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June 2007.
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Bjarne Stroustrup: Software Development for Infrastructure. Computer, vol. 45, no. 1, pp. 47-58,
Jan. 2012, do0i:10.1109/MC.2011.353. A video interview about that paper and video of a talk on
a very similar topic (That’s a 90 minute talk incl. Q&A).

Saeed Amrollahi: Modern Programming in the New Millenium: A Technical Survey on Outstand-
ing features of C++0x. Computer Report (Gozaresh-e Computer), No.199, November 2011 (Mehr
and Aban 1390), pages 60-82. (in Persian)

Mark Batty et al’s: Mathematizing C++ concurrency, POPL 2012. // thorough, precise, and

mathematical.

Gabriel Dos Reis and Bjarne Stroustrup: General Constant Expressions for System Programming

Languages. SAC-2010. The 25th ACM Symposium On Applied Computing.

Hans-J. Boehm and Sarita V. Adve: Foundations of the C++ concurrency memory model. ACM
PLDI’0S.

Hans-J. Boehm: Threads Basic. HPL technical report 2009-259 // “what every programmer

should know about memory model issues”


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2705.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2011/n3242.pdf
http://www.computer.org/portal/web/computingnow/0212/whatsnew/computer-r?src=cnhome-v1
http://vimeo.com/35326736
http://channel9.msdn.com/Events/GoingNative/GoingNative-2012/Keynote-Bjarne-Stroustrup-Cpp11-Style
http://www.saeedamrollahi.com/pub/C++0x.pdf
http://www.saeedamrollahi.com/pub/C++0x.pdf
http://portal.acm.org/citation.cfm?doid=1925844.1926394
http://www.stroustrup.com/sac10-constexpr.pdf
http://www.stroustrup.com/sac10-constexpr.pdf
http://portal.acm.org/citation.cfm?id=1375581.1375591
http://www.hpl.hp.com/techreports/2009/HPL-2009-259html.html

14 A 2 ZF. ANSWERS

e Douglas Gregor, Jaakko Jarvi, Jeremy Siek, Bjarne Stroustrup, Gabriel Dos Reis, and Andrew
Lumsdaine: Concepts: Linguistic Support for Generic Programming in C4++. OOPSLA’06, Oc-
tober 2006. // The concept design and implementation as it stood in 2006; it has improved since,
though not sufficiently to save it.

e Douglas Gregor and Jaakko Jarvi: Variadic templates for C+4-0x. Journal of Object Technology,
7(2):31-51, February 2008.

e Jaakko Jarvi and John Freeman: Lambda functions for C+-+0x. ACM SAC ’08.

e Jaakko Jarvi, Mat Marcus, and Jacob N. Smith: Programming with C++ Concepts. Science of
Computer Programming, 2008. To appear.

e M. Paterno and W. E. Brown : Improving Standard C++ for the Physics Community. CHEP’04.

// Much have been improved since then!
e Michael Spertus and Hans J. Boehm: The Status of Garbage Collection in C++0X. ACM ISMM’009.

e Verity Stob: An unthinking programmer’s guide to the new C++ — Raising the standard. The
Register. May 2009. (Humor (I hope)).

e [N1781 = 05 — 0041] Bjarne Stroustrup: Rules of thumb for the design of C++0x.

e Bjarne Stroustrup: Evolving a language in and for the real world: C++ 1991-2006. ACM HOPL-
ITI. June 2007. (incl. slides and videos). // Covers the design aims of C++0x, the standards
process, and the progress up until 2007.

e B. Stroustrup: What is C++0x7. CVu. Vol 21, Issues 4 and 5. 2009.

e Anthony Williams: Simpler Multithreading in C++0x. devx.com.
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B. Stroustrup: The C++ Programming Language (Fourth Edition).

the papers section of the committee’s website.

C++11 draft.
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A list of support for C+-+11 features.
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http://portal.acm.org/citation.cfm?doid=1542431.1542437
http://www.theregister.co.uk/2009/05/07/verity_stob_cplusplus/
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1781.pdf
http://www.stroustrup.com/hopl-almost-final.pdf
http://www.stroustrup.com/what-is-2009.pdf
http://www.devx.com/SpecialReports/Article/38883
http://www.stroustrup.com/4th.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2011/n3242.pdf
http://en.wikipedia.org/wiki/C%2B%2B0x
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e B. Stroustrup, H. Sutter, H-J. Boehm, A. Alexandrescu, S.T.Lavavej, Chandler Carruth, and

Andrew Sutter: several talks and panels from the Going Native 2012 conference.
e Herb Sutter: Writing modern C++ code: how C++ has evolved over the years. September 2011.
e Herb Sutter: C++ and Beyond 2011: Herb Sutter - Why C++7. August 2011.
e Try Google videos.
e Lawrence Crowl: Lawrence Crowl on C++ Threads. in Sophia Antipolis, June 2008.
e Bjarne Stroustrup: The design of C++0x at U of Waterloo in 2007.
e Bjarne Stroustrup: Initialization at Google in 2007.
e Bjarne Stroustrup: C++0x — An overview. in Sophia Antipolis, June 2008.
e Lawrence Crowl: Threads.
e Roger Orr: C+4-0x. January 2008.

e Hans-Jurgen Boehm: Getting C++ Threads Right. December 2007.
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http://channel9.msdn.com/Events/GoingNative/GoingNative-2012
http://channel9.msdn.com/Events/BUILD/BUILD2011/TOOL-835T
http://channel9.msdn.com/posts/C-and-Beyond-2011-Herb-Sutter-Why-C
http://video.google.com/videosearch?q=C%2B%2B0x&oe=utf-8&rls=org.mozilla:en-US:official&client=firefox-a&um=1&ie=UTF-8&sa=N&hl=en&tab=wv
http://www-sop.inria.fr/geometrica/events/WG21_meeting_june_2008/public_talks.html
http://www.youtube.com/watch?v=lMmVuRNmHzQ
http://video.google.com/videoplay?docid=5262479012306588324&ei=2eK7SaGiOILorgLo6p32CQ&q=C%2B%2B0x&hl=en
http://www-sop.inria.fr/geometrica/events/WG21_meeting_june_2008/public_talks.html
http://video.google.com/videoplay?docid=3528799355371049884&ei=NeS7SZLiCJGgqgKU_7GTCg&q=C%2B%2B0x&hl=en
http://video.google.com/videoplay?docid=2165553273160626549&ei=geS7SaSyNYL8rgL7643TDQ&q=C%2B%2B0x&hl=en
http://www.youtube.com/watch?v=mrvAqvtWYb4
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WAoo 2 J)olE gk drie] MHES 158 RoRl Say 1750 s 91Ul
BE AUA e, AUSE A A0 0 LS W, HF FEED o] S} 5
A QDI e 150 Ot e A AGE skl S, A7) 1 B AgEe
E AR #2141 T1Fo] oty o] Yt f|U3]E oA

e A e
Ges]m, Be (shAT AR ohd) 49 BAR S 0] Ot of PiE AUe A1 g th $a9)
OFole A AZE & AL golBely A 5§ 22O AFTL A3}, A2t Sl
UsHH-

22 Q3o ZoE A& 55 YdYtt: Adobe, Apple, Boost, Bloomberg, EDG, Google, HP,
IBM, Intel, Microsoft, Red Hat, Sun.


http://www.open-std.org/jtc1/sc22/wg21

2.16. CH++1Y 7} Q& Aol7lQ? 17

o] 7]of o] g Ho] Qe YlofA] ¢t HZL HQFS Wl S5 E= AUt} : Dave Abrahams, Matt
Austern, Pete Becker, Hans Boehm, Steve Clamage, Lawrence Crowl, Beman Dawes, Francis Glass-
borow, Doug Gregor, Pablo Halpern, Howard Hinnant, Jaakko Jarvi, John Lakos, Alisdair Meredith,
Jens Maurer, Jason Merrill, Sean Parent, P.J. Plauger, Tom Plum, Gabriel Dos Reis, Bjarne Strous-
trup, Herb Sutter, David Vandevoorde, Michael Wong. o]7]of] EgE] 2] o8& 200+ o] @A 9@ 1A 9]
wlE S Alihe] 28 Mt E o] M TASe] MRS o] BEE s daFA] v BE
QF2 o] o] f1e2]oflA ghEoidl Zo] ofyet B 9 Zi7fiQlo] oA Rof 2 A Yyt

AR WG2l wA =S AHEE A2 5ol o] dofl ¥l B2 dw71E9 olg= &
AdUth ol #2520 7|4 2 AFE § A A0 B2 4= AESH %= A

e,

Ht >
30 30
o> o

2.16 C+H+1y 7} Q& AQ7a?

2.17 “concepts” = oJEBA HIUYQ?

“concepts” £ 2 B2 QIAH50] Hats oluet 4T UL FHFEE oA She Ao WE
ol R U shA| R Balolw, 9951 concept S ALt o] FEFS WEL AL A7

A A2 4 SIEFRL A A, olefet )52 B9 EEA 29712 ShgigUTh 4] The C+0x
“Remove Concepts” Decision I E 2} A DevX interview on concepts and the implications for C+40x
= #xa1A7) vrg o,
H|9FA © 22 7Fdole] WA Ql ‘concepts lite’ = C++ 14 9] dFEHo] = A/t
A= o] ZA & FH concept A -] &AL, Fofl o2 22 AS5e EA
e axioms (semantic assumptions)

e concepts

e concept maps

2.18 ZA] A51A] e 7150 Yua?

o) TR EF Ct 98 o= A7E Fo} 84 S 15 (15 Sol A=) of gk o] FAE

A7} ZolshLt, obuw A7H Bage Lyl st 217 obg Ut o] B4l 9l ol Aol
olefgt 715 53] WAsIL LAN T2 ARER stlF o 715 FANIEE EA7] AL
52 old g 715 olo] B4 44 ARUE] 2 Was|4 £ A2 ol Ao 24| gJuck


http://www.open-std.org/jtc1/sc22/wg21/docs/papers
http://www.ddj.com/cpp/218600111
http://www.ddj.com/cpp/218600111
http://www.devx.com/cplus/Article/42448
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2.19 __cplusplus

C++ 11 o= w32 __cplusplus 7} FAJL] Zkel 199711L 7} o} 2 (o] Bt &) gto g AA = oA
ol E}.
1=

2.20 auto — 27|31} HEl EHle G

auto x = 7;

9 FE oA x £ int E1glo] | AUt sfuksid 2718 (nitializer) o] B4lo] int ©]7] mjEo]%.
Fom g

auto x = expression;

ol

o} Zro] gt x = “expression 2] E}9jo] 2
A9] ERgle] 9] oG AL 7] B 4 7 ¢)
template<class T> void printall(const vector<T>& v)

{

for (auto p = v.begin(); p!=v.end(); ++p)
cout << #p << "\n";

o e =S AZHBATE Ct 98 oA ] IES

template<class T> void printall(const vector<T>& v)

{

for (typename vector<T>::const_iterator p = v.begin(); p!=v.end(); ++p)
cout << *p << "\n";

o2 Mobgr WUTE B3 W40l Bhelo] PEI Aol ol 9 F ), o] 2 auto & AHEA
o3 TER 22w S ATHE ST o2 Sof oot g RES AAHEA,

template<class T, class U> void multiply(const vector<T>& vt, const vector<U>& vu)

{
/)
auto tmp = vt[i]*vuli];
/o
}
tmp ©] EF9J T 9HU S 3% 710 ghelo] wlojokat s}r, o]z Abgto] €191 uf 591217 A4Zat7]of
eF BT ST BAshAE Artels ofwe T o U of dje] Aejshiz 97] tjgo] Auelas

52 Ehelo] @ 2] YAA L.



2.21. RANGE-FOR # 19

auto & TFE 7155 FolAE 14 WA AGHAT FAHAS I Al 19809 ko] o] & 7
ASHEAT, CoF B BA o] ST 5 & QEUTh olH e TEA BAE CHro8 7 C99

Agrozn AL oA F dlo] BE BE W

F47h whEA] Wake erl 0.2 9] Hlofobut it ! auto o] Al olu](o] WA Ao WSelh

oA A4 4 YUt Bulo] 9198] 5| YEo] SuEr Zof Fohe DES AT Bol 04 WA

SF(5 auto o] Jul} HHEORA VIS OR)WS AT 4 olFUtt- 180 AE F e
A

EWie] ey ¥ THE gl E.

e the C++ draft section 7.1.6.2, 7.1.6.4, 8.3.5 (for return types)

e [N1984 = 06 — 0054] Jaakko Jarvi, Bjarne Stroustrup, and Gabriel Dos Reis: Deducing the type

of variable from its initializer expression (revision 4).

2.21 Range-for &

range for #2 o] 2{120] “Hf(range) Qtell A mpz] STL ©] begin() T} end() °|A] 5h= A HHx
(iterate) & = == SFUTH B BFE AHO|HE2 range = AM-E 4= Q14L, std: :string, 7|3}
A Y AE, 8, 18] of2]2o] begin() ¥ end() E AT & U= BE A(AE E°] istream)EE
7He gy
void f(vector<double>& v)

{

for (auto x : v) cout << x << '\n’;
for (auto& x : v) ++x; // HHAAE O|sHAM 4t HHECE

of el o 9] IEES “v ghof Qi E x of Thal v.begin() 5 v.end() 744 WSk 202 A7}
% Qlayth The oA 2

for (const auto x : { 1,2,3,5,8,13,21,34 }) cout << x << '\n’;

o

begin() (7end()) = x.begin() WENR Wil G524 SEH AL, 24§42 begin() 2 TEE 5
QlesUiTh. That, B gk vzlo] 41917k ST

= 25k FasEA L.

e the C++ draft section 6.5.4 (note: changed not to use concepts)

e [N2243 = 07 — 0103] Thorsten Ottosen: Wording for range-based for-loop (revision 2).

171 Eelo] AR SR HojwA] ofgkthd G R int 2 7HEH


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1984.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1984.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2243.html
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e [N3257 = 11 — 0027] Jonathan Wakely and Bjarne Stroustrup: Range-based for statements and
ADL (Option 5 was chosen).

list<vector<string>> lvs;

C+ 98 o 4] S1= B 072 WA AZEUTh tshel 5 719 > Atolo] B7ko] G1917] whzol
2(Z HADE QAR >> 2 FAEYS). CHt 112 5 7o) FE3 Abolo] 4 BAse S0} 2L A
2wt SAFUTh A4 o]oh 2 RAZH BAYSHAR ol f, FukAe o] b HAMe A o] BAe

=3 jLE
parse 2} stage 2h= + @A o]Fo] 7| HlEdutt. otdl= 7 St 2yt

[ ]
2
Lol
Eis

A (lexical analysis) (BAFE 2 B E EZ-2 AASHY)
4 (29 A2e

SERES

rE
:%
X

Mo

[ ]

Au)
o
ﬁ;
H
Bu)
o

i)
Mo
o
i
tlo
it
o,
Y
£

o] BASL ol2H oz, Telw A4
E 205 QAste] o)A AAR R o

o % QU E gt s, Slek 2
o

51 Relslo] ong, ofF] 2477 >> & shiel

5] o2l WERE AHET o) WAt 2217 A

gut2A Qs SlshAE 2 Bl Az Jus

AR o IR A BE Crt AT Se] o]
ol

2aka glrhe ol &t

_

ro, U
“ﬁ o?
I-UEI

rlo
Mo
Y

ﬁ_{b
ko
£
e
<l
Rl
>
i
:g
i,
st
>
we ¥o O

A 2AE JAsHL AN F2 7 HIHR

A}

o the C++ draft section 777

e [N1757 == 05 — 0017] Daveed Vandevoorde: revised right angle brackets proposal (revision 2).

2.23 T|EZE A o]5}7]: default £} delete

“BALE Bheth & P 47 ek e

class X {
/-

X& operator=(const X&) = delete; // SAE =31 (disallow) SHCt
X(const X&) = delete;



http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2011/n3257.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2011/n3257.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1757.html

2.24. T]ZE Fo]Jsl7] : MOVE 9} COPY 21

class Y {
Y& operator=(const Y&) = default; // SAIE C|ZEZ SICH
Y(const Y&) = default;

}
b
A4 UBES BAHoR et Ae 2R shAR, 24 ate] digh FAolu, A8}
(M2 OBE B4 Q4 SYTAekE) BA LS 4 Helols Qe £ erath Antlels
stol @ EE A4S ot FRstetn HEE o] © el 0RE 41, f £& B4 258
AT o sy “default” HIAYF2 default FEIE 7HA AL Q= oW oheofl HisiA et A2
% QT 29T ‘delete M AUZLS ofF Gl A48T & g o1 Sof, 9 ther
e ) G B Wk B 4 Qv
struct Z {
Y
Z(long long); // long long @2 27|53} & 4 QUCt
Z(long) = delete; // 11 2|9 A=2 Y=L}
+

b EE FuARA R,

e the C++ draft section 777

[N1717 = 04 — 0157] Francis Glassborow and Lois Goldthwaite: explicit class and default defini-

tions (an early proposal).

Bjarne Stroustrup: Control of class defaults (a dead end).

[N2326 = 07 — 0186] Lawrence Crowl: Defaulted and Deleted Functions.

[N3174 = 100164] B. Stroustrup: To move or not to move. An analysis of problems related to

generated copy and move operations. Approved.

2.24 TEE A 0]5}7] : move 9} copy
HEZ2E=R, S 20 5 719 A4tA] A ojEo] JlsUtt:
o EA} T (copy assignment)
o E AL AA(copy constructor)
e 0|5 T (move assignment)

e 0|5 A (move constructor)


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2004/n1717.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2004/n1717.pdf
http::/www.research.att.com/~bs/controlofdefaults.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2326.html
http://www.stroustrup.com/move.pdf

22 A 2 ZF. ANSWERS

o A'H(destructor)

qhol 915 % of| 7S A9l et ojgjRe Ans
HEE Hejstrs o} gtk Bap, ofF, 121 28 dito]

& et 7 491 A58 AT B 4717 B 9 29 gl sle|Eo 2 (semantically)
=7 HUth e o], Ba}, 4 2¢] F o]n shuetE Abgfo] oj8) WAH o2 Ao (4el,
~default 52 =delete) 910 o) S B S A5 ek B0 o1, AL 42 Al 5
ol state A1gate] oja) WA A 0.2 HolE|grhe, Al B ke B AALe U BER HolE A
o] 7152 AFEE|A] 91 oA (deprecated) ? o] L A3EA] LTt oS

E
1
>
op

class X1 {
X1& operator=(const X1&) = delete; // SAtS 25|SHCt

—

9 £4-& A A (mplicitly) 0.2 X1 5] o5 Q4 BTk AW B AL A48T 5
AL, o] 752 AHEEA e A Yy
class X2 {
X2& operator=(const X2&) = default;

9 3T EF X2 B9 o]F 4G FAHOR BTk s E BAF YL AFEF 5 9T, o]

class X3 {
X3& operator=(X3&&) = delete; // O| 52 =6|SHCt

9 X3 o] BAS gAH o2 vttt

class X4 {
“X4() = delete; // AZS B35|5iC}

}
A= X4 59| o]F dits GAA = wrgUTh BA= AREE 4= AT o] 752 AFEEA] e o7
dUch A o2 EEe] 915 e g4 F shvete Fogtd, nE YA o2 Holstr|g At
& SolA:
template<class T>
class Handle {
Tx* p;
public:
Handle(Tx pp) : p{pp} {}
“Handle() { delete p; } // AHB2} 20| 222} : QhAIH HAL B2 0|52 gict
2deprecated £ ¥1g w5k AT L Tholsl glon R ALgEA) g ol oItk 2 Wela et
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Handle(Handle&& h) :p{h.p} { h.p=nullptr; }; // L2FHS HLSIC}

// ARUS WY

Handle& operator=(Handle&& h) { delete p; p=h.p; h.p=nullptr; return xthis; }

Handle(const Handle&) = delete; // SAt QIS
Handle& operator=(const Handle&) = delete;

s
b

i A=

e the C++ draft section 777
e [N2326 == 07 — 0186] Lawrence Crowl: Defaulted and Deleted Functions.

e [N3174 = 100164] B. Stroustrup: To move or not to move. An analysis of problems related to

generated copy and move operations. Approved.

