o v -
“b‘ %: "‘i T\‘i-

"X - Q’f'

- %%%SH—EESC N
G, R (TSR B
: 80+5‘§l’5hej~ 30 *xmﬁmmm&m .

0+iE -

i ) X R ikt

(SB7IR 4 E0R)

(3€) Walter Savitch

v



i )0 B R Pt

%7% %ﬁﬂ]ﬂﬁ) (3€) Walter Savitch %




nEE I

APRRBNFEH CHANITEM, WRITERD. (FEEEHCEENBELR, BRESEARELR
WHRE T HHNE. SR, ERATHSE FiRg E MR BEEE, % I th4b i/
TER, DR LYBHE. MERFHNEREED, SEERLNNG. JEGETES. XidE
HESYFEEREENRERS.

AL 18 &, 8 MR, PR CHEMAIRZJE, HESIS¥AERNRE. VO M. 2. SEIRRE.
AT WH. FRB. WAL, BT, B, BEREER. JRAER. B AR E

English reprint edition copyright © 2011 by PEARSON EDUCATION ASIA LIMITED and TSINGHUA
UNIVERSITY PRESS.

Original English language title from Proprietor’s edition of the Work.

Original English language title: Problem Solving with C++, Seventh Edition by Walter Savitch © 2009
EISBN: 0-321-53134-5

All Rights Reserved.

Published by arrangement with the original publisher, Pearson Education, Inc., publishing as Addison-Wesley.
This edition is authorized for sale and distribution only in the People’s Republic of China (excluding the Special
Administrative Region of Hong Kong, Macao SAR and Taiwan).

AHBFENMI R Pearson Education R4 EE X ¥ HER HER KT,

For sale and distribution in the People’s Republic of China exclusively (except Taiwan, Hong Kong SAR and
Macao SAR).

RRFHREARKNERA (FEEFEEESE. RISNTRENTESSHR) HELT.

EHRTRBREEREFECS EF: 01-2010-7564
WRALFRE, BHED 3. ZE3RAIE: 010-62782989 13701121933
FH MU Pearson Education(154 M & AR E F) MNP HIFE, TARZEEREHE.

B 7R YR B (CIP)¥iE
CHHH )X RAEFFEH(E 7 U R ENRR)=Problem Solving with C++, Seventh Edition: %7 f&: 3/
CGR)FE4EET(Savitch W), —EIA. —Ib3: HHEREHMmAE, 2011.1
ISBN 978-7-302-24546-9
[.OC 1. @ M. OCEZ—EFEI—EL V. OTP312

o [ A B 4 CIP $OH 4% 2(2010) 35 245436 &

WAE4RIE . T3

wER. Al

WS ELE

HARE 1T LR R e e JEREERKREEHRE A R
http: /www. tup. com. cn B 4% . 100084
# B Hl: 010-62770175 HB WM. 010-62786544

BB/EEERS: 010-62776969, c-service@ tup. tsinghua. edu. cn
R B K {%: 010-62772015,zhiliang@tup. tsinghua. edu. cn

: R KEENRT

 STHBREITAERA R

: EEBFEBSE

: 185X230 Ef 3. 67.25 F #. 1002 FF

: 2011 4F 1 ASE 1 R Bl k. 20114E 1 A1 KERI

: 1~3500

: 98.00 J©

Ig=

B 2FHE &S
=R SR E R

¥
En
£
d

: 040737-01



ETHEEITRZE : e

7 RS 6 BAHFMMEAG, HRETEIRNFENE. FHT 30 MRERHE, Hxil
HRA R WIET EH AT T . BOMEMTH X map KK, T HRFIRFHTTESN, UERSS
ERRRZ B ERAMR . WA, APEERMEINT 39 B, R T4 E K 8 U R wER H Kf#
PITH o XS] 8 T 22 ST U R ) AR B AEFF AR, A B T InaEx R EmEMSHERE. W
RBAFHEAN FEE XN A, M WA ITREREERE(Video Note: -+ )o BJE, RIBHRBUTK
R, ARG AEMEIAGE 6 5 “VO " BB TH 10 T “BXK” . Rifi, xHTHLE 6 IR
UREUN, AT AR R ARTEO R, L P AR E#ATEM SIS,

