Object-Oriented Programming in G++,
Fourth Edition

Robert Lafore

SAMS

800 East 96th St., Indianapolis, Indiana 46240 USA



Copyright © 2002 by Sams Publishing

All rights reserved. No part of this book shall be reproduced, stored in a
retrieval system, or transmitted by any means, electronic, mechanical, photo-
copying, recording, or otherwise, without written permission from the pub-
lisher. No patent liability is assumed with respect to the use of the information
contained herein. Although every precaution has been taken in the preparation
of this book, the publisher and author assume no responsibility for errors or
omissions. Nor is any liability assumed for damages resulting from the use of
the information contained herein.

International Standard Book Number: 0-672-32308-7
Library of Congress Catalog Card Number: 2001094813
Printed in the United States of America

First Printing: December 2001

04 03 02 01 4 3 2 1

Trademarks

All terms mentioned in this book that are known to be trademarks or service
marks have been appropriately capitalized. Sams Publishing cannot attest to
the accuracy of this information. Use of a term in this book should not be
regarded as affecting the validity of any trademark or service mark.

Warning and Disclaimer

Every effort has been made to make this book as complete and as accurate as
possible, but no warranty or fitness is implied. The information provided is on
an “as is” basis. The author and the publisher shall have neither liability nor
responsibility to any person or entity with respect to any loss or damages
arising from the information contained in this book.

Executive EDITOR
Michael Stephens

AcQuISITIONS EDITOR
Michael Stephens

MANAGING EDITOR
Matt Purcell

PROJECT EDITORS
Angela Boley

Christina Smith

INDEXER
Rebecca Salerno

PROOFREADER
Matt Wynalda

TECHNICAL EDITOR
Mark Cashman

Team COORDINATOR
Pamalee Nelson

MEeDIA DEVELOPER
Dan Scherf

INTERIOR DESIGNER
Gary Adair

CoVER DESIGNER
Alan Clements

PAGE LAYoUuT
Ayanna Lacey



Overview

O 0 N AN N R W N =

e e e e o T N =
A N R WD = O

T Q m o Y Q w >

Introduction 1

The Big Picture 9

C++ Programming Basics 29

Loops and Decisions 75

Structures 131

Functions 161

Objects and Classes 215

Arrays and Strings 263

Operator Overloading 319

Inheritance 371

Pointers 429

Virtual Functions 503

Streams and Files 567

Multifile Programs 633

Templates and Exceptions 681

The Standard Template Library 725
Object-Oriented Software Development 801
ASCII Chart 849

C++ Precedence Table and Keywords 859
Microsoft Visual C++ 863

Borland C++Builder 871

Console Graphics Lite 881

STL Algorithms and Member Functions 895
Answers to Questions and Exercises 913
Bibliography 977

Index 981



Contents

Introduction

1

1

The Big Picture 9

Why Do We Need Object-Oriented Programming? ...........ccceceveueneee. 10
Procedural Languages ...................
The Object-Oriented Approach
Characteristics of Object-Oriented Languages.........c.cccoeeveerveincnnnne 16
ODBJECLS ..ttt ettt st 16
CLASSES ..t 18
TNhEIItANCE ...t 18
REUSADIIILY ..ottt 21
Creating New Data Types ............. .21
Polymorphism and Overloading ..........c..ccceceveineincneiincnincneeee 21
CHtand Cuoooi e 22
Laying the Groundwork ..........cccccoeoiiiriiiiniiinieinceeeseeeeee e 23
The Unified Modeling Language (UML) ..........cccccviiinineinccrncneeee 23
SUIMMATY ..ot 25
QUESLIONS ...ttt ettt ettt sttt ettt et et et sbesbesbenaeane 25

2 C++ Programming Basics 29

Getting Started .....oocvevieiierieiereeeet e
Basic Program Construction

FUNCHONS ..ttt
Program Statements...........ceoveeuerierierienienieeee et 32
WRIESPACE. ....eeeieiieieeieete ettt 33
OULPUL USINZ COUT uviiiiiieriieiieieeieete ettt 33
SN CONSTANTS. ...cevvieiieiieieeieete ettt see e 34
DITECHIVES ettt sttt ettt sttt et 35
Preprocessor DITECHVES .....eivieieiieriinieniesitesie et 35
Header FIles.......ooiiiiiiiieieeieeeceeeeeee et
The using Directive
COMIMENLS 1.ttt ettt ettt ettt et e e st e st este e bt ebeenbeeseenneeneenanens

COMMENT SYNTAX 1.eeuvreiieiieiieiieieete et ettt sae st e s seee e enee
When to Use COMMENLS .......ccocoueiiniiniiniiniiiiiieieieicieseeeee e
Alternative Comment SYNEAX .......cccvevverierieneeneenieeienrenieneeneenne
Integer Variables ........cooiiiiiiiiiiiieiieec e
Defining Integer Variables.........coccovcveiieniinienieniiiiecieireeeseeneee

Declarations and Definitions......
Variable NAMES .......coooviieiiieiiieeieeeiee ettt ereeeare e 40
AsSIZNMENt StALEMENLS ....vevuvieiieiireeiieiieniierieerte et see e 40



