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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
membersof ISQ or IEC participate in the dpvp]npmpn‘r of International Standards ‘rhrmlgh technical
committe¢es established by the respective organization to deal with particular fields of techmiical
activity. |ISO and IEC technical committees collaborate in fields of mutual interest; ‘Other
internatipnal organizations, governmental and non-governmental, in liaison with ISO andA4EC, also
take part in the work. In the field of information technology, ISO and IEC have established a jpint
technical committee, ISO/IECJTC 1.

The prodedures used to develop this document and those intended for its further maintenance|are
described in the ISO/IEC Directives, Part 1. In particular the different apptoval criteria needed| for
the different types of document should be noted. This document was drafted in accordance with|the
editorial|rules of the ISO/IEC Directives, Part 2 (see www.iso.org/diréctives).

Attention is drawn to the possibility that some of the elements of.this document may be the subject
of patent rights. ISO and IEC shall not be held responsible/for”identifying any or all such pafent
rights. Details of any patent rights identified during the development of the document will be in|the
Introduction and/or on the ISO list of patent declarations feceived (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does
not constitute an endorsement.

For an explanation on the meaning of ISO-specific terms and expressions related to conformity
assessmegnt, as well as information about ISO's adherence to the WTO principles in the Technlical
Barriers fo Trade (TBT), see the following URL: Foreword — Supplementary information.

The committee responsible for this document is ISO/IEC JTC 1.
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1 General

1.1 Scope

ISO/IEC TS 19
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[general]

[general .scope]

Thistechnical specification describes extensions to the C++ Standard Library (1.2). These extensions are classes and
functions that are likely to be used widely within a program and/or on the interface boundaries between libraries written
by different organizations.

Thistechnical specification is non-normative. Some of the library components in this technical specification ma;t be

consider
the comp!
substantia

The goal
library. It

1.2 Nor

The folloying referenced document is indispensable for the application of thisdocument. For dated references, ¢
ed applies. For undated references, the latest edition of the referenced document (including any amendments)

edition ci
applies.

ISO/IEC
"C++14 §

Unless o
Technical

1.3 Nam

Sincethe
they shou
technica

[ Examplé: This TS does not define std: :experimental: : fundamentals v1::chrono because the C++ Standar

for standardization in afuture version of C++, but they are not currently part of any C++ standard. Sq
nentsin thistechnical specification may never be standardized, and others may be standardizedin a
Ily changed form.

gives advice on extensions to those vendors who wish to provide them.

ISO/IEC 14882:2014, Programming Languages — C++

14882:— is herein called the C++ Standard. References to clauses within the C++ Standard are writter
3.2". Thelibrary described in ISO/IEC 14882:— clatises 17-30 is herein called the C++ Standard Libi

Specification by reference.

extensions described in this technical specification are experimental and not part of the C++ standard |

specification either:
modify an existing.interface in the C++ Standard Library in-place,

in the C++ Standard Library, such asstd Or std: : chrono, OF

an exi sting’subnamespace of namespace std.

herwise specified, the whole of the C++ Standard's'Library introduction (C++14 817) isincluded into th

me of

bf this technical specification isto build more widespread existing practice for an expanded C++ standard

mative references [general.references

nly the

ary.

S

espaces, header s, and modificationsto standard classes [general.namespaces)

brary,

d not be declared directly within namespace std. Unless otherwise specified, all components describedl in this

are declared in @ hamespace whose name appends : : experimental: : fundamentals_v1 t0 @ hamespace defined

are declaredin a subnamespace of a namespace described in the previous bullet, whose name is not the same as

J Library

defines stas¥ehrono. This TS does not define std: :pmr: :experimental: : fundamentals_v1 because the C++ Standard

Library d

oes not deTine std: : pmr. — end example |

2 Each header described in thistechnical specification shall import the contents of std: :experimental: : fundamentals vl

into std:

namesp

name

rexperimental asif by

ace std {

space experimental {

inline namespace fundamentals vl {}

}

© ISO/IEC 2015 — All rights reserved
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This technical specification also describes some experimental modifications to existing interfacesin the C++ Standard
Library. These modifications are described by quoting the affected parts of the standard and using underlining to represent
added text and strike-through to represent deleted text.

Unless otherwise specified, references to other entities described in this technical specification are assumed to be
qualified with std: :experimental: : fundamentals_v1::, and referencesto entities described in the standard are
assumed to be qualified with std: :.

Extensions that are expected to eventually be added to an existing header <meow> are provided inside the
<experimental/meow> header, which shall include the standard contents of <meow> asif by

#include <meow>
New headers are also provided in the <experimental/> directory, but without such an #inciude.
Table 1 — C++ library headers

experimental/algorithm> <experimental/map> <experimental/sfxinAg view>
experimental/any> <experimental/memory> <experimental/system error>
experimental/chrono> <experimental/memory resource> <experimental/tuple>
experimental/deque> <experimental/optional> <experinfental/type traits>
experimental/forward list> <experimental/ratio> <expetfimental/unordered map
experimental/functional> <experimental/regex> <expérimental/unordered set
experimental/future> <experimental/set> fexperimental/utility>
experimental/list> <experimental/string> Jexperimental /vector>
1.4 Termsand definitions [general.defng

For the plirposes of this document, the terms and definitions given in the C++ Standard and the following apply.

141 [general.defns.direct-non-list-init]
direct-non-list-initialization
A direct-ihitialization that is not list-initialization.

1.5 Futyre plans (I nfor mative) [general.plang]

This sectipn describes tentative plans for:future versions of this technical specification and plans for moving confent into
future verisions of the C++ Standard.

The C++ pommittee intends to release a new version of this technical specification approximately every year, containing
the library extensions we hope.to add to a near-future version of the C++ Standard. Future versions will define their

contentSin std: :experimerttal : : fundamentals v2, std::experimental::fundamentals_v3, €C., with the mogt recent
implemerjted version infined into std: :experimental.

When an pxtension.defined in this or a future version of this technical specification represents enough existing practice, it
will be mpved,into the next version of the C++ Standard by removing the experimental: : fundamentals vN Segment of
its namespace and by removing the experimenta1/ prefix from its header's path.

1.6 Feature-testing recommendations (I nfor mative) [general featuretest]

For the sake of improved portability between partial implementations of various C++ standards, WG21 (the 1SO technical
committee for the C++ programming language) recommends that implementers and programmers follow the guidelinesin
this section concerning feature-test macros. [ Note: WG21's SD-6 makes similar recommendations for the C++ Standard
itself. — end note ]

8 © ISO/IEC 2015 — All rights reserved
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2 Implementers who provide a new standard feature should define a macro with the recommended name, in the same
circumstances under which the feature is available (for example, taking into account relevant command-line options), to
indicate the presence of support for that feature. Implementers should define that macro with the value specified in the
most recent version of this technical specification that they have implemented. The recommended macro name is
" cpp lib experimental " followed by the string in the "Macro Name Suffix" column.

3 Programmers who wish to determine whether afeature is available in an implementation should base that determination
on the presence of the header (determined with  has_include (<header/name>)) and the state of the macro with the
recommended name. (The absence of atested feature may result in aprogram with decreased functionality, or the relevant

functionali .
use the fegture uncondltlonally, presumably, onan |mpI ementanon lacking nec&sary support transl ation will¢aifl.)
Table 2 — Significant featuresin this technical specification
Doc. Title an_ary Macro Name Suffix Value Header
No. Section
ppply() call a
N3g15 |[unction with 322 1 201402 | <apprimental /tupl
argumentsfroma 2. apply dxperimenta uple
fuple
N3932 ggl;l?:));;:regﬂsates 331 type trait variable templates 201402 <experimental/type fraits>
N3866 ||nvocation typetraits 332 invocation type 201406 <experimental/type fraits>
N3916 Type-ermja”c_)cator 4.2 function erased allocator 201406 | <experimental/funct]onal>
for std:: function - -
Fxtending
N3905 Zt§d|t|2?§w8e:r)cl:1?$\g 43 boyer moore searching 201411 | <experimental/functional>
Algorithms
N3672 A utility classto
" | represent optional 5 optional 201411 | <experimental/optiofal>
N3793 -
pbjects
N3804 ?:g;:;;:lrary 6 anyl 201411 | <experimental/any>
string view! anon-
N3921 | pwning referenceto |7 string view 201411 | <experimental/string view>
A string
N3920 E)the{_jnsrl)ggiqs’r;s_ptr 8.2 shared ptr arrays 201406 <experimental/memory>
N3916 Polymorphlc 8.4 memory resources 201402 | <experimental/memory resource>
Memory Resources
N3916 Typeerasedal!ocator 9.2 promise erased allocator 201406 <experimental/futur¢>
for stae *promise - -
Type-erased all ocator
N3916 |for 9.3 packaged task erased allocator |201406|<experimental /futurg>
std: :packaged task
N3925 |A sample Propogal 10.3 sample 201402 | <experimental/algorithm>

© ISO/IEC 2015 — All rights reserved 9
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2 Modificationsto the C++ Standard Library [mods]

1 Implementations that conform to this technical specification shall behave as if the modifications contained in this section
are made to the C++ Standard.

2.1 Uses-allocator construction [mods.allocator.uses]

1 ThefoIIO\I!vi ng changesto the uses_allocator trait and to the description of uses-allocator construction alowva
memory rksource pointer act as an allocator in many circumstances. [ Note: Existing programs that use standard
allocatorqgwould be unaffected by this change. — end note ]

20.1.7 uses _allocator [allocator.uses]
20.4.7.1 uses allocator trait [allocator.uses.trait]

template <class T, class Alloc> struct uses allocator;

Remarks: Automatically detects whether T hasanested a11ocator typedhatds convertible from aiipe.
Meets the Binary TypeTrait requirements (C++14 §20.10.1). The implementation shall provide a
definition that is derived from true type if atypeT::allocator typeeXistsand either
is_convertible v<Alloc, T::allocator type> != false OF I :nallocator type iSanaiasfor
std::experimental::erased type (3.1.2), otherwise it shall bederived from false_type. A program
may specialize this template to derive from true type for.auser-defined type r that does not have a
nested a11ocator_type but nonetheless can be constructed.with an allocator where either:

— thefirst argument of a constructor hastypealilocator arg_t and the second argument has fype

Alloc Or
— thelast argument of a constructor has type a11oc.

20.1.7.2 uses-allocator construction [allocater:uses.construction]

Usek-allocator construction with allocator, A110c refers to the construction of an object obj of type T, using
congtructor argumentsvi, v2, ..., vioftypesvi, vz, ..., vN, respectively, and an allocator ai1oc of
typé a110c, Where a11oc either (1) meeéts the requirements of an allocator (C++14 817.6.3.5), or (2) isa
pointer type convertibleto std:fesperimental : :pmr: :memor _resource* (8.5), according to thefollowing
rules:

10 © ISO/IEC 2015 — All rights reserved
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3.1 Utili

ty components

3.1.1 Header <experinental /utility> Synopsis

#incly
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[utilities]
[utility]

[utility.synop]

namesp
namesp

inline

3.1.

struy

} //
} //
} //

3.1.2Cl4

1 struct e

2 The

type
clasg

3.2 Tup
3.2.1Heg

#incluyl

namesp|
namesp|

inline

// S
temp

hce std
hce experimental {

namespace fundamentals vl {

>, erased-type placeholder
ct erased type { };

bmespace fundamentals vl

bmespace experimental

bmespace std

BS er ased_t ype

rased type { };

€s
der <experimental/tuple> synopsis

de <tuple>

bce std
bhce experimentdl o

namespace fundamentals vl {

tuple size<T>::value;

ke C++14,820.4.2.5, tuple helper classes

lates<olass T> constexpr size t tuple size v

[utility.er gsed.type]

brased type struct iSan empty struct that serves asa placeholder for atype T in situations where the actual
T is determined at runtime. For example, the nestedtype, a11ocator type,isanaiasfor erased typdin
es that use type-erased allocators (see 8.3).

[tuple]

[header.tugle.synop]

// 3.2.2, Calling a function with a tuple of argunents

temp

cons
} // n

} // n
} // n

© ISO/E

late <class F, class Tuple>

texpr decltype (auto) apply(F&& £,
amespace fundamentals vl

amespace experimental

amespace std

C 2015 — All rights reserved
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3.2.2 Calling a function with at upl e of arguments [tuple.apply]
1 template <class F, class Tuple>
constexpr decltype (auto) apply(F&& £, Tuple&& t);
2 Effects: Given the exposition only function
template <class F, class Tuple, size t... I>
constexpr decltype (auto) apply impl( // exposition only
F&& f, Tuple&& t, index sequence<I...>) {
s LMN/OKE (=& o £ P2 n AN AY £ T (ot £ ST hl L)) )
retura—H-NVOKEste s+ Forward<t>{Es g s+ forwara<fuptes—t #
}
Equivaent to
rdturn apply impl (std::forward<F>(f), std::forward<Tuple>(t),
make index sequence<tuple size v<decay t<Tuple>>>{});
3.3 Metgprogramming and typetraits [meta]
3.3.1 Hedder <experimental/type traits> synopsis [metatype.synop]

#inclufde <type traits>

namespce std {
namesppce experimental {

inline| namespace fundamentals vl {

// Spe C++14 §20.10.4.1, primary type categories
tempflate <class T> constexpr bool is _void w
= fis_void<T>::value;
tempflate <class T> constexpr bool is null pointer v
= fis_null pointer<T>::value;
tempflate <class T> constexpr bool i§ integral v
= [is_integral<T>::value;
tempflate <class T> constexpf beol is_ floating point v
= fis_floating point<T>::value;
tempflate <class T> conStexpr bool is_array v
= fis_array<T>::valkue;
tempflate <class T& ¢dnstexpr bool is _pointer v
= fis_pointersI>::value;
tempflate <cl@ssy T> constexpr bool is_lvalue reference v
= fis_lvadude reference<T>::value;

tempflage\<class T> constexpr bool is_rvalue reference v

= s vvalue_reference<T>::value;

template <class T> constexpr bool is _member object pointer v
= 1s_member_ object pointer<T>::value;

template <class T> constexpr bool is member function pointer v

= is_member_ function pointer<T>::value;
template <class T> constexpr bool is_enum v
= is_enum<T>::value;
template <class T> constexpr bool is _union v
= is_union<T>::value;

template <class T> constexpr bool is _class v

12
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= is_class<T>::value;
template <class T> constexpr bool is_function_ v

= is_function<T>::value;

// See C++14 §20.10.4.2, composite type categories

template <class T> constexpr bool is_reference v
= is_reference<T>::value;

template <class T> constexpr bool is_arithmetic v
= is_arithmetic<T>::value;

templlate <class T> constexpr bool 1s_fundamental v
= fis_fundamental<T>::value;
tempflate <class T> constexpr bool is_object v
= [is object<T>::value;
tempflate <class T> constexpr bool is_scalar v
= fis_scalar<T>::value;
tempflate <class T> constexpr bool is_compound v
= fis_compound<T>::value;
tempflate <class T> constexpr bool is member pointer v

= [is_member_ pointer<T>::value;

// Spe C++14 §20.10.4.3, type properties

tempflate <class T> constexpr bool is_const v
= fis_const<T>::value;

tempflate <class T> constexpr bool is_volatile v
= fis_volatile<T>::value;

tempflate <class T> constexpr bool is_trivial v
= [is trivial<T>::value;

tempflate <class T> constexpr bool is_trivialdy“copyable v
= lis_trivially copyable<T>::value;

templlate <class T> constexpr bool is standard layout v
= [is_standard layout<T>::value;

tempflate <class T> constexpr boolyds) pod v
= [is pod<T>::value;

tempflate <class T> constexpr.heol is_literal type v
= [is_literal type<T>::value’;

tempflate <class T> congtexpr bool is_empty v
= [is_empty<T>::value;

templlate <class T> {constexpr bool is polymorphic v
= s _polymorphig<T>::value;

tempflate <clage™T> constexpr bool is_abstract v
= [is_abstract<T>::value;

tempflate/<class T> constexpr bool is final v
= [is\Ainal<T>::value;

d

1 fas} .
+tr T 75T

temphzr Pr—boot—is—siegned—
= is signed<T>::value;
template <class T> constexpr bool is_unsigned v
= 1is_unsigned<T>::value;
template <class T, class... Args> constexpr bool is constructible v
= 1s constructible<T, Args...>::value;
template <class T> constexpr bool is_default constructible v
= is_default constructible<T>::value;

template <class T> constexpr bool is copy constructible v
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= 1s_copy_constructible<T>::value;

template <class T> constexpr bool is move constructible v
= 1s_move_constructible<T>::value;

template <class T, class U> constexpr bool is_assignable v
= is assignable<T, U>::value;

template <class T> constexpr bool is copy assignable v
= 1s_copy_assignable<T>::value;

template <class T> constexpr bool is move_assignable v
= 1s_move_assignable<T>::value;

templlate <class T> constexpr bool 1s destructible v
= [is_destructible<T>::value;

tempflate <class T, class... Args> constexpr bool is trivially constructible v
= fis_trivially constructible<T, Args...>::value;

tempflate <class T> constexpr bool is_trivially default constructible v
= fis_trivially default constructible<T>::value;

tempflate <class T> constexpr bool is_trivially copy constructible v
= fis_trivially copy constructible<T>::value;

tempflate <class T> constexpr bool is_trivially move constructible v
= [is_trivially move_ constructible<T>::value;

tempflate <class T, class U> constexpr bool is_trivially assignabig v
= fis_trivially assignable<T, U>::value;

templlate <class T> constexpr bool is trivially copy assignéble v
= lis_trivially copy assignable<T>::value;

tempflate <class T> constexpr bool is_trivially move_ asSsignable v
= fis_trivially move_ assignable<T>::value;

templlate <class T> constexpr bool is trivially desbructible v
= lis_trivially destructible<T>::value;

tempflate <class T, class... Args> constexprnddel is nothrow constructible v
= lis_nothrow_constructible<T, Args...>:3jvalue;

templlate <class T> constexpr bool is nothrow default constructible v
= lis_nothrow _default constructible<l>::value;

tempflate <class T> constexpr boolsds) nothrow copy constructible v
= [is_nothrow_copy_constructible<T>::value;

tempflate <class T> constexpr.Reol is nothrow move constructible v
= [is_nothrow move_construc&ible<T>::value;

tempflate <class T, clags\\U> constexpr bool is_nothrow_assignable v
= lis_nothrow_assignable<T, U>::value;

tempflate <class T> {constexpr bool is nothrow copy assignable v
= [is_nothrow_ eopy’ assignable<T>::value;

tempflate <clagg™T> constexpr bool is nothrow move_ assignable v
= [is_nothrew move assignable<T>::value;

tempflatef<class T> constexpr bool is nothrow destructible v
= fs\diothrow destructible<T>::value;

d

= 1 s et
P E ey TEE

= has_virtual destructor<T>::value;

