Broadview’ PEARSON

AP R AR EEHER 130077
FICH+ 1 R EEE y

Stanley B. Lippman
Josée Lajoie #
Barbara E. Moo

.*3‘1‘*.‘5/&11

PUBLISHING HOUSE OF ELECTRONICS INDUSTRY
s=wam=a http://www.phei. com cn



( 555hR )

Primer

Stanley B. Lippman
Josée Lajoie #
Barbara E. Moo

% F I Y & AL
Publishing House of Electronics Industry
AL 5{-BENING



n A &N

KA ARSI CH+E IR, R EZ A, & Tk L ERHI T KT B2 B HR Y 5
N AZ25, B A k2 KR () ——C++ AUl Stanley B. Lippman ({7 & SRR, CHbadEZE b2 )it i oi A
Josée Lajoie X C+FRAEMIFEANREAR, LI C++55:5K Barbara E. Moo {1 C++30%7 J7 i SR WAL, B
ST CHH11 ARUEBEAT 1 AT i IR I A A SR AR HERE AT SR, A5 BT AT A B 34 4 i R
CHH11 ARAENE , XL I T| AR P AR A We——F8 S0 AL T C++3 35 (0 TR R AR L A i s o b
WECE BN A . B H AR, UK OGN G R R, LXAAE CH+ Uk i AU AT S
AU TTWRPIZEZENTT, BUE TP BFT RALTIE, A0 K BB ik .
Original edition, entitled C++ Primer, 5e, 9780321714114 by STANLEY B. LIPPMAN; JOSEE LAJOIE;
BARBARA E. MOO, published by Pearson Education, Inc, publishing as Addison-Wesley Professional,
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 Copyright © 2013. This 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 Taiwan, Hong Kong
SAR and Macau SAR).

AL EREAT H AL Pearson Education 3542 #UE HRRIE 9147 B A ¥ 8527 v 7~ Dok th it &
28 R TOSE TS IIVE AT, AT DT 5 205 ) Bl 2 A B AT AT 23

AR PR E RSSO HE o [ A 1R AT B R [ S ) A5 R AT.

AR AP SCREEN R AT Pearson Education 154 B H MU BIBOGH D3, TohrEE AN .

WA & A id s B9 01-2013-2488

EBER®BE (CIP) HiIRE

C++ Primer: 3 5 . 3 / (3€) 2% %2 (Lippman,S.B.), (&) F 7 (Lajoie,J.), (3&) EK (Moo,B.E.)
#F. —Ibat: @Dk ARAE, 20135

ISBN 978-7-121-20038-0

[.@©C 1. @Z- @ty @ M. OC &= — & —#h — 93 V. OTP312

v [ AR ] A CIP s i% 7 (2013) 28 061239 5

SeXIgni: TN
VT X)Wy
Ep Rills =TT 4 S ER AT PR A
e Ve =T EE A B ERAT B 2 )
HARRAT: T Tl AR A
bR HEGE X T A 173 (546 WB%%: 100036
IF A 787X980 1/16 ENik: 60.25 TR 1388 T
Ep W 2013 4E5 HE 1 KENRI
Ep . 4000 i} SE: 128.00 JC
JUPTOE 2 7~ T B R A B P AT Sl i 85, 338 () DU S P i e . 25 B BB, i S A RAT KR,
62 M IBIE L% : (010) 88254888,
FURARUT R MBE 4 zlts@phei.com.cn, ¥ MRAZ 2SR & B 14 % dbqq@phei.com.cn.
45 HhEk: (010) 88258888,



To Beth,
who makes this,
and all things,

possible.

To Daniel and Anna,
who contain
virtually
all possibilities.
—SBL

To Mark and Mom,
for their
unconditional love and support.
—JL

To Andy,
who taught me
to program

and so much more.
—BEM



(1115}

MEATHEURRR T 5 EL I IHAR I C++ Primer %42 T C++5 5 o M 2EX B i) o,
CHAGXOMMAT WL : BE ARG MK AR R X 06 S # e Ak
T, CAMEERFENREEE RN E L IR

2011 4F, CHIRMER AR RAT T 1SO CHARHEM — DN EEBITI. BB
A CHIEAE R T — 2, B 5E T I J LA RRAK AR AR IR . AR
FHEHVR:

* HEEHANGE—, EHTHY
o (EFRMEPESERIA ., 24, FHERN
o {54 5 R R P i SR R AR £ B R B

Bl FEIXAMRAE] C+ Primer 1, FATEAT THR MG, 8 THHH
CHbafte 24T TREFARAER AT ST W C++iE S0, IRATLAE — F xxiii HE
xxv TUHPBHEESIZR, HA B TR a5 & T CH RISt .

