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Preface

Choice of Topics

In putting together the outline of topics for this CS0 text, we referred to many
sources. We looked at course catalogue descriptions, scrutinized book
outlines, and administered an email questionnaire designed to find what you,
our colleagues, thought such a course should include. We also asked both
you and ourselves to make three lists:

® Four topics that students should master in a CS0 course if it is the
only computer science course they will take during their college
experience
® Four topics that you would like students entering your CS1 course to
have mastered when they leave your class
® Four additional topics that you would like your CS1 students to be
familiar with
The strong consensus that emerged from the intersections of these sources
led to the working outline for this book. Students who master the material
covered in this text before taking CS1 have a strong foundation upon which
to continue in computer science. Although our intention was to write a CS0
text, our reviewers have pointed out that the material also forms a strong
breadth-first background that can serve as a companion to a programming-
language introduction to computer science.

Rationale for Organization

Chapter 1 of this book presents the history of hardware and software,
showing how a computer system is like an onion. The computer, with its
machine language, forms the heart of the onion, and layers of software and
more sophisticated hardware have been added around this heart, layer by
layer. First came machine language, part of the heart of this “onion.” At
the next layer, higher-level languages such as FORTRAN, Lisp, Pascal, C,
C++, and Java were introduced parallel to the ever-increasing exploration of
the programming process, using such tools as top-down design and object-
oriented design. Over time, our understanding of the role of abstract data
types and their implementations matured. The operating system, with its
resource-management techniques, including files on ever-larger, faster
secondary storage media, developed to surround and manage these programs.
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The next layer of the computer system “onion” is composed of
sophisticated general-purpose and special-purpose software systems that
overlay the operating system. Development of these powerful programs was
stimulated by theoretical work in computer science, which makes such

\ programs possible. The final layer comprises networks and network
\ software—that is, the tools needed for computers to communicate with one

\ another. The Internet and the World Wide Web put the finishing touches
on this layer.

As these layers have emerged over time, the user has become increasingly
insulated from the computer system’s hardware. Each layer provides an
abstraction of the computing system beneath it. As each layer has evolved,

users of the new layer have joined with

- — «  users of the inner layers to create a
\ very large workforce in the high-

; tech sector of our economy. This

, book is designed to provide an

»  overview of the layers, introducing
2 the underlying hardware and software

technologies, thereby giving students an
¢ appreciation and understanding of all aspects of
¥ computing systems.

' Having used history to describe the formation

of the onion from the heart to the outer layers, we
were faced with a design choice: We could look at each
layer in depth from the inside out or from the outside in.
The outside-in approach is very tempting. We could peel the
\  layers off one at a time, moving from the most abstract layer

\  to the concrete machine. However, research has shown that

\ students understand concrete examples more easily than

abstract ones, even when the students themselves are
abstract thinkers. For this reason, we have chosen to
begin with the concrete machine and
examine the layers in the order in which
they were created, trusting that a
\ thorough understanding of one layer makes
\ the transition to the next abstraction easier for

\ students.

\

E

Information Layer
Hardware Layer
Programming Layer
Operating Systems Layer
Applications Layer
Communications Layer

N

Changes in the Third Edition

The early editions of a new book are much like shakedown cruises for new
ships: If the design is good, only minor problems occur that need tweaking.
As a book—or a ship—gets older, however, new editions may call for a major



overhaul. In planning for this revision, we asked our CS Education colleagues
to give us feedback: What changes should we make? What kind of an
overhaul is necessary? More than 50 of you shared your ideas with us. The
consensus was that updating—not a major overhaul—was in order for the
third edition. As a consequence, we have updated some of the biographies,
replaced “old” tidbits with new ones, and reworked the “Ethical Issues”
sections to keep them current. Content changes, including new sections on
graphics, information security, computer security, cryptography, and e-
commerce, are discussed later in this preface.

Several of you requested that we not put exercise answers in the back of
the book. As with both of the previous editions, all of the exercise answers
are available on the Web, password protected for use by the instructor.

Synopsis

Chapter 1 lays the groundwork for our approach to computer science—the
computer system “onion”—Dby describing the rationale for this book’s
organization. Chapters 2 and 3 step back and examine a layer that is
embodied in the physical hardware of the computer system. This information
layer reflects how data is represented in the computer. Chapter 2 covers the
binary number system and its relationship to other number systems such as
decimal, the number system humans use on a daily basis. Chapter 3
investigates how we take the myriad types of data we manage—numbers,
text, images, audio, and video—and represent them in a computer in binary
format. We have added short discussions of the distinction between data and
information and of the PNG image format.

