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Foreword

ISO

(the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO

member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has the right
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also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEG) o
brs of electrotechnical standardization.

procedures used to develop this document and those intended for its further maintenance are described-in the ISO
Directives, Part 1. In particular the different approval criteria needed for the different types of ISO{doeuments sh
ted. This document was drafted in accordance with the editorial rules of the ISO/IEC Directives,Part 2 (see
.so.org/directives).

htion is drawn to the possibility that some of the elements of this document may be the subject of patent rights. I
not be held responsible for identifying any or all such patent rights. Details of any patent'rights identified during
lopment of the document will be in the Introduction and/or on the ISO list of patent deClarations received (see

. iso.org/patents).

trade name used in this document is information given for the convenience ‘ef users and does not constitute an

rsement. For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and express
ed to conformity assessment, as well as information about ISO's adhefernee to the World Trade Organization (W]
iples in the Technical Barriers to Trade (TBT) see the following URL! www.iso.org/iso/foreword.html

document was prepared by Joint Technical Committee ISO/IECYTC 1, Information Technology, Subcommittee
rogramming languages, their environments and system software interfaces. This edition of ISO/IEC 19568:2017
els and replaces the edition ISO/IEC 19568:2015, which+ias been technically revised and includes the following
oes:

— Addition of the sample algorithm.

— Addition of new random-number generation facilities, and algorithms which use them.
— Addition of algorithms for uniform container erasure.

— Addition of function template nor\fu-

— Addition of logical operator type\traits conjunction, disjunction, and negation.
— Addition of templates to support the "detection idiom".

— Addition of the propagate\eonst class template.

— Addition of the obserten ptr class template.

— Addition of the maKe Jarray and to_array function templates.

— Addition of the«g§tream joiner class template.

— Addition of the"gcd and 1cm algorithms.

— Additionof the source location struct.

— Changessto the return types of search algorithms.

— Moving all libraries to the inline namespace fundamentals v2.

— Miscellaneous defect resolutions.
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1 General

1.1 Scope

This

ISO/IEC TS 19568:2017 (E)

technical specification describes extensions to the C++ Standard Library (1.2). These extensions are classes and

[general]

[general.scope]

func
by d
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the d
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The
libra]

1.2
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ISO.
"C+

Unle
Tech
1.3

Sinc
they
techy

1ons that are likely to be used widely within a program and/or on the interface boundaries between libraries writt
fferent organizations.

technical specification is non-normative. Some of the library components in this technical specification may be
jdered for standardization in a future version of C++, but they are not currently part of any C++ standard. Some g
omponents in this technical specification may never be standardized, and others may be standardized in a
antially changed form.

boal of this technical specification is to build more widespread existing practice for an expanded C++ standard
['y. It gives advice on extensions to those vendors who wish to provide them.

following referenced document is indispensable for the application of this decument. For dated references, only t
bn cited applies. For undated references, the latest edition of the referefneed document (including any amendment|
es.

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

[EC 14882:2014 is herein called the C++ Standard. Referenées to clauses within the C++ Standard are written a
F14 §3.2". The library described in ISO/IEC 14882:2014 elauses 17-30 is herein called the C++ Standard Libra

ss otherwise specified, the whole of the C++ Standdrd's Library introduction (C++14 §17) is included into this
nical Specification by reference.

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

nical specification either:

— modify an existing jnterface in the C++ Standard Library in-place,

— are declared ima'damespace whose name appends : :experimental: : fundamentals_v2 to a namespace def]
in the C++Standard Library, such as std or std: : chrono, or

— are declared-in a subnamespace of a namespace described in the previous bullet, whose name is not the sam|
an exdsting subnamespace of namespace std.

—

Normative references [general.referenices]

ne

5)

Namespaces, headers, and modifi¢ations to standard classes [general.namespalces]

4
>

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

ned

£ as

rary
hrd

[ Exgmple\This TS does not define std: :experimental: : fundamentals_v2::chrono because the C++ Standard Lib)|
defijeg’std: : chrono. This TS does not define std: :pmr: :experimental::fundamentals v2 because the C++ Stand
Libl l)’ dUCD llUt dCfiuC SsLd. CPIIME. — 5’“] C/LM”LIJL’C ]

Each header described in this technical specification shall import the contents of std: :experimental:: fundamentals v2

into

std::experimentalasifby

namespace std {

©

namespace experimental {

inline namespace fundamentals v2 {}
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}

This technical specification also describes some experimental modifications to existing interfaces in 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-threugh to represent deleted text.

Unless otherwise specified, references to other entities described in this technical specification are assumed to be

quaTﬁPd\Nﬂh std-:evperimental:-fundamentals y2:: and references to entities described in the standard are

assumed to be qualified with sta: :.

Extepsions that are expected to eventually be added to an existing header <meow> are provided inside the

<exgerimental /meow> header, which shall include the standard contents of <meow> as if by

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

<experimental/algorithm> <experimental/map> <experimental/string>
<experimental/any> <experimental/memory> <experiméptal/string view>
<experimental/array> <experimental/memory resource> <expérimental/system error>
<experimental/chrono> <experimental/optional> <experimental/tuple>
<experimental/deque> <experimental/propagate const> <experimental/type traits>
<experimental/forward list> <experimental/random> <experimental/unordered map>
<experimental/functional> <experimental/ratio> <experimental/unordered set>
<experimental/future> <experimental/regex> <experimental/utility>
<experimental/iterator> <experimental/set> <experimental/vector>
<experimental/list> <experimental/sourge location>

1.4 [lerms and definitions [general.defns]

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

1.4.1 [general.defns.direct-non-list{init|

direct-non-list-initialization

A direct-initialization that is not list-initialization.

1.5 Future plans (Informative) [general.plans]

This(section describes tentative plans for future versions of this technical specification and plans for moving content ipto

futurle versions of the €+ Standard.

The [C++ committeedntends to release a new version of this technical specification approximately every year, contain{ng

the ljbrary extensions we hope to add to a near-future version of the C++ Standard. Future versions will define their

contgnts in ste:experimental : : fundamentals v3, std: :experimental::fundamentals_v4, etc., with the most recent

implemented version inlined into std: :experimental.

Whepn an’ extension defined in this or a future version of this technical specification represents enough existing practige, it

will be moved into the next version of the C++ Standard by removing the experimental:: fundamentals vn segment of
its namespace and by removing the experimental/ prefix from its header's path.

© ISO/IEC 2017 — Al rights reserved
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1.6 Feature-testing recommendations (Informative) [general.feature.test]

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

Impl menters who prnvidf‘ a new standard feature shonld define a macro with the recommended name in the same

circymstances under which the feature is available (for example, taking into account relevant command-line options),|to
indiqate the presence of support for that feature. Implementers should define that macro with the value specifiedun‘th¢
mos{ recent version of this technical specification that they have implemented. The recommended macro name|is
" cpp 1ib experimental " followed by the string in the "Macro Name Suffix" column.
Programmers who wish to determine whether a feature is available in an implementation should basehat determinatipn
on the presence of the header (determined with _has_include (<header/name>)) and the state of thé'macro with the
recommended name. (The absence of a tested feature may result in a program with decreased finctionality, or the reldvant
functionality may be provided in a different way. A program that strictly depends on supportfor a feature can just try [to
use the feature unconditionally; presumably, on an implementation lacking necessary support, translation will fail.)
Table 2 — Significant features in this technical spe€ification
. Pri
Dog. No. Title rimary Macro Name Suffix Value Header
Section
apply() call a
function with
q .
N34915 arguments from a 322 apply 201402 <experimental/tuple>
tuple
Variable Templates
c . . . .
N3932 For Type Traits 33.1 type trait variable templates 201402 <experimental/type trafits>
N3§66 |Invocation type traits |3.3.2 invocation_«ype 201406 | <experimental/type tralits>
POO[13R 1 I,l:;)]ﬁ;c;lra?gerator 333 logical “traits 201511 <experimental/type trafits>
++ i
N4302 The C Detection 334 detect 201505 | <experimental/type tralits>
Idiom -
A Proposal to Add a
N4388 S’\Z‘zi)tr_)le)lljct)gi}glztlng 3.% propagate const 201505 | <experimental/propagatfe const>
Standard Library
Type-erased
N3916 allocator for 4.2 function erased allocator 201406 | <experimental/functionhl>
std::function
Extending
N3905 Zt(;idltIS()eIlaa]icSheta(;cllllslflg 4.3 boyer moore searching 201411 | <experimental/functionjl>
Algorithms
A proposal to add a
N4(76 generalized callable |[4.4 not fn 201406 | <experimental/functionhl>
negator
N3672. A utility clas.s to | | |
represent 0pt10nal 5 optional 201411 <experimental/optional>
N3793 .
objects
N3804 Any L1brary 6 any 201411 | <experimental/any>
Proposal
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Doc. No. Title Prlm.ary Macro Name Suffix Value Header
Section

string_ view: a non-

N3921 owning reference to |7 string view 201411 <experimental/string view>
a string

N3920 EXtendmg Shared_ptr 8.2 shared ptr arrays 201406 | <experimental /memory>
to Support Arrays - -

N3916 TOLymOTpAIc 8.4 memory resources 201402 | <experimental /memory\ resource>
Memory Resources - \
The World’s

N4282 Dumbest Smart 8.12 observer ptr 201411 | <experimentalgmetiory>
Pointer

N4373 Uniform Container 9.1 erase if 201411 | <experimental /vector>
Erasure -

N4391 |make array 9.2.2 make array 201505 | <experimental /array>

N4357 Delimited iterators 10.2 ostream joiner 201411 | éexperimental/iterator
Type-erased

N3916 |allocator for 11.2 promise erased allocator 201406 | <experimental/future>
std: :promise
Type-erased

N3916 allocator for 11.3 packaged task erased allogatof 201406 | <experimental/future>
std: :packaged task

N3925 | A sample Proposal 12.3 sample 201402 | <experimental/algorithjn>
Greatest Common 1312

N4Q61 Divisor and Least 13'1.3’ gcd_lcm 201411 | <experimental/numeric>
Common Multiple o

N4q31 |Sreiirand 13.2.2.1 |randint 201511 | <experimental /random>
replacement
Source-Code _ , ,

N4319 . 14.1 sourege _Jllocation 201505 <experimental/source lpcation>
Information Capture > -
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[mods]

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

The

memdg
allod

ses-allocator construction |mods.allocator.u

following changes to the uses_allocator trait and to the description of uses-allocator construction allow a
ry resource pointer act as an allocator in many circumstances. [ Nofe: Existing programs that use standard
ators would be unaffected by this change. — end note |

20.7.7 uses_allocator [allocator.uses]

20.7.7.1 uses_allocator trait [allocator.uses.trait]

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

Remarks: Automatically detects whether T has a nested allocator type that'is convertible from al1oc.
Meets the BinaryTypeTrait requirements (C++14 §20.10.1). The implemi€ntation shall provide a
definition that is derived from true type ifatype T::allocator type exists and either
is_convertible v<Alloc, T::allocator_type> != falseOrTr:allocator t pe is an alias for
std::experimental::erased type (3.1.2), otherwise it shall.be derived from false type. A program
may specialize this template to derive from true type for.a User-defined type T that does not have a
nested allocator type but nonetheless can be constructed with an allocator where either:

— the first argument of a constructor has type alTocator arg t and the second argument has type

Alloc Or
— the last argument of a constructor has type a1loc.

20.7.7.2 uses-allocator construction [allocater.uses.construction]

Uses-allocator construction with allocatorai 1oc refers to the construction of an object obj of type T, using
constructor arguments vi, v2, ...,~vhoftypesvi, v2, ..., VN, respectively, and an allocator al1oc of
type Alloc, where Alloc either (1) meets the requirements of an allocator (C++14 §17.6.3.5), or(2)isa
pointer type convertible to std::®xperimental: :pmr: :memor 7resource*(85),aCCOﬁﬁngtOthefbHO“dng
rules:

ses]|

©
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3 General utilities library [utilities]
3.1 Utility components [utility]
3.1.1 Header <experimental/utility> Synopsis [utility.synop]

#include <utility>

ngmespace std {
ngmespace experimental ({

inline namespace fundamentals v2 {

// 3.1.2, Class erased type

struct erased type { };

—

// namespace fundamentals_v2

—

// namespace experimental

—

// namespace std

3.1.7 Class erased_type [utility.erased.f{ype]

stryct erased type { };

The erased type struct is an empty struct that serves asza placeholder for a type T in situations where the act
type T is determined at runtime. For example, the nested‘type, allocator type, is an alias for erased_type in
classes that use type-erased allocators (see 8.3).

hal

3.2 Tuples [tujple]

3.2.1 Header <experimental/tuple> synopsis [header.tuple.sypop]

#ilnclude <tuple>

ngmespace std {
ngmespace experimentgl.{

irfline namespace filindamentals v2 {
// See C++14%§20.4.2.5, tuple helper classes
template(<¢lass T> constexpr size t tuple size v

= tupke size<T>::value;

/l78.2.2, Calling a function with a tuple of arguments

template <class F, class Tuple>

constexpr decltype (auto) apply(F&& £, Tuple&& t);

} // namespace fundamentals v2
} // namespace experimental

} // namespace std

6 © ISO/IEC 2017 — Al rights reserved
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3.2.2 Calling a function with a tuple of arguments

1 temp

late <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

[tuple.apply]

3.3

3.3.1

ng
ng

in

F&& f, Tuple&& t, index sequence<I...>) {

return INVOKE (std::forward<F>(f), std::get<I>(std::forward<Tuple>(t))..

}
Equivalent to

return apply impl (std::forward<F>(f), std::forward<Tuple>(t),
make index sequence<tuple size v<decay t<Tuple>>>{});

Metaprogramming and type traits

Header <experimental/type_traits> synopsis

ilnclude <type traits>

mespace std {
mespace experimental {
line namespace fundamentals v2 {

// See C++14 §20.10.4.1, primary type categories
template <class T> constexpr bool is_void.w
= is_void<T>::value;
template <class T> constexpr bool is nuld pointer v
= is_null pointer<T>::value;
template <class T> constexpr bood\Is integral v
= is_integral<T>::value;
template <class T> constexpr\kool is_ floating point v
= is_floating point<T>::value;
template <class T> constexpr bool is_array v
= is_array<T>::value;
template <class T> constexpr bool is_pointer v
= is_pointersT>s:value;
template <cl@ssYT> constexpr bool is_lvalue reference v
= is_lvalye reference<T>::value;
templaté Kclass T> constexpr bool is_rvalue reference v
= isyrvalue_reference<T>::value;

template <class T> constexpr bool is _member object pointer v

= is member object pointer<T>::value;

)i

[mieta]

[meta.type.sy

pop|

©

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

= is_function<T>::value;

// See C++14 §20.10.4.2,
template <class T> constexpr bool

= is_reference<T>::value;

e 1ot il Laal e b il

is_function_ v

composite type categories

is_reference v

SN o]

P P
= is_arithmetic<T>::value;

template <class T> constexpr bool
= is_fundamental<T>::value;

template <class T> constexpr bool
= 1s_object<T>::value;

template <class T> constexpr bool
= is_scalar<T>::value;

template <class T> constexpr bool
= is_compound<T>::value;

template <class T> constexpr bool

= is_member pointer<T>::value;

// See C++14 §20.10.4.3,

template <class T> constexpr bool
= 1s_const<T>::value;

template <class T> constexpr bool
= is volatile<T>::value;

template <class T> constexpr bool
= is trivial<T>::value;

template <class T> constexpr bool

template <class T> constexpr bool
= 1s_standard layout<T>::value;

template <class T> constexpr bool
= is_pod<T>::value;

template <class T> constexprgbool
= is_literal type<T>::value;

template <class T> consfeXxpr bool
= is empty<T>::valuey

template <class T>(eefstexpr bool
= is polymorphiesT>::value;

template <class /T> constexpr bool
= 1is_abstrdact<T>::value;

template{<glass T> constexpr bool
= isSfPnal<T>::value;

tenpldte <class T> constexpr bool
=)is_signed<T>::value;

is_fundamental v

is object v

is scalar v

is compound v

is_member pointer_ v

type properties

is const v

is_volatile v

is_trivial v

is trivialdy‘copyable v

= is_trivially copyable<T>::value;

is st@amdard layout v

ds) pod v

is_literal type v

is_empty v

is polymorphic v

is_abstract_ v

is_final v

is_signed v

template <class T> constexpr bool
= 1is_unsigned<T>::value;

template <class T, class... Args>

= is constructible<T, Args...>:

template <class T> constexpr bool

is_unsigned v

constexpr bool is_constructible v

:value;

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;

IS 1ok il 2} £ L 1 3 il
™ 24 =)

= 1s_move_assignable<T>::value;

template <class T> constexpr bool is destructible v
= is_destructible<T>::value;

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

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

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

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

template <class T, class U> constexpr bool is_trivially assignable~v
= is_trivially assignable<T, U>::value;

template <class T> constexpr bool is trivially copy assignakle v
= is_trivially copy assignable<T>::value;

template <class T> constexpr bool is_trivially move assignable v
= is_trivially move_assignable<T>::value;

template <class T> constexpr bool is trivially de§tiructible v
= is_trivially destructible<T>::value;

template <class T, class... Args> constexpr b©o®l is nothrow constructible v
= 1s_nothrow_constructible<T, Args...>::nalue;

template <class T> constexpr bool is nothrow default constructible v
= is_nothrow default constructible<T>%:value;

template <class T> constexpr bool ds) nothrow copy constructible v
= 1s_nothrow_copy constructibledT>::value;

template <class T> constexprgbool is nothrow move constructible v
= 1s_nothrow move_ construgtible<T>::value;

template <class T, clas§ U¥ constexpr bool is_nothrow_assignable v
= is_nothrow_assigmable<T, U>::value;

template <class T>(eefistexpr bool is nothrow copy assignable v
= 1is_nothrow_ dopy assignable<T>::value;

template <clags > constexpr bool is nothrow move_ assignable v
= 1s_nothrow move assignable<T>::value;

template{<glass T> constexpr bool is nothrow destructible v
= isSmothrow destructible<T>::value;

templdte <class T> constexpr bool has virtual destructor v

=)has_virtual destructor<T>::value;

// 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

© ISO/IEC 2017 — Al rights reserved 9
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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
= 1s_base_ of<Base, Derived>::value;

IS 1ok il inl il 2} £ L 1 P |
™ 7 24

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

// 3.3.2, Other type transformations

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

template <class F, class... ArgTypes> class invocation type<F (ArgTypes...)>;
template <class> class raw invocation type; // not defined

template <class F, class... ArgTypes> class raw invocation type<F (ArgTypes.s =) >;

template <class T>

using invocation type t = typename invocation type<T>::type;
template <class T>

using raw invocation type t = typename raw invocation type<T>: iype;

// 3.3.3, Logical operator traits

template<class... B> struct conjunction;
template<class... B> constexpr bool conjunction v = conjunction<B...>::value;
template<class... B> struct disjunction;
template<class... B> constexpr bool disjunction v(5 disjunction<B...>::value;

template<class B> struct negation;
template<class B> constexpr bool negation v_s\hegation<B>::value;

// 3.3.4, Detection idiom
template <class...> using void t = yoid}

struct nonesuch {

nonesuch () = delete;
~nonesuch () = delete;
nonesuch (nonesuch consSt&) = delete;
void operator=(némesuch consté&) = delete;
}i
template <gemplate<class...> class Op, class... Args>

using ds\detected = see below;
template“<template<class...> class Op, class... Args>

cénstexpr bool is detected v = is detected<Op, Args...>::value;
template <template<class...> class Op, class... Args>

using detected t = see below;

template <class Default, template<class...> class Op, class... Args>
using detected or = see below;

template <class Default, template<class...> class Op, class... Args>
using detected or t = typename detected or<Default, Op, Args...>::type;

template <class Expected, template<class...> class Op, class... Args>
using is detected exact = is same<Expected, detected t<Op, Args...>>;

10 © ISO/IEC 2017 — Al rights reserved
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template <class Expected, template<class...> class Op, class... Args>
constexpr bool is detected exact v
= is detected exact<Expected, Op, Args...>::value;
template <class To, template<class...> class Op, class... Args>
using is detected convertible = is convertible<detected t<Op, Args...>, To>;
template <class To, template<class...> class Op, class... Args>
constexpr bool is detected convertible v

= dat ad FoE | Laal faY . h| 5
7 584 Io T 7

—

// namespace fundamentals v2

—

// namespace experimental

—

// namespace std

33

2 Other type transformations [meta.trans.other]

I This|sub-clause contains templates that may be used to transform one type to another following some predefined rule.
2 Each of the templates in this subclause shall be a TransformationTrait (C++14 §20.10, 1)

3 WitHin this section, define the invocation parameters of invoke (£, t1, t2, ...,CeNY as follows, in which 11 is the
possjbly cv-qualified type of t1 and U1 denotes T1s if t1 is an lvalue or T1ss if £4 18 an rvalue:

— When £ is a pointer to a member function of a class T the invocation parameters are u1 followed by the
parameters of £ matched by t2, ..., tn.

