Detailed Contents

Preface
Welcome — And Thank You! xlvii
Targer Audience xlvii
Approach xlvii
ARRANGEMENT xlviii
Parr I: The C++ Student Survival Guide xlviii
Chaprer I: Av Approach To The Arr Of Prog iNG xlviii
Chaprer 2: Swall Vicrories: Creating Projects With IDEs xlviii
Chaprer 3: Project WalkrhrouGh: An Exrended Example xlviii
Chaprer 4: Compurers, ProGrams, and AlGorithms xlviii
Parr ll: C++ Language Fundamenials xlix
Chaprer 5: Simple ProGrams. xlix
Chaprer 6: Conmolling The Flow OF Program Execution. xlix
Chaprer 7: Pointers And References xlix
Chaprer 8: Arrays xlix
Chaprer 9: Funcrions xlix
Chaprer 10: Toward Problem Absiraction: Creating New Dara Types. xlix
Chaprer 1I: Dissecting Classes [
Chaprier 12: Compositional Design [
Chaprer 13: Extending Class Funcrionality Through INHeritance. [
Parr lll: Implementing Polymorphic Behavior )
Chaprer 14: Ad Hoc Polymorphism: Operator Overloading [
Chaprer 15: Smatic Polymorphism: Templares [
Chaprer 16: Dynamic Polymorphism: Objecr-Oriented Prog iNG li
Parr IV: Intermediare Conceprs li
Chaprer 17: Well Behaved Objecrs: The Orrhiodox Canonical Class Form. li
Chaprer 18: Mixed Language ProG iNG li
Chaprer 19: Three Design Principles. li
Chaprer 20: Using A UML ModEeling Tool li
How To Read C++ For Arrists Li
Pedagogy Liii
Chaprer Layour liii
Learning Objecrives liii
Inroducrion. liii
Conient liii
Quick Reviews liii
Summary liii
Skill-Building Exercises liii
Suqgested Projecrs. liii
SelfTest Questions Liii
References liii
Nores liii
CD-ROM liv
SupporTSiTe™ Website liv
Problem Reporrting liv
Acknowledgements lv

Part I: The C++ Student Survival Guide

1 AN Approach To The Art Of ProgrAMMING

INTrRoducTioN 4

C++ For Artists ©2003 Rick Miller — All Rights Reserved

Vii



Detailed Contents

The Difficulties You Will Encounter Learning C++ 4

Reguired Skills 4

The Planers Will Come Into AliGumen. 4

How This Chaprer Will Help You 5
Project MANAGEMENT 7
Three Software Development Roles 5

Analyst 5

Architecr. 5

Progravmer 6
A Project Approach Smraregy 6

You Have Been Handed A Project — Now Whar? 6

SmareGy Areas of Concern 6

Think Abstractly. 7
The StrareGy In A Nurshell 7
Applicability To The Real World 7
The Art of ProGgrAMMING 8
Don'r Smrr Ar The Compurer 8
Inspiration Strikes Ar The Weirdest Tive 8
Oun Your Own Compurer 8

You Either Have Tive and No Money, or Money avd No Time 8

The Family Compurer Is Nor Going To Cur It! 9
Ser The Mood 9

Locarion, Locarion, Location 9
Concepr Of The Flow 9

The Smges of Flow 9
Be Exireme 10

The Prog ing Cycle 10

The ProGramming Cycle Summarized. n
A Helpful Trick: Stubbing n
Fix The First Compiler Error First n
Managing Project Complexity 11
Splir Even Simple Projects Into Mulriple Source Code Files 12

Separating A Class’s INterface from irs Implementation 2

Benelits of Separating INterface from Ivplementation 2

Helpful Preprocessor Direcrives. 73

The Final Word on Preprocessor Directive Behavior 4
Projecr File Formar 1Z1

Headker File 4

Inpl ion File 5

Main File A
CoMMENTING 16

CStyle Commens. 16

C++style Comments 7

Weire SelFCommenting Code: Give Ideniifiers Meaninglul Names 7

Adopr A Convention And Srick Witk Ir. 19

Restricr The Number of Global Variable: 19

Minimize Coupling, Maximize Cokiesion. 19
Textbooks, Reference Books, and Quick Reference Guides 19
Summary 20
Skill Building Exercises 20
Suggested Projects 21
Self Test Questions 22
References 22
NoTes 23

