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// C++ AL INA T =N rvalue U7 7 LU ZERELTVAWVBAE IS /NI ILEhAEL
void process_string( std::string && str ) ;
#endif

BRET A b7 0 OMEITHEE XSS T A LEN RV, HiET A b~ 7 adHEET S
PED) I CTHREDFMEFEL TE LD T, BHIL #ifdef 2L IT LV,

1.2 __has_include® : Ny =T 7 IVOFEEEHIET D
__has_include Rl NV ¥ =T 7 A VHBFET L0289 xRS 12O DOWRETS,
__has_include( Nv & —% )

__has_include R Iy ¥ —ZWBHFETAEHE 112, HEL WIS 0 IZEHRS
b,

72l 2E, CHH1T DIEEST A T VINET 7 ANVT AT AN RND, ZDNY F—
Hld <filesystem> 720 C++ TV A T =T 7 AN AT LATA T T HR—
FLTWEREIDEFARNLIE. LT L) ic#EL,

#if __has_include(<filesystem>)

/] T7ANVIRTLESR—-MLTWVD

#include <filesystem>

namespace fs = std::filesystem ;

#else

/] EREEREEMED

#include <experimental/filesystem>

namespace fs = std::experimental::filesystem ;

#endif

CH++ FZDS__has_include ZH R — F LTWADE ) 2. __has_include DFF
HE7) 7Oty —<2780DL )2 #ifdef THNDL I LIZL->THETE %,

#ifdef __has_include

// __has_include ¥ K—FL T3
#else

// __has_include #HR— KL T &L
#endif

__has_include T I #if & #elif D TLMMER v,



% 1% SD-6 C++ D7-dDMERET A b ifEdE

int main()

{
// TI—
if ( __has_include(<vector>) )
{7

}

1.3 __has_cpp_attribute I{
C++ EEVPHEORE N —27 Y 2F K- PLTV IR0 LE) DERANDLIE,
__has_cpp_attribute A2 %,

__has_cpp_attribute( B r—7> )

__has_cpp_attribute Zuid. BYE N — 27 UBHFET HGETEE N — 7 U AMEREHR
MACHIRENFE L A RITHMEIL, FAELZWIHEIE0 ICERINS,

// [[nodiscard]] #H#FR— hIhTWBIHFEIED
#if __has_cpp_attribute(nodiscard)
[[nodiscard]]

#endif

void * allocate_memory( std::size_t size ) ;

__has_include AEFL L, __has_cpp_attribute b #if D #elif OFTL M
ffi 2 72\, #ifdef T__has_cpp_attribute ZNDFHEDHIEZHIETE 5,



$2E
C++14 D7 SEEDFtEHE

C++14 THEMSNIHEERIZD 2 ve C++14 1 Z CH++03 LRI YAF—T v
TF—= b W) ALEN T TR 2 FERE OB I Rk S o 6 72,

21 STEHUTSIL

THEE) T I OVIZERY) 7T I Vv E TR TR T AR, B T v T L
T4 7 AZBb L Iob aFE L, THER) TINIIR B, BRERET LTI
021 LMHEZZR,

int main()

{

int x1 = 0b0 ; // O

int x2 = 0bl ; // 1

int x3 = 0b10 ; // 2

int x4 = 0b11001100 ; // 204
}

THER) T 7 VARFBEV NS R T I VIZIE R v
FERET A b~ 27 1l __cpp_binary_literals, fiii% 201304,

2.2 HERLNDOF

HAEIXED ) SCid, B 7 7V EFEVNITEY) TV lfEE Y Y vy F —
FCFTXY B 2 EHVT & BHERES. XY D HTIIAHIT D L

int main()
{
int x1 = 123’456°789 ;



2% C++14 @37 SEOHERE

int x2 = 1°2°3°4°5°6°7°8°9 ;
int x3 = 1°2345°6789 ;
int x4 = 1°23°456°789 ;

double x5 = 3.14159’°26535°89793 ;
}

KEREMZEHRS & &, V—A 7 7 4 100000000 & 1000000000 & FAL T\
A, EBELRECOPABOBIZIEb2DIZ V. ABBPFTRATOR ) I w
I— NIZH#EWOIEE . FEXY ) 2§95 &, 1007000000 & 1200070002000 D £ 9
IZELZEDNTEL, THUIbA) R,

ik, 134 PEAITRRTVWEI XYL L TE 2,

int main()
{

unsigned int x1 = Oxde’ad’be’ef ;

unsigned int x2 = 0b11011110°10101101°10111110°11101111 ;
by

BEXYYIEY—A 7 74 V%2 NEDFTART L $T 572008 T, SElcpEs
B2 0,

2.3 [[deprecated]] B4

[[deprecated]] BIEIIAREIE T T4 T4 45, T2 20 0OFHITHERS
BVIRETH DL Z LA RTDIMEZ Do [[deprecated]] BUENIEETE L2 HT & T
YT AT A, 7T R, typedef %4 EH. I static T—F X »oN—, BIEL. KHiZE
. enum, enumerator, 7~ 7L — ks DFEERIL7Z,

ENEFNLTOLIIIEETE %,

/! B

// EBES5THSLWN

[[deprecated]] int variable_namel { } ;
int variable_name2 [[deprecated]] { } ;

// typedef &

[[deprecated]] typedef int typedef_namel ;
typedef int typedef_name2 [[deprecated]] ;
using typedef_name3 [[deprecated]] = int ;



2.3 [[deprecated]] B

/! BE

/] A N—FABHE L XE

// EBS5THELN

[[deprecated]] void function_namel() { }
void function_name2 [[deprecated]] () { }

/1l 77X
// union H[FE LU
class [[deprecated]] class_name

{
// FE static T—& X /N—
[[deprecated]] int non_static_data_member_name ;

¥}

// enum

enum class [[deprecated]] enum_name
{

// enumerator

enumerator_name [[deprecated]] = 42

s

/! BEIZEME

namespace [[deprecated]] namespace_name { int x ; }
/! TTL— FO¥HE

template < typename T >

class template_name { } ;

template < >

class [[deprecated]] template_name<void> { } ;
[[deprecated]] BV TRE S NIRRTy T4 74 &2 &, C++ T35
T—3EBEEA -V ER T,
[[deprecated]] EIEIZIZ. XLFHEMFITMR B I EATE D, T C++ FEEE



2% C++14 @37 SEOHERE

ko TIEEXA Yy —VIZEENL D LGV,

[[deprecated("Use of f() is deprecated. Use f(int option) instead.")]]
void £() ;

void f( int option ) ;

BERET A M~ 27 Tl __has_cpp_attribute(deprecated), fliid 201309,

2.4 EEOBEBORDIEDIHE

B ORVEOEI L LT auto 2I8ET H &, RVEDT % return XA HHEE L T
<ﬂZ)O

// int O

auto a(){ return 0 ; }
// double ()

auto b(){ return 0.0 ; }

// T(T)
template < typename T >
auto c(T t){ return t ; }

return XOBP—FH L T e -7 5,

auto £()
{
return 0 ; // I7— —EHLTVAHWL
return 0.0 ; // IZ7— —ELTu\iw
}

F TIPS PIETE B return XHFET 2% 6, MERORVECMZZRT 5
aq— F%)%H—ZJO

auto a()
{
ka ; // I7—aDRVEOEIREL TUVEW

return O ;



2.5 decltype(auto) : Wit 7% auto

auto b()
{

return O ;

& ; // 0K, RYWEDEIL int
}

B¥la ~ORA 5 — %) ICEAE a ORPTEL T RITNER S v s,
return LOFNIEIIRETE LR VO T a 13T —127% 5. B b 13 return 3CA°
BN OTRY)MEORAPIETE b,

TR b FT 5,

auto sum( unsigned int i )

{
if (i==0)
return i ; // RYUENEIL unsigned int
else
return sum(i-1)+i ; // OK
}

ZDOI—=Fb, return XOMEFZWIZT A ERVEORMPPRETE T LI — L2
%D THER.

auto sum( unsigned int i )

{
if (i1!=0)
return sum(i-1)+i ; // I 75—
else
return i ;
}

BRET A b~ 7 0l __cpp_return_type_deduction, fii¥ 201304,

2.5 decltype(auto) : EZfg¥F auto
BE  COEHBIX CH+ BEOFEZ MR T M L T 2 72080 THERIC 2 > TW
5o FM% C++ 707 I3 -3 COHBEHBTO L) Tva—FAFETFLLH I
3726w, COHBITRARITIRETH S,

decltype(auto) | auto FREF DD N I 2 5 Btk 7% auto 72, FIHITIX C++
DB DAt 7 BUEDSKO SN % 6



2% C++14 @37 SEOHERE

auto & decltype(auto) (FEIFEE T LIFIEN L LHEO—HT, T LA A K& —Hl
LTS,
bhYRTLE) & BANLRE 205 0ET SRR,

// ald int

auto a = 0 ;

// b3 int

auto b() { return 0 ; }

BRESIIT VA ARV =B Wa, BE2JET L7200 TMHMLT LT
ENLHFIEINLRNEME) o FMBORYEOEMEEIZT LA ARV Y=L
Yt return XOXZ M,

decltype(auto) I& auto DD N ITffi) T L AT E %, decltype(auto) bl %
MHWRIET B0

// ald int

decltype(auto) a = 0 ;

// b} int

decltype(auto) b() { return 0 ; }

—H9 5% & auto & decltype(auto) AL L) 7, LAl 20220568
TYGES AHENE) o EH 5 CH+ OBMEOMED THE L WEHNI IS W CE &
Nh, BRIIIHAEOBEEMENTH D Z EPEREIN D,

auto VRS A RET LI, auto F—T— FZ2F UV FL— ST A =% —%
THEXMWZ AT 7L — PORGIEIC, R2FEFIRELTELTCT Y7L — ME
FIEHEEZITDOE G A ICHEE SN LRI MHEbI S,

AR A

auto x = 0 ;

template < typename T >
void £f( Tu ) ;

DX BT 7L — M LT,
£(0) ;
CEFIBEELEZICuDRE LTHESNLRIEFR U 5,

int i ;

10



2.5 decltype(auto) : Wit 7% auto

auto const * x = &i ;
DA,

template < typename T >

void f( T const * u ) ;
DL BT TV — I
£(&i) ;

EEFBEZELLLEIC v OB E LTHESNIBMERLIMIIZ S, ZO%6E
& int const * |27 5%,

Z Z % Th%auto DitHI7Z, decltype(auto) DFHAHIXH. 72,

decltype(auto) DML, auto N THE &R 7 decltype DMIZ % %,

// int
decltype(auto) a = 0 ;

// int
decltype(auto) £() { return 0 ; }

Eoa—Fid, Foa— Fem UEks,

decltype(0) a = 0 ;
decltype(0) £() { return 0 ; }

CCETIEMEL, 2 LT, SRUBRIEERD L) % C++ OB ORI LT
2% > TK %o
auto & decltype(auto) lT—R T2 ELMMUELHIIIRZ S, BERETLHFEL L
Ty auto (FBET 7L — F DFEFEHEE % >, decltype(auto) I decltype %
9o &H5bRAEFMM LA ROENI % Do Voo WIHNED L) DA
FEENT, auto FHEEIFOH L2 L) T &7, BEIFOHLOBIZIES
¥ S RBBOBBRA TON S,
7ok 2AEL B R BBUCET & BERROBIZHROKER, B OEHERNDK A >~
5 —1l7% %
template < typename T >
void £( Tu ) {}

int main()

11



2% C++14 @37 SEOHERE

{
int array[5] ;
// T % int *
£( array ) ;

}

Tl auto & decltype(auto) XMl & &9 % % D

int array[5] ;

// int *

auto x1 = array ;

// I5— BEHISESITHEETE LW
decltype(auto) x2 = array ;

Zoa—FiE, LT ERmLCERIZR S,

int array[5] ;

// int *

int * x1 = array ;

// I5— BRI THEETE LW

int x2[b] = array ;

auto Der, Bt int *& 4 %o EINIEH DIEHER DK A > & —~EREERIZ
ZWTELDOT, FROT— FIZIEL W,

decltype (auto) DA Bl int [6] & 7% 5. EHNILES THEAIL. AN TE
ZVWOT, 20— FIILT =145,

BRI O RO RIZS S X ) BB~ DR A ¥y =Tk %o

void £() ;

// BE void(x) )

auto x1 = £ ;

/) I7— BAEBREHRICTCELEV
decltype(auto) x2 = f ;

auto (L by LNV DY) 7 7 L ¥ ZMEHiTF % IHT A5, decltype(auto) |ERFFT %,

int & £(O)
{
static int x ;

return x ;

12



2.5 decltype(auto) : Wit 7% auto

int main()

{

// int

auto x1 = £() ;

// int &

decltype(auto) x2 = £() ;
¥

) A ML auto Tl std: :initializer_list 7274%. decltype(auto) TIFH T
FewnizHrs—,

int main()

{
// std::initializer_list<int>
auto x1 = {1,2,3 } ;
// I5—.decltype({1,2,3}) IETEH L
decltype(auto) x2 = { 1,2,3 } ;
¥

decltype (auto) [ FHARTHEDL L IFTNIEL B v,

// OK
auto const x1 = 0 ;
// T5—

decltype(auto) const x2 = 0 ;

Oz b auto & decltype(auto) 21X S F EFRE VDN H D, TRTCOENE
FIB5 2 OIS IEMEZ: O THEBET 55, decltype(auto) (FROE %2 EHEMH 9 auto I
2T VORI LRI OLERH A B o

auto [ZEF T2V TVOHEIR ) £ W DPHBROBOLERP AL 720, BHE
BYOHER LT NGV EDDH D,

72E R BT 77 LY ARZITMY . ROETED) 77 Ly A% B
2ECET D0 UTO L) IZE S DIEFHEN 7,

// int ( int & )
auto f( int & ref )

{ return ref ; }

13



2% C++14 @37 SEOHERE

613, RYEQEIRDOEPSZEMNL CTint 122> TLEIHHE, 22T
decltype(auto) xff9 &

// int & ( int & )
decltype(auto) f( int & ref )

{ return ref ; }

AOBE DT If->TI NS,
Z 5 FHUZ deletype(auto) I HEIXLLT DL H12F o

[1(O -> decltype(auto) { return 0 ; } ;

decltype(auto) I FIZHBORE Y HOEIMEE CRORE ZDF FHEL T NS
L) ICT B0l EME N . € DRI CH4 DB AT A DR VELE
DAL N g

FERET A M~ 27 T3 __cpp_decltype_auto, fH(x 201304,

26 YIRYUvISLY

VAN v I ATIET AT ROFBOREENL L TETL L) ICT LHRES,
WHEOTLAFTRIELUTO L) 12EL,

int main()

{

[J(C int i, double d, std::string s ) { } ;
}

FAYROFIBMICIERMPVELZ, LrL,. 70—y =4 7227 +0D
operator ) \ZIETHUNI T VA JVERIZ DS, T YIS VERIZhD S L) Z &I
DEDLSANEDPIRET HLEIT RV V2 p) v 7 F0F R, IR EEL
NREBHTZ auto ¥ — 7 — FEF LT THREZHEE L TN D,

int main()
{

[1( auto i, auto d, auto s ) { } ;
}

VAN v IATROKERO 7 O — VX —FNFFOH L ZEI5E) Bl E T 2
ERTE D,

int main()

14



2.7 WML L7 ¥ v TF v —

{
auto f = [J( auto x ) { std::cout << x << ’\n’ ; } ;
£( 123 ) ; // int
f( 12.3 ) ; // double
f( "hello" ) ; // char const *
¥

AT T, UTOX ) B X Y N—F 7L — F® operator () ZFfo727
U=y =47V x7 PPERINTWEEITE,

struct closure_object

{
template < typename T >
auto operator () ( T x )
{
std::cout << x << ’\n’ ;
}
s

FERET A b~ 7 Tl __cpp_generic_lambdas, fifii% 201304,

2.7 YHMESLIF+IF+—

LT L5 F X TF X — 3528 F Yy T F v —FTHEHOLAR L XNEEL D LN
T DR,
T AT REEI NG PO R LIATI-TOE XY 7T F v —F 5,

int main()

{
int x = 0 ;
auto f = [=]{ return x ; } ;
£0O ;

}

WML T L5 F v TF ¥ —1ET7 65 F v 7T X —IHHLF 2 FES LN TE L5
ﬁ!éfjo

int main()

{

15



2% C++14 @37 SEOHERE

int x = 0 ;
[x=x,y=x, &ref = x, x2 = x * 2 ]
{// ¥+ TFr—Shi-EHEFED

X 3

vy

ref ;

}
}

MPULT 25 F v 7 F v =i, “HRIIF = expr” L WVWIH)ETTI LS EAF 1O
FIZEH L THEDHND “auto #kBlTF = expr ;7 EFEVWDLD L) IZEEIMES
Nd, TN F X TF v —FTEEHOLTELERD, oK LVWEKLE
BETAHILENTES,

ML T L5 F X T F ¥ — OB TFOHIZ & 2 THE, V77 L AF T
F X =T b

int main()

{
int x = 0 ;
[ &ref = x 10
{
ref =1 ;
3O
// xld1
}

MPLT 27 F v 7 F X =SB S NI EBOZR A ZE 2720 572 ¥
LWEHAEA L7z w) B, I static 7—F A N—%a—F v 7
Fx—95E0) BWMND S,

UToa— FIZIZHEDRED 205, B DB7EH9 0%

struct X

{
int data = 42 ;

auto get_closure_object()

{

16



2.7 WML L7 ¥ v TF v —

return [=]{ return data ; } ;

int main()

{
std::function< int() > f ;
{
X x;
f = x.get_closure_object() ;
}
std::cout << f() << std::endl ;
¥

X::get_closure_object (X X::data BT/ —T v —F TV kT,

auto get_closure_object()

{

return [=]{ return data ; } ;

}

INERLE, Aa¥—F ¥y TF ¥y —Th5 [=] 2o TCVILDT, data ld7 O—
Dy —F 7TV PAIKIE—ENTWEIIIEZE, LAL, 25Utk
static T—F AU N—%2F ¥y T Fr— LTI\, JAFADNF vy 7Fr—L T

W5 DI this BA ¥ =72, Loa—FE&TFToa— FERLERIZE %,

auto get_closure_object()

{
return [this]{ return this->data ; } ;

}
ST, main AEE L ) —ERTAHRAL I,

int main()

{
/] 7= —=FTI1 T hERATIEHDEH
std::function< int() > f ;

17



2% C++14 @37 SEOHERE

{
Xx; // xPHEEILD
f = x.get_closure_object() ;
// x PEEEEID

}

// TTICx IIHEEI QL
// return &x->data THEINh/-x 8BTS
std::cout << f() << std::endl ;

}

AL, TTICWEINLFT T2 bAD) 77 LY A5BRLTCLES> T
bo ZHUIKREROWET,

ML 25Xy 7 F v —%2 2L, FEstatic T—F A N—=ba—F v 7
Fr—T&%,

auto get_closure_object()
{
return [data=datal{ return data ; } ;

}

BB, L=—TFYTFX—IIHFELR V. =70 DI I -4 D TH)
LT 27 F v T F v =D HILERTEZ L0575,

auto £Q)
{
std::string str ;
std::cin >> str ;
!/ L=T
return [str = std::move(str)]{ return str ; } ;

}

o

HET A M~ 27 1l __cpp_init_captures, flii¥ 201304,

2.8 EHFUIL—bH
BTy T — e REBESE2T V7L — NESIZTE AHERES,

template < typename T >

18



28 ZEHT7TrTL—h

T variable { } ;

int main()

{
variable<int> = 42 ;
variable<double> = 1.0 ;

}

INZTTEDRLRVESL ) NS, HEB- THYIT 5,
C++ T/ 7AR2EHETE %,

class X
{
int member ;

¥

C++ Tl 9 A% T v TLV—bP EETE 5, M7 0TV — M3 T XA—F—(3H L
LTz %,

template < typename T >
class X

{

public :

T member ;

int main()

{
X<int> i ;
i.member = 42 ; // int
X<double> d ;
d.member = 1.0 ; // double
¥

C++ CTIIEEZESTE %,

int £( int x )

{ return x ; }

19



2% C++14 @37 SEOHERE

CH++ ClIEZz T v 7L = EET& L, BT 7L — I8 T A= —3RIE L
A5,

template < typename T >
TE(Tx)

{ return x ; }

int main()
{
auto i = f( 42 ) ; // int
auto d = f( 1.0 ) ; // double
}

C++11 Tld typedef %% HET AH7OIZTA ) TAEENTE b,
using type = int ;

C++1l TRIAVTAEEX T v 7L—MNEETE %, BT T L — 3T X —
7““Liﬂk LT{%X\_Z)O

template < typename T >
using type = T ;

int main()
{
type<int> i = 42 ; // int
type<double> d = 1.0 ; // double
}

FARFANRY —VBRZTELEOTIRLEVWES I Dy C++ TE—HOESIET v
FLU— P NEETELENHIT L, CONY—VEBEFZTCUTEEZTCALI
C++ CTRE¥AESTE 5%,

int variable{} ;

CH+14 TREHESEZ T v T L —MNEETE 5, MF v T L= 87 2A—-4—1d
L LTHZ %, index TAENEEAITAQT VT L—MEF

template < typename T >
T variable { } ;

20



28 ZEHT7TrTL—h

int main()

{
variable<int> = 42 ;
variable<double> = 1.0 ;

}

BRT 7L MNIAAEBWERES YT v 7L — NESTXLHEN. BT
YTV ET VT L= NESHEDOT, HWEMAI-TE T AAT=TOHRIZL
WELZENRTE RV,

/) ZhiETO—NIVERIEBZ -7 WS Rl ZRERxa—-7

namespace ns {
// BEIZEER-T
}

class

{

// VFAZXA-F
s

BT 7L — bOFENEIZFEIZ2DH 5,

2.8.1 EKIERUEHEHESEH

TUTITATIYY v 7 FvN—%EHIL TBLDOEFRWERETHL LETW
b0 7L ZWEMEREL 3.14... B EEELCLID B pi LV EHKLTH- 7213 ) 25D
MO RTV, BT AL, MEEOELIBETEDbo L EII TSI LAREET S
DLEIT D,

constexpr double pi = 3.1415926535 ;

Lo L, AEAREZEBT 2808 EBH 2568 ) TRV 0Oh. K< HD0I1E%
T % 9T % Hik s

constexpr float pi_f = 3.1415 ;

constexpr double pi_d = 3.1415926535 ;

constexpr int pi_i = 3 ;

/! EROREEDERERETESI77X¢ET3

const Real pi_r("3. 141592653589793238462643383279") ;

21



2% C++14 0 a7 SEOHERE

L2 L Zud, i TRICE s CRATEEZ 2T TR 52,

// MOEEEEE T 5B

template < typename T >

T calc_area( T r )

{
/] TOERIZE > TEINEBRINED D
return r * r * 7?7 ;

}
BT > TV — 2D L) Fod b,

template < typename T >
constexpr T pi()

{
return static_cast<T>(3.1415926535) ;

template < >
Real pi()
{
return Real("3. 141592653589793238462643383279")

template < typename T >
T calc_area( T r )
{
return r * r * pi<T>() ;

}

Ll TOBETIEIITE 2 VolZBEEIFOH Lozo0 O 288572,
TRTyTL— e EUTOLHIITE TS,

template < typename T >
constexpr T pi = static_cast<T>(3.1415926535) ;

template < >
Real pi<Real>("3. 141592653589793238462643383279")

22



2.9 constexpr PAEL il BEEF

template < typename T >
T calc_area( T r )

{

return r *x r * pi<T> ;

2.8.2 traits DS vI\—
H% 8T traits TIHZEA121E ivalue EEDRRITIUE R 540,

std::is_pointer<int>::value ;

std::is_same< int, int >::value ;

C++14 T std: :integral_constant |2 constexpr operator bool 2SiBHNE 1172
DT, UTFD L) I2bHIT 5o

std::is_pointer<int>{} ;

std::is_same< int, int >{} ;
LA L ERHBIE, BT 7L — b2 ) & traits DRCIBEDEIZR 5,

template < typename T >
constexpr bool is_pointer_v = std::is_pointer<T>::value ;
template < typename T, typename U >

constexpr bool is_same_v = std::is_same<T, U>::value ;
is_pointer_v<int> ;

is_same_v< int, int > ;

Ct++ DEH#T A4 7 F1) TIEINERD traits T4 7TV 2 EH T > T L—FTT v
TL: vIREHAEL TS,
BERET A b~ 7 1l __cpp_variable_templates, fH(d 201304,

2.9 constexpr B DHIPREEF

C++11 THEME N7 constexpr FEIE & T HIFRATR s constexpr BIELD AL
1ZIFFEE return L1 2 L2E T vy,
C+4+14 TlE, IZEAEMTOEFEITL L) o7

constexpr int f( int x )

23



2% C++14 @37 SEOHERE

/! BEBEEETED

int sum = 0 ;

/] BVEBLXEED
for (int i =1 ; i < x ; ++i )
{

/! BEHEEETED

sum += i ;

return sum ;

¥

BEHET A b~ 27 0l __cpp_constexpr, fHiZ 201304,
C++11 ® constexpr FFUIFTIL L TV %25 C++414 @ constexpr BIEUIHIG L T
W\ C++ FEETIX, __cpp_constexpr ¥ 7 HDfEIL 200704 1272 %,

210 XVIN—EHEFET IV T — pIEEDEBEDE

CH++14 TE A v N=FL T & 7 7)) 77— LS A G bE LS L9 I
ol

AU N—=PLT L1327 T ADI static T—F X Y N—% = THH{LTE S
C++11 OFEREZZ,

struct S
{
/] X IN—ERMEF
int data = 123 ;
}

TN —= ML EZT 7)) = oS R 2 ) A et T
&5 CH++11 ORkHES,

struct S

{
int x, y, 2z ;

s

24
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Ss=49{1,2,3%};

// s.x ==1, s.y == 2, s.z ==
CH++11 TR A N—WM b2 o2 5 A7 7)) r— VOG22 8w

DOTT 77— MEEARTE v,
C++14 TiZ. ZoHIRIFEM SN2,

struct S
{
int x, y=1, z ;
¥}
Sst={11};

]
o

// sl.x == 1, sl.y == 1, sl.z =

S s2{ 1,2,3 } ;
// s2.x == 1, s2.y == 2, s2.z == 3

77— PEMET, X N RLT 2 FEOJE static T— 8 X YN ITHIE
THMEN D HYEET 7)) 75— MBS NS, BIESNIZHEIT A VN1
Btrcoilftsng, 7270 75— ML TS X oN—=mHILF T BRI
LS TWAanIE static 77— 4 A Y N—ZZEORIILY) A b CHEHL S N6 L
W L% 5,

FERET A b~ 7 Tl __cpp_aggregate_nsdmi, fifii% 201304,

2.11 YA X(FEHEIEIE

C++14 TlZ operator delete D4 —/N—1— NI, T REA ML —T DA
&P TELF —N—0— FHNEME N7,

void operator delete ( void *, std::size_t ) noexcept ;
void operator delete[] ( void *, std::size_t ) noexcept ;
BETHIHUT std: ssize_t BT, BB TIRESNIRA ¥ ¥ =TT E
AR =YDHAXDE 255,
e ZIEUTOLH IR 5,

void * operator new ( std::size_t size )

{

25
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26

void * ptr = std::malloc( size ) ;

if ( ptr == nullptr )
throw std::bad_alloc() ;

std::cout << "allocated storage of size: " << size << ’\n’ ;

return ptr ;

void operator delete ( void * ptr, std::size_t size ) noexcept
{
std::cout << "deallocated storage of size: " << size << ’\n’

std::free( ptr ) ;

int main()
{
auto ul = std::make_unique<int>(0) ;
auto u2 = std::make_unique<double>(0.0) ;

FERET A M~ 27 Tl __cpp_sized_deallocation, fHiZ 201309,



$3E
C++17 D7 SEEDFtEHE

CH+14 OFHEEEOBEL VI b o2 ZAT, WEWE CH+1T DA TEED
BIERE R AL L T (o
CH++17 O a7 FFEOPHEIEICIE, CHH11IZEDRELR DI RV,

31 bFS5A4I95T7DELL

CH+17T TIE T4 75 7hBEIE SNz,
NIATTITRHAL L WHEIZIZOEELXRICT ALE TR, NIATT T %
Mo TWEHHEII LB ELAIIT ALEIT RV,

3.2 16 EHFEVNEFBUTIIV

C+-+17 TIEFE/ M) 7 I VIC 16 #EAE D) e TED L) ITh o7,
16 EHFE/INB S 7o 0d, L7427 A ox ITHWTIREE % 16
(0123456789abcdefABCDEF) TH X, p & L {13 P IZHtlT CTHREHR % 10 &£ THF .

double d1 = 0x1p0 ; // 1
double d2 = 0x1.0p0 ; // 1
double d3 = 0x10p0 ; // 16
double d4 = OxabcpO ; // 2748

BEEIZe TIIRL p2P 2,

double d1 = 0x1p0 ;
double d2 = 0x1PO ;

16 EECFB/NETE) 79 VT, B R BB TE v,
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int a = 0x1 ; // BHUFTSIL
0x1.0 ; // ITZ5— $8EEA &y

TREETIE 10 B TREB T 5o 16 EEBIFEVNGAE) 7 7 VI REERIC 2 DFEER
eI MBI b, DFD,

0xNpM

) FEVNEEE) 77V OfER

N x2M
b,
0x1p0 ; // 1
Ox1ipl ; // 2
Ox1p2 ; // 4

0x10p0 ; // 16
0x10p1 ; // 32
Ox1p-1 ; // 0.5
Ox1p-2 ; // 0.25

16 ERHRE NS 7 T OVIIZEBY NS T 4 v 7 AR TE %o

auto a = Ox1pOf ; // float
0x1p01 ; // long double

auto b

16 HEEGFEV N E) 7 oo, BBV B RB RO A o TW AR
55 (72 2 (X IEEE-754) C. IEMEZRFEVNABORBEDFHLABTEL L) IR 5,
FERET A b~ 7 13 __cpp_hex_float, fHIZ 201603,

3.3 UTF-8XFUF3)
C++17 TIX UTF-8 X3 7 7 vABIn & 7z,
char ¢ = u8’a’ ;

UTF-8 L F I MELFE)F I M T LT 4 7 A u8 B4+ 5, UTF-8 L1
TINEUTF-8 DI — FHAL 1 D TRHATE L UFER) TEHTES, UCS D
kgL LCid, CORIMTE L EART 7~ F Unicode 7H v 7 253%:4 3 %, UTF-8
XE) T I MIEPNIZLEPERD UTF-8 20— NE 2 LB E T 55AI1FT 5 —
L% b,
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3.4 BEIHLL LCoBlbEE

// L7—

// U+3042 (& UTF-8 ¥ 0xE3, 0x81, 0x82 &\\D 3 DN I— NEMNTRIETIVEN
/] BB

us’ H’ ;

BREET A b= 27 mid v,

3.4 FR#HBILLTOfISER

C+H+17 TIZBIFMEE A BIEIN A A A T 7z,

B/ E & X noexcept D Z & 72, noexcept & noexcept (true) 23RIE S 7z BI%L
B AN AN I R AR

C++14 TR ZOFIMEEIITL Y AT JIZ Ao T olze D720, IS
BEDRWIBBA~ORA ¥ 5 —RUIRI Y 27 £ CHRONL ERIEST 2 2 LA CTE %
o7,

// C++14 - K

void £()
{

throw O ;
¥

int main()

{
/! BHISMEEDFWRS 22—
void (*p) () noexcept = &f ;
/! EBNEEP SIS rhoTHINERITS
pO ;
}

CH+17 TRIBIFHEEDTL Y 2 7 MM AR T N2, BIFMEED B 5 BEE % B4k
REDLRVHEBANDORA V7 —ANIEWT L2 LI TEL, HITTER W,

// BiF void()
void £(O) { }
// BlF void() noexcept

void g() noexcept { }

29
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// OK

// pl, &f FHISHEED B WEEBADKRT > 2 —E

void (*p1)() = &f ;

// OK

/! BISHEED & BEEADKRA > & —Bge ZHINEED B WEABADKA > 52 —E p2
/I \CEBTED

void (xp2)() = &g ; // OK

// T7—

/! BISHEED K WEABADRA > 2 —Baf BHISMEED H SEBADKA > 2 —H p3
/ CEBRTELRW

void (*p3) () noexcept = &f ;

// OK
// p4, &f IBISMETED H 2BHADOKR1 > 2 -8
void (*p4) () noexcept = &f ;

B

HET A M~ 27 TlX __cpp_noexcept_function_type, it 201510,

3.5 foldx

CH+17 121F fo1d RAA 5 726 fold FTCIZHFOME TEAAAR L LHIENT
Wk,

CH+ 2B D fo1d NE /ST A =7 =8y 7O FIZZHFEA T2 BT 57
DR,

L, WEET VT L — b2 flio TR 72l T XTINE LG5t 2R BE#
sum *EHEX-WET 5,

template < typename T, typename ... Types >

auto sum( T x, Types ... args ) ;

int main()

{
int result = sum(1,2,3,4,5,6,7,8,9) ; // 45
}

COEI BT TP s P TO LI ICEHET LI ENTE S,

template < typename T >

30



3.5 fold i

auto sum( T x )

{
return x ;
¥
template < typename T, typename ... Types >
auto sum( T x, Types ... args )
{
return x + sum( args... ) ;
¥

sum(x, args) & 1 FHOF| ¥ % x T, BV 28T X =% =%y 7 args Tx
T %, €L T, x + sum( args ... ) 3B ¥, T5&, sum( args ... ) T F /2
sum(x, args) (ZPEENT, 1FHOTE. 2F VRS RT2EFHOB A  x IZA
D, F72 sum DIFEN L. TD LD LRI RME A D KL T,

ZLC, BB L 2721 h b e, WERT Y7L — FTid%\ sun 251FIEN 5,
CHEEER, ZELRLEUERT Y 7L — I 0OHOFIHENSL Z EHFTELD
T, ZOFFNERET V7L — MO sum 2MFINTLE ) &, IRD sum DIFHI L
WCTEFTICLT =% b, TNEHMT L2012, FLHRORTEREDOIZ, 5]
BAS1 20 sun DF —/N—1— FEEEZHENTB

WEET Y7L — P CIRMERMEOF IS T 572012, O L) mHENGI—
RAOSLHIZ %2 5o

LoaL, SSTEHLEZVWIE LI NS LT A= =3y 7 args DFHIZ
LT, I N FH% args#N & T 5RLEME) & args#0 + args#l + ... +
args#N-1 O X 9 BB % L72W721F75, C++17 @ fold /8T A — % —/8y 7|2
xf U C IR T 2 B 3 2 b 217 ) BB 72,

fold NZMH 9 & sum (ZLLT D L H I2FIT 5,

template < typename ... Types >
auto sum( Types ... args )
{

return ( ... + args ) ;

( ...+ args ) |&. args#0 + args#l + ... + args#N-1 D LI IZEH SN D,

fold FIZiE, HIH fold & TIH fold XAh %, 2L C. HETFOMKENETIZH
b TIE fold £ 17 fold 2B %,

fold MUTLFTHIMTHE 2114 5 4w,
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template < typename ... Types >
auto sum( Types ... args )
{
// fold
(... +args ) ;
/TR TV
. + args ;
}

HIH fold NOHFEIIUTFOWTNNIZ R 5,
BI1E4Afold

( cast-expression fold-operator ... )
HIgZfold

( ... fold-operator cast-expression )
il

template < typename ... Types >
void f( Types ... args )
{

// BIEZE fold

(... +args ) ;

// BIRA fold

(args + ... ) ;

}
cast-expression [JIIREBHD/INT A =8 — /3y I PR Ao TV RITFIUT% S %2,
il -

template < typename T >
T£(Tx) { return x ; }

template < typename ... Types >
auto g( Types ... args )
{
// f(args#0) + f(args#1) + ... + f(args#N-1)

return ( ... + f(args) )

H
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3.5 fold i

T flargs) L\ ) 3F — VARSI NS,

fold-operator |ZIELLFOWTNADIHEHE %) 2 & 05TE %,

% T & | << >
+= -= x= [= Y= "= &= |=

= I= < > <= > & || , Lk =%

<<= >>=

fold FUZIL/E fold & 15 fold B3 %o
JE fold ;Et@ ( ... op pack ) Tl&. EHIHRIE ((( pack#0 op pack#1 ) op pack
#2 ) ... op pack#N-1 )& 72 5b. 45 fold D ( pack op ... ) Tld. BRI

( pack#0 op ( pack#1l op ( pack#2 op ( ...

template < typename ...

void sum( Types ...

