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PREFACE

This book presents an introduction to the science of computing. It reveals the
breadth of the subject while including enough depth to convey an honest

appreciation for the topics involved. I wrote the text with two audiences in
mind.

Computer Science Majors

The first audicnce consists of computer science majors in the carly stages of
their academic careers. Students at this stage tend to equate computer science
with programming and Web browsing because that is essentially all they have
seen. Yet computer science is much more than this. In turn, beginning com-
puter science students need exposure to the breadth of the subject in which
they are planning to major. Providing this exposure is the purpose of this book.
It gives students an overview of computer science—a foundation from which

they can appreciate the relevance and interrelationships of future courses in the
field.

Students of Other Disciplines

I also designed this book for majors of other disciplines. A computer science
course for nonmajors should provide a fundamental understanding of the entire
field. Such a background gives students the ability to relate to the technical
society in which they live and to continue to learn independently—a capability
that is mandatory in today’s rapidly changing environment. This is the model
used for survey courses in the natural sciences, and this is the model on which
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this book is designed. After taking a course based on this text, students will have

an understanding of computer science that will continue to pay dividends well
into the furure.

Organization

The text follows a bottom-up approach that progresses from the concrete to the
abstract—an order that results in a sound pedagogical presentation in which
cach topic leads to the next. Part 1 presents issues associated with hardware. It
begins by explaining how information is represented and recorded in machines
and how these techniques affect the machine’s characteristics (Chapter 1). It
then describes how machines manipulate data by means of machine language
programs {Chapter 2).

In Part 2 the text advances to topics associated with software, beginning
with how the activities of a machine are coordinated by an operating system and
how this coordination of activities is expanding to incorporate entire networks
and internetworks (Chapter 3). At this point students will have obtained a use-
ful understanding of a typical computer system. In fact, Chapters 1 through 3
could be used as a text for a short course titled “What Every Savvy Computer
User Should Know.”

Part 2 continues by addressing issues of software development, including
the topics of algorithm development and analysis (Chapter 4), programming
languages and programming paradigms (Chapter 5), and software engineering
{Chapter 6).

Part 3 expands on the ideas in Part 2 by considering the relationship
between algorithms and data storage organizations. In particular, this part
includes an introduction to data structures (Chapter 7), the rudiments of file
storage (Chapter 8), and an overview of database systems (Chapter 9).

The plot culminates in Part 4 by investigating the ultimate capabilities of
machines. This part begins with a chapter on artificial intelligence, which
explores techniques used to produce computers that exhibit the ability to per-
ceive and reason (Chapter 10). It closes by examining the constraints inherent
in algorithmic systems and the boundaries that these constraints place on the
capabilities of machines (Chapter 11).

In addition to this overall plot, there are several themes woven through-
out the text. One is that computer science is dynamic. The text repeatedly
presents topics in a historical perspective, discusses the state of the art, and
indicates directions of current research. Another theme is the role of abstrac-
tion and the way in which abstract tools are used to control complexity.
Indeed, even the book’s organization reinforces this theme by presenting top-
ics in an order of progressing, abstraction—hardware provides abstract tools

used by system software, and system software provides abstract tools used by
application software.



To the Student

I was introduced to the field of computing during my tour in the US Navy back
in the late 1960s and early 1970s. (Yes, that makes me old—but it will happen
to you also.) I spent most of these Navy days maintaining the system software at
the Navy’s computer installation in London, England. After my tour was com-
pleted, I returned to school and finished my PhD in 1975. [’ve been teaching
computer science and mathematics ever since.

A lot has changed in computer science over the years, but a lot has
remained the same. In particular, computer science was, and still is, fascinating.
There are a lot of awesome things going on out there. The development of the
Internet, progress in artificial intelligence, and the ability to collect and dissem-
inate information in unheard of proportions are only some of the things that
will affect your life. You live in an exciting, changing world, and you have the
opportunity to be a part of the action. Take it! The more you learn, the better
prepared you will be. This book will provide a foundation, but it is not the end.
Read it, and then read more. One of the most rewarding skills you can devclop
is the ability to learn on your own.

To the Instructor

There is more material in this text than can normally be covered in a single
semester so do not hesitate to skip topics that do not fit your course objectives.
I wrote the book to be used as a course resource—not as a course definition.
You will find that, although the entire text follows a plot, the topics are covered
in an independent manner that allows you to pick and choose as you desire. 1
have used asterisks in the table of contents at the beginning of each chapter to
indicate those sections that I suggest as optional, but these are certainly not cast
in stone. I also suggest that you consider covering some topics as rcading
assignments. I think we underrate students when we assume that we have to
explain everything in class. [ often assign an entire chapter as a reading assign-
ment and then use class time to explain certain points or to expand portions of
the text from my own experiences.

