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Preface

As with its predecessors, the primary purpose of this edition of A First Book of ANSI C is to make C accessible as an
applications programming language. The success of past editions, and the many comments I have received from both
students and faculty stating that the book really did help them learn and teach C, have been extremely gratifying. Thus,
the goal of this fourth edition remains the same as the first three editions: to present all topics clearly, unambiguously,
and accessibly to beginning students. This text can be used as an introduction to programming in general, as an introduc-
tion to the C language in particular, and as a basis for further study of the C++ langnage.

This fourth edition includes a number of enhancements, including:

® New case studies illustrating real-world program applications

@ A thorough explanation of input data validation techniques

@ Expanded exercises that now include both short-answer questions and programming exercises

@ A table of Common Compiler Errors (at the end of most chapters), for both Unix- and Windows-based compilers,
in addition to the list of Common Programming Errors also provided at the end of most chapters

® Historical Notes relating to computer science topics

@ Introductory chapter on Computer Hardware and Software Engineering

® Updates to all programs and descriptions that reflect the latest C99 ANSI standard

Distinctive Features of This Book

Emphasis: This text presents topics in a manner that helps students in the real-world of programming. I think this
emphasis is best described by a reviewer, who wrote. “The depth [of this text] focuses on the kinds of problems that
beginning students stumble across. This is in contrast to [many texts] that somehow manage the feat of providing mas-
sive volume without including useful hints and short cuts.”

Writing Style: 1 firmly believe that introductory texts do not teach students—professors teach students. An introduc-
tory textbook, if it is to be useful, must be the supporting actor to the professor’s leading role. Once the professor sets the
stage, however, the textbook must encourage the student in mastering the material presented in class. To do this, the
text must makes sense to the student. My primary concern, and one of the distinctive features of this book, is that it has
been written for the student. As one reviewer said of an earlier edition, “This book addresses the student and not the
professional.” )

Software Engineering: This text introduces students to the fundamentals of software engineering right from the start.
In Section 1.3, students learn about algorithms and the various ways that an algorithm can be described.

The emphasis on software engineering continues in Section 1.4, which introduces the Software Development Process,
and in all subsequent case studies, which demonstrate practical applications of the Software Development Process.

Introduction to Pointers: One of the unique features of the first edition was the introduction to pointers, in which the
printf () function was used to initially display the addresses of variables; only then were variables used to actually
store these addresses. This approach always seemed a more logical and intuitive method of explaining pointer variables
than the indirection description in vogue at the time the first edition was released. Since the first edition, I have been
pleased to see that using the print £ () function to display addresses has become the standard way to introduce pointers.
Although this approach, therefore, is no longer a unique feature of my book, I am very proud of its presentation and
continue to use it in this new edition.

Program Testing: Every C program in this text has been successfully compiled and run using both Microsoft's Visual
C++ .NET and UNIX compilers. All programs have been written following the C99 ANSI standard. Source code files for
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all program examples used in the text are available online. This permits students to experiment with the programs and
more easily modify them as required by a number of end-of-section exercises.

Pedagogical Features

To make C accessible for a first-level course, the text includes the following pedagogical features:

End-of-Section Exercises: Almost every section in the book contains numerous short answer questions, in addition to
the programming exercises provided in earlier editions. Additionally, solutions to all short answer questions are provided
in Appendix G and the solutions to all programming exercises are available online to instructors.

Pseudocode and Flowchart Description: Pseudocode is stressed throughout the text. Students also learn about flow-
chart symbols and how to use flowcharts to visually present flow-of-control constructs.

Common Programming and Compiler Errors and Chapter Summary: Each chapter ends with a section on common
programming errors. New to this edition is an easy-to-read table of compiler errors and associated error messages gener-
ated by both UNIX- and Windows-based compilers. Each chapter also contains a summary of the main topics covered in
the chapter.

Programming and Historical Notes: Scattered through the chapters are shaded boxes labeled “Programming Notes™
that highlight important concepts, useful technical points, and programming techniques used by professional programmers.
Similarly, the “Historical Notes™ highlight significant historical events and people related to the history of computer
hardware and software development. '

Appendices and Solutions: An expanded set of appendices is provided in this fourth edition. These include appendi-
ces on operator precedence, ASCII codes, the standard C library, I/O and standard error redirection, floating-point num-
ber storage, and creating a personal C library. A final appendix offers solutions to all short answer questions. Solutions
for all programming exercises are available at www.cengage.com/us/.

Supplemental Materials The following supplemental materials are available when this book is used in a classroom
setting.
Electronic Instructor's Manual. The Instructor's Manual that accompanies this textbook includes:

® Additional instructional material to assist in class preparation, including suggestions for lecture topics
@ Solutions to all the end-of-chapter materials, including the Programming Exercises

ExamView®. This textbook is accompanied by ExamView, a powerful testing software package that allows instruc-
tors to create and administer printed, computer (LAN-based), and Internet exams, ExamView includes hundreds of
questions that correspond to the topics covered in this text, enabling students to generate detailed study guides that
include page references for further review. These computer-based and Internet testing components allow students to take
exams at their computers, and save the instructor time because each exam is graded automatically.

PowerPoint Presentations. This book comes with Microsoft PowerPoint slides for each chapter. These are included
as a teaching aid for classroom presentations, either to make available to students on the network for chapter review, or
to be printed for classroom distribution. Instructors can add their own slides for additional topics that they introduce to
the class,

Distance Learning. Course Technology is proud to present online courses in WebCT and Blackboard to provide the
most complete and dynamic learning experience possible. When you add online content to one of your courses, you're
adding a lot: Topic Reviews, Practice Tests, Review Questions, Assignments, PowerPoint presentations, and, most of all,
a gateway to the 21st century's most important information resource. For more information on how to bring distance
learning to your course, contact your local Course Technology sales representative.

Source Code. The source code for this text is available at www.cengage.com/us/.

Solution Files. The solution files for all programming exercises are available at www.cengage.com/us/.



Acknowledgments This fourth edition is a direct result of the success of the past editions. In this regard, my most
heartfelt acknowledgment and appreciation go to the instructors and students who found these editions helpful in their
quests to teach and learn C.