Types >

args )

op pack#l-1 )))) & 7:;350

{
// % fold
// ((((1+2)+3)+4)+5)
auto left = ( ...
// & fold
// (1+(2+(3+(4+5))))

auto right = (args + ... ) ;

+ args ) ;

int main()

{
sum(1,2,3,4,5) ;
}

FEVNEHO X9 3 BB &7 E e WIS fo1d A B T A BRICIXIEEDS
i&%gf:o

TUH fold RO EF UL TFTOWTNAIZ % 5,

( cast-expression fold-operator ... fold-operator cast-expression )

A D cast-expression D EH LN HIZIFIZKRBHOI/INT A =4 =%y 7 HA -
TWRITIUER S\ 2 DO fold-operator (& [H LA T TRITILUET R S 7\,

(el opl ... op2 €2 ) LW ZIH fold AN B o72& X, el II/XTFT X —F — Xy
I HH BHYE I IS fold Ky €2 1/8T XA =% — %y 7 3% A L I/ fold
K% %o
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template < typename ... Types >
void sum( Types ... args )
{
// % fold
// (((((0+1)+2)+3)+4)+5)
auto left = ( 0 + ... + args ) ;
// & fold
/7 (0+(1+(2+(3+(4+5)))))
auto right = (args + ... + 0 ) ;
}

int main()

sum(1,2,3,4,5) ;
}

fold NII/NT A —=F =XV 7 OENEFNICZIHER FAHEHA L2 ZI2bED
SHHLZBERNT Y 7L — b2ELTICTOHEEZRME L T NS,
FREET A b~ 2 WL __cpp_fold_expressions, ffiix 201603,

3.6 SLYKT *this DAE—F v+ TFv—

CH++17 TIEF 25T *this I E—F ¥ I F ¥y —TEX D L) %o,
*this A —F ¥ 7F ¥y —F5121F, TL5F ¥ 7F ¥ —I2 #this £FE,

struct X

{
int data = 42 ;
auto get()

{
return [*this] () { return this->data ; } ;

3
Y

int main()

{
std::function < int () > f ;
{
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3.6 745 T *this DIE—F ¥ 7F v —

X x ;
f = x.get() ;
Y/ xDEFIIIIET

// AE=ZhTVWBDOTHEL W
int data = £() ;
}

TV —F v 7 F ¥ —7 5 *this (3T 2 FADEP NGO *this 75,
T2, UTO L) % a— FTEEOREVERS EDb2) R\,

struct X
{
int data = 0 ;
void £()
{
// this BRA L E2—DF 4+ TF v —
// data l$ this KA &2 —%7/-E3
[this]{ data = 1 ; }() ;

// this->data I3 1

// IZ5—. *this I3aAE—-3hTWV3

/) VA= v—FTT 7 bOAE—F v TF v —Shi-THIE
/! T7#IWNTEETELEW

[*this]{ data =2 ; } O ;

// OK. mutable Zff->T\\3

[*this] () mutable { data =2 ; } () ;

// this->data ¥ 1
// BEBEIh/AOQEAE-&ShAE7O0-J v —4 TP 17 MRD*this
}
¥

BHIDOT LT RTERENE 70—V —F 7T 27 MIUTOL) b D72,

class closure_object

{
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X * this_ptr ;

public :
closure_object( X * this_ptr )
: this_ptr(this_ptr) { }

void operator () () const

{
this_ptr->data = 1 ;

s

2HFHDOTI LAY ATEUTOL) Boru—Iy—F 7727 MEREINS,

class closure_object

{
X this_obj ;
X const * this_ptr = &this_obj ;
public :
closure_object( X const & this_obj )
: this_obj(this_obj) { }
void operator () () const
{
this_ptr->data = 2 ;
}
Y

I CH+ DLFEIHE S TRV TRRE LI — FFIZ)S, a¥—Fx 7
Fx—EINTEEEEL LI ELTWELDLT— 0D,
SHEHOT LR THLUTOLY Zr7u—Vy—F 727 MPERENS,

class closure_object

{

X this_obj ;

X * this_ptr = &this_obj ;
public :

closure_object( X const & this_obj )
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3.6 745 T *this DIE—F ¥ 7F v —

: this_obj(this_obj) { }

void operator () ()

{
this_ptr->data = 2 ;

¥

J AR mutable BTV TWEIDTIY —F ¥ FF ¥ —SNMELLEETE 5%,
*this # AE—F ¥ 7 F v — L7724, thisF—TJ—FNda¥—-3ni4+77x7
NANORAL VH =125,

struct X
{
int data = 42 ;
void £()
{
// this BZDAN—EHf ERFHLEZFT I FADT RL X
std: :printf ("/p\n", this) ;

// this BAE—SNEFDF TS 17 hADT KL X
[*this] O{ std::printf("%p\n", this) ; }O ;
}
s

int main()

{
X x ;
x.£0) ;

oA, BHENDE200F L v 5 —DfEIZRER 5,

T LFHTO *this DA —F ¥ 7F v —IZHEB Y #this DI —F v 7
F v — T 2 REZ, FEOHIRIIWINLY v 7F v — T L WEEZZAS, KLU
ECHEVWDOIL,

struct X
{

int data ;
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auto £()
{

return [ tmp = *this ] { return tmp.data ; } ;

}

BERET A M~ 7 Tl __cpp_capture_star_this, ffiiZ 201603,

3.7 constexpr S LT

CH++17 TIE T & A5 constexpr (2 o572, LD IEFEICHATZ &, T2 57K
70—V % —F TV 27 b operator () 35 %Ei72T %A constexpr (275,

int main()
{
auto f = []{ return 42 ; } ;

constexpr int value = £() ; // OK
}

constexpr DFME 757 4 53 V8 WIFEREZLEL T LT T 2
LW TE D, 72& Z21E constexpr ZHRII DOIRT R static_assert 72 &'72,

int main()

{
auto f = []{ return 42 ; } ;
int al£01] ;
static_assert( £() == 42 ) ;
std: :array<int, £(0> b ;

}

constexpr DEMHZi7-TDTHIUL, F¥TFvr—bTX b,

int main()

{
int a = 0 ; // EfTEFOME
constexpr int b = 0 ; // A2 /NAILEFEH
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3.8 LK 7 L static_assert

auto f [=]1{ return a ; } ;

[=]{ return b ; } ;

auto g

// I7—_ constexpr DEHEHI-IHL

constexpr int c = £() ;

// OK. constexpr D&M EHAT
constexpr int d = g() ;

}

DT OWFE EREMTOMILTH Y @8 OFZE IS 5 LEZH 2\,
constexpr 7 A ¥ lX SFINAE OSUIRTHEH 2 £A3TE vy,

// T7—
template < typename T,
bool b = [1{
Tt ;
t.func(Q) ;
return true ;
Y0 5 >
void £()
{
Tt ;
t.func() ;
}

GEGRLIE, INEFLTCLE) &7 7L — MRIIEITH L THEEORRL LA T
¥ 7L — b @ Substitution I2EKTHNE) P F 2y FTETLE )DL,

LRRETENT ORI Y o

FERET A b~ 27 1l __cpp_constexpr, fHiE 201603,

__cpp_constexpr ¥ 7 HOfilk. C++11 ORI T 200704, C++14 O H T
201304 72,

3.8 NFHIIEL static_assert
C++17 Tl static_assert I[ZLFEHN ) T I N EIS 0 OABIME L7z,

static_assert( true ) ;
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CH++11 TBEI S L7z static_assert (21&. CFEHNY 7 T IVASETZ - 72,
static_assert( true, "this shall not be asserted." ) ;

BIZLFINZHRET HDLEPZVWLELHHOT, LFHN) 7 I V25 % »
static_assert ANIBAN S 1172,

BERET A b~ 27 0l __cpp_static_assert, fHIX 201411,

C++11 OFFET __cpp_static_assert OffiE 200410,

3.9 XA BPENIRAIZMER

CH+17 T A A P ENT-HEIEMOER T FEICEIT 5,
FADNEN/LEZEM E L, A B :C DX ) ICHATIZEMOPICKRIZER DA > TW»
LHYHIZEEOZ L7,

namespace A {
namespace B {
namespace C {
/] ...
}

}
C++17 TlX, LEtoa—FEFELZLZUTOLH IZHEHIT 5,

namespace A::B::C {
/] ...
}

BEHET A b~ 27 1l __cpp_nested_namespace_definitions, fiild 201411,

3.10 [[fallthrough]] E&

[[fallthrough]] BT switch LD D case TNV EEXIRITLE VI Ly M &
Hyolzfiz s,
switch LTIERIRT % case T NIIZEAHE L, @H. LTO L HI12EF

void f( int x )
{
switch ( x )
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3.10 [[fallthrough]] J&4%

{
case 0 :
// 33E 0
break ;
case 1 :
// A3E 1
break ;
case 2 :
// AR3E 2
break ;
default :
/! x POWThTHEVGEDMIE
break ;
}

}
COBIELDTOLHIZEL L

case 1 :
// WIE A1
case 2 :
// A3E 2
break ;

AT OL ZITMBE 1 ZEFTLA2RIC, B2 BFETEND, switch LETE L X
BZDEIBENEZEFECTLI) 2D DL, 2D, B CH4+ 228 713
switch LD case 7 *\)V T break XX return X7 & TUHAHED 5, KD case 7
NIV R default 7 NIVAZHLEZZE X HRIT A0 - FEFER T L, BEX v -V %
Hd,

L2l 707 7<% —0OBMIE SIZESPTTREL TIEL WA, BExy
Y= VR BELEoTLE ) ZDE) REBEA v -V WY 57
O, Floa— FHRIZLEPEEZHTE L) BREDP DR T CRBTH72012,
[[fallthroughl]l JEMEANEN S M7z,

case 1 :
// A3E 1
[[fallthroughl]]
case 2 :

// HLIE 2
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break ;

[[fallthroughl] BMEZ&EH &, C++ T 234 T —FMBAZDRIZEERT 5
ZENDOPDLDOT, ol EBHERA v -V WHITE S, T2, A T— FEH
EEIERPMS NI D,

BEHET A M~ 27 Tl __has_cpp_attribute(fallthrough), fifiid 201603,

3.11 [[nodiscard]] B4

[[nodiscard]] BIEIFBEBDORE D EABH I N TIIL L AWV EEITHE) 2 EATE
%o [[nodiscard]] BN G SNIBHBORVEZ RS2 L EE Ay - UK
IRENBo

[[nodiscard]] int £()
{

return O ;

void g( int ) { }

int main()

{
// I7— RWEFrEREIhTWS
£O ;

// 0K, RVERERZIhTLAEW
int result = f() ;
gC£) ;
£O + 1
(void) £Q) ;
}

ROMEEHEHRT L. L) DIITTETIEZ V. FofITh ., BEHRIICITR Y iEid 8
MENTVBESZEH, T T—IZZOBAICRYVEFER SR TS L iIdE
R\,

[[nodiscard]] ® HIE, RO MELZEM L TIIL L 2By 22— =2 FIH L 72
L EOMBMNLEENZL 720D Bo void BIICHF ¥ A M5 &9 EKMNZE
DO F TR C & ) IIIEL T W,
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3.11 [[nodiscard]] &%

[[nodiscard]] BHEZ M) NXMIE, ROVELZEHLTUIL 2V, Lo
L) GHENRVEEEHEL I L 20nh ) ERELL29H 5,

FOEE LT — 7% EDT—WF—HHEE L 21 UL % 5 2 W HEROBHNAE S B

enum struct error_code

{

no_error, some_operations_failed, serious_error

}

/! KETBhH LG VLR

error_code do_something_that_may_fail()

{
// fnig
if ( is_error_condition() )
return error_code: :serious_error ;
// kg
return error_code::no_error ;
¥

/[l TPV EVWREL LD o & & DT

int do_something_on_no_error() ;

int main()

{
/] TI7—%HRAL VAW
do_something_that_may_fail() ;
/] TSP EVEHRTRONEE LELO>ETS
do_something_on_no_error() ;

}

BI%IC [[nodiscard]] B MG5- LCTBITIE, 20Xk ha—F—Hlowiknyi
T —WERDORINIEE Xy -T2 e 5,
[[nodiscard]] EHiX., 77 AL enum 12BN G55 ENTE S,

class [[nodiscard]] X { } ;
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enum class [[nodiscard]] Y { } ;
[[nodiscard]] 2 5 & N7 7 T A enum RV EOE TH % i
[[nodiscard]] D5 E N7z & 7 b,

class [[nodiscard]] X { } ;
X £ { return X{} ; }

int main()

// BE RVENERINATVS
(

WEET A M~ 2 Uld __has_cpp_attribute(nodiscard), fiix 201603,

3.12 [[maybe_unused]] B1&
[[maybe_unused]] EHEIIHAF LT ¥ 7 4 74 BEMIIZHEDON LV EEZRTO
iz %,
ENTVBRDIIY —AT—FRETFEEETL L

HED C++ a— FTid, 55
Z

=1
IHBLON TR VWEINICRZLZER LY T4 T4 AT 5o

void do_something( int *, int * ) ;

void £()

{
int x[5] ;
char reserved[1024] = { } ;
int y[5] ;

do_something( x, y ) ;
}
Z ZTld reserved & W) ZHNIE IS bbb T,
HWICRZ 20 BFS CH+ 304 9320 L) nLIrbbfbhTuins

BRI LT TEZhb bR ThARV] EwHIEBLELXy b—TUEHT,
L2l I 5= ZTnAY =22 — 7075 503 _TTIE%

R D ERBES
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3.12 [[maybe_unused]] &%

Vo S F SF LT reserved D X9 — LN TV WEKMNSUEII % 5,

7o ZUE. reserved [T A Y v VHHIEA M T -0 QAL L, TS
751 C++ MO SFHETEHE LNz FLY » 7 LTnT, 22X THELILLZOHD
LN\ &5 0iE OS RIWEBTNA ADTHABEETHAE) — L LTHERL TV
DB LN,

EO L) BB L, BHIRZ YT A T AP —REDN T RWE ) IZRZ 228
GIENLETHSH LV BEREERT DI, [[maybe_unused]] EEEZfHH Z LT
bo THUZED, CH+ 3231 7 =0 [RBEHOLH | L) BELEX Yy -T2
flcx s,

[[maybe_unused]] char reserved[1024] ;

[[maybe_unused]] BHABWHTEX 4R &L Ty T4 74 DEFIX. 7 7 A, typedef
Yy B JE static T— % A v 8N—, B, enum, enumerator 75,

/7T A

class [[maybe_unused]] class_name
{

// 3 static T—R A IN—

[[maybe_unused]] int non_static_data_member ;

// typedef &

// EB5THEN

[[maybe_unused]] typedef int typedef_namel ;
typedef int typedef_name2 [[maybe_unused]] ;

// TAVTREEIC & Btypedef &

using typedef_name3 [[maybe_unused]] = int ;

/] B
// EBELTHIW
[[maybe_unused]] int variable_namel{};

int variable_name2 [[maybe_unused]] { } ;

/1 8
/1 A2 —BEbRIU X
/1 EBBTHE
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[[maybe_unused]] void function_namel() { }

void function_name2 [[maybe_unused]] () { }

enum [[maybe_unused]] enum_name

{
// enumerator

enumerator_name [[maybe_unused]] = 0

Y

BEHET A M~ 27 Tl __has_cpp_attribute (maybe_unused), fHiZ 201603

3.13 BREFOANS Y ROFHIERFDEE

CH++17 TIHHE T O F T ¥ FOFMIERE 2 EE Sz,
TR, a, b DIEFICFHIE NS Z L DBE EIRIEEN D, 0= D e IZIE 30
LI SNDEEOERETHADL (+=, -= 2 &),

a.b

a->b

a->*b
a(b1,b2,b3)
b €= a

a[b]

a<<b
a>>bo

2%,

int*x £() ;
int g ;

int main()
{

£fOgO] ;
}

EFEWGE, BB LIRS T, RIS B g IO S D T &3k
AEE NS,
BT ONH L OFEG DA =T » F b1, b2, b3 OFFMNHF IZRBED £ £ 72,
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LD, BREOREROIIEL o T2 a— FOEHIES 5,

3.14 constexpr if 3 : IAVI\NA JUBFSFEI I

constexpr if iX T ¥ /¥ A WIFEDO S IEAST X A %HE72,
constexpr if &, HH D if L% if constexpr CHEXIZ 5,

// if X
if ( expression )

statement ;

// constexpr if X
if constexpr ( expression )

statement ;

constexpr if X &\ AHI/EAS, FEERIZEHR T S & 1 if constexpr 72,

I N VIEED S & AT & TR T 5 DA LLT S constexpr if 23{TH AL

:60)0)_‘%:‘750

o oAl
o T TV —ba— FIZBITAEHOZEAL

I VA VFO LM IEORKREE BIE T 2121k, 5 C++ OBEF O

WCHRET L LED D Do

3.14.1 RITERFOFRMEFIIE

W OFEITHREOSMHWAL, FATROMZINY . FATHIZ S0 21T

void f( bool runtime_value )

{
if ( runtime_value )
do_true_thing() ;
else
do_false_thing() ;
¥

D4 runtime_value 7% true DA X% do_true_thing I

1ZB9% do_false_thing A5 IFIEIN 5,

er
ST DRI RIIE, T2 /S VIERERETE 5o

A

o

. false ®
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if ( true )
do_true_thing() ;
else
do_false_thing() ;
ZOWE, B X4 T —3TFD X ) I 2w bT A0 b Ltz v,
do_true_thing() ;
% HIE, FMHIEEIC true 200572, 2O L) B LIZETRO ST
%

LIS IVERIZATR Do T YIS WERD S IRIE 0 X 9 i@ LA BT
&l/)o

L) —EI—-FRIIRA ). SEEIZELI-FERTARAL ),

// do_true_thing DEEF
void do_true_thing() ;

// do_false_thing DEEIFHFEEL &V

void f( bool runtime_value )

{
if ( true )
do_true_thing() ;
else
do_false_thing() ; // IT5—
}

ZOIA=FIFTTI—IIh b, TOHMIL. do_false_thing &\ ) HHINES S
TWLRWRE 7, Cht+ T8 F—1F, TS VEEIZT— FEUTORICERT
5 ETRBLTHZ LIETE L5,

void do_true_thing() ;
void f( bool runtime_value )
{

do_true_thing() ;
}

B REDLNIZDDOH, KKRE LTI VS VEIZI— FE LTHRIFIZ SN
Ho A—FELTHEEENEEVHIZLIE, a—FELTEYPHDNIZLT— L7

48
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%o Z4HI do_false_thing lIEFEN TV ARWVOTILI—Ek b,

3.14.2 JUJOEREBORESIE
CH++ B CEFBDPSZITHNZ C ) Faky I —12ik, 7 Tk 2oL M
FIEDOFEFED D 5 o

// do_true_thing DEE
void do_true_thing() ;

// do_false_thing DESIEHFEFEL &AL

void f( bool runtime_value )

{

#if true
do_true_thing() ;

#else
do_false_thing() ;

#endif

}

Zoa—FiZ, 7Y 70t AOKE, UToLH)IcEBmINS,

void do_true_thing() ;

void f( bool runtime_value )
{

do_true_thing() ;
¥

CORER, T T RAEEOSEMAIETIE, BIRE N2 VAEIZ T 81 vENRE
WVOT, AYNANVLTT =l h5a—-FHFELIENTE S,

T TR AROFMGIIL. FEPERE D bool BDY T TV VT T NI
WER 2B L72BRETIE) T\, L L. 7Y 7Tak AL a 31 v
BCIE R\ WOT, TS VEREIZTE 2V,

constexpr int f£()
{

return 1 ;
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void do_true_thing() ;

int main()
{
// T7—
// BETEIETV 7Oy Y=< oATIEEW
#if £Q
do_true_thing() ;
#else
do_false_thing() ;
#endif
}

3.14.3  OVINAJLBSDRE I

I YA VIO ZMGIEE L, SO G S VIRETR O R v, 2
O, EREN L VAT VA VT —=HPEENTTE, b Ta N
AIWVIT =12 % S WEIETIED 2 & 72,

72 & 213 . std::distance & W IHEHE T 4 T T Y EFEEL THR LI,
std::distance(first, last) I&. /1 7L —% — first & last D% R T,

template < typename Iterator >
constexpr typename std::iterator_traits<Iterator>::difference_type
distance( Iterator first, Iterator last )
{
return last - first ;

}

AL S, TOEREL ITterator BT VAT VL AL T L —F —DEEIZLH
v, ANNATFL—F =SB EELICE, A TL—F—% 12T 71 R
Y ML Tilast EELWHE ) NIIRT B EHEPSLEN R D,

template < typename Iterator >
constexpr typename std::iterator_traits<Iterator>::difference_type
distance( Iterator first, Iterator last )

{

typename std::iterator_traits<Iterator>::difference_type n = 0 ;
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while ( first != last )

{
++n ;
++first ;
}
return n ;

¥
B o, TOFEEL Iterator (T VLT VAL TL—F —%ELzL &

(R DTE
ST ERFEREIL, Iterator DT VT LT 7L AL T L =% =% b6
last - first iV, 29 TRUTIEHIEICA Y7 ) A Y b HBOEEEMHS) 2
L7 Iterator BT Y AT V¥ AAT L= =) »E, DTOoa—Fafliz

X, is_random_access_iterator<iterator> CHEFRTX %,

template < typename Iterator >
constexpr bool is_random_access_iterator =
std::is_same_v<
typename std::iterator_traits<
std::decay_t<Iterator>
>::iterator_category,

std::random_access_iterator_tag > ;
35 &, distance ZLLTD X HIZEIFT LD TR VD

/] ZYELTIERATL—2—DEIPEHET - F
template < typename Iterator >
constexpr bool is_random_access_iterator =
std::is_same_v<
typename std::iterator_traits<
std::decay_t<Iterator>
>::iterator_category,

std::random_access_iterator_tag > ;

// distance
template < typename Iterator >
constexpr typename std::iterator_traits<Iterator>::difference_type

distance( Iterator first, Iterator last )
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{
/] ZPELTIRAATL—2—nESDERBTS
if ( is_random_access_iterator<Iterator> )
{// Z2ELTIERILTL—2—EDTRVNEEEED
return last - first ;
}
else
{// VL7 7E2AATL—F2—TREVDTERVEEEED
typename std::iterator_traits<Iterator>::difference_type n = 0 ;
while ( first != last )
{
++n
++first ;
}
return n ;
}
}
BELHFL, TOa—FREDPEV. FYTAT 7R ALTL =5 —TldRwA T
L—%—%ET L, last - first E\WV) I—FAT 84V ENLEDT, 754
VLT =2l he AN T =1,

if ( is_random_access_iterator<Iterator> )

LWV IO W T, is_random_access_iterator<Iterator>DfHIZ T v /7S A VHEIC
FIETEL0T, w7 T — FEROKRE LT, if (true) »* if (false) IZ
LhEHIMTTE L, Lo T 30 7 —IEBEIREN 2 WAIED 3 — FERZITD
BWIEETED, L LIy A VidT50T, Iy 8f VLT =I5,

constexpr if Zfli9 &, BIRSNBWHGOFEIZITI > RA VLT —THoTh
AYNRANVTT— 3SR Rb,

// distance
template < typename Iterator >
constexpr typename std::iterator_traits<Iterator>::difference_type
distance( Iterator first, Iterator last )
{
/] ZXELTIRAATL—2—DESPEIBTS
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if constexpr ( is_random_access_iterator<Iterator> )

{/] ZYELTIEAALATL—2—HEDOTROAEE[ED
return last - first ;

}

else

{// L7 RAATL—2—TREVDTEBVWEEEES

typename std::iterator_traits<Iterator>::difference_type n = 0 ;

while ( first != last )

{
++n ;
++first ;
}
return n ;

3.14.4 BLREmIIEEH

constexpr if (&, FEII I ¥/ VEEEMESIE TRV 72 7 L — M OFER[LIF
2 BRENGWT 70 F 0T 7L — b OEBILOIE] 217 ) HEE7Z,

constexpr if IZ & o TER & L % W L (L discarded statement & 7 5,
discarded statement |37 ~ 7L — M OFEFRLOBRIZEMRILEIN R %2 B,

struct X
{

int get() { return 0 ; }
s

template < typename T >
int £(T x)
{
if constexpr ( std::is_same_v< std::decay_t<T>, X > )
return x.get() ;
else

return x ;
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int main()

{
X x;
f(x ) ; // return x.get()
£fC0) ; // return x

}

£(x) Tld. return x 7% discarded statement & 72 A 72O FE ML I N\, X 1
int BUCHKEBIZERTE 2 WO IED % (% %0 £(0) TIE return x.get() »°
discarded statement & 725 7:OFEMRILINA vy, int BUTIE A N — B get 137
WOSHIEIZ R 2 b

discarded statement [IFEMAKILIN B VT T, bHEAAT Y TL—bDTY T4
T4 D—EB872, discarded statement A°7 ~ 7L — b I — F& LTEM, R
WIELL ZWHAEE, 8BH5AT VI VI T — L%,

template < typename T >

void £( T x )

{
// I5—. BRigdEESh VAL
if constexpr ( false )

gO) ;

/I IT7— XEER
if constexpr ( false )
1#8%7ex O _+
}

fTEED B L TW5AH X912, constexpr if 137 7L — b DFEMRLE LA E T
PO B 720 720 SefME & 2 28 VTR,

template < typename T >

void £()
{
if constexpr ( std::is_same_v<T, int> )
{
// BIZaASINAILI T —
static_assert( false ) ;
}
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}

COA—=RIEWIZT A NITT =125, ¥ 5L, static_assert( false )
E7 v 7= MUKELTELT., 77— bMOESZHMT 5 L 212, IKEAT
Fawhrs, FoFIHRENG,

DX EELIZTIUE, AN DS static_assert DFNRT ¥ FIZAZEITIE
Fv,

template < typename T >
void £()
{

static_assert( std::is_same_v<T, int> ) ;

if constexpr ( std::is_same_v<T, int> )
{
}

}

L. &9 LT constexpr LDEMIZE D & 21T/ static_assert AMHV 72
W EbH D, TIUE, constexpr if ¥ F A ML LTWT, TONEE L
static_assert [ZE L ONINELLETZ,

template < typename T >
void £()
{
if constexpr ( E1 )
if constexpr ( E2 )
if constexpr ( E3 )

{
// E1 && E2 & E3DEXICAINAILIS—IZLEW
// ERICRBICOSNIINIS—
static_assert( false ) ;

¥

}

B2, E1, E2, E3 13RI AR DT, static_assert( E1 && E2 && E3 ) & &
COFILE, M UNE ZE#H OR#EC0T,

DL D LA, static_assert DART Y K& T v 7L — MBI TS XD
\29 % &, constexpr if DFEMFIZE D & ZIIZITRET 5 static_assert D3FHIT 5o
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template < typename ... >

bool false_v = false ;

template < typename T >
void £()
{
if constexpr ( E1 )
if constexpr ( E2 )
if constexpr ( E3 )
{

static_assert( false_v<T> ) ;

H

¥

DX ) false v i) T & T, static_assert 7 ~ 7 L — M T ITHKAFE &
5, TR, static_assert DEFE T T L — FNOEMKLF TRILEX L T &
BTE %,

constexpr if [FFFT T L — I = FTHHE LI LW TE LD, ZOWEILEE
D if LEF L7,

3.14.5 constexpr if TIXEERTEIFEV\ERE
constexpr if IZIFEMAFE I XMV TIE L, EHFET 7L — FERKLOH
filZe DT, mAIOBEDEIINIFER 2o 72 2 IEDTOI— FIZZT—I12% 5,

// do_true_thing DEF
void do_true_thing() ;

// do_false_thing DEFIEEEL AWV

void f( bool runtime_value )

{
if constexpr ( true )
do_true_thing() ;
else
do_false_thing() ; // IT5—
}

L. 4400 do_false_thing IIIFKGFH/LDOTT 7L — POBEFRICHR I
L6712,
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3.14.6 constexpr if CHERTESRRE
constexpr if (IMKFEHAVHEDLLIGET, 7 7L — FNOFERMSP LT 12528
Al EREE IR SEL LD TE S,
7ok 2 E FEOTNI U 22 Lo iéE
struct X
{

int get_value() ;

Y
template < typename T >

void f(T t)
{

int value{} ;

// T DED X G5 ISEFANEMEBETO W
if constexpr ( std::is_same<T, X>{} )

{
value = t.get_value() ;
}
else
{
value = static_cast<int>(t) ;
}

}

b L constexpr if 232 UFIUL, TORDP XTI\ vE X2 d t.get_value() &\ R
PEMMLIN, TT7—-E% 5,
HIEN T Y7L — P ORRILERD S E &

// factorial<N>| N DRER#IRT
template < std::size_t I >
constexpr std::size_t factorial()
{

if constexpr (I ==1)

{ return 1 ; }

else
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{ return I * factorial<I-1>() ; }
}

b L constexpr if AS7 71X, factorial<N-1> ASKEIZFEMRIL I T ¥ /31 VI
V=T hEIE L0,
WEET A M~ 2 Tl __cpp_if_constexpr, fH(X 201606,

3.15 #IHR(ESZITERIEX
CH++17 TlX. b L2l T2 5 X H 1257,

if (int x =1 ; x )
/*...%/

switch( int x =1 ; x )
{
case 1 :
VA
}

I, UToa— FERUERICR S,

{
int x =1 ;
if (x) ;

}

{
int x =1 ;
switch( x )
{

case 1 : ;

}

}

LEZ DX RSB EN b v L AREES L. if LOFEMFILHE
v, if LEFITRIIEREFA L 2w, L)y — Y i3BlEoa— FTHINT S
LAY

void * ptr = std::malloc(10) ;
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if ( ptr != nullptr )
{
// g
std::free(ptr) ;
¥
// ZhLE ptr 3fEL AL

FILE * file = std::fopen("text.txt", "r") ;
if ( file != nullptr )
{
// W38
std::fclose( file ) ;
¥
// ZhUURE file I3fEDH LWL

auto int_ptr = std::make_unique<int>(42) ;

if ( ptr )
{

// W3E
}

// ZhLBE int_ptr IfEb BV

EROI—= FIZEHEPS 5, THUBRERIIED RV, ZREFIIER 25
572,

auto ptr = std::make_unique<int>(42) ;

if ( ptr )
{

// BB
}

/7 ZThLBE ptr 3 fED &V

// THEZD

int value = *ptr ;

B ERALVWEIICT AL, ey s 2Aa—-F T T, BHE2Aa—-7
MO L TRIUT L v,

{

auto int_ptr = std::make_unique<int>(42) ;
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if ( ptr )
{

// W3R
}

// ptr 3HEI IS
}
/] ZhLRE ptr 3fEHEVWLEZ HWV

D& %3y —IFHET 50T, ML & DSBS iz,

if ( auto ptr = std::make_unique<int>(42) ; ptr )
{
// n3g

316 I3AFVITUL—FDIVA RS IIT—HSDR5IHIEE

CH+17T T I ATy L= DAY ANT I —DEFEILOTF L — ME
FIBOEEIITZSH LIk o 72,

template < typename T >

struct X
{

X(Tt) {1}
s

int main()

{

X x1(0) ; // X<int>

X x2(0.0) ; // X<double>

X x3("hello") ; // X<char comnst *>
}

CHIIEET > TV — FBESEPS T T L — FEFIBOHEPITRA LD L
L7,

template < typename T >
void £( Tt ) { }
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int

{

3.16.1

316 7 IAT YT L= DAL AT I Y —hbDESHEHEE

main()
£C 0 ) ; // f<int>

£( 0.0 ) ; // f<double>
£( "hello" ) ; // f<char const *>

WEHA R

2IATFY T L= DAV ANT 7 F =5 DEFBIIMER LN, 75 AT R
NSO =3 FGATF T L= DT T L — 8T A =7 — I —FH L WS LH
Do FDXHLGERFDOTE T TIIESIEHEENTE LV,

// AXTF-—RADTZ X

template < typename T >

class Container

{
std: :vector<T> c ;
public :
/! TEMEICA T L—2—DXTERS
// Iterator (& T TliAi
// TIREETEH W
template < typename Iterator >
Container( Iterator first, Iterator last )
: c( first, last )
{12
}
int main()
{
int all = {1,2,3,4,5 } ;
// 75—
// TEHETEHRL
Container c( std::begin(a), std::emnd(a) ) ;
¥

D7, CHHITICIFHEN A FE ) EEESIRE I Tw 5,
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FUTL—hRE(BIHUXN) > FoTL—hbid ;
INEMH) L UTOLHI2FHIT 5,

template < typename Iterator >
Container( Iterator, Iterator )

—-> Container< typename std::iterator_traits< Iterator >::value_type > ;

C++ I N4 7 - EZOHENA F% i 5T, Container<T>: :Container(
Iterator, Iterator)?*H L. T & std::iterator_traits<Iterator>::value_type
ELTHEETE VO Z LT E %,

7zE A AR A SIS IO £ 9 128 <.

template < typename T >

class Container

{
std: :vector<T> c ;
public :
Container( std::initializer_list<T> init )
: c( init )
{7
Y

template < typename T >

Container( std::initializer_list<T> ) -> Container<T> ;

int main()

{
Container ¢ = { 1,2,3,4,5 } ;
}

C++ a4 T —1FZDHEN A N7 5., Container<T>::Container( std::
initializer 1ist<T> )DFAIETZ T & L THET LI L W E2%bh %,
WEET A M~ 2 Ul __cpp_deduction_guides, fHiZ 201606,
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3.17 auto IZLBIERIT VT L —IXTRA=F —DEF

3.17 auto [CKBIERIT VT —BNINSA—H5—DES

CH++17 TIRIERIF o T L= IR FT X =7 —DESIZ auto 2 fli) TN TEL L
T2 o7,

template < auto x >

struct X { } ;
void £ { }

int main()

{
X<0> x1 ;
X<01> x2 ;
X<&f> x3 ;
}

CIUE CH+14 FTTTHNUL, LTI HIZELR TR S Lo Tz,

template < typename T, T x >
struct X { } ;

void £ { }

int main()

{
X<int, 0> x1 ;
X<long, 01> x2 ;
X<void(*¥) O, &f> x3 ;
}

WBET A b~ 2 TlX __cpp_template_auto, fHiE 201606,
3.18 using BHRAIZE™M

CH++17 Tl BHEAWZEMIC using TA L7 T4 7D L) RFEBBATEDL LI
2o
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// [lextention::foo, extention::bar]] ERU

[[ using extention : foo, bar ]] int x ;

BN — 27 ik, BEARIZEM AT A EDTE S, ZUITE Y, MEILRD
JEVE N — 27 O OEEE BT DI LD TE S,
722X BB CH+ T84 F— I BEIER E LT foo, bar & V) EME b —
7By, O CH+ 231 F =L HBETEHRE LT foo, bar &\ 9) B
=2 VRS TVEH, TNENERDINES TV EEE, I— FOEKRLE-STL
EQol
[[ foo, bar 1] int x ;

D72, CH+ [ZIFBHEARTZER & ) XEPARE STV L, EEEY C++
I8 T — B IEROBE N — 7 YICIZESARTEMEREL CVwL I LS
5o

[[ extention::foo, extention::bar ]] int x ;

MEIZ, ShzWnwbnbEERRT 20IFHEZE ) Z e,

C++17 Tid. using BHELHTZEM & VO BREIZL D, wsing T4 L7 T4 7D X
I e AT ZEM OB TR R o720 LiklE using T4 L7 T4 7EMUTWT, B
DO T using name : ... EFC I LT, au ilE{EBE N -2 V2, BEHAIZE
M name 21772 D LR LIRS SN S,

3.19 FFREREDER
C++17 Tl FHEEDRIE b — 7 VIR S 1D,

// 0K, ERIhB
[[ wefapiaofeaofjaopfij ]] int x ;

BHE C++ T 2% 7 =12 X AMBEE C++ OIS 2T TIEEIZE
ME 2 7200ERE . FOBBEDDIZTA U IA VLTI — | hoT8E, o X<

CF)7FatyF—%2@I)h, bTFobLERSMEOLENEDRTLE ). FD
720 Z OFRBRIZMZHTZ
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3.20 tEE(bRE

C++17 THEME NI L EZ G L CTRITMB 72D DERE S DL

P72,

int main()
{
int al]l ={1,2,3} ;
auto [b,c,d] = a ;
// b ==
// c ==
// d ==
¥

C++ Tld, SFSFLRHETEMEEHR) TN TE D, 728 23/, 7T R,

tuple, pair 72,

int al] = { 1,2,3 } ;

struct B

{
int a ;
double b ;

std::string c ;

s
Bb{ 1, 2.0, "hello" } ;
std::tuple< int, double, std::string > ¢ { 1, 2.0, "hello" } ;

std::pair< int, int > d{ 1, 2 } ;
C++ OBBUIRII DSOSl Z KT Z L DS TE D,

std::tuple< int, double, std::string > £f()
{
return { 1, 2.0, "hello" } ;
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Ziie T T AI121E, TNFTREMEZEEY L LTZITWAED, 94751 TH
B CTZITED Lol
SAEE ) TZITWAIZIEDTO LI I2EL,

std::tuple< int, double, std::string > £()
{
return { 1, 2.0, "hello" } ;

int main()

{
auto result = f() ;
std::cout << std::get<0>(result) << ’\n’
<< std::get<i>(result) << ’\n’
<< std::get<2>(result) << std::endl ;
}
L% 7477 TR ICIEUTO L) 12#EL,

std::tuple< int, double, std::string > £()

{
return { 1, 2.0, "hello" } ;

int main()

{
int a ;
double b ;

std::string c ;

std::tie( a, b, ¢ ) = £ ;

std::cout << a << ’\n’
<< b << ’\n’
<< ¢ << std::endl ;

}
HEEALAREZ ) & IT O L) I12EIT 5,
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std::tuple< int, double, std::string > £()
{
return { 1, 2.0, "hello" } ;

int main()

{
auto [a, b, c] = £O) ;
std::cout << a << ’\n’
<< b << ’\n’
<< ¢ << std::endl ;
}

EROBMIZNZTNHIET A LMHEORNCR D, TOEFE, a, b, c IZZNZIN int,
double, std: :string BIZ7% %,
tuple 721 Tld 7% <\ pair bz %,

int main()

{
std::pair<int, int> p( 1, 2 ) ;
auto [a,b] = p ;
// aldint BV &I 1
// bt int BY {EI3 2
}

HEEALHAIE if & switch 3, for LTHMR 5,

int main()

{
int expr[] = {1,2,3} ;

if ( auto[a,b,c] = expr ; a )

{7

switch( auto[a,b,c] = expr ; a )

{7

for ( auto[a,b,c] = expr ; false ; )
{12
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}
B AR range-based for LIZH iz %,

int main()

{
std: :map< std::string, std::string > translation_table
{
{"dog", "K"},
{"cat", "J#"},
{"answer", "42"}
Y
for ( auto [key, value] : translation_table )
{
std::cout<<
"key="<< key <<
", value=" << value << ’\n’
}
}

I, map DEFEM std::pair<const std::string, std::string> % i {LH
# [key, value]l T T\ 5,
HiE LB R 5o

int main()
{
{1,2,3} ;

auto [a,b,c] = values ;

int values[]

}
HEEALIEE 7 7 22 bR %,

struct Values

{
int a ;
double d ;
std::string c ;
Y
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int main()

{
Values values{ 1, 2.0, "hello" } ;

auto [a,b,c] = values ;
¥
B LR Ty 7 229 B 1E, FEstatic T—F AV N—ZTRT1L 207 5
A D public 72 X Y /N—TZRIFIUI% 5 &\,
HELH AL constexpr IZIXTE 2\,

int main()

{
constexpr int expr([] = { 1,2 } ;
// T7—
constexpr auto [a,b] = expr ;

3.20.1 BLREmDIIAEE

& LR IL, ZHOBES D) b, BELFREEE (structured binding declaration)
WS L ETRAT 5, MELRMES L 258551, HMES (simple-
declaration) & for-range H5 (for-range-declaration) ® 9 &, [#HIF 1) A b1 28

HbHHDIZ,
BEEE:
B auto CVEEFT (BEE®]) VU 77 L > X{EEGF (HREE)

[ &R+ X b1 8T

==
825

for-range

Bt auto CVIEEGF (AREF])
[ #AFUZN T

)77 L REMF (BRER])
AT U R b
a7 TRXE 5 h=@5lF

ML :
-2
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{1}
x£)

UM EHMES O a— 72,

int main()

{
int e1[] = {1,2,3} ;
struct { int a,b,c ; } e2{1,2,3} ;
auto e3 = std::make_tuple(1,2,3) ;

// "= KDl
auto [a,b,c]
auto [d,e,f]

el ;
e2 ;
e3 ;

auto [g,h,il

/7 XKy, "GO o)
auto [j,k,1]1{el} ;

auto [m,n,o](el) ;

// CVIEERF &) T 7 L > 2MERFF & 1% S fl
auto const & [p,q,r] = el ;
}

PUTIX for-range HE DHI7Z,

int main()

{
std::pair<int, int> pairs[] = { {1,2}, {3,4}, {5,6} } ;
for ( auto [a, b] : pairs )
{
std::cout << a << ", " << b << ’\n’ ;
}
}

3.20.2 BELREES O
REECR ORGSR ET XU T O L) IZHREN 5,
WELREESIC L > TES SN EBOBIL, WL TFOSEORKE—FK L T
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T IUTZR 5 2,

int main()
{
// 2 BDEEED
int expr[] = {1,2} ;

/] I7— BEPIETED
auto[a] = expr ;
/I LTI EHNIETED
auto[b,c,d] = expr ;

}

BEICREES TES SN TN TNOLEAIIOWT, BB SN/ BYV DR
Peo CVBHIT. V77 Ly ABHITOEBNES Sh b,

3.20.3 {IHBEFOERHEIIDES
WL TF DI OB E . ZNENDOERIIZENZTNORY|OEZETHHL S N S,
V77 Ly AMBETF O WA, TN ThoE iz a Y —miiftans,

int main()

{
int expr[3] = {1,2,3} ;
auto [a,b,c] = expr ;

}
ZhuE, BIT LR CERIZZR 5o

int main()

{
int expr[3] = {1,2,3} ;
int a = expr[0] ;
int b = expr([1] ;
int ¢ = expr[2] ;
}

)77 Ly AMBEITRSLEE. BRIZ) 7Ly AL b,

int main()
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{
int expr[3] = {1,2,3} ;
auto & [a,b,c] = expr ;
auto && [d,e,f] = expr ;
}

Zhud, UM ER UERIZZR S,

int main()

{
int expr[3] = {1,2,3} ;

int & a

int & b

expr[0] ;

expr[1] ;

int & ¢ = expr([2] ;
int && d = expr[0] ;
int && e
int && £

expr[1] ;

expr[2] ;
}

b L. ZHOBDPESOWE. BHOEFIZENEIIET 5 EH OFFE THHIML
ENbo

int main()

{
int expr[1[2] = {{1,2},{1,2}} ;
auto [a,b] = expr ;

¥
i, BT ERUERIZZ S,

int main()

{
int expr[1[2] = {{1,2},{1,2}} ;
int a[2] = { expr[0][0], expr[0][1] } ;
int b[2] = { expr[1]1[0], expr[1]1[1] } ;
}
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3.20.4 IHEFOERHEFITIFIFL . std::tuple_size<E> BWFEEHDRFI TH S
B8
LA E S O ORI E 2SEH] TIX 22 \WHA T, std: :tuple_size<E> %%
TEBOGHTH L%546 . WMEIEESOMPILFORl% E, €Oz e £ T 5,
HELREES CES SN 1 DHOZE Z 0,2 2HOEHK%2 1, ..., k47 ) R
YRENTAKA YTy I A% i kT 5,
std::tuple_size<E>::value | D T v /31 VIFELN T, ZOMEIEMHLT O
EOHTRITIIE RS RV,

int main()

{
// std::tuple< int, int, int >
auto e = std::make_tuple( 1, 2, 3 ) ;
auto [a,b,c] = e ;
// std::tuple_size<decltype(e)>::size |3 3
}

ENENDMEERIET 572012, FFBHi% get PEE DY FAXI—-Th LS N
%o get WHODP o726, ENENDOEROILT T e.get<i>(O) L5,

auto [a,b,c] = e ;

LV ) HEELREESIE, DTOEKRIZZR S,

type a = e.get<0>() ;
type b = e.get<1>() ;

type ¢ = e.get<2>() ;

ZD L) % get DESHROPLLVIE, MHLTIE get<i>(e) £ %2, TDY;
B get [IEMARIZEM A SIE SN B, BEOIFBHIARTR AT DN 2\,

/] R UVREDOIEBHERIEREITHhN AL
type a = get<0>(e) ;

type b = get<i>(e) ;

type c = get<2>(e) ;

MECRMES TES SNALEBORIIILT O L) ICHRE SN D,
LD type |X “std: :tuple_element<i, E>::type” & 725,
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std::tuple_element<0, E>::type a

std::tuple_element<1l, E>::type b

std::tuple_element<2, E>::type c =
TFoa— N,
int main()
{
auto e = std::make_tuple( 1, 2, 3 ) ;
auto [a,b,c] = e ;
}

LT L IZIZFSEDOEIRIZZR %o

int main()

{
auto e = std::make_tuple( 1, 2, 3 ) ;
using E = decltype(e) ;
std::tuple_element<0, E>::type & a
std::tuple_element<1l, E>::type & b
std::tuple_element<2, E>::type & c

}

PTFoa— Fig,

int main()

{
auto e = std::make_tuple( 1, 2, 3 ) ;
auto && [a,b,c] = std::move(e)

}

UTDL) ERICR S,

int main()

{

auto e = std::make_tuple( 1, 2, 3 ) ;

using E = decltype(e) ;

74

get<0>(e) ;
get<i>(e) ;

get<2>(e) ;

)

std::get<0>(e) ;
std::get<i>(e) ;
std::get<2>(e) ;
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std: :tuple_element<0, E>::type && a = std::get<0>(std::move(e)) ;
std: :tuple_element<l, E>::type && b = std::get<1>(std::move(e)) ;
std::tuple_element<2, E>::type && c = std::get<2>(std::move(e)) ;

3.20.5 LEREANDIES

LR OYE, MELCREESONPLFOME XY 7 AR T, $XTOHE
static 7— % A Y33 public DEED A X N—=TH LH. H5HVITHE—-DEKRT
1E7\ public AR T ADRA Y N—TH B UENDH 5B, EIZES union A ¥ /N—H3
Ho T LRV,

DTREE & LTt %7 7 A0HITH 5,

struct A
{
int a, b, ¢ ;

¥

struct B : A { } ;
UTRBE & L CR#EY R T ADBITH S,

// public KISLD3E static T—2 X N—=H0"H%
struct A
{
public :
int a ;
private :
int b ;
}

struct B

int a ;
s
/] TI7RCHBERT T RICHIkEstatic T2 X N—DH B
struct C : B
{
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int b ;
}

// B union X >/N\—HH>3

struct D
{
union
{
int i ;
double 4d ;
}
Y

Bl E OJF static T—F A Y N—FESEENIEFETEHEE LTE#MIN S,
PLF o a— Fi.

int main()

{
struct { int x, y, z ; } e{1,2,3} ;

auto [a,b,c] = e ;

¥
DTFoa—FEBERIIZEL VY,

int main()

{
struct { int x, y, z ; } e{1,2,3} ;
int a = e.x ;
int b = e.y ;
int ¢ = e.z ;
}

BRI Y b 74—V FIZRHE L TW5,

struct S
{
int x 2 ;
int y : 4 ;
Y
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int main()

{
S e{1,3} ;
auto [a,b] = e ;

}

FERET A b~ 27 1Tl __cpp_structured_bindings, fHi% 201606,

3.21 inline &%}
CH++17 TIIZHIZ inline ¥ — 7 — FZIFETE L L)1k o7
inline int variable ;

ZD &) BER % inline B E MR, ZDEEKIL inline B E W] U 72,

3.21.1 inline QELMEELE

AT REFEH S 30 £V EIFEIZ, inline F— T — FATCH+ ISBIME N7z,

inline OO ERIZIRF I N TV 5,

inline B D EBRIZ. TRIEZBFIAICA 54 VB S A 20 DkEE] Tk
B,

KFERZERDTH ) —EE LA, inline BMEOEHRIL. [HEE@HIIA > 5
1 VRS L -00RE] Tldmun,

B2 2, 222 C inline BAROEMR L, BIEZMHINICA > 4 VER S50
DO¥ERETE 5 720

BEDA v I4 VEBEE, 72 2ZIEUTOL) Ra—- b7zt &,

int min( int a, int b )

{returna<b?a:b; }

int main()

{
int a, b ;
std::cin >> a >> b ;
/] a&bDIBPNINVHERER
int value = min( a, b ) ;
¥
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COBH nin 3N S L BEIFFOHLO I A MIERTE WA —N—Ay F
Wbz, LT L) i@t Ez 5b,

int main()

{

int a, b ;

std::cin >> a >> b ;

int value =a<b ?a:b;
}

COXHHEBOTEERBHETAZ R, BEOA Y IA4 VERE VD,

ANHDBEEOA 54 VRIAEF T ) OREEZ, 223 — F2FAIC v,
“min(a,b)” & “a<b?a:b” DEL LN FHART VIES ) D,

F, C++ T8 T34 v 74 VERETBBNICITZ 5O TAMPSEST 5
DAY AT

A2 I4 VEMIZNEORBILTIE RV, 4 VT4 VEME T2 LMIEL 758
Ebd b,

Tl ziE, BLMEEE ISV LIERO T F A AR 1K N, bhHotz& L
T, ZORFEFATWLEFA 7T 275 A2 1000 fFd 254, 70275 A4k
DA XZIMNA Mz L, I—=FHAZXPHEZ L) T EiE, CPUDF Y v
vaxrElET 5,

7l 2E. B A BABOFATREM AR EIT O L OFATRERNZ R THREWICR W &
&, BB LT A NEHET 2 OEEERS 2\,

L7eo THEDA T4 VIR &) REb 2 BHTREP LI PERET SIS
L BB 3 — B A A H5Ih s v e & BBOETRMA 5 IcEne &, ¥
ANV —=TOhARE, SEFSELFEMEEZRLZITNIR SR,

BTOI VI8 T —FMPRMIZ S 2RO C++ T 084 T3l x4~
BT OLREDE) PO TERD 572 £D728 inline F— 7 — FASENS
Nz 4254 VERMLTIELWEEE inline I T2 2L T, 231 55—
ZOBENA T4 VBT 2 REBEZ LT 5o

3.21.2 RO inline DEE

BT, 208 T—HMORRBIZLY C++ 2084 T3 T3 ICBL ko7
DT, B A T4 VEREESHINT inline F— 7 — N2 LEIX v, %
B BAD C++ 22784 5 =T inline ¥ — 7 — FidA ¥ 7 1 VB % #EH L %
Vo BBEA Y IA VERTREPEINET LN T DB TE B,
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inline ¥—"7— FIZIZA ¥ 4 YERDAMNZ, 9 1 2OFERDLH 5. ODR (One
Definition Rule\ EFT 1 DO EH]) omEEEE,
CH++ Tld, BERIITOZIFLAFIZLI DL ESIENRNTE R,

void £() ; // OK.
void £() ; // OK.

