RG. BRA. BROBBTC++NMFRETHRBSHE. FREESE.
cunp  RATENXE, IRRAXEHRHEHER

- ENERR

Y C+H1

C++ 11§ 1EREtT SR
understanding C++11

Analysis and Application of New Features T

C+iRERRL M AMIBM XL FHFEF L ANLERE, UM ERE ;
*TE ¥5 oA

(#n) Michael Wong
IBM XL4ZEREFLEAN =




CHIEFF R TH g7
FHr 10 J32 — MRIEH KIH 5K-F, AR H AR ZAE T Hr 30 J3+,
ZFERLAT PAEIL ST TR, BRI B T 7. AR
bR Z R AR ZE2 NE, B WERENEGRIEE. ..

BAAEARE, RABEHFHLIE?
WVFIREAE AT 2 B — 2, BRI ARAN i R 2 Al 30LAE A
RKFGFEMNAFINS, HRET—IEAETER.

WA A BEIR BRI AR ki ?
CIC++% ] #E: 96130896, —4 365 K, & KM I 8: 30-11:30 A
. B BB SR E R Rk A S kR

BAVIA 2 BRI E R IR ?
1. ORRE AL
2. YR

3. MR PIRREHREE, A A B S AR IRt 2 IR 5 1)




N understanding C++11

Analysis and Application of New Features

MC++98FIC++11, C++irAE10EE—E, #HEEC++98/03, C++11NHRTHEBIWA T, X
B8 T 4140 N HE M, MEXNC++034r D 49600 M HEMEE, XEFC++11EHREMNC++98/03
b EHMN—MFIES, HEERS, C++1EFFHBTFREFLANEFE. ERTHZE (EBEEE
kR Ed) ENBRENRE, TMUNETEERK, MEFEARFANOFANE, BES
B ERNC++11FRENEFENTE, C++11ARLSETHMATR, AT HLEENC++E
FR, WRBFEENALT—F, &%, BLAEXBARRBETHRBENINE, ERG. RA. R
@R T C++ N IFAREPNINESHM . FioEESM. MREFENMNE, DRAAXEHFEN
R F o

FHEERE:
® C++114RAEMIRIT BARFRITERD, MERC++ 1 FRMEMEN S,
o HFRIIREMARFMEMEINATIFE, Wiong longEHER, BAMS. SRR, FF;

o AT ZUAMN. SHMBEENAZIFUNHMLESERERN, RETEMN— LMK,
wgkEME RS, EIEIS R, IR, FF

o MRE EFSHMNKE, WautoX ARG BEREDEE, BTEEONfrfER, F%,
o AREHIFMMEGHE, WHHFXNZLEHETEETTNRE;
o AT H—SRAFITREC++EFMENLLCH+AE B IF BN SR FES AL RMIZTH AR,

ek, 24E. HioRE, F%, ' -
® HiEC++— RiHBRMNFISM, WlambdaFiriF,
® C++11 AT HRRC++HIE D b sa BV SLEr o) B M B, f03FUnicodeIRAZFFE

o C++1 1 EEHMIBXTENREMAXS . C++1MPFHMNEM. BREBHNC++11HXFHH
W, B IC++118E XA, i

- By
i -
P
%
Y
EEHEE: (010) 88378991 88361066 BFEIE: wwwhzmedia.com.cn 1111426608"> |
WHEMEE: (010) 68326294 88379649 68995259 LML wwwhzbook.com Efﬁ 69.005%
| @MiME: (010) 88379604 M £ www.china-pub.com r WU




f C++11ﬁ’ﬁﬁl¥ﬁ5ﬁ§
understanding C++11 ég

Analysis and App!l«,num of New Features

(fm) Michael Wong N ,,‘%
IBM XLAFBREFLFAN =




EHEMSE (CIP) 18

AR C++11 - C++11 FrdFtEIRAT 55 H / Michael Wong, IBM XL S5 85 b B 77 4 BN ¥ . — 6o .

Pl R4, 2013.6
( FLAg 5 &9 )

ISBN 978-7-111-42660-8
. % I.OM: @I M.CHEF-EFZH NV.TP312
v FE AR A P 54 CIP 304 (2013 ) %5 110482 &

FHEEEE JLRERTHRIARIDESR
IR R A 47 ) A &R
RRATFT A« Bl 5L

©Copyright IBM Corp.2013

FAEAEIRARE C+ 11 HIREN S H, i CH iR R 2R IBM XL S8 {5 %
HIBAIERHRS . A{OUERLE T C++11 bR EN, i H 2SR T C+11 frtnE b g4 2is
= OREE . BTRRERERRE . AT REEY R, LR o] 1 AT S B

RIS W1 T B AL AR S HEEERT C++ 11 BT P A BT SR AT T Ar
FHT CHr11 MRS ; B2 TUHE T ERIES C & MIRM C+ brof 7040 M6 200 500 F 18 i i
AR ¢ 3 R TILA TR E . BB I O A (SR R R Y . LA
ISYEM —LERRTEPE ;55 4 ZEURRR T CHr11 BbRAE R A — OB TR OB, X A (L BELL Cor
WEERA, ERERAETFRARGRFANE ; 85 SR T Crol LS H T MMSGE, FEms
FRBLEFEHRLEP DT HAAE: 0 6 VR T 0 T — LR A A C BIFHEEMIL C+ i
SEFIE R 2 PR RE P SRR UL L HROBRASHE, IR, BRE ., HATRB WA . B 7 SR
T —2efil C++ — Bt BT, 0 lambda kA% ; 58 SUHR T CH+11 0 T C++ AR
5 R 2 B ) BT M A 0, 403 Unicode B9IRA 5% . BER P T Cr11 fmE 5 3
AR SCHRAERIREEME RIS . C+11 thF R AOREHE . SRIRIBRT Crr11 B0, LB Covll (4
KB

HLb Lokttt (JEEATRE X T TR 22 9 WBE4RES  100037)
WAL AT

= T N ED R T T EN R

2013 4E 6 HE5 1 hEs 1 sEk)

186mm x 240 mm = 20.5 5

FRME45 . ISBN 978-7-111-42660-8

iE . 69.00 T

AEAE, pHSW, M. BE, biitgF0an
FR A (010) 88378991 8R3I61066 AL (010) BBIT9604
¥, (010) 68326294 88379649 68995259  ik-E1EH. hzjsj@hzbook.com



e

ABFIROCHEERE A S SBRaR TS, (URRD A, AUE IBM ARG E 7
MEE, R,



IBM XL %4&i¥ 28 o EF 4 B & 9T

IBM A & A 4R HF R T (BRT 20 t42 80 4R ), 7 2BRIFA KT 400 A E
T RRITLH BB 2 HTBA . b dEiF 2 R A MR EE MR TR . IBM —HELEH
ERPNHE ST EEEMBREZ —, P RESRIFOEGHETTI A Y. IBM XL %iFdE
i EFE A& A BA T 2010 4E7E_ LA, BUIRA iR pm ot R AR (C/C++ ), amiFR AR,
WAL, LARPERESMT A 255 . HIBAS IBM b Egwiras AN & S1E, HFIF L. WA
%A BT POWER £&5i) AIX & Linux *F& FA XL C/C++ Fl XL Fortran &5, FHx§H
A AR T, BRI A, HE T 2012 488 3h & A 5B A () XL C/C++ for
Linux V12.1 & XL Fortran for Linux V14.1, 348 7 W& B-LF). AR R P4 5 04 1F
PRIF R, SR, MFES . HAERARIF TR SEA —E Wi, Wt c++11
PRAER & R R A B R R S MBRAE, R IEFE LRSS CH 1 BT FRER T A2 TAE.

WG S ETE IBM XL 48 P EIF A A BA % . http:/ibm.co/HKOGCx, FFriRH
. www.weibo.com/ibmcompiler, 5T~ | i C++11 FMiER A,

= 2N ]

BEIE T LBAGERKERIFER .. 24800 TIRZHRMEFE, %5 ‘BT AMD
R G, IBM FHERF R PG, fEm AR RGN, oF B, EIE LR 3h
A FE MR . 2010 FhA IBM XL @ 4ifa8 P EITF&HIBA, 138 XL C/C++/Fortran
FEA A T & TAE, & TRt amitte . AR, DIEESHESSE., 7 C++11
PRMERE T, RAXRER T T S EIRA BB, FH-2H 2 F BA R 5 XFHTR S bR T S
bf . BREIEASE AR EZHAN, 3% T DeveloperWorks #f X & #3930 30— .

BRd Bl FrREEHERFEGFSHFRE TR, AEZFENRIFESRINTREELRK.
2008 4EEE LT 1IBM _FHERFR s, — BN TR CHH11 iRAER S I, ik
A B A SCRY RS L RSl C/C++ iR F, X 4R IFaR A e R DG8R . TIT TSRS
HaiEan s fn B ARET . 7F DeveloperWorks #H X & Fid Z /a6 3¢, WA —WEALH .

8 ek TEBICETRILE . 2010 £ A IBM XL # H47%2% v B I & H A,
#e)5 M XL Fortran 4% 2583 . XL C/C++/Fortran 4R iF 285 S & FIF & TE. W THA
HURmAE, MK C/C++/Java FEFERIET, MEFE THIFFBMABAR, BF 0%
F, H-H745 A1 BAFE IBM Connections “F £ A8 AR 40 B K FEFRRE K3,

KMBE Al TFELRFITRIBE SEAR R, WHEREKEGFRE TR, f2FER59K
Z8AF & Linux BB Z 2888, —HBEO T C/CH 1IBES . %iF2F. Linux AL
ABPFFE SR, K ARAMFEIX, T Linux A& LK Linux FERENFTFEE L
WeE 4R, W25 Linux PR F R S5, 2010 4E0A IBM XL o [FE 4% i%48 v FH I
KHABA, B IE AR AT E AR IR S5 R T8,

KB WL Al THRMAETRILR. Wk A LEE4E, B3O T Linux HERLEGH
RENFRIT A . K AR HIFRIF 4R . 2010 4ENNA IBM XL #eikas b EFFRHB, i
XL C++ 4 ifai iidm e & T4 . & C99 . C++98 . C++11 S4B 5 brME R 4mit b A TR A TR AR |



VI

FALPRS S CH++11 FIRAFRERISCEL, HANAECH TR 88 A YER BT S FIT A& .

Q& PEBEEARAETEIARSGH L, A2FHFFTASE, 2008 4F
RS TF Marvell (_Eif§ ). Bl E@gF5EEE . IBM Eilgdf Lo, —HEROTFRERKZ
BRI S0k, TEdeiRadimmit . oW T REE, FEA ML, nT SR AR A G
HAEEMEEAEK ., EEASEMSUh &R 10 2583, A ZIEAINE .

BAE TR T RFERESSER TR Y. A0 10ENRERNT T
A4 W TRA I A& DO . HP P E L IBM h RS E, 3 C iR C++
B SR TEANGT, ITEERBUN T 9% 7F 85 57 b A T & st .

R Bl TEERATEISRE SR, AZFREZRAGTREZK. 2010 4R
I F IBM E#RFE PO, BN GIFREE W IT R TE. —HB T RS oT s
B, LR SiE s UMb g, 68K T DeveloperWorks #11X, =10 [H{ A& FI & H A

MWE Sl TRt T RETHAILN FHEE AR T, WIS TR, 780 S ks
LA, BATHLTF Alcatel-Lucent /A7, AFEHNTHZE . 2011 4 A IBM XL 425+ [
FEHBA, BN C/C+ i H AL ST, Mt HmiFmCIMETE RS, A
S S i BB AR, FREE GiEiE S il RN Z e, X C/C++ FiFtEMiES
PRUER BRI A

R RV TEEREHRILE ¥R, HESFHRERLTH. L5 H#ET Intel,
Marvell, Microsoft Jz IBM %% 2\ Gl 4iiFas & #8171, 5SS R AL %IR8 5 L
FAEXEER TAE, 3 HI0AETO%RIERHm%EF ., 7T XL C/C++/Fortran %1% 8% )5 i
Fk, FH4T IBM XL A E 4 2% B A H A& R ok T4E.

Rim  Hlk FAUIE KR By, fERAILEE T2 4, X aes Ll &K
M EmREREAETENEE, % IT Synopsys Hl Apache design solution, 2011 4Ffim A
IBM XL #%iss P EF LA, MFEMSIER. C/C+ i85 ML 5L, % c/c+ B
15 5 R RRR oA B ) B AR AT 5T .

XUEMS Eev TR st EE TRFHEIU A%, 2010 4EA IBM XL o [E 4415 8% [ FF %
FIBA. 5t/ M\3F Fortran. C++ RN & TAE, BBUN T CH B S HtndE, B85 HETESH
FEE. MamiFHMNATEAR . Linux WEIF AR IREMER, B C/C++/lava HERES .

E—W T EARE K, BUTET IBM &iFs P EIFZH BN, MHE XL C/IC+ 4
PRASHIR AT & THE, FESA ZEMRER. B EEMNERT 2B CHES R
J&. i C++. C. Java FiEFH, X C+ BEARAEAMI . ST CHVB/perl/Jif/Fabric 2518 &
WIH ., MERTRSEHHEAR, IEKT DeveloperWorks %X, & #idH A MABE .

KM T ElEREE R LS TR, 2010 EEMA IBM XL Hifssh HF %
FBA, i TaiRsaomtEeti b & T4, X4 iibiy:, Linx BIERGIARSH Y
SEIAHER P, S C/CH+/Python HfEiE S . HATMEE IBM L ZAFAEAR %5 2509 TF & THE.

X#k FREAFHTRVBES TRERE L, A2EREZEZETELK. 2010—2012 4
EIELHT IBM XL $Riga8H E A ZHBA, J/5 NS HIFH[MA LG RHIFE T, AL,
Linux #R4E R G REH 5 LA WIE R X6



Preface

If you are holding this book in the store, you might be wondering why you should read this
book among many C++ books. First, you should know this book is about the latest new C++11
(codenamed C++0x) Standard ratified at the end of 2011. This new Standard is almost like a
new language, with many new language and library features but there is a strong emphasis for
compatibility with the last C++98/03 Standard during design. At the time of printing of this book in
2013, this is one of the first few C++11 books published. All books that do not mention C++11 will
invariably be talking about C++98/03.

What makes this book different is that it 1s written by Chinese writers, in its original Chinese
language. In fact, all of us are on the C++ compiler team for the IBM x1C++ compiler, which has
been adding C++11 features since 2008.

For my part, I am the C++ Standard representative for IBM and Canada and have been
working in compilers for 20 years, and is the author of several C++11 features while leading the
IBM C++ Compiler team.

For C++ users who read Chinese, many prefer to read an original Chinese language book,
rather than a translated book, even if they can read other languages. While very well written also by
experts from the C++ Standard Committee, these non-Chinese books’ translation can take time, or
result in words or meanings that are loss in translation. The translator has a tough job as technical
books contain many jargon and new words that may not have an exact meaning in Chinese.
Different translators may not use the same word, even within the same book. These are reasons that
lead to a slow dissemination of C++ knowledge and slows the adoption of C++11 in Chinese.

These are all reasons that lead to weak competitiveness. We aim to improve that competiveness
with a book written by Chinese-speaking writers, with a uniform language for jargons, who
understand the technology gap as many of the writers work in the IBM Lab in Shanghai. We know
there are many Chinese-speaking C++ enthusiasts who are eager to learn and use the updates to
their favorite language. The newness of C++11 also demands a strong candidate in the beginner to
intermediate level of C++11, which is the level of this book.

You should do well reading this book, if you are:

Uan experienced C programmer who wants to see what C++11 can do for you.

Jalready a C++98/03 programmer who wants to learn the new C++11 language.

Uanyone interested in learning the new C++11 language.
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We structure this book using the design principles that Professor Bjarne Stroustrup, the father
of C++ followed in designing C++11 through the Standard Committee. In fact, we separated this
book into chapters based on those design principles. These design principles are outlined in the
first chapter. The remaining chapters separate every C++11 language features under those design
classifications. For each feature, it will explain the motivation for the feature, the rules, and how
it is used, taking from the approved C++11 papers that proposed these features. A further set of
appendices will outline the current state of the art of compiler support for C++11, incompatibilities,
deprecated features, and links to the approved papers.

After reading this book, you should be able to answer questions such as:

U What is a lambda and the best way to use it?

QO How is decltype and auto type inference related?

QO What is move semantics and how does it solve the forwarding problem?

Q1 want to understand default and deleted as well as explicit overrides.

UWhat did they replace exception specifications with and how does noexcept work?

(dWhat are atomics and the new memory model?

OHow do you do parallel programming in C++117? _

What we do not cover are the C++11 changes to the Standard library. This part could be a
book itself and we may continue with this as Book II. This means we will not talk about the new
algorithms, or new class libraries, but we will talk about atomics since most compilers implement
atomics as a language feature rather than a library feature for efficiency reason. However, in the
C++11 Standard, atomics is listed as a library feature simply because it could be implemented at
worst as a library, but very few compilers would do that. This book is also not trying to teach you
C++. For that, we particularly recommend Professor Stroustrup’s book Programming principles &
Practice Using C++ which is based on an excellent course he taught at Texas A&M University on
programming.

This book could be read chapter by chapter if you are interested in every feature of C++11.
More likely, you would want to learn about certain C++11 feature and want to target that feature.
But while reading about that feature, you might explore other features that fall under the same
design guideline.

We hope you find this book useful in your professional or personal learning. We learnt too
during our journey of collaborating in writing this book, as we wrote while building the IBM C++
compiler and making it C++11 compliant.

The work of writing a book is long but it is well worth it. While I have been thinking about
writing this book while working on the C++ Standard, it was really Xiao Feng Guan who motivated
me to start really stop thinking and start doing it for real. He continued to motivate and lead others

through their writing assignment process and completed the majority of the work of organizing
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this book. I also wish to thank many who have been my mentors officially and unofficially. There
are too many to mention but people such as Bjarne Stroustrup, Herb Sutter, Hans Boehm, Anthony
Williams, Scott Meyers and many others have been my teachers and great examples of leaders
since | started reading their books and watching how they work within large groups. IBM has
generously provided the platform, the time, and the facility to allow all of us to exceed ourselves,
if only just a little to help the next generation of programmers. Thank you above all to my family
Sophie, Cameron, Spot the Cat, and Susan for lending my off-time to work on this book.

Michael
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IR ¥ F C++11 T IBM Y XL C/C++ i 28 MRRAS 10.1 FFifi . GNU B9 GCC 4mi% a8 MARA 4.3
Hif, JEFRRGIRAR MR 10.1 FFEf, MKW M Visual Studio 2010 FFih. filt, SERAY
clang/llvm # 45Ul 2010 4EMRRAS 2.8 FFUG 2 HF C++11 Frkett, I H 2 s 6 H A 44 1525
HERIRT. TEASBRR C b, EH TR B BUE TN T & Rh iR a8 0 C++11 B HF1H 0,

1.3 C++11 4$Mp o2

Mt BAr B, REAS LA FRHE R TR C+r11/0x i iy X, FHR
o A B o AR P B RO TR RCR i R iE B R P e R A —



B AE T HAR A 4 Fh % 1B, WG21 B&F TLUFEGE:

O Hia =5 a9k e tE A PE ( Maintain stability and compatibility ).

Q B 5 T-{d FEE T A~ P BB iE 5 e 3045 ( Prefer libraries to language extensions?),

O 9 ft 1] 30 FH A4 1 A~ SR AR R Y T BOR SE BEFFYE ( Prefer generality to specialization ).

Q%% #H F—ZFF ( Support both experts and novices ).,

Q5@ AR 2 ( Increase type safety ).

O P i Tk RE PR RE (-9 6E /1 ( Improve performance and ability to work directly
with hardware ).

QJF % fik % &g 28 A1 58 4k 72X f9 #5 % ( Make only changes that change the way people
think ),

Qfk A 2P ( Fit into the real world ).

R X e PR T DA B AR AT 5. EA B, RITMWELHY (52 ~ 8570)
3 BUX FERY i kAT R4y . TERTBEAYmHEE , FRATE S A SR A7 88— & LAY 3
BT

i M ., Scott Mayers W g C++11 €] 1 5 #h—Fp A A9 5035 I3, Mayers 4 4i
C++11 M FRISWME AT, EREMEHE, SCERER T ZEH, RN EY
KX &AErrE. Bk, aTLUEERES N LLT LR,

QAEMEETEM (class writer, WFRHN “FAEH")
QEEEE T ER (library writer, RN “FEVEET)
QA ATEN (everyone, fIFRN “FFAA”)
QS N ER (everyone else, fjFRA “FHAN")

A 2BATAT LAGS & Fh 7 B AR — Tl LUERSRE I BT A MRedE . TR it
MM PR CH11 FrtEdEfTrdE, W3k 1-3 Bi.

T CH11 BT REEAE R £, A BAERE I N A FATTHLSE bR R 40
BB SRR . MM CH+11 FrMEMI BT R0 (B8 vT LA ol b 48 3 40 1 4
LORAM R, IEXXHPRET WK ), AR CH 11 BREPRE 1 ~ 16 TEHIE
SIS (FECH1IBEFED, B 1 ~ 16 RN TECIBESHE, 17 ~ 3038 &
FEFRYE ), MibREFEM AR B RAR. YR, XSFEOFZ KA, EHAWERKT]RS)
B, BALEZME FEAEMAZESY BRIl —efet:, IBALE L, RGBS
LAY R FEERNE . AR, FFHRME (atomics ) SERXFE—P0IF. Hilk, e 0
FHED, BATHBARHEPEHATL TRV, TS ONBEHEHENE, RITEESH
Fir ik i .



B #7487 9 4

% 1-3 R\EITBEFAE RN C++1 St iT 5

= = FERR (X)) AP
C99 R N
PR B B DAL 2 %Y default template parameters for function Er A
"B friend 157 extended friend syntax &AM
{ R HE A extended integer types 4 A
o #HEBBEAR extern templates Ar A
il HE i 7 91 0F 4k in-class member initializers B4 A
n E i 'ﬁ] » ﬁ ,ﬂ-: Jr W FEIVEBBEAR B 3 local classes as template arguments B4 A
{ Maintain stability
and compatibility ) long long 7! long long integers B4 A
__cplusplus oy A
noexcept HEAE#
override/final £ fffl Override/final controls LYIN
f#5W 5 static assertions e E
A< R (Y sizeof sizeof class data members A
A 75 F 3 R B Inherited constructor Hafp#
Bahif 8, ER¥E, 5 & Move semantics, perfect forwarding,
reference collapse xfiH
ZHCH i A B delegating constructors HHEE
o ) ol | Wl BIRAEST explicit conversion operators e
Bmi ARk fbny | B — B0 W G Ak B B A X, W1 8 Je P &, B b % Uniform B
F B¥ ¥ 5C A0 %% #4 | initialization syntax and semantics, initializer lists, Preventing narrowing
( Prefer generality 1E 2 FREX 54 unrestricted unions (generalized) 157N
to specialization ) FHF BSE YFE T UDL AT M
—fitfk. SFINAE HLW| generalized SFINAE rules FEAEH
M EX % F 7% ] Inline Namespace A3 A
PODs TIN
A 5145 template alias i A
1742455 Right angle bracket Fif 45 A
N auto LEPN
CEBF ML) WM8Y for #4) Ranged For _—
¥ ( Support both
experts and novices ) b EfEE
AE R [ S RO (47 R ) eR 0P 5 3L ) Trailing return type syntax P
{extended function declaration syntax)
MREM L 4| RIERHEE Swong enum TN
## ( Increase type| unique ptr, shared ptr HfeE
safety ) 3% (7t ABI Garbage collection ABI PEAE#




10 F Y

(£)
7 % FFERR (PR ) R
Wik Feik X constexpr : HlEH
[FF#4E / NFEBLE atomics/mm IE PN
LRSI 5B FE M 2% copying and rethrowing exceptions Frd A
W) (lmprove | o0 o o 25 0 16 4k 70 47 44 Dynamic Initialization and Destruction with
performance and Frf A
ability to work directly Concurrency
with hardware ) - HR Variadic template FEtEE
£ FEA B A7 thread-local storage B A
il Hi R quick_exit Abandoning a process PN
FrRMEEEEN | 55 M nullptr E PN
IR ABFFE | SR BRI MR 006 % (RINAYE M ) defaulted and deleted functions
( Make only changes | (control of defauls) L
that change the way
people think ) Iamibdas A A
| *MFFIEF Alignments B4 A
( Fﬁ ':l:tiﬁ t?:?:; il I ¥ Attributes [[carries dependency]] [[noreturn]] e A
world ) A F PR I raw string literals By A
Unicode unicode characters B A

T2 AR B  E 0 T T Y R = T H BaMEs . R
HATE, RIS — A BRER BT AP I TR, TEHE TR T %
SRR

Q% 1855 Algorithm improvements
Q% #8198 Container improvements
Q4rBCE AT Scoped allocators
Ustd::array

QOstd::forward list

Q¥ % 8% Unordered containers
Usts::tuple

QZERIFFHE Type traits
Qstd::function, std::bind

Qunique ptr

Oshared ptr

Qweak ptr

O£k 2 Threads

Q& /¥ Mutex

Q4 Locks
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Q%47 & Condition variables
Q#fE] T.E Time utilities
Qstd::future, std::promises
Ostd::async

QL% Random numbers

QIE M) Fik = regex

1.4 C++45H—18

BTk, Bi1&—8 C+11 PHAFFE, TRENSERD. M. 6%, TR
Srxt TR WA FF AR B E ORI ROR BEA e, MAFIS, RIMEWEEFEELBRE
FEBEXE, SRS BRENEE.

141 REMSRFEZ EAOHRE

HFEEET P, ARRIA S P AR EE N, X & R & R A H
M. BRZATE C —8, W4 C++ EAFUIBT ., FRES, SUHP9E & EHA B2
ey, ALY C++ prfEZE R 2B E PR, SFEEH—- ey, R
AR AR T e A AR MRS, R A U5 o] BEE 4B E I AR X S MEC B 7 IE 722 B el ol
GRS o

i H AT E SRR S A K R AN, (BUSCin R HAA M, HohE A 28R
MRS EETFARBER, Hitk C+11 RREEFLEHT T A5 AP LT . WG21
FEINAGK S0 B BB AE BT, 2 MBS I# % ( Google Code Search ) LS F
K, XELETFRABRA N ITFEAEMERER . AdaRREEE IS EIFRHE,
RN & Mk A ACESE (codebase ) AT ETENM . At s ¥l o] B A — & 1 R R
YE, Rt X FR AT LB e —2em B, ] WG21 PHAREBAMAFE, M1t
WG21 Mg X XMl TF R ESFEA C A E PR A AR R E,

C++11 WFLBFUT -

Qalignas

Oalignof decltype

Qauto ( FTHE XL )

U static_assert

Qusing ( THE X )

Wnoexcept

Qexport ( FH, AidANnTGEREVEMAT)
Unullptr



12 % | F

Uconstexpr
Qthread local

M 3 K ER R AT T C++98/03 R ULAY., M5k, SIAENTRES IR 2L C++98/03
RE, HETRALRR, TR MR TRA C++98/03 FIFHIH M. static_assert #i
RXFE—F. B THREESCARFERMEMATREM ., WG21 KX T4 il
HHERK, HERAET TR, TURGELBREELT, AdE LT, Bt
DRAEMIE, .

static_assert (4<=sizeof (int), "error:small ints"});

X AT A A R PR R ( AREITR ) RGER it BB K EANT 45T,
WMENF, GHFERNSHRERRFAOBERR/NT. £ C++11 PX 2 BRI, 7
C++98/03 Pt Al B RA M, HABRF RGO 4% L T — 14K static_assert f R, VL
HTFH Wz ThHAY int A APEBER/NT 4, BRIXY C++11 Y static_assert 552 A,

Phr b, 7E C++11 i G P B AR & LR AT . override. final, X PH-THRiH
g gmiFas @B S ENMAEMMNEA L. WRXW MR HARERRREZ)E, ©
MEEREIRE — TR RBOE E Al LA E . A3 0 br o] LFE C++11 Ui sE
i override, final XA ZFRAYER . MEXHFMFERL T, EfTRERR T @M EREA
mmc.

AT EELAER 2 THEBIHRHFFER L.

142 EfETEREMARY RIESELAEHE

ML FiE S BODhAERESE, FEN SR AR R RAR At EFm. @5 B
k. FERRERREE KM, Boost SFI—S0wFAHERIE (&1 Qt. POOMA ) Fy bR al £ 5
Bl 7 iX— . A — MRS, RN A R ERIFR LI ( DEg g
FE—BPRT ), MR, FEEMRE U T IR ARMEAOSE, Xk, @FiEER
TEARHONGE C+ BB SN,

AR AR IZIART B IR S B E BREB IR ARS8,
FiFar LB T AREE, MAERRES _%E. At WG2l E LML, B,
ATRE, WG21 /RRH—MNMEF R VR SCBL, B MAIA I C++11 FREE, &
WL HN PEFF RS — 8B4 ¢ std::thread, WIARE— A ER “BEER", FEREM, C++11
WA N E RSB (associative array ) 258, i 2% B0 1528010 std::unorder map B3CEEM)
PE. B, C++11 WA RHEMIET BB SO A E N #ikXThEE, i R S0i

© e C++ BYREIFIEE, & 14 096 %2 Boost. Boost B— 1 EFRM AT, 1Ei%iHRS 68 mat i,
HHHEAH CH+ RN SMAZS.



BFAR R 69 % 13

std:iregex FE. BXRE—ME, C++ if 5l RIS 7E (580 B A% 0o & R 00 [ e 05 o s off:
PRI IhRE .

MAEGE R S ik, PERTRE T B SOk S B . MR, A SRR R R SRR e
W5 B A — BB HEAERY Carchive) SOt it 3R BTAT 9 HE A8 R S PERY
JralBt . FSE b, PR ATRESCBL T AR A . tEA CH 11 PR T IRIESIFZ A
., W AR Sk SO SRR PSR B . SRR 2 TE P R A S8 B HAR R L
a4, MIDHEENE LR LA e AT 10 2Z BT LA IS HR 0 (0 PR 28 T8O P o
Gy RH T RN R IRAEAE D S B R A . MRS S R, R R IR R AR Y
“PE”, PR A R A T A B i .

1.4.3 EHETiE AR 255 F B

IFRATBEN A, a0 SR TERCE AN S B/ I C++ T ELAS Jin s 45 b A off 3
CH+ KA — 2 NIRIESTLA “TE&ME", REMARE, XPHESINH™HBREH K,
AR — BB, BZ . PR WG21 E A M g T i A AT B A R
IMAPIRAIFFER “HRR" CH11 /1 AR Z,

i AR R TF R — R EF B Bl 7€ C++98/03 v, BT LA FH 7 #4) 3 pR B0t i L=
explicit JCHE TS B Fy i R B UM, B IERR P B ZEMRRS S A/ K — ey
A B U Fe 4 o PP s SO AN A R MOE AR R ME— & S8 A4 Ba R R Y
e, AR C++98/03 rh s MU PR AR A 0] A2 5 Bk de ,  mRR - 1 Y 8 PR ) AT i R A e
RV AVERFE T B . R CHH98/03 IIBEZ, AitfE C++11 H, AT LA
PIASEEX T T

HoAb B —SeBrde bk, HMARM S k%, BB LF, EABMNE 3 EhRINYS
2

144 EFRFF—MXH

R C++ HEEFGEFMES, BERATRER—ININES. C++ hRERETE L
HYWFetE, HXHFARDIE DR, 5 FEF S R E% S —E iR ] L C++,
IMFE C++11h, WS B, B4 TIREHM, G5 TiF2H4kM s 20 “dp”,
bR R AR M R MATRES . £ C+98/03 F, HTFRAT KA
A A AL ( maximal munch parsing rule ), HiiESFSEMIA SRl 1 “MUk” 7%
o BXEEOk, TERIMUR AT BRI, GRS W AR B MEIR T RBIA AR, If
SRR M — RS AM B EHRE R . BREBBT RN NGB, 4K )
O LAE C++11 PRABIE. BRSBNNM L RE S SR SEESH, MIASSEGFR
B CHARMEEL EVE, SRR FT A U IR R 4 M A — 2 |- S A 0 B R T L s e




14 # 1 F

XEEFER T .
vector<list<ints»> wveclist: //C++11 P44, Cc++98/03 PIIL

54~ C++11 5T FFH6] 7N 245 — o bigk s A . CH ST C il T EmEm
“EOPIMR{LIEH:" (aggregate initialization syntax, il a[] = {0, 1,};), WifEBIHA MR,
HHE LT IER AW R BRI ERIkE T, o A a0, 1), FTEATE(RE ] C++98/03 Myl
i, %5 HIAR 2l SIMEET, PHOEHVE A Tk AE AR P 2 (o A WR b 25 BU Sk ) SR AL B
S FiZ RUGREER UL, XFA—HNSFEARRLSRATIZAGE, MECHI11H, FRfES
— TRV, BT LAERVES o DL R RS P RHESPIGE (PitaesER ).
PE— A, EEWEREN T REWELRA —E RS, R 21 2 i AR TAER
AR OGRSk . B CHH11 R T iRk, USRI FHA T B R WOE ANz R g A
Y XS4k

BEH O] LATESS 4 TR T C++11 R anfarssd HE il 5 60 F 19 50550

1.45 HESEEBMEZLM

#i 3 Y ARV X RPRE SR IRL TR AR REIA BN, At 7e R ieas W1 o 2 09 6Rn)
RAEFAMB. 76 CH98/03 h, HHELRENER, Nk =5 HMAHEZFARIRE. X
PMRBYAZERIBLRETHE CIES . 7 CPHEEHRKAENER, 7 Cr+ hHIERR
REM—TK A7, FIAE CH11 R, FRESIAT TR “9RERIBE" Refdix /| )8,

enum class Color { red, blue, green };

int x = Color::red; J/C++98/03 AT, C++11 HEFIR: ATETF Color->int MF:

Color y = 7; //C++98/03 P, C++11 PEfiR: FTFFE int->Color conversion M

Color z red; J/C++98/03 WAYF, C++11 HEER: red ATEERIEA
Color ¢ Color: :red; //C++98/03 PEEE, Cc++11 PRIF

fE55 5 B, FRATSTEM VIR i S RERE R SRR L 209 CH11 F5HE,

146 SBHRESE

1E C++ e, AWML - TEFERNIE,. BRI RN EE
JEEETERN, (HRMER T HPAE AR BEH =B CH, 7E CHI11 p, FERIAKXLIAET
BAEAR AT DU T R AU i T e . DSt TR mTERE . BRIRAAEZ ARk
a4k, Hin ROM,

C++98/03 il H-%& const 6%, RidEx HiENF (ROM) HHFEREL, XEH N
£ C++ 1 const K7 BAERIR LG A B © MR 2R B R AR, WmfeiziTat A REdk
MAE . At TR KIHR AN, XX ROM & KRR EN ., XHEREFH SV
LRI B3 k. MIARHERS N T constexpr, ik eR%CRNZS it o] LBk 4 i3 0 A4 3 B
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R, WAECR B, RS R E B WA & hERM R ERELD, FHRNT FRE, #
i % F &R sh i /MR AR S (RECRMESR) M ROMME, CHILMIHF
THEL

fEC++11, RATEZEHA T HEREEAM T E. XRMARE CH11 FIIARIRFAE
B, C++11EASIARNFRE, IFREMRSEY T T REAGFRLIH. ERITEE,
T ERIERBRE TR EWFEL, ERFEPASTEES, MAANE, RE (RER %
AR NEFRS, SEREF-BENH) NeRiEBFRRENEF (EHETFER) £
SIABIRR S, MHAANTRE, RESATIEIEREHML, LRIELMB — s RAE . B
EREIEFREOFTEF, SUWREHNAXRF RN, EAFREWAN, XTGEE
C+11 Pk, BEmMMHEL . MMBEFAASEFERHRFES, MEEHRE, Bafl
FHBRME R B 728 B mutex SRBETT IR F XA IMB A B du gk as 7. 101 40 SR & R AR SR 4%
TR, XEEeRERE, SRR, AT (lock-free ) BYJF M
A LA R ARBI &R BT, AFEREIMPLE SRIERA 2. RAEEHS 25N %
(AR A, AR A L b RIE Rl 25 . FE AN T M X A A i B 7, Rt
MR W 2T RTESR (BT —ANFEHRT), BB T NERERNEE, MiFEAE
FRIEX REA TR,

struct {int a:9; int b:7;}

AR E AT HOFR O AT R3S, R RT LA R 21 7 AL
B, MTECH98/03 7, ZARBFPEGRAER XTI LTS X-ENRIFHRTHER a
M b EGA, AX b #ATRE ( EfeHh) ARHERAATEZE a WA # FHIMHEN TR
ERET . FEHERERLERFL T HHAHTENLE20KE, HREE5ERELBEHHTH
Hatt. CH11 MI7EX w78 BIE.

struct {char a; char b;}

5 EESENRIES Crr nTUTEE R G R PHERFTRAMGE, it
BEEWHRIRERGAE, FNE QSR B8RS BRI & TR e
., C++ WZ 5SS KKIRFHARE.

HMNEAER 6 BF BIMHCIF MR

1.47 HEEBHTANBESX 0

C++11 H—4~/N/N Y lambda $F44E B anfal S sh gw F th S0 ? M — 5 E ik, lambda H &
%f C++98/03 37 4 operator() Y JR FR{h AL ( BREOT S ) mBEH “iEFA". L,
TE C++11 H lambda 4 40 B 4 BE 42 A9 07 SR 3. 246 & lambda pREC AT, 4IFR/ATL
A BOXFE— T R, I ML SCHE R b B 2 BUG 3 45 lambda sR ¥, Aid, FLIF S0F
A4 )72, lambda 22— Rl %, X7E C++98/03 F IR {7 H AEHL (50 B % 454k



16 # 1 ¥

BeAh, MR RO AR R A A C++11 RS AT R YRR, lambdai @ i — T
EHEENFEE. BFAESEAFLERZTERN “lambda K", B} ©, WHARF RH
WA ST R 7645 B 1 F 3Coh B BIF lambda BR%. WA —4, lambda SRS B2 it BLTE B

lambda AR AL .

73— AT 20 B4y 64 oy R ek — S i B R IR IS B, 7E C++98/03
AT a0 A R B G RO B R . IRIEE A RE R T R, R AT REAER]
BEACRS BB A W, A4 KEEERFEE, HAE CH PABRFEIRNFE
£ C++11 FRIRATTAT LU i i sUBRA RN BR O 4tk , 5 B8 B0 P oKs a3 R B o M BR A9 . X
BECE TR A E MRS, MR, BFMAEMN T AWREmMERT ST,

HAI=AER 7 PR PR AR .

148 RAREMXT

PS5 P 09 S B TEAE AR AT R IR A9 T R o T e U 1) DR P A B R AT T 0 A
URL, ifif URL@HWHEETHRE /" BECH PRARLNARGEZ NS, @R
M ER LT VT MRS, BRI ATRE S IR REBRERT S, FTLAINREEH £ M 4%
Mok sl H R EE AR, (URS AT R B — B O R A &, 1 H & iENEE
TR, T C++11 FRYRAE AT R BT RER “F " MR, dunT LA Bh#R A 5L i i st
2 PL M 4% bk BRSO R Gt HORBV LA

F—JiH, W45 GNU MR (attribute ) JL-FETALE, Frf B4 iR as 8P 7E 22 X F5
B, BRATEmER, ERMAEE. R _ atribute_ ((attribute-name)) MG, BT
RNELZMFRIN, B THIFHRTEASAEAHCHZRE, LK EERELL  declspec
131y, HIAE C++11 , RITED @R B,

it C++11 5IAGERUBHEE KB ERAE T, BT DFERS A BB FAHRRE T,
HgndR RSN R R, Eitk, —Sn LISCEh G AR E, T U R (R
Bl T, RAEEEE TR PHABRFREEN ST, P XEMAEE— S5l ),
XA B SCBE i R A S B — Nl R R S . NI RGHREZER LI
K, EREMELT, £ CH+11 TALEFABHAERTRE AN ES, AN BEFERD
FELEE XA WU, A RS R R AR R AT A R — B, BT
C-++11 Pl 24 £ 0 d R i JL il & £ ——noreturn 1 carrier_dependency ( H5E final
override t— B[] “ A" ).

JRPE Y BIE SR A Z A TE T NS L GRIRR AN QI M A S MBS T R, RNA

© lambda e R —FF4RS lambda PRELAY SR UAS, BITE lambda MBS RIS P E5HFEEHE, FRER
B BEARER . MERAERRES 7 Eh A RA lambda 28 04 4 R S .



R Lk 17

TGS RGO, ST TE-RBRNMARERY “FE", EER
TE A H] pragma iEERIER TV R LA MIATHLE (R EH T H OpenMP, Xflk A —2
2 ).

FAHAESR 8 B 1A BIFCHI ML

1.5 ZEHMAE

151 %:F—ERBHHE

£ C++11 fpfErh, BRISHRARZEAMNRFRORFE. xR, IBRERIKL
BEE, EASREERE,

FCABFEMREXE S MEZNHLT, RMNSEHEAOBFEL, ik
¥ class BHiEN “K7, SUEH template BIEN BT, XEMIFCLNPICEE] NEEZ,
A5 ) 2 i X R Y IR

e A SR ERESOFA 8 AEZNHE T, AHP&FBARMIECRC
oK “URL” BN “H—BBUENES" ERMNBERKLE FRBKNA RIS, @ %X
AR T R vh S BRLBSHEE B RO FRAR o T K 22 BB S B L A 1 A I 3 o 2 R B AR A S ST )
BERE /) M — 2 R R PR HHEURR, FA SRR B IS0, LU RS B ¥ 55 47 Hh g
W BAE R o

X FEEATEZEOARK P CEIRN A, RITSRAFENSE. —afk, mR%
AR T, RO LEERN 7 ARt — b SCrof R, m7ESCP AR5 M
REFRP SRR A T ER, WaRE— b B, EEBRhE TR

1.5.2 xTFTHRBPHERF

fEAHS, ERAERITSH —IE W cout . printf ¥TED Ehn e il / SR A BERAER
WMRERED, MERHSKRE, RIMMAAIFERE A ERERN. Hin.

int a = 2012;
cout << "hello, world" << endl; // hello, world
cout << a << © is doomed" =< endl; // 2012 is doomed

I, —3CHER . AT EAERABNMRLSREERY. EENHELT, ERP
A TITENESRIE A=A LA mRE. mRa, RIKESLIESHILT. win.

cout << "hello world" << endl; // hello world, ¥TEl "hello world®
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153 XFHFERHRBRHAIELEFES

EABHHRE S, BA—ILEAT 3 FhéiFasxUHBE T4, B IBM 89 xIC+#, GNU
9 g++, LA llvm (Y clang++. FRAIEEAAIX 3 FguifEa i R R P MM, Heb xICHf
BRI R P HIRA 13, g+ R ITFRPRIRA 4.8, T clang++ W HAR IR P

REA 3.2,

AfR AR mfEE RG], PREMAT CH11 IRMEREP RS, LI —2R b
B, AFABRER, BRASFEREMAN C+11 FRA 8B I, LLEE RIS
A S as . SiRa R A M 4R B TS S EEUISAL . GEABRRIEG, RIS, g++ &
BRE, HXHFRNERE HAR PR E R T X LU m 6. WRITBLER Bl55 R
F, BEAMER AR, SRR SOREEATFERKAAMEZEN (GX R ARMER &
SCRFHE o T RARB) G 1E A8 SR, BRI AT LLE T M % C SR HIEMTE ..

FAHAEIZTTF & Z— B —GE177E IBM Power i %7 #% I 1Y) SUSE Linux Enterprise
Server 11 (x86_64) B REHIAL ( NIRRT LI F R, EZBRN EHEA HIA S5 LEILEA
—BZ A, WiARE Linux ARSI RATHA LR ™ EEN ), 2T EFEZ MR —KETT
SUSE Linux Enterprise Server 10 SP2 (ppc) #J IBM Power5+ il % 7%



FQ=
RIFREMENF ST

tER CIEFHGR, Cr+ A—TRITAMMFE— CIETRIREARA . XFFRIAREA
PEAROUABER FF 5 0] LABCA A 5 s C AU “FAR” O C++ AR5 L, BRE7E C U]
LB C++ B4 FRER T4 i Lo BBy CH+11 bRt IFARBISL . 7 CH11 b, B8 SR ARIE
TEABIRFEAR BT T , S aRE, URMMEESHREE SHEME. AR
Bt A AR T BT AR

21 RFS5COO#E

%5 BaA

fE C11 Z R BT A9 C bRiER 1999 4EHIE R C99 brifE. MsE—1 C++ i S hnE ) 4
1998 4F (Gl W #EFR A C++98 ), Hi/FAY C++03 FrifEt A 3F C++98 #4T T/NAMETE. XAE—
¥, BRCIESEAEVTHREHEEBCGHBYESIAT C+H+iBSRES, HRERGASE SR T
C99 tRMERY) “IEMZ 4", BTLL C++11 ¥ 3T LT C99 bk ST Hrth &R A T Hrbn b .

QC99 H Y HiE L

Q_ func_ FilsE ARIRFF

0 Pragma $VEH

QR ESHEE XIS _ VA_ARGS__

QREAEFAF

X I A RIE R AN —RE R, I BA W C++ SRiF 2R SCEL R ARG TR sk X S gy
PESEBL, PR AT AEK B MR A A R B A . mﬁﬁﬁcwmﬁﬁﬁﬂﬁu¢ﬁ
AL SE ] LA I MR UE PO AR, AR AF —T.

211 MEMXE

MBS, AIEREPER I O R BUE X, MR, & BREWEHSH LN
FEIE S bR . mﬁ$cwﬁ$,mm%:ﬁﬁﬁm—%ﬁﬁx?gm+uﬂ#%MTﬁﬂ
SRR, RATATLARE—T# 2-1,



£ 2-1 C++11 fh5 CO9 ANE

E & W Ih RE # iR

AR IR HAR RSP X e bRk C HE, BBARXERE Ch I HWE
IR 0

e C S iF A8 W X AR R SR LR FM C falE—B. C+11 b
- - B R TE LB SE WA 2 (8 o S RS8Ok B E

C 4% 25 5 F X 22 R e B S 3509 C ARMERYRRAS, Eh AN 1999mmL, C++11 fidErp
XA R S B SE JLA 4 (64 th SRR A R UL

XA R E U —A yyyymmL KNS ECE R, Blin 1997120, HIR &R C++
EIRELTT 3T R4 ISO/TEC 10646 FRME

__STDC_HOSTED__

__ STDC_VERSION__

__STDC_ISO_10646

X s, AT LIAB LA IR EENT C FRuEM C FEM SCH R M, I Cadif 8o 241
FioR o

%R 2-1
#include <iostream=
using namespace std;
int main() {
cout << "Standard Clib: " << _ STDC_HOSTED __ << endl; // Standard Clib: 1
cout << "Standard C: " << _ STDC__ << endl; // Standard C: 1
// cout << "C Stardard version: " << _ STDC_VERSION _ << endl;
cout << "ISO/IEC " <« _STDC_ISD_PIU'EJIE_ << endl; J// ISO/IEC 200009

}

// WFET :g++ -std=c++11 2-1-1.cpp

FERNIASLEAL L,  STDC VERSION XN EERAEN (HLEMFSHEMERN, I
# 2-1 iR ), HARMERRATLFTEN — R /{E.

HiE XEXM F& B FERBHREEY LA TR, #adbl L%, BFRELE
H #ifdef/ttendif F HIAL RIS, BUATMER-F G MU RIEE & T 400 & U5 4%,
MATITAE [l — B AR P SE B 2 & 8 3CRF . WX R X B, PAERMEXNEREE, R
TS 28 6 SCRFROER .

ALEAREENR, SHABUE CEMRM, WRAFEE X (#define ) 5 #undef T i
EXWE, BABRRE “REX" #9. AKERBRES, BFANZEEREAEXES
Bt AR 4 B O

2.1.2 _ func__ WEMIRIRH
REBL M HRIFREBZFF COOArMErh iy func  FilsE WHRIRFThEE, HILAThAEM 2



RIERT AR M 21

IR B R TE PRI B . RATATLLE R FlX 1T, Ui 2-2 Frm.

e 2-2

#include <strings
#include <iostream=
using namespace std;
const char* hello() { return _ func_ ; }
const char* world() { return _ func_ ; }
int main(){

cout =< hello() <= ", " << world() =< endl; // hello, world

}

// iR :g++ -std=c++11 2-1-2.cpp

TEACHS T8 2-2 H, IRATTE LT B R % hello 1 world, FIH _ func  FilE HRIRFF,
RABEE TR AT, FHHHATEN R, FL L, BT L, WiFeRa i re kil
BIE X 2ZJEE X func_ FRIAFF. Wi BRGIF9 M hello A%, HELFRMEXERTF
RCP

const char* hello() |
static const char* _ func = "hello";
return _ func__;

_func_ BUEXARAMXM TREROERABEA +2EEM/EM. WE C+11 4, #x
HESL F VT HME RS E S WET . BRATTLUAER FRXHF, W% R 2-3 Fs.

Ruike 2-3

#include <iostream=>
using namespace std;

struct TestStruct {
TestStruct () : name(__func__) {}
const char *name;

}:

int main() {
TestStruct ts;
cout << ts.name << endl; // TestS8truct

}
[/ HWEEW :g++ -std=c++11 2-1-3.cpp

MACES . 2-3 ATLIR B, fELSMARAH S REeh, WIRER ARSI RMEM _ func_ HiE
SRR RAIATH), HECRBARBP . A fun_ SRIUEFE b s 02 B0 IR
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INMERA VTR, aF B .
void FuncFail( string func_name = _ func_ ) {};// KiEilid%iF

X RHTESEEWAR, func  BRFE L.

2.1.3 _Pragma B{EH

1E C/C++ FrME, #pragma J& — & T4k PR #8 4 ( preprocessor directive ). fA] 5L b ifE,
#pragma J& 2K 6] R 1 2 5 A 18 5 i LIS —26(5 B 21T RBEaE-F, WRBMEMAE
B3k SCHF s E ST LR A

#pragma once

W 4Zd5 4 2R RFER (WREIFER G ), BUFAM A #EHE—K. X5
AN FACES R E SR U ATk B YRR I — Y

#ifndef THIS HEADER

#idefine THIS HEADER

/) sk Ay E X

#endif -

{E C++11 h, $RHERE X T 5 MWikb ¥ 45 4 #pragma IHAEH [ ¥R /EFF Pragma, Pragma
AR RIRE T B

_Pragma ( FHEHFEE )

HAF T LB sizeof FIMEFT—H, HFHRFHRENSHUEEFSHET, FAE
KBNS ] #pragma RLIAYECR, WA T Z a0 H{CRSEIAT,

_Pragma ("once") ;

T AH e AL B 45 4> #pragma, T Pragma B—MERVESF, HbkvlAAfE—%h, 3R
fIIAT LA &/ F maX A4+

#define CONCAT(x) PRAGMA (concat on #x)

#define PRAGMA (x) _Pragma (#x)

CONCAT( ..\concat.dir )

X B, CONCAT( ..\concat.dir ) Jt# £/ Pragma(concat on "..\concat.dir") 3 FE %R
(X H HEBAERECR, MR A iEeS CIFXFER)  Pragma 1515 ). 1 #pragma W ARETE
ZHIEF, BN REREE FXRE, C++11 89 Pragma BA F B REH:,

214 TRBBHIEEXE __VA_ARGS__

£ C99 R, BIFHRATLAERZERKSHAEE L. BREBBUNE & URIEERE L h
SHFNVRNBG—1BEOVERS, MHE L VA_ARGS_ W A] LAYE % 8 SR SEBL 4



e Y2 Y e

A S RO FS. L.

#define PR(...) printf(__ VA _ARGS_ )
LT LLE X —A printf ()54 PR, FX L, BRBEET printf & —XHEFREF . FITR]
EAE A% B 2-4 PR A — A B R SBCR IR A .

mEgp 24

#include <stdio.h>

#define LOG(...) ({\
fprintf (stderr,"%s: Line %d:\t", _ FILE , LINE );\
fprintf (stderr, _ VA ARGS );\
fprintf (stderr, "\n") ;\

}

int main() {
int x = 3;
L/ —ERE L
LOG("x = %d", x); // 2-1-5.cpp: Line 12: x
} :
// HRiFEM :g++ -std=c++11 2-1-5.cpp

]
[FY)

FEACRS L 2-4 b, E X LOG M Tt AL B b —2ef5 B, B 5 AT LR stderr
PR HSE BRSPS IE R AL E . FIARERRRE, X TREZAR, M
ERE AR R A BRE L.

215 BEFRHFEMNEE

FEZRIH CH FRMED, HAETFRS (char) FHMBREFFFH (wehar_t) BKEXHFT
Ko WfE C+11FRMETF, FERAEFAT B MW FRFBAITIERERS, 8 C+11 FRAEM 4RI
BT BRI, RS REFRHTERE,

HELE, ECHIF, RIEELTELZMEMFHFBEY (FBERN T EiF I
Unicode ), HETEMEIAE, EEFTLISI 83 5841,

2.2 long long B3

%5 WA

M T C++98 t1ifE, C++11 BAIAH KM EME L T long long. HH L |, long long
BARAKIE C++ PRMEMRIL, 576 1995 4E, long long BB IRILE A C++98 b, Hgk C++
R AL T . WAk, long long BIHFEAT C99 trifk, i HLF 3L iR B 4iF
MILFF, TRBIH, C++ RS R £ XL IEH long long WA C++11 FRME,
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long long % %I % # f' . long long il unsigned long long. 7E C++11 1, FR¥HEZ K long
long ¥ B 0] LLFE AN E) - & A AR EE, HEDH 64 (. BIES W87 kes, nTLL
{#F LL 54 (82 1) #RiR—1 long long 28R F &, ifif ULL (¢ ull, Ull. ulL )
—~ unsigned long long JERIAYF i, 0.

long long int 11i = -9000000000000000000LL;
unsigned long long int ulli = -9000000000000000000ULL;

BE X T —1A 51 long long A% fit 1li FI T AT 5 ¥ unsigned long long ZF f ulli, 3L
b, fEC+11H, BHREY long long FHMAIFER, X THAFEH, FTHRAEMES
#ri# : long long. signed long long. long long int, signed long long int ; [l unsigned long long
1 unsigned long long int L2469

[FHADA R —FE, ZT#F 5 L long long K/NTT A EER <climits> ( B <limits.
h>th #9 % ). 5 long long % % 48 % #) — 3£ 4 31 . LLONG_MIN, LLONG_MAX #
ULLONG_MIN, Efi1558E 7 G L/ long long {H. # KR long long fH, PAKIEK
Y unsigned long long {H. PRI/ T X EF, mfCiige 2-5 Fimn.

REGKE 2-5

#include <climitss
#include <cstdio>
using namespace std;

int main() |
long long 11 _min = LLONG_MIN;
long long 11 _max = LLONG_ MAX;
unsigned long long ull_max = ULLONG MAX;

printf(*"min of long long: %1ld\n", 11 _min}); // min of long long:
-59223372036854775808

printf("max of long long: %11ld\n", 11_max); // max of long long:
9223372036854775807
printf ("max of unsigned long long: %1lu\n", ull max); // max of unsigned

long long: 1B446744073709551615

}

// WMiFEM :g++ -std=c++11 2-2-1.cpp

FEREHER 25, LU E3INEITE T H¥E, X Fprintf REEHE, WHAEHFS
1 long long 25 %Y 4% @& W L) 5 5 %lid, ifi K7 5 A unsigned long long M @ LA % H %llu.
18446744073709551615 F 16 i #il #& 7~ /& OxFFFFFFFFFFFFFFFF (16 4~ F), ] MZERI1HY
4GP, long long 2—4~ 64 i fY2KRY,



1R AEAS T o Bl 25

23 ¥FERAOER

& %3: #WBHA

BIFAESERBP AN — SR H T, I UINT, _intl6, u6d, int6d t, 5%,
XA IR B RIS 0 BT R, A RNk F R H A (i TAEFE Linux
%), R—mME. MELLE, £ C+11 P—ILHEXLTLT S MirfEf A S8R,

Usigned charl
Qshort int
Uint

Qlong int
Qlong long int

HEFER RUE, B—FMAFSBEREAE M N A TS BERE, BAFSENSH
X B B JCAT5 # R LA M R 69 A7 i 22 B /b, BN signed int X R ¥ JCAF5 REAS i) B Y 2

unsigned int,

LR wmE D, ATXSHEAWBEREHEAR, MUARNHRFRHTEE,
ZHITV RSB, 7E C++11 H, X XEENY REE T —8fle, Bl BT
FRE#E Y ( standard integer type ) Z b, C++11 Fr¥E ALIFHIRAET R HA M PTEY B g
( extended integer type ). X4Ly " RERIM KA ( K HNFAOME) 7T B ARk R
(long long int, il H J&—1> 64 (K BEAIEE ) B4, W®aT LA F P bn ol S B0 B
8], LEandE 128 (RS L, SRiF48nl LUE L — P R R AT N 128 A7 A998 % ; mifE
— S AT & L, WaTEHEY R 48 (IR | R C++11 ARMEHFRA XY BT A
LRI A PR R A sl 0, FUR T R 4 AU A4 foF R sl T — e B PR .

fEIEHIR, C++11 HUE, ¥ RABELLMHPRERR —F, FFSARALFHSAY L
MRFERNNFEZ R, Wil T C/CH+ R —FEHRAIEFS, Miz® | ESFRRRITAK
Afe, HERYM) 2R A B Fedte, X BLE  BEFR O B R AR T (Integral promotion ),
i F #Fak=

{(int) a + (long longlb

i W& FBUE R (int)a ##2F 4 long long 2585 45 (long long)b #fTEH . i Kit
Y RABERERIENER, KWW SHENR “S%” (rank) HE. i@ %1
e, AT A TR .

QAR KRB B S 0B ,  HL AN long long int A28 28 T int.

© KRTCCHERBREMNBTERBEAMNEBEFTHEAE LS, %2 W hup://stackoverflow.com/questions/
430182/is-c-strongly-typed..
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DKEHEIMHENRT, mEERNSRM TV AR, I long long int F Lint64 LI
#hJE 64 {74 E, M long long int KRYAYGH T .

QMfFE A DA FSERMET SR BN FELRHMFE, long long int Fl unsigned long long
int AR AL .

M ERAT R M S R R A a0, —BERRESRBRER IR FRER, HHSH
A TS o RN ICER C++98 HYHE RUFLHALI 2 — B89 .

FERCRERYRLII SR T, IRGRAE L2 AR, XA A XAERH T4
FRIFBA SR A, AT M ARSI RIE, EEHFIRITRENERF /A M
O FE Y R R S pr e R ) A AL b (EH R R ) FFEFEARBNRT

e — A 128 UM 42 1, IR AT LLE X int128 t A 128 MU A 17 S 8
B (XM EMFSEBNA uint128 t), FTRFEF R LI A int128 26 B {£1FIE W
+92233720368547758070 AU K BB (KT 64 (i) HRE ). M AHER MR CHRI1E
LM, —HBRERET, %EERmAMN, i _int128 ta, S{EMETERABAE
% b HHTIER (i) i, #BESSE b PRl int128 t MR, FE NP BAE
RAZESF CH11 BIELE .

24 3£ _ cplusplus

& 5. oA
ECECHIREGHRENAE T, RIMNEESELTHEFEI TSR,

#ifdef _ cplusplus
extern "C" {
#endif

[/ —HRH

#ifdef _ cplusplus

}

#endif

SRR 24 AU Y 3k SCF AT LK #include B C SC{ErRi4T44%, AT LA #include B C++ O
TR, BT extern "C" A] LUMH C++ X A% . RS S (symbol ) #iTLHE
# (name mangling), BEHIFHK C BIrXFM C++ B XFTPER . MBEFRSETS
ERAFE G (FUAME ), GEHEE8AT LUAT FEh X FIRR 2SR 40 B AR SO AT RERE . ORI
BRNT C 5 C++ Bk STy SR

KT EAEE, BERHEEIAN  cplusplus XTERE “BEXT” 1 “REX" B
FiRZA . B3 EEIFHAEMML,  cplusplus X425 W #UE U — R RIE, W BB R
1£, __cplusplus E— it &R —A L LATEARMES S KA9ME . Hhinde C++03 #riErh,  cplusplus
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HEBEPE S 1997110, WifE C++11 #ndErh, % cplusplus # i 4 2011030 X s 2B fL
AT LA ACHS AT A . EEAnFR I B3 e AR s AR 0 FH S F C++ 11 SR it 1T ATy AR RT LA
F&F A TR

#if _ cplusplus < 201103L
#error "should use C++11 implementation"
#endif

BXCH, fff T WAL R4 #error, X fEEAIFF C++11 AU 4 i3 BN IR B8 I 28 1k 4R
o EHOTLUE ] CH98 4T A C++11 MERIFRS TP 5050 — T HAUR .

2.5 BESEE
@ #5: FEEE

251 WE: BT S5 Ee

W75 (assertion) B—FfamfE ¥ HAMNTR. EEEWNRT, M5 SEK— & BEE
EWENAEMHRBAE SRR, ATHRERITAZER EAN Z=EMWR. in—18
BETEMAE—ENTEBRANSE, BAE8FARTLXZSEEREKS, LLEELEZS
BOE A R A RHERFE S, e SR AGEE IR

M—EE Y Fif, BIgHARIEFERFMLTER, ALX FREFRERN, AXES
BRI BRIF R EREEIREER T LR AFNEFER. £CH+P, fHRlEE
<cassert> ik, <assert.h> kX ARRIF BRAL T assert &, H FEESITH#HITHE . R0
LIEE X, mfUeSiE e 2-6 s,

LAk 2 2-6

#include <cassert>

uging namespace std;

J 1T A P R o G R B

char * ArrayAlloc(int n} {
assert(n > 0); // Wim, n@IAkTo
return new char [n];

}

int main () {
char* a = ArrayAlloc(0):;

}
// HRiFEEW :g++ 2-5-1.cpp

FEACRL T 81 2-6 1, FRATTE L T —~ ArrayAlloc BR¥(, 1ZpRE ) ME — T BERE R 7EHE |4
BCF R BEY n MBCHIFRIFL, T EREINZ A, R ArrayAlloc X &8 n 17 THIF ,
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BORH AT 0, 1M main BRELHIT ArrayAlloc B9 A BEA W X1 5040F, IBATEETTH,
T  AE RN F 455

a.out: 2-5-1.cpp:6: char* ArrayAlloc(int): Assertion "n > 0' failed.
ARborted

{6 C++ v, FIF RN LUE L7 NDEBUG ¥25 ] assert %7 X % & 4 B ¥ ke ik &b
ER, FOARFRPRFR HEREEY, mHBrMRFERORLSSEBEFSHY)
BER%L . A 4ilidaE X NDEBUG % & iR st ol AR B R e 2 R AR L . Y RRF A
() BB, 8k %A E % NDEBUG BIRRAS, #5500 AT LA H 3 25 B b 48 2] 4 [m) 181 A4 47
HC |, assert ZETE <cassert> P AISLH A AL F FIIEA .

#ifdef NDEBUG

# define assert (expr) (static_ cast<void> (0))

#else

;;;dif

WTLIEE], —HES T NDBUG %, assert ZUH# R IT R —F LT LM Cifin) AN £
B iR AL ),

1E 249, RATBEBR T #error XFEMTIALEEFE 4, MHE b, @it FILLERHE S #if f1
#error MIBC S, AT LLERF RAEBUCHERBHITHT 5. MR ORI WK, i
GNU ) cmathcalls.h 3k 3CfFA (7EIRATSERAL E, %30 T /ust/include/bits/cmathcalls.h ),
RIT&FEB TR

#ifndef _COMPLEX_H
#error "Never use <bits/cmathcalls.hs> directly; include <complex.h: instead."

#endif

QSRR 3 AR S Sk 3 <bits/cmathcalls.h> 1 T41E, AT KR, #error 144
ReoE AR A, DTSR AR A P A B X A3k SO, TR 24 & 3k 304 <complex.h>.,
XFE—oR, B TR BT, PR A A AT L S — sk SO 5 | R,

252 BWEWES static_assert

it 2.5.1 WHIBIFRTLIR R, Wi assert 2 A ERFEITR A GERIEH. 1M #error B
TES o DAL PERT A BERER . A BBHE, RAIFBERIFGEM WS, i F x4
BilF, WAL 2-7 B,

REEe 2-7

#include <casserts
using namespace std;
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// BOESIEEMERIFEN R, S TEEES
enum FeatureSupports |
ca9 = 0x0001,
ExtInt 0x0002,
SAssert 0x0004,
. NoExcept 0x0008,
SMAX 0x0010,

}:
/1 — A EERER, EAR. FEERY

struct Compiler|
const char * name;

int spp; // 1 FeatureSupports H(3#
}:
int main() {
/] RAEECE RS &
assert ((SMAX - 1) == (C99 | ExtInt | SAssert | NoExcept));

Compiler a = {"abc", (C99 | ShAssert)};
/...
if (a.spp & C99) {
[/ —2E ..
}

}
/[ WRIEET :g++ 2-5-2.cpp

SIS 5 2-7 i 2 C A E A “HEAfFMEE" FF. Ezfd, RINMRE
T — A H 225K FeatureSupports, F T 512 451538 0 & FRptE 09 245, M4 #4& Compiler M
AET A int BBIE R spp. AT ERRHEAERA “SZRF MR BRORE, TRy
T EEEs ], AL FeatureSupports BIRCHH o5 35— M5 00 LA 8, e
il ‘B GEHE4E LA EFE Compiler 1 spp BUGIH (BP bitset fOREE: ), fEMERIRT, WnT
RLHE i KA spp RS0 20 ) 7 G 128 28 0T A R 7 S 8

AHRH XN E SRR £, W HESERBYgET P AR, IBARBHS & O
SRR ik e X X e S TR, HinER— TR EAENMSE., EAFFEEROMER
fEH—A “BRAHZE" SMAX, il i SMAX - 1 58 HlHe2E o4 55 508 5 18 iF 2
EREMBEEEEN ., FTLAAES, R SAssert #iR5E LA 0x0001, Fik (SMAX - 1) == (C99 |
ExtInt | SAssert | NoExcept) ¥ AR .

FEAFI PR ATE R T W assert, {H assert B—MEfTHMBTE, XE®RELSTRER
MEXEBRNET AR . E—LHERT, TRATESZN, Ha]ERyGafT s
AZVRF] assert FKAIURDEIAE . X BB R R R 7E S IERHH U RE S AL

FE—2 C++ BRI RS P, BATRELSERMEIMFES, T XA+, ok
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B 2-8 FR
REQ#L 2-8

#include <casserts>
#include <cstring>
using namespace std;

template <typename T, typename U> int bit_copy(T& a, U& b){
assert (sizeof (b) == sizeof(a));
memcpy (&a, &b, sizeof (b)) ;

}i

int main() {
int a = 0x2468;
double b;
bit_copyl(a, b);

}

J OERPRET cg++ 2-5-3.cpp

{RES 3 51 2-8 1Y assert 2B ARIE a F1 b FIMARIA K BE—3, 3XFF bit_copy A AES (%
UEE 3R fEA BB A F R, X B IRAE R FH assert HXFERYIEFTRTHE, HnE
bit_copy ABLIE A, ATH LEMAZMF . LB L, E§07 4 W05 A B LN % 46 B0 52 fl
femt, BP4iRad .

B B 2-7 FACHS 3 B 2-8 3 2 [m] B i) A i 7 R R HE AT 4R B S AT =, B AT AY
“BpEWET. BELL, FIRAESANEHREBENSRIHEIERZ, HB R A 3B IT R A
Boost 4 & () BOOST_STATIC_ASSERT Wi &5 #Ll ( FIH sizeof #BAEFF ). HATATLAFIAH “B&
0" SFBURFMFMEX M RLHABENS.

#define assert_static(e) \

do { \
enum { assert_static__ = 1/(e) }; \
} while (0)

TE TR X BEACHSRY, 328 W] LA Z & do while fEFF LI % enum X 26iEE FH TS, HIFE
YERT B HJE 1/(e) XA Fik . HBEMABRER 2-8 b, MSBILHEIEE 29,

fRui%eR 2-9

#include <cstrings
using namespace std;

#define assert_static(e) \
do { \
enum { assert_static = 1/(e) }; \
} while (0)
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template <typename T, typename Us int bit_copy(T& a, U& b {
assert_static(sizeof (b) == sizeocf(a)l;
memcpy (&a, &b, sizeof (b)) ;

bi

int main(} {
int a = 0x2468;
double b;

bit_copyl(a, b);

}

/f WEFEE :g++ -std=c++11 2-5-4.cpp

GERMIMTMIG, fEEIREFEHRITSAIREROERBE, EETULE T
FEAHCANEITMEGR, ERIVERIL LS HEEKHHREER, FEFEERTH
iRo MR, EHWALIZIK—T Boost FEN B ) BOOST_STATIC_ASSERT, #iih Ay 2(F
BJE sizeof §1R . (EXREMF I XBEN T, HEEHERHEH.: 2H{ERARERT.
AR i S W SRR 51 T BB — B O BB R R R BT E AR b, DT LA R S £
HARAR

£ C++11 tMEP, FIAT static_assert W 5 He M deixX 4~ [a) @, static_assert {5 FlE2 R AE 3
A, EEEASSH, —TEEEREAK, XIFREAREHEHEERE—1 bool {H; —~W
EEEFE, CHEHEERE—BFAH. RITTLLA static_assert e — T LH% 7 4 2-9
bit_copy B,

template <typename t, typename u> int bit_copy(t& a, u& b){

static_assert (sizeof (b) == sizeof(a),"the parameters of bit_copy must have
same width.") ;

}i
AR 2 PR SR AURS I B 2-9 mat (R, RITKXBRIWMTRHEEL:

error: static assertion failed: "the parameters of bit copy should have same width."

XA BRI, AR AR TRF AHH . TH T static_assert Z4RiIFH
BT, HEAEE AR assert —FEZBIPREI . fEEHEB T, static_assert 7] LLA FAEI 4
FaEE, mACHSHT R 2-10 FiiR,

REEWER 2-10

static_assert (sizeof (int) == 8, "This 64-bit machine should follow this!");
int main() { return 0; }
// SWFEW :g++ -std=c++11 2-5-5.cpp

MAE C+ H, eRECA AT BERICHS TS A 2-10 /Y static_assert SCRERN 37 TF45{a] 98 F 2 4
iZ1T. PAIHF static_assert 55 7E pR UK /P H BB IF A 0E#E, X1HNAE R EE TR ES &
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P static_assert S W & M1AE TP 2 U eR B LAt R ik, AZTE AR, static assert FéTIF
T RSN R LI RERP T LOTE 0FREK, LR ERERAX. WREEFEH
TR, WeSEEHR, mfURSNTE 2-11 BR.

NS 2-11

int positive(const int n} {
static_assert(n > 0, "value must >0");

}
// HRFET :g++ -std=c++1l -c 2-5-6.Cpp

RIER2-NEHTESHZERn (BRE const B¥ ), HETM static_assert JG ki 1 4w
B AFE], mERFRTEENHRETHERE, AL assert %,

2.6 noexcept & FF 5 noexcept RIEF

& XA EEE

FAHE T W 5 A T HERR 2 0 AT REAF7E AR, Bl W R T2 LT iR A il
Ro FECHI8H, RINFAT EXENARTCHFFLAHRRSE, EdXERFTLEER
H, C++ i TiEt CMAM AL FHIIEE,

ERHAARAANE T, BFERABER ST HREHEHIEER.
void excpt func() throw(int, double) { ... }

7E excpt_func BREF A Z f5, RA1E XL T —A 307575 % 78 throw(int, double), %7 B
R T excpt_func FIEEM AR R AR, T, ZFRHRA M A, HEIKAE C++11 b
FFHT (ZRME B), MR RBA S 55 1 5h A5 7 % 7 0 throw() 28357 19 noexcept
S B FTES

noexcept JEMMH Z i, RAHBWHMRBASHMHRERE. At throw() shAE R ¥ A
A [a] )R, 7E C++11 % Q0 2R noexcept B Wi MR B i T %, HiFRnT LIk HER
i std::terminate() PREOKRZ R FHETT, X HETFHEULE A throw() TR F & —2,
XS P R B UL 2 ok — Se AN T RS, el B R W, S S B R B BRI R T
(unwind ), FFHCR e A C F  B 3h78 & B0 B sl 305

M EJF, noexcept AT PIFAIE, — Rk 2 18 5.4 75 pR 307 94 5 L noexcept
KT, .

void excpt_func() noexcept;
FEb T AT LU Z — N BRAREASE, TR

void excpt func() noexcept ( HtFELR):
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WREXIA GRS E RN — T bool KRME. ZENtue, EARBRBA S
WMEH, RZ, WAHAREME S, X8, R4 EREXA noexcept YT HM T
noexcept(true), BIARLHEH R .

FEEHE WO, 7€ C++11 P{# A noexcept 7] LAF SO BH I 5 ¥ AL HE S48 BATTATLA
HARTEXMTF, wAHHER2-12 FiR,

KEHR 2-12

#include <iostream>

using namespace std;

void Throw() { throw 1; }

void NoBlockThrow() { Throw(); }

void BlockThrow() noexcept [ Throw(); }

int main{} |
try |
Throw() ;
}
catch(...) {
cout << "Found throw." << endl; // Found throw.

}

try f
NoBlockThrow () ;
}
catch({...) {
cout << "Throw is not blocked." << endl; // Throw is not blocked.

}

try {

BlockThrow() ; // terminate called after throwing an instance of 'int'
}
catch(...) {

cout << "Found throw 1." << endl;

}
}
/! WEEM :g++ -std=c++11 2-6-1.cpp

EREIER 2-12 %, BATE X T Throw FREL, ZRBEAHE {ERERH —4RHN.
NoBlockThrow J& —“~i# Fi] Throw i) ifl ¥, BlockThrow il /& —4> noexcept & 11 fiY) & ¥4 .
M main B2 THRATATLAE B, NoBlockThrow £xil Throw s ¥l i A o ak e i, H )
main H1 /Y catch iF A4 A4 . 1 BlockThrow M2 F1 % F std::terminate 7 W2 7 #9047,
TR IE T 3 Rk S e . MWEERMR LFH, X5 C++98 Y throw() & —HEM.

1Ml noexcept 1 A— A #RAEFFRT, EE W LI FEMR, Hin.
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template <class T>
void fun() noexcept (noexcept(T())) {}

X B, fun PREURE T B —1 noexcept MR, ¥ TO) RAXEBFT LW 7 HF sk E.
iX L AY%E — > noexcept BEJE— 1~ noexcept #1EFF. HHBHE—IA AT EEM 4 7 ¥ B FAK
R, HAE MI{E 4 false, 2K true ( ZZPF noexcept SR [A] false i 15— 2L i, X
HEARAHT ) XFE—, FRATHEAT LU ok BOHR 88 2 14 55 B noexcept 1841 Y kit A< 5%,
7 noexcept A RA ., MIZRIGEAMBEERR, XHEMBIHRIE M XTF “BHETM R
W CRER A AT LU i Fak T HE S . X B eT LLARAE C++11 8 T B 4 b 3 F751Z Bl 4
RS AR

B R noexcept &1 A4 PRBHE T std::terminate A% F 45 1R P O P4 T 89 T BE &7
REmE, winkikfiuEd KA RBMIEEIEH, TR A hERSE, BRE
i, “BS” MW EAERFRCEREPAMAME. FELE, noexcept B TIZHL . RETH
W FHPE C++11 ARHERE , FTHRERMERERERE, LIS R — S IE R WP Bt K.

FengE C++98 W, FELESHF throw() 675 BH AR Hh 1 5 4 Y PR .

template<class T> class A {
public:

static constexpr T min() throw() { returm T(); }
static constexpr T max() throw() { return T(); }
static constexpr T lowest() throw() { return T(); }

MAE C++11 &1, N{dFH noexcept K& throw().

template<class T> class A {

public:
static constexpr T min() noexcept { return T(); }
static constexpr T max() noexcept { return T{(); }
static constexpr T lowest () noexcept { return T(); }

Xiptn, 7E C++98 1, new A RES LA —L4 4 Y std::bad_alloc % .

void* operator new(std::size_t) throw(std::bad_alloc);
void* operator newl] (std::size_t) throw(std::bad alloc);

M7E C++11 &, NI{#EF noexcept(false) FHiT8 L.

void* cperator new(std::size t) noexcept(false);
void* operator new(] (std::size_t) noexcept (false);

M #R, noexcept B KM /ER ERIEN HBF M E L, Hin— 350 H B ¥BOR v iZ i
HEE, 2% T8 BT el B8 F A9 delete PREOEBL, C++11 BRiIAHF delete 3R 3% B 1
noexcept, AT LAHE RN R P AU %41
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void operator delete(void*) noexcept;
void operator delete[] (void*) noexcept;

miERE S FR2e%EE, CH11 AR i HTH bR B3R At 2 noexcept(true) B, 5K,
SRR P B S H R BT A SR MU S T noexcept, 3% ASHYFEA 5 A A noexcept(false) HIHT
MRS, HriREURA S FERRIAME. ROTATLAES Fraf 1, Wik 2-13 FiR.

%R 2-13

#include <iostreams>
using namespace std;

struct A |
~a() { throw 1; }

}:

struct B {
~B() noexcept(false) { throw 2; }
}:

struct C {
B b;

}i

int funa() { A
int funB() { B
int func() { C

int main() {

try {
funB () ;
}

catch(...){
cout << "caught funB." << endl; // caught funB.