Special thanks also to my editor, Alyssa Pratt, at Course Technology. Alyssa's vision, continuous faith, and attention
to schedule and detail were instrumental to the successful completion of this edition. Next, Ann Shaffer, the development
editor, provided one of the most extensive and professional edits of the original manuscript that I have ever been fortu-
nate to receive.

Additionally, I would like to express my gratitude to the following reviewers:

John Avitabile, The College of Saint Rose

Pamela Carter, University of Colorado at Colorado Springs
Andrew Hurd, Hudson Valley Community College

Thami Rachidi, University of Colorado at Denver

Eric Thompson, University of Colorado at Denver

John H. Town, Blinn College

Each reviewer supplied detailed and constructive reviews of the text. Their suggestions, attention to detail, and com-
ments were extraordinarily helpful to me as the manuscript evolved and matured throughout the editorial process.

Once the review process was completed, the task of turning the final manuscript into a textbook depended on many
people other than myself. I especially want to thank Jennifer Roehrig, Production Editor, Serge Palladino, Quality Assur-
ance Tester, Chris Scriver, Quality Assurance Manager, Nicole Ashton, who created the solutions, and once again, Ann
Shaffer, the overall coordinator. The dedication of this second team of people was incredible and very important to me.
I am very grateful to each of these individuals for the work they did on this text.

Special acknowledgment goes to three of my colleagues who provided material for this text. First, in addition to
numerous editing and technical contributions made by Assistant Professor Andrew J. Hurd, of Hudson Valley Com-
munity College, ¥ am very grateful for his provision of the compiler errors. I am also extremely grateful to R.
Kenneth Walter, now retired from Weber State University, who graciously provided the material used in the His-
torical Notes. Special thanks must also go to my first mathematics teacher, Marie Scully-Bell, who taught me that
any subject, no matter how difficult, can be mastered, both in academics, and in all of life. She is one of those
special people that we are blessed to have in our lives. As always, any errors in the text (as in most of my life) rest
solely on my shoulders.

I gratefully acknowledge the direct encouragement and support of Fairleigh Dickinsen University. This includes the
constant encouragement, support, and positive academic climate provided by the campus provost, Dr. Kenneth Greene,
and my Chairperson, Dr. Paul Yoon. Without their support, this text could not have been written.

Finally, I deeply appreciate the patience, understanding, and love provided by my friend, wife, and partner, Rochelle.

To: Rochelle, Matthew, Jeremy, David Bronson

Gary Bronson
2006
Photo Credits
Figures 1.1, 1.2,1.3,1.7 and 1.8 Courtesy of IBM Archives
Figure 1.5 Courtesy of Intel Corporation



B 3HFRDI

ZEFIHEBAF ( Cengage Learning ) {fEX AR GHEF RS HOEEREFN RN BHE LIRS
B, AT HAE 2RO B0 7 B B — BB SR IR S, 46 o R FR B0 B B AL R 2 R B B
24T —17i 5T Cengage Learning LR AURA MBI O] B T RIFAERRAN . BIETHHEH
Bh¥ER, WISHUTAA. PPT. JEESS,

ETHRIFREICER T L2MBEER, IERBN LML S HE N T HREER, FIRFREHA®
I ] 72 3

iE |

HiEH xF A/ K% 3k F ¥ Ay

R, £ Fa, ARALTF Tk kit hRed &R / BARF R

(B2 /¥%) 4 288, ERHMTH , FE_ AR A,
HERBFEEEABREGHFRTT A TERE
LA i HRA TR,
# A
E—mail;
BEA W
L S~
R/ BRI (%£%F)
(R /BHIAEFE)
+ A B
J
== ‘e CENGAGE
z_ % |learning
Publishing House of Electronics Industry Cengage Learning Beijing Office
B Tk itk . www.phei.com.cn X2 HEA LR AR
N www.hxedu com.cn Hotl: 100080 ALTTMERE KA LB 2 S
;E%Fﬁljgoﬁofg 173 {5 RSN AR B 3 L8 BRI RET b C RS 122 1201
HiE: 010-88254555 HLi%: 010-82862095/96/97
f£H: 010-88254560 f£HE: 010-82862089
E-mail: Te_service@phei.com.cn ' E-Mail: meng.li@Cengage.com

http://www.Cengage.com



Part1 Fundamentals

1.1

Contents

1

Chapter 1 Introduction to Computer Programming 1
History and HAardWAaTe ......cevemiiiniivninen s stesssns s ssssonssesstsssssssssessassrsssssassssensss sasasenssnsnes 1
ComPpUter HATAWATE .......cooiiiiimcticcic it stsrssis et toe s serestereeeneassssssesssrsssassssensanars 3

Bits Qnd BYLES ...t s e e st msns sa s asanas 3
COMPONENLS .....cmieririiirii st ten s s s st as e ssbnses bbb bentr st nei sos 4
EXEICISES L1 .ottt taecen et soe st casaeseaseasonsassssassss cresto seassssesansnsanensasnsssansasasssensentes 8
Programming LanguUages ........ceeermivemrmrinenionmsississsneonsenseneseessaressessessessnsasss 8

1.2

13

14

L5

1.6
1.7
1.8

Machine Language

Assembly Language

Low- and High-Level Languages

Procedural and Object-Oriented LANBUALES ........ccooirirremrererecreeratasremereesesaesersessasasssessarenstessnsansasssssnsssssssens 10
Application and System SOftWAre ......cuvecciennmcsiosnieniniosmenoinss . .1
The Development 0f € ... st stsass snsmsbassssssstassssasssssssstossssssos 12
EXETCISES 1.2 cuivtinrinienierinneriniisiiniisienionisninniniininisistiinicassmsniassosssissssnssnsesssssseses s senssnssnssesaasassssasasnesns nesssssssas 12
ALBOTIIIMS .cvvciiiinrirnnen it s bt st s st e b e SR st o0t a0 a8 s0ss0ssRbsssbe R E SRS sassaR S anemnararaeseene ves 13
EXEICISES 1.3 ...nieierrrenerere e s sencesermescesneseoss st sre seeses semsesessneasosestasreseesessasassarasesmestanesastassasassessessessessnsans 17
The Software Development Process ... et ssissessseisassasasssssssesasossassasns 17
Phase I: Specify the Program’s Requirements...........c.ccocereincicineincnscnnnennenneseseesonnes 18
Phase II: Design and Development ..........ccovvoiervnriensennninremcnseneeseeeseseesensesnes .. 19
Phase ITT: DOCUINENTALON ........covevemiuectiierscrmsiscsmstmsistosencsessesmssmsosssssnessssasesssassers entossansssesssssassosssnsasesssrsase 22
Phase IV: MAINENANICE .....c.ccvcervrinieniirsienseciinsnsesicsneses s sisiesisenssesinssssessesssssesssssinssstsssesessnssssenstsssasssssonsnsonsos 22
Backup ......occnviverirnninnnn