2.25 enum 2

enum S A5 7]EL] C++ enum o4 9] 3 7HA] £A|H& HoFU T

e 7129 enun-& GHAIH O int 2 BF] Wgto] HlojA, enum o] S A5 E|S AsHA e

1

i @75 TP ZEH

o 7Y AA s BAE 4 QU] Wi 2t 2 A7, oA EAE e, AR

=
A (foward declaration) &= &7} 554

- =

o}
enum S A= BFY A 11 A o] He7E HE g

enum Alert { green, yellow, election, red }; // 0|Z2| enum

enum class TrafficLight { red, yellow, green };

“scoped & WS $7 dol(- Qs Wo) Ct oA T2 {} B2 el Uk AE)7F glon W] o Foz

#7125 sHlEUH. A& 501 scoped member 2t st 574 H ] o] WH, scoped variable o]2} st 57 # ] ¢He]

wZes ojn] gyt


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2326.html
http://www.stroustrup.com/move.pdf
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Alerta=7; // 28 (& C++ HAO|M)
Colorc =7; // 2F (int O|A] Color 2 HZEt S7})

int a2 = red; // 7t (Alert O|M int £ RS 7}ts)

int a3 = Alert:ired; // C++ 98 OlAl& 2F. C++ 11 O|M= 7ts
int a4 = blue; // 2F : blue 7 'HL|O|| Tt

int a5 = Color::blue; // 2% : Color Of|A int 2 HE E7t5

Color a6 = Color::blue; // 7t

oA Yezo] 7129 enum HA] FASHA 2HESHARE o] A] o 22 enum o] Fof SR 7%
= B 7 A HAdsUS AEA =4 EAF 9] o] F°] “enum class” Q1 o]f= HF A enum
o E4E (@2 7 ol55) & 229 SE(HAE 7 WS A Hge] RS g3 FH

enum ©] Bt ZHA1 & &S Aol Fud, €199 A71E BASH, e AST 47 2o

AF&-(interoperability) & 4= Q154 Tt

enum class Color : char { red, blue }; // &=E H3

enum class TrafficLight { red, yellow, green }; // LIZEZ W2 EIRYJ2 int 2 X 2|ElCt.

enum E { E1 = 1, E2 = 2, Ebig = OxFFFFFFFOU }; //E | 37|7} YOI} 2727
// O|He| w20 =M -

// 7+10f| T2t CE=CH(implementaion defined)

enum EE : unsigned long { EE1 = 1, EE2 = 2, EEbig = OxFFFFFFFOU }; // O|A| FX|do =2 HE o
olaL|Ct
PN =]

o] T3t enum & X A Sh= A& 71Ha5HA gyt

enum class Color_code : char; // (Z2!)
void foobar(Color_codex p); // 2%l M A

/)

enum class Color_code : char { red, yellow, green, blue }; // 49|

uo

>- g}

e

enum 9] Ul BRI WHEA] 25 91/l A% eRglolofobut gtk HEEL int YUtk BE
grolHef2]o] A enum class + th2t 22 = AMEEY T
o A AHIO] EHSE 057 FTES njg517] 54| (enum class errc)

Al Z}(indicator) (enum class pointer_safety {relaxed, preferred, strict};

[ ]
r ]
m
r o
ox
o
FH

e I/O ~AEXY 27 = (enum class io_errc {stream =1 }; )



2.26. CONSTEXPR — ¥/BI3l(GENERALIZED) H, 72|17 HE(GUARANTEED) 4~ F & 4] 25

o H| 57|13} FAlo M9 @5 A 2]E 95l (enum class future_errc {broken_promise, future_already retrieve

promise_already_satisfied }; )

e the C++ draft section 7.2
e [N1513 = 03 — 0096] David E. Miller: Improving Enumeration Types (original enum proposal).
e [N2347 = J16/07 — 0207] David E. Miller, Herb Sutter, and Bjarne Stroustrup: Strongly Typed

Enums (revision 3).

e [N2499 = 08 — 0009] Alberto Ganesh Barbati: Forward declaration of enumerations.

2.26 constexpr — YHlS}(generalized) H, 1831 HA % (guaranteed) A
+ 524

constexpr H|AUZ=L

[ ]
PN
N
lok
AN
N,
ol
A
ne
>
o~
=
o
E
S,
o
o
B
>
=~
=
+
ot
i)
k1
J
I *
ol
3

ool 2e FEE TefhEAlTt

enum Flags { good=0, fail=1, bad=2, eof=4 };

constexpr int operator|(Flags f1, Flags f2) { return Flags(int(f1)|int(f2)); }

void f(Flags x)

{
switch (x) {
case bad: /¥ ... */ break;
case eof: /* ... x/ break;
case bad|eof: /* ... #/ break;
default: /x ... x/ break;
}

}



http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1513.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2347.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2347.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2499.pdf
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% & Uk W% ool constexpr 719 1 4TS

o2

N5o] At Ao A4t 4 YES 87
ShA U th (E3 ek ojujz o)

constexpr int x1 = bad|eof; // &

void f(Flags f3)

{
constexpr int x2 = bad|f3; // 2F : ZIA A|Zt0f| ALk 4~ QICH
int x3 = bad|f3; // 7t5
}
AR fEl= AT AT Atte]l @4 A9 Z2 Y AFo]lA AA| - S 97 97 A8 AF
53kl f1AA1712 Hoks Asolt A8571E Ayt ol Eot A7 constexpr 71 E & 3=
Bz et Ao i = 2E gyt

struct Point {
int x,y;
constexpr Point(int xx, int yy) : x(xx), y(yy) { }

constexpr Point origo(0,0);

constexpr int z = origo.x;

constexpr Point af] = {Point(0,0), Point(1,1), Point(2,2) };

constexpr int x = a[l].x; // x becomes 1

12 constexpr 2 const 5 YHHA O = AT 4 Q= A2 obHU T (O 9k upzhrta] o]11g)

o const O] Yl AT ojmet AA|7} QI H o] AE FoA Fho] HiH= AL 94 Sethe AS
dHFE g FYT (HF I AA7E 2 JHFo|AE Boll 42 = A2 & T JAAAT).
upEhbA] ot A7} const 2Hal G A2 Anpd oA 2 A E 4 = 71RE AT
Sl AUt E9], W AA|7} const 2 AJE N, T FAE AFHESHA] Gt HAod =
23] 1 AA e 27|3AE A Algtol| Al4letal (M]& o] o] HAFE o] §1x] ghthal i)
AAE A E 2= ¥7] Heb= HolEof Xyt

e constexpr o] F£Q FA2 Huld Aof Al4bE 4= 1= AE2] H91E o 534 olet Z2 ALtE0]
EFQI-QHH (type safe) & 4= 15 17] 1YYt constexpr 2 AAH AAF2] 27|35
Autd Azt ALtE U o] 52 <o) A 9 Hol B BEEE= el B, 29
gt A H I o Eol7HA Pyt

i 2=

e the C++ draft 3.6.2 Initialization of non-local objects, 3.9 Types [12], 5.19 Constant expressions,

7.1.5 The constexpr specifier



2.27. DECLTYPE — 4/(EXPRESSION) 9] E}9] 27

e [N1521 = 03 — 0104] Gabriel Dos Reis: Generalized Constant Expressions (original proposal).
e [N2235 = 07—0095] Gabriel Dos Reis, Bjarne Stroustrup, and Jens Maurer: Generalized Constant

e Expressions — Revision 5

2.27 decltype — A](expression) 2] E}¢]

decltype(E) &= (A% Y] - declared type) A E o] E}9]-2 oJu|5}H, oju gt A2 A AT wjj A=
% AT A SolA

void f(const vector<int>& a, vector<float>& b)

{
typedef decltype(a[0]*b[0]) Tmp;
for (int i=0; i<b.size(); ++i) {
Tmpx p = new Tmp(ali]*b]i]);
/1
}
Vs
}
o] AL typeof 2 bl o] Bol A @9 Fok urst T2 TWo|A ulg ol ALgE g, A
typeof 2 o5 7= A2 =¢AIstL, S0l Hot7lel, BE A2 decltype & °|F 25U
o}, whel olelito] ies] ofma W4-o] E19) e Waw Gehd auto S ARSI Aol H 418 U Y
AAUt}. o2} Zo] 1% decltype & HRZ Sh= 4=, ¥M7F obd A9 Bl (€ =S¢ 29 &)

59 A% gyt

i 2=

the C++4 draft 7.1.6.2 Simple type specifiers

[Str02] Bjarne Stroustrup. Draft proposal for “typeof”. C++ reflector message c++std-ext-5364,
October 2002. (original suggestion).

[N1478 = 03—0061] Jaakko Jarvi, Bjarne Stroustrup, Douglas Gregor, and Jeremy Siek: Decltype

and auto (original proposal).

[N2343 = 07 — 0203] Jaakko Jarvi, Bjarne Stroustrup, and Gabriel Dos Reis: Decltype (revision
7): proposed wording.

2.28 Z7|8}A} 8] AE - Initializer lists

ofelel 2L AEE RATAT

vector<double> v = { 1, 2, 3.456, 99.99 };

list<pair<string,string>> languages = {
{"Nygaard",”Simula" }, {"Richards”,”BCPL"}, {"Ritchie","C"}


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1521.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2235.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2235.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1478.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1478.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2343.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2343.pdf
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¥

map<vector<string>,vector<int>> years = {
{ {"Maurice"," Vincent",

%] 2 2. ANSWERS
”Wllkes”} {1913, 1945, 1951, 1967 2000} }
{ {"Martin”, "Ritchards" }, {1982, 2003, 2007} }

{ {"David", " John", "Wheeler" }, {1927, 1947, 1951, 2004} }
s

E ||_/\
——/\——1_ T
std::ini

initializer_1list<T

void f(initializer_list<int>)

f({1.2});

({23,345,4567,56789});
f({3): // BlA A= =
f1,2}; /) 22

g 2F () 7t s

years.insert({{" Bjarne",” Stroustrup” },{1950, 1975, 1985}})
Z7|8p2F Bl AE = o9 71017P ! h B
§1231 1A} ehe] T ol T 2 9

% 1A
2~

\l

Sl=l

HobE 4= Qlojo
AdlolyL 27344 2| AE A=t

T

& Ehelo]ofopar gt (
yeh)

m

-

a}

-

m‘l‘

=

JlN

= kgt Zol FAT 4 9l
template<class E> class vector {
public:

IEES

vector (std::initializer_list<E> s) // Z7|StA} 2]
{

AE AMZ

leNe] |-
reserve(s.size()); // =HIE 37/9]

2tg et
/) HLAEE 27|58

[l

StC},

t. (elem[0:s.size()) 2HOf
uninitialized_copy(s.begin(), s.end(), elem)

sz = s.size(); // vector A7|E HASHCt
}
// ... as before ...
h
Q= o2 275 She AT} BAL 2715t Aol (1 o] g
o} A& S0l A] std::vector o= int = FE AFAdot= PAIA
Syt

le]

5t 2 7|Slo| & upiri A 2 A8
SRR
vector<double> v1(7); // 7t&

Kk, 27187} 3 2E AR
vi=9;, // 2F:

vl Ofl= 7 7He| ATt UTH
int & vector & BH&tel 4~ QIC}
vector<double> v2 =09; // 2F :int E

vector £ Hatet 4~ QICt

-
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void f(const vector<double>&);
f(9); // 2% :int & vector 2 H3S 4 QICt

vector<double> v1{7}; // 7ts : vl 0= 1 74O /ATt QUCH (2ol 7 Q1)
vli={9}; // v1Ol= 1709 &7t ULt (240 9¢1)

vector<double> v2 = {9}; // v2 Ol = 1 79| &AT} QUCE (240 9 Q)
f({9}); // f=elAE {9} 2 S50t

vector<vector<double>> vs = {

vector<double>(10), // 7ts : HA|A 44 (10 749 ¥A)
vector<double>{10}, // 7ts : GA|A M (Z+0] 10 QI 1 74| HA)
10 // 22 : vector 2| YHAH= HAIA

St initializer_list E AR HIT 4~ AFUT A& S0lA:

=

void f(initializer_list<int> args)

{

for (auto p=args.begin(); p!=args.end(); ++p) cout << *xp << "\n";

std::initializer_list % QIz} 2 Fo}= AJAAE 27|82} | AE A e Utk 5 8
olH 2] AHo|HE, TAE, 121 regex &= BT 27|32} 2| AE A2t Y] Aol A o5 of
UAsUT 277|812 Y AE = @At ARbAQl 27|35 9% 227 5 sk Yot

i 2=

o the C++ draft 8.5.4 List-initialization [dcl.init.list]

e [N1890 = 05 — 0150] Bjarne Stroustrup and Gabriel Dos Reis: Initialization and initializers (an

overview of initialization-related problems with suggested solutions).

e [N1919 = 05 — 0179] Bjarne Stroustrup and Gabriel Dos Reis: Initializer lists.
e [N2215 = 07 — 0075] Bjarne Stroustrup and Gabriel Dos Reis :Initializer lists (Rev. 3) .
e [N2640 = 08 — 0150] Jason Merrill and Daveed Vandevoorde: Initializer Lists — Alternative

Mechanism and Rationale (v. 2) (final proposal).

2.29 Fols(narrowing) ¥ 2]5}7]

C 2} Ot o BAE O 2 ofee} 22 7S A M 0 2 HehfA Ut
int x =7.3; // Ouch!
void f(int);
f(7.3); // Ouch!



http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1890.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1919.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2215.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2640.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2640.pdf
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SHAE Ot 11 AL () 278K 0|9} 22 Fol S (narrowing) "2 318511 &t

int x0 {7.3}; // 2% : 205

int x1 = {7.3}; // 2% : 205

double d = 7;

int x2{d}; //2F : 20{5 (double KA] int &)

char x3{7}; // 7} : 70| HIZ int 0|2+ O] Z0{S0] OfL|C}
vector<int> vi = { 1, 2.3, 4,56 }; // 2% : double A int 2 SO S

obd et
char c1{7}; // 7 € int O|A|2} char O Z&tE| 2 2 J}+55ICt
char 2{77777}; // 2F : 20{&

BIE BF 257 - 35 2

AU S0l TEEYH. HAo] 7.0 oA 7 2 HEst=

rlel
rlo

e the C++ draft section 8.5.4.

e [N18907 = 05 — 0150] Bjarne Stroustrup and Gabriel Dos Reis: Initialization and initializers (an

overview of initialization-related problems with suggested solutions).

[N2215 = 07 — 0075] Bjarne Stroustrup and Gabriel Dos Reis : Initializer lists (Rev. 3) .

[N2640 = 08 —0150] Jason Merrill and Daveed Vandevoorde: Initializer Lists - Alternative Mech-

anism and Rationale (v. 2) (primarily on ”explicit”).

2.30 Y E AAA(Delegating constructors)

C+ 98 oA 7hd = A7 22 A2 Stes AHT, o2 o® “init()” 5 WEolA]
o] 442 TEIIEE G2 AU 2 Sl
class X {

int a;

validate(int x) { if (0<x && x<=max) a=x; else throw bad_X(x); }

public:
X(int x) { validate(x); }
X() { validate(42); }

“narrow o] 912 E-& Fol7l ojgh Eo| 7wk, §27 Wela o) FolEo| % o oj7to] Fof o] AEBAR ULk Heh O+
of| 4| narrow 2 wide character (2 Hfo|E B2}) & 1 character 2 H3F5H= Z12 narrow 2 B3 &4 (£ wide & &0l&

Aolglourh) ol o We olulg AHg e


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1890.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1890.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2215.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2640.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2640.pdf
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X(string s) { int x = lexical_cast<int>(s); validate(x); }

J/ .
+
o|e} Zo] thH, BEH G5t IEE ¢ 2AA HEZ 977} 2 WA, f2] Ko EH T
webA], C++ 11 oA = 92 g 7)o RS A osto] o E A7t AR 4= A stlsyH
class X {
int a;
public:

X(int x) { if (0<x && x<=max) a=x; else throw bad_X(x); }
X() :X{42} { }
X(string s) :X{lexical_cast<int>(s)} { }

/)

i 2=

e the C++ draft section 12.6.2

e [N1986 == 06 — 0056] Herb Sutter and Francis Glassborow: Delegating Constructors (revision

3).

2.31 S92 YR WY 279k

Ct 98 ol HE 08 F% ehle] FH 45 WS wro] Ze4 hrold 2713 8 5
£718pHs HEA 44 Aol ofobat Siguie. ol elat, Aok 271 Akl eele] 2713k} B
BAL SEA L. N ol

int var = 7;

class X {
static const int m1 =7; // 7t
constintm2 =7, // 2% : static Ot
staticint m3 =7; // 2% : const Ot
static const int m4 = var; // 2F : Z7|3At7} A4 AlO| OfL|Ct
static const string m5 = "odd”; // 2Z : 44 EIJO| OpHL|Ct

s
¥
CH++ 11 A=, 7|2H 0 2 v A4 fo|g WSk S et AAHE FEof|A vt 2 273} & 4=
QA SFAFUTE 11 ol ¥ Ase] 2713 2 uff AR 2713 AHE AFR S 4= A HolAl 4.

AE =


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1986
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1986
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class A {
public:
inta=17;

class A {
public:
int a;
A() - a(7) {}
+
o= B2 Holla SolF Ut £ ofyzt, oo BAGAE A Qe 2L AHEE Holx
=gl HA8. B A9 BE A Wilel sl T 271542 7HE A9t s
class A {
public:

A(): a(7), b(5), hash_algorithm("MD5"), s(" Constructor run”) {}

A(int a_val) : a(a.val), b(5), hash_algorithm("MD5"), s(" Constructor run”) {}
A(D d) : a(7), b(g(d)), hash_algorithm("MD5"), s(" Constructor run") {}

nt a, b;

private:
HashingFunction hash_algorithm; // 2= A QIAEA SO CHslf &
std:string s; // ZHA| W4ZALO| 201 CHet HERS LIEIUDY| 22 %Zf%'

b
hash_algorithm ¥} s =5 ShtQ] t]ZE 7lo] Qth= AL Qo] 46t FE oA 47 =X]A7]
o F L, A HapAlo] A7 Ayt T g4, $-2l= dlolE HWH S 271318 thai Zo] 3
% ik
class A {
public:
A(): a(7), b(5) {}
A(int a_val) : a(a_val), b(5) {}
A(D d) : a(7), b(g(d)) {}
int a, b;
private:
HashingFunction hash_algorithm{"MD5" }; // 2.5 A QAEHAZSO|| sl SS3} 2 A7t A2
Cf
std::string s{" Constructor run” }; // 24| 4= A0| 20| CHst HERE LIEHY| 25t ZAHE
b
T A 7E 2 R eF A ol ofs) 2 7)ot HrhH, ARl o gt 275t Yt
(2, BEES ovletol= gt} tetA] Sel ofdhel 2ol o TrEelAl Lebd % it
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class A {

public:
AQ {3
A(int a_val) : a(aval) {}
A(D d) : b(g(d)) {}

inta=17,
intb=>5;
private:
HashingFunction hash_algorithm{"MD5" }; // 2= A QIAEHAZO| CHsl| 4S5t &l sHA|7} AEE
Ct

std::string s{" Constructor run”"}; // 24| H4ZAL0| 20| Cist AEHS LIEILHZ| 2|5t 2AtE

b

il 2km

e the C++ draft section ”one or two words all over the place”; see proposal.

e [N2628 = 08 — 0138] Michael Spertus and Bill Seymour: Non-static data member initializers.

2.32 5" AR

AFES 55 22 WHISOE BE] 99 72 (scope rule) o] HEHTHE 2L TEHI
2| A (base class) o] HWH-5o0] ZHA] ZEl| A (derived class) o] HIH-E1} th2 ¥ 9 (scope) St
17]9.

uy rlo

ol

2

|
s 7T
=1
struct B {

void f(double);

30 |m
OlE

struct D : B {
void f(int);

L

B b; b.f(4.5); //
//

7ts
D d; d.f(4.5); SIS f(int) o QIRIZ 4 7} MY &2

O+ 98 oM, Seli R Fe A2 RE A4 Ze22 0927 ¥ g5E

o

57 5 gadtt

struct B {
void f(double);

struct D : B {
using B:f; //2E f(O 52 B 2| HIZ 7tAH=2t


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2628.html
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void f(int); // MZ& f() & 27t

B b; b.f(4.5); // 7=
D d; d.f(4.5); // 7} : D::f(double) (O]= AA|= B::f(double)) & EETIC}

—

oA oleigt 7152 BB W T4 Wato] oplet AMASAAL AT 4 QA BUTE C 11
of 4

0

class Derived : public Base {

public:
using Base::f; // §29| f & AtAlo] Q|2 JPH2Ct - C++ 98 Ol M 2H5 &
void f(char); // MZ& f £ A|SStCt
void f(int); // O| f & Base::f(int) 2C} M 5tC}
using Base::Base; // Base 2| MMZIE Z}AIQ| HR|Z2 I 2CH - C++ 11 MBI
Derived(char); // MZ& MM2Z S5}
Derived(int); // O| M-dA}Z Base: :Base(int) EC} MZ5IC}.
I/ e
%

UM AGAE ST o, A4 S Lo Mz WY HeE 27]9)

struct B1 {

B1(int) { }

struct D1 : B1 {
using B1::B1; // ZA|H22 D1(int) & MASHC}

int x;

void test()

{
D1 d(6); // d.x 7} 27|3t|z| O
Dle;, //22F :DI 2 LZE

o} 2

Mo

EA| = WY % 7]3FAH(member initializer) & = QO 2 A S|AS 4~ Q5T

struct D1 : B1 {
using B1::B1; // ZA|[HS =2 D1(int) & MAGHCt
int x{0}; // x £ 27|3HE/ LIt
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b
void test()
{
D1 d(6); //d.x = 0 YL|C}
}
3 A=

e the C++ draft section 12.9.

e [N1890 = 05 — 0150] Bjarne Stroustrup and Gabriel Dos Reis: Initialization and initializers (an

overview of initialization-related problems with suggested solutions).

e [N1898 = 05 — 0158] Michel Michaud and Michael Wong: Forwarding and inherited constructors

e [N2512 = 08 — 0022] Alisdair Meredith, Michael Wong, Jens Maurer: Inheriting Constructors

(revision 4).

2.33 A (HTY EtQl) assertion — static assert

Axntel Rl assertion 2 A=Ayt 2219 glgld 2 LA o] 95Ut

static_assert(expression,string);

A2 e A ARt B3], expression o] AR 0|2HH string o] 27 HNZE 25U (o
=9 assertion A gjA|df]) of| & E0]A:
static_assert(sizeof(long)>=8, " 64—bit code generation required for this library.");
struct S { X m1; Y m2; };
static_assert(sizeof(S)==sizeof(X)-+sizeof(Y)," unexpected padding in S");

il

static.assert = T2 1349 ofwel Z& Z& 7|ti5tal(assumption) o]& A 2|5l= A& Hutdd
BAA 2 o o §-8otUth A= static.assert &= HutA Alof] A4FE L, fEtY] of] O E 5= GhES
AT o o= AHE & e TSk YT A& S
int f(intx p, int n)

{

static_assert(p==0,"p is not null"); // 2F : static_assert() Al0| &4 AO| O} L|CH
/)
}

(7 TjA10] Al A] d9)E AAE Ao AT 4 g
A=

o the C++ draft 7 [4].