}

try {
funci() ;
}

catch(...)}{
cout << "caught funC." << endl; // caught funcC.
}

try |
funa(); // terminate called after throwing an instance of ‘'int’
}
catch(...){
cout << "caught funA." << endl;
}
}

/) SR :g++ -std=c++11 2-6-2.cpp
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TEACEEI L 2-13 b, iR AT # s B B 4 noexcept(false) AY26 B, £ EEEFT B K
BB R C, KRB ETTUME R EA. BAMAEBRASHMIE AR
By BRI\ N noexcept(true), MMiBHIE T HHW MY 8. XEZEHMEHAS, NiX5 28R

HER.

2.7 REVBUKRER

& #E5: #aA

£ CH98 t, THf T EXFWHMASES =" MIKREM TR, RMBLLEIBER
AE R, XFAEIATARINMERZ N “SiH” A, stbAREANREIENERN, Rt
C++98 X2 P g s 5 B B BORANAEH B . RSN A AW EFHENE, WAT LIt s,
T L B R ) i A A Bt R RE R R Y s A R RE R BT Gk . T AR AR L B AR B A
SRACI ARG R BRI T . RATREE T ma9F T, WK R 2-14 Fim.

EgWE8 2-14
class Init({
public:
Init(): a(0){)
Init(int d): a(d){}
private:
int a;
const static int b = 0;
int ¢ = 1; J/ OB, JoEkiE A S
static int d = 0; // WA, XEi#dRF
static const double e = 1.3; S/ AER R EERCE, okl e

static const char * const £ = "e"; // JE¥ERISFEFAE, il HIF

}:
// BEET :g++ -c 2-7-1.cpp

FEREFLR2-14F, RAc, BERAd, BEFERA e IRBENRIEH 1
SR M A ER TR 2 (X BL, (A g++ A3 AT RE R BL AL # W) 45 1K double 257U i
AH e BAILUE S HIERN, AidXLERE GNU X C++ —4F &, FFAREMN C++ 5
#E ). FECH 117, EATFERESRAERNGLAEZHERX. REmT, BTG
3RS, FE CH11F, HRELRARFEHSES = NELFES (} #ATRBAERER R E
Bwhie. Han.

struct init{ int a = 1; double b {1.2}; };

XM init (LMD, RATEG TSR a b HIRFHME 1 M 1.2, X7
C++11 PR SERME AR, BRXERAMN XIS { Wb rkiEss—
WWE, A3 TP, BHESE CH I TURARERXMNESH LA, HFSHES
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(3% ) PIRILE LB C++11 PR R —FuE B, MHBEREL T CHo8 il
AB$ES O 0 B SCE R RK ARG L. A CH11 %, ST IERFSER AT
wEhhie, PEHFAESM A, WA 2-15 FroR.

fLa3i8 & 2-15

#include <strings>
using namespace std;

struct C {
Clint i):e(d){}:
int c;

}i

struct init |
int a = 1;
string b("helleo"); // Kikillid&HiFE
C cf{1); S/ Kl RiE

// BIFEM :g++ -std=c++11 -c 2-7-2.cpp

MACTE T8 2-15 haT AR 2], s F4E 5 a0 RSP R AL IEBRE R R b f1 c 4
SREGENA,

£ C++11 FrES RS T ol h AL AE# Sl R B R, B3R 1051 s A~ F BL L g 4R 88 T oK
To MRWHEMEA, BREEZAENMRE? RITEER FTEXMITF, mAHER 2-16 iR,

5% 2-16
#include <iostream=
using namespace std;
struct Mem {
Mem() { cout =< "Mem default, num: " << num << endl; }
Mem(int i): num(i) { cout << "Mem, num: " << num << endl; }

int num = 2; // fEH = ¥ {biE SR A
}:

class Group {

public:
Group() { cout << "Group default. val: " << val << endl; }
Group(int i): wal('G'), a(i) { cout << "Group. val: " << val << endl; }
void NumOfA() { cout << "number of A: " << a.num << endl; }

void NumOfB() { cout << "number of B: " << b.num << endl; }

private:

char val{'g'}; // i {) wiHikEHERA
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Mem a;

Mem b{189}; /1 A} R AR SRR

int main() {
Mem member; // Mem default, num: 2

Group group; // Mem default, num: 2
// Mem, num: 19
// Group default. val: g

group.NumOfA () ; // number of A: 2
group . NumOfB () ; // number of B: 19
Group group2(7); [/ Mem, num: 7

J/ Mem, num: 19
// Group. val: G

group2 . NumOfA () ; // number of A: 7
group2 .NumO£fB () ; // number of B: 19

}
[/ BRI :g++ 2-7-3.cpp -std=c++11

FEARRSIE L 2-16 v, RATE L THB WML R A Mem, bAMEE LT REH A
Mem % % #] Group 2. 2& Mem ' ) A 7t ZF B num, LA K class Group P9 Fi & fit a, b,
val, R T Y5 C++98 SELAFMIEHIL B X, EEH T LA main lBREHITEN G HHFD], 3%
VIR FR R LTI R I A hoE . A 5 AT LR R]— ol 5 728 B BE 75 Bl sk s a9 3 v ik, X
fERREF P TR, RAdmEIREREFRER “FEAT" EBERR., K
UL, WG EFI R AR DR T b th b .

HIXT TSGR R AR ey, 26575 B o T S 8 Al 51 78 B ik 77 2 0.3 ) 4 Ak AT LA R A
BFAMTIER. 458, RMNOREASMEESRE, B2 RAZER KRR LUE B
AHORMEN . RIDKERE TEAOPT, CHER 2-17 iR,

REENR 2-17

#include <string=
using namespace std;

class Mem {
public:
Mem(int i): m(i){}

private:
int m;

}i
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class Group {

public:
Group () {} // XRRATEN data, mem, name MA T
Group(int a): datal(a) {} // EEEATELEWEE mem. name AT
Group (Mem m) : mem(m) {} /) ERRAEENE{E data, name HLRA T

Group(int a, Mem m, string n): data(a), mem(m), name(n){}

private:
int data = 1;
Mem mem{0};
string name{"Group"};
}:
// SFEET :g++ 2-7-4.cpp -std=c++1l1 -c

FEACFSIS 8 2-17 1, Group A 4 MG KT FTLIER, MRBIIEHAR C+98 B4
ek, RITATSATE Group(). Group(int a), LA Group(Mem m) iX 3 ~H ik sR ¥ P4 data,
mem, name iX 3 A ME AV LT FR. HWMRMEHMR CH11 B4R, IF 4830t
RSN AR RL, AT LU R E R ER YR TE LM ERS R A
T (£ C++98 vp, AL AT LUE LA A L9 i R ECRIA FIE R B, At HRES
5B e FORE LT C++ 11 BGHE rsEE ).

A, EREENE, MTFEFROFPEMRAEE, C+11 M5 CHI8 fffF T —3. &
FFRERTEI L LS LE, XSS IE, KSR 0E LS REET—
AR, A TREEERME, BRT const XEFI, BEARE 6 EPRITLSFR
0] LA constexpr 36 X A5 A il B T A B L

2.8 JEFRSH RRY sizeof

&= &7 #BHA

M CiBEFH ARG, sizeof E—TEHAF, HR CHEF PR T MMEFERE LIS A EAR
ZHRHRIERZ —. e C++ 3] A (class) KRG, sizeof BIE LM #T THE.
ALTE C++98 drdER, XFHERRA AL AR sizeof BABEMEMT HFiTH . RIITUBEETF
BT, InfRESTE A 2-18 AR

HRioHe 2-18

#include <iostreams
using namespace std;

struct People {
public:
int hand;
static People * zll;
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}i

int main() f

People p;
cout << sizeof (p.hand) << endl; [/ c++98 Wiliil , ce+11 Hiflid
cout << sizeof (People::all) << endl; /7 c++98 ifliat , c++11 duiid

cout =< sgizeof (People::hand) << endl; // c++98 HENHR , ces+11 il

S/ HPEIRTE :g++ 2-B-1.cpp

FEERIG— sizeof BE. & C++11 b, XFHEFRA R R 2 B4 sizeof #{E R &M,
MAE C++98 1, FUFMAM G, S0 A %R 056 A REX H A R 1T sizeof #pE. Ptk inRiE
FHA —A4ZFF C++98 IR SiERS, EIAE L Fpe R, ERGEMAG K,
1@ H =K AT LS.

sizeof ( ( (People*)0) ->hand) ;

X LR ATT5E W) ¥ # 0 —1~ People 28844551, 4 Tl of 45 ¢ RO M5 | IR AL B 20 1
3 H sizeof SRIBFIZM AR A/, WEE CH11 1, BATERXEEMBTT, FHN sizeof 7J LU
eI TR EHE T RMRA LA,

sizeof (People: :hand) ;

ALAES, T AU AT SRR M R, C++11 A RLIN AR Lok il 15 #1 e i
TREM—%.

2.9 ¥R friend iFi%

&= H5): #BoA

friend X F7E CH PRI HEFHNFE. HAIRMNEFSEHR, —LHeRE
FPET, il Java, BEBAH E X friend XBF . friend XEFH THBEM AT, ATTAIL
T e, JCie AR /& public. protected B2 private i, AT T A ITTREER ]
LAVIIA), iXioe SR T i X R ER RS, [Nitt, (A friend SCHF S0 T4
W, FEEWHELT, HEXNKBEFFRNTHXSBUGEF R E M GevSet £ N Ui A 24
MG, BAKNE, friend XEBFHLSIULEFROCEREZAN. HHEFESRE, friend
HRERZEFPYMEAB. M C+11 X friend XEFHIT T —L8HE, RMRIER N
Mo BATTLESR THERH T, WCHIHFR2-19 iR,

Rag# e 2-19

class Poly;
typedef Poly P;

class LiLei
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friend class Poly; // C++98 il , Ce++11iliif

}:

class Jim {
friend Poly; J/ C++98 %W, ces11 i

}i

class HanMeiMei {
friend PB; J/ C++98 %W, Ce+11 st

/! WiIFIETW :g++ -std=c++11 2-9-1.cpp

R 219, RATHET 3428 . LiLei. Jim fil HanMeiMei, Ef1#&A —1
R ICHR Poly, M&iFilid SEMARSPRITTLERH, 7 C++11 %, B4R 55—
AR TTR, AT EMA class XET . AHIFAY Jim I HanMeiMei #E 2 X FE—Fp & 5L,
ff HanMeiMei B9 BHp, RATEZAFEH T Poly 895142 P, XFRIBEEATITH.

HARTE C++11 PRXE—A/DRIEGHE, a2k — AR 2 —RFF R AT LU EE
BEHAILT o XFE C++98 FRITIEMBIM . T mmx M 7, WfCRSiFa 2-20 Fim,

RuEg 2-20

class P;

template <typename T> class People {
friend T;

}i

People<Ps PP; J/ R P EIX R people BRI A TG
People<int> Pi; // % F int BRBIRESH, AT 0082
// BFEM :g++ -std=c++11 2-9-2.cpp

MARES 8 2-20 thIRATTEE|, X T People XMEARA, EMERZE P ABRSHAT, PR
People<P> i —~ friend 2, M7E(H A B 2K int M MRS E AT %, People<int> £ 5L
Bk K — 1~ A A AT E SRS, XRE—k, FRATTER AT LATERAR 2L Bk i A B s — 4>
B RES AT, YRR MEEREMN AT, XR—-THENA B/, HRE L
WA F R, EAZASERRA AN, RITEE TEAFF, 6 FIRA — LR
W], AR R 2-21 B,

HaEg 2-21

/1 AT HEME, #T T fEkrE X
#ifdef UNIT TEST

#define priwvate public
#endif

class Defender {
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public:
void Defence (int x, int y){]
void Tackle(int x, int y){}

private:
int pos_x = 15;
int pos_y = 0;
int speed = 2;
int stamina = 120;

}i

class Attacker

public:
void Move(int x, int y){}
void SpeeduUp(float ratio){}

private:
int pos_x = 0;
int pos_y = -30;
int speed = 3;
int stamina = 100;

}:

#ifdef UNIT_TEST

class Validator {

public:
void Validate(int x, int y, Defender & d){}
void Validate(int x, int y, Attacker & a){}

}:

int main() {
Defender d;
Attacker a;
a.Move (15, 30);
d.Defence (15, 30);
a.SpeedUp(1.5f);
d.Defence(15, 30);
Validator v;
v.Validate (7, 0, d);
v.Validate(1l, -10, a);
return 0;

}

#endif

// &%k :g++ 2-9-3.cpp -std=c++11 -DUNIT_TEST

FEACTS W R 2-21 i XA~ b, WA R EMNRE —RIREGAHG, B
Attacker 2875 it a Ml Defender KT R d PR ATRNEREFESIN., X8, HEHEMNE
M, Prf a5 ZE RS B ) private A9, {H Attacker fl Defender I A& R T HE, HEAH
HENNRE Get REL, %A K Attacker #l Defender ¥ A TLE X . WK A R R T REWE
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PO S R, RA T EGR A EEE, B ZH private ST 49— BN public %
greE, X, 259 BY private MR BEERAL T public 89, XFERBEELFTE 4 TS —R0
REERFPRAELEREY private FRFR, ZHEATLLER T, HikZ, WA THESE™
HA SR IPEITER 3 T RXMEOE SRR TN, BROABUE T — I WCRF AL, B
FHEBIAXNENBRFRATESIENEBEFNITR ; ZRIBEIME G E LBTATEEX
5 (40 public, private, protect % ), i {# FBRIA &Y private i A U5l PR &, AP 4 & hikh
AREAB HEY; MHUTRE S, XFEMEEREEBIHFARES.

At FA TV EH friend 8, 7 C++11 1, FRATTLLE Defender #1 Attacker 25 B
—TF. RMN\EBETEAHF, WFCHHTR 2-22 Fix.

fLEiK e 2-22
template <typename T> class DefenderT ({
public:

friend T;

void Defence(int x, int y){}
void Tackle(int x, int y){}

private:
int pos x =
int pos_y =
int speed =
int stamina

M o

120;

}:

template <typename T> class AttackerT |
public:

friend T;

void Move (int x, int y){}

void SpeedUp(float ratioc) {}

private:
int pos_ x = 0;
int pos_y = -30;
int speed = 3;
int stamina = 100;

}:
using Defender = DefenderT<ints; A/ BEAAEE XL, #H int B2

using Attacker = AttackerT<ints>;

#ifdef UNIT TEST

class Validator {

public:
void Validate(int x, int y, DefenderTest & d){}
void Validate(int x, int y, AttackerTest & a){}
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}i

using DefenderTest = DefenderT<Validator>; // MiX%MMEX, validator KR AAIT
using AttackerTest = AttackerT<Validator:>;

int main() {
DefenderTest 4;
AttackerTest a;
a.Move (15, 30);
d.Defence (15, 30)};
a.SpeedUp(l.5f);
d.Defence (15, 30);
Validator v;
v.Validate (7, 0, d);
v.Validate (1, -10, a);
return 0;

}

#endif

// WiFET :g++ 2-9-4.cpp -std=c++11 -DUNIT_TEST

FEAR TS 1 2-22 v, TR {11487 A B Defender 1 Attacker 3 & X 4 # 2 3¢ DefenderT
FiI AttackerT. T 7E 7 2 7 17 W i 0 i 8%, 3R {71 {68 JH Vvalidator %y B8 4 2 ¥, 5E @l 1k i
DefenderTest & AttackerTest RUAH)2E, X PIEAMFF SR, Validator 'EfIM AT, ATLME
B RE AT A R R 1T 53 5h— R A< W2 (8 int 28R 7735 #1116 A9 Defender 1 Attacker,
R CH11 MEX, ENfARSARIT. HHXAARRE T REFAR SN, oL TRt

HHFEREH.

HEFEME, EABER2-22%, RNFEH T using deE LR L, XBEH
typedef A E SCRRIH) B 42 R 522 —HE00, (#F using & CERIHZ B C++11 P — 4~ Frik
£, BRAIOTLAZE 3.10 W B BIHEHHER .

2.10 final/loverride =%l

& %50 BIA

1ET % C++11 H Y final/override X F2Z A, WATER—TF C++ X FERAOHE.
faj B if, —~2 A A Y PR fun ZELURAEZE B R EIREDE X, H B FAYRE fun IR
A fun BRBI—F (BEE . SEIIRE—F), IBAIRNTEFR B HEL (overload) T A
fun pRE. X TAEM B 2SRUAZE &, 8 A AR 51 PR3 fun ZR AT T B A MA ., minR[FE
A A MIRAER C, HHFBRAER AN fun B, B4R A RE fun W2 A bR
A, X CH FRELMEE,

EEENOLT, —BAERE A Pyl 51 sR K fun $A7HA K virtual 89, BB2 % F IR 4 %
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Bifis, fun BREBEEHERY (BRIEHES T ). AMHERIIIFAME fun £ BRERITRA %
gk HA, B4, C++98 WA FEMLHITRE . RIEE FEX N EENH -, S E
B#2-23 Fis,

iR e 2-23

#include <iostream>
using namespace std;

class MathObject({

public:
virtual double Arith()
virtual weoid Print() =

0;

(=T

}i

class Printable : public MathObject(
public:
double Arith() = 0;
void Print () // fEc++98 PRI CEMEZEEOHES
{
cout << "Qutput is: " =< Arith() =< endl;
}
}i

class Add2 : public Printable {
public:
Add2 (double a, double b): x{a), y(b) {}
double Arith() { return x + y; }
private:
double x, y;:

}i

class Mul3 : public Printable {

public: ’
Mul3 (double a, double b, double ¢}: x{a), y(b), z(e) {}
double Arith() { return x * y * z; }

private:
double x, v, z;

}:

[/ SRiEET :g++ 2-10-1.cpp

FEACHS T 5L 2-23 1, TR A1 AY 2t Rl 25 MathObject 5 X T P~ #: 10 : Arith 1 Print, 3
Printable M| 4 & T MathObject Jf 92 8 T Print 3 O, # F 3, Add2 FiMul3 % T i |
MathObject 4% [l Printable 4 Print (4388, T RBP4k T Printable, XHERIZSIRAEL5H,
E T 7] X R B AR R R, RS X BLAY Printable F1 Add2 2 i B EE A 2RI,
Printable 4RE H A A —HLE, R Add2 WARE ZF TR T Print s, B4 b
HIGE— WA TER T X AR E A LE
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St F Java X PR A 2B IR 4 T8 — e ( Object ) BYIEH Feifl, X Fb )i 2 38
BT, HikJava iE S5 @A T final XEF R IERBMEERS, final XBFOMEHZME
RERATEHSECHEMAEREE. C++11 R T, mARHER 2-24 Fn
515 -

fLagiN e 2-24

struct Object{
virtual wveoid fun() = 0;

}i

struct Base : public Object {
void fun() final; /J Bl final

}i

struct Derived : public Base {
void fun(); /1 ikl aiE
}i
[/ BIFHED :g++ -c -std=c++11 2-10-2.cpp

TE{CHS 8 2-24 1, ¥R T Object 1Y) Base 5 4% T Object A fun £ 11, W A%y
fun PRECA BH 8 final B . AR 4 K4 T Base B Derived 2EXTHE 11 fun 49 5 88 W) £ 5 B 4w i 0 4
Gk, [AIEE, 7E/CRSIE 9 2-23 f, Printable 405 & W R EPH 1F IR 4 X T4 Print s %K, H
B SE XAHER final HEFTEMRATLAT .

BEHRTTREEED T, fEICOE R 2-23 RACHDIHT 8 2-24 B9 F 24, final KERTFH 2
TR — M IRAERE . AR 2 Z Y e pR 8O 7 7T LAE A final XBEFIR? BREEEMN,
A X PR AR R B B 3R, iR £ T I R B RE S SRR AE AL B of o
], BT LAER R R R BOE SONARERY . T final 8% RAEMRCRM “rhig” #ak
RARMERFPAE L. NEOIRAEBAEN S, final ] LI7EIRA o #2 b AE B PH 1 E— N4
Fayal B, XL T ) 0 R AT LR T SRS T .

e C++ PEELF A, RN TREFHER virwal IR, Z/EHNEREAH
AT E WA Z R KON virtwal, BIMEAEIRAEZEP BT virtal, ZEETFHERIFR
LIBREH ., XWRT 285 FRMEFR], 0k T i FEE. HnfCmiEs 2-23 4
fY Printable /) Print eR %, 72J¥ 5 JC: M Printable 95 b F Y Print & — 1~ B R ¥E B 3E
BeRE. S —mE, fECH PHANERKE “BE", RAEXEPHEHMEOAE
MR EREEED ., IMFERISHE R 2-23 J, 5 Printable A8 Arith i3, HEOH
Add2 # Mul3 FHERZE AT ERA, XFEFERIECEPEEHEDNNGER. Xk, mELY
PRGHWHERK (AWHIRAE ) SF TR (HIEB/REZEYEK), REEXNREHESHE
PR R LREMRE ( BRAHERESRSHTER, FIRBRARAENR2E
) MEACEFEER —ITEO, URACEENENNAFRTEIESHIRE, HEHN
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REGKHE.

TE C++11 iy TH BN P A B 4RSI E AR, FIAT B R EE AR override, 1
IR 7L R B RS T override FRFT, AR 4 12 o M A BRI HE S P Y [R] 2 PR
HMACHD R Tl i . RADRA— T LT 8 2-25 FrossyxX i a9 8F .

K% 2-25
struct Base ({
virtual void Turing() = 0;
wirtual woid Dijkstra() = 0;
virtual void VNeumann({(int g) = 0;

virtual woid DEKnuth({) const;
void Print();

}i

struct DerivedMid: public Base {

J/ woid VNeumann (double g);

// BOBRET, L AR VNeumann PR
}i

struct DerivedTop : public DerivedMid
vold Turing() override;

void Dikjstra() override; [/ R R, IEHR, JFEER
void VNeumann (double g) override; // KE#RiE, S8A—-F, FETR
void DKnuth() override; /) Rl eRFE, HREA—B, FEER
void Print () override; ff HEGEL SR, F R E R

} "

// WFHEM :g++ -c -std=c++11 2-10-3.cpp

FEACASIE 1 2-25 B, FRATTHESL S Base P X T —2€ virtual BYRREL (30) LA —HE
virtual (Y pREL Print, HIK4:3E DerivedMid ', ZEZEH Base H#E O #B A EHR, Aibilidi
BEAT LA B, DerivedMid MIfEE M &M BEHEBMIE — “void VNeumann(double g)” R4,
EATHEBREARAR T HE DerivedTop MIFEF F, FFLA DerivedTop FIVE# 7 EE 48T Base 28
A O REHE, BT T 3 PR R A E R .

QRBL PS4, Dijkstra iR54E T Dikjstra.

QeRFFAI AR VLA, VNeumann PREII S FAERIIR S T double 258, 1 DKnuth AJ# it
PEAEIRAE AP EBUN T -

QHEE 1 3F i pR ¥ Print,

ISR BA override BT, DerivedTop HIVEH I fEESIFEHATRBACETX 4
Ziir, HAGIFERTL L 3 MERASHEMAER. X B override #5478 M AT L iIF %
PR By i il — LR A . RATTLAE S|, N8 2-25 7, DerivedTop YEE 1 4 Ab44iRER
pit7s B 58
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A, AR, 75 Cr b, R -MRERNRER HIANIFHE 7T =480,
LR EHERT —NREMED (LR RAATFN get, set. print BEAF 5 i BUXEE PRV ),
HBLX FPEOLAR IR R B RAERN A . A XA EEPHER - BRASHORXKARE, &
FIR A AR BN T4 O, BR T W BEAEAE R — B SR BOT EISh, AR PTIRAE
REGEA, HItREFFORBALERUEGE “FER” RO MEE “—EEHE" 8
override X, XFRFF B AYLIRN AN S EA T

WA EBEENRE, MRBRIILES 1 FPRAN, finaloverride ] LAE CHIEH RS,
AHEHHBERBEGEH A RESEHRE / RAEN CRY . @XM, BETH
final/override 7AF o R4 A C++98 {UISELAEE B C++ RikabditlEd T. Bl F&EL2H
&, BUGEHETE C++11 LR A %2 0] Rl b8k 6 X R ()75 B 2 FR el e LEEH, UBiR
HEALERFIR, .

211 WHREHAERAEESE

& #5: A

fE C++11 PR FRE—F, TLUABRIANSE. Xk T —@mE 2R, RoTLUE
I ACHDIT A 2-26 Ffr 7 3K 4 1AT 5P A4 AR R 20 A) ) 8 [ Jai— T R BBOASEAR B 2 L

HRagine 2-26

#include <iostreams
using namespace std;

/1A R
template <typename T> void TempFun(T a) |
cout << a << endl;

}

int main() {
TempFun (1) ; /1 1, (%K TempFun<const ints(1))
TempFun("1"); // 1, (ZHH{E) TempFun<const char *>("1"})

}
/7 SR ig++ 2-11-1.cpp

16 L 85 35 88 2-26 th, XY 4R i 4% A% b7 B R B0 A fun(l) B9 B R, & B fun B — 4
PRABE R, XA IFHRRSHBIELZS 10928 const int #E 5 3¢ 6 1k H B4R 8 ¥ void
TempFun<const int>(int), fHFTREMA. LA, T fun("1") FiEBERELH, AL HIFS
SRk Hh AR oR B 2 B 2 BV 2 const char *,

PREBIRTE C++98 F 5RER—EMWTIA, FIEERBRFHMRR, HFRELTFHER
MRS BOARBAR S RS LR B BRIAIE S . SR e TRF R, C++98 bR



RAEAE M Ao B ad

HIA I H R B D BUA R S8, ARadqE C++11 &, X —PRBIC S T, AT
H F XA, i 2-27 iR,

5% 8 2-27
void DefParmiint m = 3) {} // c++98 HWifillid, c++11 Hifiliid

template <typename T = ints>

class DefClass {}; [/ c++98 SRR, c++11 Sl
template <typename T = int>

void DefTempParm() {}; // c++98 MKMW, c++11 fMiiliit
[/ HiFEET g++ -c -std=c++11 2-11-1.cpp

A LLE $|, DefTempParm pREBIMRIAA — NEIAS B, [ L FF C++98 B 4 iF 8%
41k, DefTempParm RY4RiFR< kM, i C++11 MIFM/NZELRM, AdfEigk b,
HARBRA AR R, 76520 BIAARS B I E RIAE AR5, B R 755 0
“IAEEZE" BRNFHATREE . X4 S0 of BB R R R R aY, nfCi%ig s 2-28
7R .

Kagike 2-28
template<typename T1l, typename T2 = int> class DefClassl;
template<typename Tl = int, typename T2> class DefClass2; /7 i i

template<typename T, int i = 0> class DefClass3;
template<int i = 0, typename T> class DefClass4; /S E L RE

template<typename Tl = int, typename T2> void DefFuncl(Tl a, T2 b);
template<int i = 0, typename T> void DefFunc2 (T a);
[/ HFEEN ig++ -c -std=c++11 2-11-2.cpp

MACHS IS 2-28 WhAT LAF B, AiEMMA A E CBIARER S BB DefClass2
H1 DefClass4 #8ICHEE i 4. AT F eRFOEHOR R, BIABIRS ARG & W) &, o]
LA% #] DefFuncl 1 DefFunc2 0 56 — R SH0E L THIASE, TH 1 HHES 8030
IMEFEAE L, CH11 wiFas U A i,

PREER S EOE S NWIF AT 2. W dE, WRAES MRS RS AR
i, BABANRESERASHEHER, 2, RIAERSBNTEESEER. BITTUEE
FHEXARA T C++11 brfERRAHF, SR HTE 2-29 FiR,

g% E 2-29

template =<class T, class U = double>
void £{(T t = 0, Uu = 0);

void g() {
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£{1, 'c'); // feint,char=(1,'e")

£(1); // f<int,double>(1,0), f#HTERIIEHZH double
£{); /il OHRR . T XEEERNE
feints(); // f<int,double> (0,0}, fHTEHINEHEEZH double

feint,char=(); [/ f<int,char=>(0,0)

}

// BRIFET cg++ -std=c++11 2-11-3.cpp

FEARES ISR 2-29 1, RATE X T —-eRBUEAR £, fRBFER T BIABILAR S 8O BN R
BESE. vTLAED, hTREMERSEAT R ERLSHESM S, FrLE (1) X1 R
RS, RATEFL S T A PR EAY T8 AR 1Z 8 f<int,double>(1,0), HH, - RMBH
U H T BIAMBHR R 28 double, TIeRELS NI AERIAM 0, KMlH, f<int>() LH{LH
FIEAR R B — SR H double, H M 0. MRAX O FRE-RKUSHE THLERS,
WIS BT SRR mi X F IRt el LR 2], BUASRSEGE ¥ BT ZHRERIA
RS —EERN.

WA — KNSRI — T, RRRHEANAES A RERSEIHER ORI, REERSK
AIESE, SR R CSHER RN, XAEEEEH N SR

212 SMEDARTR
&= #5: BAA

2121 A ARENNBEE

“HMEREIAR T R CHH1l R R TR AR E St SChR b, “AMER” (extern) XA
BEERE CHEMRE S8l 7o @RHER T, BINE—-ITXMHP acPELT AR int i,
MifE 5 7b—4 30 be FREMEHE, RO RBITRSTERA ESCER i 89 b.o XHPEH—
SRR . Hn:

extern int i;

XA, EFNRFET acHbeZ/s, HERMBIE X aofMboh HE
XSO — e L. Bk, aod )i RELEFELET ao BIR0H A BE X o i BUE,
MEboH, HEERT i HHEMBm P EIEX PrE 0 i so%dE. Xk—3k,
FEEEEERY (GEE 4R AR ) # a.o F1 b.o SRR N ATIAT SO (EREFE M) c B9
B, o CHFMBEIEX R ESH —1 i BEEE (fit a.c f b.c B{LHEELE ),

MR b.e HIRATA I int | BIBHEA N L extern B9, 4 i ML LEEMBEELET
a.o MEERXH, WAFTET bo WBIEX b, IBABEHES A a0 7l bo MINHEE, WMERE

© %5 (symbol ) R4iEN / SHERMMAR, LIS RSN M EREF.



T Pt 2T 2

iR, EALEIGEMFRFS—REFTESH.

i Xf TR O AR R e, BUERNBBIRJLFE S —HRRE. SRR, kBB
ARAR (%), mRRE (A5 ). XA RS b TRRAMEFIE R,

FE X ERMABEAERAHE, BALATEAKD, LRI AN, w2 LM
M, WA THE S R MR, bR ARRE ey,

tetm, FATE— testh B A T I F — AR R
template <typename T> void fun(T) {}

TEH— testl.cpp UM, FATE X T LTS

#inelude "test.h"
void testi(} { fun(3); }

IMAE 57—~ test2.cpp X, IATE LT AT,

#include "test.h"
void test2() { fun(4); }

A F R RO (A AR eR B S B — 3,  FTLATE 9% testl.cpp RUBHE, 49iF 8%
SC 4k T BREL fun<int>(int), 17 24 441%F test2.cpp RIBTEE, ZRiR 2% L — L Eik i T 8B
fun<int>(int). AEAPJLAREZR, 7F testl.o HAR CHFH test2.0 B X, SFH MG —H &

) e X fun<int>(int) {45,

R EEMBEERAR. BIRER, HiFNFEETEIHRETREILEMEIE ; mA
MEE, ATHEZE, REEPZ - T ( REAHZL2HER ), FL L, K6
AR X R . TERERROURIIR , R AT 2o 4 % A% 5 Bh 49 T BORs B AT ) BER eR AR
% fun<int>(int) BRI, SORE THRARIA, XFE—k, BUMSR T RO I B 0 7= A i ALES
TURMIEE, TATATLABR R 2-1 a8 b R i 4 iF S EEHE A BR &

A EHEREER T, M TRAHES HRKE - AER L, RiEISERT o)
EH) TAE ; M7EREERR), @ESERERRESEMLEALICH, RUEE, XM TERLIT
A, WFE) ZEAREEHTE S, b THRFESSTERBEITRNRG, SR NG% ST
SR B) AEEERRT 8] . MR RGX A IR 7 ik 2 A BRI L i) U R —HR Y, BEREEA )
ARy AR
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test.h:
template<typename T
void fun(T t) {}
testl.cpp: test2.cpp:
void testl() {fun(3);} void test2() {fun(4);}
\ --- ik BEEEH— ---- /
test1.0: \ testz.u:/
fun<int=({int) fun<ints>(int)
- B (REI— B -
test:

\\“l fun<ints(int) &

P 2-1  #AR R WA SRS R

2.12.2 BFAALHIE SRR RY AR

P B B fE LR K T CH8 F — B A MR, BB X 32 #l 4k (Explicit
Instantiation ). R LHILAFLRMBE L, HnxtFLUTF B

template <typename T> void fun(T) {}

AT TES .
template void fun<ints(int);

R T LA R R BT A SR SR T P LBk i — > fun<int>(int) MUAS B9 PR AR ( X RPE D
BWRR AR LB ). TAE C++11 Fr¥ER, SUIMA T #MB#4R ( Extern Template ) A9 H, iF
® b, MBI A HRBAMNLHEEAL, REE T —1XBF extern. X T @ #H
¥, RATATLLGEL

extern template void fun<ints(int);

XA AR L ST — PR A A

A4 BB —FFEBRNE BT, RER— FRITMAID, B, 7 testl.cpp M A5
Bl -



1R AEAR R 1 o He B =L

#include "test.h"
template void fun<ints(int); // SR#EH{L

void testl() { fun(3); }
T, 1F test2.cpp PIMIMBFAR YA A .

#include "test.h"
extern template void funeints (int); // FHFBLHREATEH

void testl() { fun(3); }

XFE—, 7E test2.o PALTA M fun<int>(int) B SLHIFCRD, B8N0 B 32 il 16 i 72 4n
P 2-2 FiiRo

test.h:
template<typename T
void fun(T t) {}
testl.cpp: test2.cpp:
template void fun<inns(int); extern template void fun<in>{int);
\ - B Eﬁm:l.cppﬁﬁi@ﬁﬂ&--—-/

testl.0: \ testz,u:/

fun<int:=(int)

- |

B RE—GHEIA -

test:

\\“iufuncint}(int} &

P22 BEeREGRIF SRR (MBS B )

ATLLES], HT test2.o AT fun<int>(int) MSEH], B SRS 0 TAERERA, A
BRAMERAE Bt B R B — R, B AR ERIUELL testl.cpp 1 test2.cpp I —rCHS (i B BP AT,
i EaET, ket AR SR E 4 —0) fun<int>(int) F4CES, AFLLAT AW /4528 0] a] . X B
] LAAE SR AR P AP 3Kk SC b, BT A testh %%I#ﬁ?ui@%ﬂﬁ‘&#ﬁﬁﬁ
WA T, X — A BER SRR A R e — B

TSN AR B R, A IETEE LT R « QRSB S 0 BT 3R i
BRI, IRAEZ AR R SE LA BT 5 — A R ST R B R — A iR T
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SEALHS R ShEBELH BN RE I — A R 0 (BN SCFSUR ), (HAT LUR 2R S 5t
BB (X—SRBTS A, FARERBIEAINRERRNE, AaREAEARSIEPRILZIM
B ).

TESERR |, C++11 A “BiAR A BASCHIEE X . SNBIRAR A MER" it “2RER
s L. AN BRI E A" UL . A AT AN AR A B, AR AN
AR S FEAEMEE, MBIIEATIFHIFBIE, SMEERE R ZRAE—F e X 4%
AR SR IERT (H] B M BRI B, RZRHE, h TRERF &M rERRL eI, W
e KAt AR (e S FEARES TP = A R B U . PRI, A BIRHR B L (E 15 45 7R 25 F
BHARMNL . BREIFATRERTF RATENNUH HTRBESRE B8R A Rk
A, RAEDHILERMELT . RIOTARBUHP TN, Sr%k5E, MEER
A BAREAR T BT 9 R BT SRR, AR - R R B T 6 .

213 SEIFEZEBEEEELS

@& 5. @A

1E C++98 h, PRMEXTEARSE SRR BLAH — LK . A, REaRBIMmeE £ %
BIFE C++98 PR EEMIBEIRE AL S, than, WfUH T & 2-30 AR mUHS7E C++98 iR ZE
AT R i

REiE R 2-30

template <typename T= class X {};

template <typename T> void TempFun(T t){};
struct A{} a;
struct {int i;}b;

/1 b RIS

typedef struct {int i;}B; // BREEHZIER

void Funi)

{
struct C {} e; [/ cRRPAER
X<A> x1; J/ Cc++983E1d, c++11 it
X<B> x2; // C++98 $HR, ce+11 it
X<C> x3; // C++98 iR, C++11illid
TempFun(a); // C++98 ifixd, C++11 8L
TempFun (b) ; // C++98 HHR, C++11 #L
TempFun(c); // C++98 ffid, C++11ifint

}

[/ WIFRET :g++ -std=c++11 2-13-1.cpp

R 2-30 4, BATE LT —PHEHZE X f—HR R TempFun, #&J5 451
HHeRERE, EAMeRaiwEk, UERBBHSEHREEDSEIESLHER. TTLES,
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T RO MEC AR, UREBEANEGHE B B b BRI MR, &
C++98 driE FER LS . MR TELMNEWERZIN, BEANBSHL EEZEER, &
C++98 R F LA R L MEUR L EM ., A BRXMEALEMRE . FTLE CHe1Ls
FrdE i T LA 2 RS AR S B0 e |, BT A X HF O+ 11 FRMERY SRR BR Sk L) ARES, R
3% 88 2-30 AT AR T DL T 4R

A EREHNRE, BARAERRUTUEERSENEZT, BHEABREFELUTEEY
LAgh#E2, WfCIaiE R 2-31 B

fCRDH & 2-31

template <typename T> struct MyTemplate { };

int main({) {
MyTemplate<struct { int a; }> t; // KE&iFdEd , EALERMNFHAEAHERLES0E
return 0;

}
// BRiFE cg++ -std=c++11 2-13-2.cpp

FERESTHER 2-31 1, RIHEES NS ERSWETRERESHAE. X iokdE
WHMW, EHAHE C/CH+ MiEE, £ C/C+ 1, EMEREARRIGAEN, B
RN\, BEMHEASWEEIBRSE, WA mFECHTHEH 2-30 —F X E 2 45 %
YEM %o MANES 4 ERATE LB RNF A C++11 T AR EHE S decltype, 7T LL5E A
7] 89 Th BE

2.14 ZEKEFE/NGE

FEART D, RATTLIEE CH11 KKR/AVNE 17 dbdksh. X 17 bish, EEME AR
C++ AR E M L B SR AR TN .

AT HRE C99, CHI15IAT 44~ C99 MBERZE .,  func Tl XARAFF,  Pragma
PRAERY . BRSBGENL, VRBEFFIEESES, XSRS T cHos frfk, AT
C99 W —Lehrifl, A TR ARERIE C, C++ ¥ XEfitE 2P A C++11, T THRIER
BB, CHH11 WM T _ cplusplus EME, DIFRRFHORENRDE, WA TEE, CH11
ALHAT C99 1Y long long 25K, A Hr ™ e % BY () 30 00 4 5 58 SCoF . iXFE—3k, BRARIE
TE&ANGTRY N B XA TH— N, A, C++11 R E A — BT 2S5 R T
RIFARBHN R, UHERFRAMGH. W5 throw() 525 5 R 25 Fg 4 o] LUHE 3 2
7l 7 A AY noexcept BHHIARRF, C++11 MATHRMERE A RACRO 4 T etk

FEFRTTH, CHH11 SR AERR S M A BRI IR LI T ek, MBS FLifF sizeof H B A T2
HIREL, & C++11 X friend A B-FLAT —@E 8 &, LUy (630 i SR A9 A8 8 242
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AR H A IS sl A REA A I, 1M final F override I CHEFHITIA, WIS A0 RERAERINT
FHMIIRE. MERMRTE, C+11 NERASHHRSHABUSEME THRREB L. mER
AR AR A R AT AR RO R AL S . XN AR AR, (8 B 69 P R Bic 4
BRI ST —2, TIAMBERA B AEIA, C+11 CARERSIFHERRMH R4t T2t
PR G i (8] R I FF IR REY 7 2

FERAEEHER T XL E, SRRENLTFERE GRS ER LA LRz
BT N, R, CH ARMER A RNGEX S /MENE, ik C+H11 B ML R E
I #, Emsek., X —-EE, BRANREESW % UNRE”, BRITEEFIIRK
R . AR ANBRBT—FEMRTRRE. A THAEE R IEREE, B REPQLE
A “HEfT I BRARER .

A EENPFBRIE, C+H11 HLCRFRRBG T IHMIET T, EETERMILE S,
RMNSBRELE “NE" 0t MREHECLERRT, HAFRAERBITTF—5.



£Q=
BAAE, TRAX

C++11 BRI SR A S5 RO 58 i il S o S8 Ol A B9 75 R MR BT A e . X TR
F CH 11 PRFRFHEAEERAT ZA AN, TUSHMCHR, HEFWAIESHESS
RXHTARMNAS, HERACHSEMEMNE, XSERFREL “ITHT” s
EAXRFMAR, BB —EBE LR T C++ 11 FRENHE. ALBE-VRCSLREE
T o fEATEREE T IR PIX L R EREEE R, FFESH “HE" 8. X
8, EX—IEWMAES A . BahiE e E Ze e P 2 T0M, R e A e

3.1 SRS RS

& %3: XKEE

C++ M AE KR —K, B Cr+ mEMRMEA ., BEFIREYE, REXTLLA
SRS IS A A AR AR O (M pRECM Al PR R, X BIRATIHEAARE public IRAE ). A%k
ZenyAE e R BN o PR IR A 6 AT 1o S AR RS T2 b S A R A4 i PR B A B o,
FIRAE ST R A E R, T B R B Hean T a9 il

struct A { A(int i) {} };
struct B : A { Blint i): A(i) {} };

BiIR4AET A, B XFEMGEREBF R A BUHE R B, Wi 5e i R ey “fid”. X
fE CH+ ARG AE R 3 L, M, XREMBRITA —ERNFL, THE B hAH AR &,
RS L 3-1 TR BT

Rui#e 31

struct A { A(int i) {} };
struct B : A {
B(int i): A(i), da(i) {}
int 4;
}
J/ WiFEE ig++ -c 3-1-1.cpp

A B 3-1 hIRANTED], RAE TEHHEA MWK BHA T RAZRd, B2k
B (4435 pR B B(int i) B, AT LATERI BRI A SRR IR ILAR A do M E X E
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v, XS R R AR S E R

ARt EEEHEARETAM, AREHE, RATE AT HEHA Bt A2 59 F R 79 H
i R —— X BB A, RAIE 2.7 Wbl 2B/ B XFEMH T, R4 fE2ER
KR OHE RS, MIRELEERE LR R RBd, IBAXFIRAERMS, HHERF
BT RS, XA RMAERA T, EIREXRPIRNE B REGE 7 e S
Ko M2RHTHNTERERN, RMNETEEREHN “EE" fOWERE. RIMTLUEET
EX AT, fES R 3-2 AR

RiGHE 3-2

struct A {
Alint i) {}
Aldouble d, int i) {}
A(float £, int i, const char* c} {}
1
}s

struct B : A {
Blint i): A(i) {}
B(double d, int i) : A(d4, i) {}
B(float £, int i, const char* c) : A(f, i, c){]
P SO
virtual wvoid ExtraInterface(){}
¥
// =P A :g++ -c 3-1-2.cpp

FEARRIE R 3-2 h, FANIB9HEE A HRZAME KB A, MakKT A BIRAEZE B o
Pr £ SZBRIN T —~# 0 Extralnterface. ABAWREATEME B BT REEHA A XHEL
HIRE T A, Al —— @ BAED . X ESEEH SR TER.

FELE, FCHPEEA T — T AN, BUR R IRA: 2 E A A 3250 AL 5 R
i, AILA# L using AEA (using-declaration ) 5. AT LIFRE T X6+, s
HH3-3 fiR.

%R 3-3

#include <iostreams
using namespace std;

struct Base |
void f(double i}){ cout << "Base:" << i << endl; )

}i

struct Derived : Base {
using Base::f;



BRAHK, FAAHK 59

void f£(int i) { cout << "Derived:" << i << endl; }

int main{) {
Base b;
b.f(4.5); // Base:4.5
Derived d;
d.f(4.5); // Base:4.5

}
/) MR cg++ 3-1-3.cpp

FEARIS I 8 3-3 vh, FRATTAY L Base MR 42 Derived A8 T [ MR % £, Ad7EdR
HERPHRARBERG TR . JRAEZPH f AR int K8 8B, RS $ 3 double
KRIMBH . XBERIIEH T using 78, AIHIR4:3 Derived th{f FIRISARAAYREY £, X
FE—d, RALDELFRRMA TEA CRBUNRA. "TLLER, RITLE main BBE P59 &E
X T Base ZFf b fl Derived P d, HEAFAFEFE R 45, SRS AHBI A MNESZ
double A ZEAIRRA .

fE C++11, XL RE 7GR . 20T LU AT using 75 B o i B 4%
RIS PR EBGERFE R 32 FIRmfl FRIERES T, mILEHE R 34
Fii7R

Kamike 3-4

struct A {
Alint i) {}
Al{double 4, int i) {}
A{float £, int i, const char* c) {}
A
}:

struct B : A {

using A::A; /7 B R
¥

virtual void Extralnterface () {]

}:

X IR using AvA S, HEREE P A E R BB A RBIREHK B h, B
FATEAC IR 3-2 Ry “BE” WMEBERERAHRET. MAEIFIHE, C++11 4
M AR b i R B R T A BRIR A R P B R BRI R B (BRI I, vy, N HES)
—#, BEAFUHN, XERENRE PR AMNERBAEHELABER, SRR iAsd
H-ETLIER RS, XEREH “&f” FRLERERRAERMEMWEREFEMNH
B #rfis s 6,
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A3t 9k AR 1 PR B R S R Ak S b Rl BB iR, X TR AR 28 b B i B3 AR U R RE R
f1o AidmATRAT 2.7 Hrh AR A MR G Fak, R IRA A 5 AR i E — NIUA(EIE
FE A [ o

FEARHG I 8 3-5 WP IRATTHE IR o T 7 4 R A i o ORI B3 BERD AR AL RIS C++11 9451
BOFEE AT LA o — S 7R oH i PR BT IR AL B IR A= SRR B (A1, A SRR3R ok SR oK
AITE, TR A HEEA CORLEHM — MR B, LLUABIREFAL 5 A RUERRES W 26108 H 1Y,

fLagiN R 3-5

struct A {
A{int i) {}
A{double d, int i) {}
A(float f, int i, const char* c} {}
YT
I

struct B : A {
using A::A;
int d {0};

}i

int main() {
B b(3s6); // b.d##ELR 0
}

AR, BEEWERBESHEEAME. X THRIERECRF, S8WBIAERE
AR, FELLE, RIMESFEIERTE S MG R B ARAS, X 2R R AR 2 B
TRAERAR . LA CHS T 3-6 Firs B 161+ .

KBk ER 3-6

struct A {
A (int a = 3, double = 2.4){}

}

struct B : A{
using A::A;

}i

ATLAER, 7EUIIER 3-6 F, IRATAEAAMHE RS A (int a = 3, double = 2.4) 5 —4~
HEEFA-SRMERE, HFRSE09A BIAE. B4 A BIRA £/~ 810+ 5 5k By
RRA=WE 7

F L, BATABM A Ak AROR B9 EAE AR H 3 eR B T T — 2
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DA(int = 3, double = 2.4); X2 A TS BT
QA(int = 3); X2 EHE TS HHHE.

QA(const A &); i3S BRIA i &2 il 4 i R 3L

QA(Q); XA HSHAN.

FARIM, B o A i pR ROR S L LA R — 2t

QB(int, double); X & —1~ 4k 7 i PR AL

QB(int); 3 J& Wk 2 5l — 1~ 2800 8k A& 1 oR 3
QB(const B &); iX 28 HIH5 A%, X ARLREER .
QB(); X R—AELESHA BRI & R

AUER, 2EEINMESSEE MG RERANE, FHLEF REFRHASEEA
{Ha9H S PRI BB MR, UG

WA e, AR BB ARG RE e E. Xl REFREREA S
AFEAAHE, 2R EFE G i R BT RE P BOR A R AR E R R . &
B (AR, RAOTARHOVeREAE 7 ) AR, AR 488536 G h2e B9 4R Fy i o 30K 5
BOREEMIRA AT, AfCRS T8 3-7 B

KEEiRe 3-7

struct A { Alint) {} };
struct B { B(int) {} };

struct C: A, B {
using A::A;
using B::B;

}i

TEAUISE i 3-7 7h, A I B iF9 i R B2 B B C v E B SO RIS 7Y i 4k 7R b i R %
XFFSLT, aTRLE s XA SOk AR AS ) rh 2R A4 i R B, BHL 1R BEUA: RURE T A 4 7 M 15 o
BORMER P2, Hon.

struct C: A, B {
using A::A;
using B::B;
C{int) {}

}i
oA A9 HYE PR A C(int) BUAR S My fff R 1 FURSIF B8 3-7 vh k7K H it R 25 2 [

AN RAVETE T e — AU, a0 SRES i #y i of BB A5 B D AL R R 3, R
RARENEER TR REY, BAMARRBERE R AU RNERE ., b, WR—
BT Sk RHERE, HiFREMA T IRA 24 BRIAME BB T, IR ATE RS
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3-8 AR RERTESL, FEAF B KA Rk AR o bR R A X — N ESBRA . A B
ARk b (#5E SUREZ R AN RE R E o 4R A o

REQK$ 3-8

struct A { A (int){} };
struct B : A{ using A::A; };

B b; // B EHBIAIE R

ERMME A BRAHE, EBH SRSB4k &M R BUX MF1E, BT AR PUR
W 3-4 ZAAME 3-8 MO FR(ULIEESE, FARINDIFRA LRGN FL. HRRFE
Xt kAR MY i R B SCRF RO AR LB SE AL T, Hedn g+ BUTHRIAE 4.8 M4 P8R L0 RF . T RE
A AR, EERC LA LHETERT .

3.2 FRMEHEE

& HKH. KiEE

5 0 R 3 R ALY, IR MO T R B B C++11 R C+ (O HI X R 2B — Tk 3
HEMERE N T HAORTR BE W Ry atE . @i BRI RS, SRRk
TEH TN .

B EEATAT LAE B CSIA 3-9 i R B U TR BB F .

EEi%e 39
class Info {
public:
Info() : type(l), name('a') { InitRest(); }
Info(int i) : type(i), name('a') { InitRest(); }

Info(char e): type(l), name(e) { InitRest(); }

private:
void InitRest() { /* Hftwiitk +/ }
int type;
char name;
/o
i
// BRiRE ;g++ -c 3-2-1.cpp

EUISIE A 39, ROTA T —4 Info B9 H & LR, HEMPAA 2 MR RATERLK
3 PR A . X ELAY 3 M PR ECER AT A T R RR LT R IR LA type 1 name, FF H#B
T AR PR 4K InitRest. ATLAE R, BRTHRASIIRAHAR, mEMAITST, 3 i
PREIEA AR, AERANTFERREZESL.
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EH T RESAE) 2.7 PRI R AWM Tk, BARINAET EkEE —FX1T
¥, anfCh%iE A 3-10 Fram.

K%L 3-10
class Info {
public:
Info() { InitRest(); }
Info{int i) : type(i) { InitRest(); }
Info(char e): name(e) { InitRest(); }
private:

void InitRest() { /+ Hib®iEdk =/ }
int type {1};
char name {'a'};
Y
}i
[/ WIEEM :g++ -c -std=c++11 3-2-2.cpp

FEACHSIE 5 3-10 b, FRATAE Info AL F 2 fit type F1 name 75 BA BB R BE#bETT TR HR 1L
ATLUF S, WERME LR T AL, AlS Wik RBOE 2T Z A nitRest pREHEITH)
k. MBELHED, MERBPHOBESER, e e i — 5200 H 1k R
¥ ARBEARBTE— oMyt sR 3P % InitRest &R FH 8 W 7

ERREHEN, ETRERITEERE—MHWERBREN “HRAERA", ke
Info() KA Y HYIE R, T LM F 8 sR AT LUE AT ZIR “HEMERR A" SRETTAI AL, 1 MRiX
A, RITTRESINT RS Hxs sR gL

Info() { InitRest(); }
Info(int i) { this->Info(); type = i; }
Info(char e) { this->Info(); name = e; }

X B IRATE this FEEHRHRMNE “HAERE" MW RE. AdaHrR, RS
FARERZPH IE this->Info() A%, JFI 1, ka8 A o ir et is ok B IR A i R e, B
SHERFKIAMA.

SR, BABEATLIF R —EHEA “REEM" A

Info() { InitRest(); }
Info(int i) { new (this) Infol(); type = i; }
Info(char e) { new (this) Info(); name = e; }

X BINEM T placement new IR FITEA XN G tbht ( this F85HFTHEHbAE ) b8 AI25R04
ERB Xk, RATTLAG iR 00RA, ANMTE 2 MRS AARNA B
A", ZMITEERRAR, HEECEVHL—BS0N R ERREAGE RS, Hit
BAREE XX AR A G TR ERIL LMk RA%E, HEMGERAME.



64 £3F

E C++11 7, FAi1ar LAE HE IR & R EBOR LB EAH R, ERER, C++11 F1Y
Z IR & R B R v R B Rtk S R B TSR . ZIRM ., RITTLLEEFRBEES
3-11 ﬂfﬁcﬁ{;ﬂ’bﬁﬁh

e 3-1
class Info {
public:
Info() { InitRest(); }
Info(int i) : Info() { type = i; }

Info(char e): Info() { name = e; }

private:
void InitRest() { /* Hft#Hik ~/ }
int type {1};
char name {'a'};
Ho.
}i
// SREET :g++ -c -std=c++11 3-2-3.cpp

ALLER], ZECHSIE R 3-11 th, {17 Info(int) A1 Info(char) BT HRILTI R AL E, V8
T “ZAERA" WS EE Info(). XBERIN T7TX 88 HEMEHE, REVWHEL
FIRPEA “FEAERA" B ERBCY T IR 15 R % ( delegating constructor ), i 48 8 F 49
“IEHERRA” WK HFri 1 R %L (target constructor ), 7E C++11 7, FTiEHRME, HEES
R PR ECH T AR 5 B URE T B ARt R B0k 52 UX RE—FhE M i 5 2

28R, TEAUASTN A 3-11 h, TIRME R B R BEAE RBUA T K type. name 255 57 R VI{A .
XA TR ERBNEARRATIRERN . 7£ C++ 1, WiERBAAER “BIR” M
FRAPEATIR, U NRBRAEREELTRBEYE, IR0 HHAE RS,
Hoin -

struct Rulel {
int i;
Rulel (int a): i(a) {}
Rulel(}: Rulel(40), i(1) {} // XEHifiiHiE

}i
 Rulel BYZIRHIIE KB Rulel () AOSEBMR IR . oA BELEDI IR LT 3 o B4 14 1L IR
B, NEFCH A i R 5 Ui .

A, (UMW 3-11 FERRBMRARAIEASAME T, HAWBILsIRH)
ey X B R THEREERE (LFRERFCRNRCRRET ). XLSARBEHERF
RALEE (FGHERE ) ALRATT LIRMBGE— T B R sR, (6182 IRH i o B0 AR 7T
ATERN BT R P LT A LR, ARSI 8 3-12 FToR.
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RE@iRg 3-12

class Info {
public:
Info(} : Infoi(l, 'a") { }
}

Info(int i) : Info(i, 'a'} {
Info(char e): Infol(1l, e} { }

private:
Info(int i, char e): type(i), name(e) { /* HAE¥#h{L */ }
int type;
char name;
/.
I
/) HIFREI :g++ -c -std=c++11 3-2-4.cpp

FEACESIE B 3-12 v, RATE LT —1FA B9 B ARk el #X Info(int, char), X1~ pRE
EZWNSHE, HESEEMRLT RPoaie. W H B TX4 Biri s e Be7EE, RAT
A LAA 752 InitRest pREL T, M2 HACHERHA Info(int, char) 1, XHE—Fk, HbFIK
¥ 35 R B0 AT LA FHE % H brAi i ol B0k 72 i .

FE L, AEHABRREERBAEHE, RITEIEF RIS HEN @R 878
Bt R ¥ XA MR, —RiTAHEMIER, &L HE—TAEg 0
3-11 FUHSTH B 3-12 & Info AYSE S, X EBIMBIAHEE A 3-11, RFBEEH 3-12 P HERIT
Ay “HAbwtai” A BARBNT:

type += 1;

AR 2 V8 H Info(int) AW E RSB B AFMEG R, HOmRMHN T —RAEH
P

Info £(3);

XM AEERI- NP EXTE, EFBMA ftype IE N3, (H R
Info(int) Z=3E Info() ¥ 1k, J5 & A InitRest ¥ {15 type BI{E N 4. A3t Info(int) A ¥ &
XH type EE N 3 ), MHKIEICHSIF R 3-12 4 Info & X, ftype AI{EM ML N 4, W%
HEMER, LB H3-12 F Info WITASEMIER. X2l TECHI1 P, HirHikeE
B PAT B e TR IR & RO A A . PR IR 56 E BRaty 1 oR ORI 404 1 pR ik ) 1
LI A AR PR RN B, &N 0T B & A RIS A 3-11 48R,

M TEH i R B L Z A aT i, RATTRESWA A IL— 1T IR E R, Ti—2t Hirknk
PRECR AT AE th B B IR R 8, XHE—ok, RATERVT AEZE T IRH0 & SR I LR I B IR 4
mRFR, SR 3-13 AR,
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HE# % 3-13

class Info {

public:
Info() : Info(l) { } /B R

Info(int i) : Info(i, 'a') { } // BERBfHHERE, ©EFRMLERL

Info(char e): Infe(l, e) { }

private:
Info(int i, char e): type(i), name(e} { /* Hfb#liik +/ } // Bt R
int type;
char name;
ff ..
i
/) BEE :g++ -c -std=c++11 3-2-5.cpp

IS5 5 3-13 Fian g B e —FhEE R ZTFofal, X IR 1E Info() Z4E Info(int) HEATHI
i, T Info(int) X ZEHE Info(int, char) #FfTHE . FRICHEMNERELRES, F—SBFERYS
WER, MEAGEEMNEICIH ( delegation cycle ), Hil:

struct Rule2 {
int i, c;
Rulez(): Rulez(2) ({}
Rule2 (int i): Rule2('c') {}
Rule2 (char c): Rulez (2} {}

} 1
Rule2 5 ¥, Rule2(). Rule2(int) fil Rule2(char) #BKHE T 5| o+ & sk, TR B A
HRXFR . HEMRMEEYNSSE SRR,

Z IR FA) it A — AR S B 0 SO P AR S 8 P ) s A PR M A B AR i R M, A B
B 3-14 PR

HKEiHe 314

#include <lists>
#include <vectors
#include <deque>
using namespace std;

class TDConstructed {
template<class T> TDConstructed(T first, T last) :
l(first, last) {}
list<int> 1;

public:
TDConstructed (vector<short=> & wv):
TDConstructed(v.begin(), v.end()) {]}
TDConstructed (deque<int> & d):
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TDConstructed (d.begin(), d.end(})}) {]
}i
J// iKW :g++ -c -std=c++11 3-2-6.cCpp

EAREER 3-14h, HAE X T — iR BBt . i MIZIREERBIIETE,
s cREBR S Bk, T 24 9##ES K vector<short>::iterator fl deque<int>::iterator B
Fh2ERY, XEE—2K, RR{1A TDConstructed 2SHE 7] LATR 4 5 M2 52 Z Fh 28 88 X Kt 1790 61k .
XL LB I A FERAMEREOE TRE., ATLAR, ZTFoHE 186 e 5 a0z B4R

WA T —Fh AT EE

Mo, fESH A TE, WRTERIRMGEREBCP A vy #9938, AR 2 B bRk ok B
R, AT LIERIRFE RECP oM B AT LIF B AR R 3-15 BiReIs .

LN e 3-15

#include <iostream>
using namespace std;

class DCExcept {
public:
DCExcept (double d)
try : DCExcept (1, d) {
cout << "Run the body." << endl;
/1 HAbwhhk
}
catch(...) {
cout << "caught exception." << endl;
}
private:
DCExcept (int i, double d){
cout << "going to throw!" << endl;
throw 0;
}
int type;
double data;

}i

int main() {
DCExcept a(l.2);

}

// BRiFEM :g++ -std=c++11 3-2-7.cpp

FEIRAS A B 3-15 o, FRAT17E B 4938 PR DCExcept(int, double) il T — %%, FE7E
- ZTURN i R DCExcept(int) PHEATRIE . iRz iTiZRF, RITEXLERHL FFBLITHHL.

going to throw!
caught exception.
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terminate called after throwing an instance of 'int'
Aborted

a[LVE R, f T B RECh R T R, Z YR bR A pR BA R 4 i AU
HE AT, XREMEHRATRR, B InR R B T Hbrt i R BOE AR, BRa
E brH i pR B 3 A R S T, iR R A ZE AT IR 5 o B R A AR S 4

H, 7 Java F—BEENRHREEST P, FOEG T RIRWE RBOXHHIIIEE.
PG, TR R, ZIRME R BT MBI LR . E R 5 ARG 1k
ZIRMERE, VISR R, C++ PHMERBEBERKTE 2R, XMBRFRL
HEEMREERR, TREAFHRENHN,

3.3 H{ESIA: BEENMEERER
@™ HH) . EKEE

3.3.1 #EHBRSEIMIE

X C++ BIFRAKIK, WE C+ BIFA —ROTEEHAN, REERXPELETT 14
FE MG, AR ABMBERH/NOENMERBHNRE, HA—A/DG, e BN,
ADEEF L 3-16 I8 7.

Kk 3-16

#include <iostreams
using namespace std;

class HasPtrMem {
public:
HasPtrMem(): d(new int (0)) {}
HasPtrMem(const HasPtrMem & h):
d(new int(*h.d)) {} // ¥R, MMESRHIECNTF, M ~h.d ¥tk
~HasPtrMem() { delete d; }
int * d4;

int main() {
HasPtrMem a;
HasPtrMem b(a) ;
cout << *a.d << endl; // 0
cout << *b.d << endl; /10
}o /7 IEEHTH
/! HEEETH :g++ 3-3-1.cpp

FEACTD TR B 3-16 1, FA1E X T — HasPtrMem B2, X HKEE— T84 RA, %
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FL A FEHIAE B $ 5% — 1 new BRAESTBCHE AR EIRY TR 6T, T 7EHTH B BT 62 00 2 Bt delete BRAE
HATEBBZA RGNS, 7F main REP, RATA Y T HasPrMem 28I )88 a, X{E
i a W14k T 75Tk b, 88 C++ AOIAE, X €78 HasPtrMem RO ILH i s 3, 32X WL 0501
Hais R B RS B A, HAEF B ATERMLT memepy RIS DL . XPERIME XA
—ANEE, R ad M b.d#IEE TR —RHENTF . FHAE main fERIEES AR, a M b
Wt Ry Sy A, YHP2Z SRz E (kib), B4 ad R T —1 “BHE
%" (dangling pointer ), F AWHABBEMABMAL T . RATEZBERH LBRAFRS
iR H R

XA EETE Cr+ P AE R 2, XFENEINAETX, £ CH PR gnh “iRE
1" (shollow copy ). Tii7E A P B Y3 PRELHIE L T, C++ i e A pll— -3 45 0L () i
PR, W RAEAMRIRIT R R A2 X NS REBOR I BRI (deep copy ), Hfi]
B A RIS 3-17 PBIEN .

LN e 317
#include <iostreams
using namespace std;
class HasPtrMem {
public:
HasPtrMem() : d(new int(0)) {}
HasPtrMem(HasPtrMem & h):
d(new int(*h.d)) {} // #ENHEERE, MEDIREART, HH «h.a Witk
~HasPtrMem() { delete d; }
int * d4d;
}:
int main() {
HasPtrMem a;
HasPtrMem b(a);
cout =< *a.d << endl; ff 0
cout << *b.d << endl; // 0
} /) IEWHTH

// BRI cg++ 3-3-2.cpp

EIIE R 3-17 1, K15 HasPuMem #0077 —~ 88 U1 My i sl ¥, 8 U1 g3 R B0 M HE
RABCHTNTE, BRZAECRBNARIEE 2SR LS d, EAT *(h.d) X *d #E7 T oigfk. @it
XEERY i, BE e T RHIEH R,

332 BIEX

5 DL A4 38 pR B0 o 18 Bt L R 43 RO B N 77 FEHEAT P 2598 DL AOBORTE C++ ST LT3
ARATERE . ATE—LrHE, RIOTFLATEXRNOE NGRS, BRIOTUEER
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37 8 3-18 PR BB+
RSN 3-18

#include <iostream=>
using namespace std;

class HasPtrMem {
public:
HasPtrMem(): d{new int(0)) {
cout << "Construct: " << ++n_cstr << endl;
}
HasPtrMem(const HasPtrMem & h): d(new int{(*h.d)) {
cout << "Copy construct: " << ++n_cptr << endl;
}
~HasPtrMem () {
cout << "Destruct: " << ++n_dstr << endl;
}
int * d;
static int n_cstr;
static int n_dstr;
static int n_cptr;

}:

int HasPtrMem::n_cstr = 0;
int HasPtrMem::n_dstr = 0;
int HasPtrMem::n_cptr = 0;
HasPtrMem GetTemp() { return HasPtrMem(); }

int main() {
HasPtrMem a = GetTemp () ;

}

// SRR :g++ 3-3-3.cpp -fno-elide-constructors

EACHSIE R 3-18 7, RATAH T —4 iR E—4 HasPtrMem Tt i i3k, B Tic w1
PRE. ¥R E, IR RN E, RIMEAT —HiETR,. 7 main K
Hr, AT A HLAT ] T — HasPtrMem (9 7F it a, B R T {# H GetTemp AR ([ {8 #1580 15
b, WFEITZREF, ATTLIFES T maosEd .

Construct: 1
Copy construct: 1
Destruct: 1

Copy construct: 2
Destruct: 2
Destruct: 3

XM RV T —, XRETE GetTemp F¥H HasPtrMem() ik B 4 T
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M3 BRSO FTED H ke iy . T2 D1 g 3k pR SO0 B 8 T T P . X P IR — U M. GetTemp pR &L
HasPtrMem() 4= i 925 fit b8 00 #gsk th— e B,  DUFIAE GetTemp A93E [, Wi 55 4h—K
) 2 ks B F 5 Y main PR a WA, XTI, RS EEAT 3 K. Xa0i
A 3-1 Fras.

HasPtrMem() ' %ﬂﬁfﬁ 3 HasPirMomAfit] ' b
.________E__:.* Tt b

GetTemp main

P 3-1  eREOE [m1 Y i B 22 it -5 45 01

Bt NBRBALHERE N HERENIEH., ZERINGEFE, 2 HasPtrMem R —
A~ int BRIAYFE . M1 21 5R HasPtrMem M998 ¥ 48 1 JE % KA HE N A B &, IBA# N
ERNSERSEES R, TLIAER, XMEN—-B &4, a WIihibRk a0
FEA R, TE RS AR, W AR MESRLLEE NN RENTRERFR
KiREA FEBEAKN, Ao wmBFNIESM, HimBEPEiZ S B0R F AR G 1
B, B ABBEERFARE (FL L, RIFEFWEXNRBGEREASIIHKA, RITEER
TR &R T ),

ERATEH B R EAE R R E, B 3-1 FE main sREAIEE 4>, L8 C++ 1YiF
X, BT SRR SRS AT, SR E TR A NTER IR, 1 a 758 DL H B A
Bk, XSO RREATF. ZHEMN—Z kLA KKMEL, IBARNTREE AT LAZE R
M a MR RASENAE, BN TS 008 i iE g

FECH11h, BEREHFEN., RITTLERNAE 32 FrRirERE,

Pl 3-2 b iy B 28843 ] LA B I i 8 Bk b 8 DL M 7 B 2 AOfB,  BRTERS DL 23 OB
BIMERNTT, JFAIGR T REMENFEDENNEE ad, MHETRE, HEHRERE, M
IR A HHE N FE BT IR S BT sR ORI . TP 3-2 AR ER A R —Fp BT ik (SR
PRIATAEACHDTE . 3-1 PHABEARZE ), B EAEMEEE a.d 8 6 I i % 509 HE 9 77 %
P [RIES BATIARAE I Bk o S A R B4 0] O ME N FF ( F TR 4 080), IR ATEMIE SE AU
X RBATH, a B 7 BT IGET xR ETHA KR AE BT .
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R — - -~
L Y §
HasPtrMem ';{@j%%& . Hhﬂ?dﬂﬁn 'Tﬁéﬁ}é}& . E

i X

presmmnmssns e ey

PomRE etz

HeNTF HERHF

H

o :
L :
H H
P

I3 i
[

: .

HasPuMem  [;=="="==2
inixtp [ BAME e

i

B 3-2  # IHiES5R sh i i

fE C+11 9, XHH “fiE” laad i h ST RAM R RE, BN “BaiiER” .

maXFER “fr” BTk, WBRZAN “BahE " (move semantics ), 2R, | HIERM 3L,
AT IR “BNC . RATATLUBEFHEESR 3-19 h R I T X FhE ahilE LAl .

fLagiN s 3-19

#include <iostream=
using namespace std;

class HasPtrMem |
public:
HasPtrMem() : d(new int (3)) {
cout << "Construct: " << ++n_cs8tr << endl;
}
HasPtrMem{const HasPtrMem & h): d(new int(*h.d)) ({
cout << "Copy construct: " << ++n_cptr << endl;

}
HasPtrMem(HasPtrMem && h): d(h.d) { // #HahtueR%

h.d = nullptr; /7 R AT A

cout << "Move construct: " << +44n_mvtr << endl;
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~HasPtrMem(} {
delete d;
cout << "Destruct: " << ++n_dstr << endl;
}
int * 4;
static int n_cstr;
static int n_dstr;
static int n_cptr;
static int n_mvtr;

}:

int HasPtrMem::n_cstr = 0;
int HasPtrMem::n_dstr = 0;
int HasPtrMem::n_cptr = 0;
int HasPtrMem::n mvtr = 0;
HasPtrMem GetTemp() {
HasPtrMem h;
cout << "Resource from " <<  func << ": " << hex << h.d << endl;
return h;
}
int main() {
HasPtrMem a = GetTemp();
cout << "Resource from " << _ func__ << ": " << hex << a.d << endl;

}

/! WREHEI :g++ -std=c++11 3-3-4.cpp -fno-elide-constructors

FHEEFACHS S 4 3-18, LIS N 3-19 /) HasPtrMem 2K £ T — 4 1t o ¥ HasPtrMem
(HasPtrtMem &&), X 2R MFFENBIAERE. SEIIHERBCRRNZ, BahliE
RBHEZ—1 A “AESIH” W38, XTAHAHERBRIETRSHERE, £H 0] LIS 2%
HlmatEER G| . ATLED, BaERBE A TS h MR d WEE T AN R 8 R
d (MARSRE NHERE—HRTESENT, RAREARFEKKENBFHREATFS),
h YRR 51 d Bifi f5 8 8 R 38 T 25 (8 nullptr (52 7.1 97, X B SFMF NULL ), XBEER T8
BHE R R,

XS 7 AT, BEIEHAXR di5E hd B NFEX —KiEA), AR,
LATEH b AR5 d B EE. XHELBRRERN " N Laie. XERAER
BIESE R Z e, G SRS BT . IR AMZE hd (B XS R AR LG ) #9iE,
DU he et ot R AT BEAC R TRAT] M SREVEATE. Rk, AXNRPH dIEHERR T —
MR, WRENMXHSEATHS I, e REHRLEI TR,

HTEBEBRDBEABE, RNk GetTemp Al main & 45> 514TENZE &t h F1ZE it a P Y
5%t h.d Ml ad, ZERMAOTLRIL FiEfTA85RMT .

Construct: 1
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Resogurce from GetTemp: 0x&603010
Move construct: 1

Destruct: 1

Move construct: 2

Destruct: 2

Resource from main: 0x603010
Destruct: 3

ATLAF R, X BB IR D f s pR g, R T PR s i R B, RRahi i A4S
R, GetTemp F 8 h A9F5 A 5 h.d F1 main sRECH A a B35 E LG a.d AU(ERAF A, BP
h.d fl a.d #_FE 1 T HR A HEROE NFE . ZHENFTE RECR M B, alohtadkgt T 8y
i “JEiz”, Bz HL, Wb TRERAX PR a B%EE. WRERNFAR— int £
HEVERE, L. MByte LA AHEZS ], AR A FERI RS s R A9 HERER RIS IE B

HNFEERFER . AT AEXAREME A E R VE? 5E2 0T LIEHESE
GetTemp Y 11, W HHEL 51 HEETEH B GetTemp MESRF , FERNZEBAZE.
HSMPERE EoRUF, XREABGLTRCZRME, H 2 RGAZE. At A0 E 1 okt
BRALF . R RBOR FmEHE A, o7 RIFE R AR BRI, HanRATTLIRA
RS N R i)

Caculate (GetTemp (), SomeOther (Maybe(), Useful (Values, 2)));

(B an S S s F IS E O AR FHERE, @ EREZER kTN A
TAHE. ATRERAR T mX AL .

string *a; vector b; // B e T £ R R

Useful (Values, 2, a); /! BIE—TS580EE . AT R
SomeOther (Maybe(), a, b); [/ RE—1E2%ESIH, ATERSR
Caculate (GetTemp({), b);

P FEAUAD g 5 8CR Rl i P LR AR I A 22 50, T (S8 7 A s A4 38 5 [ Y 72
O )E A, PRBEPRE X eS| S £ AR R EMEGE [F 45 3 A, BATHBF EAE Caculate
A Z A B TR 5 ISR . X JCRER BB T A6, sR%B0E Bl 28 B A ab sk — A
i AR R, AT EAIE el B A AT R IR AR, (AR i)
SEAT LASE R B TAE .

B2 E BB shiE L B, BA— B M [ B A MR, ARk R shH s ok 3 fa]
BfgiA . ZAIRMNAZRER MiEMIR, —~BRIABIKRGHZER, 28k
ESCRTT AR PAAT. IRA, 7E C++ rh i K ir=4: 7 IKGEd % 7 et 3R 758 sh i i o
oo BERAA AR UUH TR - PEA ATREA AR (R, B2 (0] i 4 ] B,
MR T W—T C++hiy 1" RafT 5260 .

EE FTE b BIHEAHAFTAHLHGEE, ECHISNIMETRAEY, T4
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AT, e

O X 2o b oL F # M 43¢ & 289 5% ( copy constructor elision in some eontexts )
Q4% fk454+693# 0 (auto ptr “copy” )

Q4 £ PFi2 (list::splice )

Q0% & A&y E # (swap on containers )

VAL R RELE TR EEF ARG TRES (EHEL)
#yit AR, f— R EeG T G—09 ik FoiE U6 RAF, RARAAN T ME 8 R 694K A0 45 5
&G TR (SRR K ATSF T A4 A3l Al 69 A A R AR & 2 —4F ), e RAEB4E
ik At R eSS mARLE N, MLt h Peoik 23bmladEs i kitd.

333 XAfE. AEESEESA

HECIBESH, BMEHESEELME (Ivalue ). FH1{E (rvalue ) XEEAIFRITE, M 7F % iIFE
FFef, gifsi At SEREMERGEETSETEHE. AHEMARE. AdEHE. AEER
Al i — A PR E ST R A BT, KB RET R A E S S H R B R — .
— IR R B ke, ERAEARA P, HBESFSLEANME “EE, MEF
SHnM, WK “H{E". .

a=>b + c;

FEXPRERERP, agiR— L HE, Wb+ cWBE-MHE. IMRINALEE. AE
BB AE C++ KR A . At C++ Fid i — 8 ZIAFE B, ARHERE T LAB U hE Y |
HRATFHRELME, R2Z, AREBHLEY . BA2FHREAHE. B2aX e E&RikR
, &a 2 FAIFRERIE, (B &0 + o) XFEAERMENASE S 4iF. Fitka 2—4Z%HE, (b+c)
E—1A1HE

XEH B kB B AR ENHEBU, 7E CH 11, AEEAPEBESHAN,
— A EHFT-{E (xvalue, eXpiring Value ), 55— ~N24i4{H ( prvalue, Pure Rvalue ),

Hepaif Hgk R C++98 FrME P A EMELE, YR THHAIE R A8 f— s R R X & X
BERY(E. e andES | RLEE [ A4 ok BGR B A9 i AR 8 (RATERT I B WIRA T ) R — 1 ohif
B, —sEB AR, 1+ 3 A NER R, Rt E, AR SN FH
WA, Hin: 2, ‘e’ true, RS {E, M, HAHERBAER{E ., lambda A (I
7.3%5) %5, W RAHE.

T C++11 B AR A (ES | M X RER, XHERAREE RS EgEan
MR (BRAMA ), R EAET | T&& FREGER FIE . std::move FIIREIE ( F/5 R ),
H BN T&& MRS R E (REMERE ), MBI, "TLARRRE . A
{HEE T2, 7 C++11 WRFS, FIAMNHLRTAME. ¥BHE. aaGE=8Z—.
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8 FEL, XAAAMAel—EX TAME, HEGF B MR 78] L5 E 6 E L
H—ABERA—IRERH, HEFPEPEART, LEEXFHHRE,

£ C++11 9, fAEFIAMEXN — P AEETIIHNER, FLE, ATHEEFARSA
227, BRIMBREELT I HO T ARBENFE. BFWHT, RIMABREALHEREREK
MHEGIM. .