1 fas} .
+tr T 75T

tempte

// See C++14 §20.10.5, type property queries
template <class T> constexpr size t alignment of v
= alignment of<T>::value;
template <class T> constexpr size t rank v
= rank<T>::value;
template <class T, unsigned I = 0> constexpr size t extent v
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= extent<T, I>::value;

// See C++14 §20.10.6, type relations

template <class T, class U> constexpr bool is_same_v
= is same<T, U>::value;

template <class Base, class Derived> constexpr bool is_base of v
= is base of<Base, Derived>::value;

template <class From, class To> constexpr bool is_convertible v

= is convertible<From, To>::value;

// 31 3.2, Gther type transformations

tempflate <class> class invocation type; // not defined

templlate <class F, class... ArgTypes> class invocation type<F (ArgTypes...)>;
tempflate <class> class raw_invocation type; // not defined

templlate <class F, class... ArgTypes> class raw invocation type<F (ArgTypes..( )7

templlate <class T>
usfing invocation type t = typename invocation type<T>::type;
templlate <class T>

usfing raw invocation type t = typename raw_invocation type<T>rskype;

} // npmespace fundamentals vl
} // nhmespace experimental
} // npmespace std

3.3.2 Other typetransfor mations [metatrgns.other]

1 This sub-flause contains templates that may be used to transform one type to another following some predefined rule.
2 Each of the templatesin this subclause shall be a TransformationTrait (C++14 §20.10.1).

3 Within th{s section, define the invocation parameters of | NVOKE (£, t1, t2, ..., tN) asfollows, inwhich 11 isthe
possibly ¢v-qualified type of t1 and u1 denotésTis if t1isanlvalueor riss if t1 isan rvaue:

— |When £ isapointer to a member-function of aclass T the invocation parameters are u1 followed by th
parameters of £ matched by.t2, ..., tn.

— |Whenw~ == 1 and £ isapointer to member data of a class T the invocation parameter isu1.

— |If £ isaclass objecttheinvocation parameters are the parameters matching t1, ..., tn of the best viable
function (C++14 §13:3.3) for the arguments t1, ..., tx among the function call operators of .
— |Inall other casés, the invocation parameters are the parameters of £ matching t1, ... tn.

11”2

4 Inall of the above cases; if an argument + 1 matches the ellipsisin the function's parameter-declaration-clause, the
correspor]ding invecation parameter is defined to be the result of applying the default argument promotions (C+14
§5.2.2) to 1.

[ Examplé¢: Assume s is defined as

struct S {
int f(double const &) const;
void operator () (int, int);
void operator () (char const *, int 1 = 2, int j = 3);
void operator () (...);
}i

— Theinvocation parameters of | N\VOKE (¢S::£, S(), 3.5) @€ (S &&, double const &).
— Theinvocation parameters of | NVVOKE (s (), 1, 2) @€ (int, int).
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— Theinvocation parameters of | N\VOKE (s (), "abc", 5) @€ (const char *, int). Thedefaulted parameter ;

does not correspond to an argument.

— Theinvocation parameters of | N\VOKE (S (), locale(), 5) &€ (locale, int).Arguments corresponding to

dlipsis maintain their types.

— end example]
Table 3 — Other type transformations
Template Condition Comments

template <class Fn, class... ArgTypes> Fn andal typesin the parameter pack argrypes shall be

struct raw_invocation type< complete types, (possibly cv-qualified) void, or arrays of see below
Fn (ArgTypes...)>; unknown bound.

templat¢ <class Fn, class... ArgTypes> Fn andal typesin the parameter pack argrypes shall be

struct {nvocation type< complete types, (possibly cv-qualified) void, or arrays of see below
Fn (ArgT{pes...)>; unknown bound.

5 Access checking is performed as if in a context unrelated to rn and argTypes. Only the validity ef.the immediate context
of the exgression is considered. [ Note: The compilation of the expression can result in side effects such asthe
instantiatilon of class template specializations and function template specializations, the generation of implicitly-glefined
functions| and so on. Such side effects are not in the "immediate context" and can result-in the program being ill{formed.
— end nqte]

6 The nested typedef raw_invocation type<Fn (ArgTypes...)>::type shall be defined as follows. If the expron
| NVOKE (dkclval<Fn> (), declval<ArgTypes>()...) iSill-formed when treated as an unevaluated operand (C+t14 85),
there shal] be no member type. Otherwise:

— |Let r denote result_of t<Fn(ArgTypes...)>.
— |Let thetypes i bethe invocation parameters of | N\VOKEAdec1val<Fn> (), declval<ArgTypes>()...).
— |Then the member typedef type shall namethe functiontyper(r1, 12, ...).
7 The nested typedef invocation type<Fn (ArgTypes...)>::type shall be defined as follows. If
raw_invofation type<Fn (ArgTypes...)>::type does netééexist, there shall be no member typedef type. Otheryise:
— |Leta1, a2z, ... denotez—\rgTypes Ce
— |Letr(T1, T2, ..) denoteraw invocatiof) type t<Fn(ArgTypes...)>
— |Then the member typedef +ype shall namethe functiontyper (v, v2, .. whereuvi iSdecay t<ai> |
declval<ai>() isanrvaue otherwiseri.
3.4 Compile-timerational arithmetic [ratio]
3.4.1 Hedder <experimentallr atio> synopsis [header.ratjio.synop]
#include <ratio>
namespfce stdif
namesppce ‘experimental {
inline| haméspace fundamentals vl {

//S
temp

temp

temp

temp

16

ee C++14 §20.11.5, ratio comparison

late <class R1, class R2> constexpr bool ratio_equal v
ratio equal<R1l, R2>::value;

late <class R1, class R2> constexpr bool ratio_not_equal v
ratio_not_equal<Rl, R2>::value;

late <class R1, class R2> constexpr bool ratio less v
ratio less<Rl, R2>::value;

late <class R1, class R2> constexpr bool ratio less_equal v
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= ratio_less_equal<Rl, R2>::value;

template <class R1, class R2> constexpr bool ratio_greater v
= ratio greater<Rl, R2>::value;

template <class R1, class R2> constexpr bool ratio_greater equal v
= ratio greater equal<Rl, R2>::value;

// namespace fundamentals vl
// namespace experimental
// namespace std

3.5 Timp utilities [time]

3.5.1 Hedder <experimental/chrono> synopsis [eader.chromo.synop]

#include <chrono>

namespce std {
namespfce chrono {
namesppce experimental {

inline| namespace fundamentals vl {

- e e e

// See C++14 §20.12.4, customization traits
tempflate <class Rep> constexpr bool treat as floatingspdint v
= [treat as floating point<Rep>::value;

/7
/7
/7
/7

bmespace fundamentals vl
bmespace experimental
bmespace chrono

bmespace std

3.6 System error support [syserror]

3.6.1 Hedder <experimental/system( error> synopsis [header.system_errjr.synop]

#inclufde <system error>

namespce std {
namesppce experimpental {

inline| namespace’ fundamentals vl {

// Spel@+¥14 §19.5, System error support

tempT;ﬂ-g cla T constexpr bool 1 error code eniim v

= is_error_code_enum<T>::value;
template <class T> constexpr bool is_error_condition_enum v

= 1is_error_condition_enum<T>::value;

// namespace fundamentals vl
// namespace experimental
// namespace std
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4 Function objects

4.1 Header <experinental / functi onal > Synopsis

#include <functional>

namespace std {

[func]

[header.functional.synop]

namejspace experimental {

inlijne namespace fundamentals vl {

//
te

See C++14 §20.9.9, Function object binders

plate <class T> constexpr bool is _bind expression v
= is_bind expression<T>::value;

plate <class T> constexpr int is_placeholder v

= is_placeholder<T>::value;

//l 4.2, Class tenplate function

tejnplate<class> class function; // undefined

tepplate<class R, class... ArgTypes> class function<R (ArgTypes...)>;
tefnplate<class R, class... ArgTypes>

volid swap (function<R(ArgTypes...)>&, function<R(Arglypbes...)>&);
tefnplate<class R, class... ArgTypes>

bopl operator==(const function<R(ArgTypes..s) >&, nullptr t) noexcept;
tefnplate<class R, class... ArgTypes>

bopl operator==(nullptr_ t, const functien<R(ArgTypes...)>&) noexcept;
tefnplate<class R, class... ArgTypes>

bopl operator!=(const function<R(ArgTypes...)>&, nullptr t) noexcept;
tefnplate<class R, class... ArgTypes>

bopl operator!=(nullptr t, cadhst function<R(ArgTypes...)>&) noexcept;

4.3, Searchers
plate<class Forwafdlterator, class BinaryPredicate =

class default seargcher;

plate<class\RandomAccessIterator,
gTass Hash =
alass BinaryPredicate = equal_ to<>>

class _boyer moore searcher;

equal_to<>>

hash<typename iterator traits<RandomAccessIterator>:

:value_type>,

template<class RandomAccessIterator,
class Hash =
class BinaryPredicate = equal_ to<>>

class boyer moore_horspool searcher;

template<class ForwardIterator, class BinaryPredicate =

default searcher<ForwardIterator, BinaryPredicate>

hash<typename iterator_ traits<RandomAccessIterator>:

:value_type>,

equal_to<>>

make default searcher (ForwardIterator pat first, ForwardIterator pat last,

18
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BinaryPredicate pred = BinaryPredicate());

template<class RandomAccessIterator,

bo

ma

class Hash = hash<typename iterator traits<RandomAccessIterator>::value type>,
class BinaryPredicate = equal to<>>
yer moore searcher<RandomAccessIterator, Hash, BinaryPredicate>
ke boyer moore searcher (
RandomAccessIterator pat first, RandomAccessIterator pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate()):;

te

bo

maj

y /7
y /7

temp

struy

y // 1
4.2 Clag

1 The speci
declaratiq
std: :exp
std: :exp

namesp|
name

inli]
te

te
cl

mplate<class RandomAccessIterator,
class Hash = hash<typename iterator_traits<RandomAccessIterator>::value /Mype>,
class BinaryPredicate = equal to<>>
yer moore horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>
ke boyer moore horspool searcher (
RandomAccessIterator pat first, RandomAccessIterator pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate()):;

namespace fundamentals vl

namespace experimental

late<class R, class... ArgTypes, class Alloc>

ct uses allocator<experimental::function<R(ArgTypess..)>, Alloc>;

bmespace std

s templatefunction [func.wr
fication of all declarations within this sub-clatise 4.2 and its sub-clauses are the same as the correspond

ns, as specified in C++14 §820.9.11.2, unless explicitly specified otherwise. [ Note:
brimental: : function USES std: :hadyfunction call, thereisno additional type
brimental::bad function cald —'end note] .

bhce std {
Ispace experimental {

e namespace fundamentals vl {

mplate<class> clalss function; // undefined

hhplate<clags™R, class... ArgTypes>
bss furnetdon<R (ArgTypes...)> {
olic

typédef R result type;

hp.func)

ng

CypeoeL I argumelnt_type,
typedef Tl first argument type;
typedef T2 second argument type;

typedef erased type allocator type;
function () noexcept;

function (nullptr t) noexcept;

function (const functiong&);
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function (function&s) ;

template<class F> function (F);

template<class A> function(allocator arg t, const A&) noexcept;

template<class A> function(allocator arg t, const Ag,
nullptr t) noexcept;

template<class A> function(allocator arg t, const Ag,
const functiong);

template<class A> function(allocator arg t, const Ag,

functioné&&) ;

template<class F, class A> function(allocator arg t, const A&, F);
function& operator=(const functionég);

function& operator=(functioné&&);

function& operator=(nullptr t) noexcept;

template<class F> functioné& operator=(F&&) ;

template<class F> function& operator=(reference wrapper<kF>);

~function () ;

[void swap (functioné) ;
template<class F, class A> void assign (F&&, const A&);

explicit operator bool () const noexcept;

R operator () (ArgTypes...) const;

const type info& target type() const noexcept;
template<class T> T* target () noexcept;

template<class T> const T* target () caenst noexcept;

omr : :memory resource* get memory -~resource () ;

tepmplate <class R, class. ,.\ArgTypes>

bopl operator==(const funct#ion<R(ArgTypes...)>&, nullptr t) noexcept;
tepmplate <class R, class... ArgTypes>

bopl operator==(nullpfr t, const function<R(ArgTypes...)>&) noexcept;
tepmplate <class\R, class... ArgTypes>

bopl operatdw’=(const function<R(ArgTypes...)>&, nullptr t) noexcept;
tepplate Kelass R, class... ArgTypes>

bopl operator!=(nullptr t, const function<R(ArgTypes...)>&) noexcept;
t ket Forss—R—etarss———RArgRye

void swap (function<R (ArgTypes...)>&, function<R(ArgTypes...)>&);

} // namespace fundamentals vl
} // namespace experimental

template <class R, class... ArgTypes, class Alloc>
struct uses_allocator<experimental::function<R(ArgTypes...)>, Alloc>

true type { };
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amespace std

[func.wrap.func.con]

1 When a runction constructor that takes afirst argument of type aliocator arg t isinvoked, the second argument is
treated as atype-erased allocator (8.3). If the constructor moves or makes a copy of a function object (C++14 §20.9),
including an instance of the experimental: : function classtemplate, then that move or copy is performed by using-

allocator

construction with allocator et memory resonrce ()

2 Inthefoll

allocato

3 function

4 Effeq

5 Retu

6 function

7 Effeq

8 Retu

9 function

10 Effeq

owing descriptions, let ALLOCATOR_OF (£) bethe allocator specified in the construction of function f,
-<char> () if no allocator was specified.

k. operator=(const functions& f);

1S function(allocator arg, ALLOCATOR OF (*this), f).swap(*this);

NS, *this

k. operator=(function&s& f);
1S function(allocator arg, ALLOCATOR COF (*this), std::move (£W)\. swap (*this);
'NS. *this

K. operator=(nullptr t) noexcept;

ts. If *this !'= nullptr, destroysthetarget of this.

pr

11 posteonditions. ! (*this). The memory resource returneédby get memory resource () after the assignmentis
equiyalent to the memory resource before the assignment. [ Note: the address returned by get memory resqurce ()
might change — end note ]

12 Retufns: *this

13 templatefKclass F> function& operator=(F&& f);
14 Effegts: function(allocator grg, ALLOCATOR COF (*this), std::forward<F>(f)).swap(*this);
15 Retufns: *this
16 templateKclass F> function& operator=(reference wrapper<kF> f);
17 Effegts. functien (allocator arg, ALLOCATOR OF (*this), f).swap (*this);
18 Retufns. *shids
4.2.2  un¢tiron modifiers [func.wrap.flinc.mod]

1 void swap (functioné& other);

2 Requwes this->get memory resource() == other->get memory resource().

3 Effects: Interchangesthetargets of *this and other.

4 Remarks: Theallocators of xthis and other are not interchanged.
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4.3 Searchers [func.searcher g

1 This sub-clause provides function object types (C++14 §20.9) for operations that search for a sequence [pat first,
pat_last) in another sequence[first, 1ast) that is provided to the object's function call operator. The first sequence (the
pattern to be searched for) is provided to the object's constructor, and the second (the sequence to be searched) is provided
to the function call operator.

2 Each specidization of a class template specified in this sub-clause 4.3 shall meet the copyconstructible and
CopyAssignable requi rements. Template parameters named rForwardIterator, ForwardIteratorl, ForwardIterator2,
RandomAc:esslterator, RandomAccesslteratorl, RandomAccesslterators, dlll.]I BilnaryPredicate Uf tb’”lpidi
specified jn this sub-clause 4.3 shall meet the same requirements and semantics as specified in C++14 §25.1,, Tecrrwpl ate
parametells named sash shall meet the requirements as specified in C++14 8§17.6.3.4.

