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ToITL—h A RE R LD
I5—Ayt—CFRET S

list<int> 1s;
sort (1s.begin(), ls.end()); // IT7—!
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main.cpp
error C2784: 'reverse_iterator<_Ranlt>::difference_type std::operator -(const std::reverse_iterator<_Ranlt> &,const std::reverse_iterator<_Ranlt2> &)' : 7> FL—h 5|4i% 'const std::reverse_iterator<_Ranlt> &' IZxL T
'std::list<_Ty>::_lterator<_Secure_validation>' M 5iEA TEFH A TLE:
with
[
_Ty=int,
_Secure_validation=true
I
C:¥Program Files¥Microsoft Visual Studio 9.0¥VC¥include¥xutility(2238) : 'std::operator - NDE & # AL TSN,

¥main.cpp(9) : AVISAINSINI=ISAD ToTL—k DA A2 Z1E 'void std::sort<std::list<_Ty>::_lterator<_Secure_validation>>(_Ranlt,_Ranlt)' DS BEREEL TS0
with
[

_Ty=int,

_Secure_validation=true,

_Ranlt=std::list<int>::_lterator<true>

1

error C2784: 'reverse_iterator<_Ranlt>::difference_type std::operator -(const std::reverse_iterator<_Ranlt> & const std::reverse_iterator<_Ranlt2> &)' : 7> FL—h 5|%t% 'const std::reverse_iterator<_Ranlt> &' [ZxLT
'std::list<_Ty>::_lterator<_Secure_validation>' M SiEA TEEH A TLE:
with
[
_Ty=int,
_Secure_validation=true

'std::operator - D EEEHEAL TSN,

error C2784: ‘reverse_iterator<_Ranlt>::difference_type std::operator -(const std::reverse_iterator<_Ranlt> &,const std

:reverse_iterator<_Ranlt2> &)' : 7> FL—F 5|#i% 'const std::reverse_iterator<_Ranlt> &' [ZxfLT
'std::list<_Ty>::_lterator<_Secure_validation>' M 5iEd TEEHATLE:

with

[
_Ty=int,
_Secure_validation=true

‘'std::operator -* DEEEHRL TS,

error C2784: 'reverse_iterator<_Ranlt>::difference_type std::operator -(const std::reverse_iterator<_Ranlt> & const std::reverse_iterator<_Ranlt2> &)' : 7> FL—h 513% 'const std::reverse_iterator<_Ranlt> &' [ZxtLT
'std::list<_Ty>::_lterator<_Secure_validation> M5B TEE LA TLE
with
[
_Ty=int,
_Secure_validation=true

‘'std::operator -' DEEEHERL TSN,

error C2784: 'reverse_iterator<_Ranlt>::difference_type std::operator -(const std::reverse_iterator<_Ranlt> &, const std

:reverse_jterator<_Ranlt2> &) : 7 FL—b 51%% 'const std::reverse_iterator<_Ranlt> &' [ZxLT
'std::list<_Ty>::_lterator<_Secure_validation>' M SR TEE LA TLE

with

[
_Ty=int,
_Secure_validation=true

I
‘'std::operator -* DEEEHRL TSN,
error C2784: 'reverse_iterator<_Ranlt>::difference_type std::operator -(const std::reverse_iterator<_Ranlt> & const std::reverse_iterator<_Ranlt2> &)' : 7> FL—h 51#% 'const std::reverse_iterator<_Ranlt> &' [ZxLT
'std::list<_Ty>::_lterator<_Secure_validation>' M5B TEEF LA TLE
with
[
_Ty=int,

- -
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error C2784: '_Basel::difference_type std::operator -(const std::_Revranit<_Ranlt, Base> &,const std::_Revranit<_Ranlt2, Base2> &)': 7> 7L —k 5|#% 'const std::_Revranit<_Ranlt, Base> &' [ZxLT

'std::list<_Ty>::_lterator<_Secure_validation>' M@ TEEHATLL:
with
[
_Ty=int,
_Secure_validation=true