Ll . . L] L] . ’

2 Swall Vicrories: Creating Projects With IDE’s
INTroducTion 26
The Program Creation Process 26
InNTegraTed Development ENViRONMENTS 27
Memrowerks CodeWarrior 28
Microsofr Visual C++ 32
Intermission 25
Tenvon Intersystems MachTen CodeBuilder™ 36

viii ©2003 Rick Miller — All Rights Reserved C++ For Artists



Detailed Contents

Amention Linux Users %6

Organizing Project Files 37

Crearing Source Files 37

Creating makefile 37
Summary 39
Skill Building Exercises 39
Suggested Projects 40
Self Test Questions 40
References 40
Nortes 41

% Project Walkthrough: An Extended Example

INTrRoducTion 44
The Project Approach Strategy a4
The Development Cycle 47
The Project Specification 46
Analyzing The Project Specification 47
Reuirements. 47
Problem Domain 48
Language Features. 20
Design (Firsr Ireration) 51
Iviplementation (First leration) 53
Testing (First Ireration) 55
Integrarion (First Ireration) 55
Design (Second Ireration) 56
Funcrion Srubbing 56
Orher Considerations 56
Ivplementation (Second Ireration) 57
Testing (Second Ireration) 59
Integrarion (Second Ireration) 60
Design (Third herazion) 60
Iviplementation (Third Ireration) 60
Testing (Third heration) 62
Interation (Third Ireration) 64
Design (Fourrli Ireration) 64
Ivplementation (Fourth leration) 66
Testing (Fourtli Ireration) 68
IntegrATION (Fourtli herarion) 68
Design (Fifrh lreration) 68
Iviplemenmation (Fifth heration) 70
Testing (Fifrh Ireration) 70
Integravion (Fifrli lreration) 71
Wrapping Up The Project 72
Complere Robor Rat Source Code Listing 72
Summary 76
Skill Building Exercises 76
Suggested Projects 76
Self Test QuesTions 76
References 77
Nortes 77

4 Compurters, ProGravs, & Algorithmvs

INnTroducTion 80
Whar Is A Compurer? 80
Compurer vs. CoOMpUIER System 80

C++ For Artists ©2003 Rick Miller — All Rights Reserved iX



Detailed Contents

Compurer System. 80

Processor 82
Three Aspecrs of Compurer Architecture 83

Fearure Ser. 83

Fearure Ser Ivplementarion 83

Feature Ser Accessibility 83
Whar Is A Program? 837
Two Views of A ProGram 84
Concepr of Observable Behavior 84
The C++ Program Transformation Process 8%

Phase 1 8

Phase 2 8

Phase 3 85

Phase 4 86

Phase 5 86

Phase 6 86

Phlase 7. 86

Phase 8 87

Phase 9. 87
The Processing Cycle 87
Ferch 88
Decode 88
Execure 88
Srore 88
Memory ORrganizaTioN 88
Memory Basics 88

Memory Hierarchy 89

Birs, Byres, Words 89
Alignment avd Addressability 20
Algorithms 21
Good vs. Bad Algorittms 92

Don'r Reinvent The Wheel! 94
Summary 21
Skill Building Exercises 21
Suggested Projects 21
Self Test Questions 9%
References 9%
Notes 9%
2 Simple Programs
INTroducTion 100
A Minimal C++ Program 100
Disassembly is A Great Learning Tool 101
Another C++ ProGRAM 102
Parrs of the ProGram 103

Comments 103

Preprocessor Direcrive 103

Libraries 103

Using Direcrive 103

main() funcrion. 103

ConsTants 103

Variables 103

Starements and Expressions 103
Keywords 104
Fundamental Types 104
Derermining Your Dara Type Ranges 105
Derermining Dam Type Size with the Sizeof Operator 106

X ©2003 Rick Miller — All Rights Reserved

C++ For Artists



Detailed Contents

Liverals 106
INTEGER LiteRAls 107

Decimal 107

Ocmnl 107

Hexadecimal 107
A Word of Caurion 107
Cliaracrer Literals 108

Single Characrer Lirerals 108

Muliiple Characrer Lirerals 108

Escape Seguences 109
Floaring Poinr Lirerals no
Smring Literals m
Boolean Lirerals m
Expressions 111
Operators 113
Operaror Precedence 14
Use Parenthieses s
Muliiplicarive Operarors 116