— Whenn~ == 1 and £ is a pointer to member data of a class mthe invocation parameter is u1.

— If £ is a class object, the invocation parameters are the parameters matching t1, ..., tN of the best viable
function (C++14 §13.3.3) for the arguments t1, ..., tN@mong the function call operators and surrogate call
functions of f.

— In all other cases, the invocation parameters are the parameters of £ matching t1, ... t.

4 TIn al] of the above cases, if an argument +1 matches the*ellipsis in the function's parameter-declaration-clause, the

corr¢sponding invocation parameter is defined to be'the result of applying the default argument promotions (C++14
§5.2]2) to t1.

[ Exgmple: Assume s is defined as

sfruct S {

int f(double const &) consts

void operator () (int, in%);

void operator () (char\cénst *, int i = 2, int j = 3);

void operator () (.w.\J

— The invocation parameters of INVOKE (sS::£, S(), 3.5) are (S &&, double const &).

— The invocation parameters of INVOKE(S (), 1, 2) are (int, int).

— Theinvocation parameters of TNVOKE (S (), "abc", 5) are (const char *, int). The defaulted parameter 5
does not correspond to an argument.

- The invocation parameters of INVOKE (S (), locale(), 5) are (locale, int).Arguments corresponding t
ellipsis maintain their types.

<

— end example |
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Table 3 — Other type transformations

Template Condition Comments
template <class Fn, class... ArgTypes> Fn and all types in the parameter pack ArgTypes shall be
struct raw_invocation_ type< complete types, (possibly cv-qualified) void, or arrays of see below
Fn (ArgTypes...)>; unknown bound.
template <class Fn, class... ArgTypes> Fn and all types in the parameter pack argTypes shall be
struct invocation_ type< complete types, (possibly cv-qualified) void, or arrays of see below
Fn (RrgTypes...)>; unknown bound.

5 Accgss checking is performed as if in a context unrelated to ¥n and ArgTypes. Only the validity of the immediate confext
of thie expression is considered. [ Note: The compilation of the expression can result in side effects such as the
instantiation of class template specializations and function template specializations, the generation of implicitly-defingd
functions, and so on. Such side effects are not in the "immediate context" and can result in the program‘being ill-formied.

— end note |
6 The member raw_invocation type<Fn(ArgTypes...)>::type shall be defined as follows. If thelexpression
INVJKE (declval<Fn>(), declval<ArgTypes>()...) is ill-formed when treated as an unevaluated operand (C++14 §5),

therg shall be no member type. Otherwise:

— Letr denote result of t<Fn(ArgTypes...)>.
— Let the types Ti be the invocation parameters of INVOKE (declval<Fn> )5 declval<ArgTypes>()...).
— Then the member type shall name the function type r (T1, T2, ...).

7 The member invocation type<Fn (ArgTypes...)>::type shall be definéd\as follows. If
raw_|invocation type<Fn (ArgTypes...)>::type does not exist, there'shall be no member type. Otherwise:

— Leta1, a2, ... denote ArgTypes. ..

— Letr(r1, T2, ..) denote raw invocation type t<FHAArgTypes...)>

— Then the member type shall name the function type.Rr (u1, v2, ..) where ui is decay t<Ai> if declval<ail> ()
is an rvalue otherwise Ti.

3.3.3 Logical operator traits [meta.logical]

I This|subclause describes type traits for applying logical operators to other type traits.
tgmplate<class... B> struct conjunction : see below { };
2 The flass template conjunction fofms the logical conjunction of its template type arguments.

3 For 4 specialization conjunction<gl, .., BN> if there is a template type argument B: with Bi: :value == false then
instantiating conjunctiongBlN.., BN>::value does not require the instantiation of Bj: : value for j > i. [ Note: This
analpgous to the short-circuiting behavior of ss&. — end note |

[

S

4 Everly template type-argument for which Bi: : value is instantiated shall be usable as a base class and shall have a stat|c
data [member valweWhich is convertible to boo1, is not hidden, and is unambiguously available in the type.

5> The ppecialization conjunction<Bl, .., BN> has a public and unambiguous base that is either

—A the first type B: in the list true type, B1, ..., BN for which bool (Bi::value) is false, Or
L= if there is no such Bi, the last type in the list.

6 [ Note: This means a specialization of conjunction does not necessarily inherit from either true type or false type.
— end note |

7 The member names of the base class, other than conjunction and operator=, shall not be hidden and shall be
unambiguously available in conjunction.

template<class... B> struct disjunction : see below { };

12 © ISO/IEC 2017 — Al rights reserved


https://standardsiso.com/api/?name=282670996166855c4acb1b1a3e67f8c5

11

12

13

14

ISO/IEC TS 19568:2017 (E)

The class template disjunction forms the logical disjunction of its template type arguments.

For a specialization disjunction<B1,
instantiating disjunction<B1,

analogous to the short-circuiting behavior of | |. — end note ]

.., BN> if there is a template type argument B: with Bi::value != false then
.., BN>::value does not require the instantiation of 8j: : value for 7 > i. [ Note: This is

Every template type argument for which Bi: :value is instantiated shall be usable as a base class and shall have a static

data

member value which is convertible to boo1, is not hidden, and is unambiguously available in the type.

The

[ No
—e

The
unan

tqg

The

BpeClalizatlion disjunction<B1l, .., BN> has a publiC and unambiguous base that 1s e1ther

— the first type B: in the list false type, B1, ..., BN for which bool (Bi: :value) iS true, or,
— if there is no such B, the last type in the list.

id note |

member names of the base class, other than disjunction and operator=, shall not be hidden”and shall be
biguously available in disjunction.

mplate<class B> struct negation : see below { };

Class template negation forms the logical negation of its template type argument. The type negation<B> is a

e. This means a specialization of disjunction does not necessarily inherit from either true type@tfalse typ¢.

UnagyTypeTrait with a BaseCharacteristic of integral constant<bool, !bool (Bivalue)>.
3.3.4 Detection idiom [meta.detect]
tgmplate <class Default, class AlwaysVoid,
template<class...> class Op, class... Args>
sfruct DETECTOR { // exposition only
using value t = false type;
using type = Default;
}i
tgmplate <class Default, template<clase=w..> class Op, class... Args>
sfruct DETECTOR<Default, void t<Op<Akrgs...>>, Op, Args...> { // exposition only
using value t = true type;
using type = Op<Args...>;
}i
tgmplate <template<class)..> class Op, class... Args>
using is detecteds=_typename DETECTOR<nonesuch, void, Op, Args...>::value t;
tgmplate <templateé<class...> class Op, class... Args>
using detecgfed t = typename DETECTOR<nonesuch, void, Op, Args...>::type;
tgmplate,<class Default, template<class...> class Op, class... Args>
usding ‘detected or = DETECTOR<Default, void, Op, Args...>;
[ Exampte:
// archetypal helper alias for a copy assignment operation:
template <class T>

//
te

©

using copy assign t = decltype (declval<T&>() = declval<T const &>());

plausible implementation for the is assignable type trait:

mplate <class T>

ISO/IEC 2017 — All rights reserved
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/7
/7

using is copy assignable = is detected<copy assign t, T>;

plausible implementation for an augmented is assignable type trait
that also checks the return type:

template <class T>

using is canonical copy assignable = is detected exact<T&, copy assign t,

— end example |

T>;

[ Exq

/
tg

3.4

3.4.1

ng
ng

in

}

mple:

archetypal helper alias for a particular type member:
mplate <class T>
using diff t = typename T::difference type;

alias the type member, if it exists, otherwise alias ptrdiff t:

mplate <class Ptr>
using difference type = detected or t<ptrdiff t, diff t, Ptr>;

d example |

Compile-time rational arithmetic

Header <experimental/ratio> synopsis

ilnclude <ratio>

mespace std {
mespace experimental {

line namespace fundamentals v2 {

// See C++14 §20.11.5, ratio comparisaqrn

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

template <class R1, class R2> constexpr bool ratio not equal v
= ratio not equal<Rl, R2>:%twvalue;

template <class R1, class/R2> constexpr bool ratio less v
= ratio less<Rl, R2>:(:value;

template <class R1, ¢lass R2> constexpr bool ratio less equal v
= ratio less_equad¥Rl, R2>::value;

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

template <¢kass R1, class R2> constexpr bool ratio greater equal v

= rati@_greater equal<R1l, R2>::value;

// shamespace fundamentals_v2

}

//_namespace experimental

[rd

[header.ratio.sy|

tio]

pop]

}

14

// namespace std

© ISO/IEC 2017 — Al rights reserved
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3.5 Time utilities

3.5.1 Header <experimental/chrono> synopsis

#include <chrono>

namespace std {

ISO/IEC TS 19568:2017 (

E)

[time]

[header.chrono.synop]

ngmespace chrono {
ngmespace experimental {

ifline namespace fundamentals v2 {

// See C++14 §20.12.4, customization traits
template <class Rep> constexpr bool treat as floating point v

= treat_as floating point<Rep>::value;

// namespace fundamentals_v2
// namespace experimental

// namespace chrono

- e e e

// namespace std

3.6 System error support
3.6.1 Header <experimental/system_error> synopsis

#ilnclude <system error>

ngmespace std {
ngmespace experimental {

ifline namespace fundamentals v2 {

// See C++14 §19.5, System error~ support
template <class T> constexpr bool is error code enum v
= is _error code_ enum<T>: sualue;
template <class T> constexpr bool is error condition enum v

= is_error condition epum<T>::value;

—

// namespace fundamentals_v2

—

// namespace exXperimental

—

// namespacel_std

3.7 Class template propagate const

3.7.1 Class template propagate const general

[syser

ror]

[header.system_error.sypop]|

[propagate const]|

|[propagate const.gen

pral|

I propagate const is a wrapper around a pointer-like object type T which treats the wrapped pointer as a pointer to const

when the wrapper is accessed through a const access path.

© ISO/IEC 2017 — Al rights reserved
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3ﬂ12Ileader<experimental/propagate_const>SynOpSE

namespace std {
namespace experimental {
inline namespace fundamentals v2 {
template <class T> class propagate const {

public:

[propagate_const.synopsis]

Using element type = remove reference t<decltype (rdeclval<ll&>())

// 3.7.4, propagate const constructors

constexpr propagate const() = default;
propagate const (const propagate consté& p) = delete;
constexpr propagate const (propagate const&s& p) = default;

template <class U>
see below constexpr propagate const (propagate const<U>&& pu);
template <class U>

see below constexpr propagate const (U&& u);

// 3.7.5, propagate const assignment

propagate consté& operator=(const propagate const& p) = deldte?

template <class U>
constexpr propagate consté& operator=(propagate cofigtXU>&& pu);
template <class U>

constexpr propagate consté& operator=(U&& u);

// 3.7.6, propagate const const observers
explicit constexpr operator bool () consgy

constexpr const element type* operatory>() const;

// 3.7.7, propagate cons®, non-const observers

constexpr element typé* ‘eperator->();

constexpr operator lgment type*(); // Not always defined
constexpr element type& operator*();

constexpr elemefif type* get();

// 3.7.85ypropagate const modifiers

consteXpx* void swap (propagate consté& pt) noexcept (see below);

prigate:

T ; //exposition only

s

constexpr propagate consté& operator=(propagate const&& p) ‘& default;

constexpr operator const element typeé* () const; // Not always defined
constexpr const element type& operator* () const;
constexpr const element typeX\get () const;

7

// 3.7.9, propagate const relational operators

template <class T>

constexpr bool operator==(const propagate const<T>& pt, nullptr t);

template <class T>

constexpr bool operator==(nullptr t, const propagate const<T>& pu);

16
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template <class T>

constexpr bool operator!=(const propagate const<T>& pt, nullptr t);
template <class T>

constexpr bool operator!=(nullptr t, const propagate const<T>& pu);

template <class T, class U>
constexpr bool operator==(const propagate const<T>& pt, const propagate const<U>& pu);

£ 1ok il 2} il 11

P 7

constexpr bool operator!=(const propagate const<T>& pt, const propagate const<U>& pu);
template <class T, class U>

constexpr bool operator<(const propagate const<T>& pt, const propagate const<U>& pu)j;
template <class T, class U>

constexpr bool operator>(const propagate const<T>& pt, const propagate constgy>§ pu);
template <class T, class U>

constexpr bool operator<=(const propagate_ const<T>& pt, const propagate,ednst<U>& pu);
template <class T, class U>

constexpr bool operator>=(const propagate const<T>& pt, const propggate const<U>& pu);

template <class T, class U>

constexpr bool operator==(const propagate const<T>& pt, constUs& u);
template <class T, class U>

constexpr bool operator!=(const propagate const<T>& pt,\const U& u);
template <class T, class U>

constexpr bool operator<(const propagate const<T>&\pt, const U& u);
template <class T, class U>

constexpr bool operator>(const propagate const<T>& pt, const U& u);
template <class T, class U>

constexpr bool operator<=(const propagateieconst<T>& pt, const U& u);
template <class T, class U>

constexpr bool operator>=(const prgpagate const<T>& pt, const U& u);

template <class T, class U>

constexpr bool operator==(cngt T& t, const propagate const<U>& pu);
template <class T, class Ux

constexpr bool operatex!=(const T& t, const propagate const<U>& pu);
template <class T, class=U>

constexpr bool operator<(const T& t, const propagate const<U>& pu);
template <class T,~Class U>

constexpr bdod ‘operator>(const T& t, const propagate const<U>& pu);
template <class T, class U>

constexph, bool operator<=(const T& t, const propagate const<U>& pu);
template\<class T, class U>

constexpr bool operator>=(const T& t, const propagate const<U>& pu);

77 3.7.10, propagate const specialized algorithms

template <class T>

constexpr void swap (propagate const<T>& pt, propagate const<T>& pt2) noexcept (see below);

// 3.7.11, propagate const underlying pointer access
template <class T>

constexpr const T& get underlying(const propagate const<T>& pt) noexcept;
template <class T>

© ISO/IEC 2017 — Al rights reserved
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constexpr T& get underlying(propagate const<T>& pt) noexcept;
} // inline namespace fundamentals v2
} // namespace experimental

// 3.7.12, propagate const hash support
template <class T> struct hash;
template <class T>

£ P . 3 FE = | D e £ Sl

P = —PFePes 7

// 3.7.13, propagate const comparison function objects
template <class T> struct equal to;
template <class T>

struct equal to<experimental::fundamentals v2::propagate const<T>>;
template <class T> struct not_equal to;
template <class T>

struct not equal to<experimental::fundamentals v2::propagate const<T>>;
template <class T> struct less;
template <class T>

struct less<experimental::fundamentals v2::propagate const<T>>;
template <class T> struct greater;
template <class T>

struct greater<experimental::fundamentals v2::propagate_censt<T>>;
template <class T> struct less_equal;
template <class T>

struct less equal<experimental::fundamentals v2::pkopagate const<T>>;
template <class T> struct greater equal;
template <class T>

struct greater equal<experimental::fundamentals v2::propagate const<T>>;

—

// namespace std

3.7.3 propagate_const requirements on T [propagate const.requirem

T shgll be an object pointer type or a class type for which decltype (*declval<Ts>()) is an lvalue reference; otherwi

the grogram is ill-formed.

If v s an array type, reference type,-pointer to function type or pointer to (possibly cv-qualified) void, then the progrg

ill-fqrmed.

[ Note: propagate const<Const int*> is well-formed — end note ]

3.7.3.1 propagate {const requirements on class type T [propagate_const.class_type_requirem

If T is class type'then it shall satisfy the following requirements. In this sub-clause t denotes a non-const lvalue of tyj

ct is{a cangt™ Ts bound to t, element type denotes an object type.

T angl const T shall be contextually convertible to bool.

bnts|

bC

m is

bnts)

be T,

If 7 is implicitly convertible to element type*, (element type*)t == t.get () shall be true.

If const T is impliCitly convertible to const element type*, (const element type*)ct == ct.get() shall be true.

Table 4 — Requirements on class types T

Expression Return type Pre-conditions Operational semantics

t.get () element type*

18 © ISO/IEC 2017 — Al rights reserved
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const element_ type* OT

ct.get () t.get () == ct.get().

element type*

=t refers to the same object as

*t element typeé& t.get () != nullptr
B *(t.get())
const element typeé& O ct refers to the same object as
*ct - ct.get () != nullptr
element typeé& *(ct.get())
t.operator->() element type* t.get () != nullptr t.operator->() == t.get()
const element type* Or
ct.pperator->() - ct.get () != nullptr ct.operator->() == ct.get()

element type*

(bool) t is equivalent to

(bopl) t bool
t.get () != nullptr
(bool) ct is equivalentto
(bopl)ct bool
ct.get () != nullptr
3.7.4 propagate_const constructors [propagate_const.¢tor]
I [ Nofe: The following constructors are conditionally specified as explicit. This is typically implemented by declarinig

two fuch constructors, of which at most one participates in overload resolution. — end note |

2 temglate <class U>

$ee below constexpr propagate const (propagate const<U>&& pu);

constructor is specified as explicit if and only if !is convertibié v<uss, T>.

Effects: Initializes t_ as if direct-non-list-initializing an object'ef type T with the expression std: :move (pu.t_)

5 tempglate <class U>

1

ee below constexpr propagate const (U&& u);

decay_t<U> is not a specialization of propag&te’ const. The constructor is specified as explicit if and only if

!is convertible v<U&&, T>.

Effects: Initializes t as if direct-non=list-initializing an object of type T with the expression std: : forward<u> (

temglate <class U>

onstexpr propagate coOnsté& operator=(propagate_const<U>&é& pu);

Remarks: This furiction shall not participate in overload resolution unless u is implicitly convertible to T.
3 |Effects: ©~X std::move (pu.t ).

Returiis= *this.

5 templaE 1 11

Remarks: This constructor shall not participate in overload resolutiofiunless is constructible v<T, Uss>. The

Remarks: This constructor shall not participate in‘overload resolution unless is_constructible v<T, Uss> ang

3.7.4 propagate_const assignment [propagate_const.assignment]

constexpr propagate consté& operator=(U&& u);

6 Remarks: This function shall not participate in overload resolution unless u is implicitly convertible to T and
decay_t<U> is not a specialization of propagate const.

7 lﬂ?écm: t = std::forward<U>(u).

8 Returns: *this.

© ISO/IEC 2017 — Al rights reserved
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3.7.6 propagate_const const observers

expl
2

cons

4

icit constexpr operator bool () const;

Returns: (pool)t .

texpr const element type* operator->() const;

Reayires: PR AN . 1l
G —

[propagate_const.const_observers]

cons

cong

13

3.7.7

consg

cong|

consg

< - 1

Returns.: get ().

texpr operator const element type* () const;

Returns. get ().

Remarks: This function shall not participate in overload resolution unless T is an object peinfer type or has an
implicit conversion to const element type*.

texpr const element type& operator* () const;

Requires: get () != nullptr.

Returns.: *get ().

texpr const element type* get() const;

Returns: t_if T is an object pointer type, otherwise t_.get (4

propagate_const non-const observers [propagate_const.non_const_obser

texpr element type* operator->();

Requires: get () != nullptr.

Returns. get ().

texpr operator element typeX (M

Returns.: get ().

Remarks: This functien'shall not participate in overload resolution unless T is an object pointer type or has an
implicit conversiontondlement type*.

texpr element type& operator*();

RequiresS\get () != nullptr.

Returns: *get ().

vers|

cons

11

20

texpr element type* get();

Returns: + if T is an object pointer type, otherwise t .get ().
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3.7.8 propagate_const modifiers [propagate_const.modifiers]

constexpr void swap (propagate const& pt) noexcept (see below) ;
2 The constant-expression in the exception-specification is noexcept (swap (t_, pt.t_)).

