Broadview  pparson - EREBRPE -

www.broadview.com.cn

Deitel (TM) - Yy g C for Programmers
with an

Introduction

to C11

T R ERRE T~ e X S

wwwwwwwwwwwwwwwwwwwww



- RIRBE@EBER -

Cllusrmsie

C for Programmers with an Introduction to C11

(5hdBt)

Paul Deitel
[] Harvey Deitel =

% F I ¥ & sRAL
Publishing House of Electronics Industry
JE 5 BEIJING



M= & N

AASUTA T Deitel £ aft) “BRFF IR, AT T CIEFM Criferk, Midse¥minkE
o, i sE, URSHAAFIR i, WA TR FIREE . A4S 4E4 5000 17 C RS AN
EATFRETS, B RA R SRR B R . ABRINZ AR B E SCBARES . Pt JF
VEFE T CL1 bR —Siitt, An SRR BB IR H AT £ % A G0 5 s PERERI R B Cili s
A AR Sy IR T AnfaT L RS B R B AT B, B 2Bl

AASE A BA —EmE S e T SR AR AR,

Original edition, entitled C for Programmers with an Introduction to C11, 1E, 0133462064 by Paul Deitel
and Harvey Deitel, published by Pearson Education, Inc., publishing as Prentice Hall, Copyright©2013 Pearson
Education,Inc.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording or by any information storage retrieval system,
without permission from Pearson Education,Inc.

China edition published by Pearson Education Asia Ltd. and Publishing House of Electronics Industry Copy-
right © 2016.The edition is manufactured in the People’s Republic of China, and is authorized for sale and
distribution only in the mainland of China exclusively(except Hong Kong SAR, Macau SAR, and Taiwan).

APH SR ENR L A H A Pearson Education 3% A= 20 & H RROIE M A PR 2y w14 T Tolk ki
., RBHRHFWEAELFAT, AELMER S XE H i E A BT,

AR A E SN (ARG EFE, BT E S ) #HERT.
A RSN A Pearson Education 554 08 HIE AP thbn%, TThHEE AR,
WA 5 A REIES BT 01-2015-6097

BBEERRE (AP) ¥iE

C11 #3251t =C for Programmers with an Introduction to C11, 1E; 33/ (3€) #8§/Kk (Deitel,P.), (3£)
R/ (DeitelH.) #. —Jb5t: w7 Tl ARE:, 2016.4

VAUS R EY

ISBN 978-7-121-27316-2

L @QCIL @ # @ #- 1L @ CiEE - BiFigit— ¥ v. @ TP312

W [ R A PR 5 1 CIP Bedlg i (2015) 35 233678 5

AL kB
B Rl =l ENRET T PR 2w
4T =AU ENRIRETT A PR F
AR & AT: BTl AR kL
JestmiE X 0 #1173 (55 #l 4w : 100036
A<, 787x9801/16 Epak . 29.75 ¥ 571 FF
hie K 2016 4E 4 HE 1Rk
El k. 2016 44 A2 1 IRENAI
7E ffr: 89.00 JC

FLFTWSE 7 T olk AR B A B R, 5 L4505 A, 255 EE, 55 HATHIR,
16 2 F Bl i . (010) 88254888,

JRR IR SR zlts@phei.com.cn,  HERR{RACEEHR 1 & M4 5 dbqq@phei.com.cn,

IRk . (010) 88258888,



=2t

=l

][/

WA R FZ I B CIBF . ABEmBMIFEL WA RN AR ERER,

AAUTH T Deitel FFEH) “FEFLOLH " KAk, FRATSHZERATHERE (MR
SR B AR M & RS R BG #R R — 1~ AR 0] L T EZE L “Before
You Begin” ) N % ( http://www.deitel.com/bookresources/cfp/cfp_byb.pdf ) , Jf 4 I i% &
C YL, LUE M iz 73X 130 MUBERBIRUR A C /Y C F2IF. FITA I IRACTL &R AT L
www.deitel.com/books/cfp il www.pearsonhighered.com/deitel | #E, 42% 3] X S FEnd, iE(d
MR AL R TESN ],