1
'std::operator - DEEFHEFEL TS,

error C2784: '_Basel::difference_type std::operator -(const std::_Revranit<_Ranlt,_Base> &,const std::_Revranit<_Ranlt2,_Base2> &)': 7> FL—b 5|#% 'const std::_Revranit<_Ranlt,_Base> &' [ZxfL T

'std::list<_Ty>::_lIterator<_Secure_validation>' Moif»> TCEEHATLL:
with
[
_Ty=int,
_Secure_validation=true
|
'std::operator - DEEEHERL TS,

error C2784:'_Basel::difference_type std::operator -(const std::_Revranit<_Ranlt,_Base> &,const std::_Revranit<_Ranlt2,_Base2> &)': 7> FL—b 5|#% 'const std::_Revranit<_Ranlt,_Base> &' [ZxLT

'std::list<_Ty>::_lIterator<_Secure_validation>' Moif TEEHATLLZ
with
[
_Ty=int,
_Secure_validation=true

|
'std::operator - DEEFHERL T,

error C2784:'_Basel::difference_type std::operator -(const std::_Revranit<_Ranlt,_Base> &,const std::_Revranit<_Ranlt2,_Base2> &)': T>FL—t 5|#% 'const std::_Revranit<_Ranlt,_Base> &' [ZxLT

'std::list<_Ty>::_lIterator<_Secure_validation>' Mo CEEHA TLIZ
with
[
_Ty=int,
_Secure_validation=true
1
‘std::operator - DEEZMHEL TS,

error C2784: ' Basel::difference_type std::operator -(const std::_Revranit<_Ranlt,_Base> &,const std::_Revranit<_Ranlt2,_Base2> &)':

'std:list<_Ty>::_Iterator<_Secure_validation>' M SiHATEERATLI=
with
[
_Ty=int,
_Secure_validation=true
1
'std::operator - NE S EHEEL TSN,

error C2784: ' Basel::difference_type std::operator -(const std::_Revranit<_Ranlt,_Base> &,const std::_Revranit<_Ranlt2,_Base2> &)':

'std:list<_Ty>::_Iterator<_Secure_validation>' M SiHA TEERATLI=
with
[
_Ty=int,
_Secure_validation=true
|
'std::operator - DE nEﬁEu LTLEESLY,

T 7L —h 5|$% ‘const std:;_Revranit<_Ranlt, Base> &' I1ZxLT

T 7L —b 5|$% ‘const std::_Revranit<_Ranlt, Base> &' IZxL T

error C2676: ZIE;EHEF ' : 'std:list<_Ty>::_lterator<_Secure_validation>' [&. COEBEFFIIERFDEHFICHULGEADEROERETVER A FLLEME, ~NLTESRE)

with
[
_Ty=int,
_Secure_validation=true

]

4 ‘ SLET 5
Zrtgczm X?EET] £L\ anlt,_Diff,_Pr)' : 4 318441 ?%%(in BH imigﬁ’é" #33



Bl - T5—Ayt— DERE

AHTILUTDELOE
H AL TIELLY

IS5—Ayt—I%

I5— ! list<int>:iteratorlZoperator<z#->THEL\D T
SR LT IERATL—2DEBEHEF-LEEA,

e hALERS HEMHRE #33




B2 - T TL— R ELYBAIC

« C++03F Tl XI5 ANZF5015
TUTL—RDFENBZL<HoT-
(SFINAE, Traits, 27 T4 X/\:yF, etc...)

