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foreword

Twill never forget the first conversation I had with Jim Sather. He was then in the process of
writing his first book, Understanding the Apple I1. Jim and I discussed the details, anoma-
lies, oversights, and paradoxes of the Apple IT hardware as we drove the LA freeways. Designers
like myself find it very rewarding to encounter others who understand and appreciate what we
feel are the tricks and magic of our circuits. I was able to add to the magic by explaining the
unusual framework in which the computer was designed. From my conversations with him, and
Sfrom his writing, it is obvious that Jim has a contagious enthusiasm about Apple computers, and
this enthusiasm is sure to spread to readers of his books. In Understanding the Apple II, Jim
provided the definitive treatment of Apple IT hardware. He has now followed that effort with the
equally definitive Understanding the Apple Ile.

Patterned after the earlier book, Understanding the Apple Ile leaves no stone unturned in
the search into the inner workings of the Apple Ile computer. All facets of the Apple are revealed,
from basic microprocessor operation to the inner secrets of the Apple Ile custom ICs. Disk
controller operation—my favorite subject—is explained in great detail. Numerous program-
ming examples illustrate the application of hardware knowledge.

Anyone who 1s at all concerned about the workings of the Apple Ile will benefit from this book,
as will students and programmers who have a need for reliable hardware reference material. It
18 an inclusive source for a great variety of Apple Ile information. The Apple Ile holds a special
niche in the history of microcomputers. Documentation of this quality is worthy of the computer it
describes.



preface

It has been close to a decade since an unknown kid,
having some fun in his own creative way, built the
first Apple computer. What a difference a decade
makes. Our boy is well known now, and he and his
pals have built millions of Apples with which mil-
lions of people have had a tremendous amount of fun
in their own creative ways.

The creative ways of different people lead them in
different directions, and not all Apple owners use
their computer for the same purposes. Yet diverse as
they are, people who use their Apple have a common
need for knowledge and understanding of the work-
ings of the computer. Most of them will teach them-
selves almost everything they learn about the Apple,
so they also have a need for tutorial literature and
meaningful reference material to guide them down
their chosen paths.

The purpose of Understanding the Apple Ile is to
provide tutorial descriptions and reference mate-
rial concerning the most basic of Apple Ile related
knowledge. It contains explanations of how the
hardware works and how programmers make the
hardware work. Emphasis is placed on assisting the
reader in attaining operational knowledge of the
Apple Ile. Operational knowledge consists of know-
ing what the Apple Ile can do, knowing how to make
itdo it, and knowing what a controlling program is
making the Apple IIe do. By way of assisting the
reader in achieving his goals, the goals of this book
are:

1. To provide clear descriptions of microcomputer
fundamentals and of the operational features of
the Apple Ile.

2. To provide examples that show how knowledge
of the operational features of the Apple Ile can
be applied.

3. To provide meaningful reference material con-
cerning Apple Ile hardware and operational
features.

4. To serve as a textbook for Apple-based high
school or university courses teaching computer
fundamentals.

5. To fill information gaps in Apple Ile literature

by describing previously undocumented opera-
tional features.

Those who will benefit from reading Understand-
ing the Apple Ile are inquiring people who want to
spend some time learning about this machine. Gen-
erally speaking, this refers to those persons who
program the Apple Ile in any language. It is recog-
nized that different people will carry their investi-
gation to different depths. For those who donot have
the time or desire to reach the greater depths, the
overview, busstructure, and I/O chapters (Chapters
1,2,and 7), as well as the application notes at theend
of every chapter, are recommended as providing a
good foundation for understanding the Apple Ile.
As a textbook for students or a learning guide to
hard core enthusiasts, cover to cover reading is
recommended.

While an inquiring mind is the only qualification
required of a reader of this book, certain sections
will be difficult for those readers without some
background knowledge. In order of descending
importance, helpful background knowledge in-
cludes understanding of BASIC programming lan-
guage, hexadecimal and binary number systems,
6502 assembly language, and technical illustrative
aids such as timing diagrams, truth tables, and
schematic diagrams. It should be noted by all read-
ers that (except for the technical aids) they will
eventually have to acquire the listed background
knowledge if they are to achieve a real understand-
ing of the Apple Ile computer. It is hoped that the
nontechnical aids and language in Understanding
the Apple Ile are sufficiently descriptive, and thata
technical background, although helpful, is not neces-
sary. In general, the later chapters contain more
detailed and technical information than the earlier
chapters, and the earlier sections in each chapter
are less technically oriented. Appendices E and F
contain some basic information on number systems
and circuit symbols for those readers who come to
this book with no previous knowledge of these
subjects.

