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Preface

This book is designed to be a textbook and reference for programming in the C++
language. Although it does include programming techniques, it is organized around
the features of the C++ language, rather than any particular curriculum of program-
ming techniques. The main audience I had in mind were undergraduae students
who had not had extensive programming experience with the C++ language. As
such the book would be a suitable C++ text or reference for a wide range of users.
The beginning chapters are written at a level that is accessible to beginners, while
the boxed sections of those chapters serve to introduce more experienced program-
mers to basic C++ syntax. Later chapters are also accessible, but are written at a level
suitable for students who have progressed to these more advanced topics. {For those
who want a textbook with more pedagogical material and more on very basic pro-
gramming technique, try Problem Solving with C++: The object of Programming,
Fifih Edition, Addison-Wesley.) Absolute C++ is also suitable foranyone learning the
C++ language on their own.

The C++ coverage in this book goes well beyond what a beginner needs to know.
In particular, it has extensive coverage of inheritance, polymorphism, exception han-
dling, and the Standard Template Library (STL), as well as basic coverage of patterns
and the unified modeling language (UML).

CHANGES IN THIS EDITION

This second edition presents the same topics in the same order as the first edition. If
you are an instructor already using the first edition, you can continue to teach your
course without change. This edition has been reworked to make the language and
the code clearer, but the content is the same.
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Preface

This edition has greatly expanded and enhanced the programming projects given at
theendofedtchapuThsedmonhasoverSOncwpmgnmmngpmjem.Also
selected programming projects have been fully integrated into CodeMate, Addiso
Wesley’s online tutorial and homework resource.

ANSI/ISO C++ STANDARD

This edition is fully compatible with compilers that meet the latest ANSI/ISO C++
standard.

STANDARD TEMPLATE LIBRARY

The Standard Template Library (STL) is an extensive collection of preprogrammed
data structure classes and algorithms. The STL is perhaps as big a topic as the core
C++ language, so I have included a substantial introduction to STL. There is a full
chapter on the general topic of templates and a full chapter on the particulars of STL,
as well as other material on, or related to, STL at other points in the text.

OBJECT-ORIENTED PROGRAMMING

This book is organized around the structure of C++. As such, the, early chapters
cover aspects of C++ that are common to most high-level programming languages
but are not particularly oriented toward object-oriented programming (OOP) pro-
gramming. For a reference book, and for a book for learning a second language, this
makes sense. However, I consider C++ to be an OOP language. If you are program-
ming in C++ and not C, you must be using the OOP features of C++. This text
offers extensive coverage of encapsulation, inheritance, and polymorphism as real-
ized in the C++ language. The final chapter, on patterns and UML, gives additional
coverage of OOP-related material.

FLEXIBILITY IN TOPIC ORDERING

This book allows instructors wide latitude in reordering the material. This is impor-
tant if a book is to serve as a reference. This is also in keeping with my philosophy of
accommodateing the instructor’s style, rather than tieing the instructor to my own
personal preference of topic ordering. Each chapter introduction explains what mate-
rial must already have been covered before each section of the chapter can be covered.

ACCESSIBLE TO STUDENTS

It is not enough for a book to present the right topics in the right order. It is not even
enough for it be clear and correct. The material also needs to be presented in a way
that is accessible to the novice. Like my other textbooks, which proved to be very pop-
ular with students, this book was written to be friendly and accessible to the student.



Preface ix

SUMMARY BOXES

Each major point is summarized in a boxed section. These boxed sections are spread
throughout each chapter. They serve as summaries of the material, as a quick reference
source, and as a quick way to learn the C++ syntax for a feature you know about in
general but for which you do not know the C++ particulars.

SELF-TEST EXERCISES

Each chapter contains numerous self-test exercises. Complete answers for all the self-
test exercises are given at the end of each chapter.

OTHER FEATURES

Pitfall sections, programming technique sections, and examples of complete programs
with sample input and output are given throughout each chapter. Each chapter ends
with a summary and a collection of programming projects.

CODEMATE ONLINE TUTORIAL RESOURCE

CodeMate is an online resource that provides tutorial help and evaluation of student
work on programming projects. The code displays and selected programming projects
in this edition have been fully integrated into CodeMate. Using CodeMate, a student
can get hints on programming projects, write and compile the project, and receive
feedback on how to address compiler errors messages, and all this can be done over the
Internet from any computer with Internet access. Instructors can track each student’s
progress in the course’s programming projects. A complimentary subscription is
offered when an access code is bundled with a new copy of this text. Subscriptions
may also be purchased online. For more information on CodeMate, go to

http://www.aw-bc . com/codemate

SUPPORT MATERIAL

Support material is available to all users of this book; additional material is available to
qualified instrucrors.