3 Effects: swap(t_, pt.t ).

3.7.9 propagate_const relational operators [propagate_const.relational]

tempglate <class T>
onstexpr bool operator==(const propagate const<T>& pt, nullptr t);

Returns: pt.t == nullptr.

temglate <class T>
onstexpr bool operator==(nullptr t, const propagate const<T>& pt);

Returns: nullptr == pt.t .

template <class T>
onstexpr bool operator!=(const propagate const<T>& pt, nullptr t)7

6 [Returns: pt.t  != nullptr.
temglate <class T>
onstexpr bool operator!=(nullptr t, const propagate const<T>& pt);

8 |Returns: nullptr != pt.t .
temglate <class T, class U>
10 (Returns: pt.t == pu.t
temglate <class T, class U>
12 |Returns: pt.t_ = pu.t_.
temglate <class T, class U>
Returns: pt.t < pusti.
temglate <class T, cléass U>

16 \Returns: &8 > pu.t .

temglaté <class T, class U>

onstexpr bool operator==(const propagate constkT>& pt, const propagate const<U>& pu);

onstexpr bool operator!=(const propagate const<T>& pt, const propagate const<U>& pu);

onstexpr bool operator<{(gonst propagate const<T>& pt, const propagate const<U>& pu);

onstexpr bodlioperator>(const propagate const<T>& pt, const propagate const<U>& pu);

ohstexpr bool operator<=(const propagate const<T>& pt, const propagate const<U>& pu);

18 Returns: pt.t <= pu.t .

template <class T, class U>

constexpr bool operator>=(const propagate const<T>& pt, const propagate const<U>& pu);

20 Returns: pt.t_ >= pu.t .

© ISO/IEC 2017 — Al rights reserved
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temp

late <class T,

constexpr bool

22

temp

Returns: pt.t_

late <class T,

constexpr bool

24

Returns: pt.t_

class U>
operator==(const propagate const<T>& pt, const U& u);

class U>
operator!=(const propagate const<T>& pt, const U& u);

= u.

temy

26

temyg

28

temy

30

temyg

32

temg

34

temg

36

temg

38

temyg

40

temg

late <class T,
onstexpr bool

Returns: pt.t
late <class T,
onstexpr bool
Returns: pt.t_
late <class T,
onstexpr bool
Returns: pt.t_
late <class T,
onstexpr bool
Returns: pt.t_

late <class T,
onstexpr bool

class U>
operator<(const propagate const<T>& pt, const U& u);

< u.

class U>

operator>(const propagate const<T>& pt, const U& u);
> u.

class U>

operator<=(const propagate const<T>& pt, const U& u);
<= u.

class U>

operator>=(const propagate const<T>& pt, £onst U& u);
>= u.

class U>
operator==(const T& t, const prqpagate const<U>& pu);

Returns: t == pu.t_.

late <class T,
onstexpr bool

class U>
operator!=(const Té& ty(Const propagate_ const<U>& pu);

Returns: t != pu.t

late <class T,
onstexpr bool

class U>
operator<f{cemst T& t, const propagate const<U>& pu);

Returns: t < pu.t .

late <class T,
onstexpr bool

c¥ass U>
operator>(const T& t, const propagate const<U>& pu);

Returns: t >7pu.t_.

late Kedass T,
onsStexpr bool

class U>
operator<=(const T& t, const propagate const<U>& pu);

temp

D oz
INCTUurris. U = pu.t_.

late <class T,

class U>

constexpr bool operator>=(const T& t, const propagate const<U>& pu);

44 Returns: t >= pu.t_.

22
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3.7.10 propagate_const specialized algorithms [propagate_const.algorithms]

1 template <class T>
constexpr void swap (propagate const<T>& ptl, propagate const<T>& pt2) noexcept (see below);

2 The constant-expression in the exception-specification is noexcept (pt1.swap (pt2) ).

3 Effects.‘ ptl.swap (pt2).

3.7.11 propagate_const underlying pointer access [propagate_const.underlying]

I Accgss to the underlying object pointer type is through free functions rather than member functions. These funttions are
interlded to resemble cast operations to encourage caution when using them.

2 tempglate <class T>
onstexpr const T& get underlying(const propagate const<T>& pt) noexcept;

Returns: a reference to the underlying object pointer type.

4 tempglate <class T>
onstexpr T& get underlying(propagate const<T>& pt) noexcept;

5 |Returns: areference to the underlying object pointer type.

3.7.12 propagate_const hash support [propagate const.hash]

1 temglate <class T>
gtruct hash<experimental::fundamentals v2::propagate Const<T>>;

For an object p of type propagate const<T>,
hash<experimental::fundamentals v2::propagate const<T>>() (p) shall evaluate to the same value as
hash<T>() (p.t_).

3 |Requires: The specialization hash<T> shall be well=formed and well-defined, and shall meet the requirements of
class template hash.

3.7.13 propagate const comparison function-objects [propagate const.comparison_function_objects]

1 temglate <class T>
truct equal to<experimentaln:fundamentals v2::propagate const<T>>;

For objects P, g9 oftype prbpagate const<T>,
equal to<experimentaf:: fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same valugd as
equal to<T>() (p.t " g.t ).

3 [Requires: The specidlization equal to<T> shall be well-formed and well-defined.

4 tempglate <class{(T>
truct nebequal to<experimental::fundamentals v2::propagate const<T>>;

For objests p, g of type propagate const<T>,
not ‘equal to<experimental::fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same
Vahkfagnot_ecual_to<T>()(D L . g.t )

6 Requires: The specialization not_equal to<T> shall be well-formed and well-defined.
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late <class T>

struct less<experimental::fundamentals v2::propagate const<T>>;

8

9

For objects P, g oftype propagate const<T>,
less<experimental::fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same value as
less<T>() (p.t_, g.t ).

Requires: The specialization 1ess<T> shall be well-formed and well-defined.

10 temp

11

12

13 temy

14

15

16 temy

17

18

LdLE Cldss 1
truct greater<experimental::fundamentals v2::propagate const<T>>;

For objects P, g oftype propagate const<T>,
greater<experimental::fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same/value s
greater<T>() (p.t_, g.t ).

Requires: The specialization greater<T> shall be well-formed and well-defined.

late <class T>
truct less equal<experimental::fundamentals v2::propagate const<T>>;

For objects p, g of type propagate const<T>,
less equal<experimental::fundamentals v2::propagate const<T>>() (p, ep.shall evaluate to the same value
as less_equal<T>() (p.t_, g.t ).

Requires: The specialization 1ess_equal<T> shall be well-formed and well~defined.

late <class T>
truct greater equal<experimental::fundamentals v2::propagate const<T>>;

For objects p, g of type propagate const<T>,
greater equal<experimental::fundamentals v2::propagate const<T>>() (p, q)shallevahuuetothesanm
VahKZaSgreater_equal<T>()(p.t_, q.t ).

Requires: The specialization greater equal<T> shallbe well-formed and well-defined.
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4 Function objects [func]
4.1 Header <experimental/functional> Synopsis [header.functional.synop]
#include <functional>
ngmespace std {
namespace experimental {
inline namespace fundamentals v2 {
// See C++14 §20.9.9, Function object binders
template <class T> constexpr bool is bind expression v
= is_bind expression<T>::value;
template <class T> constexpr int is_placeholder v
= is_placeholder<T>::value;
// 4.2, Class template function
template<class> class function; // undefined
template<class R, class... ArgTypes> class function<R (ArgPypes...)>;
template<class R, class... ArgTypes>
void swap (function<R(ArgTypes...)>&, function<R(Arglypes...)>&);
template<class R, class... ArgTypes>
bool operator==(const function<R(ArgTypes...\)>&, nullptr t) noexcept;
template<class R, class... ArgTypes>
bool operator==(nullptr t, const functien<R(ArgTypes...)>&) noexcept;
template<class R, class... ArgTypes>
bool operator!=(const function<R (AtgTypes...)>&, nullptr t) noexcept;
template<class R, class... ArgTypes>
bool operator!=(nullptr t, const function<R(ArgTypes...)>&) noexcept;
// 4.3, Searchers
template<class ForwardIterator, class BinaryPredicate = equal_ to<>>
class default_ searcher;
template<class .RandomAccessIterator,
clase Hash = hash<typename iterator_ traits<RandomAccessIterator>::value_ type>,
¢rass BinaryPredicate = equal_ to<>>
clasg\Jboyer moore_searcher;
ftemplate<class RandomAccessIterator,
class Hash = hash<tvpename iterator traits<RandomAccesslterator>::value type>,
class BinaryPredicate = equal_ to<>>
class boyer moore_horspool searcher;
template<class ForwardIterator, class BinaryPredicate = equal_ to<>>
default searcher<ForwardIterator, BinaryPredicate>
make default searcher (ForwardIterator pat first, ForwardIterator pat last,
© ISO/IEC 2017 — Al rights reserved 25
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BinaryPredicate pred = BinaryPredicate());

template<class RandomAccessIterator,
class Hash = hash<typename iterator traits<RandomAccessIterator>::value type>,
class BinaryPredicate = equal_ to<>>

boyer moore searcher<RandomAccessIterator, Hash, BinaryPredicate>

make boyer moore searcher (

R =) T £ FER =] £ R =) T £ Foa— £

g 7 g 7

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

template<class RandomAccessIterator,
class Hash = hash<typename iterator_traits<RandomAccessIterator>::value_ Cype>,
class BinaryPredicate = equal to<>>
boyer moore horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>
make boyer moore horspool searcher (
RandomAccessIterator pat first, RandomAccessIterator pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate()):;

// 4.4, Function template not fn
template <class F> unspecified not fn(F&& f);

} // namespace fundamentals v2
} // namespace experimental

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

—

// namespace std

4.2 (Class template function [func.wrap.func]|

The ppecification of all declarations within'this sub-clause 4.2 and its sub-clauses are the same as the corresponding

declgrations, as specified in C++14 §20.9.11.2, unless explicitly specified otherwise. [ Note:
std:|:experimental::function UseSistd: :bad function call, there is no additional type
std:|:experimental::bad funcgien) call — end note ] .

ngmespace std {
namespace experimehtal {

inline namespacé.fiindamentals v2 {

templatesclass> class function; // undefined

template<class R, class... ArgTypes>
class function<R(ArgTypes...)> {
Public:

using result type = R;

using argument type = T1;

using first argument type T1;
using second argument type = T2;

using allocator type = erased type;
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function () noexcept;

function (nullptr t) noexcept;

function (const functionég);

function (functioné&é&) ;

template<class F> function (F);

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

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

1lote £ £

P P

template<class A> function(allocator arg t, const Ag,
const functiong);
template<class A> function(allocator arg t, const Ag,
functioné&é&);
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> function& operator=(F&&);

template<class F> functioné& operator=(reference wrapper<fF>);
~function () ;

void swap (functionég) ;

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 ()” const noexcept;

pmr::memory resource* get memdry resource () const noexcept;
}i
template <class R, class<.. ArgTypes>
bool operator==(comst.function<R(ArgTypes...)>&, nullptr t) noexcept;
template <class RyoClass... ArgTypes>
bool operatorZ={ullptr t, const function<R(ArgTypes...)>&) noexcept;
template¢<&lass R, class... ArgTypes>
bool operxator!=(const function<R(ArgTypes...)>&, nullptr t) noexcept;
template <class R, class... ArgTypes>
béoX operator!=(nullptr t, const function<R(ArgTypes...)>&) noexcept;
template <class R, class... ArgTypes>
void swap (function<R (ArgTypes...)>&, function<R(ArgTypes...)>&);

} // namespace fundamentals v2
} // namespace experimental

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

© ISO/IEC 2017 — Al rights reserved
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struct uses_allocator<experimental::function<R(ArgTypes...)>, Alloc>
true type { };

} // namespace std

4.2.1 function construct/copy/destroy [func.wrap.func.con]

1" When a function constructor that takes a first argument of type allocator arg t is invoked, the second argument is
treatgd as a type-erased allocator (8.3). If the constructor moves or makes a copy of a function object (C++14 §20.9),
inclyding an instance of the experimental:: function class template, then that move or copy is performed byyuising-
allogator construction with allocator get _memory resource ().

2 1In the following descriptions, let arzocaTor or(f) be the allocator specified in the construction of fun¥tion f, or the
valug of experimental: :pmr::get default resource () at the time of the construction of £ if no allocator was
specified.

3 fundtion& operator=(const functions& f);

4<Eﬁ%cm: function(allocator arg, ALLOCATOR OF(*this), f).swap(*this);

5 |Returns: *this.

6 fundtion& operator=(function&& f);

Eﬁ%cm: function(allocator arg, ALLOCATOR OF(*this), stdsymeve (f)).swap(*this);

8 |Returns: *this.

9 fundtion& operator=(nullptr t) noexcept;

10 |Effects: If *this != nullptr, destroys the target ofithis.

W Postconditions: ! (*this). The memory resource returned by get memory resource () after the assignment is

equivalent to the memory resource before the assignment. [ Note: the address returned by get memory resourcq()
might change — end note |

12 \Returns: *this.

13 temglate<class F> functiong operator=(F&& £f);

14 fﬁﬁ%ﬁy function(alldcator arg, ALLOCATOR OF(*this), std::forward<k>(f)).swap(*this);

15 |Returns: *this.

16 |Remarks: Thisassignment operator shall not participate in overload resolution unless declval<decay t<F>&> ()| is

Callable (C%+14 §20.9.11.2) for argument types ArgTypes. . . and return type Rr.

17 temglat@<dlass F> function& operator=(reference wrapper<fF> f);

I8 \Fffpets: function(alloacator arg ALLOCATOR QF(*thig) £) H;lp(*fhw' ) -

19 Returns: *this.
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void swap (function& other);

2

3

4

Requires: *this->get memory resource() == *other.get memory resource().

Effects: Interchanges the targets of *this and other.

[func.wrap.func.mod]

4.3

This
pat |
pattd
to th|
Each

Cop¥l
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defd
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Remurh.). TIIC dIIOCAdLOIS O *this dlld other dIT IOV HITCICIIdITgCU.

Nearchers [funcisearchiers]

sub-clause provides function object types (C++14 §20.9) for operations that search for a sequence\[pat first,
1ast) in another sequence [first, last) that is provided to the object's function call operator. Thefirst sequence
rn to be searched for) is provided to the object's constructor, and the second (the sequence t6.be searched) is proy
e function call operator.

specialization of a class template specified in this sub-clause 4.3 shall meet the cop¢eonstructible and
Assignable requirements. Template parameters named ForwardIterator, Forwardlteratorl, ForwardIterato
omAccessIterator,RandomAccessIteratorl,RandomAccessIterator2,and,BinaryPredicate oftennpknes
fied in this sub-clause 4.3 shall meet the same requirements and semantics as specified in C++14 §25.1. Templat
meters named Hash shall meet the requirements as specified in C++14 §17163.4.

Boyer-Moore searcher implements the Boyer-Moore search algorithfn. The Boyer-Moore-Horspool searcher
ements the Boyer-Moore-Horspool search algorithm. In general,.th€. Boyer-Moore searcher will use more memor
bive better run-time performance than Boyer-Moore-Horspool,

(the
ided

o

Class template default_searcher [func.searchers.defhult]

mplate<class ForwardIteratorl, class BinaryPredicate = equal to<>>

ass default searcher {

blic:

default searcher (ForwardIteratorl\gat first, ForwardIteratorl pat last,
BinaryPredicate.pred = BinaryPredicate());

template<class ForwardItefator2>
pair<ForwardIterator?, ForwardIterator2>
operator () (Forwafditerator2 first, ForwardIterator2 last) const;

ivate:

ForwardIteratenl pat first ; // exposition only
ForwardItefaterl pat last ; // exposition only
BinaryPredicate pred ; // exposition only

ult searcher (ForwardIterator pat first, ForwardIterator pat last,

i

inaryPredicate pred = BinaryPredicate());

2 Effects: Constructs a default searcher object, initializing pat first with pat first, pat last withpat last,

3

©

and pred_ with pred.

Throws: Any exception thrown by the copy constructor of BinaryPredicate Of ForwardIteratorl.
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4 template<class ForwardIterator2>
pair<ForwardIterator?2, ForwardIterator2>
operator () (ForwardIterator2 first, ForwardIterator2 last) const;

5 Returns: A pair of iterators i and j such that

— i == std::search(first, last, pat first , pat last , pred ), and
— ifi == last,thenj == 1ast, otherwise 3 == next (i, distance(pat first , pat last )).
4.3.1: — i i . . . fion]
1 template<class ForwardIterator, class BinaryPredicate = equal to<>>

efault searcher<ForwardIterator, BinaryPredicate>
Make default searcher (ForwardIterator pat first, ForwardIterator pat last,
BinaryPredicate pred = BinaryPredicate());

2 lﬂ?écm: Equh&ﬂentu)return default searcher<ForwardIterator, BinaryPredicate>(
pat first, pat last, pred);
4.3.2 Class template boyer_moore_searcher [fimc.searchers.boyer_mdore]

tgmplate<class RandomAccessIteratorl,

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

cllass boyer moore searcher ({

pyblic:

boyer moore searcher (RandomAccessIteratorl pat first,\RandomAccessIteratorl pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate());

template<class RandomAccessIterator2>
pair<RandomAccessIterator?2, RandomAccessIferator2>

operator () (RandomAccessIterator?2 first, RandomAccessIterator2 last) const;

private:

RandomAccessIteratorl pat first,»\%/ exposition only

RandomAccessIteratorl pat last, ;™ // exposition only
Hash hash 4 // exposition only
BinaryPredicate pred // exposition only

I boygr moore_searcher (RagndomAccessIteratorl pat first, RandomAccessIteratorl pat last,
Hash hf = Hash{(),
BinaryPredicate.pfed = BinaryPredicate());

Requires: Théxalue type of RandomAccessIteratorl shall meet the befaultConstructible, CopyConstructiHle,

and copyass¥gnable requirements.

Requites: For any two values a and B of the type iterator traits<RandomAccessIteratorl>::value_ type, if
predA, B) ==true, then hf (a) ==hf (B) shall be true.

4 Effects: Constructs a boyer moore searcher object, initializing pat _first with pat first, pat last_with
pat last, hash Wwith hf, and pred with pred.

5 Throws: Any exception thrown by the copy constructor of RandomaAccessTIteratorl, or by the default constructor,
copy constructor, or the copy assignment operator of the value type of RandomAccessIteratori, or the copy
constructor or operator () of BinaryPredicate Or Hash. May throw bad_alloc if additional memory needed for
internal data structures cannot be allocated.
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6 template<class RandomAccessIterator2>

1

10

4.3.3 Class template boyer_moore_horspool_searchen

pair<RandomAccessIterator2, RandomAccesslIterator2>
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 values in a sequence.

9 Returns: A pair of iterators i and 3 such that

E)

negative integer n less than pat_last - pat first_the following condition holds:
pred(* (i + n), *(pat first + n)) != false, and
— J == next (i, distance(pat first , pat last )).

ReanSmake_pair(first,first)if[pat_first_,pat_last_)isenqﬁy,Oﬁwr“dsereHHnSmake_pair(last,la
if no such iterator is found.

Complexity: Atmost (last - first) * (pat last - pat_ first ) applications of the predicate.

4.3.2.1 boyer_moore_searcher creation functions [func.searchers.boyer_moore.crea

temglate<class RandomAccessIterator,

lass Hash = hash<typename iterator traits<RandomAccessIterator>::value type>,

lass BinaryPredicate = equal to<>>

boyer moore_ searcher<RandomAccesslterator, Hash, BinaryPredicate>

make boyer moore searcher (RandomAccessIterator pat first) RandomAccessIterator pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate());

Eﬂ%cm: Equﬁ&ﬂentﬁ)return boyer moore searcher<RandémAccessIterator, Hash, BinaryPredicate>(
pat first, pat last, hf, pred);

tgmplate<class RandomAccessIteratorl,

class Hash = hash<typename it&F¥ator traits<RandomAccessIteratorl>::value type>,

class BinaryPredicate = gqual_ to<>>

cllass boyer moore horspool searcher {

pyblic:

boyer moore horspool searcher (RandomAccessIteratorl pat first, RandomAccessIteratorl pat last,

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

template<class RandemAccessIterator2>
pair<RandomAceesslterator?2, RandomAccessIterator2>
operator()-(RandomAccessIterator?2 first, RandomAccessIterator2 last) const;

pfivate:

RandomAccessIteratorl pat first ; // exposition only

— i is the first iterator in the range [first, last - (pat_last - pat_ first_)) such that for every non

tion|

[func.searchers.boyer_moore_horspool]

RandomAccessIteratorl pat last ; // exposition only
Hash hash - exp Ltion ol
BinaryPredicate pred ; // exposition only

}i
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1 boyer moore horspool searcher (
RandomAccessIteratorl pat first, RandomAccessIteratorl pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate());

2 Requires: The value type of RandomaccessTteratorl shall meet the DefaultConstructible, CopyConstructible,

and copyAssignable requirements.

3 Requires: For any two values a and B of the type iterator traits<RandomAccessIteratorl>::value type, if
pred(A,B)==true, then hf (a)==hf (8) shall be true.

Effects: Constructs a boyer moore horspool searcher object, initializing pat first Wwith pat first, pdt, ldst
with pat_last, hash_with hf, and pred  with pred.