ABEFEHNA CIBEF RIS, SISk, 0B L] /) B, #RaT L
KL MR 5] deitel@deitel.com, FefiTox i1, 27 A B ECH{E B, AT LAviTa) www
deitel.com/books/cfp, #% il A Facebook £t [X ( www.deitel.com/deitelfan ) . Twitter 1 [X (@
deitel ) . Google+ 1t [X ( gplus.to/deitel ) Al LinkedIn #f [X ( bit.ly/deitelLinkedin ) . It 4},
YRR AT LT 18 Deitel Buzz Online B, MR {4 3 1 {3 # ( www.deitel.com/newsletter/subscribe.
html ) 3 T fif B8 ZAH %

FHEHE

AR FEELFAAR .

o BECIESHIAE ABREEHX 2011 FFHHER CIEBET RS 0, Zhn &
WFR A C11 s E R R HIAR R “CARUE" o ARIGRESR T HAR MR S35 A AR
KA K ZHEH ST GNU gee ey ( SCRBBbRiE T AR 22 55 ) 55
H R Visual CH+ SRR, S R SRR NS co9 F1 c11 HAg— /NSy C Hr
M FERE C++ bR P T E AR R, I TIEN T e, ATESH bR
HERFPE T TE 5 T AR SE 227, DA 5% B “C i S BbniE fa M nasere:” &
KATAFH C B S BHrbrEs [ i B A B T i e hfik
CESRERE, RNERZ CIEFTREZ RGN T LT CIEFREHENTE
B, HATETE wwwdeitel.com/SecureC/ F R T CIES HLRmBERBE L, 2
THEEZAT, S TER “C iﬁ%“?‘rééﬁfi?fﬁa$1ﬁ" IR 25 o
T TFHRERIE, CIEF LW ZRIMRESER N RS (Fln, BERS . LIRS,
AR RGEFERE RS ) BOHRRE R, Fit, RNMSHBYSE0MERERE,




xiv HI=

B 7 B4 X 55 #F 7 Windows 0 Linux T # 47 7 33K 341723 %1 ] Visual C++
( Windows ) Fl GNU gee ( Linux ) X8 m @A CA#E T T,
ERANMHRTHF . HoP 2 — RGN a8, B BRI 0 HE T R i 4 4
R FFFRI SR, BTN TP AEEFE . & CPU i B[R] R A 32 48 9F 15 5 4= AN ()
APMREEXRER, RIES ¢ BIRAAHDT, I 7N E D o it 7 7 #H g
AR, BATE BT IR, FHNENTH AT FERD AL BRS04 B R Ty e T
THE A, IATGIAT K O Forgk, & Tl F R At o) R IR MERR
FATLERS & D e TEBEHIT . 4l AHET FREITEIFHET

R BT, A B E T Visual Studio Fl GNU gdb JiLH 5% .

BENRF . A Fiie TEBENFERL, HF Bh/REEf st

C++ RURHY // . AV REHH . BRITEM C++ XU // TR, MIAEE
I C KA /*.x/ R

CHRAERE, FRNT7E 1.3 9551 T en.cppreference.com/w/c, 7k HLARTT IR H] C brifE
FE PR PR ] 38 2R S0

CEEREREEEEM

2B, ANTARMEREE o LTRSS Bah ) BA TR #4, 04,
i ELIR ), X IS Tt R (6] AT LA X 42 BRI R e ey, s SR Rl R ok AR 5
E G ) G AR () R o AT 252 JRT I AR O B 0 2 e P 2% SR | P AR I A 1 s A R ]

