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M (C++Primer (ZF 4 b)) ANFF3] C++

Mt LEFS) C++ ?

2009 4E A5 4E# Stanley Lippman 5542345 N _EHESLRRHE 26 I0 ) CH HER K2, bR A1)
HLEIE A C++ e —3E B R L VERE . AHELZ R, Java/C#/Python 5516 5 BN 5 %4 5 MIF BT A TRAFH,
EATIIT R A T C+ o2 C++ HETUR BT B ITE S ) an AR R A 0 S AL X AR BE
Ma CH++ RA—ZIE.

XEBEE LM F 2 AT FRHREM S, RESITREREWE 58 B 7 1AL 5 75 2 DI L fE,
M FE KB4 B RS 18], 3R P 4R0e . XA &S, IREBITRERWE - LB
ThRE AT LAE F BB RS AL ER B IR D B 70k 8%, PR B MR & A RRAS « G SR & B B K 31— 2 AU AL,
A LLTRAN CH+ FFRIIEA . X TAMRRET S, 16 10% MR RERE 174 10% KL GEN.
WRRGKRF|—E MM T ERER), ERARF R A R & BBLES K RAECR, o] LU
BARRA . AL, SRR BURBI N (IR s SRS, B AR DB (GC) ik
MIARHfSE ZERT, 10 CH++ AT LA H B RS B fa 5 S SR AP BB L e R A —ILE], T
PEREIREE, H C++ EEIA ] Java 5L C# F2/7.

C++ 2. Bjarne Stroustrup 1 C++ 52 47 T B R 44 2 (system programming)° 11l FI 2 P B iH i 5
TF R AS RIEEREH (infrastructure) /& C++ FIEE R — 7. Herb Sutter M&5IH *, C++ FEEBITHE
(efficiency). RiEME (flexibility) ° FIHHZRAE S (abstraction), F AIKATH T A=) (productivity) Jrif

——

1 WYRFEE S PERexT L M %5 Chttp://shootout.alioth.debian.org/) 1 Google 7 T.5 {115 5 1 fe X LL 18 3C (https://
days2011.scala-lang.org/sites/days2011/files/ws3-1-Hundt.pdf) .

2 C++ ZA Bjame Stroustrup 447 (1) C++ F /7 512 : http://www2.research.att.com/~bs/applications.html.

3 WIE CH+ EMARRGE RIS, 2 http://aristeia.com/TalkNotes/MISRA_Day_2010.pdf.

4 Milo Yip 7E(C++ 38 KTY 5 ) $R B A ER /3% 51 % (40 Unreal/Source) & 1 [fl4: (4 Havok/FMOD) & C-++ SEIL
% W, http://www.cnblogs.com/miloyip/archive/2010/09/17/behind_cplusplus.html.

5 BWEEN GIRBEENEIREAD « C++ FIREREIRENARNMER R, —BERENEAH/ETIN, RELNELE,
SEHIEIM R AE . X B A CBAE S SR RITEE (cleanup) HH, AERWICEAES MR ; AN, W
FRFHRNREER AR, AXRENRT 5AF. SN http:/blog.csdn.net/myan/article/details/1906.

6 ANFFFTEM : “PrIBRGE L, BRHLE CPU I IA] LLAZFF 5 B A) S B EE 0 T4 7

7 {Software Development for Infrastructure) Chttp://www?2.research.att.com/~bs/Computer-Jan12.pdf) .

8 Herb Sutter £ C++ and Beyond 2011 £ i I i1 JF 3% i ¥ : (Why C++?), 2 L http://channel9.msdn.com/posts/
C-and-Beyond-2011-Herb-Sutter-Why-C.