5 [Throws: Any exception thrown by the copy constructor of RandomAccessIteratorl, or by the defaulb constructgr,
copy constructor, or the copy assignment operator of the value type of RandomAccessTteratorlfonthe copy
constructor or operator () of BinaryPredicate Or Hash. May throw bad_alloc if additional-memory needed for
internal data structures cannot be allocated..

6 tempglate<class RandomAccessIterator2>
pair<RandomAccessIterator?2, RandomAccessIterator2>
operator () (RandomAccessIterator?2 first, RandomAccessIterator2 Aasf) const;

Requires: RandomAccessIteratorl and RandomAccessIterator2 shall have the same value type.
Effects: Finds a subsequence of equal values in a sequence.

9 [Returns: A pair of iterators i and 3 such that
— i is the first iterator in the range [first, last - (pas/last - pat first )) such that for every nont

negative integer n less than pat _last - pat_fildst the following condition holds:
pred(* (i + n), *(pat first + n)) != false, and
— J == next (i, distance(pat first , pdti last )).

Returnsmake_pair(first,first)if[pat_first_,pat_last_)isenqﬁy,OtherwdsereHHﬂSIHake_pair(last,la t)
if no such iterator is found.

10 [Complexity: At most (last - first) *((pat last - pat first ) applications of the predicate.

4.3.3.1 boyer_moore_horspool_searcher creation functions [func.searchers.boyer_moore_horspool.creation]|

1 temglate<class RandomAccessiltgrator,
class Hash = hash<typename iterator_ traits<RandomAccessIterator>::value_ type>,
class BinafyPredicate = equal_ to<>>

oyer moore_horspedl~searcher<RandomAccessIterator, Hash, BinaryPredicate>

make boyer moopesherspool searcher (

RandomAcce€ssditerator pat first, RandomAccessIterator pat last,

Hash hfg¢="Hash (), BinaryPredicate pred = BinaryPredicate());

2 |Effects: Equivalent to
returfyboyer moore horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>(

pat first, pat last, hf, pred);
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4.4 Function template not_fn [func.not_fn]

1 template <class F> unspecified not fn(F&& f);
2 In the text that follows:

— FD is the type decay t<F>,
— fdis an lvalue of type Fp constructed from std: : forward<fF> (f),
— fn is a forwarding call wrapper created as a result of not fn (f),

3 [Requires: is constructible<FD, F>::value shall be true. £d shall be a callable object (C++14 §20.9.1).

Returns: A forwarding call wrapper £n such that the expression fn (a1, a2, ..., aN) is equivalent to
| INVOKE (fd, al, a2, ..., aN) (C++14 §20.9.2).

Throws: Nothing unless the construction of £d throws an exception.

Remarks: The return type shall satisfy the requirements of MoveConstructible. If Fp satisfi€s the requirements pf
CopyConstructible, then the return type shall satisfy the requirements of copyconstructible. [ Note: This implies
that ¥p is MoveConstructible. — end note |

[ Note: Function template not_f£n can usually provide a better solution than using the negators not1 and not2
— end note |
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5 Optional objects

5.1 In general

[optional]

[optional.general]

This subclause describes class template optional that represents optional objects. An optional object for object types is

an o
cont
obje

5.2

ng

pject that contains the storage for another object and manages the lifetime of this contained object, if any. The

bt has been destroyed. The initialization state of the contained object is tracked by the optional object.

mespace std {
namespace experimental {

inline namespace fundamentals v2 {

// 5.3, optional for object types
template <class T> class optional;

// 5.4, In-place construction
struct in place t{};
constexpr in place t in place{};

// 5.5, No-value state indicator
struct nullopt t{see below};
constexpr nullopt t nullopt (unspecified);

// 5.6, Class bad optional access

class bad optional access;

// 5.7, Relational operators
template <class T>

constexpr bool operateor==(const optional<T>&, const optional<T>&);
template <class T>

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

constexpr bdody‘operator<(const optional<T>&, const optional<T>&);
template <gdlass T>

constexprs bool operator>(const optional<T>&, const optional<T>&);
template)<class T>

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

template <class T>

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

hined object may be initialized after the optional object has been initialized, and may be destroyed before thelepti

bnal

Header <experimental/optional> Synopsis [eptional.synop]

34

// 5.8, Comparison with nullopt
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;
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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, Comparison with T

’

template <class T> constexpr bool operator==(const optional<T>&, const Té&

’

template <class T> constexpr bool operator==(const T&, const optional<T>&

’

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

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

template <class T> constexpr bool operator<(const T&, const optional<T>&)s

’

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

template <class T> constexpr bool operator<=(const T&, const optional<Ts4) ;
template <class T> constexpr bool operator>(const optional<T>&, const 'T&);
template <class T> constexpr bool operator>(const T&, const optional<T>&) ;

’

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

’

template <class T> constexpr bool operator>=(const T&, const eoptional<T>&

// 5.10, Specialized algorithms
template <class T> void swap (optional<T>&, optional<T>&) noexcept (see below);
template <class T> constexpr optional<see below> make optional (T&&);

} // namespace fundamentals v2
} // namespace experimental

// 5.11, Hash support
template <class T> struct hash;
template <class T> struct hash<experimental::optional<T>>;

—

// namespace std

I A prpgram that necessitates the instantiation of template optional for a reference type, or for possibly cv-qualified types
iniplacegﬁ,Ornulloptitisin—ﬁnined.

5.3 pptional for objecttypes [optional.object]

tdmplate <class\ T>
cllass opti©nal

pybliG:

using value type = T;

// 5.3.1, Constructors

constexpr optional () noexcept;

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

optional (optionalé&&) noexcept (see below) ;
constexpr optional (const T&);
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constexpr optional (T&&) ;

template <class...

template <class U,

constexpr explicit optional (in place t,

Args> constexpr explicit optional (in place t, Argsé&&...);

class... Args>

template <class U> constexpr optional (U&&) ;

template <class U> optional (const optional<U>&);

template <class U> optional (optional<U>&&);

initializer 1ist<U>, Argsé&&...);

// 5.3.5,
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr

constexpr

private:
T* valg
bi

Observers

// 5.3.2, Destructor

~optional () ;
// 5.3.3, Assignment
optional& operator=(nullopt t) noexcept;
optionalé& operator=(const optionals);
optionalé& operator=(optionalé&&) noexcept (see below) ;
template <class U> optionalé& operator=(U&&) ;
template <class U> optionalé& operator=(const optional<U>&);
template <class U> optionalé& operator=(optional<U>&&) ;
template <class... Args> void emplace (Argsé&é&...);
template <class U, class... Args>

void emplace (initializer 1ist<U>, Argsé&é&...);
// 5.3.4, Swap

void swap (optionalé&) noexcept (see below) ;

T const* operator ->() const;

T* operator ->();

T const& operator * () const &;

T& operator *() &;

T&& operator *() &&;

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

explicit operator bool () const noexcept;

T consté& value() censt &;

T& value() &;

T&& value () &&;

const T&& wyalue () const &&;

template <class U>(eefistexpr T value or (U&&) const &;
template <class (U>» ‘constexpr T value or (U&&) &&;

Y/ exposition only

I Anylinstance of optional<T> at any given time either contains a value or does not contain a value. When an instance fof

optilnad <T> contains a value, it means that an object of type T, referred to as the optional object's contained value, is

allocated within the storage of the optional object. Implementations are not permitted to use additional storage, such as
dynamic memory, to allocate its contained value. The contained value shall be allocated in a region of the optional<T>
storage suitably aligned for the type T. It is implementation-defined whether over-aligned types are supported (C++14
§3.11). When an object of type optional<T> is contextually converted to bool, the conversion returns true if the object
contains a value; otherwise the conversion returns false.

36
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Member va1 is provided for exposition only. When an optional<T> object contains a value, val points to the contained
value.

3 1 shall be an object type and shall satisfy the requirements of bestructible (Table 24).

5.3.1 Constructors [optional.object.ctor]

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

2 |Postconditions: *this does not contain a value.

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

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

Requires: is copy constructible v<T> 1S true.

6 |Effects: If rns contains a value, initializes the contained value as if direct-non-list-initializing an object of type 1
with the expression * rhs.

7 |Postconditions: bool (rhs) == bool (*this).

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

9 optijonal (optional<T>&& rhs) noexcept (see below);

10 Requires: is_move_constructible_v<T>iStrue.

I \Effects: If rhs contains a value, initializes the contained value as if direct-non-list-initializing an object of type 1
with the expression std: :move (*rhs). The value 0fbool (rhs) is unchanged.

12 \Postconditions: bool (rhs) == bool (*this).
13 |Throws: Any exception thrown by th€ selected constructor of T.

14 \Remarks: The expression inside-ndexcept is equivalent to:

is_nothrow move constfuctible v<T>

15 constexpr optional (cons&)Ts& v);

16 Requires: is_copy_constructible_v<T>iStrue.

17 |Effects: Initializes the contained value as if direct-non-list-initializing an object of type T with the expression v.
18 |\Postconditions: *this contains a value.

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

20 Remarks: If 's selected constructor is a constexpr constructor, this constructor shall be a constexpr constructor.
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21 constexpr optional (T&& v);

22

Requires: isimoveiconstructible7V<T>istrue.

23 Effects: Initializes the contained value as if direct-non-list-initializing an object of type T with the expression
std: :move (V).

24 Postconditions: *this contains a value.

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

26 |Remarks: 1If T's selected constructor is a constexpr constructor, this constructor shall be a constexpr constructdr.

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

28 |Requires: is_constructible v<T, Args&&...> IS true.

29 |Effects: Initializes the contained value as if direct-non-list-initializing an object of type.t with the arguments
std::forward<Args>(args)....

30 \Postconditions: *this contains a value.

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

32 |Remarks: 1If T's constructor selected for the initialization is a conste&pr constructor, this constructor shall be a
constexpr constructor.

33 temglate <class U, class... Args>

onstexpr explicit optional (in place t, initialize¥/1ist<U> il, Argsé&&... args);

34 Requhes: is_constructible v<T, initializer 1list<U>¢, Args&&...>istrue

35 |Effects: Initializes the contained value as if direct<non-list-initializing an object of type T with the arguments
il, std::forward<Args>(args)....

36 \Postconditions: *this contains a valué:

37 |\Throws: Any exception thrown by, the selected constructor of T.

38 |Remarks: The function shall not participate in overload resolution unless
is_constructible v<Ty~Nnitializer list<U>&, Argss&...> IS true. If T's constructor selected for the
initialization is a condtexpr constructor, this constructor shall be a constexpr constructor.

[ Note: The following'constructors are conditionally specified as explicit. This is typically implemented by declaring
two puch construéters, of which at most one participates in overload resolution. — end note ]
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39 template <class U>
constexpr optional (U&& V) ;

40

41

42

Effects: Initializes the contained value as if direct-non-list-initializing an object of type T with the expression
std::forward<U>(v).

Postconditions: *this contains a value.

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

43

44 temg

45

46

47

48

49 temg

50

51

52

53

5.3.2

1 ~opt

Remarks: If T's selected constructor is a constexpr constructor, this constructor shall be a constexpr constructa
This constructor shall not participate in overload resolution unless is _constructible v<T, Us&>is true)and
decay t<U> is not the same type as T. The constructor is explicit if and only if is convertible v<O&g; T>is

false.

late <class U>

ptional (const optional<U>& rhs);
Effects: If rns contains a value, initializes the contained value as if direct-non-list-initializing an object of type 1
with the expression *rhs.

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

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

Remarks: This constructor shall not participate in overload resolution“unless is _constructible v<T, const U
true, is_same<decay t<U>, T> 1S false, is_constructible v<XT, const optional<U>&> 1S false and
is_convertible v<const optional<U>&, T>iS false. Theconstructor is explicit if and only if

is convertible v<const Us, T> 1S false.

late <class U>

ptional (optional<U>&& rhs);

Effects: If rhs contains a value, initializes thé.contained value as if direct-non-list-initializing an object of type 1
with the expression std: :move (*rhs). booli(rhs) is unchanged.

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

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

Remarks: This construgtor shall not participate in overload resolution unless is_constructible v<T, Us&> IS
is_same<decay t<Ux{~T>iS false, is_constructible v<T, optional<U>&&> 1S false and

is_convertible v¥<Bptional<U>&&, T>1is false and U is not the same type as T. The constructor is explicit if]
(Hﬂyifisiconvertible7v<U&&, T> iS false

ional () ;

k> 1S

rue,

and

Destructor [optional.object.dtor]

2

3

©

EffectsT 1f Ts trivially destructible v<T> = true aNd *this COMAIS a Value, calls val-—>T:~T ()~

Remarks: If is_trivially destructible v<T> == true then this destructor shall be a trivial destructor.
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5.3.3 Assignment [optional.object.assign]

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

2 Effects: If *this contains a value, calls vai->T::~T () to destroy the contained value; otherwise no effect.

3 Returns: *this.

4

D I 1 . 1
L OSLCONALLLOTNS. this JoOCS 10U CUIILAIIT a Vdluc.,

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

Requires: is copy constructible v<T>1is true and is_copy assignable v<T> iS true.

7 |Effects:
Table 5 — optional::operator=(const optionals) effects
*this contains a value *this does not contain a value
rhs contains a | assigns *rhs to the contained initializes the contained valu¢ as if direct-non-list-
value value initializing an object of typ€ r with *rhs

rhs does not | destroys the contained value by

. . no effect
contain a value |calling val->T::~T ()

8 |Returns: *this.
9 |Postconditions: bool (rhs) == bool (*this).

10 |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..lf’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 assignmen.

Il optijonal<T>& operator=(optional<T>&& rhs) noexcept (see below) ;

Requires: is_move constructible v<T> is tete and is move assignable v<T> is true.

13 |Effects: The result of the expression pood (rhs) remains unchanged.
Table 6=— optional::operator=(optionalé&s&) effects

*this contains a value *this does not contain a value
rhs contains a |assigns stfd::move (*rhs) to the |initializes the contained value as if direct-non-list-initializing
value contained/value an object of type T with std: :move (*rhs)

rhs does not | destroys the contained value by

. : no effect
contain a value [calling va1->T::~7()

14 (Returns: *this)
15 \Postconditions: bool (rhs) == bool (*this).

16 |Remarks: The expression inside noexcept is equivalent to:

Y nothrow m ionabl T> & io nothrow m netructibl T
=

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 move constructor, the state of *rhs.val is determined by the exception safety guarantee of 1's
move constructor. If an exception is thrown during the call to T's move assignment, the state of *va1 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

19

Requires: is_constructible v<T, U> is true and is_assignable v<Tg&, U> is true.

Effects: If this contains a value, assigns std: : forward<U> (v) to the contained value; otherwise initializes the
contained value as if direct-non-list-initializing object of type T with std: : forward<u> (v).

20 Returns: *this.

21 \Postconditions: *this contains a value.

22 |\Remarks: If any exception is thrown, the result of the expression bool (*this) remains unchanged. If ane€xception
is thrown during the call to T's constructor, the state of v is determined by the exception safety guarantée of T's
constructor. If an exception is thrown during the call to T's assignment, the state of *va1 and v is détermined by the
exception safety guarantee of T's assignment.

The function shall not participate in overload resolution unless decay t<U> is not nullopts ‘¥and decay t<u> is pot
a specialization of optional.
23 template <class U> optional<T>& operator=(const optional<U>& rhs);
24 Requires: is_constructible v<T, const Us&> is true and is_assignable v<T&, const U&> is true.
25 |Effects:
Table 7 — optional: :operator=(const Sptional<U>s) effects
*this contains a value *this does not contain a value
rhs contains a | assigns *rhs to the contained initializes the contained value as if direct-non-list-
value value initializing an object of type T with *rhs
rhs does not | destroys the contained value by O effect
contain a value |calling val->T::~T ()

26 \Returns: *this.

27 |Postconditions: bool (rhs) == bool (*thib).

28 |Remarks: If any exception is thrownjthe result of the expression bool (*this) remains unchanged. If an exception
is thrown during the call to T's constructor, the state of *rhs.val is determined by the exception safety guaranted of
's constructor. If an exceptiop-isithrown during the call to T's assignment, the state of *va1 and *rhs.val is
determined by the exceptionf safety guarantee of T's assignment. The function shall not participate in overload
resolution unless is_san@\v<decay t<U>, T>iS false.
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29 template <class U> optional<T>& operator=(optional<U>&& rhs);

30

31

32

33

34

35 tempy
36

37

38

39

40

41 temg
42

43

44

45

Requires: is_constructible v<T, U> is true and is_assignable v<Tg&, U> is true.

Effects: The result of the expression bool (rhs) remains unchanged.
Table 8 — optional::operator=(optional<U>&&) effects

*this contains a value *this does not contain a value

rhs contains a |assigns std: :move (*rhs) to the |initializes the contained value as if direct-non-list-initializing

value comntaimed vatue A object of type T With 5Ta: Tmove (FEThs)

rhs does not | destroys the contained value by

. . no effect
contain a value |calling val->T::~T ()

Returns.: *this.
Postconditions.: bool (rhs) == bool (*this).

Remarks: 1f any exception is thrown, the result of the expression bool (*this) remains unchanged. If an excepti
is thrown during the call to T's constructor, the state of *rhs.val is determined by the exéeption safety guaranted
T's constructor. If an exception is thrown during the call to T's assignment, the state’ef#val and *rhs.val is
determined by the exception safety guarantee of T's assignment. The function shallnot participate in overload
resolution unless is_same v<decay t<U>, T> is false.

late <class... Args> void emplace (Argsé&&... args);

Requires: is_constructible v<T, Args&&...> is true.

type T with the arguments std: : forward<Args> (args) ...f
Postconditions: *this contains a value.
Throws: Any exception thrown by the selected-constructor of T.

Remarks: 1f an exception is thrown during'the call to T's constructor, *this does not contain a value, and the
previous *val (if any) has been destroyed:

late <class U, class... Ards3‘void emplace(initializer 1list<U> il, Argsé&&... args);

type T with the arguments\i4, std::forward<Args>(args)....
Postconditions: *th4s contains a value.
Throws: Any‘exception thrown by the selected constructor of T.

Remarks~Jf an exception is thrown during the call to T's constructor, *this does not contain a value, and the
previous +val (if any) has been destroyed.

Effects: Calls *this = nullopt. Then initializes the contained-wvalue as if direct-non-list-initializing an object of

Effects: Calls *this = nulTopt. Then initializes the contained value as if direct-non-list-initializing an object of

of

The) function shall not participate in overload resolution unless

42

is_constructible v<T, initializer 1ist<U>&, Argsé&é&...>1S true.
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5.3.4 Swap [optional.object.swap]

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

2 Requires: Lvalues of type T shall be swappable and is_move constructible v<T> iS true.

3 Effects:
Table 9 — optional::swap (optionals) effects
*this contains a value *this does not contain a value
initializes the contained value of *this as if\direct-
rhs non-list-initializing an object of type T with/the
contains | calls swap (* (*this), *rhs) expression std: :move (*rhs), followed, by
a value rhs.val->T::~T(); postconditiorvisthat *this
contains a value and rhs does not'contain a valug
N initializes the contained value of rhs as if direct-
s non-list-initializing an object of type T with the
does not . .
. |expression std: :move (* (*this) ), followed by no effect
contain N
val->T::~T(); postcondition is that xthis does not
a value . .
contain a value and rhs contains a value

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

5 |Remarks: The expression inside noexcept is equivalent to:
is_nothrow_move constructible v<T> && noexcept (swap(declval<T&>(), declval<T&>()))

If any exception is thrown, the results of the expressions booi{«this) and bool (rhs) remain unchanged. If an
exception is thrown during the call to function swap the stat€of *vai and *rhs.val is determined by the excepti¢pn
safety guarantee of swap for lvalues of 1. If an exceptionis thrown during the call to T's move constructor, the st3te
of #val and *rhs.val is determined by the exception-Safety guarantee of T's move constructor.

5.3.§ Observers [optional.object.obsé¢rve]

1 congtexpr T const* operator->() consk;
congltexpr T* operator->();

2 |Requires: *this contains a value
3 Returns: val.
4 |Throws: Nothing.

5 |Remarks: Unless. 7 is a user-defined type with overloaded unary operators, these functions shall be constexpr

functions.
6 congtexpr.I\const& operator* () const &;
congltexpr (T& operator* () &;

7 |Requires: *this contains a value.

8 Returns: *val.
9 Throws: Nothing.

10 Remarks: These functions shall be constexpr functions.
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cons
cons

12

13

cons

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

Requires: *this contains a value.