BEREEBIGF

CHEBHRZHNTEMAHE — MR RARER, RRBTBITHBEMRE. EABEIHERX
P ABREENRRBUTHIBE TN, TARZERETRIENAT . HUTAT LR AR BT, T
AREEME. FIERRHE P RRTARRAEEN—E “KBE" , EfMR T ENETHSFEEN
FFo b, BEMEE—A “B&EMIR7 M, WBEEISAEARZA, SO AFRLEE 1
WA . XFE—R, BREUTH AT AR E R 2 H& A5 R RIUT . ,

BRABAEM T, HaETENEREY, AAEREMIERERNE. 2B ERLERE CHEI
M IRPEHIE

KRN BRI R FRASHER

A ARGV . BRBUT AT URSE 75 B R ATERHE IR DR A0 T

ABRIBOAZHIUFR: HEMFENRRRFY., REARME, #HILE5H. IEM%R. RE0EX.
HEHARE AR AR S . XK, FERFEEERRERS, AEMERTANERETYRNE
P S BUE R . AR 2 B~ 9 ENHAREMBMEMRS . B 6 TR M VO MECE LA
K. BHTHK VO ZRAEH a2 T RMKE, FHIERT/LE, EEM B FUE S dr 4 22
HFMEREIR LT /0 K. 7E5 10 B, FAEMMEIMARE B K.

THARRE AT AR AR BT, WAT AR H L HE& TRIRF LAEERN B CHE#ERR. XI7H
MG FRAE T U “ EREATCLRIEHF” — WA g, — RS, RRETAT TSR 6 TRIHE G LA
TGS 10 58 “E XK .

AR e BT ARERKMIR. HABFEST —LIEFRENE, RERNERL, bb/EER
A ERAERE, HHR VO BAERF, MKILAKHE. XFhE BBF T Nl S £ — T sl Bl XN B 5 A M AU AR
& B, ABH—ANBEREILFERTRREEXMENLNHKEL, MARREMITIERER S —




,dPreface (FRZhR)

BRI, B 11 HEORE, FARRE R EENLANE, LI R HREBRF.

Gk ) MG FESE 10 BT LI PHE, R ERREMX—HS. B2, AHEBE 15 ZAEX
BAE H CHRERAEA R RS ARRREMERETHRETHRRTENEE, 528K
BUTN T REABZEN TR A& E. WRER, AXRGANEEOATHERIR, HAKE 16 H~%
18 EATFEM B4 &K,

HEFEMN S A

— AP RGHE LIRS L0 EE, XRBRBIER. 55, ERREUTMILME LK
BRFRENR, BPMKALIUENT X ER, XES - MREHNESR. AR, RARMFEXAIEREK
HERIFHR? BRETEN. TP H A ZLIREUE FIFA1% & E R K7 AR HE. EXANTTHERS
g1, RR AL SLAERGERNALF . AT URARA R KB4 RBHEY , XS 1 XU il 548 Py 2 SE T M

BAF 2 TR F R B B R

ANSI/ISO C++friE

APRAERETHEHRT ANSIISO CHrHERI4RIEES .
BREM

UL “EREB” HECARHER CS1 REM 3. BEEMNARBREN 8BS, Wi UM
B R, ABRMET KEEREE, SNETERE— 1R E T, b a%EE. X854
MR T CHEIR . k(BB EE). 7% 4R STL(Standard Template Library, ARUERHRFE).
INGERE

BANESHH N RG RN . X “NGIE” B TE—F.

B3
BEMEEEMERERERANE. SERBHANAENENTZEBER.
1 55i# 8 (Video Note)
5 4FF| “Video Note: -7 , HBRI LHT WA — B NS HHA. F 81T EMWERS, M

HERE hitp://www.aw-be.com/savitch/videonotes/. R, BTSRRI CRM, LT HERS, HHR
B T X LA LS AA TR
REI

% AT A A B RIAT 6 MR FE AR B RBUTEERM T A M RBEL, it
BT ARTRLEE AT, WENAER . KERERAHPBME E T A, RIUKDHEAEMBLRBUTH
FEHERIXMEERE . LR, EF —LREFRYURNARETE . FrAGITELSREE T R4 A0#
B, FRETXERROZN, X RARBEHFRY, REELENRL. HBET UMK, XK
RSB 4 M I 2 2 AE R BER BT T/