B ok
Jo}
(]

void £() { } // OK. &

void £O) {} // I5—BEE

HEIE. BEE GEICIEEST
ZENTBITIE L v,

WFEEWTCH S, ERITE I 1 OOFIEREN

f w

// £.h

void £() ;

// f.cpp

void £(O) { }

// main.cpp

#include "f.h"

int main()
{

£0O
¥

Ll BEOA T4 VIRZT5I12E. 2283 5 —DFERE FORET, BE
DEFEDE CRIRREALIZ 21T 3% 5 v,

inline void f() ;

int main()

{
/] TI— EEBIHEV
£0O ;
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}

Lol BIREMZEICERT A&, ERVEBELTODRIERT %,
CH+ T ORMEZERT 2572012, inline BT ERDE—TH UL, BHD
HREATEREINTH LIV EIZL TS, 2F ) ODRIZER L %\,

// a.cpp
inline void £() { }
void a()
{
£O ;

// b.cpp

// OK. inline FE#X
inline void £() { }

void b()
{

£0 ;
}

ZAUIBID 7202 — @ inline B % E L L TV 5 2%, inline BT EFHR %
Rl —MEERIES D720, WHEIEANY =T 7 4 VIZENT #include LT,

3.21.3 inline EH Ok

inline 2. ODR ICENXETEKDEFRDOEBE LD 5. A LARID inline
ZRIIFE UK E IR,

// a.cpp
inline int data ;

void a() { ++data ; }

// b.cpp
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inline int data ;

void b() { ++data ; }

// main.cpp

inline int data ;

int main()

{

a() ;

bO ;

data ; // 2
}

ZOBITEA a, b OHFDOEH data (X[H UEEZI L T b, ¥ data 1T static
ANV =Y RICHEISNER 2O TTa 77 AOREREICE O Tk an s, 2
ATV AYPNENDDOTHEIT2 25

INICED, 7T ADIE static T—F AV N—DEFREFPLLTTH LI
%5

CH++17 UHTD C++ Tl BLTO L) IZE DT LR S L h o 7255

// S.h

struct S
{
static int data ;

s
// S.cpp

int S::data ;
CH++17 Tix. T X HizFFiF L v,

// 8.h
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struct S
{

inline static int data ;

s

S.cpp ICEH S: :data DEFHE FH L LEIX R\,
WHET A M~ 2 Uld __cpp_inline_variables, fHid 201606,

3.22 TOER using BEE

C OFERRIIE LR 7,
C++17 Tldusing EEX I VY TCRYL I ENTEL LI I o7,

int x, y ;

int main()
{
using ::x, ::y ;

}
Zhid, C++14 T

using ::x ;

using ::y ;

EELDEHEL Vv,

CH+17 Tld. using EE TSy ZERANTEL L) Ik o7z ZORRRICIEN 2
ZHNIF VT VRS, MK using BE (Variadic using declaration) & I-R073
DY RT

template < typename ... Types >
struct S : Types ...
{
using Types::operator() ... ;
void operator () ( long ) { }
Y
struct A
{
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void operator () ( int ) { }

}
struct B
{
void operator () ( double ) { }
s

int main()

{
S<A, B> s ;
s(0) ; // A::operator()
s(OL) ; // S::operator()
s(0.0) ; // B::operator()
}

WEET A M~ 2 Uld __cpp_variadic_using, fE1¥ 201611,

3.23 std::byte : I\ FERITT IR

C++17 Tld. WA FERBTLHB A7 T4 7TV THHLDE0ATE57E
THR R E L THbITw5,

NAPEFECH+ DAEY) —ETNVIIBITHLA ML —VDHMT, C++ I2BNVT
== %7 FVADPMG ENLR/NAL7Z, Cr+ OBMFIX T2 131 M7 &
FERIATE Yy P THDODEBEL T, TIUIBEIINS FOHF A A8 E Y
FCIERWT —=F T 7 F ¥ =D AE L 7272072,

NA POY Y ML <climits> TEFZRSINTWETY JaotkyH—<r0o,
CHAR_BIT TH15 Z LT & %,

C++17 TiE, 1A MZUTF-8 D8 ¥y b 12— FHM 2§ RTKBTES
EBEL TV,

std::byte BiZ, DA MIZRTOORE LTHEH) TN TEL, D 1N
4 N %% 71213 unsigned char MAMEF WML T E 7225, std: :byte BlIFAD 1
A PERBT AR E LT, #icil C++17 TEINS iz BWENA b o3EfEd 2
A ML =213, unsigned char DAECHITL, b L <L std::byte DAELHITIE L THBT
&5,

std: :byte B3, <cstddef> TUTD L) IZERINT WA,

namespace std
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enum class byte : unsigned char { } ;

}
std::byte 1374 77 1) & LT scoped enum BITEFZINTWVD, TNITLY, il
DRI & OREERDOTIBARANT 2 72\
fifl 0x12 @ std::byte MOLFIILT DO L) IZEFETE %,

int main()

{
std: :byte b{0x12} ;
}

std::byte FIOMEDII L WIHEEIZ. UTOLHIZELL I EATE S,

int main()

{

std::byte b{} ;

b = std::byte( 1) ;

b = std::byte{ 1 } ;

b = static_cast< std::byte >( 1) ;

b = static_cast< std::byte >( 0b11110000 ) ;
}

std: :byte BUIMOFAETI A 5 IFIBFERICTIZIR T X vy, THICEKD D op ) & H
B ER TN PREMOBAZHERLTCLE) T LRI ENTE S,

int main()

{
// IT7—. O LB MEALIS int BlD 5 OBEEOERNIAS
std::byte b1(1) ;

// TZ7—. =ICEBMEHEIR int B 5 DEEERDEBMN A S
std::byte b2 = 1 ;

std: :byte b{} ;

// I 75— operator =l_& 3 int BORKAILEROEBIAS
b=1;
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// I7—_ operator =& 3 double BOEANILBROTHIP A S
b=1.0;
}

std: :byte L {3 12 & o THWIML S 225, #Mi/DEHREZEIET LV —VIZED,
std::byte AOSEB CX 2 MHOHBETHITNI LT — L%k,
7o & Z1E. 4 std: :byte 258 ¥ v b T MDY 0. IKRAEAY 255 DBREE/Z &L T 5,

int main()

{
// I5— RBTEZEOHEE T4V
std::byte b1{-1} ;
// I5— RBTEZEOHETIE 4V
std::byte b2{256} ;

}

std::byte lFHNEFHDA ML =T & NS RN TT 72 ATEL LT AH7-0. #H
#& L char & U & 9 ZEEAYTHOIL TV 5,

int main()

{
int x = 42 ;

std::byte * rep = reinterpret_cast< std::byte * >(&x) ;
}
std::byte [I—EHDEHETH A —N—O = FENTVWEDT, #WEOEHID LS
FED) S e TE D, 72750, NA MEE Y MEET 2 O — R 772
72
BARAZIZ, DFIZR$T Y 7 by ¥ v F OR, Ev FFJAND, ¥ M XOR, ¥ v
I NOT 72,

<K= <L

PRS2 EOEFFIZ R — P LTz,
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std: :byte Id std: :to_intenger<IntType>(std::byte) |Z &L V). IntType HIDHEE
BHZA T E Bo

int main()

{

std: :byte b{42} ;

// int BlOOfE(E 42

auto i = std::to_integer<int>(b) ;
}
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C++17 DBZ L (EZR
BMId3S514I3V

C++17 TIIBZ &I EEMNT AT 4 751 & LT, variant, any, optional A%
BN N7z,

4.1 variant : B2 union
411 {EWLWA

AN ¥ —T 7 A <variant> CTEFEIN TV 5 variant I&, B4 7% union & L
T ZENTE D,

#include <variant>

int main()
{

using namespace std::literals ;

// int, double, std::string DW\WTFhh &MY 3 variant
[/ AXZA BT 7R —RBRADEE T T+ )L MEE

std::variant< int, double, std::string > x ;

x=0; // int #XA
0.0 ; // double ZXA
x = "hello"s ; // std::string 2fCA

]
n

// int B’ A - T3 HHERR
// false ZIRT
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4.1.2

C++17 O LR AT 5747

bool has_int = std::holds_alternative<int>( x ) ;
// std::string Ao T3 DiERR
// true TiRT

bool has_string = std::holds_alternative<std::string> ( x ) ;
// Ao TW3BEERBS

// "hello"
std::string str = std::get<std::string>(x) ;

BEL 2SN union

CH+ PR S -> TV ALY union (X, HEEOEIOWTNH 1 D721 DIE
BHANS B2, union DY A NI T —F A v NN—DWFNrDR % 1 DEBTE S
2T A XD,

union U
{
int i ;
double 4 ;
std::string s ;
Y
struct S
{
int i ;
double 4 ;
std::string s ;
}

DA, sizeof (U) 1

sizeof (U) = max{sizeof (int), sizeof (double), sizeof (std: :string)}

275,

88
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sizeof (8) &,

sizeof (S) = sizeof (int) + sizeof (double) + sizeof (std: :string)
+ T2 THE



4.1 variant : Kl%2427: union

union (& X EV —&hE AL 3, union & variant & EWEIIEZ 72, EOROfEE
THEL TV DL V) ERIIRIEL 2V T, -2 EICER L 20 iz s
R\,

AL, BEHOI— F% union TECE, UTDLH 125,

union U

{
int i ;
double d ;

std::string s ;

// AT E—
// int ®BEF 7 4L bDERET B
uO i3 {3}
/! FANSTTHR—
// ABLEVW ATV bOBERI-—F—DEFICELS
U0 { >
¥

/[l TANT 72 -RUHL
template < typename T >
void destruct ( T & x )
{

x.~TO ;

int main()

{
Uu ;

/] BEABEEZOEERATED
/] WEHBEZLLTEWN
u.i =0 ;

u.d = 0.0 ;
// FERNVEFILEIALR NS 72— %EFDH

// placement new HILE
new(&u.s) std::string("hello") ;
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}

[/ A=Y -3 EDREANLEPRICER L THELEF H 3
bool has_int = false ;

bool has_string = true ;
std::cout << u.s << ’\n’ ;
/] FERVETLETFI NS V82— % DR

/! BENDLE

destruct( u.s ) ;

ZOL)Ba—FEFE2 %V variant 2L, TO L) ZHBETILES

I— FeELTIC, %412 union L AEERET EBTE 5,

4.1.3
variant (37 ¥ 7L — MEFIETREL-VEIZ S 2 5,

4.1.4

variant DES

std::variant< char, short, int, long > vl ;

std::variant< int, double, std::string > v2 ;

std::variant< std::vector<int>, std::list<int> > v3 ;

variant DYJEAE

77 4Jv MHAE

T

variant (377 4V MEET L L, RNICGRBOME T 7 4V MEE L TREF

// int
std::variant< int, double > vl ;
// double

std::variant< double, int > v2 ;

variant (277 4 )V MEET X 2 WEIZ EWICH- 2 % & variant b7 7 4V Mk

ETER N,

90
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// T MEETEEVWE
struct non_default_constructible

{

non_default_constructible() = delete ;



g )

4.1 variant : Kl%2427: union

/I IT7—
/! TTAIMEBETZLEW

std::variant< non_default_constructible > v ;

T 74N MEETEX VW2 REET S variant 7 7 4+ 0V MEE T L7-0
E. O A 77 5 ) MESEREZR U 3T L v,

struct A { A() = delete ; } ;
struct B { B() = delete ; } ;
struct C { C() = delete ; } ;

struct Empty { } ;

int main()
{
// OK. Empty %{R¥F
std::variant< Empty, A, B, C > v ;

) A, Enpty DL D %7 T A b E D IMBIERT 5 OEHE 22D
T, E#T 477 1)121d std: :monostate 7 T ADLLTF DL HIZEHRINT W5,

namespace std {
struct monostate { } ;

}
L7225 Ty FOBIEDTO LS 12ET 5,

// OK. std::monostate %{Rr#F

std::variant< std::monostate, A, B, C > v ;

std: :monostate |& variant DA DT » 7L — MEF[FE LTfliH Z & Tvariant
%77 4 )V MR 2T 5720087, ZnLEOERIEI R\,

JE—#HA1E
variant |Z[d] U1 variant 2T &, I ¥—/A—TF %,

int main()

{
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std: :variant<int> a ;
// AE—

std::variant<int> b ( a ) ;

variant DA A RS 72— (ILEEEL -HE

variant D3I Y A N T 7 % — |2 FEEDANOfEE L 72355 variant DT ¥ 7L —
MEFIEICIRE LB ohm 25, 4 —N—0— NI L) ol 2B AE TN, 20
BIOMEICEH S I, EERFET 5,

using val = std::variant< int, double, std::string > ;

int main()
{
// int
val a(42) ;
// double
val b( 0.0 ) ;

// std::string
// char const *E!|f std::string ®ICE#Eh D
val c("hello") ;

// int
// char #(3 Integral promotion |C&¥) int BICEERICERREN D
val d( ’a’ ) ;

in_place_type IZ& % emplace £

variant DI Y A M T 7 ¥ —DOHE—F [T std::in_place_type<T> &3 Z &2
LD THOBEZELMETL72DIZTHOI A MNT 77 —IZETEFBLIRET
&5,

FEAEDEIFZ =L —T N TE 5,

struct X
{

X( int, int, int ) { }
}
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int main()

{
// X BB
Xx(Ca, b, c) ;
// x 23E—
std::variant<X> v( x ) ;
}

AL, bLEXPIE-bL—T b TELVEZSs72L Lzn, Eiioa— Fid
B,

struct X

{
X( int, int, int ) { }
X( X const & ) = delete ;
X( X && ) = delete ;

s

int main()

{
// X EIBEE
Xx(1,2,3);
// IZ— XRB3AE-T&HW
std::variant<X> v( x ) ;
}

CD LX) LA, variant BN T X R T LIS, BEICLELRI VAL
575 —OFEFHEEL T, variant 12 X ZHES LU ERDH D, FD10
|2 std::in_place_type<T> 23X %o TITHEEE L 7-WEIZIRE L THE—FIRE L. &
ZHHLEE TOa YA NS 2 8 —ICETHEICT b,

struct X

{
X( int, int, int ) { }
X( X const & ) = delete ;
X( X && ) = delete ;

¥

int main()
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// X DIEEIEE L TR
std: :variant<X> v( std::in_place_type<X>, 1, 2, 3 ) ;

4.1.5 variant DIEEE
variant D7 A NT 7 ¥ —id, ZO L X IRFFL TV LELEENIIHEFEL T{Nb,

int main()
{
std: :vector<int> v ;
std::1list<int> 1 ;
std::deque<int> d ;
std::variant<
std: :vector<int>,
std::list<int>,
std::deque<int>
> val ;

val

val

1]
Q <

val

// variant D7 X h T 7 2 —I3 deque<int>EHWET 3
}

variant O — Y — (3 T 5 LA 70,
4.1.6 variant XA

variant DfEAIZE TH HRZ, variant ZETITIE—F5 L., EEETILL—
IN— U — NP> CHEYI R BIOME % SRIFT 5.

4.1.7 variant @D emplace
variant |¥ emplace # ¥R — M L TW5, variant OE, EITREBEL AL
HWEDEH B DT, emplace<T> O T THIETREXAIZIRET 5,

struct X

{
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X( int, int, int ) { }
X( X const & ) = delete ;
X( X && ) = delete ;

int main()

{
std::variant<std::monostate, X, std::string> v ;
// X CIBEE
v.emplace<X>( 1, 2, 3 ) ;
// std::string %iB5E
v.emplace< std::string >( "hello" ) ;
¥

4.1.8 variant [CIEDA D TLRHE S HDRER

valueless_by_exception * > /\—B#
constexpr bool valueless_by_exception() const noexcept;

valueless_by_exception X »/N—PBA¥{iL, variant 2MEX REE L TV 254 false
g,

void f( std::variant<int> & v )

{

if ( v.valueless_by_exception() )
{ // true

/] v BEERELTVWEW
}

else
{ // false
// v IMEEFRFEL VWS

}

variant X EDE D RIFL 2 WVIRREIC R 5 2 B D, 728 2 1d, std: :string &
TE— I H7co THM AR AT —#EREZIT) 2 LNLZA V. variant 25 std: :string
ZIE—FHHII, BIMAEY) —ERICERL7S5E, aE—35MT 5, 2845
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¥, variant ZBORIOME Z ST BEC. DETOMEZHEL 2T NELR S 20H 5
7Zo variant IXMEZF/2 2 WIRREIZZR D 9 5,

int main()

{
std::variant< int, std::string > v ;
try {
std: :string s("hello") ;
v=s; // BNXE)-HEIEETEILOLALN
} catch( std::bad_alloc e )
{
// EBRIX T —FEEIRETEILE LAY
}
// BRIXE) —FHROKBUS LV
// true (CBEBHPEHLNEL
bool b = v.valueless_by_exception() ;
}

index X > /\—F8%
constexpr size_t index() const noexcept;

index A ¥ /N—PBA¥E, variant ICTEE L 72T v 7L — NEFEOH L, HE
variant 2MREEL TV RO A 0 XR—AD A V7 v 7 A TRT,

int main()

{
std::variant< int, double, std::string > v ;
auto vO = v.index() ; // O
v =20.0;
auto vl = v.index() ; // 1
v = "hello" ;
auto v2 = v.index() ; // 2
}

b L variant MEX REFL 2V 4E&. D2 F D valueless_by_exception() %% true
IR T A1, std::variant_npos % KT o
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// variant HEEEH > TWVWBHE D HIEBT 2HH

template < typename ... Types >
void has_value( std::variant< Types ... > && v )
{

return v.index() != std::variant_npos ;

// ZhTHULL
// return v.valueless_by_exception() == false ;

}

std: :variant_npos DfiE —1 72,

41.9 swap
variant (& swap IZFE LTV 5,

int main()

{
std: :variant<int> a, b ;
a.swap(b) ;
std::swap( a, b ) ;

¥

4.1.10 variant_size<T> : variant B{RIFCE 2RO =S
std::variant_size<T>|d, T |J variant Bl % %9 &, variant DMRFFC X LRI
ZRL TN,

using tl = std::variant<char> ;
using t2 = std::variant<char, short> ;

using t3 = std::variant<char, short, int> ;

// 1
constexpr std::size_t tl_size = std::variant_size<t1>::size ;
// 2
constexpr std::size_t t2_size = std::variant_size<t2>::size ;
// 3

constexpr std::size_t t2_size = std::variant_size<t3>::size ;
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variant_size ¥ integral_constant ' 2&A& 7 T AFED I T A LD T, 77 4V
MEELERET -V —ERELW T2 L THELIY 5,

using type = std::variant<char, short, int> ;

constexpr std::size_t size = std::variant_size<type>{} ;
variant_size Z AT DL IIZTy T LA T L - HEINTW S,

template <class T>

inline constexpr size_t variant_size_v = variant_size<T>::value;
INEMEZIE DTOLH)IbFET 5,

using type = std::variant<char, short, int> ;

constexpr std::size_t size = std::variant_size_v<type> ;

4.1.11 variant_alternative<l, T> : 1 VFvIADSEZRT
std::variant_alternative<I, T> (X T Bl® variant DWRIFTE LMD I b, 17
HofM%z A A~ SN728% type TRT,

using type = std::variant< char, short, int > ;

// char

using t0 = std::variant_alternative< 0, type >::type ;
// short

using t1 = std::variant_alternative< 1, type >::type ;
// int

using t2 = std::variant_alternative< 2, type >::type ;

variant_alternative t E\W) TV T L —F A YT ADBUTOL ) IZEZRINT
W5,

template <size_t I, class T>
using variant_alternative_t

= typename variant_alternative<I, T>::type ;
INEMEAE, UL I2bEIT 5,

using type = std::variant< char, short, int > ;
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// char

using tO0 = std::variant_alternative_t< 0, type > ;
// short

using t1 = std::variant_alternative_t< 1, type > ;
// int

using t2 = std::variant_alternative_t< 2, type > ;

4.1.12 holds_alternative : variant BEE UEBIDEZRIFLTVDIHESHD

fEesR

holds_alternative<T>(v) |&. variant v ST BEIOMHZREEL TW B0 &) %1

B Do RIFLTNRLDTHIUL true &, £ 9 THIFIUL false ZiKT,

int main()

{

// int BB & B

std::variant< int, double > v ;

// true

bool has_int = std::holds_alternative<int>(v) ;

// false

bool has_double = std::holds_alternative<double>(v) ;
}

BT 3G U 2 572 variant PRIFTE LR TRITINIE %R T

L) Bma—-FNIzI—L%b,

int main()

{

std::variant< int > v ;

// 57—

std: :holds_alternative<double>(v) ;
¥
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4.1.13 get<I>(v) : 1VF Y IR SEDRE
@KDW)@\mﬁmtv@ﬂ@47f771#%I§ﬁ@ﬂ@ﬁ%ﬂﬁo47
T 7 AT 0 NRN=A7,

int main()

{
// 0: int
// 1: double
// 2: std::string
std::variant< int, double, std::string > v(42) ;
// int, 42
auto a = std::get<0>(v) ;
v =23.14 ;
// double, 3.14
auto b = std::get<i>(v) ;
v = "hello" ;
// std::string, "hello"
auto ¢ = std::get<2>(v) ;
}

INA Ty 7 AOMPERZ TWEETLT— LD,

int main()

{
/] A>Ty TRIE0, 1, 2FT
std::variant< int, double, std::string > v ;
// T7— &ESN
std::get<3>(v) ;
}

b L. variant 2MEZRIFL T2 WA, 2F D v.index() !'= I DA,
std::bad_variant_access 7)° throw S5,

int main()

{
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// int BOEEFRE
std::variant< int, double > v( 42 ) ;

try {

// double B D& & Ek

auto d = std::get<i>(v) ;
} catch ( std::bad_variant_access & e )
{

// double ZREFL TWEA S

get DFEFIEUIIE T variant 7% lvalue DA X, RO EIE 1lvalue V 7 7 L ¥ A,
rvalue O¥AEIIR D EIE rvalue V) 7 7 L ¥ Al A,

int main()

{

}

std::variant< int > v ;

// int &

decltype(auto) a = std::get<0>(v) ;

// int &&

decltype(auto) b = std::get<0>( std::move(v) ) ;

get DHEFIHUZHES variant A°CV B SN T 258, RYMBEOR S ZEG [ H L [H
LS CVEficn b,

int main()

{

std::variant< int > const cv ;
std::variant< int > volatile vv ;

std::variant< int > const volatile cvv ;

// int const &

decltype(auto) a = std::get<0>( cv ) ;

// int volatile &

decltype(auto) b = std::get<0>( vv ) ;

// int const volatile &

decltype(auto) c = std::get<0>( cvv ) ;
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4.1.14 get<T>(v) : HhS{EDEE
get<T>(v) &\ variant v OIRETAHEI T OMEEZRT, BT OEEZRFFL TV Zew

Y54, std::bad_variant_access 7% throw &1l 5,

int main()

{

std::variant< int, double, std::string > v( 42 ) ;

// int

auto a = std::get<int>( v ) ;

v =3.14 ;

// double

auto b = std::get<double>( v ) ;

v = "hello" ;

// std::string

auto ¢ = std::get<std::string>( v ) ;
}

ZOMILTRT get<I> L[F Lo

4.1.15 get_if : [EZFIFLTVDESICEF

get_if<I>(vp) & get_if<T>(vp) IX. variant ~DKA ¥ ¥ — vp & FE5[FUTHLD |
*p A VT 7 AL, B LR T OMERFL T LA, TOE~NDORL v 5 —
T,

int main()

{

std::variant< int, double, std::string > v( 42 ) ;

// int *
auto a = std::get_if<int>( &v ) ;

v =3.14 ;
// double *
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auto b = std::get_if<1>( &v ) ;

v = "hello" ;
// std::string
auto ¢ = std::get_if<2>( &v ) ;

}

b L. vp 2 nullptr DA, b L I xvp DIRESNIMEEZBREFL TV RIS
E. nullptr %37,

int main()

{
// int BOfE %7
std::variant< int, double > v( 42 ) ;
// nullptr
auto a = std::get_if<int>( nullptr ) ;
// nullptr
auto a = std::get_if<double>( &v ) ;

}

4.1.16 variant DELE
variant [ ZILBIEBE T4 —N—0— FENTWEH 72O TE %, variant [[1:
ORBIE, — DT O I —IZHRZEEI BRI D L) ICEEEN TV,

F—E D Lk

variant O —MHD B D 720121, variant DT » 7L — MEFIRUIIE 2 581
HorH & & BT RE T2 1 1Ud % 5 %2\,

DF D, variant v, w IZF LT, K get<i>(v) == get<i>(w) AT XTD i IZxf L
TEETRUINER SR,

variant v, w DR —EOEIZ, v == w OBE. LTOLH I4TbN b,

1. v.index() !'= w.index() 72 5IE. false
2. TNPAOY4A . v.value_less_by_exception() 7% 5HIE. true
3. ZNUAOEA. get<i>(v) == get<i>(W)o 7272 i 13 v.index()
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2 D0 variant DHIOERIFL TR BHEEFFEL BV L HITHEL LOIRET
HIUTEL Ve THESHIRFFL T 2 ER LSS S,

int main()

{
std::variant< int, double > a(0), b(0) ;

// true
// BCEORECEEZRELTWD

a==">;

// false
// BHEDS
a == ;

}
72 & 213 operator == ZLNF DL D HFEREIIR S,

template <class... Types>
constexpr bool
operator == (const variant<Types...>% v, const variant<Types...>& w)
{
if ( v.index() != w.index() )
return false ;
else if ( v.valueless_by_exception() )
return true ;
else
return std::visit(
[1( auto && a, auto && b ){ return a == N
v, W)

¥
operator != 32 DL E R TL,

KNEEBE

variant O AK/NDO B D 7-9121%, variant DT ¥ 7L — FNEF|EIZG 2 2813 H
BB L BTRET 2 UE % & %\,

DF D, operator < DA variant v, w 1% LT, K get<i>(v) < get<i>(w)
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DFRTO LK LTRETRIFIUIR S 2\,
variant v, w DA/NLEIL, v < w DEE, LTO L) 1ZiTbN b,

w.valueless_by_exception() 7 HI¥. false

. ENLUSNDOH A, v.valueless_by_exception() 7% 513, true

. ENPHDYE . v.index() < w.index() % 51, true

. NI DA, v.index() > w.index() & H I, false

. ENDHOYA . get<i>(v) < get<i>(w)o 7272L i 1E v.index()

S O R

fliZe L O variant (I O/PNEVEARLEINDL, 4 VT 7 ZAD/NENVIT) AV EN
EBRLBENL, EHELHFEUHMOMENH LD THIVUL, ERLOLEKE %25,

int main()

{
std::variant< int, double > a(0), b(0) ;

// false
// RUEOR UE % Ltb#
a<b;

// false
[/ ATy TR & D HE
a<b;
// true
/] ATy TRCEBHE
b<a;

¥

operator < [ZLLTF D &9 2FEEITHR S,

template <class... Types>
constexpr bool
operator<(const variant<Types...>& v, const variant<Types...>& w)
{
if ( w.valueless_by_exception() )
return false ;
else if ( v.valueless_by_exception() )

return true ;
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else if ( v.index() < w.index() )
return true ;
else if ( v.index() > w.index() )
return false ;
else
return std::visit(
[1(C auto &% a, auto && b ){ return a < b ; },
v, W) ;

¥

B OFRNE S [E CHETHES NS,

4.1.17 visit : variant B{RIFLU TV S EZZITIS
std::visit Id, variant OFRFFL TV AR ZFEL [ BICEEA 7Y = 7 b ZIFATL
NBIA 7572,

int main()
{

using val = std::variant<int, double> ;

val v(42) ;
val w(3.14) ;

auto visitor = []( auto a, auto b )

{ std::cout << a << b << ’\n’ ; } ;

// visitor( 42, 3.14 ) #MEIEN 3
std::visit( visitor, v, w ) ;
// visitor( 3.14, 42 ) »HIENL D
std::visit( visitor, w, v ) ;

¥
ZD LI, variant [CEDROMEPRFEINTHTHIRN) T EHNTE 5,
std::visit ZPAFO LY IZES I N TV S,

template < class Visitor, class... Variants >

constexpr auto visit( Visitor&& vis, Variants&&... vars )

>

FE—G|FICEBA TV 27 VEFEL. BB variant 2T, T5 L,
vis( get<i>(vars)... ) D L) TN A,
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int main()

{

std::variant<int> a(1), b(2), c(3) ;

// (1)

std::visit( [J( auto x ) {}, a ) ;

// (1, 2,3)

std::visit( []( auto x, auto y, auto z ) {}, a, b, c ) ;
¥

4.2 any: EAPBBEDIETHRIFTEDISA

421 {EVLSH
ANy T =T 74 ) <any> TEFSN TV std::any 1F, 1FEALEALTOfET
bIRRETE 57 7 A7,

#include <any>

int main()

{

std::any a ;

a=0; // int

a=1.0; // double

a = "hello" ; // char const *

std: :vector<int> v ;

a=v ; // std::vector<int>

// R L T3 std: :vector<int>DIE—

auto value = std::any_cast< std::vector<int> >( a ) ;
¥

any DR CE WAL, ¥ —REETE W,

4.2.2 any DIEELHE
75 A any 137 ¥ L — FTdhV, ZOOESIFEMS,
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int main()

{
/] EEFREL W
std::any a ;
// int BOEERFET 3
std::any b( 0 ) ;
// double BDEZFRIFT 3
std::any c( 0.0 ) ;

}

any DMRFFT B B E FHIIIRE T A LEIE %\
7 A any RWIET H L, ZOL ERFFL TW/EAETICHIES NS,

4.2.3 in_place_type AVA NSO 55—
any DI Y A MT 7 % —7T emplace &3 57292 in_place_type 22 %,

struct X

{
X( int, int ) { }
s

int main()

{
// BIX & X(1, 2) CHEELABROEZFRET S
std::any a( std::in_place_type<X>, 1, 2 ) ;

4.2.4 any ~"OfXA
any ~NORALEHEDOTO T I~ —DIFEBY) DEIEZ % T 5,
int main()
{
std::any a ;

std::any b ;
// aldint BIDME 42 2RHEHT B

a =42 ;
// b3 int BOE 42 2R¥EFT S
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4.2.5 any QXA I\—EIE

emplace

template <class T, class... Args>

decay_t<T>& emplace(Args&&... args);
any |3 emplace X Y N—PE VK- FLTn5,

struct X
{

X( int, int ) { }
s

int main()

{
std::any a ;
/7 BX X, 2) THRELLBROEERIET S
a.emplace<X>( 1, 2 ) ;

}

reset : fEDWEZE

void reset() noexcept ;

any @ reset A ¥ /N—P%, any ORFFL THLMEZWIET b0 reset ZITFUI
L7242 D any 13ME % FRFF L 72\

int main()

{
/] a BEERFEL AV
std::any a ;
// alt int BOEERIEFT S

a=20;
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/] a BEERFEELAEV

a.reset() ;

swap : A7y
any & swap A Y N—BEE AR — F L TW5,
int main()
{
std::any a(0) ;
std::any b(0.0) ;

// al int BOE % RF
// b ld double B % R

a.swap(b) ;

// a ¥ double BDE % RiF
/7 b i3 int BOfE & R5

has_value : {EZRIFLTV2HE D HFAXNS
bool has_value() const noexcept;

any @ has_value A »/N—PB¥UT any DMHERFEL TV A2 E ) DEFARL, %
RIFLTWE %251 true . (REFL TV AW 5T false KT,

int main()
{

std::any a ;

// false

bool bl = a.has_value() ;
a=0;

// true
bool b2 = a.has_value() ;
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a.reset() ;
// false
bool b3 = a.has_value() ;

type : R L TV BED type_info 21583
const type_info& type() const noexcept;

type A 25— BB, L TV 2E T 0 typeid(T) % 3E, (% BEL Tz
WA, typeid(void) & T,

int main()

{
std::any a ;
// typeid(void)
auto & t1 = a.type() ;
a=0;
// typeid(int)
auto & t2 = a.type() ;
a=20.0;
// typeid(double)
auto & t3 = a.type() ;
¥

4.2.6 any DJ7U—E%
make_any<T> : T B® any 215

template <class T, class... Args>
any make_any (Args&& ...args);

template <class T, class U, class... Args>

any make_any(initializer_list<U> il, Args&& ...args);

make_any<T>( args... ) I THMAZ I A MTF 7 ¥ —FE5 ¥ args... THEL/-E
REFT 5 any 3R 9,
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struct X
{

X( int, int ) { }
s

int main()
{
// int BOE%REFT 3 any
auto a = std::make_any<int>( 0 ) ;
// double WDE%FRIFT % any
auto b = std::make_any<double>( 0.0 ) ;

/! XBDOEEFRET S any
auto ¢ = std::make_any<X>( 1, 2 ) ;
}

any_cast : {RFL TV SEORYEL

template<class T> T any_cast(const any& operand);
template<class T> T any_cast(any& operand);
template<class T> T any_cast(any&& operand);

any_cast<T>(operand) |3 operand 2 P-FE L TV A% KT,

int main()

{
std::any a(0) ;

int value = std::any_cast<int>(a) H

¥

any_cast<T> CHRE L7 T ElD, any PRFL TV LTI 2 VE A,
std: :bad_any_cast %" throw 115,

int main()
{
try {
std::any a ;
std::any_cast<int>(a) ;
} catch( std::bad_any_cast e )
{
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/ BERELTWEP L

template<class T>
const T* any_cast(const any* operand) noexcept;
template<class T>

T+ any_cast(any* operand) noexcept;

any_cast<T> |l any "DRA ¥ ¥ —Z @I L TNOKRA & —RIH)HE N5, any
HTHEEZRFELTVLRBEETMESHT 2R, V¥ —=dNE5, REFL TV ARvwigE
&\ nullptr 29K %,

int main()

{

std::any a(42) ;

// int BOEESRYTZKRM > 52—

int * pl = std::any_cast<int>( &a ) ;

// nullptr

double * p2 = std::any_cast<double>( &a ) ;
}

4.3 optional : [EZFBELTLSD. LTLWEWLWISR

431 fEVA

AN ¥ —7T 7 A )l <optional> TEFKEIN T\ 5 optional<T> I&. T MOz A
LCTWwah, AELTVRWI AT 7172,

FRETHEPHBETE L VWA T 5o 728 213 ) BORKROMHE % Z T
BrxEx b

int divide( int a, int b )
{
if (b==0)
{
// IS5 -4

113



FEAE C++17 ORRZELHEEENT L7477

}
else
return a / b ;

¥

PUTHREIITERVOT, b DED0DOHE. COMBIIELXAETLZ LT
Ev, MBI, int BOTNCOMITMEOREMHEL LTELNLZDOT, =TT
ThoHILARTENRMELZETIELTE L,

COXI)BHEICI T —RHEEBMT 2 HEE LT, BRI ESERFENIESE
ENTzo 12ERIE BA VI =) 77 LY AREF K E LTS HEE, 7yo—
INIVERUR D Kk BIAL .

optional X2 D &9 RENSHETE 2 WIFEICMHEZ 2B ke M3 %,

std::optional<int> divide( int a, int b )

{
if (b==20)
return {} ;
else
return { a / b } ;
}

int main()

{
auto result = divide( 10, 2 ) ;
// TEOEIE

auto value = result.value() ;

// EORKRE
auto fail = divide( 10, 0 ) ;

// false, fEEREL TLEHL

bool has_value = fail.has_value() ;

// throw bad_optional_access

auto get_value_anyway = fail.value() ;
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4.3.2 optional DF VT L — FES|H
optional<T> (I THIDMEEZRIFT L0, b L IFRFEL L WIREZ IS,

int main()

{
// int BOEZEFHFT 55 L 4L optional
using a = std::optional<int> ;
// double B EZFIFY 5/ LA\ optional
using b = std::optional<double> ;

}

4.3.3 optional D&%
optional &7 7 4 )V MEET 5 & fEXREFL %2\ optional 127 5,

int main()
{
/] EERFELEW
std: :optional<int> a ;

