pascal
compiler does when it passes a variable parameter on the stack (see Figure 2-14).
The same thing happens in C when you pass a pointer to a parameter by using the
& operator, which would look something like this:

setToZero (&((**myHdl).MyNum))

This presents an interesting problem. Pascal will pass a pointer to
myHdl”.MyNum when we call setToZero. But a pointer to myHdI".MyNum is a
fragile thing. Since this field is part of relocatable heap block, it can move, and the
pointer to it that's passed on the stack may become invalid. This can happen if
(1) setToZero is in another segment, since loading its segment might cause reloca-
tion, or (2) if setToZero calls any ROM routines that can cause relocation. In our
example, setToZero doesn’t call any relocation triggers, so (2) isn’t applicable, but
(1) could happen if setToZero is in another segment.
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Stack pointer
(SP) ——op

Figure 2-14. VAR parameter

Heap

24180: | myHdI™* .myNum

The moral to this story is this: although we’ve used an apparently safe method
by starting with the handle and double-dereferencing it, the Pascal compiler foils
us by implicitly dereferencing the handle; that is, relying on a pointer. This situa-
tion is illustrated in Figure 2-15.

A similar problem arises when you assign a function result to a field of a
relocatable block, like this:

myHd1™ " .MyNum := someFunction (someParam);

Stack

22180 @

Heap

myHdI** .myNum

Address of parameter
is pushed on stack

Figure 2-15.

Implicit dereference
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New code
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. Relocated
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Since the result of the function will be assigned to myHdI”. MyNum, Pascal
gets a pointer to it, very much as we saw it do with a variable parameter in the
previous example. Once again, this can be fatal if anything causing relocation
occurs in someFunction or if someFunction is in another segment.

Didn’t we say that a double-dereference was always a safe way to refer to a
relocatable object? Yes, it is always safe, but in these cases the compiler has turned
a double-dereference into a single-dereference. So we can now make a definitive
statement:

Fact. Double-dereferencing a handle in your application will always lead
you to the relocatable object.

Warning. Beware of the compiler. Although double-dereferencing a han-
dle is always a safe path to a relocatable object, remember that some compil-
ers, especially Pascal compilers, might create implicit dereferences. You don’t
have to worry about this with most C compilers.

Interrupt time. There are some special rules for using handles in code that
executes at interrupt time. See Appendix B for more information about using
handles in interrupt-drive code.

Once you're aware that these implicit dereferences are happening, they're
easy to fix. The most obvious way to prevent them from being a problem is to lock
the memory object by calling HLock on the handle. Remember, though, that lock-
ing the object makes it nonrelocatable and so can fragment the free space in the
heap while it’s locked. A way that won’t mess up the heap is to make a local copy
of the variable you want to pass; that is, assign it to a local variable, first for the
procedure call:

VAR localNum : integer;

localNum := myHd1l" "~ .MyNum;
setToZero (localNum);
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and also for the function call:
VAR localNum : integer;

localNum := someFunction (someParam);
myHdl1” " .MyNum := localNum;

By doing this, localNum is assigned its value safely: start with the handle and
then double-dereference. When we call setToZero, we use the local variable. Since
it’s allocated on the stack (like all local variables), it won’t move. Same thing with
someFunction. After the function returns, we can safely assign the returned value
into the record. Easy, now that you know when to expect it!

Maybe the most insidious kind of implicit dereference takes place when you
use Pascal’s seemingly innocent with statement. (There’s really nothing like this in
C,soif you're notinterested in Pascal and you're getting sleepy, you can skip ahead
to the next shaded box.) Most Pascal programmers think that with is just a method
of shorthand. Listing 2-5 gives an example.

4 )
Listing 2-5.
with myHd1l”" do begin
myNum := 1234;
myBool := true;
myArray [1l] := 1;
end;
- J

Four out of five Pascal programmers surveyed will tell you that that’s just a
source code shorthand way of doing this:

myHd1™ " .myNum := 1234;
myHdl1™ " .myBool := true;
myHdl1” " .myArray (1] := 1;

Ah, but that clever Pascal compiler: the with statement is not just shorthand for
you, the source code author. It’s also used by the compiler to optimize your code.
Let's see how this works by looking at the more conventional example in Listing 2-6.
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Listing 2-6.