T && a = ReturnRvalue();

XA FkA H, B RetunRvalue ;& [0l — A8, HAIKAH 17— 44K a fiA S
A, HAE%F ReturnRvalue pA¥GE [B] A9l A 25 BEAY(H .

ATEHNFCH8FTRFI AR, BIMNKCHBHMIIFHNI “AM3I " (value
reference ). F{HG|FHMAES I HAERE T LR, TRRFUHA—LMHE5I HERAHES]
A, FRLLA B AT R0 ah A LR S W LABRAR AR5 | S AU AR B A O 3 A H0H B85 3 %
MR, REBEMRN—1THl4. ZHSIARZRZEREMNE, fAESIHWUERASZ
(EE#) AR5

£ LW AB 1, ReturnRvalue PR¥IGER [P (9 A AR BNIFAGHE, HAe MRy
T CAERRMORLRA KAl ), MLl A ES AMAES, A “ExHE",
HAa WG SAETI HERER a EmH B, R¥Eaif “EH", AN H S —
“HIET R

Fr LA BT LA i a) B A B 5 X

T b = ReturnRvalue();

BATRIA A ES I HERAEH, e — W RN E—Kt2ME. Bla kg
H51 /M, HEEHE T ReturnRvalue() 3& [IAIGAT B, 17 b F pi I EHE #4177 RCAY , 17 e s
BAERIKRAGE G 2V N2 2 — T H i & i 7R85 .

Ai{EfR A2, REEA AT a AURTHRE ReturnRvalue 3R [F1 42— 1H. @H
W T, AEGIHEAESIEREMA LN, T ek R Tkl i 4.

int c¢;
int && d = c;

X, 7E C+98 frnMErh i 2 BB ZH T | R BT LASSE R AME (h A EH#ETIH
f£) W7 .

T & e = ReturnRvalue() ;
const T & £ = ReturnRvaluel();

PR AR B REWE L FER? XBEMNERRE : e MRS FHAIRHEIR, Wf
WAz, |
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B AR A R R 2, AR BZAC(EHT A CH98 prifEP T sl 21~ “HEE™ #51H
PR, A RN RAM . WRAME. AEMHHFTGL. A AAEMN Y8R
fertyad g, W R AT R AT LMEAES | — i A R R e . A b TR (S LR
Bl FfAE, WREERSIHNAEEER “RAE" FRABRREN. Mx, EWiz
{6 HABHESZ AR § i Ao (E X ot AT e a4

BEAR N RZETIHTE C++98 il LB, EFTRESH N RiCIZ, MIWHE C++
PREAFBLEEBEAEAEL. AR UFAWME. XEEN, £ CH11 ZHT, &
., AEY TRFEARE, —HEBEWRE. FAEHAREE. AH, HAREWEHIER
B C++ Ui, SIAMREEMAHER WHAEER., AdFEEL L, 7 CHI8 B AETIH
FRGE— MR EBEOIFALR, .

const bool & judgement = true;

SR —MEA W RS HRBEAENBIT . il 500 F 7 A L BE XL 225
Z::kﬂ

const bool judgement = true;

ATRERZ T RS E R P EH (EE EJF, aUH B8R T HERNH
“BEdr”, MREMNAEERERSGHFHBRT ).

b, BIMEAE C++98 o, FRATHLHE AT LAGE A B 22 (85 | e mi et X 2 a9 7 85, fn
RIS A 3-20 AR,

fLE0% % 3-20

#include <iostream>
using namespace std;

struct Copyable {
Copyable() {}
Copyable (const Copyable &o) |
cout << "Copied" << endl;
}
} i

Copyable ReturnRvalue() { return Copyable(); }
void hcceptVal (Copyable) {}
void AcceptRef (const Copyable & ) {}

int main() {
cout << "Pass by wvalue: " << endl;
AcceptVal (ReturnRvalue ()); // WGiH{EBHE 0145 A
cout << "Pass by reference: " <<« endl;

AcceptRef (ReturnRvalue ()); // WGEH{E#E X5 158
}
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J/ GEIFEI :g++ 3-3-5.cpp -fno-elide-constructors

EARIEHF Y 3209, FRATA B T 451K Copyable, %45 ¥ {4 A9 E — A9 1F FI gk 2 7
B ¥ 01 49 3E f At T Bl — )45 © Copied. 1fii B~ PR %, AcceptVal i ] T{EHEZE S, W
AcceptRef i i 75| Hif%i#. 7ELL ReturnRvalue iR [ )G {H S ERIBI%, AcceptRef BLAJ L
B A=A MR (FFEER A Al ), 1T AcceptVal WA BB F 4248 Al B 314 .

GRiFZ TICRS s B 3-20, ATLIARBILLI TSR

Pass by wvalue:
Copied

Copied

Pass by reference:
Copied

ATLVER], R PR T ZESIH, mehd R EEE N RBSE, mATEMN D
—W. EETLUATH— TSR, XERATRT . MFECHI11 5, Rk, WR4E
fCHSIE 3 3-20 P LUGES | FHAS B B IN T pREL:

void AcceptRvalueRef (Copyable && ) {}

A ) AT LAY/ s B 72 8 DL AR . i — 2B, 3B RT LAIFE AcceptRvalueRef H 5 3%
A (XAaf A E S THAES I HSERTIH, C2RE T REEE AL ). A
e — M IGEAHER B SGER AR, BRIESR 3.3.2 TR HBEhE L.

ARG, WRBATXHEL IR

void BcceptRvalueRef (Copyable && s) |
Copyable news = std::move(s);

}

X H std::move BIfE I R S& W — P EEB N AE (FEXRBHE? XMRINESETH—
TR ), ZeREUR R AR ERIL Copyable ZF & news. 48R, WERAIE LR
A, EHBESNE LA AT R Copyable b 75 i n— 4~ LLA{ES | FH A2 8000 5 shil i sl 8,
Heim.

Copyable (Copyable &&o) { /* SCEREEGhIESN +/ }

XFE—, SR Copyable KB %f % ( B ReturnRvalue i& [B] A9 IGAH{E ) o & —it
KENAFRIFEEE, news BEAT LA RICAS I 8 3-19 — R IR E P AARTE “85" HEH, M
MM X A EAF S| S8 AcceptRvalueRef sRE P IRB A MW 2. FEL L, HAHESIHEY
Ferh MESLIREE il LB EMK, XEAHEGFEN—TRANME ( DI —MMERA T4
K, BB mHY/N T HEER ),

MFAGIT S, BASOR, EERTUEE—TF . MERITRAWBHHERK. &
DU R A (RO R R A f 47 RRAIAIA 288, ERAGCURES “F
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fE” WSIAER, LieAETRAHE, FRERENE, —BREHE. 2R Copyable
RAB S RE, IR

Copyable news = std::move(s);

v FLLE AT | D SR NG R . X R —FI R Rt —=8a4
W, BRSSO, Bk, #RHELT, BRIFRSNEBT Bali iR 20 B —
TEBAMNSEWNE LSRR, DIRIEERSIMEARE, 7TUEHERRE (A,
A BTEZ G B B Lo Rk & 8 B ).

HTIHXMSEE, C++11 PETFEE N RAES A, IR LA — A
BHHGIH.

const T && crvalueref = ReturnRvalue();

B, —kAEIHEZEMERNTBIESL, MmEshik =L ERA ISR,
B2 A | RER A ChaB A ARZA ;. —RmREFSIHAERIEAEAATLLE
B, WRAHTI HEERES T, HREREMWNRL T, RMNERAERFRAEIINA
faf Lt

317, AP THE CH11 PEFTHER T LIS HOEMER, HHFENR,
HEREBIEE A M5 KR, RS R A A i,

F3-1 C++11 h5|HEBRHETLUS| AOEER

- TS -
WK o RAE | WEAM | FREAE | FRAM e

RS Y N N N %

R Tl v - Y Y SRR, AT AL

R LA 5 N N Y N T BaiE X, Hh R

R N N Y Y W ERE

AmEHE, RAITERAHE - TRBEFESIHER, ULAREETI HEREGET
H OGXERR P ELEEE W ). #rMEFETE <type_traits> Sk 3C{F PR LT 3 VB . is_rvalue
reference . is_lvalue reference. is reference, PJ{EFR{TEFTHIMr. Hin.

cout =< is_rvalue referencesstring &&=::value;

A @ A AR ERI R 5 value #ERT LAFTERHY stimg && 2/ R —THESIHT. BE% 4
PR RIHE R IRIERT decltype, FRATTEE 2 b 0] LLXTAE B 09 8 RYEF7 3y . HiEHFIWATHER
I AR EHE, AN/ THER T,
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3.3.4 std:move: BHEELAEE

TE C++11 9, R MEFETE <utility> 34t T — 44 FH #9 o8 % std::move, X 1~ sR&H) £
7 BA R, AR L std:move H ARREBSMEM P, EME—ThEEREN — A5
WAL A WS, dkmIRi1ar LLlEd A ESI AEAZE, DHTBE L. WEBE B,
std::move FEAFE 6] T — KB .

static cast«T&&>(lvalue);

(E8—RA R, S ZEE, HeEMIDFEAME A AR, R EEN
2 std::move F LM A (HAF & Ivalue GBS BNGEATHY, FEAHERRET . RITRENHEH R

3-21 Br Bl
a0 & 3-21

#include <iostream=
using namespace std;

class Moveable{
public:
Moveable() :i(new int(2)) {}
~Moveable() { delete i; }
Moveable (const Moveable & m): i({new int(*m.i)) { )
Moveable (Moveable && m):i(m.i) {
m.i = nullptr;

}

int* i;

int main() {
Moveable a;

Moveable c(move(a)); /7 2= R EhH i e #
cout << *a.i << endl; [/ IEFTEHEE R

}

// BRiFEEM :g++ -std=c++11l 3-3-6.cpp -fno-elide-constructors

FEACHS W 8 3-21 1, IR AEA Moveable 7 X TR0 E R ¥, X1 pR¥UE LA 5%
Ao, AR, {#H T Moveable c(move(a)); XHAIESR], X HEH a k2 —
AR, @ stdimove BEH A N A H ., XFE—K, ai iy c MBS & REIRE N
¥t {H. BT a B4 LR B B main PREGE R AL H, IBABEG M #ER *ai 171
W, SeR4mEREITIENR,

R IAEYIRA std::move BB F. 28R, FRMEFEIROLIZREBN B R RN TiLRF i
WAL A CRIM. T L, EEMZR, LAURRTANETERSRARE, ik
Birh, B RNGZME NG a RATLIEMH, R EL, RINGESRENE
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{5 | i 8030 e — T S A A B A R AR R . RATIRE B LRSI 8. 3-22 Fn rIE# B F

HEwe 3-22
#include <iostreams
using namespace std;
class HugeMem(
publiec:
HugeMem(int size): sz(size > 0 ? size : 1) ({

¢ = new int [sz];
}
~HugeMem() { delete [] c; }
HugeMem (HugeMem && hm): sz (hm.sz), c(hm.c) |
hm.c = nullptr;
}
int * ¢
int sz;
}+
class Moveable(
public:
Moveable () :i(new int (3)), h(1024) {}
~Moveable () { delete i; }
Moveable (Moveable && m) :
i(m.i), h(move(m.h)) { S RIS R, DL B s el
m.i = nullptr;
}
int* i;
HugeMem h;

}i

Moveable GetTemp() |
Moveable tmp = Moveable();
cout << hex << "Huge Mem from " << _ func
<< " @" << tmp.h.c << endl; // Huge Mem from GetTemp @0x603030
return tmp;

}

int main() {
Moveable a(GetTempl(});
cout << hex =< "Huge Mem from " << _ func_
<< " @" << a.h.c =< endl; // Huge Mem from main @0x603030

}

// BRIFHEM cg++ -std=c++11 2-3-7.cpp -fno-elide-constructors

TEALIEIE R 3-22 v, BATE L THA2EAR . HugeMem F1 Moveable, 7 Moveable 13
# T —4 HugeMem (3% . #F Moveable M8 sh#y ke b, ATEEF 2| T std::move eHEK
P . Z R BOH moh SEHI L M A, LU Moveable A9 h fEMSSCBl RS shH i, X
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f] LA {d B std::move, JEFE R mh R m AR, BESR m ¥ 7E R AL RS AT, A5
o [ RS TH, PR EE AR A 3-21 PRI FIAR T B A, 53 A —A W ] BB R
std::move {8 A9 AT M 53X B NS A std::move(m.h) X BEAYFA, 1R H M Hmb
XA FIEA B

HIHX R C++11 PH BT T EZAENAHEIIHASHENLAHE, XEKM mh
VAT —1HENNSR, MHEmhGL25, ATLMEH &mh BB, HEESAFTA
ME . AXAEEFFHEESRI K K", Ho$E D i k8 AE Moveable Xf
$a M EMGHRBEER T, A XEMH std:move SR K WA EMASHRM T . M
H, MERMNAX A8, @ T mhB2NEME, S FEPHH HugeMem 978 D1 i o8 H0E
¥y Moveable BUML A h ( BAX B EASH, EETLIATHEMER —T ). REXH,
Bahif Ui AR shbm Al Afeid. 52, 2SR TENMSH &Mk
R 2k

95 |, A THRIEBShE XHfEid, BF RERE B WS RBAIeHER, NizE2&ids
{#i FH std::move ¥ M di A T N7 . SCHFWRFRERM R R A ME, XXk, PR
TR SR TE, BT LISE B R EE . mBEME R R A R ERE, BAEZTER
ZAE A R B R A L 2 SC B3 N f i, ikt AL s KA R E.

3.3.5 BaNEXNR—EHfbm)EA

FAVERTIE ZWRE], Bahin L EREESIGH B RAE. B4, WAXEFBES
H 3 PR AK

Moveable (const Moveable &&)

2 R P ] PR

const Moveable ReturnVal();

M@RERERF L, O —THEAHE, BameZ s Hdmikes,
M 3 TC S B B8 3, AR Py B3 7 SC 3RS Bh i S — 5 B E B HEBR AL 2/ const X
Y.

15 C++11 9, #I1/ B oy R BSEPr EA LI 3 A

T Cbject (T &)
T Object{const T &)
T Object (T &&)

HhEBAET I HRA R NG REA, G ES ] R AR — B ah iy 4
BT, S o B R RAE R —1 (RARRNEREEANRER ) B
AR AR AT A E AR s R, ¥ DURE R . BRI R, Y
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HRB T — P RE D, WIFHRBASENERF U EMBOARRA . BN BB H 1 R 2
bR PRERIA RS Db R B, FLAEM—SE R D B TAE . X S B el SOKR Ui
Ry, BEEERT, WRTFERIENL, BFRLAHE XBSHERE . MR, W1k
LAY . A EEM BT RA SRR UL, B NESCS BRI KRR, A XA E
", BEsEEL, #IERE.

[k, BT B EhE R s, FE3NRIERE. #5 DLW {E ok BRI H R B P Ay — 1 3R F
Z4, WIS UASFEREF A NBARPE D SRR, FrLITE C+11 %, #IHE /R
{EAMB S / WA R B R AR, s R AR, BF A A RAUEXFR R BA
M#EahiE L. HARHG RS, KA —FiE L.

Hag, HEBl—FiE XERNSSPHRRIESHE LA . il A S LA R—
HEL FTE C++11 ZATRAT W S K BHAVERIAWEEZE RERHE N E LK., MR8 aE
NEERINEHEE A&, HAYERAEBa0E L RIZERATRFHA R RE RfewEsh, mA
MRS U], P AEEMBTRMITREME— . Hitk, RABE XHENERFEEHRE iR
B gAY, RN EEEEE, UM, LAY WA AR, AR S &=
1, AT LA SR HE R AL AT RS B AU BIAR S ¢ unique ptr. —EEARIEEE, U0 vs2011, BIAE
HLf ifstream X FEAY ISR #8301 .

FERRMEFE NSk SO P <type_traits> 1, BT A LA i — S Y AR SR 27— 270
BEEETUESA. in is_move_constructible. is_trivially_move_constructible .. is_nothrow
move_constructible, i Ff 7R B AF I H M R value, Hi0.

cout << 1s_move constructible<UnknownTypes::value;

LA LAFTERH UnknowType 2/ AT LIFS sl , iXAF—seffnl Fid RIEE A M.

mA TEahE XL, &8 — 1 s an 2T LA fEr B (swap) sl &
B T B swap Btk pR B CHS

template <class T
void swap(T& a, T& b)

{
T tmp(move(a));
a move (b) ;
b move (tmp) ;

}

iR TRATLIB SN, IRAK SIS MBS RS S XA B, b, a el
HOMBTIRACE tmp, BJS b PR PEIRACE a, tmp BJS SORFM a PSR AO VTS b, M
FER T — A EBBIE, R, TR SR s TR S, At wEmR
WS, MR T ARSI ETIE M, BB 0 L AT 8 i, 308 B
BB BGE A RARA o NAERE B A SR T, RAMOGE S — 38 F bR, 2taT ik
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HRROh R E R, X T R, TORER A FHRE LA,

BI— X TFRHHWENIFERREE . TS RBOEH, Wil 5HanEOfER
RN, B A BERE A SR SER, — P REAMHKT, XHSFE LB E
Higd. HEEF RN ZRBSRS A S EaBahiE el & A HEM—4 noexcept
XfT, W LMRIER i R BRI R B 5 R S E VA terminate #2IF & EiETT, AR
AR ET R AR E . MARMEFED, RAITETLAFH—1 std::move_if noexcept HYEHR pR ¥
1€ move PRET. 1% pR ¥ AEISAYFE BhH0 i o BT A noexcept K FAE AT IR Bl — N ZE(H5 | FHM
T {di 7R B o] LA S DLiE X, TAE2S A9 sh i R 30A noexcept X FR, iR [E— A {EHTI
Fi, Mmif#As & o] LME B aE L, JA1EEF — TR H 3-23 FraRsIdl]+.

HKawe 3-23

#include <iostreams>
#include <utility>
using namespace std;

struct Maythrow {
Maythrow() {}
Maythrow (const Maythrows) {
std: :cout << "Maythorow copy constructor." << endl;
}
Maythrow (Maythrow&&) {
std::cout << "Maythorow move constructor." << endl;

}
}:

struct Nothrow {
Nothrow() {}
Nothrow (Nothrow&&) noexcept |
std::cout << "Nothorow move constructor." << endl;
}
Nothrow (const Nothrow&) {
std: :cout << "Nothorow move constructor." << endl;
}

int main() {
Maythrow m;
Nothrow n;

Maythrow mt = move_ if noexcept(m); // Maythorow copy constructor.
Nothrow nt = move_if_ noexcept (n}; // Nothorow move constructor.
return 0;

}
// SFEHET :g++ -std=c++11 3-3-8.cpp
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TEACID G B 3-23 v, ATLLIG#EHLE F] move_if noexcept YRR . 5L |-, move if noexcept
JE LU BB AR IE 2 4 i — P, T H R 2610 I & 2 X0 5 5 s of B0 FH noexcept #1754
W, HNELSH e E 2MAMEGE. XREFENTF & & A SRR R

A — P S5BEhiE LEMILX, HRRESRCHKAETE, ST #HFN RVO/NRVO
#{& 1t ( RVO, Return Value Optimization, i& [Fl {6 {£ 4k, (& NRVO, Named Return Value
optimization), 3 F, ZEA S KEBM A A T -fo-elide-constructors ik 1 7E g++/
clang++ "X AL, BORE AT LA 32 35 78 AT Hh s 25 B b A el 80IR [1 f4) h Bf A {EL.

{H A TE SR IF A BHE AR AZET R E, ZESAABEMEMBTEEE T. X TTF
HXEEAICES, — BITH g++/clang++ B9 RVO/NRVO, M ReturnValue pRE(H a BRI / #£
IR, IR ZREDN / BahiE b W _EEREERA T .

A ReturnRvalue() { A a(); return a; }
A b = ReturnRvaluel();

b AF B SCPRAL{E A T ReturnRvalue PRECH a fOHBHE, (L1 4945 DI FNEE SHERIRA T . #@E
ik, B2 bAEREE ‘4" T ath., XERENP-DECRER TN Mk, R
RVO/NRVO FEARIHEMF ARG R . A EN T, —mERERARA ., £H —&
1, BfE RVO/NRVO 5ER T, WAREABIREFAME. HEIERH R, BahiE LalLl
UL IR LML EfL R g, A e RA Y.

336 ZEEEZ

B 55256 % ( perfoct forwarding ), 1576 RBBIRR T, 564 Hk FAMIAR 1 2 B0 20
9562 0 70 48 SRR P VB 60 53 b — 1 R LA

template <typename T>
void IamForwording(T t) IrunCodeRActually(t}; }

iX A~ 1] B2 1 45 F P, lamForwording #& — 1~ ¥% & R BB AL, T R 4 IrunCodeActually
W2 B IEP AT ) B AR R . X T H #5 R IrunCodeActually i 5, EERA EE L E
BOW 2 ik M A% A lamforwarding A (49 28 Y 4% 33 ( BD £ A lamForwording /% J& 75 {8 X %2 ,
IrunCodeActually BEAEIR 1R ZE(H X 5, 15 A lamForwording 247 {HXT 4, IrunCodeActually
SUEEIRIR G (EXTR ), MAAERIMOTFES, IR EEATFE—H.

REIFR—MEEES OB, BLRIARE, 7 LT, KA lamForwording
MBECP T BRALRHITHRE, BHEESSBES RS IunCodeActually 2 Ji k™
T — RSN e X G 0L . BRI AR R R RRB UL R IEB AR &, (IR E5ek,

FrEGE N R AT EAR T KR, SIHLRASAENMTFR. Hik, WEEE
SEFE R RBO KR RE S . Ik BAReREPT RE R EAE BRI 32 A2 (5, SR A1
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. IR s & R % R e b —34, Rt XEMBTEHE L. 55§K 31, &
f1eME) " WERAEER., ALiE A E RS8O0 KRB 28 3= 20 il
Hedm .

void IrunCodeActually(int t){}
template <typename T>
void IamForwording(const T & t) { IrunCodehctually (t) ; }

XHE, BT ERRBSEERRIEFN RAHES| A, FIREEEZ N RZES I FER
2%, XMk, BRAFERBIEZENRSE, BEBRABEERZ LA TRE. RaRK
{I1ET Gt e Bl it — i BAEE R B A E SR B AR R B2 M. XTERB SR E
ST, R ITTAR, MEKER3-1, MRRMNEREENSHEEMAETIA
B, RSP AERIWE N SR, A, (il SBOEM sl .

AR C++11 RAfTRRDRERF R MR YR? Ebr L, C++11 Bl A—&RFTE “5|H
#18" ( reference collapsing ) FIHTIE M, H-45 6B BBHHE SRR SE 52 R A .

1E C++11 LLRT, BRG] .

typedef const int T;
typedef T& TR;
TRE vV = 1; /! EEHTE C++98 PEBEURIFHNA

HP TR& v=1 XN EARXSERIFBANEAGENRILA, WECHNH, —
BN T X #EAL, ReRETIHTE, B E 2R ARITE R E a0 &ik
2, Biking 3-2 R,

% 3-2 C++11 hpys| AIFrEMN

TR B9ERIE X A v 2R v By IR Y
T& TR A&
T& TR& A&k
T& TR&& A&
T&& TR A&
T&& TR& A&
T&& TR&& A&&

AN AMEICIZ, HA—BHECPHI T AHES A, sIHtrg 82Uk Hirgnh

ZAESI . TR AR R i HE T AU B L BRI B, M R R BN LSRR X i— 421l
M, BB S HPHET R X& KA, MR A LSRER X H— N HET I HAE, BB
LR BB T A X&& KA, GG LA EASI RAITERRN, BT ISR,
E—, RATTLAER & R3S il TR

template <typename T>
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void IamForwording(T && t) {
IrunCodeActually(static_cast<T &&=(t));

}

T A TEREAH$EAMT, FMFIAHE “REHA", RREACHII MIAT EHE, B
ARMET T AFRAGMN, ABELLEHLNOTER,

EE—T, RITAUESEEMEAT T && XHMFFIR, 75 HIRREUE S 0958 H 2 A
B rXEER. RnRIMNERERRBEHEA T —4 X BRMAESIH, Tk
BR, ¥eRmEkpscmihmTER.

void IamForwording(X& && t) |
IrunCodeActually(static_cast<X& &&>(t));

}
BLA ESI AT B s, #ii.

void IamForwording(X& t) |
IrunCodeActually(static_cast<X&=(t));

}

XHE—K, RIMMWAELERZELRME T, JhrfEFAMBHE, IrunCodeActually {5 4
ZAAEGIHAMGE, STl A R R, AdiEE T RE& B, X B iEFATAY static_cast
WAt AR, %L, XHEAY static_cast BESEEAHEAN.

AR AT % R R A T — 4 X BRI A ETIREE, FRATHIFE & R BOK B
Ll .

void IamForwording (X&& && t) {
IrunCodeActually(static_cast<X&&k &&>(t));

}
R B RSrEsn, sti.

void IamForwording (X&& t) {
IrunCodeActually(static_cast<X&&>(t));

}

XHERIIMEFED T static_cast WEEM., WRAE L@mILASDyhdFEIe, SF—-44
HME, SEERGHESIHERATI MR, ZAESI SRS AITANNLEZE, BaK
e R B P Ak LB A8, ST B A std::move R FIT A EMEM ., M std::move
iR static_cast, ARLFE CHH11 1, B F5E X5 & 09 BB A B UAE move, RS
Sb—ABF: forward, BrLIIRATATLUIEH: & PRELE BUXHEE -

template <typename T>

void IamForwording(T && t) {
IrunCodeActually(forwardit) ) ;
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}

move Ml forward TELFRE FERIFHA K, AidtrdEPEiX4ixit, wiFrEN FikE T4
ZX T AR R, LR RERTREAT B ( BRI H move 7 EHLAEE L5 X
R REMGE, B ARAEFFNEGE ).

WAPRB N ERFEEBBIT, IR 3-24 Bz,

AL 3-24

#include <iostreams
using namespace std;

void RunCode (int && m) { cout << "rvalue ref" << endl; }
void RunCode (int & m) { cout << "lvalue ref" << endl; }
void RunCode (const int && m) { cout << "const rvalue ref" << endl; }
void RunCode (const int & m) { cout << "const lvalue ref" << endl; }

template <typename T>

void PerfectForward (T &&t) { RunCode (forward<T> (t) ) ; }
int main() {

int a;:

int b;

const int c = 1;

const int d = 0;

PerfectForwardia) ; [/ lvalue ref
PerfectForward (move (b)) ; // rvalue ref
PerfectForward(c) ; // const lvalue ref
PerfectForward (move (d) ) ; // const rvalue ref

}
// @EEM :g++ -std=c++11 3-3-9.cpp

EACHSIT 8 3-24 7, FATIEEA 13 3-1 FAUA 4 FPASRUAY(EXT 52 ¥ Rt ATk, n]
LAFRE], Frf s R OEmXE T i,

STERFEEN—TEHR M ERRE, X2 TR ENIIRE. KNI HTT R 3-24
R E R REBRHIEE R, KT LR DRI RS RN S8R, tiiEs
3-25 Firso

;%8 3-25

#tinclude <iostreams>
using namespace std;

template <typename T, typename Us
void PerfectForward(T &&t, Us Func) {
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cout <= t <= "\tforwarded..." << endl;
Func (forward<T>(t) ) ;

}

void RunCode (double && m) {}
void RunHome (double && h) {}
void RunComp{double && c) {}

int main() {
PerfectForward(1l.5, RunComp) ; /f 1.5 forwarded. ..
PerfectForward(8, RunCode}; // 8 forwarded. ..
PerfectForward(1.5, RunHome) ; // 1.5 forwarded. ..

}
// EiEET . g++ -std=c++11 3-3-10.cpp

MR, EHEAUEKEZAFERERE A&, UENFEEEFENTER, #LE, #
C++11 ARMEFEP RN UAB I KRBT XL LRMAH, —SR/AI MR, i
make pair. make unique ZFfF C++11 #Pifid5¢ X5 LM 7. XEE—K, B 7 —LpR B
WA B TAL (const FIHE const REA MY T ), FFREWS LA B SN Lo TR MGEFTHERER)
R m R MRS S R fE |, SEREE RERIPRSE & .

3.4 BERXEIRBER

& HH: FEEE

e C++ i, ANEWHFWAER AA e, SURRUIEMES, RN MEHRM “Ad
H” ATLLERF R TZREMERR, Bdd TEXASIE, 26 - %EFRAEEARIN
by B EREA S BOR BRI EHR . AT LAEE B U5 5 3-26 FrRp)iX 1T o

LHEi%E 3-26

#include <iostreams>
using namespace std;

struct Rationall {
Rationall(int n = 0, int d = 1): num(n), den(d) ({

cout << _ func << "(" << num =< "/" <=2 den =< "}" << endl;
}
int num; // Numerator ( #EEE#)
int den; // Denominator ( BE¥Y)

}i

struct Rationalz |
explicit Ratiomal2(int n = 0, int d = 1): num(n), den(d) {
cout << _ func << "(" << num << "/" << den =< ")" << endl;

}
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int num;
int den;

}:

void Displayl (Rationall ra) {
cout << "Numerator: " << ra.num <<" Denominator: "<< ra.den <<endl;

}
void Display2(Rational2 ra) {
cout << "Numerator: "e= ra.num <<" Denominator: "<< ra.den<<endl;

}

int main () {

Rationall rl_1 = 11; // Raticnall (11/1)
Rationall rl 2(12); // Raticnall(12/1)
Rational2 r2_1 = 21; /1 Kkl e

Rational2 r2 2(22); // Raticnal2(22/1)
Displayl (1) ; // Rationall(1/1)

// Numerator: 1 Denominator: 1

Display2(2); /! KEERITE

Display2 (Rational2(2)); // Rational2(2/1)

// Humerator: 2 Denominator: 1

return 0;

// BRI :g++ -std=c++11 3-4-1.cpp

7L HS 3 3 3-26 1, A T B~ 25 &Y Rationall I Rational2, ## fEALHS FAY X B A
K, H A it Rationall B4 #4 i R %X Rationall(int,int) ¥ 4 explicit X8 FE M, X BEHKFZ
W R BORT LAgE B sCiA A . B, 7EsE B 1 1| WEHR, FA 11 582 Al H # i
Rational1(11, 1) iX#EAYZE &, Rational2 HIAREMNFHEIE 21 P, XEFEAMHWEREH T
AT REF explicit 1211, FEibgipaXiE, P& T3 ERERM. HIR 5Tt i BLE
PR ¥ Display2 |, o1 TFii&E 2 ARERR MM i Rational2 X152, H AR Display2(2)
M R R [RIFE TG E I

iX B 8 8K Display1(1) %RiFmII, ALNRARE S T LI Rationall BYE XL, EATRE
5y e FNEACHS B B 7 A DR . T BRI, FRJF B 2 UR1IA N Displayl J2& 11T B B RU B Y oK
. Pk, AT explicit X CHFIRIEXT R A B UM B 7E— 2o i T AR LA .

Ak [FFE A DL A ) BR7E A8 SO R R AT b XBRAF T — i i 82, M
HE SO RIS o) — P E MR XA BRI B R A JURGT /T B IR i A 3
B, A e, BAOTESERNGZB 2 B B . 1R B BN 3-27
BB+, &P RET C++11 2%,
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RERE 3-27
#include <iostream>
using namespace std;
template <typename T=
class Ptr {
public:
prr(T* p): plp) {}
operator bool() const {
if (_p != 0)
return true;
else
return false;
}
private:
T _bp:
}:
int main() {
int a;
Ptr<ints p(&a);
if (p) // BEh¥E#H bool B, A&
cout << "valid pointer." << endl; // wvalid pointer.

else
cout << "invalid pointer." << endl;

Ptr<double> pd(0);
cout << p + pd << endl; // 1, W, BEXLEFEHEEL

}
J/ BRIFEETN cg++ 3-4-2.cpp

TEUIHIE R 3-27 o, BATEX T —MEEHEARER Pu. AT HEAWIREREAR,
KA RS T A E LRTIFR T bool KERIAIpREL, BCRE—3K, FRATHATLUAR if(p) X
HHREFOCREM AR R TA B A r B 5 B 75 Pir<int> 1 Ptr<double> F§ >
fRETROINEZ G TiEE LA, AW e, RITCERAEHEL LR,

fE C++11 1, PRUEHS explicit FIE AR HY RS T A & L RIFEIBBIERF |, DUHs
B ey @ CRRIF " explicit G B 1R TRBFHIRIER L, BokE N A 1F B G
b5 24 10l 2 U2 AU B B IR PT LA R . FRATPT LA B (A 48 3-28 R 9B 7.

5% 8 3-28

class ConvertTo {};
class Convertable {
public:
explicit operator ConvertTo () const { return ConvertTo(); }
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}:

void Func(ConvertTo ct) {}

void test () {
Convertable c;
ConvertTo ct(c); /7 HIEWGRE, i
ConvertTo ct2 = c; /7 P EERIAGIE, iEskM
ConvertTo ct3 = static_cast<ConvertTos(c); // #iil¥{k, il
Func (c) ; /UG, SNk

}

// GPEETN . g4+ -std=c++11 3-4-3.cpp

EACHDE 8 3-28 vh, FA1E L T A 1~25% ConvertTo il Convertable, Convertable & %
T— R 545 ConvertTo 2RI 2RI H LT . AF4 % T main H ConvertTo 258 ct A i
M, \FHEETGRCHE T Convertable 4t ¢, FrLART LUgRFE L, 11 (4058 i) 26 7Y 5 5
(1) ct3 [FEE#E T 4iF. Mic2 M THREMN c PE AR, FfAfEELmF. i, RIS
FH e Func BB, % A Convertable A2 & ¢ ML RS HME NIy, FHivtAfEi#
PUE: )= 8

AR AT Z S TG 8 3-27 f, ATRUE MR St 4 T, if(p) "TLL
M AREE, BEOAW LGS p HEMEH bool RRIAYAERE, 1Mi p + pd XHEAYIEH) R 0 it S
T, XRHTL2RM operator + I A He3Z bool KRUAFH HS %, TMi Convertable thAfE F 4
3 & F T operator + (Y int BRI RS A ( AL EEF T A5l — T p && pd iXFE
AR, REWETHRFN ). XHE—X, BIFOTETEmRE.

ATRAEE], Bl SRR HOF R e 288 I NIRE RV R B AR R pFe i, Aot iy e e
¥ DL H i AR B AR RIFC B R B AV, AR A TRAT 1l 3 A B i W (8 A U R B |
TR AR BAREAL. R AR A A MRS TT R TR R BT I
M—mHR, THAEARE. AT BAXRRE, XHEMMERSRELR, XHER
I % w AR i) — A,

3.5 FIRMEL
& #5: FEA

3.5.1 #WBEIIER
fEC+H98 b, PRMERIFERERES "{(}" MEATEH#HITE —NES (IR ) WLEHE
Et Hﬂﬁﬂ:

int arr(5] = {0};
int arr(l = {1, 2, 3, 4} ;

DO R SRR, A — 8 A R, HIEHEE RS AP, R
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ki oE R IF FE R A9 vector XEEMY A AR, SUEWEA YR - MBI EE hE, X
X (5 FPRSUAR f) 12 Y 4 PR JERE AR A AR

fe 27, RATER T CH+11 X208 A B P Sk M ¥ th 4k . A —Fh B i 1 T8 Ut
LS SR A (5% MRk, WL L, Ccrnh, A (FIR) MAHRLE
BN C++ BT — PN RATIEE, 76 C+11 F, XA TRy “WiEs&"

(initializer list ). iEFRA1HE B KR 3-29 Fraayx -6 1,

fagi%$ 3-29
#include <vectors
#include <map->
using namespace std;
int all = {1, 3, 5}; // C++98 i, Ce+11 T
int b(l {2, 4, &}; // C+s98 KM, ces11ifiid
vector<int> cf{1, 3, 5}; J/ C++98 KWy, c++11 ifisd

map<int, fleoat> d =
{{1, 1.0f}, {2, 2.0f} , {5, 3.2f}}; // C++98 KW, C++11iliit

// SRiEE :g++ -c -std=c++11 3-5-1.cpp

TEACRSIN A 3-29 ', FRAVER TR b, ¢, d, 7EC+H98 TS T XK ELRIFE, 1
C++11 1, #HIf TH R AI e T T LU 9. X, FIRVIEBLTLATE “{}" 5
SZRMERSS, HECR S AW ERHES 0 ahemE .

Xk, HIVERMERERMOPIGLE CH11 PHERT ., BFERWTLERHLTIL
FhIE e R A AL a9 T AF .

Q%5 “=" bR &L (assignment-expression), il inta=3+4,
Q%S “=" I EERHESKXAPHIIIFR, LN inta= (3 +4},
QEES R A FiLI)F (expression-list ), HiNinta (3 + 4).
QRS EEiesE, i inta (3 +4},

1l &5 PIAPIE 2 o] LA F 3K B N AF new #AERFh, Hotm:

int * i = new int(1);
double * d = new double{1.2f};

XTE C++11 P RS EMEER,

fCHS 5 5 3-29 P AT RES & LUERIROT B R, [E MBI (L3RRS vector, map FFAENERY
SRR BRI HATOIRALTEAR MR T LA . 25, SEH T BRI R BRIt LT] R R
TRTHERE, BeH, LIEPRERIREHERIIAETE?
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Hadtde e, MEARMITERBE, 75 C++11 b, SRR R0 T F 3 Al a7 R
S B EFHT O REYE . AR HERURR FE b 2 28 X B 1k 3 R A9 SRR B <initializer list> 34~ 3k S0
f initialize_list ZSHIAR Y 4%, FRF 3 H# #include T <initializer list> 3k3C{F, J HP#A -
A~LA initialize_list<T> SR A SN HERE, [FRERT LSS B 2 XARERFI R,
LRI RE — B 3-30 BHF.

R70i% % 3-30

#include <vectors
#include <string>
using namespace std;

enum Gender {boy, girl};
class Pecple {
public:
People(initializer list<pairestring, Gender»> 1) { // initializer list HIHIfisR%
aute 1 = l.begin();
for (;i != l.end(); ++1i)
data.push_back(*i) ;

}

private:
vector<pair<string, Gender>> data;

}:

People ship2012 = {{"Garfield", boy}, {"HelloKitty", girl}};
[/ OBRPEET ig++ -c -std=c++1l 3-5-2.cpp

e AR 5% i . 3-30 7, R {1 & 26 People 5E X T — -~ {# i initializer list<pair<string,
Gender>> SR EIE NS HAFE KT . XBIEATMAHT C++11 1 auto X F K A sh K AIH#E
FURAAHEMES (HEXHEHR, XERARFMET, FHiFRF 42 ). BTix
H s REA A (e, ship2012 AREARE AT LAMEFRSN R T . FE L, RE—DHIRVHILAHE
EHRBOFARME. X TIHF RS, 3RO ERBOEE ¥ T LLEAH A AL,

FIRERT, eRERISEIIR BT LMERmReTIE, mICSER 3-31 frs.

.50 % 2 3-31

#include <initializer lists>
using namespace std;

void Fun(initializer list<ints iv){ }

int main() {
Fun({1, 2});
Fun({}); // ZHIE
}
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// HIFEM :g++ -std=c++11 3-5-3.cpp

AR 331 h, E LT — T LAEEZ W AR LS R A iR 3L Fun, [RI3E, JSRE5HITRR)
A 53 eR B AT LA A iRk FI R, S — SRR R R MAEICIE R 3-32 FrRpyiX
AFr, FRAIFIA T w1410 5) e EHR T operator[], 3+ HE#R T operator = DA K {di F5# BhAY
A, BRXOF R, HRERBAECREZEBELEABRIEIRIT—ER.

K% e 3-32
#include <iostream=
#include <vector>
using namespace std;
class Mydata {
public: .
Mydata & operator [] (initializer list<int> 1}
{
for (auto i = l.beginf(); i != l.end(); ++i)
idx.push_back(*i} ;
return *this;
}
Mydata & operator = (int wv)
{
if (idx.empty() != true) {
for (auto i = idx.begin(); i != idx.end(); ++i) {
d.resize((*i > d.size()) ? *i : d.size());

di*i - 1] = v;
1
idx.clear() ;
}

return *this;

}

void Print () {
for (auto i = d.begin(); i != d.end(); ++i)
cout << *ji << " "
cout << endl;

}

private:
vector<ints> idx; /7 SBhEEH . HTFic# index

vector<ints> d;

}:

int main() {
Mydata d;
dar{z2, 3, s}l = 7;
d({1, 4, 5, 8}] = 4&;
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d.Print(}); // 4 7 7 4 4 00 4

}

// HRiFEIA :g++ -std=c++11 3-5-4.cpp

ISR A 3-32 h, BATF B A & L KR Mydata #i 5 — 1~ LLAT BT C+H (UIBEA R
ZHUThEE, BDRTLUFE [ RFS RS, BB P 1 ENE. 75X BI]
SAEBURRE 2. 3, SARCHEE 7, MEXCHHE 1, 4, 5, 8 hEUE 4, RERNHE
BEARINERN “477440047, EHTLUBTH— FASE L FL (X BN B
B, EENZESESHBANREERORE LOREE ). Y8, ATHENBASER
# operator[], FRATHLHETCE: Ay H S BUA R B ZhBE .

IS, WA AFNRE AT LA TR BOR BB IR Bl — 1 R1ERIEFIR, @2 S80S
—imef AR, Hedn. .

vector<int> Func() { return {1, 3}; }

MR, MAEHIRRAYIRVIIE—RE, PRI E AT 428 R AR R R 1 6 A Y
Heimn:

deque<int> Func2(} { return {3, 5};}

T 3R [EME R LA deque<int> 31| 324 1 A # 3 R LT 440 285 9o T R 5 ) < T Bt AR
[, AR EHERE A5 FRRYAGES, 2R Bl — - imet 2B a5 . .

const vector<ints& Funcl() { return {3, 5};]

XHEER, MEM const RFIFT. ZALM 5k Bl — 1~ % B R —H.

3.5.2 PBHIEXBKFE

SRR EE A — T B SE0T LB 1 2B % (narrowing ). 28 B A= — i
JEAR — s n] LIS HdE AE b s B R S p Ba A AU EL e . T B S B R AE Y i R 4 1Y
/(T

QMR S BN A B RIB, Heln . inta = 1.2, XH a EFRRFAE Y 1, 7]
LA R 25 R %

OV N BE F 07 OB IR BE A I A 8, ER A long double B Hi%%1L % double, &f
M double ¥4 float, MNHIX L FEOFBFRMC, #oT LA AR %

QMEER (ELFAERBERAEE ) FOFE A8, MR RRF S BNt R
AN, WAy PAAR A S R AE

QMR (SRFIEMARIHE ) FHI VMR EERER], . unsigned char = 1024,
1024 B i A gk — < BE Sl 8 {9 unsigned char BT 44, FF LA AT LI A 2RI
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R EERRE, WRER a WA A XM B, HEEB PHRETLISERRN, A
FEEALIE AT A REARAS IR MBS, IR 2K PSR e o A RE M PR RIS BT LS AUMK
7%t T LA ] B b R AR BT 2 A T vk o IR R R BB A B AR . B0 b, A ERATE
WHRGERA, MoERFRMER. Hit, £ C+11 %, ERNGBATIRETIREHR
ERER RS REREAELXRNER . RIREFRNHFE 3-33 Frarx 461 .

R 2 3-33
const int x = 1024;
const int y = 10;
char a = x; /7 WAE, (ET L i R
char* b = new char(1024); /7 W%, {Be] Ll i
char ¢ = {x}; // W, Kkl RiE
char d = {y}; // T LLl it i
unsigned char e {-1}; /W, KikEc i
float £ { 7 }; // T LA A
int g { 2.0f }; /WO, K iR
float * h = new float{le48}; [/ W, REETRE
float i = 1.21; YA IP8  Fug: )

// SiFEM :clang++ -std=c++1l 3-5-5.Cpp

EGFURSE R 3-33 1, RATEX T a B i —L 9 MFTER G ZER. FTLAFES, *t
TARaM*dWE, B THRMAGRBMERETREESABREXMGL, FLRRE
MM BIEAR R BUA (char @ HBELE L -128 3] 127), AL EZRWITRY (FE L,
FERATE LR E 2158 4iFREE S ). MEERATHAIROFRUA—F. N FERC,
i FHARAE, W2 FBEGRRS AT, M TR d k%, HRAER T % &{E 10, mW
10 Z 0] LU char 2AVFORE, HIX BASKEWR, ik LU, [FRERH S A4
EAER £, i B9PIRtE b BARRLEM TRV RS “XT" BRAVARY, B
A FETE f. i PAILIZR, AT AR [ A KB AL A R R S E M ERHIRE, FHitd
AR,

HEAEZTEERMREMASLEBH TR . BARLA c MRAHHHEBRAGHSE,
HAEWKARRE -1, B TEFSHEME, HAERS -1, EXBRAITEIAN e B ILAE
BAEMELR . H5, (Mg MEFTET 2.0 B— AR GBUE, @B aTLIAN, ¥ 2.0f
P R S RN, PRl g MR BER .

£ C++11 9, FRANGE AR ME——Fh AT LAB 1E 3 R ma b 7 0. Xt %) e i
e X5 FRABM R BT . L b, A GRFRE K B BT & RS B R 3R
FP R 2RI A RS T BE th BRI AAE IR . C++11 33 R ik Ak i85 R 7T LAB ¥
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KA, BB 1 insREREHR L 2H.

BRI, FIRMGIESET C++r xR R A — R RAB, HinE T G
BHASEE T . RXEEMBOEAARBE T N ERRAM EE SRR R Xt C+115%
P fEm— B8, ENERAA, TRIME.

3.6 POD #%#

@ 5. WA

POD 2% 3 7 Plain Old Data #9455 . POD 7F C++ h RIEH EEMN— S, BWHT
B — AR RN, THEAPAE R EY:., POD BHE C+11 P L EHE
HAth C++ #EEAYIERE, FHEL L, 7F C++11 triEdh, POD HELAUBERA Y&, Hi2¥E) C++,
JHREAE C++11 , T/ POD WIS RIEHLER,

POD EUNH 4 . Plain, &R T POD B M@ MERY, 76 C++ Hhi WAL RIARA X HERY
R, AR —SIFAEE R B AR ) 2 RYUAR 2885 . W Old WA THYS C Ik EM,
FE AT AT LA 35 % ) memepy() SREGHATE I, {8 memset() #ATRIMAILSE . 4R, XRERH
ABEAGE T RS, Ak, C++11# POD R4 AR EAMSASE, B SENA (trivial )
FFRAEM J B ( standard layout ).

BRIV E—FFALAEL., BEWHRT, — 1 FALARRERENZFSUTEN:
1) $56F LAY BRI i R %X ( trivial constructor ) FIHT#pR%EL ( trivial destructor ),

W LB BR A 5 R B R R R B A AEA T EEWR T, A% AR
B, SRR NBNER—1-F ARG RS T— B TR, BIEEH i o
BAEESH, RBARGEAEMAONRE, BaZWERBAERE “FAL” B, .

struct NoTrivial { NoTrivial(); };:

fE NoTrivial B9%E (P, H3E RBA R F FLEY, B0 THH sk BORVER 2L, (HIXHERY
RKERIFEIIFE “EaT By H 9V AAE” (non-trivial ) T, 7E55 7 #eh, w] LIAE Bl nda {i#
Fi =default S5~ 3 B U A5 B R A O R 2R, AT fEAS 2 RUBREL “F RLAL™ .

2) ¥4 F FLAYHE D1 # 8 pR 2 (trivial copy constructor ) F1%£ 5 i bR ¥ ( trivial move
constructor ). ¥ FLAYHE U1 Hi5 R BIE A |25 ] F {8 H memcpy TR BMME. FFE LA R
INHIIEE PR — R, AP B DL R A0S, SRR BT R AshbA . FREss, aTLl
2 M FH =default 75 B BRIAHE U #4938 R 3K .

17F- FLES Bh iy 1t oR S0BR T FLAY#E 1 Mg v sR S fEL, RAE B TBEE X,
3) HWAHFNLAE N BEZBEFAF (trivial assignment operator ) ISR {EZE B AF ( trivial
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move operator ). XA |5 FLAYHE U1 H 1 pRBOHF FLIK B s i 12 AT 254l
4) AREELE B PRBLA B B R .

DAL 4 S BABERIES, Rd7e CH11 4, TRATAT LU i — S48 Bl ) SR e 3 FR 412t
FrLA LR 1 6] 8

template <typename T> struct std::is triwvial;

AR is_trivial LA value AT LA FHIM T ORI R F R —FLAKE, B T8
gikaARSh, is_trivial 0] LA B PR RS RIBEE (LN int, float #8 TF LR ) Ke¥ed
KA (TR R AR SR LAY ) #1730 .

FATAT LR B $ 3-34 FRsIpl+.

RN E 3-34

#include <iostreams
#include <type traits=
using namespace std;

struct Triviall {};
struct Trivialz |
public:

int a;
private:

int b;

}i

struct Trivial3 |
Triviall a;
Trivial2z b;

HE

struct Triwviald {
Trivial2 a[23];

)i

struct Trivials {
int x;
static int y;

};

struct NonTriviall {
NenTriviall() : =z(42) {}
int z;

}:

struct NonTrivialz {
NonTrivial2 () ;
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int w;

}:

NonTrivialZz::NonTrivial2() = default;

struct NonTrivial3 {
Trivials c;
virtual wvoid £(};

}i

int main() {

cout << is_trivial<Triviall=::value << endl; P!
cout << is trivial<Trivial2s::value << endl; P
cout << is_trivial<Trivial3>::value << endl; /71
cout << is_trivial<Triviald=>::value << endl; /1
cout =<« is trivial<TrivialS>::value << endl; P
cout << is trivial<NonTrivialls::value << endl; // 0
cout << is_trivial<NonTrivial2>::value << endl; // 0
cout << is_trivial<NonTrivial3>::value << endl; // 0

return 0;

}

/O HRIREM :g++ -std=c++11 3-6-1.Cpp

B BT LUK BRACES T 55 3-34 A% th 45 B L ImER 3 a0 4 FhA0

POD 0.5 ) 53 #h— S RARHEN R . BRifEAh R ARG MR NI AT & LA T 8 X
1) A Ak A 51 A HEAY 1[4 FR ( public, private, protected ).

X — SRR A ERAR, oo

struct {
public:
int a;
private:
int b;

}i

WG a FI b BRI A AR AT R AR, P E A SRR RARMER R . R L
private XETFHIE, W4, EELAGHERTSIRERRBEXLT .

struct |
public:
int a;

int b;

}i
2) TEREF LGk AT, WERLLT MR —.
QiRERFTHIFEFERR, HAA U THERA KX,
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OFELEAFIEBENS, MIRAERBA TN
IXFERYE ALK, WRRERREK. LT e H .

Bl { static int a; };

struct
struct

struct
struct

struct
struct
struct

D1 :

B2

D2 :

D3
D4
DS

{ int

H Bzr

Bl { int 4d; };

a; };

B2 { static int d; };

Bl { static int 4; };

: B2 { int 4; };

: B2,

D1 { };

D1. D2 1 D3 2 HEA R, i D4 il D5 WA B FHREER R M. XL FHEEdEds
B BB PR IR A AL ), HAVARR FAREf R, L EaRkth S SR
fi @i —eea8 b, Frdl—BAEAER A HIES LS, RARDRR FHRERBN.

3) R HERR SRR AR5 HIER AR,
XAMNEAER R, HTEm:

B{ B b; };

struct A :

XFERITE DL, X H A BRI — MR R R, ERE— I EFASm AR b ik
RUBR A Fréf AR p925 7Y B AR . mijedn.

struct

C :

B {int a; B b;};

W — A R 2R

B ATRER XA AL B A, AN SEbr BT C++ i (AL AN & B R Y
FISmir =y, AT LI A CSE A 3-35 XM+

. uiEg 3-35

#include <iostreams
using namespace std;

struct
struct

struct D1 :

Bl

int i;

}i

Bl
B2

b;

struct D2
B2 b;

int i;

{}:
{}:

Bl {

: Bl {

/1 B AR R BRI
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}:

int main() {

D1 dil:;

D2 d2;

cout << hex;

cout << reinterpret_cast<long long>(&dl) << endl;
// TEE££d945¢c60

cout << reinterpret_cast<long longs(&(dl.b)) =< endl;
J/ 7ffffdo45cel

cout << reinterpret_cast<long long>(&(dl.i)}) << endl;
// TEfE££d4d945c64

cout << reinterpret castc<long long>(&d2) << endl;
J/ TEEffdA945c50
cout << reinterpret_cast<long long>(&(d2.b)) << endl;
f/ TEEE£4%45e¢50
cout << reinterpret cast<long long>(&(d2.i)) << endl;
// TEEEfd945c54

}

J/ IR :g++ -std=c++11 3-6-2.Cpp

FEfUISIN L 3-35 1, WATHMT 413, HPMmANBA M A KIS Bl #1 B2, DIEH
k4 F Bl BIR4:3€ D1 #1 D2, D1 1 D2 ME— W X R FE SR A IR, 7 D1 #,
F—T ARSI A MAERE B, X EMEIAER ; 1M D2+, B RA2EN
B2, HUME, DI MD2 iz “MmRAMER" &, BF AN LUEH memcpy X #Y
PR BAE X PP E R MAATES DL, (BSChF EHIIEARRXFE.

RATOTLLE B main sREH AR . 7F main B, ¥ D1 2RI d1 LUK D2 KBIRAF
Bt d2 pRbhE S BIATER k. BRI ST R M HhEFTEP . PTLAESR], XFF d2,
EMEMBAET — P Hht (AFld, LRI EMSR R 7(ffd945¢50 ), 1ixtF dl ¥
A BRI

FELL, ECHrdEF, MRERXBAMRRA, HEAFIRERNE —TRA SRR
FHuhE, BEARERGEAEGR R EREEZ LAY, FFLXFRAEItE, RTHE
HEA GEAEFIAEERZE R (TN A — S8 ). BRMBEENE - RAREREL,
MBI 7Pl LLIF S, fFER DR AELSE | FIRZEE, 28R 1| FhaEERH
T C+ Fn B R A B [F] A9 X R ATk A R (K uhk B IR A 26 5 d 9 bk 280
[A), WFBEEEGRE, ¥TF DI MD2 WAERME, K “HE" WREARKNT . RATAT
LIEFmMAE 3-3 FramniEm.,

Fr AFERRHER SR O RE R, CH+ 11 Fn i il B R YR A2 S RO S — AR R A Al B A9 28 R 2
AFETFHE,
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4) WA B RBAN K

5) A ERSEIER R YA SIRERRER, HERDFSIRENR. XE=181H
M S, A 2GR RRaY .

PAL S SHR T iR RE & S, BOhEREMANZRMMR.

......................................................................................

e &(d1.b) * * 4——1‘5-’-‘-‘:--------&(dZ.b}
H H B2 b

class D1 : class D2
it 1 | BESHAEBER: 0| e | EESE A EBER |

AERME, Mt AR ' LB 300 s

______________________________________________________________________________________

A 3-3  BEASHhE SIRA 2 — R H S B bt 56 &
[FIRE, 7E C++11 5, FRATTAT LAE FIBAR S 5 Bh 2 WS R  — R A R A 268

template <typename T> struct std::is_standard_layout;

il i is_standard_layout SEHRZEMI AL G value (is_standard_layout<T>::value ), F{(]0l LA7E
{CHSFRITER 2B B bRER R R 1. R4, @A 4 3-36 FTR B9 F, FRATATLUM
T— T X PR 2SR A B

AN 8 3-36

#include <iostream>
#include <type_traitss
using namespace std;

struct SLayoutl {};

struct SLayout2 {
private:

int x;

int y;
| ¥

struct SLayout3 : SLayoutl {
int x;
int y;
void £1();

}i

struct SLayout4 : SLayoutl {
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int x;
SLayoutl y;

}i

struct SLayout5 : SLayoutl, SLayout3 {};
struct SLayouté { static int y; };:
struct SLayout7: SLayouté { int x; };

struct NonSLayoutl : SLayoutl {
SLayoutl x;
int i;

| ¥
struct NonSLayout2 : SLayout2 { int z; };
struct NonSLayout3 : NonSLayout2 {};

struct NonSLayout4 {
public:

int x;
private:

int y;

}i

int main() {

cout<<is standard layout<SLayoutls::value << endl; // 1
cout<<is_standard_layout<SLayout2s::value << endl; // 1
cout<<is standard_ layocut<SLayout3>::value << endl; // 1
cout<<is_standard layout<SLayout4>::value << endl; // 1
cout<<is_standard_layout<SLayout5=>::value << endl; // 1
cout<<is standard layout<SLayout6s::value << endl; // 1
cout<<is_standard layout<SLayout7=::value << endl; // 1
cout<<is_standard_layout<NonSLayoutls::value << endl; // 0
cout<<cis_standard_layout<NonSLayout2s::value << endl; // 0
cout<<is_ standard layout=NonSLaycut3=::value =< endl; // 0
cout<<is_standard_layout<NonSLayoutd4>::value << endl; // 0

return 0;

}

// BiEEI :g++ -std=c++11 3-6-3.cpp

EIEEHD, 1 AT LA BRERAT]_LREY 5 &AM, A1 — TR A 3-36 hRYTH.

M2, TABLERSD] POD K, XF PODWH, 7E C+11 T A9E SUBE T FLBYFbr A
BB, e, EHEE—BMERR POD, FRIEESFAY <type traits> Sk 0L %
AR T I AR .
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template <typename T> struct std::is_pod;
24177 LL{E ] std::is pod<T>::value 3 ¥ — R &/ & POD, WnfRi%ig R 3-37
Fr s o

LR R 3-37

#include <type_traits>

#include <iostream>

using namespace std;

union U{};

union U1{ U1(){} };

enum E{};

typedef double* DA;

typedef wvoid (*PF) (int, double);

int main() {
cout << is_pod<Us::value << endl; /701
cout << is pod<Uls>::value << endl; // 0
cout << is_pod<E>::value << endl; /11
cout << is_pod<int>::value << endl; // 1
cout << is pod<DAs>::value << endl; // 1
cout << is_pod<PF>::value << endl; // 1

}

/7 ERREIT g4+ -std=c++1l 3-6-4.cpp

L, MIBAIEADIE R 3-37 PEBK—H, REHERYBIAER POD ., POD
15 R B A O R RS EUE G R A R . il b FLAER HE A R B R, A A
#Xf POD C4AFT %, R4, [/ POD AH4atfrhbWe? HAVEM I a9 KR WT 3 &

1) PR, P IATATLLE 4 4 {# Al memset il memcpy X POD 26 #7497 i 1k
FHE U1 SR 1E

2) X C NfFMRFEE . C++ BFTLLS C mEGHETHERIE, b POD K RIA%
#A1E C 5 C++ BIRIREER L 28,

3) RIE T W SWIRLR L 2H . BEVHRAERSIHRESRGERFIIERE, W
POD S BY %t RN ML EAE AN 8 ( HE AN A HARSCIRAY (bss B, FEXTHA 1L b L4
ﬁ:{} )L'.l

MILATEFE B, FE POD X HEME C++11 P HALME SR EE, Z2RIERI1IELSEES
B F|RZ5(H POD #Hb 7 .



106 # 3¢

3.7 IFREEHE

@& #5: A

fE C/IC++ 1, BLAHK (Union) B A KR BIRETH . £ PEREHEN, AT
PUE X EFARIMBER LR, XuBISEMRANFEE, X7E-LETEIHAFNNY
RF, ATLLAERERAE. A, R4 CH98 fnfE, HARAMBINEIIES
B SRR BAE R 5L . BATCRAE BN, fURSHs 4 3-38 FaR.

R70%% 3-38

struct Student{
Student (bocol g, int a): genderig), age(a){}
bool gender;
int age;

}i

union T {
Student s; // #WIFEKRM, AR poD ER
int id;
char name [10] ;

}i

// WL :g++ -std=c++98 3-7-1.cpp

ERASIE 3 3-38 1, AT T — Student BRI, R 3.6 WP 2ETH MM,
B T Student HE X | — & RE, PrilixKREAE POD Y. 7 C++98 #54EH, union T
R ES ST FLLE, BRTIEPOD RMZI, CHI8 tRMERA RFKSERAA IS
WG ARG . XFERRATREE—EFRE LRUET M C f9FREE, At & ki {#
R T AR A PR -

i L3 i 4 S A SRR FIE A, C++98 FRdERxT FEAARMI IR E SR A LER, Rl
CHMARE, CHCH+ E—-.HMFERFLNAR. BB “FH” EK& complex,
HFCHEFPHERANRBETEEH _#HEOmNE, BERE-— T FELEHANER
B, WTE C++ o, ELBOH R — MO, XFE—, T XA C++ A8,
W C++98 RIEIIANBAGLM,

union {

double 4;
complex<double> cd; // 5iR, complex AR—T pop R

}i
eI R X AR C A A B 2 ik r e .

union {
double d4d;
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complex cd;

}i

BEE—, BEAERRIFS C —ERE LARE M RFIE R E L. NI EH
C++11 bRME, BUH TS AN T 800l A B BRI . bRl , EFTHET IR RAR AT LA
J R B A A B B R B, R KA R B BT B JE SZ BRI S 4 ( Unrestricted Union ). fr LA
Rl A g++ W clang++ Y -std=c++11 I GIFAFSHT L 3-38 896+, RAEEELA,
HAh, BRARMARSRA (EFEZRAES ) FRH, WE Cr11 FitrdEhgmeR T .
At LB, FRATAZB CH11 MR RiF#R S B A B R I (B ZEBMER S
ol L AME ). MRS R A R IE R ME—ER], KBEEUR N TR E —A~H %, HATA
DA B RS 8L 3-39 BRI B+

g% E 3-39

#include <iostream=>
using namespace std;

union T{ static long Get() { return 32; } };

int main() {
cout << T::Get() << endl;

}

// SRiFEM :g++ -std=c++11 3-7-2.cpp

TEACADIE 8 3-39 F, WATBUE X T — SR A KB RIR G . AdEREXEI
union T SR —EFRBRFIFF, FHEARKBLHE L,

fE C++98 1, PrMEALE T K& 1K< B 33X R ER 4 L 7 51 3 A i BLAY AR 51 k3R A %)
{H. R FEAEM T, XFRIERALH 5 S e sem), E A7 at 2] A — 0 5 AT LA
AT, LT E 3-40 FiR,

L% &8 3-40

union T{
int x;
double 4d;
char blaizeof (double)];

}i
Tt = {0}; /7 B RR LS — W R AT A R 2

// HEIFHET :g++ -std=c++98 -c 3-7-3.cpp

{CRS 5 3-40 ] TS SHMM PRSI E, EHR R TR x MiEhIE, B
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A A R BHE « PRI 4 FA AR 0, RTTAEFR L, BT A 8 DR 2
#WE o,

Wi7E C++11 /1, KT WX EER], PRfES BRI BR — 23k 32 BRI & (Rt BRIA oA My
Hoim, dEZRBEAAA 19 POD B 5, TiiZdE POD A 51 R A A 61 FLAYH i of
B, I4EZ PRI A AR 5 A9 BRI H 3 ol B0 B4 iR 2R RS . LM ARk Al B2 e B, Bl ER
NP DL F i bR . ¥ DR (EARPEAT LA BT P sR B0, tRe s RO . R ATT T LA B AU
#1341 FFR X F .

Hm % 3-41

#include <strings=
using namespace std;

union T {
string s; // string # I LAY & pE ¥
int n;

}i

int main() {

T t; /MR, B T AR R B R T
}

// BFET :g++ -std=c++11 3-7-4.cpp

FEARIGIG . 3-41 1, BKAE T A —1-9E POD WA 5 s 1l string 5 JEF FLAYHI 15 o
¥, HI T AR B B, HAERAFR « Wi XA mTh, MeX RS aY Ik 2,
MR R H O NIEZRBEA e X A% . @HEH T, placement new 2 &R FHIVER,
TS B 3-42 BTN,

A5 8 342

#include <string>
using namespace std;

union T {
string s;
int n;

public:
7/ EE SCH) i pR BT HY sR B
T(){ new (&s) string; }
~T() { s.~string(}); }

}:

int main() {
Tt¢t; [/ HREEHT T
} ,
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/S BiFEDET :g++ -std=c++11 3-7-5.Cpp

TEACHD I 88 3-42 vh, FATE LT union T AYHI i MBTHY pREL. FOEE T, RFAH placement
new ¥ s # i 7E H Mok &s . X H placement new fME—{EH R MBI T —F string A9 1
PREY. TIFETHIRT, AT string BOATHIPRER . BEE LT EAME, FriAET R union T 11
IR —A string X, FWATREFEATHAE R (SFibRREChz, E0A&EME
FTHHEER ), XFE—3E, 78Rt ¢ A IR AT LB SRIR T .

B 2 A PRBE AR AT LLGE F T M A, SRRt gifi b “BeXa2E” (union-
like class ). FRATAT LAF B LIS 8 3-43 P iyfl+.

AR A 3-43

#include <cstrings>
using namespace std;

struct Student |
Student (bool g, int a): gender(g), age(a){}
bool gender;
int age;

}i

class Singer |
public:
enum Type {STUDENT, NATIVE, FOREIGNER};

Singer(bool g, int a): s{g, a) { t = STUDENT; }
Singer(int i): id(i) { t = NATIVE; }
Singer (const char* n, int s) {

int size = (8 > 9) 7 9 : s8;

memcpy (name, n, size);

name [s] = "\0';

t = FOREIGNER;

}
~Singer () {}

private:

Type t;

union { [/ A RIESERRB A
Student s;
int id;
char name [10] ;

}:

int main(}{
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Singer (true, 13);
Singer (310217} ;
Singer ("J Michael", 9);

}

// BRiFEEIN :g++ -std=c++11l 3-7-6.cpp

EAES I B 3-43 h, FRATRIEEE A IFSZFRIK & 4 BA 26 Singer A9 “ZER A" ( variant
member ). FILAFH|, REFMAERBABRKMEEHRTEROREN, X2 C+98 fRifEF
TEREH

3.8 AFRHEXFHRE

&= %35: HIA

fEC/IC+H BIFd, BFERENSERSHESE I RQEROER, LIERLRNOT
Ko HmEHTRETER, HPATRGTEHIIER GENSEFLHMBRAEEES ). M
g, HPREeWE—oTd ( =EEK Alpha). MXFFRIZSHBS, TN
HomE-xd (brrakB-LARMERA ). Aid, FHRHEA E LR hSHE B R
Wi, JLHGER P AEAE A EE SRR T (literal ) IRHR ., RATRTLAFE HGHT
BA. 3-44 B BIF .

A0 E$ 3-44

#include <iostream>
using namespace std;

typedef unsigned char uint8;
struct RGBA{

uint8 r;

uintg g;

uints8 b;

uint8 a;

RGBA (uint8 R, uints8 G, uint8 B, uint8 A = 0):
r(R), g{G), b(B), a(a){}

std::ostream & operator << (std::ostream & out, RGBA & col) |
return out << "r: " << (int)col.r
<< ", g: " << (int)ecol.g
<< ", b: " << (int)col.b
<< ", a: " << (int)ecol.a << endl;
}
void blend (RGBA & coll, RGBA & col2){
cout == "blend " << endl << coll << col2 << endl;
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}

int main() {

}

RGBA coll (255, 240, 155);

RGBA col2 ({15, 255, 10, 7}}; // C++11 KAKMFI £k

blend(coll, col2);

// BiFEEN g++ -std=c++11 3-8-1.cpp

FEACHS Y B 3-44 PR BF+, RATTE main R BPAEN P45 € 89 RGBA R T2

. XBIIRA TR, EEHIP RGBA AR, H HR THMPIE, A
fe 45 R4 blend. R R7ESRTS WA M FIR B, H 2l BIFHE AL HTER RGBA KX

&, BBAXENEIRATE - FEHEHOTXRAFIERRREA . R A SR LIS E %
Y —Ff (6] R ML R F I AR, M in(E) R 3 func {538 F 4 & func(2, 5.00), JCEEXREAY I
RIELSRRE.

CHH11 PrMERRIF T X FIER, BIRATAT LUE E — R BARRIRIER, B0 TR
FIrRE 7 IR TR, RATTLIR —F NN 3-45 s,

%R 3-45

#include <cstdlib>
#include <iostream>
using namespace std;

typedef unsigned char uint8;
struct RGBA{

}i

uint8 r;
uint8 g;
uints8 b;
uints8 a;

RGBA (uint8 R, uint8 G, uint8 B, uint8 A = 0):

r(R), g(G), b(B), alA){}

RGBA operator "" _C(const char* col, size_t n) {

const char* p = col;

const char* end = col + n;
const char* r, *g, *b, *a;
r=g=>b=a = nullptr;

for(; p != end; ++p) {
if {*p == 'xr') r = p;
else if (*p == 'g') g
else if (*p == 'b") b
else if (*p == 'a') a

o g

/1 —EEER n FHFE col
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}

if ((r == nullptr) || (g == nullptr) || (b == nullptr})

throw;
else if (a == nullptr)
return RGBA(atoi(r+l), atoi(g+l), atoi(b+1));

else
return RGBA (atoi(r+l), atoi(g+l), atoi(b+l), atoil(b+1l));

}

std::ostream & operator << (std::ostream & out, RGBA & col)
return out << "r: " << (int)col.r
<< ", g: " =< (int)col.g
<< ", b: " << (int)col.b
<< ", a: " << [(int)ecol.a =< endl;

}

void blend (RGBA && coll, RGBA && col2) |
// Some color blending action
cout =< "blend " =< endl << coll << col2 << endl;

}

int main() {
blend("r255 gz240 blSS"_C, "rlS g255 blo a'?"_CJ,-

}

// SREIEW :g++ -std=c++11 3-8-2.cpp

XH, RIHBT — A FHEEERER (literal operator ) pA%Y : RGBA operator "" _C(const
char* col, size_t n) ¥, X PRBSMITIL _C HEHITHFH, iR F—1 RGBA it
T, HTXHE—THAFEERAE L, main AP RNTAHFTZ# 375 8 RGBA 27
AR - FEEZEN ORGSR EL FEER., BdAEA—- I FRFBRUE—F C
JG %, operator " C pR¥L= 4 IGAtAE . blend pREEE AT LA i 45 (H5 | FH 15 X 261l i
FHATHAET . XK, APRERTE XA ECERFEE R, main AP AREE
5 45 5 i e .

BrEFRRI, FHEARBT R FHE, tkin, FPalgEfdiH 6ow, 120w iy %
AR EARIRThE, H Sokg kFARFEA, FH 1200N R FaH%, HHEALHE R 3-46 iR
K+ .

RAE#E 3-46

struct Watt{ unsigned int v; };

Watt operator "" _w(unsigned long long v) {
return {(unsigned int)wv};

}
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int main() {
Watt capacity = 1024 w;

}

J/ HRIFIEIN :g++ -std=c++11 3-8-3.cpp

XBEEMA _w FEAR RS, BR T8, AP EE X Fmkada] LU T# 88
FHTFEE. ALOAEBRE, 7 CH11 P, PRMEESRAE U FERRIEMNT —ErHN,
ZALNBRFE R KR FUHK. C++11 PR .

QinRFmE R, 45w EPRERT R % H 77423 unsigned long long 3 # const
char* HZ¥. 4 unsigned long long oLk A% T Rt BT, HiF2< A%
T B AL O HE RS, JFRALL const char* ASE AR A #1740 BR .

Qan 2R 5 i ht A 7F S BB, ) S T B AE AT PR & 1] #2 5% long double 5% 2 const char*
JZ%. const char* WA B AL R R AG—BE (< const char* BiiA ).,

QN FmEi 7 rF e, W5 a5 o 3R 0 H 7T #2 3 const char*, size t S
(EHKENFRS ).

QnRFmBEAFR, WFmEERERF R R #Z —1 char HZH,

BB, R AESCFIEOVUB B E R T BORRER . teAh, R R
AIEHE, RZTE LT JLAT

QEFEREBEF BB AT, operator ™ 57 H & LGB al AMAZSH .

QSR TR, FEFERAETRLEHRAH P B X Frraiht, 7N Sw%s
AR, MR, XREFEME, FEAWREEMED 2012030 XA FEE, FH L
TR ST R HIRELAVRE . X TRRIREL, BFRRT REHATRKTFHNERA.

3.9 ANEZFZIE

& #5: BIA

AN CIEERENLFEMA S, RMNF2TE— “FH” RERBFPRAEHE
Fo XREMT CPHANERSLRER . EMENREZMERESRICEYN, IBLXTF
ZOBRFRAGHERENS, SREWEREACHTRRIMNEFRENE, LIB%E R
R, HFHRE—-MER CESSFEREN —MEELHTE.

£ C++H, 5IAT A%\ (namespace ) XML, BFFHMWENESBLE
R R TFEEE, BIFAERSEFH T B SRR F2S0E], wiHE iHEmaT L0 o
5 A4 B/ ERAT WIESORSI A CHEMEA ., X T C h 4 F i
. AR EeE, RSB -1 2FEH FAEENFEFSEERN., F4F25 0



114

WA R — e EAE, RADEFR BRI R 3-47 FrRpIX 61T .

fLARN R 347

#include <iocstream>
using namespace std;
/7 KR Iim RMEME, AT Jim X276
namespace Jim {
namespace Basic |
struct Knife{ Knife() { cout << "Knife in Basic." << endl; } };
class CorkScrew(};
1
namespace Toolkit {
template<typename T> class SwissArmyKnife{};

}

(A nae
namespace Other {
Knife b; /7 Fokl il dvE
struct Knife{ Knife() { cout << "Knife in Other" << endl;} };
Knife c; // Knife in Other
Bagic::Knife k; // Knife in Basic

}
// R Livei @A gim BYFE

using namespace Jim;
int main() {
Toolkit::SwissArmyKnife<Basic: :Knife> sknife;

}

// %ﬁ#ﬁlﬂi :g++ 3-9-1.cpp

TERTSIE 347 b, FEMIRE E Jim FIZF 2 A A CimEERx. [, Z8F
304 28 (A 4k L2 4043 & Basic. Toolkit 2 Other 25 JL4~. ATLAE R, it F25 4045,
Other 4 %5 [8] 7 A 88 H #:5| Al Basic 4 F 25 6] H1 /94 F Knife. il Other EF = BHPEXT
Knife 26581, AB-AZE it ¢ AYFS B gE 2 5 3O AY Knife 255 2 /8 T 4 545 [6) Other H B R4
B, XHMFERATFSEEFRETHEREN,

Aif Jim XS R —N R, BIERMEHEEMEH Jim £ F SRR, TEAEK
ZHFRFERMEF . FHE DRAFEAH— sknife A, % Toolkit::SwissArm
yKnife<Basic::Knife> iX A KR, i AFERIREEE Jim AR, EH OO IHE
F#& LiLei BRI FAF2ME, Bl nl fB% X SIS, OIS 3-48 Bk,

fCaiN & 3-48

#include <iostream>
using namespace std;
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namespace Jim {
namespace Basic { .
struct Knife{ Knife() { cout << "Knife in Basic." << endl; } };

class CorkScrew(};

}

namespace Toolkit|{
template<typename T> class SwissArmyKnife{};

}

P B
namespace Other{
I ...

