Contents

INTtrodUCtioON ... et cea e 1
Who Should Use This BOOK ........ccccovveieiiiiie e 1

The Book’s PhiloSOphY ..o 2
Overview of ThiS BOOK .........oocviviiiiiiis e 2
Conventions Used in ThiS BOOK ..........cocvevviiiiiiiii e, 5
INAEX t0 the ICONS ....coveiieecce e 5
Margin Graphics (Book Diagrams) ........cccccevvvevverivennesinenne. 6
Companion DisK OFfer ..o 8

I Introduction to C++

1 Welcome tO CHt i 11
What C++ Can Do fOr YOU ......ccovvvviieieie e 12

The Background of CH++ ..o 15

C++ Compared with Other Languages.........ccccoevvvevverieivnnenn, 16

C++ and MICrOCOMPULETS .......cocveeiiirieiee et 17

An Overview of Your COMPULEN ........cccoocvvveiiiiineieee e 19
HArdWAre ........ooviiiie et 19

SOFEWANE ..o e 29

REVIEW QUESLIONS ....vecviiiiec ettt ettt 33
SUMIMAKY ittt ettt e srae e snbe e snbe e teeereeenes 34

2 Whatls a Program™? ... ... 35
CoMPULEr Programs ......ccoceeeiieeiie e e e siee e siee e 36
Program DeSIigN ......cccoeeriiiiiie e 38

Using a Program Editor ... 40

Using a C++ COMPIIET ..o 42
Running a Sample Program .........ccccoceveienvciene e, 44
HanNdling EFTOrS ... 46

REVIEW QUESTIONS ......oooviiiciiicce ettt 48

SUMIMIATY ittt e e e sbe b e 49



Contents &

3 Your First C++ Program .......oeeiiiiiiiaaanaannanns 51
Looking at a C++ Program ...........cccceeeeeneneenenenesee e 52

The Format of a C++ Program .........c.cccceeviiiiniicincnens 53
Readability IS the Key ..., 54

Uppercase Versus LOWEICASE ........cccvvevireeirieeireesiee e 55

Braces and Main() .......cccccevveveeiiiieieeccce e 56

CommENtS IN CH .o 57

Explaining the Sample Program ...........cccocooiiiiiiiieiencneennen, 60

REVIEW QUESTIONS ..o 66
SUMMATY it 67

4 Variables and Literals ... iiiL. 69
VariabIes ... 70

Naming Variables .........ccccccviiiiiiiie e, 70

Variable TYPES ..o 72

Declaring Variables..........cccccoooiiiiiiiicece e, 73

Looking at Data TYPES .......cccoerveiririnieieisenesie e 75

Assigning Values to Variables ..., 80

LITEIAIS ..o 82
Assigning Integer LiteralS........c.ccooevvviiieicie e 83

Assigning String Literals.........cccoocvvvviiiiiiicecc e 85

Assigning Character Literals .........ccccoovoeiiieieieie e 89

Constant Variables ... 94

REVIEW QUESLIONS ..o 95

REVIEW EXEICISES ....cviiviiiieiiiiiiie et 97
SUMIMAKY ittt ettt e srae e snbe e snbe e teeereeenes 97

5 Character Arrays and StringsS..........c.cocoaa... 99
(O g P 7 101 (] AN o -\ Y S USSR 100
Character Arrays Versus StringsS......ccoccoovvvevenenenieneseeeeenns 103

ReVIEW QUESTIONS ..o e 110

REVIEW EXEICISES ...oivvivieiieiieeiieie e e eeeste sttt 111
SUMMATY oo 111

6 Preprocessor Directives ... ... 113
Understanding Preprocessor Directives .........ccccoceevevvieenenn 114

The #include DIreCtiVe ... 115

The #AdefiNe DITECLIVE ....occevveeeeee ettt 120




EXAMPLE

REVIEW QUESLIONS .....cocviiiii e 128
REVIEW EXEICISES ...ocvvivieiiiieciieie ettt 130
SUMIMAKY oottt saeessae e sae et e e snaeennee s 130
7 Simple Input/Output.......ooii i 133
The COULt OPEIrator ......ccooveeee e 134
Printing StriNgS .......cooiiiiiieeieee e 134
The CiN OPErator .......ccoiiiiiciee e 144
printf() and scanf() ........cccocveieii i 149
The printf() FUNCLION ..., 149
Conversion Characters ... 151
The scanf() FUNCLION ..o, 154
ReVIEW QUESTIONS ..o s 157
REVIEW EXEICISES ...ocvviiiiiiieiie sttt 158
10 (0] 0 T Y TSRS 159

