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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
to be represented on that committee. International organizations, governmental and non-governmental, in liaison with

ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all

matters ol

The procg
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shall not |
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related to
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This docy
22, Progr
cancels af
changes:

electrotechnical standardization.

dures used to develop this document and those intended for its further maintenance are describedin‘th{
tives, Part 1. In particular the different approval criteria needed for the different types of ISO doeumen
This document was drafted in accordance with the editorial rules of the ISO/IEC Directives, Rart 2 (seq
brg/directives).

is drawn to the possibility that some of the elements of this document may be the subject of patent righ
pe held responsible for identifying any or all such patent rights. Details of any patentrights identified d
ent of the document will be in the Introduction and/or on the ISO list of patent declarations received (s
brg/patents).

name used in this document is information given for the convenience (of)users and does not constitute
ent. For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and exj
conformity assessment, as well as information about ISO's adherence to the World Trade Organization|
in the Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html

1SO/
ts should

ts. ISO
hring the
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hn
bressions
(WTO)

ment was prepared by Joint Technical Committee ISO/IECYTC 1, Information Technology, Subcommittee SC

nmming languages, their environments and system software interfaces. This edition of ISO/IEC 19568:
1d replaces the edition ISO/IEC 19568:2015, which*has been technically revised and includes the folloy

Addition of the sample algorithm.

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

Addition of function template not *n-

Addition of logical operator type'traits conjunction, disjunction, and negation.
Addition of templates to suppoit the "detection idiom".

Addition of the propagate const class template.

Addition of the observer ptr class template.

Addition of the make_array and to_array function templates.

Addition of the ostream joiner class template.

Addition of the-gcd and 1cm algorithms.

Additionof the source location struct.

Changesito’the return types of search algorithms.

Moving all libraries to the inline namespace fundamentals v2.

Miseellaneous defect resolutions.
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1 General [general]

1.1 Scope [general.scope]

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

This technical specification is non-normative. Some of the library components in this technical specificationimay be
considerefl for standardization in a future version of C++, but they are not currently part of any C++ standard. Sqme of
the comp¢nents in this technical specification may never be standardized, and others may be standardizedin a
substantiglly changed form.

The goal pf this technical specification is to build more widespread existing practice for an expanded C++ standgrd
library. It|gives advice on extensions to those vendors who wish to provide them.

1.2 Normative references [general.references]

The folloywing referenced document is indispensable for the application of thisgdocument. For dated references, dnly the
edition cifed applies. For undated references, the latest edition of the referenced document (including any amendments)
applies.

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

ISO/IEC [4882:2014 is herein called the C++ Standard. References to clauses within the C++ Standard are written as
"C++14 §3.2". The library described in ISO/IEC 14882:2014 clauses 17-30 is herein called the C++ Standard Library.

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

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

Since the jextensions described in this(technical specification are experimental and not part of the C++ standard l{brary,
they should not be declared directly*within namespace std. Unless otherwise specified, all components described in this
technical ppecification either:

— [modify an existing interface in the C++ Standard Library in-place,
— |are declared in ‘a.namespace whose name appends : :experimental: : fundamentals v2 to a namespacg defined
in the C++Standard Library, such as std or std: : chrono, or
— |are declated in a subnamespace of a namespace described in the previous bullet, whose name is not thg same as
an existing subnamespace of namespace std.

[Exampk' Hi dO€s not derine d::experimental:: ] €Cause C L1brary
defines std: :chrono. This TS does not define std: :pmr: :experimental::fundamentals v2 because the C++ Standard

Library does not define std: :pmr. — end example ]

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

namespace std {
namespace experimental {

inline namespace fundamentals v2 {}

© ISO/IEC 2017 — Al rights reserved 1
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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
qualified with std: :experimental: : fundamentals v2::, and references to entities described in the standard are
assumed to be qualified with sta: :.

Extensior

<experim
#inclyf

New head

s that are expected to eventually be added to an existing header <meow> are provided inside the
bntal /meow> header, which shall include the standard contents of <meow> as if by

e <meow>
ers are also provided in the <experimental/> directory, but without such an #include.

Table 1 — C++ library headers

experimental/algorithm> <experimental/map> <experimentdl/string>
experimental/any> <experimental/memory> <experimental/string view>
experimental/array> <experimental/memory resource> <expérimental/system error>
experimental/chrono> <experimental/optional> <expefimental/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/souxte ‘location>

1.4 Terms and definitions

For the py
1.4.1

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

direct-non-list-initialization

A direct-i|

1.5 Futyre plans (Informative)

This secti
future ver

The C++
the library
contents i

hitialization that is not list-initialization.

pn describes tentative plans for future versions of this technical specification and plans for moving con
sions of the €++ Standard.

committee intends to release a new version of this technical specification approximately every year, co
extensions we hope to add to a near-future version of the C++ Standard. Future versions will define th
nstd::experimental::fundamentalsiv3,Std::experimental::fundamentalsiv4,eKL,“dﬂltheIno

[generdl.defns]

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

[genergl.plans]

ent into

ntaining
eir
5t recent

impleme

tedversion inlined into std: :experimental

When an extension defined in this or a future version of this technical specification represents enough existing practice, 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 ]

Implementers who provide a new standard feature should define a macro with the recommended name, in the same
circumstances under which the feature is available (for example, taking into account relevant command-line options), to

indicate t : in the
most recept version of this technical specification that they have implemented. The recommended macro name\is
" cpp 1lfb 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 base that deternjination
on the prgsence of the header (determined with _has_include (<header/name>)) and the state ofdthe‘macro with the
recommehded name. (The absence of a tested feature may result in a program with decreased functionality, or the relevant
functionality may be provided in a different way. A program that strictly depends on support for a feature can jugt try to
use the fepture unconditionally; presumably, on an implementation lacking necessary suppert, translation will fafl.)
Table 2 — Significant features in this technical specification
Doc. No Title Prlm.ary Macro Name Suffix Value Headerx
Section
apply() call a
function with .
N3915 arguments from a 322 apply 201402 | <experimental/tuplle>
tuple
Variable Templates ) ) , ,
N3932 For Type Traits 33.1 type trait variable templates 201402 <experimental/typq traits>
N3866 ||Invocation type traits |3.3.2 invocationtype 201406 | <experimental /typd traits>
POO13R] I,l:;)]ﬁ;c;lra?gerator 333 logicallfraits 201511 <experimental/typq traits>
++ i
N4502 The C Detection 334 detect 201505 | <experimental/typd traits>
Idiom -
A Proposal to Add a
Const-Propagating .
N4388 Wrapper to the 3.7 propagate const 201505 | <experimental/progagate const>
Standard Library
Type-erased
N3916 allocator for 4.2 function erased allocator 201406 | <experimental/fundtional>
std::functfen
Extending
std:gsseatch to use ) i i
N3905 Additional Searching 4.3 boyer moore searching 201411 | <experimental/fundtional>
Adgorithms
A proposal to add a
N4076 generalized callable |4.4 not fn 201406 | <experimental/functional>
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 E)X;i;d;i)lft SA}l?rI:}i_ptr 8.2 shared ptr arrays 201406 <experimental/memory>

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

N4282 Dumbest Smart 8.12 observer ptr 201411 | <experimental/memdry>
Pointer

N4273 Uniform Container 9.1 erase if 201411 | <experifertal /vector>
Erasure -

N4391 [|make array 9.2.2 make array 201505 | <exiperimental /array>

N4257 Delimited iterators 10.2 ostream joiner 201411 | €experimental/iterator>
Type-erased

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

N3916 allocator for 11.3 packaged task erased allogcatet 201406 | <experimental/futyre>
std: :packaged task

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

N4061 Divisor and Least 13'1.3’ gcd_lcm 201411 | <experimental/numdric>
Common Multiple o

N4531 ||3Fc:izand 13.2.2.1 | randint 201511 | <experimental/random>
replacement
Source-Code _ , ,

N4519 . 14.1 sourcé/location 201505 <experimental/source location>
Information Capture = -
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2 Modifications to the C++ Standard Library [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 Uses-allocator construction [mods.allocator.uses]|

The folloywing changes to the uses_allocator trait and to the description of uses-allocator construction allow a
memory resource pointer act as an allocator in many circumstances. [ Nofe: Existing programs that use stahdard
allocators| 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 typesthatds convertible from a11pc.
Meets the BinaryTypeTrait requirements (C++14 §20.10.1). The implementation shall provide a
definition that is derived from true type ifatype T::allocator type-exists and either
is_convertible v<Alloc, T::allocator_type> != false OI'{:w&llocator t pe is an alias for
std::experimental::erased type (3.1.2), otherwise it shall beyderived from false type. A prograrh
may specialize this template to derive from true type forawdser-defined type T that does not have a
nested allocator type but nonetheless can be construgted.with an allocator where either:

— the first argument of a constructor has typesal l'ocator arg t and the second argument has type

Alloc Or
— the last argument of a constructor has type a11oc.

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

Useg-allocator construction with allocator A11oc refers to the construction of an object obj of type T, using
congtructor arguments vi, v2, ..., vNoftypesvi, v2, ..., VN,respectively, and an allocator al1oc qf
typg 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:fedperimental : :pmr: :memor 7resource*(85),aCCOﬁﬁngtOthefbHO“dng
rulef:

© ISO/IEC 2017 — Al rights reserved 5
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3 General utilities library [utilities]

3.1 Utility components [utility]

3.1.1 Header <experimental/utility> Synopsis [utility.synop]
#inclu SEEEES

namesppce std {
namesppce experimental {

inline| namespace fundamentals v2 {

// 3.1.2, Class erased type

struct erased type { };

} // njpmespace fundamentals v2
} // npmespace experimental

} // npmespace std

3.1.2 Class erased_type [utility.erdsed.type]

1 struct efased type { };

2 The krased type struct is an empty struct that serves as.a placeholder for a type T in situations where the actual
type|r is determined at runtime. For example, the nested type, allocator type, is an alias for erased_typd in

clasdes that use type-erased allocators (see 8.3).

3.2 Tuples [tuple]
3.2.1 Hedder <experimental/tuple> synopsis [header.tuple.synop]

#include <tuple>

namespfpce std {
namesppce experimentdl yf

inline| namespace fundamentals v2 {

// See C++14\§20.4.2.5, tuple helper classes
tempflates<slass T> constexpr size t tuple size v

= [tubte size<T>::value;

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

template <class F, class Tuple>
constexpr decltype (auto) apply(F&& £, Tuple&& t);

2 Effects: Given the exposition only function

template <class F, class Tuple, size t... I>
constexpr decltype (auto) apply impl( // exposition only
F&& £, Tuple&s& t, index sequence<I...>) {

ISO/IEC TS 19568:2017 (E)

[tuple.apply]

S L) Faps| TS (ot . o £ &
<r + =

o e T 7 S5 i roEwarEer

£ IMNUOKE { ok o £
¥ o e A RS —cac=m SiF

Equilvalent to

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

3.3 Metpprogramming and type traits
3.3.1 Heqder <experimental/type_traits> synopsis

#inclufde <type traits>

namespce std {
namesppce experimental {

inline| namespace fundamentals v2 {

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

= s vvalue_reference<T>::value;

[meta.ty

[meta]

be.synop|

template <class T> constexpr bool is _member object pointer v
= 1s_member_ object pointer<T>::value;
template <class T> constexpr bool is member function pointer v
= is_member_ function pointer<T>::value;
template <class T> constexpr bool is enum v
= is_enum<T>::value;
template <class T> constexpr bool is _union v
= is_union<T>::value;

template <class T> constexpr bool is _class v

© ISO/IEC 2017 — Al rights reserved
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= is_class<T>::value;
template <class T> constexpr bool is_function_ v

= is_function<T>::value;

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

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

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

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

= [is_member_ pointer<T>::value;

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

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

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

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

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

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

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

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

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

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

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

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

d

1 fas} .
+tr T 75T

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

template <class T> constexpr bool is copy constructible v

8 © ISO/IEC 2017 — Al rights reserved
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= 1s_copy_constructible<T>::value;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

d

= 1 s et
P E ey TEE

= has_virtual destructor<T>::value;

1 fas} .
+tr T 75T

tempte

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

// See C++14 §20.10.6, type relations

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

template <class Base, class Derived> constexpr bool is_base of v
= 1s_base_ of<Base, Derived>::value;

template <class From, class To> constexpr bool is_convertible v
= is convertible<From, To>::value;

// 3.3.2, Other type transformations

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

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

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

templlate <class T>

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

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

// 3.3.3, Logical operator traits

templlate<class... B> struct conjunction;
templlate<class... B> constexpr bool conjunction v = conjunction<B...>::value;
templlate<class... B> struct disjunction;
tempflate<class... B> constexpr bool disjunction vi\& disjunction<B...>::value;

templlate<class B> struct negation;
tempflate<class B> constexpr bool negation ws=%egation<B>::value;

// 3.3.4, Detection idiom
tempflate <class...> using void t = void;

struct nonesuch {

nopesuch () = delete;
~npnesuch () = delete;
nopesuch (nonesuch const&) = delete;
volid operator=(ndnelsuch consté&) = delete;
}i
templlate <template<class...> class Op, class... Args>

usfing ds,\detected = see below;

templlaté ,<template<class...> class Op, class... Args>
corsterpr—boot—is—detected— o—detected<Op—RArgs———>rvattes
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
= is detected convertible<To, Op, Args...>::value;

} // npmespace fundamentals v2
} // nhmespace experimental
} // npmespace std

3.3.2 Other type transformations [meta.trgqns.other]

This sub-¢lause contains templates that may be used to transform one type to another following some predefined|rule.
Each of tlje templates in this subclause shall be a TransformationTrait (C++14 §20.104),

Within this section, define the invocation parameters of Invorz (£, t1, t2, ...\t as follows, in which T1 {s the
possibly ¢v-qualified type of t1 and U1 denotes T1s if t1 is an lvalue or T1ss if €1 is an rvalue:

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

— [When~ == 1 and £ is a pointer to member data of a class z-the invocation parameter is v1.
— |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, ..., txnamong the function call operators and surrogate|call
functions of f.

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

In all of the above cases, if an argument + 1 matches the'ellipsis in the function's parameter-declaration-clause, the
corresponlding invocation parameter is defined to bethe result of applying the default argument promotions (C+j-14
§5.2.2) to|t1.

[ Exampl¢: Assume s is defined as

struct] S {
int [f (double const &) caonst;
void| operator () (int, Anth;
void| operator () (char ‘eenst *, int i = 2, int j = 3);

void| operator () (.4.)7

— |The invegation parameters of INVOKE (sS::£, S(), 3.5) are (S &&, double const &).
— [The iniyocation parameters of INVOKE (S (), 1, 2) are (int, int).
— |The’mvocation parameters of INVOKE (S (), "abc", 5) are (const char *, int). The defaulted parajneter ;

dU\/D n\.lt \/Ull\/ﬂt}\llld tU un ursumunt.
— The invocation parameters of INVOKE (S (), locale(), 5) are (locale, int).Arguments corresponding to
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 (ArgTypes...)>; unknown bound.

Access ¢

of the ex
instantiati
functions
— end no

The mem|
INVOKE (d

there shall be no member type. Otherwise:

The mem|
raw_invo

3.3.3 Logiical operator traits

This subc
templal
The class

For a spe
instantiati
analogous

Every ten
data mem

The speci

eelingis-performed-asifiracontextunrelatedto-rrandArgrypes—Only-the-validity-of the-tmmediate
ression is considered. [ Note: The compilation of the expression can result in side effects such as the
on of class template specializations and function template specializations, the generation of implicitly-
and so on. Such side effects are not in the "immediate context" and can result in the program being ill-
te |

ber raw_invocation type<Fn (ArgTypes...)>::type shall be defined as follows. If the/expression
bclval<Fn>(), declval<ArgTypes>()...) is ill-formed when treated as an unevaluated operand (C+

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

DCrinvocation_type<Fn(ArgTypes...)>::typeShaﬂlxideﬁnedasfbHO“m.If
bation type<Fn (ArgTypes...)>::type does not exist, theré shall be no member type. Otherwise:

Let a1, a2, ... denote ArgTypes. ..

