Xii A natural introduction to computer programming with C++

Table of contents

INTRODUCTORY PAGES

Preface: Why choosethiSbook? . . . ... .o Y
ACKNOWIBAGMENTS . . . ..o Vi
How to best study using thisbook?. . .. ... ... vii
Thestructure of thiSDOOK . . ... .. . e iX
The structure of program desCriptionsS. . . .. .. ..ot X
Table Of CONENES . . . ..o e e Xii
C++ programsinthisbook . . ... . XVi
Pageswhereexercisescanbefound ... ... .. XiX
PART |: THEWORLD OF COMPUTERS. . .. ... . e 1
1 COMPUTING: SOME CONCEPTSAND TERMINOLOGY ...t 3
1.1 Hardware and SOftWare. . .. .. oo o et e 4
1.2 Operating systems, main memory, and memory deviCes. . . .........oiriiininnnennn.. 4
1.3 Source programs, object programs, and executableprograms. . .. ........ ... o 8
1.4 Programs, applications, and SyStemS . . . ... ..ot 9
2 AFIRST LOOK AT C++ SOURCE PROGRAMS. . . .. e 11
2.1 A programthat can printtexttothescreen. . ... . i 12
2.2 A program that can read from thekeyboard and calculate. . . ............ ... ... ... ...... 14
2.3 Getting a C++ compiler for your COMPULEr . .. ... ottt e 20
2.4 Installing the electronic material of thisbook . ........ ... .. ... i i 23
2.5 Compilingwith the Borland C++ compiler ......... ... e 25
2.6 Getting afreeeditor for your COMPULET ... ... .ottt e 26
2.7 Modifying and recompiling programs . . . ... ..ottt 27
3 HOW INFORMATIONISSTORED IN THE MEMORY OF ACOMPUTER .................. 29
3.1 Numerical information: NUMDbEring SYSIEMS . . .. ..ottt 30
3.2 Numerical information: the binary world of computers. . ......... ... ... 38
3.3 Textual information: the ASCII coding system .. ... e 43
3.4 Moreinformation: pictures, sound, and MOVING PICtUrES. . . . ... ..ottt 46
4 LOGICAL OPERATING PRINCIPLESOF COMPUTERS ... .. e 47
4.1 How doesthe main Memory OPEralE? . .. ..ottt et et et 48
4.2 The components of animaginary COMPULES . . . .. ...ttt e 52
4.3 Insidethe imaginary PrOCESSOL . . . .. v v vttt e e e e e et e e et 54
4.4 MaChine iNStrUCHIONS. . . . ...t e e et ettt 57
4.5 The steps and states of program eXeCULION. . . ... ...ttt ettt eeens 64
4.6 Programsto printtext "Hellol" . . .. ... 66
4.7 Programming language IML and compilation . ............ .. i 71
4.8 ICOM —simulated imaginary COMPULET . . . . ...ttt ettt 78
4.9 A program that containS aloop. . ... ..ottt 80
4.10 Subroutine callsand stack Operations. . . .. .. ..ottt 82
4.11 Programsthat use the keyboard, memory area, andstack .. ........... ... ... it 85