}

IYANT T —DFEFIHU std: :nullopt ZIET & EXZRFFL %\ optional |2
%5

int main()
{

/] EERELEV

std::optional<int> a( std::nullopt ) ;
}

optional<T> DAY AT 7 & —DFEFHUI THIIERTE LM ZET L, THO
SIS L CIRIF T %0
int main()
{

// int BOME 42 £R¥IFT 3
std::optional<int> a(42) ;

// double BDIE 1.0 2 REFT 3
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std::optional<double> b( 1.0 ) ;

// int » 5 double NDEEHFTTHhI B
// int BOE 1 27¥FT 2
std: :optional<int> ¢ ( 1.0 ) ;

}

TEZ2L U BIICRIEW T X% L X, optional<T> DI Y A T 7 ¥ —
|2 optional<U> Z{#T & UADL TIZHZEHINT T HOME % RFET % optional 12
%5

int main()

{
// int BOE 42 EREFT B
std::optional<int> a( 42 ) ;
// long MOE 42 & R¥F¢ 3
std::optional<long> b ( a ) ;
}

optional DI Y A MTF 7 ¥ —DHE—5|FUZ std::in_place_type<T> X {ET L. %
FOFI A fFE-oTTROF 7V 227 M) emplace HEFE S5,

struct X

{
X( int, int ) { }
s

int main()

{
// X(1, 2)
std::optional<X> o( std::in_place_type<X>, 1, 2 ) ;

4.3.4 optional DfXA

WHEOTO 773 —DWREEB ) OFEH % 5, std: :nullopt ZHUAT S LER
PR¥EL 72\ optional 27 5,
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4.3.5 optional DIEZE
optional DEFEEIND L &, BRIFL TV AEIHIUL. BUICHFES L,

struct X
{

~X0O {32
s

int main()

{
{
!/ EERIET S
std::optional<X> o ( X{} ) ;
// XDFRANSTE2—PIRIEN D
}
{
/] BERELGEWV
std::optional<X> o ;
// XDFRARNTTE2—EFIEhEWN
}
}
4.3.6 swap

optional (& swap IZXfIE LT\ 5,

int main()
{
std::optional<int> a(1), b(2) ;

a.swap(b) ;

4.3.7 has_value : [EZ{RIFLTLDIDESHIESRTSD

constexpr bool has_value() const noexcept;
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has_value X ¥ /N—PH%{i% optional DMl % TrFF L TV B HE . true KT,

int main()
{

std::optional<int> a ;
// false
bool bl = a.has_value() ;

std::optional<int> b(42) ;
// true
bool b2 = b.has_value() ;

4.3.8 operator bool : EZ{FIFLTVLSIQESHIERT S
constexpr explicit operator bool() const noexcept;

optional % TR I bool AT 2 &, HERFFL TV AEEIZOM true & LT
M S B

int main()
{
std: :optional<bool> a = some_function();
// OK. XHkLE bool (ZZH#
if (a)
{
// fEEREE

/! E%ETREF

/] IT7— BAROBEHREITHLALY
bool bl = a ;

// OK. BAREY % BYZEH#A

bool b2 = static_cast<bool>(a) ;

118
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4.3.9 value : {RIFLUTLDEZEIF

constexpr const T& value() const&;
constexpr T& value() &;
constexpr T&& value() &&;

constexpr const T&& value() const&&;

value X »/N—PBI%iL optional AMELZRFEL TV B HE, EANDY) 77 L U A%
BT EERFEL TR WA, std::bad_optional_access 7 throw S 115,

int main()
{
std::optional<int> a(42) ;

// OK

int x = a.value () ;

try {
std::optional<int> b ;
int y = b.value() ;
} catch( std::bad_optional_access e )

{
/] EERELTWED o

4.3.10 value_or : {EHUL[ET T+ IV MEZRY

template <class U> constexpr T value_or(U&& v) const&;

template <class U> constexpr T value_or (U&& v) &&;

value_or(v) A »/N—PA%¥LiZ. optional 2MEXZ REFL TWAIGEIZEDOMEE ., REF
LTwiawnaidy 27,

int main()
{
std::optional<int> a( 42 ) ;

// 42

119



FEAE C++17 ORRZELHEEENT L7477

int x = a.value_or(0) ;
std::optional<int> b ;

// 0

int x = b.value_or(0) ;

4.3.11 reset : (RIFUCTV\DEZHEET D
reset A Y N—BAHEAFOHT L, REFEL TV EID L5 E0HET 5o reset A
N—BEBE IO L 721% D optional 13l % REEL 2 WIREEIZ R 5,

int main()

{
std::optional<int> a( 42 ) ;

// true
bool bl = a.has_value() ;

a.reset() ;

// false
bool b2 = a.has_value() ;

4.3.12 optional ETOHE
optional<T> % KT 5720 \21F, TEIOF 7V = 7 MAlLASHIETE 5 EDS
H5b

FE—1E DB
fifi & PRFE L 22\ 2 D0 optional 135F Lo HHDOHRDMEL RFFL TV % optional
FEL RV, MG e QEEREEL T2 optional (XEIC X 5 ILEIZ%: %,

int main()
{

std::optional<int> a, b ;
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// true
// EB5BHEERFEL G optional
bool bl = a == ;

// false
// a OHE &R
bool b2 = a == 5

// false
/! EB5BEERFBEICK DR
bool b3 = a == ;

KB
optional DR /NILIEIL. a < b DHH

1. b 2MEERFF L T2 UL false

2. ZNPADOFHE T, a BMEEZRIFL TV 271U true
3. TNDAOEE. a b b OFRFEL T A ERT O ILE

L bo

int

{

main()

std::optional<int> a, b ;

// false
// b PEL L
bool bl = a < b ;

// true
// bldfEHV) Ta @R L
bool b2 = a < b ;

LTWwhwnwr I A
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// false

/] EBBEBENH DD TERITDLESE
// 1 < 0If false

bool b3 = a < b ;

4.3.13 optional & std:nullopt & DLEER
optional & std::nullopt & @D MLHLIL. std: :nullopt A% > TV 72\ optional
ELTHbIS,

4.3.14 optional<T> & T OHE
optional<T> & T HID LB Tld. optional<t> AMEZ REEL TV AR WA false °
WRDs FNPUMNDYE. optional DFRFFL TWAEE T ALK E LA,

int main()

{
std::optional<int> o(1) ;
// true
bool bl = (0o ==1) ;
// false
bool b2 = (0o == 0 ) ;
// o BEEFRIFL WV
o.reset() ;
// TOEICHHH ST false
// false
bool b3 = (0o ==1) ;
// false
bool bd = (0o ==0 ) ;

}
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4.3.15 make_optional<T> : optional<T> &Rd

template <class T>
constexpr optional<decay_t<T>> make_optional(T&& v);

make_optional<T>(T t) | optional<T>(t) K7,

int main()

{
// std::optional<int>.{EId 0
auto ol = std::make_optional( 0 ) ;
// std::optional<double>.{&l 0.0
auto 02 = std::make_optional( 0.0 ) ;
}

4.3.16 make_optional<T, Args ... > : optional<T>% in_place_type 8% UL
TR
make_optional DHFE—5 AT AITIE V4. in_place_type M§EE 3 5 4 — /v —
0 — FRIEAEIEN D,

struct X
{
X( int, int ) { }

int main()

{
// std::optional<X>( std::in_place_type<X>, 1, 2 )
auto o = std::make_optional<X>( 1, 2 ) ;
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string_view : XFS5 v I/\—

string_viewﬂi\ prassicl (char,wchar_t,charlS_t,char32_t) D L 72 HF T
KHEN7FINIH§ B IBO LTI E 2 — 2 fflt§ bo CFFNIFTA L2V

5.1 #EL\LWA

S L7 M OB % o 7 L5 HIOFRFEIR S E ST h b, O+t TR
LRI 2 L FFI OFEIITHE L LT, null 0 5 N LR ORI 5 .

char str[6] = { ’h’, ’e’, ’1’, ’1’, ’0’, ’\O0’ } ;
HHWIE, LTFHOBRY EXTFHTEIATLZ LD L,

// size X F#
std::size_t size

char * ptr ;
COEIBFERECHLVWEFERTLOEHBEALDOT, 7IATELI L b H D,

class string_type

{
std::size_t size ;
char *ptr

}

COXHIIXTFHAERIAT L HEISEFEED D, INLOTRTUTIEL TS
&L RHOMPZTHEBOA — /-0 — F2NEMEI N TV 2 &Il %,

// null $IHXF5H
void process_string( char * ptr ) ;

/! BINDRA > 5 — EXFH
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void process_string( char * ptr, std::size_t size ) ;
// std::string 77X

void process_string( std::string s ) ;

// BYED string_type 7 7 X

void process_string( string_type s ) ;

// BYED my_string_type 77 X

void process_string( my_string_type s ) ;

string_view (& & £ L L ERHOLFINIR L THMD view ZifHET 22 £ T,
COMERFRTED, bHIEBEDOF —/N—0— FE2REIBINT 2 LT 5V,

// BfE® string_type
struct string_type

{
std::size_t size ;
char * ptr ;
// string_view (CXHIET 3 ZEHEEIEL
operator std::string_view() const noexcept
{
return std::string_view( ptr, size ) ;
}
}

// Zhi12FFTLNn

void process_string( std::string_view s ) ;

int main()
{
// OK
process_string( "hello" ) ;
// OK
process_string( { "hello", 5 } ) ;

std::string str( "hello" ) ;

process_string( str ) ;

string_type st{5, "hello"} ;
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process_string( st ) ;

5.2 basic_string_view

std::string 7% std::basic_string< CharT, Traits > (2 X 3 % std::
basic_string<char> Td % & 9 12, std::string_view b . & D FERE L std::
basic_string_viewDFEERLAD typedef %77,

/! K
template<class charT, class traits = char_traits<charT>>

class basic_string_view ;

/! TN ZhDOXFE Dtypedef &

using string_view = basic_string_view<char>;

using ul6string_view = basic_string_view<chari16_t>;
using u32string_view = basic_string_view<char32_t>;

using wstring view = basic_string_view<wchar_t>;

HOT, @mEIR basic_string_view Tld7% { . string_view & 7* ul6string_view
% ED typedef HA ) T LB RETI string_view 72T EHT 525, ZD
D typedet 4 b LFEIANEH 7215 TH L 72,

5.3 XFIIDFE. FEFA

string_view [ILFFIZITAH L2 \e B &) DIE, XFFIZERBTHA L —
VOMREBEIIEL L W) L, TALZWI LOBRZHVIT 5720
W ETXFHIEE TS 74 77 VIOV CEHAT 5,

std: :string (XTI ZFTE T 5o std::string JAD 7 T ADELEIX, 72& 2 I1XD
TR b,

class string

{
std::size_t size ;
char * ptr ;
public :
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}

string_view : XTI T v /18—

/! XFHNERRT 5 X bL— T DEIVIER

string ( char const * str )

{
size = std::strlen( str ) ;
ptr = new char[size+1] ;
std::strcpy( ptr, str ) ;

}

// AE—

// BIDOR L — & BRIFER
string ( string const & r )

: size( r.size ), ptr ( new char[size+1] )

{

std::strcpy( ptr, r.ptr ) ;
}
/] =T

// FRBHEDHEE
string ( string && r )

: size( r.size ), ptr( r.ptr )

{
r.size = 0 ;
r.ptr = nullptr ;
}
/] WE
/] EEIRBRLU =X L — T BRI
~string()
{
delete[] ptr ;
}

std::string I XTHNEEHT LA ML =TI BIWICHERL. ITET 5, 2 —i
BIOZA P L=V 2RSS0 4—7FTHLERFAML—VOFTHEEERT. TAMT
78— 3L TVRRA ML — YR HET b

std: :string_view {3 FHI Z A L &\ o std: :string_view D 7 7 A DF%
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E, 72 ZIEUTOL )Tk 5B,

class string_view

{

std::size_t size ;

char const * ptr ;

public :

¥

/! RAELEWV
// str DEREDHFHEFUE LAV EEEHD
string_view( char const * str ) noexcept

: size( std::strlen(str) ), ptr( str )
{1}

// IE—
/] AN=ZEDAE—FIFTELVDT default EFT 3213 LW

string_view( string_view const & r ) noexcept = default ;

// L—=TiR3AE-ERL
/! B LEVWOTHEEDEE G &L

// WEE
// FIHEHTHRML—YEN
/! TARZIZ—HMIJETILTEN

string_view (ZU¥ L 72386t L 7 UFRIDOEIIND R A » & —DFdmid, ¥ L7
FEEFO, 2FD, UTO L) a— Fizl#E-sTwa,

std::string_view get_string()

{

char str[] = "hello" ;

/I IT—
// str DHGREBOFVHLTICR- R TRETVD

return str ;
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5.4 string_view D{EEE
string_view DOHEEEICIT 4 TifHD 5

o TT 4 M

o null ¥ S N2 LTFRIOEYINDKRA ¥ 8 —
o LFHDORHNNDRA ¥ 5 — & LT

o LFHN T T AD L OLHREIK

5.4.1 FT )b MESE
constexpr basic_string_view() noexcept;
string_view D7 7 4 )V MEZEIX, 22D string_view Z{E5o

int main()

{
// 2D string_view

std::string_view s ;

5.4.2 null RSN FEDEIINDKRA > 5—
constexpr basic_string_view(const charT* str);

Z O string_view DI Y A T 7 ¥ —IF, null &g SN/ LFRIANORA V& —
IS .

int main()

{

std::string_view s( "hello" ) ;

5.43 NFERADRAVI—EXFE

constexpr basic_string_view(const charT* str, size_type len);
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Z D string_view DI Y A NT 7 ¥ —F, XFHOMII~NDOKRA ¥ & — L XFH%
ZIMBo KA ¥ F —id null #HFEN TR TS L

int main()
{
char str[] = {’h’, ’e’, ’1’, ’1°, 0’} ;

std::string_view s( str, 5 ) ;

5.5 NFIISADSDOEIREIH

MDLTFHN 7 T A5 string_view X 1ED 121X, ZHAE A9 o string_view D
AVALT Ty —id bR,

std: :string | string_view “NOBME LYK — F LT3, MEDO LT
T A% string_view [JHIG S A IO EMBT LMD . /2L ZITPT O L) IFEHRE
é_%o

class string

{
std::size_t size ;
char * ptr ;
public :
operator std::string_view() const noexcept
{
return std::string_view( ptr, size ) ;
}
¥

AT LD, std::string 25 string_view “NDOEIEDTHBIC 2 b,

int main()

{
std::string s = "hello" ;
std::string_view sv = s ;

}

IV ERUGEERMEZIE, MEOXTHN 7 T A string_view ([IHIG S5 Z LA
T&%,
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std::string | string view # % T LIV A NTF 7 ¥ —%FFo>TWLDT,
string_view 75 string ~NOEIR L TX 5,

int main()

{
std::string_view sv = "hello" ;
// AE—&h3B
std::string s = sv ;

}

5.6 string_view DIR{E

string_view (IEFFDIEHET £ 7T 1) O string & 13T CHEEL IR L TV 25,
T2l ZIEA TV —%MWAZ LN TE DL, operator [] TEHEICT I/ EATES
L. size() TEZEHAHES L. find) THEDL TE %,

template < typename T >
void £( T t )

{
for (auto ¢ : t )
{
std::cout << ¢ ;
}
if ( t.size() > 3)
{
auto c = t[3] ;
}
auto pos = t.find( "fox" ) ;
}

int main()
{

std::string s("quick brown fox jumps over the lazy dog.") ;

f(s) ;
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5.6 string_view O

std::string_view sv = s ;

f( sv) ;

string_view [IXFHNZPA L 2O T, LFHa2HFEMR 5 HiEzfR4L Tw

e\

int main()

{

}

std::string s = "hello" ;

s[0] = "H’> ;

s += ",world" ;

std::string_view sv = s ;

/I IT—
// string_view WEZH|ZShH W
sv[0] = ’h’ ;

s += ".\n" ;

string_view [IXFHI AL T, LB L T LT E» 57,

int main()

{

std::string s = "hello" ;

std::string_view sv = s ;

// "hello"

std::cout << sv ;
s = "world" ;
// "world"

// string_view BB LTW3 £

std::cout << sv ;
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string_view | string L IIFHEIEDH B X N—%Ffo TV LA, —EO LT
FAREFET DA N—FHIBRES N TS,

5.6.1 remove_prefix/remove_suffix : 588, KEDEZDHIFR
string_view [IEHEKEL L n HOEZLHIERT 2 2 N —BH &ML T
l/) %) o

constexpr void remove_prefix(size_type n);

constexpr void remove_suffix(size_type n);

string_view |[2& 5T, EEHEKEDNS n HOEZZHIETLDIX, KAV —%
n T HT2T 20T, THIILTFHEFTE L&\ string_view THIT R AIRIET,

int main()

{
std::string s = "hello" ;
std::string_view sl = s ;
// "10"
sl.remove_prefix(3) ;
std::string_view s2 = s ;
// nheu
s2.remove_suffix(3) ;

}

DA Y N—BEUIBEF O std: string I DB SN T 5,

57 1—Y¥-ERUTSI
std::string & std::string_view |[JI3 L —H—EFRY T I U 2NEMS N TV 5,

string operator""s(const char* str, size_t len);
ul6string operator""s(const chari6_t* str, size_t len);
u32string operator""s(const char32_t* str, size_t len);

wstring operator""s(const wchar_t* str, size_t len);
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constexpr string_view

operator""sv(const char* str, size_t len) noexcept;

constexpr ul6string_view

operator""sv(const charl6_t* str, size_t len) noexcept;

constexpr u32string_view

operator""sv(const char32_t* str, size_t len) noexcept;

constexpr wstring_view

operator""sv(const wchar_t* str, size_t len) noexcept;
DTo X9,

int main()

{
using namespace std::literals ;
// std::string
auto s = "hello"s ;
// std::string_view
auto sv = "hello"sv ;
}
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FEO6E
XEU—=DUY—X :
WA NU—IWIRSA TSV

ANy ¥ —7 7 AV <memory_resource> CTEZINTWVEL AE —1) V—AlL, B
MA ML=V MRT 57200 C++17 TEBIMENI2T A 7 F1) 72, ZOFEIZLLT
DEBY,

o TUF—F—IIEDLIHFHLVA LI —T2—AL LTORAEY) =YV —2A
o« RVE—T 4 v 7 RIRLIBECEARICTATOY — 5 —
o HMMETIRMINL S FESE LA/ AT =) V- ADFEE

6.1 XEU—-UDVY—-R

AEY =YY =AE T =5 —IEDLLHF LV AT —HEREBROIDD A~
F—T7x—RELTOMBRT T A, VN VEIZEE R EZ ZFKR) E— 7 4
ALFRIOTOr =% — bV, AT —1) YV — AIFEFTEC BB 22 2 D EHR )
E—T7 4 RAEEFE Lo TV D,

void f( memory_resource * mem )

{
// 10181 FDR ML — T EHER
auto ptr = mem->allocate( 10 ) ;
/] HERUZZX ML — T B BRI
mem->deallocate( ptr ) ;

¥

7 7 A std::pmr::memory_resource DEHFIZILLTDOE B,

namespace std::pmr {
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class memory_resource {
public:
virtual ~ memory_resource();
void* allocate(size_t bytes, size_t alignment = max_align);
void deallocate(void* p, size_t bytes,
size_t alignment = max_align);

bool is_equal(const memory_resource& other) const noexcept;

private:
virtual void* do_allocate(size_t bytes, size_t alignment) = O;
virtual void do_deallocate( void* p, size_t bytes,
size_t alignment) = 0;
virtual bool do_is_equal(const memory_resource& other)
const noexcept = 0;

};

¥
7 A memory_resource & std: :pmr ZHIZZM A T —TOHIIH B,
6.1.1 XEU—UY—ZADEWLSG
memory_resource % ff ) DL H 72, memory_resource D4 7Y = 7 b HHfELR L

726, Ay N—B% allocate( bytes, alignment ) TA ML — T ZMifRT B, A ¥
/N—B8%{ deallocate( p, bytes, alignment ) CTA ML — T %HHT 5,

void f( std::pmr::memory_resource * mem )

{
// 100 NA bDX b L — 2 ZHEMRF
void * ptr = mem->allocate( 100 ) ;
// A BML—T &
mem->deallocate( ptr, 100 ) ;
}

2 D memory_resource DA 7T 7 b a, b WHbEE, — DA TV = M THE
RLZZAML=V% D) —HDA T2/ NTHIRTE S L X, a.is_equal( b ) &
true TR $,

void f( std::pmr::memory_resource * a, std::pmr::memory_resouce * b )
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{
void * ptr = a->allocate( 1) ;
// a THERLAEZXNL—DE b THRTESHD?
if ( a->is_equal( *b ) )
{// T&%
b->deallocate( ptr, 1 ) ;
}
else
{// T&hHW
a->deallocate( ptr, 1 ) ;
}
¥

igmml%@@ﬁfommwr=3:wuuu!=%%@§ﬂf“50

void f( std::pmr::memory_resource * a, std::pmr::memory_resource * b )

{
bool bl = ( *a == *b ) ;
bool b2 = ( *a != *b ) ;

6.1.2 XEU—-UY—ZXDELA

MEDOAEY) —THY — ¥ — % memory_resouce N A ¥ ¥ —7 = — AIHbE
THE% 121, memory_resource % b R4 L 72 L. C. do_allocate, do_deallocate,
do_is_equal ® 3 DO private i} virtual A Y N—F¥ x4+ —N—F 1 FT 5, &
BUIBLTCTANTI 7 =4 —1N—=F 4 F§ 5,

class memory_resource {
// FRH

static constexpr size_t max_align = alignof (max_align_t);

public:

virtual ~ memory_resource();
private:

virtual void* do_allocate(size_t bytes, size_t alignment) = 0;

virtual void do_deallocate( void* p, size_t bytes,
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size_t alignment) = 0;
virtual bool do_is_equal(const memory_resource& other)
const noexcept = 0;

};

do_allocate(bytes, alignment) (47 { & b alignment /XA FTT7 74 X ¥ |
EN7bytes N DA ML —=INDORS V¥ —%3BT AML—IUPHERTE %
ol Eid, WY BS % throw T4,

do_deallocate(p, bytes, alignment) (X FHHIIZ[E U *this 2 SO S 7z
allocate( bytes, alignment ) TR EN7/=KA V¥ — p R T 5. T TR
SNTZRA 7 —p RFEL TUI% O %, FIAMNIEIT 2\,

do_is_equal(other) |&. *this & other NH.\WII—FH THERL/ZZA ML =T %0 )
—JCHERUT E Y5612 true KT,

72 & 21X, malloc/free % i 72 memory_resouce DFEHIILTDOLEY,

// malloc/free Eff>7=XEJ—-UV—-2X
class malloc_resource : public std::pmr::memory_resource
{
public :
//
~malloc_resource() { }
private :
// Z L =T DR
// REU /=154 std: :bad_alloc % throw §
virtual void *

do_allocate( std::size_t bytes, std::size_t alignment ) override

{
void * ptr = std::malloc( bytes ) ;
if ( ptr == nullptr )
{ throw std::bad_alloc{} ; }
return ptr ;

}

// XML —T DERRL
virtual void
do_deallocate( void * p, std::size_t bytes,

std::size_t alignment ) override
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std::free( p ) ;

virtual bool
do_is_equal( const memory_resource & other )

const noexcept override

return dynamic_cast< const malloc_resource * >

( &other ) != nullptr ;

¥

do_allocate (¥ malloc TA L — T &R L. do_deallocate | free TA ML —
VEMBNS 5o AE) =)V —ATONA POAML—VEMHRLEIIELIZEEZD
HEIX R VO T, malloc DEEENIMEE S, malloc id 0 /81 D AEY —ZHELR L &
e Lk &, Cll TIEHENZ Ve POSIX Tld null KA ¥ ¥ —%RKT 0, free
THBTRZMOPOT FLAZET DL LTWvb,

do_is_equal |¥. malloc_resource CIZHIXEDF TV =7 M LIRS Tz
AML =V THo> TCHRETEBLD T, *this ¥ malloc_resource TH LN E ) %
dynamic_cast CTHERAL T\ 5,

6.2 polymorphic_allocator : BIIIRUE—T « ALERIRT 7
Oy—45—

std::pmr: :polymorphic_allocator (X X E1) — 1)V —AZEHWK) E—T 1 AL L
LCIRDH) 7T =8 — 2T 572005475 72,

ROTOr =5 —id, BWE) E—T7 4 AL EEBT L0 ST,
72 & Z IZME D custom_int_allocator M Z V72 WIGEIZLIT O X 9123 <,

std::vector< int, custom_int_allocator > v ;

TN NEHIE) RET AT =7 —=PRETE DL EIIIN T DD, FEfT
Brlc7alr—4 =2 BRLWGE, 7ur—4%—%7 7L — MIEICHUA BT
MEIZ 5,

ZD7H, CH+1T TEAEY =YY =A% I XA NI 75 —FIHUICITY . A E
V=0V =ARLA N =V EERT D2ETHER)E=T 4 v 7 ORLTEET D
std: :pmr: :polymorphic_allocator ANENIE 1172,
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72 X, BHEATINDS true A false WA ENTNICE > T, VAT LDT
T ANV IEDRXEY) —1) ) — A&, monotonic_buffer resource & FITHHIZEI Y Bz 5
IZiE. AT X 5127 %,

int main()

{
bool b;
std::cin >> b ;
std::pmr::mempry_resource * mem ;
std::unique_ptr< memory_resource > mono ;
if (b)
{// FTIANIDAE)—)Y—R%EES
mem = std::pmr::get_default_resource() ;
¥
else
{// B/ P2y TNy T7—%{ED
mono = std::make_unique< std::pmr::monotonic_buffer_resource >
( std::pmr::get_default_resource() ) ;
mem = mono.get() ;
}
std::vector< int, std::pmr::polymorphic_allocator<int> >
v( std::pmr::polymorphic_allocator<int>( mem ) ) ;
}

- =

std: :pmr: :polymorphic_allocator (LT D L HIZEF I N TV 5,

namespace std::pmr {

template <class T>

class polymorphic_allocator ;

¥

T 7L — MEFIHUIZIX std::allocator<T> &M UL, FERT LMAE L 2 5,
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6.2.1 VARSI H—

polymorphic_allocator() noexcept;

polymorphic_allocator (memory_resource* r);

std: :pmr: :polymorphic_allocator D7 7+ WV IV ANT I F =1, AEY—1)
V) — A% std::pmr: :get_default_resource() THUET %,

memory_resource * X 5| BUCINA IV A NT 7 & —ik, EENIAE) =) V=X
A ML — VHERIZHE ) o polymorphic_allocator DA, xE€1) -1 V=2
NDOKRA U F —IEZB RS DOTRIFIULE: S %\,

int main()

{
// p1( std::pmr::get_default_resource () ) &RU
std::pmr::polymorphic_allocator<int> pl ;
std: :pmr: :polymorphic_allocator<int> p2(
std::pmr::get_default_resource() ) ;
}

BITWEEOTOr—F —EFE L LD IIRE D .

6.3 JOJSL2FTEDODNBIAEU—UY—XDEIE
CH++17TlE, 7087 I LK THELNDLAE) —1) V= ANDEAL ¥ ¥ — % Hli5
THIENTE D,

6.3.1 new_delete_resource()

memory_resource* new_delete_resource() noexcept ;

BI%l new_delete_resource [ AE) —1) V= ANDRA V¥ —%BT, I
BHAEY =YV —AE, A ML=V DMERIZ ::operator new iV, AL —TD
R : :operator delete %9 .

int main()
{

auto mem = std::pmr::new_delete_resource() ;
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6.3.2 null_memory_resource()

memory_resource* null_memory_resource() noexcept ;

FA%L null_memory_resource (I X EVY =1V —=ANDRA V¥ —% KT, B
NbHRAEY =YY —ZD allocate 1F4F LM L. std::bad_alloc % throw § 5,
deallocate I H L%V,

COXE) =YV —Ad, A ML= VORI LGOI - NET AT D
HATHEZ %,

6.3.3 FIFILRUY—-X

memory_resource* set_default_resource(memory_resource* r) noexcept ;

memory_resource* get_default_resource() noexcept ;

FTTHNE - XAEY =Y V=R Ry —LiE, AE) =Y V= A BRI
ETDHIENTERVAIL, VAT ADRT 74V M THHTLAE) =) V=2
DRA L F =D 72, WIWEIL new_delete_resource() DENH & %2> T\ b,

BAEDOT 7 ANV E - AEY =YY =R - R V& —WETE720100F, B
get_default_resource # 9o 774 )V - AEY =1V =R - KA ¥ —%MH
DAE) =)V —=RIZELEEZ BH121E, B set_default_resource & fli9) o

int main()
{
/] BEDTITHIVEDAE) =) J—=IANDKRA 22—

auto init_mem = std::pmr::get_default_resource() ;
std::pmr::synchronized_pool_resource pool_mem ;

/] TIAIWEDAE) -V —XEEETS

std: :pmr::set_default_resource( &pool_mem ) ;
auto current_mem = std::pmr::get_default_resource() ;

// true

bool b = current_mem == pool_mem ;
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6.4 BRESATSUDAEU—-DUY—-2R

FHETATTVERAE) )YV —ADQFEEL LT, TV YV—REE/ =7
Y —=2%RM{LTC0DE, ZOAEY) =)V — ZAOFMIRITHERT 205, 22Tl
FOOOFF M E LT, MR XE) =707 — ¥ —— OBz 5,

TR I —E AT =2 5B L TV b, 72& 21847 N1 b &0 151 N A
PO HHEPH AR A XD AT =2 T O L) IZERICHER L T,

int main()

{
auto mem = std::get_default_resource() ;
auto pl = mem->allocate( 47 ) ;
auto p2 = mem->allocate( 151 ) ;
mem->deallocate( pl ) ;
mem->deallocate( p2 ) ;

¥

Lol BEPOHEDN—FT7 7R 0SDAEY) —EFHIZ, T &9 IIFEK
WIETETWRW, 72Lz2IE AT —F77Fvy—L 0STid, AE) —lF—7
FA XEMFEN LB TLDMRTE RV, Z L TIRADAR=TH A4 XTTH 4K N
AP THo/2)T5. bLYATLADOBRMAEAEY) —EHE Mo TLoa— FEFEE
LI ETDL, 4T NS MREDOXEY — %9 DI 3K /N1 MNBOEKIAEL 2
Z kb,

2D T IA XY NOMEDSHD, T—FT77F¥—12LoTEAEY =T FL R
DY T FA XY MIEBEBINTWEWERAE) =T 7 ANTEX L0, FHLL
INTH—RVADBELLI LD D5,
malloc X° operator new 72 EDAEY —7 U7 —% —x, Kk 2 €) —EHEE
L. NS BT A ZDAEY) —FERENRMIIT) 2ODFEEE LT\ ab,

—RAIE, RERER LT FLAZRBOXAE) —2MRL. €ORIERHEO
T—IHEERE) . AT — 2 LBy A X1y B,

/] RRAA=D

// ANL—PEREILTERTS-00Y IR MNTF—21E&

struct alignas(std::max_align_t) chunk

145



BOF AEY—NV—Z: BHWAML—VHERT AT T

{
chunk * next ;
chunk * prev ;
std::size_t size ;
Y

class memory_allocator : public std::pmr::memory_resource

{
chunk * ptr ; // A ML —JDEBADFRA > 42—
std::size_t size ; // AL —=TDHA X
std::mutex m ; // BEEIA

public :

memory_allocator ()
{
/] KREGEFELEZZ L — T ZFER

virtual void *

do_allocate( std::size_t bytes, std::size_t alignment ) override

{
std: :scoped_lock lock( m ) ;
/] VTV RNEREN +RERESORFERBEREREL . V27U X MEEFE
// BELUTGRT
/] TIA4XL RERISEER
¥

virtual void *
do_allocate( std::size_t bytes, std::size_t alignment ) override
{

std::scoped_lock lock( m ) ;

// VTR NP LYY B8 EHIBR

virtual bool

do_is_equal( const memory_resource & other )
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const noexcept override
{
// *this & other THEICX ML —TV 2B TEZ L EI MRT
}
¥

6.5 J—=ILUVY—-2R

T=N) V=AW CHH1T DEET A 7TV HPRPEL T H AT =) V= AD
FETZ, synchronized_pool_resource & unsynchronized_pool_resource ? 2 D78

%%O

6.5.1 7IVIUZXL
T=) V= ZRZLT O X ) e Fos

o T—NWI)V—RADOF TVl "W EINDEEZ. ZOF TV 27 M A5 allocate
THEfR L 72 A ML —21d, BIRAYIZ deallocate X & SRS LS,

void £()
{
std::pmr::synchronized_pool_resource mem ;

mem.allocate( 10 )

>

/] BRULAEZML—VIIEEIND

o TNV —ADOHEERIZ, FRATY )V AR E5 25 ENTEL, T—
WY =2 ERAT) =) V= ANSF Y Y 7 DODA L=V RT 5,

int main()

{
// get_default_resource() HMEbHN 3

std::pmr::synchronized_pool_resource ml ;

/! BMEOLERAEY—UY—XEIEE
custom_memory_resource mem ;

std: :pmr::synchronized_pool_resource m2( &mem ) ;
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o TNV —RABFAM L=V EMRT D LHEAT) =)V —ARL, T— VLT
ENEEBDOA N =D EHRT 50 T—NVIIEHDOT v v 7 2 RFEEL TV 5,
Fx v BEBOR—FA X070y 7 B REFELTWDE, 7=V v — A3 T
% do_allocate(size, alignment) &, 7% < & size N/ bOT Oy 74X
DT =NVDTNHIOF ¥ 7 O70y 2 0E) B THNL,
bL. BmKOTu Yy VA X%BZETAXDA ML —VRERL L) & LY
Gy LEAEY =)V —ADLHEREND,

/] BRAA=Y
namespace std::pmr {

/] FrrTDERE
template < size_t block_size >
class chunk
{
blocks<block_size> b ;

/] T—IVDOEE

template < size_t block_size >
class pool : public memory_resource
{

chunks<block_size> c ;

s

class pool_resource : public memory_resource
{
// ZhEAOTOY 7Y A XDT -
pool<8> pool_8bytes ;
pool<16> pool_16bytes ;
pool<32> pool_32bytes ;

// ERXEV-UV-ZX

memory_resource * mem ;
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virtual void * do_allocate( size_t bytes, size_t alignment ) override

{
/] RT3 TAY 791 XDT =T 4 RISy F
if ( bytes <= 8 )
return pool_8bytes.allocate( bytes, alignment ) ;
else if ( bytes <= 16 )
return pool_16bytes.allocate( bytes, alignment ) ;
else if ( bytes < 32 )
return pool_32bytes.allocate( bytes, alignment ) ;
else
/] ®RRTAy VYA XEBAIDTLERAE) -V —RZT 1 XNy F
return mem->allocate( bytes, alignment ) ;
}
}s
}

o T—V VU — AIIHEHERFIC pool _options HET I LICL D, ATEHY A4 X
ERKTF Y v A XEERETE B,

o YNVF ALY FeLIFOH L TH L4 %0l% synchronized_pool_resource
&L AR RS 22w unsynchronized_pool_resource W5,

6.5.2 synchronized/unsynchronized_pool_resource
7= )V v — X2 1. synchronized_pool_resource & unsynchronized_pool
_resourceV’H b EHEBH L 7 T AZUANRIHELELHIICMHER 5. 72721,
synchronized_pool_resource (IO AL v FOLREFFIZETLTOMERZ S LI 12
PNESCRIHATHL S LTV % DIZxf Ly unsynchronized_pool_resource (& A % 17H
%\, unsyncrhonized_pool_resource [IHMD AL v N2 5 FERZIFOH S 2 & 13

TE R\,

/] REAA=
namespace std::pmr {

class synchronized_pool_resource : public memory_resource
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{
std: :mutex m ;
virtual void *
do_allocate( size_t size, size_t alignment ) override
{
// BT B
std: :scoped_lock 1(m) ;
return do_allocate_impl( size, alignment ) ;
}
Y

class unsynchronized_pool_resource : public memory_resource
{
virtual void *
do_allocate( size_t size, size_t alignment ) override
{
// BERL W

return do_allocate_impl( size, alignment ) ;

6.5.3 pool_options
pool_options ¥ 7 — V) V= ADEHEIFET 572007 7 AT, UTDLIHIC
FEFSN TV 5,

namespace std::pmr {
struct pool_options {
size_t max_blocks_per_chunk = 0;

size_t largest_required_pool_block = 0;

};
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CDIITADF T2 Ve T—= V)Y —=ADIAY AT 75 —|2525 2 LT,
T=NV) V= ADEFE R IRET X S, 7272 L. pool_options |2 L AIREIEXH ET
b HZ T, ERIINED ]|/H L%\,

max_blocks_per_chunk (3. L AE) =)V —ANET—)VOF ¥ ¥ 7 AT
LB —BICHERT 2 RkO T 0y 2572, ZoEREUn, EEOLRLIYKEN
it EREO LRSI G, FERIIWBELD /DS WEEZM) e TEB L. £
2TV ZEIHOMEEE) 2B TE D,

largest_required_pool_block (&7 — WIEHEIZ L o THERS N B IRRKDA L —Y
DY A X7, TOMEYVKREBIAZDA N L —VaMRLELY) ETHE, LiEAE
=AML =VUhLEEHEIND, COEFLEL, EEOLRI) ORE VY
G FEOERPHEONL, EREFBELD DREWHEZfH ) L TE 2,

6.54 D—=)VUY—ZDIAVARSIH—
T=W) V= ADREKN I ANT 75 —1ZUTD L BY, synchronized &
unsynchronized &6 5 & [F U725,

pool_resource(const pool_options& opts, memory_resource* upstream);

pool_resource()

: pool_resource(pool_options(), get_default_resource()) {}
explicit pool_resource(memory_resource* upstream)

: pool_resource(pool_options(), upstream) {}

explicit pool_resource(const pool_options& opts)

: pool_resource(opts, get_default_resource()) {}

pool_options & memory_resource x TIEET o RE L BRWVIEIET 7 4V MH
BEEbNS,

6.5.5 D—=ILUY—ZDXVI\—E#
release()

void release();

FEERL7ZA ML=V RCEMBINT 5o 728 2 BH/RAYIC deallocate ZIFUNH S
TVWRWA ML=V bR 5,

int main()

{

synchronized_pool_resource mem ;
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void * ptr = mem.allocate( 10 ) ;

// ptr 3EE N3

mem.release() ;

upstream_resource()
memory_resource* upstream_resource() const;
REERFICPE L 2 LR A B — ) V= ANOFEAL ¥ F — T,
options()
pool_options options() const;

TR 28 L 72 pool _options 7Y =7 M EH UfEZ KT,

6.6 T/ b=vINyI7—=UY=2X

B M2 I Ny T 7 =YY= AL C++17T THET A 7T ) IEMS N A E
)= —ANFER, 7T A% monotonic_buffer_resourceo

B M=oY T 7= Y= AEEHIZ AT - ERHEL, —RISERT S &
I HBICE L L2 R 3GEI 2 L Cnwd, B/ b2y o Ny 77— U= AT X E
)RS, AT —EHENET/ Moy ZIHMART DT, ORI
TWa,

TRl ZET—ATL 7V =A% TLBICREINS ATV 27 FDIHDR
FL—VEERL. FORBRLIZAN L —VETNTRIRLWEE2E 2 5,
WOAE) =707 —F—Tld, AT —RFEBRTH72012A2F) —&RICHEES
NleTF— e/ 80), T HETHEERI2TNE L5620, ZORLHIEE <
DL TRTOAE) —FE2—FIBHL L voThuE, 7—riEErHNnE
oo VEEWZ )T LLEIT RV, AT —OFHIE, BIZKRS V¥ —=721FT
BQVAN

/] REAA=T

namespace std::pmr {
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class monotonic_buffer_resource : public memory_resource
{

/] EfEUIERRKEX ML —JDERBADKRA > 52—

void * ptr ;

/! BEOKRERX L — T OEBADKAS > 2 —

std: :byte * current ;

virtual void *

do_allocate( size_t bytes, size_t alignment ) override

{
void * result = static_cast<void #*>(current) ;
current += bytes ; // DETHhIET T A > AR
return result ;

}

virtual void

do_deallocate( void * ptr, size_t bytes, size_t alignment ) override

{
// b LB
}
public :
~monotonic_buffer_resource()
{
// ptr DR
}
Y
}

DX, FEARRERE LTIE, do_allocate (IR A ¥ —%INHE L CTEHY
L7272, R SIEBRLESI NS vz, [HADA ML=V R EEHT L0
DT — I LT REEET LD\ do_deallocate (3fMH LV, AT 7 ¥ —
FA ML=V &R EFRT %,

6.6.1 7ILIUZXL
E) b Iy 77—V —AZLUT D L) M EF,

e deallocate UM LIZTD Lave AEY —fHEIZ) YV —ADPHHEINL FT
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EJ My 7T A,

int main()
{

std::pmr::monotonic_buffer_resource mem ;

void * ptr = mem.allocate( 10 ) ;
// B LEWN
/] A=Y RERE LWV

mem.deallocate( ptr ) ;

// mem PTHEINBERICHERLAZZA ML —JIETRTHEEIIS

o XEY) —FERRICH DN Y 77— %5252 ENTEL, AL — VHEROEE
W2y N 77 =2 EDRDHIGEEFIHhOMHET 5. BEDRLVEAITE
TWMATY =YV —=ANENYy Ty —%MELT, Ny 77— oERT S,

int main()