}

/1 FTFF—se 4 s (i)
using namespace Basic;
using namespace Toolkit;

}
// LiLei HUEXHE class #HiTHHE

namespace Jim {
template<> class SwissArmyKnife<Knifex{}; [/ EwmiIFEW

}

using namespace Jim;
int main() {
SwissArmyKnife<Knife> sknife;

}
/) BT :g++ 3-9-2.cpp

ERBHERIBIHARNEFP, Jim L FZE M Jim B 85545, FTH T (using)
Basic Fl Toolkit FIf~2% F 25 8] ( FA1E B T KT Other & F %5 M P T4 ). X HE—KAER
PS5 BE 3-48 Pl BIM A Fid K REMAEFE T AidiX B XA THARE . EER
¥ LiLei 1 978 Toolkit # A BIH SwissArmyKnife A HIBHER XS, FFURERFEL—
SwissArmyKnife<Knife> B RRA . XM, RAOTHIFZF FUSEM, XREHT C+H98 1
HEA SRR PEAS [ (4 48 725 (8] o S BAR E A T4 fh s B

e C++11 9, pRMESIA T —HrietE, i "R AT S0, #@dXEF “inline
namespace” BEAJ LA B — NN ERAY &2 T (8], WIBREY 4 T 25 8] R iF B IF RAE L A F 2 M E
XERFr T2 7 M aBiR . BATT LR BT 8 3-49 BBl

REDHR 3-49

#include ciostream>
using namespace std;

namespace Jim {
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inline namespace Basic {

struct Knife{ Knife() { cout << "Knife in Basic." << endl; } ki

class CorkScrew({};

}

inline namespace Toolkit {

template<typename T> class SwissArmyKnife{};

}

o

namespace Other|
Knife b; // Knife
struct Knife{ Knife() { cout
Knife c; // EKnife
Basic::Knife k; // Knife

}
J/ ER LiLei #F#H Jim AYHE

namespace Jim {

in
Lt
in
in

Basic
"Knife in Other" << endl;} };
Other
Basic

template<> class SwissArmyKnife<Knifex{}; // BT

}

using namespace Jim;
int main(} {
SwissArmyKnife<Knife> sknife;

}

[/ HRIFEEM :g++ -std=c++11 3-9-3.cpp

fRES 3 8 3-49 f, FA1¥s 4 F 25 6] Basic 1 Toolkit #5725 B & inline A9, MAF, LiLei Xt
FE PR A9 IR 4RIk ( SwissArmyKnife<Knife> ) W A] LA i 4%, X B9 2 HwaE
B —F Other XM ZF2 M P ARI . ATLAFF, 264 b A7 AR 0] LUE S SiRry,
HHEB 88— Basic:Knife B926 8, R MmFEHMAIE, 75 4 725 8] Basic 11
ATFOAEERERBAEL L TFTSME Jim h—FE, THTX 4, EFERFLSWEERL, Jim
AFEEPHRBTFARMADEER T, EEBLXEMRE, HFEH Knife #1 CorkScrew
B 4 R F s R AT LL T, A8 AR M inline namespace iX 4 8 2%, ¥ b, X inline
namespace HIf# 7= A %, WATATLABFRIHTR 3-50 B fl

H#g% 2 3-50

#include <iostreams
using namespace std;

namespace Jim {

#if  cplusplus == 201103L
inline

#endif
namespace cppll{
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struct Knife{ Knife() { cout << "Knife in c++11." << endl; }+}7;
o
}

#if _ cplusplus < 201103L
inline
#endif
namespace oldcpp{
struct Knife{ Enife() { cout << "Knife in old c++." << endl; } };

i B

)

using namespace Jim;

int main()} {
Knife a; J/ Knife in e++11. (B4
cppll::Knife b; // Knife in c++11. (&WHEA cpp11 KA )
oldepp: :Knife c; // Knife in old c++. (@BI{#MH oldcpp11 M4 )

}

// BREM :g++ -std=c++1l 3-9-4.cpp

FEARTSIE L 3-50 1, Jim A EMNAFEEE TR F2AF2EME : cppll M oldepp. iX
HEMEITE2 THEDMET C+H+ BE  cplusplus, UM ERR, MRAENE
_ cplusplus 55 F 201103 X5 8, 484 2 25 6 cppll HEK S| Jim ¥, WanR/NF
201103, W|#% 4 723 6] oldepp WK E Jim 1, XHE—3, G878 00 AT AR R 4 50 %6 1% 88 X
C++ LFFRROL, EHESEMNTHARA . M RTFENG, ROMKR AT LR 24 725 B8 7
A (U cppll::Knife ) R UF RN 2 F23 B hA2ER . BiE. RBHF. SN BEFEALXMGR
Birkt, POVTRERKRMSETOREFPE, 7 8BRS (8] i 1 0 90 80 55 AR BE & 78 7 FE o & R T &
HTAHk. BARBERFEHSENBFERFABNLEFERT, KESHTEEMBA.

FL L, fECH RMERFED, FAECEHRXAMT . WREFATEKPYET .
RATARR EAMA, APl —T N 72 B

B —ARERNENE, EANAFEMFEETLDERUETHEFFALEFEM,
PAEE ol fEIAHACHSE B 3-50 AR RIFE AT LUE S BE A 2 FE B S EHSHEM. AR
RS9 5 3-48 (i ] using FT A FZEIMEN —H, BEAAFZBEEARFELAFZE
AR L. IXBR CH11 PV H A B AFI NS 723 B —MRARE . At 53847
RS 3-49 FF N —F, BFTRNAKSBEIRNZEFS AT MHEE, L
PRI AN %A T 2R 8T 45 A Y i {8 inline namespace G .

BAh, FEfRISSCRRAT, BEH AR SB 5 C+ WIE SRR, R R Tl
“BYCCHEZFRAIR", B ADL ( Argument-Dependent name Lookup ). iX /M R iFRIFESES
FEEAERAD BB AR, ESBNEFERIAERBEE T, IR T s MlF
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namespace ns_adl({
struct A{};
void ADLFunc(A a){} // ADLFunc f# ¥ namespace ns_adl

}

int main() {

ns_adl::A a;

ADLFunc(a); // ADLFunc X% M4 ¥ (6]
}

PR ¥ ADLFunc SR R £ (RIS AR R A 7= 0], B ASIFR[ALUELSEa i
%5758 ns_adl 1R F] ADLFunc, %iFLEASHMET .

ADL #3 T —sbfdi F @At Aidth7E—ERE F#YR T namespace Ay E3EtE. 1B
Z A R{EH ADL 2 K nmEme, FHik, bspEAr, SREMAEE
FRIT G TF=E, sEHEH " FHER, RBEGEENETEE,

3.10 HEHRAYVHI &

& #5. 8BS A
fE C++ h, {#iFH typedef HAERIE X HI4 . bl

typedef int myint;

BE XL T — int M54 myint, i8] L0 BKMA T, JUHREM AR AR
%, EHMNEZNORESEmMSE, L.

typedef std::vector<std::string> strvec;

X B {di ] strvec 1} std::vector<std::string> M54, 7 C++11 7, EXHBEELEAHR
typedef )& JBAE ST, {# ] using [FIREHL AT LAE X RIM )4, MEMNEFEN EH, using 4
ZAI typedef #h6., FATTATLAE B L 3-51 FmsiiX M+

%8 3-51

#include <iostream>
#include <type traits>
using namespace std;

using uint = unsigned int;
typedef unsigned int UINT;
using sint = int;

int main(} {
cout << is_same<uint, UINT>::value << endl; // 1

O EHLIEFLFMI: http:/stackoverflow.com/questions/2958648/what-are-the-pitfalls-of-adl
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}

// BmiFEEM cg++ -std=c++11 3-10-1.cpp

EARFS, FHT CH11 FRMEEDH is_same AR EFBIRITHIBH MR E ST —
. is_same B EZ B RE B L HILAEASH, MR R AR value WFRFHA
SRR E M, TERISFR 3-51 Fraif] 7R {1/, #H using uint = unsigned int;
SE 2R 5| 24 uint FE ] typedef unsigned int UINT; & X 926/ 514 UINT #R — R
B, FEFCEHME, sSHB, 75 C++11 F, using XEFHNESC 2T typedef BIFH4Y .

T ABUR R AVBTR , using AIERREE L typedef BARTE . HINF EX A48T

template<typename T> using MapString = std::map<T, char+*s;
MapStringe<int> numberedString;

fEX B, AT “BIHK" M AT using XF, ¥ std:map<T, char*> E XL R T —4
MapString 2580, 2 J5 3R {1132 7T LA { I 3 %9 2 $0% MapString #7725 0 9 32 B4k, 1 4
typedef 4 Joik ik Bl X FE AR .

3.1 —#{ERY SFINEA # M

&= HKF. FEEE

1E C++ Bitlrh, H—&EFLZMMM, H) SFINEA - Substitution failure is not an error,
SCHFRR “PCRCARMA IR, FohBRIMGE, X AN R 6 R0 E AR NS K
AT RITHI B, WRBHSET —LRBRICE, 4iFSHFALSME. RITATLURAME
FICHSHT 8 3-52 Rk B wikipedia A9 7€,

K% R 3-52

struct Test {
typedef int foo;

}i

template <typename T=
void f(typename T::foo) {} // B—THEEYL - 1

template <typename T>

void £(T) {} [ WAEEEN - #2
int main() {
f<Tests>(10) ; /7 WH #1.
feints>(10) ; // W #2. BT SFINEA, BEAHFAEM int: foo, ALK ERIFHR

}

©  http://en.wikipedia.org/wiki/Substitution_failure_is_not_an_error
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J/ O BVEET . g++ 2-14-1.cpp

ERIEIE 352, RINTER 7T REER FE X, F—-1THER M EZHSEE N
T::foo, X I typename e {# 4 %48 HH T::foo 2 —2RY, TS —MHEHE SO 4%
F—A TR SH . 7F main REP, 9 f<Test> Fl f<int> XA 71 T3 5 40 o) o) 4%
LB, WTF f<int> Fif, BIRALFLE int:foo XEEAER, HiIFFIKRA LM, MU,
RN S R B —AERE SO o f T Bl . XFE—3%, BEOMIE T 9RiFRY IEsTE .

W b, st L EAE FRATA L& B, SFINAE MM 69fEF E O e LiiEE
FEM, AL, SR Cr+ BBHES L& T RAB R N, i# 1T SFINAE,
KA S BRIC A R RaE ", RIS — ot pR B, B S 7E SC B4k A (i A 53R A4
BUBRARA, T3 S h— S 00 P T GO MRS, SCRERR A A I T BEAR I B B RIEHE. T
TEPSCA TG, BORE RO A S 7E AR P AR 3 MR (M PRTERR e TP R B0 — e
enable if, aFH N iZAAL X R SFINAE ). Hit#nTLlifl, SFINAE 2 C++ BitRHfES P IEH
IR — R

AL AE C++98 ., PRAEXT T SFINAE i A 52 il Mo iR, — e S Hh R
FIRX B, A B FERGRIFE TR, ROVTUFEDH 3-53 IR X I XH T
C++11 PrMER B P RH] 7.

RAEiER 3-53

template <int I> struct A {};

char =xxx(int) ;
char xxx(float);

template <class T> RA<sizeof (xxx((T)0))> £(T){}

int main() {
£(1);
}
J/ IR g++ -std=c++11

FEACHS I 8 3-53 b, R AT 76 & SC ok BB b £ A0 B e, DR IE1 (B U E SCH — AN A
sizeof(xxx((T)0)) ASH LB A, XEEBEENR, RIVMEAT sizeof ik, LIIKR
KR, FL L, XM RIAARE IS Her g e . R Fsea b
RS, LAKPRHE IR RS MIR I, KEH C++98 HiFAHE & HH—1~ SFINEA % I6{5
B MHE L, XERTGEEOHEHIERAH, inAfd, #8555 DRSS K T
SCHASRIR [B]E A BEAR BRI £ ( —Fh 2 sizeof((int)0), —FhIIJ2 sizeof((float)0) ), 5 4iF 28
T4 T X PR =, JOBES A1 7Y 40 12 A0 1] A Sl — SR 1.,
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fE CHH11 1, FRAEXTIXBERRBL, RHEERS B Hm A TR A AR 17 T
RAHE, BFERTEA NI SN TFRIEANAR MTEK, HUER A — SRR 5L f
b, BB e — e DLH 3 RO 5, R BB HE SRS 22 77 A SFINAE KA |
GIFAMEE ). XHE—R, C++11 PR — SR ( LINBATH 7RSS 4 TP UFF| A decltype
%) M RESE LT IZ AN A, 2P, BT STL tui RS2 e .

3.12 EE/NG
fEAE S, BATNE T C+11 3t 11 DS TE . X e RErE AR 7 5 8 Tl A %
BT, Gatbred RS s fi BE i 2 sl A

BASIAEEMREAES I, A ESIFEARR CH11 i — TR XA AR
¥, BUBEFRE-H# C/CHBEBBHNAEAHEXAIRNNN. AIERBIF,
RAERF AT C++ HEREM —HEE T, EZEAHEMBIEALT “BHAES". HLT C+H+/
HABESE, AESIHAEBSRMES 5, EHERMA R, mEIIHPHEhib
Y. BEhiE X S1E C++98 Fh WL DL UAE X B F R T RERAM IR, B3l
FERAITRERBOER M ok, FEATRERENRHEE, RAaXH0ResRE
WAEMPFAEXRR, BAME. WRRIT EAGHE, M4, CH11 R T HESI AT
{7578 ah F it oA B RS Ot RS X se A (H I AT B, LAY & AR 52 )77 O R P B9 RS Bl
S GEAX R B AR X, R A SCEAE AT LA TS O Mok 25 R R Gk N A B BT IR A T B, i
AL HELCFE 1 40 pR B A% ) AR P R K R BT . TR, AL, ARdEdlE E L
HLAH 7 AT RSB T Aril e R &, WEOR Bk, 52 RFe st il g5 v 2
FSTR A T AL, (45 5 S PR B A0 AR T BAR R YEAUTTOL T, H5 R 2 R M 15 45 A
PREL, SERFAERMEREPE ZE A, dRZMNGERES R,

{6 C++11 7, byl I SUF BT B 27 T BB A ) ] Bl —— 11 2 R (AT S Y 26 7 R A 4 R B A48
¥, HIEAAE F&E POD. C++11 i POD HEE 5 R LA MIbRMEA B 8. bR
AR SR s T AR BB R R EEAY, el DL i memepy ¥ U1 ORI SR, g
FLEMsa i T MM A Wi, fhrigeliE 2 E8FaEkE “AFL” 9478, T # POD
SEBRR TR CH+11 AR 2 (&3 T 3R

FHEb—=TFGIAREBI RS R MG T C++98 TR EXMER R, )
Fe) b Ak 3 B ol B bR FE R Y initializer list, (75 P ASOUAT L3 e b 10 9 B 2
B, BCEH . STL 788, AT A€ CRBHEFTSIFptatl. XIZR C++ prfEhf—u
S MG G I F W HIE SR AR T2 iR, MERES
FERR RIS TR . BRI, IR T E R BT e L, IR GIERE
B TR R AR, R C++ BOiEF B A — R AT,

PR T ) ) T PR B P B O S —— SR M i PR BN = R A pR 0, IR EES R F DA RE RS
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ERE MRS — s fUiS ., BTE BT SUBAE T 4k R 45 T (6 using KK
HI Rk R |, WIE A, RRATIE B ERE T 2R o 24 4y it of 28138 i 90 i AL 3 &
MAHEREXR L. AP HEXFERRYE CH PSR ERE-EL. dd5% A
P LERFPENENILFRANTREEANCH, FEACKHEE., FFH, XM
11 BB E R, H5—Am, WE using # “IZ4L", using X T ELREBR
typedef —HEE S %, HEAERR D ERARREE.

BeAh, BALEA T EE G B B AL R, DIAREAESAETRKEARIEZR
BEH. WEKEATERNEMTEREMAN— 1, B3l TAFZEENEFIALET
Z=E, HP AL EER A T RS T, Al a7 0 N3 B A 72 B0 2 75
RHRB . HIGEFWERT, XTSRS aR —BER,

BIERNENB T SFINAE LI p9 ket i XAEER ki, C++11 — 4R 5 TR 4%
BHRES .

X8, HEEECLEBERSE CH11 B—LRUAE . EHFBCN R, MFRESE
RIS il R JT AR A9 T5 , BEAFSTRUE S RO T A MR (XS RVt AR
BEFEHE ). MECHI P, RITLEAEHRENHBERRE L, EFEHAOTEIR,
REMREAEFFMBPIZ R MB P HBM — LG (TR R, BRHI42 . SFINAE % ),
WMRE T XERE, MALRBFABESEETRD, HERBERLT.



gW=
MFHT, RS

fE C++ AR FRERAMFEN, —HBFROERSHER CHATRBITER. &
F STL 5 F 084 RS BORRER, M STL AERE W ARE— i min, R
LT FHE A C++ TR AT . CH11 MBHE X e T80k, Afh, R
ITATLAE 3 auto KAIHET | T WEK for TEFFFAEN 5 AM R, XLERFHEAEF RA R
A, MATHETIGSE WA ROR R THUEEE, LR CH11 UBKRE.

4.1 ARES > it
@ %7 FFEA

fE C++98 th, H—FFE/F R ALEA N . s At Bl T £ L2/ M
PERFES >, MAENZRTHE—SHEEHITHR, LU % R SIFEr iR, BRI
PAFACHS Y 4-1 PR B+,

fREiw e 4-1

template <int i> class X{};
template <class T> class Y{};

Yec¥e<l> > x1; i/ QEEEIJJ
YeX<2>> X2; /il RER

[/ GRiREM :g++ -c 4-1-1.cpp

TEARCESI 8 4-1 vh, RATE X THDEURER X f1 Y, 3+ HERSHE X485/ T 1
X<1> HEEM Y<X<1> > 8B x1, URLL X<2> HBHH Y<X<2> > BBIFHE x2, &
it x2 BI5E AR R VAR BEIE BN . 76 x2 MU P, SRiE S8 > RV A BR S
{#H gec HiFMATEE, RSB FERER:

4-1-1.cpp:5:9: error: 'x2' was not declared in this scope

YeK<2=> x2; I/ WiES

4-1-1.cpp:5:9: error: template argument 1 is invalid
4-1-1.cpp:5:3: error: template argument 1 is invalid

YeXec2>> xX2; i/ HiF kM
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FE L, BEinENBHBIRIN, 7E48HE W static_cast, dynamic_cast, reinterpret_cast,
¥ const_cast FikR AT AR, FRA TR H 28 BH R AT 0L,

const vector<int> v = static_castevector<int>>(v); // Kikili it i

C++98 [alFE& ¥ >> (LMt M AR, C+ 11w, XFRRBBEGE 7. $L L, CH11
PR BRI T B = KB TE B L T >> A RABAS . T C++11 f5ifE, LRSI H
4-1 PR ARSI 22 A o 1 i 2 4 i

Aidixse “HEE” MRINth ok —i 5 C++98 WA B AN, i B R4Ei-
>> RN EFEPRANEEENLAE, HE CH1 S ERTIEEHRSEOLER. |
ARSI L 4-2 BT R CHS .

KEgEE 4-2

template <int i> class X {};

Xzl >> 5> x ;

R C++98 FRMERETT ARG, X0 T4k, HASIESRIAN X<1 >> 5>
X ; PRIRAE S R— DI BRE, IBARZEAT LIRS —E X<0> x MBARSEH], 1N R
{EH] C++11 ARMERE TH IR, AR ARRIF A 288 — P AR E S, F %R sk
ESHHE > 5 X ZIE0 < 17 TRAT .

HIRTR A ATEREAR S BT R AT A R #RAE, (HRMIEHE ERBE, C+H98 Fl C++11

X — S EANRE . R R ARAE ORGSR, FARESH “1>> 5" &gk,
GREA BERE e, siASHBELIRET .

42 auto EBES
& #5: FEA

421 BAERE BHAXBSHAARS

ERBIET R SED, C/C+H FHELl “BEXER" KRS, MANREESNSHE
“EhABAARL” By, Heln Python, MEHTEA T, “#” M “3h” WXIHEHEEW. RITTUES
T EE R LAY Python {855

name = ‘'world\n’
print 'hello, ' % name

iX B fUAS 2 Python H Y —~ helloworld AY2E A0, X B AYICRA{HE Bl 7 — 4~ it name, Hi
TA7fE world IXANFRFER . 3 FRACH UE FH print 4 'hello, ' 754 2 name 58— $TEPH
K. THEEE ZRE AR, BFE— AR name (AT R, T, 2 name 7E#
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R AT AT LA A A, i AR RARE A, AT LSt A

X AP AR R = BB AE R BEYE, WAL C/C++ BF R MR, B8 8RR i A
EJLFRERGH UME, XH@EFHEU I RBIRST PR “HEEA" W&, mxELm
Python, Perl, JavaScript $ifi 5 P ARATESH, MJLT “EXMH" HERMHIT A,
WA A R WBE S P sh AR MR, AR B, SRR R
i E B X FIFE TR R#FTERAG AN ELS ., M TAHENBERR, BUEEFERAEE
GVEBTEL; MiXtFEhALR, BURE FERAESITHE. B Python FFiEF PR &
RELH” MfetE, MFEBNF AR, BRI,

FAL b, RAHESOITLDHTHERRAMNES P, WE LMK Python RS, Wnf 4k
i C/C+H+ BIF BRI, world\n Fik N iZaR [ — M EEE I FAFE, BY LRI name 7%
AHATEY, RITBERMAHEES N name BRI ZE - PNFHFRER, £ CH11 %, X
AREBR TEM, CH11 PEBHEFHLRAM T Z -HEEE LT auto XBF. HH—
ABLELR decltype, KT decltype f9SEBL, IRATHFAES FIiF40HA

BATATLMER C++11 B9 X FE — FRIEA® Python fUHS, {CHSiK . 4-3 FiR.

REBiwE 4-3

#include <iostream=
using namespace std;

int main{(} {
auto name = "world.\n";
cout << "hello, " << name;

}

/) HIFHE cg++ -std=c++11 4-2-1.cpp

X ERAMEH T auto CHETF Ik Z R 45 1F 2547 2 it name MR HIT A ah#fES . X B 4HiF
SRE T AR FAR LR, HESH name AT K char* . XFE— KA 3 TERAIA B
Python fti% 2= A 2 MR .

YL, auto XEEFERWIN C/C+ FrMEP A HZERREM S L, A BRI auto 4
e R, P C/CH InER R, ERA AN RHER. AdBaEsl izt
BEILFXAMH, ER—8 RN A S static B9 R SR BA B shEig e R g
B, HIKTE CH11h, FREERSUER T auto 2895 X, B auto RAERE— I TEMAER
877 1F ( storage-class-specifier, #ll static. extern. thread local ZEEF R ARG /R 4F ), M
e R — D EF R LERIFERAT (type-specifier, Il int, float ZE#BEHKEIFE RAT ) K8 RGHIFEE,
auto 7 B ZE B A2 RUDAZ0 B 4 i AR FE SRR AT HAHE S i 45 .

FRATTAT LAE S ACAS I 5 4-4 PR 60736 T — T auto RIS M RA M.
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KEHR 44
int main() {
double fool);
auto x = 1; /i x BFERA int

auto y = fool); // y®ERA double
struct m { int i; }str;

auto strl = str; J// strl BEME struct m
auto z; /KR, ikl
Z = X;

}

/7 BRI cg++ -std=c++11 4-2-2.cpp

RIS R 4-4h, T8 x HRHERN 1, BAFEER | (926808 const int, FTL%iiE
FRHES tH x BRI iZOK int (X B const KAYFRBIMF B LM T, SFHSHRE ). [FEEAH
y B9 XA, auto 6RVHY y BHES D double 26K ; TMI7E auto strl BYFE P, HARIBHES N

struct m.

HFEMRTR z, XBERITE auto XBTFHR “FHH” z, BRI HIFTE XL,
BB SRR N R ES . X BRE S HAAL G (BRESI AR CRT ) AAEE RS
fEFAN R AR . auto AR AR OMBERIHIL, LA GRIFIFEE N o ik Tk A h#E
FHHER, WXPE XD, auto IrdE—Fp “AR” A, mMRER—EBIFHAE &
fifF”, Rikan e SRR A 2HS auto U ER L FRAAEHR,

422 auto A

EHWHY, auto 7 i) — B K USSR 7E 40 B0 06 AL 3k XY B e A6 57 B 7 WA A 1Ry 1k
X, T CH+ AR, FHERRRMBAR[ERMEZR, REMK, AFS0H ., SRR
TR —&0, FEEFRECRHENRRIBEK. BATTLUEFIHE R 4-5 iR
BilF .

RN E 4-5

#include <strings
#include <vector>

void loopover(std::vector<std::string> & vs) {
std: :vectorestd: :string>::iterator i = vs.begin(); // MEMH iterator, HHBE
BEARAE

for (; i < vs.end(); i++) {
[/ —ERH
}
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}

J/ WIFET cg++ -c 4-2-3.cpp

A 0 4-5 v, FR A 14E A {d fH using namespace std FITER T (FHEL L, RELEE
BB RGNt ) AXF—4 vector BUEHMEATIERR . ATLAB R, MHIRITEE L Xf0HF i BonTfE,
AT E Y std::vector<std::string>::iterator X FF (K AYAERY AT B . RPf B — o0 40 K 5 iR &5 Fb
MR C++ &F, AT RKACBRTA R, MEH auto #3E, LSS AT
AL AR S, IS AL 4-6 PR .

Rig#R 4-6

#include <string>
#include <vectors

void loopover(std::vectore<std::string> & vs) |

for (auto i = vs.begin(); 1 < vs.end(}; i++) {
/i —En
}
}

S/ HREEEI cg++ -c -std=c++11 4-2-4.cpp

WMIRATTW., #H T auto, FEFRIEEALLE i 9B BBOA for B3R, i ISR R
i3 vs.begin() #EF . L L, HWCISIE P 4-5 & A HLERE A STL A4CHS A Ak 4k ol
W, 7€ C++11 , T auto WFFELE, (R STL ¥ STHEMES, 5oLt 23 hnig
IRE

auto A5 ZAMEHNTE T 7T LLGRBR R 7 R AE — SIS RS BB O RTT, ol it — 4L 7E 2K
RAEHE AR, FLE, F£CCHP, FEFREZRRAIE P H & AR
(RS FRAEETINEER)R, RERFIFRBR, &R ). DX
HAEMAESICK, LHREMP AEXTREBEFZG . TX IR, auto A HRZH
1o BATATLAFEFAFF R 4-7 B+

REHE 47

class PI |
public:
double operator* (float v} {
return (double)val * wv; /O XY RT
}

const float wval = 3.1415927f;
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int main() {
float radius = 1.7el0;
PI pi;
auto circumference = 2 * (pi * radius);

}

J// SRR :g++ -std=c++1l 4-2-5.cpp

RS 4-7 th, E X T float BIAYAF & radius (42 ) IR —1 B ESCER PI AR pi(n
#), EitEPMEKAEHE, @ T auto HEIE L AFh circumference, X H, PI{ES float
HAVE ARt , iR [ 4 double. T PI A4 AT g7 HAbayb 77 (Sk3CFH ), main
PR B A B B AT BEAS G PL AR b 1 bk S B L e 8 R BE P AR TR [B] T double 2884/
T8 i main sRECTRFF 5 A0SR float 2585 B circumference, BEPTREZESZ AT PI1E
FAL O R ITAE . 2, ¥ circumference 75 AR auto, MZELAIE, H AT L
1 ol A8 T foe B R .

HAGE A&, auto I AREMRULET A MRS BE (), FRAT0T LUE B 5 4-8 FiR i
B

HmmFR4-8
#include <iostreams
using namespace std;
int main() {
unsigned int a = 4294967295; // BeKM unsigned int i
unsigned int b = 1;
auto ¢ = a + b; J/ e AR unsigned int
cout =< "a = " << a << endl; // a = 4294967295
cout << "b = " 2z b << endl; /b =1
+ b +

cout << "a = " << Cc << endl;// a b=10

. return 0;
}

/O BIEFEETT g++ -std=c++11 4-2-6.cpp

FEAUISIE L 4-8 b, BF B T R4S Sl A AR & ¢ OF auto BEREARTR a + b % HH A9 /W] 31,
i gEhs b i F at+b iR B4R S unsigned int B{E, #MT ¢ FERUMKIRBEHE Sy unsigned int,
auto JFARERS B4, R — Sl B RNE T PR S A shilt TV R AR R R A —HERY .

auto B = MEABLRE “AEN" HEREW A —ERE IRz R mEE .

A HEDABEFR4706F, TBEBREPIAMIER LS T PIAE L, H W
operator* iZ [F1{H “F & long double, MA}, main FAEH AT EBN, HHlauto £ “HEN"
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B RA,

[, WFARMES EARBELEY, auto haik—2 “ZR” BMirath. S RL
strlen ERECHB], 7E 32 i RIFHFIE T, strlen IR FEIRY R —~ 4 FHRIRER, W7E 64 17 5
BT, strlen 238 [ —4~ 8 FH AR, BIRRGE <cstring> A HIRME T size_t HERUK
L F AR AR R, B auto CEFIRNFIFE AT LA BICHEF & RUER .

auto var = strlen("helle world!").

i T size t A& FHTE B SRR T <cstring> H5E LAY eR%L, auto A):E G HE A B E A
J’Lﬁﬂ

4 auto N PR AYE b, I “AIERN" HESBRBE MRS 0EH. RATTLUFEEN
A3 5 4-9 TR Bl

REiFER 4-9

template<typename T1l, typename T2>
double Sum(Tl & tl, T2 & t2) {
auto s = £l + t2; // s AYREEOTEEIH T LR S O

return s;

}

int main() {
int a = 3;
long b = 5;
float ¢ = 1.0f, 4 = 2.3f;

auto e = Sum<int ,long>(a, b); /7 s HERIBESR N long
= Sum<float,float=(c, d); J/ s WHERIFEHER N float

auto f

}

// SREM :g++ -std=c++11 4-2-7.cpp

FEARTS T B2 4-9 b, Sum SR REUIEZPINS8. HFHRA T1, T2 EAAEBMEL Gkt
A fEWhE, BTLATE Sum JoiE AR it s 96BN auto (Y, 7E SR % main b FATHEBIAR S Bk
Bf, Sum<int, long> H1f#) s ZE R 28 HEF A long J5RY, 1] Sum<float, float> Y s 25t M 24
He'F N float. FILAFEH],auto SEMR—BEMAHN, H “B@&EN" FFHEEEME C++F “ZH”
BIBE . X AFF5, BT &R Pl double 28R BHE, AL Sum SR R A& FH
THEA RS2 B T —EMRE, 76 4.4 W, IRATATLIE BB 4 6 HHE R 0] 26 RY A ok 05
Fese e R Sum Z RIREER .

%35h, RIF auto i &7E—SEqfi TS BRABIMEEOR . BRITTLERAETH 4-10
FiR 61

© AMFEEFEIET GNU C #9F M http://gee.gnu.org/onlinedocs/gec/Typeof.html.,
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R 70%E 4-10
#define Maxl(a, b) ((a} = (b)) ? (a) : (b)
#define Max2{a, b) ({ \
auto _a = (a); \

auto _b = (b); \
(_a > _b) ? _a: _b; })
int main() {
int ml = Max1(1*2*3+4, S5+6+7+8) ;

int m2 Max2 (1*2+*3%4, 546+7+8) ;

}

// HiFE :g++ -std=c++11 4-2-8.cpp

FEACHSIT 3 4-10 P, FAESCT MIFPERIA R Max] F1 Max2, MEIERMER, #RK
a fll b PEIRE IR . ATERAGESR =nas B AAREN, XaTRESH ok —E R RE M1,
HAa il b E=JCERMFPEHI TR, MALERRa BRI b, HPh2Z ez
FPW, TifE Max2 1, BRATH a F1 b ASEH e, B = TaWMFHTHE, AT
FEIXFE A ]l T

TEEGEH) C++98 frdfih, M T a 1 b AR LIRS, FTUARNIIEE L Max2 X HER
YERERYR o AT BIPRIMEF B auto WML T X R i74E,

4.2.3 auto BY{E A

BARBNE421 R 422 WHEB TREXT auto WA, Aif auto ] FiF AR
ZHEEACHAT . WREHTEEA auto BYRHRIE D —LEABRAREL, A% kR #—
xR,

BN LR R auto KEE R SMEMIIAZ BB KR, 7E CH11 1, auto ATLA
SREHGI RS EERER, HANBRER E2MFE OCH+ BEFERMER. RITTLUES
fCHSE B 4-11 B BIB T

A% 4-11

int x;
int * YV o= &X;
double fool);

int & bar();

auto * a = &xX; ff int*

auto & b = x; // int&

auto ¢ = y; // int*

auto * d = y; // int+*

auto * e = &foo(); // HREERW , 8 ABESE M — 1 kERt 28 4
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auto & £ = fool(); // WiF%W , nonconst MZMT| HAGER— G R E
auto g = bar(); // int
auto & h = bar(); /f int&

/O HEERI :ge+ -std=c++11 4-2-9.cCpp

A, AAfta, o, dRBRIALRISFIER, BEFERER x, LR LEX T a, ¢, d=
AR E, EAEY auto * 5 auto FH A X H. MR EZH 1 auto AP AR RS 1
ARG, MEH auto &, ANFEAFPAAER b 1 h —F.

H¥K, auto 5 volatile il const Z [R] tLfFfEFHF — LA T AYEK R . volatile Ml const fLE T
FRAMAAENEYE . BRpmERN. £ CHirfEd, BT E#—EME ov BREST
( cv-qualifier ). % F cv BRIFFAUSFEBRME, C++11 $RHERLSE auto ] LAY cv BREIFF—R A,
ALK auto B BRI REM A b FRIAL P “WE" ov BRHFF. BATATLUEEFGE
B 4-12 FrR i BlF .

LS HE 4-12
double fool);
float * bar(};
const auto a = fool); // a: const double
const auto & b = fool); // b: const double&
volatile auto * ¢ = bar(); // c: wvolatile float*
auto d = a; // d: double
auto & & = a; // e: const double &
auto £ = ¢; f// £: float =+
volatile auto & g = ¢; // g: wolatile float * &

J/ EEIEIRTA :g++ -std=c++11 4-2-10.cpp

LEARTG I 2 4-12 B, RATTATLAE L IE ov PRI B2 RIR b —A ov BRIIFIERY, f7s it
a. b. ¢ i, Aitiliat auto A RS R d. fHITHEAME a Bl £ OB BHESHE 5 b, X
HBISE RS, TTLEH, AR RIS e, g 2BIREE TS H X QAR MM bE (3
b, fEEHLR R ),

sk, REMMERERFT—FE, F—TMREES, auto ATLLARSHE AR
R, Aifix s B A RRIMAIMER, R XA B AR RN ], SRiEAFN SRS, F
S b, A auto RFE A RERET, HEREEMT auto HWEBRHES, REHSH
KA BRI RIBAE N FHAMM R, LA RV X R A LRAHEE, mfCmisE 4-13
FRR .
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KEEHFE 413
auto x = 1, y = 2; /4 x il y AYEERIFR int

// miE—145F const int ERVERAIEE , nk—1 int ERIFER

const auto* m = &X, n = 1;
auto i = 1, j = 3.14f; // HWiFKH
auto o = 1, &p = O, *q = &p; /i MERGHES

// SRR :g++ -std=c++11 4-2-11l.cpp -cC

FEACIE T 8 4-13 v, FRATT{EF auto A EH T A RRUMRI R x My, HHESHITH
B, XAl RLE S SRiE, mAES AR R | Fj e, BRI m s — BB THE SRR
R, ARl T xrESHEAERNREInt, AN TFER;WNE, HAEHARKERT intj =
3.14f, XEHSSFERENME. X TR m Ml n, SHESEFAR, XELTFZ auto #
B T int, Bl mZ—4> int * 185 2ER, 1o B2 int KB, [REE A1 B0 R A4 7
o, p.ql, XB oE— AN int R, pJiEoMTIH, T qf&pFEE. auto Y
REHEFEBALAES, BRMTFFEERN T HT. F3LE, R auto &2 —HE
HES A “ H{IFF” (placeholder ). XHEAIHLIIJTCRER B M1k ARG BESMAY. 248R,
AT ALERERICIZ, FEFFR T LLEFER— auto Zft (S S M—17 (FEEHIAN
AR SRR AL ).

MeAh, REAEEHITHE S, CH+11 #0 auto 72 T IEAHAG LI, {31 % PR A% fE
W IE A S I AR R AR, 3 CH1 BS | AR RIS, LI new, #BoTLA{#EF auto
FBETF, WCHITE R 4-14 FR

Hi8HHE 4-14

#include <initializer list»

auto x = 1;
auto =x1(1};

auto y {1}; // EHPIREFIES auto
auto z = new auto(l); // FTELFTF new

// HWFET :g++ -std=c++11 -c 4-2-12.cpp

fUASIE R 4-14 1, auto ABHt y MIBIIRILEE R THIGR LS, SiFEa8 T LIBRIE y A2 HYHE
FH into M z 15 5HPTHE A AOMEAE BAE S BORHR AR B FRL L RIFAR X R ARUHAITHE S, RRERY, S
A BRI RO T R B R IEw T,
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Ait auto W ARTTRER, Sl Filkmy — (o, siF 2L WA, auto HEDEH
A EARRE . X EBSMOTFRERE TE T 1N 4-15 FoRea B+ 5.

Rui#K$ 4-15

#include <vector:
using namespace std;

void fun{auto x =1){} // 1: auto R¥E¥, KiLlitHwiE

struct str{
auto var = 10; J/ 2: auto dEMEM AR, Kl MiIF

}:

int main() {
char x[3]);
auto ¥y = xX;

auto z[3] = x; // 3: auto ¥#, EFEdEIFE

// 4: auto BUBEBEK (SLPILRT), TorkilltHiF
vector<autos> v = {l};

}

// BERT :g++ -std=c++11 4-2-13.cpp

A1 5H BB RS H 4-15 1Y 4 FOREEHES AR

1) Xf T eR%C fun K8, auto FRERITESAR, WTREEF BN T fun K, HTHA
BRAS R, FRRARDZHER fun TEZ x BOREN int B, HILHEEMFEREHELR, HA
auto RAREMUIESHRRN . MRARFATEZHNSH, LT ERBTEiR.

2) XMFEMERE, FRERATRAXEAMER auto B9, R, BT var LT
Wika{E, BEE ATREINY auto AT LAMES str Bl53 var B92ETDg int (). {H4RIFEAREH 1L auto XH445HY
FhAE RS R BUETTHES, BIES R PA PG {E

3) P auto ¥4 . FRATOILLFE F, main A x 22—, yOIEBRTLUHESH,
AT auto z[3] BCRE A B R RE S B 40 iR AR5 1k .

4 ) 7L BRI EHERE H auto E AR ZE, 11 main P IRATAHA vector<auto> v.
BIRTEE AT REIA Ao B —HR R int 7Y, {H4RFE2SHBHIE T %%,

LA b 4 Bl a0 EF S R A AL, ACH R ZETR A 5 RE R HE T Y auto I 7E {7 B AT A9 2%
B, HIA B C++11 PR LA LR . R T 58 F) auto A B85 B Y
B, APESLHFERFREEE 7L,

weAh, BEREMZERE, BTHTEEM C++98 F auto & L EHIRE, C++11 HiF
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B auto fE NAERIIE RPN AR, LITHIEA)ZE CHI8 M CIEF PRESEM, B Cr+11
W, GeiRaR Il SR .

auto int i = 1;

SRR, auto 7E C++11 P EMY KB HEZ — RINZEFESEREZHB T F
auto, LN 4.4 55 P AYaE B R M 2ERIAY B RS B, LA & 7.3 47 9 lambda 5 auto Y EC& {# H
Ho (WL L, F3FPWATEMEALL ), AL, WFENEBIA, auto HE C++11 HERIKES
A —F 5. HRM, WESTE decltype PERIAEL,

4.3 decltype
& KR EESE

4.3.1 typeid 5 decltype

TAVAE 4.2 TP LR A S AR ERNNKX R, Aid5 C e EiFshEsn
AFAY S, C++ 7€ C++98 PP BL i L FFah BB T . iEFESBEL M, C++o8 Xfahd
AR T FFE R C++ DB TRTERGRS] (RTTI),

RTTI @9 HL ] 2 R 5~ B 7= 4 — 4~ type_info 25 R A9 B, 21 5 AT LLFE R FF o fd
typeid Pifi if 25 ] — AR B A A8, typeid §E 2R (0] 28 &t A B A9 type_info $(#&. 1M type_info
) name A¥, 51 A% AT LLIR FIERUAS 2 F . MAE C++11 1, NI T hash_code X/~ il 51 R %L,
iR PliZ A RUME— AR F(H, DABLRRF B 0 B 8 RUBRIN BEAT He e . RATTAT LAE B i
4-16 Fr~BIBIF .

HeLEFE 416

#include <iostream>
#include <typeinfos
using namespace std;

class White{};
class Black{};

int main() {
White a;

Black b;

cout << typeid(a).name() << endl; // SWhite
cout << typeid(b).name() << endl; // SBlack

White ¢;

bool a_b_sametype = (typeid(a).hash_code() == typeid(b).hash_code());
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bool a_c _sametype = (typeid{a).hash code() == typeid(c).hash_code(});

cout << "Same type? " << endl;
cout << "A and B? " << (int)a_b_sametype << endl; /0
cout << "A and C? " << (int)a_c_sametype << endl; P

}

// BIEEM :g++ -std=c++11 4-3-1.cpp

X HEATE LT WA AR AZERE White F1 Black, DAR BRI R a Ml b, AR
{# i typeid i& P12 B Y type_info, Ff43 51 FH name FTEPZE R AY2F (5 KB ETSR g+t
X Gwiean i H A Y, HAGiEE T SITENtH MM A S, XA PRI A HEE ),
Jif il hash_code #FfT MM HL#e., #E RTTIMERF T, BEATUAE —EBRE L THREF T
RRMER (XBEUEE—T, MILT 412 WA is_same Bk 5B EA 7 2% value 76
iRt F{E B, hash_code BB THHEFIAER ).

B T typeid #F, RTTIHfL4E T C++ H1f¥) dynamic_cast F ¥tk A A E AR R, d
F RTTI & e — iz f BT A6, B DA— 4828 2 10 A P s #R P 5 PR IZAS M ( Eedn XL
C/C++ #RiF 45 H9 -qnortti, GCC BYIEIR -fno-rttion, B T8k 4 1% 25 2515 /GR- ). i H 7R £t
&, BATE A E 2B FRF ok o Rt e, BRF R 2% E AR SRR E
ISR (PRMERERAES A0 ). T 5 R O R A XA A R R M A BRI R, Hik
RTTI s R TR

FLE, fECHRRRE, RUHESRMFRRAZURRN ZEHTE AN, 7
Rz RGBT, BRIOAHAXMERHAFTHRES, FHEARAXPERMGERERAMA, W
IEF . REGR A SEART IR AR E 2R, MRMTEZ RIA SRR, R T KRB, RATA
PAE] i — T 4.2 7 hUAS I 8 4-9 s BB 1, oo O BEAR sR 30 Sum 92 3089 o i e2 250
RATER, FHIHt + 2 XREFH R R 2B B AT i Sum MHE HE#E. JoEE,
X AFE AR 0 22 BRI B B (6 P TGRS 77 =0, TR A 0 A R A R SR L 4 3R 25 S B o4 7
RS

fE decltype P4 Z R, REGRIFIHRMN FHEHFEXTHCH CHIBFT BHTEYNHES.
Hen GCC 9 typeof #AEMFEE R H P A —Fh . C++11 NPEF X LK RIHE S F BT T @B %
B, mAHHEH auto L1 decltype, 5 auto ZE{Llih, decltype LAEHEITHAMES, AutH
FHE A XA — & X . RATTLAF ISR B 4-17 s 93X 4~ A s pa ) 7 .

A% R 4-17

#include <typeinfo=
#include <iostream>
using namespace std;
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int main() {
int i;
decltype (i) j = 0;
cout << typeid(j).name(} << endl; /O FTERHS viv, g++ FR int

float a;

double b;

decltypel(a + b} c;

cout << typeidic) .name() << endl; // FTERHH mdn, g++ #r double

}

// HREEET ig++ -std=c++11 4-3-2.cpp

ERBESR 417, RIOTFEDER ) FEBH decltype(i) #ATH Y, R jHERHE
FHFE (s b, BR 1 2XPRAFGE FIAZERIMER] ). 1M c FZEEINIER (a + b) iX~RiEK
B R AR . MH T a + bhnikZeik R B #2674 double (a 28 B~ double 7Y
S5 b A ), BTl c BYKEAIBE decltype #E 54 double.

WX FHal LIFH], decltype HYIERYHE T H- A RAR auto —H 2 MWAE &7 B B 9186 1k
RIAXKGERGAER, decltype 82— T HHENRAIXANSE, BREZXR IR,
M5 auto MF MR, fER— 1 RBFERFF, decltype 7T LUK IR A2 Rk E LA S —1 20 4L,
5 auto #ilA], decltype ZEHIHE St i 4 i B0 i T THY .

4.3.2 decltype BIR

e C++11 1, ffi FH decltype #fi 2R IE R 5 WA B4y . Ho B LR A 3k 2 decltype 5
typdef/using A95 . 7F C++11 893k 30fF, BATHEER AT XA .

using size t = decltype(sizeof(0));
using ptrdiff t = decltype((int*}0 - (int*}0);
using nullptr t = decltype(nullptr);

X size_t LA ptrdiff t 354 nullptr_t ( 20 7.1 17 ) &2 H decltype #EF H AR, X
FrEXTRIEEAEER., E-%EE, EAER BT, BREFEBC S8 E LFNENR
T, RRURTLL A HE S . 6 using, SR LARIX SRR, X T 2T
KA BT R RAR MG BIRA R A AL

BRICZ b, decltype FERELLSH LT, A LA Ko i hnfCA% A ml 4, Ho anfRas i 4t 4-18
IZN: L

Emike 418

#include <vector>
using namespace std;
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int main{) {

vector<int> vec;

typedef decltype(vec.begin()) wvectype;

for (vectype i = vec.begin(); i < vec.end(); i++) {
/1 W

}

for (decltype(vec)::iterator i = vec.begin(); i < vec.end(); i++) {
[/ s

}
}

/] HRPEETH :g++ -std=ce+11 4-3-3.cpp

TEIRTIE N 4-18 b, A1 LT vector fY iterator FYERY , X A~2KAYEPT LLFE main pRE
pE A, YBAED B H RN TR S FIAART, $eT AR F decltype H1 typedef/
using (4 & 3K HE MLy — R A, XRELE LS BARFS S 1 AT LLER & o] 4 A
Al g, AR IRATI AT LA B decltype(vec)::iterator 33X FFE (1 R 76 3, X BEREKIR auto JEH
Hpl, hEMFR—F “HOUMFT KA.

e C++, RITAMSBIELZMNER, MIA T decltype XM FIFEZ /G, EHAERZE
Rt I, fiToT LA B LIS 8L 4-19 FrsmfilF .

HKE5iKR 4-19
enum class{Kl, K2, K3}anon_ e; // HEH#MESEEIHE

union {
decltype (anon_e) key;
char* name;

}anon_u; // HEZE union BE{EK

struct {

int d4;

decltype (anon_u) id;
}anon_s[100]; /7 BEM struct ¥

int main() {
decltype (anon_s) as;

as[0] .id.key = decltype (anon_e) ::K1; /7 5 £ R R AY
}

// EIFEET cg++ -std=c++11 4-3-4.cpp

XEEMMEH T 3FHARMEZSLR . EANRAEIHZE anon_ e (FSNLS5.1 1), B
BB AK anon_u, LLREZ MIESHARH anon s, FILIET|, HE@ETEZLXMHTRA
anon_e. anon_u, kL anon_s, decltype P LA S H A A I H i EHE ., XLLEFRE LLAT C++
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REGFTARIN, FxLE, £ T, BEANESHMERMKSEFAD RO SEA—
MEA AN, —RRF AR BER G AT E . X R decltype FUEHRME T —
Fhifitk LRI PTRE.

4, BT decltype, FATATLUE M4 KEBIZ RIARE S B S LIAUES TS 2 4-9
B, MARFRATRME— T R BUER AR D, ZERCEE T ERIEE ., RITEE RS
HH 4-20 P2 TSR BT .

w2 4-20
[/ s MAERIBFA I A decleype (E1 + £2)

template<typename T1, typename T2>
void Sum(Tl & t1, T2 & t2, decltype(tl + t2) & s) {
s = tl + t2;

}

int main() {
int a = 3;
long b = 5;
float ¢ = 1.0f, 4 = 2.3f;

long e;

float f;

Sum(a, b, e); // sMEREHEFHN long

Sum(c, d, £); [/ sWIERFHETNH float
}

// HRIFHEW :g++ -std=c++1l 4-3-5.cpp

A T U8 B 4-9 OB, CHDI % 4-20 A9 Sum oR BB 3% in T 26 8 K decltype(t]
+2) B s YE N S8, MR G AR FEME. X3k, Sum BEMEEYIN, HAHE
] (4 2 B AR R ACHS I 9 4-9 9 —fY double 57, MiRMWIE 11 + 2 EFWRMHAR, &
i ax bR A —E R, FRATAT LA BLR RHE s AR A - ia sk i e, B ROME
# Sum ZFEA R A AR RRRF R AIER, XE 7 RUGE PR RER R E
Ko MRREITIEREYS G decltype 55 auto XHF, i FiE R iR [0 25 Y ) of BE SOR(E 18 i85
X PRBOR FHE TS . A 1S1E 4.4 WP EIEEET (FHELLE, decltype — P KHIH
TR FH T 8 B AR 1 6 R Y R B0 ).

TEACHS I 9 4-20 P MUE LR ARTF7E— 2 RE, HthEARTL ZHAN. HEA
AR, FUEFRT, BHER M AR T REIA N —L BRI AR A BAR LS H, H ik
#H, hEALIERETEEN, AEEEE, MR e 2RISR, U+ AR
BHRER, N TRGALERIRM, BB IT RGN Z 81X S Bk 09 1 I 3R A Y
RAs, WfRSiE R 4-21 B,
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REER 4-21

template<typename T1l, typename T2>
void Sum(Tl & tl, T2 & t2, decltypel(tl + t£2) & s} {
s = tl1 + t2;

}

void Sum{int a[l, int b[), int c[]){
/B R A
}

int main() {
int 3[511 h‘[sjn C[5];
Sum{a, b, c); // EFHEHEAE

int 4, e, £
Sum(d, e, f); /7 PEFERHR Y A kAR A
}

// HRIFHEI :g++ -std=c++11 4-3-6.cpp

FERBS B 4-21 oh, TR T BEHRA Sum, 4RifaS 41T Sum(a, b, c) BUBTfR, 2
A BEBCEH A, TI9R1F Sum(d, e, f) HIBHE, MR SN BIBEAR B9 SLBHERRAS . X RERETS
{34IE Sum HEAR R EOR KBTI FIYE (R ix BB A TR T A0, BB K
EZRT )

I A1 7E L ) fk — S RLAR B R, decltype L] AR —S4EH, BITWTLIEELGE
B 4-22 fRREF .

REgiFR 4-22
#include <map>
using namespace std;
int hashi{char*) ;
map<char*, decltype{hash)> dict_key; /) R iR

map<char*, decltype{hash(nullptr))> dict_keyl;

S/ BRIFET :g++ -c -std=c++11 4-3-7.cpp

FEARFD NS 8 4-22 h, FRATFEFIME T HRHERE P #Y map BAR. B A% map 25 T 6757
L H A A (A, PR AT L i decltype(hash(nullptr)) 3§ 2 M 75 (B AY 267,
AR E AEN B, HEERFRAOMEEENE, decltype HEEEZ RALXMSHE, 185%
A MESEFIA decltype(hash) J& LB i i F Y .

H5L |, decltype fE C++11 MIARMEFE tp A — 20, — 65 ok PR A9 52 B th 4K T
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decltype M RIHE S, — IR A B F 23 T decltype AIBIHZE result_of, FHAEHT R HE T8
B AR, RATATLLE — F AL, mfCisiF e 4-23 Bk,

R0 4-23

#include <type_traits>
using namespace std;

typedef double (*func) ();

int main{) {
result_of<func()>::type £; // 1 func() HSHERLER
}

s ﬁ#ﬁm :g++ -std=c++11 4-3-B.cpp

X f RIS A B R 9 HE S 24 double, 1M result of - %45 FLIE A func() iX T PREL, X —
DIEEHCAIRZMSEBE R T decltype. result_of A— AT RERY LI AT -

template<class=>
struct result_of;

template<class F, class... ArgTypes>
struct result of<F(ArgTypes...)>

{

typedef decltypel
std::declval<F>() (std: :declval<ArgTypes>(}...)
) type;
}i
THIEE 2B declval ©, iX HERHEHERE decltype £E T ok B0 F | (R 7 K pR 3K
iR ), IR ok BOUE F KA R B A 258 typedef —4~ 8 0 type B2 5, iXHE—3K, L1
T EE 4-23 1Y result_of<func()>::type #E < # decltype £S5 # double.

4.3.3 decltype #5103 0

f£24 auto BY{KFE, decltype 7 C++11 Pt dE W HE, At auto —FF, HTFRIHTZ,
B LAGE A decltype A7 TR Z A4 SRk BiE R . REMEE, HA 2% decltype 95T R I
AT, AR AL AT BE S AT b AR R B AT MR IRRS T TN -

KEZHWHR, decltype B FIF RN FHEN, BRAMNRIILEHEA L A5 -
AEAPEPE . SRR fURS I  4-24- BT R 59X 7

©  KErk STL a9 — Rk 4T, BWEM P E AT LLA R — 2 fE 26 0FY, U hitp://en.cppreference.com/w/cpp/
utility/declval .
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REBHE 4-24

int i;
decltype (i} a; /{ a: int
decltype((i)) b; // b: int &, Kk#iE#Ed

// HBIFET ig++ -std=c++11 4-3-9.cpp

RAITES IR 4-24 (TR, SHATHEBL, decltype((i)) b; XFERIE ) HiEALL .
RIFW SRR BRI H, BERAHERYIE. 1 decltype(i) a; X —m)H k@ o ik, AN
Y 3 n Y a4 5K int

XA B ERIER, $OL T WEES, decltype FiiEF HHARRERE YL TAF
fb. HE b, C++11  decltype HEFIR BRI HUN L A TE S A0 E 2. ik, SRR
H decltype(e) HeFRBUERINT , SR a0He 4 210 LT pUsLm) .

1) i e B—TEAWFESMIRICHFEIARX (id-expression ) 2l H A 51 U A] Fik =,
IR 4. decltype(e) $L 2 e FTan A M SC kAR, esF, I e BR— I EEN R, WEFH
B iR EER

2) B0, RikeIERET, IR e B— 1 HT1T-{H (xvalue), A decltype(e) H T&&,

3) /W, Wike MARET, ME e B— 1AM, W decltype(e) I T&.

4) B, Bk e WMARLE T, W decltype(e) A T-

XEBATEMBE— FRicfF &AL (id-expression ), A4 b, rFRELZXET. FHE
TR AT A MPRCZ AT R EE CHFRIC (token ) BRI LUREFRICAT (identifier ).
i AR LA X L R FER R AR C AT RiA K. HIBRIFREXT

int arrl4];

B2 arr Be—MRICHAFRIAZ, 1M arr[3] + 0, arr[3] 5§, WAARARICFFRIER.

AT R BCISHE L 4-24, FH45G decltype ZEBUHEFAOBN , BEATLIAIE, decltype(i) a;
fERTHESRN 1—RAR i B—MRic R, FrLERIgHE TR int. 1M decltype((i)) b;
H, BT () AR— I REL, HER-PMEERER (TUAERELHAE), Hitk,
¥ 88 decltype HESFHLN] 3, HERUWZJE—1 int A5 H.

AR RN R 2, B, ZESCRRRL, decltype HRIHE SR ch g 7
S|k Ay HA R 1 AN 3, FRATAT LGE AU R 4-25 BRI A B F R NER— T
i .

KRR 4-25

int 1 = 4;
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int arr([s5] = {0};
int *ptr = arr;

struct 5 { double 4; } s;

void Overloaded(int) ;
void Owverloaded (char); /7 EHRAR

int && RwvalRef () ;

const bool Func(int);

S/ M1 R bRCATRAR AR R i, e AR

decltype (arr) varl; // int[5], PRiEfFRER
decltype (ptr) wvarz; [/ int*, FRicfFRIAE
decltype (s.d) var4; // double, LA iHRELL
decltype (Overloaded) var5s; [/ T S E, B PR

0Oz HETO0E. HES ORI IEEIH
decltype (RvalRef ()) varée = 1; // int&s

J/7 W 3. A, HEFHERNGIH
decltype(true ? i : i) var7 = i; // ints, =JCEWMF, XHER— 1 fEHE

decltype((i)) vars = i; // ints, WEESHAE

decltype (++i) var9 = i; J/ inte, ++1 M i BEE
decltypelarr([3]) varlo = i; // ints [1 ¥AEEREIAE

decltype (*ptr) wvarll = i; [/ inte * BEEF A

decltype ("lval") wvarl2 = "lval"; // const char (&) [9], FPFEFERNLEM

/7 B e LLEEBAR, HESAHARR

decltype (1} wvarl3; // int, B m A E R A E
decltype (i++) wvarl4; /7 oint, di++ BEA{E
decltype( (Func(1l))) wvarls; // const bool, B+ A[LLERE

[/ EFEET cg++ -std=c++11 -c 4-3-10.cpp

fURS T B 4-25 rhIRATTH U A AL ) 7] 73050 T iRk, ATLAE B, M 1 AEE T34
BARAR, SR Teer. 8. Siflk, EERMERMHT, FLE, MW 1 7E decltyp
HRAHE TPz A EOR)TIZ . AL 2 WIH R, BA SR RS,

AL 3 LR — MM, decltype BIZBA R ERIEAHF LR R RER,
HBHENAE, HEFHARBIRAEMETIH R0 4 WEER T EBMAERE. RiTX
BRI M+ EEAEEOXS, URTFHBTFEAE R Ival, EFHBEFEER 17
ZAEBI R A

BidX AZHN, EETREESETESR, BFELE, WERRMNZATRAN, 51K
B PURBLIN 3 3 R A AEES I A HES . — DA S L ARIFR RN R, R
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decltype 5& LF &, P2 Sem X AR, BeELMIES B HATIIGIL. ZFF—k, @
FEESIHASRETFEMRALRY, MiFasiEitn. Bib—aiE, C+11 infEEP TR
Biti 3 is Ivalue reference, o] LATEBhARF (i T — e S E5 R MR, BI1HBREH S
4-26 BB+

HKEBiEE 4-26

#include <type traits=

#include <iostreams

using namespace std;

int 1 = 4;

int arr(s5] = {0};

int *ptr = arr;

int && RvalRef () ;

int main() {
cout << 1is_rvalue_ reference<decltype (RvalRef (}))>::value << endl; Y
cout << is_lvalue_reference<decltype(true ? i : i)>::value << endl; // 1
cout << is_lvalue reference<decltype((i))=>::value << endl; // 1
cout << is_lwvalue referencec<decltype(++1i)>::value << endl; [/ 1
cout =< is_lwvalue_reference<decltype(arr([3])>::value << endl; /71
cout << is_lvalue reference<decltype(*ptr)>::value << endl; /71
cout << is lwvalue reference<decltype("lval")=>::value << endl; /71
cout << is_lvalue_referenceszdecltype(i++)>::value << endl; /70
cout << is_rvalue_reference<decltype(i++)>::value << endl; // 0

}

/O SVEIET :g++ -std=c++11 4-3-11.cpp

fUHS i8R 4-26 rh, FRATIEEFH 7 BIAR is_lvalue reference A9 7t value 325 % decltype f)
AR (1 ToR2LEESIH, 0 MkZ ), mIBAIFN, EBEFR 4-26 b FLERFSHN 3 49, #
ST HAMESI A, WRBRFRAERFHHE PARIEHTE decltype R EWHLXAUHES
MA{ES| ., ] DG R /N SR i Bh e . X BARATA M T B KB is_rvalue
reference, [RIFE, FEFF R MA]LGE S EXRBE decltype BEHHESH THESIH.

4.34 cvPRBIFHNHBERETEZHNFTS

5 auto B8BIHEFAIAGE “E" ov RTAARE, decltype EfEHE “HE" FIEXM cv
FR&IFFEY . Aat, WRXFREE LHF const 5§ volatile FRHIFF, {81 decltype #E77H#E ST,
HA A AZ4E K const 8¢ volatile FREITF. FRATPTLAFF fCHER 4-27 Brmasf]+.
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REiHR 4-27

#include <type traits:
#include <iostream>
using namespace std;

const int ic = 0;
volatile int iv;

struct § { int i; };

const S a = {0};
vaolatile S b;
volatile S* p = &b;

int main() {
cout << is_const<decltype(ic)>::value << endl; F A
cout << is_volatile<decltype(iv)>::value << endl; /11

cout << is_const<decltype(a)>::value << endl; /1
cout << is volatile=decltype(b)>::value << endl; /71

cout << is constedecltypef(a.i)»>::value << endl; // 0, BAAE const
cout << is_volatile<decltype(p->i)>::value << endl; // 0, WA volatile

}

// BIEHRT :g++ -std=c++11 4-3-12.cpp

s B 4-27 B9, FROMEMR T C++ FEHRMER) is_const 1 is_volatile e #r 5 IS 2
ERERNESAN. TLUEFEDR, SWAEZE a, b MEHEIEH p 89 ov BREIFFH A B
TEFLR 51 A9 decltype 257U S 455,

M5 auto MR Y, decltype MR UHES MR MG, EATISHRIE (R, o fRiF—LLIT0
KOS, il ev RBIFFLALSIAMAS &, @EWRT, MRRESFHOEYCEH Tixk
R, TURMMFS N o 2n, TSR 4-28 Fim.

A0% % 4-28

#include <type traits=
#include <iostreams>
using namespace std;

i;
&i;
const int k = 1;

int & j

int i = 1;
int * p =

int main() {
decltype (i) & varl = i;
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decltype(j) & var2 = i; /i TUR &, BEHRE
cout << is lvalue referencecdecltype(varl)>::value << endl;// 1, VIEA{HTFIH

cout << is rvalue_reference<decltype(var2)>::value << endl;// 0, ARAHTTH
cout << is lvalue reference<decltype(var2)s>::value << endl;// 1, EZEfi5|H

decltype(p)* var3 = &i; YR 5 o e
decltype (p) * var3 = &p; // var3 MHERIR intes
auto* v3 = p; [/ v3BERIEL inc

v3 = &i;

const decltypel(k) vard = 1; // TUHH const, BERE

}

/) HRIFET cg++ -std=c++11 4-3-13.cpp

fEACTS1E 428, F AT X T 2 A K decltype(i) & B9 A8 B varl, DL K 25 %%
decltype(j) & M)A var2, /1 F i IERK int, FrLLX B a95 | A SRE varl B —4 int&
SIRZER, MHT j AREE—1 int & 5 FHIER, FrLL decltype Z /509 & BH T TUAFF
5, SHARVEEARE, HItj FEBRMKA R int &,

3 B A 0 B B R decltype(p)* BYEM. FTLAF 3], 765E X vard ZER AR, tTp
AR int*, P var3 B2 R T int** 258, X ER auto AR, * AT LR ITTARBIARTE .,
1 decltype J5 Y * %5, HASHAMIFERZRE,

AP RATIB AT LAFE 3, vard 7 const 0] ABETUARBIFE I, {HEWi4eiR a8 208, RS
L2 & A7 volatile BRHIAT L.

Sk, decltype AR L& C++11 hRBHESHEH X ERREN—F. RREFREX
ERHEF R B E e, AR auto I T 45 RiEREA A, HAZERE, F0]1EIE
H decltype it /& A SRR VI MG — LA (49 X 51, 588 0l LL7E (R i 388 39 ) 50 P (0] A 56,
M F i AYE B R I R )R B0E 3L, NIl S auto. decltype, #f C++11 HAgiZ BIGE H 27+
B & K.

4.4 BRERR[EIER
& R EEE

441 BERIREIZEBMSIN

MBEMEA2 543 TP RERAN, BERFIZERAS auto 5 decltype £ B IF Bl
C++11 Pz RIggFERVRE ST .
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e C++98 1, IR —A~ s BOEAR A9IR A1 S RUHRE T SE PR A O SHCEE A, ARAIZIR 73
RUFEAEAR L BIfb Z AU AT REEB T A0 a2, XORF AT FRATT 7 E S22 oR FOO R I 2= 18 B opR o, #]
PLEAE — TS 3 4-9 BB F, T Sum HAREBB S8 11 5 2 AR ETHHE,
AT LAFE AT S BE M6 S i | 4552 s 4 double 26UIFiR 0], BXEEBRH T Sum AY{E L E ( KHE
HEEH TEEAT K KNERZHE ). MR 4-20 d1, R T Sum Bt A%, i
SN decltype(tl+t2) FIZ ¥ A AR FIZ BUA(E . X PERURERY KT Sum i3 H A5,
B T Sum MEA A, E—2EN T, WEAATLIEESZR ., 1 H i TR 5 240 Al S 1
R FIA AR, HAER AR EERRIT T —24r4n,

B4, Bl EIRAY Rk 77 OB X IR IR T RS . Mo A B E 7N
FroR :
template<typename Tl, typename T2>

decltype (1 + t2) Sum(Tl & tl, T2 & t2) {
return tl + t2; '

}

XS BARERURG, A4 iR A /N, 4i%a (e HE S decltype(t] + 12)
BFAY, FEXFPH M MRAEY (BRREMEERN, RESHANEEL A
75 ) $iH C/C++ 4R AR M, ZRHEAR LM LA, Hik, & T #ax A mE,
C++11 G AFRE——BERIR BI2ER, e B FIE SOXHEAY R B

template<typename T1, typename T2>

auto Sum(Tl & tl, T2 & t2) -> decltypel(tl + t2){
return tl + t2;

}

0 E RS, A HEROE EHES ESEGE 25, HARFYS > decltype(t] + 12)
BB BRE R, TiJFA FRBGE FHE AR B auto X877 5HE, B, RAMBATLLHS
P BEHHE S Sum BRMCHUAR H035 512670 T, T auto 5 {1 ->return_type bk S HY 138 858
EESET LR T

4.4.2 {EMIEERIR O] 25 Ay o &

16 3 (A1 2 2 B9 o 50 538 PR RCAK T A g R A DX 7 TR ] S R U Tl . A — MR I
T, H ek BT S B AT B TR AR IR et

int func({char* a, int b);
EFEMBESL TFmEMBE L AL,
auto func(char*a, int b) - int;

ATAT R, 8 B [T AU 7 B ) R B 2 A R H — A, A RRS I B 4-29
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N 115 I

KEmE®R 4-29

class OuterType{
struct InnerType { int i; };

InnerType GetInner();
InnerType it;

}i

// ATLAAH outerType: : InnerType
autoc OuterType::GetlInner() -> InnerType {
return it;

}

// SRiFHEM :g++ -std=c++11 4-4-1.cpp

FEACHS T 8 4-29 h, AT LU B FAN ) A I 20 [ 2E A B, InnerType A5 B HAE
A, X TR GR AR R Aok, BRAE LR HFHEE.

MIEATRARBIAY, & EERSE, (EEHRP ARSI TarfE, FATATLA
B AU 4-30 Firzs B8 AR Bk R 26 B 49 B 7

K% 4-30

#include <iostream»>
using namespace std;

template<typename T1, typename T2>
auto Sum{const Tl & tl, const T2 & t2) -> decltype(tl + t2){
return tl + t2;

}

template <typename T1, typename T2>
auto Mul (const T1 & tl, const T2 & t2) -> decltype(tl * t2){
return tl * t2;

auto ¢ = Mul(Sumla, b), pi);
cout << c << endl; /J/ 21.98

}

S/ OHRPEIET g4+ -std=c++11 4-4-2.cpp
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TEARFD I 4 4-30 90 F b, FRATE X T WS HIBBR 3 Sum AT Mul, E1TH S ¥R
13 (8] ff %6 76 S Ab AT s o 17 fH T main sBREPEEA T auto, BB FHEARS—1
“EAT AR, H Lk, XBABAHLEERE, FRXAABE-THEXREET
BIRES, WAER—HHREARRN CH MRS, MR, X -DEER RS
HEFERAE, BFRERS RSN ET R OEM BN RERE, 4% i
ITHES, MEARFHES Wl kG TR

B T AR L b R GAR A IR, B BRIR ] 2SR B 55— U E R R AL sR B E 3, R TUED
MR EERE . X RO I T R BAR 5 . AT LAF — FAURLHE 8 4-31 R If 1.

HEFE 4-31

#include <type traitss
#include <iostreams>
using namespace std;

// AR, R R AL R i
int (*(*p£0)) ()Y () |
return nullptr;

}

//-auto (*) () -> int(*) () —PEFEAEIEEH BB ( BRid a BE0)
// auto pfl{) -» auto (*) () -> int (*) () —4iE[E] a EEEASIEEAY B
auto pfl() -> auto (*} () -> int (*) () {

return nullptr;

}

int main() {
cout << is_samezdecltype(pf), decltype(pfl)s::value << endl; fl1

}

// BRPEIET :g++ -std=c++11 4-4-3.cpp

USR8 4-31 b, SE LT AR RISE SRR R % pf A pfl . HGE [ (R R — 1 R %K
TEEFo % eR BR §F LA 18] — 138 [8] R S £ A e, iX — s is_same AL AL value B
ZREEHET (SR 4.1.1), MFHEE—FRBERAEY, n] LURIE R M7 Bk T 4
M 2. THERRE PIRR AR BERBAA M AR R, o LA REN S HMATHE, XX
KRR T i 58 R B AU T 4

BRUCZSh, JBERR BRI i MO R e 7% R R b, nfRa% g A 4-32 PR,

L% e 4-32

#include <iostream>
using namespace std;
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double foo(int a) {
return (double)a + 0.1;

}

int foo(double b) {
return (int)b;

}

template =class T>
autc Forward(T t) -> decltype(foo(t)){
return fool(t);

}

int main() {
cout << Forward(2) << endl; // 2.1
cout << Forward(0.5) << endl; // 0

}

J/f HRVEIETE :g++ -std=c++11 4-4-4.cpp

U 4-32 70, BRATATLIER], th T TEBGEFRE, o LSRSERLR R A
NG R iy

1B ERR ISR A LU FE R BtR 6t b, A B 5 2 508 BB [ 6 R i pR B LL iR R, FF I
AARRHB ., .

auto (*£p) () -> int;
£l
int (*£p) () ;
AR BEEF ARG . AR WER TREGIH, .
auto (&fr) () -»> int;
i

int (&fr) () ;

A LR SR Y

B 7 LA ERTRGR A R B . Sl pR . REERER . PRELSIFHLIAN, JERFIR BRI AT
LARITESS I s S A L B R 3 . BB R R 3, HF B KRR, XBRA——ZEH T,
F5b, BAREMEE R AT LAgi A B R KR, B A AN ERIE R RIS Y
void BiA]
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45 ETFEERM for fEIR

& %5 FEA
£ C++98 brRMfErfr, WNRELE M BEH , R W EA I R 4-33 B mAis.

5% 8 4-33
#include <iostream>
using namespace std;
int main() {
int arr([s] = { 1, 2, 3, 4, 5};
int * p;
for (p = arr; p < arr + sizeof (arr)/sizeof (arxr[0]); ++p}{
*p k= 2;
}
for (p = arr; p < arr + sizeof (arr)/sizecf(arr[0]); ++p){

cout << *p << '\t';

}
// SIFEM :g++ 4-5-1.cpp

RASIE R 4-33 A, IRATMEH T 4545t p el 84 arr PIONZE, PIEFR B 5E AL T &
ANTCEATELL 2 MITEP TAE. i C++ A9SnHERAR v, FRATE W] LLER BIIE 4N for_each AYHHE
M eR%. GHRIRATEH for_each 2 5E WAL TS B 4-33 iy T4E, LIS HEERSRAEIFR
4-34 FRMIEEF .

HRiDiHR 4-34

#include <algorithms>
#include <iostream>
using namespace std;

int actionl(int & e){ e *= 2; }
int actionZ(int & e){ cout =< e << '\t'; }

int main(} {
int arr(s] = { 1, 2, 3, 4, 5};
for eachl{arr, arr + sizeof (arr) /sizeocf{arr[0]), actionl);
for_eachi{arr, arr + sizeof (arr)/sizeof (arr[0]), action2);

}

/ORI ig++ -std=c++11 -c

for_each fii H T b fUARAOMEE, HIEMMBEME. A FEABAET T A HRIEGR
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&, FrLAnC RS i 2E 4-33 Y ++p BRVEN AT LIRS £E for_each fEHF b T, Asdiic AU
W 4-33 B R 4-34, BT ESIFEREERRANE, B arr F| arr +Sizeof(arr)/
sizeof(arr[0]) Z 6], A fEHTRMITIRIE.

P L, IR CE AT XA, (EREE S PORIIMT . RATTLAFA bash
H1 for (R FH s
for i in '1 2 3 4 5" ;
do
$i = Texpr $i + $i7;
echo 5i;
done

1A bash 5ERL T 5CH 8 4-33 B AU 9 4-34 —HERYTHAE, AidiEd L, bash
AT for ... in MR, HMIERERE “BUH" 8, B7E ‘12345 XEEAMEREY
THITRBEEN., REHE, WTF-1TAEEMNEESTS, BBEFAREHTRETGERZ
X, WEESILHEIRP . M C++11 sl AT R THE A for T82F, 50T LITR & #b i b
T XA [A)

HATATLAE — FRETHEMEA for IRAKE T, WLHIKE 4-35 FiR.

HADiEFR 4-35
#include <iostreams>
using namespace std;
int main() {
int arr(s] = { 1, 2, 3, 4, 5 };
for (int & e: arr)
e %*= 2.

for (int & e: arr)
cout << e << '\t';

}

// WFEM :g++ -std=c++11 4-5-3.cpp

{RRSIH A 4-35 LR — M TIEE I for fAFMLH. for EHFHESHES “:” 4R
PIERGr, B REE N TEARZER, 80 NFRREE0EUTER . EARER
4-35 X BARR B F 249, FoR MR ER arr PRIEICER e SHITE . BHE—3k, WA
HFSTL FAFMAERES T .

TEARESIE L 4-35 rh, RLFHEMAY for TEIFP AR EH T3 RMER, R EAAE
RAEERESR P AN, RENEST ARSI T R MasfE, bin Ffd e
BT R for TEEF AT LABEMN .
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for (int e: arr)
cout << e << "Z\E';

FRRSHAR T AR AP T4 . 2488, WIRES & Z BTV MY auto KBUFRRTT, R Z0ARE
28

for (auto e: arr)
cout << e << '\t';

T E M for THEFRM @G IR —FEAY, BT LU continue 15 /4) 2k Bk it 6 25 1) A< AL,
i FH break 18473k Bk th #1183

HEIE R, BREMREMEHETHEEM for 1535, SAMKE T2 &4, Tk, B2
for fEFFEICA LB R AT#ER . XTIk, R IZIEH begin Fl end pR%EL, A4 begin I
end Z [BEE & for TR LACHIEREL. X FHEAT S, HEBHNE —MHRE— T ICEERTE
Bl Hk, RFEEE for XL EREMRMITRILE ++ F == FRIER . X THRAEEPH
Z%%, U0 string, array, vector, deque. list, queue, map. set %, AEFH MM, H briEE
BRAPIEI AR E L TAH KM, Wl EMKENBHBR2ERE, MHAMACERN
2%, MITE BITHRAHERE,

MR, WRBATBA I/ NARRENE, BAEEMEHETHEREMY for 783K, HWML
i 5 4-36 BT e, e FEGIERBEIR.

LA3iH 8 4-36

#include <iostreams
using namespace std;

int func{int af[]) {

for (auto e: a)
cout << e;

}

int main{) {
int arr[] = {1, 2, 3, 4, 5};
func(arr) ;

}

J/ HRFERETT :g++ -std=c++11 4-5-4.cpp

FiR e, HAENSEGEMENTE a OB AR E, Hibtdsk A aed
T HIEER for TEFRXT i Ti6CAHRHE .

A —r, RT ERAARSH CH B A TRETEER, MEE T B AMETEH
TEARMERERYZE RPN, AR auto SR BRI RIIE, IRARX DI RALRIEE
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%o ARSI 4-37 7R 693X A f87 5 B9 Bl AT LA X — 1 O

RugHE 4-37
#include <vectors
#include <iostream>
using namespace std;
int main() {
vectoreint> v = {1, 2, 3, 4, 5};
for (auto i = v.begin(); i != wv.end(); ++1i)
cout << *i << endl; /1 BRiERaSe
for (auto e: v)
cout << e << endl; /e RS HEE

}

J/ HiFIEIN :g++ -std=c++11 4-5-5.cpp

B AT R e 1 i AYRKHIREAT LT .

46 EENG

EATE, A4 7 CH11 WD AFREEE, ENTMRFEIERW S, BRI
HaBEE, smiafChaay R,

BE, WATEE C++11 PR T WA RTES BEE RN /NSt MET CH98
Bt L b ARG S LM M A" Mg, C+H11 AT ISR T B -5 i A2
BE, ERX— AT,

HK, BIITLES C++11 hRTERHETE K, SR auto, decltype, PLRiB
FRR IR AR B, ENTAY A RER AT LB B C++ AR TiZ R4 2 L, (BASERR
BARLER, ATATEREES, B9 C++ BIFNBEEEMN SRS T M,
AT R IR . P LA, KRR AURS TEMREMIZRIGES, SB C++11 Mg T
) 9 P2 BR LLATHY C++98 MUk F RS 7 oUE, mEARNMEFA S ER T 2BA T2k
RES, WA P AR CH+ AR, XTI RAREN . AERAR L MELY
BEmia., JLFREATESMN, HEE CHI1 P, XRATFHNREFIRCLE83TREMNY
1o BAABEAESH IR, RATTEER LS HMUKREZ:, HXTTF 90% LI E/Y
Wil A, KRS SN R er . REE CH 11 hEERAF 0B R ERYIE, AR
FEESRIEFAINERE.

A, RIVER TETEEM for 3. 46 auto X@F, BFAATERNE “RER
R im Ao R BIAT, MR ARSI . el AU S A0 . 3 He LR R M A
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for_each (G Efmiti o, BAREA L3 TFREER for IHFFBRA T RIEHATF, M55 M1
Wi EOEL, AT REF REKHTE K,

BRI, AEBREHEXTHFRE, EEEE, MTERME, EFEH. LiexHt
2K GRBRE R, BT A A SR — kb, ERFEAFET R, RILE
SUREER PIX LR B R (BRANFERT A 7T B —HF ).



£OE
ReXRUEZE

MET CiEwE, C+ MEAREER, HHEHMORN M EWRERNERAF RGN, EEL
A] fEHLAE SR IFRT IR BN FHRIFIRMBF A . BA CHRB M TRURFHHECLETEE,
HERABEE AWM Z A, FTLL CH11 MHEHAT TR, Hoh—hmE, RirERfZe
W—ER2 C++ MEEWE. JLFAAKN CH BB TR T mase. mcH11 Ml
BUCHfEHE2EREL T8 L. BFFE, RITSFH C+11 f9H6E.