EREAT AR EHEF
ABAVREHN B b EH HEEMR . AT RARX—RIEH, BRAGEE T 7 0RHS E8



Preface (A SChR)

WGP o SR P HERE VAT — b 7 SORB LA TS, #A M2 S MIE ST 1 . S EHXX AR T AR,
BT HRXAE R, BT ENA NN T ORHUT TR, MRESERFAZ. B2, Rak
FHELL B ARBN S A FESS . b T BRI FE A& X — 8 ENF, B Pl RAR T —EkK
WE. B4, BEEE A FEFR DT, BB T ESEARNE AT EERBLAE.

BHHAF 1: RAIFI%E

HTHBHB I, $AEFEERE AN TR, thinfEfEammEE L. XEERMARES 1
T~ 6 ENHE. TRE 6 ENEIE, FERTUIFARES ASHET . A TRITFEIRBHR, AT
BT XA R R HES E T .

o R F1iE, BoE, E3E, Pa4mE, BSHENF6E, X6 ELHMNAEHRSE
. REE CREA S V0. 53 SHHINBT LA EHGH, mRFERREX,
AU EHER¥EIX—ZEMAR.

RAMAEE FH10=|, FUEMILIFM 2, F 2FE. XEEFLANATH
e XK. Kit. ERBRERANGEZN.

BH. FRHBAAR F7EMEBE.

BB ERL Ho =

HrhWAE B 11EH L3R 1147,

A& F15H,

BE F 14 FARET DR B AR R B R B R 22 3]).
MEBER B 13 =,

AR AR T EENEINE.

o R 6.

o BR FE17T=.

o REBERE ¥ 18%.

EHHF 2. IBEMFIMPNER—F, BNARENERET

TE “EHHF 27 B, B RAEESEN, BEIERBANERMR, ZEAFIREIL. A
ROTRAHEMELL “EFHF 17 B, BHABREBRAT TR HIRAT—L.
o HREMH H1E, FoE, F3LE, P4E, FSENF6E. X6ELANMATEH
M. R XAEAH 10,
o FHAMFFKE F7E. H8EMSITMB2T,
o RAMAZME F10Z=. F 11 EM 11, 1NN2FME 128, FBEEFTLEHNAT W
e XK, Kit. ERBRIEFMGELZHE.
RerRshERLE FoE.
RBPPAE F11EM L3N 1147,
&K 1S EH.
BH 5 14 TR AR B A RER B A EHEZE ).
ik 8.3 .
WERBER 213 %,
AR SR BT & ERHIRE.




Preface (AT RR)

o RN¥KAHE Fi6xE.

e MR %17,

o HREREE % 18H.
EZCIVE ]

A X RMELRABE &R ERN. 58 RE/REXHNEITARER.

C StMEBRAIRE

o AR

® PowerPoint ZJ4T i

® AR

HT KRB XM, R htp/www.aw.com/cssupport( B E Vi B A H ¥ E E K
http://transbot.blog.163.com).

XA KRBT

ERAABEANBM BN, TBRAREELR)REL, HEBE coo@netease.com, T EFIE.
® Ui % Y5 B (Instructor’s Resource Guide): HIFEF —HHHEELA. REUNR/EREMKE
WETEHMER.
®  Test Bank # Test Generator: T4 RiR%E .
® PowerPoint ZJ{T F: BFEABHEFMEE.
®  Lab Manual(SEX F M)



Preface

This book is meant to be used in a first course in programming and computer
science using the C++ language. It assumes no previous programming experi-
ence and no mathematics beyond high school algebra.

If you have used the previous edition of this book, you should read the
following section that explains the changes to this seventh edition, and then
you can skip the rest of this preface. If you are new to this book, the rest of this
preface will give you an overview of the book.