Mulriplication Operaror. 16

Division Operaror 16

Modulus Operator 1174
Additive Operarors 1174

Addition Operator 174

Submraction Operator ns
Shifr Operators ns

Lefr Shifr Operaror ns

Righr Shifr Operaror ng
Relarional Operators 120

Less Than Operator 120

Grearer Thav Operator 120

Less Than or Eoual To Operator 21

Greater Than or Eual To Operator 121
Eouality Operarors 121

Eoual To Operaror 21

Nor Egual To Operaror 121
Binwise AND Operaror - & 21
Binwise Exclusive OR Operator - 122
Binwise Inclusive OR Operator - | 122
Logical AND Operaror - && 123
Logical OR Operaror - | | 123
Condirional Operator - ? : 123
AssiGnmenT OpERATORS 124
lvalue vs. rvalue 124

Compound AssiGnvent OpEerarors. 125
Comma Operaror -, 125
Increment and Decrement Operators (++, -) 125
Idenifiers 126
Idenifier Naming Conventions 126

Hungarian Norarion 126
ConsTaNTS 128
Variables 128
Declaring 128
Scope 128

Local Scope 129

Funcrion Scope. 30

File Scope Bo
Mutlrifile Variable Usage 131
Sharing File Scope Variables Across Mulriple Files 3l
Limiting File Scope Variable Visibility ro One File 3l
The main() Funcrion 132
The Purpose of the main() Funcrion 132
Two Forms of main() 132
Exiting main() 133
Calling Funcrions Upon Exiring main() 133
C++ For Artists ©2003 Rick Miller — All Rights Reserved Xi



Detailed Contents

Simple Inpur and Outpur 133
CiN 134

TrappinG Bad Inpur 74
cour 135
Learning More Abour cour and cin 135
Summary 132
Skill Building Exercises 136
Suggested Projects 137
Self Test Questions 138
References 138
NoTes 139
6 Conmrolling The Flow of Program Execution
INtroducTion 142
Statements, Null Statements, aNd Compound Statements 142
STATEMENTS 142
Null Starements 142
Compound Statements 143
Selection StaTements 143
if Statement 143

if Srarements and Compound Starements 144
ifelse Statement 145

Nesting ifelse Srarements 146
swirch Smrement 147
IveraTioN STATEMENTS 1720
while Starement 50

Conmrolling while Starements wirh Sentinel Values 51

NestinG while Starements 152

Doing Something Forever 152

Exiting While Loops with the break Starement 152
do Statement 1733

Nesting do Starements 1723
for Statement 1772

NestinG for Statement 57

break 157

Doing Something Forever with a for Starement 157
CONTINUE 58
Avoiding break and continue 58
Writing Elegant Code 178
Labeled Statements 179
GOTO STATEMENT 59

Advice on Using Goro 159
Control Statement Usage Guide 160
Summary 160
Skill Building Exercises 161
Suggested Projects 162
Self Test Questions 1637
References 164
NoTtes 164
7 Pointers aNd References
INtroducTion 166
Bur First, A Short Story 166
Whar is an objecr? 167
Whar is A memory address? 168
How do you derermine an object’s memory address? 169

Xii ©2003 Rick Miller — All Rights Reserved C++ For Artists



Detailed Contents

WHhaAr is A pOINTER? 71
How do you declare a poinrer? 172
How do you access the object a pointer points 10? 173
How do you dynamically creare and delere objecrs? 174

The New Operator 75

A Near Trick: Calling Object Constructors 177
Whar's the difference benween a pointer and A reference? 177
How do you declare and use References? 78
Summary 178
Skill Building Exercises 179
Suggested Projects 179
Self Test 180
References 180
Nortes 181

8 ARRrAys

INTroducrion 184
Whar Is AN Array? 184
Locaring Array Elements 185
Declaring & Defining Statically Allocated Arrays 18%
Single-Dimensional Arrays 185
Accessing Array Elements 186

Subscripr Merhod 186

Pointer Arithmeric Merhod 187
Beware the Uninitialized Array! 187
Combining Array Definition with Array Declaration 187
Arrays of Pointers 188
Mulii-Dimensional Arrays 189