Il Using C++ Operators

8 Using C++ Math Operators

and PrecedencCe ... ..o 163
C++’s Primary Math Operators.........ccccccvevviiivivieiiieene e 164

The Unary OPerators.........cocvveeerieneneeeene e, 165
Division and ModulUus...........ccoceveiiiiiieie e 167

The Order of Precedence .........ccoovvvvieveiv e 168
UsSIiNg Parentheses ... 170

The Assignment Statements ..........ccccceveveeeeceve e, 174
Multiple ASSIGNMENTS ......cccoviiieciccee e 175
Compound ASSIGNMENTS ......cccviiiiereieeeee e 176
Mixing Data Types in Calculations ............cc.ccoceveiviininenen. 178
TYPE CASTING ..o 179
REVIEW QUESLIONS .....eocviiiiicie e 182
REVIEW EXEICISES ...oviiviiirieiiiiinie et 183
SUMIMAKY oottt ssae e sae et e snaeennne s 184

9 Relational Operators ......oiiiiiiiiiiiiii i, 185
Defining Relational Operators...........ccoocvvovveveveiieiese e 186

The if Statement .......cccoov i, 189

The else STateMENT ......oeeeeeeeeeeeee et 199




Contents &

REVIEW QUESLIONS .....cocviiiii e 203

REVIEW EXEICISES ...ocviiviiirieiisiiiie et 204

SUMIMAKY oottt saeessae e sae et e e snaeennee s 205

10 Logical OperatorsS ....oooiiiiiiii i iiiiaiaaaeaaaens 207
Defining Logical Operators..........ccocevereneneeneneeeee e 207

Logical Operators and Their USES ........ccccevevvvivrveienninennns 209

C++’s Logical EffiCiency ... 211

Logical Operators and Their Precedence..........c..cccccevvvnnenn 216

REVIEW QUESLIONS ......ocvviiii ettt 217

REVIEW EXEICISES ...oviiiieieiieeiieiie ettt 218

SUMMIATY it 219

11 Additional C++ Operators .......cvviieiiinainnnnn. 221
The Conditional OPerator ...........cccooveiereisineseeeese e 222

The Increment and Decrement Operators .........c.ccceevrereene. 225

The Sizeof OPerator ..., 230

The Comma OPEerator ........cccccoeeeieiiiece e 232

BItwWise OPEratorsS ........cccveviieiiesie e e e 234

Bitwise Logical Operators.........cccccooevvieeneneneie e 235

ReVIEW QUESTIONS ..o 242

REVIEW EXEICISES ...iivvieieieiieeiieie e ettt 243

10 (0] 0 T Y TSRS 243

Il C++ Constructs

12 The while LOOP ..o i 245
The while Statement...........cccoco e, 246

The Concept OF LOOPS ...cvevveieiiieiicie e 247

The do-While LOOP ..o 252

The if Loop Versus the while LOOp........ccccovvvininiiiincnne 255

The exit() Function and break Statement...............ccccceeveneen. 256

Counters and TOtalS .......ccovvvviiiieie e 260
Producing TOtalS .......cccccooviieiiiie e 265