3 The Boydr-Moore searcher implements the Boyer-Moore search algorithm. The Boyer-M oore-Horspdol) searche
implemerts the Boyer-M oore-Horspool search agorithm. In general, the Boyer-Moore searcher will'use more memory
and give better run-time performance than Boyer-M oore-Horspool

4.3.1 Clagstemplate def aul t _sear cher [func.searcherp.default]

templajte<class ForwardIteratorl, class BinaryPredicate = equal tos<>%

class default searcher {

public|:
defajult searcher (ForwardIteratorl pat first, ForwardIteratorl pat last,

BinaryPredicate pred = BinaryPredicate\) )’

templlate<class ForwardIterator2>
ForwprdIterator?2
operptor () (ForwardIterator2 first, ForwardIte¥ator2 last) const;

privatf:
ForwprdIteratorl pat first ; // exposi\tion only
ForwprdIteratorl pat last ; // expOsition only
BinafryPredicate pred ; /] <exposition only
bi

1 default pearcher (ForwardIterator-pat first, ForwardIterator pat last,
BinayyPredicate pred = BimaryPredicate());

2 Effegts: Constructsadefailt searcher Object, initidlizing pat first Withpat first,pat last Withgat 1last,
and pred_ With pred.

3 Thraws: Any exeeption thrown by the copy constructor of Binarypredicate Of ForwardIteratorl.

4 templateKclassyForwardIterator2>
Forwgdrdlterator2 operator () (ForwardIterator2 first, ForwardIterator2 last) const;

5 EffectS” EQUIVAIEM [0 return std::search (first, last, pat first , pat last , pred );
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4.3.1.1 def aul t _sear cher creation functions [func.searchers.default.

1 template<class ForwardIterator, class BinaryPredicate = equal to<>>

defau

1t searcher<ForwardIterator, BinaryPredicate>

make default searcher (ForwardIterator pat first, ForwardIterator pat last,

BinaryPredicate pred = BinaryPredicate());

2 Effects: Equivalentto return default searcher<ForwardIterator, BinaryPredicate> (

pat_

first, pat last, pred);

4.3.2Claj

templa

class

public]:

boye|

temp
Rand|

oper

privat
Rand|
Rand|
Hash|
Bing
bi
1 boyer mo

Hash
Binaq

2 Reqy
and

3 Reqy

pred

4 Effeq
pat |

5 Thrd
copyf

bs template boyer _noor e_sear cher [func.searchers.boye

te<class RandomAccessIteratorl,
class Hash = hash<typename iterator_ traits<RandomAccessIteratorl>::value,type>,
class BinaryPredicate = equal_ to<>>

pbbooyer moore searcher {

r moore_searcher (RandomAccessIteratorl pat first, RandomAccessIteratorl pat_ last,

Hash hf = Hash(), BinaryPredicate pred = BinapyPrkdicate());

late<class RandomAccessIterator2>

omAccessIterator2

btor () (RandomAccessIterator2 first, RandomAccessIterater?2 last) const;
bmAccessIteratorl pat first ; // exposition only

bmAccessIteratorl pat last ; [/ exposition onkby

hash_; /] exposition only

ryPredicate pred ; /1 exposition only

bre searcher (RandomAccessIteratori\pat first, RandomAccessIteratorl pat last,
hf = Hash{(),
yPredicate pred = BinaryPrediéate());

ires: Thevalue type of RandonAdcessIteratorl Shall meet the befaultConstructible, CopyConstry
opyAssignable requirements;

ires: For any two valuesa and B of thetype iterator traits<RandomAccessIteratorl>::value ty
(a, B) ==true, them-ne(n) ==h£ (8) shall betrue.

ts: ConstructSiaboyer moore searcher Object, initializing pat first Withpat first,pat last
last, hagh\With hf, and pred_ With pred.

ws. Any exception thrown by the copy constructor of RandomaccessIteratorl, OF by the default cons
constructor, or the copy assignment operator of the value type of RandomaccessTteratori, Of the cop)

creation]

I _moore€]

ctible,

be, If

vith

fructor,

cons

TUCtOr Or operator (7 Of BinaryPredicate OF Hash. My throw aa aTToc if additionatmemory meed

internal data structures cannot be allocated.
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6 template<class RandomAccessIterator2>
RandomAccessIterator2 operator () (RandomAccessIterator?2 first, RandomAccessIterator2 last) const;

7 Requires: randomaccessIteratorl and RandomAccessIterator2 shall have the same value type.

8 Effects: Finds a subsequence of equal valuesin a sequence.

9 Returns. Thefirstiterator i intherange[first, last - (pat last - pat first )) such that for every non-
negative integer n lessthan pat_1ast_ - pat_first_thefollowing condition holds:
pred(*(i + n), *(pat_first + n)) != false. REtUrNS first if [pat_first_, pat_last_) is empty, otherwise
returps+———+H-ne-soeh-Heratertsfoand:

10 Complexity: Atmost (1ast - first) * (pat last - pat first ) applicationsof the predicate.

4.3.2.1 bdyer _noor e_sear cher creation functions [func.searchers.bQyer _moor elcr eation]

1 templatekclass RandomAccessIterator,
clasg Hash = hash<typename iterator traits<RandomAccessIterator>::value type>,
clasq BinaryPredicate = equal_ to<>>

boyer moore searcher<RandomAccessIterator, Hash, BinaryPredicate>
male boyer moore searcher (RandomAccessIterator pat first, RandomlA¢cessIterator pat_ last,
Hash hf = Hash(), BinaryPredicate pped\ = BinaryPredicate());

2 Effegts: Equivalentto return boyer moore searcher<Randomhccessif€pator, Hash, BinaryPredicatg>(

pat [first, pat last, hf, pred);

4.3.3 Clagstemplate boyer _noor e_hor spool _sear cher [func.searchers.boyer _moore_horspool]

templajte<class RandomAccessIteratorl,

class poyer moore horspool searcher ({

public]:

privatfe:

24

class Hash = hash<typename iterator tra@dts<RandomAccesslteratorl>::value type>,

class BinaryPredicate = equal to<>>
boyeJr moore horspool searcher (RandgmAccessIteratorl pat first, RandomAccessIteratorl pat Jlast,
Hash hf = Hash (), BinaryPredicate pred = BinaryPredicate())
tempflate<class RandomAccessiterator2>

RandpmAccessIterator?2

operfptor () (RandomAccessiterator?2 first, RandomAccessIterator2 last) const;

RandpmAccessIteratorl pat first ; // exposition only

RandpmAccesslteratorl pat last ; // exposition only
Hash hash ; /] exposition only
BinafryPredicate pred ; /] exposition only
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1 boyer moore horspool searcher (

Rando
Hash

mAccessIteratorl pat first, RandomAccessIteratorl pat last,
hf = Hash(), BinaryPredicate pred = BinaryPredicate());

2 Requires. Thevaluetype of RandomaccessIteratorl shall meet the pefaultConstructible, CopyConstructible,
and copyassignable requirements.

3 Requires: For any two valuesa and & of thetype iterator traits<RandomhccessIteratorl>::value type, if

pred(a,B)==true, thennt (a) ==nz (B) shall betrue.

4 EffP("fQ Constructsano @rimomreihor nom'li carcher OhJIF‘(‘T |n|t|a||7|ng T‘);lfif‘i raf with n:‘rifi ret o t,laSt,
withfpat 1ast, hash Withnf, and pred with pred.

5 Thragws: Any exception thrown by the copy constructor of rRandomaccessTteratori, oOf by the defallf-congructor,
copy| constructor, or the copy assignment operator of the value type of randomaccessTterator @nthe copy
congructor or operator () Of BinaryPredicate Of Hash. May throw bad_a11oc if additional tnemory needed for
interpal data structures cannot be allocated..

6 templatekclass RandomAccessIterator2>
RanddmAccessIterator2 operator () (RandomAccessIterator?2 first, RandomAccessIterator? last) onst;

7 Requires. randomaccessIteratorl and RandomAccessIterator2 shall have thesame value type.

8 Effedts: Finds a subsequence of equal valuesin a sequence.

9 Returns. Thefirstiterator i intherange[first, last - (pat last - pat first )) such that for every hon-
negdtive integer n lessthan pat_1ast - pat_first_thefollowing condition holds:
pred(* (i + n), *(pat first + n)) != false. Returns first if [pat first ,pat last ) isempty, otherwise
returns 1ast if no such iterator is found.

10 Conplexity: Atmost (1ast - first) * (pat lastn- pat first ) applications of the predicate.
4.3.3.1 bdyer _noor e_hor spool _sear cher creationdunctions [func.searchers.boyer _moore_hor spool|creation]
1 templatekclass RandomAccessIterator,
class Hash = hash<typemameé iterator traits<RandomAccessIterator>::value type>,
class BinaryPredicage\s equal to<>>
boyen] moore searcher horspool<RandomAccessIterator, Hash, BinaryPredicate>
make |[boyer moore horspoolk, searcher (
HandomAccessIteratorpat first, RandomAccessIterator pat last,
Hash hf = Hash(), \BinaryPredicate pred = BinaryPredicate());

2 Effegts. Equivaentto
return boyer mobre horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>(
pat [first, pat) last, hf, pred);
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5 Opti

5.11n general

onal objects [optional]

[optional.general]

This subclause describes class template optional that represents optional objects. An optional object for object typesis
an object that contains the sIorage for another Obj ect and manages the Ilfetl me of this contained object if any. The

contained
object hag

5.2 Hea

namesp|
name

inli]

//
te

//
st
co

//
st

CO|

//
cl

//
te

te
te
te

te

been destroyed. The |n|t|aI|zat|on state of the contai ned object |stracked by the optiona Obj ect.
der <experi ment al / opt i onal > Synopsis [optiona

bhce std {
Ispace experimental {

he namespace fundamentals_ vl {

5.3, optional for object types
hhplate <class T> class optional;

5.4, In-place construction
ruct in place t{};
nstexpr in place t in place{};

5.5, No-value state indicator
ruct nullopt t{see bel ow};
nstexpr nullopt t nullopt (unspecified);

5.6, C ass bad_optional _access
bss bad optional access;

5.7, Relational operators

hhplate <class T>

constexpr bool operator=='(const optional<T>&, const optional<T>&);
hhplate <class T>

constexpr bool operator!=(const optional<T>&, const optional<T>&);
hhplate <class T>

constexpr beel“operator<(const optional<T>§&, const optional<T>g);
hhplate <cless T>

constexpr~-bool operator>(const optional<T>&, const optional<T>&);
hhplafte,<class T>

conStexpr bool operator<=(const optional<T>&, const optional<T>&);

te

nplLdte Cld 1

constexpr bool operator>=(const optional<T>&, const optional<T>&);

// 5.8, Conparison with null opt

template <class T> constexpr bool operator==(const optional<T>&, nullopt t) noexcept;
template <class T> constexpr bool operator==(nullopt t, const optional<T>&) noexcept;
template <class T> constexpr bool operator!=(const optional<T>&, nullopt t) noexcept;
template <class T> constexpr bool operator!=(nullopt t, const optional<T>&) noexcept;

template <class T> constexpr bool operator<(const optional<T>&, nullopt t) noexcept;

26

.Synop]
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template <class T> constexpr bool operator<(nullopt t, const optional<T>&) noexcept;

template <class T> constexpr bool operator<=(const optional<T>&, nullopt t) noexcept;

template <class T> constexpr bool operator<=(nullopt t, const optional<T>&) noexcept;

template <class T> constexpr bool operator>(const optional<T>&, nullopt t) noexcept;

template <class T> constexpr bool operator>(nullopt t, const optional<T>&) noexcept;

template <class T> constexpr bool operator>=(const optional<T>&, nullopt t) noexcept;

template <class T> constexpr bool operator>=(nullopt t, const optional<T>&) noexcept;

// 5.9, Conparison with T

tepmplate <class T> constexpr bool operator==(const
tepmplate <class T> constexpr bool operator==(const
tefnplate <class T> constexpr bool operator!=(const
tefnplate <class T> constexpr bool operator!=(const
tefnplate <class T> constexpr bool operator<(const optional<T>&, const T&);
tefnplate <class T> constexpr bool operator<(const T&, const optional<T>&);
tejnplate <class T> constexpr bool operator<=(const optional<T>&, const _Té&
tejnplate <class T> constexpr bool operator<=(const T&, const optionalKT>%
tejnplate <class T> constexpr bool operator>(const optional<T>&, cofist T&);
tefnplate <class T> constexpr bool operator>(const T&, const optiorial<T>g);
tejnplate <class T> constexpr bool operator>=(const optional<T>%§, ‘const Té&
tejnplate <class T> constexpr bool operator>=(const T&, const~0ptional<T>&

//| 5.10, Specialized algorithns

tejnplate <class T> void swap (optional<T>&,
tefnplate <class T> constexpr optional<see bel ow> make optional (T&&);

} //| nanespace fundanental s_v1
} //| nanespace experi nenta

// 5} 11, Hash support
templlate <class T> struct hash;

templlate <class T> struct hash<expérimental::optional<T>>;

} // npnespace std

optional&T>&) noexcept (see bel ow) ;

’

optional<T>&, const T&

’

T&, const optional<T>&

’

)
)
optional<T>&, const T&)
) .

’

T&, const optional<T>&

)7
) .

’

);
) .

’

1 A program that necessitates the instantiation of template optional for areference type, or for possibly cv-qualified types

in place| t OF nullopt_t iSill-fermed.

5.3 optilonal for ohjecttypes

templajte <class~T>
class pptional
{

[optional.object]

publicT
typedef T value type;

// 5.3.1, Constructors

constexpr optional () noexcept;

constexpr optional (nullopt t) noexcept;
optional (const optionalg);

optional (optionals&&) noexcept (see bel ow) ;
constexpr optional (const T&);

© ISO/IEC 2015 — All rights reserved
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cons
temp
temp

co

// 5
~opt

// 5

texpr optional (T&&);

late <class... Args> constexpr explicit optional (in place t, Argsé&é&...);
late <class U, class... Args>

nstexpr explicit optional (in place t, initializer 1ist<U>, Args&é&...);

. 3.2, Destructor
ional () ;

. 3.3, Assignnent

opti]
opti]
opti]
temp
temp
temp

VO

// 5

void

// 9
cons|
cons|
cons|
cons|
cons|
cons|
cons|
cons|
cons|
cons|
cons|
temp
temp

privat
T*
}i
1 Anyinstg

optional

allocated

bnalé& operator=(nullopt t) noexcept;

bnals& operator=(const optionalg&);

bnals operator=(optionalé&&) noexcept (see bel ow);
late <class U> optional& operator=(U&&);

late <class... Args> void emplace (Argsé&é&...);
late <class U, class... Args>

id emplace (initializer 1ist<U>, Args&é&...);

3.4, Swap
swap (optional&) noexcept (see bel ow) ;

3.5, (vbservers

texpr T const* operator ->() const;

texpr T* operator ->();

texpr T const& operator * () const &;

texpr T& operator *() &;

Cexpr T&& operator * () &&;

texpr const T&& operator * () const &&;

texpr explicit operator bool () const noexéept;
Cexpr T consté& value() const &;

texpr T& value() &;

texpr T&& value () &&;

[Cexpr const T&& value () constywéé&s

late <class U> constexpr T ¥wadue or (U&&) const &;
late <class U> constexpr.T\Value or (U&&) &&;

S

val; // exposition only

nce of optienaTkT> @ any given time either contains a value or does not contain a value. When an inst
T> contains'a value, it means that an object of type T, referred to as the optiona object's contained val
Wwithinthestorage of the optional object. |mplementations are not permitted to use additional storage, s

ance of
ue, is
lich as
hal<T>

dynami (;]naﬂory, to alocate its contained value. The contained value shall be allocated in aregion of the optio

storage

itably aligned for the type . When an object of type optional<T> iscontextually converted to bool, th

e

conversiol

N returns true if the object contains a value; otherwise the conversion returns raise.

2 Member va1 is provided for exposition only. When an optional<T> object contains avalue, val points to the contained

vaue.
3 7 shal be

28

an object type and shall satisfy the requirements of pestructible (Table 24).
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5.3.1 Constructors [optional.object.ctor]

1 constexpr optional () noexcept;
constexpr optional (nullopt t) noexcept;

2 Postconditions: *this does not contain avalue.

3 Remarks: No contained valueisinitialized. For every object type T these constructors shall be constexpr
constructors (C++14 §7.1.5).

4 optionall(const optional<T>& rhs);

5 Regyires: is_copy_constructible v<T> IStrue.

6 Effegts: If rhs contains avalue, initializes the contained value asif direct-non-list-initializing an-object of type T
withfthe expression »r hs.