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1890.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1898.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1898.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2512.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2512.html
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e [N1381 = 02 —0039] Robert Klarer and John Maddock: Proposal to Add Static Assertions to the

Core Language.

e [N1720 = 04 — 0160] Robert Klarer, John Maddock, Beman Dawes, Howard Hinnant: Proposal
to Add Static Assertions to the Core Language (Revision 3).

2.34 long long — § ZojZ A+

24 64 W EQ] FolE 1A= 4. o8 5

long long x = 9223372036854775807LL;

N

}11 2 long long long ©]1} long 2 short long long .2 Z& £~ g5 Uttt
pis=3

b
=

o the C++ draft 777.

e [05— 0071 = N1811] J. Stephen Adamczyk: Adding the long long type to C++ (Revision 3).

2.35 nullptr — 9 Z2lf A

nullptr & 9 EQIelg vebtls 28l d(literal) YUk ol 47} obd e

charx p = nullptr;
intx q = nullptr;
charx p2 = 0; // 0 90| 2 254D, p == p2 7} EC}

void f(int);
void f(charx);

f(0); // f(int) &2
f(nullptr); // f(charx) @&

void g(int);
g(nullptr); // 2% : nullptr & int 7} O L|C}
int i = nullptr; // 2% : nullptr 2 int 7} OtEL|CH

i 2=

o the C++ draft section 77?7
e [N1488 = /03 — 0071] Herb Sutter and Bjarne Stroustrup: A name for the null pointer: nullptr .

e [N2214 = 07 — 0074] Herb Sutter and Bjarne Stroustrup: A name for the null pointer: nullptr

(revision 4) .


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2002/n1381.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2002/n1381.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2004/n1720.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2004/n1720.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1811.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1488.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2431.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2431.pdf
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template<class T, class U>
77?7 mul(T x, Uy)
{

return xxy,

St 9] 340 )W EelS Heky MoF BhRT BE, x*y” o] ehelol AR, spAg ol 2 o] B
£7k87 3 WA ofoltloli decltype & AHESHE AU

=

template<class T, class U>
decltype(x*y) mul(T x, Uy) // & 2 !
{

return xxy,

SHAIRE o] x 2by 7F ] 2ol A 7] 2ol 77 AT Y. SRR -2l

H

template<class T, class U>

decltype(*(T*)(0)*x(Ux)(0)) mul(T x, Uy) // B7| EZ| &1, 2F 2l Jis4

=2 o o

L

Lo
T o

return xxy,

AR . AT 1 ATS] 2] B4 Utk 9 20z Ad B 14 Hof

—

template<class T, class U>

auto mul(T x, U y) —> decltype(xxy)
{

return xxy;

17141 auto oJul “EJd YL Foll §5

= 2 7 ¥
Wes] BT} B) fol BAT AL opgLich. ol A2 Wgle] BAT HE YL

struct List {
struct Link { /* ... x/ };
Linkx erase(Link* p); // p & A|AHst, p 0|42 I E 2|E

/)

List::Linkx List::erase(Link* p) { /* ... */}
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WA AR List:: = List © M7} = WA List:: 2 uh}y] A7px] W9 otof] x3te]z] Fona
"5A 02 Ao} gt  vhe wle

auto List::erase(Link* p) —> Link* { /* ... #/ }

A=

o the C++ draft section 777

e [Str02] Bjarne Stroustrup. Draft proposal for ”typeof”. C++ reflector message c+-+std-ext-5364,
October 2002.

e [N1478 = 03—0061] Jaakko Jarvi, Bjarne Stroustrup, Douglas Gregor, and Jeremy Siek: Decltype

and auto.
e [N2445 = 07 — 0315] Jason Merrill: New Function Declarator Syntax Wording.

e [N2825 =09 — 0015] Lawrence Crowl and Alisdair Meredith: Unified Function Syntax.

2.37 HEH ¥ (alias) - o]H = “template typedef” 2 <A

g/ fel= 1 o2 Rl S ol HolAw, dF I3 1Abso] A8z (specified) HE
Sl of A WE7tR Y o o] ZEE AW EAY

template<class T>
using Vec = std::vector<T,My_alloc<T>>; // AI2AQ| LHAIE AIESt= BHF vector

Vec<int> fib = { 1, 2, 3,5, 8, 13 }; // My_alloc & O|25HA| S&GHCH

vector<int,My_alloc<int>> verbose = fib; // verbose 2} fib 2 Z2 EtQO|C}.

using 7] EL “o] o] Fo] theo] o ASE oulFTh ot HQUth Sk o5 nAH
typedef 719JE5 AFg 314 Adsteln Pou, Yo R Brsty AT SANS 1S 4 Yol

Yrt.

22 WE5 545t oA AE UL IS Sof

template<int>
struct int_exact_traits { // OO|C|0{ : int_exact_trait<N>::type & Z&5| N 7iQ| H|EE 7IX|&= EIY

typedef int type;

template<>
struct int_exact_traits<8> {

typedef char type;


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1478.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1478.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2445.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2825.html
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0= A

template<>
struct int_exact_traits<16> {
typedef char|2] type;

/)

template<int N>
using int_exact = typename int_exact_traits<N>::type; // H2|ct &

int_exact<8> a = 7; // int_exact<8> 2 8 H|EQ| int O|C}

= o =
% izt
typedef void (xPFD)(double); // C AEIY
using PF = void (*)(double); // using 2} C AEIY &2
using P = [|(double)—>void; // using 1} &2| 2|8 E}Y]

2 A=

e the C++ draft: 14.6.7 Template aliases; 7.1.3 The typedef specifier
e [N1489 = 03 — 0072] Bjarne Stroustrup and Gabriel Dos Reis: Templates aliases for C++.
e [N2258 = 07 — 0118] Gabriel Dos Reis and Bjarne Stroustrup: Templates Aliases (Revision 3)

(final proposal).
2.38 7Pl €& (variadic template)
chet 2ol slAslor & EASo] Uit

i 1727 37 47 57 67 77 87 97 .. 7Hg —%7]——6} 7]—11—15 EH/\'%(){'(:)‘ ]}\3@62'7]}-_9_?

o tuple 2 o|EA AL 7tR?

T vpAle Aol AU tuple & AZSIEA Q! ofefi= 11 oA, WH8Ao]1l Bl Qb
HFEE of A] AU th AFA boost: : format -2 AFEFITHA o LA R of o} e T =S

printf() & TtE=
B AT

const string pi = "pi";
const charx m = "The value of %s is about %g (unless you live in %s).\n";

printf(m, pi, 3.14159, "Indiana");

printf() o] 714 7keket o] A, @4 249 (format string) 9]0 1747} Q= 7 AU} mapA

=~

2ol WA A B Aeld AU


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1489.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2258.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2258.pdf
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void printf(const charx s)

{
while (s && xs) {
if (ks=="%" && *++s!="%") // U Ol QRS 7tA|A| == S45[E
throw runtime_error("invalid format: missing arguments”);
std:icout << *s++;
}
}

oA, -2l t W2 dAE 7= printf() & A 2IsoF Tyt

” ”

template<typename T, typename... Args> // note the
void printf(const charx s, T value, Args... args) // note the "...”

{
while (s && xs) {
f (ss=="%' &8 ws1='%) { // B AR (A O SAIBHCh
std::cout << value; // ZHAY H|-HA| QIZIE ALE
return printf(++s, args...); // AR QIZIE HAHCH
¥
std:icout << *s++;
}
throw std::runtime error("extra arguments provided to printf”);
}

9 MEL geel WA, B AL -G RS WA YA (pecl off) AAHOE 55 FuIT}
T glol4 H] 4] dAEo] §iAl FH, o] @t W Sl printf() & SESH HA Q. o= uHA]
Aot efelof E& e =2 189 (functional programming) 2 49§5h= A3} Z5Uth F12, <<
2 927 sk 20] B4 A7 (format specifier) o A WA = YAH 2FE SNES L 5 ]
o} Args.. = “Q1z} R-2-(parameter pack)” o]2til 2= ZUt} o= 75| (BFY (type)/Fk(value))

o g FAE, o2 ZHzto] QIAHE W AS B E HAYE = Ayt 7 printf() g7 1 749
AZE 7HE of SEEQIEH, printf() o ZHA A 2]l printf(const charx) 7} S&F U} vHd
printf() 7} T 7 o9 JIAE 7HA= P2 2EHATHH, T WA F QI printf(const charx,
T value, Args... args) 7} ABE ™, AHA QA= s, FHA= value, UM X = Q12 B-Zof args =
Uzl A2 FEl = Soi7HA HUt. of g

printf(++s, args...);

£ 52 Ao, AR Bg args & SFE A, h A} value 2 A DD S QS it o]
2 3L args 78 0 742 AP (3 printf() 7F 55D 0] 7)) o] o] G
0} 5tehE, ol RS o] 7l 4.0 AFgSHE o] Ft EEA A Hl Y olek AHIS & AU

_E_l‘

594 A7, ol o] printf EolA %d, %f 502 ol ghelo] o1 oM YAl 0w FesheA ehIHAS
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template<class ... Types>
void f(Types ... args); // 7HHQIA} EIES] o4
I

(1)' //7 S :args E 1 7H9I Izt int & 7tICt
f(2, 1.0); //7t5 : args & 2 7l 2| QIZ} int 2} double 2 7}Z|11 QUCH

St eIzt 1S obhet 2ol FAE 4 gt

template<typename Head, typename... Tail>

class tuple<Head, Tail...>
: private tuple<Tail...> { // 2{#E A STt
// 712422 tuple 2 head & A (EIY/2H)HO| M-S StCtS
// head ¥[0f 2= (EIY/2}) HE2 FH 442 S=Ct
// N2 EFU2 ErYLof| QIR E &[0 O, Q0|82 A=l A =Lt
typedef tuple<Tail...> inherited;

£Q
|0

public:
tuple() { } // TIZE : H|O{O|= tuple

// CH2 QIAZ 712 tuple 2 AABICE

tuple(typename add_const_reference<Head>::type v, typename add_const_reference<Tail>::type..

: m_head(v), inherited(vtail...) { }

// CtE tuple 2 2E{ tuple 2 HMMSIC

template<typename... VValues>

ol

tuple(const tuple<VValues...>>& other)
: m_head(other.head()), inherited(other.tail()) { }

template<typename... VValues>
tuple& operator=(const tuple<VValues...>& other) // CHY

{
m_head = other.head();
tail() = other.tail();
return xthis;

}

typename add_reference<Head>::type head() { return m_head; }

typename add_reference<const Head>::type head() const { return m_head; }

inherited& tail() { return xthis; }

const inherited& tail() const { return xthis; }

. vtail)
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protected:
Head m_head;

A 2 ZF. ANSWERS

o] whet el A itk (2e) 1 BAet S 7bs)

tuple = W= 5

tuple<string,vector,double> tt("hello",{1,2,3,4},1.2);
string h = tt.head(); // "hello”
tuple<vector<int>,double> t2 = tt.tail(); // {{1,2,3,4},1.2};

BE S sl st 2L
iUtk o2 Sof BE

Bt A2, B A
2ol B 28] make_tuple() :

template<class... Types>

tuple<Types...> make_tuple(Types&&... t) // O] Ho|= AA|LECt thestA BHHSHA (EF 20.5.2.2 2 R)
{
return tuple<Types...>(t...);
}
string s = "Hello";

vector<int> v = {1,22,3,4,5};

auto x = make_tuple(s,v,1.2);

2=

e Standard 14.6.3 Variadic templates

e [N2151 =07 — 0011] D. Gregor, J. Jarvi: Variadic Templates for the C++0x Standard Library.

[N2087 = 06 — 0157] Douglas Gregor: A Brief Introduction to Variadic Templates.

[N2080 = 06 — 0150] D. Gregor, J. Jarvi, G. Powell: Variadic Templates (Revision 3).

o [N2772 = 08 —0282] L. Joly, R. Klarer: Variadic functions: Variadic templates or initializer lists?
Revision 1.
e [N2551 = 08 — 0061] Sylvain Pion: A Variadic std::min(T, ...) for the C4++ Standard Library
(Revision 2) .
[ ]

2.39 HASE 2735 24

3 o) B}l ojm et WAl 0@ 275} sl o] what of e}

ARESHA 2 o ASHE & F HAAlE Sfotd 4 = Qi BT

Anthony Williams: An Introduction to Variadic Templates in C++0x. DevX.com, May 2009.

R
& A%}


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2151.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2080.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2087.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2772.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2772.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2551.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2551.pdf
http://www.devx.com/cplus/Article/41533

2.39. ©opdE z27]sF 724

43

bar" }; // 7Hs - B #i42 27|35} BiCt

,bar" ) /25

string a[] = { "foo", "
vector<string> v = { "foo"
void f(string al]);

f({ "foo", " bar" } ); // 2¥ 22

: non-aggregate vector Of C{St 27|31} 2|AE

inta=2; // St 7% CH HEf
intaal] ={23}; //2|2EZS ALESH ot 7H2| THY] HEK
complex z(1,2); // &4 YE{Q| 27|53}

2715t FHL 9491 1Y FL AL got
WA 02 (1271918 AgotEE shdan

AL 9 o2& AYYTE. O+ 11 oA BE 27]5}

X x1 = X{1,2};
Xx2={12}; //=& T ECt
X x3{1,2};

X* p = new X{1,2};

struct D : X {
D(int x, int y) :X{x,y} { /* ... ¥/ };
h
struct S {
int a[3];
S(int x, int y, int z) :a{x,y,z} { /* ... x/ }; // O|Hd 24 ol &
h

det go s 2Tt adE R, {}-27]9kE

olof AMg- 7Hs 7

X x{a};

X* p = new X{a};
z = X{a}; // A OEE |‘%
f({a}); // EF& X

O
return {a}; // &= 2|t EIEE ALE (X 2 2|E5ts B4

i 2=
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o the C++ draft section 777
e [N2215 = 07 — 0075] Bjarne Stroustrup and Gabriel Dos Reis: Initializer lists (Rev. 3) .

e [N2640 = 08 — 0150] Jason Merrill and Daveed Vandevoorde: Initializer Lists — Alternative

Mechanism and Rationale (v. 2) (final proposal).

void incr(int& a) { ++a; }

inti =0;

incr(i); // i< 10| =t

incr(0); // 2% : 0 2 25210| OfL|Ct.

grel incr(0) o] S1GHITH, oW AL B 4 gl UA Hl2elt SAEAY, © A2 A 0
o] Zko] 1 0] B AYUTE. A F240] %5 Wo] QrEITk 2R e AHA o] Z7] ZE K (Fortran)
Avtdeol s QAE ¥ 5 F st QU

SAe ofele} Z& BES AZkeEA .

{ T tmp(a); // a ©f ZAHZ 2 7} Z2Y3HCH,
a=b; //bo| 2K 27} ZAHFICH
b = tmp; //tmp 2| EALE 2 77} ZA5tCt
}

T T 7} Y AE EAbol7]of of¢- H]-go] v Efglo]2tH (o & 59 string o]U vector), swap
2k vl v 2bgo] H AdUH (B gholBelg] 9] A 2= string I} vector of tjsf o]}
22 swap = Aotz EF3t=0] JFUT. SEAIRE 9714 g 712 SR 2 Hol Ut 8+
ow et AL Al E YA g5 ¢+ <=0l a ¢t b 12|11 tmp 9] -2 T3] o]F Al7]7]9HS
Hyrt.

C+

+ S “0]5 A7k (move constructor)” 2} “0]5 T} AXHA & o)A HA}
155 738 & M =5y
template<class T> class vector {

/)

vector(const vector&); // SAl 4442}
vector(vector&&); // Ol 444z}

o
o
ro

o



http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2215.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2640.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2640.pdf

2.40. ©=7F % 45

vector& operator=(const vector&); // SAt T HAEZ}
vector& operator=(vector&&); //O|= CHQ HARZ}

b/ &2 0lE A dAtet Ol tHY HAEAL= non const && & QIALZ 71RIC
// 2 Ll QRO =ArstE AO| OFl QIR 1 ZA|7t &= AO|Ct.

&& = 53 A ALE ongUn. 54 dudAs 580 29 & & A5y (sHARE
A2glol 2obs)
X a;
X £();

X& rl =a; //rl 0| a0 (2I23}) ZEsiCt
X&r2=A(); // 2% f() = SUOILL. 2L & GlCf.

X&& rrl = f(); // 7ks : rrl O] LAIZLO

-
=24y
X&& 12 = a; // 23 : HEO| AEE 4 BT

AAHE TEE otolhol&, BARE 7] HitE o]& T3] source oA el HEER
% j

Sl el AU o Sol A ol F tfed QAL ALgHE sl =52 &, 52 ¢ BAES sl
o BALE)E Zi0] obg ek, T jAle], ©d] sl o] 52 ) BAES AL AHY 747 gLl 1
o] o] BAEL AYH el H At
o el wéd] YRS olFA7IE o] /KT AAAE B & 4 UL7Ha? 1T
Autae o)A Teirw By

template<class T>

void swap(T& a, T& b) // 235t swap

{
T tmp = move(a); //a & XA ZICt
a = move(b); //bE Z2A =C}
b = move(tmp); //tmp & ZAH =Tt

move(x) = “x =

=2
R0 9 &7 215

Cit 11 2 2ol 73, 95 H2E AT

"

2 o
I\
oY,
o
i)
ol
%
&
i
rlr
lo
=)
ins
i
£
o
ru
=
o
<
2
fu)
(R
=2
]
<
Q
—
i)
Lk
o,

e the C++ draft section 777

e N1385 N1690 N1770 N1855 N1952
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[N2027 = 06 — 0097] Howard Hinnant, Bjarne Stroustrup, and Bronek Kozicki: A brief introduc-

tion to rvalue references

[N1377 = 02 — 0035] Howard E. Hinnant, Peter Dimov, and Dave Abrahams: A Proposal to Add
Move Semantics Support to the C++ Language (original proposal).

[N2118 = 06 — 0188] Howard Hinnant: A Proposal to Add an Rvalue Reference to the C++

Language

Proposed Wording (Revision 3) (final proposal).

2.41 F8A (Lrshd)

C++ 98 oA (I

iy

2

_T'_
[}

kl
o

011— Hﬂtﬂ

1__

union U {
int m1;

)gl

complex<double> m2; // 25
string m3; // 2%

: complex =
string Ol= A, SAt,
V=t #HZH0

En
Z+0| ©
BA

o O
=]
=

8 o

AN

Am

4

Uu, // O 48271 SE£50{0F 5HtR7?
uml =1; //int QO gt CHY
string s = u.m3; // string YHZ £€ ¢

S (2 =2A)

WA, 919t 2ol

At

2= o
=1

:Laqoﬂl:v— E:IL"]'—E 4

2

H

H

-

ZF Qo] AL, BAE 2BAE 7HAAL 9

s, T84 el o] AANA ol5s A


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2027.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2027.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2002/n1377.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2002/n1377.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2118.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2118.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2118.html

2.41. F-&A (YHI5HE) "
union U1 {
int ml;
complex<double> m2; // 7t5
b
union U2 {
int ml;
string m3; // 7ts
b
9 BEL 05 U JPsAo] ol BolAw A2 Ag 4ol of 1] £g2 FUth 54
Ulu //7ts
um2 = {1,2}; // 7t& : complex HEOf| CHUEICE.
U2 u2; // 2F : string & AEZIIt U ABZIIt 2ESSHR| 254 &
U203 = u2; // @& : string AL MR} U O SAF MARIZ 2S5 R51HE
AuHo e U2 £ o WelSo] AHGEEA FAT 4 ol FERAC] 94 g o 217} gtk

AN
upatA], ‘G F-2-A) (discriminate union)’ & A|2Fs|E-Al T}

class Widget { //3 7Ho] CiOH 231S0| B2 BHEICH
private:
enum class Tag { point, number, text } type; // F&5t7| I5H Z|A|Z}
union { // B3 &AS
point p; // point 1= AR} QICH
int i;

string s; // string 2 CIEE 42}, SAF AAS, 2ABZ10} QICt

b

/)

widget& operator=(const widget& w) //string 420 L= &
{

if (type==Tag: text && w.type==Tag::text) {
s=ws; // 289 string tiY

return xthis;

if (type==Tag::text) s. string(); // (BA|H2Z2) ~H

switch (w.type) {

case Tag::point: p = w.p; break; // HHSI SA}
case Tag::number: i = w.i; break;

case Tag::text: new(&s)(w.s); break; // new

}
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type = w.type;
return xthis;

¥

i A=

e the C++ draft section 9.5
e [N2544 = 08 — 0054] Alan Talbot, Lois Goldthwaite, Lawrence Crowl, and Jens Maurer: Unre-

stricted unions (Revision 2)

2.42 PODs (Q4ts} 9)

POD (“Plain Old Data” ©] ¢f4}) & C A MY 2249 & gl AES 9u ’%‘HE} =
£ &oll FAE AL, memset () & F3f 2719t 2 4 syt C++
olg W A8 H R Qofel A5 5L Higoz oseld it

struct S { int a; }; //S = POD O|C}

struct SS { int a; SS(int aa) : a(aa) { } }; //SS = POD 7} OtL|Ct

struct SSS { virtual void f(); /* ... x/ };

Ql(standard layout type, = W2 POD) 2tal & 4= 154}

SPLFshE SS ol ofm Solgt AEE §lv] BRI gkshu AR dolofso]

gonz (watA memepy() = AHE 7Hs) SHaL, 222 BEAIZE EE AL 278} (memset () &

Ut - fpstH EHS HASHA] 7] wl2) AU SEARE SSS &= 7 ZQ1E (vptr) 7t Q171 Wil

POD & Al B4} 7h5 8 EH15, A e ehlE, 290
o7

HZ oo BIER A oHYrh = POD & A4

POD k31 @ 4 §l&th C++ 11 oA
POD 52 71429 2 A257] 9]

o

o oW 20 WHSH F1 FeAS0] BE POD ehdl, 1 22t POD Iy,

- M 48 D o)
- 2B 2YAE HE dEn

— HHALE PAE QPE AL
- 05 AT AAAE 7R E Yo
C++ 11 2] 71 509 54 % o2, 44215 G0 s AL A4 dolobsolut o] Fake
FA Fsyd
i 2=
o the C++ draft section 3.9 and 9 [10]
e [N2294 = 07 — 0154] Beman Dawes: POD’s Revisited; Resolving Core Issue 568 (Revision 4).