{
std::byte initial_buffer[10] ;
std::pmr::monotonic_buffer_resource
mem( initial_buffer, 10, std::pmr::get_default_resource() ) ;
/! EINy T 7 — b SR
mem.allocate( 1 ) ;
/] EFRAEU-DY—ZNS5ZX M- EFERL THY H L THER
mem.allocate( 100 ) ;
// BEIDZX b —JHETRENHNEZ NS
/] BUNEHFHACERDPSHELTHYET
mem.allocate( 100 ) ;
}

e 1DODAL Y FhbAffi) 2 & RIS SN TV %, allocate & deallocate (&
L 72

o ATV VY —ADPWEING LFEMSNZZTRTOA ML=V TSN L,
BH/REYIC deallocate ZIFIEZ: < TH Ly,
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6.6.2 JIVARSI5—
E)NZvINy T =Y V= ARUTOIAYANT 28 —hid b,

explicit monotonic_buffer_resource(memory_resource *upstream);

monotonic_buffer_resource( size_t initial_size,
memory_resource xupstream);

monotonic_buffer_resource( void *buffer, size_t buffer_size,

memory_resource *upstream);

monotonic_buffer_resource()
: monotonic_buffer_resource(get_default_resource()) {}
explicit monotonic_buffer_resource(size_t initial_size)
: monotonic_buffer_resource(initial_size,
get_default_resource()) {}
monotonic_buffer_resource(void *buffer, size_t buffer_size)
: monotonic_buffer_resource(buffer, buffer_size,

get_default_resource()) {}
WSy 77 =2WOERVWA VAN 75— 3UTOEBY,

explicit monotonic_buffer_resource(memory_resource *upstream);
monotonic_buffer_resource( size_t initial_size,

memory_resource *upstream) ;

monotonic_buffer_resource()

: monotonic_buffer_resource(get_default_resource()) {}
explicit monotonic_buffer_resource(size_t initial_size)

: monotonic_buffer_resource(initial_size,

get_default_resource()) {}

initial_size X, LA EY =)V — AP SRMIHERT I NNy 77 —DH 4 X
(T A X) ey bbb, FRIIONA X, HDVIEEEKEOT A X%
Ny 77—t LTHRET %,

TI74NbIYANT 7 E =3 R AEY — 1)V — AT std: :pmr_get_default_
resource() X 5-2 72D L [ UEE)IZ %% 5,

size_tl DF2FEWAL IV AT 7 ¥ =, A X723 %252 THRIZT 7+ v
L7 R s 238
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Ny 77 —%WAEI VAT 75 —EIUTDEBY,
monotonic_buffer_resource( void *buffer, size_t buffer_size,

memory_resource *upstream) 5

monotonic_buffer_resource(void *buffer, size_t buffer_size)
: monotonic_buffer_resource(buffer, buffer_size,

get_default_resource()) {}

MEINY 77 —1ZHRET FL A% void * TEL., 2OV A X% size_t #IT
T

6.6.3 ZDhDIERE

release()

void release() ;

AU N—B release 1Z. L) V—ADNSHEREINIZZA ML= D2 T XTHRT
%o HI/RAYIZ deallocate ZIFUNHI L TWARWA ML=V { RSN 5,

int main()

{
std::pmr::monotonic_buffer_resource mem ;
mem.allocate( 10 ) ;
/] AML—=VREINTEBEND
mem.release() ;

}

upstream_resource()
memory_resource* upstream_resource() const;

A v N— A% uptream_resource 1d. FEEEREICE X N2 B AEY — ) VY — AN
@ﬂ'f4 .‘/y“_‘%i)):‘j_o
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WHI7 LU X L

PH TN TY X40E CH4+17T TEMENTZZFLVIA TV, TOFA4 751
BETED <algorithm> (2. AGHIFEITRLZ BINT %0

7.1 AFHIKFTICDOWT

CH++11 Tid, ALy FE R EN S N, BEOFTEAARDFIRIZFEIT SN
B L) BEED C++ FEBBIZ A o 720

CH++17 Tlx. BEFO 7V T X412, WHIFETRRASEI S 7z,

72& z13E. all_of (first, last, pred) &9 7))L TV X AlL, [first,last) D
XHENZETH L0, TRXTDATL—%— i [T LT pred(*i) 2% true ¥R & X,
true iR 9 . ENLUSNOHEL false ZR T,

FTRTOMEA 100 Kl TH L0 L) hEMDLIIE, LT L) I12FH,

template < typename Container >
bool is_all_of_less_than_100( Container const & input )
{
return std::all_of( std::begin(input), std::end(input),
[1C auto x ) { return x < 100 ; } )

s

int main()
{
std::vector<int> input ;
std::copy( std::istream_iterator<int>(std::cin),

std::istream_iterator<int>(), std::back_inserter(input) ) ;

bool result = is_all_of_less_than_100( input ) ;
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std::cout << "result : " << result << std::endl ;
}

KEOHEMETIE, I 2 —F — IV TF I TR . FEICERD
ALy FREFTTEDL LI ol EoFLZOMHE 25D AL vy FTEFILL
THLEI.

template < typename Container >
bool double_is_all_of_less_than_100( Container const & input )
{

auto first = std::begin(input) ;

auto last = first + (input.size()/2) ;

auto rl = std::async( [=]
{
return std::all_of( first, last,
[1(auto x) { return x < 100 ; } ) ;
LD

first = last ;

last = std::end(input) ;

auto r2 = std::async( [=]
{
return std::all_of( first, last,
[1(auto x) { return x < 100 ; } ) ;
1)

return ri.get() && r2.get() ;
}

HAHIEE. ETHhbhDIc{ vwa— N7,

FHEOIAYE2—F—D CPUIR2O0OWIHIT, 4 OOmMIAT 2> T15D
T, 4 ALy FFECHEBHICENETTE S, FEDMHo i Iy a—¥—%, Xk
DEMRETESICL DAL Y FEFBFICETITRRZS 5o ETHICRAKOMEL M
FTEICTELLTHE>TAH L),

template < typename Container >
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bool parallel_is_all_of_less_than_100( Container const & input )
{

std::size_t cores = std::thread::hardware_concurrency() ;
cores = std::min( input.size(), cores ) ;

std: :vector< std::future<bool> > futures( cores ) ;

auto step = input.size() / cores ;

auto remainder = input.size() % cores ;

auto first = std::begin(input) ;

auto last = first + step + remainder ;

for ( auto & f : futures )

{
f = std::async( [=]
{
return std::all_of( first, last,
[1(auto x){ return x < 100 ; } ) ;
)
first = last ;
last = first + step ;
}

for ( auto & f : futures )
{
if ( f.get() == false )
return false ;
}
return true ;

}

b bUIDhe s,

O L) RIIULEFNEFNRO T IV TY X LR L CHBITHEET B O mE 72,
ZZ Ty CH+17 TIHEHRETHHIET L T N BI5 7)) X4 (Parallelism) %%
BNz,
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7.2 LA

TEHTNT) ZLNEFHFEOT VT AL DF—N—0— K& LTEMENTVS,
DTIEBEDOT VT XA THAbH all_ of DEHE,

template <class InputIterator, class Predicate>

bool all_of(InputIterator first, InputIterator last, Predicate pred);
WHI TN TY) LD all of EUTDLILREEICH 5,

template < class ExecutionPolicy, class ForwardIterator,
class Predicate>
bool all_of (ExecutionPolicy&& exec, ForwardIterator first,

ForwardIterator last, Predicate pred);

WH TN TY XL2UE, 7> T b— MREGIEE LT ExecutionPolicy 2SBHIE 41T
WCH—FIHUCN S o TREFETRER) ¥ — LR,

FATHER ) ¥ — & <execution> TERINTWLHEKT 4 A8y FHO Y FHIT,
std::execution: :seq, std::execution: :par, std::execution: :par_unseq BH 5o

BEOAL Y FIZLBIEFFEFTE21T9 121, std: :execution: :par &9,

template < typename Container >
bool is_all_of_less_than_100( Container const & input )
{
return std::all_of( std::execution::par,
std: :begin(input), std::end(input),
[1( auto x ){ return x < 100 ; } ) ;
}

std::execution::seq ¥ T LM HFEOT NV IT ) AL ALY =7 v
¥ WVEAITIZ % b, std::execution::par X E T L X TFT L VEITII L S,
std: :execution: :par_unseq (IIFIEITNDONRT MIVETICR S,

CH+ITIZIRFETRY ¥ =% 2D 7 VT ALOF —/N—1— FEHKHEIN S
nTwb,
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7.3 WFIFZILTVU X LE¥H

7.3.1 WHFPIWITUXL

WH 7V T X L (parallel algorithm) & 13 . ExecutionPolicy (FEAT R 1)
V=) bW T YT L= MG A= DB LW T TV b DT, BAF
? <algorithm> & C++14 THEIMSNA—HOBEET > 7L — F25, BH 7V TY
AL LTV 5,

WHITNTY ZLEA T V=% — A EED SN E, 2—F— DR 258
A7V MCXB8ME A EEDSNABEHA 7Y 27 M T 58I L -
TCATV 27 VT 72 AT b0 2D &) BN E. EHRKT 7 £ AL (element
access functions) &5,

7ok 213, std:isort IZLLTF D X ) REHRT 7 L A Foo

o TUTL—IMEBIHMTHEAONIZT VS AT VAL TL—4 —
o HRIIHT A swap FEL O
o L—H—JRME N7 Compare ¥4 7T =7

WHNTIVT) X LA BERT 7 - ABEIE, LHIFETIZHD S ST ARHF 20
2SI bR,

732 1-Y—RHIIEBATI I Ol

HTNIT)ZALDHIE, 77T L= b )XNTF X =% —%H | Predicate,
BinaryPredicate, Compare, UnaryOperation, BinaryOperation, BinaryOperationi,
BinaryOperation2 & 2> T2 dDIE, A7V s M e LT —HF =237 1T
ALRET 25D TH B, DX Ha—HF—REOHEA 7Y =7 Mid, A5
TN T ZMETERORKIND 5o

o ERIHBTEZONA TV 27 PEER, BEICEHEL IR 2N
o ERIHBTEZON ATV 27 FO—BMIKEL TI RS0
o« T—IHALFEY

—EOEEH A TV T ZLEZBI L H LA, I FEAEDEH TNV ITY AATIHE
ORI Z 72 S 2L 5 v,

EFHTCEAONAEA TV oV MEERE. BECEELTEAS KWL
I—F—REOELF 7TV 2 MEEFRTEZON ATV 2 M ERERE, B
WCEBE L TR b v,
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2F0, LFD X9 % a— NidaEE2,

int main()

{
std::vector<int> ¢ = { 1,2,3,4,5 } ;
std::all_of ( std::execution::par, std::begin(c), std::end(c),
[1(auto & x){ ++x ; return true ; } ) ;
// T7—
}

ZhE, VRO KA 7V 2 7 P AFEFIHE lvalue V) 7 7 L Y ATRUT
WoTEHELTWEDT, WHIT VT X LDHIK &7z & v,

std::for_each |34 7 L — 4% — AW L ER L BETHE, - -0k
FTT7V 20 PHPEFBEEET H I LR,

int main()

{
std::vector<int> ¢ = { 1,2,3,4,5 } ;
std::for_each( std::execution::par, std::begin(c), std::end(c),
[J(auto & x){ ++x ; } ) ;
// OK
}

I, for_each IR EZFD L HIZED SN TWE DS,

KW TEASGNEATO 27 FO—EMICEKELTEES L

I EORHF 7Y 2 7 NEEFHTH R ONIF TV s b O—BHITK
LIRS v,

ChEEIVHI eI b, HERREINBTESNF TV FOT FL
AP LT, EOT FLART VT ) ALCEL/2A TV 27 bOT FLALFL
ThHoHrIEEMHFETLL )R- FEELZENTER Y,

int main()
{
std::vector<int> ¢ = { 1,2,3,4,5 } ;

/! BREDER DK 2—
int * ptr = &cl[4] ;

std::all_of ( std::execution::par, std::begin(c), std::end(c),
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[=]1( auto & x ){
if ( ptr == &x )

{
/] REDEZR LD THR & NE
// T7—

}

)
}

CHIEBENE VD L, BH TN TY XLZZFOBFTIMHEO—FEE LT, BEoa
V=% L, OO —%2—HF—REOEHF 7Y 27 METHS Lk wvhy
572,

/] EEAA-T

template < typename ExecutionPolicy,
typename ForwardIterator,
typename Predicate >
bool all_of( ExecutionPolicy && exec,
ForwardIterator first, ForwardIterator last,

Predicate pred )

{
if constexpr (
std::is_same_v< ExecutionPolicy,
std::execution::parallel_policy >
)
{
std::vector c( first, last ) ;
do_all_of_par( std::begin(c), std::end(c), pred ) ;
}
¥

CDID, ATV VO—EBHIKFE L/ -a—-FE2HELZLIITE LV,

T —4aua EFEH
std::execution: :sequenced_policy X {#¥ L7z3BF| 7L T A AL B HEHRT 7 4
ABE OO LIEIFH LA L Yy RTETSND, /3T LIVEFTTIE LV,
std::execution: :parallel_policy X% L7-EF| 7NV T XA AICL B EHRT 7 LA
BBOFO Lid, IO LA Ly B2 94 77 VHITESNI AL Y FOWT
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NHhTEFTENL, FNFNOEET 7 L ABBOIFOH LOFRBIZED S Twi
Vo ZD7D, BERT 7 ARBET - EAR Ty Fay s eI &Il
RUITIUT R B 7\,

DTFoa— a7 = Bahr58ETA2OTLI— L% b,

int main()

{
int sum = 0 ;
std::vector<int> ¢ = { 1,2,3,4,5 } ;
std::for_each( std::execution::par, std::begin(c), std::end(c),
[&]( auto x ){ sum +=x ; } ) ;
/] I7—.T—4RE
}

LR B, - REOMEY 7Y 27 MIEBO AL v P SISO
ENDDL LNV b7

std::execution::parallel_unsequenced_policy DETIIE D> TnbhH, K#LE
DALy FPLEMENZVETPHFIN TV L, T, /¥T LIVARY FVFEST
THREL TV B FTEMEDNAL v FO L) RIRVFEITRIED & 2 FATEAETIEZ <
SIMD % GPGPU O & 9 %1 THWETHAETH 59 572,

ZOFER, BRET 7 L ABMBUTHEEO T — 8607y Fu v 7 2 o 0Tk
FTORNGLL b, 2E%RLIE, ALy FIZFETOEPIIHET L CHORME L72Y
ERCEACY

7ol 2 BT oa— FiEEnrkzv,

int main()
{
int sum = 0 ;

std: :mutex m ;
std::vector<int> ¢ = { 1,2,3,4,5 } ;

std: :for_each(
std::execution: :par_unseq,
std: :begin(c), std::end(c),
[&] ( auto x ) {
std: :scoped_lock 1(m) ;
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sum += X ;
)
// IT7—
}

Z @3 — Nl parallel_policy & H i, FERIFMTIEH 2 25 ME LR (R E N T
T— Y56 % CE < 2—F7Z, L2 L. parallel_unsequenced_policy TIIBjA 7%
Vi, 7 HIEL mutex D lock &\ ) [l % 3 5 BE IO H 572,

CH++ Tid A b L= VORI OFMIT 28T 1 7)) OB¥E 3T,
N7 P VALIEZ 4 (vectorization-unsafe) 1253 L TWbo N7 M VLIER L% B
#5413 std::execution: :parallel_unsequenced_policy DEH 7 7 & ABIEA TIF O
M2 &l TE RV,

733 BI5

WHNT N T XL DFEITHIZ, —FEXE ) — OFERP LI % o 72D TR T E v
¥4 . std::bad_alloc » throw S5,

WH TN T XLOEFTHIC, BET 7 v ABRBOIMIBNI T S -6
std::terminate AMFIEIL S,

734 FR{ITKRUY—
FEIFRY) ¥ —1EANYy ¥ —7T 7 1)V <execution> CTEZEINTV5L, ZDOEFHEIZLL
TOEIITHhoTV S,

namespace std {
template<class T> struct is_execution_policy;
template<class T> inline constexpr bool

is_execution_policy_v = is_execution_policy<T>::value;
namespace std::execution {
class sequenced_policy;
class parallel_policy;
class parallel_unsequenced_policy;
inline constexpr sequenced_policy seq{ };

inline constexpr parallel_policy par{ };

inline constexpr parallel_unsequenced_policy par_unseq{ };
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is_execution_policy traits
std::is_execution_policy<T> ¥ T NEATKRY) ¥ =B TH L H &) nE KT

traits 72,

// false

constexpr bool bl = std::is_execution_policy_v<int> ;

// true

constexpr bool b2 =
std::is_execution_policy_v<std::execution::sequenced_policy> ;

S — b REFRY Y —

namespace std::execution {

class sequenced_policy ;

inline constexpr sequenced_policy seq { } ;

}

= Y AEFFRY) Y=k, WH TN T ZANIINNT L VEFTEITDE R WD
RV =72, TOEFR) V=ESNIEGE, WBIZFOHLITOAL Y FE2TT
ThbNh b,
INTLIVRITRY ¥ —

namespace std::execution {

class parallel_policy ;

inline constexpr parallel_policy par { } ;

}

NG UIIVEFTRY P —1d, BHIT N T X2 T LIVEFT 2 {TbE L7200 R
V=7, TOFETRY) V=P ESNE MEIEFOCH LICOA Ly FE, 47
SUMEK L72A LY FEHAWS,
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INTUIFEDY = 2 ARITRY ¥ —

namespace std::execution {

class parallel_unsequenced_policy ;

inline constexpr parallel_unsequenced_policy par_unseq { } ;

}

IRTVUNIEY =7 v AFEATRY) V=&, WHI TN T) XLI8T LIVELFRONRY
MVEFRTDELIZDORY) =72, TOEFTRY L —EINBE, WRIIE
BoAL vy K&, SIMD % GPGPU O & 9 N7 MUVETIZ L 25 LEIT S o
RTRUS—FTT 1T b

namespace std::execution {

inline constexpr sequenced_policy seq{ };

inline constexpr parallel_policy par{ };

inline constexpr parallel_unsequenced_policy par_unseq{ };

¥
FETRY V- oM EREE < ORI,
std::for_each( std::execution::parallel_policy{}, ... ) ;

s

ED/O, -G ATITVIFETR) Y —DF 727 P2 HABE LTS, seq &
par & par_unseq ’® %o
std::for_each( std::execution::par, ... ) ;

H

FBHTNT) XL ZMFH 2L, ZOF TV 27 FEEFITNTY) XLDOE—F|HIC
BT LIl b,
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F8E

P DIFTREIENET

CH+17 TUEEF O BEEHE (mathematical special functions) 23\ 5 —7 7
AV <cmath> (2B S N7z,

Bt oW nBEE, WINROEL AR - T, BEDOFEL L. &R 3E/ s
BREIOR)HEE L TR,

B ORI double, float, long double D 3 DD F —/N—"— Fi3dh %,
FNEN, BELORBIC, MR, £,1 EWIV T4 v 7 ATRBEIN TV,

double function_name() ; // fAIHHL
float function_namef() ; // f
long double function_namel() ; // 1

HFEOHRBBOHRAIE. BEOES. SE. B0, EEISH 5.

b L. HEFEOBREEICEE L 729514 NaN (Not a Number) TH 24, B
DORVED NaN (274 b, 7272 LERBT I — 13RI 5%,

ZNLNOBHET, BB EFRRT T — 2R _&E L 2T,

o BBORYEDOTR T, EFREAVR SN TV THEFBAVR S hzEl ez
L&

o FERIHUTISS 2 B BOMROMENIFLuOERT 2 &4 & &

o FEDIHUIISS B BFRHHOMERDEPIBFAMIER SN TRV E &

FlER SN TV RWIEE, BEIETXTOEROME, BOMEK, IEDOMEERIZH L
THEHRSINT VD,

BerBBrsG 2 DN EIBOBEIZN LTER SN TV  Ew) L&, ZRIEHUT
DNTNPTH b,

o EGBOHEDEGITH L THIRMIZERIN TV S
o FHETEEIKA L 2 WEEBRIEASFTE S 5
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HHEFOREHESEERK (implementation-defined) T BHE. TOMEIT
C++ FHEFR CEREINT, C++ ERIEEDLHIZEELTH Lvb v ) B,

8.1 S4'—)LZIAX (Laguerre polynomials)

double laguerre(unsigned n, double x);
float laguerref (unsigned n, float x);

long double laguerrel(unsigned n, long double x);

$HER  FEG ¥ n, x 135 77— WEIHK (Laguerre polynomials) % &89 5,
RWE: d
ez n
tnl@) = T dam
nnrkxs3b,
AE 0 >=128 DL ZOMBOITFUH L OWRITERERETDH S,

(2"e™®), foraz>0

8.2 S45—)LUEEZIAEI (Associated Laguerre polynomials)

double assoc_laguerre(unsigned n, unsigned m, double x);
float assoc_laguerref (unsigned n, unsigned m, float x);

long double assoc_laguerrel(unsigned n, unsigned m, long double x);

SR D EG $n, m, x 1S5 T 77— WL THIL (Associated Laguerre polynomials)
ZEIHET 5o

RV E
dm

Ly (z) = (—1)7”@

Lytm(z), foraz >0

nnm¥markx&d b
FEE o >=128 3 L<id n>=128 Dk XOMEIFOH L OxhRITFEEHRT
%50

8.3 WY+ RILZIER (Legendre polynomials)

double legendre(unsigned 1, double x);
float legendref (unsigned 1, float x);
long double legendrel(unsigned 1, long double x);

SHER FEFIE L, x 1T AV Y ¥ v FIVETHR (Legendre polynomials) %59 5,
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8.4 VT ¥ ¥ FIVEEI% (Associated Legendre functions)

1 4,

Pe(z) = 200 dat (2 = 1)¢, for |z| <1

I%1,0%x L35,
EE 1 >= 128 Ok XOMBONUH L ORI EEERTH 5,

8.4 LI+ RIVBEEIEL (Associated Legendre functions)

double assoc_legendre(unsigned 1, unsigned m, double x);
float assoc_legendref (unsigned 1, unsigned m, float x);

long double assoc_legendrel(unsigned 1, unsigned m, long double x);

TR D FEFIH L, m, x [T AT v FVEEBIEL (Associated Legendre functions)
ZERT %,
RYE :

d— Pe(z), for|z| <1

PP (e) = (1—a?)™? —

lZ1,m%Ema%xx &35,
AEE D 1>=128 0L ZOMBIFOH L OXhRIIEEERTDH 5,

8.5 ERKEILY v RILBEESEL (Spherical associated Legendre

functions)
double sph_legendre( unsigned 1, unsigned m, double theta);
float sph_legendref( unsigned 1, unsigned m, float theta);

long double sph_legendrel( unsigned 1, unsigned m,
long double theta);

SHER : E514 1, m, theta (theta DHALIIT V7 ) 1T HEREIV Y v » FIVEEEY
#% (Spherical associated Legendre functions) % &153 %,
RVE :
Y7'(6,0)
ok E,

1/2

2 1 — ! )
(26+1) (€ —m) Py (cos 9)6""‘/), for |m| < ¢

4 (L+m)!

l%1,m%m, 0% theta £ T 5,
AR 1>=128 DL ZOMBOIFTE L OBRITFEREERTH S,

Y7 (0.6) = (1)
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FRTFAAIRI%L (Spherical harmonics) Y7'(0,¢) (. T O X ) 2B EEH£T %
CLILEoTREEETE %

#include <cmath>

#include <complex>

std::complex<double>
spherical_harmonics(unsigned 1, unsigned m, double theta, double phi)
{

return std::sph_legendre(l, m, theta) * std::polar(1.0, m * phi) ;
}

VI x v FVESEE D BIE,

8.6 IJV=— b1 (Hermite polynomials)

double hermite(unsigned n, double x);
float hermitef (unsigned n, float x);

long double hermitel(unsigned n, long double x);

SR D EF 0, x IZFFT 5TV I — FLIERX (Hermite polynomials) #5153 %,
RY1E:

n ;
odn e

H,(z) = (—1)"e e e

n¥nrxx&35b,
AR n>=128 DL ZOBFOIFOH L O RIIFEEERTH b,

8.7 ~N—%F9# (Beta function)

double beta(double x, double y);
float betaf (float x, float y);
long double betal(long double x, long double y);

B L FEG Ex, y 1T B RX— 5 % (Beta function) %EHT 5,
RVY1E:

B(z,y) = forx >0, y>0

rExyky&Th

172



8.8 5 1 flisE&5Mfi% (Complete elliptic integral of the first kind)

8.8 £ 11ETLIEMESD (Complete elliptic integral of the first

kind)
double comp_ellint_1(double k) ;
float comp_ellint_1f(float k);

long double comp_ellint_11(long double k);

PR FED Ik 1T 555 1 SIS (Complete elliptic integral of the first
kind) ZFHT %,

RVE:
K(k) = F(k,m/2), for k| <1

kxx &35,
81 AR SEERE MR b SR,

8.9 52 EELIEMIESD (Complete elliptic integral of the
second kind)

double comp_ellint_2(double k) ;
float comp_ellint_2f (float k) ;
long double comp_ellint_21(long double k) ;

SHER T FEBIF e 1T A8 2 HsE AR5 (Complete elliptic integral of the
second kind) %&H T2,
RVE:

E(k) = E(k,nw/2), for k| <1

kxk &35,
8 2 Tt arg MR b B,

8.10 2 3 IE21EMTES (Complete elliptic integral of the

third kind)
double comp_ellint_3(double k, double nu);
float comp_ellint_3f(float k, float nu);

long double comp_ellint_31(long double k, long double nu);
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R FET Lk, nu IS 555 3 FE2FEMFE S (Complete elliptic integral of the
third kind) %&8H T %,

RVfE:
N(v, k) =N(v, k,7/2), for k| <1

kxk vinubd b,
5 3 A b 2.

8.11 £ 1EBAT2IEMTES (Incomplete elliptic integral of the

first kind)
double ellint_1(double k, double phi);
float ellint_1f(float k, float phi);

long double ellint_11(long double k, long double phi);

$HER  EDIH k, phi (phi DHALIZT V7 ) 1T 548 1 BAESHEHRES (In-
complete elliptic integral of the first kind) % &F8& 3 %,
RY1E :

]
Fkvo) = [ =T forfH <1
0 1—k2sin0

k% k ¢ % phi &£ T 5,

8.12 52 EBATLRIEMTESD (Incomplete elliptic integroal of the
second kind)

double ellint_2(double k, double phi);
float ellint_2f (float k, float phi);
long double ellint_21(long double k, long double phi);

ShER  EB ¥k, phi (phi OHALILT V7 ) 13T 548 2 A E LS (In-
complete elliptic integral of the second kind) % &H 3 %,
RY1E :

¢
E(k,qs):/ V1—k2sin20d0, for k| <1
0

k% k ¢ % phi &£ T 5,
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8.13 % 3 MAELIEMFS (Incomplete elliptic integral of the third kind)

8.13 2 3 EART2IEMES (Incomplete elliptic integral of the

third kind)
double ellint_3( double k, double nu, double phi);
float ellint_3f( float k, float nu, float phi);

long double ellint_31( long double k, long double nu,
long double phi);

SHER : FE5 Ik, nu, phi (phi OHEAIT T VT ») IR 24 3 AT SR MNHES
(Incomplete elliptic integral of the third kind) % &8H 73 %,
RYE:

@
Ny, k, ¢) :/ do , for|k| <1
0 (1—vsin?6)v/1 - k2sin?0

vinu k% k ¢%ophi T D,

8.14 £ 1#&~NvtJLEE (Cylindrical Bessel functions of the

first kind)
double cyl_bessel_j(double nu, double x);
float cyl_bessel_jf(float nu, float x);

long double cyl_bessel_jl(long double nu, long double x);

SHER : FEH [ nu, k I T 55 1 FEAN Y 2IVBIE (Cylindrical Bessel functions of
the first kind, Bessel functions of the first kind) % &1%4 %,
RY1E :

o -1 k(, 2)V+2k
J(z) = Z%, for x >0

viny,rkhx &b,
AE D nu>=128 DL EOBPOFOHE L ORRIZFEEERTH S,

8.15 /A VB (Cylindrical Neumann functions)

double cyl_neumann(double nu, double x);
float cyl_neumannf (float nu, float x);

long double cyl_neumannl(long double nu, long double x);
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SHE : EB [ $ nu, x (ST 5 7 1~ % (Cylindrical Neumann functions, Neu-
mann functions). =D& %4 2 M~y £V (Cylindrical Bessel functions of
the second kind, Bessel functions of the second kind) % &FHHE 3 %,

RYE:

Ju(z) cosvm — J_,(x)
sin v

, for > 0 and non-integral v

N,(z) =

lim Ju(z) cos i — J_u(z)
p—v s pum

vinu xxx&d b,
B nu>=128 DL EOEBONFUH Lo RIZEEEXRTH S,
1Ny VRIS D SR,

for z > 0 and integral v

)

5

8.16 £ 1EEWAYIVEE (Regular modified cylindrical
Bessel functions)

double cyl_bessel_i(double nu, double x);
float cyl_bessel_if (float nu, float x);
long double cyl_bessel_il(long double nu, long double x);

SHER © EL [ $nu, x 1ICRT L8 LHEEN Y IV (Regular modified cylindrical
Bessel functions, Modified Bessel functions of the first kind) % FHE9 %,
RVE:
.7 ) e (m/?)"*Qk
|l/ = v v = PR YA R f Z
(x) =i7"J,(ix) kzok!F(V+k+1) orz >0
via, o xx &5

D nu>= 128 D& ZOBBOIFUH L OFRIIEREERTH 5.
Ty VB 2

—

GH

8.17 HFE2EBEWANvYEIVEE (Irregular modified cylindrical
Bessel functions)

double cyl_bessel_k(double nu, double x);
float cyl_bessel_kf(float nu, float x);
long double cyl_bessel_kl(long double nu, long double x);
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8.18 # 1 fliZk~\ v LV EI%L (Spherical Bessel functions of the first kind)

SIS - FE M, x 1x0HT 55 2 A~ Y £ )IVEIE (Irregular modified cylindrical
Bessel functions, Modified Bessel functions of the second kind) % &H73 %,
RYE:

K, (z) = (7/2)i* T (J, (iz) +iN, (iz))
mloy(z) —1(2)

3 - , for z > 0 and non-integral v
sin v

T 1o@) = (@)
2 p—v sin pum
vinm,rkhxsT b,
AR nu>=128 DL XOMBOFOH L OFRITFEEERTH S,
1Ay VBB, BNy e VBIEL A < B B2

, for x > 0 and integral v

8.18 £ 1 kN v zJLEIEL (Spherical Bessel functions of the

first kind)
double sph_bessel(unsigned n, double x);
float sph_besself (unsigned n, float x);

long double sph_bessell(unsigned n, long double x);

SR FE5 [ En, x ST 55 1 FEER Y 2 )VBIEL (Spherical Bessel functions of the
first kind) %E1HE T %,
RVWE:
jn(z) = (7/22) 20, 1p(x), foraz>0
AE n>=128 0L EOMBOITOH LORRITERERTH D,
1A~y VB 2,

8.19 R/ A< B (Spherical Neumann functions)

double sph_neumann (unsigned n, double x);
float sph_neumannf (unsigned n, float x);

long double sph_neumannl(unsigned n, long double x);

ZHER  FEG | Hn, x 1IZxFT 58K/ A~ Y BI%L (Spherical Neumann functions). 7z
D% 8 2 FHERN v L )VEI%L (Spherical Bessel functions of the second kind) % &t
"%,

177



558 T B O NRIR B K

RW1E:
n,(z) = (7r/2x)1/2Nn+1/2(x), forz >0

n¥nrxx&v5b,
AE D n>= 128 0L ZOBOITFOHE L ORRIZFEEERTH 5,
J A= D B,

8.20 #5EMES (Exponential integral)

double expint (double x);
float expintf (float x);
long double expintl(long double x);

TR FET xS A 3L (Exponential integral) % &S %,
RWIE:
o] e—t

rEx LT b,

8.21 U—It—5E¥ (Riemann zeta function)

double riemann_zeta(double x);
float riemann_zetaf (float x);

long double riemann_zetal(long double x);

TR EF M x 1T B —~ ¥ — ¥ EH (Riemann zeta function) % EH4E4 %,
RVE :

Zk—z, for x > 1
k=1
- IR s
((z) = DG D for 0 <z <1
k=1
21ﬂzflsin(%)r(1—l‘)g(l—l‘), for x <0

T xx &35,
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ZOMDIRES A TS U

-

COETIE C++17 TEBMSNIMP VT A 77 ) %2 T LOTHHT 5.

9.1 N—FRUI7FHEYSX (FrvPa35c,Y)

CHHITIZEN=F Y 27 DOFHE A X EHETET4 T T VDB A>T N—=F
YT OFE A XL, HICF vy v 2514~ (cache line) & TN TV 5%
a7,

BaRME, 20 2017ETIR, AT —ZHBO TRV, Z0O720, 7at -
BEVEEICT 7 EATELF Y vV aXE)—F2HAEL TS, AEY —II8T 5
FrvialddbbBREOT LT 5N MM TIThNS. ZORMAMTNA M T
D DOPIEEMRE, CHFITIZIDOFA ZA2TETEDLITA TT )V A7,

N=F 27 FHEI A4 X520 2 0HHIE 22955, 220047V s -0
Rt Z2FoF v v ¥ 2l 2 uE L e wia 7,

200F TV bD) L, —HITHEICETEL, b))~ HEOoZIETE LW
AT, 2200F 7Y 27 AR LREIEZESF v v ¥ allfllo TWwaiGEe, X<
BHT LA T2 VEEBRLZZTT, o EB L 2wt T 27 b, AE
) — & OFRMIDFEET o

struct Data
{

int counter ;

H

int status

¥

s

Z 2T, counter (ZHHEIILE T 5, status 1D o 72 IZEH L W4, counter
& status OMICHEY R XT 4 Y 7 EFHATLHIET, 220047727 MSHELF
R e kAN S R A B S A
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Z DA 121, std::hardware_destructive_interference_size 23z 5,

struct Data

{
int counter ;
std::byte padding[
std: :hardware_destructive_interference_size - sizeof (int)
15
int status ;
Y

Bz, 2200F 7Y 27 bxE—ORFMEEZFROF v v ¥ 2 ICHE WA,
std: :hardware_constructive_interference_size PEZ 5,

IN= R 27T A X <new> Ny F—TLUTOLIIEFZRSN TV S,

namespace std {
inline constexpr size_t
hardware_destructive_interference_size = EHEIKTE ;
inline constexpr size_t

hardware_constructive_interference_size = EZE&KTF ;

9.2 std::uncaught_exceptions

C++14 FTiE. £7 catch SN TV WHEIHND D 55 A 1d. bool std::
uncaught_exception() CHIET 5H T LATTE 72,

struct X
{
~X0
{
if ( std::uncaught_exception() )
{
/] FARNZIE—E Xy IT T4 2T 1 2 JHRICEEN
}
else
{
// BEDIEE
}
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9.2 std::uncaught_exceptions

¥

int main()

{
{
X x;
Y/ BEOEE
{
X x;
throw O ;
Y/ RByITLIA T4 L
¥

bool std::uncaught_exception() l&. C++417 TIIIEHEIIR N IT R o720 TR
BEIE S5 FaAKR TS,
BEILOBH E L Tld. HICLUF D X D I THRIZI TRV 6 72,

struct X
{
~X0O
{
try {

// true
bool b = std::uncaught_exception() ;
} catch( ... ) {}

¥}

D7, int std::uncaught_exceptions() 2SH 72BN S 7/z. T OBKUIIH
1E catch EN TV WHISLOREE % KT,

struct X
{
~XO
{
try {

if ( int x = std::uncaught_exceptions() ; x > 1)
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{
// X M h=fHs
}
} catch( ... )

9.3 apply : tuple DEFRZXS|HICRHARZIFULHT

template <class F, class Tuple>

constexpr decltype(auto) apply(F&& f, Tuple&& t);
std::apply | tuple D ZNZNOEF % NERF ICHES [FUZHE L TR IFOR 3~
)I//\Ob_'ﬁaiifjo
HHEERN D tuple t LA 7V 27 b £ 123 LT, apply( £, t ) &,

£( get<0>(t), get<i>(t), ... , get<N-1>(t) ) DL I f ZHEIFOH LT %,
K

template < typename ... Types >

void f( Types ... args ) { }

int main()

{
// int, int, int
std::tuple t1( 1,2,3 ) ;
// £C1, 2, 3) OEHEFUTHL
std::apply( £, t1 ) ;
// int, double, const char *
std: :tuple t2( 123, 4.56, "hello" ) ;
// £( 123, 4.56, "hello" ) MEAMEUHE L
std::apply( £, t2 ) ;

}
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9.4 Searcher : 3%

9.4 Searcher : 1&ZE

C++17 TlE <functional> |l searcher £\ 74 7 J YNBSS N7z, Tt
WEFO&H L+ 7T 27 POERII, HIMAEE U5 —) PEEFNTVDIHNED
PEMEBET L2ODT AT T2, TOfd—KIZRICHINI L TYIMEE %5,

searcher DEARM LT L LTIE, 79 ADF TV 27 baMEL T, 32 A b
T8 —THRELIWEGEES 3% =) %52, operator () TEBHTHEENEHZE
NTCVBEPEMBELIVEEE5 25,

COERFDTATZ)AEIMESNHEE, /88 — L ORRD 2O S 2 DHHI
DS IREEL L TREEL TBEZWRRT IV T XA EET B 72072,

9.4.1 default_searcher
7 9 A std::default_searcher I TO LI IZEEEINTW5S,

template < class ForwardIteratorl,
class BinaryPredicate = equal_to<> >
class default_searcher {
public:
// A AT TE—
default_searcher(
ForwardIteratorl pat_first, ForwardIteratorl pat_last

, BinaryPredicate pred = BinaryPredicate() ) ;

// operator ()
template <class ForwardIterator2>
pair<ForwardIterator2, ForwardIterator2>

operator() (ForwardIterator2 first, ForwardIterator2 last) const ;

s
IAVAMNT T E —THGEETZITI S, operator () THEEZZITHY ., T4
G Ny —=2) E—RLEEIEA T L= —DXRTTRT, AOonbhngse, [

T L =% —OXTIX [1last, last) (I > T\W5b,
YT L)z,

int main()
{
std::string pattern("fox") ;
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std: :default_searcher

fox_searcher( std::begin(pattern), std::end(pattern) ) ;
std::string corpus = "The quick brown fox jumps over the lazy dog"

auto[first, last] = fox_searcher( std::begin(corpus),
std: :end(corpus) ) ;
std::string fox( first, last ) ;
}

default_searcher DRF L, PIFIIZ std: :search 2MibiL 5,

9.4.2 boyer_moore_searcher

std: :boyer_moore_searcher I3 Boyer-Moore LFEHIER 7V T X L % > THB
TEEDHREEZIT) -

Boyer-Moore XFEHIIREE 7 )V T X 230D TRIRM 2 XFFIREO TV T X
272, Boyer-Moore 7V 1) X 413 Bob Boyer & Strother Moore 12 X > Tl &
1. 1977 4@ Communications of the ACM THRE 7z FOWNEIZL T URL
THOEZENTE D,

http://www.cs.utexas.edu/~moore/publications/fstrpos.pdf

BB ICERE LACFHVIRE TV TY) AL ITRBETRERGLTFY] O35 —2) =2
FRZEOLFH] (T—/3R) D HHETEE, /\7—/@5'6»50)1%%3—/\X®5EEE75‘

GIEICER L T &, Bopiud 2 CFEHUED =BT 208 a5,

Boyer-Moore 7V T X L1335 — /0)3!5 DILFEDPSHRDL, LFEP—BH L2
FIUE, X8 — O HTHIAR—HTH S L DD o TVERSZITOXT % e
AT, T ~JZoTxf]bﬁﬁ‘]&i%?“ﬁ?‘%%fﬂbfb‘%o

Boyer-Moore 7V 1) X ZIHRIZ/NF — 2 O EOLFENR—F 7 SISt
BEFTIHARITE DD E VI EREFRH L2007 — TV EENT 2 LEDVD
%o ZD72, Boyer-Moore 7 )V T 1) A LI A E ) — & & Mgkl o e &
W) TR MDD DL, TOITAME, LI DRBLRRICEDHEKTE S, FFIZ, 3
= BBV A IR,

C++17 12 A% Boyer-Moore 7 )V T A LD CHERIE, 7 7L — & flio
7207 char RO X9 R IRBER O D 2 RIS Lf@%i%f:‘w‘f g N A
Vakfiolinyavy TOL) TSGR 2L ) EROBIIHIG
TEDIHMEBRETII %2 Tnb,

27 A boyer_moore_searcher (ILL D X H IZE

UHll

ENTWwa,
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9.4 Searcher : 3%

template <
class RandomAccessIteratoril,
class Hash = hash<
typename iterator_traits<RandomAccessIteratorl>::value_type>,
class BinaryPredicate = equal_to<> >
class boyer_moore_searcher {
public:
// AR T T~
boyer_moore_searcher(
RandomAccessIteratorl pat_first,
RandomAccessIteratorl pat_last,
Hash hf = Hash(),

BinaryPredicate pred = BinaryPredicate() ) ;

