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Preface to Third Edition

This text has two primary objectives: to teach the basic principles of program-
ming as outlined in the ACM curriculum for a CS1 class and to teach the
basic constructs of the C Language. Our text puts these objectives in the con-
text of good software engineering concepts that we have developed through
more than 30 years of experience in industry and academia.

Major Changes in Third Edition

This is a major change from the second edition. In addition to significant
changes in the presentation and material covered, it also updates the lan-
guage to the ISO/IEC 9899 (1999), or as it is more commonly known, C99.
While we have made major changes, we have held true to our primary
objectives as outlined above. The text remains a comprehensive introduction
to computer programming in a software engineering context.
The major changes are outlined in the following sections.

Standard C (1999)

The following topics, in alphabetical order, are explicitly discussed in the text.

the Boolean type

character set extensions (including Unicode and wide-characters)
complex arithmetic

extended math library

for statement declarations

integer type extensions

line comments

Extended Chapter Material

In addition to the changes required by the inclusion of the new C99 exten-
sions, several chapters have been revised or reorganized.

® A new section in Chapter 4, “Inter-Function Communication,” provides a
better understanding of how functions communicate.
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® The concept of “incremental program development” is presented through
an example that starts in Chapter 4 and is extended in Chapter 5. A sec-
ond example in Chapter 8 completes the discussion.

® The discussion of text and binary files has been reworked to present the
materials in a more logical, and less redundant, fashion.

® The presentation of structured types is changed to conform to C99 and
common usage.

® Chapter 14, “Bitwise Operators,” has been extended and includes more
examples. In particular, we added several applications related to the
Internet and network programming,.

® Chapter 15, “Lists,” has also been extended. It now includes an overview
of the basic elements of data structures, including introductory discus-
sions of stack, queues, lists, trees, and graphs.

® Additional flowcharts and structure charts are included throughout the
text to provide better design considerations for some of the more complex
examples.

® Appendix D, “Numbering Systems,” provides an expanded presentation of
the material.

® Appendix I, “Pointers to void and to Functions,” has been expanded to
include a discussion of using pointer to void types.

® Appendix K. “Program Development,” is a new discussion of program
development concepts.

® Appendix L, “Understanding Complex Declarations,” contains the discus-
sion on reading complex declarations, which has been removed from
Chapter 10.

A C Language Perspective

While C is a complex and professional language, our classroom experience
using the previous editions of this book has shown that beginning students can
easily understand it. We believe that if the language is put into a perspective
that allows the student to understand its design, C is not a difficult language.

There are two aspects of C that separate it from most other languages:
expressions and pointers. The concept of expressions, as used in C, is unique.
The first half of this text builds a firm understanding of expressions. We intro-
duce pointers only to the extent necessary to cover passing them to functions
in Chapter 4 and arrays in Chapter 8. Our experiences have shown that with
a firm grasp of the expression concept, much of the mystery of C disappears.

In Chapters 9, we begin to develop the concept of pointers, which are
further developed in Chapter 10. Chapter 11 provides a discussion of C’s
approach to strings. Finally, Chapter 14 provides an extensive discussion of
bitwise operators, a subject that is needed to make the book complete.

The last chapter is a simple introduction to data structures. While not
all courses will have time to cover this chapter, those that do will give the
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students a head start into data structures. Motivated students will find that
they can “get a leg up” on data structures over the term break.

The appendices at the end of the text comprise a rich set of references to
subjects required in the complete C language. These will be of use to stu-
dents who go on to take other courses in the C language.

Features of the Book

Several features of this book make it unique and easy for beginning students
to understand.

Structure and Style

One of our basic tenets is that good habits are formed early. The corollary is
that bad habits are hard to break. Therefore, we consistently emphasize the
principles of structured programming and software engineering. Throughout
each chapter, short code snippets and programs are used to demonstrate
techniques.

Complete programs, generally found in the last section of the chapter,
are written in a well-document consistent style. As programs are analyzed,
style and standards are further explained. While we acknowledge that there
are many good styles, our experience has shown that if students are exposed
to one good style and adopt it, they will be better able to adapt to other
good styles.