I have already explained that the text follows a bottom-up, concrete-to-
abstract organization, but I want to expand on this a bit. As academics we too
often assume that students will appreciate our perspective of a subject—often
one that we have developed over years of working in a ficld. As teachers we do
better by presenting material from the student’s perspective. This is why the
text starts with data representation/storage and builds from there. Today’s stu-
dents are familiar with magnetic disks, modems, and CDs, and I find that they
respond to learning how these devices work. 1 sec them discovering answers to
many of their “why” questions and learning to view the course as practical
rather than theoretical. From this beginning it is natural to investigate the soft-
ware that controls these devices and then to consider how they can develop
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their own software. This leads into such abstract issues as algorithm develop-
ment, representation, and complexity, which is the heart of most traditional
introductory computer science courses.

We are all aware that students learn a lot more than we teach them directly,
and the lessons they learn indirectly are often better absorbed than those that
are studied explicitly. This is significant when it comes to “teaching” problem
solving. Students do not learn to solve problems by studying problem-solving
methodologies as an isolated subject. They learn to solve problems by solving
problems. So I have included numerous problems throughout the text. I
encourage you to use them and to expand on them.

Another topic that I place in this same category is that of professionalism,
ethics, and social responsibility. I do not believe that this material should be pre-
sented as an isolated subject. Instead, it should surface when it is relevant,
which is the approach I have taken in this text. In particular, you will find that
Sections 0.5, 3.7, 6.1, 6.7, 9.6, 10.1, and 10.7 present such topics as security,
privacy, liability, and social awareness in the context of networking, database
systemns, software engineering, and artificial intelligence. You will also find that
each chapter includes a collection of questions called Social Issues that challenge
students to think about the relationship between the material in the text and the
society in which they live.

Pedagogical Features

This text is the product of many years of teaching. As a result, it is rich in peda-
gogical aids. Paramount is the abundance of problems to enhance the student’s
participation. Each section within a chapter closes with Questions/Exercises to
challenge students to think independently. This feature reviews the material just
discussed, extends the previous discussion, or hints at related topics to be cov-
ered later. These questions are answered in Appendix F.

Moreover, each chapter (except for the introductory chapter) closes with
two sets of problems. The first of these is a set of Chapter Review Problems that
are designed to serve as “homework” problems in that they cover the material
from the entire chapter and are not answered in the text. Following these prob-
lems is a set of questions called Social Issues that are designed for thought and
discussion. Many of them can be used to launch research assignments culminat-
ing in short written or oral reports.

Each chapter also ends with a list called Additional Reading that contains
references to other materials relating to the subject of the chapter. The Web site,
described later in this preface, is also a good place to look for related material.

Web Site

This text is supported by a Web site at http://www.awlonline.con/brook-
shear. At this site you will find materials for both students and teachers—
including supporting software, laboratory manuals in a variety of programming



languages, links to additional topics of interest, and links to materials developed
by other users of the text.

The Sixth Edition

Although this sixth edition maintains the same chapter-by-chapter structure as
previous editions, topics have been added, some have been deleted, and much
of the remaining material has been rewritten to provide an up-to-date and rele-
vant picture of the science of computing. The following is a summary of the
major changes reflected in this edition.

The subject of data compression has moved from Chapter 2 to the new
Section 1.8. This new section also contains material on LZ77 and image repre-
sentation including GIF and JPEG. The material on analysis of algorithms that
used to be in Chapter 11 has been expanded and moved to Chapter 4
(Algorithms). Chapter 4 has been made more accessible by removing the quick
sort. Section 5.5 on object-oriented programming has been added to Chapter 5
(Programming Languages). Some of this material used.to appear in Chapter 7.
Most of Chapter 6 (Software Engineering) has been rewritten. It now includes
an introduction to design patterns and a new section on testing. Chapter 7
(Data Structures) has a new Section 7.7 that introduces indirect addressing at
the machine language level. Chapter 8 (File Structures) has been rewritten to be
more accessible by avoiding an overload of examples in specific languages.
Section 9.4 on object-oriented database systems has been rewritten and Section
9.6 on the social impact of databasc technology is new. Chapter 10 (Artificial
Intelligence) has two new sections—Section 10.5 (Genetic algorithms) and
Section 10.7 (Considering the Consequences). Morcover, the old sections
10.3, 10.4, and 10.5 have been streamlined and combined into one. Section
11.6 (Public Key Encryption) has been added to Chapter 11 (Theory of
Computation).

In addition to these changes to chapter contents, I have added a bit of spice
to the entire text by means of side boxes that help link the material in the text

to the real world. Many of these include references to Web sites where addi-
tional information is available.
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