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ENFE C++ BEER, JLMRESHRIELRIERESERIRE. b, FITTLENX
half 3JF int #1 string BARREIER:



SH1E
int half(int n)
{

return n / 2;

}

string half(string s)

{
s.resize(s.size() / 2);
return s;

10 }

YIE, UFEHETLBRRMEE, B8, AW [RTY int, WINEBEARSZHY short,
long &3£8Y, HEJKRH boost: :multiprecision::cpp_int; &7 string, B
BB wstring, uléstring, u32string F%, LEINE MRS, SR EENERAT—IR
KB, MARRENEE, EREXOEABATAIL

HIHRIEC K RALER T, 1B SFINAE ! EIEZSER. T2, (REFRRIRER
BIEE—MREEERRIGTUEELL SFINAE JYEEHEREIRTLAT/E? Type traits? IRIE, 220
LIRRRIZIE, BEXSAsR—REYEEMENERRE? ...

C++ BULSH 2 A RIXNEEA, WF EEAGITF, BAIRBESEFLEN T Integer
0 String BUMES (WMAIEN —MESEAIEESIR) , FNIFAILAS H TFEXELT
fi5:

SHIRAS
template <Integer N>
N half(N n)
{

return n / 2;

template <String S>
S half(S s)
{

10 s.resize(s.size() / 2);
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11 return s;
12 1}
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B SHRE
1 template <typename N>
2 requires Integer<N>
3 N half(N n)
4 {
5 return n / 2;
6 }

81, X1 half B2— 1 REER, B—MERSE, BREXMERAEHRFGEX NS
& Integer IXPMAR,
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Input Iterator
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Bidirectional Iterator
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Q regular

semiregular equality_comparable
copyable Q default_initializable
copy_constructible movable

move_constructible Q swappable

move_constructible: RIBEIfEIE

FINNTELREE—T:

swappable: BJ3ZHA

movable: AJBnEIE, BJ32Hk, GHE—ERETZNT

copy_constructible: B[fEN{ai&

copyable: AJENME, I%s), GE—EMNEIEFT (£ XL "#R" #1 "E
#" RERAEMFEPHI—RX D, BRXFIREXE)

default_initializable: ATERAVIAH (B=FAN default_constructible &
EABRIAY type traits 8 is_default_constructible, HENXH
default_initializable BRFHWHIXE; FI < A 3338)

semiregular: TEHl. TEUAVIAK, ATE—RMERENT



equality_comparable: BJfBELVER, BIXISRZIEIRJLAER == =8FF
regular: IEN, AIBEER, EE—EMEENT

XL R MEARENFHA, BT UEREEREHENN. WE, HEinEN
EX BERILAE cppreference.com E3E (5], NERRIBE, TEIRAIFVIEESBLHEESE
CMCSTL2 [6]—— Ranges (EAITT—#i118) MSELI—-PAIEN.

MEBMIAE, BIIBLETE, B5%_ regular:

SHRE
1 template <class T>
2 concept regular =
3 semiregular<T> &&
4 equality_comparable<T>;

RIEENE, EX— concept AL REB—EERIEBRNZMME. JUBEY, SMESN
HFAIL (W semiregular<T>) HNERE—HRE (RFHHEE) .

SRER semiregular:

SHRE
1 template <class T>
2 concept semiregular =
3 copyable<T> &&
4 default_initializable<T>;
BZE—HR equality_comparable:
SHNE

1 template <class T, class U>
2 concept WeaklyEqualityComparable =

3 requires(

4 const remove_reference_t<T>& t,

5 const remove_reference_t<U>& u) {
6 { t == u } -> boolean;

7 { t !=u} -> boolean;

8 { u==1t 1} -> boolean;

9 {u!=1t} -> boolean;



10 3

11

12 template <class T>

13 concept equality_comparable =

14 WeaklyEqualityComparable<T, T>;

XNMEEZYR, BEIT requires [7], (BERAEERIAE, (RLEEEHF
equality_comparable BIEKXMERBRELES |BZEIHFHT == # | = A9LLE,
BiREISER S f/REENE,

TR LEENENEERRZ boolean MAR bool, XMESRENAEKRILRIZEAFHIER
RER bool, MEALIAEFEMREILTXYHR. B, boolean EEEENXH, B
EXMEXAERERINER, X/ HABEKT @.