Changes to the Seventh Edition

This seventh edition presents the same programming philosophy as the sixth
edition. All of the material from the sixth edition remains. Thirty new program-
ming projects have been added, and the presentation has been reworked in
several chapters. Additional material on the map class has been added and the
program examples have been updated for greater compatibility with a majority
of compilers in use today. Moreover, thirty-nine videos that cover specific topics
and solutions to the Programming Projects have been added to the book’s
website. These video notes walk students through the process of both problem
solving and coding to help reinforce key programming concepts. An icon
appears in the margin of the book when a video is available regarding the topic
covered in the text. Finally, in response to instructors’ reviews of the previous
edition, introductory material on inheritance has been moved from Chapter 6,
“I/O Streams,” to Chapter 10, “Defining Classes.” However, if you are an

instructor already using the sixth edition, you can continue to teach your course
almost without change.

Choose Your Own Ordering of Topics

Most introductory textbooks that use C++ have a very detailed agenda that
instructors must follow to use the book in their courses. That is not true of this
book. If you are an instructor, this book adapts to the way you teach, rather than
making you adapt to the book. You can easily change the order in which
chapters and sections are covered without loss of continuity. A dependency
chart at the end of this preface gives an overview of the orders in which chapters
and sections may be covered, and each chapter has a “Prerequisites” section that
explains what parts of the book need to be covered before each section in that
chapter. This allows instructors to easily rearrange the order in which chapters,
or even sections, are covered.
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Although this book uses libraries and teaches students the importance of
libraries, it does not require any nonstandard libraries. This book uses only
libraries that are provided with essentially all C++ implementations.

Allows either Late or Early Introduction of Classes
This book allows for flexible coverage of classes. You may cover classes either
early or late.

The default ordering of chapters begins by introducing students to the
fundamental concepts of variable declarations, expression evaluation, control
structures, procedural abstraction, function definition, arrays, and pointer manip-
ulation. This gives the student a solid foundation in the most basic of program-
ming concepts before tackling the more sophisticated concepts involved in object-
oriented programming. The book covers these most basic of programming
concepts in Chapters 2 through 9. In Chapter 6, file I/O streams are used to teach
students how to use classes. Because stream I/O does require some use of
namespaces and class libraries, some minimal coverage of how to use predefined
namespaces and some standard library I/O classes is integrated into the first few
chapters. In Chapter 10, students learn how to write their own classes.

Instructors who prefer to introduce classes earlier in the course can rear-
range the order of chapters to suit their approach. This is discussed in the section
“Flexibility in Topic Ordering” later in this preface. Essentially, instructors can
cover Chapter 10, “Defining Classes,” immediately after Chapter 6.

The book uses a measured approach to teaching classes. It teaches students
to write some very simple classes, then adds constructors, overloading simple
operators, overloading the I/O operators, and so forth. This measured approach
keeps the student from being overwhelmed with a long list of complicated
constructions and concepts. However, one goal of this book is to get students to
write realistic class definitions without spending time writing classes that are
artificially simple. By the end of Chapter 11, students are writing essentially the
same kinds of classes that they will be writing when they finish the course.

Inheritance is covered briefly in Chapter 10 so that students become aware of
the concept. However, this book does not teach students how to write their own
derived classes and use virtual functions until Chapter 15. Some instructors may
choose to leave that material for a second course. Other instructors will want to
integrate this inheritance coverage into their course. If desired, the material on
inheritance may be moved later, since Chapters 16 through 18 do not require
inheritance.

Acce %.\;ih‘;?iﬁ,;\‘ 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 to be clear and correct when read by an instructor or other
experienced programmer. The material needs to be presented in a way that is
accessible to beginning students. In this introductory textbook, I have endeav-
ored to write in a way that students find clear and friendly. Reports from the



many students who have used the earlier editions of this book confirm that this
style makes the material clear and often even enjoyable to students.

ANSI/ISO C++ Standard

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

Advanced Topics

Many “advanced topics” are becoming part of a standard CS1 course. Even if
they are not part of a course, it is good to have them available in the text as
enrichment material. This book offers a number of advanced topics that can
be integrated into a course or left as enrichment topics. It gives thorough
coverage of C++ templates, inheritance (including virtual functions), excep-
tion handling, and the STL (Standard Template Library).

Summary Boxes

Each major point is summarized in a boxed section. These boxed sections are
spread throughout each chapter.