AE# T CERT Coordination Center ( www.cert.org ) e/ Al K IR R % el . CERT (3
BN AN, Computer Emergency Response Team ) FRIEZ 4 & A FffE), LAFSEY
CifEFFEIT A A N SEHEAT TS8R RS2 A g br i, X RERE AT LBk G i B L
KRG Z N TR R, CERT PRl Bt 5 Hh B 2 4 (R JBTT AN A%

AT & BR/K V0 CERT #1. FREQIEAE Tk LR M C 1B &4,
A LA FEIR] 3 Robert Seacord I { C 22 4ifS4rME ) ( Addison-Wesley Professional, 2009 ) , {C
M C++ %24 ) ( Addison-Wesley Professional, 2013 ) , 3£ # #] LI {E www.securecoding.
cert.org b5 BRTEL 1L CERT 855, AT MIEARIEH Seacord BT Y C i 7 % 424 2
AR T BARBYER . Seacord FEAE R WM R TAIFCNT (SEL) CERT %4
AT B, fhadJE R A ZEMRE R AT LR R AR 20 .

FATIES 2 75 ~ 55 13 WP K E ARG — 17 Secure C Programming (CIBS HeHfE ) &6
MHE TRZEEM EM, GRS, OS5 PR . C priERaE K
BRI A 4 BRI A AR E R SR EIGR [ PR (R B R BB | ARG A | 22 LB 4B AL
BN R A | B o X i AR . B ABRE . SR LT L IR DRSS B
PR IR PR ZS A B DR BN E£E . BT ET B NULL slo8 U & A Uit . pikt
FEMEE C R,



BERE

AR FEIRE], BTEE T RATHIRK P TR IR R i e

EEE S, O TR, RAOTERN T AR, X 5k 2% IDE MAH4
A (T TR TR AR 05 I

E2 e LN B

LREAEFERT, i

ﬁlﬂ#ﬁﬁﬁ&*ﬁ*ﬁ%-ﬁﬂﬂ#*ﬁ&ﬁa:v~-

FANEHRERRGERR. S

RBEEDT, R0 BRI X BB T — K AT,

ERAFERUEER, N T HETSH, ROV IR A2 SO B C B HE S
FHI W oTE 5 FRATTH L Helvedca 7440 38 8 FE40 04F ( Bil4n, File 328)
Lucida FHRIRIE CIBFRF A (Hlfn, int x = 5;5) .

Bir. BHREAMILE —1 Objectives ( AFEHFR ) J1FE.

A /B WONEABPRE T RENER, T8, LKE ., RER ., BITFMEFHH.

ﬁhﬁﬁoﬁmhﬁTﬁﬁﬁE%%%4%E&ﬁﬁﬁ%é%fﬁoﬁ%ﬁﬁﬂ%ﬁ

ERATE 8 FFgmAR Ak w%¢¢ﬂ§m%¢

| BEGEZR T
ﬁﬁﬁf@&ﬂﬁﬁ&&%ﬁﬁﬁ?%5£&W\%%ﬁ%%%#%ﬁﬁ%&
£,

 EREEER o
#Eh%':‘i*bﬁ'%%ﬁﬁz%‘]'m&/ @%ﬁﬁwéﬁ'ﬁ%’fﬁ‘éﬁ:

CSEEENETE . pin s
Ggaﬁ&&ﬁ@ﬁ%ﬂ%M$&ﬁ#mm%mﬂ;k%ﬁ&%ﬁ%%i#ﬁ%%%
bug %)\C%E}?"Pw AT G ‘ : i /
el MEBERIT i ‘
Ey niﬂiba‘i?ﬁ é-’iﬂﬂ éﬁ:%,&wﬁ ﬁﬁiﬁ*mﬂﬁﬁ%&%ﬁﬁ‘ﬁ./ tm éz- )'ﬂ 3] Fkl"ﬁ"a e

o - ol B el ‘ ‘
l' 7%&&&ﬁTmﬁm%%ﬁ%@ﬁ@#*@ikﬁ%&%o5”