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2544.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2544.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2294.html

2.43. RAW 2z 2]5 g 49
2.43 Raw x4 ggd

%o gl Raw o] 212} ojuli= 27, /g w4 o

O
Jei5l7] SIahA SRt ool Mse A S

m o2 @ Jm

o] ?%’PP%HE}- (94145} 7‘&% HAANM \ & EETE ZAE AHEE o 220]
_T_’:__

string s = "\\w\\\\\\w"; // A7} 2H %7|S 2N

A1 AT BAA A HEHA B £ A wedA Bz sAEYT R oR, @
sring Lteral” 914 8oL ghées] At el Stz 42 ek, ohebd Se19] 2EE o}am
2ol vk 4 Q&Y.

string s = R (\w\\\w)"; // 271 448 2QUick

AP raw string ©] I AL A7) 915) Aef o] oA TEE AFESHIE T
SCEPWVINN N LWV TR

// 5712 MiSeAIE AESH=A S=7tR7
// SA0 HEotsE gLt

R(.) 7188 Be6] “BAD 2 A4 SH A BT Ho BAGHAT, WA S et A
et 6 & el QrLich o171 TS JEA BS7NRT AT

R" (" quoted string”)” //0| 2AtE2 “quoted string” (22 HET L e6HA)

Joh BpA 2O 2 ) S o] WA raw BAFDo] BS7EA? Tho]E o A 0] S Lpeht B4
O ARk, (... )" 7} |5t #ol7] o] (delimiter pair) ¢ o2} 22 PE EIatelof gk

R" x#x(" quoted string containing the usual terminator ()" )%skx*"

rE
(o]

// O] A& 2 “quoted string containing the usual terminator (") QL|C}.

) Holl &= 22k Al AE HTEA] (ol 2= 24 ALt Fdsfof dun. o] e s, 2=

Q190 Bgh e BAIS AT 4 QA HASUTH. raw B2G 0] R B2} oo, oW gt Bt
2AE Q13 T2 AT 5 &Y (u8, u, U, L) 2 Sof A usR” (fdfdfa)” & UTF-8 244 2] e
Ayt

Z+71 X]’ﬁ

e Standard 2.13.4

e [N2053 = 06 — 0123] Beman Dawes: Raw string literals. (original proposal)

e [N2442 = 07 — 0312] Lawrence Crowl and Beman Dawes: Raw and Unicode String Literals;
Unified Proposal (Rev. 2). (final proposal combined with the User-defined literals proposal).

e [N3077 = 10 — 0067] Jason Merrill: Alternative approach to Raw String issues. (replacing [ with

0;


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2053.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2442.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2442.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3077.html
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2.44 AH&A A9 2l E

Ct+ 2 of27HA WR erdsol "iet EHEE< Aot sy -
123 // int
1.2 // double
1.2F // float
a' // char
1ULL // unsigned long long
0xD0 // 16214 unsigned
"as" // string

SHAIRE Ct 98 o ALE} 2] FlS o] thet 2|95 2 wE 4
AFEAF 74 9] BF Qo] T USHA Al A E ofoftt gttt ] of §]HtE = A o]
59, AES 8T 22 ASS 2 TG,
"Hil"s //’'char 2| & EA &= H{E' Ot Ot EAtE
120 /54
123.4567891234df // 4+ =
101010111000101b // O] 214
1235 //%
123.56km // Z20|€f
1234567890123456789012345678901234567890x // &3 HAUL

A2 (1BM)

Ot 11& A7 Ao AHEES 488 4 ws A9tk JHY Qe S4 Pulte
7HA AL Q= BEE 52 Yohs B S & vl (mapping) A1A FUT & S04
constexpr complex<double> operator "" i(long double d) // 5|4 2|E{&E
{
return {0,d}; // complex = 2|E{& EIQO|C}
}
std::string operator’’s (const charx p, size_t n) // std::string 2|5
{
return string(p,n); // A7 A& U2 T2 st
}

IR constexpr & ARESH Hotd Hupd Azt Aldte & & A gyt ol& S3l -2

rr

template<class T> void f(const T&);
f("Hello"); // charx O EOIE{2 gt

f("Hello"s); // (5 22H2Y 2 E XL
f("Hello\n"s); //(6 &4} SAtE HHE HE

=

auto z = 2+1i; // complex(2,1)
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o] ofeltjolg TS
sholshe AU Th AHEA %
Utk g eed Hulx

Q

nm ot o

QAR R4 glell o eH 2 44 (cooked - 5 WA} FOH A kb o o] HE o]
THle ) &2 o4 HA &2 (A4 Idi=) 9= 7H e o A EYH
TAE A e LS &7 oM = ©@<5] cosnt charx QIZHE @75k Hu
Bignum operator"” x(const charx p)
{
return Bignum(p);
}

void f(Bignum);
f(1234567890123456789012345678901234567890x);

o714 C 2] o] FAFE “1234567890123456789012345678901234567890” ©] AA4k2} operator”” x()
2 AgPUrh o714 Sel AES BAGE BAH 02 viTA gsknh

gAY HE PR BE 4 U (5 AUAE Y 4 U) dHBL 474 BRI 9EU

]2 : 5} 9] unsigned long long ©]u const char* 2 21zt 712|= g g AAA7}
4 25 4E : 5}119] long double ©]U4 const charx & QA2 71X+ 2 &H AAA7}

o 22 BJE]& : (const charx, size_t) & QA2 7IX|= gEHE AARz7} vt}
o B4} SET ; shiol BAE W e Y QA i,
g ofHE-2 const charx TF QIZFE Tl size = W2] b= wA4E 2EHE A4tx= A4S &

syt dg S°1A

string operator’” S(const charx p); // A1 : O|&3lIE T2 255tH7| 42 4= USLICE

"one two"S; // 2F : At JtSTH 2|6 E AHLARIIL QIS

L e e 5o Tk A Ao R $ast The SRe) Bate & dako, ofu Sl

A BAG o] B4 A5 Baz o AUh HUAEL L A9 gong (o2 Sof B4

Qe s, 84 i, B m, 123 S (extended) 19138 LERR7] $1%F 212 x) of we] HwlAl

Zoll FEol AstE 497 Baunh wEtd S5 97] As] dHldLm o] A8 AMEstE= shAl 2.
namespace Numerics {

class Bignum { /* ... ¥/ };
namespace literals {
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operator’” X(char constx);

using namespace Numerics::literals;

i 2=

e Standard 2.14.8 User-defined literals

e [N2378 = 07 — 0238] Ian McIntosh, Michael Wong, Raymond Mak, Robert Klarer, Jens Mauer,
Alisdair Meredith, Bjarne Stroustrup, David Vandevoorde: User-defined Literals (aka. Extensible

Literals (revision 3)).

2.45 £/d(Attributes)

& (attribute) 2 A2 BHE BFHOo 2 HIPAQl 3.2 ] (vendor) E0|A Q) A HE(__attribute
—declspec, #pragma)S AAFEO] fHojd 4 Sl IR PUT C++ 11, H4L2 7|1&EY] 2T+
o2 ZE oft]o| 4EX] A-§ 7Heotal, AAY g FE Hf SA4A U A& 014

void f [[ noreturn ]] () // f() = Al 2|&l5tA| %S

{
throw "error”; // OK

struct foox f [[carries_dependency]] (int i); // Z|A517|0f YedZ

intx g(int* x, int* y [[carries_dependency]]);

9 FEOA 2 4 glEo] £A4L = Aol Es gto] ol
carries_dependency = E o Ao Eo = F Q
AFE ] (dialects)” 52 THE =
=273 A9 €ljo] 37
3o AHsP o 2L F= (A

L£44& AMgSteE E OHE o=

Az @ FE = TS —rﬂb]- ( ]% Eo] [[noreturn]])
o] [[carries_dependencyl]) PEf 2Tt AF&S= 212 AT YL}
penMP & ¢ & 2|45t = 517] ff9to] sy & 591
for [[omp::parallel()]] (int i=0; i<v.size(); ++i) {

/.

o

}

i 2=

e Standard: 7.6.1 Attribute syntax and semantics, 7.6.3-4 noreturn, carries_dependency 8 Declara-

tors, 9 Classes, 10 Derived classes, 12.3.2 Conversion functions

Telo] Qroll A e ol ofu7t 234 gebd deig £

=

i
A


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2378.pdf

2.46. Zr}HLAMBDAS) 53

e [N2418 = 07—027] Jens Maurer, Michael Wong: Towards support for attributes in C++ (Revision
3)

2.46 Frt}(Lambdas)

_0|L
rr
2
N
L
oN
o
i)
9rll‘
w4
30
i)
L
L
o
)
1o
N
ko
>
oo
£
rr
ot
4
i
of
:?é'z

vector<int> v = {50, —10, 20, —30};

std::sort(v.begin(), v.end()); // LIZE H&
// Ol v & —30,-10,20,50 7} EIC}

/7 BHe= dE
std::sort(v.begin(), v.end(), [](int a, int b) { return abs(a)<abs(b); });
// OlH v & —10,20, 30,50 7} EIC}

o1zt [1(int a, int b) { return abs(a) < abs(b); } = “@r}’ (& “Fr} g7, “Frt
A7) olet EelH, = 7] A4 Q1A a & b & oA T Y] dArighe vl w et AE Rt A
ojulghich. FehAS 1 AL H9) ool i Ao WEo] e 4 Atk o E 5ol

void f(vector<Record>& v)

{
vector<int> indices(v.size());
int count = 0;
generate(indices.begin(),indices.end(),[&count](){ return count++; });
// indices & Record 2| name 2| 37| &=AC{Z2 HHSHC}
std::sort(indices.begin(), indices.end(), [&](int a, int b) { return v[a].name<v[b].name; });
/-
}
ofH AREL 9 RES AT UATT A7t ol AFELS AUY AE2 BT Tt At
Utk A AQIAQ) AZte 2 5 o Wi ool Btk [&] & A 2 AE (capture list)’ 23 F.29],
2o Wpgol gLz ko] A 2 4 A U ¢Ele 24 v ke A Skl /l9i7] w2,
&v] 2 U e HU T Bl Selsb v 2 goR AEEkT AACHE, [=v] 2 A% PUch ofR s
HAsHA] e [, e ARE dHd Lz YA fsid e [&], 223 gez AAsE =] &

sz Huch

W) Fepalolq Aelshs 3ol Tt Ao] opAL QurH el o] o

e ARSI S AU A& S01A floll & Al L=+ offier Eol & =
void f(vector<Record>& v)

{



http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2418.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2418.pdf
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vector<int> indices(v.size());
int count = 0;
generate(indices.begin(),indices.end(),[&](){ return ++-count; });
struct Cmp_names {
const vector<Record>& vr;
Cmp_names(const vector<Record>& r) :vr(r) { }
bool operator()(int a, int b) const { return vr[a].name<vr[b].name; }
+
// indices & Record 2| name 2| 37| &=ACi2 HHSHC}
std::sort(indices.begin(), indices.end(), Cmp_names(v));
}

22 g2l disiAe, ddd §olA Record o] F REE Hwdte &4 52 20| A1@7 &=
ARz w5 "art glsytt dfustha A4 Ee Z=71 48s] Fdsh7] WizolAl 8. C++ 98 oA, ok
AAE AES AR ARG 7] ASiA H-A A ooF U oA C++ 11 oAM= A Bd<
WE3 QAR W 4 9 BB o|o & Ao 270] ARkAS U

o T Y HOA T FAEL FET ol Yert (9 5°] { return vlal.name < v[b].name; })

o (AMEIALR) 2 H B2 A2 Hu| 219l B} 5 (suffix return type syntax)= A3t SFX|RE
S [©) o =

Sh71% et 9 ofwst gl 4] ghethul

e Standard 5.1.2 Lambda expressions

e [N1968 = 06 — 0038] Jeremiah Willcock, Jaakko Jarvi, Doug Gregor, Bjarne Stroustrup, and

Andrew Lumsdaine: Lambda expressions and closures for C++ (original proposal with a different

syntax)

e [N2550 = 08 — 0060] Jaakko Jarvi, John Freeman, and Lawrence Crowl: Lambda Expressions

and Closures: Wording for Monomorphic Lambdas (Revision 4) (final proposal).

e [N2859 = 09 — 0049] Daveed Vandevoorde: New wording for C+-+0x Lambdas.


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1968.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1968.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2550.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2550.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2859.pdf
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2.47 HEH AAE AEEHE AY B®HY

C++ 98 ol A 2] Bt (local type) T o] gl BFYE2 HES A= AR = ISHT o=
=

et FEol Holedl, wEbA C++ 11 oA o= et Al

void f(vector<X>& v)

{
struct Less {
bool operator()(const X& a, const X& b) { return a.v<b.v; }
+
sort(v.begin(), v.end(), Less()); // C++98: 2F : Less = A EIY
// C++11: 7t
}

Cit 11 o)A St B3 FhAS 58 AL A48T 5 = d&ut

void f(vector<X>& v)

{

sort(v.begin(), v.end(),
[] (const X& a, const X& b) { return a.v<b.v; }); // C++11

—

template<typename T> void foo(T const& t){}
enum X { x };

enum {y };

int main()

{
foo(x); // C++98: 7ts; C++11: 7ts
foo(y); //C++98: 2F; C++11: 75
enumZ {z };
foo(z); // C++98: 2F; C++11: 75

U i

e Standard: Not yet: CWG issue 757
e [N2402 = 07 — 0262] Anthony Williams: Names, Linkage, and Templates (rev 2).

e [N2657] John Spicer: Local and Unnamed Types as Template Arguments.


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2402.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2657.htm
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2.48 noexcept — 9| ¢]Q] Axu}E gt=r}

Tl olE P4t ISl B S QAL B4vt AAE o912 x Te] AE 4 o, of
5t~ noexcept 2 Alix]ojokt Tt o2 &

extern "' C" double sqrt(double) noexcept; // A2 02| S TEZR|Z| Ob=C}

vector<double> my_computation(const vector<double>& v) noexcept
// 22 BAHIE A2le E8|7t =& EUACEH

{
vector<double> res(v.size()); // 02| & £+ JUS
for(int i; i<v.size(); ++i) res[i] = sqrt(v[i]);
return res;

¥

F1

TF noexcept = A O] H otprt ol ]F HATHH (F, o €17} noexcept o2 FE &5l ittt
), T2 I FgHUTt (terminate() 545 TF) terminate() 49 352 AA7F &
el obdAo] olzehA) g e (ebd £BA E B 397 ¢
Z PP BAAE A o=tk But O}Ha’r Z2 o] AR A7t
Jh). o]} Zo] AASH o]-f+= noexcept & W&o, G874
Q2 throw() WAL ke 24 o ;qgao]u}) g4Es =7
T = QG5 UtL o & Eo]A], €23 QA7) noexcept & wjqF ¢F 17 2]=0] noexcept 7} E == ot 2}

2ol THY & U5k

template<class T>

rg

T\
il
rr
A

rO
=)
N
v
)
o
[l
nx
2,
o
N
4o
0|
o
S
Q,
>4
v
B

void do_f(vector<T>& v) noexcept(noexcept(f(v.at(0))))
// fv.at(e)) 7t Ol E& 4= A0k T 0f|2|S EHZICE
{

for(int i; i<v.size(); ++i)

v.at(i) = f(v.at(i));

A7|A A= AR noexcept & AHE-SEI5HTH : noexcept(f(v.at(@))) = f(v.at(@)) ©] 9
oI5 dd & gl& o FAdYTh =, fO I at() ©] noexcept U wj Ho]2] Q. noexcept() A4EAE g
Ao =, o] 9] m] A4t = ALTER] A5

noexcept A212] AulA el Je|= noexcept(expression) o], T4 ‘noexcept’ 21l A= AL ot
=] noexcept(true) o] FoFggolat B HUrtt oo BE HAA-2 HEEA] noexcept 831 +A44S

7P111 UsHH-

2= of| 95 AW U whebs] A A= S A BE WHE0] noexcept A2}
%‘ﬂ UTHH, A H O & noexcept 7+ =|A| (&2 HHFA 2 sHdA] £
noexcept = <= 2to| B & 2ol A FH St AA A oA AMEHIL oW, o] 73'1]*4% A Y
o2 2055 oA stAsU T

il
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i 2=

Standard: 15.4 Exception specifications [except.spec].

Standard: 5.3.7 noexcept operator [expr.unary.noexcept.

[N3103 = 10 — 0093] D. Kohlbrenner, D. Svoboda, and A. Wesie: Security impact of noexcept.

(Noexcept must terminate, as it does).

e [N3167 = 10 — 0157] David Svoboda: Delete operators default to noexcept.

[N3204 = 10 — 0194] Jens Maurer: Deducing "noexcept” for destructors

[N3050 = 10 — 0040] D. Abrahams, R. Sharoni, and D. Gregor: Allowing Move Constructors to
Throw (Rev. 1).

2.49 A (alignment)

TF, 59| 27t v g A Alofste Z=5 & o, 2] D A] 27 dot= = W2
AP efope " ao] AFUH A& EolA
// BASO| HYR double B HHIEZ SIGUCH
alignas(double) unsigned char c[1024];
alignas(16) char[100]; //16 HIO|E AA|= HAESt=E & boundary

Ol

E3F alignof A4t I7k2 e 219 FE JHIE gyt (Yabs HEA] Bholofopet 9

constexpr int n = alignof(int); // ints are aligned on n byte boundaries

i 2=

e Standard: 5.3.6 Alignof [expr.alignof]
e Standard: 7.6.2 Alignment specifier [dcl.align]

e [N3093 = 10 — 0083] Lawrence Crowl: C and C++ Alignment Compatibility. Aligning the pro-

posal to C’s later proposal.

e [N1877 = 05— 0137] Attila (Farkas) Fehr: Adding Alignment Support to the C++ Programming

Language. The original proposal.

*CPU £ o& Y& 52 Jro] uij= dlo|HEo] ot BolzjopAt 714 8402 2Fe 4= 917] wjio]l, 277} ©]
w7} =2 ok AR ol tieiA Hutdert AR ¥l Z7HE AYsiA ofof g
St AA R Z7)7F 24H|E Fx2A| 0] AS 1 378 ARH 326 EVL o= A9t 9Ly


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3205.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3204.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3050.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3050.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3093.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1877.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1877.pdf
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2.50 QH|Fo]E Ao : override

A 2 ZF. ANSWERS

A G ol R Fe2o] §4g evjzol= ap] sl SEE A=t Ba R oh gt
FUth g 5

struct B {

virtual void f();
virtual void g() const;

(
virtual void h(char)
t

void k(); // 714+0] Ot

b

struct D : B {
void f(); // B:f() € 2H{2t0|= STt
void g(); // B:ug() € 2B{20|= 5t2| b=L. (LHE EfY)
virtual void h(char); // B:h() & 2H2}0|= FHCt
void k(); // B:k() & 2H{2t0|= 2| QH=Ct . (Buk() & 7HE4 otd)

b

skt glo} 2ol T ALgohe e FES Bel o] npaduth (o]7]4 L ef0is} o|E g e
A7 o Hutd e o] A EHE =M FaE WA ¢A17) dE Sl

o 27} B::g() & LBFtol|= 512 F A L7} (ofut Bha Ady )

o I 7H7}B::h(char) & @Hzto|E 51 gt ZALU7}? (ofnf explicit virtual & 2 72 Hot
ohd Aguth

o 27} B::k() & 2¥ztol= 51 o A L7} (ohmtg, SHAEE o] = =715 gy

n2IAMER B BAH0R QHeto|EE & 4 oA stelm, Selt override eHs 7|9IES
ZgJstagU e (AAIBHE o] ohd T melE7] $13h)

struct D : B {
void f() override; // £8: B:f() & 2B{210|= & o
void g() override; // 2F : Ct2 EIY
virtual void h(char); // B::h() € 2H{2}0
void k() override; // 23F: B::k

override = Al
QHEo|E H=

ok =27 hQ 7}
A] 7
ool A Lobd

| &) ol BiE Wl
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override = M2ta 7] Q] E (contextual keyword)? o]7] wjFof olgje} A& FT L @ FE WA=
et

int override = 7; //H&StA| &S

ERUR e

e Standard: 10 Derived classes [class.derived] [9]

e Standard: 10.3 Virtual functions [class.virtuall

[N3234 = 11 — 0004] Ville Voutilainen: Remove explicit from class-head.

e [N3151 == 10 — 0141] Ville Voutilainen: Keywords for override control. Earlier, more elaborate
design.
e [N3163 == 10 — 0153] Herb Sutter: Override Control Using Contextual Keywords. Alternative

earlier more elaborate design.

[N2852 == 09—0042] V. Voutilainen, A. Meredith, J. Maurer, and C. Uzdavinis: Explicit Virtual

Overrides. Earlier design based on attributes.

[N1827 == 05 — 0087] C. Uzdavinis and A. Meredith: An Explicit Override Syntax for C+4+-.

The original proposal.