Principle Before Practice

Whenever possible, we develop the principle of a subject before we introduce
the language implementation. For example, in Chapter 5 we first introduce
the concept of logical data and selection and then we introduce the if . . . else
and switch statements. This approach gives the student an understanding of
selection before introducing the nuances of the language.

Visual Approach

A brief scan of the book will demonstrate that our approach is visual. There
are more than 400 figures, plus more than 70 tables and 180 program exam-
ples. While this amount of material tends to create a large book, the visual
approach makes it easy for students to follow the material.

Examples

While the programming examples vary in complexity, each uses a consistent
style. Our experience working with productional programs that live for 10 to
20 years convinced us that readable and understandable programs are easier
to work with than programs written in a terse, cryptic manner. For that reason,
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and to emphasize the structure of the language, we label the sections in a
function with comments. We consistently follow a style that places only one
declaration, definition, or statement on a line.

The source code for these programs is available on the Thomson Course
Technology Web site (see “Web Site Support Materials” later in this Preface).
Students are able to run these programs and to explore related topics through
modification and experimentation.

Coding Techniques

Throughout the text we include coding techniques that make programs more
readable and often more efficient. For example, in the analylsis of Program 5-4
you will find the following discussion:

Where do we check for greater than? The answer is that we
default the greater than condition to the outer else. . . . When cod-
ing a two-way selection statement, try to code the most probable
condition first; with nested selection statements, code the most
probable first and the least probable last.

These techniques are drawn from our extensive industry and classroom
experience.

Software Engineering

A discussion of software engineering principles concludes each chapter. Our
intent is not to replace a separate course in software engineering. Rather, we
firmly believe that by incorporating basic software engineering principles
early in their studies, students will be better prepared for a formal treatment
of the subject. Even more important, by writing well-engineered programs
from the beginning, students will not be forced to unlearn and relearn. They
will better understand software discussions in their subsequent classes.

While the software engineering sections are found at the end of each
chapter, they are most successfully taught by introducing them as the chapter
unfolds. Then, a short review at the end of the chapter summarizes the prin-
ciples that have been demonstrated during the lectures.

These sections are visually distinguishable from the rest of the chapter.
They have been set apart for several reasons. First, they are in reality a small
book within a book. While these sections contain important material, the book
stands on its own without them. You may, therefore, decide to cover the soft-
ware engineering sections as formal lecture topics or informally while the
chapter material is being covered. You may decide to assign them to the stu-
dent as additional reading, or, you may decide to exclude them entirely from
the course.

In general, software engineering sections directly or indirectly pertain to
the chapter material. Where they don't, they discuss general software engi-
neering subjects, such as cohesion, coupling, and quality.
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Pedagogical Material

End chapter material meets two pedagogical objectives: first, it helps the stu-
dents to review or summarize what they have learned, and second, it tests the
students’ mastery of the chapter material.

Review Material

® Tips and Common Programming Errors points out helpful hints and
possible problem areas.
Key Terms provides a list of the important terms introduced in the chapter.
® Summary contains a concise overview of the key points for students to
understand in the chapter.

Practice Sets

e Review Questions contain several multiple choice questions that are
similar to the questions found in the examination database. The answers
to the odd-numbered questions are included in the solutions on the
Course Technology web site.

® Exercises are short questions covering the material in the chapter. The
answers to the odd-numbered exercises are also included in the solutions
on the Course Technology web site.

® Problems are short coding problems, generally intended to be run on a
computer. They can usually be developed in two to three hours. Once
again, odd-numbered solutions are found on the web site.

® Projects are longer, major assignments that may take the average student
six to nine hours to develop.

Appendices

The appendices are intended to provide quick reference material, such as the
Unicode Character Set, or to provide a review of material, such as numbering
systems, usually covered in a general computer class.

Web Site Support Materials

Included on the Thomson Course Technology Web site (http:/
www.course.com) are two sets of materials, one for the professor and one for
the student.
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Professor Materials

The professor’s materials include the solutions to all review questions, exer-
cises, and problems. Because the projects are more complex assignments for
which there is no standard answer, we do not provide solutions for them.

In addition to the end-material solutions, there are three other sets of
support materials: (1) Copies of all programs in the text. The programs have
been extensively tested on at least two different computers with different
operating systems. All of them conform to the C99 Standard.