Arrays of Two Dimensions 189

Arrays of Three or More Dimensions 191
Auvtomartic Initialization of Mulri-Dimensional Arrays 193
Declaring and Defining Dynamic Arrays 196
Dynamically Allocared Single Dimensional Arrays 196
Dynamically Allocared Muli-Dimensional Arrays 197
StRiNGS 200
Summary 200
Skill Building Exercises 201
Suggested Projects 202
Self Test Questions 203
References 203
Nortes 204

9 Funcrions

INTrRoducTion 206
WharT is A Funcrion? 206
Interface vs. Ivplementation 207

Pur Funcrion Interface Declararions in Header Files. 207

#ifvdef... #define.... #endif. 207

Pur Funcrion Definitions in Implementation Files 207
Characreristics of A WellWrirren Funcrion 208
Declaring and Defining Funcrions 208
Naming Funcrions 208
Funcrion Declaration 209
Funcrion Definition 209
Funcrion Calling 209

C++ For Artists ©2003 Rick Miller — All Rights Reserved Xiii



Detailed Contents

A Complere Example 210
Quick Review 21
Local Funcrion Variable Scoping 212
Declaring Local Variables 212
Hiding Global Variables with Local Variables 212
Using Scoping Blocks in Funcrions 212
Smric Funcrion Variables 213
Scope of Function ParameTers 214
Quick Review 215
Passing ARGUmENTs To FuncTions 215
Funcrion Calling 215

Responsibiliries of the Calling Funcrion 216

Responsibilities of the Called Funcrion 216
PassinG ArGuments by Value 216

Anorther Exavple 218
Passing ArGuments by Reference 219

Coniinving The Story... 220

Passing Pointers 220

PassingG References. 221
Passing Arrays 10 Funcrions 222
Passing Mulri-Dimensional Arrays To Functions 223
Anorttier Example 224
Using Funcrion Return Values 225
Rerurning Objecrs 226

The rerurny Keyword: Mantra on Proper Usage 226

Anorher Example 227
Rerurning Pointers 227

How Nor To Rerurn A Pointer From A Funcrion: Avoiding the Dangling Reference. 229
Rerurning References 229
Quick Review 230
Funcrion Overloading 2731
Calling Funcrions Recursively 232
Anorther Bxample 233
Funcrion PoinTers 234
Declaring Funcrion PoinTers 235
Assigning The Address of A Funcrion 1o A Funcrion Pointer 235
Calling the Funcrion via the Funcrion Poinrer 236
Arrays of Funcrion PoinTers 236
Ivplementing Callback Funcrions with Funcrion Pointers 237
CreaTing A Funcrion Library 239
Steps 10 Creating A Library 239

Create Ewpty Projecr 239

Add Ivple ion File 240

Ser Library Targer Serrings. 240

Name Library and Ser Project Type 241

Build the Projecr. 241

Use the Library. 241
Summary 242
Skill Building Exercises 242
Suggested Projects 243
EISCS MKI Language Ser 244
Sample ProGram 245
Basic Operarion of the EISCS MKI 245

Memory 245

Instruction Decoding 245
Additional EISCS Specifications 246
Self Test Questions 247
References 247
Nortes 248

Xiv ©2003 Rick Miller — All Rights Reserved C++ For Artists



Detailed Contents

10 Towards Problem Abstracrion: Creating New Data Types

INTroducTion 250
Toward Dara Abstracrion: Typedef 250
Creating Type Synonyms 250
Creating Enumerated Data Types With enum 252
Enums and Swirch Starements 252
Changing an Enum’s Defaulr Stare Values 252
Enum State Name Conflicts 253

The Utiliry of name spaces 253
Quick Summary 254
Structures: C-Style 254
Accessing Smuctural Elements 255

Accessing Smructural Data Members Via the Dor “.” Operaror 255

Accessing Smructural Elements Via the Shorthand Member Access “>” Operator 256
Quick Summary 258
Structures: C++-Style 2%9
Person Structure Redesign 259

