Xii A natural introduction to computer programming with C#

Table of contents

INTRODUCTORY PAGES

ACKNOWIBAGMENTS. . . .. o iv
Some reasonsto choose thisbooK . . . ... ... v
Notes for teachers and other experienced programmers. .. ...ttt %
Some advice for StUAYING . . ..o Vii
Thestructure of thisbook . . ... ... iX
The structure of program desCriptionsS. . . . ... ..ot X
Table Of CONtENTS . . . . oo e Xii
CHprogramsinthisbook. . .. ... .. XVi
Pageswhereexercisescanbefound . ... ... . XiX
PART |: THEWORLD OF COMPUTERS. . .. ... . e 1
1 COMPUTING: SOME CONCEPTSAND TERMINOLOGY ...t 3
1.1 Hardware and SOftWare. . . . . ..ottt e e e e 4
1.2 Operating systems, main memory, and memory deviCes. . . .........oiriiininnnennn.. 4
1.3 Source programs and executable programs . . . . ... .. 8
1.4 Programs, applications, and SyStemS . . . ... ..ot 9
2 AFIRST LOOK AT C#SOURCE PROGRAMS . . .o 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 COMPULET. . . . ... oottt e e 20
2.4 Installing the electronic material of thisbook . ........ ... .. ... i i 23
2.5 Compilingwiththe CHcompiler .. ... ... e 25
2.6 Getting afreeeditor for your COMPULET ... ... .ottt e 26
2.7 Modifying and recompiling programs . .. ... ...ttt 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: character coding SyStems . . ... ...ttt 43
3.4 Moreinformation: pictures, sound, and MOVING PICLUFES. . .. ... ..ot 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 MaChineinStrUCLIONS. . . . ..ottt e e e e e e e 57
4.5 The steps and states of program eXeCULION. . . ... ...ttt ittt e eens 64
4.6 Programsto printtext "Hellol" . . .. ... 66
4.7 Programming language IML and compilation . ............ .. i 71
4.8 1C8 and ICOM —simulator programs for the imaginary computer .. ...................... 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. .. ... ... oot 97
5.1 Integer variables (int, short, long, byte, uint, ushort, ulong, sbyte,char) .................... 98
5.2 Keywords, names, spaces, and Newlings. . ... 106
5.3 Hoating-point variables. . . . ... 108
5.4 Operators, assignments, and literal constants . .. ........... ... i 111
5.5 Reading data from the keyboard —afirst look at strings. .. .. ........ ... ..o L. 116
5.6 Thedoublerole of Operator + . ... ... ot e e e e e 119
5.7 Formatting the output ONthe SCreen . . ... ..o e 123
5.8 Chapter SUMMErY. . . ...t e e 128
6 DECISIONSAND REPETITIONS: BASIC ACTIVITIESIN PROGRAMS. ................... 129
6.1 Making decisonswith keywordsif andelse. . ........ ... .. i 130
6.2 Making decisionswith switch-case ConStructS . . . ....... ...t 143
6.3 whileloopsenablerepetition. . ... 146
6.4 for loopsrepeat aknownnumber of times . ... ... .. 152
6.5 do-whileloopsexecuteat least ONCe. . .. ... ...t e 158
6.6 Theblock structure of CH Programs . . . . ..o v vttt e i e s 161
6.7 try-catch constructshandle eXceptions . . . ... i 165
6.8 Truth valuesand variablesof typebool ......... ... .. . . i 168
6.9 Chapter SUMMAIY. . . .. oottt ettt e e et e e e e e e 170
7 ARRAYS: SETSOF SIMILAR DATA ITEM S, ..o e 171
7.1 Creating arrays and referringtoarray elements .. ... i 172
7.2 Array declaration vS. array Creation . . ... .. ..ottt i 183
7.3 INitialiZed arrays . . . .ot 185
7.4 MUItIAIMENSIONAl @ITAYS . . . . ottt et et e et e e e 190
7.5 Chapter SUMMAIY. . . .. oottt et e e e et e e e e e e e et 191
8 STRINGSSTORE SEQUENCESOF CHARACTERCODES ........ ... i 193
8.1 "Variables' of type String . . ... oot 194
8.2 SN lterals . . .o 197
8.3 Accessing individual charactersof astring. .. ... 198
8.4 SN MEtNOOS. . . . . oo 202
8.5 Class StringBuilder —mutable strings. . .. ... e 222
8.6 ArraysSOf StHNGS . . ..ottt 227
8.7 Chapter SUMMEIY. . . ..ottt e e e e e e e e e e e e 232
9 METHODS-LOGICAL PERFORMING UNITSINPROGRAMS ... ... .. i 235
9.1 Simple static methods and theconceptof calling . ..........c.o i 236
9.2 Methodsthat take parameters . . . ... ...t 240
9.3 Methodsthat return datatothecaller ... ... ... i 250
9.4 Calling static methods of another class. . ......... ... . i 260
9.5 Theroleof thestackinmethod calls. .. ... i 267
9.6 Scope of variables . . ... ... 273
9.7 Parametersfor themethod Main(). .. ... 276
9.8 Overloading method NAMES. . . . . ... oot e e 280
9.9 Declaring and USING NAMESPACES. . . . .« . vt v ettt ettt et e e et 284