EXEICISES 1.4 o.coriienmiecnisininieiiiinesinssain st reces it ae s et a st b s e s s bbb easea bbb e b o b e sE s ab B e e e e et Bas RS RS be bR e et s
Case Study: Design and Development.... rersss st saee sa e .25
Step 1: Analyze the PrODIEIM .......eeeceiienr ettt nsrerssseriassesss s nss st ssssbssssssessnssentansbenes 26
Step 2: Select an Overall Solution AlgOTthim ... 26
Step 3: Write the Program ..........ccovvivveeineinnncnsnsiescsecreescsnnes 27
Step 4: Test and Correct the PrOZIa ........coceuciieeniimninieminriereinesisssssnsestssssssssesssssssessstssassssssssssssenssassasssssases 27
EXEICISES 1.5 ..ot sirrcorcesie s st st aesa e e s s e e e e a s e s b e st B RS aba e b e b R se e e e b asmsRnaRn R e nh 28
Common Programming EITOTS .......c.ueiceenernieseeniereotmemmnistisesissssssssssstsmsssssmsistssesasisossssssssassssesssssrassassssasess 29
Chapter SUMIMATY .....c.coveeeceiersornseesescessesssassestesiarsosmssmessrtasssisesssessssesesasssssessonsaransssssssssssarssssnersssssssessassssns 29
Chapter Appendix: Numerical Storage Codes ....c..c.ciervesnerasnernes 30




Chapter 2 Getting Started in C Programming

21

22

23

24

25

2.6

2.7

28
2.9

.10.

32

Introduction t0 C PrOZIAININING .......c.ccereeremrmreeeroremsisesmscessasassnssessassasensanssses srsssesesasassasessssssassssssssmsnssessssons 32
TACMFIETS ...covvcuiriincsitsinssnissee sttt sesereeemenasessnssesasnaresssssessensesssuserssasasssasasstssessrsssnsnsnsasssasenssnnsntansnsossaesnsens 34
The main () FUNCHOM ..cvciiiiiiiininiscsencnemsie e snstes s sesssatsssasarcsscesessnessssosessennes 35
The PrINtE () FUNCHOM ciisineiiesistisnistinasiesssssasisssssssaentnsssstestasmsssmssnssessssessas sessasesmnstavenseasesssnsrsarssessssnsases 37
EXercises 2.1 ...uuvenmrersesenssnnsencssassnsasenas 40
Programming SLYIE ......ccoocoiiimnieieniniitsisaencssecerscseasaseassesstussessassieasnsatassasastessen et essssnasastassessssnrasssssssrsa 42
Indentation ............... 42
COMIMENLS «..coovorirerrnesaisesassasssssansarsassessstissesissessesmssnssssssnenass sesesssontsssatesmmseasssnsassnsnresses et sos ..43
EXEICISES 2.2 cucouiirrierivnnsassnsnissassessmsstssssaisaescrssssasessessassasasess st ot susossonenssnenassnssassssms sussss ... 44
DAL TYPES cornrere e ssiseesssnessssssiestsnssasesssssssssesessssssassastas st st sesorssasassassasssssasssssssns sansns 45
Integer Data Types .....c.cccuicvnvrineerierscnnanns 46
Floating-Point Data TYPES ....cccceeirssissessisessesassessessesiosasesisssss st sssassanessansossntsassssssss ssssassns 48
Exponential Notation ........ 50
Exercises 2.3 51
Arithmetic OPETAtONS ......c.oieiririescsninsesssssnsessisessssrsssesseimssarssssssrassssessssssassssarsssarsersnsesssssssans 51
Displaying Numerical Values ........coccoieeireininrisnnnsniacecsssinenseesenenns 52
EXPIEession TYPES ...ttt setsse s sssssnsssssestsessas s s sb s snnbesssassnssasssasssrsssassasassssssssasen 54
INLEGET DIVISION «.emrcrvieririisirecrsisissisnsssissen st sss b ssss s ssmss et s sem s s s et s s Rt s b simatnsamanaeee 55
Negation SOV VSV UP OO S 55
Operator Precedence and ASSOCIAtIVILY .....oovevereeinnniesiinnentensieensaesesenssnns 56
EXETCISES 2.4 ..c.ocoeeceriereraeeesenesesnessssssssesassns assessasasse shessesasessameasasseessseressssissssastarenmensunsssssnsssesesassesasssns 57
" Programming EXEICISES ......cccvcoiiisinieinniieniinriissnn et ssscasnssesnsem s sssssosssnssssessesssssasssnes snsassans 59
VATIAIES AN DECIATALONS .....oces.cvev eessesssssessssesssssssesssssssssassasseseasesesssesesse s sesseeeseesassessssesesssseassssesnee 60
Declaration Statements ................. reaesere st Ras s e e s ve L e eSO E IS SO RSSO OSSR OSSR R SRS s b 4R b8 62
INIHALZALION ...coerernerscieriinrecriscistesi sttt s s s s s bassabsansnsss sassssasssessnssssnssssnnsansansnnsbens s 66
EXercises 2.5 ....cccecineeniniecccesennienianes 67
Case Study: Temperature Conversion 69
Step 1: Analyze the Problem ...ttt ste e seasssne s s se s s s asanss s s s s s s senenes 69
Step 2: Select a Solution Algorithm ... ... 69
Step 3: Write the PIOSIAI ...ttt s asss s s ss s s s se s s ssasssatonssnssnsasacsesssesonenes 70
Step 4: Test and Debug the Program ...t icissressssencsreesssssessinsis st assssssssssnsssssassssssssssessasses 71
EXEICISES 2.6 ...cccvereiernnccermrrceencrrcssessissessnssssssssssssssssassassssesssssenaes 71
Programming and Compiler Errors 73
Programming EITOTS ......cccvciinmiinnccsiscasissisnssensssssssssssesassnssssassansassesasssncas .73
Compiler EITors .......oomiineieecccsnnsesisneresnenns 74
Chapter SUMMATY ......c.coveviniinsennisesinesanssens, 15
Chapter Supplement: MemoOry AIIOCALON ......uieeerereisnienenstniesinrsnssasnsesssssssssssassssitsse st s s sasssssssassonses 76
INtEEET DAtA TYPES ...ocoeriemririmsennsisnienisinscsesscss srossssssssessassstasssssissassa sssatassaeseasaseanemsinsonsenanssss .76
The S1ZEO0F () OPEIAIOT c..ciireinrinereritmisiset it sesesesnsssssassessasassesnssssssassssnsssssassnsesarasasasararsiness 78
AATESSES .....oereeeneriereeereeanvisnsssssssasasesronsosassseossiesuossssntantastsnstasisssessesastosansassassntonsensesnsastessnasesossotnss 79
Exercises 2.9 ........ 81