Integer CONSTANLS ..cvevvereiriiriieiieitetceetertet ettt 41

OULPUL VATTAIONS ..c.vevreiieiiieterteeeceieeiteeeteereet ettt 41
The endl Manipulator ..........cccveoveviirenenininenieeeeeeeeeeese e 41
Other INteZEr TYPES ....veuveiiiiriiriireeeeteeteteeeteeeeee e 42
Character Variables ..o 42
Character CONStANTS...........oioviiiiiiiieiiee e 43
InitialiZation .........cooviiiiiiiii 44
Escape Sequences .... .44
TNPUL WIth CEN weeiiiiiiicicc e 45
Variables Defined at Point of Use ...........cccccoeviiiiiiiiininii 47
CaSCAINE << ettt 47
EXPIESSIONS ...oviuviniitintiniieiieieeitetet ettt ettt 47
Precedence ... ..o 47
Floating Point TYPES ....c..coereriririiiiiiieieieeeeeeeeeeeeeeeee e 48
Type float....cccoenene .48
Type double and 10Ng dOUDLE ...cccoerererinieneniieiieieiererenre e 49
Floating-Point COnStants ..........c..cocvererenenenieieieienienenesesieniene 50
The const QUAlIfIer.......cccviiiiiiieiieeieeeee e 51
The #define DIr€Ctive ........cceiiiiiiiiiiiiiicecccceececce 51
TYPE DOOL ittt 51
The setw Manipulator........c.ccoceveeiiieiiniiniininenceeeeeeceese e 52
Cascading the Insertion OPerator ........c..cocceceeeeeeieierienenenenienenne 54
Multiple Definitions ........ccceeceevierienenininineeieeeeeeeeeee e 54
The 1omANIP Header File..... .54
Variable Type SUMMArY .......ccccoceeviiriiniiniininineneeeeeeeceeeenee e 54
unsigned Data TYPES ..cc.coevereririiieicicceeeee s 55
TYPE CONVETSION w..ovenriniiieienierieeiceiteet ettt 56
Automatic CONVEISIONS .........ccccueiruiiiiiiiiiiiiieieieee e 57
CASES. .. e 58
ATIthmetic OPETatOrS .....co.evveveerieriiiieietitenteeteete ettt 60
The Remainder Operator .... ....61
Arithmetic Assignment OPErators ........c.ceeeeveereeieieierienenerenienenne 61
Increment OPETators ........ccceecveveierienireniieeeieeeeeeteteee e 63
Library FUNCHONS ...c..coeviriririiriiiiiiectcceeeee e 65
Header Files........ooooiiiiiiiiiecece e 66
Library FIleS ...cc.coeoieiiiiieieiccccece e 66
Header Files and Library Files ......c..cccocviviiiiiiiiiiininncncnee 67
Two Ways to USe #iNCLUAE ..co.eeuveiiriiriiriiniinieeieetteieeteteeeeesre e 67
SUIMMATY <.ttt ettt ettt s sae e 68

Questions... .
EXEICISES 1oiutiiiiiieeiie ettt ettt ettt et e et eeareeeaaeeeaneas 71




OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

3 Loops and Decisions 75

Relational OPEerators .......c..ceeeeeueeieienienienenieneneeieetetestesee e 76
00D ettt 78
The for Loop... .78
Debugging ANIMALION .......cecveeerierierenieninieeeeetetetesteseese e sienieene 84
For LOOP VariationsS .....c..coevuereerererieieieienienieetceieeeeteresee e 84
The WNile LOOP ..coioiririiiiieicieeee ettt 86
Precedence: Arithmetic and Relational Operators .......c..c..ceceeeenee 89
The d0 LOOP..c.uiiiiiiieiieieeietetee ettt 91
When to Use Which LOOP.....cccoevierininininirieicicicieencrenenee 93
DECISIONS ...t 93
The if StatemMent ........coccooiiuiiiiiiiiiceceeee e 94
The if...else StAtEMENt .......ccccoviiiiiiiiiiiicireeree e 98
The else...if CONSIUCHON ....cocueruiuiiiiieiiiiiicceeeceereeeeenne 106
The switch Statement ...........ccocecviiiiiiiieiiiiieereeeree e 107
The Conditional OPerator ........c..cocevererereereenienenieneneereneeeeeenns 111
Logical OPEIators .....c..coeruerueeieeieieiententiereereeteeitet et st see e sseeneens 114
Logical AND OPErator ..........ccueeueruerererererereeeenieneennenresressesseeaeenns 115
Logical OR OPErator.........cuevevuerieriererenireeeeeeneeneenrenresresnesseeaeens 116
Logical NOT Operator ... 117
Precedence SUMMATY .....c..cocceveeienieniinininineeeeeeteresese e eieeneene 118
Other Control StatemMents ..........ccceeuivveirieirineircee e 118
The break StateMENt ..........cccoovueiiiiiiiieiiieere e 119
The continue StateMeNt ..........ccccoiuiviiiieiiiiieerceereeeeene 121
The goto Statement ........cc.eeeeviieeiiieieeeiee et 123
SUIMMATY ..ttt ettt b e bbb eae 123
QUESHIONS. ....eieuvieeiieeetee et e et et e et e e et e eteeestaeeeaeeeetaeesaseeenseeenseeeasneas 124
EXETCISES ...t 126

4  Structures 131

STUCTUIES c.eeneenteieteeteeteett ettt ettt ettt et sb e bbb i ene
A Simple Structure ..........
Defining the Structure
Defining a Structure Variable ........c..coccooeeveevenenenineninencneee 134
Accessing Structure Members........c.cevverereeeenienienieneneeeneeeeeenes 136
Other Structure FEatures ..........ccoceeeeerininiienienienicneneneseeceeeen 137
A Measurement EXample ........cccocevereniniiiinienenincnceceeecee 139
Structures Within StruCtures .........cocceceeveeeeienieneneneneneneeceeenes 141
A Card Game Example
Structures and ClasSes .......ccuevuerererirerinieieiereserese e

ENUMETations ........ccoceoieuioiiiiniiieiicerceeceee e
Days of the Week.......ccooveiiieiiinininineneeeeeeeeeeeeeee
One Thing or ANOLhET .......cccoeriiririniririeteeeeeeseeeeeen




Organizing the Cards.........ccccovevererenerinieieiereneneseseeeeeeeeaeen 153
Specifying Integer Values .......c..cccceeeerenerieienicncneneneneececneee 155
INOt PErfect......c.coiuiiiiiiiicccce e 155
Other EXamPples ....c..coeveriiiiniiniiiniieieeneeeeteccese e 155
SUIMMATY ..ottt ettt sre bbb b ees 156
QUESHIONS. ...t eeiee et et eteeetee e e e evee e teeeeaseeebeeeaseeeavesensneenaneas 156
EXEICISES ... 158

Functions 161
Simple FUNCHONS ....ocuivuiriiiiieiieiieieeiereree e
The Function Declaration
Calling the FUNCHON ......covviiiiiiiiniincnenceeceeeecee e
The Function Definition ...........ccccoccoiiiiiiniiiiinincecrceeecene
Comparison with Library Functions ..........cc.ccccevevveveninencncnenne. 166
Eliminating the Declaration.........c..c.ccvceverereenienicnieneninenenceene 166
Passing Arguments t0 FUNCHONS........ccevirvirieerieieieieienenenenieeiene 167
Passing CONSLANTS .....c.eeveeueeuieienienienienienereeeeeeee e 167
Passing Variables
Passing by Value
Structures as ATGUMENLS ......c..covevverrerrerirerieieriertenieneneenesseeeenees 171
Names in the Declaration ............c.cccccceveviiciiiiniincnecnccnceenne 176
Returning Values from FUnctions ............cecceveeeeeeieiiencncnienenencnenne 176
The return StatemMent ...........ccoceoeiiiiineiirceceercee e 177
Returning Structure Variables ........c..coccververeeneeneniinininencncnee 180
Reference ATrgUMENLS .....c..coeeeeieierienieniiniinieeeeiteteteiesre e see s eieene 182
Passing Simple Data Types by Reference..........c.ccccevevinencnennnnne. 182
A More Complex Pass by Reference ....
Passing Structures by Reference .........cocceceveeveenieniencninencncnenne.
Notes on Passing by Reference.........c.ccocevveveeveincnieninincncncnenne.
Overloaded FUNCHONS ...........ccccooiiiiiiiiniinecceeeeeeeeeeeae
Different Numbers of Arguments ........c..cccceceeveeveerenenenenenenene.
Different Kinds of Arguments........c.ccecevevereeeenienienenenenenenene
RECUISION ..eiiiiiiiiiicc e

