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PREFACE

The heart of a personal computer is a microprocessor, which handles the computer’s re-
quirements for arithmetic, logic, and control. The microprocessor had its origin in the
1960s, when research designers devised the integrated circuit (IC) by combining various
electronic components into a single component on a silicon “chip.” In the early 1970s Intel
introduced the 8008 chip, which ushered in the first generation of microprocessors.

By 1974 the 8008 had evolved into the 8080, a popular second-generation micro-
processor with general-purpose use. In 1978 Intel produced the third-generation 8086
processor, which represented a significant advance in its design. The 8088, a variation of
the 8086, provided a slightly simpler design and compatibility with then-current input/out-
put devices. The 8088 was selected by IBM in 1981 for its forthcoming personal computer.
Enhanced versions of the 8086 include the 80286, 80386, 80486, Pentium, and other more
advanced Pentium and Celeron models, each of which provides additional processing
power. )

Each family of processors has its own unique set of instructions that are used to di-
rect its operations, such as accept input from a keyboard, display data on a screen, and per-
form arithmetic. This set of instructions (the machine language) is too complex and obscure
for use in the development of programs. Software suppliers provide an assembly language
for the processor family that represents the various instructions in more understandable
symbolic code.

LEVELS OF PROGRAMMING
The levels of programming languages are the following:

* Machine language consists of the individual instructions that the processor executes
one at a time; these are embedded in the operating system and in the low-level
ready-only portions of the machine architecture.
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» Low-level assembly language is designed for a specific family of processors; the sym-
bolic instructions directly relate to machine language instructions one-for-one and are
assembled into machine language.

* High-level languages such as C, C++, and Visual BASIC were designed to eliminate
the technicalities of a particular computer; statements compiled in a high-level lan-
guage typically generate many low-level instructions.

ADVANTAGES OF ASSEMBLY LANGUAGE
A knowledge and use of assembly language includes these advantages:

* Shows how programs interface with the operating system, the processor, and BIOS.

« Shows how data is represented and stored in memory and on external devices.

* Clarifies how the processor accesses and executes instructions and how instructions
access and process data.

¢ Clarifies how a program accesses external devices.

As well, reasons for using assembly language include the following:

* A program written in assembly language requires considerably less memory and
execution time than one written in a high-level language.

» Assembly language gives a programmer the ability to perform highly technical tasks
that would be difficult, if not impossible, in a high-level language.

* Although most software specialists develop new applications in high-level languages,
which are easier to write and maintain, a common practice is to recode in assembly
language those sections that are time-critical.

* Resident programs (that reside in memory while other programs execute) and
interrupt service routines (that handle input and output) are almost always
developed in assembly language.

The following material is required for learning PC assembly language:

¢ Access to an IBM personal computer (any model) or equivalent compatible.

¢ A copy of the Windows 95/98 or DOS operating system and familiarity with its use.
It is much easier to learn the intricacies of assembly language while working within
a relatively simple operating system like DOS rather than within the Windows envi-
ronment. Within DOS, you can freely experiment and can later step up to the Win-
dows environment.

* A copy of an assembler translator program. Common suppliers include Microsoft,
Borland, and SLR Systems.

The following are not required for learning assembly language:

* Prior knowledge of a programming language, although such knowledge may help
you grasp some programming concepts more readily.

* Prior knowledge of electronics or circuitry. This book provides all the information
about the PC’s architecture that you require for programming in assembly language.
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FOCUS OF THIS BOOK

To assist readers in learning assembly language programming, this book first covers the
simpler aspects of the hardware and the language and then introduces instructions as they
are needed. As well, the text emphasizes clarity in program examples. Thus the examples
use those instructions and approaches that are the easiest to understand, even though a pro-
fessional programmer would often solve similar problems with more sophisticated—abut
less clear—code.

The programs also omit macro instructions (explained in Chapter 21); although pro-
fessional programmers use macros extensively, their appearance in a book of this nature
would interfere with learning the principles of the language. Once you have learned these
principles, you can then adopt the techniques of the professional.

THE APPROACH TO TAKE

This book can act as both a tutorial and a reference. To make the most effective use of your
investment in a PC and software, work through each chapter carefully and reread any ma-
terial that is not immediately clear. Use the program examples and get them to execute (or
*“run”) on your computer. Also, be sure to work through the exercises at the end of each
chapter.

The first eight chapters furnish the foundation material for assembly language. Af-
ter studying these chapters, you can proceed with Chapters 9, 11, 12, 14, 135, 16, 20, 21,
or 22. Chapters 24 through 26 are intended as references. Chapters related to each other
are: '

* 8 through 10 (screen and keyboard operations)
* 12 and 13 (arithmetic operations)

* 16 through 19 (disk processing)

* 22 and 23 (subprograms and overlays)

On completing this book, you will be able to:

* Understand the hardware of the personal computer.

* Understand machine-language code and hexadecimal format.

* Understand the steps involved in assembling, linking, and executing a program.

* Write programs in assembly language to handle the keyboard and screen, perform

arithmetic, convert between ASCH and binary formats, perform table searches and
sorts, and handle disk input and output.

* Trace machine execution as an aid in program debugging.
* Write your own macro instructions to facilitate faster coding.
* Link separately assembled programs into one executable program,

Learning assembly language and getting your programs to work is an exciting
and challenging experience. For the time and effort invested, the rewards are sure 1o be
great.
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NOTES ON THE FIFTH EDITION

This fifth edition reflects a considerable number of enhancements to the previous edition,
including the following:

* More features of the Intel Pentium processors

* More program examples and exercises

« Earlier introduction to interrupt operations

» Considerable reorganization and revision of explanations throughout the text

* More material on protected mode, passing parameters, the use of the stack, address-
ing modes, video systems and INT 10H functions, array handling, subprograms, and
ports

* Revised and additional questions at the end of each chapter.

Users of the fourth edition should note that the contents of Chapter 7 (.COM Pro-
grams) has been combined in this edition with Chapter 5. Also, Chapter 21 has been dis-
persed in this way: the material on mouse handling to its own chapter (15) and the rest of
the chapter (ports, string I/O, and sound) combined with BIOS and program interrupts in
Chapter 24.

Note to the Student/Reader: Check out the web site for answers to selected questions,
programs from the book for downloading, and questions for trying out. The address is
www.prenhall.com/abel

Note to the Instructor: An instructors’ CD with software, additional problems, and so-
lutions is available for adopters of the book.

Acknowledgments
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