Effects: Equivalent to return std: :move (*val) ;

texpr explicit operator bool() const noexcept;

15

16

consg
consg

18

congy
congy

20

temy
22

23

temg
25

26

54

stry
cons

The

over
pack
forw

5.5

stry

Keturns. true 1f and only 1T *this contains a value.

Remarks: This function shall be a constexpr function.

texpr T const& value() const &;
texpr T& value() &;

<Eﬁ%cm: Equh&ﬂentU)return bool (*this) ? *val : throw bad optional access();

texpr T&& value () &&;
texpr const T&& value () const &&;
‘Eﬁécm: Equh&ﬂentk)return bool (*this) ? std::move(*val) : throw bad optional access();

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

<Eﬁ%CMS Equh&ﬂentu)return bool (*this) ? **this : static casB<T>(std::forward<U>(v));

Remarks: If is_copy constructible v<T> && is convertible v<Uss&, T> iS false, the program is ill-forme

late <class U> constexpr T value or (U&& v) &&;

Effects: Equivalent to return bool (*this) ? std::ove (**this) : static_cast<T>(std::forward<U>(v))
Remarks: 1f is move constructible v<T> && <" convertible v<U&&, T>is false, the program is ill-forme
[n-place construction [optional.inpl

ct in _place t{};
texpr in place t in place{ J¥

Struct in_place t is an empty structure type used as a unique type to disambiguate constructor and function
oading. Specifically, ¢ptional<T> has a constructor with in_place t as the first parameter followed by a param

L this indicates that¢z.should be constructed in-place (as if by a call to a placement new expression) with the
arded pack expansion as arguments for the initialization of T.

No-value state indicator [optional.null

ct.nullopt t{see below};

cong

1.

nce|

eter

ppt]

texpr nullopt t nullopt (unspecified);

The struct nullopt t is an empty structure type used as a unique type to indicate the state of not containing a value for
optional objects. In particular, optional<T> has a constructor with nullopt t as a single argument; this indicates that an
optional object not containing a value shall be constructed.

Type nullopt t shall not have a default constructor. It shall be a literal type. Constant nullopt shall be initialized with
an argument of literal type.

44
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5.6 Class bad_optional_ access [optional.bad_optional access]
class bad optional access : public logic error f{
public:

bad optional access();

}i

I The class nad optional access defines the type of nhjm“rq thrown as m(r‘epﬁnnq to report the sitnation where an atte mpt

is made to access the value of an optional object that does not contain a value.

2 bad Joptional access();

Effects: Constructs an object of class bad optional access.

4 |Postconditions: what () returns an implementation-defined NTBS.
5.7 Relational operators [optional.relpps]

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

2 |Requires: T shall meet the requirements of EqualityComparable.

3 |Returns: If bool (x) !'= bool(y), false; otherwise if bool (x) == false{ ttrue; otherwise *x == *y.

4 |Remarks: Specializations of this function template for which *x =="xy is a core constant expression, shall be

constexpr functions.

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

Returns.: ! (x == vy).

7 tempglate <class T> constexpr bool operator<(censt optional<T>& x, const optional<T>& y);
Requires: *x < +y shall be well-formed and its result shall be convertible to boo1l.

Returns: 1If 1y, false; otherwise, if |4, true; otherwise *x < *y.

Remarks: Specializations of this fnction template for which *x < *y is a core constant expression, shall be
constexpr functions.

11 template <class T> constexpr bool operator>(const optional<T>& x, const optional<T>s& vy);

12 \Returns: v < x.

13 temglate <class- I» constexpr bool operator<=(const optional<T>& x, const optional<T>& y);

14 Returns "\)\w < x).

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

16

Retrns: T (x < y).

5.8 Comparison with nullopt [optional.nullops]
1 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
template <class T> constexpr

4 Returns: bool (x).

template <class T> constexpr

6 Returns: false.

bool
bool

bool

operator!=(const optional<T>& x, nullopt t) noexcept;
operator!=(nullopt t, const optional<T>& x) noexcept;

operator<(const optional<T>& x, nullopt t) noexcept;

tempglate <class T> constexpr

8 |Returns: bool (x).

temglate <class T> constexpr

10 \Returns: 1 x.

temglate <class T> constexpr

Returns. true.

temglate <class T> constexpr

14 \Returns: bool (x).

temglate <class T> constexpr

16 (Returns: false.

temglate <class T> constexpr

18 |\Returns: true.

temglate <class T> constexpr

20 |Returns: 'x.

bool

bool

bool

bool

bool

bool

bool

operator<(nullopt t, const optional<T>& x) noexcept;

operator<=(const optional<T>& x, nullopt t) noexcept;

operator<=(nullopt t, const optional<T>& x) nroeXcept;

operator>(const optional<T>& x, nulleopt/ t) noexcept;

operator>(nullopt t, const ©Optional<T>& x) noexcept;

operator>=(const optipnal<T>& x, nullopt t) noexcept;

operator>=(nullopt t, const optional<T>& x) noexcept;

5.9 Comparison with T [optional.comp_wit
temglate <class T> constexpr poel operator==(const optional<T>& x, const T& Vv);
2 |Returns: bool (x) ? *x_==“v : false.
temglate <class T> constexpr bool operator==(const T& v, const optional<T>& x);
4 |Returns: boolA)/? v == *x false.
temglate <class T> constexpr bool operator!=(const optional<T>& x, const T& v);
6 Returiis="bool (x) ? !(*x == v) : true.
temptate—<ct= F—comrstexpr—boot—operatort—tconrst—f&—v—corstortioma <t
8 Returns: bool(x) ? ! (v == *x) true

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

10 Returns: bool(x) 2 *x < v :

46

true.
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template <class T> constexpr bool operator<(const T& v, const optional<T>& x);

12

temp
14

temp

Returns: bvool(x) ? v < *x : false.

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

Returns: ' (x > v).

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

16

temg
18

temg
20

temg
22

temg
24

5.1(

temg

temy

5.1%

temg

Returns: ! (v > x).

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

Returns.: bool(x) ? v < *x : false

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

Returns.: bool (x) ? *x < v : true.

late <class T> constexpr bool operator>=(const optional<T>& x, consg~T& Vv);

Returns: ' (x < v).

late <class T> constexpr bool operator>=(const T& v, const Optional<T>& x);

Returns: | (v < x).

Specialized algorithms [optional.specalg]

late <class T> void swap (optional<T>& x, optignal<T>& y) noexcept (noexcept (x.swap(y)));

Eﬁ"ects: Calls x.swap (y).

late <class T> constexpr optional<degay t<T>> make optional (T&& v);

Returns: optional<decay t<T>>(std:swforward<T>(v)).

Hash support [optional.hash]

late <class T> struct=~hash<experimental::optional<T>>;

Requires: The templat€specialization hash<T> shall meet the requirements of class template hash (C++14
§20.9.12). The template specialization hash<optional<T>> shall meet the requirements of class template hash. H
an object o of type‘optional<T>, if bool (0) == true, hash<optional<T>>() (o) shall evaluate to the same valu
hash<T> () (Xp); otherwise it evaluates to an unspecified value.

or
€ as

©

ISO/IEC 2017 — All rights reserved 47


https://standardsiso.com/api/?name=282670996166855c4acb1b1a3e67f8c5

ISO/IEC TS 19568:2017 (E)

6 Class any

[any]

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

[ Note: The discriminated type may contain values of different types but does not attempt conversion between them, i.e. 5
is held strictly as an int and is not implicitly convertible either to "5 or to 5. 0. This indifference to interpretation but

awatleness of type effectively allows safe, generic containers of single values, with no scope for surprises from ambighous

conv

6.1

ng
ng

in

ersions. — end note |

Header <experimental/any> synopsis

mespace std {
mespace experimental {

line namespace fundamentals v2 {

class bad any cast : public bad cast
{
public:

virtual const char* what () const noexcept;
}i

class any
{
public:
// 6.3.1, any construct/destruct
any () noexcept;

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

template <class ValueType>
any (ValueType&& value) ;

~any () ;
// 6.3.2, any askdgnments
any& operator=fconst any& rhs);

any& operatoxs'(any&& rhs) noexcept;

template)<class ValueType>
anys operator=(ValueType&& rhs);

7) 6.3.3, any modifiers

[any.synop]

48

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-member functions

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

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

Av2N] L2} £ s

— e e

6.2

Objd

6.3

And
refer
if thd

The
Impl|
the d
type
6.3.1

any (

2

any

g g 7

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

template<class ValueType>

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

ValueType* any cast (any* operand) noexcept;

// namespace fundamentals v2
// namespace experimental

// namespace std
Class bad_any_cast [any.bad_any d

cts of type bad_any cast are thrown by a failed any cast.

bject of class any stores an instance of any type thatsatisfies the constructor requirements or is empty, and this ig
red to as the state of the class any object. The stored instance is called the contained object. Two states are equiv
y are either both empty or if both are not empty and if the contained objects are equivalent.

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

ementations should avoid the use of dynamically allocated memory for a small contained object. [ Example: whe
bject constructed is holding only an int. — end example ] Such small-object optimization shall only be applied tg
T for which is_nothrow_movg censtructible v<T> is true.

any construct/destruct [any.¢

) noexcept;

Postconditionss, this->empty ().

const_aniy& other);

Effects: Constructs an object of type any with an equivalent state as other.

ast]

Class any [any.class]

hlent

re

ons|

5

any (

7

8

©

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

any&& other) noexcept;

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

Postconditions: other is left in a valid but otherwise unspecified state.
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9 temp

late<class ValueType>

any (ValueType&& value) ;

10

11

2

Let T be equal to decay t<valueType>.
Requires: T shall satisfy the copyConstructible requirements, except for the requirements for MoveConstructible.

If is _copy constructible v<T> is false, the program is ill-formed.

Effects: 1f is constructible v<T, ValueTypess> iS true, constructs an object of type any that contains an object
nffvpp T direct-initialized with std:: forwardavalueTune~ (value) Qtherwise constructs an nhjr—mt nf‘rvpp any that

13

14

15 ~any]

6.3.2

1 any{

5 any{

9 temg

10

11

12

contains an object of type T direct-initialized with value.

Remarks: This constructor shall not participate in overload resolution if decay t<valueType> is the same type ds

any.

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

()
Eﬁ%cm: clear ().

any assignments [any.asgign]

operator=(const anyé& rhs);

Effects: any (rhs) .swap (*this). No effects if an exception is thrown.
Returns.: *this.

Throws: Any exceptions arising from the copy constructer’of the contained object.

operator=(any&& rhs) noexcept;

Eﬁécm: any (std::move (rhs)) .swap (*this),
Returns: *this.

Postconditions: The state of *this is €quivalent to the original state of rhs and rhs is left in a valid but otherwige
unspecified state.

late<class ValueType>
ny& operator=(Valuelype&& rhs);

Let T be equal to decav/t<valueType>.
Requires: T shall satisfy the copyConstructible requirements. If is_copy constructible v<T> is false, the
program is ill-formed.

Effects:—Constructs an object tmp of type any that contains an object of type T direct-initialized with
stdgy:forward<valueType> (rhs), and tmp.swap (*this). No effects if an exception is thrown.

13

Reoturns: *+ni

—_
S

—
wn
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Remarks: This operator shall not participate in overload resolution if decay t<valueType> is the same type as any.

Throws: Any exception thrown by the selected constructor of T.
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6.3.3 any modifiers [any.modifiers]
void clear () noexcept;

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

3 Postconditions: empty() == true.
void swap (anyé& rhs) noexcept;

5 |Effects: Exchange the states of *this and rhs.
6.3.4 any observers fany.obseryers]
booll empty () const noexcept;

2 |Returns: true if *this has no contained object, otherwise false.
congt type info& type() const noexcept;

4 |Returns: If *this has a contained object of type T, typeid (T); otherwise typeid(void).

5 [[ Note: Useful for querying against types known either at compile time or enly at runtime. — end note |
6.4 Non-member functions [any.nonmembiers]
void swap (any& x, any& y) noexcept;

2 Eﬁ"ects: X.swap (y).
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3 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<ValueType> i$ true or is_copy constructible v<ValueType> is true. Otherwise the

program is ill-formed.

any cast<const char*&>(x) = "Harry";

x = string("Meow") ;

string s, s2("Jane");

s = move (any cast<string&>(x));
assert (s == "Meow");

any cast<stringé&>(x) = move (s2)V

assert (any cast<const stringé&x(x) ==
string cat ("Meow") ;
const any y(cat);

assert (any cast<cofist+¢string&>(y) ==

any cast<string®>(y);

— end exgmple ]

assert (strcmp (any cast<const char*>(x

assert (strcmp (any cast<const char*>(x

Returns: For the first form, *any cast<add const t<remove reference t<ValueType>>>(soperand). For'the
second form, *any cast<remove reference t<ValueType>>(&operand). For the third form, if
isimoveiconstructibleiv<ValueType>istrueandisgivalueireference7v<ValueType>iSfalsa
std::move(*any_cast<remove_reference_t<ValueType>>(&operand)),Otherste,

*any cast<remove reference_ t<ValueType>>(&operand).

Throws: bad_any_castifoperand.type() != typeid(remove reference t<ValueType>)~
[ Example:
any x(5); // x holds int
assert (any cast<int>(x) == 5); // cast to value
any cast<inté&>(x) = 10; // cast to reference
assert (any cast<int>(x) == 10);
x = "Meow"; // x hold§)cénst char*

), "Meow") == Q)

), "Harry!)== 0);

"Jane")

cat);

// x holds string

// move from any

// move to any

’

// const y holds string

// error; cannot

// any cast away const

52
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7 template<class ValueType>
const ValueType* any cast(const any* operand) noexcept;
template<class ValueType>
ValueType* any cast (any* operand) noexcept;

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

[ Example:

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

}

— end example |
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7 string view

[string.view]

The class template basic_string view describes an object that can refer to a constant contiguous sequence of char-like
(C++14 §21.1) objects with the first element of the sequence at position zero. In the rest of this section, the type of the

char-like objects held in a basic_string view object is designated by charT.

[ No
std:
temy]
cony

The

7.1

ng

:basic_string view<charT,

mespace std {

Header <experimental/ string view> synopsis

namespace experimental ({

inline namespace fundamentals v2 {

// 7.2, Class template basic string view

template<class

charT, class traits =

class basic_string view;

char traits<charT>%

// 7.9, basic string view non-member comparison_ functions

template<class

constexpr bool

template<class

constexpr bool

template<class

constexpr bool

template<class

constexpr bool

template<class

constexpr book

template<crass

constexpr bool

//\see below,

charT, class traits>

operator==(basic_string viewdcharT, traits>
basic_string vieWy<charT, traits>

charT, class traits>

operator!=(basic_ strihg/view<charT, traits>
basic_st¥ing view<charT, traits>

charT, class tralts>

operator< (basiC string view<charT, traits>

basic_string view<charT,

charT, cdlass traits>

operater®> (basic string view<charT, traits>
basic string view<charT, traits>

¢GhatT, class traits>

operator<=(basic_ string view<charT, traits>

basic_string view<charT,

charT, class traits>
operator>=(basic_string view<charT,

basic string view<charT,

traits>

traits>

Xy

Y)

Xy

Y)

Xy

traits>

Xy

Y)

Xy

traits>

Xy

Y)

e. The library provides implicit conversions from const charT* and std::basic_string<charT,
...> so that user code can accept just std: :basic_string view<charT> as anon-
lated parameter wherever a sequence of characters is expected. User-defined types should define their owiimplipit
ersions to std: :basic_string view in order to interoperate with these functions. — end note |

complexity of basic_string view member functions is O(1) unless otherwise specified.

noexcept;

noexcept;

y) noexcept;

noexcept;

y) noexcept;

noexcept;

sufficient additional overloads of comparison functions

...>to

[string.view.synop]

54

// 7.10,

template<class

basic ostream<charT,

operator<<(basic ostream<charT,

Inserters and extractors

charT, class traits>
traits>&
traits>& os,

basic _string view<charT,

// basic_string view typedef names

traits> str);
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using string view = basic string view<char>;
using uléstring view = basic string view<charl6 t>;
using u32string view = basic string view<char32 t>;

using wstring view = basic string view<wchar t>;

} // namespace fundamentals v2
} // namespace experimental

// 7.11, Hash support

template <class T> struct hash;

template <> struct hash<experimental::string view>;
template <> struct hash<experimental::ul6string view>;
template <> struct hash<experimental::u32string view>;

template <> struct hash<experimental::wstring view>;

—

// namespace std

The function templates defined in C++14 §20.2.2 and C++14 §24.7 are available when <&£perimental/string viewp is
inclyded.

7.2 Class template basic_string view [string.view.template]

tgmplate<class charT, class traits = char traits<charT>>

cllass basic_string view {

public:

// types

using traits_type = traits;
using value type = charT;

using pointer = charT¥*;

using const pointer = const charT*;

using reference = charTé&;
using const reference = const charlé;
using const iterator = implementation-defined; // See 7.4

using iterator = constiiterator;1
using const reverse iteratoh =
reverse iterator<cohst”iterator>;
using reverse iteratg®\= const reverse iterator;
using size type = 6&#ze t;
using differenceéstype = ptrdiff t;

static constexpry size type npos = size type(-1);

// 7.3, %asic string view constructors and assignment operators
constexpr basic string view() noexcept;

conStexpr basic string view(const basic string view&) noexcept = default;

baSic string view& operator=(const basic string view&) noexcept = default;

template<class Allocator>
basic _string view(const basic string<charT, traits, Allocator>& str) noexcept;
constexpr basic string view(const charT* str);

constexpr basic string view(const charT* str, size type len);

// 7.4, basic string view iterator support

1. Because basic_string view refers to a constant sequence, iterator and const_iterator are the same type.
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constexpr const iterator begin() const noexcept;
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;

s e s () s Fan
Isacys

// 7.5, basic string view capacity

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

// 7.6, basic string view element access

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

constexpr const reference back() const;

constexpr const pointer data() const noexcept;

// 7.7, basic string view modifiers
constexpr void remove prefix(size type n);
constexpr void remove suffix(size type n);

constexpr void swap(basic string view& s) noexcepts

// 7.8, basic string view string operations
template<class Allocator>
explicit operator basic string<charT, tgaits, Allocator>() const;
template<class Allocator = allocatoxgcharT> >
basic string<charT, traits, Allocator> to string(
const Allocator& a = Allocatok()) const;

size type copy(charT* s, gsdize type n, size type pos = 0) const;

constexpr basic_stripg, view substr(size_type pos = 0, size type n = npos) const;
constexpr int compéare(basic string view s) const noexcept;
constexpr int cdmpgre (size type posl, size type nl, basic string view s) const;
constexpr int.'compare (size type posl, size type nl,

basic string view s, size type pos2, size type n2) const;
constexpf int compare(const charT* s) const;
consteXp® int compare (size type posl, size type nl, const charT* s) const;

conS§téxpr int compare (size type posl, size type nl,

const charT* s, size type n2) const;

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;

56 © ISO/IEC 2017 — Al rights reserved


https://standardsiso.com/api/?name=282670996166855c4acb1b1a3e67f8c5

ISO/IEC TS 19568:2017 (E)

constexpr size type rfind(const charT* s, size type pos = npos) const;

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;

s 3 s £iod 1 s £ s i DX s 3 s \ Fan
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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 noexept;
constexpr size type find first not of (charT c, size type pos = 0) const noexcept;

constexpr size type find first not of (const charT* s, size type pos, size type n) cOast;
constexpr size type find first not of (const charT* s, size type pos = 0) const;

constexpr size type find last not of(basic string view s, size type pos = npos)'‘¢dnst noexceptl;
constexpr size type find last not of(charT c, size type pos = npos) const neexXdept;
constexpr size type find last not_ of (const charT* s, size_type pos, size_type n) const;
constexpr size type find last not of (const charT* s, size type pos = nposy” const;

rivate:

const_pointer data ; // exposition only

size type size ; // exposition only

ery specialization basic string view<charT, traits>, the type‘traits shall satisfy the character traits

rements (C++14 §21.2), and the type traits::char type shallkname the same type as charT.
basic_string view constructors and assignment operators [string.view.cpns]
texpr basic string view() noexcept;

Effects: Constructs an empty basic stringshisw.

Postconditions: size == 0and data == nullptr.

late<class Allocator>
asic_string view(const basdie string<charT, traits, Allocator>& str) noexcept;
Effects: Constructs a basicé _dtring view, with the postconditions in Table 10.

Table10-——basicistringiview(const basic stringé) effects
Element Value

data str.data ()

size str.size()

©
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6 constexpr basic string view(const charT* str);

7 Requires: [str,str + traits::length(str))is a valid range.
8 Effects: Constructs a basic_string view, with the postconditions in Table 11.