BAIZRIBERSHT T SMENR, SNEASFEERRE—" "B —HSRRE
A EMRZESEH, RRNNEEZH—TME. &K M iterator M58 EARIX

PMEFENERSEH O AN, ATUIIEEHEFE input_or_output_iterator,

R A TERELMSIE? FE TE:

input_iterator output_iterator

input_or_output_iterator

readable weakly_incrementable writable

semiregular

ERIXEKER EEABKEA—R, SISZEAEEER "GE XK, MR "#H&" X
. TEESHEEEN TERIESEESIER, BIRENTS:
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1 template <class I>
2 concept weakly_incrementable =
3 semiregular<I> && requires(I i) {
typename +diter_difference_t<I>;
requires signed_integral<

iter_difference_t<I>>;
{ ++i } -> same_as<I&>;
it++;

}s
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WHELEid, weakly_incrementable 2 semiregular BiI—LERIMYEK

iter_difference_t<I> E— 8
iter_difference_t<I> 2— 1ERFSHIREEE
++1 PUERIR 1& B ERAYEE

BETEHT 1++ B (FaEERAEE)

input_or_output_iterator BEHE:

SH1
1 template <class I>
2 concept input_or_output_iterator =
3 __dereferenceable<I&> &&
4 weakly_incrementable<I>;

MK LIRS A, TLIRT ++. SIJLAGER iter_difference_t 1I2BUEAEEAY
difference_type M.
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#include
#include
#include
#include
#include

<armadillo>
<jostream>
<memory>
<string>
<type_traits>

using namespace std;

#if defined(__cpp_concepts)

#if __cpp

#include <experimental/ranges/concepts>
using namespace experimental::ranges;

#else

#include

#endif

_concepts < 201811

<concepts>

#else // defined(__cpp_concepts)

#error "No support for concepts!"

#endif

#define T

cout <K<
<<
<<

#define T
Concept
cout <X

<<
<<
<<

int main(
{
cout <<
cout <<
<<
TEST_CO
TEST_CO
TEST_CO
TEST_CO

EST_CONCEPT (Concept,
Type)
#Concept << '<' << #Type
ll>: n

Concept<Type> << endl

EST_CONCEPT2(
, Typel, Type2)
#Concept << '<!
#Typel << ", " << #Type2
Il>: n
Concept<Typel,
Type2> << endl

)

boolalpha;
"__cpp_concepts is "
__cpp_concepts << endl;
NCEPT (regular, 1int);
NCEPT (regular, char);
NCEPT (integral, 1int);
NCEPT (integral, char);

— = =

— - — = =

SHIES



51 TEST_CONCEPT (readable, 1int);
52 TEST_CONCEPT (readable,

53 unique_ptr<int>);
54 TEST_CONCEPT2(

55 writable, unique_ptr<int>, int);
56 TEST_CONCEPT2 (writable,

57 unique_ptr<int>,
58 double) ;

59 TEST_CONCEPT2 (writable,

60 unique_ptr<int>,
61 intx);

62 TEST_CONCEPT (semiregular,

63 unique_ptr<int>);
64 TEST_CONCEPT (semiregular,

65 shared_ptr<int>);
66 TEST_CONCEPT (equality_comparable,
67 unique_ptr<int>);
68 TEST_CONCEPT (semiregular,

69 arma::imat);

70 TEST_CONCEPT2 (assignable_from,
71 arma::imat&,

72 arma::imat&);

73 TEST_CONCEPT (semiregular,

74 arma::imat22);

75 TEST_CONCEPT2 (assignable_from,
76 arma::imat22&,
77 arma::imat22&);
78 }

AABRRIER T AR A BERYIR R :

B9 MSVC (FEE(EH /std:c++latest; FARIE Visual Studio 2019 16.4.4)

GCC (FEEEMH -fconcepts; FTUXT 7. 8. 9 =1MhRAEFAILA) #1 CMCSTL2 (&
FEH include BRA -1 EINEIGS1TLE)

TERFE MSVC RSN R :