AVt TME NS DFEFESETHRIEN
ICHHR—F3BELSEBNHD
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OVt DESE

TUITL—hNFGA=ZDExT B
HlTNEEERT B

auto concept LessThanComparable<class T> {

bool operator<(const T&, const Té&);

LessThanComparableld
[T(Eoperator<|Z& o TLHEE TEL T NI SN )
ELVSHIRY
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TUTL—hN\SA—=2DHIHY

FOTL—FEEDEIZCOVETRNEIEET A E
IZ&> T TUTL—bISA—RZFITHIL
MWTES

template <LessThanComparable T>
const T& min(const T& a, const T& Db)

{

return a < b ? a : b;

}

typename T.” class TORDHYIZ
LessThanComparable T&EL
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T TL—RIRT A= D H$Y

* requiresTHIFIT HZELTES

template <class T>
requires LessThanComparable<T>

const T& min(const T& a, const T& Db)

{

return a < b ? a : b;

e hAKERS RRMIME #33




T TL—RINSA—BDHI$S
* requires(F&E&TEHMNDIAV T EIEETES

template <class T>
requires LessThanComparable<T> &&
CopyConstructible<T>
const T& min (const T& a, const T& Db)

{

return a < b ? a : b;
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T TL—RIRT A= D H$Y
CDRIGHEEERTEET H_LET

FUTL—bRTA—SHAE B =S T RER SIS
BRMISHERZDTEY D MY OT NIty —SE R N TES LSS,

list<int> 1ls;
sort (1s.begin(), ls.end()); // IT7—!

T5— ! list<int>::iteratorl&RandomAccesslteratorD EHZimT=-LEF A,
ARELTLSHD operator<
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aVvtEThyT

BFEOENREDOSISIZatTITFNOEHRH
M-I DOIEEET S

LTOELSEavETdbnbho-58

auto concept RandomAccesslterator<class X> {
typename value type = X:i:ivalue type;
}

RandomAccesslteratora>t 7 k&
[X[&value_type&\ 3B ZEH > TULVEITAIFESEN IEWSERITHESD T
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aVvtEThyT
vector::iterator® k>7%ivalue_typeZzfF D& (X
RandomAccesslteratorD B4 i1=9

template <RandomAccessIterator Iter>
volid sort (Iter first, Iter last);

std: :vector<int> wv;
sort (v.begin(), v.end()); // OK

RAEZETUA LT IERATLU—RELTIRDEZ IS TIIE LAY,
RAAEvalue type&l W OEREFHESTWELDT
RandomAccessIteratorDEBEH{FHmI=IT ZELILTELLY,

int ar[3];
sort(ar, ar + 3); // IT7—!
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avtTheyT

ZFIC. A tETheyTEVNS#EER[FHT AHET
RandomAccesslteratora>t T rEHRA 2 TH%IE T 5,

template <class T>

concept map RandomAccessIterator<T*> { // RAVATZoF=6
typename value type = T; // TEZvalue type&d b

}

_NhExAEBELTHITIX., RA>2(FRandomAccessliterator®
BHERI-9TENTES,

int ar[3];
sort (ar, ar + 3); // OK
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Range-base forX
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B & 2

UTDEIGaV T EEWN-SS
result_typeD & (ETTL—rERFRD
HoW LB ZZITRNAGEIZES,
(FL—RRILFTFZEEZZTLDE)

auto concept Function<class F> {
typename result type; // BAER, =THIFIL TL VLY
result type operator() (F&);

}

_NZzxfER! (Associated Type) &LV,
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B E
LT OESBEEA TS oA ot B

struct functor {
int operator () () const;

b
functorzFunctiona>t 7@ T &

template <Function F>
F::result type foo(F f)
{

return fool();

int result = foo(functor());

F::result_type® ! [Z. functor::operator() D RYIED E! (int)(Z74: 5,

e hAKERS RRMIME #33




ESPEaEiN]
BiEAZ, AV tETRAT

typename result type;
EEWVNTHAHDT, result_typehM B THAHZENRRMIZELDT
typename F::result type

0)47:5')(-( {&k ¥4 (dependent-name)(Zxf 9 Htypenamez =< HE

F': :result type

EEITS,
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BEEE

requiresZa> 7 FATEEITS
NZTEEEH (Associated Requirements) &LV,

auto concept Predicate<class F, class R, class... Args> {

requires Convertible<R, bool>;

MEE (Predicate) DRYEDE (Tbool ITEMMAIRELGEI TR ITNIXE B0,
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B EE
B L THIEETES