Tﬁble1144*basic_string_view(const charT*) effects
Element Value

Udlid Lr

size traits::length(str)

Complexity: O(traits::length(str))

10 consgtexpr basic_string view(const charT* str, size type len);

I |Requires: [str, str + len)is a valid range.

12 |Effects: Constructs a basic_string view, with the postconditions in Table 12.

Table 12 — basic string view(const charT*, size typeyeffects

Element

Value

data

str

size

len

7.4 basic_string_view iterator support [string.view.iteratprs]
I using const iterator = implementation-defined;
2

(&*it) +N.

A constant random-access iterator type such that, for a ¢ofist_iterator it, if e* (it+N) is valid, then it is equal

For abasic_string view str, any operation thatiftvalidates a pointer in the range [str.data (),
str.data () +str.size () ) invalidates pointersiterators, and references returned from str's methods.

to

4 [All requirements on container iterators (C414 §23.2) apply to basic_string view::const iterator as well.
5 constexpr const iterator begin() const noexcept;
congltexpr const iterator cbegin ()\ const noexcept;
6 [Returns: An iterator such that s*begin () == data_if lempty (), or else an unspecified value such that [begin (},
end ()) is a valid range.
7 congtexpr const iteratef end() const noexcept;
consltexpr const itemwator cend() const noexcept;
8 |Returns: begif() + size().
9 congt reve¥se iterator rbegin() const noexcept;
congt _rgverse iterator crbegin() const noexcept;

10

Returns. const reverse iterator (end()).

const_reverse iterator rend()
const_reverse iterator crend()

const noexcept;
const noexcept;

12 Returns: const_reverse iterator(begin()).
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7.5 basic_string view capacity [string.view.capacity]

I constexpr size type size() const noexcept;

2 Returns: size .

3 constexpr size type length() const noexcept;
4 R
INCLUTTLS . L e_.
5 consgtexpr size type max size() const noexcept;

6 [Returns: The largest possible number of char-like objects that can be referred to by a basic_string. hew.

7 congtexpr bool empty() const noexcept;

8 |Returns: size ==

7.6 basic_string_view element access [string.view.acdess]
1 congtexpr const reference operator[] (size type pos) const;
2

Requires: pos < size().
3 |Returns: data_ [pos].
4 |Throws: Nothing.

[ Note: Unlike basic_string::operator[], basic striiy view::operator[] (size()) has undefined behavior
instead of returning charT (). — end note |

6 congtexpr const reference at(size type pos) conast;

7 |Throws: out_of range if pos >= size ().

8 (Returns: data [pos].

9 congtexpr const reference fronf{)s const;
10 |Requires: empty ()
W \Returns: data_[0].

12 |\ Throws: Nothing.

13 congtexpr cofist'reference back() const;

14 |Requires: empty ()

15 (Rethrns: data [size() - 1].

16 Throws: Nothing.
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17 cons

18

texpr const pointer data() const noexcept;

Returns: data_.

19 [ Note: Unlike basic_string::data () and string literals, data () may return a pointer to a buffer that is not null-
terminated. Therefore it is typically a mistake to pass data () to a routine that takes just a const charT* and expects

1.7

1 cong

4 cong

7 cong

7.8

1 temg
q

5 temp

a null-terminated string. — end note |

texpr void remove prefix(size type n);

Requires: n <= size().

Effects: Equivalent to data  += n; size -= n;
texpr void remove suffix(size type n);
Requires: n <= size().

Effects: Equivalent to size -= n;

texpr void swap(basic_string view& s) noexcept;

Effects: Exchanges the values of *tnis and s.

basic_string_view string operations [string.view.

late<class Allocator>
xplicit2 operator basic string<
charT, traits, Allocator>() const;

<Eﬁ%cm: Equh&ﬂentu)return basic string<charT, traits, Allocator>(begin(), end());
Complexity: O(size())
[ Note: Users who want to control the allocator instance should call to_string(allocator).— end note |

late<class Allocator = g@llecator<charT>>
asic_string<charT, traite, Allocator> to_string(
const Allocatoré& 'a = Allocator()) const;

Returns. basic_stZing<charT, traits, Allocator>(begin(), end(), a).

Complexity: Ofsize ()

basic_string view modiliers [string.view.modifiers]

bps]

2. This conversion is explicit to avoid accidental O(N) operations on type mismatches.

60
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8 size type copy(charT* s, size type n, size type pos = 0) const;
9 Let rlen be the smaller of n and size () - pos.

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

Requires: [s,s + rlen) is a valid range.

—_

2 Effects.‘ Equivalent t0 std::copy n(begin() + pos, rlen, s).

13 |Returns: rlen.

14 \Complexity: O(rlen)

15 congtexpr basic string view substr(size type pos = 0, size type n = npos) const;

16 (Throws: out _of range ifpos > size().

17 |Effects: Determines the effective length rien of the string to reference as the smaller of n and size () - pos.

18 Returns. basic_string view(data()+pos, rlen).
19 consgltexpr int compare(basic string view str) const noexcept;

20 |Effects: Determines the effective length rien of the strings to compare, as(the smaller of size () and str.size ().

The function then compares the two strings by calling traits: :compaté (data (), str.data(), rlen).

21 |Complexity: O(rilen)

22 |Returns: The nonzero result if the result of the comparisoncis nonzero. Otherwise, returns a value as indicated in
Table 13.
Table 13— compare () results
Condition Return Value
size ()¥< str.size() <0
size () == str.size() 0
dize () > str.size() >0

23 consltexpr int compare (size type'posl, size type nl, basic string view str) const;

24 |Effects: Equivalent to retuxn’ substr (posl, nl).compare (str);

25 congtexpr int comparge(size type posl, size type nl, basic string view str,
size type pos2, size type n2) const;

26 Effects.‘ Equivalent t0 return substr (posl, nl).compare (str.substr (pos2, n2));
27 consltexpr End compare (const charT* s) const;

28 |Effécts: Equivalent to return compare (basic_string view(s));

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

30 Effects.‘ Equivalent t0 return substr (posl, nl).compare (basic_string view(s));

31 constexpr int compare(size type posl, size type nl,
const charT* s, size type n2) const;

32 Eﬁ‘ects.‘ Equivalent t0o return substr (posl, nl).compare (basic string view(s, n2));
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7.8.1 Searching basic_string view [string.view.find]

This section specifies the basic_string view member functions named find, rfind, find first of, find last of,
find first not of, and find last not of.

Member functions in this section have complexity O(size () * str.size()) at worst, although implementations are
encouraged to do better.

3 Eachmember-fonctiomrofthefornr
cdnstexpr return-type fxI(const charT* s, size type pos);
is equivalent to return fxI(basic string view(s), pos);
4 EacH member function of the form
cqnstexpr return-type fx1(const charT* s, size type pos, size type n);
is equivalent to return fxI(basic_string view(s, n), pos);
5 EacH member function of the form
cdnstexpr return-type fx2(charT c, size type pos);

is equivalent to return fx2(basic string view(sc, 1), pos);

6 congtexpr 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 <= xpos

— Xpos + str.size() <= size()

— traits::eq(at(xpos+I), str.at(I)) for all elem&nts 1 of the string referenced by str.

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

9 congtexpr size type rfind(basic string view sty size type pos = npos) const noexcept;

10 |Effects: Determines the highest position xpos\if possible, such that the following conditions obtain:

— xpos <= pos
— Xpos + str.size() <= size\)
— traits::eq(at(xpos+I), &tr.at(I)) for all elements 1 of the string referenced by str.

W \Returns: xpos if the function€an-determine such a value for xpos. Otherwise, returns npos.

12 congtexpr size type find(flifst of(basic string view str, size type pos = 0) const noexcept;

13 |Effects: Determines the’lowest position xpos, if possible, such that the following conditions obtain:

— pos <£ xpos
— xXpos(Xrsize()
— sxdits::eq(at (xpos), str.at(I)) for some element 1 of the string referenced by str.

14 | Returiis= xpos if the function can determine such a value for xpos. Otherwise, returns npos.

15 consk : . £aod 1 . £ 0 : P : . : . —_ . .
r + ca et oo STe— Frirg—vTrew e + ca ca 7 ¥ r r yca=¥7

16 Effects: Determines the highest position xpos, if possible, such that the following conditions obtain:
— xpos <= pos
— xpos < size()
— traits::eq(at(xpos), str.at(T)) for some element 1 of the string referenced by str.

17 Returns: xpos if the function can determine such a value for xpos. Otherwise, returns npos.
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18 constexpr size type find first not of(basic string view str, size type pos = 0) const noexcept;

19

20

Effects: Determines the lowest position xpos, if possible, such that the following conditions obtain:
— pos <= xpos
— xpos < size()

— traits::eq(at(xpos), str.at(I)) forno element 1 of the string referenced by str.

Returns: xpos if the function can determine such a value for xpos. Otherwise, returns npos.

21 congtexpr size type find last not of (basic string view str, size type pos = npos) const noexcept;

22

23

7.9

I Let
addi
com

Effects: Determines the highest position xpos, if possible, such that the following conditions obtain:
— xpos <= pos
— xpos < size()

— traits::eq(at(xpos), str.at(I)) forno element 1 of the string referenced by st=,

Returns: xpos if the function can determine such a value for xpos. Otherwise, returns npds.
basic_string view non-member comparison functions [string.view.compari

be basic string view<charT, traits>, and sv be an instance of s. Implementations shall provide sufficient
ional overloads marked constexpr and noexcept so that an object + with an implicit conversion to s can be

bared according to Table 14.
Table 14 — Additional basic string viewdComparison overloads

Expression Equivalent to
t == sv S(t) == sv
sv == t sv == S(t)
t != sv S(t) != sv
sv !=t sv != S(t)
t < sv S(t) < sv
sv < t sv < S(t)
t > sv S(t) > sv
sv > t sv > S(t)
t <= §v S(t) <= sv
svIsNt sv <= S(t)
£t 3= sv S(t) >= sv
sv >= t sv >= S(t)

mple: A sample¢conforming implementation for operator== would be:

mplate<class T> using  identity = decay t<T>;
mplate<class charT, class traits>

nstexpr bool operator==

basic string view<charT, traits> lhs,

son|

}
te

co

©

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

return lhs.compare (rhs) == 0;

mplate<class charT, class traits>
nstexpr bool operator==(
basic string view<charT, traits> lhs,

__ldentity<basic_string view<charT, traits>> rhs) noexcept {
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}
te
co

return lhs.compare (rhs) == 0;

mplate<class charT, class traits>

nstexpr bool operator==

traits>> lhs,
basic string view<charT, traits> rhs)
== 0;

__identity<basic_string view<charT,
noexcept {

return lhs.compare (rhs)

— e
2 temg

3
4 temg
5
6 tempg
7
8 temy
9
10 temy
11
12 temg

13

7.1(

1 tempg

d example |
late<class charT, class traits>
constexpr bool operator==(basic_string view<charT,
basic_string view<charT,

Returns. lhs.compare (rhs)

late<class charT, class traits>
constexpr bool operator!=(basic_string view<charT,
basic_string view<charT,

Returns. lhs.compare (rhs) != 0.

late<class charT, class traits>
constexpr bool operator< (basic string view<charT,
basic_string view<charT,

Returns. lhs.compare (rhs) < 0.
class traits>

(basic_string view<chax®y
basic_string view<charT,

late<class charT,
constexpr bool operator>

Returns. lhs.compare (rhs) > 0.

late<class charT, class traits>
constexpr bool operator<=(basic_sthing view<charT,
basic sst¥ing view<charT,

Returns.: lhs.compare (rhs) <= 0.
late<class charT, class _traits>

constexpr bool operator>=(basic_string view<charT,
basic_string view<charT,

Returns. lhs.compabe<rhs) >= 0.

Inserters.and extractors

late<class charT, class traits>
bagi¢ ostream<charT, traits>&

operator<<(basic ostream<charT, traits>& os,

trajt

tr);

traits>
traits>

traits>
traits>

traits>
traitg>

traits>
traits>

traits>
traits>

traits>
traits>

lhs,
rhs)

lhs,
rhs)

1hg),
rhs)

lhs,
rhs)

lhs,
rhs)

lhs,
rhs)

noexcept;

noexceptsy

noexcept;

noexcept;

noexcept;

noexcept;

[string.view.io]

2

basic string view<charT

Effects: Equivalent to return os << str.to_string();
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7.11 Hash support [string.view.hash]

template <> struct hash<experimental::string view>;
template <> struct hash<experimental::ulé6string view>;
template <> struct 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 2017 — Al rights reserved 65


https://standardsiso.com/api/?name=282670996166855c4acb1b1a3e67f8c5

ISO/IEC TS 19568:2017 (E)

8 Memory

8.1 Header <experimental/memory> synopsis

#include <memory>

[memory]

[header.memory.synop|

ngmespace std {
namespace experimental {
inline namespace fundamentals v2 {
// See C++14 §20.7.7, uses_allocator

= uses _allocator<T, Alloc>::value;

// 8.2.1, Class template shared ptr
template<class T> class shared ptr;

// C++14 §20.8.2.2.6

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

// C++14 §20.8.2.2.7

template<class T, class U>

template<class T, class U>

template<class T, class U>

template<class T, class U>

template<class T, class U>

template<class T, class’ U>

template <class\I>

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

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

template<class T, class... Args> shared ptr<T> make shared (Argsé&s. ..

args) ;

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

bool operator!=(const shared ptr<T>& “a} const shared ptr<U>& b)

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

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

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

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

noexcept;

noexcept;

args) ;

noexcept;

noexcept;

noexcept;

noexcept;

bool operatqQiz=(const shared ptr<T>& a, nullptr t) noexcept;
template <€lass T>

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

boe} operator!=(const shared ptr<T>& a, nullptr t) noexcept;
ftemplate <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>

66

© ISO/IEC 2017 — Al rights reserved


https://standardsiso.com/api/?name=282670996166855c4acb1b1a3e67f8c5

ISO/IEC TS 19568:2017 (E)

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;

£ 1ok il 2}
™

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

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

// 8.2.1.3, shared ptr casts
template<class T, class U>

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

shared ptr<T> dynamic pointer cast (const shared ptr<U>& r) noexceph/
template<class T, class U>

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

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

// C++14 §20.8.2.2.10
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<< (basig 0oStream<E, T>& os, const shared ptr<¥>& p);

// 8.2.2, Class template weak ptr
template<class T> class weak ptiy

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

// C++14 §20.8.2.4
template<class TE~-c¢Tass owner less;

// C++14 S20,8).2.5
templatesclass T> class enable shared from this;

// CH¥¥P4 §20.8.2.6
template<class T>

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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void atomic store explicit (shared ptr<T>* p, shared ptr<T> r, memory order mo);
template<class T>
shared ptr<T> atomic exchange (shared ptr<T>* p, shared ptr<T> r);
template<class T>
shared ptr<T> atomic exchange explicit (shared ptr<T>* p, shared ptr<T> r,
memory order mo);

template<class T>

L il IS 3 . le i
™ I

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);
template<class T>
bool atomic compare exchange strong(
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);
template<class T>
bool atomic compare exchange weak explicit(
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,
memory order success, memory order failure);
template<class T>
bool atomic compare exchange strong explicit (
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,

memory order success, memory order failure);

// 8.12, Non-owning pointers
template <class W> class observer ptr;

// 8.12.6, observer ptr specialized algorithms
template <class W>

void swap (observer ptr<W>&, observer ptr<W>&)\hoexcept;
template <class W>

observer ptr<W> make observer (W*) noexcepl’;

// (in)equality operators

template <class Wl, class W2>

bool operator==(observer ptr<Wl>\\ bbserver ptr<w2>);

template <class Wl, class W2>

bool operator!=(observer~ptr<Wl>, observer ptr<w2>);
template <class W>

bool operator==(obgerver ptr<W>, nullptr t) noexcept;
template <class W>

bool operator!E{Observer ptr<W>, nullptr t) noexcept;
template <class W>

bool operator==(nullptr t, observer ptr<W>) noexcept;
templatel\<class W>

bool®operator!=(nullptr t, observer ptr<W>) noexcept;
/A 8rdering operators

template <class Wl, class W2>

bool operator<(observer ptr<Wl>, observer ptr<w2>);
template <class Wl, class W2>

bool operator>(observer ptr<Wl>, observer ptr<wz2>);
template <class Wl, class W2>

bool operator<=(observer ptr<Wl>, observer ptr<w2>);
template <class Wl, class W2>

bool operator>=(observer ptr<Wl>, observer ptr<w2>);
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} // inline namespace fundamentals v2
} // namespace experimental

// 8.2.1.4, shared ptr hash support
template<class T> struct hash<experimental::shared ptr<T>>;

Q7 b e ook £
=7 yg PP

template <class T> struct hash;
template <class T> struct hash<experimental::observer ptr<T>>;

—

// namespace std

8.2 Shared-ownership pointers [memory.smartptr]

The ppecification of all declarations within this sub-clause 8.2 and its sub-clauses are the samg as the corresponding
declgrations, as specified in C++14 §20.8.2, unless explicitly specified otherwise.

8.2.1 Class template shared_ptr [memory.smartptr.shared]

ngmespace std {
ngmespace experimental {

ifline namespace fundamentals v2 {

template<class T> class shared ptr {

public:
using element type = remove extent t<T>;
// 8.2.1.1, shared ptr constructors
constexpr shared ptr() noexcept;
template<class Y> explicit shareds\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 ptri(nullptr t p, D d)
template <class D, clasS™A> shared ptr(nullptr t p, D d, A a);
template<class Y> shalred ptr(const shared ptr<¥>& r, element type* p) noexcept;
shared ptr(const shared ptr& r) noexcept;
template<class Y>“shared ptr(const shared ptr<Y¥>& r) noexcept;
shared ptr (shared ptr&& r) noexcept;
template<clasg Y> shared ptr(shared ptr<¥>&& r) noexcept;
templategelass Y> explicit shared ptr(const weak ptr<¥>s& r);
templategclass Y> shared ptr(auto ptr<¥>&& r);
template <class Y, class D> shared ptr(unique ptr<Y, D>&& r);
c¢onstexpr shared ptr(nullptr t) : shared ptr() { }

// C++14 §20.8.2.2.2
~shared ptr();

// C++14 §20.8.2.2.3
shared ptr& operator=(const shared ptr& r) noexcept;
template<class Y> shared ptr& operator=(const shared ptr<¥>& r) noexcept;

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

noex

template<class Y> shared ptr& operator=(auto ptr<¥>&& r);

template <class Y,

// C++14 §20.8.2.2.4

void swap (shared ptré& r) noexcept;

void reset () noexcept;

£ 1ok il = FSWAVE'S )

class D> shared ptré& operator=(unique ptr<y,

cept;

D>&& 1) ;

P P77

template<class Y, class D> void reset(Y* p, D d);

template<class Y, class D,
// 8.2.1.2, shared ptr observers
element type* get () const noexcept;
T& operator* () const noexcept;
T* operator->() const noexcept;

element type& operator([] (ptrdiff t i)
long use count () const noexcept;
bool unique () const noexcept;

explicit operator bool () const noexcept;

template<class U> bool owner before (shared ptr<U> consté& Db)
template<class U> bool owner before(weak ptr<U> const& Db)

}i

// C++14 §20.8.2.2.6

template<class T, class...

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

shared ptr<T> allocate_shared(const A& a, Argsgs&...