. RETRERD
%9 K#Lﬁﬁ%&ﬁ%i%%&#%%(tﬁik&?%)%ﬁ%%ﬁ#ﬁﬁﬁ
:ﬂo‘ i i i\ i !




xvi HIE

R5lo MATERPERE TRENORT], EEREARTYES S BEHN G/, &
ATV AL B 505 e 5 R S B TR 9 5 St B A T

FHE AR

TATEAF P RRHE GNU C 44 ( gcc.gnu.org/install/binaries.html ) , b
REW Linux RGO ABIRLR TZRFER, EE AT I LEEH] Mac OS X, Windows 5
GEMM T Windows 5 [l 1) %% Visual Studio Express 2012 ( www.microsoft.com/express ) 1.,
Apple i) Xcode 1A T RHPELE LLVM i8S, Mac OS X FFV AT LA Mac App Store 14 2%
T BEHAMARTRE C AiFaHRAT AL IR,

C EAili: LiveLessons #STIZ= REVE | TpoHE || E4

“C HEfll: LiveLessons MUATRE I = 5 95 1 F42 R0 1130427 (2013 4EFKZE 48 ) A

AT IFREEN CiEF Wt . SRR E TRNE., B8 T HE2A /N

SARRZ LRI, BT ## % T Deitel LiveLesssons P i ) E 25 8, i R)
www.deitel.com/livelessons

8% ¥ i 16 deitel@deitel.com B¢ & & i1, 0 AR B 2 1T ¥ T Safari Books Online ( www.,
safaribooksonline.com ) , fRiAA] AFEELIR (I T8 LiveLessons fR41 .

Hoigt

FATTE IR Abbey Deitel F Barbara Deitel, i1/ H¥EA T AR, i143%
15 Prentice Hall/Pearson )t it % K A AIE [ 8 BGX I H o FoA TG HE AR RHE: A A A
{9 %% Mark L. Taub 17 SERATRATIFE 3 A A AT H B0KS 1. oA B B9 Carole Sayder H
L SE R T R FE A TAE, SR Chud Prasertsith SHAS 13T T EA7 B3k /1 Fuksf 2
BT, B John Fuller 52 B TIRATHY Deitel JF & A 5 25 B F5 1 H AR TAE

F AR

FRATTE A P AR A R AT, AT TTE s (S R B4 ) F S I T % A 5 Se Ak
FURFFIIAA, SRR BAYA SRR T EHAESL, BT+ John E. Doyle M-+ ( E)
PRNKFERMIMKE ) . Hemanth HM. ( SonicWALL FIFK4 TAZIW ) . Vytautus Leonavivius ( £
() . Robert Seacord ( SEI/CERT I% £HIIEH G . (C ReMLIRAE) —BIHEE . C
e = E PR TR R L 52 ) F1l José Antonio Gonzilez Seco ( FaHE S 223k /5 P 7 1)
W) .

Cl1 B—Mig R amAE S, B LRI A BObA S SRR E . IR7T LR L
e Aly RGETE R TR C11, A B AT ST b 55 B FT 55 S (3 L R 45
FNTE VG S o] AR R A B R R AL . #UF . FIEME, #sEik%s).



RIS xvii

deitel@deitel.com
A A IR A
www.deitel.com/books/cfp
A A IR AR AL, BRI 1905 ARt RAE .
Paul Deitel
Harvey Deitel

1E&E =T

Paul Deitel, Deitel & Associates £7 FRZY Al CEO 3t CTO, Holb FRRE B T8z, &
AR 1E Deitel & Associate £ FRZS 723 & TAERIE AR o, fbE 2 AT BURF AL AN
FNE PR T RO AR, XS P R, IBM ., P, Sun Microsystems ,
HUR . Fidelity, #RHAK DL, KEERRNRELEE . AP SHRES . Rogue Wave
Software, P EF /AT . SunGard Higher Education. JLHLIRZE/A A . D . iRobot. Invensys 55,
fbANA A3 535 Harvey M. Deitel -+ L RFRGHIGALIE 52500 . L BEERIBUIT IO

