A Natural Introduction to

Computer Programming

with Ha™

Kari Laitinen

www.natural programming.com



X A natural introduction to computer programming with Java

Table of contents

INTRODUCTORY PAGES

Somereasons to choose [hisbook .. .. ... ... ... ... ... N iii
Noles lor teachers and other experienced programmers . ... . ... ... ... L. ... ] iii
Acknowledgments . ... ... O 1Y
What kind of computer will you need? . ... ... ... ] v
Some advice for studying . ... ... v
The structure of thisbook . ... ... ... ... ) vii
The structure of program descriptions . .. ... ... ... ... viii
Tableof contents . ... .. ... .. X
Javaprogramsin thisbook .. ... .. .. . . ... Xiv
Pages whereexercisescan befound . .. .. ... XVii
PART I: THE WORLD OF COMPUTERS . .. ... .. .. .. ... .. ... ... .. ... . ... 1
1 COMPUTING: SOME CONCEPTSAND TERMINOLOGY. . ... ... ... .. ... .. .. .. .. .. ... ... 3
11 Hardwareand software . ... ... ... ... . . 4
12 Operating systems, main memory, and memory devices .. ... .. .. .. ... ... 4
13 Source programs and executable programs . . .. .. 8
14 Programs, applications, and systems . .. .. ... ... 9
2 A FIRST LOOK AT JAVA SOURCE PROGRAMS .. ... . e 11
21 A program that can print text tothescreen . . ... ... ... .. ... 12
2.2 A program that can read from the keyboard and calculate . .. .. .. .. . ... .. . ... ... .. 14
2.3 Getting a Javacompiler to your computer. .. ... 20
24 Instaling the electronic materia of thisbook ... .. ... .. .. .. .. . . ... ... 23
25 Compiling programs in acommand prompt window. . . .. ... .. ... 25
2.6 Editor tools for writing and modifying source programs . .. ... ... ... ... ... ... 27
2.7 Modifying and compiling programs - introduction to exercises . . ... ... ... ... ... ... ... 29
3 HOW INFORMATION ISSTORED IN THE MEMORY OF A COMPUTER. . . ............... 31
31 Numerical information: numbering systems . ... ... 32
3.2 Numerical information: the binary world of computers ... ... ... ... ... ... ... ... ... .. 40
3.3 Textud information: character coding systems .. .. ... .. ... 45
34 More information: pictures, sound, and moving pictures . . .. ... .. ... 48
4 LOGICAL OPERATING PRINCIPLESOF COMPUTERS . ....... ... . . 49
41 How doesthe main memory operate? . . . .. ... 50
4.2 The components of an imaginary computer. . ... ... ... ... ... 54
4.3 Inddethe imaginary processor. . ... ... .. .. ... 56
4.4 Machine INStructions . . . . ... .. .. . 59
45 The steps and states of program execution . ... ... 66
4.6 Programsto print text "Hellol™. .. . 68
4.7 Programming language IML and compilation . . ... ... ... ... ... ... ... 73
4.8 1C8 and ICOM - simulator programs for the imaginary computer. . ... ... ... ... ... . .. .. 80
49 A program that containsaloop ... ... .. ... 82
4.10 Subroutine calls and stack operations . . ... ... 84
411 Programs that use the keyboard, memory areg, and stack ... .. ... ... ... 87