Letr(T1, T2, ..) denote raw invocation type t<ER{ArgTypes...)>
Then the member type shall name the function typé\r(u1, v2, .. where Ui is decay t<ai> if declvd
is an rvalue otherwise Ti.

lause describes type traits for applying logical operators to other type traits.
lte<class... B> struct conjurction : see below { };
template conjunction formsthe logical conjunction of its template type arguments.

ialization conjunct#en<Bl, .., BN> if there is a template type argument Bi with Bi: :value == falsd
ng conjunction<Bl,~.., BN>::value does not require the instantiation of Bj: :value for j > i. [ Note:
to the short-cifeuiting behavior of ss. — end note |

iplate type-argtiment for which B:i: :value is instantiated shall be usable as a base class and shall have
ber valie'which is convertible to boo1, is not hidden, and is unambiguously available in the type.

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

context

lefined
formed.

F14 §5),

1<Ai> ()

[meta.logical]

then
This is

h static

tlh £t trzmn o g 4l 1ot - na oz o ool o ERVE~) 3 1Q 2 2
O TSy POt RCTIStTtr™ TYPS; DLy +++y DIV 10T WIHCITH T vatuc ) > tarse, Of

if there is no such Bi, the last type in the list.

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

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

templa

12

te<class... B> struct disjunction : see below { };
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The class template disjunction forms the logical disjunction of its template type arguments.

For a specialization disjunction<Bl, .., BN> if there is a template type argument Bi with Bi::value != false then
instantiating disjunction<Bl, .., BN>::value does not require the instantiation of B5: :value for > i. [ Note: This is
analogous to the short-circuiting behavior of | |. — end note ]

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 specialization disjunction<B1, .., BN> has a public and unambiguous base that is either

tha Lot trzmn o o 2o 4o Toce o o - o o for ool o ERVE-N) El 3G 3
thefirsttypes+inrthe Hst ooty B —— o which oot P vetror 5ot

— [if there is no such B, the last type in the list.

[ Note: This means a specialization of disjunction does not necessarily inherit from either true type Orfalse| type.
— end ndte |

The memper names of the base class, other than disjunction and operator=, shall not be hiddén’and shall be
unambigyously available in disjunction.

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

The class|template negation forms the logical negation of its template type argumerits The type negation<B> is
UnaryTypeTrait with a BaseCharacteristic of integral constant<bool, !boolARYvalue)>.

3.3.4 Detgction idiom [mefa.detect]

templajte <class Default, class AlwaysVoid,
template<class...> class Op, class... Args>
struct| DETECTOR { // exposition only

using value t = false type;

usinjg type = Default;
}i

templajte <class Default, template<class...> class Op, class... Args>

struct| DETECTOR<Default, void t<Op<Axgs...>>, Op, Args...> { // exposition only
using value t = true type;
usinjg type = Op<Args...>;

}i

templajte <template<class...> class Op, class... Args>
using is detectedy, =“fypename DETECTOR<nonesuch, void, Op, Args...>::value t;

templajte <template<class...> class Op, class... Args>
using deteefied t = typename DETECTOR<nonesuch, void, Op, Args...>::type;

templajte, <Class Default, template<class...> class Op, class... Args>
using detected or = DETECTOR<Default, void, Op, Args...>;

[ Example:

// archetypal helper alias for a copy assignment operation:
template <class T>
using copy assign t = decltype (declval<T&>() = declval<T const &>());

// plausible implementation for the is assignable type trait:

template <class T>

© ISO/IEC 2017 — Al rights reserved 13
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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, T>;

— end example |
[ Example:

// ardetypal helper aitas o7 particutar type members
templajte <class T>
using diff t = typename T::difference type;

// alilas the type member, if it exists, otherwise alias ptrdiff t:
templajte <class Ptr>
using difference type = detected or t<ptrdiff t, diff t, Ptr>;

— end expimple |
3.4 Compile-time rational arithmetic

3.4.1 Hedader <experimental/ratio> synopsis

#include <ratio>

namesppce std {
namesppce experimental {

inline| namespace fundamentals v2 {

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

tempflate <class R1, class R2> constexXpr bool ratio equal v
= fratio_equal<R1l, R2>::value;

tempflate <class R1, class R2> comstexpr bool ratio not equal v
= fratio _not equal<Rl, R2>g:Wwalue;

tempflate <class R1, class .RZ¥ constexpr bool ratio less v
= fratio_less<Rl, R2>::Value;

tempflate <class R1, dlass R2> constexpr bool ratio less equal v
= fratio_less_equalg<Rl, R2>::value;

tempflate <class®Rl,; class R2> constexpr bool ratio greater v
= fratio _greater<Rl, R2>::value;

tempflate <clasg’s R1, class R2> constexpr bool ratio greater equal v

= fratio_greater equal<R1l, R2>::value;

[ratio]

[header.ratio.synop]

} // namespace rundamentals v
} // namespace experimental

} // namespace std

14 © 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 {

namespace chrono {

names perimentat—
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[time]

[header.chrono.synop]

inline| namespace fundamentals v2 {

// See C++14

tempflate <class Rep> constexpr bool treat as floating point v

= [treat_as_
} // njmespace
} // njmespace
} // njmespace
} // njmespace

§20.12.4, customization traits

floating point<Rep>::value;

fundamentals v2
experimental
chrono

std

3.6 System error support

3.6.1 Hedder <experimental/system_error> synopsis

#inclufde <system error>

namesppce std {

namesppce experimental {

inline| namespace fundamentals v2 {

// See C++14

tempflate <class T> constexpr hdol' is error code enum v
= [is_error
tempflate <class T> constexpr bool is error condition enum v

= [is_error

} // njmespace
} // njmespace

} // njmespace

§19.5, System error support
code_enum<T>::yalte;
condition,enum<T>::value;
fundamehtals v2

efpérimental
std

3.7 Clasls template propagate const

[

wn

yserror]

[header.system_errpr.synop]|

[propagate const]

3.7.1 Class template propagate const general

[propagate_const.general]

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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3.7.2 Header <experimental/propagate_const> synopsis

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

using element type = remove reference t<decltype (*declval<T&>())>;

[propagate_const.synopsis]

/ 3.7.4, propagate const constructors

constexpr propagate const () = default;
propagate const (const propagate consté& p) = delete;
constexpr propagate const (propagate const&& 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 consté& p) = deldte)
constexpr propagate consté& operator=(propagate consté&s& p)*= default;
template <class U>

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

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

/ 3.7.6, propagate const const observers
explicit constexpr operator bool () cons¥;

constexpr const element type* operatoi->() const;

/ 3.7.7, propagate congstNton-const observers

constexpr element type* Operator->();

constexpr operatoreelement type* (); // Not always defined
constexpr element, tiype& operator*();

constexpr element type* get();

/ 3.7.8;~propagate const modifiers

constexpr~void swap (propagate consté& pt) noexcept (see below);

private:

constexpr operator const element ty@e* () const; // Not always defined
constexpr const element type& operator* () const;
constexpr const element type* *get () const;

t 7 exposition only

}i

// 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 © ISO/IEC 2017 — Al rights reserved
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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);
template <class T, class U>

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

tepplate <class T, class U>
constexpr bool operator<(const propagate const<T>& pt, const propagate const<U>& pu) ;
tepmplate <class T, class U>
constexpr bool operator>(const propagate const<T>& pt, const propagate const<U>§" pu);
tepmplate <class T, class U>
constexpr bool operator<=(const propagate_const<T>& pt, const propagate_ CoOmst<U>& pu) j
tepmplate <class T, class U>
constexpr bool operator>=(const propagate const<T>& pt, const propagate const<U>& pu) /i

tepmplate <class T, class U>
constexpr bool operator==(const propagate const<T>& pt, consE\U& u);
tepmplate <class T, class U>
constexpr bool operator!=(const propagate const<T>& ptj const U& u);
tepmplate <class T, class U>
constexpr bool operator<(const propagate const<T>»&“\pt, const U& u);
tepmplate <class T, class U>
constexpr bool operator>(const propagate consk&T>& pt, const U& u);
tepmplate <class T, class U>
constexpr bool operator<=(const propagateft€onst<T>& pt, const U& u);
tepmplate <class T, class U>
constexpr bool operator>=(const propagate const<T>& pt, const U& u);

tepmplate <class T, class U>
constexpr bool operator==(const T& t, const propagate const<U>& pu);
tepmplate <class T, class U>
constexpr bool operator™/const T& t, const propagate const<U>& pu);
tepmplate <class T, class U>
constexpr bool ogergtor<(const T& t, const propagate const<U>& pu);
tepmplate <class T, kclass U>
constexpr beol\bdperator>(const T& t, const propagate const<U>& pu);
tefjnplate <class T, class U>
constexpr.bool operator<=(const T& t, const propagate const<U>& pu);
tepplate,Kclass T, class U>
constexpr bool operator>=(const T& t, const propagate const<U>& pu);

// 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 17


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

ISO/IEC TS 19568:2017 (E)

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

// 3J.7.13, propagate const comparison function objects
templlate <class T> struct equal to;
templlate <class T>

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

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

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

stfruct greater<experimental::fundamentals v2::propagate &onst<T>>;
templlate <class T> struct less_equal;
templlate <class T>

stfruct less equal<experimental::fundamentals v2::propagate const<T>>;
templlate <class T> struct greater equal;
templlate <class T>

stfruct greater equal<experimental::fundamenfals v2::propagate const<T>>;

} // npmespace std
3.7.3 propagate_const requirements on T [propagate_const.requjrements]

T shall be|an object pointer type or a classtype for which decltype (*declval<Ts>()) is an lvalue reference; otherwise
the progrgm is ill-formed.

If 7 is an grray type, reference type, pointer to function type or pointer to (possibly cv-qualified) void, then the program is
ill-formed.

[ Note: pdopagate const<const int*>is well-formed — end note |
3.7.3.1 propagate (const requirements on class type T [propagate_const.class_type_requirements]|

If 7 is clags typethen it shall satisfy the following requirements. In this sub-clause t denotes a non-const lvalue pf type T,

ct 1S a cobst: Ts bound to Lol oment—typ denotes an n]’\jp(‘f fvpp

T and const T shall be contextually convertible to bool.
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* Or
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.operator->() - ct.get () != nullptr ct.operator->() == ct.get()
element type*
(bool) t is equivalent to
(bool) t bool
t.get () != nullptr
(bool) ct is equivalent to
(bool) ct bool
ct.get () != nullptt
3.7.4 propagate_const constructors [propagate_const.ctor]
I [ Note: The following constructors are conditionally specified as explicit. This is typically implemented by deglaring
two such fonstructors, of which at most one participates in overload resolution. — eud iiote ]
2 template| <class U>
see Hjelow constexpr propagate const (propagate const<U>&& pu);
3 Remprks: This constructor shall not participate in overload resolutionlunless is_constructible v<T, Ussp. The
consfructor is specified as explicit if and only if !is convertikle v<Uss, T>.
4 Effeqts: Initializes t _ as if direct-non-list-initializing an object of type T with the expression std: :move (pujt_).
5 template| <class U>
see Helow constexpr propagate const (U&& u);
6 Remlrks: This constructor shall not participate in‘overload resolution unless is constructible v<T, Ussp> and
decaly t<U> is not a specialization of propagat@ const. The constructor is specified as explicit if and only if
!is |convertible v<U&&, T>.
7 Effedts: Initializes t_as if direct-non-list-initializing an object of type T with the expression std: : forwardku> (u).
3.7.5 propagate_const assignment [propagate_const.as§ignment]
1 template| <class U>
consflexpr propagate tOnsté& operator=(propagate_const<U>&& pu);
2 Remgirks: This function shall not participate in overload resolution unless u is implicitly convertible to T.
3 Effeqts: t-S="std::move (pu.t ).
4 Returis,Y*this.
5 template <class U>

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

6 Remarks: This function shall not participate in overload resolution unless u is implicitly convertible to T and

deca

y_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

explicit

constexpr operator bool () const;

2 Returns: (bool)t .

constexp

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

4 Requires: get() !'= nullptr.

[propagate_const.const_o

bservers]

5 Retu

constexp

7 Retu

8 Rem
impl

constexp
10 Reqf

11 Retu

constexp

13 Retu

3.7.7 proj

constexp
2 Req
3 Retu
constexp

5 Retu

6 Rem
impl

constexp

8 Req

TS gt (-
r operator const element type* () const;
ns. get ().

cit conversion to const element type*.

r const element type& operator* () const;

ires: get () != nullptr

ns. *get ().

r const element type* get() const;

>agate_constIunbconstobservers

r element type* operator->();

ires: get () '= nullptr

ns. get ().

r operator element typef ()7
ns.: get ().

cit conversion to element type*.

r element type& operator*();

ires{ get () '= nullptr

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

irks: This function shall not participate in overload resolution unless T is an object pointer type or has

[propagate_const.non_const_o

urks: This functign shall not participate in overload resolution unless T is an object pointer type or has

bservers]

9 Retu

constexp

I Returns: t_if T is an object pointer type, otherwise t .get ().

20

ns-—get -

r element type* get();
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3.7.8 propagate_const modifiers [propagate_const.modifiers]

1l constexpr void swap (propagate consté& 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]

1 template[XTIass T
consfexpr bool operator==(const propagate const<T>& pt, nullptr t);

2 Retufns: pt.t == nullptr.
3 template| <class T>
consflexpr bool operator==(nullptr t, const propagate const<T>& pt);
4 Retufns: nullptr == pt.t .
5 template| <class T>
consfexpr bool operator!=(const propagate const<T>& pt, nullptr t)y
6 Retufns: pt.t_ != nullptr.
7 template| <class T>
consflexpr bool operator!=(nullptr t, const propagate cofigt<T>& pt);

8 Retufns: nullptr != pt.t .

9 template| <class T, class U>
consflexpr bool operator==(const propagate consit<T>& pt, const propagate const<U>& pu);

10 Retufns: pt.t == pu.t .
11 template| <class T, class U>
consflexpr bool operator!=(const prepagate const<T>& pt, const propagate const<U>& pu);
12 Retufns: pt.t_ 1= pu.t .
13 template| <class T, class U>
consflexpr bool operator<(cConst propagate const<T>& pt, const propagate const<U>& pu);
14 Retufns: pt.t_ < pugty
15 template| <class T,/ &lass U>
consfexpr bodl\Operator>(const propagate const<T>& pt, const propagate const<U>& pu);

16 Retupns: ptae > pu.t .

17 templat +or F—eta ok
constexpr bool operator<=(const propagate const<T>& pt, const propagate const<U>& pu);

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

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

20 Returns: pt.t_ >= pu.t .
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29

31

33

35

37

39

41

43
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template <class T, class U>
constexpr bool operator==(const propagate const<T>& pt, const U& u);
22 Returns: pt.t_ == u.
template <class T, class U>
constexpr bool operator!=(const propagate const<T>& pt, const U& u);
24 Returns: pt.t_ != u.
template <class T, class U>

const

26 Retu

template
const

28 Retu

template
consHt

30 Retu

template
const

32 Retu

template
const

34 Retu

template
const

36 Retu

template
const

38 Retu

template
const

40 Retu

template

expr bool operator<(const propagate const<T>& pt, const U& u);
ns: pt.t < u.