Public Interface Functions and the Public Access Specifier 259

Privare Data Members and the Privare Access Specifier 260

The Deep Secrer: The this PoinTer. 262
Quick Summary 262
Classes: A Gentle INTroducTion 263
Quick Summary 265
The Differences Berween STrRucTures & Classes 26%
Quick Summary 265
Object-Oriented Thinking 266
Objecr Speak: A New Vocabulary 266
Summary 267
Skill Building Exercises 268
Suggested Projects 269
Self Test Questions 270
References 270
NoTes 271

11 Dissecring Classes

INTroducTion 274
The Class Construct 274
Parrs Of A Class Declaration 274
A Minimum Class Declaration 275
Place Class Declararions In Separate Header Files 276
The UML Class Diagram 276
The Conceprs of Stare and Behavior 276
Objecr Smre 276
Objecr Behavior 276
Class Member Funcrions 276
Class Member Funcrion Access 1o Class Arribures 278
Obniining Access 10 Class Arribures From A Member Funcrion 278
Obmnining Access 10 Instance Aniribures from A Member Funcrion. 278
Special Member Funcrions 278
CONSTRUCTOR. 278
TestClass Example 279
Copy Consmucior 281
TestClass Exawple Exiended 281
Copy AssiGnment OperATOR 282
TestClass Exavple Extended 283
Desmrucror 283
TestClass Example Extended 285
Behavior of Defaulr Special Funcrions 286
Quick Summary 287

C++ For Artists ©2003 Rick Miller — All Rights Reserved XV



Detailed Contents

Accessor and Mutaror Funcrions 287

Accessor Funcrions 288

Murator Funcrions 288
Quick Summary 288
Using Access Specifiers To Control Horizontal Member Access 288
The Concepr of Horizonil Access 289
Dama Encapsulation 289
Access Specifiers 289

The Public Access Specifier. 289

The Protecred Access Specifier 289

The Privare Access Specifier 289
Overloading Class Member Funcrions 289
Funcrion Signatures 290
Why would you wanr 10 overload member funcrions? 290
Separating A Class’s Interface From s Implementation 290
Manage Physical Complexity 291
Allow the Creation of CodEe Libraries 293
A Complere Example: Class Person 293
Summary 296
Skill Building Exercises 297
Suqggested Projects 298
Self Test Questions 298
References 299
Notes 299

12 Compositional Design

InTroducrion 302
Managing Physical Complexity 302
AGGREGATION 302
Simple vs. Composite AGGreGaTion 302

The Relationship Between AGGregation avd Objecr Liferive 302
AqGregation Example Code 303

Composire AGGregation Example 303

Another Composite AGGregation Example. 304
Simple AGgregation Example 305
Extending The Class Diagram 307
Seouence Diagrams 308
Quick Summary 308
The Aircrafr Engine Simulation: AN Extended Aggregation Example 309
The Purpose of the Engine Class 309
A Engine and its Parrs 309
The Engine Class 3
The Entire Aircrafr Engine Simulation Project 314
Aircrafrurils.h 4
fuelpump.h 14
oilpump.h 315
TEMPERATURESENSOR.H 0
OXYGENSENSOR.H 315
COMPRESSOR.H 316
ENGINE.H 316
fuelpump.cpp 317
oilpump.cpp F1/4
TEMPERATURESENSOR.CPP 718
OXYGENSENSOR.CPP 318
COMPRESSOR.CPP 319
ENGINE.Cpp 320
main.cpp 21

Xvi ©2003 Rick Miller — All Rights Reserved C++ For Artists



Detailed Contents

Summary 322
Skill Building Exercises 322
Suggested Projects 323
Self Test Questions 324
References 324
Notes 325