MATERIALS AVAILABLE TO ALL USERS

u Self-check quizzes

n Source code from the book

n PowerPoint slides

To access these student support materials, go to

http://www.aw-bc.com/savitch



x Preface

RESOURCES AVAILABLE TO QUALIFIED INSTRUCTORS

The following supplements are available to qualified instructors. Please contact your

local Addison-Wesley sales representative or send an e-mail to aw.cse@aw.com for

information on how to access the instructor supplements.

= Instructor access to Addison-Wesley's CodeMate

u Instructor’s Resource Guide—including chapter-by-chapter teaching hints, quiz
questions with solutions, and solutions to many programming projects

m Test bank and test generator

u PowerPoint lectures, including programs and art from the text

E-MAIL CONTACT

I would very much like to hear your comments so that I can continue to improve this
book and make it better suit your needs. Please send your comments to

wsavitch@ucsd.edu

I want to know how you like the book and I want suggestions for changes, but
unfortunatcly Tam not able to provide students with an e-mail consulting or tutoring
service. My volume of e-mail has become too large for this. In particular, I cannot pro-
vide solutions to exercises in this book, or to other exercises provided by your instruc-
tor. At least as a partial consolation to those who desire such help, this book does
include complete answers to all of the self-test exercises. The instructor’s guide pro-
vides some answers to the programming projects, but that material is only available to
instructors who adopt the book, and it cannot be given out to students.

ACKNOWLEDGMENTS

Numerous -individuals have contributed invaluable help and support to making this
book happen. Frank Ruggirello and Susan Hartman at Addison-Wesley first conceived
the idea for this book and supported the first edition; for which I owe them a debt of
gratitude, along with Matt Goldstein, the editor of second edition. I also want to
thank Michelle Brown, Katherine Harutunian, Joyce Wells, and all the other people at
Addison-Wesley for their wonderful support and encouragement.

A special thanks to Patty Mahtani at Addison-Wesley for bringing the book
through production, for her wonderful support and encouragement, and for being
Patty. Thanks also to Daniel Rausch and Meghan James and the great people at Argosy
Publishing for their supﬂb work on the typesctting and production of this book.

Kenrick Mock receives specxal thanks for writing the superb new programming
projects and for updating the instructor’s guide. David Teague deserves special
acknowledgment for his careful reviewing and researching for the first edition of this
book. I thank my good friend Mario Lopez for the many helpful conversations we had
about C++.
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The following reviewers provided suggestions for this edition. I thank them all for
their hard work and helpful comments. Victoria Rayskin, University of Central Los
Angeles; Jerry K. Bilbrey, Jr, Francis Marion University; Albert M. K. Cheng, Univer-
sity of Houston; Tim Lin, California Polytechnical Institute of Pomona; Ron
DiNapoli, Cornell University; R. M. Lowe, Clemson University; Martin Dulberg,
North Carolina State University; and Jeffrey L. Popyack, Drexel University.

The following reviewers provided corrections and suggestions to the first edition. I
thank them all for their hard work and helpful commments. Kenrick Mock, Univer-
sity of Alaska, Anchorage; Richard Albright, University of Delaware; H. E. Dunsmore,
Purdue University; Christopher E. Cramer; Drue Coles, Boston University; Evan
Golub, University of Maryland; Stephen Corbesero, Moravian College; Fredrick H.
Colclough, Colorado Technical University; Joel Weinstein, Northeastern University;
Stephen P. Leach, Florida State University; Alvin S. Lim, Auburn University; and Mar-
tin Dulberg, North Carolina State University.
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Summary Boxes

You can read in ineegers. Aloating.poine number, o charscren wuing cin. Lacer
I this bk we will iscus the eading in of oches kinds of dats using cin

These boxes provide a brief synopsis of
major points in each chapter, both
highlighting and reinforcing core concepts
throughout the book. Readers will find
them to be a handy, quick reference for C++
syntax and features,

cin Statements
Acin
SYNTAX

cin o Varables > Veebles »>...;

EXAMPLES
€U 55 mesber 55 sire;
cin »> timeleft

»> pointsiended;

e g e el

9 Give a5 outpuse seszemenst that wil prodce the following message on the reen.

The snswer to the question of
Life, the Universe, and Everything is 42.

10, Give an input stasement that will Rl the varisble thetuber (of type {nt) with 3
aumber typed in at the keyboard, Precede che input statement with 3 promp seate-
mem asking the user o enter » whole number.

e

* we (mmbar)/mubar?) o "W

we "With & reaiader oF * oo (rusbariiauber])
Wi

cteam e ny
o

feliveank
Cout < The sasmet to the Gustion ofla®

o "Life, tha Ueiverse, ol Everything Us 200"
ot < “Ermer @ whele mmbes st pewss Mepwes: i
in 2» Ehaamber:

Self-Test Exercises and
Answers

Strategically placed within each
chapter, Self-Test Exercises offer readers
an opportunity to assess their mastery
of key topics.