// C++14 §20.8.2.2.7
template<class T, U>
shared ptr<Tx>& &,
U>
shared pt#<T>& a,

U>

class
bool operator==(const

template<class T, class
bool operator!=(const

template<class T, class
bool operator<(const shaxed ptr<T>& a,

template<class T, class/U>

bool operator>(congty shared ptr<T>& a,

Uu>

shared ptr<T>& a,

Uu>

shared ptr<T>& a,

template<class T, ¢ClaSs
bool operator<=+const
template<class\T, class
bool opexator>=(const
templated{<glass T>
bool®operator==(const shared ptr<T>& a, nullptr t)
temppldte <class T>

ool operator==(nullptr t, const shared ptr<T>& b)

class A> void reset (Y* p,

D d, A a);

const noexcept;

canst

Args> shared ptr<T> makexsShared (Argsé&s. ..

args) ;

const shared ptr<U>& b)

const shared ptr<U>& b)

const shared ptr<U>& b)

const shared ptr<U>& b)

const shared ptr<uU>& b)

const shared ptr<uU>& b)

noexcept;

noexcept;

const;

’

args) ;

noexcept;

noexcept;

noexcept;

noexcept;

noexcept;

noexcept;

70

template <class T>

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

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

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

template <class T>

noexcept;

noexcept;

noexcept;
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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;

IS 1ok il 2}
™

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;

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

// 8.2.1.3, shared ptr casts
template<class T, class U>

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

shared ptr<T> dynamic pointer cast (const shared ptr<U>& _x) noexcept;
template<class T, class U>

shared ptr<T> const pointer cast (const shared ptr<U2¢ r) noexcept;
template<class T, class U>

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

// C++14 §20.8.2.2.10
template<class D, class T> D* get deleter (¢0nst shared ptr<T>& p) noexcept;

// C++14 §20.8.2.2.11
template<class E, class T, class J>
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/oprier less;

// C++14 §20.8.2.5
template<class T>~Class enable shared from this;

// C++14 §20¥8.2.6
templateclass T>

boolSatomic is lock free(const shared ptr<T>* p);
templdte<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>

void atomic store explicit (shared ptr<T>* p, shared ptr<T> r, memory order mo);
template<class T>
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shared ptr<T> atomic exchange (shared ptr<T>* p, shared ptr<T> r);
template<class T>
shared ptr<T> atomic exchange explicit (shared ptr<T>* p, shared ptr<T> r,
memory order mo);
template<class T>
bool atomic compare exchange weak (
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);

s 1ok il 2}

P
bool atomic compare exchange strong(
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);
template<class T>
bool atomic compare exchange weak explicit(
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,
memory order success, memory order failure);
template<class T>
bool atomic compare exchange strong explicit (
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,

memory order success, memory order failure);

} |// namespace fundamentals v2

} |// namespace experimental

// 8.2.1.4, shared ptr hash support
template<class T> struct hash<experimental::shared REU<T>>;

} |// namespace std

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
convertible to T* or yis u[N] and TiSU cv [].

8.2.1.1 shared ptr constructors [memory.smartptr.shared.c(

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

not an array type, shall be well-formed, shall have well defined behavior, and shall not throw exceptions. When
convertible to T*.

Effects: When.f\isinot an array type, constructs a shared_ptr object that owns the pointer p. Otherwise, constru
shared ptr¢hat owns p and a deleter of an unspecified type that calls delete(] p. If an exception is thrown,
delete pds)called when T is not an array type, delete[] p otherwise.

Postconditions: use count () == 1 && get() == p.

Requires: v shall be a complete\type. The expression delete[] p, When T is an array type, or delete p, when T|i

U[N], Y (*) [N] shall be ¢onvertible to T+; when T is U], Y (*) [] shall be convertible to T+; otherwise, v* shall be

bnst]

[ is

Cts a

I . 2 13 3 1 tots dafs d v 1% +1 4+l 14 4+ 1
17HrOVWs — oau_arrtoc, O ar mnpPrimertatroraCrm T OACCpP o w ot a oS our oot man oy CoOuraToToT

obtained.
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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);

7 Requires: D shall be copyConstructible. The copy constructor and destructor of p shall not throw exceptions. The
expression d (p) shall be well formed, shall have well defined behavior, and shall not throw exceptions. a shall be an
allocator (C++14 §17.6.3.5). The copy constructor and destructor of a shall not throw exceptions. When T is N1,

¥ (*) [N] shall be convertible to T*; when Tis U], Y (*) [] shall be convertible to T*; otherwise, y* shall be
convertible to T*.

8 |Effects: Constructs a shared ptr object that owns the object p and the deleter d. The second and fourthconstrugtors
shall use a copy of a to allocate memory for internal use. If an exception is thrown, d (p) is called.

9 |Postconditions: use count() == 1 && get() == p

10 \Throws: bad_alloc, or an implementation-defined exception when a resource other thanmemory could not be
obtained.

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

12 \Fffects: Constructs a shared ptr instance that stores p and shares ownership with r.

13 |Postconditions: get () == p ss use_count () == r.use_count ().

14 [ Note: To avoid the possibility of a dangling pointer, the user of this Constructor must ensure that p remains valid at
least until the ownership group of r is destroyed. — end note |

15 |[ Note: This constructor allows creation of an empty sharedyptr instance with a non-null stored pointer.
— end note |

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

17 |Requires: The second constructor shall notparticipate in the overload resolution unless v+ is compatible with T+.

18 |Effects: If r is empty, constructs an efnpiy shared ptr object; otherwise, constructs a shared ptr object that shfires
ownership with r.

19 |Postconditions.: get () == xrlget () && use count() == r.use count ().

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

2l |\Remarks: The second constructor shall not participate in overload resolution unless v+ is compatible with T+.
22 |Effects: Moye-constructs a shared_ptr instance from r.

23 |Postconditions: *this shall contain the old value of r. r shall be empty. r.get () == 0.
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24 template<class Y> explicit shared ptr(const weak ptr<¥>& r);

25

Requires: v~* shall be compatible with T*.

26 Fffects: Constructs a shared_ptr object that shares ownership with r and stores a copy of the pointer stored in r. If

27

28

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

30 |Remarks: This constructor shall not participate in overload resolution unless v+ is compatible with T,
31 \Effects: Equivalent to shared ptr(r.release(), r.get deleter ()) when D is not a reference.type, otherwise
shared ptr(r.release(), ref(r.get deleter())).Ifan exception is thrown, the constructor has no effect.
8.2.1.2 shared_ptr observers [meémory.smartptr.shared
1 element type* get() const noexcept;
2 [Returns: The stored pointer.
3 T& gperator* () const noexcept;

4 |Requires: get() 1= o.

5 |Returns: *get ().

6 |Remarks: When T is an array type or (possibly cv-qualified) void, it is unspecified whether this member functio|
declared. If it is declared, it is unspecified what its'teturn type is, except that the declaration (although not
necessarily the definition) of the function shallbe well formed.

7 T* gperator->() const noexcept;

10

an exception is thrown, the constructor has no effect.

Postconditions: use _count () == r.use_count ().

Throws: bad weak ptr when r.expired().

Requires: get () != 0.
Returns. get ().

unspecified what its réturi type is, except that the declaration (although not necessarily the definition) of the fun
shall be well formed:

ent type& @gperator[] (ptrdiff t i) const noexcept;

Requires:iget () '= 0 s& i >= 0. IfTisUN], i < N

Refurns: get () [1].

Remarks: When T is angarray type, it is unspecified whether this member function is declared. If it is declared, ifis

obs]

h is

ction

14 Remarks: When T is not an array type, it is unspecified whether this member function is declared. If it is declared, it

74

is unspecified what its return type is, except that the declaration (although not necessarily the definition) of the
function shall be well formed.
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8.2.1.3 shared ptr casts [memory.smartptr.shared.cast]

1l template<class T, class U> shared ptr<T> static pointer cast(const shared ptr<U>& r) noexcept;

2 Requires: The expression static _cast<T+*>((U*)0) shall be well formed.

3 Returns: shared ptr<T>(r, static cast<typename shared ptr<T>::element type*>(r.get())).

4

[I‘VYULC. Thc billlﬂdl C)&plcbbiUll shared ptr<T>(static_casts<l (r.geti())) Wlﬂ cvcluuaﬁy leUll ill uudcﬁuc
behavior, attempting to delete the same object twice. — end note |

5 temglate<class T, class U> shared ptr<T> dynamic pointer cast(const shared ptr<U>& r) noexcept;

6 [Requires: The expression dynamic_cast<T*>((U*)0) shall be well formed.

7 |Returns:
— VVhenAdynamic_cast<typename shared_ptr<T>::element_type*>(r.get())reHHnSEIHOHZGH)Vahkip,
shared ptr<T>(r, p),
— Otherwise, shared ptr<T>().
8 [[ Note: The similar expression shared ptr<T>(dynamic_cast<T*> (r.get ())ECwill eventually result in undefined

behavior, attempting to delete the same object twice. — end note ]

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

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

W \Returns: shared ptr<T>(r, const cast<typename shargd ptr<T>::element type*>(r.get())).

12 |[ Note: The similar expression shared ptr<T> (const \cast<T*>(r.get ())) will eventually result in undefined
behavior, attempting to delete the same object twicer,— end note |

13 temglate<class T, class U> shared ptr<T> reinterpret pointer cast(const shared ptr<U>& r) noexceptf

14 |Requires: The expression reinterpret: fast<T+>((U+)0) shall be well formed.

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

8.2.1.4 shared ptr hash support [memory.smartptr.shared.hash]

1 template <class T> struet hash<experimental::shared ptr<T>>;

2 [The template specialization shall meet the requirements of class template hash (C++14 §20.9.12). For an object p of
type experimental: : shared ptr<T>, hash<experimental::shared ptr<T>>() (p) shall evaluate to the same value
aS hash<typename experimental::shared ptr<T>::element type*>() (p.get()).

8.2.2 Class-template weak ptr [memory.smartptr.weak]

ndmeshac £d {

T

namespace experimental {

inline namespace fundamentals v2 {
template<class T> class weak ptr {

public:

using element type = remove extent t<T>;
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8.2.2.1 weak_ptr constructors [memory.smartptr.weak.cg

weak ptr (const w€akvptré& r) noexcept;
temglate<class (¥>vweak ptr(const weak ptr<¥>& r) noexcept;
temglate<clags\Y¥> weak ptr(const shared ptr<¥>& r) noexcept;

ISO/IEC TS 19568:2017 (E)

// 8.2.2.1, weak ptr constructors

constexpr weak ptr() noexcept;

template<class Y> weak ptr(shared ptr<Y> consté& r) noexcept;
weak ptr(weak ptr consté& r) noexcept;

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

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

// C++14 §20.8.2.3.2
~weak ptr();

// C++14 §20.8.2.3.3

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

template<class Y> weak ptr& operator=(weak ptr<Y> consté& r) noexcept;
template<class Y> weak ptr& operator=(shared ptr<Y> const& r) noexcept;
weak ptré& operator=(weak ptr&& r) noexcept;

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

// C++14 §20.8.2.3.4
void swap (weak ptré& r) noexcept;
void reset () noexcept;

// C++14 §20.8.2.3.5

long use count () const noexcept;

bool expired() const noexcept;

shared ptr<T> lock() const noexcept;

template<class U> bool owner before (shared ptx%U> const& b) const;

template<class U> bool owner before(weak ptX<U> const& b) const;
bi

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

—

// namespace fundamentals v2

—

// namespace experimental

—

// namespace std

2 |Remawks: The second and third constructors shall not participate in the overload resolution unless y* is compati
WIth T *.

bnst]

ble

3 Effects: If r is empty, constructs an empty weak_ptr object; otherwise, constructs a weak ptr object that shares
ownership with r and stores a copy of the pointer stored in r.

4 Postconditions: use count () == r.use count ().
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5 weak ptr(weak ptré&& r) noexcept;
template<class Y> weak ptr(weak ptr<¥>&& r)

noexcept;
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6 Remarks: The second constructor shall not participate in overload resolution unless v* is compatible with T*.

7 Effects: Move-constructs a weak_ptr instance from r.

8 Postconditions: *this shall contain the old value of r. r shall be empty. r.use_count () ==

8.3 IType-erased allocator

[memory.type.erased.allocaltor]

1A type-erased allocator is an allocator or memory resource, alloc, used to allocate internal data structures(for'an obj¢ct x
of type c, but where c is not dependent on the type of a11o0c. Once al1oc has been supplied to x (typically_as a constrjictor

argument), alloc can be retrieved from x only as a pointer rptr of static type
std:|:experimental: :pmr::memory resource* (8.5). The process by which rptr is computed from al1oc depends 0

the type of a11oc as described in Table 15:

Table 15 — Computed memory resource for type-erased alloeator

=]

If the type of alloc is

then the value of rptriis

nontexistent — no alloc specified

The value of experimental::pmr::get default resource() at the time of
construction.

nullptr t

The\ﬁﬂueofexperimental::pmr::get_default_resource()althetﬁneof
construction.

a pqinter type convertible to

pmrf :memory resource*

static_cast<experimental::pPmr::memory resource*>(alloc)

pmrf :polymorphic allocator<uU> alloc.resource ()

any|other type meeting the Allocator a pointer to a value of typé experimental: :pmr::resource adaptor<a> whdre
reqyirements (C++14 §17.6.3.5) a is the type of al1ec™ptr remains valid only for the lifetime of x.

Norje of the above The program is ill-formed.

2 Addftionally, class c shall meet the following requirements:

— X.get memory resource () returnsxptr.

8.4 Header <experimental/memory resource> synopsis

ngmespace std {
ngmespace experimental
inline namespace findamentals v2 {

ngmespace pmr {

class memory resource;

book @perator==(const memory resourceg

a,

— C::allocator_ type shall be identicalto std: :experimental: :erased type.

[memory.resource.synop]

const memory resource& b) noexcept;
DOCI OPSrator =(CONSt MEMOTy TESOUTrCES &y
const memory resource& b) noexcept;

template <class Tp> class polymorphic allocator;

template <class T1l, class T2>

bool operator==(const polymorphic allocator<Tl>& a,
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const polymorphic allocator<T2>& b) noexcept;
template <class T1l, class T2>
bool operator!=(const polymorphic allocator<Tl>& a,

const polymorphic allocator<T2>& b) noexcept;

// The name resource adaptor imp is for exposition only.
template <class Allocator> class resource adaptor imp;

template <class Allocator>
using resource adaptor = resource adaptor imp<

typename allocator traits<Allocator>::template rebind alloc<char>>;

// Global memory resources
memory resource* new delete resource() noexcept;

memory resource* null memory resource () noexcept;

// The default memory resource
memory resource* set default resource (memory resource* r) noexcept;

memory resource* get default resource() noexcept;

// Standard memory resources

struct pool options;

class synchronized pool resource;
class unsynchronized pool resource;

class monotonic buffer resource;

// namespace pmr
// namespace fundamentals v2
// namespace experimental

- e e e

// namespace std

8.5 Class memory resource [memory.resou

reel

8.5.1 Class memory_resource overview [memory.resource.overyiew]

The phemory resource class is-an abstract interface to an unbounded set of classes encapsulating memory resources.

cllass memory resoureg_{
// For expositior only

static consté€xpr size t max align = alignof (max align t);

pyblic:

virtual\~memory resource();

vodd* allocate(size t bytes, size t alignment = max align);

void deallocate(void* p, size t bytes,

size t alignment = max align);

bool is_equal (const memory resource& other) const noexcept;

protected:

virtual void* do_allocate(size_ t bytes, size t alignment) = 0;
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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;

8.5.2 memory_resource public member functions [memory.resource.public]

1 ~men

3 wvoid

5 void

7 bool]

8.5.3

1 virg

5 virg

6

9 wvirg

10

ory resource() ;

Effects: Destroys this memory resource.

* allocate(size_ t bytes, size t alignment = max align);

Effects: Equivalent to return do_allocate (bytes, alignment);

deallocate (void* p, size t bytes, size t alignment = max align);

Effects: Equivalent to do_deallocate (p, bytes, alignment);

is_equal (const memory resourceé& other) const noexcept;

Effects: Equivalent to return do_is equal (other) ;

ual void* do allocate(size t bytes, size t alignment) = 0;

Requires: Alignment shall be a power of two.

Returns: A derived class shall implement this funefion to return a pointer to allocated storage (C++14 §3.7.4.2)

otherwise it is aligned to max_align.

Throws: A derived class implementation'shall throw an appropriate exception if it is unable to allocate memory
the requested size and alignment.

ual void do_deallocate(yoid* p, size t bytes, size t alignment) = 0;

Requires: p shall have beenteturned from a prior call to allocate (bytes, alignment) Ona memory resource
equal to *this, and the-storage at p shall not yet have been deallocated.

Effects: A derived)class shall implement this function to dispose of allocated storage.

Throws: Nething.

ual /beOCl do_is_equal (const memory resourceé& other) const noexcept = 0;

a size of at least bytes. The returned storage is.aligned to the specified alignment, if such alignment is supported};

memory_resource protected virtual member functions [memory.resource.priv]

with

4

with

Refurns: 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, a typical implementation of this function will compute
dynamic_cast<const D*>(sother) and go no further (i.e., return false) if it returns nullptr. — end note |
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8.5.4 memory_resource equality [memory.resource.eq]
bool operator==(const memory resource& a, const memory resource& b) noexcept;

2 Returns: sa == sb Il a.is_equal (b).
bool operator!=(const memory resource& a, const memory resource& b) noexcept;

4 Returns: o= 5
8.6 Class template polymorphic_allocator [memory.polymorphic.allocator.class]
8.6.1 Class template polymorphic_allocator Overview [memory.polymorphic.alloeator.overview]|

A specialization of class template pmr: :polymorphic allocator conforms to the Allocator redquirements (C++14
§17.p.3.5). Constructed with different memory resources, different instances of the same specialization of
pmr:|:polymorphic allocator can exhibit entirely different allocation behavior. This runtime’ polymorphism allows
objegts that use polymorphic allocator to behave as if they used different allocator types‘at run time even though they
use the same static allocator type.

tgmplate <class Tp>
cllass polymorphic allocator {

memory resource* m_resource; // For exposition only

pyblic:

using value type = Tp;

polymorphic allocator () noexcept;

polymorphic allocator (memory resource* r);
polymorphic allocator (const polymorphid .allocator& other) = default;

template <class U>

polymorphic allocator (const podymorphic allocator<U>& other) noexcept;

polymorphic allocatoré

operator=(const polymorphic allocator& rhs) = default;

Tp* allocate(sizest n);

void deallocate(Tp* p, size t n);

template <@bass T, class... Args>

void eongtruct (T* p, Argsé&&... args);

///Specializations for pair using piecewise construction

template <class T1l, class T2, class... Argsl, class... Args2>

void construct (pair<T1l,T2>* p, piecewise construct t,
tuple<Argsl...> x, tuple<Args2...> y);
template <class T1l, class T2>
void construct (pair<T1l,T2>* p);
template <class T1l, class T2, class U, class V>
void construct (pair<T1l,T2>* p, U&& x, V&& y);
template <class T1l, class T2, class U, class V>
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void construct (pair<T1l,T2>* p, const std::pair<U, V>& pr);
template <class T1l, class T2, class U, class V>
void construct (pair<T1l,T2>* p, pair<U, V>&& pr);

template <class T>
void destroy(T* p);

Rat et 1 IS ad 1] IS L 1] IS £ )

g T

polymorphic allocator select on container copy construction() const;

memory resource* resource () const;

2 polymorphic_allocator constructors [memory.polymorphic.allocator.

polymorphic allocator () noexcept;

Eﬁ%cm: Semrm}esourcetogetidefaultiresource(L

3 polymorphic allocator (memory resource* r);

4 |Requires: r is non-null.
5 |Effects: Setsm_resource to r.
6 [Throws: Nothing.

7 |Notes: This constructor provides an implicit conversion:ftom memory resource*.

temglate <class U>

polymorphic_allocator (const polymorphic altocator<U>& other) noexcept;

9 Eﬁ%cm: SGBIQ}EsourcetOother.resource(L

Tp* [allocate(size t n);

void deallocate (Tp* p,\Size t n);

4 |Requires: p wasallocated from a memory resource, x, equal to *m_resource, using
x.allocate(n.* sizeof (Tp), alignof(Tp)).

5 |Effects=EBquivalent to m_resource->deallocate (p, n * sizeof (Tp), alignof (Tp)).

6 |Threws: Nothing.

Returns. Equh%ﬂentﬂ)return static_cast<Tp*>(m_resource->allocate(n * sizeof (Tp), alignof (Tp)))|

ctor]

8.6.3 polymorphic_allocator member functions [memory.polymorphic.allocator.npem]

’
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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 () (see 2.1) and constructor arguments
std::forward<Args>(args) ... is well-formed. [ Note: uses-allocator construction is always well formed for types

that do not use allocators. — end note |

9 Effects: Construct a T object at p by uses-allocator construction with allocator this->resource () (2.1) and
constructor qrgnmpn’m tde s forward<irgs> (args)
10 |Throws: Nothing unless the constructor for T throws.
11 temglate <class Tl, class T2, class... Argsl, class... Args2>

12

13 tempglate <class. Tl, class T2>
Joid consgmuct (std::pair<T1l,T2>* p);

14

15 temy

yoid construct (pair<T1,T2>* p, piecewise construct t,

tuple<Argsl...> x, tuple<Args2...> y);

Effects: Let xprime be a tuple constructed from x according to the appropriate rule from thie-following list. [ Nd

The following description can be summarized as constructing a std: :pair<T1, T2> object at p as if by separate #

allocator construction with allocator this->resource () (2.1) of p->first using theelements of x and p->secoj

using the elements of y. — end note ]

— Ifusesiallocator7v<T1,memoryiresource*>iSfalseandisgconstructibleiv<T,Argsl...>iStrL
then xprime is x.

— Cﬁherste,ifuses_allocator_v<Tl,memory_resource*>iStrue and
isiconstructible7v<Tl,allocatoriargit,memoryiresource*,Argsl...>iStrue,thmlxprimeiS
tuple cat (make tuple(allocator arg, this->resourcef)), std::move(x)).