<class T, class U>

expr bool operator>(const propagate const<T>& pt, const U& u);
ns: pt.t_ > u.

<class T, class U>

expr bool operator<=(const propagate const<T>& pt, const U& u)g
ns: pt.t_ <= u.

<class T, class U>

expr bool operator>=(const propagate const<T>& pt, ,const U& u);
ns: pt.t_ >= u.

<class T, class U>

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

<class T, class U>

expr bool operator!=(const T& ts const propagate const<U>& pu);

ns. t != pu.t

<class T, class U>
expr bool operator<f(const T& t, const propagate const<U>& pu);

ns: t < pu.t .

<class T, .Class U>
expr bool ¢perator>(const T& t, const propagate const<U>& pu);

NS: te>Spu.t .

<g¢¥ass T, class U>

const

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

42 Returns: t <= pu.t .

template
const

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

44 Returns: t >= pu.t_.

22
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opagate_const specialized algorithms

template <class T>
constexpr void swap (propagate const<T>& ptl, propagate const<T>& pt2)

noexcept (see below) ;
constant-expression in the exception-specification is noexcept (ptl.swap (pt2)).

3 Effects.‘ ptl.swap (pt2).

[propagate_const.algorithms]

ons are

3.7.11 propagate_const underlying pointer access [propagate_const.underlying]
I Access to|the underlying object pointer type is through free functions rather than member functions. These funct
intended {o resemble cast operations to encourage caution when using them.
2 template| <class T>
consfexpr const T& get underlying(const propagate const<T>& pt) noexcept;

3 Retufns: areference to the underlying object pointer type.
4 template| <class T>
consfexpr T& get underlying(propagate const<T>& pt) noexcept;
5 Retufns: areference to the underlying object pointer type.
3.7.12 propagate_const hash support [propagate canst.hash]
1 template| <class T>
strudt hash<experimental::fundamentals v2::propagatesrgemst<T>>;
2 For gn object p of type propagate const<T>,
hashikexperimental::fundamentals v2::propagate donst<T>>() (p) shall evaluate to the same value as
hash<T> () (p.t_).
3 Reqiires: The specialization hash<T> shall be well-formed and well-defined, and shall meet the requirements of
clasq template hash.
3.7.13 propagate const comparison function-objects [propagate const.comparison_function]_objects]
I template| <class T>
strudt equal to<experimental:7fundamentals v2::propagate const<T>>;
2 For ¢bjects p, g of type propagate const<T>,
equall to<experimental::fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same yalue as

equg

4 template
strug

5 For

Req]

1 to<T>() (p.t_,\g.t ).
ires: The specialization equal to<t> shall be well-formed and well-defined.

<clasg~T>
t mot_qual to<experimental::fundamentals v2::propagate const<T>>;

bjcets p, g of type propagate const<T>,

not equal to<experimental::fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same
VahkbaSnot_equal_to<T>()(p.t_, q.t ).

Requires: The specialization not_equal to<T> shall be well-formed and well-defined.
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7 template <
struct

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

8 For objects p, g of type 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 ).

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

10 template <class T>

struct

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

1 For bjeub P, g OITypCpropagate const<T>,

gred|

gregter<T>() (p.t_, g.t ).

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

13 template| <class T>

strudt

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

14 For bjects p, g oftype propagate const<T>,

less|
as 14s

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

| equal<experimental::fundamentals v2::propagate const<T>>() (p, o) shall evaluate to the san{

s_equal<T>() (p.t_, g.t ).

16 template| <class T>

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

17 For bjects p, g oftype propagate const<T>,

gred

ter equal<experimental::fundamentals v2::propagate const<T>>() (p, q)shallevahuuetothe

Vahl’aSgreater_equal<T>()(p.t_, q.t ).

18 Reqiires: The specialization greater equal<T> shallde well-formed and well-defined.

ter<experimental::fundamentals v2::propagate const<T>>() (p, q) shall evaluate to the same'vhlue as

e value

same

24
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4 Function objects [func]
4.1 Header <experimental/functional> Synopsis [header.functional.synop]
#include <functional>
namespace std {
namefspace experimental {
inlijne namespace fundamentals v2 {
//| See C++14 §20.9.9, Function object binders
tejplate <class T> constexpr bool is bind expression v
= is_bind expression<T>::value;
tejplate <class T> constexpr int is_placeholder v
= is_placeholder<T>::value;
//| 4.2, Class template function
tejnplate<class> class function; // undefined
tepnplate<class R, class... ArgTypes> class function<R (ArgTypes...)>;
tefnplate<class R, class... ArgTypes>
volid swap (function<R(ArgTypes...)>&, function<R(Arglypes...)>&);
tefnplate<class R, class... ArgTypes>
bopl operator==(const function<R(ArgTypes..s) >&, nullptr t) noexcept;
tefnplate<class R, class... ArgTypes>
bopl operator==(nullptr_ t, const functien<R(ArgTypes...)>&) noexcept;
tefnplate<class R, class... ArgTypes>
bopl operator!=(const function<R(ArgTypes...)>&, nullptr t) noexcept;
tefnplate<class R, class... ArgTypes>
bopl operator!=(nullptr t, cadhst function<R(ArgTypes...)>&) noexcept;
//| 4.3, Searchers
tejnplate<class Forwafdlterator, class BinaryPredicate = equal_ to<>>
class default seacgcher;
tefnplate<class\RandomAccessIterator,
cTass Hash = hash<typename iterator_ traits<RandomAccessIterator>::value_ type>,
alass BinaryPredicate = equal_ to<>>
class_boyer moore searcher;
template<class RandomAccessIterator,
class Hash = hash<typename iterator_ traits<RandomAccessIterator>::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,
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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 (
RandomAccessIterator pat first, RandomAccessIterator pat last,
Hash hf = Hash(), BinaryPredicate pred = BinaryPredicate()):;

template<class RandomAccessIterator,

class Hash = hash<typename iterator_traits<RandomAccessIterator>::value /Mype>,
class BinaryPredicate = equal to<>>

bolyer moore horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>

mafke boyer moore horspool searcher (

RandomAccessIterator pat first, RandomAccessIterator pat last,

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

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

} //| namespace fundamentals v2
} //| namespace experimental

templlate<class R, class... ArgTypes, class Alloc>
struct uses allocator<experimental::function<R(ArgRypes...)>, Alloc>;

} // npmespace std

4.2 Class template function [func.wrap.func]

The speciffication of all declarations within this’ sub-clause 4.2 and its sub-clauses are the same as the correspondjing
declarations, as specified in C++14 §20;9.D1.2, unless explicitly specified otherwise. [ Note:
std::expprimental::function uses\stid: :bad function call, there is no additional type
std::expprimental::bad functdon: call — end note ] .

namesppce std {
namejspace experimental {

inlipe namespacesfundamentals v2 {

tefnplate<elass> class function; // undefined

teppkate<class R, class... ArgTypes>
cla fonmctIor<RtErgTypes ) t
public:

using result type = R;

using argument type = T1;

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

using allocator type = erased type;

26 © ISO/IEC 2017 — Al rights reserved


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

ISO/IEC TS 19568:2017 (E)

function () noexcept;

function (nullptr t) noexcept;

function(const functiong);

function (function&s) ;

template<class F> function (F);

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

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

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

const functioné);

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

functioné&s) ;

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

function& operator=(const functionég);

function& operator=(functioné&&);

function& operator=(nullptr t) noexcept;

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

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

[void swap (functioné) ;

explicit operator bool () const noexcept;

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

const type info& target type() const noexcept;

template<class T> T* target () noexcept;
[cemplate<class T> const T* target. )" const noexcept;

omr : :memory resource* get memery resource () const noexcept;
}i
tepmplate <class R, class... ArgTypes>
bopl operator==(const *function<R(ArgTypes...)>&, nullptr t) noexcept;
tepmplate <class R, kclass... ArgTypes>
bopl operator=z=(ntullptr t, const function<R(ArgTypes...)>&) noexcept;
tepplate Kelass R, class... ArgTypes>
bopl operator!=(const function<R(ArgTypes...)>&, nullptr t) noexcept;
teppldte <class R, class... ArgTypes>
bolet—eperatori—tarutiotr—ts reEe—funetton<R{frgiyees— >+ e’
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 {

} // n

4.2.1 function construct/copy/destroy

treated as
including
allocator

In the foll
value of 4
specified.

function]
4 Effed

5 Retu

function]
7 Effed

8 Retu

function

10 Effed

11 Pogst

equi
migh

12 Retu

13 template
14 Effed

15 Retu

16 Rem
Callg

}i

amespace std

an instance of the experimental: : function class template, then that move or copy is performed by\u
construction with allocator get memory resource().

owing descriptions, let ArzocaTor or(f) be the allocator specified in the construction of funét¥on £,
xperimental: :pmr::get default resource () at the time of the construction of £ if no.allfocator was

k. operator=(const functions& f);

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

ns. *this.

k. operator=(function&s& f);

ts: function(allocator arg, ALLOCATOR OF(*this), std::mdve(f)).swap(*this);

ns: *this.

K. operator=(nullptr t) noexcept;

ts: If *this !'= nullptr, destroys the target of this.

onditions: ! (*this). The memory resouree returned by get memory resource () after the assignmen
alent to the memory resource before the\assignment. [ Note: the address returned by get memory res
it change — end note |

nS: *this.

class F> function& Operator=(F&& f);

AN function(allecator arg, ALLOCATOR OF(*this), std::forward<k>(f)).swap(*this);
Ins: *this.
rks: This-assignment operator shall not participate in overload resolution unless declval<decay t<F

ible (CH+14 §20.9.11.2) for argument types ArgTypes. . . and return type Rr.

[func.wrap.func.con]

When a function constructor that takes a first argument of type allocator arg t is invoked, the second argument is

2 tyne-eraced allocator (8 3) 1f the constrictar maves or makes a copy of a fiinetion ohject (C4++14 §20.9),

ing-

r the

t is

urce ()

&> () 18

17 template

Cld T TUINICCTLIOIM& operdtor—\rereren(,eiwrdpper T )y

18 Effects: function(allocator arg, ALLOCATOR OF(*this), f).swap (*this);

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

2 Requires: *this->get memory resource() == *other.get memory resource().
3 Effects: Interchanges the targets of *this and other.

4 Remarks: The allocators of *this and other are not interchanged.

[func.wrap.func.mod]

4.3 Seallchers

This sub-¢
pat last

pattern to|be searched for) is provided to the object's constructor, and the second (the sequence toybe’searched) is
to the funftion call operator.

Each spedialization of a class template specified in this sub-clause 4.3 shall meet the copfGonstructible and
CopyAssipgnable requirements. Template parameters named ForwardIterator, Forwafdlteratorl, ForwardIte
RandomAc:essIterator,RandomAccessIteratorl,RandomAccessIterator2,and,BinaryPredicate oftennpkne;

specified |

parametefs named Hash shall meet the requirements as specified in C++14 §176.3.4.

The Boydr-Moore searcher implements the Boyer-Moore search algorithni-yThe Boyer-Moore-Horspool searche
implemer]ts the Boyer-Moore-Horspool search algorithm. In general,th¢ Boyer-Moore searcher will use more m

and give |

4.3.1 Cla$

templajte<class ForwardIteratorl, class BinafyPredicate = equal to<>>

class [default searcher ({

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

templlate<class ForwardIterator2>
pafir<ForwardIterator2,\ForwardIterator2>

privatf:
ForwprdIteratQ¥l pat first ; // exposition only
ForwprdIteraterl pat last ; // exposition only

BinafryPredicate pred ; // exposition only

}i

bperator () (ForwardIterator?2 first, ForwardIterator2 last) const;

lause provides function object types (C++14 §20.9) for operations that search for a sequence {pdt fidst,

[func.sellrchers]

in another sequence [first, last) that is provided to the object's function call operator, Thefirst sequence (the

provided

Fator2,

n this sub-clause 4.3 shall meet the same requirements and semantics as’specified in C++14 §25.1. Template

etter run-time performance than Boyer-Moore-Horspook

emory

s template default_searcher [func.searcherp.default]

BinaryPredicate pred = BinaryPredicate());

default searcher (ForwardIterator pat first, ForwardIterator pat last,

Binar

yPredicate pred = BinaryPredicate());

2 Effects: Constructs a default searcher object, initializing pat first with pat first, pat last withpat last,
and pred_ with pred.

3 Thro

ws: Any exception thrown by the copy constructor of BinaryPredicate Of ForwardIteratorl.

© ISO/IEC 2017 — Al rights reserved
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4 template

<class ForwardIterator2>

pair<ForwardIterator?2, ForwardIterator2>
operator () (ForwardIterator2 first, ForwardIterator2 last) const;

5 Retu

rns: A pair of iterators i and j such that
— 1 == std::search(first, last, pat first , pat last , predi),and
— ifi == last,thenj == 1ast, otherwise 3 == next (i, distance(pat first , pat last )).

4.3.1.1 default_searcher creation functions [func.searchers.default

1 template
defa

make |

2 Effed

pat |

.creation]|

class ForwardIterator, class BinaryPredicate

1t searcher<ForwardIterator, BinaryPredicate>

default searcher (ForwardIterator pat first, ForwardIterator pat last,
BinaryPredicate pred = BinaryPredicate());

equal_ to<>>

AN Equh&ﬂentu)return default searcher<ForwardIterator, BinaryPredicate>(
first, pat last, pred);

4.3.2 Class template boyer_moore_searcher [func.searchers.boyef moore]

templal

class

public|:

boyel

temp
Pa

privat
Rand|
Rand|
Hash
Bing|
}i
1 boyer mo|

Hash
Binaq

2 Req
and

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

pbbooyer moore searcher {

r moore_searcher (RandomAccessIteratorl pat firsg,\RandomAccessIteratorl pat_ last,
Hash hf = Hash(), BinaryPredicdte pred = BinaryPredicate());

late<class RandomAccessIterator2>
i r<RandomAccessIterator2, RandomAccesskterator2>

bperator () (RandomAccessIterator?2 firsg, RandomAccessIterator2 last) const;

bmAccessIteratorl pat first_; %/ exposition only
bmAccessIteratorl pat last (Gy* // exposition only
hash § // exposition only
ryPredicate pred ; // exposition only

bre searcher (RahdomAccessIteratorl pat first, RandomAccessIteratorl pat last,
hf = Hash{(),
yPredicate~pred = BinaryPredicate());

ires: The value type of RandomAccessIteratorl shall meet the efaultConstructible, CopyConstry
opyAsSignable requirements.

3 Req

ires? For any two values A and B of the type iterator traits<RandomAccessIteratorl>::value ty]

ctible,

pe, if

pred

(A, 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 with nf, and pred_ with pred.

Throws: Any exception thrown by the copy constructor of RandomAccessIteratorl, 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>
pair<RandomAccessIterator2, RandomAccesslIterator2>
operator () (RandomAccessIterator?2 first, RandomAccessIterator2 last) const;

Requires: RandomAccessIteratorl and RandomaAccessIterator2 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 - (pat_last - pat_ first_ )) such that for every non-

negative integer n less than pat 1ast - par first the following condition holds:
pred(* (i + n), *(pat first + n)) != false, and
— J == next (i, distance(pat first , pat last )).

Reuwnsmake_pair(first,first)if[pat_first_,pat_last_)isenqﬁy,Oﬁwr“dsereHHnSmake_pair(las:,last)
if no|such iterator is found.