BARHER I A — Lekp VR R IEMER, BI TR auto. XLk
BAFAEAE A o (RSB 5 T I SRR . FF (LLRFERF AL 1) AT LS 2670
A, ATTSER SR TR P28 bk, HAh— Lok vk, 510 feds 4t F
RUBBNER, ARFRNIGE EARIE, TR0 54 455 2R 0 Y 5
ke B, EABHIFHIHRMARE B MK, SHE 4 R EL. 1H
PRUErP B AE RATRT BERE LR Z A0, RIREA L LT .

AT AAT W BBARAE S SCIIBRE PE AR L5, AT 10 0 — M ik 1 1
PRARICHR T o B BB RAR IO AR LE D2 R CHHE S L 9 A i
AN, T LA B AT R R B R . X T AR e T AN KT
B PER G PR, BATIEA HIX L bR R4 B TR X Kt 1 38 T 48 H (0 G it
MG R IR BARAF LT FT A B 74 O 2 BB AEA N GNU 4iif 284
PRIELL, HBRATENIE — L1535 AT RE WA A iR 28 W BB A . BAR BT ATAE Y
T REFIRE, AL CHEFIFREN, XHR T ABRAES N, EH
FIT AR B3 2 e o e 4 T 08 46 T s T e 8 8 1 L G R B BT S

11



vi

HIS

It 2 PRXAAS?
BUAR CH+il 25 AT LU A 22 = 30 LRI

o XYIET, KHdAH CIES.
o PURERE SR, RAVFRATE X E QA LR HSURBERE P AR S
o bRUEPE, BRI g R A T I B S R RS

K2 B CH+ M HRE S AL BT R AR I AR B S VR CHI C T4,
SRJEH CH+IREE A5 MK — LR VAR b o BOE A E B B R AT . XAk 5 5
FEAEPRA T B S BEAIREe 4k K BRAR 7 Bevh 40T, AT el T4 i
BT B RERIN A 5] — R S, Bl R SR L N A

BATRA R R 7% N—FFURRAN A — 58 S HelE,  BELLRE) T 01 22w
TSt gf R AR P BT AT . B, FEA A P E SRR R AL,
A T [ A+ 2R FAE FHARHEEE 28 A string Fl vector. {EHIIXLERALKRE
JPE 55, BEfR H > A

RZ N, ARUEFER AME—Fh “ @R WERBRVHR . IR 2 EM A ARUERE,
111 A FH 2 T A R B A RS R Bh 25 WA BE R RE P B BOR . AR AR
PR EfIZAT, ZEHG S H N A FARHEE ) CHHACRS R XERR 25 .

B C++ Primer 15, IRATHABAESRAAF (0 XUAK . FRATTARHE B i3 3 LR ids
(K488, AR AESRAFIR 2 AR B2 B ARG 2 S IR R S 18 . BRAT T ) it
TS LERT ()8, 0 L BB DR ABE AN [ B R H e 2 o

A 1 AR 15 5 R B SR B —— A B AR, I RE AN P LA
Ko BAVE, EASTEFHR TR, 338 BRI B TE 5 W .

BARRAD KN T2 ARFMER CHES, HEANERERR T MLBZ KR
PR, THEL TR RFEMIES, MENMTHXITESRS. %

FLURIEITRE . $0R, BAVBEEHROSHHEER, S5, WATEE, b
6 3 g e
5 5 AL N %

X C++ Primer BT RS AR EARRFE B G| R1RH . CHHE— M KK
TS, Eieft 7Lk e R Bt M EUE HI DIRE . Horp— 28Dl REXT KR I
HEBAA IR EE AR, Ex /NI H P AT REH 2. Bk, FFaEi e
Fr R T R EENE SRR A . BATINA IR LA B bR R A B i 5
THWIRLE Py 2R ARG 5 -5 30, T iR 8 3 e B )



¢
oI

vii

W FAE CHIBFHERMARMTET, RO —NDMNEEEZBRERMUL o
e FIXAEARPRIC AR ET, W T HEGE 5% 08 8. B0 NN
P I AR X LT A A

ST ALY Je R BRI H B, RATHEAT Thid. AER g2
B i, X AT Ay DABkId SR M Y. BRATH — B BRI EIARAR G X LT, 4R
HAEX L Ty, ARAT DUBCOHITCR A, PR S IX S ] g e — M B
XAEUREE AT LARIE A IR SR A £ . (B IE 75 2AE B CRFE P A X 2 i
AT, B AL B I TRl 4 2 5 X L 3

H 1L 5 U IER T, BATERBORSEERRIRE TR .
A1 H B A X FARIC I E T RE 2 AL T — Lo R AR B L R A A . AR
e, A, HEBNEZNRAZBAHE; EHRIAA, K
RIIX LT S R B CHIE SRR EREE,

AXGIHETZM4H, RAFBRANSS—F R . RAIFEXLT M
REHE Bl 2 5 B R 5P A N A, R]IN 3 REAE S T 481 1082 B 80 i T F) 1A 2 Ip
7% 5 bk e 8 AT T

BABRRE, Ct+ Primer iR —AWEMW . EMf. 2WEH CHATEHM. &K
EE 4 H— R ERERES RG] FRRXTTES, K& TR TES
Rtk R T W M CHiES .