Self-Test Exercises

Each chapter contains numerous Self-Test Exercises at strategic points. Com-
plete answers for all the Self-Test Exercises are given at the end of each chapter.

Video Noies

The icon in the margin indicates when an online video is available that relates
to the current topic in the book.

Classroom Tested

Hundreds of thousands of students have used the first six editions of this
book. Many of these students and many of their instructors have given me
feedback about what worked and what did not work for them. The vast
majority of the comments were extremely positive and indicated that students
and teachers liked the book pretty much as it was, but suggestions for some
changes were made. All suggestions for changes were carefully considered.
That valuable feedback was used to revise this edition so that it fits students’
and instructors’ needs even better than the previous editions.

Flexibility in Topic Ordering

This book was written to allow instructors wide latitude in reordering the
material. To illustrate this flexibility, we suggest two alternative ways to order

PREFACE
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the topics. There is no loss of continuity when the book is read in either of
these ways. To ensure this continuity when you rearrange material, you may
need to move sections rather than entire chapters. However, only large
sections in convenient locations are moved. To help customize a particular
order for any class’s needs, the end of this preface contains a dependency
chart, and each chapter has a “Prerequisites” section that explains what
material needs to be covered before each section in that chapter.

Reordering 1: Earlier Classes

To effectively design classes, a student needs some basic tools such as control
structures and function definitions. This basic material is covered in Chapters
1 through 6. After completing Chapter 6, students can begin to write their own
classes. One possible reordering of chapters that allows for such early coverage
of classes is the following;

Basics: Chapters 1, 2, 3, 4, 5, and 6. This material covers all control struc-
tures, function definitions, and basic file I/O. Chapter 3, which covers
additional control structures, could be deferred if you wish to cover
classes as early as possible.

Classes and namespaces: Chapter 10, Sections 11.1 and 11.2 of Chapter 11,
and Chapter 12. This material covers defining classes, friends, overloaded
operators, and namespaces.

Arrays, strings and vectors: Chapters 7 and 8.

Pointers and dynamic arrays: Chapter 9.

Arrays in_classes: Sections 11.3 and 11.4 of Chapter 11.
Inheritance: Chapter 15.

Recursion: Chapter 14 (Alternately, recursion may be moved to later in the
course.)

Pointers and linked lists: Chapter 13.
Any subset of the following chapters may also be used:
Exception handling: Chapter 16.
Templates: Chapter 17.
Standard Template Library: Chapter 18.

Reordering 2: Classes Slightly Later but Still Early

This version covers all control structures and the basic material on arrays
before doing classes, but classes are covered later than the previous ordering
and slightly earlier than the default ordering.

Basics: Chapters 1, 2, 3, 4, 5, and 6. This material covers all control struc-
tures, function definitions, and the basic file I/O.
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Arrays and strings: Chapter 7, Sections 8.1 and 8.2 of Chapter 8.

Classes and namespaces: Chapter 10, Sections 11.1 and 1 1.2 of Chapter 11,
and Chapter 12. This material covers defining classes, friends, overloaded
operators, and namespaces.

Pointers and dynamic arrays: Chapter 9.
Arrays in classes: Sections 11.3 and 11.4 of Chapter 11.
Inheritance: Chapter 15.

Recursion: Chapter 14. (Alternately, recursion may be moved to later in
the course.)

Vectors: Chapter 8.3.
Pointers and linked lists: Chapter 13.

Any subset of the following chapters may also be used:
Exception handling: Chapter 16.
Templates: Chapter 17.
Standard Template Library: Chapter 18.
Support Material
There is support material available to all users of this book and additional

material available only to qualified instructors.

Materials Available to All Users of this Book

#m Source Code from the book
@ PowerPoint slides
® Video Notes

To access these materials, go to:
http:/fwww.aw.com/cssupport

Resources Available to Qualified Instructors Only

Visit Addison-Wesley's instructor resource center (http://www.aw.com/irc), con-
tact your local AW sales representative, or send email to computing@aw.com
for information on how to access instructor supplements:

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

® Test Bank and Test Generator ‘

m PowerPoint Lectures—including programs and art from the text

® Lab Manual

# Instructor access to Addison-Wesley's MyCodeMate
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Visual C++ Support

In addition to the already listed support. material, this text is also available
with supplementary Visual C++ materials:

® Visual C++ 2008 Programming Companion (includes Microsoft’s Visual
C++ Express compiler)

#® Visual C++ 2005 Programming Companion (includes Microsoft’s Visual
C++ 2005 compiler)

Contact your local Addison-Wesley/Pearson representative, or send email to
computing@aw.com for information on obtaining the book with Visual C++.