REVIEW QUESLIONS ......ocveiiiie e 268

REVIEW EXEICISES ...oivvivieiieiieeiieie ettt 269

SUMIMATY ittt nn s 270




EXAMPLE

13 The fOr LOOP cii it eaeaaee s 273
The for Statement ... 274
The Concept Of fOr LOOPS ....ocvvveieiriiriinieieiseseseeee e 274
Nested FOr LOOPS ......coveviiiiiiiieisi e 286
REVIEW QUESLIONS .....cocviiiii e 292
REVIEW EXEICISES ...ocvvivieiiiieciieie ettt 293
SUMIMAKY oottt e st ssae e snae et e sraeennne s 293
14 Other LOoOp OPtiONS ..ot aaiaaaeeaaens 295
TIMING LOOPS ..ottt 296
The break and for Statements ...........ccccovcveeeveice v, 298
The continue Statement ... 303
REVIEW QUESLIONS .....eocviiiiicie e 308
REVIEW EXEICISES ...ocvvivieiieiiectieie ettt 308
SUMIMAKY oottt e st ssae e snae et e sraeennne s 309
15 The switch and goto Statements.............. 311
The switch Statement ... 312
The goto Statement ... 321
ReVIEW QUESTIONS ..o 327
REVIEW EXEICISES ...oivvivieieiiecieeie e se ettt 328
SUMIMAKY ittt et sae e sree e snbe et e sraeessee s 328
16 Writing C++ Functions ...........ciiiiiiiiiiiia.. 331
FUNCLION BASICS ..o 332
Breaking Down Problems ... 333
More FUNCLION BASICS ......coiviieieiiie e 335
Calling and Returning FUNCLIONS ..........cccooviiinincnciicies 337
REVIEW QUESLIONS .....eocviiiiicie e 349
YU 10 010 0 F= Y PRSI 350

IV Variable Scope and Modular Programming

17 Variable SCcope ... 353
Global Versus Local Variables.........cccccoovoeviieiceiiciriee 354

Defining Variable SCOPe.........cooooiiiiiiiiiiiec e 355

Use Global Variables Sparingly ........cccocoovniniiiincnenn. 362

The Need for Passing Variables ..........ccccccocviviiviviieinnenn, 363

Automatic Versus Static Variables........cccoccccvveiiiicei e 369




Contents ¢

Three Issues of Parameter Passing..........cccccecvevvviveiieiennnnnn, 374
REVIEW QUESLIONS ......ocvviiii ettt 375
REVIEW EXEICISES ...oviiiieieiieeiieie ettt 375
SUMMIATY i 377
18 Passing VValues ... it 379
Passing by Value (by COPY) ....cooviviiiiniiiiineeecsciee 379
Passing by Address (by Reference).........ccccoovvveieicinnnens 385
Variable AdAresses ... 385
Sample Program .........ccccocveveiiieiie e 386
Passing Nonarrays by Address........cccccvvvvievieiiesnesenenn, 391
REVIEW QUESLIONS .....cocviiiicc e 394
REVIEW EXEICISES ...oivvivieiieiieeiieie ettt 395
SUMMAIY ittt 396
19 Function Return VValues and Prototypes ...397
Function Return Values ... 398
FUNCLion Prototypes ..o 405
Prototype for Safety .......cccoccvvvviivi i 407
Prototype All FUNCLIONS .......cocoiiiiiiitceee e 407
ReVIEW QUESTIONS ..o 412
REVIEW EXEICISES ...iivvieieieiieeiieie e ettt 412
10 (0] 0 T Y TSRS 413

20 Default Arguments
and Function Overloading .............o.cooo... 415
Default Argument LiStS .........cccceviiiiiiiciiece e 416
Multiple Default Arguments .........ccccceveveee e veevee s 417
Overloaded FUNCLIONS ........cooiiiieeieee e 420
ReVIEW QUESTIONS ..o e 426
REVIEW EXEICISES ...oivvivieiieiieeiieie e e eeeste sttt 426
SUMMATY oo 427

V Character Input/Output
and String Functions

21 Device and Character Input/Output .......... 431
Stream and Character 17O ... 432
StANAArd DEVICES ...oeoiiieveiii i 434