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

4.3.2.1 bdyer_moore_searcher creation functions [func,searchers.boyer_moorejcreation]

1 templatekKclass RandomAccessIterator,
clasg Hash = hash<typename iterator_ traits<RandomAccessIteratorX::ivalue type>,
clasq BinaryPredicate = equal_ to<>>
boyer moore_ searcher<RandomAccessIterator, Hash, BinaryPreditate>
malde boyer moore searcher (RandomAccessIterator pat firstj JRandomAccessIterator pat last,
Hash hf = Hash(), BinaryPreddicate pred = BinaryPredicate());

2 Eﬁﬂ%ts: Equivalentto return boyer moore_ searcher<RandemAccessIterator, Hash, BinaryPredicatg>(
pat [first, pat last, hf, pred);

4.3.3 Class template boyer_moore_horspool_searchexr [func.searchers.boyer_moore_horspool]

templajte<class RandomAccessIteratorl,

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

class BinaryPredicate = ggual_ to<>>

class poyer moore horspool searcher {

public|:
boyejr moore horspool searcher (RandomAccessIteratorl pat first, RandomAccessIteratorl pat last,

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

templlate<class RandomAccessIterator2>
pali r<RandomAcgesslterator?2, RandomAccessIterator2>

bperaton()y(RandomAccessIterator2 first, RandomAccessIterator2 last) const;

privatf:

RandpmAtcessIteratorl pat first ; // exposition only

RandomAccessIteratorl pat last ; // exposition only
Hash hash_; // exposition only
BinaryPredicate pred ; // exposition only
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1 boyer moore horspool searcher (

2

10

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

Requires: The value type of RandomaccessIteratorl shall meet the befaultConstructible, CopyConstructible,

and copyAssignable requirements.

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 (B) shall be true.

Efﬁy#c'(“nnqh1n¢<a hoyer moore horspool parnhpr(ﬂﬁerriniﬁaﬁ7ing pat fir fgr“ﬁﬂ1nafifir t,pat last
with|pat last, hash_with hf, and pred with pred.

Thragws: Any exception thrown by the copy constructor of RandomaccessIteratorl, or by the default-constructor,
copy| constructor, or the copy assignment operator of the value type of RandomAccessTterators ‘anthe copyf

consfructor or operator () of BinaryPredicate Or Hash. May throw bad_alloc if additional imemory needgd for
interhal data structures cannot be allocated..

pailr<RandomAccessIterator2, RandomAccessIterator2>
dperator () (RandomAccessIterator?2 first, RandomAccessIterator2 Jlasgt) const;

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

Retupns: A pair of iterators i and j such that
— i is the first iterator in the range [first, last - (pat_last - pat first_)) such that for every non-

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

RBtuﬁ]Smake_pair(first,first)if[pat_first_,pat_last_)isenqﬁy,OtherwdsereHHnSlnake_pair(las:,last)
if no|such iterator is found.

Complexity: Atmost (last - first) y(lpat last - pat first ) applications of the predicate.

4.3.3.1 bdyer_moore_horspool_searcher creation functions [func.searchers.boyer_moore_horspoolicreation]

templateKclass RandomAccessilterator,

boyen moore horspdgl. searcher<RandomAccessIterator, Hash, BinaryPredicate>
make [boyer moorpe) Worspool searcher (

2

32

class Hash =(hash<typename iterator_ traits<RandomAccessIterator>::value_ type>,
class BinafyBredicate = equal to<>>

HandomAcgessIterator pat first, RandomAccessIterator pat last,
Hash hf “s~Hash (), BinaryPredicate pred = BinaryPredicate());

Effeats., Eguivalent to

retyrm¥oyer moore horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>(

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

1 template
2 In th

<class F> unspecified not fn(F&& f);
e text that follows:

— FD is the type decay t<F>,
— fdis an lvalue of type Fp constructed from std: : forward<fF> (f),
— £n 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).

4 Retu
| INY

5 Thr

6 Rem

Copy]
that

7 [ No
—e

17 (E)

.not_fn]

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

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

irks: The return type shall satisfy the requirements of MoveConstructible. If FD satisfies the requirem
Constructible, then the return type shall satisfy the requirements of copyconstrctible. [ Note: Thi
D is MoveConstructible. — end note |

e: Function template not_fn can usually provide a better solution than usiig’the negators not1 and not
id note |

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

containe

object may be initialized after the optional object has been initialized, and may be destroved before th

object has

5.2 Hea

namesp|
name

inli]

//
te

//
st
co

//
st

CO|

//
cl

//
te

te
te
te

te

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

bhce std {
Ispace experimental {
ne namespace fundamentals v2 {

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

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

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

5.6, Class bad optional access

hss bad optional access;

5.7, Relational operators
hhplate <class T>
constexpr bool operator=='(const optional<T>&, const optional<T>&);
hhplate <class T>
constexpr bool operator!=(const optional<T>&, const optional<T>&);
hhplate <class T>
constexpr beel“operator<(const optional<T>§&, const optional<T>&);
hhplate <cless T>
constexpr~-bool operator>(const optional<T>&, const optional<T>&);
hhplafte,<class T>
conStexpr bool operator<=(const optional<T>&, const optional<T>&);

te

//
te
te
te
te
te

34

nplLdte Cld 1

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

5.8, Comparison with nullopt
mplate <class T> constexpr bool operator==(const optional<T>&, nullopt t) noexcept;
mplate <class T> constexpr bool operator==(nullopt t, const optional<T>&) noexcept;

mplate <class T> constexpr bool operator!=(const optional<T>&, nullopt t

)
)
) noexcept;
)

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

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

optional

ler <experimental/optional> Synopsis [optional.synop]
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template <class T> constexpr bool operator<(nullopt t, const optional<T>&) noexcept;
template <class T> constexpr bool operator<=(const optional<T>&, nullopt t) noexcept;
template <class T> constexpr bool operator<=(nullopt t, const optional<T>&) noexcept;
template <class T> constexpr bool operator>(const optional<T>&, nullopt t) noexcept;
template <class T> constexpr bool operator>(nullopt t, const optional<T>&) noexcept;
template <class T> constexpr bool operator>=(const optional<T>&, nullopt t) noexcept;
template <class T> constexpr bool operator>=(nullopt t, const optional<T>&) noexcept;
// 5.9, Comparison with T
tepmplate <class T> constexpr bool operator==(const optional<T>&, const T&);
tejnplate <class T> constexpr bool operator==(const T&, const optional<T>g);
tejnplate <class T> constexpr bool operator!=(const optional<T>&, const T&);
tejnplate <class T> constexpr bool operator!=(const T&, const optional<T>g);
tefnplate <class T> constexpr bool operator<(const optional<T>&, const T&);
tefnplate <class T> constexpr bool operator<(const T&, const optional<T>&);
tejnplate <class T> constexpr bool operator<=(const optional<T>&, const _T&);
tejnplate <class T> constexpr bool operator<=(const T&, const optionalT>%) ;
tejnplate <class T> constexpr bool operator>(const optional<T>&, cofist T&);
tefnplate <class T> constexpr bool operator>(const T&, const optiorial<T>g);
tejnplate <class T> constexpr bool operator>=(const optional<T>%&, ‘const T&);
tejnpplate <class T> constexpr bool operator>=(const T&, const~0ptional<T>g);
//] 5.10, Specialized algorithms
tefnplate <class T> void swap (optional<T>&, optionalLT>&) noexcept (see below) ;
tefnplate <class T> constexpr optional<see below> @make optional (T&&);

} //| namespace fundamentals v2

} //| namespace experimental

// 5.11, Hash support

templlate <class T> struct hash;

temp

} //

1 A prograi

[late <class T> struct hash<expérimental::optional<T>>;

lamespace std

h that necessitates the instantiation of template optional for a reference type, or for possibly cv-qualiffed types

in place| t or nullopt t is ill“fermed.

5.3 optilonal for ohjéct types

templajte <class~T>

[optiona

class pptional

{

publicT
using value type = T;
// 5.3.1, Constructors

constexpr optional () noexcept;
constexpr optional (nullopt t)
optional (const optionalg);
optional (optionalé&s&)

constexpr optional (const T&);

© ISO/IEC 2017 — Al rights reserved
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constexpr optional (T&&) ;

temp
temp

constexpr explicit optional (in place t,

late <class...
late <class U,

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>&&);

// 5.3.2, Destructor

initializer 1ist<U>, Argsé&&...);

~optffonal () ;

// 5.3.3, Assignment

optipnals& operator=(nullopt t) noexcept;

optifnal& operator=(const optionals);

optijpnal& operator=(optionalé&s&) noexcept (see below) ;
templlate <class U> optionalé& operator=(U&&) ;

templlate <class U> optional& operator=(const optional<U>&);
templlate <class U> optionalé& operator=(optional<U>&&) ;

temp
temp

VO

/79

void

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

privat
T*
}i

late <class...
late <class U,
[id emplace (init

.3.4, Swap
swap (optionalég

.3.5, Observers
texpr T const*
texpr T* operat
texpr T consté&
texpr T& operat
texpr T&& opera
texpr const T&&
texpr explicit
texpr T consté&
texpr T& value (
Cexpr T&& value
texpr const T&&
late <class U>
[late <class<UX

S

valg™ v/ expos

Args> void emplace (Argsé&é&...);
class... Args>
ializer 1ist<U>, Argsé&é&...);

) noexcept (see below);

operator ->() const;

or =>();

operator * () const &;

or *() &;

tor *() &&;

operator *() eonst &&;
operator bool() const noexcept;
value () comst &;

) &

() &&v

Valyde () const &&;
constexpr T value or(U&&) const &;
tonstexpr T value or (U&&) &&;

ition only

1" Any instance of optional<T> at any given time either contains a value or does not contain a value. When an instance of
optional<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.
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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;
constexpr optional (nullopt t) noexcept;

2 Postfonditions: *this dOes Not contain a value.

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

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

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

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

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

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

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

10 Reth?&'is_move_constructible_v<T>iStru&

I Effedts: If rhs contains a value, initializes the containéd value as if direct-non-list-initializing an object of type T
with|the expression std: :move (*rhs). The value of'bool (rhs) is unchanged.

12 Postponditions: bool (rhs) == bool (*this),
13 Thrdws: Any exception thrown by the selected constructor of T.

14 Remfirks: The expression inside ngéxcept is equivalent to:

ig nothrow move constriictible v<T>

15 constexpf optional (const Té& v);

16 Reth?&'is_copy_constructible_v<T>iStru&
17" Effedts: InitialiZes the contained value as if direct-non-list-initializing an object of type T with the expressign v.

18 Postyonditions: *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 Remgirks: If T's selected constructor is a constexpr constructor, this constructor shall be a constexpr cons1|ruct0r.

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

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

w

29 Effeqts: Initializes the contained value as if direct-non-list-initializing an object of type_t Wwith the argumen
std:|: forward<Args>(args) ....

30 Postfonditions: *this contains a value.
31 Thrdws: Any exception thrown by the selected constructor of T.

32 Rempirks: If T's constructor selected for the initialization is a constexpx constructor, this constructor shall he a
consgltexpr constructor.

33 template| <class U, class... Args>
consflexpr explicit optional (in place t, initializéyv1list<U> il, Argsé&&... args);
34 Reqbﬁes: is_constructible v<T, initializer 1ig%<U>¢, Args&&...>istrue

35 Effeqts: Initializes the contained value as if directsnon-list-initializing an object of type T with the argumen
i1, |std::forward<Args>(args)....

w

36 Postbonditions: *this contains a value.
37 Thrdws: Any exception thrown bythe selected constructor of T.

38 Remfurks: The function shallmot participate in overload resolution unless
is donstructible v<T/ Ifitializer list<U>&, Argsss...> 1S true. If T's constructor selected for the
initiglization is a constespr constructor, this constructor shall be a constexpr constructor.

[ Note: The following‘constructors are conditionally specified as explicit. This is typically implemented by de¢laring
two such ponstructors, of which at most one participates in overload resolution. — end note |
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39 template <class U>
constexpr optional (U&& V) ;

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

41 Postconditions: *this contains a value.
42 Throws: Any exception thrown by the selected constructor of T.

43 Remarks: If r's selected constructor is a conste prconstructor_this constructor shall be a constexpr constructor.
This|constructor shall not participate in overload resolution unless is constructible v<T, Us&>is true\ahd
decaly t<U> is not the same type as T. The constructor is explicit if and only if is convertible v<Uss, T>is

falsle.

44 template| <class U>
optidnal (const optional<U>& rhs);

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

46 Postronditions: bool (rhs) == bool (*this).
47 Thrdws: Any exception thrown by the selected constructor of T.

48 Remgrks: This constructor shall not participate in overload resolution unless is_constructible v<T, conlst Us> is
true, is_same<decay t<U>, T> 1S false, is_constructible. &<T, const optional<U>&> 1S false and
is_donvertible v<const optional<U>&, T>iS false. The €onstructor is explicit if and only if
is donvertible v<const Us, T> 1S false.

49 template| <class U>
optidnal (optional<U>&& rhs);
50 Effedts: If rhs contains a value, initializes the.eontained value as if direct-non-list-initializing an object of tiype T
with|the expression std: :move (*rhs). bool (rhs) is unchanged.
SU Postfonditions: bool (rhs) == bool (*this).

52 Thrgws: Any exception thrown by the selected constructor of T.

53 Rempirks: This construcfor)shall not participate in overload resolution unless is constructible v<T, Ussp iS true,
is_sjame<decay t<U>\.T>iS false, is_constructible v<T, optional<U>&&> 1S false and
is_donvertible_t<aptional<U>&s, T> 1S false and U is not the same type as T. The constructor is explidit if and
only|if is conwveftible v<Uss, T>IS false

5.3.2 Destructor [optional.obrect.dtor]
1 ~optional();
2 Effects: If is_trivially destructible v<T> != true and *this contains a value, calls val->T::~T ().
3 Remarks: Ifis trivially destructible v<T> == true then this destructor shall be a trivial destructor.
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5.3.3 Assignment

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

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

3 Returns: *this.

noexcept;

4 Postconditions: *this does not contain a value.

[optional.object.assign]

5 optional

6 Req

7 Effed

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

ires: is_copy constructible v<T> 1S true and is_copy assignable v<T> iS true.

AN

Tabk:SAAfoptional::operator:(const optionals) effects

*this contains a value

*this does not contain a value

r}

s contains a
value

assigns *rhs to the contained
value

initializes the contained valué-as if direct-non-list
initializing an object of type'r with *rhs

n
CO|

hs does not

ntain a value

destroys the contained value by
calling val->T::~T ()

no effect

8 Retu
9 Post

10 Rem
is thi
assig

11 optional

12 Req
13 Effed

ns. *this.

T>& operator=(optional<T>&& rhs)

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

noexXcept (see below) ;

arks: 1f any exception is thrown, the result of the expression bool (*this) remains unchanged. If an ex
own during the call to T's copy constructor, no effect.\If'an exception is thrown during the call to T's cg
nment, the state of its contained value is as defined by the exception safety guarantee of T's copy assigi

ires: isimoveiconstructible7v<T>iStrue and isimoveiassiqnable7v<T>iStrue.

ts: The result of the expression ppo¥(rhs) remains unchanged.

Tabk:6-——optional::operator=(optional&&) effects

ception

Py
hment.

*this contains a value

*this does not contain a value

rh

5 contains a
value

assigns std::move (*rhs) to the
contained value

initializes the contained value as if direct-non-list-init]

an object of type T with std: :move (*rhs)

alizing

r]

hs does not

contain a value

destroys the contained value by
calling va1->7::~1()

no effect

14 Retu

15 Post

'ns: *this.

onditions: bool (rhs)

bool (*this).

16 Remarks—The eXpression NSIAE noexcept 1S eqUivVAlent 107

is_nothrow move assignable v<T> && is nothrow move constructible v<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

20

21

22

23 template

24

25

26

27

28

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).

Returns: *this.

Postconditions.: *this contains a value.

