ISO/IEC TR 19768:2007-11 (E)

Information technology - Programming languages - Technical Report on C++ Library

Extensions

Contents Page
List of Tables xi 1 1 1.1 Relation to C++ Standard Library Introduction .............ccccovimmiiriiiicccccceceereeeee, 1
1.2 (0 1 7=Te ToT g T=X- 3 o] =3¢ 11 4 13 e T 1= P 1
1.3 Namespaces and headers ... ————— 1
2 General Utilities 3 2.1 Reference Wrappers .........cccccccerrmiiiiccsssssesssssssssssssssssssssssssssssssssssssssssssnns 3
211 Additions to header <functional> Synopsis .........ccceoiiismmiinii 3
21.2 Class template referenCe_WrapPer ... e nmnes 3
21.21 reference_wrapper construct/Copy/destroy ... 4
21.2.2 reference_wrapper asSigNMeENt ... s e 5
2.1.2.3  refereNCe_WIaPPEr QCCESS .....cccciiiiiiiiiiiimnirrrieiaaiassmsea e s s s s aa s sssmss e e s s e s sa s snmn e s e s s s e s e mnmn e s e e s s s annnmnnnnes 5
2.1.2.4 reference_Wrapper iNVOCAtION .........ccccccceimriiiiisicssecrier s ssssssssss s e e e sessssssnmn e s e s s sssssssnsmsnensessssnnnnnnnens 5
2.1.2.5 reference_wrapper helper fUNCHIONS .......cccooo i 5
2.2 £ 0B 1 e To T 01 (=Y PSS 6
221 Additions to header <KMEMOry> SYNOPSIS ....cccvvvirrrrrrmmimmmmmmmsmrssssssssrsrssssssesesesesnnnsnsnsnssssssssnsssnsssnss 6
2.2.2 L0 P T-T30 o Lo IRV 1 G o PSS 7
223 (04 - 138 L=T0 0] o] =1L 1 F= 1= o [ o S 7
2231 shared_ptr CONSLIUCLOrS ... s mmn e e e s nan 9
2.2.3.2  shared_ptr destruCtor ... mnn e n e nnnns 10
2.2.3.3 shared_ptr assignment ... e 10
2.2.3.4 shared_ptr Modifiers ... 1
2.2.3.5 shared_ptr ODSEIVEIS ... s mns e s e s e mnn e s e e e e e e n e mnnns 1
2.2.3.6 shared_ptr COMPAriSON ... ms e mnn e e e s s s e s mmne s ea s mnnns 12
302 T I -1 ¢ - 1 =Y [ < {1 PSR 13
2.2.3.8 shared_ptr specialized algorithms ... 13
2.2.3.9  shared_Ptr Casts ... 13
272 J0g 0 T 7= o 1= =Y = 14
224 Class template WeaK_PIr ... csserr e s s e s s s sm s e e e e s s s snmn e e e e ee s e s nnnns 14
2241 WEAK_PLr CONSTIUCLOrS ... s 15
Scope Foreword x CONTENTS CONTENTS iv 2.2.4.2 weak_ptr destructor ..........ccccoiiiiiiiiiicinniiinicccnnes 15
2243 weak _ptr assignment ... e s nnnns 16
2244 weak_ptr MOIfiers ... e e 16
2.2.4.5 WeaK_PIr ODSEIVErS ... 16
272 3 R V7Y 1 QY o & gl o g 0] o 2= 1= oo 17
2.24.7 weak_ptr specialized algorithms ... ———— 17
2.2.5 Class template enable_shared_from_this ..........cccoommimiiiiccccc e s 17
3 Function objects 21 3.1 DefinitioNns .........coocccciiemiiiiicc s sns e 21
3.2 Additions to <functional> SYNOPSIS ......ccccccmririiiiiiiccsserrrre s sssn e e s nmnnn s 21
3.3 L= o LT =Y 4 L= 0 22
34 FUNCtion return types ... e s mnn e s 23
3.5 Function template mem_fn ... 24
3.6 Function object binders ... ————————— 24
3.6.1 Class template is_bind_eXpression ... s 24
3.6.2 Class template is_placeholder ... 25
3.6.3 Function template bind ... —————————— 25