9 X RE SRR G F A AL AR T RT3, ey TIBRIBAT R LI B 40 % (ust-in-time

compilation).
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AR 1 FABAES G R, M2 “C++ is about efficient programming with abstractions” (C++ {14
OEAETRESH BT8RNSR 7).,

BRURAE C++ PEREDLS, T2 00 7 BORE J A B RS A AR AR BRI T8 2, R 5 2
ABERIXT SR . BRI KBRS T & DRGSR EHIN, EHARRSKITIN. fiF
AR TR AL BRATE HILRENR, P R H CERL NG NOER.
inlineintfind longest (conststd: :vector<std::string>& words)

{
// std::max_element (words.begin(), words.end(), LengthCompare());

}
AR CPU ARG T, C++ MPEREIRAIR KA LA T3 WA /& (memory layout) FIKEH

P, ATDLAL A7 07 [ (K JS53B 1 (locality of reference) 784> FIFH W A£B )2 (memory hierarchy) 2
P, X BTN A ST GC iE S,

CH++ HIPMEMEADN C. Java, Python, JFURIN H th HIX JLANE = /0434, [RIULAE TIOBE & 5 4T
BER AT T . (R, RE AR C+ kMg E A m X RGN, HFHAER
¥ Java TR SCIL A

3 C++ AFEZE—AKEB%

CH NRFFE (features) BFERMET, HRRERMIES, EELESTHEMEL TR, FHEN
BERAEI N . ST L2 S R RERM AU Z R A SCIEYE, BAMIURRER “HUHLBE B, stiish 77+,
U Google 14221 77 X Fh 7 HK 2 5] C++, ARPEAR 25 5 4 B0 M F B B3R AR IO G ST 1o S SRAR ALK
Tl CH+ IF R, RMTRAN T WIX 115 20 & LIhRERE, RHE AR RETAUL " 115, XFf
A5 5E 23— A\ L E BUIRRHISK .

MR R G R BB B C++ M B A, C++ Z & Bjarne Stroustrup ff 1t & /£ (The C++
Programming Language) # Stanley Lippman fJiX4< (C++ Primer). ZEESEAEMIE « “FR ik 2,

10 R [ Stanley Lippman M43 H fT R 7 Linux FHT/ERSE (FRELS. HmiFES. HiR8E., MBRRIXERMLE 20
tH4E 70 AR TAEF A ZETLIL, T Cr++ AEFR TRFHENEE. H5b, Cr M%iIFET R A BT
RHRBESK, XEBOE0ET TENE.

11 7] %% Ulrich Drepper #£ {Stop Underutilizing Your Computer) 24 SIMD . £ I http://www.redhat.com/
f/pdf/summit/udrepper_945_stop_underutilizing.pdf.

12 {Technical Report on C++ Performance) Chttp://www.open-std.org/jtc1/sc22/wg21/docs/18015.html)

13 A[ %% Scott Meyers ] (Effective C++ in an Embedded Environment) Chttp://www.artima.com/shop/effective_cpp_
in_an_embedded_environment).

14 FRATENE std:list AE — 7 B\ K O() B4, 1 std::vector [ 4E — {7 B 36 A 1 & OWNV) #4E, HHT
std::vector H) JC# i JA 5 N # (compact), 1R % & std::vector [KIBEMLIH At R H 2 & i T stduliste 2
http://ecn.channel9.msdn.com/events/GoingNative12/GN12Cpp11Style.pdf, XHAFIE T std::vector & E LA A

15 Al &% Scott Meyers {15 R %5 (CPU Caches and Why You Care) F1{TAT — A BLAR [ v+ H A4k R &5 440 24
(http://aristeia.com/TalkNotes/ACCU2011_CPUCaches.pdf).

16 Bjarne Stroustrup i —Hi 3L (Abstraction and the C++ machine model), XftLT C++ Fil Java X R A A7 R .
% I, http://www2.research.att.com/~bs/abstraction-and-machine.pdf.

17 HH AR (PO SR —/ME S B I 50%) (http://blog.csdn.net/myan/article/details/3144661)

18 “BUE” MIEBRURAHOEZE T, REIARIXAKAER CH+ BB 1EE At S e R T 4.

19 [FFERSIR K Java/C#/Python EM W LAMIE & . ArvEE— B UFBI S EHE . WERGTE. BUBHMAL.
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MATBRIESTTET MG | XBARBEN C TRk, —BhR, Polem, Bz,
&ﬁ~$§%% 200 ”

NSRBI, XPABE AT, FEMIBE SN CH ARSI ET L. R AR ik
Wi F, Primer EHHE—L8, 10 FERTFAES] C++ FRFAM (C++ Primer (3 3 1R)Y. X KAE PR
FINLSATAIDEE T (C++ Primer (58 4 FO)Y, EEBIERE—ACARFIF B. 5 4 B A ALL R
FRIEWE 3 PR E ', 83 fRATIE “HEEM. HHEES” 5 4 BRUE SO0, $mkaY, 2HE
FlEAERL T, 1X 2209 Zh T35 bn % (/5 % Barbara Moo.