Chapters 4 and § explore the hardware layer. Computer hardware includes
devices such as transistors, gates, and circuits, all of which control the flow
of electricity in fundamental ways. This core electronic circuitry gives rise
to specialized hardware components such as the computer’s central processing
unit (CPU) and memory. Chapter 4 covers gates and electronic circuits.
Chapter 5 covers the hardware components of a computer and describes how
they interact within a von Neumann architecture. Of course, the ad at the
beginning of Chapter § has been updated—and will probably be out of date
by the time you read this preface!

Chapters 6 through 9 delve into various aspects of the programming layer.
Chapter 6 examines the problem-solving process, both human and computer
related. George Polya’s human problem-solving strategies guide the
discussion. Chapter 6 has been changed dramatically. The functionality of
pseudocode is introduced as a way to write algorithms. Examples of both
top-down design and object-oriented design are presented, along with detailed
pseudocode descriptions. Chapter 7 covers the concepts of machine language
and assembly language using Pep/7, a simulated computer. As part of this
discussion, simple pseudocode algorithms are translated into both machine
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code and assembly language. A looping example has been added as well.
Chapter 8 focuses on the concepts underlying high-level programming
languages. In this chapter, the pseudocode concepts are illustrated in brief
examples from four programming languages: Ada, VB.NET, C++, and Java.
Chapter 9 emphasizes the role of abstract data types and data structures in
the programming process.

Chapters 10 and 11 cover the operating system layer. Chapter 10 discusses
the resource-management responsibilities of the operating system and presents
some of the basic algorithms used to implement these tasks. Chapter 11
covers file systems, includiﬁg what they are and how they are managed by
the operating system. A discussion of device drivers has been added to
Chapter 10. ‘

Chapters 12 through 14 deal with the application layer. This layer is made
up of the general-purpose and specialized application programs that are
available for the public to use to solve programs. In our coverage, we divide
this layer into the subdisciplines of computer science upon which these
programs are based. Chapter 12 examines information systems, Chapter 13
focuses on artificial intelligence, and Chapter 14 explores simulation,
graphics, and other applications. We have added a major new section on
information security to Chapter 12 that discusses confidentiality, integrity,
and availability of data, as well as a subsection on cryptography. In addition,
major new sections on computer graphics, e-commerce, and computer
security appear in Chapter 14.

Chapters 15 and 16 cover the communication layer. Chapter 15 presents
the theoretical and practical aspects of computers’ communication with other
computers. Chapter 16 discusses the World Wide Web and its influence on
life today. A section on blogging has been added to Chapter 16.

Chapters 2 through 16 focus on what a computer can do and how it does
it. Chapter 17.concludes by discussing the inherent limitations of computer
hardware and software and by distinguishing the problems that can and
cannot be solved using a computer. Big-O notation is presented as a way to
talk about the efficiency of algorithms so that the categories of algorithms
can be discussed, and the halting problem is presented to show that some
problems are unsolvable.

The first and last chapters form a pair of “bookends”: Chapter 1 describes
what a computing system is and Chapter 17 explains what computing systems
cannot do. The chapters in between look in depth at the layers that make
up a computing system.

Why Not a Language?

The original outline for this book included an “Introduction to Java”
chapter. Some of our reviewers were ambivalent about including a
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language at all; others wondered why Java was chosen and not C++.
Ultimately, we decided to leave the choice of a specific programming
language to the user. Introductory chapters, formatted in a manner
consistent with the design of this book, are available for Java, C++, Visual
Basic.NET, Python, Alice, and Pascal through Jones & Bartlett Publishers,
Inc.

If the background of the students is such that they can master the
introductory syntax and semantics of a language in addition to the
background material in this book, please contact Jones & Bartlett Publishers
or visit this textbook’s website (http:/csilluminated.jbpub.com/). As an
alternative, one or all of these chapters can be used as enrichment for those
students who have a stronger background.

Special Features

The third edition includes three special
features intended to emphasize the history
and breadth of computing as well as the
moral obligations that come hand-in-hand
with the advent of any new technology.
First, each chapter includes a short
biography of someone who has made a
significant contribution to computing as we
; . ; W9 secis-what-yoorget bypenes

know it. The people honored in these : DL e T ok g ke

i is Di Web® was made available within

sections range from those who contributed . which CERN iy Desembr 1590 s on the
i Web development i Tnvernet at large in the summer of 1991

to the data layer, such as George Boole and Comtom, w6 s o MIT BOUA 2 B 9 o915 B oo

Ada Lovelace, to those whose work ﬁ’mﬂ*ﬁu‘;}'ﬂfm’““fm“? m"‘*‘:“ﬁﬁ“ﬁ“ﬁ"&#&i‘%
. . tionary transformations of its discussed in circles as the Wel
enhanced the communication layer, such as How T e Lo e i vy gy el b s

=+ position? He built his fire computer
Doug Engelbart and Tim Berners-Lee. e '
These biographies are designed to give the
students a taste of history and a sense of
what kind of men and women contributed
in the past and are contributing today to the
world of computing.