2.51 QH|Zo|E AEE : final

¥ B QOIS e 1S WD 48 1 o

o

ZYYrt. o] = final

struct B {
virtual void () const final; // 2B{2t0|= S}A| QI=C}

L

virtual void g();

b
struct D : B {
void f() const; // 2F: D::f 7} final @I B:f & 2H2}0|= St Tt
void g(); //7ts
b
L Hto|d-& gr=t|ofl= A ATt o] F-=o] UX|TE, A7} final o] OB A ARRE|=2] HoiE A=l
A of g o] 71t g7t At v Z] (expensive) ' Vof| Tt Z-EE A ZES 7H 7R (E9] ThE Qlofof A
a2 Ao 7R sfiA) Aol Ut vt ofvio] final AAIAHE B2 ATHH, ff E=3] oHA]
2h A7 R sebch el ol Aol of ZME BE TR A R4S A9 BUA o5 B

932 790) of w3k AbghS LR Zlo] ob e} Bhs] L2 e SelA] o] zlo] Fi K U §UAE Adel 719
100 oju g 2hgle] Wla) HlA W Azbo] 2 EE A HATh ek E@Fch

[

>,\1


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2011/
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3151.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2010/n3151.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2852.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2852.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2005/n1827.htm
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7Fe/dol E&7k87 final 7|1 9IEE WA H9, 1ol of el Hidt (2ol st 2 o 2
TAE HEE AL e 5 AFUH T o2d 7tedE Aol FA dend 9 oz g4E
virtual & FAshta? ot Ao A7F AW di o] HgE2 o &5yt : o] d4= o

YA vl-¢ FaT =, TADAT AFAS0] LHEte|= & 5 QAR BEo] f450]
eHEtolE St AL A et sHAIN Al Al ol Rt F4el tish ofzt vl AT G
W e 2AR |l 2 eEto]= shal 4] ofttd, T o 2R H MR AdstA] e
B2 3¢ WsUH C+4 2 Java 7} obgd Yt}

fianl 9] W22 7] 9] = (contextual keyword) o] B2 th-53} o] AR 4 & QlayH

R i

e Standard: 10 Derived classes [class.derived] [9]

e Standard: 10.3 Virtual functions [class.virtuall

2.52 C99 7|5E

A& wABH] s, C BE fldelete] d-5 2 2ol C++ of o7 mhojuret

e UCN ¥4 [N2170 == 07 — 0030]
e narrow/wide E2}<E 9] TA](concantenation)

e VLAGH Zo] Hjg) £ =¢] o
E3 @ Jfo] WA FA50] 2SS

e _func__

__STDC_HOSTED__

_Pragma: _Pragma( X ) = #pragma X 9] 2A+g

vararg U T2

#define report(test, ...) ((test)?puts(#test):printf(- -VA_ARGS_ _))

H

—_—

PR EERSEE

4-0] B3 FolHaf2] 7)ol €99 4 1R EYE 5T
A

i §H

K rlo
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e Standard: 16.3 Macro replacement.

e [N1568 = 04 — 0008] P.J. Plauger: PROPOSED ADDITIONS TO TR-1 TO IMPROVE COM-
PATIBILITY WITH C99.

2.53 S 34 6

% 734 ErQlo] Urtd oA ZHgsfoF & 2| B 71 750l Hel=o] syt
is=

) J\:;

R

e [06 — 0058 = N1988] J. Stephen Adamczyk: Adding extended integer types to C++ (Revision 1).

2.54 concurrency & °|-8% 53 x7|35}9} 4H
23 2=

e [N2660 = 08 — 0170] Lawrence Crowl: Dynamic Initialization and Destruction with Concurrency

(Final proposal).

2.55 A E Y HA (thread_local)
A1 Az

e [N2659 = 08 — 0169] Lawrence Crowl: Thread-Local Storage (Final proposal).

2.56 d¢]o] A 9 A X]7](rethrow)

OB S O} M (catch) Do, THE A Eo] ThA] WA (throw) 4 SE7HA? BF 18,85 -
o]l @] o] Au}(Exception Propagation)of 11} Qli= 2 HH o 22 4-3f SF 4~ Q15U th

e exception_ptr current_exception(); @A AH&lst 9Lt & 718]7]= exception_ptr ZHA]
£ ettt v o Ht o ]k A F il Q1A &t null exceptionptr S ERItt
exception_ptr o] 742711 QI @ o] o] A= fEsIT}

e void rethrow_exception(exception_ptr p);
[ ]

template<class E> exception_ptr copy_exception(E e);
// 9l olelE B 23t EYsict

try {
throw e;

} catch(...) {

return current_exception();

—

)
rr
Am
o,

gt 2 oA e 2 ER Aog WY o &Y


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2004/n1568.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2004/n1568.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n1988.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2660.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2660.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2659.htm
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2.57 Extern €Z3l

thE QAR A0E 8] gaA B B4

e 4 gt o2 SolA
#include " MyVector.h"

extern template class MyVector<int>; // Of2|Q] &A|H QIAEAZIE

// MyVector<int> = CtZ2 ZZ0|M HA|A

void foo(MyVector<int>& v)

{
// 47| QO A vector & At2
oh2 3o

|4 obt th&at o] BY AUk,

#include "MyVector.h”

ol Arreg} A7 ge ol £ug
AR 5=

rr

o s
52 WY

e Standard 14.7.2 Explicit instantiation

[N1448 = 03 — 0031] Mat Marcus and Gabriel Dos Reis: Controlling Implicit Template Instanti-
ation.

2.58 ISl YL o]~

Ql2kel 1] gl AH|o] A (namespace) = 2Ho] . aj2] o] Auto] B A (versioning)’ ]
AEE wolFi fAYZole & 4 gdaUr). 6 Sof

// file VV99.h:

it

inline namespace V99 {

void f(int); // V98 KL} Cf L
void f(double); // M2 7|
/-

// file V98.h:
namespace V98 {

void f(int); // 20171
/-

ot
n


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1448.pdf
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2003/n1448.pdf

2.59. GAIF Sl EFg]

-

// file Mine.h:
namespace Mine {
#include "V99.h"
#include "V98.h"

}

63

of7lo ¢-2l= F 7HA Aol (24 WA V99 oF o] W o] VIg) Hl Y Amo] X Mine &
AFUH. dE 50 71M 54 Hde B3 o4

e
A

#include "Mine.h"

using namespace Mine;
V08::f(1); // Gl B
V99:f(1); // MEF HH
f(1), //HZE #Hd

S8 2 inline Z|AZ7E, 3 B (nested) W 2x|o] 20 A, mbx] A& AM= WP L o]~

gtel] A ol=lo] gl 2 A wrSofErhs AU,
Mine & AH3HE §A2 Shold HEER V09 7} obd Vo8 & AHE e & 4 glauth
A1 Az

e Standard 7.3.1 Namespace definition [7]-[9].

2.59 BAFQ g WE A%

Ctt 98 & /B AZ ARAE QAT 2, YAH B4R ool gt ek
9. 9.8 9A1ZQ Bhe) AT ShobAT AHS T 5 QL AR ] 7, A e

A8 s Ed

struct S { S(int); }; // BE9| MM2= 2AA|H HEHZ HO|FHCt
Ssi(1); //7ts

Ss2=1; //7ts

void f(S);

f(1); // 7H53HR12r 2R 42 4 UCH- 3 S I} vector HEHEA?

struct E { explicit E(int); }; // GA|A M2}
Eel(l); //7ts

Ee2=1, // 2%

void f(E);

f(L);

// 28 (OIAR] R LMBHE HES BTt - 08 0] int 2 2E std::vector O 447} B5)
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i
o2

SHAITE A} gro] ERg) MEkE A Ishe § AT HAUZL obg LT olelio] ZeAs 24T 4

QIch ThE See] B) WS AUAE AT 4 QaUth B 5
struct S { S(int) { } /* ... ¥/

—

struct SS {
int m;
SS(int x) :m(x) { }
operator S() { return S(m); } // LFSHH S Of|= S(SS) 7t §i7] W2

5

SS ss(1);

Ssl=ss; //7ts; Ot LAIH AdAt 2+ EH
S s2(ss); // 7ts; OFR| LA MR} 2E
void f(S);

f(ss); // 7ts: OFR| RAIH EEA A

=0k, ol 7hA = YAIA ] BrY g ditaks Qs U C++ 11 2 oA Bl W8 A4}
_Ié"_

struct S { S(int) { }

struct SS {
int m;
SS(int x) :m(x) { }
explicit operator S() { return S(m); } // HLESHH S Of= S(SS) 7t Q17| W2

SS ss(1);

Ssl =ss; // 2%F; OFR| LAY Y2} 2E
S s2(ss); // 7ts; 01| PA1H dg4t 2E
void f(S);

f(ss); // 2% OFR| A SR HH

i 2=

e Standard: 12.3 Conversions
e [N2333 = 07 — 0193] Lois Goldthwaite, Michael Wong, and Jens Maurer: Explicit Conversion
Operator (Revision 1).

2.60 L1IZ NAAES

==
(N
i)
o
T
)
)
o
ol
o
N
il
rlo
o,
)
lo,
=
l
Mo
o
k]
o
]l
flo
H
o
o
o
L
x
=
b
Mo
re
2
N
or


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2333.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2333.html

2.60. duZE HHAFE 65

Hee dneEse tevt gayt.

bool all_of(Iter first, Iter last, Pred pred);
bool any_of(lter first, Iter last, Pred pred);
bool none_of(lter first, Iter last, Pred pred);

lter find_if_not(lter first, Iter last, Pred pred);

Outlter copy_if(Inlter first, Inlter last, Outlter result, Pred pred);
Outlter copy_n(Inlter first, Inlter::difference_type n, Outlter result);

Outlter move(Inlter first, Inlter last, Outlter result);

Outlter move_backward(Inlter first, Inlter last, Outlter result);

pair<Outlterl, Outlter2> partition_copy(Inlter first, Inlter last, Outlterl out_true, Outlter2 out_false, Pred pred);

Iter partition_point(lter first, Iter last, Pred pred);

RAlter partial_sort_copy(Inlter first, Inlter last, RAlter result_first, RAlter result_last);

RAlter partial_sort_copy(Inlter first, Inlter last, RAlter result_first, RAlter result_last, Compare comp);
bool is_sorted(lter first, Iter last);

bool is_sorted(lter first, Iter last, Compare comp);

Iter is_sorted _until(lter first, Iter last);

Iter is_sorted_until(lter first, Iter last, Compare comp);

bool is_heap(lter first, Iter last);
bool is_heap(lter first, Iter last, Compare comp);
Iter is_heap_until(lter first, Iter last);

Iter is_heap_until(lter first, Iter last, Compare comp);

T min(initializer_list<T> t);

T min(initializer_list<T> t, Compare comp);

T max(initializer_list<T> t);

T max(initializer_list<T> t, Compare comp);

pair<const T&, const T&> minmax(const T& a, const T& b);

pair<const T&, const T&> minmax(const T& a, const T& b, Compare comp);
pair<const T&, const T&> minmax(initializer_list<T> t);

pair<const T&, const T&> minmax(initializer_list<T> t, Compare comp);
pair<lter, lter> minmax_element(lter first, Iter last);

pair<lter, lter> minmax_element(lter first, Iter last, Compare comp);

void iota(lter first, Iter last, T value);

// 8l [first, last) QO] Qs HASO|| il BHEA} i 7F ++value € St *i = value & £
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e 0|5 (move) A4tO] G} : o]F A4t BAF Hoh €A gipAolet & 4 U5HH & o]
AAFS 7]HFO 2 Sk std: :sort() U std: :set::insert() 52| gt BALE 7|HEo 2 SF tﬂ?ﬂil’/}
15 v} o w2k we AU T A olefgt AL 3] QLo AE ekt Shukshe ofv]
5 hol B2 o] (| 5ol vector 1} string) o|F 94 QoI o] F AAlT} EUG ATE
Ui M5t 4SS sk Asah (145 swap §42 o) ST delio] g
7o) ehelo] o to) Stk olalgt Ha etol R alalolA] Al gohe AAE 45-S Bobd
917 FUTF. o] A-E o] 43 25kE ZIE] unique ptr Ao]H o] ZHFel T HEH sort
A4S AHEAQ

template<class P> struct Cmp<P> { //*P {}52 H|u
bool operator() (P a, P b) const { return xa<xb; }

vector<std::unique_ptr<Big>> vb;
// vb & unique_ptr 2| Big 4 S= HEC}.

sort(vb.begin(),vb.end(),Cmp<Big>()); // auto_ptr 2= otA| OM|R!

o UTHY] AL Q.7 AITH BT ARFEL §19] Cnp<T> 9 2 BE ol uefe] FTZS 98 T
A W Eolot Bete Aol e EZAAGU, ol Ba] FAst D918l Aol C-rt 98
ML A T AAE QAR AL 5 QoY1) 2 F4E AAsHE o] gol BRI
SHAT Frhe ofelat AUSS ekl o & 4 A EokET

0
[®]
=
~+

(vb.begin(),vb.end

—~~

).[](unique_ptr<Big> a, unique_ptr<Big> b) { return xa<xb; });

e "7t Agole & s AFeE Aol=t A dE vt (e = mirivEs A9)
o 27|51} B|AE ARG W2, 7|9kt B AEE wil¢ " AHgE & sy Al S0l
ot AH £AE Hpss WEL, vl A daEdt 728 5HA sy

auto x = max({x,y,z},Nocase());

3 A=

e 25 Algorithms libary [algorithms]
e 26.7 Generalized numeric operations [numeric.ops]

e Howard E. Hinnant, Peter Dimov, and Dave Abrahams: A Proposal to Add Move Semantics

Support to the C++ Language. [N1377 = 02 — 0035].

2.61 ZAgo] AHAES

M@ Qo] 7150 AEzEe] AF Bl BF Aol Sl & o] AS7R7 WA, Fas
& A2e 250 F7FGEUL: array (14 27] 20| ), foward list (e 94 g AE), Ten


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2002/n1377.htm
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2002/n1377.htm

2.61. ZHloJY NHHE 67

unordered ZAH|OTUE (4] ol 25). el 2L 155, S So] 2718k el AE}, 953 H2,
7 12 HlZ8], 18] 11 constexpr ©] AF] 75 A 2.

of| S E0] std::vector & At E AT}

o 27|52} | AE : 7P Fo H= Ao R, 27|SHR) gl AE HAARE AFRSIA 27]SHAHE <]
YAEE QAR HhE 4= Q1A Ut

vector<string> vs = { "Hello", ", ", "World!", "\n" };

for (auto s : vs ) cout << s;

]

ot

15 A4} AHolH = olA ols A ek, o5 W A4S ZHAAl

e He d2 HE e 2o dhol A AEHoUE 2dd & A

Yek. ofel 744 2
Ay,

ol

=

vector<int> make_random(int n)

{
vector<int> ref(n);
for(auto& x : ref) x = rand_int(0,255); // h7F M/ EICtH
return ref;

}

vector<int> v = make_random(10000);
for (auto x : make_random(1000000)) cout << x << '\n’;

o714 Fa3 A o vector S& BAE|A %u}% YUt of T4 Af A%

goHs ME R FERTGE oleise wme vl 44 AT 3
make_random 9] Q122 W= ZHE A& vector & ﬁg—c‘g_}u}rﬂ g yulst =7} = Moy @
WS shEo] HobgU ek

o FH Ad(push) Aits - 17} AL Fotshe AH oy 42 push_back() 2= ZAE o7}
Solbsl 2718 27412 4 A AE Y

vector<pair<string,int>> vp;

string s;
int i;

while(cin>>s>>i) vp.push_back({s,i});

o]is 9}i & HIEFO & pair<string, int>Z AASA vp
0|52 EAZF obd Yt push back §ofl= -S4k &l w A
ol A S AL & AFUTH TS 9] FEOA g3t | 278k FH-S AMEoiA
EHat I=E EQFUH
e Emplace ¢14F : push_back() 2 ©o|& AAE AHEsto] o] A o] EA 7]6te] 2F
ARFUT AR F o B FAI o Zo AL olsS & H
=

=)
I HE ol F3he whEolA I qtoll AR E B4 s e =] ¢k
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F= 2 Y-S emplace (T 3Lo]l Y=t} 2h= 9Ju)) 2t &t} of| & £0] emplace_back() &5 HH

olt
i

vector<pair<string,int>> vp;
string s;
int i;

while(cin>>s>>i) vp.emplace_back(s,i);

emplace = 7FH 1A} FEE JIAE F5tH, o] & o84 Hdst= &Y AAE B EFH T
emplace back() ©] pushback() Xt B &g x| tet ofF= ef Y} 2o H 2o} 7HH
A2t AE3 o] o tfgh BAYUTE vt of o] ®7} v wEX] 7L Fa5H AYZtEH T
27 Hlu s EAl Q. ofUH, T B B £ AS Hole FUth vp.push back(s,i); U}
vp.emplace_back(s,i); & Wo|Z| 8. #+= push_back() W& Ao

A= (scoped) FFAL : EH O] E2 o] A AA| FFA AAE 7HE & Q1AL o] & Tl THE

ol AHE 4 AU (5 AEolY et 4] Po] 8

HalsH ., A o] Sito] B2 ol Bejelo|q A2 7150 FEL S-S AL obd U,

ol oE
ofl o

o A EFQ A4t (compile time evaluation) : constexpr 2 FTY EFY O] bitset, duration,

g 4 QA AEU o E H9o]

L ol8 Bol A S T 4E UL BA 29 A% ZE 02258 A8 oS S
SlzHict.

o Tuples: tuple S 7h¥elzt §1B3 glol T@F 4 QI9kS AYvITh

char_traits, array, atomic types, <>, complex 5-©] 74]4‘_}

2.62 W9 Y& FIA

AT A s QA Ao O 08 oA Aol 501 ST G2 ol
IGAE APREE Q7oA FokaUTh GG AN S-S Aeolu] AA o] A4 Bat 919
UL ol O+ 11 ML EER A4=0] AW, 54 AEE 7HAE T3t (15 Sof ojre]

q
=0
S| of| tiet ZAEE 7= g€3A) & 7HE 51171] HUoh o€ =0l
template<class T> class Simple_alloc { // C++498
// HI0lE glZ

// B2 A o RS

class Arena {
voidx p;
ints;
public:
Arena(voidx pp, int ss);
// pl0..ss-1] O M SEhat



template<class T> struct My_alloc {
Arena& a;
My_alloc(Arena& aa) : a(aa) { }
// B2 B WE AS

h

Arena my_arenal(new char[100000],100000);
Arena my_arena2(new char[1000000],1000000);

b

o

ol

vector<int> v0; // C|Z2E SHEZE Solf

Il

vector<int,My_alloc<int>> v1(My_alloc<int>{my_arenal}); // my_arenal & £&

o
ol

-

vector<int,My_alloc<int>> v2(My_alloc<int>{my_arena2}); //my_arena2 2 £& &g

TR0 RE AojA= ZE= typedef & Foll Y F UAFUT HEZE FIFAL} Simple_alloc ©]
HE] A Q] ow et FIHE AMESEA] S e Ag BT = gyt okA|T, gto| B o] -ofgt
dZ3! fietZ 2 727 (template metaprogrammign)2 5514 o] & HAT 4 QA HU ot whEbA g

= =l

7 EFl S ALSTHE AL obF of7he] QS (3 A7 AR e Eeketa ek - o g Sol
My_alloc) B2 225t Huich

Aejoluiel A8 Qo] FYAE ALT o AT 5 = BA : Ao} Pav} Be B
gao] ol 78T A& o] WY o2]Z°] Your allocator & ©]-85A] Your string & &5}
Z]=My_allocator & ©]-&3) A My_vector 52] YA E2S Ittt & uff, My_vector<Your_allocator>
O] TAE YAaE2 of " AFATF ARG FHojoF @7ha 7 11 A AL HE oo Al YAz oy At
+ Aol AFUh AE Sof Al7F A My-alloc & AHESEAL vector<string>

1
— =
vector 49} BAHd T mEo] Abg 513 ATk SEAITH WA AL My alloc AH S Wi B

N T

=2 ©« - 1L

using xstring = basic_string<char, char_traits<char>, My_alloc<char>>;
// My_alloc € A85H= B2+

721 A= o)A o]l EA AT uy alloc AAE W AAE EAedo] APl WE S wHSojof
Fuet

using svec = vector<xstring,scoped_allocator_adaptor<My_alloc<xstring>>>;

apAek o 2 @-2]= My_alloc<xstring> B¢} o] Y& TH=H HY T}

svec v(svec::allocator_type(My_alloc<xstring>{my_arenal}));
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oA svec & My_alloc o] BRI EL shtsl= 221 wle] 7} HUch o7 M2 AL BZE dlo]
B a}2] adapter (wrapper Et$]) scoped_allocator_adaptor & 2t 0] My alloc & ESH Al85IE=
rEsUth Fal® adaptor = (A SHA) My_alloc<xstring> -2 My_alloc<char> & H}E 4= Q15U Tt
weba] 2o A= 4 712 o] thE W Eo] 7Fs gt
// vector 2} string 2 27| 49| (C|EE) SEHAIE AMRSICE

using svecO = vector<string>;

svecO vO;

// vector Bt My alloc 2 A5t string 2 27| ZHAIQ| (CIEE) SEAL

using svecl = vector<string,My_alloc<string>>;

i
>
o
o
n

svecl vl(My_alloc<string>{my_arenal});

// vector 2} string O| My_alloc 2 AFESHCH
using xstring = basic_string<char, char_traits<char>, My_alloc<char>>;
using svec2 = vector<xstring,scoped_allocator_adaptor<My_alloc<xstring>>>;

svec2 v2(scoped_-allocator_adaptor<My_alloc<xstring>>{my_arenal});

// vector = My_alloc 2 AF25t1 string 2 My_string_alloc 2 AFESHCt

using xstring2 = basic_string<char, char_traits<char>, My string_alloc<char>>;

using svec3 = vector<xstring2,scoped_allocator_adaptor<My_alloc<xstring>, My_string_alloc<char>>>;

svec3 v3(scoped_allocator_adaptor<My_alloc<xstring2>, My _string_alloc<char>>{my_arenal,my_string_arena});

ABAL, AR G svecd & 4 E3 Felol AT, Hm BAG o] 7ol 5o
A &do A= o HAE (& E0] svec2) 50 B TR AR A= typedefE AMGTO 24 71
]2 =2l 4 Q14U T} scoped_allocator_adaptor2 = scoped_allocator_adaptor 2] ToF= BA AU}

2 2=

S

e Standard: 20.8.5 Scoped allocator adaptor [allocator.adaptor]

e Pablo Halpern: The Scoped Allocator Model (Rev 2). [N2554 = 08 — 0064.]