(C++ Primer (F 4 i) T 4? E&iEIR?

R A CH+ B F B, ARG . A BARYE\ 25 M8 Huffman 4if5 . BUEES 45 KK
RO G2 R OIE, AP0 TR ) AR CH A S A, AP ET N AR
CH VA (syntax) 5iEE (semantics), AW C++ bR MR (£ STL). “IXA e 4 i
Ft CH BEESUEM R A ES, CLEMBRERES 2.7

APEE CH+ BT NYFHE, EREEREVIYE. RE5Z, EEAHTURRGE A& C+ B,
HRMARENE N —AMIES . WRIRARFE 4 R, WL, 552, KE. B, B, KREE
AT IR A P, A 1 S A A

WRRE L2 T IREE S, IEAITHBA L C++ FFR#E, M (C++ Primer (55 4 5OY AF
ALUERED B EARMNRAKE, SRR FEREAL CIESHIN. MR, XABEGKHE
FIEM) CH FEF, MARPE C+ 4K C 7%,

(CH+ Primer 3£ 4 JRO) KIEMLREEFBHM, LRESHEA, ©HEHHIEI KD CH 1
Rk, TR VIR CH 2% 5 H W TR ST A AU R B = SR bR 0 & H
VS — RN B SIS, BEARMATE R M% A P XA BB (R L)
RMAFRILERD, AP, JHRAE, SRS, HIRMBHROSE —EHNREEY, &5
BG5BT Cr+ SR SE 3 58 A A R AT 55«

REFICFRTRIRLL 900 T, HEHAFER A EEN, REMTTE-DMITFHREBS — IR
RIBRRAE. AT HERE, ABEFBEHRATSCRISF—MAT, REVFRAIRE, HEAEE8 4T
AIEREEIHLES R IAE . ) B SR AR 5 1T

(C++ Primer (5§ 4 J5OY 3L T IR C++ 2t SRR S 7EILRR 0 B R B 2R M B %,
MARHAEHMNKACE. XABESE 3 FHNHT string F vector XFEH I, STZIREEE /B

20 4 (KIEZATH——C++ Primer 3/e %/¥) (http://jjhou.boolan.com/cpp-primer-foreword.pdf).

21 Bjarne Stroustrup 7E {Programming: Principles and Practice Using C++) [{15: 3% SCokHr 5| F T A, H45 57 B “ use
only the 4th edition”.

22 B WAEHER (C++ Primer 4/e BEFF).

23 WRBA IR 21 PR EIIBAKHE K, KNS T M (Accelerated C++) JRE AEZ ¥E. 74, mEAR
M CIEFAT, RIEFFRFMEINE N ERRF : BFERISE CIESTIHE B2 D) (WU Tk H AR
HRBO.

24 AAHHE iostream FRIRE AL HBEIFE S, MIEAK locale/facet, AIHIT LIIE.

25 Stanley Lippman ¥ i : “Virtual base class support wanders off into the Byzantine...The material is simply too

esoteric to warrant discussion...”
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LA MR . BEFH AR — KM string 9 L E AR RS —— 512, TRAEFMIE T BHEHHN
HRILAS AL

(C++ Primer (3 4 jOY MIRFDRGURRRE, ARBFMETEHRICANL, 2 1042 WL TH
225 FF 3] 0 B3] T 5 98 10.6 U TR AE P 20 88 AT I h SE 0 T B TR 51 BRI SUAR R 5 58 15.9 T
FTH R S ET R T XARROAE, XRAA/REW. HE R0, XAHIBEAMZ RN 2
(I8 T 754 Liskov B 5N, RIEFMEMNSR. MR, FLBb UERHERENEK, FHEL A,
ML BT BT B CJRA. S, WE. AR CAE, XERMTHEERE “EH”

(C++ Primer (3B 4 BRD)Y HART 2005 4F, #4F 2003 4EH) C++ B S o C++ Bk T 2011 4F
ER KR CH11), ABARY K TRIY Fl C+H11, XHFAEERERXARLENT *. MR, XEHRIE
(RER A 4 RT T AR B O+ FRSERR, ¥ EWIEIE Y . WEREASBAR BN HIXLHA R,
(E 43R R EETE 5 Wi QBT bRE R 57, BB IRIE ).