VAR simpleRec : record
first : boolean;
second: integer;
third : string [255];

end;
simplePtr : ptr;
simplePtr := @simpleRec;

with simplePtr” do begin
second:= 5678;
first := true;

end;

7

When you write something like with simplePtr” do, the compiler knows that
you're about to work with fields in a record pointed to by simplePtr. The compiler
knows where in memory simplePtr" is stored, and it knows how far from the
beginning of the record each of its fields is stored. So, to optimize, it puts the
address of the record (that is, a pointer to simpleRec) into a register, a special
location within the 68000 itself, so that it can access it quickly. Then, when you refer
to fields of the record, such as simplePtr".second, it calculates how far from the
beginning of the record second is, quickly adds this offset to the pointer it stashed
in the register, and then stores 5678 there. Figure 2-16 illustrates how this works.

with simplePtr* do...

58296:
68000 register

58296

Stack

simpleRec

With statement puts the record's address in a
register (a memory location within the 68000 itself)

Figure 2-16. A with statement
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This is a good way for the compiler to optimize your program a little. Our
example here, simpleRec, is a static (stack-based) variable, so there’s no problem
with saving a pointer to it—it can never move. However, as you might imagine, you
can get into a little trouble when relocatable blocks are about. In Listing 2-5, the
record named in the with statement is a double-dereferenced handle. Once again,
Pascal is doing just a little something special. To optimize the with statement, the
compiler will put a pointer to the record in a register, as we discussed previously. But
look out—the record is a relocatable block, and that pointer is extremely fragile! One
relocation trigger within the body of the with statement and you can (at least poten-
tially) wave goodbye to your record as it floats out of sight. Just because you're used to
disaster by now, there’s a graphic illustration of this kind of thing in Figure 2-17.

In the case of our example, Listing 2-5, we can guarantee that this problem will
not happen. See if you can figure out how we know this before continuing. Go
ahead ... T'll wait.

The entire body of the with statement contains just the three assignments to
myNum, myBool, and myArray[1]. We know that these are not relocation triggers,
sowe know that the record will not move in the heap. Since the record won’t move,
we know that the pointer to the record that the compiler put in the register will be
valid. If you figured this out, you deserve a cookie; if not, you should study this
chapter some more.

What if there were relocation triggers in the body of the with statement, like a
GetResource call or a call to a routine in another segment? Just HLock the handle
before the with statement and then HUnlock it after. Remember that the locked
block can fragment the heap, so you may want to skip the with altogether and just

With myHdI** do... Heap Heap

68000 register 68000 register

29688

29688

———20688; 29688:
[
With statement puts A statement in body of
record's address in a the with statement calls
register NewHandle, causing relocation

Figure 2-17. With statement causes dangling pointer

‘ Relocated
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write it out longhand if you find that your heap is getting chopped up by allocation
of new blocks in the with statement. Once again, the most important thing about
this kind of implicit dereference s for you to be aware of it, able to see it coming, and
able to work around it (by HLocking or avoiding the with).

C programmers. If you use C, you may be chuckling by now. In C, you're
generally a little closer to the machine, so you get more warning when a
handle is dereferenced. Whenever a pointer to something must be passed,
you must specify it explicitly, so you can watch out for passing pointers to
relocatable objects. Also, C doesn’t really have anything analogous to Pascal’s
with, so that implicit dereference doesn’t happen.

That's about it for the problem of dangling pointers to relocatable objects.
Figure 2-18 has a list of the potential kinds of handle dereferences that can kill you
and suggested remedies.

Any of the situations listed in Figure 2-18 can cause a dereferenced handle to be
used. If this occurs, any of the situations listed in Figure 2-11 can move the relocat-
able block, causing the dereferenced handle to become incorrect. To avoid this
problem, use the remedies listed in Figure 2-18.

Figure 2-18. Problem dereferencing situations

Dereferencing situation How to avoid it

Explicit dereference: Don’t do it; double-dereference
thePtr : = theHdI" the handle instead: theHdl™

Implicit dereferences:
Pascal dereferences in with statement: Avoid relocation triggers in body
with theHdI™ do of with statement; if you can’t,

don’t use with, or HLock/HUnlock.