ESPERCER C ol 3P

auto concept Function<class F> {
typename result type;
requires Returnable<result g£ype>;

result type operator() (F&);
}

B & (Function) D RVIED ! (.

return X TiRE 7L EWLITFELY, (BEFIIENG. void
[£OK)
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sV tTTRESE
BrAgaV TN ES

AVtEITRDERII2ODEZANDH S,
FERICautoZz T [T HBDEMFIFENTBD,

auto concept Fooable<class X>
{ typename value type = X::value type; }

concept Fooable<class X>
{ typename value type; }

autoZfTFELNaVET NI o T eI LT NIEGEGENaY T,
BA;RBYZEO T (explicit concept) &LV,

autoZfT 153V ETME. TIAHIEDIV LTy THBEERSNEIV T,
BEEADa T (implicit concept) &LV,
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BHIETED YIRS A —
9 LUTOISHEa T B =15E

auto concept Fooable<class X> {}

BHHIETFTTAEEICLLTDESIZELE

template <Fooable T>
vold foo (T t);

Fooablea T rDINTGA—AXELTTHESND,
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BUBEEDLVIVIRAH—

BHNSGA—F3EZ T Aa TR T
ESEFIENDI=AS5SM?

auto concept Fooable<class X, class Y> {}

// NG : TEEEI BBISESTIELMFEEL
template <Fooable<T, int> T>
void foo (T t);

// OK : ThrequiresZFELDIEHAELILY
template <class T>

requires Fooable<T, int>
void foo (T t);

e hAKERS RRMIME #33




BUBEEDLVIVIRAH—

BEUNTGA—REZ (TS T D
EHIEFEIZIE., autoZFIEET AU AVIR A H—NAESIN TS

auto concept Fooable<class X, class Y> {}

template <Fooable<auto, 1nt> T>
void foo (T t);

CDIFE. autolITIZEZHMZ b, LT ERICEKIZE S,
template <class T>

requires Fooable<T, int>
void foo (T t);
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BUBEEDLVIVIRAH—
autol2 kB BF VIR aT—DE A

TEAE TR I B FEDCallableatwTREFND L DEY
B E O LAl gE 1 &LV FHIFIZ DOV TN TH S,

auto concept Callable<typename F, typename... Args> {
typename result type;
result type operator() (F&&, Args...);

¥
Callablea>tThE, L TDI/INSA—2EZITES

BRI 2 BEHATooh - F
Sl#DE! . ...Args
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BUBEEDLVIVIRAH—

Callablea> 7 MIEREENSLB(ERI)D T,
BRILTOEOICELDIEHAELSLY,

template <class F>
requires Callable<F, 1int>
F'::result type call(F f)

{

return £ () ;

}
autoIZ kB RV R AT —EERINIETToETYEITS,

template <Callable<auto, int> F>
F'::result type call(F f)

{

return £ () ;

}
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AxXiom

AVETEDEZETIE. axiom&EWSHEREEERT 5 EITLY.
BOERUTAIRZERT HELTES,

f=EZ X LTDavtETrElToperator==TLLE AT gE 1 L LS HI 5%
FoTWLWHH., TN ERIBFIC

loperator==[%. a ==b., b == cA YL D/EHa == cHA RYILDIELVS
NEEEELTLS,

auto concept EqualComparable<class T> {
bool operator==(const T&, const T&);

axiom Transitivity (T a, T b, T c)
{
if (a == b && b == ¢)
a == c;
}
}

T=1=L. axiomlEaAV /N ILEFIZHREE T A IR THS=5
(AN AZTIDEHRERBEIEPEATAMNIFE SO THOWKJELVSNEBRRFOENELEL S,
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Ot TJDEREE
ATL—RELUTDEOLEEEEEZFE->TLS,

Input Iterator

AN\

Forward lterator

Bidirectional Iterator

!