Inline Functions ........
Default Arguments
Scope and Storage Class.........cecvevverererereneneneeeeeeeeesresre e
Local Variables ............ccoiiiiiiiiiiiecceeercce e
Global Variables............occoeviiiiniiiiicieeerce e
Static Local Variables ............cccocooiviiiiiiiniiiiiinceeeeeseeenne
STOTAZE ..ottt enees
Returning by Reference ..........cccceoevvevinininenenieiiiciccncneneneeene
Function Calls on the Left of the Equal Sign .......cccccoveveninennne. 207
Don’t Worry Yet

CONTENTS

vii



viii

OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

const Function ATGUMENLS ........cceeerreerereririeeeeenienieneneseesseeeeneenee 208
SUMMATY <.ttt ettt be s eee 209
QUESHIONS. ...t ettt e et e et e et e eteeestae e ereeeteeesaseeenaeeessseensneas 210
EXEICISES .ttt ettt s 212

Objects and Classes 215

A SIMPLE CLASS ..ottt
Classes and ODJECS.....c.cevevueruerrenenininieeeetetesee e
Defining the Class .......coceeveierieneneneneneeeeeeeseeereereee e
USING the ClaSS ..ccveeuieiieiieiieieienierienerierieeeete ettt
Calling Member Functions ........

C++ Objects as Physical Objects
Widget Parts as ObJectS......cc.coererererererieieieneieseseeeeeee e
Circles as ODJECES ..eeueeueeierieriiniinienieeieeieeie ettt

C++ Objects as Data TYPES ...cccvevvererererenenieeeteeeteesieeieeieeieeeenee

CONSITUCLOLS ...ttt
A Counter EXample ........cocvevievienenenineniiieieeseeseeeeeeeeeeeeee
A Graphics Example ....
DESIIUCIOTS ..o

Objects as Function Arguments .......c..coceeeveeeereenienieneeneneneneneeeenns
Overloaded CONSIIUCTOLS ......ccuerverrerrerrerinieieienieneeneeseeseeseeeneeneenees
Member Functions Defined Outside the Class .......cc.cccevvevveviennene 236
ODbjects as ATZUMENLS ...cc.eeveruerrerrenrenrenenieeeerenteneeseeseessesseeseeneenees 237

The Default COpy CONSLIUCIOL «...cuveuvivireierinrieiieiiereienienienieniesieeieeneene 238

Returning Objects from FUnctions ..........c.ceceeceeeeievienicncnienieneneeeens 240
Arguments and ODJECES ......cc.evveruererererireeieierieieseeeee e 241

A Card-Game Example

Structures and Classes

Classes, Objects, and MEMmOTY ......c..cocevererereeierienienienenesreneeeieeeeenns 247

Static Class Data.........coeeieieieiinerenneree e 249
Uses of Static Class Data ........ccccocevererenerneeniencnineneeeneeeeee 249
An Example of Static Class Data .....c..cccceceveeveneninencnenenennne 249
Separate Declaration and Definition ..........c.ccccevvevevenencncnceeenee. 251

const and Classes .......c.ccoeverererereenene
const Member Functions
CONST ODJECLS .ottt

What Does It Al MEaN?.......cccccvueuenienininineeieieieieiesie e siesieeieeneene 256

SUIMMATY <.ttt ettt ettt sb e ae 257

QUESHIONS. ....eeeuvieeeiieeetee ettt ettt e eette e et e eeteeeetae e eteeeeseeeeaseeeseeeesraeanseas 257

EXEICISES 1oiuviiietiieeiee ettt ettt ettt e e et e e et e eeaae e aaeeenaeas 259



7 Arrays and Strings 263
Array Fundamentals ..........coceeeririiieniinineneeeeeeeeeee e
Defining ATTAYS ..c..ooveeeiriieiieiieieieteerere ettt
Array Elements ....
Accessing Array Elements. .......cccoevererenenencenienieniencnesceeeene
Averaging Array EIEments .........cccocvvevereneniennienienieneneseeeeee
INitialiZiNg ATTAYS .eoveeveerieiieiieieieeesere ettt
Multidimensional AITaYS ........ccccevererererenenierieieereese e
Passing Arrays to Functions
ATTAYS Of STIUCTUTES......evivieiieiieiieieieniesie ettt
Arrays as Class Member Data .........ccccooeverininieinieieicienenenenene
ATTAYS OF ODJECLS ..uvenieieienienieiiieitetetee ettt
Arrays of English Distances
ATTAYS OF Cards ..oueevieiiieiieiieiieieeesere et
CoSTANZS ottt ettt st b bbbt besaesbe b ene
C-String Variables ..........coeeieieierienenenereneeeetetee e
Avoiding Buffer OVerflow...........coceveverinineninicieecsenceceee
String CONSLANES. ...cververiereerreeiieieietetesteete sttt seea
Reading Embedded Blanks .........c.ccccovvevineneninniiniiniinenencnceee,
Reading Multiple Lines.........
Copying a String the Hard Way .......c.cccccooenirniiniinininincncnee, 295
Copying a String the Easy Way.........cocvvevenenenninienienincnencnee 296
ATTAYS OF SEINZS .eovitiiieiieiieieieteeeee et 297
Strings as Class MEMDETS .......cccoueruerrerinenenieieieieiesieneeseseeneen 298

A User-Defined String TYPe ....cccoevverererenenenieieeeeseeeeiene 300
The Standard C++ string ClassS.........ccovveeieeeiiieeiieecieeeiee e, 302
Defining and Assigning string ObJects .......c..ccceveeveerienenenennenne. 302
Input/Output with string ObJects.......ccocerererererrienienienereneeee 304
Finding string Objects.........