Parameter passed in cross-segment call: Copy the parameter into a local
SetToZero (my HdlI".myNum) variable before calling, then

pass the local instead:
localNum : = myHdI”. myNum;

SetToZero (localNum)
Function result: Use a local variable as the
myHd]”.myNum : = aFunction (xyz) function result, then copy it into
the heap block:

localNum : = aFunction (xyz);
myHdI”.myNum : = localNum
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Things to remember

*® Applications use space in two memory areas, the application heap and the
stack.

® Under MultiFinder, or System 7, each application has its own application
heap and stack.

¢ Global and local variables are kept on the stack.

® Objects created with newHandle and NewPtr, including most blocks cre-
ated by the Toolbox, are kept in the heap.

¢ Heap blocks may be either relocatable or nonrelocatable.

® When you have the freedom of choice in creating a heap block, you should
make it relocatable, since nonrelocatables can fragment, or clog up, your
heap, and heap blocks must consist of contiguous bytes.

® Relocatable blocks can move, but only at well-defined, predictable times:
when there’s a call (directly or indirectly) to NewHandle, NewPtr,
SetHandleSize, and SetPtrSize, as well as to four other, less commonly used
Memory Manager calls.

¢ You should be careful not to single-dereference a handle and then use the
dereferenced handle after a heap compaction has occurred.

¢ If necessary, you can ensure that a relocatable block won’t move by HLocking

it, but you should be sure to unlock things as soon as you can, and you
should call MoveHHi on a block before locking it for very long.
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More about Heaps
and Fragmentation

In this chapter we’ll continue delving into how Macintosh heaps work and what
happens to the things in them. We'll also talk in depth about some important data
structures that you'll find associated with heap objects, including the heap zone
header, heap block header, and master pointer.

We'll discuss how debugging Macintosh heap structures has evolved in recent
years with the emergence of 32-bit addressing, and we'll talk about how to deal
with the fact that the data structures in 32-bit heaps aren’t documented.

We'll talk about how you can reduce fragmentation, which can make more
memory available to your application. We'll also talk about using segmentation to
split your program up into individually loadable pieces, which is another way of
conserving memory space.

What does “out of memory” really mean?

The memory map back in Figure 2-1 showed that the application heap and the
stack occupy the same part of memory, and the arrows suggest that they move
toward each other. That's true: as the stack expands, it reaches downward into
memory; as the heap grows, it moves upward toward the top of the stack. If these
two friendly adversaries ever collide, you're out of memory. Let’s take a look at
how that happens.

55
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We discussed earlier how objects in memory are allocated. We said that stack
objects are created when the high-level language programmer declares a variable,
as with VAR in Pascal, and that heap blocks are created by calling Memory Manager
routines like NewHandle and NewPtr. When an application starts up, both the
stack and the heap are allotted a certain amount of RAM.

This allocation is controlled by several global variables. For example, the size
allotted to the stack is taken from a global variable called DefltStack. A pointer to
the start of the heap is kept in the variable called ApplZone, and HeapEnd contains
the address of the end of the heap. The heap begins with a 6K allocation, but the
system also sets aside an area past the end of the heap that may be used by either
the heap or the stack, whichever asks for it first. Since this space is usually claimed
by the heap, it's often called the growable heap space. The end of this area is
pointed to by ApplLimit. This setup is shown in Figure 3-1. Under MultiFinder,
every application’s partition is divided this way.

In almost every application, the bulk of RAM is taken up by the heap rather
than the stack. When you ask the Memory Manager for a new block by calling
NewHandle or NewPtr, it first attempts to find the space within the confines of the
current heap, that is, somewhere between ApplZone and HeapEnd. If it can’t
allocate the requested space there, the Memory Manager will grow the heap by
moving HeapEnd farther up in memory, if there’s any “growable” space left.

Stack

ApplLimit &

Growable

heap space
HeapEnd >

Application

heap
ApplZone ——9>

Figure 3-1. Partial Macintosh memory map
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One drawback to the technique used by the Memory Manager to allocate space
is that it will relocate and purge blocks in the heap before attempting to grow the
heap. In most applications, the initial stack space that the system sets aside is
plenty, and we would prefer to pregrow the heap to its maximum size. This makes
purging of blocks an almost last-resort technique for the Memory Manager, ensur-
ing that it won't try to purge blocks unless the heap is fully grown.