// operator ()

template <class RandomAccessIterator2>
pair<RandomAccessIterator2, RandomAccessIterator2>
operator() ( RandomAccessIterator2 first,

RandomAccessIterator2 last) const;

s

boyer_moore_searcher (X, XFHILAMZH#HTE 2P ZREEFTTODO, Ny
AN S . char Bl & 9 =LY 9 ZREE DD % WIILALDE S G s
{3, std::unordered_map D &£ ) % X EY —HHEZXHIILT X M5 007 — & Hik
o CT—TWVaBET %,

fFivaiid default_searcher LT & A EE DS\,

int main()

{
std::string pattern("fox")
std::boyer_moore_searcher
fox_searcher( std::begin(pattern), std::end(pattern) ) ;
std::string corpus = "The quick brown fox jumps over the lazy dog"
auto[first, last] = fox_searcher( std::begin(corpus),
std::end(corpus) ) ;
std::string fox( first, last ) ;
}
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9.4.3 boyer_moore_horspool_searcher

std: :boyer_moore_horspool_searcher |3 Boyer—-Moore—Horspool %3 7 )L I'1)
A L% flio TEHAEEOME%1T 9 o Boyer—Moore—Horspool 7 )V I X 41t Nigel
Horspool 12 & =T 1980 4FI12FFK X 17z,

£% ! “Practical fast searching in strings” 1980

Boyer-Moore-Horspool 7V T X A IEWHT — 7 WVIfEH 2 £ 1) — i & % H
KL TWBEY, REFEEDSTE Y VF VO Boyer-Moore 7 )V T X L1234 -
TWb, 2F ), FATHRBOMRZHEEICLTAEY) —FHELZHI L ML — P4
THTVIYALEFZ 5o

27 A boyer_moore_horspool_searcher DEFIIUTD LB,

template <
class RandomAccessIteratorl,
class Hash = hash<
typename iterator_traits<RandomAccessIteratorl>::value_type>,
class BinaryPredicate = equal_to<> >
class boyer_moore_horspool_searcher {
public:
// AXANTTE—
boyer_moore_horspool_searcher(
RandomAccessIteratorl pat_first,
RandomAccessIteratorl pat_last,
Hash hf = Hash(),

BinaryPredicate pred = BinaryPredicate() );

// operator ()

template <class RandomAccessIterator2>

pair<RandomAccessIterator2, RandomAccessIterator2>

operator () ( RandomAccessIterator2 first,
RandomAccessIterator2 last) const;

1
V27713 boyer_moore_horspool_searcher & ZH 5 72\,

int main()
{
std::string pattern("fox")
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std: :boyer_moore_horspool_searcher

fox_searcher( std::begin(pattern), std::end(pattern) ) ;
std::string corpus = "The quick brown fox jumps over the lazy dog" ;

auto[first, last] = fox_searcher( std: :begin(corpus),
std::end(corpus) ) ;
std::string fox( first, last ) ;

9.5 sample : EIRZIVITUX L

template < class PopulationIterator, class Samplelterator,

class Distance, class UniformRandomBitGenerator >

SampleIterator sample(
PopulationIterator first, PopulationIterator last,
Samplelterator out,

Distance n, UniformRandomBitGenerator&& g) ;

C++17 T <algorithm> |ZiBJII X472 std: :sample (. AR ZFESRAYIEIRT 5 72
OOFIRT VT X L7,

[first, last) (IEARZERTLEOEEGLZRRT AT L —F —o out 3FERZ LT
FTHEDAT V=8 — n 3ERT BEAROMEE, g (FEAZERS 201240 il
Hidr. R Y I outo

HLBEFEOEEGD L, n MOBEREZFERMICLTFISHERL72WHEITHE) T EHT
&5,

9.5.1 EIRZILIUXL

std::sample I FIIC, FTELWERT IV IT) XDV TERLEND S,
GLRT Vv T X222 L < 1E. Donald E. Knuth @ The Arf of Computer
Programming (LLF TAOCP. HFUIT7 A X — F7 I LREAOFLTHRS L
Tw3) 22,

A—=F=noDAT), FHILZRZRERDOT— 5, ¥ —N=—~OT7 7 A0 7%
& MoORIZIIERZEOT - I BHIET bo TNOHDBRET— 5 % T TUET
DT BEREHRINT 522128 5TC, MEMICENLR DITEETE BHEFET
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ELWEEOT =5 2 ETLIEDNTEDL, TD2DIE n HOEEREINA T A
WO R VHETERT LUEDND S0 WA T ADDDLRVEHET n HOER
I IR, FEOEELL n LA, 1 2B& I n e vo 2 FETHRIRL T
37 b2\, ZTNUINA T Ao T b,

HLEDOEED L. WA T ADDD > Tnle v n BOERE L 121E, £EDOTA
TOMEFFE L VHEERTEIEINZ LTl EBIRL 2T UE RO L v, WolzwnE)
TR VDZES ) D

std::sample % ffi 21X, 100 DS 10 HOERZHEL DX, DTFTD L) 1o#E
{2 EATTRESS

int main()

{
// 100 EOEDES
std: :vector<int> pop(100) ;
std::iota( std::begin(pop), std::end(pop), 0 ) ;
/! EXRERNTZ2TF—
std::vector<int> out(10) ;
// BB
std::array<std::uint32_t, sizeof(std::knuth_b)/4> a ;
std: :random_device r ;
std::generate( std::begin(a), std::end(a), [&]{ return r() ; } ) ;
std::seed_seq seed( std::begin(a), std::end(a) ) ;
std::knuth_b g( seed ) ;
// 10 BDER%ERES
sample( std::begin(pop), std::end(pop), std::begin(out), 10, g ) ;
/! BAREHS
std::copy( std::begin(out), std::end(out),
std::ostream_iterator<int>(std::cout, ", ") ) ;
}

ERIEINDMEOEUNE N AL EDbP>TVELESIE, ZNEFROMEIZOVT
n/m OMEFRTERE V) DT ED 7259 B 100l 10 HEERDOTH UL, 1/10
DR TENETNOBEEFEARE LTEIRT 52 L1205,

COEZIESCHEHIRTVT) ZLEDTOL I %5,
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9.5 sample : HLIRT VT X4

1. BEOEFHE N, BRI REEROHE n, i 2 0 LT 5,

2. 0R=AA YTy 7 ATiHHDMEE n/m OMERTEARL L THEIRT 5,
i AT ) A N B,

4. 3! =N %513 goto 2.

COTNVITYAL%HT— RTELCEUTDINICR D,

template < class PopulationIterator, class Samplelterator,
class Distance, class UniformRandomBitGenerator >
SampleIterator sample(
PopulationIterator first, PopulationIterator last,
Samplelterator out,

Distance n, UniformRandomBitGenerator&& g)

{
auto N = std::distance( first, last ) ;
// WEE n/N T true BT NXIVX—1 5%
double probability = double(n)/double(N) ;
std: :bernoulli_distribution d( probability ) ;
// ThZhoEcdLT
std::for_each( first, last,
[&] ( auto && value )
{
if ( d(g) )
{// n/N DHERTERE L THERT S
*xout = value ;
++out ;
¥
)
return out ;
¥

BamBoZOT NI ALLIEL Bk v, ZOFITIE, 100 MOHEOEE D
5 10 HOEARZEIR L2V L L, BIENZEROBIT 7O 7T ADOETT LI
Bl do ZOTNITY) XN, EAOHATEHIINC 10 H:EIEN S 2 EMFTE 5
A TEATE G E 0 ER 100 EOEEDSRIINTL 9 WTHEMENEH %,

B A2, TAOCP Vol. 2 2&MiE, 2o & BTN L EREOEH#F =
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iz /n(l—n/N) 2% %,
ELWTVITY XL, BEOLEEGDHIBO (t+1) FHOEFRIL, $TIZmHD
BEPERE LTEEINZZLEE, (n—m)(N —t) OMERTERS D7,

9.5.2 FILIJURXLS : BRIFE. ERHDDD > TLDESD S DIERDER
Knuth @ TAOCP Vol. 2 T, 7VIY AL S ERRLT, BEEODLI>TWA
FEEDPOERELEIRT 2 HELHH L T b,
TIVINZALSEUTFOEBY,
0<n<NOLE, NEOEENIS nHOFEARE T V¥ AEIRT 5.

1L.t,m#%OET 5, tIETTNFE TR LA-ER. m 1TEARE L GRIRL 722
FHET 5,

2.0<U <N -t OHFHAOELE U 24K T 5,

3. U>n—m ThHNIX goto 5o

4 ROBHEHBERE L TERT L. mEtEFL 220 A Y T 5, m<nTH
TEL goto 20 ) THRIFIUIEARIZET LzOTTIVIT) AL T T 5,

5. WOBEHEZERE L TGEIRL 2V t 21422 A2 M5, goto 26

FEHIIDTOLH TR 5,

template < class PopulationIterator, class Samplelterator,
class Distance, class UniformRandomBitGenerator >
SampleIterator
sample_s(
PopulationIterator first, PopulationIterator last,
Samplelterator out,

Distance n, UniformRandomBitGenerator&& g)

// 1.

Distance t

o O

B

Distance m =

B

const auto N std::distance( first, last ) ;
auto r = [&]{
std::uniform_int_distribution<> d(0, N-t) ;
return d(g) ;
Y
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while ( m < n && first != last )
{
// 2. 3.
if (r() >n-m)
{// 5.
++t
++first ;
}
else { // 4.
*out = *xfirst ;
++first ; ++out ;
++m

H

++t

s

return out ;

9.5.3 7ILJUXLR: REEFEER. EREDDDSEVESH S DIFEDER
TNITY AL S BEEGOEZRFN NETHL Ebhro TVRLGEIZ, n HOER
EBEIRTLTIVITY) XL7Z, TlE. 3L N PO LRVEEIZE ) TR0
59 W

HHEIZIE N B2 O 2 WIRKA» L H 5,

o I—H—DLDAM)

o V=T VI A NT IR ALDPRMELTEL T EMEAAE LT NIEZE KO D
NOHRNT =T FNL ADSD AT

o« HAHN—=H ¥ —=mn6DRT]

COEIBREEBEOLIASLVANICTIVITY AL S FWMATAICIE, FT—ES
WMANEET, EROEHEREMESEL LT, RERICHLTT7 VT AL S %58
AEED L) 2Bl EEHE) LD TE S,

L2 L. 1EROBEZOREIZITTHEIE V. BEHRODDN SR WAI 2L
Ty ZORHTATPISERSNEREZ B2V,

ThVIYAARIZZDL) BRI THEZ LTV TY X672,

TNITY) XL R TIE, BEHODDS WEEOELSD S n HOERE IR 5,
FDLOIEARE L THERINLZZERZEZRELTBE, ILVWANDPEZ6NE-T
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12 EARE LTEIRT 25089 20t L. #RET20THILE, BELTBY
TR BEIEZ 5,
TUVITYZARIBUTOEBY (ZO7VT) X41E Knuth A & 133ESH)
n>00DE X, size>n THOLIRMEED size MOBEZ B =FHFOATINSL, nflAD
EAE T VT AMERY 5o EAOEMHEZn MBI THREENL, 1< j<nDkX
I[j] 3 RE s h - EmA TR T,

L AN omlon lziERe LCEIRL, RET 5. 1< j < n OHIFIT I[)]
12 HFHOEARERE T 2, t DR n &35, I[1], ..., I[n] ZBAEOEAR
IRTo ¢ IHERE L - Ao e R,

2. AIO#D Y THNET N T XL ZHKTT 5,

3.tEA VIV AV INT A, 1< M L<t OFEHHAOEE M 2EKT L. M >n
7 5 1E goto 5o

4. ROAI % IIM] IZRET %o goto 2.

5. KD AT % RE L%\ goto 26

FERIIDTOLH %5,

template < class PopulationIterator, class Samplelterator,

class Distance, class UniformRandomBitGenerator >

SampleIterator sample_r(

PopulationIterator first, PopulationIterator last,

Samplelterator out,

Distance n, UniformRandomBitGenerator&& g)

Distance t = 0 ;

auto result = out ;

for ( ; (first != last) && (t != n) ; ++first, ++t, ++result )

{
out[t] = *first ;

if (t !'=n)

return result ;
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auto I = [&] (Distance j) -> decltype(auto) { return out[j-1] ; } ;

while ( first != last )

{
++t
std::uniform_int_distribution<Distance> d( 1, t ) ;
auto M = d(g) ;
if (M >n)
{
++first ;
}
else {
I(M) = xfirst ;
++first ;
}
}

return result ;

9.54 C++ D sample
SCETHBHLALIC, FBRT VY XLICF 2 MDD, ATJOEEKS D
HoTVBBEDOT NI XA S GEIREER) &, ANOEZEPP LD ZVEED
TNT) XA R (REER) 72,
L2y CH+ ICIBMENZEIRT VT RL 0BT > 7L—FOESIE, 10
DIZHH L2 LD ITUTO 12 L%, BH TV T) X AR L TW v,

template<
class PopulationIterator, class Samplelterator,
class Distance, class UniformRandomBitGenerator >
Samplelterator
sample(
PopulationIterator first, PopulationIterator last,
Samplelterator out,

Distance n, UniformRandomBitGenerator&& g) ;
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[first, last) (3fEAZEIRT2EOEEEZRT AT L —F —o out 3FERZ LT
FTEEDA TV =% —o n \TEIRT HEARDMEE, g 3FEARTHEIRS 501209 K
HEidr. R Y I outo

sample |& PopulationIterator & Samplelterator DA 7 L — % — %7 T —|Z
LoT, EE6DT7 VT ALEM/HE) REPHITL T2,

TIVT) AL S GEIUEA) %1 45, PopulationIterator (XHITA 7L —% —,
SampleIterator (A 7L —% —% iz 82T 1UX R 5%\,

ThITY AL R (BREEAR) 219 ¥4 PopulationIterator (I AT T L —% —,
Samplelterator (7 Y ¥ AT 7 AL T L —% =%z 2T T 6%,

INhEEI V)L )  HEHOMBOLOIZE, ANTD
PopulationIterator [first, last) " HL EXHME2HLLEIF DN, TDO2D
I21% PopulationIterator I A 7L — 4 —%ifi/z- L TV RITNE L 5w, £
O¥t . BIRLEARIZOFFA T L5 — XD T TV T, kD
SampleIterator (11 7L —% —%ii/= 97217 TL v,

b L AJJTC®D PopulationIterator AN A 7L — % — LAz S s, 20
¥4 1% PopulationIterator @ [first, last) PO ERFEL[/LI LA TELRVD
T, BEHDDDSVEXIHZ L7V T) X4 R (IREIEAR) 2 RIRES5 %245
m\e TOHE. A RLET 518N T, HRBIR L BRI B OEAR T 13
X9 50DT, M) Samplelterator 13T VAT 7 ¥ AATL—%—ThLLE
Wb

int main()
{

std: :vector<int> input ;

std::knuth_b g ;

// Populationlterator BRIAAMTL—2—%&im/iT

// Samplelterator FHH1TFL—42—T&uw

std: :sample( std: :begin(input), std::end(input),

std::ostream_iterator<int>(std::cout), 100

g);
std: :vector<int> sample(100) ;

// PopulationIterator @AANAIFTL—2—ULhEALSHL
// Samplelterator (CIZ TV H LTI EAATL—2—HILE
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std: :sample(
std::istream_iterator<int>(std::cin),
std::istream_iterator<int>{},

std: :begin(sample), 100, g ) ;

}

EESLEZRZ L L LT, C++ @ sample 1Z AJITCD PopulationIterator A3HI /T
A7V =9 =D L&z dHmaid, »63T70IT) XL S GBRIRER) 245 L»
T, ThEOF N, BREHEISLH/2DIC std: :distance(first, last) AfTH
NHENW) ZLEERT S, b LIOREDPIEREN LA T L -8 —%ELEE.
PEELL LR 2 a— Fil ko TLE ),

oL ZIEUToa— Fik

int main()

{
std::list<int> input(10000) ;
std::list<int> sample(100) ;
std::knuth_b g ;
std: :sample( std::begin(input), std::end(input),
std: :begin(sample), 100, g ) ;
}

UTo L) REREFO,

int main()

{
std::list<int> input(10000) ;
std::list<int> sample(100) ;
std::knuth_b g ;

std::size_t count = 0 ;
/! BERBOBZEHICATL—2—%0T
/7 FERHEEY

for( auto && e : input )

{ ++count ; }
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/! BERDERDE=HICATL—2—%@T
for ( auto && e : input )
{/* ZERDZER */}

}

std::list DA Y N—FI% size XEHMTH D 2 EPMRIESN TV E 720, 2D
I—=RFIZBIFA2A T L= =0T V=731 EIZHIZ H5ND. LA L. std: :sample
BEFEREETETBD BT OIERRA T L= — 2B L 2 Thbbro
TWBHETH, R R RE 2 ITHh 2RI IR S R,

BLI VI AT AL TL—F =K. WA 7LV —y—UEofTL—%—7
TI)—=DA T L =5 —OFPIDP SERZERL WS T, A 7L —5 —0fiHo
WBTEFEEDFD S0 Lobro TV AEIL. HREICT VT XA S EFEHLAITD
AREA L

template < class PopulationIterator, class Samplelterator,
class Distance, class UniformRandomBitGenerator >
SampleIterator
sample_s(
PopulationIterator first, PopulationIterator last,
Distance size,
Samplelterator out,

Distance n, UniformRandomBitGenerator&& g)

// 1.

Distance t =

o o

Distance m =

const auto N size ;

auto r = [&]{
std::uniform_int_distribution<> d(0, N-t) ;
return d(g) ;

s

while ( m < n && first != last )
{

// 2. 3.

if (r() >n-m)

{// 5.

++t

>
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9.6 shared_ptr<T[]> : FHIIZxI9 % shared_ptr

++first ;

}

else { // 4.
xout = *first ;
++first ; ++out ;
++m ; ++t ;

}

return out ;

9.6 shared_ptr<T[]> : E2FUICHFT B shared_ptr
C++17 Tld. shared_ptr 2SEANIRIS L7z

int main()

{
// BEBIXtEEM shared_ptr
std::shared_ptr< int [] > ptr( new int[5] ) ;
// operator []1 CEANICHEFT I/ ERATES
ptr[0] = 42 ;
// shared_ptr DT X T 7 Z—7 delete[] ZFUHT
}

9.7 as_const : const D15
as_const I\ Y ¥ —7 7 £ )l <utility> TEFRIN TV 5,

template <class T> constexpr add_const_t<T>& as_const(T& t) noexcept
{

return t ;
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as_const |58 E LTI L/ lvalue ) 77 L Y A% const 7% lvalue ') 7 7 L &
A F ¥ AT L, const EFET HFEAANSN—FE LTfiH 2 &
T&5b,

/71

template < typename T >
void £( T & ) {}

/] 2. 2BE5ERUPHL W
template < typename T >
void £( T const & ) { }

int main()

{

int x{} ;

f(x) ; // 1

// const Eft5¢3NMRLEAZE

int const & ref = x ;

f(ref) ; // 2

/! &

f( std::as_const(x) ) ; // 2
}

9.8 make_from_tuple : tuple DERZRS|IMICIAVA NS IH—
ZFUHT

make_from_tuple (TN ¥ —7 7 £ )l <tuple> TEZSIN TV 5,

template <class T, class Tuple>

constexpr T make_from_tuple(Tuple&& t);

apply (& tuple DR 2 FE5 U B Z IO T A 7 F V) 72%%, make_from_tuple
I tuple DEFRZFEG AL AT 75 —%IFUMT T4 75172,

HLHET EEFEEN D tuple t 12K L T, make_from_tuple<T>(t) (&, T Hl %
T( get<0>(t), get<i>(t), ... , get<N-1>(t) ) DX HITHHEL T, MLz T
DEFTT 2y MEKT,

198



9.9 invoke : 85E L BB % H50E L 22 FE5 1B CIF UM S

class X

{
template < typename ... Types >
T( Types ... ) {}

s

int main()

{
// int, int, int
std::tuple t1(1,2,3) ;
// X(1,2,3)
X x1 = std::make_from_tuple<X>( t1 )
// int, double, const char *
std::tuple t2( 123, 4.56, "hello" ) ;
// X(123, 4.56, "hello")
X x2 = std::make_from_tuple<X>( t2 ) ;
T

9.9 invoke : IBEUCBHMZIBEE LRSI THUHT
invoke I\ ¥ —7 7 A )V <functional> TEHRIN T\ 5,

template <class F, class... Args>
invoke_result_t<F, Args...> invoke(F&& f, Args&&... args)

noexcept (is_nothrow_invocable_v<F, Args...>);

invoke( f, t1, t2, ... , tN ) (X, B f % £( a1, a2, ... , aN ) DL HIZ
O,
X0 IEREICIE. CH++ MO INVOKE(E, t1, t2, ... , tN) &[6 DA TR

B, TGS EFSERBUED D, 728 2IEA VN—HBEANDORAL V7 =7 —
FRAYIN=ANDKRA V5 —, FLZOEHEIERD7 TANDEFT V=7 N3 77
L Y AR A % — 7 reference_urapper NI Lo TbRL 5, ZOFEMIZZZT
FFFDEL 22\,

INVOKE (& std::function % std::bind TH b TV A HA LD T, HH#ET (T
FNERMUBEDNITELLIICR DL ERZTBITIEE V.
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il :

void £( int ) { }

struct S

{
void f( int ) ;
int data ;

s

int main()

{
// £C 1)
std::invoke( f, 1 ) ;
S s ;
// (s.*&S::£) (1)
std::invoke( &S::f, s, 1) ;
// ((x&s) .*&S::f) (1)
std: :invoke( &S::f, &s, 1) ;
// s.*&S::data
std: :invoke( &S::data, s ) ;
}

9.10 not_fn: ROEDTES vI\—
not_fn I~y ¥ —7 7 4 )l <functional> CTEFZ SN TW 5,
template <class F> unspecified not_fn(F&& f);

BBt 7927 b £ L Coot_fn(f) ZMFUMS &, RO EE LTS A»DME
F T2 MRS TL D ZOMBA T 7 N RIFOHT L, E5EE £ 1L
Tf ZEBIFOH L LT, BV % operator ! THE L TET,

int main()

{

auto r1 = std::not_fn( [J{ return true ; } ) ;
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r1i() ; // false
auto r2 = std::not_fn( [J( bool b ) { return b ; } ) ;

r2(true) ; // false
¥

T TIZBEIEFZEIC 7 - 72 not1, not2 Do

9.11 XEVU—-EE7IVIVXL
CH++17 TNy #—7 7 4 )V <memory> (2 A E ) —FEHHO 7 )V T X LH%EM
SNz,

9.11.1 addressof
template <class T> constexpr T* addressof(T& r) noexcept;

addressof | C++17 LLAi2 5 b & %, addressof(r) & r DR A ¥ ¥ — 2 ST
bo 72E 2. r DD operator %4 —/N—H— FLTWTHIELWERAS ¥ —%H
B/TE %,

struct S
{

S * operator &() const noexcept

{ return nullptr ; }

int main()

{

S s ;

// nullptr

S *xpl=&s ;

[/ BEERA a2~

S * p2 = std::addressof(s) ;
}
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9.11.2 uninitialized_default_construct

template <class ForwardIterator>
void uninitialized_default_construct(

ForwardIterator first, ForwardIterator last);

template <class ForwardIterator, class Size>
ForwardIterator uninitialized_default_construct_n(

ForwardIterator first, Size n);

[first, last) O, b L < first 75 n HOHEHFHORKDNPAfLDO XA EY) — %
typename iterator_traits<ForwardIterator>::value_type C7 7 # )L b fJH#AfL3
50 22HOT VT XLIL tirst 25 nfli% 77 4 v MIEMLT %,

int main()

{
std::shared_ptr<void> raw_ptr
( ::operator new( sizeof(std::string) * 10 ),
[1(void * ptr){ ::operator delete(ptr) ; } ) ;
std::string * ptr = static_cast<std::string *>( raw_ptr.get() ) ;
std::uninitialized_default_construct_n( ptr, 10 ) ;
std::destroy_n( ptr, 10 ) ;
}

9.11.3 uninitialized_value_construct

template <class ForwardIterator>
void uninitialized_value_construct(

ForwardIterator first, ForwardIterator last);

template <class ForwardIterator, class Size>
ForwardIterator uninitialized_value_construct_n(

ForwardIterator first, Size n);

fEVr771d uninitialized_default_construct & [l Lo 7272L. 2TH5IET7 4V
ML Tl 2% <ML S %,
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9.11.4 uninitialized_copy

template <class InputIlterator, class ForwardIterator>
ForwardIterator
uninitialized_copy( InputIterator first, InputIterator last,

ForwardIterator result);

template <class InputIterator, class Size, class ForwardIterator>
ForwardIterator
uninitialized_copy_n( InputIterator first, Size n,

ForwardIterator result);

[first, last) O#iPH, & L <& first 25 n HOFHPFADMEZE . result DT H
LD A FY — 2o ¥ —fEHT 2,

int main()

{
std: :vector<std::string> input(10, "hello") ;
std: :shared_ptr<void> raw_ptr
( ::operator new( sizeof(std::string) * 10 ),
[1(void * ptr){ ::operator delete(ptr) ; } ) ;
std::string * ptr = static_cast<std::string *>( raw_ptr.get() ) ;
std::uninitialized_copy_n( std::begin(input), 10, ptr ) ;
std::destroy_n( ptr, 10 ) ;
}

9.11.5 uninitialized_move

template <class InputIlterator, class ForwardIterator>
ForwardIterator
uninitialized_move( InputIterator first, Inputlterator last,

ForwardIterator result);

template <class InputIlterator, class Size, class ForwardIterator>
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pair<InputIterator, ForwardIterator>
uninitialized_move_n( InputIterator first, Size n,

ForwardIterator result);

ffivaJ5id uninitialized_copy LM Lo 7272 L2 H5IETE—TIdR < A—TT 5,

9.11.6 uninitialized_fill

template <class ForwardIterator, class T>
void uninitialized_£ill(
ForwardIterator first, ForwardIterator last,

const T& x);

template <class ForwardIterator, class Size, class T>
ForwardIterator uninitialized_fill_n(
ForwardIterator first, Size n,

const T& x);
[first, last) OFEFH. b L <13 first 75 n B O LMD A E ) — % |
DYANTYE—IZET x5 R THES B
9.11.7 destory

template <class T>

void destroy_at(T* location);
location->~T() =IO T,

template <class ForwardIterator>

void destroy(ForwardIterator first, ForwardIterator last);

template <class ForwardIterator, class Size>

ForwardIterator destroy_n(ForwardIterator first, Size n);

[first, last) O, b L 1L first 25 n O IZ destroy_at ZIFO T,
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9.12 shared_ptr::weak_type

C++17 Tl shared_ptr |Z weak_type &9 F A b EN/RIADEMS Nz, 2

1 shared_ptr 12X 9 5 weak_ptr @ typedef % & 2> T\ 5,

namespace std {

template < typename T >
class shared_ptr
{
using weak_type = weak_ptr<T> ;

¥

fEWA

template < typename Shared_ptr >
void f( Shared_ptr sptr )

{

// C++14

auto wptrl = std::weak_ptr<

typename Shared_ptr::element_type
>( sptr ) ;

// C++17

auto wptr2 = typename Shared_ptr::weak_type( sptr ) ;
¥

9.13 void_t

AN ¥ =T 74 )V <type_traits> TEF SN TS void_t ZLLTD LI

nCTwib,

namespace std {

template < class ... >

TEFRS
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using void_t = void ;

}

void_t IITEEMOM % 7 > 7L — MEFIHE LTINS void 72, T O
FUTL= A TOTT IV TIIBWTCECOEMNLDT, EHkET 475 1) 1B
SNz,

9.14 bool_constant
ANy ¥ —T 74 )V <type_traits> |2 bool_constant ANIEN S 7z,

template <bool B>

using bool_constant = integral_constant<bool, B>;

using true_type = bool_constant<true>;

using false_type = bool_constant<false>;

4% T integral_constant % fli o T\ 72351 THEIZ bool 721F S B 7% B3 THI Tl
C+-+17 DIBEIZHZ std: :true_type 7 std: :false_type & EHL ZITTE L % 5,

9.15 type_traits

C+H+17 TIE <type_traits> |[ZHEREBMAFT NI,

9.15.1 ZEHFT VT — MR traits
C++17 Tl BEED traits ICEKT v 7L — F2AH L7 v Basems iz,
7oL Z1E, is_integral<T>::value & FH {fLH D IZ is_integral_v<T> L #FH T &
WNTE 5,
template < typename T >
void £( T x )

{
constexpr bool bl = std::is_integral<T>::value ; // T — X X2/ —
constexpr bool b2 = std::is_integral v<T> ; // BE¥7>TL -+
constexpr bool b3 = std::is_integral<T>{} ; // operator bool()

}
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9.15.2 RIEEH traits

C++17 TlZ7 A7 ¥ 7L — | conjunction, disjunction, negation 2NENN S 11
2o THET YT V=AY TUTT Iy TR WEAL E A FRICHS 72
OD traits 72,

conjunction : RIEFE
template<class... B> struct conjunction;

77X%Vfb*}cmﬂmﬁm®LB&.n,w>ﬂ?97V“F£wﬁBLm,

N (ZFRHEE A #H T %0 conjunction ZZFNEFNDOT ¥ T L — FEFIHBL I

L“C\ bool(Bi::value) A% false & 2 AWM DA IR Y T AIZFFON, HH WV IIHK
%O BN R HA Y T AITHFFD,

int main()

{
using namespace std ;
// is_void<void>%EEAK YV T XIHD
using t1 =
conjunction<
is_same<int, int>, is_integral<int>,
is_void<void> > ;
// is_integral<double>%ZEA Y T XIIHD
using t2 =
conjunction<
is_same<int, int>, is_integral<double>,
is_void<void> > ;
}

disjunction : FRIEFN
template<class... B> struct disjunction;

75Z%y7v~bﬁqummm B2, ..., BN>Z7 ¥ 7L — FEF|HB1, B2,
N ZFRHEAI A T 50 disjunction ZZNENDOT ¥ T L — FEFIHBL I
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L C. bool(Bi::value) A% true & 2 ARMORIZILAR S T AIZFEDO D, DV ITHK
%o BN AR T AIHFD,

int main()

{
using namespace std ;
// is_same<int,int>% &KV 5 XIZHED
using t1 =
disjunction<
is_same<int, int>, is_integral<int>,
is_void<void> > ;
// is_void<int>#&#EHKT T X (IHED
using t2 =
disjunction<
is_same<int, double>, is_integral<double>,
is_void<int> > ;
}

negation : &B/FE
template<class B> struct negation;

7 F A7 Y7V — | negation<B> |& BICHE X WA T %o negation |THAS T A
& L T bool_constant<!bool(B::value)> & D,

int main()

{
using namespace std ;
// false
constexpr bool bl = negation< true_type >::value ;
// true
constexpr bool b2 = negation< false_type >::value ;
}
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9.15.3 is_invocable : FEUH URTHEDEER T B traits

template <class Fn, class... ArgTypes>

struct is_invocable;

template <class R, class Fn, class... ArgTypes>

struct is_invocable_r;

template <class Fn, class... ArgTypes>

struct is_nothrow_invocable;

template <class R, class Fn, class... ArgTypes>

struct is_nothrow_invocable_r;

is_invocable &7 ¥ 7L — NEFIHTHZ 5NE Fn 38T X —F —/%y 7
ArgTypes % /% 7 JRH L 7o/ R & 5 [ BUICHABIFOM L TE 20 E) 0, ZLTE
DR EIL R NEREBIRTEZ 0L ) D EHERT 5 traits 72, FOHELDTHN
I true_type, €9 THIFIUL false_type * EAR T T AITFD,

is_invocable (ZBIEIFOH L L7245 ROR D HOTIZDOWTIXMH %,

is_invocable_r (ZFFONH LTHEMEISM Z T, BBIFOH L L7 RORE ) fEOR
MRANEERERTE B 2 LRSI NS,

is_nothrow_invocable & is_nothrow_invocable_r I&. BIZIFONE L (BXURED
S R DI PEFIAMRTE S T2 2 & iR T 5,

int f( int, double )

)

int main()
{
// true
constexpr bool bl =
std::is_invocable< decltype(&f), int, double >{} ;
// true
constexpr bool b2 =

std::is_invocable< decltype(&f), int, int >{} ;

// false
constexpr bool b3 =

std::is_invocable< decltype(&f), int >{} ;
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// false
constexpr bool b4 =

std::is_invocable< decltype(&f), int, std::string >{} ;

// true
constexpr bool b5 =
std::is_invocable_r< int, decltype(&f), int, double >{} ;
// false
constexpr bool b6 =

std::is_invocable_r< double, decltype(&f), int, double >{} ;

9.15.4 has_unique_object_representations : ENEDQASRITHE—h'FERT D
traits

template <class T>

struct has_unique_object_representations ;

has_unique_object_representations<T> (&, THIZS M) U7 )iz a ¥ —T[HET, »
DTRIORETH S 2 2004 7Y =7 b ONEBEIHDFE UHEIS, true X1 T,

false ¥ MIBIE LTk, 7= A7 1 7 (padding) LIFENET 5
A X2 NREBELEDOLODMDORBUZE L 2\ A DL —VHEEFORE75, /3
T4 YTy bOMBIXEEIZEEL 2O T, false ¥KT,

T ZIEUTOLHY %7 T A X I,

struct X
{
std::uint8_t a ;
std::uint32_t b ;
Y

HLFEBEIZBNTIE, AN MNITIAA Y MNTDUERHY, ZOF TV 27 D
ABUDOLATT MILUTFOLHI I RoTWDERE LNk,

struct X
{
std::uint8_t a ;

std: :byte unused_padding[3] ;
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std::uint32_t b ;
s

C DA, unused_padding DMEICIZERD % <. 7 7 A X ORMEHEICIZH VS

N7\, ZOMA . std::has_unique_representations_v<X> (3 false (27 %o

9.15.5 is_nothrow_swappable : ¥} swap BIHEDFESR T B traits

template <class T>

struct is_nothrow_swappable;

template <class T, class U>

struct is_nothrow_swappable_with;

is_nothrow_swappable<T> |& T #I7S swap THIX 21T 72\ & X2 true KT,
is_nothrow_swappable_with<T, U> (X, T & UM Z A swap T 5 & EI2HIS}
IRV E ZIT true IR T,

9.16 JVFF—TAZZEDYK—b

AR CoOFPNE LRET .
C++17 TRUTOI— FPEEII ko7 203 — FOBE)E C++14 $ TIEE

EKFTH o720

struct X
{
std::vector<X> v ;
std::1list<X> 1 ;
std: :forward_list<X> f ;
s
7 TART TAEROWT Thh y 2o TRee b, 7 7AAI—TIIE
AENT=7 T ARG, 7 T AEFROF TR ELERLEMTE RV, AEeMrar T
F—DEFANIRE LA 0FEIE, C++14 FTEHHES N TV d o7z,
C++17 T3, vector, list, forward_list (ZfR V. ZERANI—KERICAE LT %
&)k oo FEBRIZT Y T F— %) BIIIEEEIZ G > TR IT LR 5
%\
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9.17 emplace DREbDI{E

C++17 TlE¥ =4 ¥ A3 ¥ 75 — O emplace_front/emplace_back, queue &
stack @ emplace DHEH L72EHRADY 77 Ly A% BT L HITEE SN2,
20720, C++14 TEUTO L) IZHFHFNTWza— Fas,

int main()

{
std: :vector<int> v ;
v.emplace_back(0) ; // void
int value = v.back() ;

}

UTOXHIETLLH IR T

int main()
{

std: :vector<int> v ;

int value = v.emplace_back(0) ;

9.18 map & unordered_map DEE

map & unordered_map |2, try_emplace & insert_or_assign &9 2 DD X »/N—
BAEAS A o720 2D A 2 N—BI%13 multi_map & unordered_multi_map (Z (BN &
TV,

9.18.1 try_emplace

template <class... Args>
pair<iterator, bool>

try_emplace(const key_type& k, Args&&... args);

template <class... Args>

iterator
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try_emplace(
const_iterator hint,

const key_type& k, Args&&... args);

TEH D emplace (. F—IZRIET L2 EZPHFLEL LVEE. BRI args 75
emplace SN TEMEN S, b L. F—IHIETE2ERIGFETLHE. BHRIT
BIMENT Ve ERPBMENTNE E, args DA — T EINL0E ) PITEEER
T b

int main()
{

std::map< int, std::unique_ptr<int> > m ;

/! TTICERIEFETS
m[0] = nullptr ;

auto ptr = std::make_unique<int>(0) ;
// emplace I35 ¥ 3

auto [iter, is_emplaced] = m.emplace( O, std::move(ptr) ) ;

// RBREERICLVRES
// ptr BL—TEIhTW3ahrbLhiw
bool b = ( ptr != nullptr ) ;

}

C WA, FEBI map ICEZILEMEN TV ARVDIZ, ptrlds—7ERTLEH
b Lz,

ZD7zH, C++17 Tl EREIPBMENL o724 E args T4 — T 3N WT
EDRFES NS try_emplace ASBII S 7z,

int main()
{

std::map< int, std::unique_ptr<int> > m ;

/! TTICERIFETS
m[0] = nullptr ;

auto ptr = std::make_unique<int>(0) ;
// emplace 3587 3
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auto [iter, is_emplaced] = m.emplace( 0, std::move(ptr) ) ;

// true THDZENRIMEEIND
// ptridL—TEhTLHEW
bool b = ( ptr != nullptr ) ;

9.18.2 insert_or_assign

template <class M>
pair<iterator, bool>

insert_or_assign(const key_type& k, M&& obj);

template <class M>

iterator

insert_or_assign(
const_iterator hint,

const key_type& k, M&& obj);

insert_or_assign |3 key WEB SN BEREPFAET L2 LEIEZELRAL, FF
L2 WIGEIIER L BINT 5, operator [1 & MWL, ERVPRA SN rBIS
N2 H, R VED pair D bool ThHA b L) I &7,

214

int main()

{
std::map< int, int > m ;
m[0] = 0 ;
{
// KA

// is_inserted |& false

auto [iter, is_inserted] = m.insert_or_assign( 0, 1 ) ;

}
{

// 38

// is_inserted I true

auto [iter, is_inserted] = m.insert_or_assign( 1, 1) ;
}



9.19 #AHI ¥ 7 F—~O splice #H1E

9.19 EHEIVFF—~OD splice IFE

CH++17 Tld, @l a7 — LIRNEFEM T > 75— T splice HIEAY F— T
SNz,

XD 3 YT F —Id map, set, multimap, multiset, unordered_map, unordered_set,
unordered_multimap, unordered_multiset 7%

splice BE & IT 1ist TR SN TV LIMET, 707 — % —HIED 1ist OF 7
Vg FOEFREAML -V EFHEI LD TV 2 s MIBET 5 HRE,

int main()

{
std::list<int> a = {1,2,3} ;
std::list<int> b = {4,5,6} ;
a.splice( std::end(a), b, std::begin(b) ) ;
// ald{1,2,3,4}
// b l¥{5,6}
b.splice( std::end(b), a ) ;
// ald{}
// bl¥{5,6,1,2,3,4}
¥

BHI T —TlE, /=AY FLVEWIEATHWT, 2075 —DF 7
Ty NpbEROFANEEY 32 T T — OIS AT, splice HEZIT) o

9.19.1 merge

FTRCOFM I Y 75— LIFEFEBRT > FF—1d. A Y NN— B merge > T
Wk, AVTF—a, b7 —F —HIEDOL X, a.merge(d) . IV TF—b D
HROFEHEEZTNTa Y TF—allBd.

int main()

{
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std::set<int> a = {1,2,3} ;

{4,5,6} ;

std::set<int> b

// b DEFEETRTallBd

a.merge(b) ;

// a ‘i{1)2:3:4:536}
// b i3{}
}
bL, ¥F—0HEELH S 2V TF—ORE T, EXrEHELCGE, EHLHE
FEBH L 2w,

int main()

{
std::set<int> a = {1,2,3} ;
std::set<int> b = {1,2,3,4,5,6} ;
a.merge(b) ;
// al¥{1,2,3,4,5,6%
// bi¥{1,2,3}

}

merge |2 & o THB S NAERLIGTHA ¥ 5 — L A 7L — 5 — 13, EROBHK
bRLTHD, 7275, BT HIYTF—DF TV s %D,

int main()

{
std: :set<int> {1,2,3} ;

= {4,5,6} ;

[
1]

std: :set<int>

o
I

auto iterator = std::begin(b) ;

auto pointer = &*iterator ;

a.merge(b) ;

// iterator & pointer (3 £7Z&Y
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J—=F NV EFNVEIX, avTF—F T2 b b

9.19 #AHI ¥ 7 F—~O splice #H1E

[/ I LERE a ICFIET 3

J—=FIN\Y RV

e U B iAE7 S,
= FNY FVORNE, 37 —0F A b EN7EI node_type &b, 72k

AT std::set<int> O/ — RN FIVELZ, std::set<int>::node_type & 72 5,

=NV FEVIEUTOLE) BRAVN=%FFoT\n5b,

class node_handle

{

public :
/] FABMEShEE
using value_type = ... ; // set [RE. BHRH
using key_type = ... ; // map RRE. ¥—&
using mapped_type = ... ; // map FRE. v v 78
using allocator_type = ... ; // TRTF—5—D&
// FT7ANRALINTTE—
/] L—=TACZX T T E—
// L—TRNEEF
/] BANDT T2
value_type & value() const ; // set[RE
key_type & key() const ; // map ERE
mapped_type & mapped() const ; // map FRTE
/] TRAT=2—~DT 7t
allocator_type get_allocator() const ;
/] BHEIDDHE
explicit operator bool() const noexcept ;
bool empty() const noexcept ;
void swap( node_handle & ) ;

s

BEEAEELIZANL YO
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set D/ — KN KU A 2 N—B% value TIEZ 155,

int main()