Random Access lterator
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OVt TRDEREIE

AVETHICD RS LERBEEZEERTE TES,

concept Inputlterator<class X> {}

concept ForwardIterator<class X> : Inputlterator<X> {}
concept Bidirectionallterator<class X> : ForwardIterator<X> {}
concept RandomAccesslIterator<class X> : Bidirectionallterator<X>{}

NEMa T DA IERGTENTES,
Ot TrDMEREIE (Concept Refinement) I&
BEEE M (Associated Requirements) &EELY,
O tETRRyT IR EEETE RS,

AVt T OB EEEESL. #RETEDERERRRIC
“is a”Bf&k. "has-a”ERTERT
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A ETMIE DW= —/N—a—F

C++03TlIATL—2D R HEIZLSF—/\—O—F%
EIRTB-DIZRT T4 RNy FEFERHLTL =,

1. ARV ERET S

struct input iterator tag {};

struct output iterator tag {};

struct forward iterator tag : 1nput iterator tagf{};
struct bidirectional iterator tag : forward iterator tag{};

struct random access iterator tag : bidirectional iterator tagf{};

e hAKERS RRMIME #33




A ETMIE DW= —/N—a—F
2. ATL—3DISRIZATHEHAD

class vector::iterator(ﬂi) {

typedef random access iterator tag iterator category;

I
class list::iterator (fR) {

typedef bidirectional iterator tag iterator category;

b

e hAKERS RRMIME #33




A ETMIE DW= —/N—a—F

3. 30 BRI AIEHZTRAET S

template <class Iterator>

struct iterator traits {

typedef typename Iterator::iterator category iterator category;

b g

template <class T>

struct iterator traits<T*> ({
typedef random access iterator tag iterator category;

1
/] IRAVRESUE LT IERATL—2EL TS
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A ETMIE DW= —/N—a—F

4. B39 TH—N RS

template <class InputIter, class Distance>

void advance (InputlIter first, Inputlter last, Distance n, input iterator tagqg);

template <class ForwardIter, class Distance>

void advance (ForwardIter first, ForwardIter last, Distance n, forward iterator tagqg);

template <class BidIter, class Distance>

void advance (BidIter first, " BidIter lasty Distance n, bidirectional iterator tag);

template <class RAIter, class Distance>

void advance (RAIter first, RAIter last,gDistance n, random access iterator tag);

template <class Iterator class Distance>
vold advance (Iterator first, Iterator last, Distance n)

{

_advance (first, last, typename iterator traits<Iterator>::iterator category()):

e hAKERS RRMIME #33




A ETMIE DW= —/N—a—F

B TFALRINYFIZEDA—/N—O—FIZETEDHAELED T,
O TR EEZIEINETTED,

template <Inputlterator Iter, class Distance>

volid advance (Iter first, Iter last, Distance n);

template <ForwardlIterator Iter, class Distance>

vold advance (Iter first, Iter last, Distance n);

template <Bidirectionallterator Iter, class Distance>

vold advance (Iter first, Iter last, Distance n);

template <RandomAccesslterator Iter, class Distance>

vold advance (Iter first, Iter last, Distance n);

e hAKERS RRMIME #33




A ETMIE DW= —/N—a—F

BUIFEIC KA —/\—a—F (X
C++03TIXSFINAE(Substitution Failure Is Not An Error)%
FERALTL:

// BHEH
template <class T>
void foo (T t, typename enable 1if<is integral<T> >::type* = 0);

// BEEILIS

template <class T>
void foo (T t, typename disable if<is integral<T> >::type* = 0);
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AVt TMIE DW= —/N\—0—F
AT EFEAILIAEITTED
template <class T>

requires IntegralType<T> // EE#HE
volid foo (T t);

template <class T>

requires !IntegralType<I>. // BHEILIH}
void foo (T t);
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&0 Hfor3

C++OXTlXar T+ /BBIZEIL—T T B=HD
FH=-tforXX NN B,

vector<int> v =A1, 2, 3};
for (int 1 : v) {
cout << 1 << endl;

int ar[] = {1, 2, 3};
for (int 1 : ar) {

cout << 1 << endl;
}
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&0 Hfor3

nEforX (. std::Rangea>t T h&iET=9
£ D #+3E FA Al EE

il Sy

concept Range<class T> {
Inputlterator iterator;
iterator begin (T&) ;

iterator end (T&) ;
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&0 B for3g
ZETIIES], 2277, initializer_listFTD
Oty THREINS,