7 Postfonditions: bool (rhs) == bool (*this).

8 Thraws: Any exception thrown by the selected constructor of .

9 optionalf(optional<T>&& rhs) noexcept (see bel ow) ;

10 F«xnjres isimoveiconstructible7v<T>iStrue.

1 Effegts: If rhs contains avalue, initializes the contained value asif ditect-non-list-initializing an object of type T
with|the expression std: :move (*rhs) . bool (rhs) iSunchanged,

12 Posttonditions: bool (rhs) == bool (*this).
13 Thraws: Any exception thrown by the selected constrtictor of .

14 Remarks: The expressioninside noexcept iS eguivaent to:

ig nothrow move constructible v<T>
15 constexpfr optional (const T& V) ;
16 RGQLWGS isicopyiconstructible7v<T>iStrue
17 Effeqts: Initializes the contained value asiif direct-non-list-initializing an object of type t with the expression v.
18 Posteonditions: *thi s eontains avalue.
19 Throws: Anyexéeption thrown by the selected constructor of .

20 Remarks:(1f'r's selected constructor is a constexpr constructor, this constructor shall be a constexpr consfructor.
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21 constexpr optional (T&& V) ;

22

23

24

25

26

27 template

28

29

30

31

32

Requires: is move constructible v<T> IS true.

Effects: Initializes the contained value asif direct-non-list-initializing an object of type T with the expression

std:

:move (V).

Postconditions: *this contains avalue.

Throws: Any exception thrown by the selected constructor of T.

Remy

Requ

Effeq
std:

Post
Thrg

Remy

cons

<class... Args> constexpr explicit optional (in place t, Args&é&... args);

ires: is constructible v<T, Args&&...> IS true.

ts: Initializes the contained value asif direct-non-list-initializing an object of type T with the argumen
:forward<Args>(args)....

conditions: *tnhis contains avalue.
ws. Any exception thrown by the selected constructor of T.

arks: If t's constructor selected for the initialization is a constexpx constructor, this constructor shall i
texpr constructor.

33 template| <class U, class... Args>
constlexpr explicit optional (in place t, initializéey'1list<U> il, Args&&... args);

34 Requ%: is constructible v<T, initializer 1iG%<U>&, Argsé&&...> IS true.

35 Effedts: Initializesthe contained value asiif direct:non-list-initializing an object of type T with the argumen
il, |std::forward<Args>(args)....

36 Postponditions: *this contains avalue:

37 Thrgws: Any exception thrown by the selected constructor of .

38 Remprks: The function shallvnot participate in overload resolution unless
is dgonstructible v<T/[ Iitializer list<U>&, Argsé&s...>IStrue. |f T'sconstructor selected for the
initiglization is a constexpr constructor, this constructor shall be a constexpr constructor.

5.3.2 Degructor [optional.ob)
1 ~optional ();
2 Effe¢tsnIf 5 _trivially destructible v<T = trueand *this containsavalue, callsval =>T::~T ()

3 Remarks: If is trivially destructible v<T> == true then thisdestructor shall be atrivial destructor.

30

brks: If 's selected constructor is a constexpr constructor, this constructor shall be a constexpr constlructor.

e a

ect.dtor]
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5.3.3 Assignment [optional.object.assign]

1 optional<T>& operator=(nullopt t) noexcept;

2 Effects: If *this containsavalue, callsval ->T::~T () to destroy the contained value; otherwise no effect.

3

4

5 optionalKT>& operator=(const optional<T>& rhs);

6

10

11 optionalKT>& operator=(optional<T>&& rhs) noexcept (see bel ow) ;

12

13

14

15

16

Returns. *this.

Postconditions: *this does not contain avalue.

Requires: is copy constructible v<T>iStrue @nd is_copy assignable v<T>iStrue.

Effegts:
Table4 — optional::operator=(const optionalég) effects
*t hi s contains a value *t hi s does not contain a value
riis containsa |assigns *rhs to the contained initializes the contained valué-asiif direct-non-list-
value value initializing an object of type'r with *rns

rlhs does not destroys the contained value by no effect

contain avalue |callingval->t::~T()

Returns. *this.
Postfonditions. bool (rhs) == bool (*this).

Remarks: If any exception is thrown, the result of the expression bool (*this) remains unchanged. If an eXception
is thrown during the call to T's copy constructor, no effect.\f an exception is thrown during the call to t's copy
assignment, the state of its contained value is as defined by the exception safety guarantee of T's copy assighment.

Reqyires: is move constructible v<T>iSf¥de aNd is move assignable v<T> IStrue.

Effeqts. Theresult of the expression bpo(rhs) remains unchanged.
Tableb— optional::operator=(optionalss) effects

*t hi s contains a value *t hi s does not contain avalue
rhg containsa |assigns std::move (*rhs) tothe |initializes the contained value asif direct-non-list-initfalizing
value contained value an object of type T with std: :move (*rhs)

s doesnot | destroys the contained value by
contain avalue |ealing vai->T::~1()

-

no effect

Returns. *th{s.

Posttonditions: bool (rhs) == bool (*this).

Remarks—Theexpressionminside noexcept 1S equivaat tor
is_nothrow move assignable v<T> && is nothrow move constructible v<T>

If any exception isthrown, the result of the expression vool (*this) remains unchanged. If an exception isthrown
during the call to t's move constructor, the state of *rhs.va1 isdetermined by the exception safety guarantee of T's
move constructor. If an exception is thrown during the call to T's move assignment, the state of *val and *rhs.val is
determined by the exception safety guarantee of T's move assignment.
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17 template <class U> optional<T>& operator=(U&& V);

18 Requires: is constructible v<T, U>IiStrue andis assignable v<T&, U>iStrue.

19 Effects: If *this containsavalue, assigns std: : forward<u> (v) to the contained value; otherwise initializes the
contained value asif direct-non-list-initializing object of type T with std: : forward<u> (v).

20 Returns: *this.

21 Postconditions; *this containsavalue.

2 Remjarks: If any exception is thrown, the result of the expression voo1 (*this) remains unchanged. If anejception
is thfown during the call to T's constructor, the state of v is determined by the exception safety guarantee'of [r's

congructor. If an exception is thrown during the call to 's assignment, the state of *val and v is determined by the
exception safety guarantee of 1's assignment.

The function shall not participate in overload resolution unless is_same v<decay t<U>, T&iStrue.

23 Notes: Thereason for providing such generic assignment and then constraining it so¢hat effectively T == ulisto
guarpntee that assignment of theform o = {} isunambiguous.

24 template| <class... Args> void emplace (Argsé&&... args);

25 Requires: is_constructible v<T, Args&s...>|Strue.

2% Effedts: Calls*this = nullopt. Theninitializesthe contained value-asif direct-non-list-initializing an object of
type|r with the arguments std: : forward<args> (args) . . ..

27 Posteonditions: *this contains avalue.
28 Thrgws: Any exception thrown by the selected constructor of .

29 Remprks: If an exception is thrown during the galt to T's constructor, *this does not contain avalue, and the
prevjous*val (if any) has been destroyed.

30 template| <class U, class... Args> veid emplace(initializer 1list<U> il, Argss&&... args);
31 Effegts: Calls*this = nullopteThen initializes the contained value as if direct-non-list-initializing an objfct of
type|r with the argumentsi | , .std: : forward<Args>(args) .. ..
32 Postfonditions: *this cohtains avalue.
33 Thrgws: Any exception thrown by the selected constructor of .
34 Remarks: If an exception isthrown during the call to r's constructor, *this does not contain avalue, and the
previous *var=(if any) has been destroyed.
The funetion shall not participate in overload resolution unless

iSi ONMSTTUCTIDIC V1T, TNITIaTTZeTY _TISTIU %, ATgS&&. .. ISTTroc,
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5.3.4 Swap [optional.object.swap]

1 void swap (optional<T>& rhs) noexcept (see bel ow) ;

2 Requires: Lvalues of type T shall be swappable and is move constructible v<T> iStrue.

3 Effects:
Table6 — optional::swap (optionals&) effects
*t hi s containsavalue *t hi s does not contain avalue
initializes the contained value of *this asif direct-
rhs non-list-initializing an object of type T with the
confains|cals swap (* (*this), *rhs) expression std: :move (*r hs) , followed by
avplue rhs.val->T::~T (); postconditionisthat *qhis
contains avalue and r hs does pot contain g value
hs initializes the contained value of r hs asif direct-
non-list-initializing an object of type T with the
doek not . .
.| expression std: :move (* (*this) ), followed by no effect
cortain ] S ,
val->T::~T (); postcondition isthat »this does not
avplue . .
contain avalue and r hs contains avalue

4 Thrgws: Any exceptions that the expressions in the Effects element throw.

5 Remhbrks: The expression inside noexcept isequivaent to:
ig nothrow _move constructible v<T> && noexcept (swap/(d€clval<T&>(), declval<T&>()))

If any exception is thrown, the results of the expressions boof*this) and boo1l (rhs) remain unchanged. If an

exception isthrown during the call to function swap the stateof *val and *rhs.val isdetermined by the exgeption
safetly guarantee of swap for Ivalues of t. If an exception‘isthrown during the call to T's move constructor, the state
of *Jal and *rhs.val isdetermined by the exception-safety guarantee of t's move constructor.

5.3.5Obgervers [optional.obj ectl.obser ve]

1 constexpfp T const* operator->() const;
constexpfr T* operator->();

2 Reguires. *this containsavalue.
3 Returns. val .
4 Thraws: Nothing.

5 Remarks: UnlessTis a user-defined type with overloaded unary operators, these functions shall be constgxpr
functions.

6 constexplp T gonst& operator* () const &;
constexp—Fe—eperateriiy

7 Requires. *this containsavalue.
8 Returns. +val .
9 Throws: Nothing.

10 Remarks: These functions shall be constexpr functions.
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constexpr T&& operator* () &&;
constexpr const T&& operator* () const &&;

12 Requires. *this containsavalue

13 Effects: Equivalent O return std: :move (*val ) ;

constexpr explicit operator bool() const noexcept;

15 Returns: true if and only if *this containsavalue.

16 Remj

constexp
constexp

18 Effeq

constexp
constexp

20 Effeq

template

22 Effeq

23 Rem

template
2 Effe

26 Remy

541n-p

struct i
constexp

The struc
overloadi
pack; thig
forwardeq

5.5 No-

arks: This function shall be a constexpr function.

r T consté& value() const &;
r T& value() &;
1S Equivalentto return bool (*this) ? *val : throw bad optional access();

r T&& value() &&;
r const T&& value() const &&;

ts: Equhﬁﬂentto return bool (*this) ? std::move(*val) : throw bad,optional access();

<class U> constexpr T value or (U&& V) const &;

1S Equhﬁﬂeﬂtﬂ)return bool (*this) ? **this : static_cast<T>(std::forward<U>(V));

<class U> T value or (U&& V) &&;

ts: Equivalent to return bool (*this) 2 std::move (**this) : static cast<T>(std::forward<uU

|ace construction [optional.

h place_t{};
r in place t in_place{}}

in_place_t iSan empty structure type used as a unique type to disambiguate constructor and function
ng. Specificaly, optional<T> hasaconstructor with in p1ace t asthefirst parameter followed by ap
indicates that.r\should be constructed in-place (asif by acall to a placement new expression) with the
| pack expanision as arguments for the initialization of .

aluée state indicator [optional.

brks: If is copy constructible v<T> && is convertikle w<Uss, T>ISfalse,theprogramisill-fgrmed.

(v)):

Brks: If is move constructible v<T> && s _convertible v<Us&, T> IS false,theprogramisill-formed.

nplace]

Arameter

nullopt]

struct nullopt t{see bel ow};

constexp

r nullopt t nullopt (unspecified);

The struct nul1opt_t isan empty structure type used as a unique type to indicate the state of not containing a value for
optional Objects. In particular, optional<T> hasaconstructor with nui1opt_t asasingle argument; thisindicates that an
optional object not containing a value shall be constructed.

Typenuliopt t shall not have adefault constructor. It shall be aliteral type. Constant nu11opt shall beinitialized with an

argument

of literal type.
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5.6 Classbad_opti onal _access [optional.bad_optional _access]
class bad optional access : public logic error f{
public:

bad optional access();

}i

Theclassbad optional access definesthe type of objects thrown as exceptions to report the situation where an attempt
is made to access the value of an optional object that does not contain avalue.

bad optipnal access();
3 Effegts. Constructs an object of classbad optional access.
4 Postponditions. what () returns an implementation-defined NTBS.
5.7 Relgtional operators [optional.relops]
template| <class T> constexpr bool operator==(const optional<T>& X, constgoptional<T>& Y);
2 Requires. T shall meet the requirements of Equalitycomparable.
3 Returns: If bool (x) !'= bool(y), false; otherwiseif bool (x) == falsértrue; Otherwise *x == =*y.
4 Rembrks: Specializations of this function template, for which «x ==(3y isa core constant expression, shall|be
consgltexpr functions.
template| <class T> constexpr bool operator!=(const opklonal<T>& x, const optional<T>& y);
6 Retufns: ! (x == y).
template| <class T> constexpr bool operator<(cemst optional<T>& X, const optional<T>& Y);
8 Requires. *x < +y shall bewell-formed and\itSresult shall be convertible to boo1.
9 Returns: If 1y, false; otherwise, if 1x; t¥ue; otherwise «x < *y.
10 Remarks: Specializations of thisfunction template, for which xx < *y isacore constant expression, shall e
congltexpr functions.
template| <class T> constexgr bool operator>(const optional<T>& x, const optional<T>& vy);
12 Retufns: y < x.
template| <class\T> constexpr bool operator<=(const optional<T>& x, const optional<T>& y);
14 Returns: iy < x).

template <class T> constexpr bool operator>=(const optional<T>& x, const optional<T>& y);

16 Returns: ! (x < y).

5.8 Comparison with nul | opt [optional.nullops]
template <class T> constexpr bool operator==(const optional<T>& X, nullopt t) noexcept;

template <class T> constexpr bool operator==(nullopt t, const optional<T>& X) noexcept;

2 Returns. !x.
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template <class T> constexpr bool operator!=(const optional<T>& X, nullopt t) noexcept;
template <class T> constexpr bool operator!=(nullopt t, const optional<T>& x) noexcept;

4 Returns. bool (X).

template <class T> constexpr bool operator<(const optional<T>& X, nullopt t) noexcept;

6 Returns. false.

template <class T> constexpr bool operator<(nullopt t, const optional<T>& X) noexcept;

8 ReturNS bool (X)-

template| <class T> constexpr bool operator<=(const optional<T>& X, nullopt t) noexcept;

10 Returns: !x.

template| <class T> constexpr bool operator<=(nullopt t, const optional<T>& X) nbexcept;

12 Retufns. true.

template| <class T> constexpr bool operator>(const optional<T>& X, nullQpt t) noexcept;

14 Retufns: bool (x).

template| <class T> constexpr bool operator>(nullopt t, const opiional<T>& X) noexcept;

16 Returns. false.

template| <class T> constexpr bool operator>=(const opthonal<T>& X, nullopt t) noexcept;

18 Retufns: true.

template| <class T> constexpr bool operator>=(rullopt t, const optional<T>& X) noexcept;

20 Returns: !x.

5.9 Comparison with T [optional.comp | with_t]

template| <class T> constexpr bool operator==(const optional<T>& X, const T& V);

2 Retufns: bool (X) ? *X ==V : false.

template| <class T> comstexpr bool operator==(const T& V, const optional<T>& x);

4 Returns: boolAXY, ? V == *X : false.

template| <cllass' T> constexpr bool operator!=(const optional<T>& X, const T& V);

6 Retufns:¥bool (x) 2 ! (*X == V) : true.

template <class T> constexpr bool operator!=(const T& V, const optional<T>& x);

8 Returns: bool(X) 2 ! (v == *X) : true.

template <class T> constexpr bool operator<(const optional<T>& X, const T& V);

10 Returns: bool (X) 2 *X < V : true.
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17

19

21

23

template

12 Retu

template
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<class T> constexpr bool operator<(const T& V, const optional<T>& X);

I'NS. bool(X) ? V < *X : false.

<class T> constexpr bool operator<=(const optional<T>& X, const T& V);

14 Returns: ! (x > v).

template

<class T> constexpr bool operator<=(const T& V, const optional<T>& x);

16 Returns; ! (v > x).

template
18 Retu

template
20 Retu

<class T> constexpr bool operator>(const optional<T>& X, const T& V);

'NS. bool(X) ? V < *X : false.