4.12 Chapter summary —towards high-level programming. . ........... .. ... ... it 92



Introductory pages Xiil

PART II: FUNDAMENTALSOF PROGRAMMING ....... ... ... oo 95
5 VARIABLESAND OTHER BASIC ELEMENTSIN C++ PROGRAMS ........ .. .. oo, 97
5.1 Integer variables (int, short, long, char) ........ ... i 98
5.2 Keywords, names, spaces, and newlings. . .......... ..t 104
5.3 Hoating-point variables. . . . ... 106
5.4 Operators, assignments, and numerical constants. .. ......... ... i 109
5.5 Formatting theoutput ONthe sCreen . . ... .. e 114
5.6 Chapter SUMMEIY. . . ...ttt e e e e e e e e e 116
6 DECISIONSAND REPETITIONS: BASIC ACTIVITIESIN PROGRAMS. ................... 117
6.1 Making decisonswith keywordsif andelse. . ........ ... .. i 118
6.2 Making decisionswith switch-case ConStructS . . . .. ...t 131
6.3 whileloopsenablerepetition. . . ... i 135
6.4 for loopsrepeat aknownnumber of times . ... ... . 140
6.5 do-whileloopsexecuteat least ONCe. . .. ... ... e 146
6.6 The block structure of C++ Programs. . . ... ..ottt 149
6.7 Thetruth about truth valuesin C++ . . ... .. e 153
6.8 Chapter SUMMAIY. . . .. oottt e e et e e e e e 155
7 ARRAYSAND STRINGS: SETSOF SIMILARDATAITEMS. ... .. i 157
7.1 Declaring arraysand referringtoarray elements . ... 158
7.2 Initialized and multidimensional arrays . . ........o it 169
7.3 Arraysof typechar arecalled Strings . . .. ...t 174
T4 SHINGTUNCHONS . . . .o e e e e e e e e 184
7.5 Chapter SUMMAIY. . . ..ottt e e et e e et e e e e e et 191
8 POINT ERS. . . 193
8.1 Operator & returnsthe addressof adataitem. .......... ... ... i, 194
8.2 An asterisk * declares pointers and refersto pointed-todata . .. ............ ... .. L 195
8.3 POINtErS @A AITAYS . . . . ottt ettt e 200
8.4 POINtErsS and StINGS . . . . oottt e e e 207
8.5 Arraysof POiNtErSTO SIING . . . oottt e 211
8.6 Chapter SUMMEIY. . . ...ttt e e e e e e e e 214
9 FUNCTIONS: LOGICAL PERFORMING UNITSIN PROGRAMS. ... ... ... it 217
9.1 Simplefunctionsandtheconceptof caling........... ..., 218
9.2 Functionsthat take argUmeNts. . . ... ..ot e 222
9.3 Functionsthat returndatatothecaller ......... ... i 230
9.4 FUNCLION PrOtOLYPES. . . v v vttt et e e et e et e e e e e e e 238
9.5 Theroleof thestack infunctioncalls. ......... ... . 245
9.6 Scope of variables . . ... ... 251
9.7 Argumentsfor thefunctionmain() ............ i e 256
9.8 Overloading fuNCtioN NAMES . . . . . ..ot e e e e e 260
9.9 Chapter SUMMIAIY. . . ..ottt e et e e et e e e e e e e 264
10 STRUCTURESAND FILES—LARGERPIECESOF DATA . ... i 269
10.1 Structures make new datatyPes . . ... ..ottt e 270
10.2 Tablesbased ON SITUCUIES. . . . ... oo e e e e e 275
10.3 POINtErStO StrUCIUNE LY PES . . o . ot e et e e e e e e e e e e e e e 284
10.4 A larger program that uses structuresand files. .......... .. . i i i 290
10.5 Reading and writing text files. ... ... 308