— Cﬁher“ﬁse,ifusesiallocator7v<T1,memoryiresource*>iStrue and
is_constructible_v<T1,Argsl...,memory_resource*>istrue,thenxprimeiS
tuple cat(std::move (x), make tuple(this->gesource())).

— Otherwise the program is ill formed.

and let yprime be a tuple constructed from y accordingto the appropriate rule from the following list:

— Ifuses allocator v<T2,memory resoureé*>is false and is constructible v<T,Args2...> IS try
then yprime is y.

— Cﬁherwdse,ifusesiallocator7v<T2,memoryiresource*>iStrue and
is_constructible_v<T2,allocator_arg_t,memory_resource*,ArgsZ...>iStrue,then,yprimeiS
tuple cat (make tuple(alllogcator arg, this->resource()), std::move(y)).

— CnheﬂNEe,ifusesiallocator7v<T2,memoryfresource*>iStrueand
isiconstructible7v<T2,Args2...,memoryfresource*>istrue,then.yprimeis
tuple cat (std:ymove (y), make tuple(this->resource())).

— Otherwise the program is ill formed.

then this function constrirets a std: :pair<T1, T2> object at p using constructor arguments

piecewise constxlieh, xprime, yprime.

‘Eﬁ%cm: Equh&ﬂentk)this—>construct(p, piecewise construct, tuple<>(), tuple<>());

te:

Ises-

o

1dte <class T1l, class T2, class U, class V>

void construct (std::pair<T1,T2>* p, U&& x, V&& V)

16

82

<Eﬁ%CMS Equh&ﬂentU)this—>construct(p, piecewise construct, forward as tuple(std::forward<U>(x)),

forward as tuple(std::forward<v>(y)));
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template <class T1l, class T2, class U, class V>
void construct (std::pair<T1l,T2>* p, const std::pair<U, V>& pr);

‘3<Eﬁ%cm: Equh&ﬂentﬂ)this—>construct(p, piecewise construct, forward as tuple(pr.first),

forward as tuple(pr.second)) ;

template <class Tl, class T2, class U, class V>
void construct (std::pair<T1l,T2>* p, std::pair<U, V>&& pr);

204decm: Equivalent 10 this->construct (p, piecewise construct,
forward as tuple(std::forward<U>(pr.first)), forward as tuple(std::forward<V>(pr.second)))lk

template <class T>
Joid destroy (T* p);

22 \Effects: p->~T ().

polymorphic allocator select on container copy construction() const;

24 |Returns: polymorphic allocator().

memdry resource* resource () const;

26 Reﬁﬂ%&'nLresourca

8.6.4 polymorphic_allocator equality [memory.polymorphic.allocatof.eq]

temglate <class T1l, class T2>
ool operator==(const polymorphic_allocator<Tl>& a,
const polymorphic_allocator<T2>&\®J)  noexcept;

Returns.: *a.resource () == *b.resource().
temglate <class T1l, class T2>

ool operator!=(const polymorphic allocator<Tl>& a,
const polymorphic alddcator<T2>& b) noexcept;

4 |Returns: | (a == b).
8.7 template alias resource @daptor [memory.resource.adapitor]|
8.7.1 resource_adaptor [memory.resource.adaptor.overyiew]

An ipstance of resoufcé adaptor<Allocator> is an adaptor that wraps a memory resource interface around Allocator.
In order that resqu€& adaptor<x<T>> and resource adaptor<x<U>> are the same type for any allocator template x pnd
type$ T and U, ¥&sburce adaptor<Allocator> is rendered as an alias to a class template such that A11ocator is reboynd
to a thar valuetype in every specialization of the class template. The requirements on this class template are defined
beloyw. Theiame resource adaptor imp is for exposition only and is not normative, but the definitions of the membjers
of thatlelass, whatever its name, are normative. In addition to the Al1ocator requirements (C++14 §17.6.3.5), the
paraiTeter 10 Tesource_adaptor SHall Meet te 10Howing additional TeqUiTeITeIs!

— typename allocator_traits<Allocator>::pointerSha]lbeidenﬁcalto
typename allocator traits<Allocator>::value type*.
— typename allocatoritraits<Allocator>::constipointerShallbeidenﬁcalto
typename allocator traits<Allocator>::value type const*.
— typename allocator_traits<Allocator>::void_pointerSha]lbeidenﬁcalto void*
— typename allocator traits<Allocator>::const void pointer shall be identical to void const*.
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//
te
cl

The name resource adaptor imp is for exposition only.
mplate <class Allocator>
ass resource adaptor imp : public memory resource {
// for exposition only
Allocator m alloc;

public:
2 11 + + =711 + H
=l _ -1 4
resource adaptor imp() = default;
resource adaptor imp(const resource adaptor imp&) = default;
resource adaptor imp(resource adaptor imp&&) = default;

P

tg

8.7.2

expl]

expl

8.7.3

void

explicit resource adaptor imp(const Allocatoré& a2);
explicit resource adaptor imp(Allocator&& a2);

resource adaptor imp& operator=(const resource adaptor imp&) = defaulty
allocator type get allocator() const { return m alloc; }

otected:

virtual void* do_allocate(size t bytes, size t alignment);

virtual void do deallocate(void* p, size t bytes, size g)alignment);
virtual bool do is equal (const memory resource& othek) const noexcept;
mplate <class Allocator>

using resource_adaptor = typename resource’adaptor imp<
typename allocator traits<Allocator>:stemplate rebind alloc<char>>;

resource_adaptor_imp constructors [memory.resource.adaptor.

icit resource adaptor imp(comst Allocatoré& a2);

Effects: Initializes m_allocwith a2.

icit resource adaptor—imp(Allocatoré&s a2);

Eﬁ’ects: Initializes m)alloc with std: :move (a2).

ctor]

resource_adaptor_imp member functions [memory.resource.adaptor.mem]|

* do @hlocate(size_t bytes, size_t alignment);

Retyrns: Allocated memory obtained by calling m alloc.allocate. The size and alignment of the allocated

memory shall meet the requirements 10r a class derived Irom memory resource (3.J).

void do_deallocate(void* p, size t bytes, size t alignment);

4 Requires: p was previously allocated using a.allocate, where A == m_alloc, and not subsequently deallocated.
5 Effects: Returns memory to the allocator using m_alloc.deallocate ().
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bool do_is equal (const memory resource& other) const noexcept;

7 Let p be dynamic cast<const resource adaptor imp*>(&other).

8 Returns: false if p is null, otherwise the value of m_alloc == p->m alloc.

8.8 Access to program-wide memory resource objects [memory.resource.global]

memory_ resource* new delete resource () noexcept;

2 [Returns: A pointer to a static-duration object of a type derived from memory resource that can serve as a resoullce
for allocating memory using : :operator new and ::operator delete. The same value is returned every, time this
function is called. For return value p and memory resource r, p->is_equal (r) returns sr == p.

memdry resource* null memory resource() noexcept;

4 |Returns: A pointer to a static-duration object of a type derived from memory resource for which alilocate ()
always throws bad alloc and for which deallocate () has no effect. The same value is returned every time this
function is called. For return value p and memory resource r, p->is_equal (r) returnslsr) ==

The Hefault memory resource pointer is a pointer to a memory resource that is used.by certain facilities when an explicit
menjory resource is not supplied through the interface. Its initial value is the returh.value of new delete resource()

memdry resource* set default resource(memory resource* r) noexcepty
7 |Effects: If r is non-null, sets the value of the default memory resource'pointer to r, otherwise sets the default
memory resource pointer to new _delete resource ().

8 |Returns: The previous value of the default memory resource pointer.

9 |Remarks: Calling the set default resource and get, default resource functions shall not incur a data race. |A
call to the set_default resource function shall synchronize with subsequent calls to the set default resourde
and get_default_resource functions.

memqry resource* get default resource () “leexcept;
11 [Returns: The current value of the default'memory resource pointer.
8.9 Pool resource classes [memory.resource.pool]

8.9.1 Classes synchronized (pdol_resource and unsynchronized_pool resource [memory.resource.pool.overyiew]

The Eynchronized pgdl~resource and unsynchronized pool resource classes (collectively, pOOl resource classes)) are
genefral-purpose mémeory resources having the following qualities:

— Each(résource owns the allocated memory, and frees it on destruction — even if deallocate has not been called
fofssome of the allocated blocks.

—A Alpool resource (see Figure 1) consists of a collection of pools, serving requests for different block sizes. Each
individual pool manages a collection of chunks that are in turn divided into blocks of uniform size, returned|via
callsto do_allocate. Each call to do_allocate(size, alignment) 1S dispatched to the pool serving the
smallest blocks accommodating at least size bytes.

— When a particular pool is exhausted, allocating a block from that pool results in the allocation of an additional
chunk of memory from the upstream allocator (supplied at construction), thus replenishing the pool. With each
successive replenishment, the chunk size obtained increases geometrically. [ Note: By allocating memory in
chunks, the pooling strategy increases the chance that consecutive allocations will be close together in memory.
— end note |
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— Allocation requests that exceed the largest block size of any pool are fulfilled directly from the upstream
allocator.

— A pool options struct may be passed to the pool resource constructors to tune the largest block size and the
maximum chunk size.

[ Example: Figure 1 shows a possible data structure that implements a pool resource.
Figure 1 — pool resource
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2 A synchronized pool resource may be accessed from multiple threads without external synchronization and may hiave
thredd-specific pools to reduce synchronization costs. An unsynchronized pool resource class may not be accesseq
from multiple threads simultaneously:and thus avoids the cost of synchronization entirely in single-threaded applicatipns.

sfruct pool options {
size_t max_blocks_per~chunk = 0;

size_t largest_ reglaxeéd pool block = 0;

cllass synchrenized pool resource : public memory resource {
pyblic:

synchrofifzed pool resource (const pool options& opts, memory resource* upstream);

syfichronized pool resource ()

synchronized pool resource (pool options(), get default resource()) { }
explicit synchronized pool resource (memory resource* upstream)
synchronized pool resource (pool options(), upstream) { }
explicit synchronized pool resource (const pool optionsé& opts)

synchronized pool resource (opts, get default resource()) { }

synchronized pool resource (
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const synchronized pool resource&) = delete;

virtual ~synchronized pool resource();

synchronized pool resource& operator=(
const synchronized pool resource&) = delete;

void release();
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pool options options() const;

otected:

virtual void* do_allocate(size t bytes, size t alignment);

virtual void do deallocate(void* p, size t bytes, size t alignment);
virtual bool do is equal (const memory resource& other) const noexcept;

ass unsynchronized pool resource : public memory resource {
blic:

unsynchronized pool resource(const pool optionsé& opts, memory resgurce* upstream);

unsynchronized pool resource ()

unsynchronized pool resource (pool_options (), get default resource()) { }

explicit unsynchronized pool resource (memory resourced\upstream)
unsynchronized pool resource(pool options(), upstream) { }

explicit unsynchronized pool_ resource (const pool éptionsé& opts)
unsynchronized pool resource (opts, get default resource()) { }

unsynchronized pool resource (
const unsynchronized pool resourceé§)y= delete;

virtual ~unsynchronized pool resource ()7

unsynchronized pool resourceé& opefator=(

const unsynchronized pood resource&) = delete;

void release();
memory resource* upsgream resource () const;

pool options optiofis«) const;
otected:
virtual voidX do allocate(size t bytes, size t alignment);

virtual oid do deallocate(void* p, size t bytes, size t alignment);

virtudl bool do is equal (const memory resource& other) const noexcept;

8.9.2 pool_options data members

[memory.resource.pool.options]

1" The members of pool options comprise a set of constructor options for pool resources. The effect of each option on the

pool

©

resource behavior is described below:
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syndghronized pool resource (const pool options& opts, memory resource* upstream)
unsyjnchronized pool resource (const pool options& opts, memory resource* upstream);

virtual ~synchronized pool resource();
virtual ~unsynchronized pool resource();

void release();

memdry resource* supstream resource () const;

pool] options options() const;

ISO/IEC TS 19568:2017 (E)

size t max blocks per chunk;

3 The maximum number of blocks that will be allocated at once from the upstream memory resource to replenish a

pool. If the value of max blocks per chunk is zero or is greater than an implementation-defined limit, that limit
used instead. The implementation may choose to use a smaller value than is specified in this field and may use
different values for different pools.

size t largest required pool block;

is

le

5 The ]m‘gPQf allocation size that is qunirPd to be fulfilled nqing the Pnn]ing mechanism A‘rmepr to allocate a sin

block larger than this threshold will be allocated directly from the upstream memory resource. If

The implementation may choose a pass-through threshold larger than specified in this field.

8.9.3 pool resource constructors and destructors [memory:resource.pool.

Requires: upstrean is the address of a valid memory resource.

Effects: Constructs a pool resource object that will obtain memory from upstéeant whenever the pool resource i
unable to satisfy a memory request from its own internal data structures. The resulting object will hold a copy of]
upstream, but will not own the resource to which upstream points. [ Notet The intention is that calls to
upstream->allocate () Will be substantially fewer than calls to thig=allocate () in most cases. — end note |
behavior of the pooling mechanism is tuned according to the valueof'the opts argument.

Throws: Nothing unless upstream->allocate () throws. It isuanspecified if or under what conditions this
constructor calls upstream->allocate ().

6 Eﬁ%cm: Calls this->release().

Effects: Calls upstream resotifce () ->deallocate () as necessary to release all allocated memory. [ Nofe: meny
is released back to upstr@am resource () even if deallocate has not been called for some of the allocated bloch
— end note |

Returns: The’value of the upstream argument provided to the constructor of this object.

Returns: The options that control the pooling behavior of this resource. The values in the returned struct may dif

largest required pool block is zero or is greater than an implementation-defined limit, that limit is used,ihst¢ad.

ctor]

The

8.9.4 pool resource members [memory.resource.pool.njem]

(S.

fer

trom those supplied to the pool resource constructor 1n that values ot zero will be replaced with implementation-
defined defaults and sizes may be rounded to unspecified granularity.
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7 virtual void* do allocate(size t bytes, size t alignment);

8 Returns: A pointer to allocated storage (C++14 §3.7.4.2) with a size of at least bytes. The size and alignment of the
allocated memory shall meet the requirements for a class derived from memory resource (8.5).

9 Effects: If the pool selected for a block of size bytes is unable to satisfy the memory request from its own internal
data structures, it will call upstream resource()->allocate () to obtain more memory. If bytes is larger than that
which the largest pool can handle, then memory will be allocated using upstream resource()->allocate ().

10 | Throws: Nothing unless upstream resource () ->allocate () throws.

11 virtual void do_deallocate(void* p, size t bytes, size t alignment);

12 |Effects: Return the memory at p to the pool. It is unspecified if or under what circumstances this operation will
remﬂthlacaﬂtoupstreamﬁresource()—>deallocate(L

13 |Throws: Nothing.

14 virtual bool unsynchronized pool resource::do is equal (const memory resour€&€& other) const noexceplt;

Returns: this == dynamic_cast<const unsynchronized pool resource*>(§otiHer).

16 virtjual bool synchronized pool resource::do is equal (const memory mgesource& other) const noexcept;

17 |\Returns: this == dynamic cast<const synchronized pool resouxGe*>(&other).
8.1( Class monotonic_buffer_resource [memory.resource.monotonic.buffer]
8.10]1 Class monotonic_buffer_ resource OVerview [memory.resource.monotonic.buffer.overview]

I A mdnotonic_buffer resource i$ a special-purpose mémory resource intended for very fast memory allocations in
situations where memory is used to build up a few_agbjects and then is released all at once when the memory resource
obje¢t is destroyed. It has the following qualitiest

— A call to deallocate has no effeet,thus the amount of memory consumed increases monotonically until thq
resource is destroyed.

— The program can supply andnitial buffer, which the allocator uses to satisfy memory requests.

— When the initial buffer (if any) is exhausted, it obtains additional buffers from an upstream memory resourde
supplied at construction./Each additional buffer is larger than the previous one, following a geometric
progression.

— It is intended foraecess from one thread of control at a time. Specifically, calls to al1locate and deallocatf do
not synchronize-with one another.

— It owns thietallocated memory and frees it on destruction, even if deallocate has not been called for some qf
the alloedated blocks.

cllass monotonic buffer resource : public memory resource {

memoxy resource* upstream rsrc; // exposition only

odd* current buffer; exposition onl

size t next buffer size; // exposition only

public:
explicit monotonic buffer resource (memory resource* upstream);
monotonic buffer resource(size t initial size,
memory resource* upstream) ;

monotonic buffer resource(void* buffer, size t buffer size,
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memory resource* upstream) ;

monotonic buffer resource()
monotonic buffer resource(get default resource()) { }
explicit monotonic buffer resource(size t initial size)
monotonic buffer resource(initial size,
get default resource()) { }

s 3 oaEE L Lk .o 3 PR - 3 \
r

monotonic buffer resource (buffer, buffer size,

get default resource()) { }
monotonic_buffer resource (const monotonic_buffer resource&) = delete;
virtual ~monotonic buffer resource();

monotonic buffer resource operator=(

const monotonic buffer resource&) = delete;

void release();

memory resource* upstream resource () const;

pyotected:
virtual void* do_allocate(size t bytes, size t alignmeng)),
virtual void do deallocate(void* p, size t bytes,

size t alignment);

virtual bool do is equal (const memory resource&\Other) const noexcept;

8.10]2 monotonic_buffer_resource constructor.and destructor [memory.resource.monotonic.buffer.¢tor]
1 expllicit monotonic buffer resource (memOry resource* upstream);

mondtonic buffer resource(size t iniltial size, memory resource* upstream);
Requires: upstrean shall be the.address of a valid memory resource. initial size, if specified, shall be greater

than zero.

3 Effects: Sets upstream (rsir'c to upstream and current buffer to nullptr. If initial size is specified, sets
next buffer sizeteableast initial size; otherwise sets next buffer size to an implementation-defined site.

4 mondtonic buffexn/fe€ource (void* buffer, size t buffer size, memory resource* upstream);

5 |Requires:supstream shall be the address of a valid memory resource. buffer size shall be no larger than the
numberefibytes in buffer.

6 |Effects: Sets upstream rsrc t0 upstream, current buffer t0 buffer, and next buffer size to buffer size (but
loce than 1) than ; b R totion dafiood fh foator (liol d et
TTULTIVSS Ulalr 1 }, IVIT ITIIVIVAsUS 11T L.7LJ ULrL< J_7 LT U] arr llllPl\(lll\Jlll“llUll ULVTITIvy 61\} Wil 1aviur \ VWILIVIT TIVVU TIUT e

integral).

7 ~monotonic buffer resource();

8 Effects: Calls this->release ().
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8.10.3 monotonic_buffer_resource members [memory.resource.monotonic.buffer.mem]

1 void release();

2 Effects: Calls upstream rsrc->deallocate () as necessary to release all allocated memory.

3 [ Note: memory is released back to upstream rsrc even if some blocks that were allocated from this have not been
deallocated from this. — end note |

4 memgry resource* upstream resource() const;

5 |Returns: The value of upstream rsrc.

6 void* do_allocate(size t bytes, size t alignment);

7 Returns: A pointer to allocated storage (C++14 §3.7.4.2) with a size of at least bytes. The size and alignment of the
allocated memory shall meet the requirements for a class derived from memory resourceA8-5).

8 |Effects: If the unused space in current_buffer can fit a block with the specified byfesand a1lignment, then
allocate the return block from current buffer; otherwise set current buffer to

upstream rsrc->allocate(n, m), where n is not less than max (bytes, next/buffer size) and m is not less than
alignment, and increase next buffer size by an implementation-defined;growth factor (which need not be
integral), then allocate the return block from the newly-allocated current (Buffer.

9 [Throws: Nothing unless upstream rsrc->allocate () throws.

10 void do_deallocate(void* p, size t bytes, size t alignmehd);

I |Effects: None.
12 (Throws: Nothing.

13 |Remarks: Memory used by this resource increases monotonically until its destruction.

14 booll do is equal (const memory resource&~Other) const noexcept;

15 \Returns: this == dynamic_cast<const monotonic buffer resource*>(&other).
8.11 Alias templates using,polymorphic memory resources [memory.resource.aliases]
8.11{1 Header <experimental/string> synopsis [header.string.sypop]

#ilnclude <strifg>

ngmespace\std {
ngmespdcerexperimental {

ifline\namespace fundamentals v2 {

ndmespace pmr |

// basic_string using polymorphic allocator in namespace pmr
template <class charT, class traits = char_ traits<charT>>
using basic_string =

std::basic string<charT, traits, polymorphic_allocator<charT>>;

// basic_string typedef names using polymorphic allocator in namespace
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