Remgrks: 1f any exception is thrown, the result of the expression bool (*this) remains unchanged. If ari 'ejception
is thfown during the call to T's constructor, the state of v is determined by the exception safety guarantee of[1's
consfructor. If an exception is thrown during the call to T's assignment, the state of *va1 and v is detérmined by the
exception safety guarantee of T's assignment.
The function shall not participate in overload resolution unless decay t<uU> is not nullopt (©\and decay t<p> is not
a spqcialization of optional.
<class U> optional<T>& operator=(const optional<U>& rhs);
Reqiires: is_constructible v<T, const Us> 1S true and is_assignable VXT4, const Us> 18 true.
Effeqts:
Table 7 — optional: :operator=(const optional<U>&) effects
*this contains a value *this does not contain a value
rlis 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
ghs does not | destroys the contained value by
. . no effect
coptain a value |calling val->T::~T ()
Retufns: *this.
Postronditions: bool (rhs) == bool (*thid
Remfirks: 1f any exception is thrown,the result of the expression bool (*this) remains unchanged. If an ejception
is thfown during the call to 1's constriictor, the state of *rhs.val is determined by the exception safety guarpntee of
T's cpnstructor. If an exception,issthrown during the call to T's assignment, the state of *val and *rhs.val is
detefmined by the exception'safety guarantee of T's assignment. The function shall not participate in overload
resolution unless is_samé y<decay t<U>, T>is false.
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29 template

<class U> optional<T>& operator=(optional<U>&& rhs);

30 Requires: is constructible v<T, U>istrueandisiassignable7v<T&, U> iS true.

31 Effects: The result of the expression bool (rhs) remains unchanged.

Tabk:g-——optional::operator=(optional<U>&&) effects

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

value contained value an object of type T with std: :move (*rhs)

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

rhs does not | destroys the contained value by

3 Fhaant
T

contain a value |calling val->T::~T()

TTO—CTICC

32 Retu
33 Post

34 Rem
is thi
T's ¢
detef
resol

35 template
36 Reqif

37T Effed
type

38 Post
39 Thrd

40 Rem
prev

41 template

42 Effed
type

43 Post
4“4 Thrg

45 Rem

F7S: *this.
onditions: bool (rhs) == bool (*this).
irks: 1f any exception is thrown, the result of the expression bool (*this) remains unehanged. If an ex

own during the call to T's constructor, the state of *rhs.val is determined by the eXéeption safety guar
nstructor. If an exception is thrown during the call to T's assignment, the state of *val and *rhs.val if
mined by the exception safety guarantee of T's assignment. The function skall-not participate in overlo
ution unless is same v<decay t<U>, T> is false.

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

ires: is_constructible v<T, Argss&...> IS true.

ts: Calls *this = nullopt. Then initializes the contained value as if direct-non-list-initializing an obj
T with the arguments std: : forward<Args> (args) ..

onditions: *this contains a value.
ws.: Any exception thrown by the selected;eonstructor of T.

irks: 1f an exception is thrown duringthe call to T's constructor, *this does not contain a value, and th
ous *val (if any) has been destroyed:

<class U, class... Args>)void emplace (initializer 1ist<U> il, Args&é&... args);

ts: Calls *this = nullbpt. Then initializes the contained value as if direct-non-list-initializing an obj
T with the arguments 37, std::forward<Args>(args)....

onditions.: *this'contains a value.
ws: Anylexception thrown by the selected constructor of T.

ks \If an exception is thrown during the call to T's constructor, *this does not contain a value, and th

ception
antee of

d

ect of

a

ect of

(@)

prev

ous“*val (if any) has been destroyed.

The function shall not participate in overload resolution unless

is ¢

42

onstructible v<T, initializer 1list<U>¢, Args&&...>istrue.
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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.

17 (E)

[optional.object.swap]

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 vplue rhs.val->T::~T (); postcondition is that *§nhis
contains a value and rhs does pot ¢ontain al value
N initializes the contained value of rhs as if direct-
rns . e a,. .« . . .
doeb not non-list-initializing an object of type T with the
b .
corltain |cXPression std: :move (* (*this) ), followed by no effect
val->T::~T(); postcondition is that *this does not
a vplue . .
contain a value and rhs contains a value
4 Thraws: Any exceptions that the expressions in the Effects element throw.
5 Remfrks: The expression inside noexcept is equivalent to:
igd nothrow move constructible v<T> && noexcept (swap(d€clval<T&>(), declval<T&>()))
If anly exception is thrown, the results of the expressions boof(*this) and bool (rhs) remain unchanged. If an
exception is thrown during the call to function swap the statéof *vai and *rhs.val is determined by the ex¢eption
safetly guarantee of swap for lvalues of . If an exception is’thrown during the call to T's move constructor, the state
of #ta1 and *rhs.val is determined by the exceptionsafety guarantee of T's move constructor.
5.3.5 Observers [optional.object.observe]
1 constexpfp T const* operator->() const;
constexpfr T* operator->();
2 Reqiires: *this contains a valug.
3 Retufns: val.
4 Thrdws: Nothing.
5 Remfirks: Unless(Tis a user-defined type with overloaded unary operators, these functions shall be constfxpr
functions.
6 constexpp T eonst& operator* () const &;
cons texp—Fe—eperateriii—c
7 Requires: *this contains a value.
8 Returns: *val.
9 Throws: Nothing.
10 Remarks: These functions shall be constexpr functions.
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constexpr T&& operator* () &&;
constexpr const T&& operator* () const &&;

12 Requires: *this contains a value.

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

constexpr explicit operator bool () const noexcept;

15 Returns: true if and only if *this contains a value.

16 Rem

constexpfr T const& value() const &;
constexpr T& value() &;
18 Eﬁﬁxts: Equivalentto return bool (*this) ? *val : throw bad optional access();
constexplr T&& value() &&;
constexplr const T&& value () const &&;
ZO‘Eﬁ%(mJ Equh&ﬂentk)return bool (*this) ? std::move(*val) : throw bad,optional access();
template| <class U> constexpr T value or (U&& v) const &;
22 lﬂﬁxts: Equivalentto return bool (*this) ? **this : static cast<T>(std::forward<U>(v));
23 Remfirks: If is_copy constructible v<T> && is_convertible w<Uss&, T>iS false, the program is ill-ft
template| <class U> constexpr T value or (U&& v) &&;
25 Effeqts: Equivalent to return bool (*this) ? std::move (**this) : static cast<T>(std::forward<U
26 Renlﬂ%s:Ifisimoveiconstructible7v<T> && s _convertible v<U&&, T>isfalse,theprogrannisiﬂ-f
5.4 In-pllace construction [optional.
struct iph place t{};
constexpfr in _place_t in place{}}

The struc
overloadi
pack; this
forwardeq

5.5 No-y

hrks: This function shall be a constexpr function.

in place t is an empty structure type used as a unique type to disambiguate constructor and function
hg. Specifically, optional<T> has a constructor with in place_t as the first parameter followed by a p
indicates that.T\should be constructed in-place (as if by a call to a placement new expression) with the
| pack exparnision as arguments for the initialization of T.

ralue state indicator [optional.

rmed.

(v))

rmed.

inplace]

arameter

nullopt]

struct nullopt t{see below};

constexp

r 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.
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5.6 Class bad optional_ access

class

public

ISO/IEC TS 19568:2017 (E)

bad optional access : public logic error {

bad optional access();

}i

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

[optional.bad_optional access]

The class bad_optional access defines the type of objects thrown as exceptions to report the situation where an attempt

2 bad optipnal access();
3 Effeqts: Constructs an object of class bad optional access.
4 Postgonditions: what () returns an implementation-defined NTBS.
5.7 Reldtional operators [optional.relops]
1 template| <class T> constexpr bool operator==(const optional<T>& x, constgroptional<T>& y);
2 Regqiires: T shall meet the requirements of EqualityComparable.
3 Retufns: If bool (x) !'= bool(y), false; otherwise if bool (x) == falséstrue; otherwise *x == *y.
4 Remgirks: Specializations of this function template for which *x == &}/is a core constant expression, shall pe
consltexpr functions.
5 template| <class T> constexpr bool operator!=(const opblonal<T>& x, const optional<T>& y);
6 Retufns: ' (x == y).
7 template| <class T> constexpr bool operator<(cdemst optional<T>& x, const optional<T>& y);
8 Reqiires: *x < y shall be well-formed and\its result shall be convertible to bool.
9 Retufns: If 1y, false; otherwise, if lxy t¥ue; otherwise *x < *y.
10 Remfirks: Specializations of this fynction template for which *x < *y is a core constant expression, shall bg
consltexpr functions.
11 template| <class T> constexpgr bool operator>(const optional<T>& x, const optional<T>& vy);
12 Retuns: v < x.
13 template| <class\T> constexpr bool operator<=(const optional<T>& x, const optional<T>& y);
14 Retupns: \ iy < x).
15 template <class T> constexpr bool operator>=(const optional<T>& x, const optional<T>& y);
16 Returns: 1 (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 bool
template <class T> constexpr bool

4 Returns: bool (x).

template <class T> constexpr bool

6 Returns: false.

template <class T> constexpr 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;

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

8 Retufns: bool (x).

template| <class T> constexpr bool

10 Retupns: 1 x.

template| <class T> constexpr bool

12 Retufns: true.

template| <class T> constexpr bool

14 Retufns: bool (x).

template| <class T> constexpr bool

16 Retupns: false.

template| <class T> constexpr bool

18 Retufns: true.

template| <class T> constexpr bool

20 Retufns: x.

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

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

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

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

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

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

| with_t]

5.9 Conpparison with T [optional.comp |
template| <class T> constexpr bool operator==(const optional<T>& x, const T& Vv);
2 Retuns: bool (x) ? *x,=V : false.
template| <class T> comstexpr bool operator==(const T& v, const optional<T>& x);
4 Retufns: boolA4x) ? v == *x : false.
template| <cllass' T> constexpr bool operator!=(const optional<T>& x, const T& v);
6 Retufns.¥bool (x) 2 ! (*x == v) : true.
template <class T> constexpr bool operator!=(const T& v, const optional<T>& x);
8 Returns: bool(x) ? ! (v == *x) true

template <class T> constexpr bool

operator<(const optional<T>& x, const T& v);

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

46
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21

23

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

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

template

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

14 Returns: ' (x > v).

template <class T> constexpr bool operator<=(const T& v, const optional<T>& x);
16 Returns: 1 (v > x).
template| <class T> constexpr bool operator>(const optional<T>& x, const T& Vv);
18 Retufns: vool (x) ? v < *x : false.
template| <class T> constexpr bool operator>(const T& v, const optional<T>& x);
20 Retupns: bool(x) ? *x < v : true.
template| <class T> constexpr bool operator>=(const optional<T>& x, constl T& Vv);
22 Retupns: ' (x < v).
template| <class T> constexpr bool operator>=(const T& v, const ,optfonal<T>& x);
24 Retufns: ' (v < x).
5.10 Spe¢cialized algorithms [optional.specalg]
template| <class T> void swap (optional<T>& x, opticnal<T>& y) noexcept (noexcept (x.swap(y)));
2 Effec ts: Calls x.swap (y).
template| <class T> constexpr optional<decay t<T>> make optional (T&& v);

4 Retufns: optional<decay t<T>>(std; :£orward<T>(v)).

5.11 Haph support [optiongal.hash]
template| <class T> struct hash<experimental::optional<T>>;

2 Reqyires: The template-Specialization hash<T> shall meet the requirements of class template hash (C++14
§20.9.12). The teniplate specialization hash<optional<T>> shall meet the requirements of class template hdsh. For
an object o of type optional<T>, if bool (0) == true, hash<optional<T>>() (o) shall evaluate to the samg value as
hashiT> () (xo)73 otherwise it evaluates to an unspecified value.
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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
awareness of type effectively allows safe, generic containers of single values, with no scope for surprises from ambiguous
conversions. — end note |

6.1 Heafler <experimental/any> synopsis [any.synop]

namesppce std {
namesppce experimental {

inline| namespace fundamentals v2 {

class bad any cast : public bad cast
{
publfic:

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

clasls any
publfic:
//l 6.3.1, any construct/destruct

anly () noexcept;

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

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

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

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

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

// 6.3.3, any modifiers
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

temp
Va
temp
Va
temp

swap (any& x, anyé& y) noexcept;

late<class ValueType>

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

lueType any cast (any& operand) ;
late<class ValueType>

Va

temp
col
temp
Va

} // 1
} // 1
} // 1

6.2 Class bad_any cast

Objects o

6.3 Class any

An object
referred t
if they ard

ueType any cast (any&& operand);

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

[lueType* any cast (any* operand) noexcept;
bmespace fundamentals v2

bmespace experimental

bmespace std

f type bad_any cast are thrown by a failed any cast.

17 (E)

[any.bad_any_cast]

[any.class]

of class any stores an instance of any type that'satisfies the constructor requirements or is empty, and this is

as the state of the class any object. The stored instance is called the contained object. Two states are g
either both empty or if both are not empty and if the contained objects are equivalent.

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

Implemer]
the object
types T o

6.3.1 any

any () no

2 Post

any (cons

tations should avoid the use of dymamically allocated memory for a small contained object. [ Example]
constructed is holding onlysamint. — end example ] Such small-object optimization shall only be appl
r\Nhkﬂlisinothrowfmoveiconstructible7v<T>istru&

quivalent

where
edto

construct/destruet [any.cons]

Except;

Ponditions. /this->empty ().

. any& other);

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

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

any (anyé&

& other) noexcept;

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

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

© ISO/IEC 2017 — Al rights reserved
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9 template<class ValueType>
any (ValueType&& value) ;

10 Let T be equal to decay t<ValueType>.

11

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

Requires: T shall satisfy the copyConstructible requirements, except for the requirements for MoveConstructible.

12 Effects: If is_constructible v<T, ValueType&s> i$ true, constructs an object of type any that contains an object
of type T direct-initialized with std: : forward<valueType> (value). Otherwise, constructs an object of type any that

cont

13 Rem

any.

14 Thr

15 ~any();

16 Effects.‘ clear ().

6.3.2 any

1 anys& ope

2 Effeqts: any (rhs) .swap (*this). No effects if an exception is throwf.
3 Retufns: *this.

4 Thrdws: Any exceptions arising from the copy constructoiyof the contained object.

5 anyé& ope

6 lﬂﬁ%tﬁ any (std::move (rhs)) .swap (*this) .

7 Retu

8 Post

unspecified state.

9 template
anys&

10 Letq be equal to decay=t<valueType>

1L Reqiires: T shallsatisfy the copyConstructible requirements. If is copy constructible v<T> is false, t

prog

12 Effeqts Constructs an object tmp of type any that contains an object of type T direct-initialized with

std:

13 Retu

14

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

rks: This constructor shall not participate in overload resolution if decay t<valueType> is the same,t

ws. Any exception thrown by the selected constructor of T.

rator=(const anyé& rhs);

rator=(any&& rhs) noexcept;

ns. *this.

onditions: The state of *this. js equivalent to the original state of rhs and rhs is left in a valid but oth

class ValueType>,
operator=(ValueFype&& rhs);

ram is ill-formed.

ype as

assignments [any.assign]

erwise

he

:fofward<ValueType> (rhs). and tmp.swap (*this). No effects if an exception is thrown.

rus: *this.

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

50

Remarks: This operator shall not participate in overload resolution if decay t<valueType> is the same type as any.
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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 E I 1 41 e £ . ]
€qls. J_JAbllaIIBC UIT SLAtlly Ul CITL alld rils.

6.3.4 any |observers [any.opservers]

bool emplty () const noexcept;

2 Retufns: true if *this has no contained object, otherwise false.

const type info& type() const noexcept;

4 Retufns: If *this has a contained object of type T, typeid (T); otherwise typeidvoid).

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

6.4 Nonfmember functions [any.nonmgmbers]

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

2 lﬂﬁ%tﬁ 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.