AR

FATE AR 1 E G LMD HPAH T CHHl 5 AR AEE RN A . XPE
PEETHNELBRRE HAEXNEF, MARRES —SAEF. KEs
FEFP A LT EERA BRI S Ka A,

B T HR CHRIHEERIAN A, B 1ESME TS EHm A —ANEZEHN: &
LA FHFRAE PE b e SCRM B B, AR SE N IE N i AR 7 Bt BOR A P v
AL HMBEIERE, BHEH CHERE . HRBIHHERER, BEEM C+
P27 AR AT LA 0 P SR A K I AR B S R . BRATUHR CHHBESIN— AN &K
K&, RS TR RIS )E, SE S RIEM TS 5 Ok
BERGT .

HAEES LT EEM NS, RS T &M ET RS 18 7
Ja, BAIABIEHAZRLE ARTFRES B CRMEEAN CHEtEb 3. AXBK
55 1T FR 4 FIEE IV 4 A48 7 Wfl 4m S 2R I R I S 2K 8, 58 1D B 4040, 5 B
WZ, 3B IV BN HELTTHE S .



viii

i

Hil

FES WL 8050, FRATKE A 2495 DU i) B, DL R At — S 2R R (R A B 2R Y
—RER SRR . SR T [0 R FEANZ B FE A SEA, 2 1L Ao th & 41
XA, H IV BN E C++ Primer GSRERSY, ENHT LSRR E
RN AER A HMIE SR sesh, BRATEIENR A 2t EHIL.

et

AP T UM BEM—AARERGOR, PE - BHEFE 7 IX TR
Moy F S A B N XS E A AR MR B AR ARGE,
A Lo 51X — T A R AR 43 o

CEAF P RATEME T oAb — L% > Hidh -

o FIMAEAIMEAEER: RIMBUEEHE CARBRELZNEH HA A
BR. BAAREMRIERERRBHRERS

o B, BAVHRRE MR EEEEE S REEMY, XA
BEER s, BRI i I8, DAR R — PR B A PR

o T LT bR E TR (DAL (B (IR, BRATIBR AR [ HI (KA ) S
A X5 -

o X HE KM CHOFTRE R R AT B PR M A 380, BAT TR AL A 1 ie .

o YOULMMBFRITE S MR EMERET. A, HFeBERIEMETR
Feorfl. 5 Rz i UsAS Ay AT T P 31k 3RAS -

http://www.informit.com/title/0321714113

S i TIE Al ]

EBRE AR (2012 4 7 A), SRR IEAES N THE, FHHG TS UILER
FOHK 1SO FrdfE. FATME R L %1282 GNU Zii¥ds 4.7.00 A45H 47—/
FR R PEAE e g 1R A TP MR SE B BRARMIIE R, AR R O 5 | BR S AT A IE
NI -

gt
PA TR B AR E DS 45 UL IRAERIHTAEZ 51 : Dave Abrahams. Andy Koenig.
Stephan T. Lavavej. Jason Merrill. John Spicer #1 Herb Sutter 7£#E #5445 [y i #2 rh

RO . FEEMR R AER) — L E R 2 AL, AT A BRATIR B T ST
AL ER R Z B T T GNU S 4% LUSEUFTARHERI AT



k

z
il

ix

5IHWR C++ Primer h—#f, FATE K Bjamne Stroustrup ANENRE 5K C++
AR L S AbAIE I R B A « FRATTIEZ2 /1 Alex Stepanov IR FLIAIZE Sy, fi
BT O AR AEE . Ba, BRINERE CHrlEZREMTEERR,
AT IX 4 2RI RSO C+HE 5 5 ¥ TAE.

AT 0BG H A A : Marshall Clow. Jon Kalb. Nevin Liber. Dr. C. L. Tondo-
Daveed Vandevoorde 1 Steve Vinoski, fth AT 15 P (& W7 BhIRA T2 B 7K
KNS st :

A4 2 H Latex K RATIRAH (1R 22 AR BATHERR I, FRAT1 N 1% K8 Latex
FE DX 2 B HY Gn s K A HERR T L.

fhE, RATEKY Addison-Wesley A & LT 2 T, Mfi1385 T A B
L2 : Peter Gordon, HATMIgREE, ey T HAIE B IKIES C++ Primer;
Kim Boedigheimer, {RiE T —V)#% i1 XI#47; Barbara Wood, #h7r 4w id 2 b3
T KEH#HER; LF Elizabeth Ryan, RN XRMMILFE T/E, thisSRAIE
BT 3EAN B R R .