Chapter 3 Processing and Interactive Input 82

3.1 ASSIGIMENE ....eceeiicieiict ittt et s seb e ssase s sresets s st s ses sas sababEEsasrnasesassasas st atonas nentunresmsasemnsasensannnns 82
IMPICIE TYPE COMVETSIONS «....nroererrrrenrere e rerenaresiesemseessssssssesssssessencsssesssrsstssenssssessssntases o seseseesnsseosessenseseses 85
Explicit Type CONVETSIONS (CASLS) .ccvevrrrrrrerrerersririssienssaesesesreessssesssnsesssssessssssssessssens seesemessesserassnssrssensassassee 85
ASSIZNMENTE VATIATIONS ....oirecierierirerneionieseritanssasnesssstnsssassassssasessessssasssssasssssasseserserssssssssasssesssss sosnsssssesssmsassos 85
ACCUMUIALINE 1.ttt cenete st s s esste e s e st sssase sse sassasmatsssserassarensestosareasssnsbsssassesassnsasssansnenns 86
COUNLINE oottt st b s s stk s as b e e e bbb em b s nresne s ane 87
EXEICISES 3.1 1o it st i s st e sresessensanssesensssanesss seravessensenssnennanassnssnasesanssane .89

3.2 Mathematical Library FUNCHONS .....ccocoiviiuieiiniesiisicsiciereeesensen e seesesssscssnessesesasastsessasessensessassssessssessssssaress 91
EXEICISES 3.2 oottt ncinecinsiieristests st ess s sensressssnseeasassesesne aassas snsssesuensessansantabastessens ssnsnsonsssenrensonsennns 94

3.3 INIETACEIVE INPUL «oovvitiiitieiiecnesosesssensaesrereencsessrasesseassesensassessesee serssanesssrsssastssssssesesessnssesensrensas 96
Caution: The Phantom Newline Character .............cvicrninmiinriencnnisiiessnecnssenesmsesnsnsessssassesnesssassessensans 99
A First Look at User-Input ValAAtION .....c.c.cccivrevrieerenirireeenssenrensesseesesssesssssensasstnssssssesesssarsnssessssesseses 101
EXEICISES 3.3 ..ottt e st ses st an s cas s s an s asssssasansnn s st et ans 102

3.4 FOrmatted OQULPUL ......coevveienisrenicsioncsasereiossessesseossnssassesssssssssasss sasssestonsssassessesassasssesassesssessssass e sessssassassass 106
Format MOGIfIETS ...evviimeierniiiminniniiinisiinssssismenis i e s ses 107
Other Number Bases (Optional) ......ceovennseisinnians Ceneresbertesentanenteatrnatessatereratrennsns . 108
EXEICISES 3.4 cvivicrinierriniiein s s issssssses s ssssssss s essnsssese vensen i1

3.5  SymDbOLC CONSLANLS ........cviiiiiriiissrs ittt s s ese s ca s s s s sas s sae e s R s s et sb e r s n s na oas 113
EXEICISES 3.5 .o einecretcrcsesses s e nr st s s st s e s e st e e s s enssne se b e s e e e s e m e menasaneanesenEeneann 114

3.6 Case Study: Interactive INPUL ......ccovvvemrimricnimninenisienicercesissensssesnsssnsssnens 115
Requirements SPECifiCatiON ........cu it sisessr st s n s s b s b st st s b ssaese s 116
EXercises 3.6 ....cccuerrverienncenisneninns ettt R e e R b sa s R se b e e sRe bt ent e 118

3.7 Common Programming and Compiler Emrors ........cccovnnnvennieniencsenresieninens .. 120
Programming EITOTS .ccucimieinsmisimsiininiemsieisisismeiesi o monemsiessainsssssesssmansasss 121
Compiler Errors ......

3.8 Chapter Summary -

3.9 Chapter Supplement: Introduction to ADStraCtiON .........cccvereerieererernenssereensnensnseee .. 123
Built-in and Abstract Data Types
Procedural ABSIraction ...........eceieieeermeennecensencsnnnnae e

Part2 Flow of Control 126
Chapter 4 Selection 126

4.1 Relational EXpressions ......coieieiveinniisisnisiineensissscisisiaes ...-126
LOZICAL OPETALOTS ...ceerrevietnriramserssienetisesiessissssnisresisatstissosssassasasistentsnssnssnsssssassasasssssnsass sussss snsmsantsassnsansmssenns 129
EXEICISes 4.1 .ccviiniiniicincininistoicr it s ssnensanscssssesssssssessesessnsanes 131