3.64 Placeholders ... 26
3.7 Polymorphic function Wrappers ........cccccciiiiiiccisscerrre s sssse s e s s ssssssssssmss s e e s esssssssssmseseesessnssnnns 26
3.71 (04 =TT o - Lo IR {11101 T o o 1| 26
3.711 bad_function_call CONSTIUCTON ........coi i smn e e e e mnnns 27



3.7.2 Class template fFUNCHION ...... .. e 27
3.7.21  function construct/Copy/destroy .........cccciminmminiimmii i ————— 28
3.7.22  function MOAIfIErS ... e 30
3.7.2.3  function CAPACILY .....ciciiciriiiiiiriinir e —————————— 30
3.7.24  function iNVOCAtIoON ... e 30
3.7.2.5  function target aCCESS .......ccicriiiiimiiiiir i ——————— 30
S T T ¥ 14 Ve [ 10 7= I e oY= - 1o Y 31
3.7.2.7  null pointer comparison OPErators .........cccccviiiiiiirmrmrrrrrrrrrrrrr s 31
3.7.2.8 specialized algorithms ...........cooiiiiiiiiiiiiii s rrnrrrne 31
4 Metaprogramming and type traits 33 4.1 Requirements ..........cccccceiiriinnnnnnnnnsssssssssssssssssssssnnns 33
4.2 Header <type_traits> SYNOPSIS .....cccciiiiiiiiiiiiirirrrrrrrrrr s s 33
4.3 L L= 0T o7 P T = 35
44 General ReqUIremMEeNtS ... s e mnm e e e e e mnmn e e n s 35
4.5 Unary Type TraitS ... s e 36
4.51 Primary Type Categories .......cccoiiimiiiiiiniineis s s s 36
4.5.2 Composite type traits ... 37
4.5.3 IR/ T e o T ¢ 1= & = 37
4.6 Relationships between types ... 39
4.7 Transformations between tyPes ... s e sssn e e snme s 40
4.71 Const-volatile mModifications ... ——— 40
4.7.2 Reference modifications ... 4
4.7.3 Array ModifiCatioNs ........ccccciiiiiiiic e e e s annn e eesa e nnnnne 41
v CONTENTS CONTENTS 4.7.4 Pointer modifications ... 42
4.8 Other transformations ... 42
4.9 Implementation requUIreMeNts ... 42
5 Numerical facilities 45 5.1 Random number generation .........cccocovcmiiniiiceeen 45
5.1.1 LYo [T = 4 LT o 45
5.1.2 Header <random> SYNOPSIS .....ccccccrririririississssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssnssnnns 49
5.1.3 Class template variate_generator ............cccccciiiiiicciiiciirein e mn e e e e nnan 51
5.1.4 Random number engine class templates ........cccccccnssn 52
5.1.4.1 Class template linear_congruential ...........ccccciiiiiiciicimnininisscssseesee e ssssssere s s s ssms e e e e sessnas 53
5.1.4.2 Class template mersenne_tWisSter ..........cccciiiiccciimiiiiiin s sssee e sssn e e s s e s ssnnnnes 54
5.1.4.3 Class template subtract_with_Carry ........... s 55
5.1.4.4 Class template subtract_with_carry_01 ... s 57
5.1.4.5 Class template discard_bIOCK ... 58
5.1.4.6 Class template Xor_combine ... 59
51.5 Engines with predefined parameters ............ i ——— 61
5.1.6 L0 F T30 = 1 Lo (o 4 0 T [= V7 N 62
5.1.7 Random distribution class templates ... ——————————— 63
51.71 Class template uniform_int ... s 63
5.1.7.2  Class bernoulli_distribution ... s nnne s 64
5.1.7.3 Class template geometric_distribution ... 65