2.63 std::array

HF AH oY array = 17 F719] A9 AT A5 AYAR, <array> of oo} sy
ol YasS Hudhs $3F ol9dolle oluet e W=k 7hA] AL QIR ¢k AL, At A A AHEShe A
obdUtt. ol 27eAF | AEE ARSSIA 2718} He AR 7hsoka, A4S A7) (P2 ) &
LA JFUH. ES ofF2e] AR @751 ¢he T (explicitly) ZQIH 2 HEHSHA| = oh5H
A7 Lol ol R s E3 AT o] A5 o] gtstal | A A= A8

array<int,6>a={1,23};
a[3]=4;
int x = a[5]; //HAS0| CEE=Z 00| &M x = 0 0] €lC}.


http://www.open-std.org/JTC1/SC22/WG21/docs/papers/2008/n2554.pdf

2.63. STD::ARRAY 71

intx pl = a; // 23 :std::array & LA Z HQIEZ B2lz|R| Ot=C.
intx p2 = a.data(); // A A KAE 2|7 EQIHE 2|EHTHC}

iz ofej@d2 do|7t 0 Q1 W& 7HE 4= UuR|h, 27844 g AE
752 fFY

array<int> a3 ={1,2,3}; //2F : AO|ZRE L+ QS

array<int,0> a0; //7ts : |47t QICt

intx p = a0.data(); // JE|A| %S

i
off
:o‘_l,_l‘
>
m
s
i
117

(o]
)
=
rr

2% array o] 71%55€ Mt E A28 m2 2o 9o] 8310 ol vhe Ay ot (22 vt

& A0, A5 Fe A 1l F s AAWS). array & A|A2 Ao 7] tfBo] B4

HH ST s Al U (vector AH)
template<class C> C::value_type sum(const C& a)

{

—;—4

return accumulate(a.begin(),a.end(),0);

array<int,10> al0;
array<double,1000> a1000;
vector<int> v;

/)

int x1 = sum(al0);

double x2 = sum(al000);

int x3 = sum(v);

Hj g2 ApAlof| A B Fefj A 7ho] Wgto] Brsy Tt
struct Apple : Fruit { /* ... ¥/ };
struct Pear : Fruit { /* ... x/ };

void nasty(array<Fruitx,10>& f)

{

f[7] = new Pear();

array<Applex,10> apples;

/)

nasty(apples); // 2% : array<Applex, 10> O| A array<Fruitx,10>; =& Baltst £ QIE5L|C}

¥ o] 5l0] 5§ EgekA Aot whE EFSIT 9 A% BEUT
1 2=

e Standard: 23.3.1 Class template array
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2.64 std::forward_list
forward iteration) ot 7]-75]-51, ol g B o] %ﬁ\_

B ol A4 B2 (M Y2EL 1 YE A5 B AYUH & AT,

el
size() @42 AT FHUT (LA size We] W52S BPshR YA P =)

template <ValueType T, Allocator Alloc = allocator<T> >
requires NothrowDestructible<T>
class forward_list {
public:
// 2&2 AH0|H &H LIES
//size() §1S
// eksk Hrﬂ;q. ae

// back() &2 push_back() S

U i

e Standard: 23.3.3 Class template forward_list

2.65 unordered ZAHo]|Y]

AEE]2] 52 (unordered) o] {= S A] o] & (hash table) o] gt FF YT} C++ 11 2 4 7}
BEZ ATEUH

e unordered_map

e unordered_set

e unordered_multimap

e unordered_multiset

o] 52 Y&l hashmap T o & EFlojof Fl=t], o] o]F& AHESHA HH vFu B2 a2t 247t
HHAsHA Hl A 9198+ *Hi% ©]5¢! unordered map 5o = Zo|A HJFHTH “FHEHA| F=" &
map 2} unorderedmap o] & 7}%} Z EAOR « ofFZo] map oA B (iterate) SHA FTHH,

unordered map | gt EFg}e mlgh m QRS TP EE QT8 a1, 1A EolE 4] Aeh 44
ABSHA 5Tk GO, map o ALES s F5E 71 Bask gaic
unordered map & A3k 1Rkl ofo]clol iz nap & B 2o A ASHE WA0R g A

yth o9& =

map<string,int> m {
{"Dijkstra”,1972}, {"Scott",1976}, {" Wilkes",1967}, {"Hamming”,1968}
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I3
m[”Ritchie’] = 1983;
for(auto x : m) cout << '{" << x.first << ',' << x.second << '}";

unordered_map<string,int> um {
{"Dijkstra”,1972}, {"Scott",1976}, {" Wilkes",1967}, {"Hamming”,1968}
b
um[” Ritchie’] = 1983;
for(auto x : um) cout << '{’ << x.first << '’ << x.second << '}’;

m QoA EA2 daell xR P E Y Th A um gto A o] &2 T8 2] oFF. m I} um 9
m O] §A10] 4.9 log2(m.size()) n|qte] H] W7}
7} gt B2 T oJAFo] | A4t B 2He 4 Q|
Folo] mE2] weslr] o g A|gk 11 Ko FX
A7 Ax) of thslAl+= unordered_map oA 2] A o] map Xt} EA w2 7| 4=3)

T
=
o
B8
1o
o,
o
L
ro
e hu
1o
o,
>
et

L >
it

4> ot pE ol
lo T o
o Lok rlo

2

Mo

>

lo

s

o8

¥

>

=

ox

i

=2

R
=iy
5
=]
=

b
il
3
_>|J_I4

i)
Kl
>
fu

e Standard: 23.5 Unordered associative containers.

2.66 std::tuple

BF ool efe] <tuple> o B0l Gt tuple (N - tuple) & &A17k i N A9 ALz,
202 77 vhr} B olwd Fehgt 7HA19] e 7H 4 U of 2B tuple & A3
o

EREE
A= & Qlsytth duFstH tuple 2 A H X (linked structure) 7} ofY 7] wjEo]Z] Q. tuple
Q450 B9l WAH 02 AHEEA), nake_tuple) & Fol §5 4 E g1tk 2217 245

=2
get() < o4 AE|22 AT FPsP T

tuple<string,int> t2(" Kylling",123);

auto t = make_tuple(string(" Herring”),10, 1.23); //t 2| E}2I2 tuple<string,int,double>
string s = get<0>(t);

int x = get<1>(t);

double d = get<2>(t);

Pated ehedel AHgotn AA, oSS EFHE o] 2

|
£9] tuple 2 std: :function ¥} std: :bind

—~+

[e)
£ tuple 2, A}] pair o} Z5Ut}. spA|Tt pair =
A1 dE Y pair 2 tuple & %713} 617] 9o AH&H &

ol

AR, T Rt 2= AME S

RN
5%
)y
i
)
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MIT AW (==, 1=, <, <=, >, and >=) 52 tuple 9 W I 7F5F Y epE] chaf Hoj5o]
Qlih
Fa A=

e Standard: 20.5.2 Class template tuple
e Variadic template paper

e Boost::tuple

2.67 std::function and std::bind

bind €} function -2 <functional> o] A 2|E|o] Q= BE §h AAJ YLt (B2 o5 Huto] oty
2t AUA B2 HE o AAER) o]l 52 s o JIAEE A2 sh=T /\}%FJHQE]-. bind =
() THOE TET 4 Sl ofF AW 7 Z2 11 049

B WobA (52 g4 AAE, ot W e
A2t FE9] ‘bound” H JAAES 7HA = & AAE Y
Jds =
int f(int,char,double);
auto ff = bind(f,_1,'c’,1.2); // 2|8 EIRUS {F

int x = ff(7); //f(7,’¢c’,1.2);
QAEL AFH(bind)sHe RS 712 (currying) 117 ole} REUL) 1 & 912 A% AA, {7} £ 2
ol EEE S o ff o AA JAxP7F Eo1Z 92 dunh A A A= 1 ol B, FHA= 2,
- AUeh 2 So

int f(int,char,double);
auto frev = bind(f,-3,-2,-1); // QIZ}o| A&
int x = frev(1.2,'c"\7); //f(7,’¢c’,1.2);

cFQl 2L auto & 4 bind O] A7 EFIE $7h A A T got B & 4 vt
o -

SHzE H 4359 JAES bind St A2 7HsSHARE 27 bind SHAL A2 2 H=E

int g(int);
double g(double); //g() = 2LH=EE &

auto gl = bind(g,-1); // 227 : 0" g0
auto g2 = bind((double(x)(double))g,-1); // 7t5 : T2t E7| QH=C}

bind() & F 7HA @ej7} A&uick st g MACE ol Ho] WA OR e B XA
Zojof k.

1ejo] thof o] e ojnli= AR FAFTHE Folct
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auto 2 = bind<int>(f,7,'c’,_1); // BA|H 2|& EIY
int x = f2(1.2); //f(7,’¢c’,1.2);

= A oA R HRo] C+ 98 oA TS| BrHs 1]l da] ALLE T (7heH) A
Ut} function & (...) BHIE $&F 5 Qi RE A50] He B e & Qe eIy E9), bind
o] A7 function o THE 4= YLYTh function & AFESE7] S L) o2 Sof

struct int_div {

float operator()(int x, int y) const { return ((float)x)/y; };

f=intdiv(); //U¥
cout << f(5, 3) << endl; //function X E S5 &
std::accumulate(b,e,1,f); // & HEEICt

W FHEE Q4 Sh FAFORA vH 2 FEAY ST 5 A&

struct X {
int foo(int);

function<int (X, int)> f;
f = &X::foo; // HHE 7t2|7|= 21

X x;

int v =f(&x, 5); //x 0| 5 & dE3lH X::foo() T

function<int (int)> ff = std::blnd( &x, 1); //f 2o AHRY QA= &x
v=ff(5); //x.foo(5) & &=

function = ZW g4 A4k(operation) & QA2 HIe ©f AFgstHA FE8FUTH T3 o]+=
C++ 98 9] = gto]Elg] &2l mem_fun_t L pointer_to_unary_function 59| thA|=2 AFES 4~ &=
AUt HZEHE bind() &= bind1() o]tk bind2() o] tiH& & 4= 9l

U i

e Standard: 20.7.12 Function template bind, 20.7.16.2 Class template function

e Herb Sutter: Generalized Function Pointers. August 2003.

e Dougla Gregor: Boost.Function.

e Boost::bind


http://www.ddj.com/article/printableArticle.jhtml;jsessionid=QQIFSNAIOYXN0QSNDLPSKHSCJUNN2JVN?articleID=184403746&dept_url=/cpp/
http://www.boost.org/doc/libs/1_38_0/doc/html/function.html
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2.68 unique_ptr

A} auto_ptr o] 0|2} 22 o8-S Folof YA (o] C++ 08 ol A=
o] $.23k #l WAL} o5 Ale] g ojEA ol AR SIS

sk gfe BEQU

X ()

{
X% p = new X;
// 2B 2YBITH- 09I HY 4+ & YCt
return p

}

T A AR AAE 71 7] ZRJIEE unique ptr o] AAst= AU

X f()

{
unique_ptr<X> p(new X); //{new X} = 7}56tX|Ct = new X = Q&
// AYS FHSCE- 0§ = = UCH
return p.release();

}

ol A LI7F AHFTHAL Sk unique_ptr o] FA|H 2 7He] 7|1l Q= AAE ot A Y
7HASE RATI(AF o] @152 211 9] 27]3} ot} - Resource Acquisition Is Initailization

= 71

AX
SHAR, 927t % g ZQEE elRsiof 517 ks o, o] A¢E uniqueptr & HHFORH FAY

kY
i
i T

2o )7} wrAistel gt wmejol & A E 4 UES AT
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unique_ptr<X> f()

{
unique_ptr<X> p(new X); //{new X} &= 7}55tA|2t = new X = QHE
// AYE ST - oflE HE + = Ut

return p; // 27H0| (O H2Z UL,

rr
ok

w2l fE o 2ol AR
void g()
{

% sl

unique ptr<X> q = f(); // O|S MA2IE 0|83hA OlSBIC
q—>memfct(2); //q & A&

X x — xq; /) FH2I31T Sl A 2AL

/)

}// a2 q 7t ARctE A= OfE

unique ptr 2 o]F A4itS
AL To] AFES q 2 o]Msh= Aol
unique_ptr = /\}%6}

O

AF-E-3l I = AR o 9] o

N
o?i rr
0,
i
¢
2
l->
10
=)
L
ﬂJ
KT
o
_?L
N,
()
el
>
I
o,
ru
0,
l:o
ol
rlr
sl
o
P
>
Al

o},

i 2=

e the C++ draft section 20.7.10

e Howard E. Hinnant: unique_ptr Emulation for C++03 Compilers.

2.69 shared_ptr

SEE Afde 2] A AR EYH &, 222 F F2o1A 54 HlolH
26ha QAT & oF 542 £ (exclusive ownership) ©] g2 ) (o] AR ukulA
= M) AH&E YT sharedptr 2 7F2E == ZAHE, 72 E 5710 o] 2 wf 71274 9
a3 g}, ofe o2
void test()

{

shared_ptr<int> pl(new int); // 7}2E= 1

{


http://home.roadrunner.com/~hinnant/unique_ptr03.html
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shared_ptr<int> p2(pl); // 7I2E£ 2
{
shared_ptr<int> p3(pl); // 7IRE<& 3
V // FFRET} CHA| 2 7t EiT}
} //FFRET} CiA| 1 0] Lt
}//7H2E7t0 0] =0 int = Tt EICY

& ZEE 717 dubAQl Tzl A SR 2AH 7 7te) |1
= ot

s A}%@ A,
7

X
4 UAITL, shared ptr & AR§oHHA w|ke] Bgto] ofye} od 52t 2 AHdES A=
< 5 A Ut dE =
struct Node { // 212 0| LE=CIE LEZ0| 7122 &= /US

shared_ptr<Node> left;

shared_ptr<Node> right;
File_handle f;

/).

o714 Node & 287} (FAH o2 AGH 282 JA] A flth) = A7 LES9 HE LESS
oty e ZAdYtt. Z left 9} right 59 2827 S&H Ut} o] of left 7} shared_ptr 0|22, Tt Node
7F7H 1AL Qe left & AbAlo] mpx[etoz Zhe|7| A Q| Ad wjeh w3 gt right GA] S L5
Z2h ) ghY of g Bo] ZOlE 9] A G o] A5t AthH shared_ptr tjAlo] unique ptr & AM&
SfjoF ety o]+= uniqueptr & = 52U TP shared ptr of H|sj B 22 H|-g o & Pt
T of 2] 2o =g o] 12 E K= ZQJEHES HME D e (factory function) 59| € B or
AHEREHE, unique-ptr & AHESHE o2 Yol SHe A& 2Tt

J9a Fojd o= wEe R4 vy Qo Az glo] ZRIEES 11'd shared ptr = HH

QPP shared ptr £ T EA|oFo] ofd Buje], o] 52 AHgeHd) 80| gl AL obguth

o 2f70] BHEE ANE] 9 BEFC] W9 9Hl(scoped) AAE ek 02 wlmelo] ot 9l
v
o T 2= $3NA shared ptrE oG8k AL ulgo] H% & Qlguict

el A SR AT G el 49 3 U, T A Sl e gnelFe)
3 &
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Tows 40 7S LENIL shared ptr < 7|7} AZFs}7|o] oAbl el AA.e obdUch. Zjata] watst
AG2pe} Hakst AE A|7H(lifespan) & 7HA]+= A o] ¢ w5t
27 23

e the C++ draft: shared_ptr (20.7.13.3)

2.70 weak ptr

weak_ptr += &3] shared ptr 2 o|Fo|7l gloJg FxoA FEE gld off AME-Sh= Aolzt A d

Yttt A7} A ZES7) of] weak _ptr -2 ELQIE 2

o (27]) A5t Aol Ha7] S5l

o (2 A5l odl)) mad 4 = 3l
o ThAuho 2 Abg Fo] WEA ARAE SEok sHe A
Aol HEE AY o A2 A EAL. Be EFEES AY o sl A=A, 2o
WEUse 2A] BEUE] S8 2 FEE Aol P FBL FAM o2 B 3L
oo EFESY a¥s AU 48] HEISLS 1 ofxoll ZAl AT EFESY =
S5 BEdor eyt o]2jet Y AE Sof Q= BEEY B4 EFES P AL A7IH HEUH
(T2 shared ptr & AFeHA] G, Wele] Oh2 WH o] oW WEA] G2 ST U A
(A% B0l 59 TahE Aeb] o)) 1 BFBL THAHY Pt 12T PSP, BFAe
A= Yas (e 1 5)E resty] fsiA RE=A] SE 5 ofof Futt. ¢-2|7 EFE 2 AE
2 2H MR ol AL AL EATR o] S BEF FRaT Y= A AUTh weakptr 7} v}
1 9%e 8
void owner()
{
s
vector<shared_ptr<Asteroid>> va(100);
for (int i=0; i<va.size(); ++i) {
// M22 EEE2| O|Rot HEHSS AlLStct
vali].reset(new Asteroid(weak_pt r<Aster0|d>(va[ne|ghbor]));
launch(i);
}
/)
}

reset() 2 M2-& AA|E shared_ptr 2 7}8]7]= E?_Ei AUt
A7 & % Thessh AlA A, 7} HE njet 1 7)9] 2
a3t A2, 27t £A4 9 EFES weak ptr = 7}
ol &af AL £4AE A e 5 AgUTh 5 AL Aelsle
qY

e/

A tehtEo], A ‘4
%ﬂ ARE Yt

+ shared_ptr

_n__[‘_l_a
Y,

W o oy Jo

=
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void collision(weak_ptr<Asteroid> p)

{
if (auto q = p.lock()) { // p.lock 2 p 2| Z{H|E 7}2|7|= shared_ptr S 2|EIFIC}
/) HEHO| ZAFCIH 25 022 A ASICH
}
else {
//E 0] 0/0] THIEIUCH: 1 012 72| S weak ptr S 75101 EIck
}
}

FA% HL AfA A S TR BE HFEES A H Lo
shared ptr 5& Tt =) A4t Fofl e BHe EEHES dito] SrtEA 43fo] Hyth. (st
H p.lock() = ot 1 EFEo] thgt shared ptr & 7
A}2ot= AL shared_ptr 2 AF86l= ZRH T @4 t] TEA AFSE Zlolgt ABZHEY, unique_ptr ©]
shared ptr BT} o] gro] &0]7]& vpgct. HukshA unique ptr o] £-4AL A=t 0 sty
(183 B 884) =2j4o2k v w7 g2y

AU A=

=

o the C++ draft: Weak_ptr (20.7.13.3)

2.71 7% Z4dAH ABI

7Fe1 2] 224 (garbage collection - GC) & AHEH 02 vme]o] 2257 g ?—Er% s ok
50 Ot olAE 6 Aol WHEA BRE sfof Hhs 382 ohduch shAl Ct 11 2 A8}
7} ABI (application binary interface) & AF8-3HtH GC 7} Al3ol= 7| 5= U2 & & 5t

QI o} A& A 7H(lifetime) of] TSt 22 “oFASHA F- 5 QI E (safely derived pointer)” © 24
EAGU D ol 417 Wl new 2 T719] A8 AR5 oo FE Ae] HIEE oJml gt of,
“QEASHA] Al FEE EQIE(HFE EQIEH, SHIEA AF5H7]E 7 dste =1 o)A ShA] Hotof
& A)7of digt B AE BAFASY

WA EAEL T2 & A 7FTEE gt
intx p = new int;
+=10;
//7H|R] Z2E| 7 gL C
p—=10;
«p = 10; //int 7} OFAE 2170} Q4 20J2t 23 Ths

e ZIHE int 2 FHYTH

intx p = new int;

int x = reinterpret_cast<int>(p);
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p=0;

//78IA] BB 7} JYEL|C.

p = reinterpret_cast<int*>(x);

#p = 10; // int 7} OFZIE 7|0 LS Z40]2} £2 IHs?

o A4 olZnTh B WA ELSo] gt oS S0l 1/0 & AAEA L - HESS 7] ThE

9= 5ol 2 ik
A ZAHES S fIRE AW o500l s (I 501 m-¢ H 2 7F A9l Al
dof A xor EZ& o]-gRthE A]) kARt A7 L& TEw o] 7ot ATE BA= dsyth 220
A= ZAE 7L SPHE Ql= 22(AlE 501 oln|A) & AR 4= 1AL FEIH7LE A7 E 717l = ZUEHE
2 4 Qohe Mwel wg B4 3 4 oA U
void declare_reachable(voidx p); // p £Ef A|Zl5t= O|22] 7Y
// ALl 2715 7|sts o
// 2G| Qs eEE
// BHEA| BHete|™ QHEICE

template<class T> Tx undeclare_reachable(T

/—\
©
~

void declare_no_pointers(charx p, size_t n); // pl0..n] Ol& O{H X=X QICt

void undeclare_no_pointers(charx p, size_t n);

D=0 ZAE O ojw et ZRIE HA (pointer safety) 72| o] A-8E=2] dopdl 4= Q1 11, A
14 oz xJQO}EE S 2~ 01/\141:}

enum class pointer_safety {relaxed, preferred, strict };

pointer_safety get_pointer_safety();

o relaxed: Q81 GEH 2, A @A HEH A B 5L AFYUIT 7 C ok Ot
98 Zro] olz 8. SpATE AR o] AL A =7t opH F U - A= W AREARE A of] et
FER ZRIHE HEsHA] ¢h= 4% GC & AHed o= 3 st A sy

e preferred : relaxed o} ZHA|qk, 7HH| 2] A e 7} w2 2] 4= &
gajshse] AL 4 AT

e strict : SFASHA &

3l 1l
7HaA] AEE = AP 4 AR sk e e ZEES FAE 4 syt
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the C++ draft 3.7.4.3

the C++ draft 20.7.13.7

Hans Boehm’s GC page

e Hans Boehm’s Discussion of Conservative GC

final proposal

Michael Spertus and Hans J. Boehm: The Status of Garbage Collection in C+-+0X. ACM ISMM’09.