17 Extending Class Funcrionality Through INHERITANCE

IntroducTion 328
Purpose And Use OF Inheritance 328
Expressing INheritance With A UML Class Diagram 328
Implementing BaseClass and DerivedClassOne 329
Quick Review 331
Access Specifiers And Vertical Access 332
Public INberitance 333
Protected INbieritance 333
Private INberitance 333
Quick Review 334
Calling Base Class CoNsTRUCTORS 335
Quick Review 337
Funcrion Name Hiding: This Is Nor Function Overriding! 337
Funcrion Hiding vs. Funcrion Overloading 337
Quick Review 340
WhHhar Then Is Funcrion Overriding? 340
CreaTing Virtual Funcrions: The Virtual Keyword 340
Purpose of Virmual Functions 340
Declaring avd Using Virtual Funcrions 340
Virtual Destructors 41
Quick Review 342
Pure Virtual Funcrions 342
Declaring Pure Virtual Funcrions 342
Abstract Classes 343
Fleer Simulation Source Code 346
ciws.h 46
five_inch.hi 347
ToRpEdO.H 347
Gasturbine.h 347
nuke_plant.h 348
steam_plant.h 348
submarine.h 348
surface_ship.h 349
ciws.cpp 49
five_inch.cpp 349
Gasturbine_plant.cpp 350
nuke_plant.cpp 350
steam_plant.cpp 251
submarine.cpp 351
surface_ship.cpp 352
Torpedo.cpp 352
vessel.cpp 353
Mulriple InheriTance 353
Virtual Base Classes: Virtual INheriTance 357
Gerring Inheritance Righr: Some Points To Consider 360
Two Different Uses of Inbieritance 361
Reasoning Abour Objecr-Oriented Application Design. 361

C++ For Artists ©2003 Rick Miller — All Rights Reserved XVii



Detailed Contents

Incremental Code Evolution

261

Protecr Yourself In Your Design 362

Summary 362
Skill Building Exercises 362
Suqggested Projects 364
Self Test Questions 366
References 366
Nortes 367

Parr llI: Implementing Polymorphic Behavior

14 Ad Hoc Polymorphism: Operator Overloading

INTroducTion 372
Ad Hoc Polymorphism: Funcrion Overloading 372
The Goal Of Operator Overloading 372
Overloadable Operators 372
Overloading OperaTors 373
Overloading 10STream Insertion and Extraction Operators: <<, >> 374
Overloading The AssiGNmMeNT OperaToR: = 378
Shallow Copy vs. Deep Copy 379
Overloading Relational Operators: <, >, <=, >= 380
Overloading Eouality Operators: ==, 1= 381
Overloading Arithmeric Operators: +, -, *, /, % 383
A Few Words Abour Error Checking 384
Overloading The Subscript Operator: [] 384
Overloading Compound Assignment Operators: +=, =, *=, erc. 386
Overloading INCRement & Decrement OperaToRrs: +, - 387
Overloading Various Other Operators: (), +, -, <<, ->, erc. 389
The Funcrion Operator: operator()() 392

The Member Operator: operator->() 392

The Comma Operator: operaTor, () - AKA. the SEQUENCING OpERATOR 392
Virtual Overloaded Operators 392
Summary 394
Skill Building Exercises 394
Suqggested Projects 39%
Self Test Questions 395
References 396
Nortes 396
12 Static Polymorphism: Templares

InTroducrion 398
Definition of Templare 398
Funcrion Templares 398
Class Templares 398
Siructure Templares 398
How Templares Work: An Analogy 398
Declaring And Using Funcrion Templares 399
Separating Declaration From Ivplemeniation: Some Background 399

When In Doubr Refer To Your Compiler Documenarion.

400

Xviii ©2003 Rick Miller — All Rights Reserved

C++ For Artists



Detailed Contents

Bxample 15.1Continued 400
Using Multiple Placetiolders 400
Quick Review 402
Declaring And Using Class Templares 403
A More Complex Class Templare Example 404
Quick Review 405
Overview OF The Standard Template Library (STL) 405
Conniners and Conniner Adaprers 406
Irerarors 407
Algorithms 408
Quick Review 408
Using Standard Template Library Components 408
Using vector 408
Using list 4n
Quick Review 4n
Summary 412
Skill Building Exercises 412
Suggested Projects 413
Self Test Questions 417
References 414
Nortes 414
16 Dynamic Polymorphism: Object-Oriented ProGgramming
INTroducTion 416
Abstracrion: Amplify The Essential—Eliminate The Irrelevant 416
Object-Oriented ProGgramming Defined 417
Dynamic Polymorphism Defined 417
Language Features That Support Object-Oriented ProGgramming 417
AN Example: Class Interface 419
Quick Review. 420
Extended Example: Engine Components Revisited 422
A Basis for Comparison 422
Polymorphic Engine Component Code 424
icompoNent.h 424
COMPONENT.h 424
COMPONENT.CPp 425
pump.h 425
pump.cpp 426
sensor.b 426
SENSOR.CPP 427
warerpump.h 427
WATERPUMP.CPP 428
oilpump.h 428
oilpump.cpp 428
fuelpump.h 428
fuelpump.cpp 429
airflowsensor.h 429
airflowsensor.cpp 429
OXYGENSENSOR. H 429
OXYGENSENSOR.CPP 430
TEMPERATURESENSOR. H 430
TEMPERATURESENSOR.CPP 430
ENGine.H 431
ENGINE.CPP 431
smallengine.h 432
smallengine.cpp 432
engineurils.h 433
MAiN.cpp 433
Discussion of the Polymorphic Engine Component Code 434
IComponent and Derived Classes 434
Whar is Meant by a Pure Virrual vs. a Viriual Member Funcrion Declaration. 434
Engine and SmallEngine 434
Running the Polymorphic Engine Component ProGram 434
A Short Story 437