4.12 Chapter summary - towards high-level programming ... ... ... .. .. ... . . . 94



Introductory pages XI

PART II: FUNDAMENTALS OF PROGRAMMING. . ... .. .. ... ... .. .. .. . .. 97
5 VARIABLES AND OTHER BASIC ELEMENTS IN JAVA PROGRAMS . .. .. .. ... . .. .. .. 99
51 Integer variables (int, short, long, byte, char). . ... ... ... . .. ... ... 100
52 Keywords, names, spaces, and newlines . ... ... . T7v. . 108
53 Foating-point variables . ... . . 110
54 Operators, assignments, and literal constants . ... ... ... ... ... . Feo o 113
55 Reading data from the keyboard - a fird look at strings . ... .. ... .. .. .. .. .. .. ... .. . .. 118
5.6 Thedoublerole of operator + . .. . ... Al
57 Formatting the output on thescreen ... ... ... 125
5.8 Chapter sSUmmary. . . ... ... . 131
6 DECISIONS AND REPETITIONS: BASIC ACTIVITIES IN PROGRAMS .. ... .. ... . ... .. .. 133
6.1 Making decisions with keywordsifandelse ... .. ... ... .. ... 14
6.2 Making decisions with switch-case constructs . ... ... ... ... ... 147
6.3 while loops enable repetition . .. ... ... ... 152
6.4 for loopsrepeal a known number of times . ... .. ... 158
6.5 do-whileloopsexecuteat least once . . ... .. ... 164
6.6 The block structure of Java programs . . . .. .. ... ... ... 167
6.7 try-catch constructs handle exceptions . ... ... .. 171
6.8 Truth valuesand variables of typeboolean . .. ... ... ... ... ... .. .. ... 174
6.9 Chapter sUmmary. .. .. ... ... .. 176
7 ARRAYS: SETSOF SIMILAR DATA ITEMS . ... .. . 177
7.1 Credting arrays and referring to array elements ... ... ... 178
7.2 Array declaration vs. array creation . ... .. 189
7.3 Initidlized arrays . .. 191
74 Multidimensional arrays . .. ... ... 196
75 Chapter suUmmary. .. . ... ... 197
8 STRINGS STORE SEQUENCES OF CHARACTER CODES . .. ... ... ... .. .. ... .. ... ... 199
81 "Variables' of type String . .. ... ... 200
82 Siring literals .. . . 203
83 Accessing individual charactersof asiring ... ... ... ... 204
84 Siring methods . . ... .. . 208
85 Class StringBuilder-mutable strings ... ... ... ... 226
86 Arraysof Strings . ... .. 231
87 Chapter summary. . ... ... ... 236
9 METHODS - LOGICAL PERFORMING UNITS IN PROGRAMS .. A ... ... ... ... .. .. 239
91 Simple static methods and the concept of calling . ... .. ... ... . ... . ... .. ... 240
92 Methods that take parameters . ... .. ... 244
9.3 Methods that return datatothecaler. ... ... ... ... .. .. ... 254
94 Cadling static methods of anotherclass .. .. ... ... .. 262
95 Theroleofthestack in method calls ... ... ... ... . .. .. ... .. ... . ... ... 268
9.6 Scopeof variables . ... ... 275
9.7 Parameters for the method main(). .. ... ... . .. 278
9.8 Overloading method names .. .. .. 282