Contents

Chapter1 GettingStarted . . . . . . . .. .. ... ... ........... 1
1.1 Writing a Simple C++ Program . . . . ... ............... 2
1.1.1 Compiling and Executing Our Program . . . . . ... ... .. 3

1.2 A First Look at Input/Output . . . . ... ... ............. 5

1.3 A Word about Comments . . . ...................... 9

1.4 FlowofControl . .. ... ... ... ... ... . ............ 11
1.41 ThewhileStatement . .. ... ................. 11

142 The forStatement . . . . ... .. ... ... ... .. ... 13

1.4.3 Reading an Unknown Number of Inputs . . . . ... ... .. 14

144 TheifStatement . . . . . ... ... ... ... ... 17

1.5 ItroducifgClasies « o« : ¢ s snwomuss s 55 39 smmemuas s s 19
151 Thesales_itemClass . ... .. ... ............. 20

1.5.2 A First Look at Member Functions . . . . ... ......... 23

1.6 The Bookstore Program . . . . . ... ... ................ 24
Chapter Summary . . . . .. ... ... ... ... ... 26
Defined Terms . . . . . .. . . .. e 26
PartI The Basics 29
Chapter2 Variablesand BasicTypes . . . . ... ... ........... 31
2.1 Primitive Built-in Types . . . . ... ... ... ... ... . ... 32
2.1.1  Arithmetic Types . . . .. ... ... ... D 32

212 TypeConversions. . . . . . .. . . .. ... .. ......... 35

213 Literals . . . . . .. ... 38

22 Variables . . . . . ... 41
2.2.1 Variable Definitions . . .. ... ... ... ... ........ 41

2.2.2  Variable Declarations and Definitions . . . .. ... ...... 44

223 Identifiers . . ... ... ... .. ... L 46

224 ScopeofaName .. ........................ 48

23 Compound Types . . . . .. ... ... ... ............. .. 50
231 References . . . ... ... ... ... .. ... ... ... 50

232 Pointers . . . . . ... e e 52



xii

Contents

2.3.3 Understanding Compound Type Declarations . . .. .. ... 57

24 constQualifier . . . . ... L 59
241 Referencestoconst . ... .................... 61

242 Pointersandconst . ............... .. ... 62
243 Top-Levelconst . .. ....................... 63
244 constexpr and Constant Expressions . .. .......... 65

25 DealingWithTyPes « . v v v v vt v v v s v v m v me s« s s v bm e nus 67
251 TypeAHaBes . . « o v o s ¢ o 5 s m® e 5885 5 « ¢« mm o ww 67

252 TheautoTypeSpecifier . . . .. ... .............. 68

253 Thedecltype TypeSpecifier. . . .. ... .. ... ...... 70

2.6 Defining Our Own Data Structures . . . . ... ............. 72
2.6.1 Defining the Sales_dataType ... .............. 72
2.6.2 Usingthe Sales_dataClass . . ................. 74
2.6.3 Writing Our Own HeaderFiles . . . ... ... ......... 76
ChapterSummary . . . . ... ... ... ... .. 78
Defined Terms . . . . . ... . ... ... ... ... ... ... ... 78
Chapter 3 Strings, Vectors, and Arrays . . . . .. ... ... ........ 81
3.1 Namespace using Declarations. . . . ... ... ............ 82
32 LibraryatringType . ... ooseos s su ssaoeabisenan 84
3.21 Defining and Initializing strings . . ... ... ... ... .. 84

322 Operationsonstrings . . .................... 85
3.23 Dealing with the Charactersina string . . ........ .. 90

33 LibraryvectorType . . ... ... ... ... ... ..., 96
3.3.1 Defining and Initializing vectors . . . . ... ... ... ... 97

332 AddingElementstoavector . ................. 100

3.3.3 OthervectorOperations . . . .. ................ 102

34 Introducing Iterators . . .. ... ........ ... ......... 106
341 Usinglterators . ... ....................... 106

3.4.2 [lterator Arithmetic . . . . ... .. ... ... ..., .. ..., 111

35 Arrays . ... 113
3.5.1 Defining and Initializing Built-in Arrays . . ... ... .. .. 113

3.5.2  Accessing the Elements of an Array . . . ............ 116

353 Pointersand Arrays . ... .................... 117

354 C-StyleCharacter Strings . . ... ................ 122

355 InterfacingtoOlderCode . . ... ................ 124

3.6 Multidimensional Arrays . . ... .... ... ... ..., ...... 125
ChapterSummary . . . . ... ... ... ... ... 131
Definod Termg « « v s 5 : ¢ s s s 5 8@ mmsnnnvcnmmoonsgsssssn 131
Chapter4 Expressions. . . . . .. .. ... ... ... ... . ... ... . 133
41 Fundamentals . . ............. ... ..... . ... ... 134
411 BasicConcepts . .. ........................ 134
4.1.2  Precedence and Associativity . . . ... .. ... ........ 136
4.1.3 OrderofEvaluation . ... .................... 137

4.2 ArithmeticOperators . . . . .. .. ....... ... .. ... . ... . 139
4.3 Logical and Relational Operators . . . . .. ............... 141