Even though Understanding the Apple Ile is not a
programming instruction manual, many program-
ming examples that illustrate applications of the
principles being discussed are given in the body of
the text. Where possible, these examples are written



in BASIC so that the clearest attainable level of
illustration results. In addition, a number of soft-
ware application notes are included at the end of
various chapters which further demonstrate the
application of principles. These programming notes
are included because understanding the Apple Ile
includes a combination of programming knowledge
and hardware knowledge. Unless noted otherwise,
all software examples are creations of the author
and are hereby placed in the public domain. The
author requests that he be given credit as the pro-
grammer in all reproductions of these programs.

A number of hardware application notes are also
ineluded at the ends of chapters. Some of these notes
describe hardware projects which demonstrate rele-
vant principles. Other notes are simple descriptions
of hardware modifications that enhance operation
in some way. Figure 4.7 is an original design of the
author. Readers are encouraged to study, build, or
integrate it into their own designs. The author
requests that he be given credit as the designer in
any reproduction or other use of this schematic. The
D MAnual Controller is being manufactured by the
Southern California Research Group, and is avail-
able by mail as noted in Chapter 4.

Several hardware application notes detail modi-
fications to the Apple or Apple peripherals. Please
read the NOTE OF CAUTION following the Table
of Contents before performing any modifications to
your equipment. It is recommended that readers
unskilled in electronies workmanship who desire a
modification have the work performed at a comput-
er dealership or by a skilled friend. Persons who
modify their hardware should be able, or know
someone who is willing and able, to repair the modi-
fied assembly if it should fail.

Understanding the Apple Ile is the companion of
my previously published work, Understanding the
Apple IT*. These two books are identical in format
and outline, one describing the Apple II computer
and the other describing the Apple Ile. Readers of
?oth books will find that, where operational features
in the two computers are identical, the text in the
two books is identical. Those readers will also find
that some application notes which are relevant to
both the Apple IT and Apple Ile are found in both
books. To the extent that operational features and
hardware implementation in the Apple Ileisdiffer-
ent than that of the Apple II, Understanding the

?Ipme Ileis different from Understanding the Apple

*Quality Software, 1983,

In deference to readers who have experience only
with the Apple Ile, descriptions in Understanding
the Apple Ile assume that the reader is not familiar
with the functioning of the older Apple I1. However,
Apple II features and functions are sometimes de-
scribed in order to clarify differences between the
two computers or to explain why Apple lle features
exist. Some notes on differences between the Apple
IT and Ile are contained in Appendix L

There are differences among Apples that are sold
in various regions of the world, and it is sometimes
difficult to make statements that are accurate for all
versions. Generally, deseriptions in this book per-
tain to the Apple Ile as it is sold in the USA with
separate sections devoted to deseriptions of export
versions. Readers in other countries should be aware
that some descriptions, in particular those dealing
with signal frequency and video generation, may
give details that are not accurate in their country.
Those readers should rely on the sections of Chap-
ters 3 and 8 that deal directly with international
Apples for guidance. Additionally, it should be
noted that program listings in Figures 3.11and 3.12
have to be modified if they are to operate correctly in
50 Hz display scanning Apples such as those found
in Europe.

Figures 1.1, 3.8, 3.10, 5.3, 5.13, 7.1, and 8.5 illus-
trate functions internal to the Apple Ile special pur-
pose integrated circuits (the IOU, MMU, and timing
HAL). These drawings are my own representations
of those internal functions, based on my observa-
tions of Apple Ile signals and features. These draw-
ings do not accurately show internal circuit detail,
but are intended only to accurately depict internal
circuit functions.

Understanding the Apple Ile is the result of an
intensive investigation of the Apple Ile computer by
the author. There is no other source of much of the
information covered here, and the possibility of
error exists on the part of the author. For those
errors which do exist, the author is truly sorry.

The Apple Ile is not a perfect computer, Apple
Computer, Inc. is not a perfect company, and I am
not a perfect author. There are many opinions of the
author in the body of the text, and some of them are
negative toward the Apple Ile or the company that
manufactures it. The reader must rely on his own
judgment to evaluate these opinions. Although I
am sometimes critical of Apple Computer, Inc., I
acknowledge that the actions of this company have
enriched my life. Although I am sometimes critical
of the Apple Ile, I believe it is the best personal
computer that money can buy.
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