<class T> constexpr bool operator>(const T& V, const optional<T>& x);

'NS. bool(X) ? *X < V : true.

template| <class T> constexpr bool operator>=(const optional<T>& X, const{ T& V);
2 Reurns: ! (x < v).
template| <class T> constexpr bool operator>=(const T& V, const ,optfonal<T>& x);
24 Retufns: ! (v < x).
5.10 Specialized algorithms [optional .ppecalq]
template| <class T> void swap (optional<T>& X, opticnal<T>& Yy) noexcept (noexcept (X.swap(y)));
2 Effeqts; Callsx. swap (Y) .
template| <class T> constexpr optional<decay t<T>> make optional (T&& V);

4 RetUfns. optional<decay t<T>>(std::£orward<T>(V)).

5.11 Hagh support [option@al.hash]
template| <class T> struct hash<experimental::optional<T>>;

2 Requires. The template-specialization hash<T> shall meet the requirements of class template hash (C++14
§20.9.12). The template speciaization hash<optional<T>> shall meet the requirements of class template ndsh. For
an object o of type optional<T>, if bool (0) == true, hash<optional<T>>() (0) shall evaluateto the samgvalueas
nashkT> () x0)7 otherwise it evaluates to an unspecified value.
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6 Classany

[any]

1 This section describes components that C++ programs may use to perform operations on objects of a discriminated type.

2 [ Note: The discriminated type may contain values of different types but does not attempt conversion between them, i.e. 5
isheld strictly asan int and is not implicitly convertible either to "s or to s. 0. Thisindifference to interpretation but
awareness of type effectively allows safe, generic containers of single values, with no scope for surprises from ambiguous
conversions. — end note |

6.1 Heafler <experimental/any> synopsis

namesppce std {

namesppce experimental {

inline| namespace fundamentals vl {

class bad any cast : public bad cast

{

publfic:

}i

vifrtual const char* what () const noexcept;

clasls any

publfic:

38

//| 6.3.1, any construct/destruct

anly () noexcept;

anfy (const anyé& other);
anly (any&& other) noexcept;

tepplate <class ValueType>
bny (ValueType&& value);

~apy () ;
//| 6.3.2, any assighnents
anly& operator={¢gonst any& rhs);

anly& operato¥x={(any&& rhs) noexcept;

tepplatey<class ValueType>
bnyé operator=(ValueType&& rhs);

[any.synop]

// 6.3.3, any nodifiers
void clear () noexcept;
void swap (any& rhs) noexcept;

// 6.3.4, any observers
bool empty () const noexcept;
const type info& type() const noexcept;
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// 6.4, Non-nmenber functions

void swap(any& x, any& y) noexcept;

template<class ValueType>

ValueType any cast (const anyé& operand);
template<class ValueType>

ValueType any cast (any& operand) ;
template<class ValueType>

VallueType any cast (any&& operand);

templlate<class ValueType>

const ValueType* any cast(const any* operand) noexcept;
templlate<class ValueType>

VallueType* any cast (any* operand) noexcept;

} // npmespace fundamentals vl

} // nhmespace experimental

} // nhmespace std
6.2 Clagsbad_any_cast [any.bad_any cast]
Objects of typebad_any cast arethrown by afailed any cast.
6.3 Clags any [any.class]

An object of class any stores an instance of any type that'&atisfies the constructor requirements or is empty, and thisis
referred tp as the state of the class any object. The stored instanceis called the contained object. Two states are aquivalent
if they arg either both empty or if both are not empty and if the contained objects are equivalent.

The non-member any cast functions provide type-safe access to the contained object.

Implementations should avoid the use of dynamically allocated memory for asmall contained object. [ Example] where
the object constructed is holding only anint. — end example ] Such small-object optimization shall only be appl|ed to
types T fdr which is_nothrow move c®nstructible v<T> iStrue.

6.3.1 any [construct/destrugct [Bny.cong]

any () nopxcept;

2 Postfonditions._)this->empty ()

any (consf, any& other);

4 Effects. Constructs an object of type any with an equivalent stafe as other.

5 Throws: Any exceptions arising from calling the selected constructor of the contained object.

any (any&& other) noexcept;

7 Effects. Constructs an object of type any with a state equivalent to the original state of other.

8 Postconditions: other isleft in avalid but otherwise unspecified state.
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9 template<class ValueType>
any (ValueType&& value) ;

Let T beequal t0 decay t<valueType>.

10

11

12

13

14

15 ~any();

16

6.3.2 any

1 any& ope

2

3

4

5 any& ope

6

7

8

9 template

10

11

12

13

14

15

40

Requires: T shall satisfy the copyconstructible requirements. If is copy constructible v<t> isfalse, the
program isill-formed.

Effects: Constructs an object of type any that contains an object of type Tt direct-initialized with

std:

:forward<ValueType> (value).

ictha camna +

Remat

any.

Thrg

Effeq

Effeq
Retu

Thra

Effeq
Retu

Post
unsp

anyé&

Let 1

Reqy
prog

Effeq
std:

arlec: Thip conctiretor-chall nat nartiiatnatra

3 - el o
=2 o COMStrOTCto oo ot Do trorocer TeTT T TTUC I YT T tic SarTicT

Wws: Any exception thrown by the selected constructor of .

IS, clear ().

rator=(const any& rhs);
tS. any(rhs) .swap (*this). NoO effectsif an exception is thrown:
NS, *this

Wws. Any exceptions arising from the copy constructor.ofthe contained object.

rator=(any&& rhs) noexcept;

1S, any (std::move (rhs)) .swap (*this).
NS, *this

conditions. The state of *this isequivaent to the original state of rhs and rhs isleft in avalid but oth
ecified state.

class ValueType>
operator=(ValueTyp&&&" rhs) ;

be equal t0 decay- t<vValueType>.
ires: tshal SaIISfy the copyConstructible requirements. If is copy constructible v<T> isfalse, t
fam isill-fotmed.

ts: Constructs an object tmp Of type any that contains an object of type T direct-initialized with
: f6pward<vValueType> (rhs), and tmp. swap (*this) . NO effectsif an exception isthrown.

/pe as

assignments [ay.assign]

erwise

he

Retu

NS, *this

Remarks: This operator shall not participate in overload resolution if decay t<valueType> isthe sametypeasany.

Throws: Any exception thrown by the selected constructor of 7.
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6.3.3 any modifiers [any.modifier g

void clear () noexcept;

2 Effects: If not empty, destroys the contained object.

3 Postconditions. empty () == true.

void swap (anyé& rhs) noexcept;

5 Eﬁe\ tQ. El\\.ahal IyC thc 36153 Uf LllJ‘. [« ] Id LIS,
2.4 any .
6.3.4 observers any.observers

bool emplty() const noexcept;

2 Returns. true if *this hasno contained object, otherwise faise.

const type info& type() const noexcept;

4 Returns: If *this hasacontained object of type T, typeid (T); otherwise typedd (void).

5 [ Nofe: Useful for querying against types known either at compile time or-only at runtime. — end note ]

6.4 Nontmember functions [any.nonmember s

void swap (any& x, any& y) noexcept;

2 Effegts: x.swap (y).
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template<class ValueType>

ValueType any cast(const anyé& operand);
template<class ValueType>

ValueType any cast (any& operand);
template<class ValueType>

ValueType any cast(any&& operand);

4 Requires. is reference v<vValueType> iSIIUEOr is copy constructible v<valueType> iStrue. Otherwisethe
program isill-formed.

5 Returns. For thefirst form, *any cast<add const t<remove reference t<ValueType>>>(soperand). For the
secopnd and third Torms, *any cast<remove reference t<ValueType>> (&operand).

6 Throws: bad_any_castifoperand.type() != typeid(remove reference t<ValueType>).
[ Example:

arly x(5); // x holds int
agsert (any cast<int>(x) == 5); // cast to value
arly_cast<inté&>(x) = 10; // cast to reference
agsert (any cast<int>(x) == 10);
X [= "Meow"; // % holds const(char*
agqsert (strcmp (any_cast<const char*>(x), "Meow") == 0);
arly cast<const char*&>(x) = "Harry";
agqsert (strcmp (any_cast<const char*>(x), "Harry") == 0);
x |= string ("Meow") ; // x Wolds string

syring s, s2("Jane");

s |= move (any cast<string&>(x)); /s move from any
agsert (s == "Meow");

arly _cast<string&>(x) = move(s2); // move to any
agsert (any cast<const string&>(x) == ("Jane");

syring cat ("Meow") ;

cdnst any y(cat); // const y holds string
agsert (any cast<const string&>(y) == cat);
anly cast<string&>(y)i // error; cannot

// any cast away const

— end example ]

templateKclass ValueType>

consy ValueType* any cast(const any* operand) noexcept;
templateKclass) ValueType>

ValudqType#* any cast (any* operand) noexcept;

8 Returns. If operand != nullptr && operand->type() == typeid(ValueType), apointer to the object contained
by operand, otherwise nuiiptr.
[ Example:

bool is_string(const anyé& operand) {
return any cast<string>(&operand) != nullptr;

}
— end example ]
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7 string_view [string.view]

1 Theclasstemplate basic_string view describes an object that can refer to a constant contiguous sequence of char-like
(C++14 821.1) objects with the first element of the sequence at position zero. In the rest of this section, the type of the
char-like objectsheld in avasic_string view Object isdesignated by charr.

2 [ Note: The library providesimplicit conversions from const charT* and std: :basic_string<charT, ...>10
std::basic string view<charT > s0 that user code can accept just std: :basic string view<charT>asanon-
templated parameter wherever a sequence of charactersis expected. User-defined types should define their own (mplicit
conversionsto std: :basic_string view iN order to interoperate with these functions. — end note |

3 The comyglexity of basic string view member functionsis O(1) unless otherwise specified.

7.1 Heafer <experi nmental / stri ng_vi ew> SYynopsis [String.view.synop]

namesppce std {
namefspace experimental {

inlipe namespace fundamentals vl {

//| 7.2, Class tenplate basic_string_view
tefnplate<class charT, class traits = char traits<charT>X>

class basic _string view;

//| 7.9, basic_string_view non-nmenber conparisonsfunctions

tefnplate<class charT, class traits>

copstexpr bool operator==(basic_string viewggharT, traits> x,

basic string view<charT, traits> y) noexcept;
tefnplate<class charT, class traits>

copstexpr bool operator!=(basic_string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;
tefnplate<class charT, class traits>

copstexpr bool operator< (khadic string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;
tefjnplate<class charT, class traits>

copstexpr bool operatos> (basic string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;
tefnplate<class «€hdtT, class traits>

copstexpr bool\Operator<=(basic_string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;
tefnplatéxelass charT, class traits>

copsiexpr bool operator>=(basic_string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;

// see below, sufficient additional overloads of comparison functions

// 7.10, Inserters and extractors
template<class charT, class traits>
basic ostream<charT, traits>&
operator<<(basic ostream<charT, traits>& os,

basic_string view<charT, traits> str);

// basic_string view typedef names
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typedef basic string view<char> string view;
typedef basic string view<charl6 t> uléstring view;
typedef basic string view<char32 t> u32string view;
typedef basic string view<wchar t> wstring view;

} // namespace fundamentals vl
} // namespace experimental

// 7.11, Hash support

templlate <class T> struct hash;

templlate <> struct hash<experimental::string view>;
tempflate <> struct hash<experimental::ul6string view>;
tempflate <> struct hash<experimental::u32string view>;
tempflate <> struct hash<experimental::wstring view>;

} // hamespace std

1 The functjon templates defined in C++14 §20.2.2 and C++14 824.7 are available when <éxperimental/string [view> IS

included.

7.2 Clagstemplate basi c_string_vi ew

templajte<class charT, class traits = char traits<charT>>
class pasic_string view {
publfic:
// types
typedef traits traits type;
typedef charT value type;
typedef charT* pointer;
typedef const charT* const pointer;
typedef charT& reference;
typedef const charT& const reference;
typedef inplenentation-defined const iterator; // See
typedef const iterator iterator;l
typedef reverse iterator<comst iterator> const reverse
typedef const_reverse_ itecrator reverse_ iterator;
typedef size t size type;
typedef ptrdiff t difiference type;

statlfic constexpr.size type npos = size type(-1);

// 7} 3, basie~string_view constructors and assi gnnent
consftexpl basic string view() noexcept;

consftexpr basic_string view(const basic_string view&)

_iterator;

[string.view.template]

7.4

operators

noexcept = default;

basicStrimg vViEws OPEratOr—(CONSt DaSIC StIrIg VieEws)
template<class Allocator>

basic_string view(const basic string<charT, traits, Al
constexpr basic string view(const charT* str);

constexpr basic string view(const charT* str, size typ

// 7.4, basic_string_viewiterator support

constexpr const iterator begin() const noexcept;

INOEXCEPL = UL dUlty,

locator>& str) noexcept;

e len);

1. Becausebasic_string view refersto aconstant sequence, iterator and const_iterator arethe sametype.
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constexpr const iterator end() const noexcept;
constexpr const iterator cbegin() const noexcept;
constexpr const iterator cend() const noexcept;
const_reverse_ iterator rbegin() const noexcept;
const_reverse_iterator rend() const noexcept;
const reverse iterator crbegin() const noexcept;

const_reverse_iterator crend() const noexcept;

// 7.5, basic_string_view capacity

consftexpr size type size () const noexcept;
consftexpr size type length() const noexcept;
consftexpr size type max size() const noexcept;
consftexpr bool empty () const noexcept;

// 7} 6, basic_string_view el ement access

consftexpr const reference operator([] (size type pos) const;
consftexpr const reference at(size type pos) const;
consftexpr const reference front() const;

consftexpr const reference back() const;

consftexpr const pointer data() const noexcept;

// 7} 7, basic_string_view nodifiers
consftexpr void remove prefix(size type n);
consftexpr void remove suffix(size type n);

consftexpr void swap(basic string view& s) noexcept;

// 7} 8, basic_string_view string operations
templlate<class Allocator>
explficit operator basic string<charT, traits; Allocator>() const;
templlate<class Allocator = allocator<charT> >
basifc string<charT, traits, Allocator> to string(
copst Allocator& a = Allocator (). const;

size| type copy(charT* s, size\k&ype n, size type pos = 0) const;

consftexpr basic_string_ videw substr(size_type pos = 0, size type n = npos) const;
consftexpr int compare (Basic string view s) const noexcept;

consftexpr int compdre)(size type posl, size type nl, basic string view s) const;
consftexpr int cempare (size type posl, size type nl,

basic string view s, size type pos2, size type n2) const;
consltexpr imt.compare (const charT* s) const;

consftexpf Int compare (size type posl, size type nl, const charT* s) const;

consftexpr int compare (size type posl, size type nl,

. = 2 . 20 .
ST ToET 7 E= =Y = STy

constexpr size type find(basic string view s, size type pos = 0) const noexcept;
constexpr size type find(charT c, size type pos = 0) const noexcept;

constexpr size type find(const charT* s, size type pos, size type n) const;
constexpr size type find(const charT* s, size type pos = 0) const;

constexpr size type rfind(basic string view s, size type pos = npos) const noexcept;
constexpr size type rfind(charT c, size type pos = npos) const noexcept;

constexpr size type rfind(const charT* s, size type pos, size type n) const;
constexpr size type rfind(const charT* s, size type pos = npos) const;
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constexpr size type find first of (basic string view s, size type pos = 0) const noexcept;
constexpr size type find first of (charT c, size type pos = 0) const noexcept;

constexpr size type find first of (const charT* s, size type pos, size type n) const;
constexpr size type find first of (const charT* s, size type pos = 0) const;

constexpr size type find last of (basic string view s, size type pos = npos) const noexcept;
constexpr size type find last of (charT c, size type pos = npos) const noexcept;

constexpr size type find last of (const charT* s, size type pos, size type n) const;

constexpr size type find last of (const charT* s, size type pos = npos) const;

constexpr size type find first not of (basic string view s, size type pos = 0) const noexcept;

consftexpr size type find first not of (charT c, size type pos = 0) const noexcept;
consftexpr size type find first not of (const charT* s, size type pos, size type n) conslk;
consftexpr size type find first not of (const charT* s, size type pos = 0) const;
consftexpr size type find last not of(basic string view s, size type pos = npos) c¢oenst noexcept;
consftexpr size type find last not of (charT c, size type pos = npos) const noexce€pt;
consftexpr size type find last not of (const charT* s, size type pos, size typeNt) const;
consftexpr size type find last not of (const charT* s, size type pos = npos) const;

privalte:
consft_pointer data_; // exposition only
size| type size ; // exposition only

}i

1 Inevery gpecidization basic string view<charT, traits>,thetypetraits shal satisfy the character traits
requiremgnts (C++14 §21.2), and thetype traits: :char_type shal hamethe sametype as charT.

7.3 basi|c_string_vi ewconstructorsand assignment.operators [string.vigw.cons|

1 constexpfr basic string view() noexcept;

2 Effegts. Constructs an empty basic _string view,

3 Postfonditions. size == 0anddata =="nullptr.

4 templateKclass Allocator>
basid string view(const basig-‘stfing<charT, traits, Allocator>& str) noexcept;

5 Effegts: Constructsabasic, string view, With the postconditionsin Table 7.

Tab|e7—basicistrinqiview(const basic string&) effects
Element  Value

data str.data ()

size str.size()

6 constexplr PasiC string view(const charT* str);

7 Requites—ststr—r—tr=ttsrremgtirtstrHS &
8 Effects. Constructsabasic_string view, With the postconditionsin Table 8.

Table 8 — basic string view(const charT¥*) effects

Element Value
data str
size traits::length(str)

9 Complexity: O(traits::length(str))
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10 constexpr basic string view(const charT* str, size type len);

1 Requires: [str, str + len)isavalidrange.
12 Effects: Constructsabasic_string view, With the postconditionsin Table 9.

Table 9 — basic_string view(const charT*, size type) effects
Element Value
data str

size len

7.4 pasilc_string_vi ewiterator support [string.view.iterator 5|

1 typedef | nplenentation-defined const iterator;
2 A cagnstant random-access iterator type such that, for a const_iterator it, if s* (1t+N) isydlid, thenit is équal to
(&*ilt) +N.