5.1 SRABIHZE
& %5 BHA

511 H: S IMEESHENEF

BOEERBRIR C R CH P EAHAERY, FdhR—-1HA A" E"E, N
B A B BV, BUREE X—120, HHRR—EH T MRS HE, dT
BT C, FrLA Tt ERIRT AT B A, BN BR300 2 B R A — 227
tean .

enum Gender { Male, Female };

5E LT Gender (HEH] ) B2 R, Ho & PRE2E(E Male B2 Famale, ZiFg52HRiA
4 Male B{H 0, & Famale B 1. X/ C X AFRAYTRIAALSE, BLKF 2 PR 07 2 80(H .

BRI LR 2 1, EANEEABEARMNAL. HInSBFhHE "W
(HRZAF" B9, FATHHE AT LMERLLT 3 #7200k S8,

F—FoARE, .

#define Male 0
#define Female 1

% W F e T HE L LR P BB B4 5, AR ST Male % Female #9747
#, LTt A B, XEAMNRSTRIENORE, BlkREnEl T
X PPN, BF A SR SMUKREFHEMY , MI&;TF}UTIE‘#'MfEﬁ%
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i —fh oy X——BE A8 enum HARBL S 78
enum { Male, Female };

X ) B 45 e rh g Male Fil Female B2 4RIERT IR AT, 213 B4R KA ML
FEMER, BEANEASH THIER L.

At C++ o, ERZEFRF AT —mENR. W,

const static int Male = 0;
const static int Female = 1;

Male 1 Female 4 FFRFHR B &iFnT KA. A TR2HEFER, HA2FFEHEBHER
iR B T XN . AEAEE T enum, BEFBAMULE - HRIFHBNE T, SiFdFL
Al it 2 4 Male Hl Female 7€ H #nfCHS = A SEBR 8, X 21— SAFfE= ). AR Hoim
&, ELANPEITE A,

A b, X3F “BEMAT" BT RABRRSE, BFRI1&R—iE. A
2 JERY A A A IR AR P T 2 A R BE A

8 mi b, HEEHF A A “enum hack” #9534 E R, £ E@esdh AT 6946
F %, 4R static #9 Male #» Female A/ class ¥, £ — 2 T4+ 8 LRk
A R AR ( BAELE &/ class 51 ), AMRAALRNT enum &5 X & class
RARHFF AN, X3kA “enum hack”,

IR enum BHICALE “FEET AR, AIIER “BEEERT ABWME, enum HIEFEFE,
AW T,

5.1.2 HBHIREMBEEER

C/C++ iy enum AR “HFE" HiE, MEAA (F4F ) Menum XA Z F,
PL K enum B B A9 4 FHEB R 2R WY, X5 C++ B4 19 namespace . class/struct 2
union MAGE T AT A A” BT R HE HRAR A AR (namespace % #FR N30 1E
MR, 1M enum WZAESRIEREZER ), —A/h, BFEARESBRIME, LT
PR

enum Type { General, Light, Medium, Heawvy bi
enum Category [ General, Pistol, MachineGun, Cannon };

Category i General il Type H1(¥) General #{ R LRMH T, HILAIFSHE.

i AE T i A fCAS i 8 5-1 v, JJ&— 1~ i namespace 7+#] T £ )55 (], {H namespace
o3 R LR AR S 8 enum B TS Y045 F .
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{.EHFE 51

#include <iostream=
using namespace std;

namespace T
enum Type { General, Light, Medium, Heavy };

}

namespace |
enum Category { General = 1, Pistol, MachineGun, Cannon };

}

int main() {
T::Type t = T::Light;
if (t == General) // =ilfEH namespace

cout << "General Weapon" << endl;
return 0;

}

J/ SRiEDRI :g++ S5-1-1.cpp

AfLAF |, Category fF—1~EE 45 namespace "', FrLlBrf #25 i i A& EASEA 2/ 2
FEE, —BRF RERE « BEMFESICHEM T namespace T, SIS 2B IRMEER (5
I, AT SEX B B E, HIFASHEIERE, WA NEFESRUASESE ).

A5, mT C P ERTT A E REUAR A7 B9AYE, BTLABCE AR 5 SR T DL
Fab e B O R . REAHE, XtWEALLE, EAIETLIEEEE R 5-2 FrasgX
NEIBIF

HKui#HHR 5-2

#include <iostreams
using namespace std;

enum Type { General, Light, Medium, Heavy };

//enum Category { General, Pistol, MachineGun, Cannon }; // KiESREEL, EEE L
T General

enum Category { Pistol, MachineGun, Cannon };

struct Killer {
Killer (Type t, Category c) : type(t), categoryic){}
Type type;
Category category;

}i

int main() {
Killer cool (General, MachineGun) ;

! ...
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/1. FARRERE ..

/o
if (cool.type »>= Pistol)
cout =< "It is not a pistol"™ << endl;

(B ae

cout << is_pod<Type>::value << endl; /71
cout << is_pod<Category>::value << endl; /11
return 0;

}

S/ EIFEETW ig++ -std=c++11 5-1-2.cpp

F FmfCaSiE s 5-2 B Frf, 25% Killer [A B4 Type 1 Category i 25 25 BL AL
HLEBN G, fE—En iR, BFrRfEaEdX “HWE (cool) M) “AF" (Killer) Z&EFft+
Z. Category ), HIREAR, FF REEH TR type. X & M THEE 2RI EE 7 #E 17 5UE Ho 5L
R, BHEA BTN int BB, R Ad#iTBGER. SR, BFEAMNE
B (5L, BATEBIL L A9RIFRS 4 DB SR R 2 B EE B B 7T T
. BRFLRESFES T, FEAREIFABIEX—8 ).

BT RPGX— 8, HATERF A — B SR i, W LR BRI 52
RIGHIRRA, anfCrsif & 5-3 B,

A% % # 5-3

#include <iostream>
using namespace std;

class Type {
public:
enum type { general, light, medium, heavy };
type wval;
public:
Type (type t): valit){}
bool operator == (const Type & t) { return wval == t.val; }
static const Type General, Light, Medium, Heavy;

}i

const Type Type::General (Type::general);
const Type Type::Light (Type::light);
const Type Type::Medium(Type::medium) ;
const Type Type::Heavy (Type::heavy);

class Category |

public:
enum category { pistol, machineGun, cannon };
category wval;
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public:
Category (category c): val(e) {} e
bool operator == (const Category & c) { return val >= c.val; }
static const Category Pistol, MachineGun, Cannon;

}i

const Category Category::Pistol (Category::pistel);
const Category Category::MachineGun (Category::machineGun) ;
const Categdry Category: :Cannon (Category: :cannon) ;

struct Killer {
Killer (Type t, Category c) : type(t), category(c)({]
Type type;
Category category;

int main() {
// RIS A enum
Killer notCocl (Type: :General, Category::MachineGun) ;
fo..
S HARTR AR ..
... ’
if (notCool.type == Type::Generall) /7 Al LA SR
cout <= "It is not general" =< endl;
if (notCool.type == Category::Pistol) PR 31 vt )% 31 B0
cout << "It is not a pistol" << endl;
Ty
cout << is pod<Type>::value << endl; //0
cout << is_pod<Categorys::value << endl; // 0
return 0;

)

// SR :g++ -std=c++11 5-1-3.cpp

ER ARSI I ABRIESEL, ALy sis, BRI A Y class B
ARG . T class HEEERA 2 SO BT BERIBAEE (BRAFE SOHSCHRERF R 80), BT
PART LAk S g B U . i HRR AT o AR B, @it #5, B AdArmemeR
AFEE T, RS E class 47, XFE—K, ZATEEEKN S/ ERAREBSE
£ 5 Ak -

At Fpfg s T FOFEEE, EANTHER =M

QBK, —BEFRASHN T AHA enum FIAHGX AT A EE.

Ol TH2E H R TESM A, B4R T POD 9 enum #3354 9E POD 9 T (is_pod
EER[ER 0, #xFRACHSTE A 52 BRIt ), XSS —RVEH% (21 3.6 %),

QREZHMEAELGH ABL HUE, LS HNENRSERENSHE, AEFEHFERK
& ( HAERCAEHERR ), Wit #b, RN LLE S FERPEE, TLI— B class
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R REA B BCEAE N RS B e id, ahnT RET R —E AU PERETRR .
Tt ERMp—2, Xt FEHT R BIERBCAFIN

seAh, BEEARFT SRR B ML R —A “AEE R PRERUE, CH+ BT T
) “EERNER R MARIFNERERELIA, X FEHEERRA D B REAE R 09 A0 E
HemIE (LHRFESYE ). AT LI AU H 5-4 FrrfX 6 1.

A% e 54

#tinclude <iostream=>
using namespace std;

enum C { €1 = 1, €2 = 2};
enum D { D1 = 1, D2 = 2, Dbig = OxFFFFFFFOU };
enum E { E1 = 1, E2 = 2, Ebig = OxFFFFFFFFFLL};
int main() {

cout << sizeof (Cl) << endl; f/ 4

cout << Dbig << endl; /O HRIERRE N ARR] , g++: 4294967280

cout << sizeof (D1) << endl; J/ o4
cout << sizeof (Dbig) << endl; /4
cout << Ebig << endl; // 68719476735

cout << sizeof(El) << endl; // B
return 0;

}
/! BRiEET :g++ 5-1-4.cpp

FEARESHT L 5-4 B fIBl T4, RATTLAER], 4iFSSRIEEIRLRMRF X enum
S AR B B . FERATTXS g++ ML rh, FEAORREH T 4 FHRNE, Y%
BEREHE, RN 8 FN ., A, MFARMSIFE, L#idh Dbig A% 45 g S AR .
i Visual C++ SRIFFEFAE G RN —16, M g+ He4miki A 4294967280, 3¢ J& i
T Visual C++ QRS HRERBRENIRIZELE, 1 gt+ SHRIEHRER BT E)
ARG

5.1.3 BEBKEEDE C++11 WM EEHRELBYT B

ESRERERIS, ARIFRAFECHRER, 5HAGEMES R SHEARE, HRaaEn
B, FEXTIXEeER T, BibRdE CH+11 5IAT — Mo A2 26/ B Bk, W “amk
RIM " (strong-typed enum).

PR RS T ¥, N EAE enum J5 N L8 class, LA

enum class Type { General, Light, Medium, Heavy };
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RERTH T —NSRE R AR Type. MRISTRIMEE AT AT JLAEH

QIRfE AR, RIS G 2 PR 2l th 3 LR s Te)

QPR , 55 RUACE RO (A T L5 8 A o AR i

QA LS ERZ2R . SRR BRI E SRy int, fHALAT LR b4 IZ S,
B o fERCE ARG E N | 2 type”, JL type AT LUEBR wehar_t EASMA{T T8
K, rbam: :

enum class Type: char { General, Light, Medium, Heavy };

K18 5E T Type JEBET char 2SR )55 JS BB
e 1a] AFRE A HF, mfCeSas . 5-5 i,

RER 55

#include <iocstreams
using namespace std;

enum class Type { General, Light, Medium, Heavy };
enum class Category { General = 1, Pistol, MachineGun, Cannon };

int main(} {

Type t = Type::Light;

t = General; /PR, A SRS R 2 R

if (t == Category::General) /7 EmiEdey, SLAE Type 1Y General
cout =< "General Weapon" << endl;

if (t > Type::General) [/ i s
cout =< "Not General Weapon" << endl;

if (t > 0) [ ERVERM, JCiEFeERON int HRY
cout =< "Not General Weapon" << endl;

if ((int)t > 0) // @it
cout << "Not General Weapon" << endl;

cout << is_pod<Type>::value << endl; /r/ 1

cout << is_pod<Category=::value << endl; I/ 1

return 0;

}

Jf HEREET cg++ -std=c++11 5-1-5.cpp

TEACIS I 5-5 b, FRATTE XL T A58 28 RUEL2E Type 1 Category, Efi1#E & — 1
M General R 5, fh 3RS HUMCAE A 5 09 22 F A8 B0 ACHE I, PRI A & 4 130 () A
Wil T AR R A2, B AR 17E A% 6 R AL 51 B i 4 200 | LA R RO B 5 R 47
Fo WA, WTLIEE], AR5 BGER oT LU T EUE A B, (BARRERE IR HbEE O int Y,
XL, RER RIS AL R HA A, AT .

F b, SRAEAYH L enum BB A int Z [E] R, SEASMAEEINAFS “HE” BIAKRE
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S, B RS I B — A, T SCH S B ) Y I U e 2 E A R DA SR T Ot A
HEFROHLA . 17 1 AR5 4 A )k AP G T 4 s ) R A TRl K A R
JH class XTALHSHEFTEIREH T B0, AL B sR ISR BAT (BT class BB BARL A1
A[ LA F], Type Fil Category #& POD 28, AR class B RRA —HAR 0 iF 2R M A5 HI A,
FEWRAME. EHALXRLLAERIEABEMERCIER T, JLFRAERESMI I

oAb, AT LAE R TR I AIR | FRATTET LA BE G 4 % B8 A W) i 45 e ) AS ] R AR
. AN, EEENYIEAE R AT LA N PESS ], WfCED i A 5-6 Fin .

HHER 5-6
#include <iostreams
using namespace std;
enum class C : char { C1 = 1, €2 = 2};
enum class D : unsigned int { D1 = 1, D2 = 2, Dbig = O0xFFFFFFFOU };
int main() {
cout << sizeof (C::Cl) << endl; /71
cout << (unsigned int)D::Dbig << endl; /7 SwiFeRsih—¥ , 4294967280
cout << sizeof(D::D1) << endl; /o4
cout << sizeof (D::Dbig) << endl; /o4

return 0;

}

J/ HRIFIEW :g++ -std=c++11 5-1-6.cpp

ALK B 5-6 , FRATNIRAS UM C F55E T2 BEAR LR N char, FHOMIRATIHA C1.
C2 I MMEBU/NYLE, —1~ char & LMRFFRTA BB 01 . i %) Fam s mUbes¢ D, A4
SEHEAASHY A unsigned int, WA 4R 2% B0 2 (45 5 49 unsigned int R ARTFIZHAE . M
EA~ G 1A H B PRAE— B9 %6 H

T RRMHE, MBRIBCETEMQRE IR T C+ k2. (BT il & Hses sk
B, C+11 BX A HERAHITTY R,

BARIKEMEARALRIGE . EHRMECH1L T, JFAHEREERIN KR LRI R
LT, 3SR 4R iRae ok HARSE @ SC Bl (Hth o] DABR GRS AR 260 —4E, = i B 51 k4
SE. HAGER T A BGRBERIBAE B, FRRBAEARRIGEM E ¢ type”, Hr type il LLE
B wchar t AAMAEfTHERL, Hodn.

enum Type: char { General, Light, Medium, Heavy };

£ C++11 i — 509 enum FEH
FoAT RMBEEMEA . £ CH11 b, M2 042 TR T 2 A shis 3048 HE b,
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thn] DATE R 2R E SCRPE RIIN A 2. ELdn .

enum Type { General, Light, Medium, Heavy };
Type tl General;
Type t2 Type: :General;

General 1 Type::General FIfTE}E A iE B HIE .
P RAMRER T G #atE, WhE T2 RERE S FTERER R R,

e AE, FoAi14E A B R 2 R B o it e, o T DA fd A G 8 enum struct, H5C | enum
struct fl enum class fEiH % FIEA{ETIX 5] (enum class B A EAAARAEZ 4, UASH
SRR Rz AR ),

A — S A A R E A K enum class. B F enum class 23R RUIEABLRY, SEZ R
enum class 1R 1] fEAH A #BA T, AfCHS IS8R 5-7 B

a8 5-7

General, Light, Medium, Heavy } weapon;

]

enum class

int main()
weapon
bool b
return

}

General; [/ KL
(weapon == weapon::General) ; /KRR

(=T | [
=

// W :g++ -std=c++11 5-1-7.cpp

RS 0 5-7 IR T — B 44 (9 enum class 956 weapon, #1 Gk X HOi% B (A 5%
FH A HA (X AE A struct EA—FM ), FELE, [ enum class BB, N iz & RN
enum class £ {t— P2 F (FANLEHL LMY clang RIFF LI XLC B2 L ESH B H P E
FHEE 2 958 S RUECE i PR SiF ). BRRFIIRAAE 5.1.1 LB A IEEE 2 enum A “HEM
AT, AN enum class W5 2 MORH], B LIAESC BRI b A0 7E B ( 2488, BBIFRER
Al DL it decltype e K75 B 4 58 2 BUH 24 9 26 B3 HaEA700 ], BRI REMOR 4 K KIS
X, BN 43 ),

52 HAFEHE: FanstSRkEY
& KR KIEE. EEE

521 RBRAFEE
PP APEAL BB A TS P ) C/C+ BRIFRIEHEE , W Sl PIEMRIF ST ERE T, 5K
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R TR L, RS A B I 9 — S AU AR 3o 2 e B Y Sk TR M E) O/
C++ iy B AR R b B AL, IXSeRE AR TR BOA B AL BEoE 7709 7
A5 R B, TR S TR, FRATTAT LUK IS A4 09 LT — 22 [n]id

QEFEEH . —SNFHAITOEREN, ZEHE MR HARERMEM . XN FA e
WIETTHT RGCE B BCARIF R, AT B 1 Rk B a9 R iR

QEA B . BFE LR 2RO R, SRERRC S8EH R 6
WIETT, e PEEEREEER . W BB 2 S8 C/CH BT RFEATE
HRRER 2 Wi E R

QUMFFItR . ASEEEFEHARFROTIREA SRS SRR DRERFA
Wit AT R, 2 BN L RN

AR BANEHRNFEER A —E0ME, Bhg ZRIorRES . L
SBEBRFAHBMTZEN, AFTEAMERNFRE RSB E, Nk, REEF
PR SRARE S NOZIR A AP, LR R A B . E CH b, P
FEROL IR br o e P B BE §1 . 7E C++11 BrbmiEh, RS 0itAT T ook, DIEhnE
R SEFRA R TG OR . TRE—2 L, drdEfE et 7 ArE B bR el #9308

5.2.2 C++11 fIEeEigst

TE C++98 b, FAEFEEHE A — R ZER “auto ptr” HSEHL. auto ptr PAXFE A A
MR ANAE, IFEE S AEE] (Heantri ), BTSN TF. XFENTFERY
Tl R ERIT 50K new #R1F R (Bl 4841 4E A auto_ptr BORES{E BN AT, 5 51 A FH 0
P FH delete, Hol:

auto_ptr(new int);

X AE—E PR Lol 5 T HE N AE R BT s LAY ), A i auto ptr A — SRR ($£ 01
AR [l — A Ze {8, AHEVEH delete [] % ), FTLATE C++11 #RMEPBER SR T . C++11 frfEbak
ffl unique ptr, shared ptr } weak ptr 258 BEFS £ 0k [ 30 [l Mo 43 B B9 %4 42

X EIRATAT AR —A> C+11 FPEF AR REFa ¢ RO F B 7, A% g 3 5-8 FR,

N8 5-8

#include <memory:=
#include <iostream=>
using namespace std;

int main() {
unigque_ptreints upl(new int(11)); // KEEH#M unigque ptr
unigue ptre<int> up2 = upl; // AR R
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cout << *upl << endl; /711

unigue ptreint> up3 = move (upl); // BAE p3 RYAEME—M unique_ptr BWEEIEH
cout =<« *upld =< endl; J7o11

cout << *upl << endl; // B TETEER

up3.resetc () ; /7 BB

upl.reset () ; /A REOETTIN R

cout << *up3 << endl; [/ BEITERRR

shared ptr<int= spl(new int({22));
shared ptreints> sp2 = spl;

cout << ‘*Spl < Endl} 1"1" 22
cout << *sp2 << endl; /22

spl.reset () ;
cout << *sp2 << endl; f/ 22

}

/) BVEIET :g++ -std=c++11 5-2Z-1.cpp

FEACHSTT 8 5-8 o, (] T PIANAS [|) (9 48 BE 48 £ unique_ptr %2 shared_ptr 3 [ 3l # B i
HEXT R AINFFE. HTFENEEIREAERT * S8, HP AL *upl X R Rk
[ T BE I HE A7 . THE 38 ST F S T A reset ARG RO, B RESE £ 50 M fERRCELINA
HHERN A, MAER E3EDE, unique ptr il shared ptr i 2 FLLRTHY auto ptr {345 T —%K,

At MACESTE B 5-8 TP 2T AR B, unique ptr 1 shared ptr 7657 B 5 A AE 9L iR
A —E X R,

HMMEd, unique ptr JEANHZ#h, ST RMNESEEF, S HEHAM unique
ptr BB 5 §F XS R AL LT R BN AE. e, AH) 9 E) unique_ptr<int> up2 = upl; Ak
it e, A unique_ptr #EME—H “PIA " RIS MBS NFE, BT upl ME—ib
ST new SFECAUMEINAE, FTLA up2 AL H BRI, HEL b, XF CBTAR (LAE
8% 30 1L bR MEE B move BRBOREEFE . FRATTWT LR BIMLHS H up3 AY5E %, unique ptr<int> up3 =
move(upl); —H "R FREE T, FORE unique ptr $85HEE% £ T AR NFEM A AL
MR FHE A E 2 “KA” (1 unique_ptr, $LEFEGEITIAOEEHR, A0 F 805 B# A *upl 3
FETR&F Bl

MIASEE EVF, unique_ptr W — AN BR T 45 DM el 80, 1R 9 T8 30 H 8 oR B0 45 61
B FRR (RAME 7.2 10T LR BIA0 T M BR— 2 (098 DMy 38 eR8 ). B2 B3 (LA LAGE Rl A5
{EXF unique_ptr XfRIEATHINE, W H—BHERD, AEXMNEPOIEE IS SR, EikiX
FEX RBPR KL T XHEEH AR .
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Mfii shared ptr FEEEINILE , ARFE MRS Zm WA F—XErmexs £m AN
. 5 unique ptr AR, 1 TELH ERA TSI, Frl—H—4 shared ptr 5
WFET “BraA" (5%), HAbf shared ptr X X RN A5 HIFA 2R, (LS
#5-8h, FAEFEEN sp2 SRR Hb A TaX AR AL, EAR spl A T reset AL G1 R %K, {HH
F spl Ml sp2 LE T new SHECHIHENTE, FTLL spl I reset i i3 sR & R & S BE| AR
i, MASSBHEANFORNR. RAETIHTBEFHEE, share ptr A S HIEBBT A
A3 RO Z3 (8]

£ C++11 #5#E, BR T unique ptr # shared ptr, & AEIEE A 6135 T weak ptr iX R4
. weak ptr BRI FE A E Hx— 1, E W LIIK M) shared ptr FEEH48 M BIXT R NFF, HIFAH
HIZWNFF. e weak_ptr ilL5T lock, W AT & [B]HA45 6] N A7) —1> shared_ptr A%, HAEPT
WX RANFC SN, BEFEEZE (nullptr, EE W 7.1 75 ), XAERIE share ptr 5 fE45
HeVAHHE ESRAER, wfthiFHR 5-9 Frx,

a3 e 5-9

#include <memorys>
#include <iostream=
using namespace std;

void Check (weak ptre<int> & wp) |{

shared ptre<int> sp = wp.lock(); // ¥#i} shared ptr<ints
if (sp != nullptr)
cout << "still " << *sp << endl;
else
cout =< "pointer is invalid." << endl;
}
int main() {

shared ptr<int> spl(new int(22)) ;
shared ptr<int> sp2 = spl;
weak _ptreints> wp = spl; // #filfl shared ptr<ints Fif§it$

cout << *spl << endl; /22
cout << *sp2 << endl; /22
Check (wp) ; J/ still 22

spl.reset();

cout << *8p2 << endl; /7 22

Check (wp) ; // still 22
sp2.reset();

Check (wp) ; // pointer is invalid

}

[/ BREED cg++ -std=c++11 5-2-2.cpp
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EfLERiE R 59 b, BAITEN T —HLZXFR A FFA9 P4 shared_ptr——spl: J2 sp2. T
weak_ptr wp [FIEEFG [ iZ 0T N7, TTLAE R, 7€ spl K sp2 #ATRMmHE, FAHET wp 59
lock ¥, #5318 [A]— 4 %Y shared ptr MG, T2 Check pR¥EIL4 1 LA T IR

still 22

WSR3V T spl & sp2 [ reset pR¥Y, X & FHONME— I HE AT 2095 HTTEL
FEZE 0. Ti— B3| %08 0, shared ptr<int> St B BORFESS 6], i 2. BRI
8 F weak ptr i lock BRET, R [P1— 45445 {H nullptr, XA Check pRECN XFTENH -

pointer is inwvalid

XEERER T . B MR YT, HA shared ptr 25 75 HiT¥, 1 weak _ptr BA
o oA B FE A0S . PR PT LASRIE shared ptr 55O A R

At T, #F 5 A unique ptr {CE LA auto_ptr ARESSE T LAGEFH C++11 iy
SRSt Tl shared ptr B weak pte WU A] FI7EJH A B G ST, AL B, TR
e g . R REFHEEARE, AR BT SRETRERE, FXRHER——
BIFT .

Sk, BATEIREEHBA P #ETARAMENFERE, HREELEFTERF AR
A REIEE, M 2ATEZ BB E BB A AT R B E T AT K. 4
R, XFTRPECH T, BRI ML

523 HREIKARISZE

BRI E, RANAFEMNFR T EBRRWA 7. PV RAE 1959 FilfE, 29
) « Z % (John McCarthy ) BE8 Lisp i85 &8 TR “Bif B 690k, X H, FRA
22 Hd T, BUE AR e E B A AR ER M AN MR O R Mk X
$e “hi T WAERELUE R FAIHONLE, e “Ri P ( Garbage Collection ),
ERBIEGHNEREB LIRS, SREEMHEAFEHOLEN TRROERE, 045, KiiHEE
WALH B KATHGE, ERZEEREBET B, WATE T LUE 235 7 5 1050 v 325,
n# 5-1 iR,

#5-1 EMREBEENLOREERZREER

P Rof o 45 (e ) S A
C++ iz
Java Sk
- Y
C : A ZFF
o 5
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(ZEl)
HEES R g [l i ) A Rl L
Ruby ¥
PHP ¥
Perl ¥
Hashkell BEE
Pascal A

R i B ARTR S, (H S nT L AR

1. A& F 3] A3t4L (reference counting garbage collector ) )33 B &

mi i, SRR ERERMEHREICRMLEEIH (518, 88 AREL M0 R
SIHBIREEJy 0 B, ZXT RN g dRE Rl T Ele. {8 A5 1R TH S 3% Ml i iy 530k
B — RS BAR T 5, 5 HARRIR BOREHIE, N EA SRR EE, HRi
AR S X R AR R WL S0 b, 51 RITHEOHAS 23 X 3R G5 19 92 17 5 A2 .25 [A] 1 1
i, RMESOAN “BIER" 8h, (BRXF 7k AL “SHIESI " W8, At T
HRGT R BN HWIFAD, BTRAESEH A —E RS .

2. K TIRIRA A (tracing garbage collector ) #9323 Bl B

AL TSR R, R Ak B A 5 592 (RSO 4 S Ky i 0 P o FEREAR T 2 7 o R B
XRE KR, RIGHITRIR I, 8BRS 7 AR O ok A LA L.

(1) #5ic - iEP% ( Mark-Sweep )

B RS, XIS A R, BRI E RS R R IEE M HA Rk
A", MR I G AR TN e M), FFfexsedtss b FbRic. YR HE,
Fir A7 B bric i 0F B S AT 3K XF % ( Reachable Object ) 2%i% %142 ( Live Obiject ), i ¥ 45 #ibn
AR BB R Y, 7658 A0 (Sweep ) B <k [m i,

XTI AU IE BN R A SRS, (B HAFAE & B B PO AR i ) S,
(2) #ric — ¥ P ( Mark-Compact )

EAFEARCH I MbRIC - IR T8, ERRICEZIG, ANEWP A X R
R T, MUEAS TR AR S AT REST, BORSRE T NFERE T 09I,

bRic - B EA DR AR R SIS X R, IR, B b T X HE AR5
FAARLA I 3 .

(3) #rid - # W ( Mark-Copy )
X PR R 23 (8] 43 P 1~43 . From Fl To, WIFF#5E%SE H M From f4HEZS 6] Bl [ 4 B¢
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NAFE, 24 From 4rECikAYBHE 2R G0 Sk HF th i R 1ML : A From ME=ZS [ 4% tH AT AT TG XTI R, #501
| To M35 ] B, X BE—, From (% HE%s ] B i g %8 TR 7. i S gL #) To
ZJG, 76 To B EEEHESIR . T AW 2 From Fl To 22— T, #35 Dof i From
CLNT TR g oy L Ve

PRic - B N — A EER AR R —F, mHOTFEEISIGAT R, i,
MIEFDEE B E, SRR SRR IC - AR S —FpscElmie .

IR C++ FRBA 2 I M SR KR AL, (BRI O IE S e H. F
SE b, CH+11 BRUEHLITbE X By 38 WIS T e Y SR, BRSO ERIER AR, {HIRA]
CEBT T C++ i 5T E AR KA i

5.24 C++ 5hiEll

MEAMRBNE, 78 C++11 b, FEEFEEHF T LIRS I A, At T3R80 R fE
AREBRIE I “HIESI T R, RS2 8] Lo, T A R, H
PR BT HFM AR AN ER R, B R AT W e R .

— 3 = B C/C+H FEC £ SR — W BR ik i B B, Hetn— A e 40 ©f
C++ 3 ol W ——Boehm ©. 3% by 3 (ol Ao 75 SRR 15 B fd P o 1 3 19 £ 4 i o 5 5 23
F U malloc, ST Hs HE A B 2 22 25 1 3 (R We 88k 5E UL 3 e . it iy F C/C++ g
KA HAER RIG, AR EELRFRER DA LSRG, TR,

T i e B 35 (A1 b B 42 4 R AT BE RS P (R) B, 7F 2007 4, B Y Hans-J. Boehm
( Boehm [E# ) FIFEI 187y Mike Spertus 2@ (0] C++ BRSIBAE T KT C++ thhifk
Ml AP % . Z PR @ L % ge_forbidden. gc relaxed. ge required. ge safe. ge strict %
K TR Cr+ il m PR I, ZRBREZ LR B B R b5 B, KT
X R T REZHENBSCRF, FRAERERPIRPEE T, FEER iz TES, i
HaR e —2e(a) @8 ( Hedn 5 58 =08 B sR 0 B0 09 O IR A M) 155 ). JIFLL, Boehm Hil
Spertus X ¥R HEAT T 4L, (ALOREE T 3L Renr I nI M ad S 2 A B985, B ad X B S B 2
W, EOHER MR, X R IRATIAEE B89 C++11 ARMETAY B/ ol i 3 3%
A sk

SRR e 2 R I, B ST AEE C/C+H 1 7 AT A RERYTT 0 T ik S 30 3% 1] ke
FHE “ALe” R, WRME, A LLBAT C/C+H IBFHEHE ", BRif
o REREH . AT AE LR HE 8 5-10 Fraiml+.

&  http://www.hpl.hp.com/personal/Hans_Boehm/ge/
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HKEi%R 5-10

int main() {
int* p = new int;
p += 10; // BeEhiEEr, PR BRI Y
p -= 10; /7 RSk 1l B S AR
*p = 10; /7 FERU{E ) DA [R] 4 £ W AT fE G R

}

J/ BRI ig++ 5-2-3.cpp

ERES T 8 5-10 of, FRATXFEE p M7 AINA A WIRAE. XTE C/CH+ PO A A
iy, BECAIEEHE TR R AR, AINEE A MR RF R R mRE] T 1" [
% (LFRE—EAROEE ). Adx FEEEWORE, —H p fam 7 Ala9dhk, WaTA
i p W A8 R PIAF A BT . RS B A% AT LASE e xS He AT ke, XX 2S5 p B (*p =
10 ) 77 3F Y J5 HORF T2 AOHEE B

RATFEF 67, aCHEHES 5-11 s

fLAgH &8 5-11
int main() {
int *p = new int;
int *g = (int*) (reinterpret cast<long longs=(p) *~ 2012); // qBR#T p

/W HAR T A, R PRI REC &M T p FRmATR
g = (int*) (reinterpret cast<long long>(q) * 2012); // XHBMq == p
*q = 10;

}

J/ iR cg++ 5-2-4.cpp

FEACHS R 5-11 b, ATVAIEEE q R T 84 po W22 )5 A AT B S 82 B p 9K
B T Hk. 7E main PEECP, p SERRFTIR A AN AR AR, (Bl T e ., f
3% (o1 as vl LUR R0l p fe M BT R Il . [FIRE, iR *q = 10 B9 SRELRAHENER .

fREH A RIGEMERIATAER C/C++ Ry —KAEH, Wi Fhi3gk BIBORB, 2 RRAMIH
. BESRE R ET 2 P B GRS PRkt (vl ) of . B4R 1848 0T
Bl T BRI F B, AT R AR R IT A 2 LR R 530 G R ] ) 3 R L
AU Pist b, s R A Jr Bl B R O, 11 FIBEIR RIS i ok T St AR B4,
S LR P SR AR A O SR SR SR iR aR (U P AR A R 2 X B

5.2.5 C++11 5&/EIiRE K
C++11 FriniE R T 8 S B g Pl Ry, it “€4” MR HiTTE X, fE
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(#i ]l C++11 P EIARIEB, B4LIR4E (safely derived ) BIFEEN . ZIRAERFEEHEIS M H new
ArECAN S a TR AR . BEIRAERE e

Q7| FHEERE BR5I A, . &*p.

Qi LIHF MR EHERIE, tdn: p+ 1.

Qs AR EH R, Lbln. static cast <void *> (p).

Q5% fs Kl 27 [A] 1) reinterpret_case, LLUIl: reinterpret cast <intptr t>(p).

B intpr t R CH1 P—ATHRBFEMGEA, ARKEFTFE ELBHANKAE (@
it decltype # A ).

i1l A sk /B A/ CLIE A 5-11. reinterpret_cast<long long>(p) J& & % R4 #1E .
M4 5 1936 5 T R el 1F . reinterpret cast<long long>(p) "~ 2012 Z )5, R #LAFHZE
TEREMN T, XRFNFaEBE (~) AR LL2IREMRIE. [FHE, reinterpret_cast<long
long> (q) ~ 2012 A RE IR Bk, W€, EEHNFRBERSAER F, *q=
10 AT HEATEER, WREBFENALEAFRBESHEN,

e CH11 AR R, f By 3 M e e R A T2 IR AE R X EER . B 0 AT LB
it get pointer safety pRE(AT TN IRIFAT 2 & L X TFPE. get pointer safety RYJFEAIAN T .

pointer safety get_pointer_safety() noexcept

HiR [A]—4~ pointer_safety 2STUAI{E . W RIZ{E M pointer_safety::strict, W 4aifa% &
T8 /by B B B e 4 PR A F5 F SF A OCHEE, IR {E A pointer_safety::relax B¢ J& pointer
safety::preferred, WIFRMIGHIRARIFALRF, HA L IREAA B BIUA C F1 CH98 —FF, Al
Fiz B — B B, pointer_safety::preferred H1 pointer_safety::relax tREE A A[R], [ # 7 5 A%
] fE g HAE—SChi BhTGE, 101 P9 A T 6% 000 oA I o 5 2 5 — R IR A RS A S T (935
b, EARBRER, JLTFEASIFAR L0 T /b M E Ry, $£% 5% get pointer safety iX
A~ pRAEE D R B ).

Ak, WRBRF R B TR AL M AR, CHH1 RUFRIT RE g
AP S i S b 5 [ SR8 AR BIGZ AR . C++11 BB/ 3 1a i S R fali 7 ek [l i g AR i
BIS A BZ A AT EAT 1,

void declare_reachable( void* p );
template <class T> T *undeclare_reachable (T *p) noexcept;

declare_reachable() 2 = Hb i HI k73 PIgh 5 — - X0 g R el ik m, B po R A 15
AR P &5 A ] W, . undeclare_reachable() W] A] LABCHE X Rh ol ik B, B XHCHD 35 B8 5-11,
FRATA R A FE A — 2o A, IR TE 5 5-12 R,
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HEFR 512
#include <memory=
using namespace std;
int main() {
int *p = new int;
declare reachable(p); [/ F p B Hi Ak AT iR AY
int *g = (int¥*) ({long lenglp * 2012);

// RRER AT ik P

g = undeclare reachable<int>((int*) ({(long lenglg ~ 2012));
*g = 10;

}

{CHST 9 5-12 Al g2 — T RE T f] . X B, FAT7E p B AL 2IRAE (F2E)
Z Hif#i F declare reachable 75 B HLJZ Rl GA Y . X BE—2, & S8 br I [l i 4% 22 B 1) A~ 2 9 0]
W 0 SR AT A n) Y S alE A q FREC R ) p Tt g, AT 1 undeclare
reachable FHUH Pl 157 B . ¥ % undeclare_reachable A~ & il HIb; 5% P25 p Ar g 3 £ 0 400]
A, 9Pk I, declare_reachable F1 undeclare reachable HUJEHf 7 T — MU HE, RI7Em
A Z B CHEETT, p Frig X A S ol b 5% BIECRS A =i .

X ATREA BYIEE ST ER — 14075, declare reachable H 77 EAL AR BL0Y void* 45
£F, {H undeclare_reachable ¥ il it — 1 REER ., X —IRAMFRIRH, HEL -
undeclare_reachable {iff 1A ¥ 38 H B2 4 1R 1 1E 288 LAEERR P4 JH o i o7 3¢ [l i 2%
A S 1A 15 B PT 4R ) B9 AR A/, I declare reachable f£ A void* $55H 30 22 168 1,

AW EHE Y 2 B — KA S A N7 LT e e, A T iR R mll 38 R
FelriZ X 8%, 0] LL{# ] declare no pointers S undeclare no_pointers PR #5315 U b 3% [l i
PZ N A X B FE A U T

void declare_no_pointers(char *p, size t n) noexcept;
void undeclare _no_pointers(char *p, size_t n) noexcept;

HA# #7705 declare_reachable 5 undeclare reachable 2518, At 5 AR M p JFIE Y
HELE n MINAT

5.2.6 HREIKEFKEE

JUETEBE T CHH11 ARMERT AU ol BRORIIE ) JS 3R 78, (HUR ST Fhr 3 Mk e, BkdR s
e RA RN, BHFL T, NWRRIAEERFEARRE, SFTRENAERD
W, FeATT a0 A R B SR E B S TGRS BB T i e, FRAT T 78 BR 5 1 i fe
JHBE % 8 F] declare_reachable/undeclare_reachable. declare no pointer/undeclare no pointer 3%

AR R FH AR T B3R PIAR AR A . AR LE 2 A D 22 A5 B ) e F 4 3% 1)
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e, PSR EZHACI L AT RER),

AL, CH+11 A h et 485 1 09 7 3 DS R AU BR T R G AR new BRAETF 70 MGHY) A7,
ifii malloc 43 ACHY PIAEMN 2 iA S ATk, B JGIE AT A R0 M 8R40 A T [l PRl At
malloc % i) 2 AR i HE N 77 JE 0 20T ph #2207 0% A O R

i 5 R B AR B AE A BB VRS, b3 IR REPE A B A B (T 4 i 48 3, BRI
JEFFUE iR I . R A LA B B8 Il C/C++ v B S BT BB 5 22— RE 1Y
R AdA RN R, AP ATREERUES h 2 SR RO, JFXIIE tndis £ B adk
OLAE FH 635 Y RSO X B B 4 £ A E X Rt T R . 1288 C++ YT, WU delete {1
SRR O AR SIE R P %E . WRFRIT R FR X A MK, U % REAE LRI ds oK A A 19 Al
A, fERAIEANIZ] C++ B IR SE B, (RS AT LA T2 A sk i A Ak

53 AEENE

CH+ M ERMMET, £ CH+ ERED, —RINMSHER C++ mRBIPLH L
Frees bk, WiAKAR. MAECH11 Y, o i f—HeE, 20T L i 8
B 20T TG ., BARON TAREYE, IHRBECRSE SO AR 80, {H0RT A58 28 R
AT LLEE IR N T b e . Bl SRV IR L M, FTDIEER EE e, H R, W
A ROFRE P b B RCEE L 28R 1 52 RUBOE o KLk 2 e b A9 URS

Ifi) 3 e AR B 09 H sh R MO R Bt AR A A () B, FRARRS R, REF DA IZ
B EarpdE R, IFETREVARUL AN . A ER T, B ERT L%
B I A RE T R s A B 3, B AR B3 A B35 AN JF malloc/free B # new/delete Y HE
WNAEHBC. fE C++98 vp, FI P aT LLfd I BE4E 1 auto_ptr 3K A sh BN A, C++11 vh Il —
G | auto ptr——FFF B AT LA A7 0 500 B 476 unique _ptr 1 shared ptr/weak ptr £ HE
fREFRIETT A S HE AP REC. 5LAR unique/shared/weak (£ BE:E - Ho R ] 8L AY auto 574 & 2%
7, BRI R EAE e GRIEVA{E ., W delete[] %5 ). F&JF B NZAE C++11 4 iifdi ]
FTHE BETE #HUEF auto_ptr.

M AR A e, Cr+ i HFWMERES A 2B I, AidE C++11
Ao T £ 7 3 [ G A~ B AR . EBRTE C++11 R “EME” BuRiBg el % 1, BlsE
T AR 4e A TR PR & 28, fH AR fES xS Rk B g w . —BA T
2 oF B 3% AT as RS Wl (R P, R B8 AT LR T APT 3k i 20 1 95 [0 ffg B4 QA ey B a1 i
REALA, FL L, HANR T, BIDFEAR “S/bRr " Bl i, KEH
i o il BEAT SEBHOCH N, (B T R/DA 3, B2 0UR 4R 1R85 B PR 04 ) 4 2 (e 1 43
AR T 7o ASHEBR UG A G i 48 508 R i VE 2 i H o BERE St i R i . BEOS 4w i 0
B d /DR I R C++ AU R iR RR sl . At RER AT B AR H .
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RS IERE R IRIEIRIHEYRETD

T CH RERFRU, tAERAMEMEM. Mt T -ERITHRRES, CH B
B A A RIS . 78 C++11 W, BIF RGeS P EEEFEITHEE. m
EXE(F RGN H A 7, THEZEZARHENRE, CH+11 KRGS, @ty
B2 B RE A BRAE EAT RAFIN G, R TRF RN Z R ZRBRMRENT R 8
AR, BEAEPTLLT M C++11 TEPERE . BEPFRAE LA R RIET. BAATRE, C++11 85| SR
HATHREERITRE

6.1 EERIEX
o EH . FKEE

6.1.1 ETHEREUHSHEFNERE

fECHH, BiTEFSBEAFEOBLE. ¥ERFERZEATES, 8% ZE T const X
HEEORMEMRRY . .

const int i = 3;

FARRESRAEHT B TFR i . const BA] MBI R S8 . RABURMIM . Rl
AE . KEH, EARBEHRAET, const AARFRNE X, A KEZEENH T, const fiiA R
AR —ot “imfrabE T LS, BNRAETTEEARMA AT E Y. A nyek e, 3840
AR R T R R, B const JCHEFE CEUER . AT LB HILSIE $ 6-1
JIT o B ] F-

REEiEL 6-1
const int GetConst () { return 1; }
void Constless(int cond) |
int arr[GetConst()] = {0}; J/ G R

enum { el = GetConst(), e2 }; // XKikilliddiF

switech (cond) |
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case GetConst(): J/ Kl eiE

break;
default:
break;

}

// HRFIETN ig++ -c 6-1-1.cpp

TEARTS IS 6-1 F, IATE LT —4~R [ B 1 9K EL GetConst, FAT# A T const &
BB TREZRR, RdHiFERMNEIN, Tt GetConst B945 R H TH E ¥ 1L F
Arr BB, AR TE &Y, AT switch-case i) case ik, HiFiHHH M
EENR. RAEXFERNFEE MR EEEDIN—RF, XEiEAET E AR %R AR
{E. T const EMiAYRELE MIH, RRE T ST AR ERATT B ENRE . XEH
SEaAN A A . |

RATEATE — BitSet KB T, PHITFHIEIEI & AR LIRS, WAREE 6.2
B

%R 6-2

enum BitSet {
Vo
V1
V2
VMAX =

}i
// EESHEER |0, DMREEFIR Bitset (A A2 B A

const BitSet operator| (BitSet x, BitSet y) {
return static_cast<BitSet>(((int)x | y¥) & (VMAX - 1));

}

=<

<<

=<

oo
HoE e e
W N O

template <int i = Vo | vi» // EE#dHEiF
void LikeConst(){}

// WiEHEM :clang++ -c¢ -std=c++11 6-1-2.cpp

EREER 629, RITER—1HRAARAK BitSet FHZERRME X (EHFETLIC
LI 2-7 AR BF ). ik TR AT BB R UE sl R VE A %tE, RATE# T operator,
ZHRERR T HATaUE A, Bt &(VMAX - 1) XA ERMERIE Z el E A% A Sl it
VMAX #2E{E . MdkatRATHE vo | VI BN IER RIS R BOARE S, MESSBEHRF
iR, XFFERMATENRRENE BTN,

2 BA M ATERTLLE S B El a6, RS H R0 H BEVE7 i a7k
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B, FATTLAFEACHSHE L 6-1 BT FF IR C AR BN GetConst pRZX .

#idefine GetConst 1

Ma gk 30l fAT BURE SR A MR ENE A 2L, &R C++ PIlE CHRREH T, CHH11 TSR
At 30 3 ik 61 [P 25 2 constexpr, EJ# fit 283530 ( constant expression ), FCANFRAT 15 /CAS T
- 6-1 FY GetConst BREU N —H B FKik, wTLIA T iy k.

constexpr int GetConst () { return 1; }

BP7E s A AT L constexpr SCHEFRIA] . A T HBEREXXHEM A, &Rikdtain]
LL7E S iR B X GetConst 25 HATIHITH (evaluation ), MK AN — 1~ 45 1B 05 HARY 3
B (BRFFRALA—EX AWM, BELCMEEBR EFEZXHE, RINSERTAGE ). XHF
— 3 AREDIE B 6-1 TPAYEUH Arr. B2 BEERIRERIELL B switch-case Y case ik Uil i 4 1%
HAEERME (EEATLLATTER—T ).

fE C++11 1, R FRAK S USEER b AT LAYE A 8 SE O (LR T R 8, 38 T RUFE A T 8l A
B, LABCERIHERESE . BITRDHE T

6.1.2 FERFTAXAHY

3 AT AT LATE eRBGE [0 2 RYRTIA BT constexpr S fdi HoAU A M it Rik =k, Aid
HAEFTA R B A SR B W B RAX R, B, HEFAA BB ZERAER 8K,
SEER, KMALITFILA:

QREUA 2 A B —1) return 1R [FliE 4],

QeRFCLAHR PIHE ( AEER void PREYL ).

QTEE AT M A E L.

Qreturn 1R Pl AR AP AGEEHIEE BRIV R . 2RHEHE, HOOE 1
fit Rk,

IEFRAT A HRMRE— T HoREBIARBPEON B a RS, UEZRREES
HA—&ifn), HiZFELAUR return 4] XMBHREEW:
constexpr int data() { const int i = 1; return i; }

XFER 2RI NG R EE S RIER . At — R a4 LR A E R 7 H R kR
REPHEAT, BASSFESESRN HE". RATTLUFEFIF static_assert FITFHR :

constexpr int f(int x) {
static_assert {0 == 0, "assert fail.");
return x;

}
B FREGE M i, TIHAMAY, o using $84 | typedef 55t # A2 3k Al 6]
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BEYHR, R RRASLAUR EE. B
constexpr void £(}{}

BOBE I AR IE [F f i eRBCREAS RE R it kA, 4R, HREWRAE, FATEHREHED
WRFRAEABIATH.

A AR R RERA BB E AT E L. P EREm S, MAHRBR®
EHREGEARE T, B RFARBAMERNAE AR, XREENZEEYRFREALX
“EROR YT MRS, BTE VAR GIER BETE, W5 E R RETTE A R BOE
IR AST B 6-3 T .

fLagi% % 6-3

constexpr int £();

int a = £();

const int b = £();

constexpr int c¢ = £1(}); // KikiliidsEiF
constexpr int £() { return 1; }
constexpr int d = £();

// LT :g++ -std=c++11 -c 6-1-3.cpp

XERATAHT — D BEFREA R, EESCZRZAT, RATEXL TR a, ¥itb
AR FAUE ( FEEESE) oo EafbHEXD, RFSFSW 1O Fih—1T R
A, TAE c BESCH, B THE M RREARME, HEZREFHFATRIFENAHE T
B XM T W RFAKXEBRAE L, MEFELHGEFIR. M d8E SOURARE, H
A fREXELA T Hit, fEEREEE LA/

HAEMAHIFR 6-3 ITBATLIAL, BR e LA FREEL, HEERESFE
AT HITEITENA—E, fFEb M@ Xh, fEMRMENREIEH, constexpr 142
ERRREES., MAFEFNT, BFROMARY AT constexpr Ay p& 3 1 7 B — 4
A constexpr BRIA T . MHEL L, MEXAMAESSHERAYE, LWINTRAAAHKS
PR IFEARIEE

constexpr int f£();
int £();

BUGAEREE, FRERAKXP, WA AR RR AR B

const int e(}{ return 1;)}
constexpr int g(}){ return e(); }

sETE

int g = 3;
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constexpr int h() { return g; |

A bk 2UE SUR A BB T 4R A0 . BRI B S A B, BPAR IR E AT g0 2
— A RIFEN AR, IAH return FiKTE A A REELFE 1T A 6 2 & (2] {E i) pR 24
FikEE, SRR SR TEG PR BEAT W B R BRI EITT R

LR, ERA—THRFEXRE, retun FREAFTER M RZESABREXEH L
AISE . —SefaBAHRIE, HAINRERIREE R BRAPHREARIFR, B '

constexpr int k{int x) { return x = 1; }

AR TC L C++11 SRiFERAI 4 IEAY .

6.1.3 HERFEXE

RIS B 6-3 HIRATF B T M constexpr X FEMA “AER” ¢ fIf, XFES KA
R ATE M A B R AX(H ( constant-expression value ). EHH T, #8734 00 8
— AR FAARE, MR RRA R, HEFALEEFHTLIRRL.

. T4 F constexpr 7 B EEE BB BRI RE R, FHIMEIEH T AKX,

const int i = 1;
constexpr int ] = 1;

FELE, MEERZHHRTREAXIN. AdF—-S—REEN, REWRIELR
ZTFEET, FiRm—ERXHRIFERIE. X T j, MRAEAAN AT SR
B, #RVFEEE AT LAUESEA N E A BEE, T OCKH SRR (RARBERE T A ST
BATABROEAE, URAFERIRMAEFRNR? FL L, BT 2R %%
W H & ).

XERBR-THFAFE. AHAME, RINNEFERRLAXAPSFINZ A, @XHR
T, SRR R B R B SR ORI T RE 1T i FREE A RE A
TR, A 24N B A BT AR GRE R TREERNE L fFEXH. itk
C++11 Hh, Gty 7? 8w B FA R R AR . PREE R SGRN A1F S R R
HEMEEZLET (RERBT) ST BT8R R,

M F B2 SRR AR, A R A RS, WA RN BRI A RS,
C++11 #5HEH, constexpr S<HEF R AREF &M A & LERAE LAY, AT HEiXRErg kR
FE SCHIEF . ' _

constexpr struct MyType {int i; )}
constexpr MyType mt = {0};

fECH++H11 %, SR THEE S HRIFAN. FRbMER, & X HE L RWEEE ( constent-
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| expression constructor ), FA17] LIFEHILH L 6-4 Frnpyf+.

REGHE 6-4

struct MyType {
constexpr MyType(int x): i(x){}
int i;

}:

constexpr MyType mt = {0};

// KT :g++ -c -std=c++11 6-1-4.cpp

RIS 6-4 1, IRATXT MyType B9H 8 R BT T Lo AdfeEE AT, AT ET
constexpr 8T . ML IXEERE L, MyType 28I constexpr BYZF &t mt #95E SCBE AT LA i+
HWiFT o

HWRFAAAEERE DA FH EOAHE, FEAALLIFRA.

QeR BRI R 2

QP taIkF)E HEh H B R A A RBE.

R AR BRARE A, RAS NS, EEERTIIZER, BT
(9 b Rk U 1 pR BT 2 JC kil 1 G i Y -

int £(); .
struct MyType { int i; constexpr MyType(): i(£()){}};

A, XEATREENE, BARNMAVRRERIEA MR, BEILHFG
“RRPET MIABAEER E, InfRESIE B 6-5 FiTR.

5% E 6-5

#include <iostreams>
using namespace std;

struct Date {
constexpr Date(int y, int m, int d):
year(y), month(m), day(d) {}

constexpr int GetYear() { return year; }

constexpr int GetMonth() { return month; }

constexpr int GetDay() { return day; }
private:

int year;

int month;
int day;
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constexpr Date PRCfound {1949, 10, 1};
constexpr int foundmonth = PRCfound.GetMonthi();

int main() { cout << foundmonth << endl; } // 10

// BEFHEM cg++ -std=c++11l -c 6-1-5.cpp

FEMISHE B 6-5 1, FRATIW Date RSB T 3 it ek UM R, Bfif 5 SLT constexpr
i) 75 & PRCfound., M 4b, & Ay DateF X W BAXWE A AE, /TLLER, TN
PRCfound 4 il i /i month, BRES— % B F A {H foundmonth., UNE PRCfound #YHY 5 AF
BEXBARARIFNNEYE, BREATREMEIN.

EHATFEFE-THREZAXWRARE., £ CH+11 9, AARGFFBELSIEHT
virtual iR 51 R L. XA EEBR BT S WAY, virtual R KRESITREIT R, 5 “TTLITE
HRiERTHETTIETTE" B constexpr A& R MZEA .

PR R IA TR B, W R ARG R B T U TR R Rk A b ey 6 R fy 1t
HE T Hifarthalims. Hm, BFAALARNEERE -MEWRRERAE.

6.1.4 HEREIXAMWHMEA

WRFAXR T TEAR RS E . At TR DA ATENE, BT LU RO
TSI B — 1~ BE 386 J2 4 R A IR 1 B9 R Al R R . BERTRXRREBL, Crli
PriERLE , AN E BRAXBEARREUSE, 3R 2R eR 300 35 Bl L4 A i I 3
FIEXMTERATE, constexpr 8 H ShZ M. ZLHILE K9 & B R — 08 R 0, It

TSI 6-6 FTR .

A% 6-6

struct NotLiteral(
NotLiteral(){ i = 5; }
int i;

}:
NotLiteral nl;

template <typename T> constexpr T ConstExp(T t) {
return t;

}

void g() {
NotLiteral nl;
NotLiteral nll = ConstExp(nl);
constexpr NotLiteral nl2 = ConstExpi(nl); J/ Kl R
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constexpr int a = ConstExp(l);

}

J/ HRVEIETN :g++ -std=c++11 -c 6-1-6.cCpp

FEACBS 3 9 6-6 1, 45 #44K NotLiteral A2 — M E X T H B RAA WG R B AKR,
PR ot 2 AN Rl i 7 B O o Bt Rk M A9 . 1T B M pR % ConstExp — HL L NotLiteral 2h 2 #(11)
i, AF 4 H constexpr % 8 F ¥ 4 Z W, 0 nll AE B PR, L6 {k 4 ConstExp<NotLiteral>
R B A R— T ERAAXEE, Hik, BITLFER a2 BXEESHRFN (MR, &
{1 v constexpr NotLiteral 4< 3 th 2 A 1E 88 49 77 B ). 1 76 ] LA 354 1k 8 3 it 28 14 =X R B Y
it {8, ConstExp W] DL FH ERAXEMWGHIL. tbmAGIh iy a, sEHAEHLD
ConstExp<int> (1) 7% fit Fik 2R BT 9 8 1LY .

W TR REXAN A, A A7 R 0] B R G A ) R, SR — > R BUR % 5
H, MEER—THERENRY, BAaSREMFAERR? FXL L, ERERENX M
PESR B, SR ERA KL E BERAXZFRERA, A C+11 fRdEd I8 3
WEFAWBIE AR, W EEREPEE, 56 CH11 FRuEM 4R 4 i 235 20 ol B
ZELTRSI12 2R3,

AR — LA GTR . AREHE, SIERERITHMACE T, sFmEER R
RA TR, ROTEARNFHR 6-7 FramplT.

REHEL6-7

#include <iostreams>
using namespace std;

constexpr int Fibonacci(int n)
return (n == 1) ? 1 : ((n == 2) ? 1 : Fibonacci(n - 1) + Fibonacciin - 2});

}

int main() {

int £ib[] = {
Fibonacci(ll), Fibonacci(l2),
Fibonaceci (13), Fibonacci(l4),

Fibonaceci (15), Fibonacci(16)

}i

for (int i : fib) cout << i << endl;

}

// @REFEETH :clang++ -std=c++11 6-1-7.cpp

X Y BUNE SRR R, AR TR R R (5 11~16 1),
P EAb A T W R R T X . ERMMERL L, A clang++ 4%
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2 FIBAR LR N 4E T X RF, RERICHENZHANEC S8R T, Xhria
7 fS % %45 ¥ ] Fibonacei iX >R %, X BR B8 A1 5L T ALY for MERFTEDEE A Y
g —2.

A b, XFR T4 A E R SR R CH AR RS B, BAECH
BN B A A, U B T R TR A SRIEET E B R 3, XA SRR W SRR R
BG4 (template meta-programming ). AR TR PERAERIEH A BEMNEE, k12
SLIACHS S B 6-7 FF R Bl Frh a08CR, AR TR FEREZ AT AN, fRiiE 8 6-8 Fian.

RELH R 6-8

#include <iostream>
using namespace std;

template <long numx
struct Fibonaceci({
static const long val = Fibonacci<num - 1s::val + Fibonacci<num - 2>::wval;

}i

template <> struct Fibonacci<2> { static const long wval
template <> struct Fibonaccie<ls { static const long wval
template <> struct Fibonacci<0> { static const long val

]
o =
[

f—

n [}

int main() {
int fib([] = {
Fibonacci<ll=::val, Fibonacci<lZ=>::val,
Fibonacci<l3s>::val, Fibonacci<l4s::val,
Fibonacci<15>::val, Fibonaceci<lé6>::val,

}

for (int i : fib) cout << i << endl;

}

// BFEET :g++ -std=c++11 6-1-8.cpp

RIS L 6-8 h AT X T — P HEL RS EP B Fibonacci, %HBERAEE LT — s
Arht val, ] val BE XSRS IAM . FibERESBTBHTHES . A, RATEEDR
FefboE ST B HE SR R &, BEBARRAI I EAE . AR ABIARTEHE S B R & AIRHR
M2 E#ES . XM, AR PATE S i Fnt S TE 3, M s B (.

i i constexpr #EAT M E T TR, WEHR THBEEF LM HRAEVNBEFRA
SR b FR A H constexpr i#E 17 % 1% B 3 iz 57 49 4 #2 77 X4 constexpr JC 4 £ ( constexpr meta-
programming ), “FARMIF, constexpr JTLHFRE S template TTHTE—HE, MERERTHED, BME
(] B2 PP P e E RIS, #B7T LU at constexpr JTTA R A A Rk K ik, 1 F constexpr ¥
FFFREER (BOTHRTE R X RER ), F=nkiAX, E5FKERX, FLUREL AR
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constexpr TCHFRHF 2 AR TR R nsm K. MX P MEEDE, constexpr JTUARERFFAEHiEA
Wity

Aot AE 6 B R AT iR R A N X B A RR IR S e K. AR e B3, R B
AT constexpr, ZiiFatit— & & 7ESiEm I ¥ RF&AXRBATEITR., FLE, X F
fRIGH 3 6-4 FraamflF, WRA g+ BBIARIALT N ESRIE, RILRIL LS4 0 A
Fibonacci BREAIIRES ( clang++ 7E O0 AL A X EEMIBER ). 76 CHH11 fndErp, RATHE
AR ERGFSR—E B RBAHITRIFINAME TR, i R E T LA T4
B HTEHEEA T BREME L, HEABREERFFE —EERENHITHEE, BT
PLgRiEar il — S F B o U aERE, HAMEITRNERE, IENTEEEAFE C++11
PRAER) CGREERT, PR 4R F28 SC P constexpr M5 —2, X BER A L th AR
HH W, FMWMRLHT dmiFeHETTE, 2O ERT L RERIETFE ), #E ST
ME—B Bk AR ERE L2 —E R, ATLABEER, A THRERERNTES S, SFRIERT
LW BRI BB IR, BIHEBR, constexpr TUARFR AR A BE KATH M.

6.2 TN
& %K5: FEEE

6.21 TRAPMNEKORBRBHY

FE2.1 Wi, RATHE CH11 EL TR T C99 WK E ., ZKE5 printf A8 A& &
BT AR AN B SR A ) printf (97EF L3207 . MANFRATRBNA, printf W {H
T CIEs MR SHRE, B K R (variadic funciton ), printf it 5CFLAE S
BZEMKENSESIR. AdXeRE, AREKSE, BRI L, BAEMN
DX TSP RET R, RINTUEETRKEENH T, BT, — KR
AT LA IS B 6-9 FIT/R .

RENEL 6-9

#include <stdio.h>
#include <stdarg.h>
double SumOfFloat (int count, ...) {

va_list ap;

double sum = 0;

va_start (ap, count); /TR FRM B ap

for{int i = 0; i = count; i++)}

sum += va_arg(ap, double); // BXKFKHB—-IT2¥
va_end(ap) ; '
return sum;
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int main(} {
printf ("$£\n", SumOfFloat (3, 1.2f, 3.4, 5.6)); // 10.200000

}
J/ SEET :gcec 6-2-1.cpp

EARTE T 6-9 1, FRATH B T —44 % SumOfFloat F R, TRAMHFE 12
¥ count FR MR K S8, X440 SumOfFloat f 8 FH # &6 3k . 1M 75 9% V8
Feb, B — N HR R va_list AOBIRESHY ap SRATBIHIRIG SR WTLIFS], X B
8 Fe il va_start BB ap EATHIRGTL, (678 ap MW BAL B I K S8 —4 4"
(handler ). i J5ARTS B ] va_arg SREOM ap B8 — B A TFE®R, hTFXBEISE
F B, BRI EELS va arg 1518 —> double 25 BI/E HS%., E 6-1 B T —fpAK
SR AT REMYSEBE DT, B LI ap il 4 AV K S BHRT, TiT va_arg WSS SO TS
2 (RIS N sizeof(double) 1T ) IR A F — 45 £ BT 48 171 9 0 42

ap

FREH) FREH2 R EH3

ap va_arg(va_list, double);

| sizeofidouble)

v

TR S TREB¥0 RS2

A 6-1 BIeREATREAY LB X

afLVES], fEAGS, HEMMHEEL va_arg(ap, double) BT E, A 1A fBER (L
PR fe BRI ) B ERKSEIIRPRBIEESH. MATITENNIE 2 TR EFEA B Y
JEtn “%s” . “%d” iXFEMFE S, UIRIEEMN count B8, B L, R ‘A8 2L
HIEZHAEE SR, Hit, T @ U UFA3E POD BB kG, i
R REE 2 FEGRE LR IF TR, .

const char *msg = "hello %s";
printf (meg, std::string("world"));

XA URSRE 2 T 2 printf i85,

M7 —AMBEVF, ZERRBOXFLI L, 3T C++ SRR IR 595 7 Uil 4 F 7
T4 “AHWE” BRTT. R CH+ R ITREER TN (AME TS TE ), ik, &
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W, CH TEFIA—FEN “BL" WERSEMLIR, AR RS
ARSI RS — PR R C+ MRBAR . 75 C++98 th, BRUEE KR
OB b5 2 B A B0 H 8 E BER S B R B2 8. LA R B SCH — 8 1928 K S ZU YRR
i, AR ERBESBAIPRE .

AR E— A LT, K FHFEARERKEOSR S SOy AR CHH11 bR
() tuple AT, N RIEH B C++98 TAY pair B AYTE, IBA M tuple LLELASHHIME 1.
B3 YE, pair R ARZEBAEHEASE S, LN pair<int, double> FEAEHE A9 int ZERUA
double 2B PR BCdE . — 2640 std::map FUbRHEE RS &%, HOA 6 g7 22 268 pair AY. 1E
C++11 1, tuple J2& pair 250y —FF S IZ MR BIE R, HE pair, tuple Z A LHEZETEE
AAFERIMTTENES . LInFRITAT LG

std: :tuple<double, char, std::string> collections;

75 B —~ tuple BEH3E. % collections ZF it 0] L7544 double . char. std:string —Ffh2E7l
AR . 28R, EE LT LI Z A S HOE S B collection, [HA tuple W LIEEZEE XM S
¥ A, Fopair E{RiHe, FRATTUL AT LS 5 R SR B (S FH C++11 AR R B make_tuple 31
i — > tuple BIAR 2R

std: :make_ tuple(%.8, 'g', "gravity");

H T tuple f & AR BVEE AT LMEEHL 2, RAEFW L, ST ZEBERAEPEZTK
FIZE. Hitk, 7 C++11 hINTEE ] 7 il syE KR (variadic template ) AYSEHE,

ER ACHIB P, BT EAL KR, wple kB L HNBBRARMEFEFLAAMR
8, IMFRAIFARLZLT 5 VA RESHORAE tuple B4 2 89,

6.2.2 TiEH. HiFRSHENAHSHE

AR EERKRERATEZ, BRELGT RS A wple AH, RAOTFTELLFCHRAH
tuple J&— A AR ;

template <typename... Elements> class tuple;

LA, RAITEFRATF Elements ZRTHIHH T HBS ( =1 “&7) kLR ZSER
M, fE CH11 7, Elements #FR{ERE —1~ “HES# 8" (template parameter pack ).
R -FHF RSP, A TXHEMNSEE, IR wple T LIHEZEE L2804k
RS E . T UAT EFLAY tuple AR .

tuple<int, char, doublex

i WAl LI Z SR SEETERC "4 8" S84 Elements, E) Element 7E
PEATEIARHE S RT3, SER— 0% int. char fil double = FpSHIZLAIE L
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5@ RSB, SRS LT LURAERRER), .

template<int...A> class NonTypeVariadicTemplate{};
NonTypeVariadicTemplate<l, 0, 2> ntvt;

A T B4R KA SR F K HE R NonType VariadicTemplate, iX B, IR{i19: 6 k—4
=8 (1,0,2) BBEAREH ntvt. 1Z7 A YT

template<int, int, int> class NonTypeVariadicTemplate{};
NonTypeVariadicTemplate<l, 0, 2> ntvt;

RORE B EBLR E SCRSE il

B 7 ER AR S MO MR R B RS 8, SRS B Shr b REREA N, A
W XEEMFH SRR, RITEFEHHE.

— MRS BRI F N S B EERN RS ( BALKR L ERSITREE
BEMLS ), H T EHERSHE, RINERFEKRHME (unpack ). 7 C+11 4, X
MR 2 B R ( pack expansion ) #ZFEAKEER. Hin:

template<typename... A> class Template: private Be<A...={};

REMREKXA. (HSBEAME=D Q") 1Y R, AWLE, 28as
Oy RGBT AZ 28, .

template<typename T1, typename T2= class B{};
template<typename... A> class Template: private Be<A...={};
Template<X, Y> xy;

XEBRITAEERSH TS8O A, MEHSEE A WL Template f9FAA7 B2
B<A..> W, MRAak)s—PRAXHAH T — AR B<X, Y> B Template<X, Y> fY
MR xy. Ho X, Y FPTEESECCEEITOISEE A, i X ENT BEAL A P
B, EE AT LS — X AERY il .

Fit EEA & xy B0 T RIETHBR B A2 R BHANHE T, MR
U T4 Template<X, Y, Z>, FibR4 &AM 0052, RIRRATZ AR “25
K" MPRARMXER. BAMFARHABRSRE LY R, HEGREsESies
BB SR, FLIIRE B AR R L 07

Bk, 75 C+11 P, SCH ple BTG T — A EHBERSHRNER, X4
B FECAR AN, Rl it FVLAERS SCBL R F-BON R 19 . il ik i 3G 13 AR O
Fefbae 3, IRATAT AR 2 R 7e 9: Bl bt RS 2 2 R P, H 3 28 h S HEHi ke
REFIERA B AR AL R BF & R KBRS tuple ( fR4LAY tuple ST3E )
AOACHS, anfChsis 8 6-10 B,
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HA3i% R 6-10
template <typename... Elements> class tuple; /1 AR B A
template<typename Head, typename... Tails /7 B REFEE X
class tuplec<Head, Tail...» : private tuple<Tail...> {
Head head;
}i
template<> class tuple<> {}; [/ AR

f/ ﬁﬁ-’h&lﬁ :g++ -std=c++11 6-2-2.cpp

EREEEREe-109, RNAHT ERKEHR L wple, HEEF -1 BEHESEK, B
Elements #2808, b, AT MR E LT — 1 WEEH wple FRA ., ZIRERL
REAH) tuple & TS, — 1T RERER S Head, H—TNEERZSHA Tail. 7F
fARSIE L 6-10 AYSCEL Y, FATH Head BUAYEHEE S tuple<Head, Tail..> % — a5, T
KR T 9 e R ik U B 2K tuple<Tail...> fF 4 tuple<Head, Tail..> HJfAA B3, X Ff
— 3, M F RS H {E— 4T 40 tuple <double, int, char, float> S BB, W) 2 5] 2 B2
B, XFAYIEIRTE wple WSRO THRHRSE R, XEHTRINEXLTH
AT F U R, BP tuple<> 3XFE A4 1 2 80 IR 45 10 RUAS 100 o i A9 76 106D i
B 6-10 1, tuple<> fRFFILMRARE — T RARAMZ LR, XHE K, HiFHHEM wple<>
H# i 1 tuple<float>, 4 fi i !} tuple<char, float>. tuple<int, char, float>, #% /5 st#E & H T
tuple<double, int, char, float> 257

[ 6-2 /& tuple <double, int, char, float> SEH{bfG Rk R GEHREE ., RINTHATHERRZE
BY, T HE P B 7 HE I 2R s S R ey L B A 7 fE TR R A S AL IR A= T ok .

tuple<double, int, char, float:

float head

char head

int head

double head

P 6-2 tuple<double, int, char, float> 4 & &5 ) &
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R BAR A 5E SOl AR B 2%, A ROt R fﬁﬁﬁﬁ’“ﬁﬂ#ﬁ{lﬁﬂc e
SR, XFEERTROZBIRE / R E L E R A RS HERNLSH .

AR A — Ml R R A — B, I RS 6-11 Ffra .

AL 5 6-11
#include <iostream>
using namespace std;
template <long... nums> struct Multiply;
template <long first, long... last>

struct Multiply<first, last...> {
static const long wal = first * Multiply<last...>::val;

}i

template<>
struct Multiply<> {
static const long wval = 1;

¥

int main() {
cout << Multiply<2, 3, 4, 5>::val << endl; // 120
cout << Multiply<22, 44, 66, B8, 9>::val ==« endl; J// 50599296
return 0;

}

// BRFIETN cclang++ -std=c++1l 6-2-3.cpp

TEARISTE B 6-11 7, FRATE L T H:Z A2 R B 8 1928 K AR 2 Multiply. Multiply #ME
— P oW AR A S MO e . i i Mutiply 89 R 5 val, FRATT AT LUK 2 800 3 (9 45 S
Heo i, XBWEA T GEIHAMETR, EAESS7E main 5650 4T EDAY 2 Multiply
B —~ N AU val, MEAESRITAE(T RO . A B BRC A 9 6-8 A FIER AL,
] LI E AR TR R Y T R

B 7R BB, £F C++11 1, FRATE AT LA B R BAR 1 R 8. X T8 R A R 3

M7, BR T AR LIENER MRS EOSERSHREZ A, M, KA RESEhT
LA BH R R 802 8060 ( function parameter pack ). Lbi0.

template<typename ... T> void £(T ... args);

XAHIFH, BT TRNERERSE (M), FEH args MR IR F 3086748 50 1
Boll, BIeRESHE. EBEENE, £ Cr1l b, REEREHSHaNFE—, HREH
BRI — 128 (BRSEERRAXHENER),

A THERSHON RS MM S, BRATHT AL C KRB IIRE T . Al
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A LB B XA C++11 REPLIE R printf B9F]F, WCHEIEE 6-12 R,

REGHE 6-12

#include <iostreams
#include <stdexcepts
using namespace std;

void Printf (const char* s} {
while (*s) {
if (*s == '%' E& *++8 != '§")
throw runtime_error("invalid format string: missing arguments") ;

cout << *g+4;

}

template<typename T, typename... Argss>
void Printf (const char* s, T value, Args... args) |{
while (*s) |
if (*s == '%' && *+43 != '%') {

cout << value;
return Printf(++s, args...};

}

COUL << *S++;

}

throw runtime error ("extra arguments provided to Printf");

}

int main() {
Printf ("hello %s\n", string("world")); // hello world

}

// HRiIFEW :g++ -std=c++11 6-2-4.cpp

FEARESIE B0 6-12 7R, SCBLT Printf (S, Printf B — K REHIAR, H b TIHE
F printf, BSREAL T printf A AFFFE, FrLA Printf SHAEZE[E T printf, W] DA% F &5 &
BB, T Printf FZHEE K T printf, K e Al LIEESE std::string X BERYAE A B 280,

MACHS T 6-12 MU P ERATE S|, ML TRERKRE, TREEERASEFSHE
BER. FHILEEA cout HFHFRIERF << SUR AT LI B KR M IEBHLITED k. SRt
Printf DJHEAT printf B EBIRA, R AR of BOLsR T8 sR B b

6.2.3 TR HEH

ARSI B 6-10 P, FRATH WA AR A BEEHIRY| R P FAT TRIT, WirEf LA
6-11 0, SEWMAEFEAXPHFT T RIT. IBATLE CH11 b, £ /0 H )5 0] LLRIF 5 $f
We? FL L, ARMEGE LT LUF 7 RS ¥anT LURF A1 & .
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QFik=

QwtHikFIER (FIREHLSWNE 3 F)
QEAHAYE

QA R BHIETIE

QRS &
QiEAEEYIE (58 P&
Qlambda PRERGHTRTIE (5B 7 FEFSHF)

EENHA “HF MXERASHE. X TFayRBns, IfatS5HAHMER
BEMK, #HX L, RIS Ry REAX., WA T Arg AS 84,
AT AT LA Arg&&... XHEMAYT BREX, HBQEEMT Argl&&,...,Argn&& (X
BRAVEE Argl ESBAENE—1S8, M Argn BEF—1 ).

— MR REREEAWTF .
template<typename... A> class T: private BeA>...{};
CEERX My R BT M AR A B
template<typename... A> class T: private B<A...>{};

EMAEREARR, XM FREALEIL T<X, Y>, fiEFSMal.
class T<X, Y»: private B<X»>, private B<Y>{};

Bl EmMUARMIRAEZLE, MEHEWSHBERN
class Te<X, Y>: private B<X, ¥>{};

BIURA: T 2SRRI RAIREL, LAFEFERMARR.
RUUBPR R A FERPTEIA L, RITATLUEERSHEE 6-13 FrmmflF.

fLE0i% & 6-13
#include <iostream=>
using namespace std;
template<typename ... T> void DummyWrapper(T... t) {}

template <typename T> T pr(T t) {
cout == t;
return t;

}

template<typename... A>
void VTPrint(A... a) {
DummyWrapper(pria)...); // A¥VE#&E pr(1), pr(", ")..., pr(", abc\n")
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int main(} {
VTPrint (1, ", ", 1.2, ", abc\n");

}

S/ SRIEREIN. x1C -+ -glanglvl=variadictemplates 6-2-5.cpp

TEARISIE L 6-13 P, AT X T —MKE T RKEREY REITH VTPrint R AL
E3, pr(a)... MY EEENX, HESBEFF R pr(l). pr(", "). ... pr(", abc\n"), M pr
WEBUTEN k. FERMMELIRILE, FATTLAFHILITHH

1, 1.2, abc

A%, RITBLER T EZEERESHNOITEHRE. nJLUFED, IFEMNETRE
KA, ASEEMERWR T AW 20 RTENE.