42 Theif and i £—€1 5 SIABIMENLS ....cccovverererierimsenneessretriessts it sisa s ssastastorssesatas sessestssassase e sesassassanassonsan 132
COMPOUNA STALEIMIENLS 1avveirereesisisssissessistorisesmsassmissssassassesersssorssassensostorasismensstassssersiasssassssssssssases sasersrssasasssases 133
The i f—€1S5e SIAEMENL c.covveririnsersestssrerisss srrsevsssarsessnssnssesssacsneseosis 134
EXEICISES 4.2 ..vevrevrririerietensessestessesossessronessnsasesasesssaasesrast ssse et cosensessasintessinssnssrssnssnsasararesssenanane 139

4.3 The 1 F-15€ Chail c..ccccveeeeninienreererserntiie e sentsntsesiasserssestesssas sassassbsanssasssssnsnsasanssssssesssss sassssssnass senssessrase 141
BXEICISES 4.3 .unrieeieeivtirieeesecrssa e e sesaresessessensente st st steasstsseshesassassbsnsoansssrnsanssntantseass senstssanansssansannisannsonsen 145

«11-



4.4 The SWITCR SIAEIMENE ...oooiiierereere e rtecrececrresremseasessnsssess sessssssmsssasasssssesensseserssssssnassssmsmessnssssentossessesen 148
Exercises 44 .............. ereeeatas e h e R Sae e sa e RSB S S0 04 040 nn . 152
4.5 Case Study: Data Validation ........cccceiiriernniecsinissensasieiecrenenssersrsassrsssrsrssrssssrsssssssasssssorssesses 154
Requirements SPeCifiCation ...ttt seacsecsastsssessessasests st sssssssessssansenssassvsrsssans 154
Analyze the Problem ..........coococneecomicrnenceccannanne 154
Select an AIZOTItIM ......oooeee et ese s et resteses st s s e e sssssesseasssssnesnesessessesse seoses 154
WIHE the PrOZIAIM .......ccoieiiiiececrninrenescense i st sesetssareosassessstastsnesessssensasenssessesessensss stesersensressessanssnnensenes 155
Test and Debug the PIOZIAM ....ccccueccceiiiieree e ienestsnrnseeseseet s st ssessasensssssaseeseassasssssssnnen 156
Exercises 4.5 ‘ i a e s s sas e e ne s st nesn s ssasessasees 156
4.6 Common Programming and Compiler Errors ....... 158
Programming EITOTS ......ccoiiimiiiiniccitie st csessetnesesse st st sesnessusasonesasrasssssassossassssensassssassassenensanes 158
COMPIIET EITOTS ...u.vuueverrenrereesionseriassasseessansssssssssassisssssssssssssasrrsssesssssesosssnsens eeveeeeen 159
4.7  Chapter SUINIMNATY .....ccovesieiinimmiiiiscieisisssnsissiiisssisestssssarsssssssnsssssssssssssssessssssssassanssiss sosssasss 160
4.8 Chapter Supplement: Errors, Testing, and Debugging ..........cccooiiiiincinioercsinnecsninnnnennncecseercerasnesens 161
Testing and DEDUZGING ..ottt ssesteme et st soessesessassosseses sensessssssons 164
Chapter 5 Repetition 166
5.1 Basic LOOP SIIUCLUTES .....ocvviviiiininienieiiisisseit e s ssstessssessenes caesessentesesestesenssossentsassssasssnseasassessssnsonse 166
Pretest and POSHESE LLOOPS ...cocriiecienisesiesiiiniisnieieeiessiasessosiossinsstess oo s sseseossonessssnessossssssmnessssescessssesssness 167
Counter-Controlled and Condition-Controlled Loops .... 167
EXEICISES 5.1 c..eiiiiiiieiisiitctrnstns e et st sae s s ss et eassssas saesa shs se e e en s s bR bR bbbt bt b e e e e s 168
5.2 The While StAEMENL ....cc.cciiiriiminiiiniri e s bt as st e s b st e e 169
Exercises 5.2 ......ccecvvnieeniane bbbt ota SRSt b bbb e b st AR b4 S bbb br e ne et bbadenrenbanerans 174
5.3 Computing Sums and Averages Using a While LOOP ..o 175
SeNtinels......ccoeceireermeecrcttnie et sne
The break and continue Statements ........ccocoerenene.
The Null Statement .......cceceeerinmimianeessiemsesessessessisees
EXErcises 5.3 ...cuvivnncrimnscrnnnseiessenisssssnsssensensossessesne -
5.4 The for Statement
Computing Sums and Averages Using a £0r LOOP ......ccccovvvvrmnmmrnieirccnseiencsnonns 191
EXEICISES 5.4 ....emererieecincnrinscnetes s nscenassrasesosennens
5.5 Case Studies: Loop Programming Techniques ..........ccceueuna.
Technique 1: Selection within a Loop s
Technique 2; Input Data Validation ..........cemenenecincsenissennianes
Technique 3: Interactive Loop Control .......eccviievsinnnsersnnnenns
Technique 4: Evaluating EQUAtIONS ....c..cooivviiimreetienminncesisins s setssscsssssssnssessssnssssnsssssassessesnsssansssssassassses
EXEICISES 5.5 ottt sttt sss s ssessssas e s eenean
5.6 Nested Loops.......... et st sr s
EXEICISES 5.6 .....ooeceertreniasesiesie st ses e esiesne s smsatsstes e s s s e s as b o reb s shbat b bAn e AT s b ea b e ReEs b s b e s e Ben e b aenernanaresannsanes 203
5.7 The do-while Statement ........ccccoccrrvuernrenns
EXEICISES 5.7 «enverirececrercenimrmsicsressssossssisssissnssss sbesssssnsssssnsssassasssansarassanassnasnsnnsns
5.8 Common Programming and Compiler EITOTS ........ooocorerinistinnnininieesiesstntnss st sne st s st ss st esnensstsbionns 208
Programming EITOTS ...cc.uuiemiieiininiioissisiesnnian s snsssmsisssssesssassssasssssssssnsssss sessesassassenss 208

- 12 -



COMPILET EITOTS 11ervarrvseriiininniiisnisissianisnssineiissini ssssesssssesisassasssss sissssssinssastassassassanssssssosstsss sesssonssesenn 209