Redirecting Devices from MS-DOS ..........c.ccocvviviininienn. 435




EXAMPLE

Printing Formatted Output to the Printer............cccccceevvenen. 436
Character 1/0 FUNCLIONS .......c.cooeiiiiiniieeee e 437
The get() and put() FUNCLIONS............ccccecveveeie e, 438
The getch() and putch() Functions ............ccccoevevviennneen. 444
ReVIEW QUESTIONS ..o e 446
REVIEW EXEICISES ...ocvviiiiiiieiie sttt 447
10 (0] 0 T Y TSRS 448
22 Character, String,

and Numeric Functions ............ciiiiiiiiiaa... 449
Character FUNCLIONS ........ccocviiiiiiiiineseeee s 450
Character Testing FUNCLIONS.........cccooviceieeie e 450
Alphabetic and Digital TeSting .........ccccceeevvviveeieirieennn 450
Special Character-Testing FUNCLIONS ............cccccoeiiiniennen. 453
Character Conversion FUNCLIONS ........cccccocvvevveienienenennnn, 453
StriNG FUNCLIONS ... 455
Useful String FUNCLIONS ... 456
String 170 FUNCLIONS .....ccvviiicie e 456
Converting Strings to NUMDErS..........ccoceiiviieeienereeen, 460
NUMEFIC FUNCLIONS .....ooiiiiiiee e 461
Useful Mathematical FUNCLIONS .........cccevevvivieicc 461
Trigonometric FUNCLIONS .........cccoeveve i, 464
Logarithmic FUNCLIONS ........cccovviiiiiccice e 465
Random-Number Processing .......c.ccccvevvviervveviesieesnesnenns 465
REVIEW QUESLIONS .....coivveiiicc e 467
REVIEW EXEICISES ...oivvivieiieiieeiieie ettt 468
SUMIMATY ittt nn s 469

VI Arrays and Pointers

23 INtrodUuCIiNg ArNTAY S ..ot aaes 473
ATTAY BASICS ...oiiviiiiiie ettt 474
INILIAHZING AITAYS ..ooveiee e 479

Initializing Elements at Declaration Time ..........c...cc....... 479
Initializing Elements in the Program ..........c.ccccceveninens 486
ReVIEW QUESTIONS ..o 491
REVIEW EXEICISES ...ccviiviieriiiiiiisie et 491

SUMIMAKY <eiiiiieiiie sttt sae e srae e st e b e sraeensee s 492




Contents &

24 Array ProcessiNg ...oooiiiiiii i 493
SEArCHING ATTAYS ..ot 494

Searching for Values ... 496

SOFTING ATTAYS ..ottt 501
Advanced Referencing of Arrays.......ccccocevvviiiviievenesnennen, 508

REVIEW QUESLIONS ......ocvviiii ettt 515

REVIEW EXEICISES ...oviiiieieiieeiieiie ettt 516

SUMMIATY it 517

25 Multidimensional ArraysS...ccocecveiiiececiinann.. 519
Multidimensional Array BasiCS ...........ccocerviniincneneininenen, 520