B ARMEBRMEEM g+ BF LRSI FHAERH L@ EE (gH+ -F2uH
A pr 9 HATIRAATELT ),

LI EVFOER RS EE Y R, FE b, BREY RS, 1L P, FRERSIA T HE
5 “sizeof...” (WAFE, X TEEMHE sizeof FEIMET 344, HIEARITESH
WS Ea X RER, RS CHASHREE ML, BIDEE 161,
GnAEIE A 6-14 FTR

RuoKE 6-14
#include <casserts=
#include <iostream>
using namespace std;
template<class...A> void Print(A...arg) {

assert (false); // dF 6 2 {RIFILIEAEIE LI assert (false)
}

/7 Tk 6 BEAIMIA
veoid Print{int al, int a2, int a3, int a4, int a5, int aé)
cout << al << ", " << a2 << ", " << al << "
< a4 =< ", " g2 a5 << ", " £2 ab =< endl;

}

template<class...A> int Vaargs(A...args) {

int size = sizeof...(A); P i N R

switch(size) {
case 0: Print (99, 93, 9%, 95, 93,6 939}
break;
case 1: Print (99, 99, args..., 99, 99, 99);
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break;
case 2: Print (99, 89, args..., 99, 99);
break;
case 3: Print(args..., 99, 9%, 99);
break;
case 4: Print (99, args..., 99);
break;
case 5: Print (99, args...);
break;
case 6: Print(args...);
break;
default:
Print (0, 0, 0, 0, 0, 0};
}
return size;
}
int main(void) {
Vaargs(); // 99, 99, 99, 99, 99, 99
Vaargs(1); // 99, 9%, 1, 99, 99, 99
Vaargs(l, 2); // 88, 89, 1, 2, 9%, &9
Vaargs(l, 2, 3); ff 1, 2, 3, 99, 93, 9%
Vaargs (1, 2, 3, 4); // 99, 1, 2, 3, 4, 99
Vaargs(l, 2, 3, 4, 5); /f/ 99, 1, 2, 3, 4,
Vaargs(1, 2, 3, 4, 5, 6); // 1, 2, 3, 4, 5, 6
Vaargs(l, 2, 3, 4, 5, 6, 7); // 0o, 0, 0, O, O, O
return 0;
}

// HRiREET :g++ -std=c++ll 6-2-6.cCpp

TEACHSTE 3 6-14 BB F 24 b, FRAT{UAZE K pR BB AR Print 124 T — 12800 6 1U5F
e, BMBEOIAABAELHESEASET 6 1Y Print, 48iF 50 2T Print HFT
assert(false) RORVERY IR A . 22, WL HHESECH 6 BIFFLARA ., X, Vaargs HpRES

BOMSEEEEOT RIS, HSHRARSEEOR M AFITE . X B RS T 32

EEASERINEE, AEHBAIRZAT— RSN

A 1 E —E 20 HE RS KRR SR a6, Sk, SRS B am
fo FH S AURIAE S B B 2 B BOR KRR X . FRATTiT AT AU IE 5 6-15 Fras iix 4

il

7858 6-15

template<typename I,

template<typename I,

struct Container<I, A, B...> {

template<typename> class...

template<typename> class A,

B> struct Container{};

template<typename> class...

B=
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Ac<l> a;
Container<I, B...=>'"b;

b

template<typename I> struct Container<Is{};

// BFIET cg++ -std=c++11l -c 6-2-7.cpp

fLES TR 6-15 §lE X T AR EIENERBERSHEH - B RKEHR. TLFEH,
Container 25 8U{# F T P~ 28— 35 1 MIEHR 28040 template<typename> class...B. [fi i
A RFRE b, FRAT A 3 A AR R A AT T 2680 1 FEEAR A ¢ A<I> SXFERBIAR i)
FRUE BNA 1SR B bR 23 template<typename>> class A( F L #H L B A WIE ).
ifii Container<l, B...> b MR F 4% 1% 38 4k H b HE S T 25 S BB SH 0 % RHE
FAph R R e . AT 6-15 BBRAIF A FRI Z AL, Sk 76 X B3
(el A CAS A LR A, BT BB AL — 0 LI 18] 4 5 U5 ode A0 47 FHLE .

M2, £ CH11H, AR A AT LAR 2 KBRS R A A B S M ey $5
b, WURIRAHR XA A0, il R A A SRR IR

template<class...A, class...B> struct Container{};
template<class...A, class B> struct Container{};

MiEAR PR R, SRS EAREREEENES 28 Ad3ks b, R
& 1 an HEAE HEATHE S 0915, B SEAE A - HE AR RS — 128, i
B 6-16 BT (XA 7€

ELi%H 6-16

#include <cstdios
#include <tuple=
using namespace std;

template<typename A, typename B> struct S {};

/MBS

template<
template<typename... » class T, typename... TArgs
, template<typename... > class U, typename... UArgs
=
struct S< T< TArgs... >, U< UArgs... > > {};

int main()

{

S<int, float> p;

© AfIH IR T http://stackoverflow.com/questions/470667 7/partial-template-specialization-with-multiple-template-
parameter-packs.
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S<std::tuple<int, char>, std::tuple<float=> s;

}

// WEEW :g++ -std=c++11 6-2-8.cpp

G 6-16 1, RIMEHTHRANERSEOIENEBRE S WS, BAEEMNE,
BT struct S LASh, BB S . class T Fl class U o248 KBk, R A 1) 5 o i
— MK BRESEREE RG], (E5ERRR, B b2 R O 1 i 13 1
A B AE SRR RFRFSIE A I . At EApld, RATED] 78R struct S IKAREA]
LLIHE Y . 2R B R IRATIE T A5 HEFE TP 59 28 AR E A tuple, ABA T HI U BHE S LRI LA
HRE tuple B AT, HEHESBNARME (T H U B4 wple A HEAZTERSE ), B
template<typename A, typename B> struct S {};, S fIE A E T B4 .

RS L 6-16 FS ELNE A SUREIE, it /0 sl Zh b [a) i s PP S50 . i
AR EEZHABRSHA, ATkl “HKEH~ .

FANFARBR R LERBERSEONE LT ZE S AT, fUasiER 6-17 Biox.,

AN E 6-17

#include <iostreams
using namespace std;

struct A {

a0 {}
A(const A& a) { cout << "Copy Constructed " << _ func << endl; |}
A(A&& a) { cout << "Move Constructed " << __funec << endl; }

}i

struct B

B(){}
B(const B& b) { cout << "Copy Constructed " << _ func << endl; }
B(B&& b) { cout << "Move Constructed " << _ func << endl; }

}i
/1 BERBUHR A E X

template <typename... T> struct MultiTypes;
template =typename T1l, typename... T
struct MultiTypes<Tl, T...> : public MultiTypes<T...>{
Tl tl1;
MultiTypes<Tl, T...>(Tl1l a, T... b):
tl(a), MultiTypes<T...>(b...} {
cout << "MultiTypes<Tl, T...=(Tl a, T... b)" << endl;

}
}i
template <> struct MultiTypes<> {
MultiTypese<>(){ cout << "MultiTypes<>()" << endl;}
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}:
// ERFERFERER

template <template <typename...> class VariadicType, typename... Args:
VariadicType<Args...> Build (Args&&... args)

{

return VariadicType<Args...=(std::forward<Args>(args)...);

}

int main() {
A a;
B b;

Build=MultiTypes={(a, b);

}

/7 HREEIRTH :g++ -std=c++11 6-2-9.cpp

ERBEER6-17h, RAEXLTHAEKMAMB, i, BRITEE XL THEKER
MultiType, LAK— 3832 F KBHRMEAZS WA Z KM R ¥ Build, FTLIE ), 7€ Build £
A, BRI HSEGEE - NEHESIH, mBMERE &6, NEH T std:forward {3
IEZE B AET I A AEEEAGET I 0T G, ERMMXERBARFH, main BB
i T P2 (B4 Build<MultiTypes> fE 25 K st X, RATEE Multitypes AHI 3 pR
Ok % N #iH 5 — 1~ MultiTypes A9, 9RiFiEfTiZBRF, ARMMAZERHL L, "TRIEDMm
Ta55:

MultiTypes<=()

MultiTypes<Tl, T...=(Tl a, T... b)
MultiTypes<Tl, T...>(T1l a, T... b)

ARG B 6-17 IR Ui R RRIEFE L, A HP=dmRHdENty, Lk,
M TFRIME R R, FHILAE Multitypes X8 7F Wi s EHEE, 1 V8 FATA0T A4 U1 #9385 oR
Bl H Bl E R, WSRO RLER F REE T 2ZA1E LR a M b 5| . BAO79T
Ll P 6-3 F—T .

Build=MultiTypes=>(a, b)

main*“ F i
Btl |....__.__.___J Bb
Atl e A

M 6-3 LAl 6-17 thi Ay B2 Y

BREEEMGE L, FRHERBR S, A THEMNREENS, Bk
B & TR RS HITE (LR ERES ST By R L BT BE ). EdrEE, h
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Fhn T I AN tuple. emplace back X FE YR KAEAR L AR KB pA B . AR TS T K
R R el F R B SR, AT TR BRI

6.3 BEFHBEETFIRIE
& #H: FEA

6.3.1 HiTHIE. ZLES C++11

FE C++11 Z R, C/C++ —H R —FIIF R = o 248 A 15 S FR BT iTaY,
EP7EARRI BT 2], 4 B 94 CPU B i 8eas 4 o] a] PAT AU LIS Be, JFis1TUng
Brp 484 i C/CH+ (U SRR A — (B E R W TR R L F HE . B, AT RAT
A (S ) BARTHETH (BdE ) TENE & FAAE KR

AL BEE A PR 00 A R, 2 SR T 7 4 Ak T A 0 4R Ao S A 3] e L O S 45 R B
o LAMGRF PR AT 46 R AR Y O BE Al i) SR Ab PRAR A R R, TR MUK JE 20 B4 IS T AR HE I 45
Wi o BEZ AR ZZAC RN L RN . MR, SERE S E AR G 1 AT e e T
W, 3,8

WWEIF T REA SRR, LN, LR, HAERE, AN L,
ZEBEREE RGBS . SLEER R FE i EA 244088 88 A cihdT 4 — i
HA AR AR, T A o 1 YRR S ()R L S A JE X R AR s a], 2R nT ASE A ST AR E T
R VA SGHEITRE M BAEILTE . HTE 2000 SF LU, EWMAES R LR SiRSEIT &) i
SRR AR IR e 1B A T 2 AL BAR ) SRR . MARRIA T, WGl ok 2 A
PAESFHEREESET . At C/CH I THRMERREASL, HERITEH—ARAFD
T C/CH B F e P A R P sl 2R R I

fE C++11 Z A, 1E C/C++ PRFFAP KRB ARSE W, DA p LS %8 A POSIX
28 #2 (Pthread ) H1 OpenMP % ¥ & 15 < P F g B B B O 52 iUAR P 2 B2 fk. Hp, POSIX
ZFE M POSIX pRifErh - TR R4, FFF 62 n] LA i — 4% Pthread £8 #2 #9 API 3 52 AL ZK
BRI, BUEMILE, FPFIGE. Pthread EEM T CIAHF, EXUNX R4 L,
FreeBSD, NetBSD. OpenBSD. GNU/Linux. Mac OS X, # % & Windows |- #B 47 3¢ B
( Windows |- Pthread S8 IF-HE “FA", FEAREMLE N Windows BIERFRFE ), A 7F il
HIREEFIYE -, Pthread AUNJ5 ¥ # OpenMP. OpenMP 4 1% 8545 44 KB 4r 9L By T
VB4 T HRVERS eI, MR BR B XA TYESC S TRIT R, SoREry i 3k
WA, o THE . Bk, OpenMP 7 3| Tlk A K ZH ERAKEELF #, W AMD, IBM,
Intel, Cray. HP. Fujitsu, Nvidia, NEC. Microsoft. Texas Instruments. Oracle Corporation
HFH L. BEE C/CH EF SN, OpenMP 7] LA F Fortran i 5, MM —FIER AR
e 1 o R AR AR A AL ) SR B
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W7E CH+11 1, FRAEM—DHY KBRS A T BRER 7. XMEH CIC+HTH
STEHH T B ERAS, NKEE = TR RARSE. T C/CH+ MTERRMSERF, — MRV EEN
oy, MRERFREPSIATRTREBORS.

6.3.2 FEFRIEE C++11 RFEE

PR F#4E, SUREZLBRERT D B/ AR TR” a0, @ % xf—13t
VEUR AR R I T ERAEAOTE, BRE BB DIRIER R, A B — R ERTERX
METIAEATERNE . IR METRE (ARPRER ) MIMBEE R, HMLE AW 1A LB vt s
6] (B 3 WE IR A TR AE, IR FIME TEANERRBRN S, A RAR N TRARBF
A RSMR L

HESR T, EFRERREEE “HF" (mutual exclusive ) B RSEARIER . SEME ff
W EESHEHFFRIES, X CH11 FREZAT, XHEE BEWRETELE C/C+H+ Kl
IANBIC S, RF ARV, oM rw o L SFEPHEEMILSRES . 428, R
HORRSCIUHDR BE R 5, v BY POSIX #rMERY) pthread FEFP Y B R 81 ( mutex ) t o] LIE,
TA1AT LAF B LRSI 6-18 AR+

HuiEL 6-18

#include <pthread.h-
#include <iostreams=
using namespace std;

static long long total = 0;
pthread_mutex_t m = PTHREAD MUTEX_INITIALIZER;

void* func(void *) {
long long i;
for(i = 0; i <« 100000000LL;i++) {
pthread mutex lock (&m) ;
total += 1i;
pthread mutex unlock(&m) ;
}
}

int main() |
pthread t threadl, thread2;
if (pthread create(&threadl, NULL, &func, NULL)) {
throw;

}

if (pthread_create (&thread2, NULL, &func, NULL)){
throw;

}

pthread jein(threadl, NULL) ;
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pthread_join(thread2, NULL);
cout << total << endl; // 9999999900000000

return 0;

}

J/ BRIFEET :g++ 6-3-1.cpp -lpthread

EAHEHE R 6-18 1, AL M T —47E Linux {8/ pthread #7178 FH#EMF]F. X
B, B TRIF total += i BRI RFHE, FRATEIE T — pthread mutex t 257 i) H 5 i m,
I HAE BB B9 RIS 8 A in4l ( pthread mutex lock ) FIf#8l ( pthread mutex unlock ) 77 #
fEskmfRiZaE ) A BB LIvim . X BIEATE3h T2 thread] #l thread2, FH4%
ENTMA (join) BIFMNIT. HTFRNEELR MU R FEREES, MNMEE total T
£5R 4 9999999900000000., Xt T X ABMBIFW =, 2 A X ( BPFRAT 6 B F #1845
total += i) WIS / FRSIERAERRROMAY . SR gl / S ERE ORI ER I B AYS ,, ER]R
ITESETEHL |, total FLS S TR M B MITEF (contention ) MAFAER . Hilk, K
TRy IEBHETE A, RA1ERFTEREXS total AIRVERIFE T181E.

AL @iz Wi, {CHSHEH 6-18 HIET pthread )7L BIAR VAT, (BACISSRS HFR RN
By R NI A RGRE B, IR AN R RGBT S AR B a8 e . XTI 18R
THERAENL THRBEOBEFATNS, DFMNTETERFMAE, RdE C++11 9, it
XHFATREE N RIS, ELBRRENIIGEMF R TRE . RATATUEFRIGE R 6-19
Pt s B )

Kai% R 6-19
#include <atomic>
#include <threads>
#include <iostreams
using namespace std;
atomic llong total {0}; /O RTEEER

void func(int) {
for(long long i = 0; i < 100000000LL; ++i) {
total += 1i;
}
}

int main() {
thread tl(funec, 0);
thread t2 (func, 0);

tl.join();
t2.j0in();
cout == total << endl; // 9999999900000000
return 0;
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}

/7 GRFEEIR cg++ -std=c++11 6-3-2.cpp -lpthread

EARTS IS 3 6-19 Hh, FRATH AR total & LA —A> “FEFEHEAEA" : atomic_llong, %
KR K FFZE[E T C++11 P AP BT long long., 7E C++11 v, FF R AT E MR FHHERE
7 5 b 7 B R Al e s e . RBIAY API, ZREEERAEAENTAE & total B R ML TN, iX
BRATE LT C++11 B R std::thread 88 €1 K 2, EMTEMATFEAERREL func, HFAELT
pthread t, W T std::thread i 5 BREL join MARRIF AT, ATLLES], T FEdE LR
B FHERE) T AT SRR R, REFRUGFTEN MY total MI{EHKER A 9999999900000000.

M FET C LLEGE B %M pthread “ T HE API” M FH, C++11 3T “BITF#4E"
LS A Hh S T T (0] 0 B 0 B ——C+ 11 fRdESE AR BT IR T Wi s
B B CRFRET, MRS TR FRBARE (FXLE, BTN
WO RRE, THEMREE ), HWMIE, mifar ] DIORIEIR TR AR R G F i, X F
wit, MIFTREMMAER, 2 THZELHEREEN AR, Bt C+11 38t
frig, SFEATETRENRFIIFTN. mit—Pih, —LRriEs, LinafF
B, SN AT LASE C++11 MR FTRES, AN TSRS LR E MR $.,

£ C++11 BT, FHETEAEEFRESN., L, BT C++11 5Cll 45
HEER SRR R, IR AT AT LA TR 5 38 i #include <cstdatomic> Sk SC{4 v ke {d FH X R T
R ERRIMEFIRE X, <cstdatomic> T & IR FARIE LN 6-1 i,

%+ 6-1 <cstdatomic> R FABIA B LB N E

JEFRE R ot 1O B PR TS R A R
N atomic_bool bool

atomic_char char

atomic_schar signed char

atomic_uchar

unsigned char

atomic_int int
atomic_uint unsigned int
atomic_short short

atomic_ushort

unsigned short

atomic_long long
atomic_ulong unsigned long
atomic_llong long long

atomic_ullong

unsigned long long

atomic_charl6 t

charl6_t

atomic_char32 t

char32 t

atomic_wchar t

wchar t
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PR H 6-19 B T BERY 72, ARk o b s i, B2 5y AT LA atomiic JSHEHT.
S ERA, B TR U A R T AR, Hn FAliEe) .

std: :atomic<T> t;
BT T AN T R F A B 1, SRR S IE A AT BL T AT RLAE O FURD,
LI G 2 AR XA ¢ BT, TAE LI b, BEARGE BT B K, WA EMA C1l
MR CET  Atomic H5EH (RITFEARBoERET, & MiFMERT ClI b ETHAEm I ER
WA ).

MFEENE, EFEAEERT “WiEA" e, XERESITREEY HEED
] AR RI A 0, HIETE C++11 1, JRFRR AN RS HEE R T,
PRMEA VIR FRBATE UM, e, LKA operator= 3§, LABH IR A4 ESb.
He

atomic<floats af {1.2f};

atomic<float> afi {af};: // RiL#EAHRF

Ho, afl {af} #9481E I 0AE CH11 PR ARIFR (FX L, atomic BARZERYHE D1 i
PR¥L. MG PREL . operator= 55 EURBIABMBRAY . FRITSTEST 7 3o 4 4 Qnfal b B — L&
BRI BT PR AR ).

AL atomic<T> SR AR f R A& AR S HEER T AR o] LARY . Hedn .

atomic<float> af {1.2f};
float £ = af;
float f1 {af};

X JE H T atomic BRI SR E L T M atomic<T> B T BRI MR B KM, AR E
B, Sikas 2 Bk 52 iR 28 BB H AT B A28 RY e e

4, AH1FIR T2 AU BB 0 2R 72 () PR 95 IR T PE A 2 iy 8554 R N O 4R 1% 25 AR O (R b &1 Xt
JAF AR RIS e . MR Z AR BN, R FRESEEEHEHN, FikhLE
HE WA FRER TS, & ORS00, FFREAFEET (SR8 AT
KEEH . 1E CH11 7, PRl JE 34 E SOCh atomic B B 51 sR B, XBEHE T4 K
ZHIUEAE, ik, B, RS, 48, MTHEXANS, FERATEHR K2R
FAEFR N . LAZATTEICES IS 3 6-19 Th & B operator+= #AERHI, ERATAISLIRHL L
fEH g++ HATHRIFMGE, 27— REFPRAY lock FTERAY x86 54, lock ABMEFS Hil i2k B sl
x86 V-5 F A IRFHE R N,

72 6-2 B8 T T atomic 257 1 HAH 0984
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% 6-2 atomic FERFYIRIE

) . atomic- ) i atomic i
sl atomic_ | atomic_ e atomic atomic e Atomic
flag bool . <bool> <T*= — <class-type=>
test_and_set Y
clear Y
is_lock_free ¥ y y y y y
load y y y y y y
store Y ¥ Y y ¥ ¥
exchange ¥ y y y y y
compare_exchange weak +strong y y y y y y
fetch_add, += y y y
fetch_sub, —= y y y
fetch_or, |= y y
fetch_and, &= y y
fetch_xor, "= ¥
- y y y y

iX B () atomic-integral-type il integral-type, fHMIFRIER 6-1 hr AR FA R AR, fi
class-type W48 [ 2 AR, AR H], T REBHIEFLRM S, el LIITIE (load ),
5 (store), 7€ # (exchange). b # I 3¢ # ( compare_exchange weak/compare exchange
stronge ) FFHRfE, EHHN T, XEFEFEECERBHEHT . g Foligash,

int b = a; ;
R b= a BERBESF T b= aload(. M T aload JEIECTHRAE, P AT L8 S0 20 72
[E5CT a BT, WM FHIHEa) .

atomic<ints a;

a = 1;

HRAEIER] a = 1 W2 [E] T astore(1). [AFERY, M T a.store & EIFHR4E, ] Lk
RELFEE] X T a B TE 9. 1M exchange Fl compare_exchange_weak/compare_exchange stronge
M ERE I —2e, B TFENT6 EXFRRE RN, PRSI aE SRR N
X, LEM-BREHEFRE, FXEEOHK T FE LREERNSIH, EE8RER
RERSTEA RV 5 L #RAEIRAG ALY HERE .

BeAh, X TR KR, RIIETTLUFT, R HE X T B RERAEHE
FRBRAERT, HESGMHEEM, AR T .. AdeE£ 629, RILGEAAUBH — 4 i
TR A /R B atomic 287 . atomic flag (#EE, atomic_flag B}t atomic_bool RA[@A ), #
HF HAAY) atomic 2684, atomic_flag XA (lock-free ), BILBFEX Hifal A Emas. M
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X} atomic_flag M5, WA B load. store M A RBGHITIES (o H HERRIEST ).
i FI b, 3@ atomic flag (Y AL A test and set LA K clear, F TR LASCBL—4~ HWEBL (spin
lock ), FA1HEFHAHF R 6-20 Fra i+,

A% % 6-20

#include <thread>
#include <atomics
#include <iostreams
#include <unistd.h>
using namespace std;

std::atomic_flag lock = ATOMIC FLAG_INIT;

void f(int n) {
while (lock.test_and_set (std::memory_order_acquire)) // =uliki54i
cout << "Waiting from thread " << n << endl; /il BRE
cout << "Thread " << n << " starts working" << endl;

}

void g(int n) {
cout <= "Thread " << n << " is going to start." << endl;
lock.clear() ;
cout << "Thread " << n << " starts working" << endl;

int main() {
lock.test_and set();
thread tl1(f, 1};
thread t2 (g, 2);

tl.join(};
usleep(100) ;
t2.join() ;

}

// %M :g++ -std=c++11 6-3-3.cpp -lpthread

EACHSIE R 6-20 v, RIS T —12AH atomic flag ZF it lock. WFFHh, ¥ lock #)
Y1k} {6 ATOMIC_FLAG_INIT, BJ false fR7S. WMZELRRR ¢ b ( BUATRR S FAOINHID ), ],
i 1A~ 45 b 38 3 lock B RE B test and set He i B lock W true. iX HLfY test and set() E—FhJR T
e, ITE—-THNESHEFRE AFEFEERIHE. P test_and_set 23K [71 .2 A Y
lock AI{E . FIrLAYERRE t1 $447 join Z /5, i F7E main sRECP P test_and_set, It frf
i test_and_set ¥ — iR [ true, FFABITEIE R, BIEIESEFF. W SR 2 MAZITHR
fig, BT HMEMHT lock AL A clear, #f lock BI{HZ A false, [H 2R FR t1 B9 E HEH L
1k, MRz A7 e mafUas . XRE—k, BA1Ehs ok ARERHAR] Tik o R ERF ©2
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RBHBOR . MR, BT LK lock EEROVBIRME, .

void Lock (atomic_flag *lock) { while (lock.test_and set ()); }
void Unlock(atomic_flag *lock) { lock.clear(}; }

XFE—3, BLATLAESE Lock #1 UnLock #24E, & “fEH” —HERMUTMAIGRXT . Bk
ez s, RERE, THRIEEHEFASFTEMEATSEE, LIS AR bIZ4 317554
PERE, T C++11 B9REHLE X R A SCBR O 2R 5 8950 .

fE e B, BAMEFRESBE LRI, FELLE, £ CHI11LH, FJTEREL
Al LA & — B8 : memory_order, EHFIL T, HAESEH AR THiESHE— LRI
TR ERTERE. AR ZAT, RATLAE TH— T AaRATFREL

6.3.3 AFEE, EF—E1%5 memory_order

n SR R T B A R 2R AR R AT B A R RE, R FRBE S NEF RO SBRMT
— S EE MR, AEXEENESENRERERAT—BIRZ L, BPFTE 80T — B0k
( sequential consistent ) i A ( memory model ). 2T MEIF — B LI R NFEHRL, 3%
AR FSH B 6-21 FRivfl+.

HLEgH &8 6-21

#include <threads
#include <atomics
#include <iostreams=
using namespace std;

atomic<ints> a {0};
atomic<int> b {0};

int valueSet (int) {
int ¢t = 1;
a t;
b 2;

int Observer (int) |

cout << "(" << a << ", " << b << ")" << endl; // TIRER ZFh4E

int main() {
thread tl(ValueSet, 0);
thread t2 (Observer, 0);

tl.join();
t2._.qjoin();
cout << "Got (" << a << ", " 2« b << ")" <e endl; // Got (1, 2)
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b

/) iR .g++ -std=c++11 6-3-4.cpp -lpthread

EACTS I 6-21 H, FRATTEITE 72 0 A2, 43 51347 ValueSet Fl Observer pR
B, 7 ValueSet 'F', Jya Fib4r5IE{E 1 F12. Wi 7E Observer 1, HZEITENH a Fl b M {i.
Al LA S T Observer 17E0 a #1 b A 8] 55 ValueSet % # a #1 b AURF[E] Al B Z R4 &
#13, it Obsever AT AEATENH (0, 0), Bi#H (1,2), £ER (1, 0 XHEMER, RidEig
Observer fTEf T f4, TELRBESRIGHITED a M b AH, S8 (1,2) XHEAMEER. mE
6-4 fr, JER T IiXFERZ R e .

main ValueSet Observer
a=0’ 1 I i
b=0 i |
e i } '*.;‘
> t=1 i
i
fTEla, b
L el (0,00
a=t  fe A (1,0)
Py (1,2}
pr— |
fTEla, b ]
[ ===~ | b =
(1,2) ¥ b=2

6-4 UESINH 6-21 PRl FROLR ~EM

PR Observer FIFEATENH a. b9 3 R4 A, (HiX B 4N Observer §TEI M (0, 2) X FEH
(AL T ERE? F2 0058 W AR R IUF AT A B, (0,.2) I IZA G BAY S . XM IE 6-4
AT LI E #], a MIREIER a =t BT b RMIES b =270, XE—145
FAFERAY B, HX TABIHIIF AT S, Observer 45 & H 2 i B — B4 F2 ValueSet 944,
TR, A X FhEE M TR KPRGTHIE a Al b AELESE (1, 2) M5, FHAR L
H . Wik, TEARGEEET, a. b WBLIEFLE ValueSet th i S UATHER BT I A2 0t
FEFF B PAT =2 e m, PP T R AN Y

E— R BERECHARR, H3F4Fe (LERAeHE, FraRiSmeE) kil
ERWEE, EHEWLT, WREFIRIAE a. b AR AT HE 5 WUF 34 H 45 8 4 {54
AR A, AT AR BLH 4 S BHEFF (reorder ) DAPRMGMERE. MilisE a. b BR{EIEAIAIR
TTMUT LU a o b Ja, NSRS A SPATIXRERI AL, ARIABE , B 0I5 T2 7
HIPRATIBUF AR K KB, AR AL BRSO F b Al bR 4 ™ WA ER . AR FFH LIS 0
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6-22 fil s Bl F- .

REBiFR 6-22

#include <thread>
#include <atomic>
#include <iocstream>
using namespace std;

atomice<int> a;
atomiceint> b;

int Threadl (int} {
int t = 1;

t;

2;

a
b

int Thread2(int) {
while(b != 2)
/1 HBEHTF
cout << a << endl; // B amfEda
}

int main() {
thread tl(Threadl, 0);
thread t2(Thread2, 0} ;

tl.joinl();
t2.join();
return 0;

}

// BiFLT :g++ -std=c++11 6-3-5.cpp -lpthread

FEACTS S 5 6-22 1, Thread2 sR¥UFT7ELR R — T UG EURFE AIEHAF, HP b MBI
K2, EASHERITITE a 9454, WARXE, BRIV Threadl ' a AR iE 5 AT
B EHF S b FRR(EES 2Z S5, B4 Thread2 MIATAEFTENH a B9E N 0. X 5BFRM
FWARBIATIR 2, — B REXFEMAFN, BT R OREE SRR ERTH
(oA ALFERS ) 8 7RISR AT M PR . Il TR RIXFERVENR, £ 2L
BT, EFALEFRUENFES A 6-21 KT 6-22 hIEFE R a MIRERA LTI
FAE &R b MEREIER &4 .

LPr EBCGAFO T, 7E C+11 Py 2R R i) A it 7R R 12 b SR IR 55 8 WU 301 T 1 F
P (RPN A E, AT EAELREBTTFE ). ROFRXFERTER )7
—E" 1y, I AELR PETrWFE SR A BIRCHEIUY —2, a fYBEE R KL%
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HF b WEEIER Z AT, XEERY W —20 BB 6 I8 PR A M R IE R P A0 IE 0 S, AN R] 3e41]
FEARES IS B 6-22 A BN —FE, a BEELIER T o MREER 24, XN SETERE"
( happens-before ) ¢ & L2015 FIRESF, &0 o] fE S BU™ E AR A s 7E LR T H6-21
{1 X EH THIRAH T, ValueSet 1A a, b BEIERIAPATIRRFF HAEE, MEHE]
fens fRiFaiEas (AbERSE ) 7TERERPITELIE S TR, BIARESFETRAENKEN
i, WA TR IR TR PERE .

44 BAELL BT ETRENXER, HI—BorRBEAREFTR? 7
C++11 H1, XREEATAER. AidiE & LTE £ FiX—a. EhH, fib
fiIxt s fEf ., A3, wf a3t T T H R, B4 TARRM “HFRAE", B L,
WY —FB R E T C++11 TP ZR AN AEB R R —Fb . IAE C++11 1, FFARR B SRR —
BN A IR AR b, ORI — B A R R R . B C++11
FONEB R PR R A EE R, ROTCE 17—t b P38 FI 48126 28 H G A HI1R

HENRE, AFERERE RS EABEE, TRl S (SE AR H A
HiCHwIBEG AR LL) 2L 207 o A B AS AT AY . SR AL B B8 - A B & S b
Plagds 48, FATATLLFER F X B HN .

1: Loadi reg3, 1; # ForBP¥ 1 i AFER rega
: Move reg4, reg3; # ¥ reg3 MEIEHA regs
: Store regd, a; # WA rega PAEIRGEA MGEMAL a
: Loadi regs, 2; # BT EIEL 2 A F A% regs
: Store reg5, b; # HAF (R regs PAEEG A A FHLAE b

XEBIIHEART “t=1La=1tb=2;" XBC++iE5CHEAMNITHSER. HEEEOHE
f#, /5 BRIEE 1->2->3->4->5 XN P HAT, 0 54k 38 88 A BA T 0T R 2 X AE A 35 fﬁiil']
3 B R 3 RE Y N AR R R SR WY ( strong ordered ), PILIFEF], EXFITHXT, #E45
AIBRAT (a MREMH ) B T4 5 (b MRME ) B4,

AL BIEANTES, H45 1. 2. 3AHES 4, SE0UF EZXEw (6 7 AR 9%
e, VIR ARB AL ), —2eab i a8 giAy ol BERHE S AT RUFATEL, HEindk g 1->4-
>2->5->3 XAFIF (Gl X FE R IATIOUF 2 i br B a9 iiKZR, Bl—Amrph R R 4 £
FAGS M= )o WRAE 25 T AW A 3 85 PAAT BTG, FRATT5E % PR 4 55 6T i
( weak ordered ), WiFEXFFEL T, 8% 5 (b AYB{E ) AT T T REREHEARATRIHE S 3 (a AR
) FEZHI7E

ok W B

FE Fo b, —2FAARAGHE 4 PowerPC, L5542 RieB A58,
X E R Ak AR T, FEFE,

MLt ZRBHOLT, SRIUFFSNUT LEWE 27 BITHE, LRENEFLR
RN, A25@NFEWE « MTEZ2ILRENE, HAEDOHESIITIT 28w, B
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fhih, XFFIENFHABERTNS, TEARINAFTHERESCENIIT SHEHE S T8 —
B, RZ, BRI R D 6 NS RIRT 5 HLE8EHE S b A AR B9, R
BFR . HIERATAMICS T, Bz T & B R — 550U A9 3 7P AU A,
AR 2 T BELR AR A FF7ERY AL BEER B BRI S TN & %E 3 /5 5, &R B LIRS PATHINF
KRR 5 G 3, BARMBUCIIFR 6-22 RIS H, B84 I GEH Thread2 FTEPH K
a HEZEO0 I,

FEHLH, x86 LK SPARC ( TSO X ) ##HE R KRBT AFHRENFE. XT
B — P ERBmNE, HEIEFRE (XEREBBEENIES ) SEWFH ., WX+ ERA
SR FE N AR E &, Hin Alpha, PowerPC. Itanlium, AmV7 XFERFEEMS, WRE
{RAEFE A PUATRIT , 8 H T 2 R E LS8 2 P A — & FriE ) WA ( memory barrier )
§§4 . HAUNTE PowerPC I, #EA —2%4 4 sync BINTEMESHE S . 520 28 A ik
£ TP Y95 4 ER SE LS A BEZR A AT sync LIGTE4 (HEZ WiKER ). XHE—3k, sync ZRIEST
HIHE 4 BJR T sync Z R MFE 4 A . e anIRAT0T I EEERIE R 1hIC 4P A48 4 3 1
PATHTHES S:

1: Loadi regl, 1; # BB 1 AAEERE regs

2. Move regd, regi; # ¥ reg3 HWEIEMA rege

3: Store - regd, a; # HHFIH regs PREIEF AN a
4: Sync # WP

5: Loadi regs, 2; # LB 2 LA FTEER regs

6: Store regs, b; # YEFfra% regs PAYEEBREA AfEHBLE b

sync $§ 2 % & BE #ii 7K 16 Y PowerPC 4b PR 28 AU HERERC AR K, PRk, SR T LS b
PRAZ A A AT EE A TE . 0T LURIE 55 M0 FF P9 A7 AR 7R A &b 288 88 AR R4 8 A K R ik R
( throughput ) Flizf7EfHERE.

B AH22ABMAGHEER?
b, BSNLA M ARR T U A Bt — F KRR A P eI AT
RAFIHA AT AR ELS.

B A2 KA R Ak B PR BT AR ) A 7
BRAGAREGR T TS, BFHALT, 2 BLER2MNAF Pk kiR
irER, BAREFAERLETONA, ALAFPHRIERL A 8", st
FHEBPHAZNRZ "I, AL SBCARER L, BURARALEN
FABANSANGRGTE, MBABTALRAAANG PR A, X2 —%, —
LHEAZSPHER (Bl APeiEsd2) T4k SRR £E, £EBR
X5k B ¥ BT RIS

VA b AR RERE A b — L n] RE M) AU A . T C++11 HhsE SCAY PR R R — B
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BREE {4 () I AF AR SR . S 22 0] 45 2 fH A RE R R WE? 3k b, 7Emm2h 5 fblay
B4R —ERE, XZRERMRIFSETHRN . MBRINZAHRAEN, iFand T
AL, SFESREBsh, IR RIS 09HES) B A4 Rz 1T e ERE -
AR T C+11 P N FARERL I 7, BEORUEACRS AT — B, s 20 [R] i C8) DL TL A

- QE%IF S ER TR 2 RRUTF AL, BMRIE 4 A% S 5125 R A9 i L 8 s
S E5BHE AR DR B,
QAb 78 882 BT R I SR 152 B PATIIE AR . XX T x86 XA B9 35 T A& R &5
&, HEAEFAEEE; TMXT PowerPC X FE 955 Wi AR RESHINT 7, W 2K 4
PRAME B T BAE S I A e .

WA SCATAR, 78 CH11 b, RS R i 53 pR 8 (734 ) BURARAE T — 5%
k. XX F x86 IXFEMFHRBE, BEik 7 ARIR RN IR TR AR kel 9 | AHE R ARAE . mixt T
PowerPC XA 5oR1E, WIAMNEE T aiFdsmil, miiA T REMNAME . X3F
EEEEGHRNZLERFT S, CREE -G E . RS, M TFUMEE 6-21
ValueSet iX #£ 1 AT LM a, b RIHIEN S FRAE” XAMNEIFN S, T atomic Bk
B — S E N 2 7EXT a, b ARLEE ARl I A IR , JFRH IR SRR as ik, X RE2Hn
HATIE (AR JCE e ). AR Ml o RE A P RE 2 SR L 3ATE 47T .

TE CH11 Y, B3T3 85 i ke O SRR T B3 0 TR #3146 o BT il B9 N A7 Ty
memory_order, HUNFE{URSTTHL 6-21 1, BUa] LR —FR 8 N FFBUR (relaxed memory
model ) AR RS IR TR A PATIF A9 ZER . IR T B (RIS IE 2 6-23 XU 9 6-21 1)
FietE At Btk .

5% 6-23

#include <thread-

#include <atomics

ffiinclude <iostreams
" using namespace std;

atomic<int> a {0};
atomic<int> b {0};

int ValueSet (int) {
int £t = 1;
a.store(t, memory_order_relaxed);
b.store(2, memory order relaxed);

}

int Observer(int) |
cout << "(" << a << ", " << b << ")" << endl; // PTREA 2R
}
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int main() {
thread t1(ValueSet, 0);
thread t2 (Observer, 0);

t1l.join() ;
t2.join() ;
" cout << "Got (" << a << ", " g2 b =< ")" =< endl; /f Got (1, 2)

return 0;

}

/7 SRERIETN :g++ -std=c++11 6-3-6.cpp -lpthread

FEACRS T 80 6-23 rf, FRATTAS ValueSet pREGHTT T 8. ZHTAIXS a, b HTREKIHEH
FATM AT atomic iR AY store AL 51 . store BEEZ PPN, I ETEGAMNHE, —
A~J2: 44 4 memory_order BUFCAS(E . X IR {148 H Y /2 memory_order_relaxed, Fn{di A
A N FERRY | 248 % RT LA i 4R 48 S HE P sl h A AR AL AT . X —2k, a. b R(H
BRI T AT R R T R, FAbE AT GRS R EAEMETTIERE . SR, MRS
B, XHTF Observer Kif, FTERH (0,2) XFEMLRBREAHMNT .

mFEAE F VWS EBE, KEE atomic 5T HAERR 0] LLE H memory order 1A —1~
S8, fECH+11 b, bl 3L T 7 F memory order MIBCAE(E, N 6-3 AR,

#6-3 C++11 thify memory_order #2(l

A SE SCHL
memory_order_relaxed ASFHERAT MO A ol R IE
memory_order_acquire AL TR, BT S S R AR A e AR AR PR e LR AT
memory_order_release AL, BT Z R0 BAE E iUG A R T A R N T 1R
memory_order_acq_rel [ 2% memory_order_acquire il memory_order_release #ic
memory_order_consume AERED . A RENA KRR FRERNMNAE, DOERREFEFIRESRZ R
memory_order_seq_cst 2R AR LT A

memory_order_seq_cst /i % i T #24F &0 AU 0 E — B, X2 CHH11 P ET A atomic
R FHEERBOAE, A% memory_order Z 80 R+ AE 248 % (H . 1l memorey_order
relaxed W F/RiZ 5 TR E R0, nTLH{TEEHFH . HALFRNSE G meRE. i
RFEEME, IHAEMF memory_order #B ] LAY atomic B MG, EHEMR T, AL
# atomic B 7 PR AT memory order {F4r A LLTF 3 41:

QJE F £7 i #: 1F (store) ] LA {#i Ff] memorey_order relaxed. memory order release .
memory_order seq cst.

QJFE F i U4 fE (load ) n] LA {# f§ memorey order relaxed. memory order consume.
memory_order_acquire. memory_order seq cst.
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QORMW #24E ( read-modify-write ), BP — %675 2 [6] Bf 35 (8 4E, 0 2080 6 1y
atomic_flag 25 %Y fY test_and set() & 1. X b 4 atomic 2& £ #iz ¥ atomic \eompare_
exchange() ¥/E S E 2T E RIAHEES )., RMW #:4E0T LU{# Ff] memorey order relaxed .
memory_order_consume., memory_order acquire, memory_ order release. memory_

order_acq _rel. memory_order seq cst.

—HFE AN “operator =", “operator +=" WK%, FL [ AP memory order seq cst fEN
memory_order S ¥ #Y R FHR/E AR R B 3. tWBPRU, Z A0/ e AR 2 SR T —
HER B, IREE T ENERF —2 R N AR, R4 X SR e AT i ]
LA HEAd FH A T SR R AR AR 3, IR 2R AN load . atomic_fetch_add
XFERRRAS

n2Z A #2 2| %), memory order seq cst iX ff memory order &} T atomic 2 &I ¥ g (1) N 77
Wi FrE kit e, EEHEMREAIELBENAMPEGE. M memorey_order relaxed X P 77 il ¥
REECR, XENHEIFER 6-21 il & T HANMER “ETERAE" WFEAITK. BRI —2f
BT, WA R REJC W HAE TR . IRATAT LU B A3 9 6-22 ik imi sk a9 1S i i
6-24 [T

KGR 6-24

#include <thread-
#include <atomics
#include <iostream>
using namespace std;

atomic<ints> a;
atomic<int> b;

int Threadl(int) {
int £t = 1;
a.store(t, memory order relaxed);
b.store(2, memory_order_relaxed) ;

int Thread2 (int) {
while (b.load (memory_order relaxed) != 2}; // HIE%F
cout << a.load(memory order relaxed) << endl;

int main() {
thread tl(Threadl, 0);
thread t2(Thread2, 0)};

tl.join() ;
t2.join();
return 0;
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}

// HiFIE :g++ -std=c++11 6-3-7.cpp -lpthread

RIS 6-24 SCASIE . 6-22 MBI FRA—F, BASXBERIIIFAFETELERX
FIRFAERBAM AL, MiRHA T memory order relaxed ¥ memory order 28, 7F 4L
FRERIAPLES b, XPIA& a. b R{EIEAREA T RE(E R — R IT. ABAX T Thread2 pf%
ME, EXEARESESF b WEEEY 2, MEH a L. EEAEMATIE, RIS
A a AENAEATEES 0, LAFTREN 1. X BARERAFTFSMESAIEM,

HE A HEBRNT FF — BRI R 2, ROTAEARBMRIERF “BEER XX HuiziTwg?
BEFAFAN LA BT 035, FATATTS ZEAY L J& astore S& T b.store &%, b.load 46T a.load &4
WBIFF . XEXMAD “ETRE” XEGE THS, WTEIMEFNERIE, A ELE
Bl f iR, EESLIXAP “SET&RAE” KR, BVE-FHRMER AT ) %5 2 A FH A memory
order MZE{H . IRATTAT LA FLHSH 1 6-25 P&k Ao fHD.

a0% &8 6-25

#include <thread>
#include <atomics
#include c<iostream>
using namespace std;

atomic<int> a;
atomiceints> b;

int Threadl (int)} {
int £ = 1;
a.store(t, memory order_ relaxed);

b.store (2, memory order_release); // TR NS R FHERELH5E /S
}

int Thread2(int) {
while (b.load (memory order_ acquire) != 2); // ZEFHREAEZEABRITZERE
(1 12 T PR A
cout << a.load(memory_order relaxed) << endl; f/ 1

}

int main() {
thread tl(Threadl, 0);
thread t2({Thread2, 0);

tl.join();
t2.join();
return 0;
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J/ WEFEN ig++ -std=c++11 6-3-8.cpp -lpthread

X P ACES R 6-25 ARSI 6-24 8 T Mk ek sh, — & b.store K T memory order
release NAFIIIY , X ORAUE T A FHAERT T A A0S I HRFE 150 i, tED a.store #4207
%4 F b.store ZH. —J& b.load K T memory order acquire fE A PTEMF, XARUE 145
FHAF AT A R T 205 BT A AL F48:4F . B b.load 26451 & 4= 7F a.load #R4EZ Hif. iX
Be—, @idwr T EAET XFEM, RIMTESME MCHZETTHESRYE, B2 b M
A2 MR, a AMEWBEEHY 1. WITENE A WA S B BESFRF Z R fTE) a 9{H. Threadl
1 Thread2 HHATIRUANE 6-5 FToR .

Threadl Thread2

a.5ave

memory_o r%r_re lease

k{lf b.load

b.save

memory_order_acquire |

a.load

 6-5 Threadl 1 Thread2 [

i F memory_order_release ] memory order acquire # W 454, A1 # X B N1
Wi FF- 4 release-acquire PN FEINF .

WHWEHT, “ETRE" XRRERMEERN, HETFHRE A REFETFEREB 20,
i B AE B )R A TR T4 C Z A&, WA —EL4F C 2. A T XFERIGE,
BUAT LASE 5 40 48 15 B HE P45 2 MR TE R BRI (MY T R4 T 2k R ) M
HOLT, FEE SA O E A NS, DU THE 2 0 SO0 DA T 1E 0 4 (7]t 3R A5 A 64
EfTHERE

fEE 6-3 %, RAEFHFI T memory_order consume iX 4~ memory order B HMH . i%

B#{H 5 memory_order_acquire Hl ., #— M T — KB X R, RITTIUEFICB
T 6-26 FrRBI#l 7,

© APk A T http://en.cppreference.com/w/cpp/atomic/memory_order.,
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%R 6-26

#include <threads
#include <atomic=
#include <cassert:
#include <strings
using namespace std;

atomic<string*> ptr;
atomic<int= data;

void Producer() ({
string* p = new string("Hellao");
data.store (42, memory order_relaxed);
ptr.store(p, memory_order release);

}

void Consumer() {
string* p2;
while (!({p2 = ptr.load(memory order consume}]))

assert (*p2 == "Hellao"); ' SRR
assert (data.load (memory order relaxed) == 42); // AIHEMrERMY

int main{) {
thread tl (Producer);
thread t2 (Consumer) ;

tl.join();
t2.join();

}

/ST ig++ -std=c++11 6-3-9.cpp -lpthread

ARSI 5 6-26 1, FRATTE L 7 PIEFE o Al 2, 433z 17 Producer Fl1 Consumer B
. A€ Producer A ¥, {8 T memory_order_release 3 4y JiL 7 2 % atomic<string*> 7F fit
ptr f£4ifi—1~{f ; M7F Consumer PR, i memory order consume A% P M ¥ 52 R AE
fit ptr (G X RERAITLLAE R, XEER AT RIE T ptrload(memory_order consume)
WA R A *ptr X FEA R S | RTRAE (3205 B By R4 £ ptrload WYFRAE ) ZhT. A5
memory_order_acquire AR, IZIRAE I A TRIIE & 4 7E data.load(memory_order_relaxed) &
i, A data Bl ptr & A [a] #4950 28 BUECE . 1T memory_order_comsume H{R1UE R FH#4E &
TS ptr A1 G IR FEREZ AT . BT LASCER A T memory order acquire, “SE T A4 B
KENHTHIT .
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EtnH 4, memory order release Fil memory order consume AYAL & 28 T XR
Ay “HPEE - HET MRIBIY . FEEERY, RAITATLIFRZ N release-consume N FEMIT

Ji 7 — B, #AHL. release-acquire Fil release-consume i 5 J& f5% Jfy HiL Y 1Y 4 F 8 FE 0T Y
HABAY AN memory order acq rel, WJE% FH T 3B —F 0y ff CAS ( compare and swap ) 34
B2 JCiE, XF 5 3] atomic (Y 5L #24E compare exchange strong A 7 pR# |-, Tth#EKZH
acquire-release PNAFEMIFF .

B b, I TIHTHERE CH1 P RIFEIN—NEE, HI CHI11 PRTEFHE
AR R R AT ARSI, AAEARBREER, B3A ke IERX SR A 1T
AIFFTE, b TP i E, R EEEPRTHITHREECHOF S, FHdA
it — AT AR T O

i E B AR Bk, BRTE C++11h, RINFD T REHNFBFHEXHET. R
X H AR ERE RN T NS BE AR M 6 L b G 57 758 4 F 6 89 317815
WREE AR T AR S, R4 R C+r11 AT 8 A — B
WA AUEATHAT MRS 7. MARIEFELLACHBRFEZLBINI T IRSG EFH
PERERYITE, JUH AR SN IFRF S, il PowerPC 8935, B JFFHER1EH
WA MR L2, BT oKt R I (T b, XBRS —BHAEH
B GAIILH ).

{BXFFIHATMERG, TREBARAN (XRABEAW RATEE ) &7 8% kKbt
HREFE, & MRRE N, BERETHES, HREEEREELRRE IR
AIREE, SEh CH11 WIETRA, BRE THRFRUM R, SR EEaT LR fY
fE5E, (HIHFARAQRBSEITREES R TITERMR, X TAEMAMRE, B1T7H
HATH AR MR 2O, B ERPIMRBUR . B IAE Y E AT R e ) 2 A1
BFF LB A T B AR . TR SCBL T R IFATIE, i — 2 A — S PR RE A i T Aok
REIFTEF BT REt AR L',

6.4 ZLBERIEFHE

&= %7 AEA

B RIRFNE ( TLS, thread local storage ) 2 —ELA M, ¥, FHEKER
TR, MEMALBEAE G LB TR,

LR RERAT L R PEBRBRF LR B RN P SR ERF R LR
FLEEMIR . FRATTAT LA it (BB — T AT AR, MR T, RESHE HC RS

© MM svn EHBNEY gee REAS R %00 A9 JL goe-4.8, gee-4.8 A[ES HIFF A HITH0IE X, Atk BEE
Bf, gee-4.8 ibBA LA,




& Byt L R FRAESE 69 5E A 215

], {HRHEZS ., AR (RN ATHETSCHFE M BERE , #a5BE XX LR AT AT
SCH9 data, bss BERIHEE, T C/CH B F B EIM S, WX R KRR/ fSLE) W2
R, Xk, 2R, BEEREXMHZABREYNTHERERERILERN,

4. BATRAZERRSW R g, RHMN—LFEAEMZER (WA
W) RREEMNIZY, AEHARMANSR., BATRMESELZLENHR FHLE, &
i1l LAB BB 6-27 FrAmfl 1.

REER 6-27

#include <pthread.hs
#include <icstream>
using namespace std;

int errorCode = 0;

void* MaySetErr(void * input) {
if (*(int*)input == 1}
errorCode = 1;
else if (*{int*)input == 2)
errorCode = -1;
else
errorCode = 0;

int main() {
int input _a = 1;
int input_b = 2;

pthread t threadl, thread2;
pthread_create(&threadl, NULL, &MaySetErr, &input_a);
pthread create(&thread2, NULL, &MaySetErr, &input b);

pthread join(thread2, NULL);
pthread_join(threadl, NULL);
cout << errorCode << endl;

}

J/ SIEET :g++ 6-4-1.cpp -lpthread

FEACFS IS 5 6-27 P, oK% MaySetErr o8 % 7T B £ #R 418 58 A input 1% | 2 )5 (9 55 1R 15
errorCode, MRz TIZ R B BT, BTG HY errorCode M {HM AT E R, %
AU, K RGEATAER N LBEmYE ., Sk b, AHH ) errorCode B2 POSIX #5#EH
M TR 2 /AR erro 7E SRR T B M 0] K — 4k, —H ermo LR ILEE,
N—BBRFFPiEfTHERESTHEEAR. MRRODEREITILBERERE—1T2RH
errno, B TLS 1£AY ermo.
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BRS8N F A B C 09 TLS FrdE. IRATLE g++/clang++/xlc++ H1a] LIEF 40T 49
ik

__thread int errCode;

B fF 4 ok fp A B9 A A i 68T thread, B nlH§ARd A EAY TLS & ft, 13
A3 B2 M A M ST 19 errCode BOHE DL, — AR X errCode ML 3 A 200 53 5b— 148
i) errCode A% .

C++11 %F TLS bRl T— 24— HlE . 5 _ thread EMFFA{LL, A4 TLS &
RERRR Y, Bl it thread local &1 #F /5 BAE & BRI AT

int thread_local errCode;

— B # A —AE A thread local, HAEKELRRIFLhimt g wnthfb, MI7ELBES RN, X
(Bt A AR, T thread local AF it #hht HRAH ( & ), L HoTLLIRE YLk b Ay TLS 48
R .

AR TLS B ht iy AR B, (U WR E W, Ailshr b TLS BYSCHlT E ok S 4aif 2% |
BEIERR . MMM ERBMEREMMEAS. £ TLS P—MF EITHER M2 TLS 284
AR / shABrRCAY R, B TLS AR B Y A7 ST AR R P — JT i sl o) Bk R AL 20 AR 0T i
TR, EHERT, WHILEHRES TR, CHIARERFTFS / Sifdr A 17k
FERMBESRRAESTE, KEWEIR. AF - AESEENOE, C+11 3 TLS H
A R, A B B A U E T YERE A ALE . X ] B 3L thread_local 7
AR 78 i A R R F 5 s ARl 9 TLS Se3l B SRR 69 YERE (Gl W TLS &R AR5 HEREAR
i THEM 2R AR ), MAEF G RENTF G L TLS ZEREZETHEREE,
I i 2 B RS2 1TV & AR OO

6.5 RIFEIRE: quick _exit 5 at_quick_exit

& X5 FEA

£ C++ e, RMTEFESBER—8AH G "2k #eR%, W terminate, abort, exit 3,
XEC R A ik AR BERS, O T E AR R, EfffRELIERBFENETmE.
AL bR FEMNE AR, HAHIMAR “FEFRE” M "SR B
R

RN AT LLFF terminate pR%L, terminate PRECEFR I C++ BT P R WAL BRAY—3F
9+ (f1F7E <exception> L CHFH ), —MiiH, BAEMENREHKESFE terminate pRE K
WH . HAMRATES 2 TR 35T A noexcept XEFH A REL, MR MH THRE, thal
H terminate P&, HALAE AR EZAHH . EEMHF, HE C++ B P BB 7 IERF 5
WitAT R, B4 AT HE 2B terminate A9 . 1M terminate PRELAE BRIATE AL T, 218 abort
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PRENY ., Ait P AT LA set terminate PRECEMUEBGAMTT M. ik, AT LLATAHE C++
FEZE , termiante #E “ZCk7.

X} F termiante, I F C ' (k30 <cstdlib>) 19 abort W AN{K)E, abort REAS
WA B A R B (e tiF 4828 T, BRIAAY terminate 2Ntk ), BIATEAL T, B4 W
4 F POSIX bRifEf) RGedt il — M55 (signal ) : SIGABRT, WRBF R AFSRE—E
S AP T AT (signal handler ), FR4#4E R BOAMBE IR T A PN, A28 LR
FFo ATLLUE, abort R RSAEZLNETH T PR —ZIL#HE. AiHHixX ek —2Lh) i,
BUAYAY, A B2 L AN AR R AR S LA R R P2 A — 222 5 ( Eedm — e fd (40K 5
FF, —ild MERENREFS, BUEXEEFERITSIIFABAEE), BaAHRME
A IE, BT RE R BOGXSAE Bk AL T —80 “opatRE ", 2k B — s [a]

MM, exitiXFEMETF “EWEE" ArMERFZIE, WAKTREA L YR8,

exit PR IEHEMH B AR R B, 3 Hik SV atexit {EMAYeEE. X PR main pREL
CERBTAYE R TAER—FEM . BT LIEEGE R 6-28 FRRMFF.

A% % 6-28
#include <cstdlibs
#include <icstream=>
using namespace std;
void openDevice() { cout << "device is opened." << endl; }
void resetDeviceStat(} [ cout << "device stat is reset." << endl; }
void closeDevice() { cout << "device is closed." << endl; }

int main() {
atexit (closeDevice) ;
atexit (resetDeviceStat) ;
openDevice () ;
exit(0);

}

HRIFEET . g++ 6-5-1.cpp

TERTS IS 5 6-28 , FRAT1{# FH atexit M T 75 1~ pR % : resetDeviceStat Fll closeDevice.
miFiEiTiEM i, BFEMAEEWT.

device is opened.
device stat is reset.
device is closed.

TR, 7ERFR e (WA ANSI C & R exit BB ), B T4 pR 2R Bk
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VAR, (AR AR, HM A R B A AT S EMBEAR, i 2 BR Y eR BT TR
75 L7 R P A R R — B o exit A atexit BREXEIRESR A T C, M MEMBRSS, RATAT
ARG AL F—se R R T B T AR, s, 2RAERR, RIEWAMMN.

AL A BEHE, main SE M exit sREOR AL RRF 0 WA AL NHE. A Hnf
B, AP SHRENSS, XEAFENEZE) ERCT KRAFRE N (EEMNER TR,
FH A RAR FRE ), 1T main BE exit PAEE 2 FECRITH R BURUCH X BT RN AT
EEPRERGE. XR—MFATE TAE, MLk t, XEENFHESBRE RN HRERER
— I (F3E B, BRAERGER T B e R BIR AN, R sy
HFFARIC A RMERBATEAT )o anRX e ME N Ae X HAR R P AP R AR, R A7ERR 45
RETREBORE NPT B RZXNE XA . Hit, EXFHRT, RATHE & EESE
PsbiB HARFF

75k, EZRBWHRT, RITEMEA exit RBORB HERFFHWE, @FHEMEBERE—
MeE, HEFEBEHEHIITIHRE. atexit FEMF A RBIE ., XMIEE EFER EWH,
At A R 7 A B BRI A RES IR BUMAREE T4E, bt B MR F SR V0 I8
T8R%, A REHERNELT, nHE 2P| — R b E S0 m % 2 sE iR
Blo —HHBTXHEMES, BRIFEEMRS “RIE” mEERH.

b, fEC++11 %, FRMESIA T quick exit PREX, %R B AT HTH R B0 B B
P21k, 45 abort AN #JE, abort IS RLE R ZERERE ( RERS AL HIT coredump F L
SHENRR Y B BEAT M)A HT ), 1 quick exit 5 exit [F/@ FIEHIBH . B4h, {#H at quick exit
T A ) pR Bt BT LAFE quick_exit BIBHEBE IR A . XFE—3k, FROTERETT LUK exit —FEfi—ut
WHMTHE (XE5REBFE LM exit R ETEIERBHERAARM ). 7F CH11 F5KE
1, at_quick_exit il at_exit —FF, PRMEEORGRIFRF E 4 LR 32 NMEMeR BRI RS
1 6-29 P& —- vl ERE 21T Bl 1.

LESE R 6-29

#include =<cstdlib=>
#include <iostreams>
using namespace std;

. struct A { ~A() { cout << "Destruct A. " << endl; } };
void closeDevice() { cout << "device is closed." << endl; |
int main() {

A a;

at_guick_exit (closeDevice) ;
guick_exit (0);




P& Bt gE R IR AEEE 1} 69 FE 219

EEBMNELT - LKBAMZERa, U ETEMT — 4 quick exit I 7 R #
closeDevice., WIERE]IEMAYE, 2R a FHTH RECE A8 .

6.6 ZAE/IGE

EAZE S, RITEHERD T C++11 h SRR A CH B . HE TR constexpr,
Wk EGE R AT LU e R B . AR DL R i RS, LAETS 5 constexpr K EE Y
oA BRIV fi AT LA T 4 iR O3, BXRE—ok, —SARREITFREZEATLUES
T il B R AT, T —2biEE b A PR Hil tu B A ek M T k. T constexpr 1k
i) constexpr TLHEE NI T C++ F AR TTRE Z 5 L —1~ 0] LT iR E TR F B,
i F AR M BHUTRTE A & FE S, (E5H N IR R iz H/

R EHUR CH g ARHT “BR” SR TR, Ak TEREMEREH. ZK
BUHGE AR AR AL A & — 2 75 | I E SC, ATRIEAZ R RAEEMWER T EUERS
Bt MIERME S B, B KEARIEIZ B4 SOk ) 1 — B BE, e OB R
TEFE G5 19 BUAT A TR 4 59 1

I T R B E S CH+ R B TIH T RmBEMELAB MR LT W TIRZE
pthread J, C++liidiE LRFERBE T, Bl 7 LR RS EROES . At
C++ EESE [ H S T T RERM . BARTFRRMEARRR, HHEATR (FHT
BA1E) AT LUAEMARBAFT . C+11 NEFARIETF& LRt T — RN 7
B, JFLANAEIT TR, LA — 20 T R REM AR F R A R e F
Bok s M LATE R Bk BRI Sk S LAY TAE . SXRER R BE R GSFIBE, altdR C++11 i
— KRS

A, Rk TIERIFATHEE, C+11 ¥ IZ AR R A T iRk EMg—,
JFHPRHEHR R TLS BT 729 RH, LUEN F&MFEM TLS A%, quick_exit M2 —
YL AR OL T BB B, wT LR T bR iR i A FEAI A RARE . At & dnT 1A
S (T o0 B B A B A AN 0 B RO T F eR R T

SBHEX, CHIIBRTRBEASEE, RTHEZRRREAKIT LE 285, B
87 C MLART C++ MUAXTBE(HREERRAEE S, T BLAF X FEE 1 A TIFITZ R B A,
BRI AT HET e — 22 S AU, A iXLEREA B H R HMESHEL RSN, Fik, HIET
S X LERT R, AT LA R 0T DUE R A SE ARAF R B 20 B T4 X F— 2685 Bkt (1
WMEFFRNR, RERMFTFR ), XR—FEL, mARERE.
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MEATREGLR, CH E—TRAMIES . BF REOTE a8  EB M & — BT
B, AEIFATRE C++ S B|FRM, 7£ CH11 9, RIMNERSFR-LEHFTE.
X EE R TR TR S Ok — e S Bk AE, AR, AT RERCRE Y SO R E S
). AN lambda $ER— 1~ B F 6] 1

7.1 f8Et={E——nuliptr
& #5]: FFAA

7.1.1 $8§¥t={E: A 0 B NULL, EE nuliptr

fE AR C++ SR 0h, Al ERMFER, SR EICHRESEMNUSAIERH
WithAt. M TR RBAE R, XU SR RATIRL ) B SR 6l o & R — sk
T A P PR RO B DR AR IR

SRR IR AL AR R HAR ) — > 2" B9, o, T REZECTHEIREA A
VFHI P PRIF S 3bE R 0 B9 NAF2s (8], 57207 KR X i g8 6 B4 st W {E, 8 % 7Eig 17t
Pl FERFR . BABRFBREIFEAAET, HXEORBROWESSEF KRS, W
AR R Z R, FATH ¥ ER WA PR RRE T

int * my_ptr = 0;

i # & {# FH NULL:

int * my_ptr = NULL;

—MEOL R, NULL &— & L. HEE5EH C L3 (stddef.h) BIRATAT IR BN
NP

#undef NULL

#if defined(__ cplusplus)
#define NULL 0O

#else

#define NULL ((void *)0)
#endif
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Al LI F|, NULL o] 88 O Pt 0, sl 2 SO EXRAFEE (void *) # .
At Feit R I 2 RE 5 X, IRATAEME s (Ao 61 A, JEAS 5kl 2 38 1) BE R ik
KA1/ DX TRBEERNE T, X6 FIRAFHB CH11 BrMEX T nullptr A4S
e T/, AR CRYIE A 7-1 Fios .

KAeiES 7-1

#include <stdio.h>

void f(char* c) ({
printf ("invoke f(char+*)\n");

}

void f(int i) {
printf{"invoke f{int)yn"};

}

int main() {
£({0);
£(NULL) ; // HEE: WH goc %, NULL #{EAAMEE  null, EilhESHiEkm
f{(char*)0) ;

}
J/ iR .x1C -+ 7-1-1.cpp

FEACHSAT 5 7-1 B B4, WP B 7 A%, JF BiLE# H ANULL) SkiF 148
Froghias, AdRnI, MM XLC i @izl LikmitisiTat, SERILITEH .
invoke f(int)

invoke fi{int)
invoke f (char*)

fEiX B, XLC %A% KA T stddef.h 3k 30+ NULL #4952 3¢, B NULL & X R 0. A
BEAE TH NULL #0250 J Al =7 i i 0 #0808 A f 25 og M E, #2imms T
fint) X A~RRA . SX9CBR S RRIY G145 1SR A0 B AR

R ] ) T X R A 0 A9 M, fE C++o8 frdfErh, “FIRE 0 2 RIBENT
VU — 8, ol PUE— XA (void* ), WRBRF RABERHT R 7-1 b
fichar*) HUAAYIE, WLAREGSS A9 fCRS —FE, X7 3 & 0 SE175R i A0 ((void*)0)
JFIEAL, NGRS SRS 0 BER— AN .

FRIR XA (] AT LA o s i AU e e i, (B0 1B SR R P L AOREIR, A RO PR AR 1
TR R . BRIAY AN g+ SRIFAS, B ELEEH NULL $68Oh 4R 88 A EBER A (__null),
FEGEI I — S, — BB T SCPERR A I 4RI P i AR . BRI —E
BT 2 T YR RIS, (H i TARMEIFBEATIAE NULL Sh— 4Rt aobsilt,
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PA At 227 SR AR R AR 1 A PR 1

& X T nullptr #= void* #3 #iF, void* I MM AL LA 4, £ ML 23 nullpe
#ER 4T B,

fE C++11 FrindErh, M TREENFIE, FHE s o = SUHIFRAE SR, (BirEL
BRH-YHAH THNEE, 3R nullptr, 78 C++11 58S, nullptr B— 18 “$54t 5518
AR WER. RS KRG A N nullptr t, 32 b, FRATAT LAAE 24 nullptr #93% 304
(cstddef) Wi T iE L.

typedef decltype(nullptr) nullptr_t;

ATLAF ], nullptr t A€ X XEFAEB, SEGWCE LR, 5828 i H
R L se 2B ( FEFIH T decltype BIZhAE ). WAITRHM, EHRARIF[/HEHR T, EFH
nullptr_t AR L0 #include<cstddef> ( #include A 253k 3T {4 22 (8] ## #include<cstddef>,
i <iostream> ), i nullptr WA A, 33X KHEBEE A F nullptr 2 CHES, T nullptr_t J25 i #E
B 3:0E T8

A b T gee S5 445K NULL FlAb 20 0 45 25 A& ARIE  null, nullptr #7 & XA
#eo WM S, BT nullpr A XK, BT AR RA L ARE LR, B3 THH
7-1 B, nullptr SO0 0] LA Th W f(char*) MUASAOPREL, TIARIR gee XF NULL 94k
H—F, (UMUSH—1THERR, FiERF R EESUE,

A PREF IR 7-2 Fiam i+,

fLaike 7-2
#include <iostream>
using namespace std;
void f(char *p) {
cout << "invoke f (char*)" << endl;

}

void f(int)
cout =< "invoke f(int)" << endl;

}

int main()

{
f (nullptr) ; // MM £ (char+) M4
£(0); // VA £ (int) REA
return 0;

}

[/ SRiFET :g++ 7-1-2.cpp -std=c++11
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ATUES, E8CHHH nullptr ZJ5, HPESERRE A CHER, BWARZHH T
XLC %% 8% LM T fint) AT E gee EAESRIERDEL T HRER 0 ARSI, [H
M, EEERT, 7£8%5 C++11 /LA H NULL A8, B NULL #4658 A nullpe 38401
shAEDEAS B ot Ao FURg .

7.1.2 nullptr # nullptr_t

C++11 FRHEAR{UE L T 85 2 H% B nullptr, thE LT HIEH 2 EHER nullptr_t, 5L
FoR T2 HERIFHECE nullptr — 356, EHEER T, ol LLE S nullptr_t Sk 75 8] —
MEEr S EHERIWAR (BIEFEEHEAK ).

B2 nullptr 2 nullptr_t LISb, C++ HRFESFIA AR, CH11 bR 8% 808 T 8l
(A1 S FR . A B DL By B D 7 B b 50 76 7 T T -

QFTA E M nullptr_t 2RI IBIMEFMH, fTHHRER S,

Qnullptr t 8B EE v] LIRS — 358,

Qnullptr_t ZERVEAEAGEF B D AEF #F S HY, BP{ {# A reinterpret_cast<nullptr_t>() 977
ABEATLIA,

Qnullptr_t KRVEIEAEH TEAREERIEA.

Qnullptr_t BRIFARAT LU TR REF FAKX, (HHES nullptr_t 2SR EHE ek &£
RUBE AT e, MEIUOY X REHMT N =, <=, >=F#tiE[H true.

FATT LA AT 7-3 B fl+, X401 F8e T REBURMNFTENG .

Kegke 7-3

#include <iostreams
#include <typeinfo=
using namespace std;

int main()

{
J/ nullptr Al LIEasCEHLY char+
char * cp = nullptr;

[/ AT R R, mEMERNEAREHESRN nullptr ¢,
// LA ACESAS Bl i 4R

// int nl = nullptr;

// int n2 = reinterpret_cast<ints>(nullptr);

// mullptr 5 nullptr v ZERAFHA]LHE g,
J/OYEH ==, <=, = fFSHEIER true
nullptr_t nptr;
if (nptr == nullptr)
cout =< "nullptr t nptr == nullptr" << endl;
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else
cout << "nullptr t nptr != nullptr” << endl;

if (nptr < nullptr)
cout << "nullptr t nptr < nullptr" << endl;

else
cout << "nullptr t nptr !« nullptr" << endl;

// AEEFE B AR bool F5RY , LUFAURLAGEE L 4eiF
// if (0 == nullptr);
J/ if (nullptr);

// AATLGETTRASHE , LUTAA R S
// nullptr += 1;
// nullprt * 5;

/7 VAT #RAEEAT LLE B 47
sizeof (nullptr) ;
typeid(nullptr);
throw(nullptr) ;

return 0;

}

' HiFixm :g++ 7-1-3.cpp -std=c++11

G TICAE R 7-3, RATTLIRBILITER .

nullptr t nptr == nullptr

nullptr t nptr !< nullptr

terminate called after throwing an instance of 'decltype (nullptr)'
Aborted

B2 AT LA N 22 Ay o A 3 o dr— & B fURS e A AR BBl L e i, LA RN
frasrd FRENEITER

R wRikE 5T B S 4% F if(nullptr) &4 if(nullptr == 0) X 4493548, THAH
H B iF B AL R B, &8 nullptr 5L P A5 nullptr %) bool #4918 X 443k, iX
FRT—L£FM, M C+11 #FEPLBRAFELAMKT,

HAh, B8R nullptr ¢ FREGEDTEEAER, FAENXRFR, HAEHE nullptr t N FHEHE
hEt g, BATSRIEHRE DB EEI - AR EHTES OFRSBHRE T
Fakt ). fCHIE R 7-4 BRI F R IEF CH+11 FrfEfREE.

fEi%e 74

#include <iostream>
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using namespace std;

template<typename T> void g(T* t) {}
template<typename T= void h(T t) {}

int main()
{
g(nullptr) ; /7 @R, nullptr MERVE nullptr t, WA
gl (float*} nullptr); J/ HERHT = float
h{o}; ff BFHT = int
hinullptr}; J/ BRI T = nullptr t
h{(float*)nullptr); // HESRHT = float*

J

/) HRERIETN g++ 7-1-4.cpp -std=c++11

fCHSTE R 7-4 th, g(nullptr) I A S@gaiEaE “BAE" HHER BRI (N
# void* $54t), HILEIEGRIERINHES 1 nullptr #9268, LU A S BUFE e,

7.1.3 —E3XF nullptr WA TS

nullptr X~ & FHEK R WEHERN. 78 C+98 fRifE A%, F47 8 NULL SZhr kT
S8BT IIZMM A T CH11 MR, ZROEFW 1T ARPA X, AL 7
nullptr X CHEF, XiERE ARRAREEM ., (B 552y kbm AR A NULL # R B H=AE
WHRM, BN NULL BLE—REMZNE, HiX RPN R 4628 55 BN AN R # %
B, ERANULL £ M REZEH K C++ BIFEAGEEL CH11 &l 4miF. Hikh 17 RIE
BARHIHEN, ZREFMTHAAF nullptr, LUEHRMIAPRARTHHE

IEANE C++11 BRHUEF, nullptr 28R EHE BT 5 I PIFF23 (8] K /NER void* #IR]EY, BP.
gizeof (nullptr_t) == sizeof (void¥)

KFX—Hn e ESER, BIER nullptr BEE (void*)0 B— 15142, AHERNES
SER), REWEERRMAAEL, #BrT L gEIC TR NIEE, EREEEEZHAER
[N, nullptr B— TSR R, ERAFR—TRIFRHR RS, B H %%
RS, 1 (void*)0 R — i@ ii, HiREIMHE—4 void* FEEHIER,

A EERNE, 7E CH BT, nullptr BUETHEEa0%: 2 BasAY, T (void*)0 N
WA 2RI S5 A BB R . FeMT 1T AR FACIDHT 8 7-5 Fr s sl F .

KREDHFR 7-5

int fool()

{
int* px = (void*)0; // HFHR, AREERAH ERRRH N iney RGN
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int* py = nullptr;

}

#WIFEGEM : g++ -std=c++11 7-1-5.cpp

A[LAFF], (void*)0 76 A L3 A0 nullptr {8, 7€ nullptr HELZ S5, BFRKAILIE
i (void*)0, BN nullpr EL RS H T, mHEWBREH.

B CHETHETH void* WHARTARXHERAETR/MY, L—ERCHAR
16
s, WABEERER] C++11 FRMEfT —RABEPLE , nullptr_t X5 694k 7T AR R F

A (BAFERGFBEA ALHAME ). EXFMUE— G605, BERA nullptr t22—1
nullptr_t BIXTR, C++11 FRMEEIRLE H P A REDKAR nullptr 93 hE. IR F 2R FH R nullptr

BOESCh— M AEF R, BB E L.

Aid C++11 ARMEFF BEA ZEIL A B — 4> nullptr (9A T, FATERH Mot , PIHIRATLE
—SeR IR E L TN EAEE, X nullptr BOGERAY AP AT LLREZE T — T RIS 8 7-6 BT
X B AU

REi%E 7-6

#include <cstdio>
#include <cstddefs
using namespace std;

int main() {
nullptr t my null;
printf ("$x\n", &my null);

// printf("%x", &nullptr); S/ ORE o1 BUBRMEREE, AR ETE RN
printf ("$¥d\n", my_null == nullptr);

const nullptr_t && default _nullptr = nullptr; 'y default_nullptrﬁ

nullptr B—HHSIH
printf ("$x\n", &default _nullptr);

}

// SiFEM :g++ -std=c++11 7-1-6.cpp

FIFEFHCTIE L 7-6, RITMLRHL F A5 BB RIS

7498fcaB
1
7498fch0
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Wbk EFTERBTRSRIFRUNEEHERE, A, WTFEHPN S, TEICT
AL, AEXS nullptr (OB HLAEERAVERD AT

7.2 BRAERERYIESI
& HR. AEE

7.21 EE5ROAER

FE C++ A @ RS, SRkt BN B R AP 03 A i — SR b AT R A 8 SCAY AR 5% oK
¥, XPEMIRBORABRRN “BUARE" . XEFET LT —2 8 E SRR R R

Q41 PR K

Q¥ Il ¥ 15 R &L

Q¥ Il W& PR % ( operator =)
QEE B it PR K
Q#3014 U1 s/

QAT R

HEAh, C++ GRiRaRIE 28 LATF X 4t [ g SRR Rt 2 R BRI IRIEST eR 2.

Qoperator,
operator &
Qoperator &&
Qoperator *
Qoperator ->
Qoperator ->*
Uoperator new
Qoperator delete

fECHiBEF AN A, —BRFRLH 7 XS RN A E S EAE, NRFRSFASHRNZ
B A BARRAS . A XA SRR RS, B LAERAN 7 SEIE R
7, M2 B A SR R AR LU SE R ES 0 B Gk, Al Rmisa s, XHEm
() il SR IE, HER™EMAERE, —BEAT AE RN RE, WA ATHE
SEFNE LHAEE TR POD M. FATTLIFEFRSIFE 7-7 Framif]+.

LALiwR 7-7

#include <type traits=
#include <iostreams>
using namespace std;
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class TwoCstor |

public:
/7 BT HESMEA RS RE, WA A TR
/] FEEMHNEA, H TwoCstor A2 poD 88
TwoCstor () {};
TwoCstor (int i): data(i) {}

private:
int data;

}:

int main() {
cout << is_pod<TwoCstors::value << endl; /70

b

// HRiFEM :g++ -std=c++11 7-2-1.cpp

RIS 9 7-7 FiaR B+, BAF G BREM T TwoCstor) ME B ¥, E 5N
1 PR B DA S th sE 2 — 3, AT 3.6 R “FENMWERE” NEX, #%
¥ 3 oR BCH A B LAY, ik TwoCstor L ZE A PR POD B9 1. i is pod B & FH
TwoCstor, 2R IERFHH R 0, XTI TwoCstor iX#F F AR 14 i — st fi 5% 77 =X 4 faf B
KM E, AFNIE POD 2 RUHr ¥ — R 5| 1 i B A 2 R 7 51 R A4 2800 (3838 T LA (| i
—TF 3671, RENE, XEHRERTFHRLETHRAXEER LABIELRNTRE ). FitkE W
ERFE 2y ORI IX AR R KR “IkE " POD BYFFA .

MiE C++11 7, PRAER L A5 1 B A9 HIL il e 12 i BRI A eR B0 A B 5€ X A4~ H
i, XANFHLRER T default X7 . BF AT LIZER R EBUE LS EHEWR M =
default”, M TMij i b F5 7~ S i A A R SO BROA A . g QR4 e P AR BOA AR TS, 87
AR ARZ LI — 0[R2 B e . BARIn{CHS i A 7-8 FiR .