C++ For Artists ©2003 Rick Miller — All Rights Reserved

XiX



Detailed Contents

Taming the Complexity of the C++ Language 435

Summary 436
Skill Building Exercises 436
Suggested Projects 439
Self Test Questions 440
References 411
NoTtes 441

Parr IV: INtermediate Conceprs

17 Well Behaved Objecrs: The Orthodox Canonical Class Form

INTRoducTion 446
WhHhar Is A Well-Behaved Object? 446
Objecr Usage Conrexts 446

Objecr Creation 446

Objecr Copying 447

Objecr AssiGvment, 447

Objecr Desmruction 447

Orher Conrexts By Design 447
The Orthodox Canonical Class Form (OCCF) 448
Four Reguired Funcrions 448

Defaulr Constructor 449

Desmucror 449

Copy Consirucror 449

Copy AssiGnvent Operator 449
Implementing Foo Class OCCF Funcrions 449
Consider Furure Desired Behiavior 449
Exiending Foo To Participare In Other Contexis: Overloading More Operators 451
Quick Review 452
Summary 4%3%
Skill Building Exercises 473
Suggested Projects 474
Self Test QuesTions 4%7
References 4%7
Nortes 477

18 Mixed Language ProGrAMMING

INTroducrion 478
C+ And C 4%8
How C++ Allows Overloaded Funcrions: Nave Mangling 458
extern Keyword 458
Building a C Library: The souare() Funcrion 458
Deciphering C Standard Library Files 464
Quick Review 164
C++ And Assembly 467
Sowme Things To Think Abour Before Using Assembly 465
Know Thy Implementation Dependencies 465
INline Assembly Language in A C++ Funcrion 465
Linking An Objecr File Created From Assembly Language 467
Process Steps. 467
Using Inline Assembly in the Macintosh ENVIRONMENT 469
Quick Review 470
C++ and Java: The Java Native INterface (JNI) 470

XX ©2003 Rick Miller — All Rights Reserved C++ For Artists



Detailed Contents

Steps To Create A INI C++ ProGram 470
Win32 INI Example 471

Step I: Create Java Source File 471

Step 2: Compile Java Source File 472

Step 3: Creare Header File 472

Step 4: Creare C++ Sounrce File 474

Step 5: Compile C++ Source File 10 Create Dynamic Link Library 474

Step 6: Run Java ProGram 474
Macintosh OSX INI Example 475

Step I: Creare Java Source File 476

Siep 2: Compile Java Source File 476

Step 3: Creare Header File 476

Step 4: Creare C++ Source File 476

Siep 5: Compile C++ Source File 10 Creare Dynamic Link Library 476

Step 6: Run Java ProGram 477

When To Use INI. 477
Quick Review 477
Summary 478
Skill Building Exercises 478
Suggested Projects 478
Self Test Questions 479
References 479
NoTes 480
19 Three Design Principles
INtroducTion 482
The Preferred Characreristics of an Object-Oriented ArchitecTure 482
Easy 10 Understand — (How does this thing work?) 482
Easy 10 Reason Abour — (Whar are e effecrs of cliange?) 482
Easy 10 Extend — (Where do 1 add funcrionaliry?) 482
The Liskov Substitution Principle & Design by Contract 487
Reasoning Abour the Behavior of Supertypes and Subrypes 483