3 For @basic string view str, any operation that invalidates a pointer in the rangefstr’. data (),
str.ldata () +str.size()) invalidates pointers, iterators, and references returned ffom st r's methods.

4 All requirements on container iterators (C++14 §23.2) apply tObasic_string w¥ew: :const_iterator aswell.

5 constexpfr const iterator begin() const noexcept;
constexplr const iterator cbegin() const noexcept;
6 Returns. Aniterator such that s*begin() == data_if !empty ()5.0r €lse an unspecified value such that [belyin (),

end ()) isavalid range.

7 constexpfr const iterator end() const noexcept;
constexpfr const iterator cend() const noexcept;
8 Returns: begin() + size()
9 const referse iterator rbegin() const noexcept;
const referse iterator crbegin() const ndbexcept;
10 Retufns: const reverse iterator(end()).
11 const_reverse iterator rend() ‘const noexcept;
const reyerse iterator creand() const noexcept;

12 Returns: const_reverSe-iterator (begin()).

7.5 basilc_st ri nglaiew capacity [string.view.cppacity]

1 constexpfr sifejtype size() const noexcept;

2 RetunsVsize

3 constexpr size type length() const noexcept;

4 Returns. size .

5 constexpr size type max size() const noexcept;

6 Returns. The largest possible number of char-like objectsthat can be referred to by avasic_string view.
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7 constexpr bool empty() const noexcept;

8 Returns. size == 0.

7.6 basi c_string_vi ewelement access

1 constexpr const reference operator[] (size type pos)

2 Requires: pos < size().

[string.view.access)

3 Retufms data_ [pos]

4 Thraws. Nothing.

5 [ Note: Un“kebasicistring: :operator[], basic string view::operator[] (size()) has undefined behavior

instgad of returning chart (). — end note ]

6 constexpfr const reference at(size type pos) const;

7 Throws: out of range if pos >= size().

8 Returns: data_[pos].

9 constexpf const reference front() const;

10 Requires: !empty ()
I Returns: data_[0].

12 Thrgws: Nothing.

13 constexplr const reference back() const;

14 Requires: !empty ()
15 Returns: data [size() - 1].

16 Throws. Nothing.

17 constexpr const pointer datal) const noexcept;

18 Retufns: data

19 [ Note: Unlikebasic' string::data () and string literals, data () may return a pointer to a buffer that is nof null-
term|nated. Thiereforeit istypically amistake to pass data () to aroutine that takes just a const chart* angl expects

anull-terminated string. — end note |

7.7 basile—string—vi-ewmodifiers

1 constexpr void remove prefix(size type n);

2 Requir&s: n <= size()

3 Effects. Equivaenttodata += n; size -= n;
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4 constexpr void remove suffix(size type n);

5 Requirc—s: n <= size ()

6 Effects. Equivaenttosize -= n;

7 constexpr void swap(basic string viewé& s)

noexcept;

8 Effects: Exchangesthevauesof *this and s.

. - - P - s | N
7.8 basic_strimg_viewstrimgoperations st
1 templatekclass Allocator>
explicit2 operator basic string<
dqharT, traits, Allocator>() const;
2 Effeqts: Equivalent tO return basic_string<charT, traits, Allocator>(begin(), end());
3 Conplexity: O(size())
4 [ Note: Users who want to control the allocator instance should call to stringdal¥ocator). — end note]
5 templateKclass Allocator = allocator<charT>>
basid string<charT, traits, Allocator> to_string(
dqonst Allocator& a = Allocator()) const;
6 Returns: basic string<charT, traits, Allocator>(begin(vSend(), a).
7 Comrplexity: O(size())
8 size typp copy(charT* s, size type n, size type p&s = 0) const;
9 Let j1en bethesmaller of n and size () - pos.
10 Throws: out_of range if pos > size().
1 Reguires: [s,s + rlen)isavalidrange
12 Effegts: Equivalentto std::copysmidegin() + pos, rlen, s).
B3 Retufns; rien.
14 Conplexity: O(rien)
15 constexplr basic stfing view substr(size type pos = 0, size type n = npos) const;
16 Throws: out\ef’ range if pos > size().
17 Effe¢ts Determines the effective length r | en of the string to reference as the smaller of n and size () - pg

18 Returns: basic_string view(data()+pos, rlen).

2. This conversion is explicit to avoid accidental O(N) operations on type mismatches.
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constexpr int compare(basic string view str) const noexcept;

20 Effects: Determines the effective length r 1 en of the strings to compare as the smaller of size () and str.size().
The function then compares the two strings by calling traits: :compare (data(), str.data(), rlen).

21 Complexity: O(r1en)

22 Returns: The nonzero result if the result of the comparison is nonzero. Otherwise, returns avalue asindicated in
Table 10.

Table 10——omperet—fesdis
Condition Return Value
size() < str.size() <0
size() == str.size() 0
size() > str.size() > 0

constexplr int compare(size type posl, size type nl, basic string view str) cpnst;
24 Effegts: Equivalent t0 return substr (posl, nl).compare (str);

constexpfr int compare(size type posl, size type nl, basic_string view str,

size type pos2, size type n2) const;

26 Effeqgts: Equivalent tO return substr (posl, nl).compare (str.substm(pos2, n2));

constexpfr int compare (const charT* s) const;

28 Effedts: Equivalent to return compare (basic string view'(s)) ;

constexpfr int compare(size type posl, size type nl, const charT* s) const;

30 Effeqgts: Equivalentto return substr(posl, nl).ebmpare(basic_string view(s));
constexplr int compare (size type posl, size ‘type nl,

const charT* sj size type n2) const;

32 Effeqts: Equivalent tO return substhiposl, nl).compare (basic_string view(s, n2));
7.8.1 Searching basi c_string_vi ew [string.View.find]

This sectipn SDECIfleSthe bashe’/ string view member functions named find, rfind, find first of, find lasft of,
find_firkt not of, @NChfifd last not of.

Member flunctions inthis section have complexity O(size () * str.size()) a worst, although implementations are
encouraged to do better.

Each merber function of the form

constelkpk return-type fx1 (const charT* ize type pos):

is equivalent 10 return fx1(basic _string view(s), pos);
Each member function of the form
constexpr return-type fx1(const charT* s, size type pos, size type n);
is equivalent tO return fx1(basic_string view(s, n), pos);
Each member function of the form

constexpr return-type fx2(charT ¢, size type pos);
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isequivalent to return fx2 (basic string view(&c, 1), pos);
6 constexpr size type find(basic string view str, size type pos = 0) const noexcept;

7 Effects. Determines the lowest position xpos, if possible, such that the following conditions obtain:
— pos <= xXpos

— Xpos + str.size() <= size()

— traits::eg(at(xpos+I), str.at(I)) for all elements 1 of thestring referenced by str.

8 Returns: xpos if the function can determine such avalue for xpos. Otherwise, returns npos.

9 Remfrks: UseStraits::eq().

10 constexpr size type rfind(basic_string view str, size type pos = npos) const noexcept;
11 Effeqts. Determines the highest position xpos, if possible, such that the following conditions obtain:

— Xxpos <= pos

— Xxpos + str.size() <= size()

— traits::eq(at(xpos+I), str.at (1)) foral eements 1 of the string refererced by str.

12 Retufns: xpos if the function can determine such avalue for xpos. Otherwise, FefUrns npos.

13 Remprks: Usestraits::eq().

14 constexpfr size type find first of (basic_string view str, size (type pos = 0)

const noexcept;

15 Effegts: Determines the lowest position xpos, if possible, such thet the following conditions obtain:
— pos <= Xpos

— xpos < size()

— traits::eq(at(xpos), str.at(I)) for someeement 1 of the string referenced by str.
16 Retufns: xpos if the function can determine such avalue for xpos. Otherwise, returns npos.

17 Remparks: UseStraits::eq().
18 constexplr size type find last of (basic string view str, size type pos = npos) const noexcept;

19 Effedts: Determines the highest position xpos, if possible, such that the following conditions obtain:
— Xpos <= pos

— xpos < size()

— traits::eq(af (3pos), str.at (1)) for someelement 1 of the string referenced by str.
20 Returns: xpos if thefunction can determine such avaue for xpos. Otherwise, returns npos.

21 Remarks: USGStraits::eq().

22 constexpl €iz€ type find first not of (basic string view str, size type pos = 0) const noexcept;

23 EffectsT Determines the fowest position xpos, IT POSSIDIE, SUch thal tThe TolTowIng condrtions obtain:
— pos <= Xpos

— xpos < size()

— traits::eq(at(xpos), str.at(I)) for noelement 1 of the string referenced by str.
24 Returns: xpos if the function can determine such avalue for xpos. Otherwise, returns npos.

25 Remarks: UseStraits::eq().
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26 constexpr size type find last not of (basic_string view str, size type pos = npos) const noexcept;

27 Effects: Determines the highest position xpos, if possible, such that the following conditions obtain:
— Xpos <= pos
— xpos < size()
— traits::eg(at(xpos), str.at(I)) for no element 1 of the string referenced by str.

28 Returns: xpos if the function can determine such avalue for xpos. Otherwise, returns npos.

29 Remarks: UseS traits::eq().

7.9 basi|c_stri ng_vi ewnon-member comparison functions [string.view.comparison]

1 LetsbeHasic_string view<charT, traits>,and sv beaninstance of s. Implementations shall provide suffic|ent
additional overloads marked constexpr and noexcept S0 that an object t with an implicit conversionto s can be
compared according to Table 11.

7

Table 11 — Additional basic_string viet Comparison overload

Expression Equivalent to
t == sv S(t) == sv
sv == sv == S(t)
t != sv S(t) != sv
sv !=t sv != S(t)
t < sv S(t) <w
sv < t SV <=8 (t)
t > sv S(L) N> sv
sv > t sV > S (t)
t <= sv S(t) <= sv
sv <= sv <= S (t)
t >=\sv S(t) >= sv
S >= t sv >= S (t)

[ Examplé: A sample conforming implementation for operator== would be;

templajte<class T> using  identity(= decay t<T>;
templajte<class charT, class traifs>
constekpr bool operator==

balsic string view<charTy traits> lhs,

balsic string view<c¢harT, traits> rhs) noexcept {

retufrn lhs.compare (xhs) == 0;

}
templajte<class,cHarT, class traits>
constexpr bool “cperator==

bakic, string view<charT, traits> lhs,

_ jfdéntity<basic string view<charT, traits>> rhs) noexcept {

return Ihs.compare (rhs) == 0;
}
template<class charT, class traits>
constexpr bool operator==
__identity<basic string view<charT, traits>> lhs,
basic_string view<charT, traits> rhs) noexcept {
return lhs.compare (rhs) == 0;
}

— end example ]
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2 template<class charT, class traits>
constexpr bool operator==(basic_string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexcept;

3 Returns: 1hs.compare (rhs) == 0.

4 template<class charT, class traits>
constexpr bool operator!=(basic_string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexcept;

5 Returns:. 1hs.compare (rhs) != 0.

6 templatekclass charT, class traits>
corlstexpr bool operator< (basic string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexcept;

7 Retufns. 1hs.compare (rhs) < 0.

8 templateKclass charT, class traits>
corjstexpr bool operator> (basic_string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexcept;

9 Returns: lhs.compare (rhs) > 0.

10 templategKclass charT, class traits>
corlstexpr bool operator<=(basic string view<charT, traits% Ihs,
basic string view<charT, traité&3 'rhs) noexcept;

I Retufns. 1hs.compare(rhs) <= 0.

12 templategKclass charT, class traits>
corjstexpr bool operator>=(basic_string view<charT, traits> lhs,
basic string viewd¢harT, traits> rhs) noexcept;

13 Returns: lhs.compare (rhs) >= 0.

7.10 Ingertersand extractors [string|view.iO]

1 templatekclass charT, class traits>

bagic ostream<charT, traitis>#
dprerator<<(basic ostream<charT, traits>& os,
basic stxing view<charT, traits> str);

2 Effegts: Equivalent tOretdrn os << str.to_string();

7.11 Hagh support [string.vigew.hash]

1 template| <> gtruct hash<experimental::string view>;
template| <¥,Struct hash<experimental::ulé6string view>;
template| <3Vstruct hash<experimental::u32string view>;
template <> struct hash<experimental::wstring view>;

2 The template specializations shall meet the requirements of class template hash (C++14 §20.9.12).

© ISO/IEC 2015 — All rights reserved 53


https://iecnorm.com/api/?name=443cd702b625a4faed8388218264be4d

ISO/IEC TS 19568:2015(E)

8 Memory

8.1 Header <experimental/memory> synopsis

#include <memory>

namespace std {

[memory]

[header.memory.synop]

namesppce experimental {

inline| namespace fundamentals vl {

// Spe C++14 §20.7.7, uses_allocator

templlate <class T, class Alloc> constexpr bool uses_allocator v

= luses allocator<T, Alloc>::value;

// 81 2.1, Class tenplate shared_ptr
templlate<class T> class shared ptr;

// CH+14 §20.8.2.2.6

templlate<class T, class... Args> shared ptr<T> make shared (Axgs&é&... args);

templlate<class T, class A, class... Args>

shbred ptr<T> allocate_ shared(const A& a, Argsé&é&...

// CH+14 §20.8.2.2.7
templlate<class T, class U>

args) ;

bopl operator==(const shared ptr<T>& a, congt shared ptr<uU>& b)

templlate<class T, class U>

bopl operator!=(const shared ptr<T>& a,wconst shared ptr<U>& b)

templlate<class T, class U>

bopl operator<(const shared ptr<I>& a, const shared ptr<U>& b)

templlate<class T, class U>

bopl operator>(const shared.gtpr<T>& a, const shared ptr<U>& b)

templlate<class T, class U>

bopl operator<=(const shared ptr<T>& a, const shared ptr<U>& b)

templlate<class T, clasSsU>

bopl operator>=(censt shared ptr<T>& a, const shared ptr<U>& b)

templlate <class T

noexcept;

noexcept;

noexcept;

noexcept;

noexcept;

noexcept;

bopl operators=tfconst shared ptr<T>& a, nullptr t) noexcept;
templlate <cl@ssy T>

bopl opexator==(nullptr t, const shared ptr<T>& b) noexcept;
templlate\<tlass T>

bop M eperator!=(const shared ptr<T>& a, nullptr t) noexcept;
template <class T>

bool operator!=(nullptr t, const shared ptr<T>& b) noexcept;
template <class T>

bool operator<(const shared ptr<T>& a, nullptr t) noexcept;
template <class T>

bool operator<(nullptr t, const shared ptr<T>& b) noexcept;
template <class T>

bool operator<=(const shared ptr<T>& a, nullptr t) noexcept;

template <class T>
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bool operator<=(nullptr t, const shared ptr<T>& b) noexcept;
template <class T>

bool operator>(const shared ptr<T>& a, nullptr t) noexcept;
template <class T>

bool operator>(nullptr t, const shared ptr<T>& b) noexcept;
template <class T>

bool operator>=(const shared ptr<T>& a, nullptr t) noexcept;
template <class T>

bool operator>=(nullptr t, const shared ptr<T>& b) noexcept;

// Cp+14 §20.8.2.2.8
templlate<class T> void swap (shared ptr<T>& a, shared ptr<T>& b) noexcept;

// 81 2.1.3, shared_ptr casts
templlate<class T, class U>

shbred ptr<T> static pointer cast(const shared ptr<U>& r) noexcept;
templlate<class T, class U>

shbred ptr<T> dynamic pointer cast (const shared ptr<U>& r) noexcepft;
templlate<class T, class U>

shbred ptr<T> const pointer cast (const shared ptr<U>& r) noexcept;
templlate<class T, class U>

shbred ptr<T> reinterpret pointer cast (const shared ptr<U>&“r) noexcept;

// Cfp+14 §20.8.2.2.10
templlate<class D, class T> D* get deleter(const shated ptr<T>& p) noexcept;

// CH+14 §20.8.2.2.11
templlate<class E, class T, class Y>
bajsic_ostream<E, T>& operator<< (basic_qstream<E, T>& os, const shared ptr<¥>& p);

// Cjt+14 §20.8.2.3
templlate<class T> class weak ptr;

// Cfp+14 §20.8.2.3.6
templlate<class T> void swap (weak ptr<T>& a, weak ptr<T>& b) noexcept;

// Cfr+14 §20.8.2.4
templlate<class T> clalss owner less;

// Cp+14 §20,.8w2%5
templlate<class’' T> class enable shared from this;

// Cpr#l4,5§20.8.2.6

b o 1 faul
temptae +or +

bool atomic is lock free(const shared ptr<T>* p);
template<class T>
shared ptr<T> atomic load(const shared ptr<T>* p);
template<class T>
shared ptr<T> atomic load explicit (const shared ptr<T>* p, memory order mo);
template<class T>
void atomic store(shared ptr<T>* p, shared ptr<T> r);
template<class T>
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vo
temp
sh
temp
sh

temp
bo

id atomic store explicit (shared ptr<T>* p, shared ptr<T> r, memory order mo);

late<class T>

ared ptr<T> atomic_ exchange (shared ptr<T>* p, shared ptr<T> r);

late<class T>

ared ptr<T> atomic exchange explicit (shared ptr<T>* p, shared ptr<T> r,
memory order mo);

late<class T>

ol atomic compare exchange weak(

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);

temp
bo

temp

bo

temp

}y // 1
}y // 1

// C
temp

}y // 1

ate<class T>

bl atomic compare exchange strong(

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);
late<class T>

ol atomic compare exchange weak explicit(

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,
memory order success, memory order failure);
late<class T>

bl atomic compare exchange strong explicit(

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,

memory order success, memory order failure);

bmespace fundamentals vl

bmespace experimental

++14 §20.8.2.7
late<class T> struct hash<experimental::shared \ptr<T>>;

bmespace std

8.2 Shated-owner ship pointers [memory.sn

1 The speci
declaratia

8.2.1 Cla

namesp
namesp

inline

fication of all declarations within this sub-clause 8.2 and its sub-clauses are the same as the correspond
ns, as specified in C++14 §20,8.2,"unless explicitly specified otherwise.