Contents Xiii
4.4 Assignment Operators . . .. ... ... ................. 144
4.5 Increment and Decrement Operators . . . . .. . ... ......... 147
4.6 The Member Access Operators . . . . .. ... ............. 150
4.7 The Conditional Operator . . . .. ... ................. 151
4.8 The Bitwise Operators . . . . ... ... ................. 152
49 ThesizeofOperator . .......................... 156
410 Comma Operator . . .. ... ... .. .. ... ............. 157
411 TypeConversions . . . . . . ... ... .. i 159

4.11.1 The Arithmetic Conversions . ... ............... 159
4.11.2 Other Implicit Conversions . . . . .. ... .. ......... 161
4.11.3 Explicit Conversions . . . . ... ................. 162

4.12 Operator PrecedenceTable . . » . . s «cnvwmos s 555 60s0mmns 166
CHAPEEr SUMERATY » -« 5 5 e 5 55 ¢ 5 5 6 6% 585 255 5 5 n s &0 mmom oo 168
Defined TOrmS  : ¢ v mwom s 5 98 8 5 ¢ 6 8 55 0855 5 5 5 o n oo wiooao o 168
Chapter5 Statements . . .. ... ... ... ... .............. 171
51 SimpleStatements. . . . . ... ... .. ... ... L. 172
5.2 StatementScope . . . .. . ... ... L L 174
5.3 Conditional Statements . . . . ... ... ... ... ... ... ... . 174
531 TheifStatement . . .. .. ... ... ............. 175
532 TheswitchStatement. . .. .. s . v suswomnssss s 178

B4 HerativeStatements . . . . . s vswooscssommannmessisis 183
54.1 ThewhileStatement ..........cco0weiiin.... 183

5.4.2 Traditional for Statement . . . .. ... .. ... ... ..... 185
54.3 Range forStatement .. ..................... 187
544 ThedowhileStatement . .................... 189

5.5 Jump Statements . ... ... ... ... ... L L 190
5.5.1 ThebreakStatement . ...................... 190

552 ThecontinueStatement . . ... ................ 191
553 ThegotoStatement . ... .................... 192

5.6 tryBlocks and Exception Handling . . . ... ............. 193
5.6.1 AthrowExpression . ... .................... 193
56.2 ThetryBlock. . ... ... ... ... ... .. ........ 194
5.6.3 Standard Exceptions . . ... ................... 197
ChapterSUmBRaTY « « « « v s w5 ¢ ¢ s B ® 5 8 B & 85 5§ 5 5 s @b mmmmana o 199
Definet TormE . « o o« v o s o 5 5 5 s 8 @880 825 s s a nmmmmnoman 199
Chapter6 Functions . . . .. .. ... ... .............. . ... 201
6.1 PunclionBasics « . : . ¢ cowmumosss 68 tmmemmmnn s oo 202
6.11 TLocalObjects . .............c00n.... 204
6.1.2 Function Declarations . . ... ... ............... 206
6.1.3 Separate Compilation . .. ............... ... .. 207

6.2 ArgumentPassing . ... ......................... 208
6.2.1 Passing Argumentsby Value . .. ... ......... . . .. 209

6.2.2 Passing Arguments by Reference . . . . .. ... ... ... .. 210

6.2.3 const Parameters and Arguments . . . . . ... ... ... .. 212

6.24 Array Parameters . . . . . ... .. ... L. 214



Xiv

Contents

6.2.5 main: Handling Command-Line Options . . . . ... ... .. 218
6.2.6 Functions with Varying Parameters . . .. ... ..... ... 220

6.3 Return Types and the return Statement . . . .. ... ... ..... 222
6.3.1 Functions with NoReturn Value . . . . ... ... ... ..., 223

6.3.2 Functions That Returna Value . .. ... ... ... . ... .. 223

6.3.3 Returning a Pointer toan Array . . .. ... .......... 228

6.4 Overloaded Functions . . .. ... ... ... ... .......... 230
6.4.1 OverloadingandScope . . .................... 234

6.5 Features for SpecializedUses . . . ... .. .. ... .......... 236
6.5.1. Default AYgUMENts . « « v v s s 55 s 55 swwmsmsass - s s 236

6.5.2 Inline and constexpr Functions . . ... .. ... ... ... 238
6.5.3 AidsforDebugging ... ...... . oo vwseussan 240

6.6 FunctionMatching . .. ... ... .. .. .. .. .. .. ... ..., 242
6.6.1 Argument Type Conversions . . . .. .............. 245

6.7 PointerstoFunctions . . . . ... ... ... ... ... .. .. .... 247
ChapterSummary . . . . . .. ... ... .. e 251
Dehned TermS o v s 5 ¢ s ¢ s 6 @ m @ 55 ¢ 55 6 666 cmomomn s o vommn 251
Chapter7 Classes . . . . ... .... ...t iiuminmnmsnnnsn.. 253
7.1 Defining Abstract Data Types . . . . . .. .. ... ........... 254
7.1.1 Designing the Sales_dataClass . ............... 254