.10 Chapter SUMIMEAIY. . . o v\ vttt ettt e et e e et e e e e et e e e e 286



Xiv A natural introduction to computer programming with C#

PART [11: OBJECT-ORIENTED PROGRAMMING ....... ... i, 287
10 CLASSES AND OBJIE CT S ..ottt e e e e e e 289
10.1 Classes, fields, andinstance methods. . ... ... 290
10.2 Constructors are methods that build objects. . . ......... ... o i 300
10.3 Several CONSLrUCLOrSIN acClass . ... ... ot 306
10.4 Arrayscontaining referencestoobjects. . ........ ... 310
10.5 Valuetypes Vs, referenCetyPeS . . . ..ottt 324
10.6 When objectsbecomegarbage. .. ... 325
10.7 A stack that growsdynamically . ... 326
10.8 Chapter SUMMEIY . . .. oottt et e e e e e e e e e e 333
11 MORE ADVANCED CLASSES . . ..t e e 335
11.1 ClassDate—anexampleof alargerclass. . ...t 336
11.2 ThethiSkeyword . ... ... e 356
11.3 Graphical UML classdiagrams . .. ... ..ottt 359
11.4 "ObjectsSiNSide ObJECtS" . . . ..o 360
11.5 Properties canreplace accessor methods . . .. ... 373
11.6 Indexersprovide array-liKeacCesS . . . .. ..ottt 378
11.7 Chapter SUMMEIY . . ..ot e et e e e e e e e e e e et 386
12 INHERITANCE AND CLASSHIERARCHIES. .. ... e 387
12.1 Baseclassesand derived Classes. . . . . ..ottt 388
12.2 Larger classhierarChies . ... .. ..o 404
12.3 Polymorphism — redefining methodsinderived classes. . . ........... .. ..ot 418
12.4 Structs are class-like constructs that cannot beinherited. . ............... .. ... ... ..., 432
12.5 Chapter SUMMEIY . . ..o e et e e et e et e e e e e 437
13 SOME STANDARD C#CLASSESAND STRUCTS . ... e 439
13.1 Structs Byte, Int16, Int32, Int64, Char, Single, Double, SByte, UIntl6, etc.. .. ............ 440
13.2 Object: theclassaboveall classes . . ... 442
13.3 EXCEPON ClaSSES . . . v v vttt e e e 446
13.4 ClassArray: thebaseclassforall arrays . . ... e 452
13.5 Chapter SUMMAEIY . ... oo e e e e e e e e e e 456
14 STORING INFORMATION IN FILES . ..o e e 457
14.1 Classestoread and writefiles ... ... .. i 458
14.2 Reading and writing text files. . .. ... ... 460
14.3 Handling filesashinary files . ... ... e a77
14.4 A larger program that usesabinary file. . ... ... o i 486
14.5 Chapter SUMMEIY . . ..ot e et e e e e e e e e e et 504
15 MORE STANDARD C#TY PES. . o i e 509
151 ArrayList Class . . .ot 510
15.2 IComparable and other interfaces. . . ... 522
15.3 DaETIMESITUCE .. .o\ttt e e e e e e e e e 529
15.4 Chapter SUMMEIY . . ..ottt et e e e e e e e e e e et 536
16 GOINGCLOSERTO THE MACHINE . ... e 537
16.1 Bitoperators &, |, N, ~ >, @nd <<, .o e 538
16.2 Playing with thetimein programs —introductiontothreads. . ......................... 546

16.3 Chapter SUMMAEIY . ... oottt e e e e e e e e e e 556



Introductory pages XV

APPENDIX A: SUMMARY OF IMPORTANT CH#FEATURES. ...... ... i 561
A - L LItEralS. . o 561
A - 2. Variables, constants, and arraysof basictypes ............ i 562
A - 3. String objects, other objects, and arraysof objects ........... .. ... ... . 563
A -4 EXPrESSIONS . . o o ottt 564
A -5 Assignmentsand left SIde eXPreSSioNS . ... ..ottt 564
A - 6: The most important C# operatorsin order of precedence. . ........... .. ..., 565
A - 7: Control structures to make decisions (selections). . ... 566
A - 8: Control structures to perform repetitions (iterations) . ........... ..., 567
A -9 Thebasic CHMEthOd SITUCTUIES . . . . . ..o e 568
A-10: StHNGMELNOAS . .. . oo 569
A - 11: Mechanisms for keyboard input and screenoutput. . ......... ... i 570
A -12: Input/output from/tofiles . . .. ... 570
A - 13: DA CONVEISIONS . .ottt ittt e et e e e e e e 571
A-14: CHcassSAeClaration. . .. ...t 572
APPENDIX B: C# KEYWORDS (RESERVED WORDS). . .. ..ottt 573
APPENDIX C: PRACTICAL ADVICE FOR PROGRAMMING EXERCISES................... 577
C- 1 StArting AN EXEICISE . . . ot ittt e ettt e e e 577
C-2: WrItiNG YOUI PrOGIaIM . . o ot ov ettt e ettt et et e e e e e ettt e et 577
C - 3: Compiling and executing YOoUr PrograM . . .. ..o v vt vt et ettt et a e 578
C-4: Correcting COmpPilation EITOIS . . . . . oottt et e et e e et 579
C - 5: Searching for errorsthat compilersdonotdetect . .. ........... ... 580
C-6: Programsthat donotterminate. .. ... ...ttt e 581
C-7: Incremental program development . . . ... 582
C - 8: Printing your program ON PADEY . . . .o v vttt ettt e e e e e 583
C-9: Programversionsand backups . ... ... 583
IN D X .ttt 585