Ragiks7-8

#include <type_ traitss
#include <iostreams
using namespace std;

class TwoCstor {

public:
/1 WP THSBOEA NSRS, FHERRIRE
/7 BRAEERIARA, WA A 5E LR R poD KR
TwoCstor () = default;
TwoCstor (int i): data(i) {}

private:
int data;
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}i

int main(){
cout << is_pod<TwoCstors>::value << endl; // 1

}

J/ SRR ig++ 7-2-2.cpp -std=c++11

éﬁﬁi@ﬁ{tﬁ%iﬁ‘ﬁﬁ 7-8, 218 B|L5H 1, TwoCstor 3£ E—4~ POD MR,

F—HE, BRSO T A A R B R B A . BRI, 3Ky
%' A BT AR L G DA R, 7E C++98 fifErh, FRATIBS0EL A 5 T M i
PR A private MRLR , JFHARBREEEE, XKk, —HAARE (HFELER)
e I Fg i R B, HwiRaR sl TR -

RAPER B H L 7-9 Frri e+ .

REwa 79

#include <type_traits:
#include <iostreams
using namespace std;

class MoCopyCstor {

public:
NoCopyCstor({) = default;

private:
/1 FE IUHE R BN Y private BAFFA R
// T CAF B Ak PRI UL F i eR A

NoCopyCstor (const NoCopyCstor &) ;

}i

int main() {

NoCopyCstor a;

NoCopyCstor bla); // KikillilHiE
}

/! SRiEET :g++ 7-2-3.cpp -std=c++11

LIS 5 7-9 &, NoCopyCstor b(a) i ¥ FH private #9¥8 U1 #385 pR 8, A MIFALE
if o AR A E ST AT S R B A E BRI . A2 JC SR WT AT B DL M i el B,
T 7] 8. A5 B private 8945 D1 F3E R A SCEE TS, S FBUGRIFRAKM ., X T BEX N, &
k2R B8 D14 i R A SCHRRRAS , 4 LA B private UG, A REIABITE B AR

TECHI1L R, fREENI S T E AR R Ik, MIZERBAE LRESBmE “=
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delete”, “= delete” Zx487/R4iFa8 A A R BB LA . FRATTAT LUR AUHS T L7210 P pY
B

808 7-10

#include <type_ traits>
#include <iocstream>
using namespace std;

class NoCopyCstor |
public:
NoCopyCstor() = default;

J/ i "= delete” [EFEWLIATRBHILHF
/1 FHIEE U iE R
NoCopyCstor (const NoCopyCstor &) = delete;

bi

int main() {
NoCopyCstor a;
NoCopyCstor b(a); /il i

}

/7 HRIFIETH ig++ 7-2-4.cpp -std=c++1l1

RS 8 7-10 B2 —MEA "= delete” fHIERH5 DL 15 pR A9 BRE RUAS 19 S50 {H75 1
AR, —BEE AR T, ERZRB LN,

7.2.2 “=default” 5 “= deleted”

E FlE—4h, RATEADLFERT C+11 7 “= default” 1 “= delete” KIH I H i,
5L b, CHH11 BRMEFR “= default” BRI pRECH B BE (explicit defaulted ) pR%L, TiFK
“= delete” B RECHMPBE (deleted) PREL. H T HEMRIE, A4 MERREFH I ERM
Bred¥. £ FmEBHARS, RITSEHXEARE,

C++11 5| A B A B2 i AW B A2 o T 3 s v 28 B IA R B4, 1L R RS T ks
£ b A B RR A B B . A XA R ENMHE—DhRE, mHER L, thARAUUSRER
ME L. FEEE, BAERE AR LU FEXEME P Eimak 5 sk ¥, el ifFEde X2
SMEHT L5 PR, (UESTE B 7-11 BrR(@E 2 —1 0 F

HEER 7-11

class DefaultedOptr{

public:
// R “= default” ™4 B RRA
DefaultedOptr(}) = default;
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// XBEEH “= default”
DefaultedOptr & operator = (const DefaultedOptr & );

}
[/ X WS “= default” FAEHIMAIBRE A

inline DefaultedOptr &
DefaultedOptr::cperator =( const DefaultedOptr & ) = default;

[/ HBRFIETN :g++ -std=c++1l -c T7-2-5.cpp

fEA@ b, 2 DefaultedOptr B #24ERF operator= # /5 B 7E T 2K A0E Lo, FHHBEE R
BRAEMIA . XTE CH11 L PR AR IF R, FE265E o 545 58 sl A A B s e 09 -4k
&, BFRLAR—1 class & LRBEZALHRA . BRIRNTA T i s LA

type.h : struct type { type(); };

typel.cc : type::type(} = default;
type2.cc : type::type() { /*do some thing */ };

AR AT Py 580 P LA JE 76 3 96 1% typel.cc B type2.cc, M5 e #2 {0 B4 ok BRI AR A F1
8 B SURA B sR B AT 14 . X T — SRS A I R AR A # B

Ak, BRERNFE LGRS 72400 Lk iRasBUAR AR B A R, BAFELATL
Eii— HAL R, i “operator ==". C++11 FRMEI A B3R 45145 A1 46 pR B LBk 45 (19
SEER, {HAnSRR HA B O B AUER A AT, W gRieas S AR EE “bRAETT O M A U T
A RRAS

KT WAMBR, IEMIRNFELE—ATHRFR, MR ET LUEE 5 7 6 A — 284 15 12 8 A
A9 A A AR DA PRES . AN i 2 N Bt 31 R BR T 1 5 eR B, 8 S O R 5 T L3 e G 1 288 A8
— AR RABIEREF G, RIDREECHER 7-12 i 6l 1.

AR R 7-12

class ConvType |
public:
ConvType (int i) {};
ConvType (char c) = delete; // W char fi#d

}i
void Func (ConvType ct) {}
int main() {

Func (3} ;

Func('a'); // XKik#iL&iF

ConvType ci(3);
ConvType cc('a'); // TR
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}

J/ BT ig++ -std=c++11 7-2-6.cCppP

RS 7-12 v, AT XMER T ConvType(char) REA< B 1 pR %, WIE IR Func('a')
By Ar i cc MRHRE, SIFMEH HBRIERIFEFIERIT. XEFEARIER KM char 1
1 ConvType A9 X B AHE ALIFHY . A 1L iR i%E# ¥ ConvType(char c) = delete; X — =] £
B, RRSITA 7-12 BERT LB RIE T . XAMESL T, SiRAS SRt a F i bR, JF8
PRI A O H 7 PR X RE—k, RATELAT AR —BEfEpG . AR % & A 1Y Be a2 AU
HHATIE S .

At RA1BE EEE— T explicit X 76X B ] 86724 W, LR E—T
ORI 7-12 ShAGICES, — S EARR PSR4, IR EIE 2 7-13 iR,

KENE 7-13

class ConvType |
public:
ConvType (int i) {};
explicit ConvType (char ¢) = delete; // MIFE explicit Y char #i% 3

}i
void Func (ConvType ct) {}

int main() {
Func(3) ;

Func('a'}; /7 AT LA i i
ConvType ci(3);

ConvType cc('a'}; // XKikilidHiE
}

// HRiFEN :g++ -std=c++11 7-2-7.cpp

fRH5 35 8 7-13 1, 5] explicit ConvType( char ) = delete ¥ M char explicit #4 i ConvType
MAXBAMERT, XEMccTHMWBERARD), HIHREBMEMN. FiddE R
Func B9 i P, 4 iF 28 & 2 BN ¢ ¥ # i int, M\ ifil Func('a) B8 2 § 8 — &
ConvType(int) #4i&, P AESE I L SiF. XFE—3, explicit #3 T4 A A BOR, BI¥E
AP A F R R A A . WRREF A AL TXENIR, el fes hEER B FE

|AL b, fECH 1 RED, IREMEE AP explicit XBFHBEMESH.
HAMEE AR5 E—SREL, HXAalrit, Hitk, BF R 605 2 mERe 5,
% S8 R explicit XHEF AR, R2ZIRER.

A — AR, X T R AUMBR A I SRR S R B R |, R
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AR J B Tl RS B 26 B B RO R R |, X T — S i R B, FRATHACHR T L
ot @AM B AE E AR e, anfUA% i AR 7-14 FR.

REFL 7-14

void Funciint i) {};
void Func(char ¢) = delete; // S ME: char 4

int main{) {
Funec(3);
Func('c'); // AWXKiLiEidHRT
return 1;

}

J/ HRiIFEET :g++ -std=c++11 7-2-B.cpp

{CRS I B 7-14 Frmpy Bl 7b, AT B MBEE T Func i char i4~, X< %2 Func('c)
PR A gRIE R,

BAMEREA —HEBAEH A IR A8 S 200 EREBER A E LERK
operator new FRAEFFAYTE, BEAT USR] S AEHE L 7ACIZ class AURTR. AISIE A 7-15 BA&iX
H—101F.

REiHR 7-15

#include <cstddef:

class NoHeapAlloc]
publie:
void * operator newl(std::size_t) = delete;

}i

int main() {
NoHeaphAlloc nha;
NoHeap&lloc * pnha = new NoHeapiAlloc; S R
return 1;

}

// BIFRE .g++ -std=c++11 7-2-9.cpp

MTE—LAEBL T, INFEfURS g 8 7-16 1, AT EX R ENFALBEHITHNFS
AL, I BHATEZHTH A BOR 5E M — X R HI AT . XD e, FATAT LU o 82 20 ER
P R ROR BRI E SCERITE R i S A

HAER 7-16

#include <cstddef-
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#include <new>
extern wvoid* p;

class NoStackAlloc{
public:
~NoStackAlloc() = delete;

}i

int main() {
NoStackAlloc nsa; /o Kkl ek
new (p) NoStackaAlloc(); // placement new, {Eiﬁp:ﬁ%ﬁﬂ#ﬂ‘rﬁrbﬁﬁ

return 1;

}

J/ HRiEE g4+ 7-2-10.cpp -std=cs++1ll -c

T placement new il B £, ZwiFar A2 H AT eR &, Pt Hr il oR 2 4 0 BR
(IRREN IE W . S50 b, RE T LAHEM 22, R b xCM B A F ol O T 2 s AR X
( Singleton ), AIABHAHREIFVT .

7.3 lambda B
& #5. FBEA

7.3.1 lambda fy—LFH 8

lambda (A) EFEFERRPLTE 11 67, Fnt, A THBRERETFHEFEEN, BT
LU A A BB Pt R T1E 30, 7E¥08 2 8 sl iHE VB A8, lambda ]2 ¥ H k%
A—FREE 2 R, IXFREE R Bt E T —FPATiIEAY A % (lambda calculus ).

AR TTREALE S S #, B E DI, A BN M R S IR
WFFE R, ERH IS S| T CPrgafiih & Mt . 20 theg 30 4E4R, PTRE(L - BRAF® (Alonzo
Church ) 5| A TiX$E £/~ it (computation) FIEXX RS, 1958 4, Yt B 7E MIT 944
- 1% (John McCarthy ) filz5 i TR T A A LISP iES (B iF %A LA LISP, $
—~ Lisp i 5 ML PR Steve Russell 7€ IBM 704 #1238 F5EiiAY ). LISP iS5 PR T CiE
a5, TURES W ENSRERES (B - THI0 %4155 2 IBM £ FORTRAN ),
WEEFARFENE TR RERT, K ZhHTATEENTIRSE. T
H£ T lambda ) LISP AT, C++ W B43EH % . HF|304FEJ5, Bjarne Stroustrup A 7 Il
IR IR SE B C++,

© MRl - BBARERMEN.
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M MEAGFF & B FEAR, 1L lambda #5358 LAY “pR B4 F2" ( Functional Programming )
564X 4#2 ( Imperative Programming ), [ [ %] £ 4##2 ( Object-orientated Programming ) 5§
I —FP TR ( Programming Paradigm ), HUFF IR YUE S Lk E 5| AT Z9EH
T, IREEAERITHESEMEME T lambda A9 £, ki C#. PHP. JavaScript % . MBLTE
C++11 I ZFF lambda, I AT BEZEFRHET i B P MEREATTIE IE . XHF—3K, MERF A
TS AR MANES C, BIIAT fim 3 R4S RIS AY C++, 722 W A R E=X
PV AU AY lambda MFTIE S LG C++11, C/C++ MK BMTERA £ 368 2 B8 b .

7.3.2 C++11 faf) lambda R &}

lambda R AE A, At ELEKE] C++11 p, lambda sR¥0H) 515 5 2 Al C++ B3 T #94E
FSAE RS A BRI X H] . FRAToT LAl — 4~ ek g — T, anfChSis 2 7-17 Aras .

RuiER 7-17
int maini() {
int girls = 3, boys = 4;
auto totalChild = [](int x, int y}-=int{ return x + y; };

return totalChild(girls, boys);

}

ik . g++ -std=c++11 7-3-1.cpp

FEACHD I B 7-17 s B 7240, AT LT —~ lambda BR#, ZRBIEZH S5
(int x, int y), 3 HIRBIFF, EWHLE, lambda pfEEREE R AT EE LA, B
MACZWE T X 4ES ([1). MAh, lambda eR¥UER A T 18 BRR M6 8 i 5 =X A B HUR (0]
(B AR5 B R U BR 8 pRBOE L —#F .

MEF LT, lambda sREUYIE T E LA0F
[capture] (parameters) mutable ->return-type{statement}

Hp,

Qfcapture] : 45 K. 5] F E &L A lambda BREAI FF 4L, L F, 1 £
lambda 5|t fF. HRIFIFRI LS| H R0 TR AR E R lambda pR¥L. 425
KAWL I F A E B LI lambda pREUE . LR B4 T SO S A

U(parameters) : Z¥F%. SHERBNSEIE 8. MBEAFESEL®E, WaTL
S () —RE .

Omutable : mutable £1i%F. BIAFA T, lambda PRELESE— const A%, mutable AJ
PABUH I 1. EAZBmTe, SEIIRATER (AESEChE ).

Q->return-type : iR FI2EH,, HIiE BRR B K RUTE A A 0 pR B AR M1 26 80, F 5, &
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7 R EME Aot 5 L T LGE R R 5 > —RA R, ShAh, 7ER [ 26 R i ol T
AT LA HEZ RS, LSRR IR B R AT HES .

Qf{statement} : R, PAESWERM—F, Al T ol LAERISHZS, 0] DI
FFF A fRA & .

{F lambda PRECEE S, S0 Fo FUR A 28 R ER R ATk A ER 4y, i A 4 5 2 R oR B A
HETTRE M%s . AR AZERNM T, C++11 Hhif NE RS AY lambda PRE 75 B A 1A N

0{}:
SROTLA T o ASTETERARR 24Hb, % lambda pREUAS BEUE T H1E .

RS M 7-18 R T & Fh & FEAY lambda PR3

K riHea 718
int main(){
(n{}: // MM lambda PR
int a = 3;
int b = 4;
[=] { return a + b;}; /7 BT EHF|RSERER, BF2RHEFERAEN Y inc
auto funl = [&](int ) { b = a + ¢; }; // HMgETIREASK, R FE{H
auto fun2 = [=, &b] (int ¢)->int { return b += a + c; };// FHBERCEN Lambda #R%

}

J/ BRI :g++ -std=c++11 7-3-2.cpp

ERBHR 718, RIMNER T A BSHOMETIRAOERH. AWM, lambda bR
¥ 5358 R BT LAY I K X A 22—, )& lambda oR AT LAHE o i #2 3 Feidim] — 26 R SCrp
RO%CHE . BikHb, JHRS)RMIAR T L F SO MR A9 B AT LABE lambda 1, BLR AT
( LAE A8 i 7 a5 | FfE i 7= ). ZEARASHE 3 7-17 696 7rb , AV HSHR 1%
AR, BAELEIRAME AR FREE XA T, RS R 7-19 PR

REHE 7-19

int main() {
int boys = 4, int girls = 3;
auto totalChild = [girls, &boys] (})->int{ return girls + boys; };
return totalChild();

}

// HPEIET - . g++ -std=c++11 7-3-3.cpp

fRFSE A 7-19 h, (A TS F R LT 0P A7 i girls, boys. S{UTEiH R
7-17 ML, PREAYERI %4 T4k, B totalChild AR EL RS, X4k AFF £k Fi%
XA, AdEHRTEREE 7.3.3 W2 R LUAE, AT girls F1 boys A LAk lambda 28 A9 —
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FAHAIRAS, lambda PR EAYE BN R F ARSI THE R .. X5 R R A RT S H Az
HRA AR

Bk L, WREAIR G Z MR, FLLES 0, MSEA T ILRIE A

Qfvar] FrEf&is LR EE var,

Q=] ¥R R A e AR E (4 this ).
Q[&var] ¥ 5| S ER var,

Q[&)] Fng| &SR A SRR it (6245 this ).
Othis] F~{E 38 XA 4070 this #8EF.

B L AEMAHE . enclosing scope, iX Z 5492 6.4 lambda R 495G 3k, ERAEE
7-19 ¥, BP main & & &9 45 ) 3%

e, IRFIRATLIFORERE SR, .

Q(=, &a, &b] FoRLAGI LR ARHELE R a F1 b, {HEET7 M AL A LR,

Q[&, a, this] F&/n LME i iy 7 Al it a F0 this, 51 AR I 5.

A EBEEAR, MEFIRARTERERGE, M8 Rl EsE, &
S B ERT  RIEER o

Q= a] iXH = SR LMAGR 7 MR 7T ZER, Mita EE,
Q[&, &this] X B & C2LI5I %@ AHHE 7 rA2EE, AL this W2 —FEE.

FIFHLL AL, A F(CH% 8 7-19 9 lambda sR%, 847707 LLE T [=] 36 75 0 4 42 %)
7%, HEMXT totalChild $5 L #yik—E 1k, mfCbiFH 7-20 A,

RSk E 7-20
int main() {
int boys = 4, girls = 3;
auto totalChild = [=]()-=int{ return girls + boys; };// WEFH CIERER SR

return totalChild();

}

// HRIFEM ;. g++ -std=c++11 7-3-4.cpp

E SR [=], lambda pRBAYSCHE S BT A 30728 i #RBE lambda 4B A% (H 9 7 =X
M T .

WhZiAE AR, HCEE AT C++11 bidE, TESRYEHBL ( block scope, AT LU fa] B 3 i 4 75
{} Z Ry R i AR 2 B e I AY ) LLAMAY lambda sRECHIE 5 £ A K25, kX BERY
lambda PRECER 518 ERAFRILIAE, BRI E e BUX B A K. mEBRVE 8+ Y lambda pA %K
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{LRERHR A HE I P Y B sh AR B, W HRAE MR e ME R e A 37 i (IR i 35 )
b B G IF AR

7.3.3 lambda 5{5 &

HHREES BB ATFE I, cCH B ARFIS . C++ BT R HERFE STL
) PR T — e B AR B G S — S AR B LS. 7E CH 11 ZAT, RATAEM A STL
BEN, EE S MR AR, — Ok, IR Z RS, sSH ek
( functor ), i PRECTRT AR, BUR HE S T A b PAEL operator () Y —F B E SCERIR R, X
FEAORT A R, SR AR RS2 TR PR SR B O C 0, BRRHARAIFE
BREL. BNTATLAAE iR flF, il 7-21 i,

REgiRE 7-21

class _functor {
public:
int operator() (int x, int y) { return x + vy; }

bi

int main() {
int girls = 3, boys = 4;
_functor totalChild;
return totalChild(s, &);

}

/ ﬁ#ﬁlﬁl :g++ 7-3-5.cpp -std=c++11

X, class _functor i operator() # HE£L, Hitt, 758 AZeREanTiE, RITEF
BRAEHA AR, BAaX B AY totalChild 2R ZFR, T2 L,

FE AL TR, BRHETAMA MRS, —AM&didclass ELAF AR, H4£7F
9 2t F g ebE Lt AT s, RARAGRERARTH REHLERE, Il
FARA—ANFRBEFETAMAE SARAMSREGTH, BTl by R
FESANREMH AR GF RIES (XERZ2 -/ ERENHG RS FTEH ),

#include <iostreams
using namespace std;

class Tax |
private:
float rate;
int base;
public:
Tax(float r, int b): rate(r), base(b){}
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float operator() (float money) { return (money - base) * ‘rate; }

}i

int main() {
Tax high(0.40, 30000);
Tax middle(0.25, 20000} ;

coukt << "tax over 3w: " << high(37500) << endl;
cout << "tax over 2w: " << middle(27500) << endl;
return 0;

}
AT RENG R, TREBHREGHENTE,
A 40 W BE B35, B HE 2R functor AYFT I B HXT 89 5E X, a1 LA & BLAC %

B 7-21 BRACESIE L 7-17 1 lambda PREUN & B RIEF 2L, X EEBF UL R E R lambda
TESZ (B AE7E R —Fh R 32g FRA17T LI F — 107, iy 7-22 Frs.

RAgER 7-22

class AirportPricel
private:

float _dutyfreerate;
public:

AirportPrice(float rate): _dutyfreerate(rate){}

float operator() (float price) {

return price * (1 - dutyfreerate/100);

}

int main(){
float tax_rate = 5.5f;
AirportPrice Changi (tax_rate);

auto Changiz =
[tax_rate] (float price)-s>float{ return price * (1 - tax rate/100}; };

float purchased = Changi(3699);

float purchased2 = Changi2 (289%9);

}

[/ BPEIETN :g++ 7-3-6.cpp -std=c++11

ORI B 7-22 B — W5 R BLA B 7. %W, S5 T 05 s8R lambda #5752,
ke SE ATBLIE B9 = SR AR TH R . 7EIX B IRA1H T, lambda PREGHHE T tax_rate 2511, i) iR
B LA tax_rate WIUAILAE. HALR, MESHILE L, BERF -3 TUED, B LEiE
LT EBARIR], lambda F005 0 1A 250 [ (4 P9 B —— R 0T AR — 2078 BHE BRI,
HEZSHHTIES .
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g b, pR O 4R 1% 2% 0 B lambda 89— Fh 5 . 7EBLETEL, W WA AT
lambda B AL S R — O BB R . B, 7E C++11 7, lambda 7] LAY A By ek $9 —
Rl T, B EahUTHLEE, lambda R0 sREH “THILFHA .

FeATa] LI 7-1 R R A 7-22 T4 lambda pRECAN{ R EUR fnfa] 41 ()

lambda i 8

T

(float price)-»>float{ return price * (1 - tax_rate/188}); }; = I

:'"{' [tax_rate]

' class AirportPrice{

i | private:
float _dutyfreerate;

public:
AlrportPrice(float rate): _dutyfreerate{rate){}

float operator()(float price) { F
return price * (1 - _dutyfreerate/108); T S
}

EE AR, AMNAEHFHAA lambda BHBATHR, BFSLR T
RBFMXEL, XRRA ST lambda WX A ZAF &R, BMT A%
B, B P AsAesS E AR AAR R M R,

AT BN, (ieREEE) ZH T STL #, [RI#E/, 7E C++11 9, lambda W 7EbR
FEhg . A THBERE, @ UstE X, FEA P E AT LE A lambda 8
BUTRBOEBER, RIOITLIFE 734 W FE I AN IR, 7E 7.3.6 4 T # lambda
far st ml LLBRAR (5 el

7.3.4 lambda B9ERl{E

HHE lambda i, %5 lambda BREUEIEH A5 A9, At H18 E lambda s A 77
HBRek. MAMBEMNAHT, RITSF A lambda PRECEEH3E — s L5881 H R
BAMBMaRYE, EARLT A HRHE. LIRS %EE - M0F, mAHEE
7-23 B/

HKALiEe 7-23

extern int =z;
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extern fleoat c;
void Calc(int& , int, float &, float);

void TestCalc() {
int %, ¥ = 3;

float a, b = 4.0;

- int success = 0;

auto validate = [&] () -> bool
{
if ((x ==y + z) && (a == b + c})
return 1;
else
return 0;

}i

Calc(x, y, a, b);
success += validate();

1024 ;
lell;

Y
b

cale(x, vy, a, b);
success += validate();

}

// HRIEEM :g++ -c -std=c++11 7-3-7.cpp

TEACES IS 4 7-23 Frm b B, F PP A 5 8 R TestCale EFTIML . X BAETH
T — auto X BEFHES H T validate 28 it iU 25 K M BE 44 lambda pR¥. FTLIEE], A1
lambda R EIESR) T TestCal Y a3 Y Ar fit 3k 52 BLX T~ T AE .

FE¥ A lambda PRECZ R, i H 75 E7E TestCale 7S B[R] HE— A%, I H I TestCalc
AR MSESEEITEE . T REBEHE EGE TR TR, X8R A of BUE % A %
BN b OCEE S static Ml inline, AHHF— &5 8 L EAYREUE L, lambda pRECTE X B 5N
HW, EAREGIAEREE, ReEERE, B8R E, lambda BRENSFFE T —1 “ R
PREL” '

EE 5 3 &3 (local function, BP /& R34 M3 b & L é) Rk ), AR H A8 5
( nested function ), By 3f R3l FUE THLERR, RBFFR NS T E,
BEALLFERAEFEA, CICHBZHEFRAXANRBEAL (FL—LE1
5 AAHH, tode FORTRAN ), C++11 A7 2p M r A 40 69 5 XdTak T A4
M, BAAFELE, lambda =T A48 B3 & 4 —AF4k A,
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DA S R, A H T 7E eR BN B XA static inline PR, ELE R A& XAE, A6 P
lambda PR E03F A Lhriz T B HERER S (Bt A 22, lambda pRELTE C++11 $RMEF ERIA
ENEBKR ). R RE—FE, lambda s EECESMVE B EOUR T HACEREL, A AW
HF, lambda PRECHIAYRTEEME AT RE S 4r, JUH T/ R BN H .

SFEE B E R (KB —SRERNFRL ), B¥EREP A KRN
RE (R, XTFRIREFZAERE & “FHEf" 9HE—HLMITE — AR
A, WMEM—LLEEORRE, XEDhREEEARE S HAEM Rt E, HEE R
ZWHEM . B4 lambda 948 44 31 2 Th GE W AH B2 T 10 57 09 2 J5 5 25 ol RO AL A R A R 3
HERZ ., BOF— M {UE ISR lambda R EA 2 RUGTHE SR T —FEZ SO Y
WREZLESH, WESHTEELMAELE . WESHFEERSIARER R, SlrmER
FFRORFE I, M HACREE RS, % lambda PRELEEA BRI T, AST5RAEM % F2H
(2488, HL EWMIRAFTIFE, lambda 74< 5 SR B 4 0 RE ). Bk, X T & 2408 it FF
A7, lambda BB LE R, FL L, XEBERIBEBAEFL. & CH11 ZH), &
Fr b RAEIE e 5 AR R E R, SCBEL T W W S EE SRS HEM M E, lambda
A9 HH B AR X FE A OR B G N T I

KMERA - T HEENOH 7. ERERFHME, BFREF2ARHCTE &
CERT, AR RAED B A CHBRRERER .. RITERERRGETR 7-24 FiRm
BilF -

RugiEg 7-24

int Prioritize(int );

int AllwWorks(int times) {
int i;

int x;
try {
for (i = 0; i < times; i++)
x += Prioritize(i};
}
catch({...) {
Xx = 0;

}

const int y = [=]{
int i, wal;
try {
for (i = 0; 1 <« times; i++)
val += Prioritize(i);

}

catch(...) {
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val = 0;

}

return val;
}Oy;
}

/! WVEEW :g++ -std=c++11 7-3-8.cpp -cC

EACHS S B 7-24 Fran @B b, IRAITX x My BFIBILERRRTEL —8M., ATLIES,
x (5% y) B9RIaG4L T E0RFH U8 FH el %X Prioritize, JF H7E Prioritize il 7 ¥ o8 &EXT x (5L y )
TERIAE 0.

FEAHEHRBMER T, TG EEETEN x f9E, Hik, 858 x Ethie
X TREFMEENER, AAEHAWN const, MAEZE XLy BEHE, hTFRATEEME X
lambda BRREOT HIEA, y {UWERAHEEREE, FREFEMESHTHRIE.

L AT REWEFRR AT LA X — 38 R BOk e M y IR R 3L, (BX TSI 28 7-24 i
RESREL, ARAEXESRAPIRIEN S, TR lambda sREH) 8L A B, 1RESAY
AT, MAXAE, RIMMATE DX BAEZERAKBE GEN init XHEA
ATIIEWE, [BRARMERRETEIUDME T 4 ). X2 lambda sR¥H — ML TTE.

7.3.5 XF lambda fJ—Lja) @K FBAILIE

{#F lambda eREXHI AT, #HHESIRAF S FBEAFMLER. BEmiE, %05 153
PSR T | H BRI RBCREA 0. X THREF R R, Hig
i B9 {H7E lambda PR BUE CHIRHRBLE 2805E T o &5 | A @Ay R R, HAGHK
{ENZFF lambda eRECGRE AR A . RATATLUE —FACRE L 7-25 AR BilF .

REBHR 7-25
#include <iostreams
using namespace std;
int main() {
int j = 12;
auto by val lambda = [=] { return j + 1;};
auto by_ref lambda = [&] { return j + 1;};

cout << "by_val_lambda: " << by wval lambda() << endl;
cout << "by_ref lambda: " << by ref lambda{) << endl;

J++;
cout << "by wval lambda: " << by val lambdal() << endl;
cout << "by ref lambda: " << by ref lambda({) << endl;
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iR . g++ -std=c++11 7-3-9.cpp

SERGRFIEITIE , RATATLARBLETERIT

by _wval_lambda: 13
by ref lambda: 13
by wval lambda: 13
by ref lambda: 14

45— by _val lambda fl by ref lambda i}, HizBHERIFEH AR, HESITRHN
B 12+1=13, {B7EH W A by val lambda B9RFR, HITH AR 12+1=13, MXf#, £
YK 8 by_ref _lambda BHTB#)2E 13+1=14, X455 % )7 K& H T7E by_val_lambda 1, j
BRAT—1THRE, —BBEEASHNE (ATLHAAZ G RE— T RAEREY j F4&
ByE & ) M7E by ref lambda #, jAB7EME FHACYERABHAIME.

PR TR L L S5 A9 35 , £ FH lambda eRECAYET R, QR EHHAY (LMY lambda PR AL
A, ATE W S RRELBH AW K2, TEMRAEM lambda RS TT I
R R (REITSEEVECER ), WINGZR AT | 7 S T .

tbAh, XF lambda PREAIAS YL, S KRR B E Z BIM X R, EH T EFE—%
. Wz aifeF, KE8ER TEES M lambda scREEREZ T4 auto 28R AYAF R,
X JE— P B FI{E ] lambda sR A T L. G ZATXTF auto MHITR, A AL55M totalChild
B —Fh R BOEE A AR, AR ESR 7.3.2 W% F lambda S5 EBZ ML EZ G, K%
¥ E W 0] TN A lambda & —Fp B & X8I, Mm% 5L L, lambda (925 %Y 3 4k @] HLAY 08
BAEE AR & A SR,

M CHH11 Fr#ERE X E AT L& B, lambda S RIgEE X8 “FI” (closure ) HYES,
1fii 81~ lambda F&iA XM 274 — AR R IERT X 8 (A1 ). Hit, ™#Hi, lambda
b BT AE R BLHE ¥ . A it C++11 bRUEH foiF lambda ik 2 ) ph 3045 £ 056 e, (BRTIE R
lambda BREE A MIEEMAER, HeREIRE IR REIEA, %18 lambda oA A HHF
AR . RATTAT LUGE A CHS S B 7-26 s 59X 0 F 3 160 .

H50%8 7-26

int main() {
int girls = 3, boys = 4;
auto totalChild = [] (int x, int y)->int{ return x + y; };
typedef int (*allChild) (int x, int y);
typedef int (*oneChild) (int x);

allchild p;

S CH+H11 FrMESE 3L, closure ERIFEFE WA R (unique ), B4 HAEB 4 (unnamed nonunion ) #Y class
PRy,



A TBEFA A E 245

p = totalChild;

oneChild q;
g = totalChild; /1 EERN, SEUET—

decltype (totalChild) allPeople = totalChild; // Fifiit decltype $£#% lambda AYERY
decltype (totalChild) totalPeople = p; [/ REES, EE LY lambda
return 0;

}

/7 BEEM :ge++ -std=c++11 7-3-10.cpp

LD B 7-26 AT )T, FRATAT LB EA M5 R A totalChild ¥k WEZSH
B HUHARIAY allChild KR R B A EF. Aid, B S EERA —BH oneChild 258N £ %
W, AL, KRR EFEIL N lambda th B AR INAY ( BARLIE C++11 dRiEFH A RS I
X— ),

HEFEEME, BFRGITLUED decltype B X H 3K lambda s BRI, Hoy=im
[RS8 7-26 "H 7 B allPeople —Ff, HIAfEFH decltype 2K 3K 158 lambda b %5285 BY f 0k A
JEARH WL, {B7E L b — e R p At e fl A iZ ik S8 A H .

Brib b, A — B C T lambda pRECH B B 1 S mutable XBFHY. RITEFH
RS B 7-27 BRI A9,

RaEp 7-27
int main(}{
int wal;
J/ SiFE%EW , 7F const B lambda PEMH it
auto const _wval lambda = [=]() { val = 3;};

// dE const B lambda, A] LA MA R EEE

auto mutable val lambda = [=] () mutable { val = 3;};

// HSRJE const ) lambda, A frskshs|HA S
auto const_ref lambda = [&] { val = 3;};

J/ WL const BY lambda, illi & %% val
auto const_param_lambda = [&] (int v) { v = 3;};
const_param_lambda (val) ;

return 0;

}

// WFHEM :g++ -std=c++11 7-3-11.cpp

© EETFAY B EEDR A R A —PEE - hitp://stackoverflow.com/questions/5501959/why-does-cOxs-
lambda-require-mutable-keyword-for-capture-by-value-by-defau .
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EACES I o 7-27 Fr s B8 b, FeA 1 X 1 4 PR AY lambda R %L, iX 4 #lambda PR
¥ BT ER R B, BB VR S R A T R Y val Z28A(H . At FConst_val_
lambda PR¥LT 75, FRIFHFA X E— TR

7-3-10.cpp: In lambda function:
7-3-10.cpp:4:43: error: assignment of read-only variable ‘val’

Mm% F A B T mutable J& 4 9 mutable val lambda pR¥(, LK 5| A4 & val 9
const ref lambda pR¥L, # % il id 2 HOkRE & val B9 const_param_lambda, ZRiF4EHA
E=5ii4

MBEATZ AT E LHRB—FE, C++11 9, BRIAE T lambda pREUE —> const PREL.
Fz AL, — const B9 AL B PRECE A BEZE PREUA P U JE S A RAEN ., (HiXEH
i 4R A8 0 A [l A5 2 a8 $2 51 # 49 lambda eREUAT T AR AL F AR A g, HTE
SR T 2R B R 0 T A T X R AR E W 7

1A A6 Bk AN, [H35C X ER lambda s EAYFF SR N RPEMEE. X B
{130 B 7 Bl A 7.3.3 P A9 H1RHF lambda BRECEE L N — e A R, TETEME,
lambda o8 AY R EIR T 4y, AL DT R B2 J5 S N — 1~ class A3 &AL A sR B, B A~
const_val_lambda ¥ 2 RIS B 7-28 FraafCREET.

fLamiFs 7-28

class const_val lambda{
public:
const_val lambda(int v): wval(v){}

public:
void operator() () const { wal = 3; }/* & EhtlAEE «/

private:
int wval;

}i

// HRIFIRT :g++ -std=c++11 7-3-12.cpp -C

PR R A G AR, HE BAY A BRE N Bt eRBURE A MR . AW E, X TEER
7R, AHELE R EUA P MU class FARMI AL A AR, HI, SRS EH 7-28 h Ay R
BOACACES IS B 7-27 Py lambda PREL, 41540 G 515 FH AT IV 24

BLAE )R8 K LB TS #E 1 o lambda B4 42 51) 2 w4 A8 B A4 2 B8 55t 0 oR 300 R R AR I
( &0 const_val_lambda " AL 51 val ), 1Mtk ol 52 R X (40 operator() ) P HAE R A f2iF
[, B F (R 42 B9 48 B 7F ¥ 75 B 47 mutable (Y lambda sRA%, HlH— B B80S S 3
B AR



HHFEL 5T 247

i (i B | &9 =453 B9 28 Bt e A 5 R B0 R (L B B U A & R BRSO SK TX — 1
FEMRZ cH+ B LA EiHE, MM, T K% const_ref lambda A&7 A
B, i Retrs | FeE, FicgiEas miFilst . 2 TifEi$ 28 const_param_lambda,
EMA S REEIFRN “HR" T,

MER ML E, FRA C++11 454 A9 lambda %4t 19 &4 % it operator() Al PR, PN ILTE
R F AR B, F(E L3 A2 9728 B J& lambda R8P A AT B R AY &
( nFEFATZ ATERE A S | A MR R BN —F, AdBERNCSE RS
A2 TERE ). PrEX 4iit ol GERIE A 7B STL %k — it EAyBhpg ( XH kB0
BRI, AT FE— BT AR R AP M, "TLAZ% Scott Mayer i) Effective STL
item 39, 5L # Nicolai M.Josuttis /¥ The C++ Standard Library - A Tutorial and Reference & T-{Jj
PRE ARy ). TE — b, SORER A A BN, BUZE LT SO DL Sk B ks i AR
Bl W ARG E L, SRR, mefEs H2R T lambda PRELA A, IRTE
i AR P B RO, RATTLME S, s(F ik lambda PRBGER [MIE A SCHL

4h, lambda PR mutable #EAHFF 0T LU BR LW Bt , A schs b B RRAE TR
HEE ERRTRERE, BLSE PR A £ /0 E Al H] mutable (Y lambda pR ¥ 0 H . k Z Hoet
e, FefifE BRI ARAR ( JE mutable ) % lambda pPR¥ECLEEEE T .

FE X THEA4SHRAT I RERGHREI—5, FALAZIHEEZ “A&” 240 L
Freg ki, PAIH T LTI PER 2 LAATE ST LTFXPEIHBRE,
TE A5 lambda B EF A FH L, T4 % lambda Rk ( H & ) Z 9Feh4E
AT M %o

7.3.6 lambda 5 STL

an7.3.3 Hep iR, lambda X C++11 RORHITIMR, BREBLRMAE, NKFE STL EH.
miE RS, RISAZIMEN STL WREEENES T, REMELFTT.

B AEIRAT A — s O h LAY STL B3A for_each, faj#Hif, for_each JTiLAYFURINT .
UnaryProc for_ each(Inputlterator beg, Inputlteratcr end, UnaryProc op)

bR 288 — 40y, K#EJF, for_each BEWTE M HRiCH B iterator, — P HRiC
L5 iterator, AR —HEEZAANSEN “HRECT (R — 1 eREEEE . {HREELHE lambda
PREL ).

for_each f— 7R EEBLUNF

for each(iterator begin, iterator end, Function fn) {
for (iterator i = begin; i != end: ++i) fn{*i) ;

}
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@it for each, TRfiTATIASEAREFBIFHERME, WARESINRE 7-29 B,

5% R 7-29

#include <vectors
#include <algorithms
using namespace std;

vector<int> nums;
vector<int>= largeNums;

const int ubound = 10;

inline void LargeNumsFunc(int i) {
if (i > ubound)
largeNums.push_back (i) ;

}

void Above () {
/! ESM for 1A

for (auto itr = nums.begin(); itr != nums.end(); ++itr) {
if (*itr == ubound)
largeNums.push back (*itr);

}
/7 (] eR MR

for_each(nums.begin(), nums.end(), LargeNumsFunc);

// ¥ lambda R¥AA L for_each
for_each(nums.begin(), nums.end(), [=] (int 1) {
if (i > ubound)
largeNums.push back (i) ;
h;
}

HWiFIEM : g++ 7-3-13.cpp -c -std=c++11

FEACRSIE B 7-29 MBI, RAT4FIHE T 3 Ry X HE B —1 vector nums, 2 H
H K F ubound RYMH, HHHE AR Ib—1 vector largeNums H1, §—fh RAE 51 for HEEF ;
B Rb, WEZRIMAEA T for_each Bk LI R RBUEEEH ; B MR T for_each, {HE
B =S HEARRE lambda BREL,

B i i AR R for_each AY4F4b. Ul Scott Mayer 7 Effective STL ( item43 ) Hi
P —FF, EH for_each WM T FEHMIEIFERE . IE6E. T4 EEA —EM
Beo BRI, BFRAHXL iterator, SRFIRMWEHAMAY, DREREHR, EATES
JTUHEBERE, SATLATEL L “—&iEA)" ANSERIGEEF, 1N R8s § ML A< #1 lambda R A< 52

AR o
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LB LB — T RBEIEE LI K lambda 7=, sREIEE M XF UM G, AL
HABRKKERE., F— 58 RAECEXERT, HBETLA (&) sSFE 50+,
BPE AR B AR Sl I AN . 5 S R TR R, i R S R T BB T BRI
PN H 4T inline {54k (inline X 4 PE 2% 1M1 & FFIESR M ), ZEMFA BB yaff, HEK
() lambda F1 ¥4 GBS K1Y R BT $1 vl BEAF7ERT B K PEREZE . IRk, #Ett?ﬁﬁ?"‘ﬁ
lambda $#4 FLT ECAIDEH

WA, eRBFE RN VG AR B, RHERKN T ERE LS T A RERE KRS
RS, PRBERH BISRB I T . M EB] 10 487 (C++98 B ), M B Fp 4if 5L A9 B
15, A8 VI FRZ RIS A C++ BF AU S ZEAMBOL AT R, ALRAERMNBA
WEAR A4

FATF MBS — FIURERE 7-29 Franifl+, fRASER 7-30 Frs.

Eiwe 7-30

#include <vectors
#include <algorithms
using namespace std;

vector<int> nums;
vector<int> largeNums;

class LNums{
public:
LNums (int u): ubound (u){}

void operator () (int i) const

{

if (i > ubound)
largeNums.push_back (i) ;
}
private:
int ubound;

}i

void Above (int ubound) |
[/ 1EHER for
for (auto itr = nums.begin(); itr != nums.end(); ++itxr) {
if (*itr >= ubound)
largeNums .push_back (*itr) ;

}
// {E R R

for_each({nums.begin(), nums.end(), LNums (ubound));

// W lambda A for each
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for each(nums.begin(), nums.end(), [=] (int i
if (i > ubound)
largeNums.push back (i) ;

by
}

J/ SR :g++ 7-3-14.cpp -std=c++1ll -c

AL 7-30 b, AT R B R KV MR, BOTEMABFERL 7299 M LB/
ubound R, TALHS i 8 7-30 (1) Above HUBH. X3k, 1L HE for_each PREFIE
=AY (/(EEEST, DR ER lambda ) 1M 75 8K 7 ZHH ubound B £ /0. TR % HAE
i# it S EAL B RAE (ubound ), B4 BEIE for_each ¥ p& ¥ Y J A48 B 2E ( He lms
EHARB S, BUHFBASIEGETSRE. Bk, XTHEBARENDREEE
R sE. At e Fmia91ees, 4107 LA W E ) lambda pRECH (R BB S I 69 R {#
., Hit, lambda 71X B KR B RAEAER (R EFEEHXFERAE IR, BTLies
i —"F C++11 FAKERY for TEFF. X FUHE R 7-30 From X4~ FF, FiXAE Y for ZFE M
M4 ).

B ¥ b, STL HikatibAd) “BH" HRAAH KA, 1% for each 3t 24k
AR EAMATARAY R, AeeRA P T liliid STL 49— 2k adapter
RAEAHANH, FiTLIMT MR, X adapter L EA A 2.

f£ C++98 B X, STL HPILILLANE T — LR B LR F R A, AR 7-31 iR
BT, FRATPH AT R — T X s B PR %S lambda 1 EAYRES.

HEmiFe 7-31

#include <vectors
#include <algorithms
using namespace std;

extern vector<ints> nums;

void OneCond{int wval) {
/7 TESE for Tl
for (auto i = nums.begin(); i != nums.end(); i++)
if (*i == wal) break;

/1 MBI RMY (template) equal to, i bind2nd {3 A 502 3R 1 64 {5 R

find_if (nums.begin(), nums.end(), bind2nd(equal_to<int>(), wval)};

// {#if] 1ambda sR#i
find_if (nums.begin(), nums.end(), [=] (int i} {
return i == wval;
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by
}

/O EIRET : g++ -c -std=c++11 7-3-15.cpp

AR B 7-31 vh, ARSI T 3 Fp iy £k 748 vector nums H 55—~ % F val
f9IeE, WATTLIE —FEANEHREN X, BA KEBHEMT STL 869 A 0T GEXT
bind2nd(equal_to<int>(), val) iX B CHS A 2ok 2%, {HfRj i, Sl LT — P IhhER
i==val ({5 eR%, Ifilad—E X (bind2nd ) FHEERHED ATE SR, KW
lambda A%, HE XM T, MAESHMARE, BAFEAKEHTRER.

BEAE R IE, A ARGED lambda E4 W THED R, MLk E, AEKD
RN VS EARZRE, Ffiltkah— FIUMER 7-31, (FHBME LA, mfCmwd
BA 7-32 Bk .

RaH R 7-32

#include <vectors
#include <algorithms
using namespace std;

extern vector<int> nums;

void TwoCond{int low, int high) {
/1 1ESR for TE3F
for (auto i = nums.begin(); i != nums.end({); i++)
if (*i »>= low && *1i < high) break;

S FIRAT 3 TAENG RS, LUEAER#ER compose2
find if (nums.begin(), nums.end(),
compose2 (logical_and<bool>(),
bind2nd(less<int=()}, high),
bind2nd (greater egual<int=>(), low)));

// Al lambda ¥
find_if (nums.begin(), nums.end(), [=](int i) ({
return i >= low && i < high;
Py
}

/7 BRI . g++ -c -std=c++11 7-3-16.cpp

EACHD R 7-32 vpr, FRATTHEACED WS 8 7-31 rh A HI M R RS R B i B 4y T — 86 B9
%5 vector nums P EH—A{ESF [low, high) A ICE . XBEEREHHNEHRBEEH T HE
A%, T ERRIF B A A2 IR bR e s A9 3555 (compose2 ), X X T35 B RS AT 1 (O 7
Frofud, JEAERMELIE NSRS M. BIE Z A 89 28 4R 22 A0 P B 0 o B0 RE A ik sk R,
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F7E

(HIL LA OL T T REANAFRALAAIA - lambda WUAS A9 SEBAEH AOTFBN, 7 FLX —WAUAS L%
LTFRBRRBMEA, WEXTHkS. H%, XEARLH, BIDERET—NT, Wt

9355 7-33 Fs,

fagi%e 7-33

#tinclude <vectors
#include <algorithm=
#include <iostreams>
using namespace std;

vector<int> nums;

void Add(const int wval) {

int

auto print = [&]{
for (auto s: nums){ cout << s << '\t'; }

cout<< endl;

}i
/1 155 for TEFR R

for {auto i = nums.begin(}); i != nums.end(); ++1i){
*¥i o= *i + wal;

}

print () ;

// ik for each KM B {5

for_each(nums.begin(), nums.end(), bind2nd (plus<ints(}, wval));
print () ;

/7 PR EGEMSA sTL i — e cransform

transform(nums.begin(), nums.end(), nums.begin(), bind2nd(plus<ints{), wval)};
print();

/1 AiLfE lambda MEHRE T, RALERAT LA for_each

for_each(nums.begin(), nums.end(), [=] (int &i) |
i += Val;
1
print();
main() {
for (int i = 0; i < 10; i++){
nums .push back (i) ;
}
Add (10) ;

return 1;
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HWIFEHEIN : g++ 7-3-17.cpp -std=c++11

FEARAS IS 7-33 Frn iyl 7, AT E MR vector P IIAIZE, B vector RFA AT
ZHBEM 10, XRIBATL MR THEGM for Ik, WEMREEA T, LK lambda B977
Ao WA, KT HEEK, BOMEH T —1 lambda BRECESTENRFBETTHISE H .

FEPLAS L4z iU 8 7-33, ATLIR BN FEfT4s R

10 11 12 13 14 15 1e 17 18 19
10 11 12 13 14 15 lé 17 18 19
20 21 22 23 24 25 26 27 28 29
o 31 3z 33 34 35 36 a7 38 39

X HEEATERES], Z2RMAE TS ITRAR, fFfaASRRZE, BITEH, A
B A5 R B plus<int>() (LA MEEE SR [, O T HE B1 45 R H 0 T vector nums, il #1F
BLF . FA 7 E M transform X A~H k. MIRATE = BACH AT /R, transform £33 nums,
H 545 B 5 A nums. begin() H B Hik# BIrX (B =2%0),

B L, fERE STL ByEHE A8 R4 & W #H F for_each 1 transform 2 [B] A X %], B
A for_each I A& transform —FE 5 [MI45 R . X AERL & STL P4 (907 sR BUAY i a2 A s fe
M BRI, {HEE C++11 Y lambda HIE AR, XFEARBMAEL T, HR AR AT A3
HAEL AR, lambda PEEFMHEEE—H TR, @A STL 85 4980 0] t B it A5 15 i 3.
£7,

FAVRFERE—1 STL (987, s 7-34 FrR,

Eoiwe 7-34

#include <vectors
#include <algorithm>
#include <iostreams>
using namespace std;

void Stat (vector<ints> &v){
int errors;
int score;
auto print = [&]{
cout =< "Errors: " <« errors =< endl
<< "Score: " << score << endl;
1 ¥,
// #iH accumulate Wik, WEHEIHEHF
errors = accumulate(v.begin(), v.end{(}, 0);
score = accumulate(v.begin(), v.end(), 100, minus<ints());
print();

errors = 0;
score = 100;
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// {6 1ambda W] HF % — Kl
for_each(v.begin(}), v.end(), [&] (int i){
BXrrors += 1i;
score -= i;
12K,
print () ;

)

int main() {
vector<int> v(10);
generate (v.begin(), v.end(), []{
return rand() % 10;
Yy

Stat (v} ;

}

HiiFiETN 0 g+ 7-3-18.cpp -std=c++11

RS 7-34 2 — X E SR F -, @ E T, FRAT0TLAM#E A STL 4 accumulate
Bk B E D R BORSE XN E . MBS LR, XM R B A . Ad9br
R4 T PTER, —WKIHH errors, —KiH5 score. MM lambda 177 ERY for_each
M RAS R fBe, JRATTRT LIRS 2 AR5 3R, FL L, RATTEEAAELERE T/EDREE
BIFMTESRE L . WRKH accumulate 7730, 14T A GRS HA ZUh & I EAAIE, &
AT fEst <8 52— E M HERESR 2K ( AN cache J71H ).

AfLAE B, X F C++ ) STL FZ B4 #E K ik, lambda fFEEM B L FE K, LHEXF
STL K% 34 F7 i, lambda #9 H BUAEFS % 37 6 1 STL B AR K CRR{E, HESHr ik
@ STL B A B 4E. 4R, 2158 F, lambda BREZECAS A6 . MEfE L B —&F
AIPEH . XEERRE C++ BFH, THEFEREZAAEN C+— BFRBELRMN,

7.3.7 EHA—LXTF lambda #itit

lambda #AA C++ i 5 25, BEZ ALK lambda il C++11 IBEEBEREMELR. —k

lambda [ #: 5 2 HI#Y9 C++ %E*ﬁ Hoke o W AG A7 Seqli by, —oRILR TR seal, it

EF LR ERABENH®. A, EEEIRSH ﬁﬁﬁk‘%{wﬁ STL & i sR
ME 2R, KEBA S E lambda AR FMHE .

it ESE 4 A4 lambda, W41 [ i —2%5 lambda B4% % . H U0 lambda F{75 of 02 8] (9 L
&, W45 Z 6 FH lambda ARSI F 5,

B TR, A C++11 %, lambda ARG RBMELBRE . X— AR
KR b lambda B9S2 B9 BRI S A . fEFRAT CH+11 BRiferh, HH4R 5 AL AEH 12
SCAE ISR A shZE BE, TS X ST AR B, RN AREOMR Y, IRATTETLLE B R
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7-35 P 4] £,

fLRLiH & 7-35
int d = 0;
int TryCapture() {
auto i1l lambda = [d]{};

}

// HEET cg++ -std=c++11 -c 7-3-19.cpp

ARSI 8 7-35 P OB 778 — 26 44i4% (0 g++) LRlRIgiddad, BRF R
SCARIEAR AV E Y, T — LR ST C+11 B S AL A S R AR 2 B IR AR . AR IRATR A
PieR%, WA XFFARRE], LR 7-36 Prn.

KEBiH R 7-36

int d = 0;

class healthyFunctor|
public:
healthyFunctor{int d): data(d){}

void operator () () const {}

private:
int data;

}i

int TryCapture() {
healthyFunctor hf (d) ;

}

// BFET :g++ -std=c++11 -c 7-3-20.cpp

FEACTS IS 8L 7-36 P AY healthyFunctor ] TR E B AR, 35—eHb i, 05 eRE0T LLIgEE
LA S A R BV B Bl A G  a5fE . X R 05 sR B4 BA T B E L A5 1E .

SR, lambda BREBIITHOHR), SIRENMBES, MMM, A lambda i H]
P, S T R A B A B9, AR AR TR Y R S ] R B R R
Bl MAEHZRNELEZE L, lambda HE RS, LURRBHHLE, NITESR
HEAAREZE, ROEETEMEE (TORE) &R (HRE) HRRExE,

fay B 5 —F . {8 lambda ARER0 oR B Z0E 2 IR — 2 S
QSRR F —~ R R b 6 a2 4 .



256 %73

Qix SR EE T EWAE N SR,

A, ETREAENME AT RENTE, BT (=), (&) XESESE R K
[T . AHRHE, T2 A0 LA e B W T R, 3t 2 — 2 R AR Bl

[) B

B, BRIEE—T =], BRERINZATRLH, A MHEZERTE lambda A —IF 46
AP, HENMERATHESR, IWNATEBRFREEZN, £F —SMEENAE,
X BR R S R T UG — AR, AR RS KRR T Ay, ATRIRASIH
feid it e B S

HWK, RIOTHEEF—T [&]. WRNTZATRBTH), @5 I %8 A% F 25
FICVERIE P, [RIEERY, ACVE BT X 23 2 p) R AE L 215 % 3] lambda e ¥, Hil,
RIBIVNEFERTLERE, F HATT SR R AT MT#RE, FAT0 & H AL
Je lambda sR¥LAI X R, FtL &4 —EHR

WO, £ =], [&] XEBAHRETIROE, RITFEEREHME. 51FE
FS ] JC R SE . 4R %1 % J2 lambda B Arth BRI A S ILEE M F, BIF R AGE—E
T,

7.4 EENE

AEEEWB TINTCHNPESHHPERRE AR LHED SN . nullptr,
=default/=deleted L1 2 lambda pR%% .

- nullptr XA FFFEEERAFIRE R, CH11 bRfEE T 5] AGH 28 nullptr HEER
T E O U, [ AUCAE R R AR ME T . nullptr AT L2 4 b 5 B R 45 Fh 4
., XS nullpte fEFIHIEE, 170 nullptr A BRI BRI EFSMAUITT IR AOSFME, W EE
nullptr A H ALt BF G R E 024 LT NULL 94757 5% nullptr 5577 LAZE
C++11 HiFds A SCFF F RGN, B AR RIS,

i default/deleted pPRBUNIXETE C++ BRE RBOR B AR LABRF R E LS 5. it
BB AR, FRATATLAGIE B 2 SCERFF S POD WE X, Tt B B B iR d, TR
i17T LAZE 1k class B {38 A& 0 LA R 0 A9 eR 8. Aot B 2 C++ BRIA IRt A B 25 o 305,
C++11 tRMESS T T B B UMERE 20681, toinAd: fll— 2 3FJEBRIA SR (A4 ol B it ke
FEN, A S ARLE MR RRIFER, BF 5B E 0T LU o M BR — b R 3Ok 52 L4
R, EXREMTEN T, BFERALRERNRE E 0 LN
FAHBIRAES H R i 24 HL& BT i A4 1

ML TZ EPIAHFEPE, lambda X F C++ BFAIHS A E KM s .
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BAE C++98 iR, FIF R SE MR P E STL 84F, MAERE. M STL sk
(algorithm ) FYFH AR XT 4840, ok — 5 I [ SR 2 ol T2 ST MEREBER . MR A IR AT L= T
SRR AR, AN — 7 B AR R T STL MRk K ZHUR KB T 261008 . 17 SR¥us s
R BMSE R . JUHEX TR %, AP B R sR BT B R RN A REBEE AT . T
F1 STL A4 B9 % Fh 2 RE A 05 R B S B O Uil T2 BR, 48 STL RAFEIHH R
T REEMRT TS SZ R

lambda i+ H R A EEH 2 — R E 0 ERA M, R lambda 1915 % F Rk
g “HAEK Cr” 1, B—-BRETZE, BFRRAAEMESLER— N RRE . K
B . PR AR R BOE Lo B4R lambda T LB BRI ARE 2 — — X 107 41 52 B Bl 4 R BOR S 3,
{H B fi% lambda 4R HAF SR ECE INZE 5. BIE 3 2= 3 5ot 0 R B A0 B2 5 A W7 LA A 4 2
lambda, X#—3¥, lambda B9 H IR S B STL iit. AT FMA, AHBELREY
Rl T L BT R T EMERME STL (94 FEES 8, HIEE2 STL MadhE,

ok, lambda 1 24 J5) ¥ o B L 26679 A RE M TR & N . @i lambda BRI, B R
AT LU AL M 7E RN T AAURS, MER RCEHEN, 30 b, W& Bt — i i # ag K
M, TEIBR, C++ R P BT E A ARSI R 8, 177 lambda JR) 35 e 30 2
ey sk T EHE RS TP A AT B, MR, lambda pRECHY HBEL T B T R BAY 1 HI Bl AE
C-+H11 PR AN S, ARG C++ HER& T EZHTRE.

EA_E Rl alif 2 C++ BN MR, H—EARMBEM, AL T CH11 4, lambda
ERATE R THFREE.



8=
AU ASEFRA A

XF CH X FERNEF UL, BRT RAWE. @ SRS, 75— 2830 Fr i A O i A2
FAEZME, g Ay, WRIEKERZKEF AESRRN, 57X R
EE, 7EC++11 -, RAVEBNEFIRHEL T HAT Unicode il T Z W AR SR, LAYISCH
ARFEF RS . Mo, LIEI7E C++ REHH BT ATRNRIFHT R, BITHEHH
C++11 WHR A B . A THRMER TRy, XSSt M M. Arh, EHATUT
fiff C++11 FE 02877 TS 89 %5 S5 T A 2 it

8.1 XFZH
& %5 24y A

8.1.1 ¥IEXFF

e T g A 28R T E X FF2Z 00, AT LA [F B — T TENSS MR A K /haX 4~ C/C+H iy
SHER . HARKEHRNBIHE 8-1 FrasX -+

L% 5 8-1

#include <iostreams
using namespace std;

struct HowManyBytes |
char aj;
int b;

}i

int main(} {
cout << "gsizeof {char): " << sizeof (char) << endl;
cout << "sizeof(int): " =< sizeof(int) << endl;
cout << "sizeof (HowManyBytes): " << sizeof (HowManyBytes) << endl;

cout << endl;

cout << "offset of char a: " << offsetof (HowManyBytes, a) << endl;
cout << "offset of int b: " << offsetof (HowManyBytes, b) << endl;
return 0;
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}

// BiFET .g++ -std=c++11 8-1-1.cpp

TEACES 2 8-1 v, 4531k HowManyBytes H1—-1~ char 58U 5 a Br—1~ int ZERIAL R b
IR HRIFEITRISH A 8-1 PRl ¥, RINELRIFS ESBAWTER:
sizeof (char): 1

sizeof (int): 4
sizeof (HowManyBytes): 8

offset of char a: 0
offset of int b: 4

WTLIES, ERMGELEILLE, a#b MBS 1 F R4 579, A
FHAEH sizeof K1t H HowManyBytes iX 45 HI (KB &5 Rl N AF = Wl t, FBIHAE N 8 F
o Hp P2k T 3 FHRAEHNZME,

WX AR F R FRIEXNFERSEW, #@EWNRT, C/CH g5lkrhp ¥ &
AH—ERIXFER, FEXMHFH, nTLLEN offsetof 578 AL F 4R £ (9 7 =k 46 58 B4 14
XF AR XHE, Wb MR 47, ML a LEHT 1 FHAESE, XEERE Db
HARESR T a HEF . B L, ERIIMVFEEX L, C/C+ 1Y int ZERIBHE E R FF] 4 F
T, BPESR int ZERIEHR U AULAE— 1 BEE PR 4 A9sbhE | 5 10 char BoRATFFE] 1 F 1. X
BER T A a ZEH 3 FYEEEE N, B RINBARE M FmmdEm e NFEEZ R
¥4E ( padding data ),

fE C++ 1, BRI BHEER B KAEFREZSN, #bf T “ghaa” mvE, st
T M TEASRESE HELRY, BFEETMRErX 70 X570l H E—
AR, ERRER AR RAFRE A R R B AR FEIXEL, FRATIfR] R
HAFR AX Fr{H

S FHBAEEES oA FAE R, b an s S a0 i 8 tn SR S AL IR 2% ) B R B A
AN, AT RERE B, MR A A B AR B AR, R A Y
JB BN IR, BB, W7ZEA TG b, B R R R AN S 0 S Y B R R
15, XABHEEASHE 2% (U bus error) SR LY. MENEEA, f£—8FE |,
Az BB 3 5 B0 BOE 2 75 RSB IR BOCRIT T . BEt, 7RI, SESdE 5 RRIF
TE AR S B 1 — A 3 A 2

BANEFTRITENAEmMS, BF A AESEERSHEHEFERAEND,. HiEE
B TIREZE AR HEAN, URREBESAGAERA (HR) BHME X EORFE,
HE RN E XAEAR BTG FSAARNKE, UEARMMFER., BRESZRITEN
W ETER R F —#tfl4#E 019 ( Application Binary Interface, ABI) M EEIFEFE ¥
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WA . BEEXF A RAMMXER, HEXNEFER FEERENRAFOHEL, £ CH
iEE, RAOTATLUE sizeof ZEMBERICHE, H C++ it F HI BA XM XA K& el #
B HEATARELL, T F A U Aif A R, BBEE SR, SRS T 23S IE
Xt A, X e AR R, JERATEH — T U 8-2 Frmaix 1~

a0 e 8-2

#include <iostream>
using namespace std;

// HEXM coloxrVector, 4 32 F 1SR
struct ColorVector {

double r;

double g;

double b;

double a;

int main() {
/7 #EH c++11 Y alignof ¥ B il ColorVector MXTFHE,

cout <<« "alignof (ColorVector): " << alignof (ColorVector) << endl;
return 1;

}

// HRiFIE :clang++ -std=c++11 B-1-2.cpp

TEACHS I 20 8-2 T n 9Bl Frh, ATEH 7 C++11 #5METE LAY alignof pR ¥k 2 F BiE
B F L. miFEITCEES 8-2, FAT0TLIF Bl ColorVector TE LML I KR X FFF 8
FAEHhE A R

alignof (ColorVector): 8

X 5,ATi%it ColorVector B R EZEARAY . MAEMTBEILEY SHXFFE 545, m
ColorVector 1IE4f /2 4 £ 8 FU AR S BEHE, BAE IMGE N EEHEREN W REIE., X
—3¥, A THESE A HLIES ColorVector K/NAEE, TR TR EFGEH HXT FF7E 32 =45 A bk
ST 1

FEACHD 35 88 8-3 Fr /s A B 7 b, FRATTHI A C++11 37 48 {3t 4945 1 77 alignas 3 & 1 i% &
ColorVector (%175 5=k,

fLAgiN & 8-3

#include <iostreams
using namespace std;

// BENXH Colorvector, MM#FE 32 FiHHAR

struct alignas(32) ColorVector |
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double r;
double
double
double a;

I;

o wQ

int main(} {
// R c++11 #PHY alignof ¥ #&if] Colorvector BIRFFH R

cout << "alignof (ColorVector): " << alignof (ColorVector) << endl;
return 1;

}

."‘F; HRIEEM :g++ -std=c++11 B8-1-3.cpp

G iz fTIURDIE B 8-3 Fn i Ues, RATSMEWMTFER.
alignof (ColorVector) : 32

IEANFRATIZEACRD T 5 8-3 TR BIAY, 485 2 ColorVector Xt 37 F| 32 7145 A bt i1 57
., RTEAW alignas(32) BIT], #FRILNTSTEMIHE CH11 R0 FFHI SR

8.1.2 C++11 B alignof #1 alignas

mEFATE L —TPFEBNE, C++11 EFIREF DT IFF, FESIAPPLEHT .
PEAEST alignof. XTFF#ARFT ( alignment-specifier ) alignas.

FRAEFT alignof AFRIEBFR/R — - e M H 8 RIS E N E X R FH R, &K
{HR—1 stdusize t ZERURYB R F B QN6 sizeof FEVERF—HE, alignof IKEWHLE—1T5F
BHCAME. RATATLIEE N R 8-4 Frapfl+.

fLagiN 2 84

#include <iostreams
using namespace std;

class InComplete;
struct Completed{};

int main(){
int a;
long long b;
auto & ¢ = b;
char d[1024];

/1 AP BERRTEERMH alignof
cout << alignof(int) << endl /4
<< alignof (Completed) << endl; // 1
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// AR, SUHSEEHMEN alignof

cout << alignof(a) << endl ff 4
<< alignof (b) << endl /8
<< alignof (e¢) << endl // 8. 5 bl
<< alignof (d) << endl; /11, SuEERAIR

/] Ak ai%, Incomplete HRIASEE

// cout << alignof (Incomplete) << endl;

}

/! SRiFHEN :g++ -std=c++11l B-1-4.cpp

{#i FH alignof R fEj 88, A WA 2FEHIAMRHE . AIFESTTE 8-4 h, HHFE XA
SCHE Y class InComplete 20 i 43 A9 . HAAY AL W AR K 2 BB L a9HEF . 5l
H ¢ 5HSIHASIE b X EAFE, MM FEBHTRERRE.

AR FF/ A FIAST alignas, F3L |, alignas BEn] LIHEZ R FE AKX, thnl LIS
RV ASE, e

alignas (double) char c;

WRESIEMIMERT . HAEHZOR IR

alignas (alignof (double)) char c;

E—

R AECHIAFAZN, AMNLTAEA— LB FEOT RABENFFX, i
GNU # X8 _ attribute  ((__aligned  (8))) 3t 2 — A/ iZk4d T oMk,

ATEME R R FEAXAER alignas BIRIERFIBHR, HEERUHURLL 2 (9 A R BRI A
AR FEE. XFEEEA, BATPRHMFFERBE ; WS E/, HXFERRsK, hT
2 BRI A, HESE TR 7R X 5 BOR B0 57 O 2L B R RE A 2 EOR KA X FR{ELAY .

fECH1 IpEF M E T —1 “BEAXFE" ( fundamental alignment ), — B 1H % T H
(A% 5 TV & F SRR K KR EIR A FE (5% 2 long double ). FRAIT#T LA
alignof(std::max_align_t) 3 £ #) LA, 1 1% 3 A1 76 18 89 75 22 8-3 H 5L & ColorVector X 7 {H
F) 32 FA7 (HAPRHEX T ) AIEEEFR Y BT FF (extended alignment ). A BpEE{# ] 74
JEX S, thIFAE kI R AT LABE.C B8k, A TFREAFES, REES IR FEEESR
BRAY, B aRAN T i FEERAFE, WEHE CH FREZEFRARES (ill-
formed ), iX o] B2 FECAR MM 4G IER s F E1THMENR . B R NIZE L& FE X FFE ,
15 I ] i 23 F) — e R

W FRGRAT AT LAER P& R EEE . Bk, nTUEmAE R, KRB R %, mifig
( bit field ) LAKH register A EARYAE B AR LA, AT LLFEF CHH11 bR X6+, tn
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(LA P 8-5 TR .

fLaiF e 8-5

alignas (double) void £(); // ##i#: alignas A HEME{HeR ¥
alignas (double) unsigned char c[sizeof (double)]; // IE#i
extern unsigned char cl[sizeof (double)];

alignas (float)
extern unsigned char c(sizeof (double)]; // #HR: AEXMFHAHERE L

J/ HRiFHEM :clang++ B-1-5.cpp -c -std=c++11

X FCRSTE A 8-5 R B+, FrMESS T BIAER (INERFTR ). CH11 fRiERL
FA P A B A — A8 B A fd A RIRR B0 7 7 LU R A B Ah . Al C++11 A R A
B BR T AR RS FF 07 e 1k % iR AR A %k TERM TG ABES, clang++ % i 38X % B
SA R RS, TR TR ™R AER ¢ BEXF . EETUKKAC
RIGRIFERE, B — T a2 ML,

RATFRE BT, X607 IR T B A9 77 208k 35 B — 1~ [ 52 2 i {E R R/
FEE BT BRI B L R A A 2R, anfCAS s 5 8-6 B .

HiiHF®R8-6

#include <icstreams>
using namespace std;

struct alignas(alignof (double)*4) ColorVector |
double r;
double g;
double b;
double a;

}i

// TEE A RS S
template <typename T>
class FixedCapacityArray |
public:

void push back(T t) { /* £ data PhiA ¢ Tl «/]
V. S

/7 —Se A A e, LB R

/o

char alignas(T) data[1024] = {0};
//int length = 1024 / sizeof (T);

L

int main() {
FixedCapacityArrays=char> arrCh;
cout << "alignof (char): " << alignof (char) << endl;
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cout << "alignof (arrCh.data): " << alignof (arrCh.data) << endl;

FixedCapacityArray<ColorVector> arrCV;
cout << "alignof (ColorVector): " << alignof (ColorVector) << endl;
cout << "alignof (arrCV.data): " << alignof (arrCV.data) << endl;

return 1;

}

// BiFEW :clang++ 8-1-6.cpp -std=c++11

A9 8-6 Rl AU 8-3, 7EAWBIh, FixedCapacityArray [&Ef# FH 1024 451
ZE(|), Hil THBAFAE, rTLIEB b S fRRA ., XfE—3, RO LIZEHE M AFEER
BARTER T, #ub SRR (R e3E AE ) A mEH.

MBAVZATIRBNE—BE, R 7 A RO U5 I EE,  20 200 (8 75 B0 e B8 8 A 5 i A7 v
Fro X F arrCh, HTFHAPHITTEERE char B8, FFLIXF3 1 AT T, mixFRI1E X
[ arrCV, WZ#HFF A ColorVector BT B FF, HIXF3| 8 FWHANMFHR F. EXH
T, EBSCHEEMAHERE T X —5a]

char alignas(T) data[1024] = {0};

Z M]3/~ data[1024] iX -~ char JS BB BB BB T 907 3765,
SIFZEITEM TS, ATLATECRHL F8 3 a5

alignof (char): 1

alignof (arrCh.data): 1
alignof (ColorVector): 32
alignof (arrCV.data): 32

WSRFRAT LA alignas(T) X MEMWFF, VIBIFH 8-6 NisiITHRESTEAR, BEMTF.

alignef (char): 1

alignof (arrCh.data): 1
alignof (ColorVector): 32
alignof (arrCv.data): 1

ATLAF R, HTF char AN FHER 1, &5 data[1024] FH BT FF 1. XHE
AJE9’E FixedCapacityArray (9% ¥ 7 B 0349,

B b, FECHI11IRHET|A alignas BBUEFFZ A, 0REAY B2 A8 6912 B B0H 4 i AT BE
8 2 R 2 FFANETT S BN PERER & (BEERFEIR), XAFENRE ZHk TRANEL.
M1 A alignas RESE PR IXSEREHIPE A R ME, XATREHRRE C+H+ iRfEZ R SREARH “Haik”
AR HR B0 57 R R 22—

CHH11 X F 345789 LRI ABRT alignof #4ERF X alignas il ¥, 76 STL fErh, HHNET
std::align PREBOK S HUARE R 7E A% 57 75 2R B BER B 01 B . R B RN T
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void* align{ std::size t alignment, std::size t size, void*& ptr, std::size_t& space );

R BAE pr F8 AR/ K space Y AAE R HEAT X FF 0T SCAYIRIEE , Kf ptr FFIG Y size K/
A O 4 N alignment X 5T, FRATTAT LA B LW B 8-7 Firn BYX 1.

Rugi%s 8-7

#include <iostreams>
#include <memorys>
using namespace std;

struct ColorVector {
double r;
double g;
double b;
double a;

int main(} {
size_t const size = 100;
ColorVector * const vec = new ColorVector([size];

volid* p = vec;
size_t sz = size;

void* aligned = align(alignof (double) * 4, size, p, sz);
if (aligned != nullptr]
cout << alignof (p} << endl;

}

AR 05 3% B 8-7 22i80HF vec H 1Y N 25 4% alignof(double)*4 i X} FFE T FF ( AL ERS
ABHynHE, RO IFEEBEA T stdzalign X ErEetE, HIRCRIER 8-7 (UitE % ),

L, CH11 ATEPRMERE S HRAE T aligned storage & aligned union it FF R H. M
HEERIT

template< std::size_t Len, std::size_t Align = /*default-alignment*/ >
struct aligned_storage;

template< std::size_t Len, class... Types >

struct aligned union;

aligned_storage AYS — S HE T aligned storage B K/, & S HM) R H Xt Fr{E.
FoATAT LA A3 R 8-8 BT /s A B F LB E 10 A i .

Lg% R 8-8

#include <iocstream>
#include <type traitss>
using namespace std;
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/1 —RFEEA 4 BATER
struct IntAligned{
int a;
char b;

}i

// ] aligned storage f# H a7 8K W in™#%
typedef aligned_storagec<sizeof (IntAligned),alignocf(long double)>::type

StrictAligned;

int main() {
StrictAligned sa;
IntAligned* pia = new (&sa) IntAligned;

cout << alignof (IntAligned) << endl; J o4
cout << alignof (StrictAligned) << endl; [/ 16
cout << alignof(*pia) << endl; /4
cout << alignof(sa) << endl; /S 18
return 0;

}

// SIFEA :g++ -std=c++11 B-1-8.cpp

TEfCAD i B 8-8 1, FRAT1EH T —> placement new JH(#78 StrictAligned 776 T A<V iZ%
NP 4 F X 571 IntAligned X% . H 4R StrictAligned X% sa BN A5 IntAligned 2
RUSE £ pia BT 4E ) X R 52 AR, (GBS XFER TR, 174 T Lk *pia 5007 H% B2 RY T
FFER (B H 16). HikBREG IntAligned 3T R A3 FF 1 LA £ A&7, HELFRLE
HpEE HE R T T .

AR, —PRBAHAMARERIK, TRRTERF R L TEIOCRRE (BRI SR
BRI AR X B, (BAERRIIE b, USRI RA I AU, @54 T X5,
BFRAARAHCE —SHFORUEH AR/, B TIUHEERE, B9 R L4k, ¥
SR TRt AT fEA 8, XAEfUMYES FE—Fhpkil. QRS n AR AL B A9 FF 5
BA B E A FrERF RS A, RoTfEEm 7 B0 T8 RE (X5F
AR RS — BN R R, H R 2 ] BER (A1 ).

Bt 5 8 AT LR f#F alignas $RFF, (BAMRESTE 4 8-8 Y IntAligned 2 —MLIETR
KA struct F5B, ABAXS HAE A — alignas R PR — DAl TR . AR e, ¥
PRSI R T EILER, B KA IntAligned 75 Z7E X FERUAR 3 §F alignas A94R8 F 4t
B (A, BEERN CHEER C++11 B8 FIEL 0 ), R4 aligned_storage Wil /2
— AT, A2k aligned_storage BT LATE ™A= o 42 04 SE A0 3 Xof 55 7 A — 5 BOARAEE
XTEREX “HHhs” MAABAEH. P RAE L.

aligned_union Y HIEWEA SibHE, H A aligned union T KBRS, BF
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AT LR R E A Z MR RS aligned union %8 A FFE R SR B HKAPER EH
FERE B —

ALED, fEHH CH11 dadEh, MXFHARNLFFR2HEN, TERER (alignof)
i% 5 (alignas), iF & STL M of ¥ (std::align) 5K J& STL FE # #2 26 %! (aligned_storage,
aligned_union ), F&J¥ Gi#RAT LASRBIRG RE Y 7k . X A5 —LEAEpRUE B9 E R 57 7 2R MEE AL
B8—, HIEWERF RETBRYE FAER, 3355 1, BIFaaT B A 1R 2 6 HH 5K W)
B, P REHRIAEA R, ST RE KK

8.2 HARM
&= E5. oA

8.21 EE¥VRIEREM

i C++ i 5 ML MAIFSRMER, AMIHESEIAIFHERMNIES R AMET 2
RER, TRRIFSR HAHALAHTHERFRFEAHTER, BiTHT -RIIMEFTYT R
( language extension ) K¥ BifH:. XY BIEEHAFET CH/CHrdEF, A TREHA
BEMHP . fAoeHE, FArER ST ZHEENEST BRAAR S,

PP EE R 2 “EE" (attribute ), BHERIMEFT PALEMN R (HINK
¥ R, REF) M — S moh R RS, HADESCH IR E RAEE S R T E,
BRSNS A — R F B

ARG iFESA AR BERE, X T g+, BHR#E DT GNU #)CH5  attribute
AR, BFR A FRER A AN,

__attribute__ ((attribute-list))

BITT R b i R, R R R R BE —SeiAME B, DIME SR % 7T LLBEIT R R A A fik
Ak, BATAT LI U 4 8-9 AR fi+.