Reserving Multidimensional Arrays ...........ccccooeveieinienennes 522

Mapping Arrays to MemOIY ........ccccovvviiiviiiese e se e 524

Defining Multidimensional Arrays .........ccccoeviveieeveinieennns 526

Tables and fOr LOOPS .....ccovvvvee i 530

REVIEW QUESLIONS .....cocviiiicc e 537

REVIEW EXEICISES ...oivvivieiieiieeiieie ettt 538

SUMMAIY ittt 538

26 POINEerS . 541
Introduction to Pointer Variables .........cccocooviiniiiiinnn 542

Declaring POINTEIS .......cccccveieie e 543

Assigning Values to Pointers .........cccocevveveevcvec e, 545

Pointers and Parameters ...........ccooevoeveeiienenenene e 546

ATTAYS OF POINTEIS ...t 551

ReVIEW QUESTIONS ..o 553

10 (] 0 T Y TSRS 555

27 Pointers and ArTaAYS - coouoiii i aaaaaaan 557
Array Names as POINEErS..........cccooiiiiiniiniiiis 558

Pointer Advantages..........ccoccoieiiiiiiiiicice 560

Using Character POINTErS .........ccooviveiiiieeee e 563

Pointer ArithmetiC........cocoocveeee e 568

ATTAYS OF STHINGS ..o 574

REVIEW QUESLIONS .....eocviiiiicie et 578

REVIEW EXEICISES ...oviiviiirieiiiiinie et 579

SUMIMAKY oottt ssae e sae et e snaeennne s 580




EXAMPLE

VIl Structures and File Input/Output

28 STrUCTUINES ... et aaaaaes 583
INtroduction tO StrUCTUIES ......ccovviieieie e, 584
Defining StrUCTUIES ........coiiiiieiceee e 587
Initializing Structure Data...........cccccceveiivcieie e, 591
NESEEd STFUCTUIES .....ovviiiiiiie e 600
REVIEW QUESTIONS ......eeiviiiciiiccec et 603
REVIEW EXEICISES ...oviivieieeiieeieeie sttt 604
SUMMATY it 604
29 Arrays of StruCtures .........ooiiiiiiiiiiiiiiiiaannnn 605
Declaring Arrays Of StrUCTUIeS ..........ccooeivineneneeeee e, 606
Arrays as MEMDEIS ......ccccoviiiiiiecece e 615
REVIEW QUESLIONS ......ocvviiii ettt 623
REVIEW EXEICISES ...oviiiieieiieeiieiie ettt 624
SUMMIATY it 624
30 Sequential Files ... i 625
Why Use @ DiSK? ......ccoiiiiiiiiicccee e 626
Types oOf DiSK File ACCESS .......cceovviiiriieiesiresee e 627
Sequential File CONCEPLS .....cccvvvveiviieie e 628
Opening and Closing FileS.........ccccevvveiiiiievccc e 629
WHtING tO @ FIle v 635
Wrting t0 @ PriNEN ....ooviiiiieeeceee e 637
AddING T @ FIE ..o 638
Reading from a File ... 639
REVIEW QUESLIONS .....eocviiiiicie e 642
REVIEW EXEICISES ...oviiviiirieiiiiinie et 643
SUMIMAKY oottt ssae e sae et e snaeennne s 644
31 Random-Access Files ...l 645
Random File Records ............c.covviiiiiiiiiiiiici, 646
Opening Random-Access Files..........ccooviiiiiiiiiciiiens 647
The seekg() FUNCHION ..o 649
Other Helpful 170 FUNCLIONS........ccooviiiiieccc e 656
REVIEW QUESLIONS .....coovviiiecie ettt 658
REVIEW EXEICISES ...oviiiieiieiieeiieiie ettt 658

SUMMATY i 659




Contents ¢

32 Introduction to Object-Oriented

Programming ....ocoiii it 661
WHhat 1S @ ClaSS? ....coveiieiie e 662
Data MEMDBEIS ......ccovciicecc e 662
Member FUNCLIONS ........cccoove i 662
Default Member Arguments...........ccocevevviieve s 670
Class Member Visibility .........cccccooveviiiiiieiecece e 674
REVIEW QUESTIONS ......eeiviiiciiiccec et 676
REVIEW EXEICISE ....viivviiiiiiie e ee st ee et te et 676
SUMMATY it 676

VIlIl References

A Memory Addressing, Binary,

and Hexadecimal Review ................. ... 679
Computer MEMOIY ....ocoeiieiieieee e 680

Memory and Disk Measurements ...........cccccoevevveveieinenn. 680

MeEMOTrY AAAIreSSES .....cccveieeiierieriec e 681

BitS aNd BYTES ......ooiiiiiiiee et 682

The Order OF BitS ...cooo v 686

Binary NUMDErS ... 686

Binary Arithmetic ... 690

Binary Negative NUMDEIS .......cccoovveviiiiice e 692
Hexadecimal NUMDErS ..o 695

Why Learn Hexadecimal? ..........cccooeiiiiiiiiinieene e, 697

How Binary and Addressing Relate to C++.........ccccccvveneen. 698

B Answers to Review Questions .................. 701
C ASCIllI Table ..o e 719
D C++ Precedence Table ... 729
E Keyword and Function Reference ............ 733
SEAION i 734

CLYPE. N 734

SEEING.N oo 735

MALN.N e 735

STANID.N e 735




EXAMPLE
F The Mailing List Application ..................... 737
GlOS S AN Y tii it e e 747