5s template shared_ptr [memory.smartpt

bhce std {
bce experiméntal {

namespaeefundamentals vl {

hartptr]

ng

r.shared]

templlateKclass T> class shared ptr {
publlig®
typeder typename remove extent tlI> element _type;

//

Cco

8.2.1.1, shared_ptr constructors

nstexpr shared ptr() noexcept;

template<class Y> explicit shared ptr(Y* p);

template<class Y, class D> shared ptr(Y* p, D d);

template<class Y, class D, class A> shared ptr(Y* p, D d, A a);

template <class D> shared ptr(nullptr t p, D d)

template <class D, class A> shared ptr(nullptr t p, D d, A a);

template<class Y> shared ptr(const shared ptr<¥>& r, element type* p) noexcept;
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shared ptr(const shared ptré& r) noexcept;

template<class Y> shared ptr(const shared ptr<¥Y>& r) noexcept;
shared ptr (shared ptr&& r) noexcept;

template<class Y> shared ptr (shared ptr<¥Y>&& r) noexcept;
template<class Y> explicit shared ptr(const weak ptr<¥>& r);
template<class Y> shared ptr(auto ptr<yY>&& r);

template <class Y, class D> shared ptr(unique ptr<Y, D>&& r);
constexpr shared ptr(nullptr t) : shared ptr() { }

//[C++14 §20.8.2.2.2
~shared ptr();

//] C++14 §20.8.2.2.3

shihred ptré& operator=(const shared ptré& r) noexcept;

tejiplate<class Y> shared ptr& operator=(const shared ptr<¥>& r) noexcept;
shihred ptré& operator=(shared ptr&& r) noexcept;

teplate<class Y> shared ptré& operator=(shared ptr<¥>&& r) noexcept;
tepplate<class Y> shared ptr& operator=(auto ptr<¥>&& r);

tefnplate <class Y, class D> shared ptr& operator=(unique ptr<Y, D3&& r);

//| C++14 §20.8.2.2.4

volid swap (shared ptré& r) noexcept;

volid reset () noexcept;

tejnplate<class Y> void reset (Y* p);

tefjnplate<class Y, class D> void reset(Y* p, D d);
tejnpplate<class Y, class D, class A> void reset (¥x\ p, D d, A a);

//| 8.2.1.2, shared_ptr observers

element type* get () const noexcept;

T& operator* () const noexcept;

T*| operator->() const noexcept;

element type& operator[] (ptrdiffilt) i) const noexcept;

lojpg use count () const noexcepts

bopl unique () const noexcepth

expplicit operator bool () ¢censt noexcept;

teiplate<class U> bool\zowner before (shared ptr<U> const& b) const;
tefnplate<class U> Wool* owner before (weak ptr<U> const& b) const;

// CH+14 §20,82%2.6

templlate<class’ T, class... Args> shared ptr<T> make shared(Args&é&... args);
templlatefclass T, class A, class... Args>
shiared ptr<T> allocate_ shared(const A& a, Argsé&&... args);

// C++14 §20.8.2.2.7
template<class T, class U>

bool operator==(const shared ptr<T>& a, const shared ptr<U>& b) noexcept;
template<class T, class U>

bool operator!=(const shared ptr<T>& a, const shared ptr<U>& b) noexcept;
template<class T, class U>

bool operator<(const shared ptr<T>& a, const shared ptr<U>& b) noexcept;
template<class T, class U>

© ISO/IEC 2015 — All rights reserved 57


https://iecnorm.com/api/?name=443cd702b625a4faed8388218264be4d

ISO/IEC TS 19568:2015(E)

bool operator>(const shared ptr<T>& a, const shared ptr<U>& b) noexcept;
template<class T, class U>

bool operator<=(const shared ptr<T>& a, const shared ptr<U>& b) noexcept;
template<class T, class U>

bool operator>=(const shared ptr<T>& a, const shared ptr<U>& b) noexcept;
template <class T>

bool operator==(const shared ptr<T>& a, nullptr t) noexcept;
template <class T>

bool operator==(nullptr t, const shared ptr<T>& b) noexcept;

templlate <class T>

bopl operator!=(const shared ptr<T>& a, nullptr t) noexcept;
templlate <class T>

bopl operator!=(nullptr t, const shared ptr<T>& b) noexcept;
templlate <class T>

bopl operator<(const shared ptr<T>& a, nullptr t) noexcept;
templlate <class T>

bopl operator<(nullptr t, const shared ptr<T>& b) noexcept;
templlate <class T>

bopl operator<=(const shared ptr<T>& a, nullptr t) noexcept;
templlate <class T>

bopl operator<=(nullptr t, const shared ptr<T>& b) noexcepti
templlate <class T>

bopl operator>(const shared ptr<T>& a, nullptr t) noexcept;
templlate <class T>

bopl operator>(nullptr t, const shared ptr<T>& b){soexcept;
templlate <class T>

bopl operator>=(const shared ptr<T>& a, nullptr’t) noexcept;
templlate <class T>

bopl operator>=(nullptr t, const shared ptr<T>& b) noexcept;

// Cp+14 §20.8.2.2.8
tempflate<class T> void swap (shared 'ptr<T>& a, shared ptr<T>& b) noexcept;

// 84 2.1.3, shared_ptr casts
templlate<class T, class U>

shiared ptr<T> static_pointer cast (const shared ptr<U>& r) noexcept;
templlate<class T, cldss ‘U>

shbred ptr<T> dyrnamic pointer cast (const shared ptr<U>& r) noexcept;
templlate<class T, \elass U>

shbred ptr<{I»* eonst pointer cast (const shared ptr<U>& r) noexcept;
templlate<class’ T, class U>

shiaredptr<T> reinterpret pointer cast (const shared ptr<U>& r) noexcept;

// ChHH+H4—5260-—08—2236

template<class D, class T> D* get deleter (const shared ptr<T>& p) noexcept;

// C++14 §20.8.2.2.11
template<class E, class T, class Y>
basic ostream<E, T>& operator<< (basic ostream<E, T>& os, const shared ptr<Y¥>& p);

// C++14 §20.8.2.4
template<class T> class owner less;
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// C
temp

// C
temp
bo
temp
sh

++14 §20.8.2.5
late<class T> class enable shared from this;

++14 §20.8.2.6
late<class T>
ol atomic is lock free(const shared ptr<T>* p);
late<class T>

ared ptr<T> atomic load(const shared ptr<T>* p);

ISO/IEC TS 19568:2015(E)

temp
sh|
temp
VO
temp
VO
temp
sh|
temp
sh|

temp
bo

} // 1
} // 1

// C
temp

} // 1

ate<class T>

late<class T>
id atomic store(shared ptr<T>* p, shared ptr<T> r);
late<class T>

late<class T>

bred ptr<T> atomic exchange (shared ptr<T>* p, shared ptr<T> r);

late<class T>

hred ptr<T> atomic_exchange_explicit (shared ptr<T>* p, shared ®t£r<T> r,
memory order mo);

late<class T>

bl atomic compare exchange weak (

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);

late<class T>

bl atomic compare exchange strong(

shared ptr<T>* p, shared ptr<T>* v, shared ptrdT> w);

late<class T>

ol atomic compare exchange weak explicidA

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,

memory order success, memory order ailure);

late<class T>

bl atomic compare exchange strong explicit(

shared ptr<T>* p, shared ptr&I>* v, shared ptr<T> w,

memory order success, memexy order failure);

bmespace fundamerntals vl

bmespace experimental

H++14 §20,8w2%7
late<class' T> struct hash<experimental::shared ptr<T>>;

hrnieépace std

bred ptr<T> atomic load explicit (const shared ptr<T>* p, memory order mo);

id atomic store explicit (shared ptr<T>* p, shared ptr<T> r, memory order{mo);

1 For the purposes of subclause 8.2, a pointer type v+ is said to be compatible with a pointer type T+ when either v* is
convertibleto r+ or yisu(ny and TiSu cv [].
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8.2.1.1shared_ptr constructors [memory.smartptr.shar

1 template<class Y> explicit shared ptr(Y* p);

2

ed.const]

Requires: v shall be acomplete type. The expression delete[] p, When T isan array type, or delete p, Whenrtis
not an array type, shall be well-formed, shall have well defined behavior, and shall not throw exceptions. When t is
U N7, Y (*) [n] shall be convertibleto t+; when T isur1, v (*) 11 shall be convertible to T+; otherwise, vy shall be

conv

ertibleto T+.

Effects. When T isnot an array type, constructs a shared ptr object that owns the pointer p. Otherwise, constructs a

sharfed ptr that ownsp and a deleter of an unspecified type that callS delete(] p.

be

4 Postponditions. use count () == 1 && get() == p.
5 Thrgws: bad_alloc, Or an implementation-defined exception when aresource other than memary could no
obtajned.
6 Excdption safety: |f an exception isthrown, delete piscalled when Tisnot an array type, delete[] p Otherwise.
7 templatekclass Y, class D> shared ptr(¥Y* p, D d);
templategkclass Y, class D, class A> shared ptr(Y* p, D d, A a);

template
template

8

10

11

12

13 template

14

15

16

all be an

B U[N],

be

<class D> shared ptr(nullptr t p, D d);

<class D, class A> shared ptr(nullptr t p, D d, A a);
Reqyires: b shall be copyconstructible. The copy constructor and destructor of b shall not throw exceptigns. The
expression d (p) shall be well formed, shall have well defined behavior, and shall not throw exceptions. a s
allodator (C++14 8§17.6.3.5). The copy constructor and destrucior/of » shall not throw exceptions. When 7 i
Y (+)[in7 shall be convertibleto T+; when tisur1, v () 11 shal be convertible to +; otherwise, v+ shall be
convertibleto T+.
Effegts: Constructsashared ptr object that ownsthe object » and the deleter 4. The second and fourth constructors
shallfuse a copy of a to allocate memory for interrial use.
Posttonditions: use count() == 1 && get() == p.
Thrgws: bad_alloc, Or an implementation-defined exception when aresource other than memory could no
obtained.
Exception safety: If an exception isthrown, 4 (p) iscalled.

Effeq

Post

class Y> shared_ptr (const shared ptr<Y¥>& r, element type* p) noexcept;

ts: ConstructSa shared ptr instance that stores p and shares ownership with .

Conditions: get () == p && use_count () == r.use_count ()

valid at

[ No

e Toavoid the possibility of a dangling pointer, the user of this constructor must ensure that p remains

least

untit the ownership group of ¢ 15 destroyed-— end Note |

17 [ Note: This constructor allows creation of an empty shared ptr instance with anon-null stored pointer.
— end note ]

60

© ISO/IEC 2015 — All rights reserved


https://iecnorm.com/api/?name=443cd702b625a4faed8388218264be4d

18 shared ptr(const shared ptré& r)
template<class Y> shared ptr(const shared ptr<¥>& r)

ISO/IEC TS 19568:2015(E)

noexcept;
noexcept;

19 Requires: The second constructor shall not participate in the overload resolution unless v* is compatible with 7+,

20 Effects: If r isempty, constructs an empty shared ptr Object; otherwise, constructs a shared ptr object that shares
ownership with r.

21 Postconditions: get () == r.get() ss use_count () == r.use_count ().

22 shared p
template

23 Rem
24 Effeq
2% Post
26 template
27 Req
28 Effeq
2 Post
30 Thrg

31 Excd

32 template

3 Remy

34 Effeq

shar

35 Excd

8.2.1.2 sh

1 element |

2 Retu

L USHdlTcU pPpltlac L) THOTXCCPLy,

class Y> shared ptr(shared ptr<¥>&& r) noexcept;

ts. Move-constructs a shared_ptr instance from r.

conditions: *this shall contain the old value of r. r shall be empty. r.get () ==

class Y> explicit shared ptr(const weak ptr<¥>& r);

ires. v+ shall be compatible with 7.
ts: Constructs a shared_ptr object that shares ownership with r and-stores a copy of the pointer store
conditions: use count () == r.use_count().
WS. bad_weak ptr When r.expired().

otion safety: |f an exception is thrown, the constructos-has no effect.

<class Y, class D> shared ptr(unique ptx<Y, D>&& r);

brks. This constructor shall not participatein overload resolution unless v+ is compatible with 7.

ts: Equivalent to shared ptr(r.rel@ase(), r.get deleter()) Whenpisnot areference type, othe
ed ptr(r.release(), ref(r.get_deleter())).

otion safety: |f an exception is'thrown, the constructor has no effect.

ar ed_ptr observers [memory.smartptr.sh

cype* get () «c@nSt noexcept;

Ins. Thestored pointer.

brks. The second constructor shall not participate in overload resolution unless v+ is compatiblewith 1.

*

din r.

wise

ared.obs)

3 T& operatop*\()) const noexcept;
4 Requires’ ger(y 1= 0
5 Returns. *get ().

6 Remarks. When risan array type or cv-qualified void, it is unspecified whether this member function is declared.
If it isdeclared, it is unspecified what its return typeis, except that the declaration (although not necessarily the
definition) of the function shall be well formed.
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7 T* operator->()

8

10

Requires: get () !

const noexcept;

0.

Returns. get ().

Remarks. When T isan array type, it is unspecified whether this member function is declared. If it isdeclared, it is

unspecified what its return typeis, except that the declaration (although not necessarily the definition) of the function

shall

be well formed.

11 element |

type& operator[] (ptrdiff t 1) const noexcept;

12 Requires: get () !'= 0 &s i >= o.IfTisuny, i < N

BB Retufns: get () [i].

14 Remarks: When T isnot an array type, it is unspecified whether this member function is declared. If it is declared, it
is unspecified what its return type is, except that the declaration (although not necessarily the definition) of the
function shall be well formed.