5.1.7.4 Class template poisson_distribution ..........cccccoiiiiiiicccccr e 65
5.1.7.5 Class template binomial_distribution ... 66
5.1.7.6  Class template uniform_real ... e 67
5.1.7.7 Class template exponential_distribution ..............oo 67
5.1.7.8 Class template normal_distribution ... 68
5.1.7.9 Class template gamma_distribution ... 69
5.2 Mathematical special fuNCLIONS ........ .. ——— 70
5.2.1 Additions to header <cmath> SYNoOPSIS .......cccccciiiiiiiiiiiiiiissss e 70
5.21.1 associated Laguerre pOlYyNOMIAIS ........ccuueiiriimimmmmmmmmmmmmmmmssrsssssssssssssssssssssssssssssssssssssseme. 73
5.21.2 associated Legendre fUNCIONS ...........ccccciiiiiiiccccceccrr e serr s snne e e s e s nnmnnnes 73
5.21.3  Deta fUuNCLION ... 74
5.21.4 (complete) elliptic integral of the first Kind .........ccccceiiiiicciiciiii e 74
5.21.5 (complete) elliptic integral of the second Kind ...........ccccciiiiiiiiiccccsceeerre e 74
5.21.6 (complete) elliptic integral of the third Kind .........ccccoccmminiimmnnni s 75
5.2.1.7 confluent hypergeometric functions .........ccccecvimiiriin e ————— 75
5.2.1.8 regular modified cylindrical Bessel functions ..........cccccovrimminnimn e 75
5.2.1.9 cylindrical Bessel functions (of the first Kind) .......ccccooiniimminniis e, 75



5.2.1.10 irregular modified cylindrical Bessel functions ..........ccccccciminiiimminni e, 76
5.2.1.11 cylindrical Neumann functions ..........cccoiiiminiii s —————— 76
5.2.1.12 (incomplete) elliptic integral of the first Kind .........ccccciiriiiiinniincs e, 77
5.2.1.13 (incomplete) elliptic integral of the second Kind ..........ccccmiiiiiiiinnii 77
5.2.1.14 (incomplete) elliptic integral of the third Kind ..........ccccvviiiiiniin e, 77
5.2.1.15 exponential integral ... —————————— 77
5.2.1.16 Hermite polynomials ... 78
CONTENTS CONTENTS vi 5.2.1.17 hypergeometric functions ..........cccccceiiiiiccciscmrmnennnssc e e e s s 78
5.2.1.18 Laguerre polynNOmIaAlS ... ss s s s s s s s ssssss s s s s s s s e s e s s s rs s s s s s s ssnsssnsnsssssssssssnsnsns 78
5.2.1.19 Legendre POIYNOMIAIS .....ccccciiiiiiiiiiiiiiiiiisss s s s s s ss s sssssssssssssssssssssssssssssssssesssssssssssssssnsnsssssssssssnsns 79
5.21.20 Riemann zeta fUNCLION ... e 79
5.2.1.21 spherical Bessel functions (of the first Kind) .......cccccccoiiriiiinniii e, 79
5.2.1.22 spherical associated Legendre functions ..........cccccciiiiiiini s 80
5.2.1.23 spherical Neumann fUNCLIONS ... e 80
5.2.2 Additions to header <math.h> SYNOPSIs .......ccccciiiiriiiinni 80
6 Containers 81 6.1 TUPIE tYPES ... s s 81
6.1.1 Header <tuple> SYNOPSIS ....ccccciiiriririiiiiiirrrrsssssssssssssss s ssssssssssssssssssssssssssssssssssssssssssssssssssnssnsnsnsnsnss 81
6.1.2 Additions to header <utility> SYNOPSIS ......covvrririiiiiimiimiriiir e 82
6.1.3 L0 P T3 L= 4] o B 1 Z= TR {1 ] =SS 83
6.1.3.1 L0 o 1= 1T o) o 83