Harvey Deitel {4, Deitel & Associates 45 BN &) (9 75 55 (<RI T BRME B, 7 3B 145
B HIA 50 ZAEMZRE . Deitel BEAHH5S T RGBT 245 i 7 T8 (225348 ) 12 A
B2, JEPAG TR B0 (S HEIURRE )  diA EE ml
MRS #7250, 76 1991 4F5 JLF Paul Deitel 8] Deitel & Associates AIRAFZHT, )
BRI A HURRE R IO EAE IR TR BT, Deitel i+ ARE KT AT
BUF . BURFHLCZE DT 0E TR S8 A AR . Deitel 9 R4S T IR BATT
IR A A3, RS, S HiE . (EE . G5, EPESE . BB JE2iE
BRAE, WA E ., IE . S/REER L HE,

Deitel & Associates 5 R 2> & B4l 211

F Paul Deitel Fil Harvey Deitel 8137 #Y Deitel & Associates 7 PR/ il — 5 [E R4 1 B A |
A ERNAEAFIF R AT, AR FHANGEES . XA . Android F iOS 57
FFFIF &, AR Internet Fil Web FRFH AR D5 BRI RIS 1E, %A 74 ERE PRt T
VFIT 3 509 E R FLE F AL SR, 45 C. C++. Visual C++. Java, Visual C#, Visual
Basic, XML, Python, XTHRHEA , HIK M Web 4ife . Android I FHFEFE I 4 . Objective-C
RGOS BB IT 2, IF AR AE R B A A8 5 MBI R . A A% P s
RN R BUFHLIE . FEARZEARBFFHE

#1715 Prentice Hall/Pearson 37 FH)EVE, Deitel & Associates FIRARIHM T W%
AP TR . KAEBB A LiveLessons YUURIRAR . 152 0T LAE AT BR44:Ho kB R Deitel
& Associates £ PR A FIfER

deitel@deitel.com



xviii AE

BT f# 4 Deitel Dive-Into® Z&FI AV HFIIIRAR M F B, Ui

www.deitel.com/training

USRS LA 75 B AR5 06 T R VR IR 32 5 A0 3087 15 U R A DGR, AT & 2K B 31 deitel@
deitel.com,

BT Safari Books Online, 5fi AT PLAAREUAS 5 (1) H I A, VT sk

www.safaribooksonline.com

ARBIERIG — T 2 E URIR UM 345 45 KA GRS AN, AR AT LA [ A5 (1 L5
WA T

A NHEIESE Deitel TiEF LiveLessons #AAES U, AT LLyj[A) www.deitel.com, 23w, B
HLE . ZEBAFIF AR BFF L4000 K S WA 17 % B 4% Pearson BER . B TR 2R E., WD

www.informit.com/store/sales.aspx



1.6

1.7

2.1
2.2
2.3
2.4
2.5
2.6

i

Introduction

Introduction

The C Programming Language

C Standard Library

C++ and Other C-Based Languages

Typical C Program Development Environment

1.5.1  Phase 1: Creating a Program

1.5.2  Phases 2 and 3: Preprocessing and Compiling a C Program

1.5.3  Phase 4: Linking

1.5.4 Phase 5: Loading

1.5.5  Phase 6: Execution

1.5.6  Standard Input, Standard Output and Standard Error Streams

Test-Driving a C Application in Windows, Linux and Mac OS X

1.6.1  Running a C Application from the Windows Command Prompt

1.6.2  Running a C Application Using GNU C with Linux

1.6.3 Runninga C Application Using GNU C with Mac OS X

Operating Systems

1.7.1  Windows—A Proprietary Operating System

1.7.2  Linux—An Open-Source Operating System

1.7.3  Apple’s Mac OS X; Apple’s iOS® for iPhone®, iPad® and
iPod Touch® Devices

1.7.4  Google’s Android

Introduction to C Programming

Introduction

A Simple C Program: Printing a Line of Text
Another Simple C Program: Adding Two Integers
Arithmetic in C

Decision Making: Equality and Relational Operators
Secure C Programming

E.