9.9 Chapter SUMMArY. . . ... ... . 286



X1l A natural introduction & computer programming with Java
PART Il1: OBJECT-ORIENTED PROGRAMMING. . ... . .. ... ... . .. .. .. .. 287
10 CLASSES AND OBJIECT S .. ittt ittt e et e e e e e 289
101 Classes, fields, and instancemethods . ... ... ... . .. ... 290
102 Constructors are methods that build objects . ... ........ .. .. .. .. ... ... .. . .. =-e ... 300
103 Severd constructorsinaclass . ... ... ... ... 306
104 Arrays containing referencesto objects .. ... ... ... . . 310
105 Vauetypesvs. referencetypes . . . .. .. 324
106 When objects becomegarbage . ... .. ... ... 325
10.7 A stack that grows dynamically. .. ... 326
108 Javapackages . . . ... 334
109 Chapter SUMMary. . . . ... ... . 337
11 MORE ADVANCED CLASSES ... e e 341
111 Class Dde-anexampleofalargerclass . . ...... ... ... ... .. .. ... .. ... .. ... .. 342
112 Thethiskeyword .. .. . 362
113 Graphical UML classdiagrams . . .. ... .. .. 365
114 "Objectsinside objects’ . ... . .. .. 366
115 Using objed references as method parameters .. .. ... ... ... ... 379
116 Chapter summary . . ... ... . 382
12 INHERITANCE AND CLASSHIERARCHIES ... ... e 383
121 Baseclassesand derived classes . .. ... .. ... 384
122 Larger class hierarchies . ... . . 400
123 Polymorphism - redefining methods in derived classes .. .. ... .. .. .. ... ... .. 414
124 Chapter SUMMary. . .. .. ... 428
13 SOME STANDARD JAVA CLASSES . . . e e e e 431
131 Wrapper classes Byte, Short. Integer, Long, Float, Double,etc .. ... .. ... .. .. ... .. . 432
132 Object: theclassabovedl classes .. ... .. .. .. . . 434
133 Exception classes . . .. .. . 438
134 Class Math provides static mathematical methods .. .. .. ... ... . . .. 446
135 Chapter summary. . . .. .. ... 448
14 STORING INFORMATION IN FILES .. ..o e 449
141 Classestoread and write files . .. .. .. ... . 450
142 Reading and writing text files .. ... ... ... 452
143 Handling Hiesas binary files . .. .. .. ... .. . . 469
144 A larger program that uses a binary file . ... .. . 478
145 Chapter SUMMary. . . ... ... 496
15 MORE STANDARD JAVA TYPES ... .. .. ... .. ... ... .. . ... ... .. L 501
151 ArrayListclass . ... . . 502
152 Comparable and other interfaces . ... ... ... .. .. .. ... . 514
15.3 Class GregorianCalendar and its superclass Calendar. . ... ... ... .. .. .. ... .. . .. . . 521
154 Chapter SUMMANY. . . . ... . 528
16 GOING CLOSER TO THE MACHINE. . . ... . e e e 529
161 Bit operators &, j,, ~. », and« ... ... 530
16.2 Playing with the time in programs - introduction to threads . .. ... ... .. .. ... .. ... ... 538

16.3 Chapter summary. . O - o1 |



Introductory pages X1

APPENDIX A: SUMMARY OF IMPORTANT JAVA FEATURES .. ....... ... ... . .. 555
- L Literals 555

- 22 Variables, constants, and arrays of basictypes ..~ ... ... .. 556

- 3: Siring objects, other objects, and arrays of objects . .. ... ... ... ... 557
EXpressions . . ~77.. . 558

Assignments and |eft-side expressions
The most important Java operators in order of precedence . . . . . . ... .. ... ... .. . . 559

>>>>>>>>>
Oo\lmm#wl\)lﬂ

- 7. Control structures to make decisions (selections). . ... ... .. .. ... .. . ... .. ... ... 560

- 8. Control structures to perform repetitions (iterations). . ... ... ... ... .. ... ... ... 561

- 9: Some basic Java method structures .. 562

A - 10 Srringmethods . .. ... 563

All: Mechanisms for keyboard input and screen output .. .. ... .| 564

A - 12 Input/output from/to files ... . . . 564

A - 13 Dataconversions . ... 565

A - 14 Javaclassdeclaration .. .. . 566
APPENDIX B: JAVA KEYWORDS (RESERVED WORDS). . .. .. ... . ... ... .. .. . ... ... .. ... 567
APPENDIX C: PRACTICAL ADVICE FOR PROGRAMMING EXERCISES .................. 571
C-I: Stalinganexercise . .. 571

C -2 Writingyour program . .. ... 571

C- 3. Compiling and executing your program . ... ... 572

C-4: Correcting compilation errors . ... .. ... 573

C - 5. Searching for errors that compilersdo not delect . . ... .. ... .. .. .. . .. ... .. . .. . 574

C- 6 Programsthat do not terminate . .~ . . 575

C- 7. Incremental program development . . .. . ... 576

C- 8 Printing your program on paper. . . ... .. 577

C-9 Program versionsand backups - ... 577

INDEX. 579