(2) PowerPoint materials covering objectives, figures, programs, impor-
tant points, and chapter summaries. The PowerPoint materials can be used as
is or edited to suit individual class needs. This flexibility allows professors to
argument the text materials with their own. It also allows them to rearrange
the materials to suit their individual needs and style.

(3) New with the third edition is the availability of ExamView®. This
objective-based test generator lets the professor create paper, LAN, or Web-
based tests from testbanks designed specifically for this text. Using the
QuickTest Wizard, they can easily and quickly create true/false and multiple-
choice tests. It is also possible to add questions that cover supplemental
material provided by the professor.

Student Materials

The student materials include the solutions to the odd-numbered review
questions, exercises, and problems. They also have access to the copies of the
programs used in the text.
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Example 42 Assoc | Pr
amount
3.14159 N N/A 16
. (a + b)
[1] Array Index aryl[i] N
£ < +) Function Call doIt(x, y) Y
s Direct Member Selection str.mem N | Left-Right | 16
-> Indirect Member Selection ptr->mem N
++ -- Postfix Increment  Decrement |a++ Y
++ -- Prefix Increment * Decrement * |++a Y
sizeof Size in Bytes gizeof (int) N
~ Ones Complement ~a N -
! Not la N | Right-Left | 15
+ - Plus * Minus +a N
& Address &a N
* Dereference / Indirection *ptr N
() Type Cast (int)ptr N | Right-Left | 14
* /% Multiply ¢ Divide * Modulus a*b N | Left-Right | 13
+ - Addition * Subtraction a+b N | Left-Right | 12
<< >> Bit Shift Left ¢ Bit Shift Right |a << 3 N | Left-Right | 11
< <= > >= |Comparison a<5 N | Left-Right | 10
== = Equal ¢ Not Equal a=="> N | Left-Right | 9
& Bitwise And a&b N | Left-Right | 8
~ Bitwise Exclusive Or a’b N | Left-Right | 7
| Bitwise Or a|b N | Left-Right | 6
&& Logical And a && b N | Left-Right | 5
| Logical Or al|lb N | Left-Right | 4
? Conditional a?x:y N | Right-Left | 3
= += —-= a =5
::=/=<t= Assignment : :: : Y | Right-Left | 2
&= "= | a|=4d
5 Comma a, b, ¢ N | Left-Right | 1

* Side Effects (Yes / No)

Precedence Table




integral hh (char), h (short), none (int), 1 (long), 11 (long long i
integer h (short), none (int), I (long). 1l (long long) d
unsigned int hh (char), h (short), none (int), I (long), Il (long long u
"| character octal hh (unsigned char) o
integer hexadecimal | h (short), none (int), | (long), 11 (long long) X
real none (double), 1 (double), L (double) f
real (scientific) none (double), 1 (double), L (double) e
real (scientific) none (double), 1 (double), L (double) g
real (hexadecimal) none (double), 1 (double), L (double) a
character none (char), 1(wchar_t)) [
string none (char string), I (wchar_t string) s
pointer p
integer (for count) none (int), hh (char), h (short), 1 (long), 11 (long long n
set none (char), | (wchar_t) [
Sizes, and Conversion Code for scanf Family
integer -, +, 0, space hh (char), h (short), none (int), i
1 (long), 11 (long long)
unsigned integer -, +, 0, space hh (char), h (short), none (int),
1 (long), 11 (long long)
integer (octal) -, +, 0, #, space | hh (char), h (short), none (int),
I (long), 11 (long long)
integer (hex) -, +, 0, #, space | hh (char), h (short), none (int), x, X
1 (long), 11 (long long)
real -, +, 0, #, space | none (double), 1 (double),
L (double)
real (scientific) -, +, 0, #, space | none (double), 1 (double), e, E
L (double)
real (scientific) -, +, 0, #, space | none (double), 1 (double), 2, G
L (double)
real (hexadecimal) -.+, 0, #, space | none (double), 1 (double), a, A
L (double)
character - none (char), 1 (w-char) c
string - none (char string), 1 (w-char string) s
pointer p
integer (for count) none (int), h (short), | (long) n
to print %

Flags, Sizes, and Conversion Codes for printf Family
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