Modifying string Objects
Comparing string ObJECtS ......cccceverererererinieeeeeseseeieaes 307
Accessing Characters in string ObJectS.......c..ceoeeveevierienenenennenne. 309
Other string FUNCtIONS...........cociiiiiiiiiiiccec e, 310

Exercises ...

8 Operator Overloading 319
Overloading Unary Operators
The operator Keyword ..........ccococeveineniiinicninicincnccnceecnecnee

Operator ATGUMENLS .........ccceeieiiiiiiiinieniiiiieceeteeeeee e

CONTENTS



OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

Operator Return Values ..........ccccceevereninenenieieicicneneneseeecenees 323
Nameless Temporary ObJects ........ccccocevererereeneenieneninenenenene 325
Postfix NOtation..........occooiiiiiiiiiiiiiiiiiccccecce e 326

Overloading Binary OPerators .........c.ccocevverererereeneeneeneenenenenenennes 328
ATrithmetic OPETators .......c.ceveverierierererereneeeeeeteseesresreere e 328
Concatenating StriNES .......cecvevververerenerereneeeereetenenresresre e 332
Multiple OVerloading ........c.ccceeevenenenenieneneenececeeeeeeeees 334
ComparisSOn OPETALOrS.......cc.veuvererrererererereeeeeeeeeerenresresresnennes 334
Arithmetic Assignment OPErators ........c..ceeveeeerueneervenrenenenenennes 337
The Subscript Operator ([ 1) «oeeceeerererererereereeeereeneenrenresesnennes 340

Data CONVETSION .....oviuiiiiiiiiiiiiiicieieeeee e 344
Conversions Between Basic TYPes ......c.ccocveveeneeneenieninencncnenne. 344
Conversions Between Objects and Basic Types ........cccceceeerueeunee. 345
Conversions Between Objects of Different Classes ..................... 350
Conversions: When to Use What

UML Class DIa@rams ........cocceeeeeeeienueniinrinieeerieeeeeiereniesiesieniensenne
ASSOCIALIONS ......cuiiiiiciiiecete e
NAVIZADILILY ..cnvinviiierieiieiieieete ettt

Pitfalls of Operator Overloading and Conversion ...........c.ccocceceverueee 358
Use Similar Meanings ........cccceeveverenerereneneeneenieneenrennenesesennes
Use Similar SYNtax ......ccceceeeeeveevienenenenenineeceeeteeeseereseseeieeaes
Show ReStraint.........ccoiiiiiiiiiiiiiiiiccece e
AvOId AMDBIUILY ...oviviiieiieiieicicieenerer e
Not All Operators Can Be Overloaded ...

Keywords explicit and mutable .......ccevererenerneeneenienienenrcnennenes
Preventing Conversions with eXplicit...c..coceoererereninenencnennes
Changing const Object Data Using mutable .......ccccoceeenenennenne. 362

SUMMATY ..ottt sttt se bbb b eees 364

QUESHIONS. ...ttt e et et et e et e e tr e e ebeeetaeeeaseeebeeesseesaseeenseeenneas 364

EXEICISES ... 367

9 Inheritance 371

Derived Class and Base Class ........c.cocccvverieinciincnieencinereeeeeeenne 373
Specifying the Derived Class .......ccccoceeveverenieiienicncnenenenescnees 375
Generalization in UML Class Diagrams..........cccccoeevvevenencncnnene. 375
Accessing Base Class MEmDETrsS .......c.ccocevereeeeeenienieniinenenienienes 376
The protected Access SPECIfier .......cocvererereeneenienieninenenceee 377

Derived Class CONSIIUCIOTS .......cucveuerueuirierieiereeieieeeneseeeeeseeeseeneenens 380

Overriding Member FUNCHONS .........ccccverereneneniiieieesccsceceee 382

Which Function Is Used? .........ccoccoiiiiiiiiiiiiiierceeeeeeeceae 383

Scope Resolution with Overridden Functions........c..ccccvcevevennennee. 384



10

Inheritance in the English Distance Class ....c..ccccocevieieiievienenicncnenne 384
Operation Of ENGLEN ......cceeteieiieieienienienienienieeieeseeeeeeneesnessessennes
Constructors in DISTSIgN ..cccveeeevieeciieeciieeeieeeiee et e e e
Member Functions in DiStSign ......cccccceeeveeevieeiieeeieeeieeecree e
Abetting INheritance .........cccceceveevierenenenieneneneeeeceeeeeee

Class HICTarChies ........ccccceeeieeierieniesiesiereeeeie e
“AbSIract” Base Class ....c..cceeeveeeerierienieneeenieesreeieseeeeeseeseeseeens
Constructors and Member Functions ....

Inheritance and Graphics Shapes .........c.ccocevereeeninieieiienenencnenene

Public and Private INheritance ............ccoeeeeveereenerrieeseneee e

Access COmbINALIONS ........ccoiueiririciiiiieerciecie e
Access Specifiers: When to Use What ........cccceceeeenieninencncnnenne.
Levels of INheritance ...........c.ccccoccoiiiiiiiiniiiceccceeeececee
Multiple INKETILANCE .......coevverieriiriiiiiieicieeeeeeeeeeeeee e
Member Functions in Multiple Inheritance...
private Derivation in EMPMULT ........c..cccveeeeeeeiueeeireeesseeeeneeenveeessseeeas
Constructors in Multiple Inheritance...........ccocceveevievieninencncnenne.
Ambiguity in Multiple Inheritance..........cccoceeveeeeirinienicnenencnenens
Aggregation: Classes Within Classes .........ccceveeeeiecierienenienenenenenns
Aggregation in the EMPCONT Program........c..cccceceevvevveneenencncnncnne.
Composition: A Stronger AgEregation .........cecceveveevvenvenenenerennes
Inheritance and Program Development ...........cc.coceceeievienencncncnenns
SUMIMATY ..ottt sttt sbesbe b v
Questions...
EXETCISES ...t