7.1.2  Defining the Revised Sales_dataClass . ... ........ 256

7.1.3  Defining Nonmember Class-Related Functions . . . . . .. .. 260

714 Constructors. . . .. .. ... L L L 262

7.1.5 Copy, Assignment, and Destruction . . .. ........... 267

7.2 Access Control and Encapsulation . . ... ............... 268
721 Friends . . ... ... L 269

7.3 Additional Class Features . . ... .................... 271
7.3.1 Class Members Revisited . .. .................. 271

7.3.2 Functions That Return »this . . . ... ... ... ... ..., 275

733 ClassTypes . . ... .. ... ... . 277

7.34 Friendship Revisited . . . . ... ... ... ... .. ... ... 279

74 ClassScope. . . . .. .. 282
7.4.1 Name Lookup and ClassScope . . . . .. ............ 283

7.5 Constructors Revisited . . . . .. .. ... ... ... . ..., ..... 288
751 Constructor InitializerList. . . . .. ............... 288

7.5.2 Delegating Constructors . . . . .. ................ 291

753 The Role of the Default Constructor . . .. ........... 293

7.54 Implicit Class-Type Conversions . . . . ... .......... 294

755 AggregateClasses . ........................ 298

756 LiteralClasses . . . o c v v vt v v v v mm i e 299

7.6 staticClassMembers . ... ......................300
ChapterSummary . . . .. .. ... ... ... ... 305

Defined Terms . . . . . . . .. .. ... 305



Contents

PartII The C++ Library 307
Chapter8 ThelOLibrary . . . . . ... ... ... .............. 309
81 ThelOClasses . . . . . ... .. ... ..., 310
8.1.1 No Copy or Assign forIOObjects . . . . ... ......... 311

81.2 ConditionStates . . . : v oaoe s s s swswonsanas 312

8.1.3 Managing the Output Buffer . . ... ... ..., .. ... ... 314

8.2 FileInputand Output . .. .... ... ... ... .. ......... 316
8.2.1 Using File Stream Objects . . . ... ... ............317
822 FileModes. ... ..........................319

83 SEring SHEAMS i« « o o ¢ s % 8 & 6 6 5 § 5 5 § 80 5 @ oo o mn o s 321
8.3.1 Usinganistringstream . ... ................ 321

8.3.2 Usingostringstreams . .................... 323
Chapter Summary . . . . . . ... ... e 324
Defined Terms « v ws s s s 2 1umsmwsss s ssmumeananss s s 324
Chapter9 Sequential Containers . . . . ... ... ............. 325
9.1 Opverview of the Sequential Containers . . . . . . ... ......... 326
9.2 Container Library Overview . . . . . . .. .. ... ... ........ 328
921 Iterators : v v wwmoas s 6 s smwmEams 5 5 8 ¥ E§E s 331
9.22 ContainerTypeMembers, . . . v s v wwmes s 5585 samns 332

9.23 beginandendMembers . . ... ... ... ... ....... 333

9.24 Defining and Initializing a Container . . ... .. ... .. .. 334

925 Assighmentand@Wap . . .« v covrves v s s s m e o 337

9.2.6 Container Size Operations . . . . . . ... ... ......... 340

9.2.7 Relational Operators . . . .. ... ... ............. 340

9.3 Sequential Container Operations . . . .. ................ 341
9.3.1 Adding Elements to a Sequential Container . . . . . ... ... 341

932 AccessingElements. . . .. .................... 346

933 ErasingElements . . . v o cwvrssss:sunsmossnsss 348

9.34 Specialized forward_list Operations . . . . . ........ 350

9.35 ResizingaContainer . . . . .................... 352

9.3.6 Container Operations May Invalidate Iterators . . . . . . . . . 353

94 HowavectorGrows . . ... ... ......uuuuunon..n.. 355
9.5 Additional stringOperations . . . ... ................ 360
9.5.1 Other Ways to Construct strings . . . . . ... ........ 360

9.5.2 Other WaystoChangeastring . . . .............. 361

9.53 stringSearchOperations . ...............:...364
9.54 The compareFunctions . . ... ................. 366

9.5.5 NumericConversions . . .. ... ................ 367

9.6 Container Adaptors . . . .. .. .. ... ... ... ... ... ... 368
ChapterSummary . . . ... ... ... ... .. 372

Defined Terms . . . . . . . . 0 0 0 e e e 372



xvi

Contents

Chapter 10 Generic Algorithms . . . . . . . .. . ... ... ... .. .. .. 375
10.1 Overview . . . . . . ... L 376
10.2 A First Look at the Algorithms . . . . ... .. ... ... .. ... .. 378