Since so many applications want to pregrow their heaps to ApplLimit, a rou-
tine called MaxApplZone is provided to do just that automatically. By calling
MaxApplZone once at the beginning of your application, you will ensure that your
heap is grown to its maximum size. Tests done by Keith Rollin of Macintosh Pro-
gramming Secrets fame have shown that calling MaxApplZone can significantly
improve the performance of your program.

When the Memory Manager needs to grow the heap, it moves HeapEnd higher
and higher in memory, but it can never move it higher than ApplLimit.

When you request memory from the Memory Manager and it can’t find
enough, even after purging purgeable blocks, relocating relocatable blocks, and
growing the heap as far as it can, it makes one last-ditch effort to find enough
memory to satisfy your request: it yells to you for help. This yell is in the form of a
function call. This function, which you usually include in your application’s code,
is called a grow zone function.

Here's how it works: when the Memory Manager determines that there’s not
enough room in the heap to fulfill a request for memory, it calls your grow zone
function, passing to you the number of bytes it needs to fulfill the memory request.
Your application should then do something to free up heap space, if possible. If
you're able to free some memory, you set the value of your grow zone function
result to a nonzero number; if you can’t free up anything, you should return a zero.

If you are able to free some memory, but not enough to make the Memory
Manager happy, it will call you again (it’s very persistent). It will continue calling
you until it gets enough memory or you signal that you can’t find any more (by
returning zero).

What can you do to free up memory in your grow zone function? The best
thing to do is to assume in advance that the grow zone function will be called and
plan for it. For example, you can run your application with some of your most
important resources set to nonpurgeable. This will keep them in memory and help
the application run faster, since the resources won’t have to be reloaded from disk
after they're purged and needed again. Then, when your grow zone function is
called and there’s no more space for luxurious living, you can make them purge-
able and return a nonzero result when your grow zone function is called.
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Don’t look back. Note that one of the things you can’t do in a grow zone
function is cancel the memory allocation request that triggered the callin the
first place. The Memory Manager must either find the memory or return an
error (memFullErr). Asking for memory is like jumping off a cliff: once you've
done it, there’s no turning back.

If you've looked everywhere, even behind the couch, and just can’t find a
single byte of memory, you'll return a zero as the grow zone function’s result. If the
memory request came from the ROM itself, this situation will often cause the
system to abandon ship and generate system error 25 (can’t allocate requested
memory block in the heap). What a terrible thing to do to users! There’s a moral
here: we should try to be sure that we never run out of memory this way.

One technique for doing this is to have a special “monitor” block in the heap
that does nothing but tell us how the heap allocation is doing. In this technique,
you allocate a relocatable block of a predetermined size, say 30K, when your appli-
cation starts up. Then, if your grow zone function gets called, you know that you're
within about 30K of running out of memory, minus the amount of memory
requested in the grow zone call. (For this to work, your heap must be reasonably
free of fragmentation.) You can then use SetHandleSize to reduce the size of your
monitor block, and the newly freed memory will be allocated to the new block.

By using this technique, you can have a better handle (no pun intended) on
what’s going on in your heap. This way, when your monitor block starts getting
small, you can issue a warning to your user, which says to do something that will
free up more memory (like closing windows or saving a document), or you can
have your application take some action of its own. You should also include a “’final
warning” for when your monitor block gets precariously small, giving the user
instructions on how to free up space immediately. With careful planning, you
should be able to avoid a system error. In the worst case, when your grow zone gets
a memory request that you can’t fulfill, even by eliminating the monitor block, you
should force the user to save any work in memory and then quit the application.

Notice that the name “grow zone function” is pretty nondescriptive about
what it actually does. The function doesn’t really grow the heap; it tries to create
more free space by various means, but heap “growing” is done automatically by
the Memory Manager.
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Warning. Be careful what you try to do within a grow zone function. The
function is being called because the heap is almost full, so any operations that
require even a small amount of memory, like putting up a dialog, may fail.
The best strategy is to keep enough memory in the monitor block to handle
allocation of objects needed in the “final warning” situation. In other words,
if you determine that you need 2K to execute your “final warning’’ proce-
dure, don’t ever let the size of your monitor block get below 2K. If you can’t
keep it above that size, you should force the user to save and then quit.