Pointers 429

Addresses and POINEETS .........cccecvrueirenieinicieenceeceeesecceee e 430
The Address-0f OPErator & .........ceceeeeeerieriereneneeeeieeeteteseesesiesienae 431
Pointer Variables ...........cccocoveriiiiieiinieencceeeeeee e 433
Syntax QUIbDIES.......coereririiiiieieteeeeen e 434
Accessing the Variable Pointed To ......c.ccocevvereniiniiniininenencene, 436
POINLET t0 VOLA...uiuiiiiiiieiiieiirieiee et 439
PoINters and AITAYS......coceverereririeieieteteseee ettt ettt see e 440
Pointer Constants and Pointer Variables ............ccccocccveininecnnces 442
Pointers and FUNCHONS .........ccccireiiiniiiniciierccceeeecceeeeeeeee 443
Passing Simple Variables..........ccccoeverenerenenenieieieeeseseeee 443
PaSSING ATITAYS . .eeuviviiintietieiieiiet ettt 446
Sorting Array EIEMENtS .......ccccevvevuerienienineninieieteeeiesienieseeseeeea 448
Pointers and C-TyPe SINGS ....c..ceceeeerierienieneninieieieietetesee e 452
Pointers to String CONSLANtS .........ccceverererenenieeieieieneneseeiene 452

Strings as Function Arguments ...........cccceceeeeereeienienienenenenennens 453

CONTENTS

xi



xii

OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

1

Copying a String Using POInters..........coccvevererererneenienenencnnenes 454
Library String FUnCtions .........cccecueveveneneneneneeieeeeienesesnene 456
The const Modifier and Pointers .............ccccooeoiiiiciincinineenns 456
Arrays of Pointers to SIrings .........cccevererenenenenneenienienenenennene 456
Memory Management: new and delete .......cceceeveeeeieieienienenenenns 458
The new OPErator...........ccooieiiieiiiriciceccee e 459
The delete OPErator .........ccceeeeieierienieriereneneeeeeeee e 461
A String Class Using new ... ...462
PoInters t0 ODJECES ......coererireririiiieieteteeteereeteete ettt 464
Referring to MEmDETS .......ccceeeeieieienienierieneneeeeeeeeeeeeseie e 465
Another Approach t0 New .......cceceevieviereniinenenreeeeeeeee 465
An Array of Pointers t0 ObDJECts .......cocevererererieneenieieieeneenenes 467
A Linked List EXample......c..cccevcereriiiiiiinienininieeeeeceeeeiesesie e
A Chain of POINEIS .......ceouiiieiiiiciceececcc e
Adding an Item to the List ........
Displaying the List Contents
Self-Containing Classes.......c.ceeeeerieienienenenenenieneeeeteseeseeseeneeas
AUZMENTING LINKLIST...cuveteetieneententenrereneesiesiesiesseeseeseeeensensensensenses
Pointers to POINLELS ..........ccviuiiiiriciiiicicceeecccce e
SOTtNG POINLETS ...eveviiiriiiiieiieieeteeeeeeei et
The person** Data TYPE ...ccceeveeuieieienienienenenereeeeeeeeeeeeie e
COmMPATING SINZS ...vevivierietieiieiietetertere ettt
A Parsing EXample .......c.cocovireriniiiiiiiiieeeeeeeeeeeeee e
Parsing Arithmetic Expressions 479
The PARSE Program ........c.ceceeceeieiieiiinienineneneneecceeeeeeseienes 481
Simulation: A Horse Race ........cccccoocoiiiiiiniiiiiicccceee 484
Designing the Horse Race..........cccuevveveninininincniiicccccee 485
Multiplicity in the UML ......cccoooiiiiiiiiininenenneeceeeeeeeee 489
UML State DIa@rams ........ccccecerererieieniinienienienreereeieestetetesiesieseeseenae 490
STALES ...ttt 491
Transitions ..........cccceeeveenene 491
Racing from State to State........ccecveviererereneneneeeeeeeeseeene 492
Debugging POINLErs......cc.coeverieririiieieicteieesteeeeiceiceteee e 492
SUMIMATY ..ottt ettt sbe b b enes 493
QUESTIONS .. ..eieevieetie et ettt e et e et e e ettt e et e e eteeeetaeeeaseeeteeeaseeeaseeenseaenseeas 494
EXEICISES ....vuiiiiieieee e 497

Virtual Functions 503

Virtual FUNCHONS. .......ccviiiiieieciieciecieee ettt saeeseaens 504
Normal Member Functions Accessed with Pointers....................... 505
Virtual Member Functions Accessed with Pointers .... .
Late Binding ......cccccoviiiiiniiiicierciceeececeeeeee e 509




12

Abstract Classes and Pure Virtual Functions ..............cccoccceiiin. 510
Virtual Functions and the person Class .........ccccoeoveeevieeieecneeennen. 511
Virtual Functions in a Graphics Example ........c.ccoccoevencnceiennne. 514
Virtual DestruCtOrs. ... .c..cuiviuiiiiiiiieieiccececc e 517
Virtual Base CIasses .........cccovioiiiiiiiiiiciicecieeceeeceseeseeene 518
Friend FUNCHONS .........ccooiiiiiiiiiiiciccccneceeece 520
Friends as Bridges .......ccccoeeerirenenininicicicicnencresesceeeeee 520
Breaching the Walls........cccoceoerininininiiiiieneneneeseseeceeeeees 522
English Distance EXample........c.cocevererieiiencneneneneneneeeeeeeenee 522
friends for Functional Notation .............cccccceviiiiiiiiiinnininnns 526
Friend ClaSSes......ccooiiiiiiiiiiiiiiicrc e 528
Static FUNCHONS. .......ccoiiiiiiiiiicccce e 529
Accessing static FUNCHONS ......coceeerieiiienicnicneninenesceceeeee 531
Numbering the ODbJECES .....ccccovevirererieieieienererereseseeeeeeeeeen 532
Investigating DeStrucCtors ......c.eeereeieriereneneneneneeeeeeeeee e 532
Assignment and Copy Initialization ..........cccceeveveeveneneneneneneenenenn 532
Overloading the Assignment OPerator .........c..cocceevevereeeeeeneennes 533
The COpY CONSLIUCTOT .....ouveureieierienienieeiteeeteeenrenreeresre e eeenene 536
UML Object DIagrams ........cccceceeeeereeieienieneneneneneseeeeeeeennes 539
A Memory-Efficient String Class .....c.ccccoevenenenenenenicnncenene. 540
The this POINTET .......ccooiiiiiiiiiiiiiicceeeeee e 547
Accessing Member Data with this.....c.cccceoeveninenenencncncenennee 547
Using this for Returning Values.........ccccccevvevenenenenencnceeenenne. 548
Revised STRIMEM Program
Dynamic Type Information.........c..coccverereeeinienienenineneneneeeereeene
Checking the Type of a Class with dynamic_cast ...c..cccceeeeeeueeneee 553
Changing Pointer Types with dynamic_cast....c.ccceveverercrceeennee 554
The typeid OPEerator .......ccccocevererererereeieeenienenreereereee e 556
SUMMATY <.ttt ettt ettt sa bbb nee

QUESTIONS. ....eeeeieeeiiie et eete e et e eette e et e e te e e eteeeeaeeeaeeeesseesnseeeaseesnseeenneas
Exercises ...