Detailed answers are provided at the
end of the chapter.
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Display 5.4 Production Graph Program (part1of 4)

1

ERES

//Reads data ond displays o bar groph showing productivity for each plont.
#include <iostraom

#include <cmaths

using nomespoce std:

const. {nt MUMIER_DF_PLANTS « 4;

vaid inputbotoint of], it lastPlonfumber);

/#Pracondition: lostPlontimber s the declored size of the orray 6.
//Posteondition: For plontihusber = L \ast# LontHusber:
//0plontiamber-1] equals the totol groduction for plant nusber plamthusber .

yoid. scolagint of), int st
IiPrecondition: al8) m -(-ln 17 eoch has o pomnegative valie.
/{Postcondition: of1) hus been to the of 10005 (reunded to

1fon intager) that mere originally in .m for 611 | such thot 8 <= | <= size-1.

(continued)

Xiii

Code Displays
There are abundant code listings

comments that exphm potentially

confusing or difficult portions
appear alongside the code.

oy m— o

Tips

These helpful hints instruct readers on best
programming practices. The author
explains the rationale behind these
practices and includes suggestions on how
to execute them effectively.

Use a Defined Constant for the Size of an Array

Look agair 5.1 1 only works fg
Most casses y 0
e For example, the program in Display 5./ could be
rewnitten 10 use the following defimed constant:

const. Lot NUMBER_OF STUDENTS = §;
The line with the array declaration would then be
iat 1, score(NUNBER_OF STUDENTS], wox:

of course,all places in the
16 have MIMRER_OF _STUDENTS instead of 5. nn—mmmﬂhnwm(wm
ter atil, of
d y simply changing fines the con-
St WPRER_OF. STUDENTS.
ay site. following.

cout << “Enter number of students;\n";
ctn >> nusber;
int score(number]; //ELLEGAL ON WAMY CONPILERS!

il . How
e, for the sake of partability you shoukd not do 50, even f your compife permts . (in Chapter
)
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“This alrernate form applies only to funcrion declararions. A funcrien definition mist

Use of the Terms Parameter and Argument
Theuse of the ‘that

how to avoid them.

common. but people terms,

the ferms d argument,

from

Context. Many peogleus the temn purameter

Other people use the for what we call forma! parameters
478 wht e call rguments. D ot expec consfency in how peope e s wo tems (i

of

.hbmumm thana true inconsistency. )

™

Examples

These sections usually feature a
complete program that solves a
specific problem. The code examples
are lengthier than in the standard
code displays and highlight useful

features of C++,

e e re

always it the formal paremeter wamis
wmmmw » -~
h Jed, the compute for the fistformal param- tw
y ind 30 forth
"m“m . i oy Pitfalls
oﬂhlllqummpﬂ':llv:ﬂrdl'ﬂmly'w'm!lh':ullq‘n-:'l:;::pvmhmdm These smions wam of Common
ety T - mistakes that can trip up beginning

programmers and offer advice on

ne CHAPTER 3 Function Basics
A Rounding Function 3\0
oms et and floor em mer, but ol qute, ounding fuctiom, The punctio cet | shays b
et-ghes whole ecetl(2 1) 3. ol
ot 2.8, e -
floor(2. nmmumuwmly n--,-q-.mmmmmm'm =
inDsply 3.6 intger. Forexample. ¢
round(Z.3) tetwms .. “Mll i)ml 4
% 0 7
th(wmunnmm} :
I
floor(2.4 + 9.5) 3
b
which s Floar(2.3), 02,0 nfact, for amy namber tha s greaer than or qual 02,8 and steictly ess than 1
2.5, 1ha marmber pius 0.5 wilbe e than 1.9, e v fLoar wppies 10 that rumber phi 8.5 will erum ?
2.0 tha, Swil 2
2 b
ype cast the computed valus o he type int ) &
Now consider rambers greater than o equal 19 2.5, for example. 2,6. The velue retured by the call
round(2..6) iyt following {converied to an it value) B
floar(2.8 + 8.5) :
AN T3 1i0e T it Ry e S i s T 2
hat if greates than 2.5 4
oo o el 03, il ream 3 i
Thas, round works corecty for ll aiguments between 2.8 4nd 1,8 Claly,theve 1 nthing special bt !
200430 g 50, round warks i
camectly fo ll nonmegative 8 gumants &
=
B
L e, o~ e