Relationship Berween the LSP and DbC. 483

The Common Goal of the LSP and DbC. 483

C++ Supporr for the LSP and DbC. 483
Designing with the LSP/DbC in Mind 483

The Power and Danger of C++ 484

Class Declarations Viewed as Behavior Specifications 484
Preconditions, Postconditions, avd Class Invariants 484

Chass I 484

Precondirion 484

Posrcondirion 484

Av Bample 485
Using INcrementer as A Base Class 486
Changing the Preconditions of Derived Class Functions 488

Adopring the Samve Preconditions 489

Weakening Preconditions 489

SmenGThening Precondirions 491
Quick Review 493
Changing he Posrconditions of Derived Class Funcrions 493
Special Cases of Preconditions and Postcondirions 494

Funcrion ArGUmENT Types 494

Funcrion Rerurn Types 496

Funcrion Access Righrs 496
Quick Review 497
Three Rules of the Substitution Principle 497

Signature Rule 497

Methods Rule 497

Properiies Rule 497
The Open-Closed Principle 497
Achieving The Open-Closed Principle 498
Av OCP Example 498

Addirional OCP Conventions. 498
Relarionship Berween the OCP and the LSP/DbC 498

C++ For Artists ©2003 Rick Miller — All Rights Reserved

XXi



Detailed Contents

Quick Review 498
The Dependency Inversion Principle 700
Characreristics of Bad Sofrware Architecrure 500
Characreristics of Good Sofware Archirecture 501
Selecrivg The Righr Abstracrions Takes Experience 501
Quick Review 501
Summary 201
Terms and Definitions 702
Skill Building Exercises 702
Suqggested Projects 703
Self Test Questions 703
References 7037
Nortes 204
20 Using A UML Modeling Tool

InTroducrion 706
The Purpose OF A UML Modeling Tool 206
InTroducing Embarcadero Technologies’ Describe 707
Primary Fearures 207
The Project Specification: Robor Rar 208
Creating Use Case Diagrams 209
Adding Documentation 1o Diagram Elements 1l
Programmier Perspecrive Use Cases s12
Pausing 1o Consider Design Issues 213
CreaTting Class Diagrams 717
Creating AN Overall Package Architecture Diagram A
Moving Beyond the Package Diagram J16
Adding Operations and Arributes 10 Classes o7
Iverating Through The Design Process 219
CRreating Seouence Diagrams 222
Proper Use of Seguence Diagrams 522
Adding Objecrs 1o Sepuence Diagrams 522
AddinGg Messages 10 Seguence Diagrams 523
Generating Source Code 22%
Reverse ENGINEeRiNG 227
Merging Systems 528
Linking Diagram Objects 1o Diagrams 729
Generating Web Project Reporrs 230
Summary 271
RoboTtRAT Source Code 732
abstraciposition.h 532
absmractmarker.h 532
absmracrconrolledobject.h 532
position.h 533
marker.b 533
remorecontrolledobject.h 534
absmracrcontrolledrodent. b 534
robomar.h 534
rROdentworld.h 535
userinterface.h 535
coniroller. 536
position.cpp 226
MARKER.Cpp 538
remorecontrolledobjecr.cpp 538
roborrar.cpp 539
xXii ©2003 Rick Miller — All Rights Reserved C++ For Artists



Detailed Contents

rodentworld.cpp 540
USERINTERIACE.CPp 542
conmroller.cpp 543
MAIN.cpp 544
Skill Building Exercises 544
Suggested Projects 545
Self Test QuesTtions 545
References 546
Nortes 546

Appendices

Appendix A: Project Approach Smrategy Chieckolff List

Project Approach Strategy Checkoff List 749

Appendix B: ASCII Table

ASCII Table 221

Appendix C: Answers To SelfTest Questions

Chaprer 1 777
Chaprer 2 776
Chaprer 7 777
Chaprer 4 778
Chaprer 7 760
Chapter 6 761
Chaprer 7 763
Chapter 8 764
Chapter 9 767
Chapter 10 767
Chaprer 11 768
Chapter 12 769
Chaprer 17 769
Chapter 14 771
Chaprer 17 771
Chapter 16 772
Chapter 17 774
Chapter 18 775%
Chapter 19 776
Chapter 20 778

C++ For Artists ©2003 Rick Miller — All Rights Reserved xXiii



Detailed Contents

XXV ©2003 Rick Miller — All Rights Reserved C++ For Artists