5.9  ChapLer SUMMATY ...overeeceieriresimsinisssssereesses i sos s isesessssnssensestata sasesesesssssre rasassasssssnsssarensasnsassson 209
Chapter 6 Modularity Using Functions: Part I : 21
6.1 Function and Parameter Declarations retrar e et raearstr sttt bes s e nesenens 211
FUNCHON PIOOLYPES ..cocuiiiiiiitiiiicnicsiins st st s eeransesansesss e ses st sassssassassnsssbensasassarsosnsessresensssone 213
Calling @ FUNCHON .......coceiiicriicticcrenccntennen e essetsorse e nerassasasese st srsersseessssesassatensesssssssssnsenssesesnensos 214
Function Header LiNe ...ttt cceseeesestcnerees s sesasssssssansssssnssesssssssssssessens 215
Placement of Statements............ccccoererenrrrererernreene e testsatsast s nsaseseeneate st san e snnnaraas 221
EXEICISES 6.1 ..oniririririeiini it sssiesee st s st ettt se e sr e s s s s et sseaea et ke mtnnsent s aeterseasrenes 222

6.2 REIUMINE @ VAIUE ...cvereeeiererecciere st seeteacemsenessaeeosscsssssetassaessssestestassassssssesssssras sssansassnsensossonsonrrssssnsansesine 223
FUNCHON STUDS ...vceiiniiniiecnin i i siiisisissisnssission st et ioseonsnsesseesestessssssess st sssasssssssasssmssessntensanssssensesssasseses 229
Functions with Empty Parameter Lists ..... et s s s 230
EXEICISES 6.2 ..uovririrresiemeniisinisesn s tsessssnsassastassansessssts e sae seosssssassostaness sas snsasesss sesassmssasnassnssnsansnasusnsssassesses 230

6.3 Case Study: Calculating AZE NOINS ...t it s sss st st sre s eassesasarmeseassessanes sensssess 232
Requirements SPecifiCation ..........c.ccveimeincscniesimnensiiosinsernecereaseesensssesesssessssces U X X

Step 1: Analyze the Problem ...t 233

Step 2: Select an Overall Solution Algorithm 234

Step 3: Write the Program ..., 235

Step 4: Test and Correct the PTOSTAM ...ttt st st sra s 236
EXercises 6.3 .....c.coieeenisnrrcnncsionsannenions 239

6.4 Standard Library FUNCHONS ......ccccovercriiiiinirccstoniscnensint st s sressestestessescessnresssneonsnns 241
Mathematical Library FUNCHONS ......ccccoceimmenimnimcnnniriniienisiissseiscsesessese s sssssssinsessessssessssssssasssssses 242

The rand () and srand () FUNCHONS ... ssssissnsisrssisiniset s 242
SCALINE wocciiiiie s sen s s s s b s b s R s b s SRS R AR eSS R s R e RS s R SRR Rhe s e SRR R SRR SRR SR B0 00 245

Coin ToSS SIMUIBLION ....vosimreiisiisiniisiiieir i st st ss e s s s s sassesressessesnsserses 245
Input/Output Library FUNCHONS ..c.vvecviiiiiiiriieimcreeiscsii s ettt ves et s en st st ss s s s nresn b s s s sssanees 248
Character Processing FUNCHOMS .....c.ccociiiiiiiiiiiniiinniiiioniar s csssiesissessssnensonisssassssssssssssssssssisssassassasssass 248
Conversion Functions reeereetatens et s sabsetae 250
EXEICISES 6.4 c.oeeeerrereecenericnrnisesensestareesestseene seeassaseessatessasasnsssces e senssssstsssnssassassssssess seseresseseasinssmsssassnssnss 251

6.5 Common Programming and Compiler EITOTS ..o sanenssssieseesessessenees 253
Compiler EITOrS ... 254

6.6 Chapter SUMIMATY ....cc.cooncerermemssnnienesnisissessssseesssnsssiessessesisrasseseons evereasssvemsssnsessrasesssnenesnnesens .255
Chapter 7 Modularity Using Functions: Part I1 waee 256
Tl VATADIE SCOPE ceruevrerrriererieninisceireniresesistssrsns setssssaesisassssesssasms s s erssassessasbsssssesasenssssssnsesasastsssssnsstnasansasasessn 257
When to Use Global Declarations .........e.cvmeieaiercnnsincsnssssssensesssosians 260
Misuse Of GIobal Variables .......ccccomimrimiininsssinsisisiisiniesisioio i sssrssionesassssensas sassssans 260
EXEICISES 7.1 civsiirrncnnirniniiinienisiiaimsninsinmssissre s sssnsssnsaseassasassoe soesesseeses 261

7.2 Variable SIOTAZE CLASS .c...c.cuieriericiseririerierissisitsis i sesessstssmress s e base et ats s st ass sstabetsr s anssasiatssarseseassans sesesemscs 263
Local Variable StOrage Classes ........cccociivitisinenisssseisiesassssssssersstsssssssssssssssassssssssnosssssesssssss o sescasasss 263
Global Variable Storage CIaSSEs ........ceovvverrerircrerccereersesnssssssesissesmsmsssissssssmssossssasssssssssssassnsassssstasssssssasssn 266
EXEICISES 7.2 .e.eveteceeeemerneisesesseseesaesensesassmseesmasesstbatsstarsssssassesesestestontonsassssssnssessessinrenrentonssnssnssessssns 268

<13 -



7.3 Pass by Reference 269
Passing Addresses to a Function..................... RN 270
StOriNG AAIESSES ...ovcviviieimesieiire e asses st sees s et sen s ae e enes s sasae s asassasenens 270
USINE AQAIESSES «.o.neeeeirienns ettt et aren st ettt e ses ettt es s s s mes s s e nen b abesnsmsasasasassanans 27
Declaring and Using Pointers ........cc.cceccceeuennne. 272
Passing Addresses 10 @ FUNCHOM .c.......ocoi i ieiecininncineceneneerer st sraesessssnssesnssssesssnssressssssssssss sosasessensssssensonse 274
EXEICISES 7.3 .oomeeciieiirmceernacnceness e e e nsecessaessenesssessessarsssanasssesaens 278