// EcHl

template <class T, size t N>

concept map Range< T[N] > {
typedef T* iterator;
iterator begin (T (&a) [N]) { return a; }
iterator end (T (&a) [N]) { return a + N; }
I
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el
Y

for3Z

// AT+ (vector, list, map, etc...)

template <Container C>
concept map Range<C>
{

typedef C::iterator iterator;

iterator begin(Cé& c){ return Container<C>:

iterator end(C& c)

A—HF—E&REDIAVTTI.

O BTNy T T ILEE

{ return Contailner<C>:

std: :RangeZ
_I"EO]:‘X'h ﬁﬁq_.rﬁbo

e hAKERS RRMIME #33
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BRESAITIITRYUESNSFEDIVETH

// BAZEi
auto concept IdentityOf<typename T>;

auto concept RvalueOf<typename T>;

// true
concept True<bool> {}

concept map True<true> {}

// BUEE
concept LvalueReference<typename T> { }

template <typename T> concept map LvalueReference<Té&> { }

concept RvalueReference<typename T> { }

template <typename T> concept map RvalueReference<Té&&> { }

e hAKERS RRMIME #33




BRESAITIITRYUESNSFEDIVETH

/] BEF

auto
auto
auto

auto

concept
concept
concept

concept

/) ibEE

auto

concept

// LEER

auto
auto
auto

auto

concept
concept
concept

concept

~ -

2

[E28

HasPlus<typename T, typename U>;
HasMinus<typename T, typename U>;
HasMultiply<typename T, typename U>;
HasDivide<typename T, typename U>;

Predicate<typename F, typename... Args>;

LessThanComparable<typename T>;
EqualityComparable<typename T>;
StrictWeakOrder<typename F, typename T>;

EquivalenceRelation<typename F, typename T>;

HAKERE RRMES #33



BESATI)TRESNSTFEDIVETH
/] AVRNSYRETANSH

auto concept HasConstructor<typename T, typename... Args>;
auto concept Constructible<typename T, typename... Args>;
auto concept HasDestructor<typename T>;

auto concept HasVirtualDestructor<typename T>;

// AE—&L—T

auto concept MoveConstructible<typename T>;
auto concept CopyConstructible<typename T>;
auto concept MoveAssignable<typename T>;

auto concept CopyAssignable<typename T>;
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BRESAITIITRYUESNSFEDIVETH

// CH+ESENYR—IT5E4FH

concept
concept
concept
concept
concept
concept
concept

concept

Returnable<typename T>;
PointeeType<typename T>;
ClassType<typename T>;
PolymorphicClass<typename T>;
IntegralType<typename T>;
FloatingPointType<typename T>;
SameType<typename T, typename U>;

DerivedFrom<typename Derived, typename Base>;
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FBITLENEN STt DZEHEIZFET

late _check
TOITL— DAV RZV R ETIAVET D F VI ELED
BRITESEH

requiresIZAHIZ {1175

Aa—JftEaredh<yT
BB EIZER oI Yy T2 EET D

Wy OT YT
Ot THZHADLH B &L,
-EEEH

requiresz i€ 9 SLZICEEICNZ[FIHHEOVETRDEHRFRH -S4
MOf=ZE 1EVVSEHIZTES
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 N1758 Concepts for C++0x
http://www.open-std.orqg/jtcl/sc22/wg21/docs/papers/2005/n1758.pdf

« N2773 Proposed Wording for Concepts(Revision 9)
http://www.open-std.orgfjtcl/sc22/wg21l/docs/papers/2008/n2773.pdf

* An Introduction to Concepts in C++0x
http://tinyurl.com/c38f70

« Concepts: Extending C++ Templates for Generic Programming

http://www.generic-
programming.org/lanquages/conceptcpp/papers/accuQ7.ppt
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