(C++ Primer (35 4 f5)) R F ALK, FHAM SRR E MR FERBBERL. HiTRERK C+
G R SATHA, GNUGH FIBUKIN Visual C++. SEFR b, XP AR IRMRMEEREA L “BE > T CH+ i
EWAT . B LY, CHESHTAER CHARERER . BE CH AMEMBREZESH “BN
SATI 0, B CH AT A LR ER BB SARE. JLKERG RS AR HEH C++ 7= AR
SLRBER, SEMEHIL . CH RFESACER TR S hrdE, [ G B AxF & B SCEAR
BSCHTERNZIE, BN RO A AR . A EE RS RMN CTEFE NS, 1 CH ARfERE U
SCHLE R T, CH AR B R BERE O T AL B R E . ) O MEE R — R A RLEAT R B R
WEARIE(G, W R prSeBl CRRREMT- & MN4ni%a8) (REM ', MR RYm et B eI, WARIER ;
2, W ARLRL AT A R ARG . WESTIOA B, B R &, R mEREA 7, A
H M, B Iimgni% e fIF G4 AT HIRME R CH B S MEMIT . REAREMATFTEEEF
AR, (H KT BB 2 AR E A, ERmIERESTIHRN.

A ML, FIMNSAR” B, REWAEGSIT MR iT A BRI, HFRE
RS, AN, E1E TR CHr MgRIFEEEE Y, XPEA SRR S bR T & P B 2 ) g A IR BB B
R T, (CH ANMEIRIE S TIREA SE B 0B (module) FI4L (package) %, BEMCHES
PR T SkSCHE. WESCHE. BRSO S M EL LA, XN O MESS, TEE ¥
MYa RIS, BERIRA D

M CHIBESAST S, RANE AL IEREER M. XA “EERWRT”, MY

26 HALERET 1998 MV C++ b, BIE T HIFMSEE LN L E, S5%ERFRESTLK.

27 TRI & 2005 4 C++ FRAEFERI— KT 78, W T & feREr. bind/function. MR, ENREAF.

28 {EFHIEAEME (C++ Primer G 5 50), RBE CH11 KAEK.

29 G+ % T Linux P&, HEHEEHTEMRE Unix F4 b ; Visual C++ 4iA T Windows P65 . HAth C++ i 1% 2%
BIAT o8 % B ) AT 1548, B4 Intel C++ 7E Linux _EE 3 G++, 1MifE Windows EEFRA Visual C++.

30 B2 E Cfront, APBEHERHEEITR#H. 2L hitp://www.softwarepreservation.org/projects/c_plus_plus.

31 AIECH T M E, {H % %883 487 M. 2 W http://stackoverflow.com/questions/3931312/value-
initialization-and-non-pod-types.

32 G R, AR 4.x KL, AT 32-bit B 64-bit A, ARSI DLW K& 64 . BIKIBAH R
WL ESE, % Visual C++ 2010 Express, EWANEHZHF [ Visual C++ 6.0 fEA¥E 6.

33 AISEHMGH (CH+ TREERERIK) Py “Cr mFHRAREE" 1.
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EmFESY, HHRAR, $REXITES. S - MEECEEE RBHER Y, LIEAKEH, &
BEFEHHRMR. —RE-NDFHHR, RABAFEHEE NES. =—5 - MRLE vector<T> K
Bt , BBIEAMBARBE, IRETIZA vector MZFEA int Fl string FFICERR, NRE —NREX
WHS, LR AERSERER CHED, M RmeE. =123 25 ML rf{EE KK,
BRI RXTRIE X, RN EHEREELZ FAFKR.