Returns: For the first form, *any cast<add const t<remove reference t<ValueType>>>(&operand). For the
secopd form, *any cast<remove reference t<ValueType>>(&operand). For the third form, 1f

is move constructible v<ValueType> IS true and is lvalue reference v<ValueType> IS false,
std::move(*any_cast<remove_reference_t<ValueType>>(&operand)),Otherste,

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

6 Thraws: bad_any_castifoperand.type() != typeid(remove reference t<ValueTypeX):
[ Exgmple:

anly x(5); // x holds int
agsert (any cast<int>(x) == 5); // cast to value
anly cast<inté&>(x) = 10; // cast to refere¢nge
agsert (any cast<int>(x) == 10);
X [= "Meow"; // x holds, censt char*
agsert (strcmp (any cast<const char*>(x), "Meow") ==)/
anly cast<const char*&>(x) = "Harry";
agsert (strcmp (any cast<const char*>(x), "Harry"W\== 0);
x |F string ("Meow") ; 7/ x holds string

string s, s2("Jane");

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

anly cast<string&>(x) = move (s2)} // move to any
agsert (any cast<const string&>{(x) == "Jane");

string cat ("Meow") ;

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

// any cast away const

|
Q

1d example |
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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 dny castsstring- («operdnd) = nullptry;

|
Q

1d 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.

[ Note: The library provides implicit conversions from const charT* and std: :basic_string<charT, ...>t0
std::basic string view<charT > so that user code can accept just std: :basic string view<charT>asa non-

templated parameter wherever a sequence of characters is expected. User-defined types should define their own implicit
conversiops to std: :basic string view in order to interoperate with these functions. — end note |

The compjlexity of basic string view member functions is O(1) unless otherwise specified.

7.1 Heafler <experimental/string view> Synopsis [string.view.synop]

namesppce std {
namefspace experimental {

inlipe namespace fundamentals v2 {

//| 7.2, Class template basic string view
tefnplate<class charT, class traits = char traits<charT>X>

class basic_string view;

//l 7.9, basic string view non-member comparisonsfumnctions

tefnplate<class charT, class traits>

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

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

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

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

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

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

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

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

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

basic _string view<charT, traits> y) noexcept;
tefnplatégelass charT, class traits>

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

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

// see below, sufficient additional overloads of comparison functions

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

basic _string view<charT, traits> str);

// basic_string view typedef names
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using string view =
using ul6string view

using u32string view

basic_string view<char>;

= basic_string view<charlé6_t>;
= basic_string view<char32 t>;
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using wstring view = basic string view<wchar t>;

} // namespace fundamentals v2
} // namespace experimental

17 (E)

// 7.11, Hash support
templlate <class T> struct hash;
templlate <> struct hash<experimental::string view>;
tempflate <> struct hash<experimental::ul6string view>;
tempflate <> struct hash<experimental::u32string view>;
tempflate <> struct hash<experimental::wstring view>;

} // hamespace std

' The functjon templates defined in C++14 §20.2.2 and C++14 §24.7 are available when <éxperimental/string [view> is
included.
7.2 Class template basic_string view [string.view.tgmplate]

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

class pasic_string view {
publfic:
// types
using traits_ type = traits;
using value type = charT;
usinjg pointer = charT*;
using const pointer = const charT*;
usinjg reference = charTg&;
using const_reference = const cha®l&);
usingg const iterator = implementetion-defined; // See 7.4
using iterator = constiiterator;1
using const reverse iterator-=

reverse iterator<const iterator>;
using reverse iteratdr = const reverse iterator;
using size type = size t;
using differencestype = ptrdiff t;
statlfic constex@gr size type npos = size type(-1);
// 7.3, bagic string view constructors and assignment operators
consftexpr basic string view() noexcept;
CONStEXPT PasSIC SCIINg VIEW(CONSt DaSiC_SCIriNg VIews) TOEXCept — defaurts
basic string viewé& operator=(const basic string viewé&) 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;

const_reverse_iterator crend() const noexcept;

// -5, basic _string view capacity

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

// 7.6, basic string view element access

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

consftexpr const reference back() const;

consftexpr const pointer data() const noexcept;

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

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

// 7.8, basic string view string operations
templlate<class Allocator>
explficit operator basic string<charT,  tmaits, Allocator>() const;
templlate<class Allocator = allocator<charT> >
basifc string<charT, traits, Allocafor> to string(
copst Allocator& a = Allocatoh().) const;

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

consftexpr basic_string \Wwiew substr(size_type pos = 0, size type n = npos) const;
consftexpr int comparej(basic string view s) const noexcept;

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

basic string view s, size type pos2, size type n2) const;
consftexpf Int compare (const charT* s) const;

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

conskespr—iat paree—{s+ ype—post—s+ =ype—riy

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://iecnorm.com/api/?name=282670996166855c4acb1b1a3e67f8c5

cons

cons

cons

cons

cons

cons

cons

cons

cons

ISO/IEC TS 19568:20

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

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

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

17 (E)

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

texpr size type find last of (charT ¢, size type pos = npos) const noexcept;
texpr size type find last of (const charT* s, size type pos, size type n) const;
texpr size type find last of (const charT* s, size type pos = npos) const;

cons
cons
cons
cons
cons
cons
cons

cons

prival

cons

size
}i

In every 5
requiremg

7.3 basi

constexp
2 Effeq

3 Post

template
basidg

5 Effed

Cexpr size type find first not_ of (basic_string view s, size_type pos = () const noexcs
texpr size type find first not of(charT c, size type pos = 0) const noexcept;

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

texpr size type find last not of (basic string view s, size type pos = npos)\const noex
texpr size type find last not of (charT c, size type pos = npos) const noexcept;

texpr size type find last not_ of (const charT* s, size_type pos, size_typeé n) const;
texpr size type find last not of (const charT* s, size type pos = nposy)” const;

Ce:

t pointer data ; // exposition only

| type size ; // exposition only

pecialization basic string view<charT, traits>,the typelrraits shall satisfy the character traits
nts (C++14 §21.2), and the type traits::char type shallname the same type as charT.

c_string view constructors and assignment operators [string.vig
r basic string view() noexcept;

ts: Constructs an empty basic string ddew.

onditions: size == 0 and data_%&= nullptr.

class Allocator>
| string view(const basicé<string<charT, traits, Allocator>& str) noexcept;
ts: Constructs a basi&~string 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.

9 Com|

10 constexp

I Reqiires: [str, str + len)is a valid range.
12 Effedts: Constructs a basic_string view, with the postconditions in Table 12.
Table 12 — basic string view(const charT*, size type) effects
Element Value
data str
size len

7.4 basi

using co
2 Acq
(&*1]

3 For 4

str.

4 Allq

constexp
constexp

6 Retu
end (

constexp
constexp

8 Retu

const_re

Tﬁble1144*basic_string_view(const charT*) effects
Element Value

data str

size traits::length(str)

plexity: O(traits::length(str))

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

c_string_view iterator support [string.view.it

hst iterator =
nstant random-access iterator type such that, for a const iterator it,if & (it+N) is valid, then it is g
t) +N.

implementation-defined;

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

equirements on container iterators (C+14 §23.2) apply to basic string view::const iterator asV

r const iterator begin()
- const iterator cbegin()

cangt noexcept;
c¢onst noexcept;

ns: An iterator such that s*begin ()

data_ if 'empty (), or else an unspecified value such that [oe

)) is a valid range.

r const iterator end()
r const itexafor cend()

ns: begin() + size().

vekfe iterator rbegin ()

const_re

ense jterator crbegin()

const noexcept;

const noexcept;

const noexcept;

erators]

qual to

ell.

bin(),

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

I constexpr size type size() const noexcept;

2 Returns: size .

3 constexpr size type length() const noexcept;

4 Returns: size .

5 constexp

6 Retu

7 constexp

8 Retu

7.6 basi

1 constexp

2 Regq
3 Retu
4 Thrd

5 [ No
inste

6 constexp

7 Thrd

8 Retu

9 constexp

10" Req
I Retu

12 Thrg

13 constexp

r size type max size() const noexcept;

- bool empty() const noexcept;

['ns. size ==

c_string_view element access

- const reference operator([] (size_ type pos)

ires: pos < size().
ns. data_ [pos].

ws.: Nothing.

ad of returning charT (). — end note |

r const reference at(size type pos) const;

ws'. out_of_rangeifpos >= size().
ns. data_[pos].

r const reference front'()./const;

ires: 'empty ()
f'ns: data_ [0].

ws.: Nothing-

r consts reference back() const;

14 Req

iress” lempty ()

ns: The largest possible number of char-like objects that can be referred to by a basic string(Griew.

const;

[string.view

15 Returns: data_[size() - 1].

16 Throws: Nothing.

© ISO/IEC 2017 — Al rights reserved
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[string.view.capacity]

.access]

e:IJnhkebasic_string::operator[],basic_string_view::operator[}(size())hasundeﬁnedbehavkﬂ
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17 constexpr const pointer data() const noexcept;

18 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
a null-terminated string. — end note |

7.7 basi

c_string_view modifiers [string.view.modifiers]

1 constexplr void remove prefix(size type n);

2 Req
3 Effed

ires: n <= size().

ts: Equivalent to data_ += n; size -= n;

4 constexpr void remove suffix(size type n);

5 Reqy

6 Effed

ires: n <= size().

ts: Equivalent to size -= n;

7 constexpfr void swap(basic_string viewé& s) noexcept;

8 Effed
7.8 basi

1 template
explil
d

2 Effed
3 Com|

4 [ No

5 template
basid
q

6 Retu

7 Comj

ts: Exchanges the values of *this and s.

c_string_view string operations [string.v

class Allocator>

cit? operator basic string<

harT, traits, Allocator>() const;

AN Equh&ﬂentu)return basic string<¢harT, traits, Allocator>(begin(), end());

plexity: O(size())

e: Users who want to control-the-allocator instance should call to_string(allocator).— end note |

class Allocator = alklotator<charT>>

_string<charT, tradts, Allocator> to_string(

onst Allocator&=aw= Allocator()) const;

f'ns: basic_ string<charT, traits, Allocator>(begin(), end(), a).
plexity: O(s1ize ()

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

60

ew.ops|
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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).

—_

3 Returns: rlen.

14 Complexity: O(rlen)

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

16 Thrdws: out _of range ifpos > size().
17" Effeqts: Determines the effective length rien of the string to reference as the smaller of n and size () - pds.

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

19 constexplr int compare(basic string view str) const noexcept;

20 Effeqts: Determines the effective length rien of the strings to compare ds‘the smaller of size () and str.s{ze ().
The function then compares the two strings by calling traits: :compake (data (), str.data(), rlen).

2L Complexity: O(rlen)

22 Retupns: The nonzero result if the result of the comparison.is nonzero. Otherwise, returns a value as indicafed in

Tablg 13.
Table 13— compare () results
Condition Return Value
sizef)* < str.size() <0
size () == str.size() 0
size () > str.size() >0

23 constexpf int compare (size type Posl, size type nl, basic string view str) const;
24 Effeqts: BEquivalent to retfivh’ substr (posl, nl).compare (str);

25 constexpfr int comparefl(size type posl, size type nl, basic string view str,

size type pos2, size type n2) const;

26 Eﬁ”ec AN Equivalent t0 return substr (posl, nl).compare (str.substr (pos2, n2));

27 constexpf dnt compare (const charT* s) const;

28 Fffects: Equivalent {0 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));

© ISO/IEC 2017 — Al rights reserved 61


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

ISO/IEC TS 19568:2017 (E)

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 Each member function of the form

constexpr return-type fx](const charT* ize type pos):

is equivalent to return fxI(basic string view(s), pos);
4 Each member function of the form
constejxpr return-type fxl1(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
constelxpr return-type fx2(charT c, size type pos);

is equivalent to return fx2(basic_string view(sc, 1), pos);
6 constexpfr size type find(basic string view str, size type pos = 0) ‘eonst noexcept;

7 Effedts: Determines the lowest position xpos, if possible, such that thé following conditions obtain:
— pos <= xpos
— Xpos + str.size() <= size()

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

8 Retufns: xpos if the function can determine such a valué.Jfor xpos. Otherwise, returns npos.

9 constexpfr size type rfind(basic string view str,” size type pos = npos) const noexcept;

10 Effeqts: Determines the highest position xposdf possible, such that the following conditions obtain:
— Xxpos <= pos
— Xpos + str.size() <= size ()

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

11 Retufns: xpos if the function candetermine such a value for xpos. Otherwise, returns npos.

12 constexpfr size type find \first of (basic string view str, size type pos 0) const noexcept;

13 Effeqts: Determinesithe lowest position xpos, if possible, such that the following conditions obtain:
— pos <€ Jxpos
— xpQSs < size()

eraits::eq(at (xpos), str.at(I)) for some element 1 of the string referenced by str.

14 Retufns.”xpos if the function can determine such a value for xpos. Otherwise, returns npos.

15 constexpr size type find last of (basic string view str, size type pos = npos) const noexcept;
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 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.

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

21 constexpr size type find last not of(basic string view str, size type pos = npos) const noexcept;

22 Effeqts: 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 str;

23 Retufns: xpos if the function can determine such a value for xpos. Otherwise, returns npds.
7.9 basilc_string view non-member comparison functions [string.view.comparison]

I Let s beyasic_string view<charT, traits>, and sv be an instance of s. Implementations shall provide sufficjent
additional overloads marked constexpr and noexcept so that an object ¢ withlan implicit conversion to s can bg
compared according to Table 14.