Wnel BEe gRRe m2aduSe] Ar) ARe S ol ol AAT HEel el A

P Ty & ¢ S StEdlo] AARE Hutde AlAAEe] oS E AdYnt Hize

29 glolE=, AH d (threading), &= (locking), &= -2 (lock-free) o] =5 YFEqF Tro| =

B g F 289 AOL T A A A9 1), A2 Wehehd 23 247]

= AH5YT SHAH ‘bl W 2] A A (memory location)” ©] FS1171Q7 W K g
ol al

R s el
Aot 27212k ehgle] Aol 7L, 0 o] ofdl WHl & ZPAlE AR Ml ME AT B 4 skt
AE =01 971 S = B&s] 4 719] Z7] v g w2 FAES 7HAAL sy

struct S {

chara; // &4 #1

int b:5, // &4 #2

int c:11,

int :0, //Z0=Z .02 S5t 22|
int d:8; // &4 #3

struct {int ee:8;} ¢; // 24 #4

h
gl o]Zlo] T2E7ER? 9 o]Z o] Tt Zlo] obd7ka? ¢ AMdol AU ol A] ka7t et EAl=

of 2] ato] W& (pararell) 2 IFE 4= 17| tii2oll o= T A] erot (Holg) ditsol Ao Ay
7 Atk AU whebA m2e stEgofof M o)t dEd Mol 4= R a. AM, Hutbde] o] A
glol= P ol ZAEA], Hlolg o] mato]d (pipelining) o 7HAIE ARESHE ol BT ASS
BE o8 22ad ZrIuEe] A4 A2sld 27 €Ayt ol AAlo] & o] 2 =Tt
- HI°IHE AH&oHA] &= ofF et Ao tisiA = TolA| 8. & S0 off 2] + Ao FHH A
2HYEE FAIT

J/2E 1

char c;

c=1

mntx=-c

VS 1=


http://home.roadrunner.com/~hinnant/unique_ptr03.html
http://www.hpl.hp.com/personal/Hans_Boehm/gc/issues.html
http://portal.acm.org/citation.cfm?doid=1542431.1542437
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zo AuH oz Yzt e, 7 Adso de =P o2 A 54 Anda/ 4577}
wmal 4oe ¢l 4 QLT ©es] ¢ o b 2 FAS T AgAoR x oy 21 2 27|51 & 4 glrkw
B AT 1ZH x o y of djat 75 e gL R0l Q7 C+ 11 of a2, §As s
g S0} 1 o] Hi AYUTE o] Ao] FuRe ol i, WU AEH C 1 C++ Aupadajo] £o
544 (currency) 752 AHSETHE 53 Ho g 5 o0 o] HAL (B2 W 88R), 130,07} 1,
831 31 BEs)E 4 gk AU ol AA wol 1

TEPA Q. o]BA 1A 7HsohFna?
Y= ¢toll) - C 1 C++ 2] 1990 & df

=
977k ¢ 9k b & A vtz go] FPFTHE AAUT (5 2L
914 ¢ wo] G+ £ THE BE loj5 A A

BEL o] ofm Ak 743} 53

A st E Aol i A ks U SHATE Ao B2 o] A2 T ZAol 241
o= 7 gyt BrEA] AA] AEd ol 2= e SSoF StRE, ¢ of Hiek fd2 AA= ‘o
£ ZAsa e AEE A2 Foll ¢ oFEE AL, thA] AA| HEo] &0 2t d ez 43
Adutt. mebA] b o gt fid e SLsH +JHB R, F 79 A =S| YAA HEIE T/5HA]
Bt 26t A9 22 FAIE 4o & Jloks oA g

A C++ 11 o A= ohE w22 Yz]o tis oo 22 2Aes 22714 =5 Bdutt
ﬂi’ﬁ] ol W22 Fae e (locking)S A %= & F 7] 2= o) HdsHA HEE

sy Fiag 22 e s HIELEE A& bE HReE a7t ofE g, HIELES 7HA]=
ﬁl?tlﬂé e flo] A E Aol M FRold bEYH. Aot 2 W Wile C++ e B2

o2l 5} oiyshe uet Tt
AL QAL A2 (low level)©] 544 EA]o] s AZsHe AL 41& Lol obgUth. g Sof

// x==0 9 y==0 O M A|ZHBiC}

if X)y=1;, //2E 1

Q5. A Cot £ 081 ASESY 0] Wl el meelale] AL 51o] 9
olEiet AL £ H AL Bola.
e Standard: 1.7 The C++ memory model [intro.memory]

e Paul E. McKenney, Hans-J. Boehm, and Lawrence Crowl: C++ Data-Dependency Ordering:
Atomics and Memory Model. [N2556 = 08 — 0066].


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2556.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2556.html
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e Hans-J. Boehm: Threads basics, HPL technical report 2009-259. “what every programmer should

know about memory model issues.”

e mHans-J. Boehm and Paul McKenney: A slightly dated FAQ on C++ memory model issues.

2.73 2¥E(Thread)

”‘Eﬂ = Z 2 73 0] A5Y(execution)/ A4 (computation)2 YE = AYdYrch C++ 11 o A=
2o ol ARBoAAH 2 =Tt (F2) UhE A ESY T4 37 F-RHAUH BHH ﬂi*ﬂ
(pI‘OC@SS) ol ¢ ity o g tE e AASTE HlolHE F75HA A8, C++ 2 MpAof B2

g
F50) SEglolot LGAANA A E FES TS YEUTE BAS] Ot & EF ol el

#include<thread>

void f();
struct F {
void operator()();
h
int main()
{
std::thread t1{f}; // f() & T2 2AY E0j|A ASH=IC}
std::thread t2{F()}; //F() () = C}2 A =0| M ASHEIC}
}
B30k, 9] ZEOA= fO Y FO QtollA 73S st Ttof| ofaf {83t A& @ 4= gla AY
Ut £A4= T2l t1 o] fO & 2&5H7] Aoy vl &2 t2 7} F() £ A5t A8Yst]
o

int main(

{
std::thread t1{f}; // f() 7} Ct2 A2 =0 A AIHEICEH
std::ithread t2{F()}; //FQO O/t CtE 2 E0|AM ASHEICEH

tl.join(); // t1
t2.join(); // t2

mu  njo

o g



http://www.hpl.hp.com/techreports/2009/HPL-2009-259html.html
http://www.hpl.hp.com/personal/Hans_Boehm/c++mm/user-faq.html
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rr

joinQ) = A= o] 2] A 7 B2Ie] FREA GEE BASH: 8L Gt oin
ofult =7t FRE 0 744 Jlckeiet e ofn) Gultk BAHOR St %

At e AdUn. (He 2=l dedd e 2 (task) 2kl

[

void f(vector<double>&);

struct F {
vector<double>& v;
F(vector<double>& vv) :v{w} { }
void operator()();

h

int main()

{
std::thread t1{std::bind(f,some_vec)}; // f(some_vec) & CtE XA =0 ASHEIC}H
std::thread t2{F(some_vec)}; //F(some_vec)() & CIE M| =0|A AHEICT
t1.join();
t2.join();

}

==
ES
dEE = AU g S0

struct F {
vector<double>& v;
doublex res;
F(vector<double>& vv, doublex p) :v{w}, res{p} { }

void operator()(); // res Off 212 E=Ct

b

int main()

{
double resl;
double res2;

std::thread t1{std::bind(f,some_vec,&resl)}; // f(some_vec,&res1) = CIE A E0||A AHEICE.

std::thread t2{F(some_vec,&res2)}; // F(some_vec,&res2) () & L2 M2 =0j|A AHEICt

t1.join();
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t2.join();

std:icout << resl << '’ << res2 << '\n’;

}

SHAIRE @ 5ol -5 o]E7te? v o] d&jE HAH ofBA F7te? v o] dejE
R B2 4 QI std::terminate() 7F @& AYdYH o] HE Z2IHo] Tw Hrh=
ojmje] 2] Q. 92l olet AES HE oW st & AYYrt. std: :future 2 &5 F 1 /&2
&S A o] HEE 4= AFUTh o] A7F future & Fobst= g 71| o] fro] 7| & shA] Q. thE
FHoRE OF FES st R AsUth 2 =0t 2 11O HE Hojou A HH 22
2 TrEA Ut ol ¥rEA] mofjof & Aol 2] @

FEAL AR F2 (kill) she HE-e gt $Et ol $le 2 A1

B9 E 1|7 1= (interruption mechanism) & THET}H (£, AH & 7o
ElE THEol4] 2 ER stolg o] Hlo]HE A&H 02 A5t S ol &
, 2BV SRE LS S

e thread::native_handle() < 0|83l SFAA Q] YA oA 2 Zof FLato] FRAIZITH
o IRMNAS FRA|ZIT) (std: :quick_exit())

o T2 1ME F g AXIT} (std: : terminate())

ol e gL Y nE Gt uig

cancellation) o] t)3f &HsH gtojst =4, |

QLU teb RE A|AE 0] R E JHsgt
Y ET} 7R =

7t 7 Ne 2

webA ol | M} 5 AR o] A1, ThE

2] 74 (vace) & 1A FUTh. B2
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A2EZ AA, AEH HH A, TL t}E AYES ALSHC glo|H ] AEFL YA EA] ¢ St
T A H2 Al dlolE AL WA S &t elA of2jio] o]EA| Alojd 2] ot gk o &
A e Ee] 28 ~EYS ZH5HA] Wolok k.

ofejHe

o To]E] A& lock & o]&&] Ao 4= Y5
o 27 WHE o8N tE & t71e & A5y
o futuer & ol §814] 2= e AHY S Uik

e Standard: 30 Thread support library [thread]
e 17.6.4.7 Data race avoidance [res.on.data.races]

e H. Hinnant, L. Crowl, B. Dawes, A. Williams, J. Garland, et al.: Multi-threading Library for
Standard C++ (Revision 1) [N2497 = 08 — 0007]

e H.-J. Behm, L. Crowl: C++ object lifetime interactions with the threads API N2880 = 09— 0070.

L. Crowl, P. Plauger, N. Stoughton: Thread Unsafe Standard Functions N2864 = 09 — 0054.

WG14: Thread Cancellation N2455 = 070325.

2.74 A9 H]A(Mutual exclusion)

mutex = e A S ALOIA dold FLE Aolg ) AFgaks AR YUtk A e ALg

o=

std::mutex m;

int sh; // &%= G|O|E
m.lock();

// BRE| HoEIZ 2248ICH
sh+=1,

m.unlock();

lock() ¥ unlockOA] S el oF 7] 2 E qro] S &= syt (B IA 7 (critical
region) o2t F-5Hh). THd A HA] 2 E7F QA - oA A FL o 7 A 2 E7Fm. lock O
St AL o, = WA 2= A A 2 E7F mounlock() o =E5H] A 7HA] AFHUH- o=
ol skl 8. SHAIRE PSR o= Al mutex & 19F Zolut ARESIA ZAIE FL LA e

AUt 9 A7} unlock() She A& 9L ThY ofWka. Wl A=} 22 mutex o e

ol


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2320.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2320.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2455.pdf
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¥ lock() < SHoH oW 7} Q7 whel A& E 7} unlock() 8F7] Hol tf< @ @ A7} o) 7] SHohd o7t Q?
Tt 2 E7F A8 A 2lotr] 9ol F 7HC] mutex & lock() sfiof HThH o]E7tQ? oo gt LE HE=
2 AZ & L J5UT o7)of (2g]al g AAoA]) Zhaet 7120k Ay stals Ut lock() 2]k

mutex = try-lock() 2F¢io] glofAl, 55 194 glol dA Aol 5012 4 A sk AUyt

std::mutex m;
int sh; // &7%l= G|O|§
if (m.try_lock()) {
// 2RElE HoEE 245t

[

sh—+=1,

m.unlock();
else {

// CHe E53 ot
}

recursive_mutex = A T oj|A] 3F H o|AF oA 4= 9l mutex Ut}

std::recursive_mutex m;
int sh; // &R/&l= HI0lH

/-
void f(int i)
{
/-
m.lock();
// BSE|= HO|EIE ZA3ICH
sh+=1;
if (——i>0) f(i);
m.unlock();
}
A ZEA £O = A7) ZMlS =Eguth. 28 AAA 250 o A™ A4 = A ik,
fO 7hgO) & =&AL, g0 7Fh(O) & 2E3FL h() 7HFO & ©&3t= 522 o Fod = & syt

THd 927k mutex S Th 10 2 F¢F dofof Hrby o]E7ta? timed mutex S 2= o5 ALY
t}. o] A0 AYEL trylock() o E4:31 © P AUt
std::timed_mutex m;
int sh; // &3%|= G|O|E

/)

if (m.try_lock_for(std::chrono::seconds(10))) {
// SwEE HOIHE ATt
sh+=1,

m.unlock();



2.75. FFLOCKS) 89

}

else {

//mutex & 2| RHSO2 12 A5

njo
ol
o

r

trylock for() & A A A WU W efelo] Fte DT A5 U]
Al7]121 At time_point €1 try_lock_until() & AFRSIAE T EHUch

std::timed_mutex m;

int sh; // 3F&|l= H0|&

if (m.try_lock_until(midnight)) {
//BRE|E EO[EIS 223t

—

sh+=1;

m.unlock();
}
else {

//mutex & YA XML 2 CH= AUSS st
}

AP 9 ZEO A ZHd (midnight) o2t 9F -2 o] al, A4 mutex o T2 HA U E=<] His]
Mz A Dol 79 e xof 77k Ad Y-
EE recursive_timed_mutex & ,J\%b] o}

mutex = PO 7 I HEH (BAZ Al

Hol%w % ) 2 =olH BE & glojo g

(el Shdlole] el el s

HAE lock() T unlock() A& Bra= Lol o

dﬂﬂ% A EA Q. 9Hd of 2 o] A

U i

A x2g E@5] W), oS AgsH] AsiHE
o} WA, mutex £ BAPE AL 058 4 Qg
gt

Y
gle A" Tolx)

ftlo

2 oeg 4 & Utk BT Aol T2, 25,
g8 = 9Irhel lock < o] 8314 mutex & TelshAl &

L

e Standard: 30.4 Mutual exclusion [thread.mutex]

e H. Hinnant, L. Crowl, B. Dawes, A. Williams, J. Garland, et al.: Multi-threading Library for
Standard C++ (Revision 1)

2.75 FF(Locks)

lock 2 mutex 9] gl HAE HEt o~ = AA =, mutex & lock & A% &< unlock() & =
AFUH (& 50 25 HAE Hold ) 2e=x= S o] &34 of| 2] Al mutex A-FHL HAFH
Al 4= A5 oA TS A RAII (A 9] 52 27|35} o]t} - Resource

1 Ao
Acquisition Is Initialization) & FLd35} QIttal & 4 QJ5UtL} d& &

—
o
0
=~
_l

o L

%

std::mutex m;


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2320.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2320.html
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int sh; // 3F&|l= H|0|&

void f()

{
std::unique_lock Ick(m);
// S7E|= 0|8 & Rt
sh+=1,

}

lock & o]FE 4 UL (lock o] HIX[Y A~ 0] XY AfAS BHThE HolA) BAMFE & =
Gt (o Hgh BAFRO] 49 /mutex & 4G Z1Q17Y)
AP mutex 7} @ 4 9l 7 o] tjREe] 71552 unique lock o] & H QHIsHA 4 4 vt
AEE
std::mutex m;
int sh; // 5R/&l= HI0|H
/).
void f()
{
/-
std::unique_lock Ick(m,std::defer_lock); // lock 2 SFX|8t mutex & Y| =Lt
Y
if (Ick.try_lock()) {
// BLEI H0|EIS 225iCt
sh+=1,
}
else {
// tHe g &S sttt
}
}
H| =5} A &, unique_lock & try_lock_for() I} try_lock_until() & ALYt} o] 2]E 0] mutex

A1l lock & AFGFOEA AL % Gl AER, 9] AL, unlock() & 5HA] = BA G spE
% QgUth 39 T2 S 9olA Sel7t 9L S Gk B8 B dolof gtk

w19 5 7] mutex of ©J3) BRI F o] A4S Baw FriA o @rkar £715 WO nutex
g AR 9 AU,

std::mutex m1;

std::mutex m2;

int shl; // 7%= H|O|H
int sh2

/-
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void f()

{

/-

std::unique_lock Ick1(m1);
std::unique_lock Ick2(m2);

// S7EE HOIHE 22ttt
shl4+=sh2;

U710, Z¥zto] A 2Jst7] sl lock = B & 6}Ef’c, =3 5?‘/}7} sl 713}31 A
Eal

L = 4 sy
(0] & HlE=E=(deadlock) o]2f FUth) A|AEIS] W2 lock & FollA o] Aojof W& 7MY A & 4
AU Ao 2 HF lock 2 F 79 obE Xﬂ%'—ﬁﬂfﬂ EASHA T 7 o]/ lock & A2 4= UAl
2]yt
void f()
{
/-
std::unique_lock Ick1(m1,std::defer_lock); // lock & BF=2Z|Bt Ot2 mutex & ¥ 22{ otA| L=Ct

std::unique_lock Ick2(m2,std::defer_lock);
std::unique_lock Ick3(m3,std::defer_lock);
lock(lckl,lck2,Ick3);

// 3REE HO[EIE 2Asttt

—

}

WAL lock() o FEL A=ZL W37l Sla) 2AAA FERolok gtk A=,
trylock() 5& ZAATA 0 o]F 59 4 A&tk 7 lock() o] BE lock & I=3}
= Aogthd ol oA&]E dd AdYH AAE lock() & lock(), try lock(), unlock() HH
D52 Sol nutex) QAR W2 2 9l7]o] S2l olm @ o 91E Tock() o] @27 & 4 gz,
2] Tock() o] e Qlzjo] ujet th A 8.

T o2 2ol try lock() & ARESHE A& Ao, lock() ¥ 5Lt 2ol FUH-

void f()
{
/-
std::unique_lock Ick1(m1,std::defer_lock); // lock 2 Pt=2Z|Ct OF2] mutex £ @22y otA| Y=Ct

std::unique_lock Ick2(m2,std::defer_lock);

std::unique_lock Ick3(m3,std::defer_lock);

int x;

if ((x = try_lock(Ickl,Ick2,Ick3))==-1) { // C o] MA|of| 24! AZS SHEL|C}
// S7ElE H0IHE 225t

}

else {
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//x = 227} 22 4 Qi nutex © AHAZ o|o|3ic
_lo

// 0|2 S0] 1ck2.try_lock() 7} ATHEICIH x==

i 2=

e Standard: 30.4.3 Locks [thread.lock]

2.76 Time 49 g

SYL 2% ofw Zo] A AAL A7k BAH AAS Aelshr] npAAU oS So] BE
eo] B 212 o] mutex U lock Sl A& =7F £4 A17F St sckel A sAL, B4 A7) 7|ckel A
Sh= B2 U 4 9Tk (time point)

T of o] FAY timepoint 5 LA AHH now() & TESHAY, v Al A2 AlAlIE F SHUE
AFESHH HU ) : system_clock, monotonic_clock, high_resolution_clock. o& &

monotonic_clock::time_point t = monotonic_clock::now();
// FUANE Bt

monotonic_clock::duration d = monotonic_clock::now() — t;
// oI 20| d A|lZh 2F A2 EICH

clock £ time_point & B]¥l5}1 duration -2 % 7]9] time_point Afo] A7kt EAFH O 2
of2f2o] tE|dofl o] gletd auto = of2{7 9] M+ At
auto t = monotonic_clock::now();
// FLAHE STt
auto d = monotonic_clock::now() — t;
// Ol 2t40| d Al BFF AR FICE
tine 155 HHo2 AstE ALY AU A AL o] 55E ofeiie] 2eg
58408 Palsteln Ak AL ot AM, tine J15EL o7 Ba] HolA 7ol
71Eee WEe AoA FAlstsUT. Be A 2ALSAHIZ] FH mZx 74 tisf 23
g AL, &9, @B 9hEE @& Fofl ik £t 9] fleiA, Re A2 Aol ?Q frefe A2
o

s
7] 2o A 2D Yt duration & &F 7o) HE o7 JAEo] l&UTh =2t
ick o] 91 ofu|ah=] (2414 Wa] 2314 - duration) of tigt AL

1412 215 IUIE). ofeh o8 12 o] <radios of ST AL~ period 5& A8le] & A

// convenience Sl typedefs:

typedef ratio<1, 1000000000000000000000000> yocto; // ZUEZ 2| ¥ E
typedef ratio<1, 1000000000000000000000> zepto; // ZHEZE X E
typedef ratio<1, 1000000000000000000> atto;

typedef ratio<1, 1000000000000000> femto;

typedef ratio<1, 1000000000000> pico;
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typedef ratio<1, 1000000000> nano;

typedef ratio<1, 1000000> micro;

typedef ratio<1, 1000> milli;

typedef ratio<1, 100> centi;

typedef ratio<1, 10> deci;

typedef ratio< 10, 1> deca;

typedef ratio< 100, 1> hecto;

typedef ratio< 1000, 1> kilo;

typedef ratio< 1000000, 1> mega;

typedef ratio< 1000000000, 1> giga;

typedef ratio< 1000000000000, 1> tera;

typedef ratio< 1000000000000000, 1> peta;

typedef ratio< 1000000000000000000, 1> exa;

typedef ratio< 1000000000000000000000, 1> zetta; //ZUEZ X|HE
typedef ratio<1000000000000000000000000, 1> yotta; // RUEZ A&

Aol B GalsSoll BEo] A&} 0w A4l AFEE, o5 AMAES o] oA
duration I} time_points & X &5}= o]JHSH A= 715Ut o]g]st A

LA T ghelo] Ut o] 750l Autd B 7]5017] ol dety s

A7t AHEE ++, —, +=, -=, *=, /= & duration of A} I tp+=d

tp 9} duration d of A& 4= 9J&5 Ut ol <chrono> o ¥ & duration EFYE-S AM&SH

AA At

A
Q}tp—: d & time_point

ofo
ol
U

microseconds mms = 12345;
milliseconds ms = 123;
seconds s = 10;

minutes m = 30;

hours h = 34;

auto x = std::chrono::hours(3); // BA|ALZ U|QUAHO|AZE HA|SHOFEICT
auto x = hours(2)+minutes(35)-+seconds(9);

o]FEL duration & B2 27]3} 8 Lk QAU o2 So] 2.5 2= 51%] opA| Q. thAl 2500
ﬂ}_% st =yt ]1— duration ©] tick 9] 7|42 AL 7] g2 Ut} ZF7F9] tick -2 duration
period o] THI7} HUth. o5 Soi Slo] B elet milli v kilo 7} ©IAA 8. HEE Tl 2 AUk

,period 7} 1 ¢l duration 9] tick & 1 27} Elth= Aoz Q. 9= YA H O 2 duration & o]

e A Ao+ dlsyH

duration<long> d0 = 5; //Z (HEE)

duration<long kilo> d1 = 99; //Z=Z2=%
duration<long,ratio<1000,1>> d2 = 100; //d1 QFd2 = &2 Ef0|CH (“kilo" o L2 "*1000")

H:I IN 1o pd
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9l elel3to] duration O 912 ok AThY St B9l (217 nle] A £ 917) & IF
ofof gt ol 5

auto t = monotonic_clock::now();

/201712 Bich

nanoseconds d = monotonic_clock::now() — t; // 2213/ L2 HE|Z SAFILICE

cout << "something took " << d << "nanoseconds\n";

2] duration & F5 A5 2 HYY

ok

& = gdt

auto t = monotonic_clock::now();
//FALE Sttt
auto d = monotonic_clock::now() — t;

cout << "something took " << duration_cast<double>(d).count() << "seconds\n";

count() = tick 9] 7|4 LYt
23 A=

e Standard: 20.9 Time utilities [time]

e Howard E. Hinnant, Walter E. Brown, Jeff Garland, and Marc Paterno: A Foundation to Sleep On.
N2661 = 08 — 0171. Including “A Brief History of Time” (With apologies to Stephen Hawking).