RIKA T B EAC I MIBH R 3+2x4 R0 22 B ZRIE A ) SR 0 A caleulate() M2 Bf 0t
RESFHRE X ME. BOSZFIEW LAY FEhaE, LS Ry = A s As &

° Node

e ‘ NumberNode BinaryNode

° ° AddNode MultiplyNode

15 S X BRI RIE R Z 5, & nT ARGz B . Heinde R4k Rk R Wb T,
4R J5 ] BinaryNode<std::plus<double>> il BinaryNode<std:: multiplies<double>> >k H Hi{t BinaryNode<T>
KRR, IR S B R B SEIAN R s 5

Node

/N

NumberNode BinaryNode<T>

FERIBRMXAEI T, T AT BRSNS CEN, EA 8% T4 R et AEARMBBERAL .
A4 15.8 79 Handle AT EE23% . (C++ ()T [ f SRR BRI X T BURKIE 50 & BRMRERE, I
fE C++ BARLL “SCHFHFNER” AELRT

C++ ME2NG? “HegfEie 5. FICE. UL, M ESMIREEM AT, B HIEFRAR
EREE TR, HAEEE (RE) WREE. 7 cH+ IFBIRE, AEFR CH FIEAMMHR D, 1mH
RS Y7, FRIx B 4A N QBRI 56 51 JLAME 38 2 % 13« Google ] protobuf. leveldb. PCRE ]
C++ B35, HACEK muduo MEEF., XERILEAK, DIREIH, PEEREAK. WRANE, &
AJ LA 1 Chromium (I ZEREFEED . EiE Google JTU I C++ fRADAY BLEF B —R 3E. WA

34 KREEHKWLLLL std:vector<int> Rl AR R, 8 T3 P URE B

35 “f@ A7 AT UL B0 SRR G 2 AR R vk, BT LA G R S e A R R, BT DU
I"Tf Packrat &%, W& http://www.relisoft.com/book/lang/poly/3tree.html.

36 BREAEN (BARKRELHEFEEEARAIEN) (http:/blog.csdn.net/myan/article/details/3247071).

37 WAREERRG AR AR W E S IR
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—FEmiik STL 5L Boost MRS, B b 5@ C++ BRERMSGE C++ N F R RAZEMEA.
SR RS AR TS () C B Java THRIH, HEHRE A LA C+ Firthsakat i R
YR B 7 TH RE TR B S FEhiE D

L ST pvi

AW TFIIH LA C++ 46, ERMSEAMABEHE, XEARH=ALIEHF. BT (C++
Primer) MUIXJLATZ)E, HAEHR O BTN Cr+ BHIMS, 7T LURIESE %2 45T .

AR (Effective C++ (38 3 BOY *. ¥R —FIHE, S8HERX ESES —FlH, C++
R—NEAEHRES, RIERWLSK T A EE, iR mEg, YaaEmEg. (Cr
Primer) NN _FiXA ) C++ &R LN AT H % N R EF R .

BBEEH —ERFRIXAS, FUETFERARTIA (Effective C++ (38 3 fRDY HIFEMZ45.

(Effective C++ (55 3 BO) MIAAWRBT C+ FIVARISED . 58 2 GBI “ B EEERINE BT
PR E”, B 3 RN “ R B AIEKE Y BHTHRE. BIAE CH b, “47K” AN EH R HRix—
PR, BI C+ MZKAR —ERNTHEE (override) LM EL. B2 IRIETHRELEENHEEN
WA I, RIS R AR AL TR P, 5 3 BRIERIN, X T 2%k class M5, B4 ELEARFI#E A
BR BN ERAE AT 5 B AL A @ I A AR SR 0, (173 45 1R A8 BRI A2 B T /1™ 7 B B0k
IEH T,

2 C++ e BREENMERE (diom) ? BIANE “HXNSREHAYE”, B RAIL, K
BWIEHESLE AT Y, HERITIFMSC, TCP M&HER: . HuRAEE. BRY%. 158 RAI, BA]
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Preface

C++ Primer, Fourth Edition, provides a comprehensive introduction to the C++ lan-
guage. As a primer, it provides a clear tutorial approach to the language, enhanced
by numerous examples and other learning aids. Unlike most primers, it also pro-
vides a detailed description of the language, with particular emphasis on current
and effective programming techniques.

Countless programmers have used previous editions of C++ Primer to learn
Ct++. In that time C++ has matured greatly. Over the years, the focus of the
language—and of C++ programmers—has grown beyond a concentration on run-
time efficiency to focus on ways of making programmers more efficient. With the
widespread availability of the standard library, it is possible to use and learn C++
more effectively than in the past. This revision of the C++ Primer reflects these new
possiblities.