Table 14 — Additional basic string viéwcomparison 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 <= sW S(t) <= sv
sv ="t sv <= S(t)
t\>= sv S(t) >= sv
sv >= t sv >= S(t)

[ Exampl¢: A sample conforming implementation for operator== would be:

templajte<class T> using  identity = decay t<T>;

templajte<ctass charT, class traits>

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

__ldentity<basic_string view<charT, traits>> rhs) noexcept {
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return lhs.compare (rhs)

}
template<class charT,

== 0;

class traits>

constexpr bool operator==

traits>> lhs,
basic string view<charT, traits> rhs)
== 0;

__identity<basic_string view<charT,
noexcept {

return lhs.compare (rhs)
}

— end example ]
2 templateKclass charT, class traits>
corlstexpr bool operator==(basic_string view<charT, traits> lhs,
basic _string view<charT, traits> rhs) noexcept;
3 Retufns: lhs.compare (rhs) ==
4 templateKclass charT, class traits>
corlstexpr bool operator!=(basic string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexcepts;
5 Retulns: lhs.compare (rhs) != 0.
6 templateKclass charT, class traits>
corlstexpr bool operator< (basic_string view<charT, traits>. M9,
basic _string view<charT, traits® rhs) noexcept;
7 Retuyns: lhs.compare (rhs) < 0.
8 templatekclass charT, class traits>
corlstexpr bool operator> (basic string view<chanly" traits> lhs,
basic string view<charT, traits> rhs) noexcept;
9 Retulns: lhs.compare (rhs) > 0.
10 templateKclass charT, class traits>
corjstexpr bool operator<=(basic_string view<charT, traits> lhs,
basic stwing view<charT, traits> rhs) noexcept;
11 Retufns: lhs.compare (rhs) <= 0.
12 templatekclass charT, class ¢raits>
corlstexpr bool operat®x*=(basic string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexcept;
13" Retufns: lhs.compdxe,(rhs) >= 0.
7.10 Inserters and extractors [string/view.io]
1 templatekKeléss charT, class traits>
badi troamccharT trait

operator<<(basic ostream<charT, traits>& os,
basic _string view<charT, traits> str);

2 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).
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8 Memory

8.1 Header <experimental/memory> synopsis

#include <memory>

namesp

66

ace std {

[memory]

[header.memory.synop|

name

inli]

/7

te

/7

te

/7

te
te

/7

te

te

te

te

te

te

te

te

te

Ispace experimental {

ne namespace fundamentals v2 {

See C++14 §20.7.7, uses_allocator
hplate <class T, class Alloc> constexpr bool uses allocator v
= uses allocator<T, Alloc>::value;

hhplate<class T, class U>

pboool operator==(const shared ptr<T>& a, cepmnst shared ptr<U>& b)
hhplate<class T, class U>

ool operator!=(const shared ptr<T>& @, const shared ptr<U>& b)
hhplate<class T, class U>

ool operator<(const shared ptr<T>& a, const shared ptr<U>& b)
hhplate<class T, class U>

ool operator>(const shared ptr<T>& a, const shared ptr<U>& b)
hhplate<class T, class Up

ool operator<=(const ‘shared ptr<T>& a, const shared ptr<U>& b)
hhplate<class T, class“ U>

ool operator>=4const shared ptr<T>& a, const shared ptr<U>& b)
hnplate <classy T>

ool operatpxr==(const shared ptr<T>& a, nullptr t) noexcept;
hhplate <€Chass T>

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

hhp Late’ <class T>

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

te

te

te

te

te

8.2.1, Class template shared ptr
mplate<class T> class shared ptr;

C++14 §20.8.2.2.6
hplate<class T, class... Args> shared ptr<T> make sharedArgs&s&. ..
hhplate<class T, class A, class... Args>

shared ptr<T> allocate shared(const A& a, Argsé&é&.. £ args);

C++14 §20.8.2.2.7

noexcept;

noexcept;

args) ;

noexcept;

noexcept;

noexcept;

noexcept;

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

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

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

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

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

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

//] 8.2.1.3, shared ptr casts

tepmplate<class T, class U>

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

shared ptr<T> dynamic pointer cast (const shared ptr<U>& r) noexc€pt;
tepmplate<class T, class U>

shared ptr<T> const pointer cast (const shared ptr<U>& r) nQexgept;
tepmplate<class T, class U>

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

//| C++14 §20.8.2.2.10
tefnplate<class D, class T> D* get deleter(const shared ptr<T>& p) noexcept;

//| C++14 §20.8.2.2.11
tepmplate<class E, class T, class Y>

basic_ostream<E, T>& operator<< (basig oOstream<E, T>& os, const shared ptr<¥>& p);

//| 8.2.2, Class template weak ptr
tefnplate<class T> class weak ptxg

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

//| C++14 §20.8.2.4
teiplate<class T* class owner less;

//| C++14 S§20:8%2.5
tefnplate<cilass T> class enable shared from this;

//] C¥414 §20.8.2.6

o 1 m
oot TCr 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,
memory order mo);
template<class T>
bool atomic compare exchange weak (
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);

shared ptr<T> r,

tepmplate<class T>

ool atomic compare exchange strong(

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

ool 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>

ool 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
tefnplate <class W> class observer ptr;

//| 8.12.6, observer ptr specialized algorithms
tepmplate <class W>

volid swap (observer ptr<W>&, observer ptr<W>&) \lOexcept;
tepmplate <class W>

objserver ptr<W> make observer (W*) noexcept;

//| (in)equality operators

tefnplate <class Wl, class W2>

bopl operator==(observer ptr<WlX,\ observer ptr<w2>);

tefnplate <class Wl, class W2>

bopl operator!=(observer p&r<Wl>, observer ptr<W2>);
tepmplate <class W>

bopl operator==(obgerver ptr<W>, nullptr t) noexcept;
tepmplate <class W>

bopl operatori=(ebserver ptr<W>, nullptr t) noexcept;
tejnpplate <class W>

bopl operator==(nullptr t, observer ptr<W>) noexcept;
tepplate Kclass W>

boplidperator!=(nullptr t, observer ptr<W>) noexcept;

/ /erdering—eperates

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<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>>;

// 8.12.7, observer ptr hash support
template <class T> struct hash;

templlate <class T> struct hash<experimental::observer ptr<T>>;

} // npmespace std
8.2 Shared-ownership pointers fmeémory.smartptr]

I The specification of all declarations within this sub-clause 8.2 and its sub-clauses are the sante as the correspondjing
declarations, as specified in C++14 §20.8.2, unless explicitly specified otherwise.

8.2.1 Class template shared_ptr [memory.smartptr.shared]

namesppce std {
namesppce experimental {

inline| namespace fundamentals v2 {

templlate<class T> class shared ptr {

publfic:
usfing element type = remove extent t<T>;
//| 8.2.1.1, shared ptr constructors
copstexpr shared ptr() noexcept;
tepplate<class Y> explicit shared pEr(Y* p);
tefnplate<class Y, class D> sharedwptr(Y* p, D d);
tefnplate<class Y, class D, class A> shared ptr(Y* p, D d, A a);
tefnplate <class D> sharedgpthr(nullptr t p, D d)
tefnplate <class D, class A¥ shared ptr(nullptr t p, D d, A a);
tefnplate<class Y> shared ptr(const shared ptr<¥>& r, element type* p) noexcept;
shbred ptr(const shared ptr& r) noexcept;
tefnplate<class Y>\ shared ptr(const shared ptr<¥Y>& r) noexcept;
shbred ptr(shared ptr&é& r) noexcept;
tefnplate<class Y> shared ptr(shared ptr<Y>&& r) noexcept;
tepplate<ela’ss Y> explicit shared ptr(const weak ptr<¥>s& r);
tefnplaltesclass Y> shared ptr(auto ptr<¥>&& r);
tepplate <class Y, class D> shared ptr(unique ptr<Y, D>&& r);

CONSTEXPL shared Pprr(Nullptr tJ) @ shared ptr(l 1 J

// 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)
template<class Y> shared ptr& operator=(auto ptr<¥>&& r);
template <class Y, class D> shared ptré& operator=(unique ptr<Y,
// C++14 §20.8.2.2.4
void swap (shared ptré& r) noexcept;
void reset () noexcept;
template<class Y> void reset(Y* p);
template<class Y,

class D> void reset (Y* p, D d);

noexcept;

D>&& 1) ;

tepmplate<class Y, class D, class A> void reset(Y* p, D d, A a);
/7
el
T&
T*
el

19

8.2.1.2, shared ptr observers
ement type* get () const noexcept;
operator* () const noexcept;
operator->() const noexcept;
ement type& operator([] (ptrdiff t i) const noexcept;
ng use count () const noexcept;
bl unique () const noexcept;
ex|
te

te

plicit operator bool() const noexcept;
mplate<class U> bool owner before (shared ptr<U> consté& b)

hplate<class U> bool owner before(weak ptr<U> consté& b) donst

// C
temp

++14 §20.8.2.2.6

late<class T, class... Args> shared ptr<T> make{shared(Argsé&é&

temp class...

sh|

late<class T, class A, Args>

Ared ptr<T> allocate shared(const A& a, Args&&... args);
H++14 §20.8.2.2.7

late<class T, u>

shared ptr<T>& a,
Uu>

shared ptx<T>& a,
Uu>

class
bl operator==(const const shared ptr<U>& b)
late<class T, class
bl operator!=(const const shared ptr<U>& b)
late<class T, class
ol operator<(const shared ptr<T>& a, const shared ptr<U>& b)
late<class T, class U>

ol operator>(congt \shared ptr<T>& a,
Uu>

shared ptr<T>& a,
Uu>

shared ptr<T>& a,

const shared ptr<U>& b)
late<class T, cdlass
bl operator<=\(ednst const shared ptr<uU>& b)
late<classwTy class
bl operator>=(const const shared ptr<uU>& b)
late/<class T>

noexcept;

pblibperator==(const shared ptr<T>& a, nullptr t)

fas}

GOnSt;

’

args) ;

noexcept;

noexcept;

noexcept;

noexcept;

noexcept;

noexcept;

tempdas +=

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>
noexcept;

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

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

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

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

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

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

templlate <class T>

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

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

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

// §.2.1.3, shared ptr casts
templlate<class T, class U>

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

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

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

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

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

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

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

// Cp+14 §20.8.2.5
templlate<class T>\elass enable shared from this;

// Cp+14 S2088.2.6
tempflatefclass T>
bopliétomic is lock free(const shared ptr<T>* p);

temptee +or Ea

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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sh
temp
sh

temp
bo

temp
bo

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

late<class T>

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

late<class T>

ol atomic compare exchange weak(

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

late<class T>

ol atomic compare exchange strong(

temp

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

ol atomic compare exchange weak explicit(

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

bl atomic compare exchange strong explicit(

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

memory order success, memory order failure);

} // npmespace fundamentals v2

} // nhmespace experimental
// §.2.1.4, shared ptr hash support
templlate<class T> struct hash<experimental::shared Lr<T>>;

} // npmespace std

For the pyrposes of subclause 8.2, a pointer type v+ is said to be compatible with a pointer type T+ when either vt is
convertibleto T or yisu(n] and TiSU cv [].

8.2.1.1 sHared_ptr constructors [memory.smartptr.shaged.const]
templateKkclass Y> explicit shared P&r (Y* p);

2 Reqiires: ¥ shall be a complete type. The expression delete[] p, when T is an array type, or delete p, when T is
not gn array type, shall be well-formed, shall have well defined behavior, and shall not throw exceptions. When T is
uN]}, Y (*) [n] shall be conyertible to T+; when T is U], Y (*) [] shall be convertible to T+; otherwise, vy* shjll be
convfertible to T*.

3 Effedts: When f\isTiot an array type, constructs a shared_ptr object that owns the pointer p. Otherwise, copstructs a
sharfed ptr thatowns p and a deleter of an unspecified type that calls delete(] p. If an exception is throwh,
deldte pris,ealled when T is not an array type, delete[] p otherwise.

4 Posteanditions: ant () == 1 get () == o

5 Throws: bad_alloc, or an implementation-defined exception when a resource other than memory could not be
obtained.
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11

16 shared pltr (const shared ptré& r) noexcept;

20 shared pftr(shared ptr&& r) noexcept;

ISO/IEC TS 19568:2017 (E)

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 Effedts: Constructs a shared ptr object that owns the object p and the deleter 4. The second and fourth-Constructors
shallfuse a copy of a to allocate memory for internal use. If an exception is thrown, d (p) is called.

9 Postbonditions: use _count () == 1 && get() == p.

10 Thrgws: bad_alloc, or an implementation-defined exception when a resource other than memory could nof be
obtajned.

templateRclass Y> shared ptr(const shared ptr<¥>& r, element type* p) noexgept;

12 Fffeqts: Constructs a shared ptr instance that stores p and shares ownership\with r.
13 Postronditions: 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 remaing valid at
least{until the ownership group of r is destroyed. — end note ]

15 [ Nofe: This constructor allows creation of an empty shared\ptr instance with a non-null stored pointer.
— efid note |

templateKclass Y> shared ptr (const shared pt«f¥>& r) noexcept;

17 Reqifires: The second constructor shall not-participate in the overload resolution unless v* is compatible with T+.

18 Effeqts: If r is empty, constructs an enipty shared ptr object; otherwise, constructs a shared ptr object that shares
owné¢rship with r.

19 Postbonditions: get () == m.get () && use count () == r.use count ().

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

*

2l Remfurks: The second constructor shall not participate in overload resolution unless v+ is compatible with 1.

22 Effedqts: MOve-constructs a shared_ptr instance from r.

23 Posteonditions: *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: y* shall be compatible with T*.

26

an exception is thrown, the constructor has no effect.

Effects: Constructs a shared_ptr object that shares ownership with r and stores a copy of the pointer stored in r. If

27 Postconditions: use_count () == r.use_count ().

28 Throws: bad weak ptr when r.expired().

29 template| <class Y, class D> shared ptr(unique ptr<Y, D>&& r);

30 Remfurks: This constructor shall not participate in overload resolution unless v+ is compatible with(my*:

31 Effeqts: Equivalent to shared ptr(r.release(), r.get deleter ()) when D is not a referenc€type, othefwise
shared ptr(r.release(), ref(r.get deleter())).Ifan exception is thrown, the constructor has no effgct.

8.2.1.2 sHared_ptr observers [mémory.smartptr.shpred.obs]
1 element [cype* get() const noexcept;
2 Retufns: The stored pointer.
3 T& operaltor* () const noexcept;

4 Reqiires: get() != 0.

5 Retufns: *get ().

6 Remfirks: When T is an array type or (possibly cv-qualified) void, it is unspecified whether this member fulction is
declgred. If it is declared, it is unspecified what its return type is, except that the declaration (although not
necepsarily the definition) of the function shallbe well formed.

7 T* operalor->() const noexcept;

8 Reqiires: get() '= 0.

9 Retufns: get ().

10 Remfirks: When T is an array type, it is unspecified whether this member function is declared. If it is declared, it is
unspecified what its rétusn type is, except that the declaration (although not necessarily the definition) of th¢ function
shallfbe well formed.

11 element [ypeé& operator([] (ptrdiff t i) const noexcept;

12 Reqifires\get () '= 0 ss 1 >= 0. IfTiSU[N], i < N.

13" Returns: get () [1].

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

1

template<class T,

ISO/IEC TS 19568:20

ared_ptr casts

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())).

17 (E)

[memory.smartptr.shared.cast]

4 [ Note: The similar expression shared ptr<T>(static_cast<T*>(r.get ())) will eventually result in undefined
behavior, attempting to delete the same object twice. — end note |

5 template

6 Req

7 Retu

8 [ No
behal

9 template
10 Reqf

11 Retu

12 [ No
behal

13 template
14 Req

15 Retu
8.2.1.4 sH
template

2 The

type
as hg

8.2.2 Cla

class T, class U> shared ptr<T> dynamic pointer cast(const shared ptr<U>& r) noexCept
ires: The expression dynamic_cast<T+*>((U*)0) shall be well formed.
['ns.

— VVhenAdynamic_cast<typename shared_ptr<T>::element_type*>(r.get())reﬂHnSEanHzerO

shared ptr<T>(r, p),

— Otherwise, shared ptr<T>().

e: The similar expression shared ptr<T>(dynamic_cast<T*>(r.get () )N\Will eventually result in und
vior, attempting to delete the same object twice. — end note ]

class T, class U> shared ptr<T> const pointer cast(coast shared ptr<U>& r) noexcept;
ires: The expression const_cast<T*>((U*)0) shall be well formed.

ns. shared ptr<T>(r, const cast<typename shaxed ptr<T>::element type*>(r.get())).

e: The similar expression shared ptr<T>(constgeast<T*>(r.get ())) will eventually result in undef]
ior, attempting to delete the same object twicer—— end note |

class T, class U> shared ptr<T> xeinterpret pointer cast (const shared ptr<U>& r) noey
ires: The expression reinterprety €ast<T*> ((U*)0) shall be well formed.