10.2.1 Read-Only Algorithms . . . . ... ... . ... ......... 379
10.2.2 Algorithms That Write Container Elements . . . . . ... ... 380
10.2.3 Algorithms That Reorder Container Elements . . . . ... . . 383
10.3 Customizing Operations . . . . . . . ... ... . ... ......... 385
10.3.1 Passing a Function to an Algorithm . . . . ... ... ... .. 386
10.3.2 Lambda Expressions . . . .. ... ................ 387
10.3.3 Lambda Capturesand Returns . . . ... ... ......... 392
10.34 Binding Arguments . . . ... ... ...... .. ....... 397
10.4 Revisiting Iterators . . . .. ................ . ....... 401
10.4.1 InmsertIterators . .. ........................ 401
1042 iostreamlterators . ... .................... 403
10.4.3 Reverselterators . ... .. .................... 407
10.5 Structure of Generic Algorithms . . . ... ... ... ......... 410
10.5.1 The Five Iterator Categories . . . . ... ... ... ... .. .. 410
10.5.2 Algorithm Parameter Patterns . . . . ... ... ... ..... 412
10.5.3 Algorithm Naming Conventions . . . . ... .......... 413
10.6 Container-Specific Algorithms . . . . . .. ... ... .......... 415
ChapterSummary . . . .. .. .. ... .. ... 417
Baiined. THEOE - o« < v » w5 1 0 5 £ EARDE 1 5 5§ o mmmme s o s sy 417

Chapter 11 Associative Containers . . . . . . ... .. ... . .. .. . .. 419
11.1 Using an Associative Container . . . . . . ... ... ... .. ..... 420
11.2 Overview of the Associative Containers . . . . ... .......... 423

11.2.1 Defining an Associative Container . . . . . ... ... .. ... 423
11.2.2 RequirementsonKey Type . . .. ... ... .......... 424
1123 ThepairType . ... ... ... ... .. ... ... 426
11.3 Operations on Associative Containers . . . . ... ........... 428
11.3.1 Associative Container Iterators . . . . . ... .......... 429
11.3.2 AddingElements . . . . ... ...... ... ... ... ... 431
11.3.3 ErasingElements . . .. ... ... ............. ... 434
11.3.4 Subscriptingamap . . . ... ... ... ....... ..., .. 435
11.3.5 AccessingElements. . . ... ................... 436
11.3.6 A Word TransformationMap . . . ... ............. 440
11.4 The Unordered Containers . . . . . .. ... ... ... ... ... .. 443
ChapterSummary . . . .. ........... ... ... ... ... ... .. 447
Defined Torms - . . v v v i it v s s mammnn s e o v smammnrssessa 447

Chapter 12 DynamicMemory . . . . . . . . .. .. ... ... ... 449

12.1 Dynamic Memory and Smart Pointers . . . . . .. ... ... .. ... 450
12.1.1 The shared ptrClass . ... ... ............... 450
12.1.2 Managing Memory Directly . . . . . .. ... ... ... .. .. 458
12.1.3 Using shared ptrswithnew . . ... ............ . 464
12.1.4 Smart Pointers and Exceptions . . ... ............. 467

1215 unique _ptr . ... ... L 470



Contents Xvii

121.6 weak_ptr . . ... ... 473

122 Dynamic Arrays . . . . . ... ... ... 476
1221 newand Arrays . . . . ....... .. ... .. ... ... ... 477
1222 TheallocatorClass . . . .. ... ........ ... . . . . 481

12.3 Using the Library: A Text-Query Program . . . . . .. ... . .. . .. 484
12.3.1 Design of the Query Program . . . . .. ... ... ... .. . . 485
12.3.2 Defining the Query Program Classes . . . . . .. .. . . .. .. 487
Chapter Summary . . . ... ... ... .. ... 491
Defined Terms . . ... ... ... ... . .. .. . ... . .. 491
Part III Tools for Class Authors 493
Chapter13 Copy Control . . . . .. ... .. ... . . . .. . 495
13.1 Copy, Assign,and Destroy . . . ... .......... ... .. .. . 496
13.1.1 The Copy Constructor . . ... .. ...... .. .. .. .. . 496
13.1.2 The Copy-Assignment Operator . . . .. ... ... . .. .. . 500
13.1.3 The Destructor . . .. ... ... ... .. .. .. . . 501
13.1.4 The Rule of Three/Five . .. .......... . .. . .. . 503
18.15 Using=default. ............... . . .. .. .. 506
13.1.6 Preventing Copies . ............ .. .. .. . . . _ 507

13.2 Copy Control and Resource Management . . . ... ... ... . . . 510
13.21 Classes That Act Like Values . . .. ... ... ... .. . . 511
13.2.2 Defining Classes That Act Like Pointers . . . . . .. . .. . 513