Changes to the Fourth Edition

In this edition, we have completely reorganized and rewritten the C++ Primer to
highlight modern styles of C++ programming. This edition gives center stage to
using the standard library while deemphasizing techniques for low-level program-
ming. We introduce the standard library much earlier in the text and have reformu-
lated the examples to take advantage of library facilities. We have also streamlined
and reordered the presentation of language topics.

In addition to restructuring the text, we have incorporated several new el-
ements to enhance the reader’s understanding. Each chapter concludes with a
Chapter Summary and glossary of Defined Terms, which recap the chapter’s most
important points. Readers should use these sections as a personal checklist: If you
do not understand a term, restudy the corresponding part of the chapter.

We’ve also incorporated a number of other learning aids in the body of the text:

e Important terms are indicated in bold; important terms that we assume are
already familiar to the reader are indicated in bold italics. Each term appears
in the chapter’s Defined Terms section.

e Throughout the book, we highlight parts of the text to call attention to im-
portant aspects of the language, warn about common pitfalls, suggest good
programming practices, and provide general usage tips. We hope that these
notes will help readers more quickly digest important concepts and avoid
common pitfalls.

e To make it easier to follow the relationships among features and concepts,
we provide extensive forward and backward cross-references.

e We have provided sidebar discussions that focus on important concepts and
supply additional explanations for topics that programmers new to C++ of-
ten find most difficult.

e Learning any programming language requires writing programs. To that
end, the primer provides extensive examples throughout the text. Source
code for the extended examples is available on the Web at the following URL:

http://www.awprofessional.com/cpp primer
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What hasn’t changed from earlier versions is that the book remains a compre-
hensive tutorial introduction to C++. Our intent is to provide a clear, complete
and correct guide to the language. We teach the language by presenting a series of
examples, which, in addition to explaining language features, show how to make
the best use of C++. Although knowledge of C (the language on which C++ was
originally based) is not assumed, we do assume the reader has programmed in a
modern block-structured language.

Structure of This Book

C++ Primer provides an introduction to the International Standard on C++, cover-
ing both the language proper and the extensive library that is part of that standard.
Much of the power of C++ comes from its support for programming with abstrac-
tions. Learning to program effectively in C++ requires more than learning new
syntax and semantics. Our focus is on how to use the features of C++ to write pro-
grams that are safe, that can be built quickly, and yet offer performance comparable
to the sorts of low-level programs often written in C.

C++ is a large language and can be daunting to new users. Modern C++ can be
thought of as comprising three parts:

e The low-level language, largely inherited from C

* More advanced language features that allow us to define our own data types
and to organize large-scale programs and systems

e The standard library, which uses these advanced features to provide a set of
useful data structures and algorithms

Most texts present C++ in this same order: They start by covering the low-level
details and then introduce the the more advanced language features. They explain
the standard library only after having covered the entire language. The result, all
too often, is that readers get bogged down in issues of low-level programming or
the complexities of writing type definitions and never really understand the power
of programming in a more abstract way. Needless to say, readers also often do not
learn enough to build their own abstractions.

In this edition we take a completely different tack. We start by covering the
basics of the language and the library together. Doing so allows you, the reader, to
write significant programs. Only after a thorough grounding in using the library—
and writing the kinds of abstract programs that the libary allows—do we move on
to those features of C++ that will enable you to write your own abstractions.

Parts I and II cover the basic language and library facilities. The focus of these
parts is to learn how to write C++ programs and how to use the abstractions from
the library. Most C++ programmers need to know essentially everything covered
in this portion of the book.

In addition to teaching the basics of C++, the material in Parts I and IT serves an-
other important purpose. The library facilities are themselves abstract data types
written in C++. The library can be defined using the same class-construction fea-
tures that are available to any C++ programmer. Our experience in teaching C++ is
that by first using well-designed abstract types, readers find it easier to understand
how to build their own types.

Parts III through V focus on how we can write our own types. Part III intro-
duces the heart of C++: its support for classes. The class mechanism provides
the basis for writing our own abstractions. Classes are also the foundation for
object-oriented and generic programming, which we cover in Part IV. The Primer
concludes with Part V, which covers advanced features that are of most use in
structuring large, complex systems.
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