The second feature, which we call
callouts for lack of a better word, are
sidebar sections that highlight interesting
tidbits of information from the past, the
present, and the future. They are gleaned 9 came re), and express happiness (eyes
from history, from today’s newspapers, and e e 2 3 oy e
from the personal experiences of the N J
authors. These little vignettes are designed

that the physics lab in Geneva was not the appro-
oriate place for the ' *
L

-

rb’us Mourn the Passing of Aibo \
Sadly, Sony Corporation announced the
demise of Aibo, the robot dog that could
learn its owner’s name, show anger (eyes be-
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Like Websites,.blogs have become ubiquitous virtu- Americans reading blogs jumped 58% in 2004 to an

ally overnight. A blog is a Weblog or online journal.
Most blogs are interactive and provide for feedback
from readers. Whereas most bloggers write about

matters, the blogosphere has also emerged

as a viable alternative news medium. Blogs are
having a growing impact, sometimes supplementing

or porting of the media. In
2004, blogs quickly exposed the inauthenticity of the
documents used in a 60 Minutes story about Presi-
dent George W. Bush's National Guard service. Many
other blogs consistently provide a unique and uncon-
ventional perspective on the local and national news.

According to the Wall Street Journal, the audience
for alternative media is expanding: “The number of

estimated 32 million people . .. with about 11 million
looking to political blogs for news during the [2004]
e 08

But blogs are not just for online journalists or
political commentators. Their use has also grown
among doctors, lawyers, and teachers. Blogs have even
become popular in the classroom. Many students have
their.own blogs where they record their impressions
about teachers or other school-related information in a
diary-like format. The use of student blogs has led to a
new debate about the amount of control educators

Of course, the blogosphere is not without its share
of ies. One such y erupted in

' > continued

to amuse, to inspire, to
intrigue, and, of course, to
educate,

The third special feature is
the “Ethical Issues” section
that appears in each chapter.
These sections are designed to
illustrate that along with the
advantages of computing
come responsibilities for the
consequences of its use.

Privacy, hacking, viruses, and
free speech are among the
topics discussed in these
sections. At the end of each chapter’s exercises, a selection of “Thought
Questions” cover these ethical issues as well as chapter content.

Color and Typography Are Signposts®

The layers into which the book is divided are color-coded within the text.
The chapter openers show the onion, with the outside color showing the
layer. This color is repeated in bars across the top of the pages pertaining to
the layer. For each chapter, a slide appears on the side of the chapter opener,
which shows where the chapter is within the layer. Earlier, we said that the
first and last chapters form a set of “bookends.” Although they are not part
of the layers of the computing onion, we have given Chapters 1 and 17 their
own colors, which likewise show up in the onion, the slide, and the color bar.
Open the book anywhere, and you can immediately tell where you are within
the layers of computing.

To visually separate the abstract from the concrete in the programming
layer, we use different fonts for algorithms, including identifiers in running
text, and program code. Using this signpost, you can tell at a glance whether
the discussion is at the logical (algorithmic) level or at the programming
language level. To clarify visually the distinction between an address and the
contents of an address, addresses appear in red.

Color is especially useful in Chapter 7, which deals with low-level
programming languages. Instructions are color-coded to differentiate the
various parts of an instruction: The operation code is green, the register
designation is clear, the addressing mode specifier is blue. Operands are
shaded gray. As in other chapters, addresses appear in red.

© FHERARGER, MYHNRRAREER, FXHAHNREIHESZEBM: hep:/
csilluminated.jbpub.com/3e/, —ZRiEHE



Website

A website has been established for this text that includes a wealth of
additional information, both for the students and for the instructors:

http://csilluminated.jbpub.com/

Additional biographies, more information about some of the callouts, and
updates that relate to ethical issues are available on this website. In addition,
the site includes eLearning tools that provide a variety of exercises, such as
crossword puzzles and digital labs for students.

For the instructor, answers to all exercises are available on the website.
A wide selection of other exercises using new and innovative formats is
available, along with PowerPoint presentations for each chapter.
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