Streams and Files 567

SEAM ClASSES .vevvevieeieriieiieieeteeteeteeeeseesseesssesseesseesseeseesesnsessnenns
Advantages of Streams
The Stream Class Hierarchy .........cccccoeveveninenininieieiccnicnene 568
The 108 CIaSS evieeieeieeieeieeie ettt ettt e e seeees 570
The istream ClassS ......ccccevcveeiereerienieerieeneeie e eeeere e see e seeees 574
The 05tream ClassS .......ccvvcveeiereerierieieeneese e eeeeae e seeees 575
The iostream and the _withassign Classes .......cccecceevvercvervenerenne 576

Sream EITOTS ...oocviiiiieiieiieieee ettt ens
Error-Status BitS .....cceeceecieeieiieeieseeeeeee e

Inputting Numbers

CONTENTS

xiii



Xiv
OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

Too Many Characters ..........c.ccocevereieiereeeniciniceeeeees e 579
No-Input INput.......ccovviiiiiiiiiiiiiiiie, 579
Inputting Strings and Characters ..........coccvceverereeeeneenienenenennenen 580
Error-Free DIStances ..........cccocoeerieinicieeniciecceeeeceeesieeeeenee 580
Disk File I/O with Streams ...........cccccooeiiiiiiiniinceeeceeeeeeeeeee 583
Formatted File /O .........ccooooiiiiiiccecc e 583
Strings with Embedded Blanks ...........ccccevevenininieicncncncnenenene 586
Character I/O .
Binary I/O ..coooiiiiiii e
The reinterpret_cast OPerator.......c..coccecevererereeeenieneenieniennene
ClLoSING FIES ..ottt
ODbJECE I/O ettt
I/O with Multiple ObJECtS .....c.cecveiererieriereneneneeeeeeeeie e
File POINLELS ....ccecuiiiiiiiiiiiiieieiceeeee e
Specifying the Position .... "
Specifying the OffSet........ccceveeviiiiereninininnneeeeeeeseee
The tellg() Function .........ccccoooiiiiiiiiiiiiicceeeeeceeeee e
Error Handling in File I/O ...c.ccocooiiiiiiiiiiiececeneee
Reacting to EITOrs .......coeeieirieiiieiiieeneneeeeceeeee e
ANAlyZING BITOTS ...oviviiieiiniiiieieieeererese e
File I/O with Member Functions ...........c.ccccoceeeoiniiinincinecnccenae
Objects That Read and Write Themselves .........ccccccevevencncnnenne.
Classes That Read and Write Themselves ............ccccooveeviincennee
Overloading the Extraction and Insertion Operators
Overloading for cout and cin ......ccccevevenenienininicnnieeeccee
Overloading for Files.......ccooveiriiiiininininineneneccceeeeseeee
Memory as a Stream ODJECT ....c..ceeeeeieriinieniniinieeieeeeteietee e
Command-Line ATUMENLS.........coeeeeeerienienieninreeieeieeeetetesieniesienienae
Printer OULPUL ....cc.eeuieiiiieierieniereree ettt
SUMIMATY ..ottt ettt et sbesbe e
Questions....
EXEICISES ...ttt

13 Multifile Programs 633

Reasons for Multifile Programs ..........cccccoevereninininieiieienicnenienee 634
Class LIDIaries .......ccooeeveerieinieieenieieceeeeceeceeeeeiee e 634
Organization and ConceptualiZation ..........c.cceceeveereerienienenenenenne. 635

Creating a Multifile Program ...........cc.ccoevenenininininieieeicnenenene 637
Header Files........coooiiiiiiniiieeeneeceecceeeee e 637
DITECLOTY ..ottt sttt 637

Projects .... ....637



14

Inter-File CommuUNiCation.............cccciviiiiiiiiiiiiiiiieeieeeseeeeenne 638
Communication Among Source Files ........c.ccocvveneninencnnenneennenne. 638
Header Files........occooiiiiiiiiiicccccecceeeeee
INAMESPACES ...envviereiriiienieeieeteett ettt sre et e

A Very Long Number Class
NUMDbETs S StrNES ....coveviiiniiniinineeeeeeteeere e
The Class SPECIfIET ......ccvevverererirenirecteeeereeeeee e
The Member Functions .........

The Application Program

A High-Rise Elevator Simulation ...........ccccecevveveneninenreneneneeeenenn
Running the ELEV Program ........c..cccceceevieiinienenenenenencnceceeenee
Designing the SYSIEM ....c..coeverrirereririeieieneneneseeseeeeee e
Listings fOr ELEV ..cc.cooiiiiiiiniiniiniineneeieeteecteteseeseesee e
Elevator SrateZy ........ccoeeererenineneneeieteietenesesee e ees
State Diagram for the ELEV Program

SUMMATY <.ttt ettt ettt sr e bbb ne

QUESTIONS . ....eeeeteeeitieeiee et e et e eette e et e e teeeetreesteeeaeeeesseeensaeeaseesaseeennnas

PIOJECES ettt

Templates and Exceptions 681

Function Templates.........ccceeeerierinienininineeieeeesesese e 682
A Simple Function Template.......c..cccceeeeeniinenenininenineneeiene 684
Function Templates with Multiple Arguments ..........cccceceeceevennene 686

Class TeMPIALES ...cc.eeveeuieuieieiiienierererer ettt 690
Class Name Depends on CONteXt ........cceecveveerereneneneneneeeeneennes 694
A Linked List Class Using Templates........cccccocevereneneneneneennenn 696
Storing User-Defined Data TYPes .......cccceeveveerenenenenencneeeeeennes 698
The UML and Templates.......c..coceverererienienieneneneneeeeeeeeeeeenee 702

EXCEPLIONS .. .ottt ettt 703
Why Do We Need EXCeptions?.........cccuevuevereneneneneeienienienienenne 703
EXCePtion SYNTAX......cccueierierienienierienenieetetete e
A Simple Exception EXample ........c.ccocceveeviinieninininininenieieene
Multiple EXCEPLONS.....cc.eeuveieierienienienienieeeeeeteseeeeeereere e
Exceptions with the Distance Class
Exceptions with ArgUMEnts.........c.cceeeeeeenienieneneneneneeeeeeeeeenee
The bad_a110C ClIaSS ...ccveveeeeieriiereiereeieeie e ee e
EXCePtion NOES.....cc.eeieieieiirierererieeieetetetee ettt