133 Swap . . .. 516
134 A Copy-Control Example . . .......... .. .. .. .. .. 519
13.5 Classes That Manage Dynamic Memory . ... .. ... . . . ... . 524
13.6 Moving Objects . . . .......... .. ... .. .. . . . _ . . 531
13.6.1 Rvalue References . ......... ... ... . . . . _ 532
13.6.2 Move Constructor and Move Assignment . . . ... ... ... 534
13.6.3 Rvalue References and Member Functions . . . . . .. .. . 544
Chapter Summary . . .. ........ . .. ... . . . .. . . 549
Defined Terms . . . ... ... . ... .. _ . . . . . . . . 549
Chapter 14 Overloaded Operations and Conversions . . . . . . . . . . 551
14.1 BasicConcepts . . ... ....... ... ... ... .. .. .. . 552
14.2 Input and Output Operators . . . . . . ... ... . .. .. .. 556
14.2.1 Overloading the Output Operator << . . . .. . ... ... . 557
14.2.2 Overloading the Input Operator >> . . .. .. ... ... . 558

14.3 Arithmetic and Relational Operators . . . . . ... . ... .. . 560
14.3.1 EqualityOperators....................‘....56]
14.3.2 Relational Operators . . ... ... ... .. . . . . 562

144 Assignment Operators . .. ........ ... . __ . .. __ 563
14.5 Subscript Operator . . .. ..., ... ... . . . . . . . 564
14.6 Increment and Decrement Operators . . . . . . ... . ... .. 566
14.7 Member Access Operators . . . . . . ... ... ... ... . _ 569

14.8 Function-Call Operator . . . . .. ... ... ... . . . . _ 571



xviii

Contents

14.8.1 Lambdas Are Function Objects . . . . . . . ... ... ..... 572
14.8.2 Library-Defined Function Objects . . . .. ... ... ... .. 574
14.8.3 Callable Objects and function . ... ............. 576

14.9 Overloading, Conversions, and Operators . . . . . .. .. .. ... .. 579
14.9.1 Conversion Operators . . . . . ... .. ............. 580
14.9.2 Avoiding Ambiguous Conversions . . . . . . .. ... ..... 583
14.9.3 Function Matching and Overloaded Operators . . . . . .. . . 587
ChapterSummary . . . . ... ... ... ... 590
Defined Terms . . . . .. . ... .. ... 590
Chapter 15 Object-Oriented Programming . . . . . . . ... .. ... .. .. 591
15.1 QOP: AROVETVIEW « v v 5 » s s w0 & & 8 6 6 55 5 5 » 5 & om0 o0 n 592
15.2 Defining Base and Derived Classes . . . . . ... ... ... ... ... 594
15.2.1 DefiningaBaseClass. . . . ... ... ... ... ........ 594
15.2.2 Defininga Derived Class . . ... ... ............. 596
15.2.3 Conversions and Inheritance . . . ... .. ... ... ..... 601

15.3 Virtual Functions . . . .. ... ... ... ..., 603
154 AbstractBaseClasses . . . . . ... .. ... ... ... .. ..., 608
15.5 Access Control and Inheritance . . . . ... ... ... ... ....... 611
15.6 Class Scope under Inheritance . . . . . .. . ... ... ... ...... 617
15.7 Constructors and Copy Control . . . . .. ... ... ... ....... 622
15.7.1 Virtual Destructors . . . .. .. .................. 622
15.7.2 Synthesized Copy Control and Inheritance . . . ... ... .. 623
15.7.3 Derived-Class Copy-Control Members . . .. . ... ... .. 625
15.7.4 Inherited Constructors . . . . . .. ... ... .. ........ 628

15.8 Containers and Inheritance . . .. .. .. ... ... .. .. . ..... 630
15.8.1 WritingaBasketClass . . ... .............. ... 631

15.9 Text Queries Revisited . . . . . ... .. ... ... .. ... ... .. 634
15.9.1 An Object-Oriented Solution . . . ... ............. 636
15.9.2 The Query base and QueryClasses . . . .. ......... 639
15.9.3 The Derived Classes . . . .. ... ... .. ........... 642
159.4 Theeval Functions . .. ..................... 645
ChapterSummary . . . ... ... ... ... 649
Defined Terms . . . . .. .. ... . ... .. 649
Chapter 16 Templates and Generic Programming . . . . . ... .. ... .. 651
16.1 DefiningaTemplate ., . . s « c s v o 00 55 6 5 vt dmmumn oo 652
16.1.1 Function Templates . . . . .. . ... ... ... ......... 652
1612 ClassTemplates . . . . v« o v o 5 + 0 4 s 0o b mminmen s oo 658
16.1.3 Template Parameters . . . . . ... ................ 668
16.1.4 Member Templates . . . . . . ... ... ... .. ... ... .. 672
16.1.5 Controlling Instantiations . . . . .. .. ... ... ....... 675
16.1.6 Efficiency and Flexibility . . . . .. ... ... ... . ... ... 676

16.2 Template Argument Deduction . . . ... .. .............. 678
16.2.1 Conversions and Template Type Parameters . . . .. ... . . 679
16.2.2 Function-Template Explicit Arguments . . .. ... ... ... 681

16.2.3 Trailing Return Types and Type Transformation . ... .. . . 683