6.1.3.2  Tuple creation fUNCLIONS ... s e s e e s e s s mnn e e e e s mnnns 84
6.1.3.3  Tuple helper CIasSEes ... s mn e s m e s e e e e mnnns 85
e T 0 =Y 4 1= 1= e o= P 86
6.1.3.5 Relational operators ... e 86
6.1.4 T 87
6.2 FiXed SIZ@ @rray ....ccceriicieiiriiisiriiii iR 88
6.2.1 Header <array™ SYNOPSIS ...ccceriiiierriniisriminisns s s s s s ane s 88
6.2.2 L0 P T3 L= 4] o = 1 L= T - SR 88
6.2.2.1 array constructors, copy, and assignment ..........ccccccciiiiimninrirnrrr e n——————— 90
6.2.2.2 array specialized algorithms ... —————— 90
L7202 T - 1 ¢ - VK] - 90
LI S A - o I =Y [ T4 - 1= 90
6.2.2.5 Tuple interface to class template array ........cccccoeccciimiiii s 90
6.3 Unordered associative CoONtaiNers ... s 91
6.3.1 Unordered associative container requirements ... 91
6.3.1.1 Exception safety guarantees .........cccoviiiniinn e —————— 96
6.3.2 Additions to header <functional> Synopsis .........cccccimrimmmn e ———— 97
6.3.3 Class template hash ... 97
6.3.4 Unordered associative container Classes ... e 98
6.3.4.1 Header <unordered_set> SYNOPSIS ......ccccciirrrirrinrninninnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 98
6.3.4.2 Header <unordered_MmMap> SYNOPSIS ...ccuviiiiiriiirriimimnmnmnissssssssssssssssssssssssssssssssssssssesesmsereeereresere 98
6.3.4.3 Class template Unordered_Set ........ccoccccimiiiiiiccccerirr s e e e e 99
6.3.4.3.1 unordered_set CONSLIUCLOrS ........cccciiiiiiiiiiiirrrrrrrrrrrrrss s s r e e e e rrnrnes s s sasnnnas 101
6.3.4.3.2  UNOrdered_Set SWAP ......ccccciiiiiiiiiiiiiiiirssisssssss s s s ss s ssssssss s s s s s s s ss s s s e s s s s s e s e s e s e e nresnenrnensnensssssssssnsnnnen 102
6.3.4.4 Class template unordered_mMap ... s 102
6.3.4.4.1 unordered_map CONSLIUCLOrS .........cccooiiiiiiiiiiiiimrir s mmn s e e mnnns 104
6.3.4.4.2 unordered_map element aCCESS ......ccccciiiiiiiiiiiiiiiir e e 105
6.3.4.4.3 UNOIrdered_MaP SWAP .....cccceiiocimriiiiiiiiiasmenr s s s sas s smsme e e a s s s s s s s smme s e s e s e s s e saamme e e e s eesan e mnn s eaannnnnnns 105
6.3.4.5 Class template unordered_MultiSet ...........coo i 105
6.3.4.5.1 unordered_multiset CONSTIUCLOrS ... s 107
6.3.4.5.2 unordered_MUItiSet SWAP ......ccccoiiiiiiiiiiiiiiririrrrrr s ——————————— 108
vii CONTENTS CONTENTS 6.3.4.6 Class template unordered_multimap .........ccccovvmmririnicccccccennennnn. 108
6.3.4.6.1 unordered_multimap CONSLIUCLOrS ... 110
6.3.4.6.2 unordered_MUItiMap SWaAP .....cccccoriirriiirrirninrrrrrrssrrssrss s s s s s s s s s s s s s s s s s s s s s ssssssssesnsesssnsssnsnsns 111
7 Regular expressions 113 7.1 Definitions ..........ccccciiiiiminiics e 113
7.2 L= o LT =Y 04 L= 0 113
7.3 Regular eXpressions SUMMATY ... s s s s ass 115
7.4 Header <regeX™ SYNOPSIS ....curiiiiirrrimiismriiiinns i sss s s sass s s an e s san s s s mn s ane s 115