SUMMATY <.ttt ettt et sb e bbb

QUESTIONS. ....eieeieeeiiie et ettt e et e eette e et e et e e eteeeeaeeeeteeeeabeeeataeeeaseeeareeennnas

EXEICISES 1oiuviiieitieetie ettt ettt et e e et e et e e etae e eateeereeeanas

CONTENTS

XV



XVi
OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

15 The Standard Template Library 725

Introduction to the STL ....cccooeiiiiiiiiiieieeeeeeeeeee e 726
CONLAINETS ..eveeneenieieientieteeteeit ettt sttt ettt be b enes 727
Algorithms... 732
TEETALOTS ..ot 733
Potential Problems with the STL ........cccccooccoiiiiininiiinieee 734

ALZOTIERIMS ..ottt 735
The find () AlZOTIthm ....cc.coeeiriiiiiiienieneeeeeee e 735
The count () AlZOTIthm .....cc.eoiiiiiiiiieniinenereeeee e 736
The sort () AlZOrithm .......ccceeieiiiiiiiniinineneeeeeeeeee e 737
The search () AlZOTithm .........cccoeciiiienininineneneeeeeeee 737
The merge () AlZOTithim ........coceeiiiiiiniiniineneneeeeee e 738
Function Objects ................. ... 739
The for_each() AlZOrithm .........ccooeveninenininneeeeeeee 742
The transform() AlZOrithm .........cccceveninininiininiceeeeee, 742

Sequence CONLAINETS. ........coeeieerieieieienienie ettt ettt sre b enes 743
VECLOTS ...ttt ettt ettt st sttt ettt sbe e 743
LLISES 1ottt 747
DIEQUES ...ttt 750

Iterators ........cccoeevvniiiiicnnns 751
Iterators as Smart POINLers.......c..ccooueirieieincinicieiiccecereeeee 752
Iterators as an INterface ...........c.cocoveviveiinincincinecce e 753
Matching Algorithms with CONtainers ......c..c.cceceeveeveenveneneniennenne. 755
Tterators at WOrk ........cccceoveinieiininiciciecececce e

Specialized Ierators .........ccceeeiririeiierienenererereeeeee e
[terator AdAPLELS ...cccoiveeririeieieieeerere ettt
Stream IeTators ..........ccooveireieirieieeeeiceee e

AsS0Ciative CONLAINETS .......ouevveuirieuieieieiiieieiereeeteeerese e
Sets and Multisets .....

Maps and Multimaps

Storing User-Defined ObJectS........cccecvevierererereneneneeieieeeneesenienes 778
A Set of person OBJECS ......cceeieieienierierenereeeeeeeteee e 778
A List Of person ODJECtS......cceeieierieriereneneneneeeeeeeeeesee e 782

FUNCHON ODBJECES ...c..euienieieienierieeieeiteteteee ettt 786
Predefined Function ObjJects ..........cccevevereneneneneeieieieneneeieen 786
Writing Your Own Function Objects..........cccccevueenieunnene ... 789
Function Objects Used to Modify Container Behavior ................ 794

SUMIMATY ..ottt sttt ettt sbesbe e 794

QUESTIONS. ...euvieereeeieeeieeieettesttesteestee st e teesseesseesseessessseesaesssesseesssensaensaens 795

EXEICISES ..uviiiietieetie ettt ettt e et e v e et e e eat e e eateeeteaenee s 797



XVii
CONTENTS

16 Object-Oriented Software Development 801
Evolution of the Software Development Processes ..........c.ccoceveruenene 802
The Seat-of-the-Pants Process
The Waterfall Process ...............
Object-Oriented Programming
MOdErn ProCESSES ....couveuieuieienierienienienieciteeeeeeeereee e

Use Case DIagrams ........c.ccoeeeeerererenieieieneneneneseseeeeeeeenees
Use Case DeSCriptions.......coeeeeeeerereeieienienienenenesesiceceeeeenees
From Use Cases to Classes ...
The Programming Problem..........ccccoeeirieininieiiininencneneneeeeeeene
Hand-Written FOrms ..o
ASSUMPLONS .veeviviiieiieiieietententerte sttt ettt ebe s nene
The Elaboration Phase for the LANDLORD Program .........c..ccccecceeenee 812
ACHOTS...eiiiiiiiiiii s
USE CASES......eeiiiiiiiieieiecieie ettt st
Use Case Descriptions....
SCENATIOS ...ttt
UML Activity Diagrams
From Use Cases to Classes.........coooeeririciriciiinicinieeeeeeeseeeeneeenens
Listing the NOUNS ....cocveieieriinenineneneceeeeeeeeeeeee e
Refining the LSt .....ccceviiiiirininiineeeceee e
Discovering AttribULES .......coueverrererereeieieietererereeseeeeee e
From Verbs to Messages
Class DIagram .........ccccevuevvevieneninenineneeeeereseesese e
Sequence Diagrams
WIiting the Code.......ooveviiiiiiiiiiiiiieeeeeeeeeeee e
The Header File..........ccooooiiiiiiiiiiiccccccecee
The .CPP FIles....c..cooiiiiicc e
More STIMPLfICAtiONS .......coevvererereririiieieeerceeeeeeee e
Interacting with the Program ........c..coccoceveeviniininininnnneiceeen 841
Final ThOUGRLS ...coveriiriiiiiiiiicicee e 843
Summary
Questions
PIOJECES ettt

A ASCIl Chart 849

C++ Precedence Table and Keywords 859
Precedence Table ..........coceoeieriiniinininieiieeeeee e 860
KEYWOTAS ..ottt 860