10.6 Chapter SUMMAIY. . ... oottt et e e e e e et e e e e 319



Xiv A natural introduction to computer programming with C++

11 GOINGCLOSERTO THE MACHINE . ... e 321
11.1 Bitoperators &, |, N, ~ >, and <<, . oo 322
11.2 Getting the current time and date into your program . . .........ovu e, 331
11.3 Playingwith thetimein programs . . . .. .. ..ottt e i 334
11.4 Memory inspection program for debugging. . . ... ... 340
11.5 Chapter SUMMAEIY . . ..ot e et e et e e e e e e e e 346
PART [11: OBJECT-ORIENTED PROGRAMMING ....... .. ... 347
12 CLASSESAND OBJIECT S ...ttt et e e e e e e e e e 349
12.1 Classes, datamembers, and member functions . .......... ... i 350
12.2 Constructors and deSIIUCTONS. . . . . . oottt e e e e 356
12.3 Several CONSLrUCIOrSiN aclass . .. ... oo 362
12.4 Arraysof ODJECES. . . ..o 366
12,5 Inlinemember fUNCLIONS. . . . . ...t 370
12.6 Dynamic memory: the operatorsnew anddelete. . ........... ... i, 371
12.7 Objectsonthefreestore. . ... ... 376
12.8 A stack that growsdynamically . ... 380
12.9 Chapter SUMMAEIY . . ..ottt et e e e e et e e e e 387
13 MORE ADVANCED CLASSES . . ..t e 389
13.1 Overloading Of OPEratorS . . . . ..ottt et e e e e e 390
13.2 ThethiSPOINIEr . . . oo e e e e e e e e 398
13.3 Friends of @Class . ... .o 400
13.4 ClassDate—anexampleof alargerclass. . ... 402
13.5 operator=() functions and constructors generated by thecompiler ...................... 422
13.6 Graphical UML classdiagrams ... ... ..ottt 425
13.7 Objectsasmembersof aclass ... ... ..ot 426
13.8 Templatesfor functionsand Classes. . .. ... 444
13.9 Chapter SUMMEIY . . ..o e et e e e e e e e e e 450
14 INHERITANCE AND CLASSHIERARCHIES. .. ... . e 451
14.1 Baseclassesand derived Classes. . . . . ..ottt 452
14.2 Larger classhierarChies . ... .. ..o 468
14.3 Virtual TUNCLIONS. . . ..o e e e 482
14.4 Chapter SUMMEIY . . ..ottt e et e et e e e e e e e 496
15 STANDARD CH+ CLASSES . . it e e e e 497
15.1 Theoriginsof CiNand CoUL. . . ... ...ttt e 498
15.2 ClaSSStNG .« . o v ottt e e e e e e 500
15.3 ClassS StiNgSIrEaM . . . . oottt e e 512
15.4 Classestoread and writefiles . ... ... 519
15.5 Handling filesashinary files . ... ... e 530
15.6 Classtemplatesvector and list . ... 540
15.7 Chapter SUMMAEIY . . ..ot e e e e e e e e e e e 554
16 LARGE OBJECT-ORIENTED APPLICATIONS . ... . e 555
16.1 An editor program — 3700 source program lines . . . ...t 556
16.2 Programs for travelers. . .. ..o 564
16.3 Advicefor developing large (and small) applications . ... ......... .. ... 568

EPILOGUE: WHY DID I WRITE THISBOOK? . .. .. e 573



Introductory pages XV

APPENDIX A: SUMMARY OF IMPORTANT C++ FEATURES. ........ .. .. 575
A - 1: Literals(literal CONStaNtS) . . . .. ..o vt 575
A - 2. Declarations (definitions) that reservememory ............o i 576
A - 3: Declarationsthat do not reservememory ... ...t 577
A -4 EXPrESSIONS . . o oottt 578
A -5 Assignmentsand I-values . . . .. ... 578
A - 6: C++ operatorsin order of preCedence. . .. ...t e 579
A - 7: Control structures to make decisions (selections). . ... 580
A - 8: Control structures to perform repetitions (iterations) . ........... ..., 581
A -9 Variouskinds of C++ funCtions .. . ...t 582
A - 10: Functionsto manipulate C-style strings (defined instring.h). .. ............ ... ... .... 583
A -11: Keyboard input mechanisms. . .......... . i e 584
A - 12: SCcreen output MEChaNISM . . .. ..o e 584
A - 13: Input/output from/to stringstream objects. . . ... ... 584
A - 14: Input/output from/tofiles . . ... o 585
A - 15. Da@CONVEISIONS . . ittt ittt e et e e e e e e e 586
A-16: CHHalassdeclaration . . ... 587
A - 17: Operatorsused with classesand objects ......... ... ... .. . i 588
APPENDIX B: C++ KEYWORDS (RESERVED WORDS) ... ..ottt 589
APPENDIX C: PRACTICAL ADVICE FOR PROGRAMMING EXERCISES................... 593
C- 1 Starting an EXEICISE . . . ottt ettt e et e e e 593
C-2: WrItiNG YOUI PrOGIaIM . . . . v vttt e e ettt et et e e e e et et e et e s 593
C - 3: Compiling and executing YoUr PrograM . . .. ..o v vttt et e e et et e s 594
C-4: Correcting Compilation EITOIS . . . . . oottt ettt e e e e et 595
C - 5: Searching for errorsthat compilersdonotdetect . . .............. .. 596
C-6: Programsthat donotterminate. .. ... ...ttt e 597
C-7: Incremental program development . . .. ... .. 598
C - 8: Printing your program ON PADEN . . ..o vttt et ettt e e e e e 598
C-9: Programversionsand backups . ... ... 508
IN D X ettt 599