2.77 std::future £} std::promise

Y (concurrent) T2 Y2 o 2Fo] 53] 2=} Fa= AU = ©]&5h7] AsiM = e =

syt of g &o| H|&E 2 H4(condition variable) 7 std: :atomic (lock & AFESHA] Q=2 7]
o A) & o] 8ol x o3| o+ updrA] Yyt C++ 11 2 future & promise & A5l A],
Th2 #d| e o] 2H9] o] ATHE ] ElRbT, packaged_task & o]-83] 2+ A=t AHEE 4= Q5T
future I} promise o] 2 {2 F 79 AAE 71—94 ZF 23HS lock & /\]—36]-7\] LT 5 o1
UFUTE 55 ‘A AHo] o]2jgt AdS G&H o= FHFUT o] 5 FATL ofo|t]ol= Ty
T 2ol A gha A4S ARt AYER ‘“4‘?15}57— A= ™, o]« promise o gr2 @5yt 18X
E43 WA 0 =2 promise off 25 future o HEH Fho] YL S 5H2] 8. S22 (292 AT
A) 2 ol Tl @& A& 7 A Uk o s st | async() & FESH 2. BE2 3 7HA
A 9] future 2 A Est=d], 7tdet AFES 95 future, & ¢ E3 9 ASHS ]St shared_future
o} atonic_future QIUiek. 471614 A= T future & RolE A1), kel o] Z10] 717 Thésal
A7t BRE st ASS 25 & 5 7] W2 gyt THd o229 future<x> 7+ & S&5H3ITHd,
72 X 9] & get() = &9l €= 4 AsUH

Xv = fget(); // RUSH= 20| ALt ©f 72| 7|C2iCt

RF ob2] gho] 2Rl =] et o, 2 Exs 1 gho] fdE off 7hHA] Zlehd Yt T gho] At =
e, get() o At Al9]E @2 5 sy ¢HE AHE Asl 7IHE Al A4 e 5 =T,

SERE
o2 918l okelet Zo] AW} A AT Sk LT


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2661.htm

2.77. STD::FUTURE 2} STD: :PROMISE 95

}
else {
//CHEYE St
}
ST future 9] FH 222 T3l get() 2 A F5HE Z0]A Q. promise & FQ =28 7H3]
future 9] get() of] H-GAZ]1 =5 Sh= A YUt} future I} promise 2} o]F £ A2 JAFA ]I o] 57

7)ol A& H|UslR| = WolFEA Q.
Tt of g Eo] promise & S|4, ZIHE future of X EfQJ o2 A3l AotH, 7|2 02 ofHEL 2
712 B o 2 §F 4= QlsUth he AEstAY, 998 MEstAL

try {
X res;
// res Q| S ALFEHCE
p.set_value(res);
}
catch (...) { //res & 2At& 4= QiCt
p.set,exceptlon( td::current_exception());
}

N 7= E5UTHE, o 2A 5td Z47] k2 2| =9 future 2F promise 7} 12 o, future/promise

g2 mAAE o 27k AR future 3t promise = °F E 4= Q7] Wiwol (FAR= ¢HE), A= 7HA
wpgo] Syt

packaged_task = Z-2 X E 2 sto] APs}7] 95t uf-$ sty Wil E35], o]= ¢F
ofA] future &} promise & AZAA|Z]1L, ZrFof A FAY Sh= HEZL &2 | elof et wrapper ZEE
AFdisyet. dE =

double comp(vector<double>& v)

{

// AYE Rt
// Ol2HOl| M Sh= 22 double BHEO]| CHSH HF accumulate() O|CL.
packaged_task<double(doublex,doublex,double)> pt0{std::accumulate<doublex,doublex,double>};

packaged_task<double(doublex,doublex,double)> ptl{std::accumulate<doublex,doublex,double>};

i
ne
rr
fin]

auto f0 = pt0.get_future(); // future
auto f1 = ptl.get_future();

pt0(&v[0],&v[v.size()/2],0); // 2 EE A|2GHC}
ptl(&v[v.size()/2],&v[size()],0);
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return f0.get()+fl.get(); // B2 =0t

i 2=

e Standard: 30.6 Futures [futures]

e Anthony Williams: Moving Futures - Proposed Wording for UK comments 335, 336, 337 and 338.
N2888 = 09 — 0078.

e Detlef Vollmann, Howard Hinnant, and Anthony Williams An Asynchronous Future Value (re-

vised) N2627 = 08 — 0137

e Howard E. Hinnant: Multithreading API for C++0X - A Layered Approach. N2094 = 06 —0164.

The original proposal for a complete threading package..

2.78

async() + et A AP bR, ofZ] EYZE B Eo
JUt}. ofat T o] A& thE ARPAE Thol] £ g
25Ut oflE 2 asur) B3eh &

std::async()

HoF4 sy

template<class T, class V> struct Accum { // TGl Sh4 ZH|
Tx b;
T e;
V val;

Accum(T# bb, Tx ee, const V& v) : b{bb}, e{ee}, val{w} {}
V operator() () { return std::accumulate(b,e,val); }

double comp(vector<double>& v)

//v 7t 25 AT Y2 0| AYSS YTt
if (v.size()<10000) return std::accumulate(v.begin(),v.end(),0.0);
auto f0 {async(Accum{&v[0],&vV][v.size()/4],0.0})};
auto f1 {async(Accum{&v[v.size()/4],&v[v.size()/2],0.0})};
auto 2 {async(Accum{&v|v.size()/2],&v|v.size()*3/4],0.0})};

(

auto 3 {async(Accum{&v|v.size()*3/4],&v[v.size()],0.0})};

return f0.get()+f1.get()+f2.get()+f3.get();



http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2888.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2627.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2627.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2094.html
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ol wi-¢ tSHA A= ATk WO R, thul explicit 28| E, lock, W52 AHE-GHA]

f HATE9 B2 B grolB e 9 async() 9 HHE Y o= AAEH, o] future

1H D Qo] whef future O] get() 2 A=V F=E o 742 ZIoHE Y 91714 async() 7}

1.2 P Q3 vk A EE Aol Zolal, future O G Z47Fo] A EES LEA join()

Yt} async()/future TIzFQ1 ko] 71 Fa gt A2 ‘g Utk future & Luhy

A AHEE 5 =l async() & ©-§a1A 1/0, mutex 22}, -2 th2 2P E3 A 2 2H-g-5h=
2 7Y z2} SPAEA Q. async() & ol F2§ H3h2 range-for 2] a7t uf

1 E5] ARl = AES Uit sk A Aot BT 24 2

2]

sh= AgUh asynco o MEIE AR 2 aog 2

5

ot
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rl
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e Standard: 777
e Lawrence Crowl: An Asynchronous Call for C+4. N2889 = 09 — 0079.

e Herb Sutter : A simple async() N2901 = 09 — 0091

2.79 W4 (random number) B4

/—\
o
»n
@
o]
(o}
Q@
"S
O
=
(oW
o
B

sy AE S

uniform_int_distribution<int> one_to_six {1,6}; // 1 2& 6 7X|2] X & Md
default_random_engine re {}; // LIZE Q2

5 Fojli7] 9ol o222 XS T w2 5 AU

int x = one_tosix(re); //x & [1:6] 22| Zf0| EL|Ct

7179 5%

QW7 glol A8 4

e

141

52
™,
ftlo
N

Agshe AL BHT Jolng, Lall 9I2HE bind FA, B4 AAE o83
Yrt.

auto dice {bind(one_tosix,re)}; // tt M7 E Q=L

,d
3:9
ot

int x = dice(); // A 22|7]: x & [1:6] Qt2| 2f0| ElL|Ct

& HE7HE o] BE BolBeE| o] et At A

5
A5 oletn BRGUC SR, ZUATe] A AL 4 911 el E Tick


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2889.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2901.pdf
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o] PHIE AT, uje ekl w4
ZHAG FEL o] ZER FEY
AAsict

Y 95 ofgA A=k ¢

int rand_int(int low, int high)

{
static default_random_engine re {};
using Dist = uniform_int_distribution<int>;
static Dist uid {};
return uid(re, Dist::param_type{low,high});
}

o] Ao oA “HET} 22 o] AT, rand_int() B AFESH= AL C++ 99 AR T T QsH
& dHUt ol A BEE AASHe T2 T
default_random_engine re; // C|ZE
normal_distribution<int> nd(31 /* A */,8 /¥ = oA */);
auto norm = std::bind(nd, re);
vector<int> mn(64);
int main()
{
for (int i = 0; i<1200; ++i) +-+mn[round(norm())]; // ‘& StCt
for (int i = 0; i<mn.size(); ++i) {

cout << i << "\t

for (int j=0; j<mn[i]; ++j) cout << "';

cout << "\n’;

1 A ofele} 24U

G W NN = O
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8

9 x

10 *xx

11 #%%

12 *x%

13 skkkk

14 skkkkkk

15 skk%

16 sokkkkk k%%

17 skkskokskokokkkk

18 sskskokoskokokokokkkkkk %k

19 skokskokoskoskokokokokkkk ko ko k ok

20 skkkkkkskskokokkkkkk kKK

21 sokoskkkskokoskkkkok sk kkokok ok kokok ok kok

22 skkkkkokokkkokok ok ok kokok ok kokok ok ok kokok ko kokok ok k

23 skoskskkokokok sk ok Kok ok sk ok Kok ok ok ok ok ok Kok ok ok Kok ok kK ok ok kK ok ok kK ok ok

D4 sk sk sk kokok sk ok Kok ok ok ok Kok ok ok ok Kok ok ok ok sk ok ok ok ok ok ok ok Kok ok ok ok Kok ok kK

25 sk kkokok sk ok kokok sk ok Kok ok sk ok Kok ok ok ok skok ok ok ok ok ok ok ok ok ok ok ok Kok ok

20 ok sk kkokok sk kkokok ok Kok ok ok kokok ok kK ok ok sk ok kok ok sk ok Kok ok ok ok ok ok ok ok ok

2T sokskkkskok sk kkokok sk ok kokok sk ok kokok ko kok ok ok skok ok ok sk okok ok ok sk okok sk kok ok sk ok skok ok ok ok okok ok ok

28 skkskkkok ok ok kK ok Kok Kok Kok Kok Kok Kok Kok Kok ok ok ok ok Kk ok ok ok ok

20 sk sk sk skok sk kK ok ok ok Kok ok ok kKoK ok o ok ok ok ok o Kok ok ok o Kok ok ok Kok ok ok Kok ok o ok sk ok ok koK ok ok koK ok ok Kok ok
30 skoksk skkokok sk ok skokook sk ok skok ok sk ok skok ok ook ok ok ok ok sk ok ok ok ok sk ok ok ok skok ok ok ok ok

31 skokskskokokok sk ok skokok sk ok skok ok ok ok okok ok ok ok ok ok ok sk ok ok ok sk ok ok ok skok ok o sk ok ok ok Kok ok ok sk ok ok ok ok ok ok o ok ok ok ok ok ok
32 sokokkkskok ok okkokok ko kokok sk ok Kok ok kK okok sk kK okok sk ok sk okok sk ok sk ok ok kK ok ok

33 sokokkkskokokkkokok ko kokok ko kok ok koK okok ok kK okok sk ok sk okok sk ok skok ok sk skok ok Kok ok kK okok sk ok kok ok ok
34 sk sk kkokok sk ok sk ok ok ok ok Kok ok o ok sk ok ok o Kok ok ok ok ok ok ok ok sk ok ok o kK ok ok Kok ok ok oK sk ok ok ok sk ok koK ok
35 sk skkokok sk sk kokok sk ok kok ok ok ok Kok ok ok ok ok ok ok ok koK ok ok kK ok ok ok kK

30 skoksk skkokok sk sk skokook sk ok skok ok ok ok Kok ok ok ok skok ok ok skok ok o sk ok ok ok o Kok ok ok ok Kok ok

3T sokoskkkokok sk kkokok ko kokok ook skok ok koK okok sk ok kokok sk ok sk okok sk ok skok ok ok ok okok o

38 sokskkkskok ok kkokok ko kokok kK kok ok kK okok sk ok Kok ok sk ok skok ok ok Kok ok ok ok Kok ok

30 skokskokkkkkkok Rk kK k ok k kK k kKK kK ok Kk kK

A0 skorskok sk kokok ok sk kok ok ok ok ok ok ok ok ok ok ok Kok ok ok Kok ok ok ok Kok ok ok kK ok ok

A skxskokskokkokok ko kokok ok Kok ok kK ok

A2 sxskokkkkok sk ok kokok ok Kok ok kK kok ok ok Kok

A3 sk kokkokokkkokok sk kK okok ok kK okok ok ok kokok ok k

A4 sxkokkkkkokkkkokok kKK

A5 sekskkokkokokkkkkk

A6 kkk %k kokokk

A7 kxxkkkkx

99
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48 xkkk%
49 xxkk%
50 sk
51 *xx
52 xxx
53 xx

54 x

55 %

56

57 x

58

59

60

61

62

63

2 2=

e Standard 26.5: Random number generation

2.80 Concepts

fill(0, 9, 9.9); // Iter & int O|C}; 22, int & ForwardIterator 7} OfL|C}
//int B Q0| * & 2 £ QISLICt

fill(&v[0], &v[9], 9.9); // Iter = int O|C}; 75 int* = ForwardIterator O|C}

o714 0t He St 04 Fill() T AASATH AAUT Sl 0|2 Holsix] ehokaY]
o} o] el HAHO R Fi11() of thel 2& AR} Basiths AHLS Uehig YT :

o first @} last 912}+9] EFQl-2 ForwardIterator o]ojof gith. (181l 22 YY)
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Sele s, BES Aolugislel ofnl 9 YEEe I

Eof concept ForwardIterator 2} Assignable <

Syt s st s & 4
J014] kel Fololgt Ptk Fill()
WA OFE ZA AT 5 glon] TS 0F WA oJulz 7 ol &
2t o4l LRI E o)zo] thet FRE & 5 91, ol F Fo) AL WAAES

=
W7 HYth. concept 2 EJF HIES! ARAE A E kw0l HYTh

&2

o\x"‘

template<Forwardlterator Iter, class V>
requires Assignable<lter::value_type,V>
void fill(lter first, Iter last, const V& v)

{
while (first!=last) {
*first = v;
first=first+1; // 22 : + & Forward_iterator Of Z2|Z|Z| QIUCt
// (++first) & AtEsHet
}
}

// concept & O|&¢t UtEX} 7|8te| & FA !
template<Random _access_iterator lter>
requires Comparable<lter::value_type>

void sort(lter first, Iter last); // LBtAQl WHO = 13GHCL

[y

// ZHI0IH 7|8ke] Y&
template<Container Cont>

requires Comparable<Cont::value_type>
void sort(Cont& c)

{
sort(c.begin(),c.end()); // &3] UHEA HA S S&£31H EICt
¥
void f(vector<int>& v)
{
sort(v.begin(), v.end()); // St7tA| &
sort(v); // CHE e
/-
¥

of e £ AT concept & HOJa 4 QAR ZBAEZ SIS BE ol Helel 5 of st 3-8

-

concept =, 9| & £9] ForwardIterator, Callable, LessThanComparable, Regular & A||-&gHct.
2 C++ 0x HEF Zo]H 2= concept 52 ©]-§aliA Ho=5HTH
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e the C++ draft 14.10 Concepts

e [N2617 = 08 — 0127] Douglas Gregor, Bjarne Stroustrup, James Widman, and Jeremy Siek:
Proposed Wording for Concepts (Revision 5) (Final proposal).

e Douglas Gregor, Jaakko Jarvi, Jeremy Siek, Bjarne Stroustrup, Gabriel Dos Reis, and Andrew
Lumsdaine: Concepts: Linguistic Support for Generic Programming in C4++. OOPSLA’06, Oc-
tober 2006.

2.81 concept W (map)

intx = ForwardIterator YUt} £ 2] concept & o|of7| & uj &ty ojofr| sfYal, &
AA] 2k gk, Ax]o] STL o] WA WA A ZIEEL WEAE A-gsgtsUt. shA
2-2]= TSt ForwardIterator 2] value_type o tsA & o]oF7] 51995 Ut} SFAHE intx = value_type
ofeHz IS 713 QA Stk AL, WHIE of] 713 914 Skt 12T intx 7} of B
ForwardIterator 7} 2 = Q1271Q 7 o]ZA o] 7}t AL, 22|71 1A AW 7] gEL YTt concept_map

2 0] &5} A], &)= T* o] ForwardIterator 2 AF2-= f value_type 2 T 2 AFREA| THE 4= 915 YT

RSN

template<Value_type T>
concept_map Forwardlterator<T*> { // T* 2| value_type & T

typedef T value_type;

¥
concept map & 9312 shol EHelo] o] B BeiAEA 2HE 4 917] W], el et
o2 B o g 2 (wrap) o7k QA BUth “concept 7 U] AHGEE FHAoR AuE
LT EgJolo A ARG-E 7] tll-¢- g-5/d AL, dRtebE HAY S A

i 2=

e the C++ draft 14.10.2 Concept maps

e [N2617 = 08 — 0127] Douglas Gregor, Bjarne Stroustrup, James Widman, and Jeremy Siek:
Proposed Wording for Concepts (Revision 5) (Final proposal).

e Douglas Gregor, Jaakko Jarvi, Jeremy Siek, Bjarne Stroustrup, Gabriel Dos Reis, Andrew Lums-
daine: Concepts: Linguistic Support for Generic Programming in C+4. OOPSLA’06, October
2006.

2.82 Axioms

axiom < concept & 57| At MeatE2 Aeolet & 4 A5U axiom & AHgSte £ 54
o=, R 55, dlE 50] =HQl 5oldd HAgt & o't ASdYth 7 WA ALE A=, Itds] 29


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2008/n2617.pdf
http://www.stroustrup.com/oopsla06.pdf
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[9o 2 548 axion - FUT AR 7HFE 4 Gl A AL AL oE Sof

concept Semigroup<typename Op, typename T> : CopyConstructible<T> {
T operator()(Op, T, T);

axiom Associativity(Op op, Tx, Ty, T z) {

op(x, op(y, z)) <=> op(op(x, y), z); // T & HLEAII ZEHE2I0] JE ettt 7+ E

}
// monoid 2 &SHAE 7121 H0|2F0|Ct.
concept Monoid<typename Op, typename T> : Semigroup<Op, T> {
T identity_element(Op);
axiom ldentity(Op op, T x) {
op(x, identity_element(op)) <=> x;
op(identity_element(op), x) <=> x;

—

T o B gk, (el
AZ) B3t A3 Sot 57] RV Eh SHAE SE AR NaN & AR axion & 851 088
% QU axion & G5 B (<=> B AT 27 BHEY tdolet & 4 st

// concept TotalOrder 2| A<
axiom Transitivity(Op op, T x, Ty, T z)

{
if (op(x, y) && op(y, z)) op(x, z) <=> true; // ZHEH &t

o the C+-4 draft 14.9.1.4 Axioms
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