This is just a suggestion of things you can do when you're running out of heap
space. You can push the state of the art by coming up with your own techniques.
Remember this guideline: a well-written program should try to save the user from
ever seeing a system error.

Since the Macintosh has two different kinds of memory for an application, the
heap and the stack, there are two distinct kinds of out-of-memory conditions. We
just discussed what happens when the heap runs out of space. The stack can run out
of space, too, and the result is very similar: a system error, number 28 in this case. The
things that cause error 28 and the methods of prevention are a lot different, though.

All the blocks in the heap are allocated by calling the Memory Manager, which
is a piece of the ROM-based operating system. When it runs out of space, it signals
with an error. You might say that the heap is tame—everything that happens in the
heap is controlled by the Memory Manager. It can never grow beyond its limit,
which is kept in the system global called ApplLimit.

The stack, on the other hand, is a data structure that’s completely maintained
by the Macintosh’s microprocessor. Items are allocated on the stack by machine
language instructions, and any one of those instructions could cause the stack to
grow so much that it crashes into the heap. The Memory Manager is a Macintosh
concept that was invented long after the microprocessor was sealed in silicon, and
the microprocessor doesn’t know how to check before growing the stack to see if
it's about to crash into the heap. Compared to the heap, the stack is wild.

To help tame the stack just a little, the Macintosh operating system has imple-
mented a tiny piece of ROM-based code called the stack sniffer. The stack sniffer
has the job of looking at the top of the stack every once in a while to see if it has
crashed into the heap. In this case, every once in a while is every sixtieth of a
second. When it checks, the stack sniffer looks to see if the top of the stack is lower
than the highest block in the heap. If it is, the stack has destroyed data in the heap,
we're in deep trouble, and the stack sniffer puts up system error 28. Figure 3-2
shows how this stack overflow error can happen.

There are two important things to notice here. The first is that, unlike the
out-of-heap-space problem, we can’t do anything when the stack runs into the
heap: there’s no ““grow stack function.” Once the problem is known, the damage is
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Figure 3-2. Stack overflow

already done, and data in the heap has already been smashed by the stack. The
second interesting thing is that the stack sniffer only checks things out every
sixtieth of a second. This may seem like plenty often to you and me, but it’s a long
time to a Macintosh. A lot of processing can happen in that time, and it’s possible
that the stack could grow into the heap, bash a few bytes, then sneak back into the
electronic vapor before a sixtieth of a second passes. In this case, the stack crash
goes unnoticed, until you try to use the corrupted memory that the stack
destroyed. This sounds pretty bad, butin practice it's very rare that an unseen stack
overflow will cause a problem in this way. After all, it is just a sixtieth of a second.
Just something to think about when you're debugging.

What causes the stack to grow? As we've said, the stack is mainly used for local
variables and for parameters passed to routines. In addition, assembly language
routines (like the ones in the ROM) often use the stack as a place for keeping
variables temporarily. Also, remember that stack space fluctuates: when one rou-
tine calls another, which calls a third, each routine will use space for its parameters
and locals. As each routine ends, the space for its parameters and locals will be
reclaimed, and the stack will shrink.

The memory that the system gives your application for stack space is usually
more than enough for the parameters and local variables used by your own rou-
tines. Usually, stack overflows are caused by particular ROM routines that use large
amounts of stack space, most of which are noted in Inside Macintosh. If you get a
stack overflow when using one of these routines, you can use the information for
that routine in Inside Macintosh to work around the problem. If a call to one of your
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own routines is causing the stack overflow, you may be able to rewrite it so that it
has fewer parameters or fewer local variables. You can determine how much stack
space your routines use by adding up the sizes of your parameters and local
variables according to the chart in Figure 3-3.

Warning. If you're getting stack overflows, be sure you understand how
much space your local variables and parameters are using. For example, a
Pascal str255 takes 256 bytes, no matter how many characters of the string are
actually used. Also, look out for obscure types like text. With many compilers,
a variable of type text will take several hundred bytes of stack space. You
should also watch out for a compiler’s built-in routines. In particular, Pascal’s
concat call can take an enormous amount of stack space. The only sure way to
find out how much stack space a routine is using is to observe it by looking at
the compiled code and the stack itself while the suspected stack hog is exe-
cuting. We'll talk a lot more about this kind of stuff starting in Chapter 5.
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