Additional Support Material

m Addison-Wesley's C++ Backpack Reference Guide is a quick reference to
C++'s most frequently used keywords and libraries. It integrates all the
specifics of C++ in one handy place including syntax examples, keyword
descriptions, and programming tips. The C++ Backpack Reference Guide is
offered at a discount when packaged with a new copy of this text.

u Addison-Wesley's MyCodeMate is a book-specific Web resource that pro-
vides tutorial help and evaluation of student programs. A complimentary
subscription to MyCodeMate is offered when the access code is ordered
in a package with a new copy of this text. Subscriptions can also be pur-
chased online. For more information, visit http://www.mycodemate.com.

For more information on these and other resources available with the
book, contact your local Addison-Wesley representative, or send email to
computing@aw.com.
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Dependency Chart

The dependency chart on the next page shows possible orderings of chapters
and subsections. A line joining two boxes means that the upper box must be
covered before the lower box. Any ordering that is consistent with this partial
ordering can be read without loss of continuity. If a box contains a section
number or numbers, then the box refers only to those sections and not to the
entire chapter.

PREFACE

o Xi



PREFACE

i Dependency Chart
Chapter1 | | chapter2 | _| Cnaptera | | crapers |
Introduction C++Basics | Fuhcuons it M Functions 2
! W i
| é
craes i,
More Fiow of Vo Sgeams
Y ¥
C:a"‘;';; 7 - Chapter 14 Chapter 10
7 *-7 3 ) Recu‘sm i Classas 1
§ £ : i
; L E— ’ }
h 7 ; % o
?.43?\;3:&_ | é a Chamer 11 ~*Chapter 16/
e | Bl
» = anc
Arrays i i | | ' "9
¥ | ¥ » . ¥ 4
Chapter 8 ; Chapter 11 | | ‘C“*’P“‘r;tl"’
Strings and | 11.3 Classes |-« c Sepahﬁ sl
Vectors % & Arrays ! |°“'p' spaces
; ¥ 5 2 ‘i
i
| Chapter 9 Chapter 11 [
: Pointérsand 114 Classes | c"ap‘e”a |
3 Amays _ Amays i |
E i_m.ﬁ.. e S o e :’\ S — s - [ ;
| by
§ Chapter 15 .
| Inheritance
Chapter 17 | _
Templates
3
*Chapter 16 contains
occasional references
to derived classes, but |- | Chapteri8 |
those references can STL
be omitted




Brief Contents

Table of Location of Video Notes

Chapter 1

Chapter

Chapter :

Chapter

Chapter

Chapter

Chapter
Chapter
Chapter
Chapter

Chapter

Inside front cover

Introduction to Computers and
C++ Programming 1

C++ Basics 39
More Flow of Control 111

Procedural Abstraction and Functions That

"Return a Value 181

Functions for All Subtasks 251

I/0 Streams as an Introduction to Objects
and Classes 305

Arrays 375

Strings and Vectors 445

Pointers and Dynamic Arrays 499
Defining Classes 529

Friends, Overloaded Operators, and Arrays
in Classes 609

xiii



xiv BRIEFCONTENTS

Chapter 12 Separate Compilation and Namespaces 695
Chapter 13 Pointers and Linked Lists 733

Chapter 14 Recursion 781

Chapter 15 Inheritance 825

Chapter 16 Exception Handling 881

Chapter 17 Templates 913

Chapter 18 Standard Template Library 943

Appendices

C++ Keywords 999
Precedence of Operators 1000
The ASCII Character Set 1002
Some Library Functions 1003
Inline Functions 1011
Overloading the Array Index
Square Brackets 1012

The this Pointer 1014
Overloading Operators as Member
Operators 1017

index 1019

WV B W RN -

o0~