O 0o NNV R RN -

19

20
20
24
27
31
35



vi

3

3.1
32
3.3
3.4
3.5
3.6
. %
3.8
59
3.10
3.11

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12

5.1
52
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
2
5.13
5.14
5.15

B &

Control Statements: Part |

Introduction

Control Structures

The if Selection Statement

The if...e1se Selection Statement

The while Repetition Statement

Class Average with Counter-Controlled Repetition
Class Average with Sentinel-Controlled Repetition
Nested Control Statements

Assignment Operators

Increment and Decrement Operators

Secure C Programming

Control Statements: Part Il

Introduction

Repetition Essentials
Counter-Controlled Repetition

for Repetition Statement

for Statement: Notes and Observations
Examples Using the for Statement
switch Multiple-Selection Statement
do...while Repetition Statement

break and continue Statements
Logical Operators

Confusing Equality (==) and Assignment (=) Operators

Secure C Programming

Functions

Introduction

Program Modules in C

Math Library Functions

Functions

Function Definitions

Function Prototypes: A Deeper Look
Function Call Stack and Stack Frames
Headers

Passing Arguments By Value and By Reference
Random Number Generation

Example: A Game of Chance

Storage Classes

Scope Rules

Recursion

Example Using Recursion: Fibonacci Series

37

38
38
40
40
43
44
46
49
51
52
55

57

58
58
59
60
63
64
67
73
75
77
80
81

83

84
84
85
86
87
91
94
97
98
99
104
107
109
112
116



5.16
5.17

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11

7.1
7.2
73
7.4
7.5

7.6
7.7
7.8
79
7.10
7.11
7.12
7.13

8.1
8.2
8.3

Recursion vs. Iteration
Secure C Programming

Arrays

Introduction

Arrays

Defining Arrays

Array Examples

Passing Arrays to Functions

Sorting Arrays

Case Study: Computing Mean, Median and Mode Using Arrays
Searching Arrays

Multidimensional Arrays

Variable-Length Arrays

Secure C Programming

Pointers

Introduction

Pointer Variable Definitions and Initialization

Pointer Operators

Passing Arguments to Functions by Reference

Using the const Qualifier with Pointers

7.5.1  Converting a String to Uppercase Using a Non-Constant
Pointer to Non-Constant Data

7.5.2  Printing a String One Character at a Time Using a Non-Constant

Pointer to Constant Data

7.5.3  Attempting to Modify a Constant Pointer to Non-Constant Data

7.5.4  Attempting to Modify a Constant Pointer to Constant Data
Bubble Sort Using Pass-by-Reference

sizeof Operator

Pointer Expressions and Pointer Arithmetic

Relationship between Pointers and Arrays

Arrays of Pointers

Case Study: Card Shuffling and Dealing Simulation

Pointers to Functions

Secure C Programming

Characters and Strings

Introduction

Fundamentals of Strings and Characters

Character-Handling Library

8.3.1 Functions isdigit, isalpha, isalnumand isxdigit

8.3.2  Functions islower, isupper, tolower and toupper

8.3.3 Functions isspace, iscntrl, ispunct, isprint and isgraph

119
121

122

123
123
124
125
138
142
144
149
155
162
165

167

168
168
169
172
176

177

178
180
181
182
185
188
190
194
195
199
204

205

206
206
208
209
211
212



viii

8.4

8.5

8.6

8.7
8.8

8.9

8.10

8.11

9.1
2.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12

B

String-Conversion Functions

8.4.1  Function strtod

8.4.2  Function strto]l

8.4.3  Function strtoul

Standard Input/Output Library Functions

8.5.1  Functions fgets and putchar

8.5.2  Function getchar

8.5.3  Function sprintf

8.5.4  Function sscanf

String-Manipulation Functions of the String-Handling Library
8.6.1  Functions strcpy and strncpy