__cpp_concepts is 201811
regular<int>: true
regular<char>: true
integral<int>: true

integral<char>: true



readable<int>: false
readable<unique_ptr<int>>: true
writable<unique_ptr<int>, int>: true
writable<unique_ptr<int>, double>: true
writable<unique_ptr<int>, intx>: false
semiregular<unique_ptr<int>>: false
semiregular<shared_ptr<int>>: true
equality_comparable<unique_ptr<int>>: true
semiregular<arma::imat>: true
assignable_from<arma::imat&, arma::imat&>: true
semiregular<arma::imat22>: false

assignable_from<arma::imat22&, arma::imat22&>: false

BRT5—1T __cpp_concepts Ui, GCC HERBRETE—HI. AZBOHILERMN

AR, BEFEIR, FERERKRAMAYE (W0 arma: imat22) , AEH—LSC
M ERHSIAIRAR, FEE#E semiregular, —HESZELUISFEBIE K,
S, HEE(SEF SFINAE
B, XF EEHIRABRXMIF
B SHIEB
1 template <Integer N>
2 N half(N n)
3 {
4 return n / 2;
5 3
KA1 enable_if B 285 KA
B SHIEE
1 template <typename N>
2 enable_if_t<Integer<N>, N>
3 half(N n)
4 {
5 return n / 2;
6 3}
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#include <string>
#include <vector>

using namespace std;

#if defined(__cpp_concepts)

#if __cpp_concepts < 201811

#include <experimental/ranges/concepts>
using namespace experimental::ranges;

#else

#include <concepts>
using namespace ranges;

#endif

#define REQUIRES(x) requires x

#else // defined(__cpp_concepts)

#define REQUIRES(x)

#endif

template <typename R, typename T>
REQUIRES(
(range<R> &&
equality_comparable_with<
T, typename R::value_type>))
bool in(R const& r, T const& value)
{
for (auto const& x : r)
if (x == value)
return true;
return false;

SHICES
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41
42
43
44
45
46
47

int main()

{

vector<string> v{"Hello",
"World"};
in(v, "Hello");
in(v, 0);
}

LA GCC 8 79f5l, tNRAMERBLSLIR, in(v, 0) X{Ter=4 166 THEBER, MEH
THESAORE, HBEBERET 8 17. MSVC EXFXMIFAERESERERBR
g, BEERATHSENAETEERE. ERENHIBER:

test.cpp(46): error C2672: 'in': no matching overloaded function
found

test.cpp(46): error C7602: 'in': the associated constraints are
not satisfied

test.cpp(33): note: see declaration of 'in'

pEETmIFRASE, MSEHBREE EANNEEER, BERBREX  LAMUEIARSLETE
7Y, 1818 2[5 144 BRNMZBTHANR. BT JIMARRGIERENX has_reserve
15? EfESmEey, PR T "Bl FEJMELT ., FENITTLUKREE X FEAIEES

SHIKE
1 template <typename T>
2 concept has_reserve =
3 requires(T& dest) {
4 dest.reserve(1lU);
5

}s

XMEZREFPFETE, RNz =2EE.....&, 857, ~HEBS
sivalue ® {} 7.

E 2[5 13 1) BaighY fmap, ESLFRMUAEHEHBEAT SFINAE TR (B&E
1) :



SHIRA
1 template <
2 template <typename, typename>
3 class OutContainer = vector,
4 typename F, class R>
5 auto fmap(F&& f, R&& inputs)
6 -> decltype(
7 begin(inputs),
8 end(inputs),
9 OutContainer<decay_t«<
10 decltype(f(*begin(
11 inputs)))>>());

FETEART), BEEREESHXE, LR EMEATFIAE SFINAETME. WNRER "3
2", BRAABRTLAE LR :

SHRE
template <
template <typename, typename>
class OutContainer = vector,
typename F, class R>

begin(r);
end(r);
}

1
2
3
4
5 requires requires(R&& r) {
6
7
8
9 auto fmap(F&& f, R&& inputs);

L@ requires requires A2FHHR, IEW noexcept(noexcept(..)) FEEEHR—
¥, B requires FFA— requires F8, GHERE—EEFAN, SRNVERZE
TEmmE JEIRAVZISREMS, B2 requires NFFAT —> requires FiAzL: 4N5E

KB R FHELIR—ALUFERA begin Fl end X R&& RN ERTRA—NIREER,
ENLRER,

NE, EC++20 B, FEXNMEEHREFAZTEXAEHKN., E— 1N ARIELSE A, X
VAT v/l

SHNE
1 template <
2 template <typename, typename>
3 class OutContainer = vector,



4 typename F, class R>
5 requires range<R>
6 auto fmap(F&& f, R&& inputs);

WURERL, FSKRETIRAT range XMREE. REMH4AR range? FIIBEIT—HE
te

RENG

SRENNTILT C++20 BLlIR RREEAVHIIEE
BHTL9R, BEBY SFINAE, FP=48EtF. EasEaIfs.
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