7.5 Namespace tr1::regeXx_CoNStants .........cccccceriiiiiiiiiiiir s 121

7.51 Bitmask Type syntax_option_type ... s 121
7.5.2 Bitmask Type regex_constants::match_flag_type ... 122
7.5.3 Implementation defined error_type ... e 124
7.6 L0 F= E=T= =T =) Q- o 125
7.7 Class template regex_traits ... 125
7.8 Class template basiC_regeX ......ccccccciiiciciismirriiiisscsssce s ssssse e e s s sssnn e e e s ses s s smnnneenessnsnnn 127
7.8.1 basic_regex CONSLANTS ... 129
7.8.2 Lo T= T T (=0 T3 Qoo 4 E=3 (¥ o] o 129
7.8.3 0T T3 [ o =Y o [ Q- 117 e | o 131
7.8.4 basic_regex constant operations ... —————————— 131
7.8.5 basiC_regeX I0CaAle ... ——————————— 132
7.8.6 0T LT L =Y o 1= = T T o N 132
7.8.7 basic_regex non-member fUNCtioNS .........cccc i ———— 132
7.8.71 basic_regex NON-Member SWaP ... nme e 132
7.9 Class template sub_matCh ... s 132
7.91 SUb_mMatch MEMDEIS ... e 133
7.9.2 sub_match non-member operators ... ——————————————— 133
7.10 Class template MatCh_results ..ot e mn e e e 138
7.10.1 match_results CONSLIUCIOrS .......ccccciiiiiiiiirirrrrrr s s s 139
7.10.2 MAtCh_FeSUILS SIZE ....cccciiiiiiicicrccrrrrr s 140
7.10.3 match_results element aCCeSS ... ———— 140
7.10.4 match_results formatting .......cccccoiiiiicccci e ———- 141
7.10.5 match_results allocator ... e 141
7.10.6 MAtCh_resSuUltS SWaP ... s 142
7.1 Regular expression algorithms ... 142
7111 £ 2= ] £ o 4 - 142
7.11.2 =Y o 1= G 1 F= 1o o N 142
7.11.3 FEGEX_SCAICH ..o ———————— 144
711.4 L= T= Q= o] - T 145
712 Regular expression Iterators ... 146
7121 Class template regex_ierator ..........ccccccccciiiiiiiiccc s mn e e e nnn 146
7.12.1.1 regex_iterator CONSLIUCLOrS .........ccoiiiiiiiiiicice s s s e e e s e rrennnennnnnnne 147
7.12.1.2 regeX_iterator COMPAriSONS .......cccoiiiiiiiiiimimiiiriris s rs s s s s s s rerersrsressrsrnenessssssnnnennennnn 147
7.12.1.3 regex_iterator dereferencCe ... e n e e e nan 148
7.12.1.4 regex_iterator increment ... ——————— 148
7.12.2 Class template regex_token_iterator ... s 149
CONTENTS CONTENTS viii 7.12.2.1 regex_token_iterator constructors ..........cccccciiiiiiiiciiicinnininnnees 150
7.12.2.2 regex_token_iterator COMPAriSONS ... 151
7.12.2.3 regex_token_iterator dereference ... s 151
7.12.2.4 regex_token_iterator inCrement ... ————— 151
713 Modified ECMAScript regular eXpression grammar ...........ccccccceerresssssssssersesssssssssssssssssssssnns 152
8 C compatibility 155 8.1 Additions to header <complex> ........ccccccrriiiiccisnerrern s 155
8.1.1 R0 Lo 1= 2N 155
8.1.2 LT o o B T XN 155
8.1.3 LT T 4o T T 1 o N 155
8.1.4 FUNCHION @tan ... e e 156
8.1.5 FUNCHION @COSh ... e e 156
8.1.6 FUNCION @SINh ... e 156
8.1.7 FUNCLION @tanh ... s e e 156
8.1.8 FUNCION fabS ... e 156
8.1.9 Additional OVerloads ... 156
8.2 g T2 To (=T g o 20 1 0] o1 L= 157
8.3 Header <complex.hi> ... s s s 157
8.4 X Lo [1TeTa T8 Zo TN aT=T: Vo [ g e e 4T/ o - 157