{
std::set<int> ¢ = {1,2,3} ;
auto n = c.extract(2) ;
// n.value() ==
// ci¥{1,3}
}

map @D/ — /Y Pt 2 23— key & mapped TENENDOEEF5S,

int main()

{
std::map< int, int > m =
{
{1,1}, {2,23}, {3,3}
Y
auto n = m.extract(2) ;
// n.key() ==
// n.mapped() ==
// mi3{{1,1},{3,3}}
}

J=F NV VG = FE2aryT =80 HL. TEHEHL. T07H,
=N FVIZEoTHEZ = FiE, TOI T F =06/ L, TOI 7 —
T TV NOWEOBIZDMESIN L /= RNV FVOF 7V 27 b OWHERE
WS NS, 20D, /J— KAy Fid7asr—%—oa¥— 3o,

int main()
{

std::set<int>::node_type n ;

std::set<int> ¢ = { 1,2,3 } ;
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// FRBHEDEE
n = c.extract( std::begin(c) ) ;

/] cPHEEIISB

// OK
/] /= KN RIZE > TRRAEIBEIL TV S

int x = n.value() ;

// n PHEEIID

9.19.3 extract : /— RJ\> RJLDES

node_type extract( const_iterator position ) ;

node_type extract( const key_type & x ) ;
HHa - LIEEFEE T T =D X U N— B extract X, /— KNV F
VBT 57200 X v x—B#72,
A Y N—PEH extract (position) (X, 1 7 L —% —® position DIETEHE %X, I
YTF=HOBRELT, FOUFEEIAETLH/) — PN PV ERT,

int main()

{
std::set<int> ¢ = {1,2,3} ;
auto nl = c.extract( std::begin(c) ) ;
// c3{2,3}
auto n2 = c.extract( std::begin(c) ) ;
// c l3{3}

}

AU NI extract (x) 3. F— x DTV FF—IIHEETHIBE. FOEFE 0
PP F—BLBELT, TOERETAT S/ — KAy FVEET. LS
B BO ) — RNy FIVEET,
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int main()

{
std::set<int> ¢ = {1,2,3} ;
auto nl = c.extract( 1 ) ;
// c¥{2,3}
auto n2 = c.extract( 2 ) ;
// c 3{3}
/] ¥—A4ETFELEW
auto n3 = c.extract( 4 ) ;
// c \3{3}
// n3.empty() == true

}

F—OEMEEHT AT —ORE, HHHL) LD 1 DOMEEFHR SN D,

int main()

{
std: :multiset<int> ¢ = {1,1,1} ;
auto n = c.extract(l) ;
// cl3{1,1}

}

9.19.4 insert : /— I\ RILh'SEZRDENN

/] X—DEFEFES VAL TF—DBE
insert_return_type insert(node_type&& nh);
// F—DOEEEH Tmulti A>T FH-DHE
iterator insert(node_type&& nh);

// B2 MTED insert

iterator insert(const_iterator hint, node_type&& nh);

=R NV RV EayTF—D X v N—F insert DFEFFICIET E, /— FAn
VRN SETEEY YT F— BB b,

int main()
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{
std: :set<int> a = {1,2,3} ;
std::set<int> b = {4,5,6} ;
auto n = a.extract(l) ;
b.insert( std::move(n) ) ;
// n.empty() == true

¥

J— NNV FADZEOEAE, ML 5%,

int main()

{
std: :set<int> c ;
std::set<int>::node_type n ;
// s 5 HWn
c.insert( std::move(n) ) ;
}

F—OEREHFERVTI VTSI, TTEAVTF—ICHEETAF— LS LW
AT AH /) — KNV F)V% insert LE D & F5 &, insert 3R T 5,

int main()

{
std: :set<int> ¢ = {1,2,3} ;
auto n = c.extract(1l) ;
c.insert( 1) ;
// KT B
c.insert( std::move(n) ) ;
}

FE—5HIIA T —% — hint ¥ %TW 5 insert OFENL, HERD insert L [H LU
72 BEFEDS hint OEFNIIBINE L5 O T HIUTEHE B TR D 5,

J = BNV P EEFHIZZIMS insert DR HOBIZ, F—DOER LR
T multi I 7T F— DHA iteratoro ¥ —DEBELXF I LV YT — DA,
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insert_return_type & 72 Z;)o
multi I 27 F—O%E, RYBEIGEMLEZRZ2H/IATL -y - kb,

int main()

{
std::multiset<int> ¢ { 1,2,3 } ;
auto n = c.extract( 1 ) ;
auto iter = c.insert( n ) ;
// ci¥{1,2,3}
// iter | 1 #3387
}
F-OEHEEHFIZVIVTF-—DOBE, IV TF AR NENTL
Bl % insert_return_type R D EDO T & 2t 5, 72 & 2 13 set<int>D ¥ &

set<int>::insert_return_type & % 5,
insert_return_type O EAREY 72 ZENIHE LBE Z N TR, insert_return_
typeld AT DL ) T —F X U N—ZFEOME L5 TWnD,

struct insert_return_type

{
iterator position ;
bool inserted ;
node_type node ;
Y

position |3 insert 12X > CI ¥ T+ —ICHTAMEEZRE L CAINS N/ EELIET
A7 L —4% —. inserted ZEFDBIMAYTHNI2HE I true & 7% 5 bool, node (&

BEROBIMPRE L 2L &2 = PNV FVOFTEEDIBEISNG / — F/Hr Fre
%5

insert [ZYE L7/ — F/NY FUASZED L X inserted |3 false, position (& end(),
node 1322127 %,

int main()

{
std::set<int> c = {1,2,3} ;
std::set<int>::node_type n ; // Z°
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9.19 #AHI ¥ 7 F—~O splice #H1E

auto [position, inserted, node] = c.insert( std::move(n) ) ;

// inserted == false
// position == c.end()
// node.empty() == true

insert 2SI L 72 & & | inserted | true, position (MBS N/-ER L IF L.

node 13Z2127% 5,

int main()

{

}

std: :set<int> ¢ = {1,2,3} ;

auto n = c.extract(1) ;
auto [position, inserted, node] = c.insert( std::move(n) ) ;
// inserted == true

// position == c.find(1)
// node.empty() == true

insert BRI LA L &, DF VT TRA—OF—Dar 7+ —ITHFELIE &,
inserted (& false, node |& insert ZIFOMTHID / — F/vy FIVOMHE, position 1
AT F—OFOBEMLE) E LF—IFE L WEREIET o insert I L7/ —
FANY FIVIERBIEDOMEIZ 7 2o

int main()

{

std::set<int> ¢ = {1,2,3} ;
auto n = c.extract(1l) ;

c.insert(1) ;

auto [position, inserted, node] = c.insert( std::move(n) ) ;
// n EREEDE

// inserted == false

// node |3 insert( std::move(n) ) #FFUHTHIOD n DIE
// position == c.find(1)
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}

BRIEZOBED a DMEIZOVTHEL TV AW, RddHY ) HFEEL LT,
nldnode ICA—TENLDT, nldZBIZRY), L—THRDIKEIZR S,

9.19.5 /—R/\ RILOFIFAH)
J = PN VOB BN TIEUTO LB Y,

ZAMNL—=YOBEGRELIC, A TFF—0O—EOEZRAGFOAL FF—IIBT

int main()

{
std::set<int> a = {1,2,3} ;
std::set<int> b = {4,5,6} ;
auto n = a.extract(l) ;
b.insert( std::move(n) ) ;
}

AT F—DOFEGREBATCEREERSED

int main()
{

std::set<int>::node_type n ;

std::set<int> ¢ = {1,2,3} ;
n = c.extract(1l) ;

/] cHPHEEIISB

/) AT F-DHEEROTFRT S

int value = n.value() ;

224



920 IYTF—T 7 AR

map DX —2%XE7 3
map TIEF —IIZEHTE v, F—2LHLZTE, TOEFRITHIERL T,
LWERZBINT2LEDND L. TIZIEEINR A N L — Y OIS MRS

&Z}O

=NV FVaEzIE BEOEFEDA ML —JICH LT, FTAMES nap 757
EFRAPL/ET, F—AFHLT, b)) —Fnap TELRET I LN TE 5,

int main()

{

9.20

std: :map< std::string, std::string > m =

{
{"cat", "meow"},
{"DOG", "bow"}, // ¥ —EREALDTEEL:W
{"cow", "moo"}

}

// PRBEHEEEIEH» T

auto n = m.extract("DOG") ;
// ¥—EEE

n.key() = "dog" ;

// EULRY

m.insert( std::move(n) ) ;

AVFTF—TF U EREH

Ny ¥ =T 7 AV <iterator> (2. I¥TF—T 7 v AMEKL LT, 7 —BEM
D size, empty, data DSBS N7ze NI, X Y N—PIHID size, empty, data &
PO

int main()

{

std: :vector<int> v ;
std::size(v) ; // v.size()

std::empty(v) ; // v.empty()
std::data(v) ; // v.data(Q)
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Z D7) —BEBIIEYR std: :initializer list<T> [C bl 5,

int main()

{
int a[10] ;
std::size(a) ; // 10
std::empty(a) ; // HI false
std::data(a) ; // a
}
9.21 clamp

template<class T>

constexpr const T&

clamp(const T& v, const T& lo, const T& hi);
template<class T, class Compare>

constexpr const T&

clamp(const T& v, const T& lo, const T& hi, Compare comp);

ANy ¥ =T 7 A )V <algorithm> (ZiBI S 72 clamp(v, lo, hi) (I v A¥10 & 1)
MEVEAIT 1o %, hi KVEWVEEITn 2. ZRLNOEEIT v 2K T,

int main()

{
std::clamp( 5, 0, 10 ) ; // 5
std::clamp( -5, 0, 10 ) ; // O
std::clamp( 50, 0, 10 ) ; // 10
}

comp % FEFEIZHLS clamp 1 comp % ED LIRS
clamp (JILFBI/ IR E D 2 525, NaN 3%\,

9.22 3%t hypot

float hypot(float x, float y, float z);
double hypot(double x, double y, double z);
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long double hypot(long double x, long double y, long double z);
ANy ¥ —7 74 )V <cmath> |2 3 IKTCD hypot ANEINE 172,

RVE:

/$2+y2+32

9.23 atomic<T>::is_always_lock_free

template < typename T >
struct atomic
{
static constexpr bool is_always_lock_free = ...
s
C++17 T <atomic> 2B 1 & #1172 atomic<T>::is_always_lock_free I3 .
atomic<T> DFEHENTRTOETIZBNWTT Yy 7 7)) —=ThhbE& I3 VERIZIREE
TX 234, true 27 % static constexpr 72 bool BD T — 4 X 2 N—72,
atomic 1Z1d. fBIZ D bool IR A ¥ /N~ is_lock_free 23 H A, T HLILE
TRICE w7 7)) —Thb ML) PaHETE b, is_always_lock_free (LT /31
WERHZT Y 77 ) —ThANEIDEHETE 5,

9.24 scoped_lock : AIZR5|#] lock_guard
std::scoped_lock 7 7 A <T ...> (T ERLFIRD lock_guard 72,

int main()

{
std: :mutex a, b, c, d ;
{
// a,b,c,d % lock ¥ 3
std::scoped_lock 1( a, b, ¢, d ) ;
// a,b,c,d & unlock § 3
}
¥
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std::scoped_lock DI Y A T/ ¥ —3FHOuy D+ T =7 DY T 7L
VAR, ENENIIT Y Fuv 7 2RI E R WEPETRA Y N—B# lock ZIFU
HMdo 7ANT 7 ¥ =13 X v /N—F% unlock Z IO,

9.25 std::byte

CH++17 TEINA P2 RBIT AR L LT std: :byte 057 4 77V ITBME N2, 2
i, a7SHO—EHTH Y, JIEHTHEL KHEH2IT-o T 5,

9.26 RALHIE (gcd) ERNAEE (lem)

CH+17 TEANY =7 7 4 )V <numeric> IZRALHIEL (ged) & I/NAREEL (1em)
MBI E N Tzo

int main()

{
int a, b ;
while( std::cin >> a >> b )
{
std::cout
<< "ged: " << gcd(a,b)
<< "\nlcm: " << lcm(a,b) << ’\n’ ;
}
}

9.26.1 gcd : BALHIE

template <class M, class N>

constexpr std::common_type_t<M,N> gcd(M m, N n)

{
if (n==0)
return m ;
else
return gcd( n, std::abs(m) % std::abs(n) ) ;
}
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9.26 WAL (ged) & &SR (lem)

gcd(m, n) ldm & n S BIZX¥UDEX U EZRT, TNLSNOEE.
DIKRERIH (Greatest Common Divisor) %%

m| & |nf

9.26.2 lcm : BR/IVAEER

template <class M, class N>

constexpr std::common_type_t<M,N> lcm(M m, N n)

{
if (m==01ln==0)
return O ;
else
return std::abs(m) / gcd( m, n ) * std::abs(n) ;
}

lem(m,n) (3. m & n DEL LN EUDGEXY T ERT, ENU/NDGE.
|n| DE/NAER (Least Common Multiple) %3iZ7

m| &
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AN ¥ —T 74 <filesystem> CEFRSNTWVELERET A TTVDT 74 VI A
TLIE, 77ANRT AL M) = ZORUEHRD 12DDTAL T T 12,

—fRIZ T T 7 AN AT AL Ewvo2Ba, 728 21E Linux @ extd, Microsoft
Windows @ FAT % NTFS, Apple Mac ® HFS+ % APFS &t \wwo /727 7 f V& Z
OBEMERRTLDDOA L =V EOTF— 7 k% ERT 5o C++ OIEHES 17
FVDTFANVIAT AL, TDEIBRT ANV AT A RERT L7 iEx
BETA54 750 TIidh e 774NV Y AT A EWD) F— FREETHEILE N,
T7ANRT ALY M) = Z0EME, TS LEE, L2 EAP T 74
WRTFTA LI M) =BT 5720074 77) DT L7,

720 I7 ANV AT ATATIYTIE [ 7740V ] v HEEIZHICHEED 7 7
ANDHEELT, F4L 7 )=, YRy vz s, FIFO (&HiMF &84 7).
Vi N EORERE T 7 A NVbE T

RETWET7TANIATLATA T T OTRTCEFMISHHL TR, 7740
VAT ATATIVEEDPIBREDOT, FEOHBOERIZOWTIE, C++ T3
AF—IRED) T 7Ly AR AT VR ERSBRT AL L,

10.1 RpIZEE

TT7ANYAT AT AT T 1d std: :filesystem HATZEM A I —TOTIZEE &
nTwb,

int main()
{
std::filesystem: :path p("/bin") ;
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COEWMZEIZEVDT, 77 ANVYATATIATIY 2i) L XiE, o7
Oy 7 Ad—THAATusing 74 L7 74 7% 0. BATZERZA) 7 A% HST
BHOBIZ AT S & L,

void using_directive()

{
// using T LI T4 7
using namespace std::filesystem ;
path p("/etc") ;

}

void namespace_alias()

{
// BEIZEIA )T R
namespace fs = std::filesystem ;
fs::path p("/usr") ;

}

10.2 POSIX #E#l

C++ DT 7ANY AT LD T 7 A4 VEIEDOER)L, POSIX HAEIZH S o FEEIC
Lo TE POSIX ICHE SN EBHIRECERVEELH 5. ZOLAIIHIBROHM
PFANT, TE 5721 POSIX IZEWVER 2179, FEEN LD L) LEKROH 258 b
RETELVEA, Z7 25BN 5,

10.3 T77AIWVYV AT LOEHR
TT7ANYATLATA 77 O&KGEEHRICESZEZTLEUTOEBY,

o 75 A path T7 7 A WSALFHN %)

o B4} 7 T X filesystem_error & 7 7 A error_code T-L 7 — il

o 7 J A file_status C7 7 A NVDEHE/N—3I v T a vy OIS, &E

e 27 J A directory_entry CT7 4 L7 I —DEMROIE, %E

e 7 7 A directory_iterator T7 4 L 7 M) —fiiix A 7L —¥F—& LT/
&5
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o« ZHOT) —BKTTTANET 4 LY M) — O

10.4 IS-—uE

TFANYATLTATT)TLT—=HPRELSE, L7 — 0BT 218
HOFEND D BINEMD L. Ny ¥ —7 7 1)U <system_error> TEFH S
TWAIT— @D F X std::error_code ~“D ') 77 L v A% FEF| L LT
LTI —WNER SIS k72,

LT —EOHEL, TT7— ORI DMFEIZE > GEIRTE 5, —MRIZ, =5 —
OSSR WHE, T2 RIAZDEFITFHL TChRnihs, 7 —0HiC
BHINE S 72129 DS E Ve TT—DHBEIGEZ Y6, TP EFH
TELYE, TIPS EE DR IE) AL,

10.4.1 %
Tr7ANVYATEATAT T OO ) 5. std: :error_code & Hl% S5 [FUIHLS
WHEELL. LT L I —@M%1T) .

s OS L2 77 ANV AT ABIMELEBVTT I = DRELLYA,
std::filesystem::filesystem_error B OBIHAS throw SN b, 1 DD
path % EF I 2 BB DY E . filesystem_error O A ¥ /N —PBI%L pathi
TEGIED path BHE SN 5. 2 DD path & EG|HITW 2L BHOYE .
filesystem_error ® X ¥ /N— 4% path1, path2 TH—., FE 50 FNEN
%55, filesystem_error (L7 —WZIIIG U7z error_code % $#0

o A ML=V OMRICKEK LA BFEOBITHNC X B8R THILE

o TAMT I BN AT R

Bt fliofzr g —MMIILITOE B ),

int main()
{

using namespace std::filesystem ;

try {
/] T7ANEBLPSRAL T A NEADIAE—ICLDZTT—
path file("foobar.txt") ;
std::ofstream{ file } ;
copy_file( file, file ) ;
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} catch( filesystem_error & e )

{// I5-D%KE
auto pathl = e.pathl() ; // HF—35|#K
auto path2 = e.path2() ; // FI35|#

auto error_code = e.code() ; // error_code

std::cout
<< "error number: " << error_code.value ()
<< "\nerror message: " << error_code.message()

<< "\nmpathl: " << pathl
<< "\npath2: " << path2 << ’\n’ ;

}
filesystem_error [ILLTF DL ) %7 T AI27% > T b,

namespace std::filesystem {

class filesystem_error : public system_error {

public:
/! 5%
const path& pathl() const noexcept;
/7 B

const path& path2() const noexcept;
// T7—AR%E ABIPFHED % null LIHXFITRT

const char* what() const noexcept override;

10.4.2 G
T7ANYATLTATT) OO 5. std: :error_code & #l % ZE5 [HUII 2
BEix, UTFoX)Ice 7 —@fzEdr).

e OSIZEBT 7 ANV AT AEIEIZB VT T =238 L7284 . error_code &
DEBIEP LT —NEIIG L TRESINS, TT7 =% WHE ., error_code & il
DEFEUAT L TRX U N—FH clear O DSIFIEN S,

int main()
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{
using namespace std::filesystem ;
// TF7ANEDPSELT7AIVEADIE-ICLBZIT—
path file("foobar.txt") ;
std::ofstream{ file } ;
std::error_code error_code;
copy_file( file, file, error_code ) ;
if ( error_code )
{// T7-0%BE
auto pathl = file ; // H—5|
auto path2 = file ; // BEZ5|H
std::cout
<< "error number: " << error_code.value ()
<< "\nerror message: " << error_code.message()
<< "\npathl: " << pathil
<< "\npath2: " << path2 << ’\n’ ;
}
}

10.5 path: F7AIVINAXFINIS R

std::filesystem::path (37 7 A VXA LFHNITRIHUST L7007 T A7, LT
FaEHT 27 7 AL LT CH+ I2IETTIC std: :string 25H B 25, 77 A V/SA L
V) LFHN R RIS 72012, HIOBT Y 7 AAMES 7z,

7 J A path (Z LT ORRER LT %,

o T 7 ANINALFHIOFH
o T 7 A INISALTEH OFAE

path (X7 7 A WS ALTFHIORB L B2 2 R_RMT 27 52T, WET 7 AL
VAT ANOEHEDOITI v MI L%V,

T 7 AWNALFHNED L) ITEHEIN T ENIEFERICLYVEL S, POSIX
BT FEM % char & LT UTF8 T a— FTEBE TS 0S 5% 25,
Microsoft Windows TAREBELL, XFEM% wchar_t & L CUTF-16 = > a— F

235



B10E T7ANVYAT L

THRITLMEBIL > T 5,

72, OS 2L oTIETIF Y TN T 7Ry PORITF/ILFERZXP L o720,
XENET B MAHENTZ) T HEEKLD D

7 7 A path lILD LI %7 7 A WRALFHIOERZWILL T b,

27 A path [ZIZLLTFTO L) R AR N ENTHEHDDH 5,

namespace std::filesystem {
class path {
public:
using value_type = see below ;
using string_type = basic_string<value_type>;
static constexpr value_type preferred_separator = see below ;

}

value_type & string_type |& path 2SNEBT 7 7 4 WS AL FFN % KBS 5 D12 ff
) LFELFHNORIFZ, preferred_separator . HEWSINL T 1 L7 M) =X
LT, 7ok 21X POSIX HIRERBETId / SV 51575, Microsoft Windows T
N\ b TWw5,

10.5.1 path : T 71 ILINADZFS
T 7 ANWNRARLFHITERT 50 C++ OXLFHOL Y I— FIZIZUTO L 08
%50

e char: A 74 70— >a—F

o wchar_t: A T4 7T FLra—F
e char: UTF-8 = a—F

e char16_t: UTF-16 =>a— |

e char32_t: UTF-32 = a— F

path::value_type 23 EDLFHIZ vy, EOXFHIL Y I — Faflio T b i
EEKATFTZ, path FEDOLFHIL Y I — FAESNTDH . path: :value_type D LT
By ra— Filhs &) ICHEMICERD» TS,

int main()
{

using namespace std::filesystem ;

// %M T4 7FA—-I>3-FK
path p1( "/dev/null" ) ;
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// ZAT4T T4 RI>O=F

path p2( L"/dev/null" ) ;

// UTF-16 T>— K

path p3( u"/dev/null" ) ;

// UTF-32 T>— K

path p4( U"/dev/null" ) ;
¥

HOT, EOXFEH Ty a— FCELTLEI,

C++ TIZ UTF-8 =¥ a— FOXFEMIL char T, ZNEAA T4 7+ O —T
I—FOXFMERULEZDOT, MY AF AL > TRITE RV, 20720, UTF-8
XFH) T INVEETE, A T4 T7F0—Tra—-Fe LTlikshb,

int main()

{
using namespace std::filesystem ;
/] 34571 FFA—I - RELTRIRE NS
path p( u8" 771 JILE" ) ;

}

ZDaA—FiE, A T4 7Fa—2 2 a— FATUTF-8 TldZWiEa. By fRiED
HWBHIEOK VO — K72, UTF-8 .0 I — FEBHMEOEWITETT 7 4 VISR
E LTV nBA . uspath 29 & Ly,

int main()

{
using namespace std::filesystem ;
// UTF-8 T>O— N& LTHRE N 3
/) RROFESNFI - RICEHRINDS
path = u8path( u8" 77 J/LE" ) ;

}

u8path (Source) I Source # UTF-8 = I — FEN/2LFH & LTS DT, i
BOXLTH) T INVERETE, 247147+ —T 23— F)3 UTF-8 Tld e WEH
TIZMHEIC 2 5,

int main()

{
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using namespace std::filesystem ;

// UTF-8 T>a— K& LTEREN 3
/! 24T 4 TFFO—I>O— KA UTF-8 TlRAEWEE MIEICE
path = u8path( "7 7 J/L&E" ) ;

}

u8path &) H&EiL, XFEHNILT UTF-8 T a— FLZITIE RS %\,
BRRICL o Td, 7 7 A WRAIMER 2 3CFIZHIRD D V) . 728 O SCFF) I3
N EREFFOFHEIL L > TWE I L H DT, BHEOBE T T 7T 40O
2B TUEZ OB TLEESLES, 728 218, BEIZ L > TSI LFOK
Ax Lanhd Litkv, F72, cON R AUX D X 9 % CFHIDERI 2 B Fioh b
Lz,

path IZHM ENT V2 7 7 A WS AFF &2 RS 5 FiEE, REKRAE O SCTF
IyaA—=FEeT77ANSAOERFEOERIZL), SESEhHESHAESINT
Wb,

T 7 ANWNRALFHND T =< MIAILTD 2205 %,

« ATAT L FEREEHFOTE—< v b
o VA vy tAMGEED 7 -y b

POSIX #EHDOBEFEIZBWTIE, AAM T4 7¢ T 1) v 73T o772 < FAL,
POSIX R TIZ AR VBB TIZ, A4 T4 7V 2R ) v 73R R L7+ —< v b F
FEOWBEEDL D % o

72 & 2. Microsoft Windows TlZ. * A 74 7D 7 7 4 WSALFHNET 1 L
7 b)) =X ) LFIZ POSIX #ED / TlE7% <\ 2o T b,

F9 A N—F native & c_str VD S,

class path {

{
public :
const string_type& native() const noexcept;
const value_type* c_str() const noexcept;
I

UL T A path BHE THio> TV B EREKGEDORA T4 THXFHEZ ZDF
FRFT DD,

int main()
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using namespace std::filesystem ;
path p = current_path() ;

// EEIKTFD basic_string DAL
path::string_type str = p.native() ;

/] REEFONFH
path::value_type const * ptr = p.c_str() ;

}

DX N—BEEAME) O — NIIBEEIEES LIS
str O3 path: :string_type C. ptr OIIIFELAKFF D path: :value_type const
x 72, path::value_type & path::string_type (&, char X wchar_t, std::string
R std::wstring D & ) % C++ PHHETERT LETII R WTTREEY D 5o
% LT, path::string_type “DZHBIE operator string type) W’ %o

int main()

{
using namespace std::experimental::filesystem ;
auto p = current_path() ;
// BERDEZ
path::string_type str = p ;
¥

path @ operator string_type() \&. %A 74 7OXFEHNEEZBREF D7 7 14 VA
MI=LFA4 70 TH=TrTEHRNIALWL TRY . 2 RIZEALTES
L7 7 ANNRRAOTOI, ZEHFIAFTHEN T2 XFINIEBREINLI P LA
&\/\O

int main()
{

using namespace std::filesystem ;

path name("foo bar.txt") ;
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std: :basic_ofstream<path::value_type> file( name ) ;
file << "hello" ;
}

IATATDT 7 ANWINALTH| % string, wstring, ulbstring, ud2string (2%
BWLTHUEST 2 A v N—EIZ LT O L D05 5o

class path {
public :
std::string string() const;
std: :wstring wstring() const;
std::string u8string() const;
std::ul6string ulbstring() const;
std: :u32string u32string() const;
Y

ZDH) b, A N— ¥ string 341 T4 7FHE—T I~ FEN7 std: :string,
A N—Ba% u8string 1 UTF-8 > I — F &M7: std: :string &7,

int main()

{
using namespace std::filesystem ;
path name("hello.txt") ;
std::ofstream file( name.string() ) ;
file << "hello" ;

}

T 7 ANWNALFHNH Y x 3 v 2 124 L TIHET generic_string() RD A ¥
D B

class path {

public :
std::string generic_string() const;
std::wstring generic_wstring() const;
std::string generic_u8string() const;
std::ul6string generic_ul6string() const;
std: :u32string generic_u32string() const

}

fENHIEAA T 4 7% LFEH % BT string() HD AV N—BE L U725,
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T 7 ANNKADOLFHOLTE & LFH Ty a— FIRBET L ICR L2 20T, Bl
HOFET— F2EF L& ZITFFERPLEL,

HEMIZIEZ, Y v 7% POSIX #HDOREE TIX, LFEIL char, LTV AT
std::string, T I — FIZ UTF-8 2% %,

Microsoft Windows ® Win32 ¥ 7> A7 4 & MSVC & POSIX ##Clid7 <\
AREFPER T, BEIERIC LD . SUFIIE wehar_t, SUFHIHNL std: :wstring,
Ira—FiZUTF-16 £ %> T\ 5,

10.5.2 T 7 A IVINZADIRIE
7 J A path (7 7 A WRALEH OB F-MAE L T2, std::string & (d5EV,
find X substr O & I LEMEIFIHRM L TR WA 7 7 A WS A LFEHNGRL L 728,
TERIRHEL T\ 5,
operator /, operator /= [&t/SL — % —CIXEIo727 7 4 VXA LFHI OB %
790
int main()

{

using namespace std::filesystem ;
path P(u/n) ;

// "/usr"

p /= "usr" ;

// "usr/local/include"

p = p / "local" / "include" ;
¥

operator += (ZHL7% 5 LTFHNOMEEEITI o

int main()
{

using namespace std::filesystem ;
path p(ll/ll) ;
// ll/usrll

p += "usr" ;

// "/usrlocal"
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p += "local" ;
// "/usrlocalinclude"
p += "include" ;

¥

operator / X JEV>, operator + [IfFfEL %\,
ZOMICH . path IFEFEF LT 7 A MSALTHN AT BEMEERRBL T 5,
UTixen—H7,

int main()
{

using namespace std::filesystem ;
path p( "/home/cpp/src/main.cpp" ) ;

// "main.cpp"

path filename = p.filename() ;
// "main"

path stem = p.stem() ;

// ".cpp"

path extension = p.extension() ;
// "/home/cpp/src/main.o"
p.replace_extension("o") ;

// "/home/cpp/src/"
p.remove_filename() ;

}

path (37 7 A V7S ACFHNA LT L AT ) CFFVMHA 2R L Tnd, 72Er
X7 7 ANVKHETHRE B RBE, JERF 72T R S LB, SRR R R B LEL 2
&7z,

10.6 file_status

7T X file_status 37 7 ANDY A4 TEN—=3I v ary2RETLHI IR,

T7ANDE A TEN=3I v ald 774 VAL FIEREL TGS 5
EDRED LS, FOTFETIZEBERIWIH T 7 A VY AT ANDT 7w AD5ET 5,
file_status [I7 7 A NDF A T =3I v v a VEREFFTL7 52 LT, »
biEF v v a0BkE 2R3,
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file status I T 7 ANV AT LAANDEED I I v MI L%V,

file_status 7 7 A status(path) d L < | status(path, error_code) THUf
T&5%, AT, directory_entry D X ¥ )N—FH status) 2HHIFTE %,

FATEN)DIE, T 7 ANHTEEEEFRT enun B file_type T, HEDT7 7 A NV
RTFAL I M) =R R ) v )y bvole Ty 4 VOREEEFET,

N=3Ivariwnwinix, 774 IVOHEREETE Y Y A7 D enun Al perms
T, 77 ANVDFAEZ L 7 v— T EMATTHisrk, FEAA ETOZRZH
DAL L TV5, ZOfEIX POSIX D& F LIZZ > Twb,

T7ANDIATEN=3 v T a ryelfsd 2 X N—FEBIIUTOELY,

class file_type {
public :
file_type type() const noexcept;

perms permissions() const noexcept;

¥}
UTD L)1,

int main()
{

using namespace std::filesystem ;
directory_iterator iter("."), end ;

int regular_files = 0 ;

int execs = 0 ;

std::for_each( iter, end, [&]( auto entry )
{
auto file_status = entry.status() ;
// is_regular_file( file_status ) THFA]
if ( file_status.type() == file_type::regular )

++regular_files ;

constexpr auto exec_bits =

perms::owner_exec | perms::group_exec | perms::others_exec ;

auto permissions = file_status.permissions() ;

if ( ( permissions != perms::unknown) &&
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(permissions & exec_bits) != perms::none )
++execs ;
)
std::cout
<< "Current directory has "
<< regular_files
<< " regular files.\n" ;
<< execs
<< " files are executable.\n" ;

}

ZOTUTIAE ALY RTALY N —lHLEFEDOT 7 A VORE FET]
W77 ANVOREFRRT S,

T7ANVNR=3I v arxEKHT 5 enun B perms (X, /S—3I v ¥ a YOAHLY
4 perms: :unknown (272 % Z Dfild OxFFFF %2 D TE v MEE % T 2% 41213ER

BALFTZ

ENUHD perms DOfEild POSIX (ZHEHLL T2 2%, perms | scoped enum #17: D
T, R F v 2 R OMLETS,

// TT—

std::filesystem::perms a = 0755 ;

// OK

std::filesystem: :perms b = std::filesystem: :perms(0755) ;

TT7ANDE A TEN=3I v arviBEEWZ LA N—BHIILUTOEEY,

void type(file_type ft) noexcept;

void permissions(perms prms) noexcept;

727201, file_status EWIH)DIEH L LF ¥ v V2D 7 T A% DT, file_status
DAL TEN=3I v ark[EEZRZL]IEVI) DI, I file_status DF 7V =
7 MR SN TV A MEEESMR L7200 T, W7 7 AV AT LIS NS b
DTE R WHT 7 AN AT L EHEZWZ 5121, 7)) — B D permissions %

9o
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10.7 directory_entry

27 J A directory_entry 37 7 A WXAXFH| ZRFFL. 774 VSADIRLRT
77 ANVDEREREFTE 27 7 A1

WHT7ANVYATANS 7 7 A VORHRE RGO IR,
directory_entry {3V bHIX7 7 A WIEHDOF v v 2t L TOHEEZFD,

directory_entry (I 7 7 A VI AT AL HR T BARL /T T, EEOO
Iv MILZRW,

directory_entry OMEEEIZ, IV AT 7 ¥ —125[$& LT path & 5-2 A1l
directory_iterator & recursive_directory_iterator 2°5 55 Z L AITX %,

int main()
{

using namespace std::filesystem ;
path p(ll.ll) ;

/! T AIWINRX TS 58D
directory_entry el(p) ;

/I ATL—2—»5183
directory_iterator i1(p) ;

directory_entry e2 = *il ;

recursive_directory_iterator i2(p) ;
directory_entry e3 = *i2 ;

}

directory_entry I3 X FSF 27 7 A VIEMEZ NS T 5 A VNI D % A5,
CHIEF CHBED D DA 7 ) —BHTHHEEN T 5, directory_entry % 9
LT TAMEREF vy v aTEL2O, ALT7 7 AW LT, W7 7 4
VY AT AQLEEN R E ZEEIR O 7 7 A VATHRIUS 21T ) OB RHIIZ 72 o

int main()
{

using namespace std::filesystem ;
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directory_entry entry("/home/cpp/foo") ;

// TFTERERR
bool b = entry.exists() ;

// "/home/cpp/foo"
path p = entry.path() ;

file_status s = entry.status() ;

// 77 Y A X ERR

std::uintmax_t size = entry.file_size() ;

std::ofstream foo( entry.path() ) ;
foo << "hello" ;

/] BT 7 AT AT L SIEREEH
entry.refresh() ;
/] BOI—ET7AINY A X EeBS

size = entry.file_size() ;

/] BHRERBTE T 1INV %E

// "/home/cpp/bar"

// \(CB&H#EZ T refresh() EFFUHT
entry.replace_filename("bar") ;

}

directory_entry (¥ v v Y a2 HD 7 I AT, HENWWICHELT 7 A V¥ AT LA D%
FEIERE L 2\ T, RO RMHETIE$ 21213, BRI A 2N — B refresh %
IO T DD 5.