7.4 Case Study: SWapPINE VAIUES .......cccvvrnecrriemeniecesrcreeenresessesestesssssssrsesessessessessessassnsesessees 280
Requirements SPECHICALION ........ccccoeererinecieirinecenreraseseraesseresssssesssssmssassssessenrensasesssessesse 280
Analyze the Problem ...........ccoue.. eeee s AR AAts s St et 280
Code the FUNCHOM ...ttt tss s sescssesssssssn e srssesssasssnssnssnsssssnssnsse seesesbvssrenssnssmsbosnabin 281
Test and Debug the PTOGTAIN .....cocvviiirercrnnninimsssssinsisssssissssiss s srsssenssssssssnsssssessssssssesos 284
Exercises 7.4 eeteteeteeateteaaeatatanete s et teaaeastsananrsnarasennsrnerasnsannerans 285

7.5 ReCUTSION 4 .....coiiiircnieiecinnasenescenensasssaenannns eeeneereneeraaseeses 286
Mathematical RECUISION .......ccoiceremiicrrircreceneeriesresentestsiesenie s sas e etemsossassnsressstsasassassaness 286
Recursion versus ILETAtiON ..........ccceccuvcercrecnrrcersessoesssseessessarsnsnessessassesersossassassessassstensasssssssens 290
EXEICISES 7.5 oottt et ies st e bt s s s e e s e se s s ars et e soaseasensamessr e st st et aseausensass st et eserasen 290

7.6 Common Programming and Compiler BITOTS .......cocvcinirnimeiniinsimiicnerasinsensesssresescsenseessssesssssesesseenssnere 291
COMPIIET EITOTS ...t it crertemsencene e st ees s e ses st et ses e sr st sae s s s ase s sm e st e e s e s sas st s ranessmesernesnorases 292

7.7 Chapter Summary iR es e e bR r R et et 292

Part3 Completing the Basics ' 294
Chapter 8 Arrays 294

8.1  One-DimenSiONal ATTAYS ....ccviiniiensssiesisssninsersisissssisissiesssissiassesssssesiesssinessssssossessstsstosssssssssssnsssosessassasss 295
Input and Output Of AITaY VAIUES ..u.vvesienmiisissicimismssmaiiesn s s ssssasonsmsssssssssssssessassens 298
EXEICISES 8.1 oottt e st st st a s b s bbb e em et a st s sase0s ... 301

8.2 Array Initialization e e et sae s e R e R R bR e aen sanen s 303
EXEICISES 8.2 ...coicierrectestesresenverassacascassasesssnssnsestes st sssassassansassasaassmsesessessatesse sesmtsasssssessassnsea sonsensan 306

8.3 Arrays as Function Arguments ....... Hrrerere et a e e R sre e R e e RS e e r e sa e b aaie 307
EXEICISES 8.3 v sttt s sstssstitss st ss b s s s bs bt sm b RS has oSS s St Sabam st bbb sh b ene s beeaene 310

8.4 Case Study: Computing Averages and Standard Deviations........ccccccuevenrueen. 311
Requirements SPECITICALION .....ov.coriorrrurernessisrintrsninnin st sscest sttt er s o e st sns s 311
Analyze the Problem ........ccocvvrnennnnee e eseesin sttt e s s e SRS b s e b e s R R e e g a et s 312
Select an Overall Solution Algorithm tr s e et et 313
Write the FUNCHONS ..cc.cvveiiiinniermricriinsessmsisiessissississessessssesesssessssssssassnssesseons ...313
Test and Debug the Functions ............. ereremsteesensnsasessasenate st naneas ...314
EXercises 8.4 .....ccocvrervnivensncerencncnnnees eererrereesensasen s s tetatenrnees 315

8.5 Two-Dimensional Arrays ........ceveesueeene 317
Internal Array Element Location Algorithm (Optional) 322
Larger Dimensional Arrays reeutenteoranean e et bRt s b st e R n R bt b sR s b ebaarsoan ...323
EXEICISES 8.5 ..eveeecanrmeerarracntiecssessisesesetnestsseesisesinsestasans st stasssssenssssnssnesasreassssesssssnses ...324

8.6 Common Programming and Compiler EITOTS .......ccviunriiirenrenisniieneneencnsanennens ... 325

<14 -



87
8.8

9.1

9.2

93

9.4

9.5

9.6

9.7

325

Compiler Errors 325
CRAPIET SUINMATY .....occuceeeinininenrrenscscssessansariectscsasasas senscssssassasenstasesssssesesass setosmsmsasnsssssssssssasemsnesssnens sessan 326
Chapter Supplement: Searching and SOTtng MEhOUS ..........ccuevererrrreieneneriessessesssesssssssssesesssssessssssismcesse 327
Search Algorithms ..327
Big O Notation 334
SOTt AIBOTHAINS ..o cnrett s st st n st s asss st ss s et ba s s s sbes s b et s s b0 334
EXETCISES 8.8 e s s bttt s s s e bt s mas bbb e s s 346
Chapter 9 Character Strings 348
String Fundamentals ettt etatesbestesaeabesens st eseenaneansrnessassnenransrestaseesataresen ... 348
String Input and OWIPUL .....ccvmimccicecciniinsesnesisis s s s st sssssassnssssessrasassssasesnens ene 348
StIING PrOCESSINE «.ecurrvenetrmicerie s s sses s srenese s bsasssssansasassanes ..350
Exercises 9.1 356
Library FUnctions ........cceccecceeeciereeecene. ...358
Character Routines ' .361
Conversion Routines ... 363
EXEICISES 9.2 ...ccenceecceremecrecnemsersar s esmesnessestesssssonssesmsemtas sassesstraanacnatsbssasansnmranans sassos ses .364
Input Data Validation ........cc.ceereerccnnee 365
Creating a Personal Library ... .370
Exercises 9.3 ...... 371
Formatting Strings (Optional) 371
In-Memory String Conversions 372
Format Strings 373
Exercises 9.4 373
Case Study: Character and Word Counting .........ccceceveecreeenrennnnas 374
Program Requirement: Character Counting 374
Analyze the Problem ..... 374
Code the Function.............. 375
Test and Debug the FUNCHON .....c.ccocviiiinieniincirininiensnnasinrniecnnsissistsssssisessosssenssasassss sasses 375.
Requirement Specification: Word Counting 376
Analyze the Problem .........covininisimncsson 376
CodE the FUNCHOM ...ciiviiseiisisensiisssnsasisnsasassssstessestsasssisssaassasssssastasesansassstsasssestasessnssessrasssiansassssessssons 377
Test and Debug the Function .. 378
Exercises 9.5 379
Common Programming and Compiler Errors ........ 380
Programming EITOTS ......iiiiineninnenstecnsiesisssesse s sressanssnssssatanssssss sessesestsessssassassssssesnsessasassssesssrsesas 380
Compiler Errors ..... 380
Chapter SUININATY ......cocoeereeccminsseresesenssesesmsssssssssssesssesssassasanssnssassssansessssesnors snsas ..380
Chapter 10 Data Files 382
10.1 Declaring, Opening, and Closing File StreamsFile SIreams .......c.ouiamnremimineicnntenerersseesennsnssecsecesenss 382
Files 382

Programming Errors

.15 -



File Streams .......ccceeevveenveerenen.