xviii
OBJECT-ORIENTED PROGRAMMING IN C++, FOURTH EDITON

C Microsoft Visual C++ 863

Screen EIEMents ........co.ccooiviiiniciiiicinceecceecece e 864
Single-File Programs .........cocceceeoeeieiienieneneneneneseeeeeeeeeseesie e 864
Building an Existing File ....864
Writing @ New File .....cccooiiiiiiiiiiiiiieeeeeeeesesee 865
BITOTS ..ottt 865
Run-Time Type Information (RTTI) ....c..cocevcereneiiiniiniiinicenne. 866
Multifile Programs .........cccoceverererienieniinieneneeeeeeieeceetee e 866
Projects and WOTKSPACES .......c.ceveieierieniereneneneeceeeeeese e 866
Developing the Project ........cccocevieveneneninnenneecceeseeen 867
Saving, Closing, and Opening Projects........c..cccceceevvevienenencnennen. 868
Compiling and Linking ........ccceceeveevienenenenennienceieieeeseeene 868
Building Console Graphics Lite Programs... ....868
DEDUZZING ...ttt 868
SINGIE-SEPPING ...ttt 869
Watching Variables ... 869
Stepping Into FUNCHONS. ..ot 869
Breakpoints .......ccoeevererieinieieieteteesese ettt 870
D Borland C++Builder 871
Running the Example Programs in C++Builder...........cccceeeverenenenne 872
Cleaning Up the SCIeeN .........ceceeerieieriinienienieeieeieeieeteteteie e 873
Creating a New Project............. ...873
Naming and Saving a Project ........cccecvevueviereneneninieieieieesenienee 874
Starting with Existing Files .........ccccoccevieniininininiiieeeeceee 875
Compiling, Linking, and EXecuting ...........ccceeceeveeerieieienienienenienenne 875
Executing from C++Builder .........cccceveveneneneniniiieeeccee, 875
Executing from MS-DOS ......ccciiiiiiiiineeeeeeeee 875
Precompiled Header Files ..........cceveveninineneniiieieeeeeiee 876
Closing and Opening Projects.... ....876
Adding a Header File to Your Project ..........ccccecevevieiieiienienenenenenne 876
Creating a New Header File ..........cccooooiiiinininiiiiiecce, 876
Editing an Existing Header File ........ccccocevveniniiiininiiccee, 876
Telling C++Builder the Header File’s Location ..........ccccceceeuenenne. 877
Projects with Multiple Source Files ..........ccoceverieiniinieiieienienienenene 877
Creating Additional Source Files ........ccccocvvereriiriienieninenencnene. 877
Adding Existing Source Files to Your Project .........cccccccevenuinnne. 877
The Project Manager .........cccceeeeeienieniereneneneneeeeeeeesee e 878
Console Graphics Lite Programs .... ....878
DEDUZZING ...ttt 878
SINGIE-SEPPING ..ottt 879
Watching Variables ..........cccocveiririneneineneneeneeeeseeeeeeeeen 879
Tracing into FUNCtioNS........c.ccccoveerieinieinenicincieecceeeeeeee 879

BIeakpoints ........coccevueieinieinieieenieteiceeeseeteteee e 879



Console Graphics Lite 881

Using the Console Graphics Lite Routines ........c.ccocceveeeeeeenienennene

The Console Graphics Lite FUNCtions ...........cccccceeevenicneniencnneeneennene

Implementations of the Console Graphics Lite Functions
Microsoft COMPILETS .......ccevvererereririiieieeeeceeeeee e
Borland Compilers.........cccevereninininininieieieeneneseseeseeeeeeen

Source Code LIStINGS ....cocvevveriererererenineeeeteieneenresreereereeie e
Listing fOr MSOFTCON.H ......ccuevierierereninieeieeeneeneenteeressesnesneeneenene
Listing fOr MSOFTCON.CPP .....cc.coeruerieriermeemieeeieneenrenrenrensesiesaeennene
Listing fOr BORLACONH ......ccuerueriererenienieieteienienresresresnesneeasennene
Listing fOr BORLACON.CPP .....cc.coererieriereemeeienieniensesrenresnesieeaeennene

STL Algorithms and Member Functions 895

ALZOTINMS ..o 896
Member FUNCHONS ......coeeueriiiiiiiiniinieeiieieeteteeee e 907
Iterators

Answers to Questions and Exercises 913

CRAPLET L.ttt
ANSWErS t0 QUESLIONS .....cveevveriierrieriiesieesieerieereeteereeeeeeeesseeseeennas

CRAPLET 2.ttt ettt
ANSWers t0 QUESLIONS ......ceeevverveerrieriieriieireesieesieeteereeeeeeesseeseeennas
SolUtions t0 EXEICISES ...cvveriieriieriieiieeitieie e eie e see e

CRAPLET 3 ...ttt ettt
ANSWers t0 QUESLIONS .....cceeevverierrieriierieesteerieesreereereeeeseeesseesesenns

Solutions to Exercises ....
CRAPLET 4.ttt sttt eb ettt
ANSWErS t0 QUESLIONS .....ceeevvervierriesiieriiesieesieesreereereeeeeaesseeseeennas
SolUtions t0 EXEICISES ...ovvveriieriieriieiieiieieeie et sie e
CRAPLET 5.ttt ettt sttt
ANSWErS t0 QUESLIONS .....cceeevvereierrierieesiiesieesieereeieereeeeeeaessaeseeeneas
SolUtions t0 EXEICISES ...cvveiuieriieriieiiieiieieeie e eee e seeesae s
Chapter 6......c.ccccevveeneenennen.
Answers to Questions
SolUtions t0 EXEICISES ...ccveriiiriieriieieeiieie et eie et sae e
CRAPLET 7.ttt ettt et
ANSWErs t0 QUESLIONS .....ceeevverveerriesiieriiesteesieereeieereeaeenessaeseseneas
SolUtions t0 EXEICISES ...ccveriieriieriieieeiieie e ete e seeeseeesve s
CRAPLET 8.ttt sttt
ANSWErS t0 QUESLIONS .....cveevveriierrieriiesiiesteeieereeteereeeeeenessaesesennes
SolUtions t0 EXEITISES ...evveriieriieriieieeiieieeie e eee et sea e sieesve s
Chapter 9.....cccccoeveveennennnn
Answers to Questions
Solutions t0 EXEICISES ...ccverieriierrieieeiieieeie e et sie v

CONTENTS

Xix



Chapter 10....couiiuieiieiieieeeese ettt
Answers to Questions
Solutions to Exercises

Chapter 11 .cuioieiieiieieieee et
Answers to Questions
Solutions to Exercises

CRAPLET 12ttt
Answers to Questions
Solutions to Exercises

ChapLer 13 ittt
Answers to Questions

ChapLer 14 .. .ottt
Answers to Questions
Solutions to Exercises

Chapter 15....ccccooeverenenene
Answers to Questions
Solutions to Exercises

CRAPLET 10ttt
Answers to Questions

H Bibliography 977

AdVANCed CH .o 978
Defining DOCUMENLS ........c.coerieuirieiieieieiieicteieeeeeceeee et 978
The Unified Modeling Language ...........ccccecevveinieininicineinceene 978
The History of C++ .
Other TOPICS ..eeveiieiieiieierieriestere ettt ettt

Index 981