KAg%L 8-9
extern int area(int n) _ attribute__ ((const));
int main() |

int i;
int areas = 0;
for (i = 0; i = 10; i++) {

areas += area(3i) * 1i;

}
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// BB :g++ -c 8-2-1.cpp

X B const JRYESVRAIERS « A RBOE [M{E S A THIA, AU eRE5T %
5, PRBEIEMAIMER, 67 ZERMISR T, ST LI area sk BT L HLARHE,
area(3) B AFEIHH —K, FWiFZ)5 7T LK area(3) WA TRFF A9 F B L EHITH &
R, KSR TP AT TR RE.

EE ¥FELE, EGNUMC/CH # B P RMNTAAE RS RFIH _ attribute Htk,
¥ W #) 4o format, noreturn, const #= aligned ¥, B A4 L fo Rk F T A
GNU # {£ £ L 45 http://gce.gnu.org/onlinedocs/ .

Mi7E Windows &5 I, HA1&HBN 54 —FLHET  declspec.  declspec =¥ H T
FEEFFEERIMY REESCH Y . AP H R b e = 0 2r et | .

__declspec ( extended-decl-modifier )

BP AT S E WA IIRE. AR F AR AF, 76 CHH11 ZHi, MR TFEHBRTFRAATLMMR
declspec(align(x)) e Hl A B A F X, WCHSEH 8-10 iR,

H8iFE$ 8-10

__declspec(align(32)) struct Struct3z {
int i;
double d;

}:

FEACTD I B 8-10 b, Z5HIAK Struct32 BT FF | 32 FAAYHbAE A R, HR 4R sl 26 25 R
32 A X BR C++11 h alignas AYBCER R —FERY .

FE R, MERLE LTRSS declspec B, 4o noreturn, oninline, align, dllimport.
dllexport ¥, FAk4 S Ao M ik Tl A4 fA M 35 E69 243 ; hitp:/msdn.microsoft.com/
en-US/library/,

B b, Y RIEE RN MR, SCETEE S i RE. GNU MIfiE R AEES R
" ORI, BV T RATRERE RS P A X AFRRZE. FIFE, 28 C++11 PRMER L
R, wiinE AL ZHME, TR CH11ET HlE &P 7 R X 55k
At C+11 pyal FR BT R GNU MIBEREA —F, Z/0EWME N, HIEmE S,

8.22 C++11pERAEH
C++11 B A E B 7 A AP E SR,

[[ attribute-list ]]
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TR AT R . BERSHBRIE S R E ERXR TS, XA §HH A 26
SR 1 4 45 (]

kb, C++11 aE AR YERT LAE TR, bR, ZAFR, USRS, X T T
AYiE R YE, BEVT USSR R, T SERHNGRIRTZE. mx TEMTEAD
) AR, MRS TEiE AR R Ak o T H BETE L R R U o 7 B 22 S i)
P, 1R TS SC AR R i R AR AR A B K

RATATAE LB MR TE AR T eRE, BEnT .
[[ attrl 1] wvoid func [[ attr2 1] ();

XL, [[attr]]] B0 RBOE CZ R, M [[attr2]] MG FeRECAFRZ S, RIEE XL, [[attrl]]
1 [[attr2]] ¥0T AVEH T eA %K [func]. F— P REEHRH] T

[[ attrl ]] int array [[ attr2 ]] [10];

BRI — A TR, MR X, [[atrl]] 7 [[ate2]] B A7 LU F44 array. T i
AT R B 2«

[[ attrl ]] class C [[ attr2 11 { } [[ attr3 1] c1 [[ attr4 J], c2 [[ attr5 ]];

XA FR AR T 26 C RIS o1 #1c2., Aiap, —3F s MAFRMIRYE . %
M C++11 B95E X, [[attr]]] 1 [[attrd]] 2AEFH T cl, [[attr1]] 1 [[attrS]] SERT c2, [[attr2]]
WMBEAWZE, (MWEHTEC, i [[attr3]] BrfERT 6% 00 BR B ARS8l 6,

T i 42—~ switch-case MIH5% i)+ .

[[ attrl ]] Ll:

switch({value) {
[[ attr2 1] case 1: // do something...
[[ attr3 ]] case 2: // do something...
[[ attr4 ]] break;
[[ attr5 ]] default: // do something...

}

[[ attrs ]] goto L1;

X HE, [[attr]]] YER F4R% L1, [[attr2]] # [[attr3]] fEF T case 1 Fl case 2 #ik=,, [[attr4]]
YEH T break, [[attr5]]) 1EFH T default #iKzX, [[attr6]] YEF T goto 4], T MK for iEH]
XL

[[ attrl ]] for{ int i = 0; i < top; i++ ) {

// do something...

}

[[ attr2 1] return top;
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XH, [[attr]]] fEFF for #£iAK, [[attr2]) fEFT return, Fifl2&pREA SHAIN -

[[ attrl 1] int funec([[ attr2 ]] int i, [[ attr3 ]] int §)

{

// do something
[[ attrd ]] return i + J;

}

[[attr]]] ¥EH T oA %L func, [[attr2]] 1 [[attr3]] 2 HIER TEASE M), [[attrd]] fERT
return 1541] ,

HE L, 7EHRA CH11 b, REX TR A @EHBEME, 4312 [[ noreturn 1] 1
[[carries_dependency ]]. T#E C++11 frEZ R SWEPIERES, £ E TEM ([ final ]].
[[ override ]]. [[ restrict ]]. [[ hides ]]. [[ base check ]] ZF#EH/MtE. A, IREER S
Hi@sl 17U e, JRBEREEA LU F LS

Qfinal . override. restrict & C++ ifi 5§ g E 270018 5 7k i FUR M B,
e m A, Hiite) B EER N T # B4R W i b S A (SRS A R el
BhSRiFas Eir R ALACHS, Pk, E AT R B e CE T L

Qe X AE HR N ZOE P BSHRY . — B HUE X Tl Z a0l HRE, 58 Ccr Y
ARl B R PE AR 55

QCHEERFEHBEN.

BARBERKEMNBREREMZE T —LRE, EEDHERAN D 5RES AR
it 7 LA R R ER I

8.2.3 MEXRIBEAENM
I ESCHTR, C++11 B SR8 A IR #4824 [[ noreturn ]] 1 [[ carries_dependency ]] Fift.

[[ noreturn 1] B FHRAA R B R B . X BABTER, Aok E A R BHEA
(void ) PRELAIX H. AR P{EM void RBERHTRE, MAHESEENITREBUE R
i mASREGREEEEAERE, FERBALSEEHIT.

[[noreturn]] B H T AR iR AR £ AN 208 45 1 LA [l 5 D i FH e 250y R s, SRV 74 -
AN FBRFENREK. A XRBERENNER. AREEOERS. xR
P, FF A G AT L4 4 3 2 R R 2 A B 44 T P R B, X RE TR B AR B
WA R R, [RING SRR T LAMBOE Z 098 BB IR . Sl S R A R — e
HE FERR SRR AL T4

FRATRT LA BS54 8-11 Fras By X Mol + .
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K% £ 8-11

void DoSomethingl () ;
void DoSomething2 () ;

[[ noreturn ]] void ThrowAway() {
throw "expection"; // #E#lifiBtH B R ¥ M
}

void Fune(){

DoSomethingl () ;

ThrowAway () ;

DoSomething2 () ; // HEREAAEA
}

// BRIFIET :clang++ -std=c++11 -c B-2-3.cpp

EACHS % 9 8-11 ', 1 T ThrowAway #ll ) T 5 %, DoSomething2 7K i A 2 8 #4417
iX A~ B 5 K ThrowAway #5 ic A noreturn B91%, %1% 2§ < A B & ThrowAway 2 J5 4= il i R
DoSomething2 M)fCH%. 4R, 4iFaF v LLiE#E N Func iR % i) DoSomething2 fiff iH — L&
TS U AEF X A A REER.

AR (61 RO T AT SR S B RO, AT T AR AT L R RV A SR, ok
A TR A PR AL . FE B, 7E CH+11 BIARMERE T, RATERER B 4n .

[ [noreturn]] veid abort (void) noexcept;

XA PREAT A . X B A B AR IR ULAY abort PREX. abort B RESSHBIFETHELE, B
%% [ ah 7 & AT R BLL BARZTE atexit() BF TR R A A B#ERH T Wik
FIHAA [[noreturn]] 245 Fl F4iEaHAEILAY

AL BRI G 2 R %/ O ER] ([ noreturn 1], /R BEAS X T B 44 1R [F1{E AY oR B fd
[[noreturn]]. fUHSTH 5 8-12 Fn (92— E51R(E F [[ noreturn ]) B9 1,

% $ 8-12

#include <iostream>
using namespace std;

[[ moreturn ]] void Func(int i) {
/7 MBI MEM o i, BRETT AT
if (i < 0)
throw "negative";
else if (i > 0)
throw "positive";

}

int main() {
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Func (0) ;
cout << "Returned" << endl; // FEiEHMITIES

return 1;

}

// BRIFIEM :clang++ -std=c++11 B-2-4.cpp

AT 8 8-12 BT, Func MG BFTENIER)AKIEA S BAT, B~ Func #7780 A
[[ noreturn ]]. At TRREBVEEMZ, Sid T i== 08 #R&%, HIETE i ==08f, Funciz
et ik 4R Bl main ). ERMALRVLLE, $FsiTzplFafEaiTai ks “Bi
7. MR, BAEAFSRER A B SR IERFEMESITE RN AR A FAR . A e
Heik, G EEHAER ([ noreturn ]].

5391~ FIJR ¥ [[ carries_dependency 1] WIBRIFF7 1L FE4FRRALA K. FIF L,
[[carries_dependency]] T2 &N T dkss NFE BRI & | {# A memory_order_consume P4 4£ Ml
B )L,

WA 6 Z R PFF|AY, memory order consume f) 3= EVE ] AR UE X 24 Al IR 1 2 B8
#EREBIREE T A Z R X TZIEFERABRETR, HEAEmR LR FRIEAMRF.
FRUEX R “TEAE” LR, SRS EREE memory model FEE(E 7E IR T4
[ — R KEIE R, IR TES BN T & E A mEie . AMaHErXER
W2 M T RBM A MR, T m L.

atomic<int*> a;

int* p = {(int *)a.load(memory_order_consume) ;
func (p) ;

L EMAREE, SRiFESAESIFEN Al B IF A HIH func PREM ELRSEEL, Hit, mMREERIE
aload e FAET KT a (802 p) MEMELR 4, WiIFEFHET ST func BRECZ ATINA — KN LEH
B SR, 2R func AYSEPRRE .

void func(int * p) {

[/ ... Bi¥p2 &—1T atomic<int*> A9

p2.store(p, memory order release)

}

AR 2 % F func oR ¥k 5, H T p2.store {# A1 T memory order release i N 72 Wi 55, A I,
p2.store Xt p A S BEORUETEIET G T p MR Z G 8. XHE—FK, SRR/ func R
RIIA B NFFE SRR R S, BEm 7HERE. [RIREROTE I des A 18 sR IO [B] By Rt

1117 8% DR B 7 35 AE 42 ] [[carries_dependency]]. 2% IRt BERT LIAR N R B 2%, T
LIFRiR R AR FHE . YRR RS 8T, ERRBIBREME S BS8 AR, A
i A AFIES . T AR TR PR BB BHE R, & 2 SO i b 2 AR (B A% 53 4 pR %, [
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BRATESENTFIE . ERERRNTTLIEEUSER 8-13 FrnifiF.

fLagiH e 8-13

#include <iostream=
#include <atomics
using namespace std;

atomic<int*> pl;
atomic<int*s p2;
atomic<int*=> p3;
atomic<int*s> p4;

void func_inl{int* wval)
cout =< *val << endl;

}

void func_in2 (int* [[carries_dependency]] wval) {
p2.store(val, memory order release);
cout << *p2 << endl;

}

[[carries_dependencyl] int* funec_out() {
return (int *)p3.load(memory_order consume) ;

}

void Thread() {
int* p_ptrl = (int *)pl.load(memory order consume); /7 Ll
cout << *p ptrl << endl;// L2

funec_inl{p_ptrl); // L3
func_in2{(p_ptrl); [/ L4
int * p ptr2 = func_out(); // L5

p4.store(p_ptr2, memory order release); // L6
cout << *p ptr2 << endl;

}

// HiFEEIN cg++ -std=c++11 B-2-5.cpp -cC

FEACASE B 8-13 1, L1 4+, pl.load % | T memory order consume [ P§ #7 Wi &, A
WAL CT pl 803 p_ptrl BIEFH#4E, DAURALE LI A2ZJE. XK, L2 ¥ han%s
PRUEH AT U AILE L1 Z )5 (Gl 40 2% IE 80 8918 S HE P O 72 A ). W4 4RiF a7 b
L3 ff, B1F func_inl X F4RIFLEMH H WA A [[ carries_dependency 1] JE#E, 4280 Ay
RERHIOR<FEU T B, 7E func_inl WA R AR Z AT A ATEMARS . T 4RiF a8 74038 L4 )R,
B T pREY func_in2 {1 T [[ carries_dependency ], %28 Ml 2> {5 i ok #0938 2 IF o b Acb 388
WA, PEAS 874 a4 4. F92 | func_in2 F i iy T p2.store {li FH T IAEIIE
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memory_order release, P AE =R Ay, 12 4%iFaF4LH L5 A)Ff, HF func_out
{438 [P {E {6 H] T [[ carries dependency ]], #iif#s A2 7E1R [A] A 24 p3.load(memory_order
consume) 1 A W TEMHEE 454 R IEB A NGB . 7E Le 1770, {15 3| p4.store it H
T memory_order _release, [Hit func_out A =4 P FFHHES t B2 ) A .

Fg L, ARHRERS [[carries_dependency]] i B4 # S i 4% SCHRF, X — L85 N AR
Bk, MitartL ¥ 2o EME, EiH A EA R . Aid5 [[noreturn]]
FFE AL, [[carries_dependency]] R 2 Hf Bh 4 iF S dEAT U0/, XA & a8 FH R 4 3 i I
MiEEHEHNEERFNMAREARE, JFHRCOIFITEFAIITHERER, wTRIEEMEH

[[carries_dependency]].

8.3 Unicode X #F
& Z5. FFAEA

8.3.1 FHEH. HMiGF Unicode

{E T f#% Unicode Z i, AL — FitRILERGERBHFX. LILRTFMHE P HIME
AT, SRR PR, SE R CRTP AT, THEPLE R R R A [ AR S ok
fEANEAFR, B _#HER. MERAISCAFPENE NG, WEEET 21X
R REAE BHE KT, EiFFEIL, oY REERRAREFR. AT g6 A
B RFRFEEARAFRBGHHHEVEGER, BT ESE —NF RGBT E. TRE 20
g 60 AR, BUAEERIR AT IZ 89 ASCI FAFRSE HBL T .

fE ANSI WA i dnRE, A ASCH WFRFHEH T 7 4~ RS THR R, XEHREF A
AT LIARIR 128 AR F 4., I ELFR (LR —SEHFEH . AN S%) i
SASR, AUHETREVIESMFNE L, FEFHFEARMET (P) BREHRD LR,
128 AR TRt RRBIEFT MR BB HIANLT .

BT 20 tit42 90 448, 1SO 5 Unicode MI~4HAIE[E] KA T EEME — i R R B MBS
B RbRdE . AW ELT, IR R R RN FRNESRAITFHE. @
W, FRATFK ISO/Unicode FIT & X 74558 X Unicode, fE Unicode ', B MFMFHIE 12
{ii (Code point ), Unicode FAFHEEIE LT 1 114 112 X EERFAL, M 0 B 10FFFF
BT B RR T A R . AEABRARNE, BRFHEPHHEAHE—, HE
THAVAERIRE E R LW ARAA, WHE FHREZAN ASCII, KB/MEEE,
Bt EZ R E, BEERT, ROTEE—F AR R L F R0 T
fif. HEUH WAYZEET Unicode F1FHE M 459 /7 X4 UTF-8. UTF-16 & UTF-32 ( —R A HH
2 UTF-16 #l Unicode iR A —iR, 7ERESF PR RHREE ZFEEX S ),
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L UTF-8 R, HRAT 1~6 FH A KS&HE X4 Unicode, JE30GHFRA 1 71
s, H5 ASCIH 2HAER, M3k 3 FWitfTERaA . UTF-8 G TE AN L=
], B RS AT . # 8-1 PR st UTF-8 fY4ahs =,

F+8-1 UTF-8 MI&wEA

Unicode Ff 5[ ( +7<dtil ) UTF-8 #5730 ( it )
0000 0000—0000 007F OXXXXXXX
0000 0080—0000 07FF 110xxxxx 10xxxXxXXX
0000 0800—0000 FFFF 1110xxxx 10xxxxxx 10xxxxxx
0001 0000—0010 FFFF 11110xxx D0xooxxxx 10xxxexx 10000

FE FE&E, NiTE@AL% P, Windows A3 £ B T UTF-16 #) &4 5 5 X, M Mac
OS, Linux ¥ M £ 8 7 UTF-8 &7 X,

B T #F Unicode F#F#EM UTF-8, UTF-16 H4fB45, fEPIUEFHK, BiTAA 1
W B FAAE R RS A, GB2312. Bigs it H e A . (8 IZ mfh,

GB2312 ) M ST Unicode, F7F 20 tit40 80 4F4%, GB2312 & KA b 3¢ a9 [ F 7
WA . GB2312 FRAEWA 6763 MILFH 682 MEILFEIL 7Y, Wifedeid I, BxR
HATETEEN—FM&HIG TR, RH2 FHER—DPICFER. GB2312 75+ B AKRi# X
FophnsgE AT Z a9,

i BIGS W WF ¥ 30, fHFR KA. BIGS K LK i & 3 il FbriE,
e # T 13 060 4~ cE, HRAT 2 F WM kFAE ARG L, BIGS FEhEAW . &
W TS RX A EEZAER.

gR X TFAMMILZRD

WS EFIRAFHETENAMEL T LT, AT P LT %GR
%, MEF ZRBFBART AT, S5 R 760 7 Lo AR AN 2 —FF D,
W AER S NG LT, LRI W B &Y A A ) S Y F R AR BAX AIA
$07r X, UTF-8 ¥4 MEP2 A&, b2 a8, MAEHKHERPREMIFEHEEHE, A
e SR AR S L AR EIEAL, BARFTHALT, HHEL -,

AFE SRS T 2 THER A 36 AR BB R AR . WA, R —4 UTF-8 44
15 4 o 5 b ) FAF SR B GB2312 RS T B, sEa i BELRS. 1 BIGS fI GB2312 2 i)
A LA AE b SC KR E P A IR B8 . AiEBfAT Unicode ({# M A RE, LR K
R G RIS LR, BIFRLSLSAME k>, SBAYUEE, Unicode 7EH %
F&3, Unicode. GB2312 LA K BIGS % £ #p 4 i3 3L 77 AR B ] GEFE LAJE 8 A et 8] ) 3B 2
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2

8.3.2 C++11 #fj Unicode X

fECH%ﬁiFE“F'. HJ T 3 FF Unicode, X T “RFEMF" AN E LA wehar t. Aid
AAFEFE S A C++ brHEX wehar t A9 “SEEE” B KT EHEZ, £ Windows |, L
wchar t #SCBR 16 {98, WAE Linux b, WIEELHN 3261, FLE, CHI8 InMEE L,
wchar t (498 B2 4R iFAS SCEIOE Y . FIS b, wehar t IR EERT DI 8 i, 16 fU B H 32 fif.
XFEH R RN MER, BFAE M E wehar t FCHDEF AT,

X —AROTE C++11 PRI T —EHME, E/ C++11 BT Unicode 2RI ¥4 i) 47
[al, C++11 5| ALLT FFpE A N B EEE 2R S f i A R 451 BEAY Unicode ¥4 .

Qcharl6_t: ATF7E UTF-16 4ifS A9 Unicode $ii .
Qchar32 t: HTEME UTF-32 48534 Unicode ¥iE.

% T UTF-8 %% Unicode ¥4l , C++11 b2 fH F 8 F17 FEAEAY char 258 B Fe 777 .
ifi char16_t Al char32_t A9 BE W BE i Ho 42 BR By B/R AAREE, K EE4r510 16 =35 0 32 F45,
SHEAT] 4 if 2 B A R G AR — Y.

IS, CH11 b T — SR EFAT BRI EA N TR, Xpss
A UL RS i (8 AT B I BEATAR A A R . L b, C+H11 —3LE T 3 P RE A TR -

DUB ﬁﬁ:‘;j"} UTF-B gﬁﬂu
Qu F7n K UTF-16 b5,
QU #/~K UTF-32 45,

3 FHATSRA R T 3 PRI 8 Unicode %%, — BRI T X SLATE, ik ERB
O (oA ROA B 9 A 8 7 A7 . AL 3 RRRTZROIN b3 T 987 FF wehar_t BRI “L”, KA
ATl AT A, FOoRTE C++1l v, I T SR AORAE AR R R, H
T 4 AT FIKR

EEWOLT, &8 C/CH+ BN, ESERBTHFAE O FHAFER, WRFHEE
S ILEEGER . Hn e "b" XA S "ab" A B T AR R B, i — H Lk
R A 224~ 4 8 o T ik P 92— SR AT, R HPRTSR 00 745 BR 7 Tl B 20 8 S AT
PR FHERFIRYA. LA ua" "b" fl "a" u"b", HEER v ab" B5EL%R Y,
AR T S F HE ST UTF-16 4565 "ab" BIFRFER . A Bf A B & FATE 745 5
FHEBESEFY], PR LBRT UTF-8 FITEF 0 747 8 7 il i Rt A il 2 hgest, Hif
FRARFHEOAGEASTEMHAGR, URSHBAXRBRE, RhsFSTmasr
PRAEM o PR IR 223 B3Rk 533 P AS R RS LAY <7 25 8 - T Bt I K
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¥ F Unicode S FHMBE, C++11 PlHE T LR =, BEITEFRFS+H W'
1 4 4+ 7537 B BUARFS 5 Unicode i3 {2 ( UTF-16 ) #4512 —~> Unicode FFF. A "udF60'
FR ML Unicode I SCFAF “IR™, T "S97D' Ml JE Unicode 1Y “8F". MAF, ctliaf
LL3H 3 U S5 ER 8 A+ A HE R B 5 Y Unicode #3{ (UTF-32) MY A k455 Unicode [
Wht, FRF G 3RS Unicode M7 M 4RA%S A 1R 2, tLINFE Windows R4 T, FILAMER RS0
HAFRFRrE g 2, miEMgs b, ton] LURA 4R B4R 2 0 9 48 A 69 3C 3 Unicode HY7ELZR
W R 55 i 3

FAT0T LI F — T OIS 5 8-14 Py -+

KK E 8-14
#include <iostream>
using namespace std;
int main{(}{
char utfg8[] = us8"\udF&0\usS97D\usS54A";
charle t utflé[] = u'"hello";
char32_t utf32[] = U"hello equals \u4F60\u597D\usS54A";
cout =< utf@ =< endl;
cout << utfle << endl;
cout << utf32 << endl;
char32 t u2[] = u"hello”; // Error
char u3[] = U"hello"; // Brror
charlé_t u4 = uB"hello"; !/ Brror

}

// BRFEM :clang++ B-3-1.cpp -std=c++11

A G, RATHAE T 3 FAFEZEA A Unicode F 78 utf8, utfl6 Ml utf32, BT it
X BB Unicode Zaf%, LAY Unicode WA EFAHIE], EH RAIEICER T "w" SIS0 X
¥trg. WATTLIER], —BMHT Unicode FAFHRATE, X TFRAPAERIBMMET, 1L
BEMEA R ERIRY B . u2. w3, ud BERFE AERURVC D A BEIE i 415 .

IR AT RERUA B R E X, SiFIFEITIUASIE R 8-14, 7EFNIM SR AT LIS
LA i

PR

0x7£££a£087390

0x7£££af087340

Xf i F char utf8[] = u8"\u4F60\uS97DWSS4A" iX 4], 1% UTF-8 F4F M REAY o 302 “IR
GFW” , XFF utfl6 # outf32 A, RATASRBBE SN0 505 H “hello” B “hello equals
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G, AR ERATE A AR T BT X R AREYE?

L b, CH+11 BRTEIER & 2 E X Unicode # 47 T 32 FF, (HIEF Bl IJFARME—AY IR
EHE. HAEAACKH RS EHDIEMAY Unicode X7, 7 BN, HiFEdH, &
FERAMEEFEHN TR, ROTLIEHEEERN ., Rt S0 REE N #ED
Unicode A4 83 i H i 52 W

B 562 Unicode 1E 86 PE A BRI SCHFIERIE . LUFAF "wdFe0" R, HARIEAR 2
i ABUE %[5 F Unicode 1 H5 0 4F60 B F4F, M8 RAFBOIRACH SCF, B R A0 4%
I PR AR AS A 56 . WNEREEAF K T GB2312 HMRAAEEE, WIS S utfs 28 A9 AT
2 FHRFER R GB2312 4y 30 IR, M4 88K H I UTF-8 4af%, WIIR{CHS L
b i utf’ 2R AYAT 3 F I IRFRZ UTF-8 M 3CF “IR”7.

% — 2% W Unicode IE St A B 41T, C++11 F 9 uB HIT SR (R IE 4 7 2348 utfB 4%
7 A9 B DL UTF-8 MTE A=A 7E HARUIMEIEE b . A EF 4Rt ed acmit
SE, INEHRFRISTIRE T ERMEER, (HnSCHE R R GB2312 RS, HiFssthid® T
s GB2312, SEFHE BN UTF-8 ), W u8 A4 AEMEIE A T 4.

# =~ 2R Unicode IE R PE AT 2 R H o CH+ PBRTERT “<<” {RIEHE B L7
(char ), XUF (charl6_t), PU=F (char32 t) RIS BlG it &, HiEH & (HinfE
Linux T f# shell, =%/ Windows T[] console ) /& EHEW L FFiZ RIS RIAE B, WEHT
WA AR .

FATH LA ZE—E Linux #1285, X F Linux M5, AKZEEMED shell . 45828 vi, LU
B i a% g++ FHE 2R HE Linux R 4C locale 1% € 1fif 5% Hl UTF-8 4%, 7F LRSI 42 8-14 fF /%
B Frb, utf8 A RS H H EHE, 1 utfl6., utf32 R b ¥ e, R R b RS H AR
4+ UTF-16 f1 UTF-32 $i i .

EHANRBEARLFFT, WRERIEERF P EHESAPCRIEMOE L, i1
WREFAEMHS REFE TR AHE TR, LT Linux F ( FERZ Linux RERE
R A UTF-8 fE A RSP RI4RED ), uB BIZRAY UTF-8 4§h% Unicode 2158 Z M X
f¥. 1 Windows HFHFEH T UTF-16 195 XARF X FHb%, FHitk u #4880 UTF-16 48
Y Unicode Pl RE# L FF1G HEF, M AR B F RBERFRL T SiFMFE A X8 (XA
DL, tbinfE—2eAEF QT IDE MBS FEH A L, BIFASESEEEIEERAN), BFRA
MR S AT RES SRIFREEFHH TAEMEDE X, HFEHRE.

WAL PN T AR RA RS, ERFRHERR T LRSS FRgEZ S, XAT
charl6_t. char32_t LI & RATSE R . \w FH{EHSE, BEEHEF Unicode BT LU R iz
fETIE? iERATEEBICIGIE AL 8-15 FiRfy X H+ .,
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KEmiESR 8-15
#include <iostreams=
using namespace std;
int main() {
char utfs8[] = ud"\udF&s0\uS597D\uS54A";
charlé_t utfle[] = u"\udFE0\u597D\usS54A";
cout << sizeof (utf8) << endl; /S 105H
cout << gizeof (utfle) << endl; IS
cout << utfB[l] << endl; ff AR SR
cout << utfi6([1l] << endl; // $iH 22909 (0x597D)

}

// WK cg++ -std=c++118-3-2.cpp

XA B, RATE LF ARSI T Unicode FAFER A/, ATLIFR, UTF-8 H
TRATEKSRY, EXBEEDPCFHFRGEN 3FH, HME 0 FF B -/, B
LA utf8 AE B A9 K/ 10 F95 . T UTF-16 MR E K 4655, Fril utfle ST 8 F12s(a], i
FRAE B AE A ASCII 44 ) SEL S RS FH Unicode F4F, HeAn{d R % e ifsal i3, Fe4i]
B utf8 AU A IERA (X HEA utfl6 RIE#HA, RRTBITEEERHLH ). -,
FATH UTF-8 4t BB BAE T — > char 225 BT utf8[1] H 23K 6 T4 —4 UTF-8 ¥
fF3F 0 msE 0, FkE B AIER.

M FE K RIS A UTF-16, 8K 494 UTF-8 M IEHIE T X% £ 1 Unicode 5117,
1 5L A B A K8/ B [R) R (ifif A7 7 Y9 A9 UTF-16 45 LE 1 BE Fifh AR A ). A~
S AGE HHEBUEH A D[R] 2 UTF-8 MBS . Ah, C++11 24 char16_t il char32_t 23+ HIfiC
#& T uléstring & u32string FF PR3 R, HIWA ulstring ( I MBI ik, 2K UTF-8
B A RIRE S S string Bl S ). XFE—%, UTF-8 B9 FRF 5 A BEGE 9y (0 Mo 3
T . A4k, ZTRIHSM M STL Bk, stEMEYE T .

i 57 FH P S50 B b T A0 25 Fh L 2% (X451, WER R — D E 2028, i utf8 ¢ /Y
REAARAAE KB UTF-8 F4F, MAZRIIEXHE char B4k “fFik” UTF-8 F4F. X4
BRI, 0 uf3_t 258 C++ Wkmrhh T BBt BB K, BV ERERS
RAEARY, HETKKN, SCHARRGEHA—EA T LRSS (HitEE NI
T E R 24 E AR 0(1) ).

UTF-8 B K )& B B0 RN 7 EFFIL S E1Efgas ), E1K A UTF-16 4%k #
UTF-32 & SN b 0E. Bk, A C++ &b, BEMEHFFE V0O EER
AHEEA R UTF-8 4td, BIFESEFT VO #AERt A5 K Unicode %t #E4k >k UTF-8 [,
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17— EERAE IR 2 K B Unicode %ifi%, MOREXFMER T, SiSFeHank r 2mHs
Fi HA W] sk A D BE -

8.3.3 % F Unicode BIEXHF

CH++11 TEARHEE 18 T —4E Unicode 4S54 193 +F. BT charl6_t & char32_t L/
Cl1 M i a2/, FrLd C FER C++ FEHA — AR SEHL,

B ARRATAT AR —20 s A o i s . 76 C11 o, B85 51 n] LL(E P h ) — 2t
7 4 1) 44 T 48 R K 52 L& B Unicode 4afBiE] f9%4, sREAYRAINF .

size_t mbrtoclé(charlé_t * pclée, const char * s, size_t n, mbstate_t * ps);
size_t clértomb{char * s, charlé_t clé, mbstate _t * ps);
size_t mbrtoc32(char32_t * pc32, const char * s, size_t n, mbstate_t * ps);
size t c32rtomb(char * s, char32 t c32, mbstate t * ps);

RS, F5 mb & multi-byte (XBISEZFHFRR, FHSHR) NAEE, cl6
F1¢32 M| 7 charl6 Fl char32 U455, rt & convert ( ¥ ) 4GS .. 1S5 JLA bR 555 A
KFE/NR, BHRETEREFY F/HE . UTF-16 J UTF-32 Z[Ef)—2e4:4: . [T mbstate
t TR EFEE ST APREF BN, HAR S EXLENE, EFMXEEWERENNE
S, ACHDTH R 8-16 s i — 4] B i 4R iR 5] .

fEag e 8-16

#include <iostreams
#include <cuchars>
using namespace std;

int main() {
charle_t utfle[] = u"\u4Fe0\u597D\us54A";
char mbr [sizeof (utfl6)*2] = {0}; // EBRIEE buf fer XA KEE T
mbstate t s;

clertomb (mbr, utfle, &s);
cout << mbr << endl;

// BRFEW :g++ -std=c++11 -c B-3-3.cpp

] C11 i 5 sR BT 2 include 3k U <cuchar>. AL TEAFEIERBHE, A
PRSP AR AL B RBFR B 3k SO BB, FRLAMRHS Y 4 8-16 BRI fit 2%,

C++ M FAFF M TR MR e — 5, At C++ Ml TR S EERA
F C++ 9 locale HLHI A 35S, FHAL I, locale IS 7F POSIX F8EH, 7F C++ 1, HHH
LT, locale F#i i A & — S LA ZT R1E Y XS IE , R FEITHEE / XK ABFESRS . B

© ALEXHZICHME C++ (1Y locale HLH: hup://www.cantrip.org/locale.html .




BEA S FR A 281

HR. BMAS%, iR X HRM T IEIOMN UTF-8 4%, XHA) locale 8] LIFR A
en US.UTF-8, Tfi#E [ F A b S0 R GB2312 CF 4RI AY locale AT LARER A4 zh_
CN.GB2312, %%, -

SEHEGE T — X B locale, EAl AR A HLIXHFAE, WFFT5 R locale #Y—~ facet.
facet 1] L fa] 25 T /% A locale A9 —2b3 11, Ho Xt T Br 45 A locale #f< 4 num_put/num_
get BUHRE, P4 X se ¥ fER R4 XX locale BUEAFHAYEE T, BIIX locale 1if 5% T B {H ALY
facet, 7E C++ H1% ULAY facet B2 num_get/num_put, money get/money put %4F, A —Fp
2 codecvt.

codecvt MY | i R— AR, MIhBE LPE, 22— FhRESESE B 41 locale T £
S 775 &5 Bl L Fp Unicode F AT mtift#e ( HLf24F Unicode A7 4u 5 (8] ) 5 ¥ ) 1Y facet,
X HE M EFEFEMRALA LR UTF-8, o] RUZE GB2312 s HAth, HLFRKHE T locale
BRI RS . 76 C++ brfirb, M@ LA SCH 4 X FERY codecvt facet ©,

std: :codecvt<char, char, std::mbstate_t> [/ HETYNYE char Z[H]#F %R
std: :codecvt<charlé_t, char, std::mbstate_t> // SERE UTF-16 5 UTF-8 [A]A9FE#E
std: :codecvt<char32_t, char, std::mbstate_t> // €W, UTF-32 5 UTF-8 [E] ¥k
std: :codecvtewchar t, char, std::mbstate_t> [/ FEMEFYYS wehar_t Z [H] ¥R

P facet Ta T A MR RISEIE A LS, HBEERRE, HITRFS ZFFHRT, —
Fh locale 3+ A — € L F5 T B codecvt W facet. FEFF 51 7 LLifiad has_facet A if]iZ locale £
AL R SIS, G R 8-17 B

a0 e 8-17

#include <iostream>
#include <locales
using namespace std;

int main(){
/f EX—I locale &M% locale EH 3 IF 2 facet
locale lc("en US.UTF-8");
bool can_cvt = has_facetecodecvt<wchar_t, char, mbstate_t=>(lc);
if (lcan_cvt)
cout << "Do not support char-wchar_ t facet!" << endl;

can_cvt = has_facet<codecvtecharlé_t, char, mbstate_ts>(lc);
if (l!ecan_cvt)
cout << "Do not support char-charlé facet!" << endl;

can_cvt = has_facet<codecvtechar32_t, char, mbstate_t>>(lc);
if (!can_cvt)
cout << "Do not support char-char32 facet!" << endl;

© %W hitp://en.cppreference.com/w/cpp/locale/codecvt.,
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can_cvt = has_facet<codecvt<char, char, mbstate_t>>(lc);

if (!can_cvt)
cout << "Do not support char-char facet!" << endl;

return 0;

}

// HREET :g++ -std=c++11 B8-3-4.cpp

G i FE ATV A 8-17, FERANIAVLRPLIANE K iR AR SCFF R OL T, WL BILLF
G

Do not support char-charlée facet!
Do not support char-char3i2 facet!

H FIREEEATH, M char 3 charl6 5 char32 ¥ #e P FP facet R %A ¥ X5 (SC0WLAH
A48 1R 2% 04 R 2 F7F ).

MAEREH facet b, P I A T2 8 A AE U o 4 B codecvt 3P %, HEINTE X C++11
i stream #E1T /O B, ATHTE BT HRAEE, STk stream H a7 — S4B
e, WA/ — FACFSHEH 8-18 Fraamfl 72,

fLriF$ 8-18

#include <iostreams
#include <fstreams
#include <string>
#include <locale=
#include <iomanip=>
using namespace std;

int mainf()

{
J/ UTF-8 FfFH , "\x7a‘\xc3\x9f\xe6\xb0\xbd\xf0\x9d\ x84 \x8b" ;

ofstream("text.txt") << u8"z\ud0df\uec34\U0O001d10b";

wifstream fin("text.txt");
// % locale ) facet - codecvt<wchar t, char, mbstate ts

// LA UTF-8 $4kh UTF-32
fin.imbue (locale ("en US.UTF-8"));

cout << "The UTF-8 file contains the following wide characters: \n";
for(wchar_t c; fin =»> c; )
cout << "U+" << hex << setw(d) << setfill('0') << € << '\n';

}

// HEETR :g++ -std=c++11 B8-3-5.cpp

S A FHIT hip://en.cppreference.com/w/cpp/locale/codecvt, {8 T HE I ffEn .
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1EALTL i o 8-18 b, FA1EFH T wifstream T JF— 1> UTF-8 4 b4 i) 3C o Bl J= % A
T X4 wifstream Y imbue PR%L, AHEE T —4H en_US.UTF-8 # locale, iX H—3 it
7 VO #AE B, 2l 52 UTF-8 3 UTF-32 4% % i i facet ( codecvt<wchar tychar,
mbstate_t>) H5E MG, iRz FT U o 8-18, IATHAT LUK B5E LY Unicode 7
ez =)0 e ol B

The UTF-8 file contains the following wide characters:

U+007a

U+00df

Usbc3d
U+1d10b

codecvt ¥ R4 — 2L JE U codecvt_utf8. codecvt utfl6. codecvt utf8 utfl6 %] LI T
TR ER e . XU ERE & C++11 & LAY wstirng_convert fi4ir, A LI T —2 AT
FAFER AR, fURDIE B 8-19 R — C++11 FRME P R, Atk FRAIHIFEEM K X
f, BT tE %,

Lg% % 8-19

#include <cvt/wstrings>
#include <codecvt>
#include <iostream>
using namespace std;

int main() {
wetring convert<ceodecvt utfB<wchar t=> myconv;
string mbstring = myconv.to bytes (L"Hello\n");
cout << mbstring;

}

% T to_bytes #F, wstring_convert i 3 #{# H] from_bytes 3 58 Bl ] () SR %55 e, B &
% F wstring_convert, locale. codecvt BJIN%F, EH [ LIS H —SAEL R, X B ABEHF
ik .

WA, BH— GMERER, 7 C+98 e E X wehar_t KRIAI i, BN T BT #Y
fstream S %Y, Il wifstream & wofstream 3. A if C++11 #rHE I 8 F 4 charlé_t K char32 t
B4 fstream X R . KT, BRATEIRBEA UTF-8 #1EREA 2Pl HrEZRSER
F7E Unicode 7€ ¥ 5L AT R/ UTF-16 B0& & UTF-32 #Y (S EIAGTIR SR ). FTLAM L
Frif o i %, 2% B AT LLF| AR [E A9 codecvt [ facet 4% UTF-8 RS EfEM FHF 5 AR M
Unicode #EAT4HHe, MR EHEAH UTF-16 1 UTF-32 S0 A RAAAAE 2130, BTk, tuik
WAE C++11 FrifErP RO L RFZ DI ABAY ulbifstream . u32ofstream 5.

AL b, R4 C++11 X Unicode i 7 E £ A9 £ F¥, Unicode F4F & B9 FH OISR LL ASCII
FREZ., MIRAIFRE, BFEEHITER Vo #Er, ST UTF-8 BRNFEYS. BIF
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By 40 SR A BT P A7 PR E UTF-8 RIS FAF, B A X UTF-8 ¥4 #3 Y string JEfT s By . ¥
A WHEE . BRSSO, A PREATTR, RIT AL AT SR =T

PEBSCHF

8.4 FREFHRFHE

¥ : FFEA

JFAEFAF R B (raw string literal ) I AR —THBEABLE, EFESHBEES D, K
TR AT LA BT A FAF R F R A S5 AT BRER P BENTFRFS B LRRE”,
AHEFEM ., o' FEGITFAORE R T B PR, SO0 R TE S A ) AR R
AR E .

M REX N, fE C++11 F, BTHIATIRAFFRFEmMEMN ZR/F., C++11 PREF
R SHMEYNEYE, BF A ATEEFFHmARSE, BFEER, FESISHHMEH
S APRR, AT LA B A 8 RO A A T R T ey, i
B 8-20 AR

L% &8 8-20

#include <iostream=
using namespace std;

int main() {
cout =< R" (hello,\n
world] " << endl;
return 0;

S/ BIFIET . g+ B-1-2.0pp -std=c++11

U 5 8-20 MO AN R, ATLAFR B \n' A BB 01T .

helle, \n
world

MfiX}F Unicode A FFF &, hnl UM AHFE A8, A8 UTF-8, UTF-16, UTF-32 fY
JEA R, KHATSS 5% 5 u8R, uR, URGEATAT . At — S dr s,
AT EAFRFBNW, BXFRAREHT, X248 H wl#F \U MRS Unicode
FRAREF BV ok —E W, T RRE S8 8-21 ARl 1.

fCagi% R 8-21

#include <iostream>
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using namespace std;

int main () {

cout

cout
cout
cout
cout

<< ‘uBR" (\ud4F&0,\n
“\u597D) " << endl;

<< uBR"( fRIF )" << endl;

<< sizeof (uBR" (hello)") << "A\t" << uBR"(hello)" =< endl;
<< sizeof (uR" (hella)") << "\t" << uR" (hello)" << endl;
<< sizeof (UR" (hello)") <= "\t" << UR"(hello)" =< endl;

return 0;

}

J/ WRiEEI :g++ -std=c++11 8-4-2.cpp

SR TTACASHT R 8-21, WL BILI TSR

ZWud4F60, \n
\us597D

ik

6 hello

12 0x400beé

24 0x400bf4

A LAFE ], MEF R E A ok B 5 O Unicode BYIHR, JRAE FFFH SR FFR
RS MNFEE, FrLAXFEM SRR B L L, W B UA 4 3% A b T
£, B ] ATESC LAY EREE B 7E S A R 77 UTF-8 B F4AF (A 0448 8% 4% 8 UTF-8
HOSIRAF T30 ). BIF R NZ & P a8 48 0 9 4855 %1 Unicode MIBEM, TN 7EZ )5 1 H)
sizeof EHAT, RINEH T ARRG T RAEFHRFERNOK/D, REEWARLEHETS

_'ﬁﬂ{ilu
Weoh, FA FAF R E R AR C AT R i B — PR M GERE L], RATTT LUHE B
il 8-22 Byl + .
LA R 8-22
#include <iostream:
using namespace std;
int main() { _
char u8string(] = usR"({fif )" " = hello";
cout << u8string << endl; /7 W R = hello®
cout =< gizeof (uSstring) << endl; // 18

return 0;

}

// SIEEW :g++ -std=c++11 8-4-3.cpp
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Al LAFF], fCHSE 8 8-22 v JF A A B i B A E A A R A R S R AR A
BEERE., BOFREA 203 FHHPCFER, LA 8 A ASCHL F#F, b ash4: i
\0, FRPMESKEN 15FY., SERAFHRFmE—F, EEAFENEN (HE) 507
FRATREPECR T HAES Y AR Y 51 AR 0208k S X R FH 247 8

8.5 ZFE/NG

AFPIA] T T Crr11 SCRFAY 4 FOBTRRPE « Xt57 750, AR . Unicode, LARJR
HFA BT .

X RAREF RO E RO, Al cr 1 wEIFAREEANERT, #
PR P ERENFBRAEERLAT LR, £—-2ERT, HPBRARBRESREHTEE
XX, RERESFEEERMLANAT, B HFSE alignas 2 )5 6% 7 S 8030 ol LLRIER
PRI R HERE R AT, LA —FhaFaEFE . 1M C++11 XX 75 7 20 i 3 R IR 300 )
FE, BALHIER THEFE, oTLABRMH Y E&R.

1T 168 P TSR SC B e dh . — A AR, o 2GR FH G P R e 1 A R O
FRLH—LIFIE, NERFRGREE . S ASHTA RN R XRT, @R
(UCHEARRER XE S, P EREES . ReRRS. WHEMHREX, EHR
MR A RN E XK TRAECAH WP BUE SGEH B . %Rk A AR EilEZ R4
FEXH B ATV Ry, AT A 2] FCRE it R 4 8 )

C++11 L1458 1 X} Unicode M HF. %t LLAG BEH A BABAAY wehar t, Wb T charlé t
K char32 t BiFh I B2, BRI K SIS UTF-8 i FAOAR M, LU E KA UTF-16 1
UTF-32 TEAE B & — st Hofth i Y55 3, C++11 7EE 2 38 X Unicode 25 U %4 36 7 i (4 3%
f§. AT Unicode MERFEREES TMRE, rIBHEMEEENETRE, TEEFESN
RS, WA, CH+1 B T IRAFRABRFEA ., X 7E A8 & A S &
A LR, CHH 11 IS AR, B TR F A C++ PR S 2 T Ffdi A .



M=k A
C++11 NEAMNRENRFEZSINE

TE Bt & 4y, AT S TEM R G111 B A A M (incompatibility ), B 3 B9 5§ 1%
( deprecated feature ), LA M % 8% ZF R ( compiler support status ), 28X 26 4 2848 B 5
2 ~ 8FM B AREEE, AdHEWEAREMEHE. ROTEDGEE o] LUHLEE Hb (%]
BE— A O Y A . IXREAE I B — S SR AR AR ()R i s, 1 SR T RE PR AR AL A 2R . XL
THRBNE EATREfAELE - ER, A, ROTERAE TXFERTEE, DIOIEMN 3
f A B AR Y SE R -

B 2 A< B S EE YRR A9 02 CH+11 B — SRR M. BAR C+11 fE b C/IC+H+ 1Y “WifE s
&7, A C/C++98/03 {fE| T e Kz, Aid B EFEAAREERRAFER, FAIT LIS
S e C++11 5 C+H03, C++ 5 1SOC, IR HE C++11 5 C11 FedbiT T#t.

A1 C++11 1 C++03 A FERIM B
£B1 fEC+11F R, u8. u8R, u, uR, U, UR M LR ¥ M FH B, 41
EATREMHFEA RN, EMEEiTRER, ke e emeE. win.

#define u8 "AAAAA"
const char * s = uB"u-eight-string";

fE C++03 1 s AT H “AAAAAu-eight-string” ; 7F C++11 # s J&—~ UTF-8 fIFFTFE,
HHNZJE “u-eight-string” .

FH2 CH11 XFHAAEXHTFHE R, X25E L/ C++03 A —Emfrh,
tean:

#define x " world"
"hello" x

{E C++03 7 "hello" x ZHFHEM hello world ; [7E C++11 1 "hello" x &EAh—1HFP H
SE SCF N R, 60 .

std::string operator ""_ x(const char* s)
return std::string(s);

}
B2, "hello"_x ¥ 2x4E A R BRI AR [A]— 4~ 2K KU std::string BYAF &, X~ B 78 5 A 4
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ZJE hello,

FH3 CH11 5| AT —SFCHT, WR C++03 LB SRl fF 2 €++11
FAEERICTS . XS {0 4% alignas ., alignof, charl6é t. char32 t, constexpr. decltype.
noexcept. nullptr, static_assert 1 thread local.

HB4 C+115|AT C99 MIHFIA long long, 2L C99, XTI TF long ERIAY R
T S B A signed long long 265, 1M7E C++03 1, KT long MY ) B UK B & Wi H
R TEAT S 8%, U unsigned long., |41 214748364700 7E C++11 H £ iR 514 long long
FRIHIE.

KB S5 C++11#1C99 —FE, XTHEHE “0” WL (/) BEA (%); Ml C++03 FLifFfa
To 55 B B AR .

#B 6 XEY auto REBADRIEAFAELB MBI, mERREMmGLERR WG
FAAHE T MK

FB 7 CH11 BoREAWGIE, NRERF R AR A, F A nE c++03 H4
e, MAE C++11 PaEE,

int arr(] = {1.0};

X HE 102 — 1 double 6%, ERAIEMIAIint XN BHSSHEIEKE., HikE
C++11 I T ik,

B8 nHEFE A A BHE C++11 BE XK deleted., 36 Az o8 3 A BE ¥
. T C++03 FhaT LA, Heinisd T s B AR s .

struct A{ const int a; };

HFH i (const) a SN Z@ SR IAILny, FEHFRF RN 2N struct A 24—~ 1% o5
¥Ook e RO FERIRI G . 7F C++11 v, B3RP n] B S2RAE ( would be ill-formed ) B
T, GRA R B R, AR AR H P n] BEAEALE (0]

FE9 C+11HERBRT LHMEHT: export,

&£B 10 C++11 9, BirixEn o] L B RIS S, C++03 MIFFEs AFEMas
R¥ES . B,

template <typename T> struct X { };
template <int N> struct Y { };
X< Y2 1 >> 2 > > X;

C++03 FEBBEAN X<Y<(1>>2)>>x;==>X<Y<0>>x,
CH+11 X RAE A, R “X<Y<1>>" 804 R s
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B 11 C+11 5IA T —SHbRnE L SCF ;. <array>, <atomic>, <chrono>| <codecvt>,
<condition variable>, <forward list>, <future>., <initializer_list>, <mutex>, <random=> .
<ratio>, <regex>, <scoped_allocator>, <system_error>, <thread>. <tuple>. <typeindex>:

<type_traits>, <unordered map>. <unordered_set>,

A —S I A B FN C 3RZERYL M : <ccomplex>. <cfenv>, <cinttypes>., <cstdalign>.
<cstdbool>, <cstding>, <ctgmath>. <cuchar>,

&H 12 C++11 1, swap FiEM <algorithm> FEE| T <utility> H1,
#&B 13 C++11 AT —1-# 2% namespace: posix.
B 14 BEHBEEFAFRICFTA carries_dependency . noreturn AREVE N 74 .

& B 15 C+03 B 20 new B 1ERF 2 & bt 25 B Oy std::bad_alloc i) 5 8 5 ifif
C++11 fLiF 2R AY new ¥ERFL H HABSE R 90,

&H 16 CH++11 ZK ermo TR EZLFRREHKN, MAREERH.
F£B 17 C++11 ZFFRE R BT EIIHLH] -
B 18 IRMEEP AR E ( RET R ) A H4k74K [ std::unary_function Fl std::binary _

function,

&H 19 FfRfEFSREIROEN size() BLE PRECE SRR O(0) E4LEE ; C++03 + std::list L
7 size() FVFERTER 421F .

FH20 C++11 A T —Sepf ¥ 5 09 IR &Y, LE 40 erase A insert A9 18 [] {f 2 &Y
iterator ZF i T const iterator, resize BB SEBMNIEHEMCH THE5IH.

FH21 CHI AT —SLEMBR T EMEHRAR T CH03, N std:remove.

std::remove if, std::complex. std::ios base::failure,

A2 C++#ISOCHrEHAHRBEME
&H1 C++ PREXETR C AR (AEmH%),

#H2 CHFEMERMERRZ int, C++ FE char, WRTE C++ RBPRERIBTAH LT B4
A ) f eREATE -

void £ (char c);
void f(int) ;

B4, PREOREF f('x') 215+ void f (char ¢) Mi4s.
FB 3 C++ PR ERMAAR const char(], [fil C HFAFEH R AR char].
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B4 CHAFXHFEETHREEER X W:

int wvar;
int wvar;

fE C PR AIFHY; TXALE C++ FRARIFN.

&HS5 A extern XHEEM const ZEREFE C++ 1/ internal linkage ( NEPEEEER), BIA
A L A SR b R AR SR ) 5 mAE C LR external liankage ( ZMAREESERY, BP o] L4
HAth e p Rl 2 A s S H ).

FHO6 C++ ERM void* 2R it 3| HADM AR M bR B A 5 W C P AT E
i A

£B7 Cc++ P EFIEKHIES NS (non-const ,non-volatile ) $55 7] LA K void*
L3V

&HB8 C++ AEZRaA I eR¥ . X MFHELE 1SO C i drgidtn 7, thin.

int main(){ printf("hello\n");}
1% HL A A printf 4G 2 X (A #include <stdio.h> ), C++ 24 iFnf4R 4 printf K 5 1j C
248 printf 24—~ int printf ({EEZ%0) FeRBCEER, W=7 3B FE P ATELE printf iX
AR, MESFEGEITIEEIR.

B9 ARELESHRRERIA A B N static X8, Hon.

static struct st { int i; };

1E C v static KB M 288 ; C++ PXNEHRAIEE.
B8 10 C++ 9 typedef HZERIHI Z ARERE A LR E 4 .
B 11 & (const) MR C++ hbaiwtfifh; 76 C 0B BRE .

B 12 Bl int 6800 C++ PHizE L, ChuZEEMFE. W . func{) XFEMI I
FRE CIEFPRALIA; MECH b, FEN func AR FELERNRIEE LR,

B 13 KT auto 7F C++11 PHEBAENX . HTERMAZHES ; i C 9 auto BB
pop J:opedir B SR

B 14 C++ P enum X5 HEEFFZERIA) enum B{H ; M C o a] LT B A4 %8 BB
enum R, C++ * enum ZEBR AR E XTI AT enum 2R ; 1fif C P enum X5 A2
int Eﬂn

#E 15 REPAUTHZESHAE Cr+ DERE REEA B8 WifE C ok 5% ik
BOBEBARA.
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B 16 C++ AAVFREE LAER B S BEGR RIFE RN E |, i .
void f(struct S {int I;} s);

IXFERFRIAATE C R AT RIESZ
FR 17 Cr+ AEZENEFHREUE SR SBAE () 2450, .

void bar() int parl {}

£ C++ Pt AEER A,
B8 18 {FREARMKEMIEE C++ rh B S AE HEANEM R 2 2R, tin.

char s;
void £(){
struct s |
int i;
}: // struct s ¥ char s
1

M7E C A<,

FH 19 Cr+ A, ERSHEE S WEERBIPAT I ; Wife C J, ISnes
RN/, in.

struct Outter |
struct Inner {
int I;
}i
}i

fE C {fiFH Inner Z5MIAT LA B4 . struct Inner in, i C++ T {fi F Inner 2650 I .040045 | HAC
Z5H1K Outter, M| HAEE . Out::Inner in,

%B 20 C++ P typedef MR B2 A AE T & SO HAL KRR A i, 0 F m 4R
AR —F oL .

typedef int Int;
struct S{

int Int; // ¥ CPEE, WTE c++ PIER
}s

FH 21 C++ i volatile fXF RARESE A Bzt i R BB N E R 2 5, .

struct X { int i; };

volatile struct X x1 = {0};
struct X x2(xl); // ¥ C++ PiEE:
struct X x3;

x3 = x1; // ¥ C++ hmBEEER:
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A3 C++11 5C1M1 XS

R Cl R R R A6 e C++ox BB 22, {H C11 MR E B CHI11'8gT JL
A. XEFARNENHWEEPREMBEMAESEN., FEitk C+11 5 Cll BAHRESIFAZ S

F 1A A B 51— C++11 F1 C11 AERH X 51 5 .
&B1 C++11 $984 Cl11 P EI%H  Generic 8T, HHA C++ GEBRFH LIFTEE

&H 2 C++11 ¥ noreturn JE—~@ B, 8N HE T RN RBUK AR BIAY S, 7 C11
Fa LA _Noreturn X F. L.

_Noreturn void outfunc() { abort(); }
J& C11 PR outfunc Bk, E%HM T4E C++11 4 FHE HR 1 # outfunc.
[[ noreturn ]] veid outfunc() { aborti(); }

FH3 IFEClH AT CH1 PAX ., BEXET HA —SAMa X 5.
Fetin C++11 HP e

alignas, alignof, thread local, static assert
£ C11 P i B G o il 2
_Alignas, _Alignof, _Thread_local, _Static_assert

&H4 C++11 fCl11 EBF atomic ¥,
C11 ] _Atomic BififFREM — R FEIELER. . Atomicinti;
C++11 7E std namespace T i€ X T atomic FH K S F atomic FERY, Hin.

template<class T»> struct atomic;
template<> struct atomic<integrals>;
template<class T> struct atomic<T*>;

&B 5 Cl1 ¥ H <threads.h> HE L —RIIHF EFHAEMRE, L : mtx_destroy,

mtx_init, mtx_lock, mtx_trylock, mtx_unlock % .

C++11 Hifl i ] std namespace T B9 —2E26 . mutex. recursive_mutex 5§, fiifiXxub
AR 51 PR lock . unlock . trylock S35 H R4k,

#& B 6 Cl1 /] <threads.h> P € L) — FR 3] R B L FFEL AL, W0 : thrd_create, thrd
current, thrd_detach, thrd_equal, thrd_exit, thrd join, thrd_sleep, thrd yield.

C++11 4 thread 258, ZISAVA join. detach 2 5 pREL,
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A4 §3 C++03 IR E

Tk B EAEEE, BT FEAZEM C++11 5 C++03. ISO C KL E C11 B9IX8I4b, 7
C++11 AR, thad 78X LAAThRME (C+03) MBS . TIOR8t
C++03 M5c EM 2 T k.

FB1 > BEMFHE A SEAFERRE 1%L (complete class), EIfud
TR R AR,

#H2 WFRBERECRHENM W m& L.

B3 CHO03EXR, K-S HESIEEH (null pointer) HIFHR, PFF BRI oR 4L
(UTH P A 5E LAY delete #-4EFF ) MY T RARMIER . BUEEAPA SRR BR H1 .

#B 4 R typeid HAEMFHIBERE ov BIHR), HEREXM NI ov BMHRAR,

#B5 TEFEERRAPALIEHE throw, 1 . const char * s = (n == m) ? throw “bad” :
“ok” ; 7E C++11 P REGEMRIER,

FECHI Y, IHEMSHEARE., BEXHNFEREETUSHLITEE : hitp/www.
open-std.org/jtc1/sc22/wg21/docs/cwg_defects.html.
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ARV

B C++11 B9 % A MBS HER PR, —38 C++98 55 C++03 AR PE L BN ¥ g vk,
H— S B O A BT R BT U, 10 auto_ptr 55, A R R 45 Fob il s 17 A S B e R P AR 2D
Y, W export, register %, ML FAMEM, THIMAFHEEERT MES W]
K8 AT VEMIER I BESH C++11 BT B & FhEstE .

B 1 auto XHEF
IHERHE . auto JHEARINEA A ShfF6ER BB &
Mzl . auto R AT LA HISE AR B P EG (E P #E S AR R A9 2SR,

TEIRBRAET, auto SRR FLAT F1 ShAF G 60 SR A B, SOREAS BRI 1 Bh 7R 51
BT ST R, M RBSTEE IS A 20 B, SRR L, A e A )R
A IR AT ELAT [ SAOTEREIT, PRI auto JHBFARABUNE.

fE CH+11 HpnMET, auto BifE N —PRTHIERUBMGFF, AR AR E R AR,
i AR G 2 AR ik iR B AL Rk U EE — S BAT B BGR 2R R ) R 0E HER 1S, T —
EF, WELF S

for (vector<ints::iterator i = vec.begin(); i <« vec.end(); i++) |
vector<int>::iterator j = i;

}
f£ C++11 Hp, FRATTAT LA FH auto JCBE“y SMe 8 i ol B3

for (auto i = vec.begin(); i < wvec.end(}); i++) |
auto j = i;

}

BEAh, auto FEHUMEREE AR 5 RIG, BILFA IRIFEAEA) 75 2 B AR 2R A9 b F S,
tetnar #2506 . for TAFHITEIR L BRI B for THIMA, LR HIWHE R, $E 2 AEH 1
Bt HE, auto AATLAF RS E, WAREHEFHEHAER,

T auto £ C++11 Wh 8T 7 FEE L, A TRBIEWE, CH11 b auto AEAE B 16
FAR R R, i R R

%H 2 ifi 5T export
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IEFFPE . TR SR N R B ) 42 IR M PRI %L

Bl export FRPEBEERE . export CHEFHECR A, (HEAMEIEMTE L.

FATTAT DL FH O B extern Sfe 7 (] H: {th 4 138 00 oo b 808 28 8 B9 A AR 0T &, X B
Mokeis, M5B H export SCHET . export T #) R A — M miT ik, %
[] Ao =2 45 A6 AR 52 1] 6 19 60 % B9 (inclusion model ) FIJH 37 4% 145 %Y ( separate compilation
model ), #RMT, BAT—FRIGSRPLH A (R — R YA SCBRRE T LAR T A2, Bk, il 908
HMERE , TR Z4iFasdi AL, AF, export XEEFIE L rdm et B iR g A

FRRLL, £E CH+11 1, export CHEFAYIE SLBERERE . (HJR export NER—A~Toift iy Yo bt
TR Rk,

B 3 register XHF (fFAFEME)

IHFFPE: 5 B AR A A A e

eleal . 2l A AR S Y G BR E _

fEIHRHES, Z i register Re AR, TR RS KRB, P E DU A
ARAETF AT AR D, OFEnT DUBR @ e U B . (B, FAEMSMMBEREAMMN, mRFEED
W, BERKIHSWAAREAMES P, B—hm, EXFTHiESKDHE—Fhail, imigmifss
AT, SEhr b, KR aiess B vt B 28t . B, register Jed Hoz R/ g %,
i, KREHNHTREAE LM,

- AE CH11HTERMES, register BT AR FHA BT . H register KB FALAEM T — 1 IX
e at s B el AR S RSB, BV R AT RIA A ShiEEa Ll (1% C++03
AT auto —FF ),

#E 4 BAENRE

HFFlE - REH ORI T HARE D RS T RE, SRR3R I 2 A sh Bl —4
Fa U Dl R L

ezl : BaaCEE R B2 A B E AL .

£ CH1L A, MR BSR4 D& HAR R EE — TR R, R4 %4iFa%
AL BN I — A5 DUHY 3 R 8. [RRE, Q2R P B2 T — 44 T 44 1 oR M0k 3 BT F) o
B, o PR WA 2= B P B — 8 DL S R BR AR A

%&HB5 auto ptr
IHFFPE: BRBTEE, MRG58 s e 60 ¥ 7t i .
2zl auto ptr # unique ptr FFEUL,
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auto_ptr B P T — MG, B8R —0 LA i new 13 2 A9 X%, T HAE
BB BB b F osf o SRR 1% . X W B IE A2 auto_ptr FHA — R 1 R AL
auto_ptr A HAREHE 1 A9XF S BT A AL, AL auto_ptr ERIES B HliZde 60, TR &
MR A AL AC 28 B AR, XK TR %M auto ptr FIBHHEA F—A~0F4, B FEMIT R
EATER

fE C++11 1, unique ptr $## 4t T —ff [t auto ptr 545 (o f 2 7 %, FHHUL T auto ptr.,
unique ptr B — X R, EHAH - TWR, HHEGETHERERE, BB,
unique_ptr X R A — g E 7 — TR, HHEE H ST IiExT £, Xy
AR5 auto_ptr #[F].

Ak, unique ptr tHE % 1 auto_ptr (48 JGHE R, BR T auto_ptr IR L 2B PERY AL
¥# (move ), X T auto_ptr i, # 1 auto_ptr , 2FETAMFEHE, WMLLFiHEA):

std::auto ptr<int> a(new int);
std::auto_ptr<int> b = a;

[FIEE, ¥ U0 H i R B th 2 A T AR A AL R, LR il A

std: :auto_ptre<int> c(a);

FIE AT W, auto_ptr AR R EAPER, BEIEF R T RESEAR L B T b Xt 5%
BT, HEEALeHE.

£ unique_ptr Ff, FLRTTXRAVFERE , T EMH std:move sRECH X MM A, #1140
LA F 4]

std::unique_ptr<int> a{new int};
std: :unique_ptr<int> b = std::move(a);

DX A unique_pte XF F95 DLAT 4 17 BR#Y . 0% T4 D13 s 30Ok 58, unique_ptr 3
BEA AL T 9 3 PR -

std::unigue_ptr<T>::unique ptr(std::unique_ptr<T> const&) // HKik deleted
QR AE A A E BB, AT LU LR i)

std::unique ptr<int> c(new int(*a));

AR S AR BN a P FREFHETITHERE, WS 258 std::move:;

std: ;unique_ptr<int> d(std::move(a));

7o, (AR —H#AZ, unique ptr 0] LIFFUERRIEZR B 2,

vector<unique ptr<ints=s wv;
v.push_back (unique ptr<int>(new int(0)});
unigue_ptr<int> a(new int(0));
v.push_back (move(a)) ;
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BE, BT unique ptr A< S A L HFHE N5, P CE 2ERLH unique_ptr AYZE A% IR FFAL
AN, XFOHERAIEENLE.

4% H 6 bindlst/bind2nd |
IHERE . B oA R E R —Io iR 3 ( RBOT % ).
dezh . B bind BEARETHUL.

bind1st 1 bind2nd BREAT LK — 1 —JCeR B8 E L — o R B, sl ¥ — o sR BT 3%
M-S —HE TR, LR REER—thY. bindlst S8EH — 2%, bind2nd
EHEASE. Bl

find_if(v.begin(), v.end(), bind2nd(greater<int=>(), 5));
4B5E greater<int> (5 B HCh 5, ARRIRBImEPE KT 5 A9EE.
find if(v.begin(), v.end(), bindlst(greater<int=(), 5));

HB5E greater<int> B~ SR 5, FRRIR BN BEHHE—NT 5 .
{E C++11 ¥, FiiY bind pREREMREE AL T — S8 & (9 T I8 S B SR E DL

namespace std {
template<class T> struct is_bind_expression

: integral_constant<bool, see belows { };

}
T kIR bind B RE, EAWFEX.

template<class F, class... BoundArgs:>
unspecified bind(F&& £, BoundArgs&&... bound_args);

HEP rEBBMEHESI H, #REHITHEM RIS, BoundArgs 2 bR B X &
BERER T F, Ml bound args BEHFEHREMHE. WR-IMSUTFEHRE, WLE
] bind sREHTE RASEGHE LRIA], MUWRATESE, BARTFEMH LA,
std::placeholders::_J, J M 1 FFEAAY IEBE . bind #9& [ 26 8 %y a] 8 F S0k, WT LA E #%
B {H %5 std::function,

W F X ABIF

int Func({int x, int y);
function< int{int)=> £ = bind(Func, 1, placeheclders:: 1);
£(2); // the same as Func(l, 2);

FRAT1 0T LA is_bind_expression J i 25 iy bind 4= A9 B RS, T bind H5EE is_bind_
expression B fE A F Rk, X T H PR, o LU i E 3k 2R 7 bind 38 FH o 34~ 25 0 )i
2 Y R R X fF . An2R T 2 bind MR [A1268Y, FE4 is_bind_expression fi integral
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constant<bool, true> 13|, M| integral constant<bool, false> 15l

5~ A{E 18— 4R 09 KB is placeholder, ‘B AT AR B ARME & GLFF 1. _2 % bind iE
{& is_placeholder K ¢ 4 7 77, FI & th AT LA by st BE AR /R o5 QL AP 2R, ISR TV 26
7 J& std::placeholders::_J, W is_placeholder<T> Hi integral_constant<int, J> 7§ 8|, 7 I 5
integral constant<int, 0> 3%,

i b AT L& 4 bind 4 X F bind1st 1 bind2nd 3k % B R & 18 £, E A 1% bindlst Al
bind2nd R #¥ B il 5 oR B0 % 09 2 B0 MO P AS, bind B S B ok BOM R S BB BEA
FR &, i ELH el AR EEET B S8 mAZR, Hitk, A 7 bind, bindist #l
bind2nd B R A 7 HEKZ#b M FFH ( deprecated ).

#B 7 KREGERCER (adaptor )

IH¥¥¥E . ptr_fun, mem_fun, mem_fun_ref, unary function, binary function
HFEtE: A

TEIHFRE, R4t T 2 RBCERCRS .

template <class Argl, class Arg2, class Results
peointer to_binary function<Argl,Arg2,Results
ptr_fun(Result (*f) (Argl, Arg2});

ptr_fun A& [ {f J& pointer to binary function<Argl,Arg2,Result>(f). I H¥¥, ©TLL
B —~ R BRI — R BT R . LUF 22—

int compare (const char*, const char*);
replace_if (v.begin(}), v.end(},
notl (bind2nd (ptr_fun{compare), "abc")), "def");

EHREATR v FFFI ) abe Bl def,
FE, ptr_fun BR T A LARS AL —ou R B LA AN, L nT DARE f— JT eR B, I AR R] R
pointer_to_binary function<Arg,Result>(f).

template <class Arg, class Results
pointer to unary function<Arg,Results
ptr_fun(Result (*f) (Arg));

B TR HL PR EGEAC A% ptr_fun b, A7 B PREGERC A mem_fun fl mem_fun_ref,

template <class 8, class T> class mem_fun_t
: public unary function<T*, S»
template<class S, class T> mem_fun_t<S,T> mem_fun(S (T::*£) ());

template <class S, class T> class mem_fun_ref t
: public unary function<T, S=



A 845 299

template<class S, class T> mem_fun_ref_ t<S,T> mem_fun ref(s (T::*f) ik ;

% 78] mem_fun Ml mem_fun_ref, & —FLLTAIHIF .

void £(C& c};
vector<C» wvC;
for each(vec.begin(), vc.end(), £);

B F AT R AT Dkl i, {HAE, 4 R C ARG rRE 7

class C |
public:
void £();
}i
I B AT R T A BN R R BUGE B RS T, fEXAY, mem_fun, mem_fun_ref #JIX
HITE T mem_fun TeEAEE, M mem_fun_ref |WEXF R GIH. 0 EAREF, WizEH

mem_fun_ref,

for_each(vc.begin{), vc.end(), mem_fun_ref (&C::f));

mem_fun BIFTEML, FEMATR, HLaT W, F 6 RBGERCSF T LI — T A E 2R
AR B PR B ok — 4~ — o eR ¥, Hph SRR EAR G A, el LR — 1 —Joill &
PR B R — A~ TR

mem_fun Fl mem_fun_ref 43R 81 2 BUA (AL R A mem_fun_t 1 mem_fun_ref t, Ml/24MH
A e 1 R BEERUA R A BT A6, B A a9iR FI2E RV ISR B-1 Fs,

FB-1 XA REAMERIRAIELIRKB

mem_fun mem_fun_ref
— LR mem_fun_t mem_fun_ref t
ILPREK mem_funl t mem_funl_ref t
const i — TR R const_mem_fun_t const_mem_fun_ref t
const #E i) — 0 AR EL const_mem_funl_t const_mem_funl_ref t

BAERIER CH11 FFTFHE. RATATIC 2473 7B A bind sREEIR, BT
JFi 45 i bind1st Fl bind2nd. bind A7 E ptr_fun, HIE ptr fun 8 FHFH. i 6T mem fun Fl
mem_fun_ref, C++11 & T —PHF 0 REER mem fn, E3LH T mem fun Al mem fun ref
BT A ThAE, M HE AR A, EA% mem fun Fl mem fun ref AFHE HAEALFE— e R EEL — T
PR, ERESEHIMEEZ SRR BEHTTH R ; A, BAMHBX G RIEH SR
%, Mt mem_fun #l mem_fun_ref L#EFFH, A{Untt, EARRFEXEB#EFH. 5
bh, #FFEFAYAE S unary_function il binary function.

&HB8 AR HEAY (exception specification )
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IH¥EHE: R HE A throw()
. AESEMREFHEFEH, =55 A8 throw() # noexcept Ut
PRACTT L ik B h P H SR 8 T A (A AT BB AL A R

JE i throw(T) MR H AR W ERF AR, Y-kt EXRMWRER, WE
EHFEREFAAAET —ITEKUT, HEMALHERE (handler) MR E BILACH, B4
XKL AR E BRI RN . Ml — T REN, RESSEELHERY, WRERR
SRERA B E A AR SR TS R TS, IBAMRESER AN, ®aiEA

std::unexpected().

SEREUER, BhAEREAHEZRAMEN, RELABRFFREZHNFE. EFEMNE

mF:

QCHMREFHE-—Mz=ToEE, MARSIFEN, 2R, FRENAGE
WA A 0 8 A GE gL b BE, iz 17 i A9 2 OB 5 ( failure mode ), gk 2 8
std::unexpected() I AHEH FkE .

Qiz fri B8 A S B OR iF a8 4 BUE 2 4URS, WX e S ik, W KE1rat
FFHi-

QFEZAWANS, REFTMERESHAEESREPSMETAERRE, LA
KATBES ) METR A 5 AR

Rk, £ C+11 9+, shiEREAHARFTA,

fEshBERHE BT, R0 F ST A M EN RS RH A, kR throw().
R, RAMAMRENORBHEEGRHY . BFSsHE Ry lEBFEASMm R, §i
HOTLIR SE 2 EBE AR R ; FEW A LLE throw() K Fx, HEH THEN EA%E
B, RERCEAE,

TE C++11 7, 8 T — s i 57 % A8 noexcept, JCHET noexcept Fm B & 7
W, WERREHASHEEIIFLL, noexcept 74 7 MR T4 noexcept X FMILL, Bl
LAJ& noexcept ( constant-expression ) fJJEL, iXH constant-expression Bk ] L #i# 4% 4 bool
AR, XHFE, noexcept A] LA T S 4 I W7kt s pREUR AR BESE ML R W . 4P, noexcept
KT B L HIEHSF T noexcept(true). 5 noexcept &1 A%y, sk BAARIFMLE R 5
IR R B, iR EE 2 std::terminate().

4 throw() A[A], noexcept A7 % 4% 474 BB AW RSk BE T2 4T 0RO 2, T ELA A I
HONRNG, FEi5E42n U throw().

ZERR, TR ASENHETHAAELPRE AP RANE, mSshESRE s
throw() 4% noexcept UL, FrLAZHZER B A, HigkE throw ( type-id-listopt ) B FEH .
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CH++11 R EHLE 20 M A 10 X EKIE, LA DT B8 M7k A7
HER SOHE. X RORE —H T C+r11 ZE2E I A LA RA NG, WA Sh—JE, W
AT ZRRIER Y

mERAES—FPRB, FLLE, KEEEGRFHAHL K WHEAER FHTF C+11,
B C++11 fFEEIER £, UE TRIFBALS FE % & EE T A A L. 4
BHRGH, HER EAFTA R R E0E A RE 7E 2 SR T A 1) C++11 5tk A X R RRGUAR
kBN, —SIFRMSFETE, i GCC LUK Clang, ROZAEA A KN [8] A BIHE
A DR IHE Cr+11 RS (ENRIFRPERAER, GCC ATREL T 5 )-
17 7 o R 2 WU AR 24— 2, T ELR 5 SR S C++11 AR L R IR E S R EE

1E IBM Power ‘- & |, 8 0% FH i %1% 28 & IBM 9 XL C/C++ B GCC. Mk A 455
i, IBM f XL C/C++ % i 28 09 8 R A< & XL C/C++ Vi12.1, B LA T AIX BA B Linux
Ho XL C/C+ V121 IR T A OCHRHE, 847 @ auto, 99, % & F k3L constexpr,
decltype . ZHEfxs %, WA AR operator, ¥ JBAY friend B, R . NERZF
Z3[6] . long long. ifEFIR [FIZEAYEeREA I . A(ES I LA SE L. fARIES . SN .
SR HUP RS | AERBIARE

fE XL C++12.1 7 (£ W, http://www-01.ibm.com/software/awdtools/xlcpp/ ), T2 ¥ i ]
L) 3# i 1% 191 -glanglvi=extendedOx 3 FF Ji X C++11 KB FFPE M L H7F, -qwamnOx ETHI k2
Wr C++11 5 C++98 A X HIHCHS. s, 2R HUE AT LATE XLC+ A {0 i — 26 F 3 T
JAHE—A C++11 TIRE, TR C-1 FiR.

# C-1 IBM XL C/C++ RHEXTF C++11 #IiEIN

IBM XL C/C++ #RiF2R1A R i |
-glanglvl=[no]autotypededuction FF C++11 7 auto F51E
-glanglvl=[no]constexpr W CH 11 RS AR
-glanglvl=[no]decltype ¥ decltype
-glanglvi=[no]delegatingctors HFFE AT i R
-glanglvl=[no]c99longlong H ¥ long long $iEA58Y
-glanglvl=[nojinlinenamespace 3 FFP R A 25 ()




302 HRC

(%)
IBM XL C/C++ #Ri% 281%E I B
-glanglvi=[no]rvaluereferences fehHsIA
-qlanglvl=[no]static_assert H ¥ static assert
-glanglvl=[no]variadic[templates] R LIE LR

sk, —BETE, 1BM AT A A R AR O 1 R AF Y SCR 3CRF (12 I http://pic.dhe.
ibm.com/infocenter/Inxpcomp/v121v141/index.jsp )-

Mi7E x86 2 x86_64 -4 L, 4iF287E C++11 A4S EI S BT HIEFF AR S . M/
W 4iEaS FilF, 32 )& Intel AY Intel C/CH++ i85 S T4 AY MSVC % C++11 1 T KA
o P9 EEORT A 47 514 Intel C/CH+ V13 PAK MSVC 2012 ( A B#RinT R A X %7 ).

T 4E FF G 428 1, GCC KRBT llvm Y clang W[ BE S 7E C++11 L FMIMATH, GCC
X C++11 B Z FE7E http://gec.gnu.org/projects/cxx0Ox.html 7] LAR B, [F]#f, clang X C++11 #Y
S Al LA http://clang.llvm.org/cxx_status.html 3%, T LIE W, PG IERER T T
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