.................. 384
Declaring a File StEam ...ttt et seresssse s sssassassarassss st ssssssseressns 385
Opening a File SIEam .......oueiirieirccneeirceereeere et ronsnnssesessssrasesssssessesssssse sesasessssssssensnsssessssesssassssssassnone 385
Embedded and Interactive FleNamEs .........ciccirceriiincnincceneesoscniessnsesesstesesstasssssassessassssosernrsssessassssssns 390
CloSING 8 File SITEAM ........oovitiicreemrerecrcerieece et s eae s sesesaecsarerasnsassrsasasss esssesseasessassesenssesessasasansssssssens 391
EXEICISES 10,1 oottt it ccsmece et et sraesessessansasecssssestsssnesensssasssranssnstasentesssarasssssnsansesessens 392

10.2 Reading from and WIiting 10 TEXt FlES ......cccicirniemiririceircninsreesnrssreresrssssessssssssssssssenssensassssessssssssssesessans 393
Reading from a TeXt FIle ...c.vvviiimiinsnsmsimiin sntiesssissismssssirss oo sinsassressesessssesssnssatssasasseas 394
Standard Device Files ..........cccoovvncircrverensnnersensarscsannes
Other DevICeS ...cooeieceieeereieiectcreree e enesreseesarecvsnsons
Exercises 10.2 ......ccoecvrercrncenerceannens

10.3 Random File ACCESS ......cc.eocevemeerenecmriririrccnencsiereeeneessnceenes
EXEICISES 10.3 ettt sttt s e e b SRR et sb e e bt a et ean s 403

10.4 Passing and Returning FIlENAMES .........ccvccecerrrcrrererierenrrtesresresressesssmereseossossesesesseeseseestesssnsasssasssssassssaessnss 403
EXEICISES 1014 ..cviiiiiiiincrniniioniintiitisiesisnisnsinsninesssnssnssnisisissississisesssssessssessossos sesssssseansasessssssnssnssnssnsss ssssiess 406

10.5 Case Study: Creating and Using a Table of Constants ...t seesessncsnenes 406
Requirements SPecifiCation ............ccvicevcerimsrreermcs st

Analysis for the First Function

Code the FUNCHON ....cveriiriniiiii it e s st s b e seb s ss s st s as e b e b e R st s bnes
Test and Debug the Function
Analysis for the Second FUNCHON..........ccoiiinini ittt s 411
£0AE the FUNCLION .....ncemeeeeeccrerereer et eeerereetstir s ee s e eeabsb bt eorestbaba s sasmresesdbn bt sbesanebnansbbmraneantansnasserens 412
Test and Debug the FUNCHON ...uciviiiiininimiinsseiniieiosesmssssss 412
EXETCISES 10.5 ..ieiviiienrireieiienenentes s sss s ssss s s ataa s se s as e e sae s e bs st et sae st b ess e b ass sEssE s ot sas bt aeanresRonenan 414
10.6 Writing and Reading Binary Files (Optional) ..........ccceecervcrnennnene . 415
EXEICISES LOL6 ....neeeceeeiec et ce et e e st st s s s s sasnat e b e sas st srases .419
10.7 Common Programming and Compiler Errors 419
Programming EITOTS ......coceievcivimnnniinitin s ssstsesnesseans 419
COMPILET EITOLS .....c.ceviieiiiisiniiisnsisietssinisssississsesisnsasassasssessssss sessessssaessssasss s ssassesessossssasssnsnsssnsassansnsonss 420
10.8 Chapter SUIMIMIATY ..iiviiiiimnininimimimiisimmmisisimsasismmimmismsiaistiainmtsisaisisisatatsoessios 421
10.9 Chapter Supplement: CONtTOl COAES .....vvvrrrirerrsssmsarsssessrssnssrsssessessassnssnssasessensansessassasansens 422
Part 4 Additional Topics _ 425
Chapter 11 Arrays, Addresses, and Pointers 425
11.1 Array NAmes a5 POIMETS .....covinmsercsenemtmevesarsrsssssssasasesssssasssssisssssssseses srassassassastassasensassssasesms ses sossssassssnans 425
Exercises 11.1 .....cocvcnnceincnnes . 430
11.2 Manipulating POINLETS .....ccccievieiininitenitrenreiesnsesstsssaiasssssssssssssrsassas snsssssssssssssssossnsnesssnssscsses ... 431
Pointer AfhMELIC ..ccvevecieriiniiiieininisisssieren s sestsstsstsasasssissssesssns 431
Pointer INIHAZATION ......occeerieenrnensirenmserenincessississisesessesnssssssssasssstesessssess sessssasmesassssssnsnassnssnerssasasssssasensoses 434
EXETCISES 11.2 c.eiereeiereercriesierisiesenncanesesseroessatssesastsas e sesssssesssansasasbass shossssensresssnsansanasnsanessassarasssasssasasans 434
Programming Exercises ............... cermseerrssansresassonaasans 435
11.3 Passing and Using ATTay AGAIESSES .....ccciveeerieiiiiiirercsssssniastninsiasssssts srsresessstesssmssssssssnssassosesssasas sassnsanaese 436
Advanced Pointer NOAtION ........ccvencersiiemsieissimniesissminissessensnisisiessssssssorssassssssnsiassssssassaasrassarsassasesaes 439

<16+