8.6.2  Functions strcat and strncat
Comparison Functions of the String-Handling Library
Search Functions of the String-Handling Library
8.8.1  Function strchr

8.8.2  Function strcspn

8.8.3  Function strpbrk

8.8.4  Function strrchr

8.8.5  Function strspn

8.8.6  Function strstr

8.8.7  Function strtok

Memory Functions of the String-Handling Library
8.9.1  Function memcpy

8.9.2  Function memmove

8.9.3  Function memcmp

8.9.4  Function memchr

8.9.5  Function memset

Other Functions of the String-Handling Library
8.10.1 Function strerror

8.10.2 Function strlen

Secure C Programming

Formatted Input/Output

Introduction

Streams

Formatting Output with printf
Printing Integers

Printing Floating-Point Numbers
Printing Strings and Characters

Other Conversion Specifiers

Printing with Field Widths and Precision
Using Flags in the printf Format Control String
Printing Literals and Escape Sequences
Reading Formatted Input with scanf
Secure C Programming

213
214
215
216
217
217
219
220
220
221
222
223
224
225
226
227
228
228
229
229
230
231
232
233
234
234
235
236
236
236
237

238

239
239
239
240
241
243
244
245
247
250
251
257



10

10.1
10.2

10.3
10.4
10.5
10.6
10.7
10.8

10.9

10.10
10.11
10.12

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
11.10

12

12.1
12.2

Structures, Unions, Bit Manipulation and
Enumerations

Introduction

Structure Definitions

10.2.1 Self-Referential Structures

10.2.2  Defining Variables of Structure Types

10.2.3  Structure Tag Names

10.2.4  Operations That Can Be Performed on Structures

Initializing Structures

Accessing Structure Members

Using Structures with Functions

typedef

Example: High-Performance Card Shuffling and Dealing Simulation

Unions

10.8.1 Union Declarations

10.8.2 Operations That Can Be Performed on Unions

10.8.3 Initializing Unions in Declarations

10.8.4 Demonstrating Unions

Bitwise Operators

10.9.1 Displaying an Unsigned Integer in Bits

10.9.2 Making Function displayBits More Scalable and Portable

10.9.3 Using the Bitwise AND, Inclusive OR, Exclusive OR and
Complement Operators

10.9.4  Using the Bitwise Left- and Right-Shift Operators

10.9.5 Bitwise Assignment Operators

Bit Fields

Enumeration Constants

Secure C Programming

File Processing

Introduction

Files and Streams

Creating a Sequential-Access File

Reading Data from a Sequential-Access File
Random-Access Files

Creating a Random-Access File

Writing Data Randomly to a Random-Access File
Reading Data from a Random-Access File

Case Study: Transaction-Processing Program
Secure C Programming

Data Structures

Introduction
Self-Referential Structures

B ix

258

259
259
260
260
261
261
262
262
264
264
265
268
268
268
269
269
270
271
273

273
276
278
279
282
284

285

286
286
287
292
296
297
299
302
303
309

311

312
312



X

12.3
12.4

12.5

12.6

12:7

12.8

13

13.1
13.2
13.3
13.4
13.5
13.6
3.7
13.8
13.9
13.10
13.11

14

14.1
14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9
14.10

B

Dynamic Memory Allocation
Linked Lists

12.4.1 Function insert
12.4.2 Function delete
12.4.3 Function printList
Stacks

12.5.1 Function push

12.5.2 Function pop

12.5.3 Applications of Stacks
Queues

12.6.1 Function enqueue
12.6.2 Function dequeue
Trees

12.7.1 Function insertNode
12.7.2 Traversals: Functions inOrder, preOrder and postOrder
12.7.3 Duplicate Elimination
12.7.4 Binary Tree Search
Secure C Programming