8.2.1.3 shared_ptr casts [memory.smartptr.shared.cast]
1 templateKclass T, class U> shared ptr<T> static pointer cast (comst_shared ptr<U>& r) noexcept;
2 Requires. Theexpression static_cast<T*> ((U*)0) shall be well fofhied.
3 Retufns: shared ptr<T>(r, static cast<typename sharedyptfr<T>::element type*>(r.get()))
4 [ Note: The seemingly equivalent expression shared ptr<ss (static_cast<T*>(r.get ())) Will eventuallyl result in
undefined behavior, attempting to delete the same objegt twice. — end note ]
5 templatekKclass T, class U> shared ptr<T> dyndimic pointer cast (const shared ptr<U>& r) noexcept;
6 Requires. Theexpression dynamic cast<T#'¢(u*)0) shall bewell formed.
7 Retufns:
— When dynamic cast<typename shared ptr<T>::element type*>(r.get()) returns anonzero yalue P,
shared ptr<T>(r, p)§
_ Otherwise, shared\ptr<T> ().
8 [ Note: The seemingly equivalent expression shared ptr<T>(dynamic cast<T*>(r.get ())) Will eventually result
in undefined behavier, attempting to delete the same object twice. — end note ]
9 templatefKclass T, fclass U> shared ptr<T> const pointer cast (const shared ptr<U>& r) noexcept;

10 Requires( The expression const_cast<T+*> ( (U*) 0) shall be well formed.

llRetL!nQ'l‘ G T + <ty N d—pre<T b —Eyped (et

12 [ Note: The seemingly equivalent expression shared ptr<T>(const cast<T*>(r.get ())) Will eventually resultin
undefined behavior, attempting to delete the same object twice. — end note ]

13 template<class T, class U> shared ptr<T> reinterpret pointer cast (const shared ptr<U>& r) noexcept;

14 Requires. The expression reinterpret cast<T*> ((u*)0) shall be well formed.

15 Returns: shared ptr<T>(r, reinterpret cast<typename shared ptr<T>::element type*>(r.get())).
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8.2.2 Classtemplate weak_ptr

namesp
namesp

inline

temp
publ
ty

ace std {
ace experimental {

namespace fundamentals vl {

late<class T> class weak ptr {
ic:

pedef typename remove extent t<T> element type;

ISO/IEC TS 19568:2015(E)

[memory.smartptr.weak]

//
col
te
wel
te
wel
te

//

~Wj

//

we|

//
Vol

VO

//
19

}i

// C
temp

8.2.2.1, weak_ptr constructors

hstexpr weak ptr() noexcept;

hplate<class Y> weak ptr(shared ptr<Y> const& r) noexcept;
bk ptr(weak ptr consté& r) noexcept;

hplate<class Y> weak ptr(weak ptr<Y> consté& r) noexcept;
bk ptr(weak ptr&& r) noexcept;

hplate<class Y> weak ptr(weak ptr<Y¥>&& r) noexcept;

C++14 §20.8.2.3.2
eak ptr();

C++14 §20.8.2.3.3

bk ptré& operator=(weak ptr consté& r) noexcept;

hplate<class Y> weak ptré& operator=(weak ptr<¥Y> donsté& r) noexcept;
hplate<class Y> weak ptré& operator=(shared ptr<¥> consté& r) noexcept;
hk ptré& operator=(weak ptr&& r) noexcept;

hplate<class Y> weak ptré& operator=(weak ptr<¥>&& r) noexcept;

C++14 §20.8.2.3.4
id swap (weak ptré& r) noexcept;

[id reset () noexcept;

C++14 §20.8.2.3.5

ng use_count () const nogxtept;

bl expired() const noexcépt;

hred ptr<T> lock () «c@nst noexcept;

mplate<class U>_Bool owner before(shared ptr<U> consté& b) const;

hplate<class U>\bool owner before (weak ptr<U> const& b) const;

H+14 §20.6.2.3.6

latekclass T> void swap(weak ptr<T>& a, weak ptr<T>& b) noexcept;

} // n
} // n
} // n

amespace fundamentals_ vl
amespace experimental

amespace std
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1 weak ptr(const weak ptré& r) noexcept;
template<class Y> weak ptr(const weak ptr<¥>& r) noexcept;
template<class Y> weak ptr(const shared ptr<Y¥>& r) noexcept;

[memory.smartptr.weak.const]

2 Requires. The second and third constructors shall not participate in the overload resolution unless v+ is compatible
with 7+,

3 Effects: If r isempty, constructs an empty weak ptr Object; otherwise, constructs aweak ptr object that shares

OWﬂﬂQllp with—and stolesacopy of the pUlII['EI Stored T =

4 Posttonditions: use_count () == r.use_count ().

8.3Typ

1 A type-er
of typec,
argument

std::expprimental: :pmr::memory resource* (8.5). The process by which rptr{seomputed from ai1oc depel
thetype df a110c asdescribed in Table 12:

b-er ased allocator [memory.type.erased.al

but where c is not dependent on the type of a110c. Once a11oc has been suppliedi.to x (typically asacf
, alloc can beretrieved from x only as a pointer rptr of static type

Table 12 — Computed nemory resource for type-erased allocator

locator]

hsed allocator is an alocator or memory resource, a11oc, used to allocate internal(data structures for an object x

pnstructor

hds on

If thetypeof al | oc is then thevalueof rptr is
. - Thevalue of experimentalsipmr: :get default resource () at thetime of
non-exisfent — no a11oc specified : - -
construction.
The value of experimental::pmr::get default resource() & the time of
nullptr|t . - -
T construction.

apointer|type convertible to

pmr::mefory resource*

static cast<experimental::pmr::memory resource*>(alloc)

pmr::polymorphic allocator<U> alloc.resdurce ()
any othef type meeting the Allocator  apointerto avalue of type experimental: :pmr: : resource_adaptor<aj} wWhere
requirements (C++14 §17.6.3.5) aisthetypeof ai1oc. rptr remainsvalid only for the lifetime of x.
None of the above Theprogramisill-formed.
2 Additionally, class ¢ shall meet the following requirements:
— |c::allocator type Shall beidentical to std: :experimental::erased_type.
— [x.get memory reséuice () Ireturns rptr.
8.4 Heafler <experinent al / menory_r esour ce> Synopsis [memory.resour ce.synop]

namesppce gtd, {

namesppcéseXperimental {

inline

nam pac fundamenial 1l

namesp

clas

bool

bool

ace pmr {

S memory resource;

operator==(const memory resource& a,
const memory resource& b) noexcept;
operator!=(const memory resource& a,

const memory resource& b) noexcept;
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template <class Tp> class polymorphic allocator;

template <class T1, class T2>
bool operator==(const polymorphic allocator<Tl>& a,
const polymorphic allocator<T2>& b) noexcept;
template <class T1, class T2>
bool operator!=(const polymorphic allocator<Tl>& a,
const polymorphic allocator<T2>& b) noexcept;

// The name resource_adaptor_inp is for exposition only.
templlate <class Allocator> class resource_adaptor_inp;

templlate <class Allocator>
usfing resource adaptor = resource_adaptor_i np<
bllocator traits<Allocator>::rebind alloc<char>>;

// Gllobal memory resources
memofry resource* new delete resource() noexcept;

memofry resource* null memory resource () noexcept;

// The default memory resource
memofry resource* set default resource (memory resource* r) ‘moexcept;

memofry resource* get default resource() noexcept;

// Sltandard memory resources

strugct pool options;

clasf synchronized pool resource;
clasf unsynchronized pool resource;

class monotonic buffer resource;

/7
/7
/7
/7

hmespace pmr
bmespace fundamentals vl
bmespace experimental

bmespace std

8.5 Clagsnenory_resour'ce [memory.resour cel
8.5.1 Clags nenor y_rés0ur ce Overview [memory.resour ce.pverview]

1 Thememoty rescurce classisan abstract interface to an unbounded set of classes encapsulating memory resourges.

class memoty resource {

// For exposition only

static constexpr size t max align = alignof (max align t);

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);

© ISO/IEC 2015 — All rights reserved 65


https://iecnorm.com/api/?name=443cd702b625a4faed8388218264be4d

ISO/IEC TS 19568:2015(E)

bool is equal (const memory resource& other) const noexcept;

protected:
virtual void* do_allocate(size t bytes, size t alignment) = 0;
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;

}i
8.5.2 mempry_r esour ce public member functions [memory.resour ¢e.public]

1 ~memory [resource();

2 Effegts: Destroys this memory_resource.

3 void* alflocate(size t bytes, size t alignment = max align);

4 Effegts: Equivalent 1O return do_allocate (bytes, alignment);

5 void deafllocate(void* p, size t bytes, size t alignment = max alddn);

6 Effegts. Equivalentto do deallocate (p, bytes, alignment);

7 bool is pqual (const memory resource& other) const noexcé€pty

8 Effeqts: Equivalent tO return do_is_equal (other) ;

8.5.3 mempry_resour ce protected virtual member functions [memory.resodirce.priv]

1 virtual poid* do allocate(size t bytes, sizé/t alignment) = 0;
2 Reguyires. Alignment shall be a power of two.
3 Returns. A derived class shall implément this function to return a pointer to allocated storage (C++14 §3.7}4.2) with

asizeof at least bytes. The returned storage is aligned to the specified alignment, if such alignment is suppprted;
othefwise it is aligned t0 max align.

4 Thrgws: A derived classimplementation shall throw an appropriate exception if it is unable to allocate merpory with
the requested size and alignment.

5 virtual [oid do (deallocate(void* p, size t bytes, size t alignment) = 0;

6 Reguires; o, shall have been returned from aprior call to a1locate (bytes, alignment) ON amemory resolirce equal
to *gnie; @nd the storage at p shall not yet have been deallocated.

7 Effects: A derived class shall implement this function to dispose of allocated storage.

8 Throws: Nothing.
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9 virtual bool do is equal (const memory resource& other) const noexcept = 0;

10 Retu

rns. A derived class shall implement this function to return true if memory allocated from this can be

deallocated from other and vice-versa; otherwise it shall return false. [ Note: The most-derived type of other might
not match the type of this. For a derived class, D, atypical implementation of this function will compute
dynamic_cast<const D*>(gother) and go no further (i.e, return faise) if it returns nuiiptr. — end note ]

8.5.4 nenory_resour ce equality

[memory.resource.eq]

1 bool Qpev;ﬂ'r\v::lhr\n i mMemory resourcef 2 const Memory reSources h) noe cept
2 RetUrns. sa == sb || a.is _equal (b).
3 bool opefrator!=(const memory resource& a, const memory resource& b) noexcept;
4 Retufns: !(a == b).
8.6 Clagstemplate pol ynor phi c_al | ocat or [memory.palymor phic.allocatpr.class|
8.6.1 Classtemplate pol ynor phi c_al | ocat or overview [memary.polymor phic.allocator.gver view]
1 A special|zation of classtemplate pmr: : polymorphic_allocator conformstgthe al11ocator requirements (C++14
§17.6.3.5). Constructed with different memory resources, different instances.of the same specialization of
pmr: :pollymorphic_allocator can exhibit entirely different allocation’behavior. This runtime polymorphism allpws
objects thit use polymorphic_allocator t0 behave asif they used different allocator types at run time even though they
use the sgme static allocator type.

templa
class

memo

te <class Tp>
polymorphic allocator {

ry resource* m resource; // For exposition only

public|:
typedef Tp value type;
polymorphic allocator () noexcept;
polymorphic allocator (memory _resource* r);
polymorphic allocatorAesrnst polymorphic allocator& other) = default;
templlate <class U
pollymorphic {allocator (const polymorphic allocator<U>& other) noexcept;
polymorphie_allocatoré
opprétor=(const polymorphic allocator& rhs) = default;
Tp* allocate(size t n);
void deallocate(Tp* p, size t n);
template <class T, class... Args>
void construct (T* p, Argsé&&... args);

// Specializations for pair using piecewise construction

temp

VO

late <class T1, class T2, class... Argsl, class... Args2>

id construct (pair<T1l,T2>* p, piecewise construct t,
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temp
vo
temp
vo
temp
vo
temp

VO

tuple<Argsl...> x, tuple<Args2...> y);
late <class T1l, class T2>
id construct (pair<T1l,T2>* p);
late <class T1, class T2, class U, class V>
id construct (pair<T1l,T2>* p, U&& x, V&& y);
late <class T1, class T2, class U, class V>
id construct (pair<Tl,T2>* p, const std::pair<U, V>& pr);
late <class T1, class T2, class U, class V>
id construct (pair<T1l,T2>* p, pair<U, V>&& pr);

temp

VO

// A
poly

memo
}i

8.6.2 pol

1 polymorp
2 Effe

3 polymorp
4 Req
5 Effeq

6 Thrd

7 Notg

8 template
polyn

9 Effeq

8.6.3 pol

1 Tp* allo

2 Retu

late <class T>

id destroy (T* p);

eturn a default-constructed allocator (no allocator propagation)
morphic allocator select on container copy construction() const;

ry resource* resource () const;

nor phi c_al | ocat or constructors [memory.polymor phic.allod]

hic _allocator () noexcept;

tS; SetSm resource 10 get_default resource ().

hic allocator (memory resource* r);

ires: risnon-null.
tS. SetSm_resource tOr.
ws: Nothing

. This constructor provides an implicit conversion from memory resource*.

<class U>
orphic_allocator (const .polymorphic allocator<U>& other) noexcept;

tS: EEiSm_resourcetOother.resource(L

nor phi ¢_al L'eeat or member functions [memory.polymor phic.allocg

Ccate (sdze”t n);

'NS. EquhﬁﬂGHIIOreturn static_cast<Tp*>(m_resource->allocate(n * sizeof (Tp), alignof (1

ator.ctor]

tor.mem]

P)));

3 void dea

llocate (Tp* p, size t n);

4 Requires: p was allocated from a memory resource, x, equal to *m resource, Using

x.al

locate(n * sizeof (Tp), alignof (Tp)).

5 Effects: Equivalent tOm resource->deallocate(p, n * sizeof (Tp), alignof(Tp)).

6 Throws: Nothing.
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7 template <class T, class... Args>
void construct (T* p, Argsé&&... args);
8 Requires. Uses-allocator construction of T with allocator this->resource () (See2.1) and constructor arguments
std: : forward<Args> (args) ... iISWell-formed. [ Note: uses-allocator construction is always well formed for types
that do not use allocators. — end note |

9 Effects: Construct aT object at p by uses-allocator construction with allocator this->resource () (2.1) and
constructor arguments std: : forward<Args> (args) . . ..

10 Throws: lathina rinlncc tha nanctr intar for o throwac
WS OtHAG-HRrESStRE-CORSHUCtO O FtHrewWs:
11 template| <class T1l, class T2, class... Argsl, class... Args2>

void [construct (pair<T1,T2>* p, piecewise construct t,
tuple<Argsl...> x, tuple<Args2...> y);

12 Effegts: Let xprime beatuple constructed from x according to the appropriate rule from the'following list| [ Note:
The following description can be summarized as constructing a std: :pair<T1, T2> Object atp asif by sepafate uses-
allodator construction with allocator this->resource () (2.1) of p->first using theglements of x and p->}econd
using the elements of y. — end note]

— |If uses_allocator v<Tl,memory resource*> isfalse and is_constfructible v<T,Argsl...>IStrue,

then xprime isx.

— Otherwise, if uses_allocator v<T1,memory resource*> iStrue-and

S

is constructible v<Tl,allocator _arg t,memory resoutcé*,Argsl...> IS true, then xprims
tuple cat (make tuple(allocator arg, this->resourcef)), std::move(x)).
— Otherwise, if uses allocator v<Tl,memory resoureeX> iStrue and
is_constructible v<T1,Argsl...,memory resodrce*> is true, then xprime is
tuple cat(std::move (x), make tuple(this->resource())).
— Otherwise the program isill formed.
and |et yprime be atuple constructed from y accordingto the appropriate rule from the following list:
— If uses allocator v<T2,memory resouree*> iSfalse and is constructible v<T,Args2...>IStrue,
then yprime iSy.
— Otherwise, if uses allocator v<IZymemory resource*> iStrue and

is_constructible v<T2,allo€ator arg t,memory resource*,Args2...> iStrue, then yprind is

tuple cat (make tuple(alllocator arg, this->resource()), std::move(y)).
— Otherwise, if uses_allocatbr v<T2,memory resource*>iStrue and
is constructible v<f2,Args2...,memory resource*> is true, then yprime is
tuple cat(std::mevé(y), make tuple(this->resource())).
— Otherwise the program isill formed.
then|this function constructsa std: :pair<T1, T2> Object at p using constructor arguments

piedewise constru¢t; xprime, yprime.

13 template| <class\Tl, class T2>
void |consgruct (std::pair<T1l,T2>* p);

14 Effeqts Equivalent 10 this->construct (p, piecewise construct, tuple<>(), tuple<>());

15 template <class T1, class T2, class U, class V>
void construct (std::pair<T1,T2>* p, U&& x, V&& V)

16 Effects: Equivalent tO this->construct (p, piecewise construct, forward as_tuple(std::forward<U>(x)),
forward as tuple(std::forward<v>(y)));
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17 template
void

<class T1l, class T2, class U, class V>
construct (std: :pair<Tl,T2>* p, const std::pair<U, V>& pr);

18 Effects: Equivalent to this->construct (p, piecewise construct, forward as tuple (pr.first),

forw

19 template
void

ard as tuple(pr.second)) ;

<class T1l, class T2, class U, class V>
construct (std: :pair<Tl,T2>* p, std::pair<U, V>&& pr);

20 Effects: Equivalentto this->construct (p, piecewise construct,

forw

ard as tuple(std::forward<U>(pr.first)), forward as tuple(std::forward<V>(pr.second)))

7

21 template
void

22 Effeq

23 polymorp
2 Retu

25 memory 1

26 Retu

8.6.4 poly

1 template
bool

2 Retu

3 template
bool

4 Retu
8.7 tem|
87.1res

1 Aninstan
In order t
typest ar
toachar

<class T>
destroy (T* p);

IS, p->~T().

hic allocator select on container copy construction() const;

NS, polymorphic allocator().

Esource* resource() const;

NS m_resource.

mor phic_allocator equality [memory.polymor phic.allq

<class T1, class T2>
operator==(const polymorphic allocator<Tl>& ay
const polymorphic_allocator<T2>g.b)" noexcept;

I'NS. *a.resource() == *b.resource().

<class T1l, class T2>
operator!=(const polymorphic allogator<Tl>& a,
const polymorphic aldocator<T2>& b) noexcept;

NS, | (a == b)
plate aliasr esour ce_adapt or [memory.resource.a

ur ce_adapt or [memory.resour ce.adaptor.

Ce Of resoutde” adaptor<allocator> iSan adaptor that wraps amemory resource interface around a1
Nat resoukcé adaptor<x<T>> and resource adaptor<x<u>> are the same type for any alocator templ
d U, resource adaptor<allocator> iSrendered asan aliasto a class template such that a110cator is

cator.eq]

idaptor]
bver view]

locator.
bte x and
rebound

below. TH

of that class, whatever its ngme, are normative. In addition to the a110cator requirements (C++14 §17.6.3.5), the
parameter to resource_adaptor shall meet the following additional requirements:

70

typename allocator_traits<Allocator>::pointerSha” beidentical to

typename allocator traits<Allocator>::value type*.

typename allocator traits<Allocator>::const pointer Shall beidentical to

typename allocator traits<Allocator>::value type const*.

typename allocator_traits<Allocator>::void_pointerShd|bEidenﬂCd 10 voidx.

typename allocator traits<Allocator>::const void pointer Shall beidentical to void const*.
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