8.4.1 R0 Lo 1= 2N 157
8.4.2 FUunction isSbIlank ... s e 157
8.5 Additions to header <Ctype.h> ... ————————— 157
8.6 [ L= T L= g o =Y L N 157
8.6.1 8T o1 - 157

-4-



8.6.2 0= 118 14 oY o 158
8.7 [ (== Lo LY G 1= 0 1/ o T 158
8.8 Additions to header KCfloat> ... s s s s na e an e annana 158
8.9 Additions to header <float.h> ... e 158
8.10 Additions t0 header KIOS> ...t e s s na s raaa s s ranas s ennsssrrannnsnrs 158
8.10.1 YL o1 - 158
8.10.2 LT 8 Ve 4 Y TN 1= 1 o = 1 158
8.11 L L= Lo (=Y g T 011 4T 1= 159
8.11.1 RS Lo 1= 3SR 159
8.11.2 I =Y T 114 oY 159
8.12 Header <inttypes.h> ... 159
8.13 Additions to header <CHIMILS> ........oiiiiiiiii i e s e e n e e nn e e e nnmanass 160
8.14 Additions to header <IIMItS.h> ... s e aa e an s s e annasn s 160
8.15 Additions to header <IOCAIE> ... s rra s s e aaa e ena s s rannnnsnss 160
8.16 Additions to header KCMAth> ... e s aaa e ana s e annnansss 160
8.16.1 YL o1 - 160
8.16.2 0= 118 14 oY o 164
8.16.3 Function template definitions ... ——— 164
8.16.4 /- XCe Lo 1140 3 T 1 Io 7 =Y [0 - To L3OO 165
8.17 Additions to header <Math.h> ... e e e e e mnan e 166
8.18 Additions to header <KCStAArg™ ... nnnnn 166
iXx CONTENTS CONTENTS 8.19 Additions to header <stdarg.h> ........cccccoi i e 166
8.20 The header KCStADOOI> ... e as rraas s ran s e s ann s s rannss s rennsas s nnnnss 166
8.21 The header <SStdDOOL.h> ... e ras s e a s ana s raana s e nnaas s rannns 166
8.22 The header KCStAINt> .....cc.ciiiiiiiiii e a s ss s e na s s e an s raanass sennnas s nnnnss 166
8.22.1 SYNOPSIS uerriiiiiirriiiitrr iR nnan 166
8.22.2 0= 118 14 oY o 167
8.23 The header SStAiNt.N> ... s e aaa s e n s e e an s s eanas s s rnnas s nnnnss 167
8.24 Additions to header KCStAIO> ......ccuiiiiiiiiiicr e e e e ma e e e mn s e e nnmana s 167
8.24.1 RS Lo 1= 3 PR 167
8.24.2 [ =Y T 114 oY 168
8.24.3 Additional format SPECIfiers .........ccccciiiiiiiiicccirr e 168
8.24.4 Additions to header <Stdio.h> ... e e 168
8.25 Additions to header <Cstdlib> ... e 168
8.25.1 YT o1 - 168
8.25.2 0= 118 14 oY o 169
8.25.3 LT 103 1o =1 o X 169
8.25.4 LT o3 1 e o T |2 169
8.26 Additions to header <stdlib.h> ... a——————— 169
8.27 Header <ctgmath> ..o —————— 169
8.28 Header <tgmath.h> ......... i —————— 169
8.29 Additions to header SCHME> ... e s s e n e e e e ma e e e nnana s 169
8.30 Additions to header SCWChAr> ... i e s aa e e mn s e e nmannn s 169
8.30.1 R Lo 1= 3PP 169
8.30.2 I =Y T 114 oY 170
8.30.3 Additional wide format SPecCifiers ..........coo i —————— 170
8.31 Additions to header SWChar.h> ... e e e aaa e na s s e ennnsn s 170
8.32 Additions to header KCWCLYPE> ... ——— 170
8.32.1 YL o1 - 170
8.32.2 LT o3 o e Y TS ¢ = T 2 1 170
8.33 Additions to header SWCtype.h> ... —————— 170



		2026-05-18T10:52:06+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