Preprocessor

Introduction

#include Preprocessor Directive

#define Preprocessor Directive: Symbolic Constants
#define Preprocessor Directive: Macros
Conditional Compilation

#error and #pragma Preprocessor Directives
# and ## Operators

Line Numbers

Predefined Symbolic Constants

Assertions

Secure C Programming

Other Topics

Introduction

Redirecting 1/0

Variable-Length Argument Lists

Using Command-Line Arguments

Notes on Compiling Multiple-Source-File Programs

Program Termination with exit and atexit

Suffixes for Integer and Floating-Point Literals

Signal Handling

Dynamic Memory Allocation: Functions calloc and realloc
Unconditional Branching with goto

313
314
320
321
322
323
327
328
328
329
333
334
335
338
339
340
340
340

342

343
343
344
344
346
347
348
348
348
349
349

351

352
352
353
355
356
358
359
360
362
363



C.1
C.2
C3
C.4
C.5
(5

D.1
D.2
D.3
D.4
D.5

E.1
E.2
E.3
E.4
E.5
E.6
E.7
E.8
E9
E.10
E.11
E.12

Operator Precedence Chart
ASCII Character Set

Number Systems

Introduction

Abbreviating Binary Numbers as Octal and Hexadecimal Numbers
Converting Octal and Hexadecimal Numbers to Binary Numbers
Converting from Binary, Octal or Hexadecimal to Decimal
Converting from Decimal to Binary, Octal or Hexadecimal
Negative Binary Numbers: Two’s Complement Notation

Sorting: A Deeper Look

Introduction
Big O Notation
Selection Sort
Insertion Sort
Merge Sort

Additional Features of the C Standard

Introduction

Support for C99

C99 Headers

Mixing Declarations and Executable Code
Declaring a Variable in a for Statement Header
Designated Initializers and Compound Literals
Type boo1

Implicit int in Function Declarations
Complex Numbers

Variable-Length Arrays

Additions to the Preprocessor

Other C99 Features

E.12.1 Compiler Minimum Resource Limits
E.12.2 The restrict Keyword

E.12.3 Reliable Integer Division

E.12.4 Flexible Array Members

E.12.5 Relaxed Constraints on Aggregate Initialization
E.12.6 Type Generic Math

E.12.7 Inline Functions

E.12.8 return Without Expression

E.12.9 __func__ Predefined Identifier
E.12.10 va_copy Macro

Bf xi

365

367

368

369
372
373
373
374
376

378

379
379
380
384
387

394

395
396
396
397
397
398
401
402
403
404
407
408
408
409
409
409
410
410
410
411
411
411



xii EB#
E.13 New Features in the C11 Standard
E.13.1 New C11 Headers
E.13.2 Multithreading Support
E.13.3 quick_exit function
E.13.4 Unicode® Support
E.13.5 _Noreturn Function Specifier
E.13.6 Type-Generic Expressions
E.13.7 Annex L: Analyzability and Undefined Behavior
E.13.8 Anonymous Structures and Unions
E.13.9 Memory Alignment Control
E.13.10 Static Assertions
E.13.11 Floating Point Types
E.14 Web Resources
F  Using the Visual Studio Debugger
F.1  Introduction
F.2  Breakpoints and the Continue Command
F.3  Locals and Watch Windows
F.4  Controlling Execution Using the Step Into, Step Over, Step Out and
Continue Commands
F.5  Autos Window
G Using the GNU Debugger
G.1  Introduction
G.2  Breakpoints and the run, stop, continue and print Commands
G.3 print and set Commands
G.4  Controlling Execution Using the step, finish and next Commands
G.5 watch Command
Index

411
412
412
420
420
420
420
421
421
422
422
422
422

425

426
426
430

432
434

436

437
437
442
444
446

449