10.8 directory_iterator

directory_iterator |, »5 7 A4 L7 M) —TFIZHAET L7 7 ANV AZ AT L —
5 — DX THEST L2007 T A2,
72EREAVYITALZ P =TT 7 AN R EFTRCHIET B3 — FIEE
TOLHI%R%,

246



10.8 directory_iterator

int main()

{
using namespace std::filesystem ;
directory_iterator iter("."), end ;
std::copy( iter, end,
std::ostream_iterator<path>(std::cout, "\n") ) ;
¥

directory_iterator i3I Y A FF 27 ¥ — & L Tpath 2T L, ZOT4 L7 b
V—TORDD7 74 VICHYET 5 directory_entry XK A T L—F — L5,
AVALT Y —TIESNTA L7 M) —TFIZ7 7 A VB L 2 WA, #
AT7V—=% =1l %,

directory_iterator D7 7 4 NV NIV A NT I F —13HIHA T L —F — 1% b,
B4 T L= —IET) 77 LY ATER Y,

directory_iterator: :value_type |& directory_entry C. A 7L —%—DOH 57T
V—ZAIAT V=8 -t b,

directory_iterator (I L Y b7 L7 M) — () LBTAL 7 M) — (L) &
FIZEL v

directory_iterator 2574 L7 M) —=TFTD7 7 A V% &D LX) ZIEFTHIZET S
MEIRBE

directory_iterator |2 X o TR ENE T 7 4 WI/SAIHFLE L R WITREED S 5 D
Ty 77AMPHET S 2R TUILTEVIT 2V, 72l 2E FIELZWT 74
NANDY YRy 7Y 27 Lz,

directory_iterator N4 7V = 7 FHMERM I NIRRT 7 A VY AT A7
SNIEEIE, KBS L0E) PRBETH S,

directory_iterator O I ¥ A M T 7 ¥ — 3 W B HOHELHEETE S
directory_options # EHIIZZITWM A I LN TE D, L L., C++17 O
HEHAE OHIF Tl directory_iterator D EJ %A H § 5 directory_options |IHE
STV,

10.8.1 IS-—NE

directory_iterator |IMEEEMEIC LT —PBET LI LD D, ZOLT — % HiHf
Tld7% £ error_code TZIJH Y 7oA, TV A T2 ¥ —DFEFIET error_code
DY T 7 LY AERET,

int main()

{
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using namespace std::filesystem ;

std::error_code err ;

directory_iterator iter("this-directory-does-not-exist", err) ;

if ( err )
{
// ITZ—hug

}

directory_iterator |31 ¥ 7 ) AV MEIZZ T —DBET LI ENH D, 2O
T — % BIHTIE 7 { error_code TEITHLY 7254, A ¥ /N—BH increment % [
U9,

int main()

{
using namespace std::experimental::filesystem ;
recursive_directory_iterator iter("."), end ;
std::error_code err ;
for ( ; iter !'= end && 'err ; iter.increment( err ) )
{
std::cout << *iter << "\n"
}
if ( err )
{
// TT -4
}
}
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10.9 recursive_directory_iterator

recursive_directory_iterator IR E SN2 T4 L 7 MY —TFIZHFET S
YTTA4L 7 P —DFTIEDT, IRXTOT7ANEIZET B, I
directory_iterator & (ZIX[[ L7Z,

int main()

{
using namespace std::filesystem ;
recursive_directory_iterator iter("."), end ;
std::copy( iter, end,
std: :ostream_iterator<path>(std::cout, "\n") ) ;
¥

A voN—B%L options, depth, recursion_pending, pop, disable_recursion_pending
ATV T 7 LY ATERWVA T L= =I5 LTI L 2B o283k E5%72,

109.1 FJvav

recursive_directory_iterator {33 Y A b7 7 ¥ —DFEF | directory_options
BID scoped enum fEXHLAD 2 L2 L o T, FEE)ZZEH TE %, directory_options
D enum HIFE Y PYZA7I2%oTWT, UTFTO 320y A7 EPHESNT
Wb,

24T IEUN

none TFTT74NWhe TALZ M) =2 R v 7)Y 0% A%y
To N=3 v a VERIETT —

follow_directory_symlink 74 L 27 b= R v 7)) 7O dF%

skip_permission_denied N=3Iv T aVEROTALVZ M) —FAFy T

ZOH)BHLED D HHMMAE DL, none, follow_directory_symlink, skip_
permission_denied, follow_directory_symlink | skip_permission_denied ® 4 i

Bl 5o

int main()

{

using namespace std::filesystem ;
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recursive_directory_iterator

iter("/", directory_options::skip_permission_denied), end ;

std::copy( iter, end,
std: :ostream_iterator<path>(std::cout, "\n") )

¥

follow_directory_symlink (. T4 L 27 M) —~DI VR v 7Y 7 HPHIE
TEEE AT L= =04 7L — 8 —IZHE L 2 WIS S 5 O TEET 5
Zk,
int main()

{

using namespace std::filesystem ;

// BRBBEECTALI7 M) —ICHTBL R T ULy

create_symlink(".", "foo")

recursive_directory_iterator

iter(".", directory_options::follow_directory_symlink), end ;

/] I7— HLIBET LAV
std::copy( iter, end, std::ostream_iterator<path>(std::cout) ) ;

¥

recursive_directory_iterator M HITE D directory_options % %5 121X, X ¥
IN— %L options %55,

class recursive_directory_iterator {
public :
directory_options options() const ;

}

10.9.2 depth : FEEUF

recursive_directory_iterator SBITENIZE L TWA T4 L7 M) —DEZ %55
12 A 2N =% depth &5,

class recursive_directory_iterator {

public :
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int depth() const ;
s

WADT AL M) —DFEZF0T, ROFTF4 L2 M) —DFESIZ L. FLL
oy 771 Lo b)) — b RBICH < -

10.9.3 pop : REDT ¢« LI bU—DFlIEEFHIE

AU N—8 pop ZMER L, BASIEFOT 4 L2 M) —OFIZEEZRY LD, #
TALYZ M) —IlRb. BIEOT A L7 M) =207 4 L7 M) —0E, o)
depth() == 0 DIGFEI, HWA T L —% —1lk 5,

class recursive_directory_iterator {
public :

void pop();

void pop(error_code& ec);

¥}

e ZE AV M TAL I M) =BUTOEI T4V P =YY =T, 47
L= = LUTICEPNIEET T 7 AV 2FIET HBEOY G,

a
b
b/a
b/c
b/d
c
d

DTk Rruarsnadifidase.
int main()
{
std::filesystem ;
recursive_directory_iterator iter("."), end ;

auto const p = canonical("b/a") ;

for ( ; iter != end ; ++iter )

{
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std::cout << *iter << ’\n’ ;

if ( canonical(iter—->path()) == p )
iter.pop() ;

¥

A IR 7 7 ANV EFDNAFIZUTO L H 124k 5,

b/a

d

“b/a” |ZH)FE L7205 T pop O AIFIENZ DT, ZNBUEDF ALY ) —1b FD
FIER R &N, BTA L2 M) —=THHHI LY b T4 L7 M) —=1ZR b,

10.9.4 recursion_pending : REDT < LI NU—DBREXF YD
disable_recursion_pending [IBIAEDT 1 L 7 M — DT 2 HIFHICHNZET LT &
T AF v T BHRREZ.

class recursive_directory_iterator {
public :
bool recursion_pending() comst ;
void disable_recursion_pending() ;

}

recursion_pending() 3. EHIOA T L —F =D 7 ) X v NEIEDEZIZ
disable_recursion_pending() 2SHEN TV AR WVIEA . true KT, #9) ThWij
A3 false #K 7,

FWiEZ UL, disable_recursion_pending() ZIFAZEZT, T4 7L —4% —
DA 7)) Ay MEEEZ L TR WEE, recursion_pneding() |E false X7,

int main()
{
using namespace std ;

recursive_directory_iterator iter("."), end ;

// true
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bool bl = iter.recursion_pending() ;

iter.disable_recursion_pending() ;
// false

bool b2 = iter.recursion_pending() ;

++iter ;
// true

bool b3 = iter.recursion_pending() ;

iter.disable_recursion_pending() ;
// false
bool b4 = iter.recursion_pending() ;

}

HIfF recursive_directory_iterator 25§ L C\W 5 7 7 A WSAHT 4 L7 M1 —
THEYE, TOATVL—F—% A7) RXA 2 T2E ZOT4A LV M) —T%
HIRMICHZET 5T Ll b, LA L. recursion_pending() 7 false X B9 6.
TALY M) —ORBINAFIFEEAF Y TEND, A 27 A Y MEPMTD NI #
I¥ recursion_pending () D#EH1L true 2R 5,

% 1), disable_recursion_pending (&, B L T35 741 L7 M) —T%Hi
BICHIZET L2 L% A% v 73 LR 1R %,

Tl ZIE ALY R TALIZ M) =BUTOL) %TAL 7 M) =YY =T, A7
L= =L TICEPNNEETT 7 4 VEFIZET 5REORA.

b/a
b/c
b/d
c
d

UTnL)B7arI 02 ETT5hE,

int main()
{
std::filesystem ;
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recursive_directory_iterator iter("."), end ;
auto const p = canonical("b/a") ;

for ( ; iter != end ; ++iter )

{

std::cout << *iter << ’\n’ ;

if ( iter->is_directory() )

iter.disable_recursion_pending() ;

¥

WA IATET 7 7 AWV E FDEFIZUTO L H 2% 5,

o e

d

o7y I AhET4 L7 M) —THNITWT disable_recursion_pending() 7%
g 20T, 774 L7 M) — ORI RHIZIATONY ., FHRMICEIEL
directory_iterator L [i LIZ7 5,

disable_recursion_pending -V Z LI2 L o C, HEIRWIZTA L2 M) —D
IR B2 Ax Yy TEEH I EDNTE b,
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10.10 F7AILY AT LIRIERIE
10.10.1 774 )L)CRERS

current_path

path current_path();

path current_path(error_code& ec);

ALY -T=F7 74127 M) — (current working directory) ~Oifixf/ <
A%BET

temp_directory_path

path temp_directory_path();
path temp_directory_path(error_code& ec);

—BE7 7 ANVEMER T D DIZH#E L —FET7 4 L7 b)) — (temporary directory)

ANDT 7 AIWISA %K,

10.10.2 T 7 A IVINREE

absolute

path absolute(const path& p);
path absolute(const path& p, error_code& ec);

p DK INA R o p DIET T 7 A WAHEHIE L 2 WA DOEENI R E
canonical

path canonical(const path& p, const path& base = current_path());
path canonical(const path& p, error_code& ec);

path canonical(const path& p, const path& base, error_code& ec);

FHETDLT7ANND T T ANNRZp~D, YK Yw o )rs, LY FAL
Jr0—= (O BFT1L7 P)— (L) OFIELZOHR/ S %555,

weakly_canonical

path weakly_canonical(const path& p);

path weakly_canonical(const path& p, error_code& ec);
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T7ANNRZp DY YR v 7)) » AR, IEBbE N/ A ZRT, 77
AWINZDIEHALIZ OV TOEFRIZEL 75 D TEME,

relative

path relative(const path& p, error_code& ec);
path relative(const path& p, const path& base = current_path());

path relative(const path& p, const path& base, error_code& ec);
77 ANISA base D25 T 7 A NS p I T KSR E KT,

proximate

path proximate(const path& p, error_code& ec);
path proximate(const path& p, const path& base = current_path());
path proximate(const path& p, const path& base, error_code& ec);

T 7 A NISA base MHDT 7 A WINA p \ZRT AR SAHZEI A TR T ALULH
KIS A % B o ARISANENA R S p RS,

10.10.3 {ERk

create_directory

bool create_directory(const path& p);

bool create_directory(const path& p, error_code& ec) noexcept;

pOWETTAVLI M) =% 1 DMET 5, HLWT 1 L7 M) —MERTESE
i true . TER T X Lh o 728513 false BT p SBEFOTA L7 M) —% 48
LTOTHLWT A L7 b =AERTE Do 7281317 — 1232 577w, HIZ
false %5,
bool create_directory(

const path& p, const path& existing_p);

bool create_directory(
const path& p, const path& existing_p,

error_code& ec) noexcept;

HLLERTATA4L2Z2 M) —p D7 M) 2= 2BHEDOT14 LY M) —
existing p LR CHDITT 5,
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create_directories

bool create_directories(const path& p);

bool create_directories(const path& p, error_code& ec) noexcept;

T7ANSZAp DHDT 4 LT M) —THIEL BV L DETXTHERT %,
DTFo7ar7s 8, AV b TFALZ M) =DFTOT 4L M) —aDTFOT 4
L7 M) —=bDTFIETA L7 M) —c 2fFliT 5, bL. BHOTA L7 M) —Toh
% a, b WL WA, TNOERT 5,

int main()
{
using namespace std::filesystem ;

create_directories("./a/b/c") ;

}

ROEIE. 714 L7 M) =% B L7256 true, €9 THRWHA falseo

create_directory_symlink

void create_directory_symlink(

const path& to, const path& new_symlink);
void create_directory_symlink(

const path& to, const path& new_symlink,

error_code& ec) noexcept;

TALYZ M) —to IRRENL T VERY v 7 ) V7 new_symlink ZTEKT %,

=D OS Tk, FALZ M) =DV Y ER) 7Yy 7 LT 7 A VANDY VR
Uy o) 0 e ICHRICIX T 2 08 B H b R—F TN a— N7«
L7 M) =Dy RY)w7) 7 2 fElT % & &I create_symlink Tld 7 <
create_directory_symlink {9 XX THh 5,

—WOOS TRy 7)Y R-FLTwhw, K—=F T Vea— Tk
FEITRETH L,

create_symlink

void create_symlink(

const path& to, const path& new_symlink);
void create_symlink(

const path& to, const path& new_symlink,

error_code& ec) noexcept;
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T 7 AIWISA to IIRREND T VKR v 7)) ¥ 7 new_symlink ZTERLT 50

create_hard_link

void create_hard_link(

const path& to, const path& new_hard_link);
void create_hard_link(

const path& to, const path& new_hard_link,

error_code& ec) noexcept;

T 7 ANINA to IZfRPFEN S /Nv— K1) ¥ 7 new_hard_link Z1EHT %,

10.10.4 1E-—
copy_file

bool copy_file( const path& from, const path& to);

bool copy_file( const path& from, const path& to,
error_code& ec) noexcept;

bool copy_file( const path& from, const path& to,
copy_options options);

bool copy_file( const path& from, const path& to,
copy_options options,

error_code& ec) noexcept;
T 7AW from DT 7 A NVE T 7 AWISA to ICTE—F %,
copy_options X I —DBEEAEZHE Y PY AV D enun BT, LUFOD enun fE
B R—FINT35,

EA| R

none T7 ANV T ANDT T ET B HAFLT —

skip_existing o774 Vve EEHEES LR, AFy 1317 -2 LT
Wk L2z

overwrite_existing BfFEo7 74 ve LEEXTS

update_existing BEO7 7 ANVBLEEZLL) ETE2T7 740 EDHITR
FEEXTL

copy

void copy( const path& from, const path& to);
void copy( const path& from, const path& to,
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error_code& ec) noexcept;

void copy( const path& from, const path& to,

copy_options options);

void copy( const path& from, const path& to,

copy_options optionms,

error_code& ec) noexcept;

TT7ANISA from DT 7 A N% T 7 A NI to IZTE—F 5,
copy_options 3T E—DEEZEZ LY PYAZ D enum BT, LT D enun

AR — P &N T2,

o 7T 4Ly M) =T BIRE

i =1UN
none FTANVM FTTFAL7 M) —Fad—-Law
recursive FT7FaLr )= Fohgba—795%

o YURY Y YUY AIRE

EAi|

EEUN

none

copy_symlinks

skip_symlinks

FIANVE, YRy sy s E T O—F 5

YURY s EY YRy sy LTaE—§ 5,
YRy s BT T A NVEEHEIE- LA
YURY ) vy BERT D

o T¥—FHHEIIHT Hi8E

EAi|

EEUN

none

directories_only

create_symlinks

create_hard_links

TFTI7ANVM TALZ M) =TFTOHRHEIE—-F 5

TAL7 M) —fEORE I -T2, FETAL I MN)=T 7
A ViZae—Law
T7ANEAE=F20TERL, Yy R) vy 2 ) » &
BT B IE=ENAL Y T4 LY M) =TlraWEA, I
E—=JtD T 7 4 WS A /S A THRITIUE R S 2w
T7ANEAE=FTLOTIERL. N—=F) 7 E2ERT S
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copy_symlink

void copy_symlink( const path& existing_symlink,
const path& new_symlink);

void copy_symlink( const path& existing_symlink,
const path& new_symlink,

error_code& ec) noexcept;

existing_symlink % new_symlink (ZIE—79 5%,

10.10.5 Hip

remove

bool remove(const path& p);

bool remove(const path& p, error_code& ec) noexcept;

TT7ANIRAp DIET T 7 A NHPHFHET DO THIIHIRT 5. 77 A VDY VR
Yo ) s 08eE. YRy )T 7 AVHHIRE NG, 7+ 1 —SEIFHIE
SN\,

ROMEE LT, 77 A VDPHEIEL 2 WA false B3R T, TNLIOHGE true &
K95 error_code TL T — iM% I TWMLEHA —/N—0—FTld, =5-%2561F
false B 5,

remove_all

uintmax_t remove_all(const path& p);

uintmax_t remove_all(const path& p, error_code& ec) noexcept;

TTANNAp OFVOHET ST 74 VETNTHIRLZE, pDIET 77403
HIBRS %,

DFN, pATALIZ M) =T 7 ANERLTVCT, ZOT14 L7 M) —=TIZH 7
TAVL7 M) =R 7 7 ANVHPHFIET BHE, TNOFTXCHIESEN, 71417 b
J—p bHIRENS,

pPATA LY M) —=TIRHEWT 7 A VEEBTHE, p HIBR SN,

ROMEE LT, BB L7Z7 7 A VOMEEAE S o error_code TT T — Al % 21T
WAL —/N—0— FO¥E, TT7—7 513 static_cast<uintmax_t>(-1) 25R 5,
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10.10.6 ZE=E

permissions

void permissions( const path& p, perms prms,
perm_options opts=perm_options::replace);
void permissions( const path& p, perms prms,
error_code& ec) noexcept;

void permissions(  const path& p, perms prms,
perm_options opts,

error_code& ec);

TT7ANIAp D/IN—3I v a % EET D,

opts 13 perm_options % enum fH. replace, add, remove D) LEWVF A1 DL,
B3 nofollow X EET S T LN TEX B, AW L 72856 1S replace 1% 5%,

ALY PTFALY M) T 27 74 )V foo & TRTCOL—H— |0 LTE

THERZMAINS 21203, DToL)icE<,

int main()

{

using namespace std::filesystem ;

permissions( "./foo", perms(0111), perm_options::add ) ;

}

perm_options ([ILL T D X 9 7% enun [H% FFD,

AT R

replace T7ANVOIN—=3 v a sk prms CHEIRZ S

add T7AND—3 v ¥ a v prms TIRE SN2 D DX BINT S
remove T 7 ANOI=3I v a b prms THRESNZ S OFIY B <
nofollow TTANDBL Y RK) 2 ) 22 OE, YR v ) I DT H 10—

FTDT7ANTIE L, P R) v IV 7ZDb0ODN—=3 v ar
EEHET D

T2 ZE 8=y v arvaREEREIOD, YUKy I ) U FEDLDODIS—

v TarvEHEXEZ VAR

perm_options opts = perm_options::replace | perm_options::nofollow ;
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L&
rename

void rename(const path& old_p, const path& new_p);
void rename(const path& old_p, const path& new_p,

error_code& ec) noexcept;

T77ANoldp%h 77 A Nnew pll)Ar—2LF 5,
old_p & new_p 25 LFAET 2 7 7 A VEITIHE, M LA,

int main()

{
using namespace std:filesystem ;
// fAHLEWN
rename ("foo", "foo") ;

}

ZFNLSHNDOLE, ) A= TUTO L) BB L 54T 5,
b L. =AM new_p BBEHEDT 7 A Vafg L TV zE. ) A —A1CfEo T
new_p [3HIR S L%,

int main()

{

using namespace std::experimental::filesystem ;

{
std::ofstream old_p("old_p"), new_p("new_p") ;
old_p << "old_p" ;
new_p << "new_p" ;

}

// 774 old_p DRAEIL"old_p"
// 774 new_p DRRL "new_p"

// 774J)old_p % new_p (Cl)x—L

// BEHED new_p BHEIRET B

rename("old_p", "new_p") ;
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std::ifstream new_p("new_p") ;

std::string text ;

new_p >> text ;

// " Old_p"
std::cout << text ;

}

b L. newp BELFOZET 1 L2 M) -2 LT 2sE, POSIX #HL OS T
L, ) A =215 CToev p ZHIERS NS, D OS TEZT—I1242shb LN
=\

int main()

{
using namespace std::experimental::filesystem ;
create_directory("old_p") ;
create_directory("new_p") ;
// POSIX BULRE TCHNE I I —IChESHEVWI ENRIESNS
rename("old_p", "new_p") ;

}

ld_p BV VR v 7 ) I OWhE, 7AH—ETERL Y Y R) v 2 )Ty
ANVH) A= E N5,

resize_file

void resize_file( const path& p, uintmax_t new_size);
void resize_file( const path& p, uintmax_t new_size,

error_code& ec) noexcept;

T 7 ANISA path DIFT 77 A NVD T 7 A VY A X% new_size 12T 5,

4 A X1d POSIX O truncate() TN/ D L) IIRL TS, 2FD. 77
ANEPNELNFA XL E, BT =5 13EToND, 77 A VERE)Y
AZXL7HE, WMA727 =% 1E o1l N4 b (\0) THXTF A ¥ 7 aMdb, 774 LVD
BT 7 R AHBESEH SN D,
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10.10.7 TEEHHE
77N EALTDHE

T7ANY A TwRHT 5 file_type HD enum 25H 1) . D enum HIFLLTF D X
I o T\ b,

e HR

none TT7ANE A THRRETERVWPLT —

not_found T ANPRERTE Lol L 2RTERM 77 AN AT
regular WEOT 74NV

directory TAVLIZ M) —=T7 74V

symlink YyRYw )T AN

block Ty ARy )T 7 A

fifo FIFO & L34 7774V

socket Vry b7 74N

unknown T ANVBFETEN T 7 ANI A TRPETE LW

ZOMIZ, EREKFEOT 7 A NE A THBEIMENT LU HENED D 5,
T7ANY A THRIFARBIZIE, file_status D A ¥ /)N—FE type DR i % T~
E L,

UTFo7ar7 783, AV T4 L7 b —IZHFET 27 74V foo BT 4 L7
M) —=h&) a5 a— N,

int main()

{

using namespace std::filesystem ;

auto s = status("./foo") ;

bool b = s.type() == file_type::directory ;
}

F7-. status b L path BT 7 ANI A THTA LI M) —=THobhEHn
ZHETE D is_directory b HE SN T2,

int main()
{

using namespace std::filesystem ;

bool bl = is_directory("./foo") ;
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auto s = status("./foo") ;
bool b2 = is_directory(s) ;
¥

file_status I3 7 7 A WHEHME F v v 229250 T, WHT 7 AV AT LIE
HaMRWIREET, M L7 7 A MIzxt LTES 7 7 A VIBHR B3 2 561,
file_status Zffi- 72139 AL\,

CDE) % isx EVIHBRO7Y) —BHEIE, WINBUTORRXZS,

bool is_x(file_status s) noexcept;
bool is_x(const path& p);

bool is_x(const path& p, error_code& ec) noexcept;

DT 7) —Ho&Rit. EOT77ANVT A T THLIEHET LHES,

AT U

is_regular_file BEHDOT 7 AN
is_directory T4V MN)=TT7 AN
is_symlink YYRYw )T AN
is_block T 7 ARY X NT 7 A
is_fifo FIFO & L<i3s4 T 774V
is_socket Vry b7 7 AN

70, B—DT7 7 ANIA THFHARLDOTIZLWUTO X9 4R 0 7)) —BEHDS
HFAET 5o

& =S

is_other TrPAVDELEL, WHEDTFANTLFAL Y ) =Ty VK
Vo 7)) 7 ThHRnwI AT

is_empty TT7ANVET AL P —DaE, 74 L7 ) - TFTHRETHNL

true BT T7ANDETA LT M) —DOHE T ANVHA
A0 THIUE true KT,
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status

file_status status(const path& p);

file_status status(const path& p, error_code& ec) noexcept;

T7ANIRZp DT 7 A NDIEREAENT 5 file_status LT
pWY YR v ) YDA, TAU—EDT 7 A VD file_status FiKT .

status_known
bool status_known(file_status s) noexcept;
s.type() != file_type::none g,
symlink_status

file_status symlink_status(const path& p);

file_status symlink_status(const path& p, error_code& ec) noexcept;

status LA L7ES, p B3V RV v 7 ) I DYGE, Oy RK) v ) s Ty
4 VD status X T .

equivalent

bool equivalent(const path& pl, const path& p2);
bool equivalent(const path& pl, const path& p2,

error_code& ec) noexcept;

pLEp2BWHET 7 ANV AT AL, F—D7 74 VThHDYE. true ¥iBT, £
) THRWIEGA false KT,

exists

bool exists(file_status s) noexcept;
bool exists(const path& p);

bool exists(const path& p, error_code& ec) noexcept;

s, p WIET 7 7 A VDFET 5D THIUL true BT 79 TRVIEGEA false &
B9,

file_size
uintmax_t file_size(const path& p);

uintmax_t file_size(const path& p, error_code& ec) noexcept;
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pOI/T T 7ANDT 7 AN A X %KY,

TrPANVPEELZWHEL T — kb, 77 ANVPBEOT 7 A VOYE, 77
ANHA X %RT, ZNDNOEE. BENIFERRTFL LS,

I5 —#H % error_code TR A A —N—0O—FTI—DL X, RVHE
1% static_cast<uintmax_t>(-1) & 7% 5,

hard_link_count

uintmax_t hard_link_count(const path& p);

uintmax_t hard_link_count(const path& p, error_code& ec) noexcept;

pOIT 77 ANDN—F) 7 xR RT,
I5 —liHl% error_code THITWALHE A —N—0—-FCTCII—DE &, ENHH
% static_cast<uintmax_t>(-1) & 7% 5,

last_write_time

file_time_type last_write_time( const path& p);
file_time_type last_write_time( const path& p,

error_code& ec) noexcept;
p DIRET 7 7 A VORMEH HFF % KT,

void last_write_time( const path& p, file_time_type new_time);
void last_write_time( const path& p, file_time_type new_time,

error_code& ec) noexcept;

p DIRFT 7 7 A VORKEH HFF % new_time 2§ 5,

last_write_time(p, new_time) % M ONH L 72 % 12 . last_write_time(p) ==
new_time TH APRIALIZ R\ BRELR I, WHLT 7 A VT AT A DOHEEITRK S S
O IFRER B D EN B 5 005 72,

file_time_type |¥. std::chrono_time_point DHFEKLTLLTF D L ) IZEFK SN T
Wb,

namespace std::filesystem {
using file_time_time = std::chrono::time_point< trivial-clock > ;

}

trivial-clock &%, 7 T v 7 (X ) IEHEIZIX TrivialClock) O EMH %723 7
Oy 7Ty 77ANYATLADIA LAY VTOMETFHICERETE2b0L ENT
Who 70y 7 OEAKY LA EREKE DT, BEIZR—F TNV I—FTlE77
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AW AT LW THEMZI) O THEEICR 2, TS WBERLEHRET S &
P ESORMERET ALV LN TE RN,

int main()

{
using namespace std::experimental::filesystem ;
using namespace std::chrono ;
using namespace std::literals ;
// HREHARFERE
auto timestamp = last_write_time( "foo" )
// W% % 1 RERIED B
timestamp += 1h ;
/! BH
last_write_time( "foo", timestamp ) ;
// BERL ERE
auto now = file_time_type::clock::now() ;
last_write_time( "foo", now ) ;
}

72720, %< ®FEE TIE file_time_type & L C. time_point<std::chrono: :
system_clock> 23D TV %, file_time_type::clock %° system_clock TdH il
¥, system_clock::to_time_t & system_clock::from_time_t |Z & 5 T time_t Bl &
DHEEBRHPTE L7201, W RAT VIR Do,

// file_time_type::clock #" system_clock T& 3iFH&

int main()
{
using namespace std::experimental::filesystem ;

using namespace std::chrono ;
/! REEHBEREENFITES

auto time_point_value = last_write_time( "foo" )

time_t time_t_value =
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system_clock::to_time_t( time_point_value ) ;

std::cout << ctime( &time_t_value ) << ’\n’ ;

// RIEEHHEFE 2017-10-12 19:02:58 ([CFXE
tm struct_tm{} ;

struct_tm.tm_year = 2017 - 1900 ;
struct_tm.tm_mon = 10 ;
struct_tm.tm_mday = 12 ;
struct_tm.tm_hour = 19 ;

struct_tm.tm_min = 2 ;

struct_tm.tm_sec = 58 ;

time_t timestamp = std::mktime( &struct_tm ) ;

auto tp = system_clock::from_time_t( timestamp ) ;

last_write_time( "foo", tp ) ;

}

HENT VIR oTVHRWVWEIIZRZ D%, C++ TIXHELE <chrono> 7 S FH
TEXDL CH+BDET VB AV F =TG4 T TV nh b, ORI ROB
RUETHEINDLEA I,

read_symlink

path read_symlink(const path& p);
path read_symlink(const path& p, error_code& ec);

SR Y2 s p DIRERENBHED T 7 A VISR ZET,
p Y YR v S Y s TREVEAIRT T — 2% b,

space

space_info space(const path& p);

space_info space(const path& p, error_code& ec) noexcept;

77 AN p BIET RO R ENIGT 5,
7 J A space_info [ZLLTD LI IZER SN TV 5,

struct space_info {

uintmax_t capacity;
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uintmax_t free;
uintmax_t available;

};

ZOMEIE. POSIX @ statves FAEL A IOV L 7245 SR D struct statveis O
f_blocks, f_bfree, f_bavail X »/N—%, TNEFI f_frsize TH U T, space_info
D A ¥ IN— capacity, free, available & L CiET o [HOPRETE L\ A /N —(21
static_cast<uintmax_t>(-1) VXA SN %,

L7 —il51% error_code TIRTRAKA —/N—UO— FALT—DH4 . space_info
DA IN—=|Z1FTXTC static_cast<uintmax_t>(-1) PMEA N5,

space_info D X Y NN—DERZ LAY LT CHHATL L, UTORDLH 1% 5,

2 =1UN

capacity A

free EEREE

available MERRDO N — =AM 2 522 X e
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This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program. |If not, see <https://www.gnu.org/licenses/>.

GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <https://fsf.org/>
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The GNU General Public License is a free, copyleft license for
software and other kinds of works.

The licenses for most software and other practical works are designed
to take away your freedom to share and change the works. By contrast,
the GNU General Public License is intended to guarantee your freedom to
share and change all versions of a program--to make sure it remains free
software for all its users. We, the Free Software Foundation, use the
GNU General Public License for most of our software; it applies also to
any other work released this way by its authors. You can apply it to
your programs, too.

When we speak of free software, we are referring to freedom, not
price. Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new
free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights. Therefore, you have
certain responsibilities if you distribute copies of the software, or if
you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether
gratis or for a fee, you must pass on to the recipients the same
freedoms that you received. You must make sure that they, too, receive
or can get the source code. And you must show them these terms so they
know their rights.



Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

For the developers® and authors® protection, the GPL clearly explains
that there is no warranty for this free software. For both users® and
authors® sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

Some devices are designed to deny users access to install or run
modified versions of the software inside them, although the manufacturer
can do so. This is fundamentally incompatible with the aim of
protecting users® freedom to change the software. The systematic
pattern of such abuse occurs in the area of products for individuals to
use, which is precisely where it is most unacceptable. Therefore, we
have designed this version of the GPL to prohibit the practice for those
products. |If such problems arise substantially in other domains, we
stand ready to extend this provision to those domains in future versions
of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of
software on general-purpose computers, but in those that do, we wish to
avoid the special danger that patents applied to a free program could
make it effectively proprietary. To prevent this, the GPL assures that
patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and
modification follow.

TERMS AND CONDITIONS
0. Definitions.
"This License" refers to version 3 of the GNU General Public License.

"Copyright” also means copyright-like laws that apply to other kinds of
works, such as semiconductor masks.

"The Program™ refers to any copyrightable work licensed under this
License. Each licensee is addressed as "you'". 'Licensees" and
"recipients” may be individuals or organizations.

To "modify" a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of an
exact copy. The resulting work is called a "modified version” of the
earlier work or a work "based on'" the earlier work.

A "covered work' means either the unmodified Program or a work based
on the Program.

To "propagate” a work means to do anything with it that, without
permission, would make you directly or secondarily liable for
infringement under applicable copyright law, except executing it on a
computer or modifying a private copy. Propagation includes copying,
distribution (with or without modification), making available to the
public, and in some countries other activities as well.



To "convey' a work means any kind of propagation that enables other
parties to make or receive copies. Mere interaction with a user through
a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays "Appropriate Legal Notices"
to the extent that it includes a convenient and prominently visible
feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the
extent that warranties are provided), that licensees may convey the
work under this License, and how to view a copy of this License. If
the interface presents a list of user commands or options, such as a
menu, a prominent item in the list meets this criterion.

1. Source Code.

The "source code" for a work means the preferred form of the work
for making modifications to it. "Object code'" means any non-source
form of a work.

A "Standard Interface"™ means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that
is widely used among developers working in that language.

The "System Libraries” of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form. A
"Major Component", in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system
(if any) on which the executable work runs, or a compiler used to
produce the work, or an object code interpreter used to run it.

The "Corresponding Source'"™ for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts to
control those activities. However, it does not include the work"s
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work. For example, Corresponding Source
includes interface definition files associated with source files for
the work, and the source code for shared libraries and dynamically
linked subprograms that the work is specifically designed to require,
such as by intimate data communication or control flow between those
subprograms and other parts of the work.

The Corresponding Source need not include anything that users
can regenerate automatically from other parts of the Corresponding
Source.

The Corresponding Source for a work in source code form is that
same work.

2. Basic Permissions.



All rights granted under this License are granted for the term of
copyright on the Program, and are irrevocable provided the stated
conditions are met. This License explicitly affirms your unlimited
permission to run the unmodified Program. The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work. This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not
convey, without conditions so long as your license otherwise remains
in force. You may convey covered works to others for the sole purpose
of having them make modifications exclusively for you, or provide you
with facilities for running those works, provided that you comply with
the terms of this License in conveying all material for which you do
not control copyright. Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of
your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under
the conditions stated below. Sublicensing is not allowed; section 10
makes It unnecessary.

3. Protecting Users® Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such
measures.

When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such circumvention
is effected by exercising rights under this License with respect to
the covered work, and you disclaim any intention to limit operation or
modification of the work as a means of enforcing, against the work"s
users, your or third parties® legal rights to forbid circumvention of
technological measures.

4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program®s source code as you
receive it, in any medium, provided that you conspicuously and
appropriately publish on each copy an appropriate copyright notice;
keep intact all notices stating that this License and any
non-permissive terms added in accord with section 7 apply to the code;
keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey,
and you may offer support or warranty protection for a fee.

5. Conveying Modified Source Versions.
You may convey a work based on the Program, or the modifications to

produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these conditions:



a) The work must carry prominent notices stating that you modified
it, and giving a relevant date.

b) The work must carry prominent notices stating that it is
released under this License and any conditions added under section
7. This requirement modifies the requirement in section 4 to
"keep intact all notices".

c) You must license the entire work, as a whole, under this
License to anyone who comes into possession of a copy. This
License will therefore apply, along with any applicable section 7
additional terms, to the whole of the work, and all its parts,
regardless of how they are packaged. This License gives no
permission to license the work in any other way, but it does not
invalidate such permission if you have separately received it.

d) IT the work has interactive user interfaces, each must display
Appropriate Legal Notices; however, if the Program has interactive
interfaces that do not display Appropriate Legal Notices, your
work need not make them do so.

A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger program,
in or on a volume of a storage or distribution medium, is called an
"'aggregate" if the compilation and its resulting copyright are not
used to limit the access or legal rights of the compilation®s users
beyond what the individual works permit. Inclusion of a covered work
in an aggregate does not cause this License to apply to the other
parts of the aggregate.

6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms
of sections 4 and 5, provided that you also convey the
machine-readable Corresponding Source under the terms of this License,
in one of these ways:

a) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by the
Corresponding Source fixed on a durable physical medium
customarily used for software interchange.

b) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by a
written offer, valid for at least three years and valid for as
long as you offer spare parts or customer support for that product
model, to give anyone who possesses the object code either (1) a
copy of the Corresponding Source for all the software in the
product that is covered by this License, on a durable physical
medium customarily used for software interchange, for a price no
more than your reasonable cost of physically performing this
conveying of source, or (2) access to copy the

Corresponding Source from a network server at no charge.

c) Convey individual copies of the object code with a copy of the
written offer to provide the Corresponding Source. This
alternative is allowed only occasionally and noncommercially, and



only if you received the object code with such an offer, in accord
with subsection 6b.

d) Convey the object code by offering access from a designated
place (gratis or for a charge), and offer equivalent access to the
Corresponding Source in the same way through the same place at no
further charge. You need not require recipients to copy the
Corresponding Source along with the object code. If the place to
copy the object code is a network server, the Corresponding Source
may be on a different server (operated by you or a third party)
that supports equivalent copying facilities, provided you maintain
clear directions next to the object code saying where to find the
Corresponding Source. Regardless of what server hosts the
Corresponding Source, you remain obligated to ensure that it is
available for as long as needed to satisfy these requirements.

e) Convey the object code using peer-to-peer transmission, provided
you inform other peers where the object code and Corresponding
Source of the work are being offered to the general public at no
charge under subsection 6d.

A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be
included in conveying the object code work.

A "User Product" is either (1) a "consumer product', which means any
tangible personal property which is normally used for personal, family,
or household purposes, or (2) anything designed or sold for incorporation
into a dwelling. In determining whether a product is a consumer product,
doubtful cases shall be resolved in favor of coverage. For a particular
product received by a particular user, "normally used" refers to a
typical or common use of that class of product, regardless of the status
of the particular user or of the way in which the particular user
actually uses, or expects or is expected to use, the product. A product
is a consumer product regardless of whether the product has substantial
commercial, industrial or non-consumer uses, unless such uses represent
the only significant mode of use of the product.

"Installation Information" for a User Product means any methods,
procedures, authorization keys, or other information required to install
and execute modified versions of a covered work in that User Product from
a modified version of its Corresponding Source. The information must
suffice to ensure that the continued functioning of the modified object
code is iIn no case prevented or interfered with solely because
modification has been made.

IT you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the
User Product is transferred to the recipient in perpetuity or for a
fixed term (regardless of how the transaction is characterized), the
Corresponding Source conveyed under this section must be accompanied
by the Installation Information. But this requirement does not apply
iT neither you nor any third party retains the ability to install
modified object code on the User Product (for example, the work has
been installed in ROM).

The requirement to provide Installation Information does not include a



requirement to continue to provide support service, warranty, or updates
for a work that has been modified or installed by the recipient, or for
the User Product in which it has been modified or installed. Access to a
network may be denied when the modification itself materially and
adversely affects the operation of the network or violates the rules and
protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided,
in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying.

7. Additional Terms.

"Additional permissions” are terms that supplement the terms of this
License by making exceptions from one or more of its conditions.
Additional permissions that are applicable to the entire Program shall
be treated as though they were included in this License, to the extent
that they are valid under applicable law. If additional permissions
apply only to part of the Program, that part may be used separately
under those permissions, but the entire Program remains governed by
this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part of
it. (Additional permissions may be written to require their own
removal in certain cases when you modify the work.) You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders of
that material) supplement the terms of this License with terms:

a) Disclaiming warranty or limiting liability differently from the
terms of sections 15 and 16 of this License; or

b) Requiring preservation of specified reasonable legal notices or
author attributions in that material or in the Appropriate Legal
Notices displayed by works containing it; or

c) Prohibiting misrepresentation of the origin of that material, or
requiring that modified versions of such material be marked in
reasonable ways as different from the original version; or

d) Limiting the use for publicity purposes of names of licensors or
authors of the material; or

e) Declining to grant rights under trademark law for use of some
trade names, trademarks, or service marks; or

) Requiring indemnification of licensors and authors of that
material by anyone who conveys the material (or modified versions of
it) with contractual assumptions of liability to the recipient, for
any liability that these contractual assumptions directly impose on
those licensors and authors.



All other non-permissive additional terms are considered "further
restrictions” within the meaning of section 10. If the Program as you
received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further
restriction, you may remove that term. |If a license document contains
a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms
of that license document, provided that the further restriction does
not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the
additional terms that apply to those files, or a notice indicating
where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions;
the above requirements apply either way.

8. Termination.

You may not propagate or modify a covered work except as expressly
provided under this License. Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

However, if you cease all violation of this License, then your
license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and
finally terminates your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some reasonable means
prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is
reinstated permanently if the copyright holder notifies you of the
violation by some reasonable means, this is the first time you have
received notice of violation of this License (for any work) from that
copyright holder, and you cure the violation prior to 30 days after
your receipt of the notice.

Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License. If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10.

9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or
run a copy of the Program. Ancillary propagation of a covered work
occurring solely as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require acceptance. However,
nothing other than this License grants you permission to propagate or
modify any covered work. These actions infringe copyright if you do
not accept this License. Therefore, by modifying or propagating a
covered work, you indicate your acceptance of this License to do so.



10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically
receives a license from the original licensors, to run, modify and
propagate that work, subject to this License. You are not responsible
for enforcing compliance by third parties with this License.

An "entity transaction" is a transaction transferring control of an
organization, or substantially all assets of one, or subdividing an
organization, or merging organizations. |If propagation of a covered
work results from an entity transaction, each party to that
transaction who receives a copy of the work also receives whatever
licenses to the work the party"s predecessor in interest had or could
give under the previous paragraph, plus a right to possession of the
Corresponding Source of the work from the predecessor in interest, if
the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License. For example, you may
not impose a license fee, royalty, or other charge for exercise of
rights granted under this License, and you may not initiate litigation
(including a cross-claim or counterclaim in a lawsuit) alleging that
any patent claim is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.

11. Patents.

A “contributor"™ is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based. The
work thus licensed is called the contributor®s "contributor version".

A contributor®s "essential patent claims" are all patent claims
owned or controlled by the contributor, whether already acquired or
hereafter acquired, that would be infringed by some manner, permitted
by this License, of making, using, or selling its contributor version,
but do not include claims that would be infringed only as a
consequence of further modification of the contributor version. For
purposes of this definition, "control" includes the right to grant
patent sublicenses in a manner consistent with the requirements of
this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor®s essential patent claims, to
make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

In the following three paragraphs, a '"patent license" is any express
agreement or commitment, however denominated, not to enforce a patent
(such as an express permission to practice a patent or covenant not to
sue for patent infringement). To ''grant” such a patent license to a
party means to make such an agreement or commitment not to enforce a
patent against the party.

IT you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through a
publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so



available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner
consistent with the requirements of this License, to extend the patent
license to downstream recipients. "Knowingly relying"” means you have
actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient®s use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or
arrangement, you convey, or propagate by procuring conveyance of, a
covered work, and grant a patent license to some of the parties
receiving the covered work authorizing them to use, propagate, modify
or convey a specific copy of the covered work, then the patent license
you grant is automatically extended to all recipients of the covered
work and works based on it.

A patent license is "discriminatory" if it does not include within
the scope of its coverage, prohibits the exercise of, or is
conditioned on the non-exercise of one or more of the rights that are
specifically granted under this License. You may not convey a covered
work if you are a party to an arrangement with a third party that is
in the business of distributing software, under which you make payment
to the third party based on the extent of your activity of conveying
the work, and under which the third party grants, to any of the
parties who would receive the covered work from you, a discriminatory
patent license (a) in connection with copies of the covered work
conveyed by you (or copies made from those copies), or (b) primarily
for and in connection with specific products or compilations that
contain the covered work, unless you entered into that arrangement,
or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting
any implied license or other defenses to infringement that may
otherwise be available to you under applicable patent law.

12. No Surrender of Others®™ Freedom.

IT conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot convey a
covered work so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may
not convey it at all. For example, if you agree to terms that obligate you
to collect a royalty for further conveying from those to whom you convey
the Program, the only way you could satisfy both those terms and this
License would be to refrain entirely from conveying the Program.

13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have
permission to link or combine any covered work with a work licensed
under version 3 of the GNU Affero General Public License into a single
combined work, and to convey the resulting work. The terms of this
License will continue to apply to the part which is the covered work,
but the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such.



14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of
the GNU General Public License from time to time. Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version number. If the
Program specifies that a certain numbered version of the GNU General
Public License "or any later version" applies to it, you have the
option of following the terms and conditions either of that numbered
version or of any later version published by the Free Software
Foundation. If the Program does not specify a version number of the
GNU General Public License, you may choose any version ever published
by the Free Software Foundation.

IT the Program specifies that a proxy can decide which future
versions of the GNU General Public License can be used, that proxy®s
public statement of acceptance of a version permanently authorizes you
to choose that version for the Program.

Later license versions may give you additional or different
permissions. However, no additional obligations are imposed on any
author or copyright holder as a result of your choosing to follow a
later version.

15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS 1S"™ WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

17. Interpretation of Sections 15 and 16.

IT the disclaimer of warranty and limitation of liability provided
above cannot be given local legal effect according to their terms,
reviewing courts shall apply local law that most closely approximates
an absolute waiver of all civil liability in connection with the
Program, unless a warranty or assumption of liability accompanies a
copy of the Program in return for a fee.



END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

IT you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest
to attach them to the start of each source file to most effectively
state the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

<one line to give the program"s name and a brief idea of what it does.>
Copyright (C) <year> <name of author>

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program. If not, see <https://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

IT the program does terminal interaction, make it output a short
notice like this when it starts in an interactive mode:

<program> Copyright (C) <year> <name of author>

This program comes with ABSOLUTELY NO WARRANTY; for details type “show w-".
This is free software, and you are welcome to redistribute it

under certain conditions; type “show c® for details.

The hypothetical commands “show w® and “show c® should show the appropriate
parts of the General Public License. Of course, your program®s commands
might be different; for a GUI interface, you would use an "about box'".

You should also get your employer (if you work as a programmer) or school,
if any, to sign a "copyright disclaimer"™ for the program, if necessary.
For more information on this, and how to apply and follow the GNU GPL, see
<https://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program
into proprietary programs. |If your program is a subroutine library, you
may consider it more useful to permit linking proprietary applications with
the library. If this is what you want to do, use the GNU Lesser General
Public License instead of this License. But first, please read
<https://www.gnu.org/licenses/why-not-Igpl_html>.
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