Nns: shared ptr<T>(r, reinterpret cast<typename shared ptr<T>::element type*>(r.get())
ared_ptr hash support [memory.smartptr.sha

<class T> structl hash<experimental::shared ptr<T>>;
emplate specialization shall meet the requirements of class template hash (C++14 §20.9.12). For an of
experimentdTs :shared ptr<T>, hash<experimental::shared ptr<T>>() (p) shall evaluate to the sa|
sh<typéname experimental::shared ptr<T>::element type*>() (p.get()).

alue p,

efined

ned

cept;

red.hash]

ject p of
me value

ys\template weak ptr

[memory.smart])tr.weak]

namesp
namesp

inline

temp
publ

us

ace std {
ace experimental {

namespace fundamentals v2 {

late<class T> class weak ptr {
ic:

ing element type

remove_extent t<T>;
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}
}
}

/7

co

8.2.2.1, weak ptr constructors
nstexpr weak ptr() noexcept;

template<class Y> weak ptr(shared ptr<Y> consté& r) noexcept;

we

ak ptr(weak ptr consté& r) noexcept;

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

we

ak ptr(weak ptr&& r) noexcept;

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

/7

C++14 §20.8.2.3.2

~Wj

//
wel
te
te
wel

te

/7
VO

VO

//
19

sh

te

te
}i

// C
temp

// 1
// 1
// 1

ak ptr();

C++14 §20.8.2.3.3
bk ptré& operator=(weak ptr consté& r) noexcept;

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

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

C++14 §20.8.2.3.5

ng use count () const noexcept;

bl expired() const noexcept;

bred ptr<T> lock() const noexcept;

++14 §20.8.2.3.6

bmespace fundamentals v2
bmespace experimental

bmespace std

8.2.2.1 weak_ptr constructors

1 weak_ptr

temp
temp

2

76

late
late

Rem

(const weak, ptré& r) noexcept;
class _Y>-weak ptr(const weak ptr<¥Y>& r) noexcept;
clags W> weak ptr(const shared ptr<Y¥>& r) noexcept;

mplate<class Y> weak ptré& operator=(weak ptr<Y> consté& r) noexcept;

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

hplate<class U> bool owner before (shared ptr<U> consté& b) const;
hplate<class U> bool owner before (weak pt¥<U> consté& b) const;

late<class T> void swap (weak pfrxXT>& a, weak ptr<T>& b) noexcept;

noexcept;

[memory.smartptr.weak.const]

1k$.7 The second and third constructors shall not participate in the overload resolution unless v+ is compatible

with

T*.

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.

Postconditions: use _count () == r.use_count ().
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5 weak ptr
template

ISO/IEC TS 19568:2017 (E)

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

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 Type-erased allocator

[memory.type.erased.allocator]

1A type-er
of type c,
argument
std: :exp
the type d

but where c is not dependent on the type of al1oc. Once alloc has been supplied to x (typically as a c
, alloc can be retrieved from x only as a pointer rptr of static type

Primental::pmr::memory resource* (8.5). The process by which rptr is computed fromyzl1oc depe
f a11loc as described in Table 15:

Table 15 — Computed memory resource for type-erased alloeator

ised allocator is an allocator or memory resource, alloc, used to allocate internal data structures-for am object x

pnstructor

hds on

.

f the type of alloc is then the value of zptris

non-exis

The value of experimental: :pmr::get defaldt resource() at the tim

ent — no alloc specified .
construction.

e of

nullptr]|

The‘vahk?ofexperimental::pmr::get_default_resource() at the tim|

t .
I construction.

e of

a pointer|

pmr : :mei

type convertible to

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

pmr: :po

ymorphic allocator<uU> alloc.resource ()

any othel
requirem

type meeting the Allocator a pointer to a value of type experimental: :pmr::resource adaptor<a
ents (C++14 §17.6.3.5) a is the type of a11pc.™rptr remains valid only for the lifetime of x.

where

None of

he above The program is jll>formed.

2 Additiond

8.4 Hea

namesp|
namesp|
inline

namesp

clas

lly, class c shall meet the following requiremients:

C::allocator_ type shall be identical teistd: :experimental::erased_type.
X.get memory resource () returnS«etr.

fler <experimental /memory_ resource> synopsis [memory.resourc

hce std {
bhce experimentdl o
namespace fundamentals v2 {

bhce pmr {

S memory resource;

bool

p.synop|

operator==(const memor resource a

bool

temp

temp
bool

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

const memory resource& b) noexcept;

late <class Tp> class polymorphic allocator;

late <class T1, class T2>

operator==(const polymorphic allocator<Tl>& a,
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const polymorphic allocator<T2>& b) noexcept;

template <class T1l, class T2>

bool

// T
temp

temp

us

// g
memo|

memo

// T
memo

memo

// S
struy
clas
clas
clas

/7
/7
/7
/7

8.5 Cla§s memory resource [memory.r¢

8.5.1 Cla

The memo

class

// H
stat

public|:

virt]

operator!=(const polymorphic allocator<Tl>& a,

const polymorphic allocator<T2>& b) noexcept;

he name resource adaptor imp is for exposition only.

late <class Allocator> class resource adaptor imp;

late <class Allocator>

ing resource adaptor = resource adaptor imp<

typename allocator traits<Allocator>::template rebind alloc<char>>;

1lobal memory resources
ry resource* new delete resource() noexcept;

ry resource* null memory resource () noexcept;

he default memory resource
ry resource* set default resource (memory resource* r) noexcept;

ry resource* get default resource() noexcept;

tandard memory resources

ct pool options;

s synchronized pool resource;

s unsynchronized pool resource;

s monotonic buffer resource;

hmespace pmr
bmespace fundamentals_ v2
bmespace experimental

bmespace std

§S memory_resource OVerview [memory.resource.

vy resource class igiamabstract interface to an unbounded set of classes encapsulating memory resour

emory resource’d
br expositiom~only

ic constexpr size t max align = alignof (max_align t);

al\Amemory resource();

psource]
bverview|

€sS.

void

void

bool

protec

* allocate(size t bytes, size t alignment = max align);
deallocate(void* p, size t bytes,
size t alignment = max align);

is_equal (const memory resource& other) const noexcept;

ted:

virtual void* do_allocate(size_ t bytes, size t alignment) = 0;
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virt

virt

}i

8.5.2 memory_resource public member functions

~memory

ISO/IEC TS 19568:2017 (E)

ual void do deallocate(void* p, size t bytes,

0;

size t alignment)

ual bool do is equal (const memory resource& other) const noexcept = 0;

resource () ;

[memory.resource.public]

2 Effed

void* al

4 Effed

void dea

6 Effed

bool 1is_|

8 Effed
8.5.3 mem
virtual

2 Req

3 Retu

a siz|
othe

4 Thrd
the 1

5 virtual

6 Req

ts: Destroys this memory_resource.

locate (size_t bytes, size t alignment

max_align);

ts: Equivalent to return do_allocate (bytes, alignment);

llocate (void* p, size t bytes, size t alignment max_align);

ts: Equivalent to do_deallocate (p, bytes, alignment);

Equal (const memory resource& other) const noexcept;

AN Equivalent to return do_is equal (other);

bry_resource protected virtual member functions

foid* do_allocate(size t bytes, size t alignment) = 0;

ires: Alignment shall be a power of two.

ns. A derived class shall implement this function to return a pointer to allocated storage (C++14 §3.7
b of at least bytes. The returned storage is aligned to the specified alignment, if such alignment is supp
wise it is aligned to max_align.

ws.: A derived class implementation shall throw an appropriate exception if it is unable to allocate mer
equested size and alignment.

void do_deallocate (vpid* p, size t bytes, size t alignment) = 0;

equal to *this, and the storage at p shall not yet have been deallocated.

7 Effed

8 Thr

ts: A derived-Class shall implement this function to dispose of allocated storage.

ws.: Nothing.

9 virtual

[memory.resoyrce.priv]

4.2) with
prted;

hory with

ires: p shall have been'returned from a prior call to allocate (bytes, alignment) On a memory resoyirce

o0l do is equal (const memory resource& other) const noexcept = 0:

10 Returns: 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: !(a == b).
8.6 Class template polymorphic_allocator [memory.polymorphic.allocatpr.class]
8.6.1 Class template polymorphic_allocator Overview [memory.polymorphic.alloeator.¢verview]

A specialjzation of class template pmr: :polymorphic allocator conforms to the Allocator requirements (C++14
§17.6.3.5). Constructed with different memory resources, different instances of the same specialization of
pmr: :pollymorphic allocator can exhibit entirely different allocation behavior. This runtime' polymorphism allows

objects that use polymorphic allocator to behave as if they used different allocator types at run time even thoygh they
use the same static allocator type.

templajte <class Tp>
class polymorphic allocator {

memofry resource* m_resource; // For exposition only

public|:

using value type = Tp;

polymorphic allocator () noexcept;

polymorphic allocator (memory resource* r);
polymorphic allocator (const polymorphidZallocator& other) = default;

templlate <class U>

poflymorphic allocator (const, polymorphic allocator<U>& other) noexcept;

polymorphic allocatoré

opprator=(const polymexphic allocator& rhs) = default;

Tp* pllocate (size, thm);
void| deallocate(Tp* p, size t n);

templlate <cdass T, class... Args>

void ,congtruct (T* p, Argsé&&... args);

// Speclalizations for palir 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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Age)
temp

VO

temp

VO

// R

polymorphic allocator select on container copy construction()

ISO/IEC TS 19568:20

id construct (pair<T1,T2>* p, const std::pair<U, V>& pr);

late <class T1l, class T2, class U, class V>

id construct (pair<T1l,T2>* p, pair<U, V>&& pr);
late <class T>

id destroy(T* p);

eturn a default-constructed allocator (no allocator propagation)

const;

17 (E)

memo
}i

8.6.2 po1j

1 polymorp

2 Effed
3 polymorp
4 Reqi
> Effeq
6 Thrd

7 Noté

template
polyn

9 Effed
8.6.3 poly

Tp* allo
2 Retu

void dea
4 Req

x.al]

5 Effed

ry _resource* resource () const;

morphic_allocator constructors [memory.polymorphic.alloc

hic _allocator () noexcept;

(AN SetSnLresourcetO get default resource()

hic allocator (memory resource* r);

ires: r is non-null.
ts: Sets m_resource to r.
ws.: Nothing.

5. This constructor provides an implicit conversioniffom memory resource*.

<class U>

orphic_allocator (const polymorphic allocator<U>& other) noexcept;

AN SetSm_resourcetO other.resoureg().

morphic_allocator member functions [memory.polymorphic.alloca

Ccate(size t n);

'ns. Equh%ﬂentﬂ)return static_cast<Tp*>(m_resource->allocate(n * sizeof (Tp), alignof (7

Llocate (Tp* py\size t n);

ires: p was+allocated from a memory resource, %, equal to *m_resource, using

locate (W™ sizeof (Tp), alignof (Tp)).

tsi/Equivalent to m resource->deallocate (p, n * sizeof (Tp), alignof (Tp)).

ator.ctor|

for.mem|

P)));

6 Throws: Nothing.
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7 template
void

<class T, class... Args>
construct (T* p, Argsé&é&... 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 arguments std: : forward<Args>(args) . ...

10 Thy

nnnnnnnnnn

11 template
void

12 Effed
The

allod
using

and ]

then

pied

13 template
void

14 Effed

Jot 4hhn oot atag. 2 o LG
WS T OTHRE BT SSTRC-CORSTHHCto 1o Tt ows:

<class T1l, class T2, class... Argsl, class... Argsz2>
construct (pair<Tl,T2>* p, piecewise construct t,
tuple<Argsl...> x, tuple<Args2...> y);

ts: Let xprime be a tuple constructed from x according to the appropriate rule from the following list

following description can be summarized as constructing a std: :pair<T1, T2> object at p as if by sepal

ator construction with allocator this->resource () (2.1) of p->first using theeléments of x and p->

b the elements of y. — end note ]

— Ifusesiallocator7v<Tl,memoryiresource*>iSfalseandisgconstructibleiv<T,Argsl...>
then xprime is x.

— CﬁheﬂNﬁe,ifuses_allocator_v<Tl,memory_resource*>iStrue and

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->resource())).

— Otherwise the program is ill formed.

et yprime be a tuple constructed from y according’to the appropriate rule from the following list:

— Ifuses allocator v<T2,memory resouree*>is false and is constructible v<T,Args2...>
then yprime is y.

— Cﬁherwdse,ifusesiallocator7v<T2,memoryiresource*>iStrue and

tuple cat (make tuple(alllocator arg, this->resource()), std::move(y)).

— CnheﬂNEe,ifusesiallocator7v<T2,memoryfresource*>iStrueand
isiconstructible7v<T2,Args2...,memoryfresource*>istrue,then.yprimeis
tuple cat(std::mevé(y), make tuple(this->resource())).

— Otherwise the pregram is ill formed.

this function constructs a std: :pair<T1, T2> object at p using constructor arguments

ewise construCt; xprime, yprime.

<class\Tl, class T2>
consEruct (std: :pair<Tl,T2>* p);

8. Equh&ﬂentk)this—>construct(p, piecewise construct, tuple<>(), tuple<>());

isiconstructible7v<Tl,allocatoriargit,memoryiresource*,Argsl...>iStrue,thmeprime.

is_constructible_v<T2,allocator_arg_t,memory_resource*,ArgsZ...>iStrue,then,yprime'

[ Note:
ate uses-

becond

S true,

S true,

15 template
void

16<Eﬁ%cm: Equh&ﬂentU)this—>construct(p, piecewise construct,

forw

82

<class T1l, class T2, class U, class V>
construct (std: :pair<Tl,T2>* p, U&& x, V&& Vy);

ard as tuple (std::forward<v>(y)));

forward as tuple(std::forward<U>(x)),
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class V>
const std::pair<U, V>& pr);

template <class T1l, class T2, class U,
void construct (std::pair<T1l,T2>* p,

‘3<Eﬁ%cm: Equh&ﬂentﬂ)this—>construct(p, piecewise construct, forward as tuple(pr.first),

forward as tuple(pr.second)) ;

class V>
std::pair<U, V>&& pr);

template <class Tl, class T2, class U,
void construct (std::pair<T1,T2>* p,
20 lﬂ?éCMS Equh&ﬂentU)this—>construct(p, piecewise construct,

forward as tuple(std::forward<U>(pr.first)), forward as tuple(std::forward<V>(pr.second)));

<class T>
destroy (T* p);

22 Effedqts: p->~T ().

template
void

polymorphic allocator select on container copy construction() const;

24 Reﬂtn&'polymorphiciallocator(L

memory_ rgsource* resource ()

26 Retu

const;

NS’ m_resource.

8.6.4 polymorphic_allocator equality [memory.polymorphic.alldcator.eq]

<class T1, class T2>
operator==(const polymorphic_allocator<T1l>s&
const polymorphic_allocator<T2>g

template

bool a,

b).* noexcept;

2 Retufns: *a.resource () == *b.resource().

template
bool

<class T1l, class T2>
operator!=(const polymorphic allogator<Tl>&
const polymorphic aldocator<T2>é&

a,

b) noexcept;

4 Retu

8.7 template alias resource_adaptor [memory.resource.gdaptor]|

8.7.1 respurce_adaptor [memory.resource.adaptor.¢verview]

An instanfe of resoufde’ adaptor<Allocator> is an adaptor that wraps a memory resource interface around Aljocator.
In order that resoutcé adaptor<x<T>> and resource adaptor<x<U>> are the same type for any allocator template x and
types T arld U, resource adaptor<Allocator> is rendered as an alias to a class template such that A11ocator is febound
to a char [value type in every specialization of the class template. The requirements on this class template are defined
below. The-name rescurce adaptor impis for exposition only and is not normative, but the definitions of the members
of that class, whatever its name, are normative. In addition to the Al1ocator requirements (C++14 §17.6.3.5), the
parameter to resource_adaptor shall meet the following additional requirements:

— 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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// The name resource adaptor imp is for exposition only.
template <class Allocator>
class resource adaptor imp : public memory resource {

// for exposition only

Allocator m alloc;

public:
using allocator type = Allocator;

resdurce adaptor imp() = default;
resoqurce adaptor imp(const resource adaptor imp&) = default;
resource adaptor imp(resource adaptor imp&&) = default;

expliicit resource adaptor imp(const Allocatoré& a2);
explficit resource adaptor imp(Allocator&& a2);

resqurce adaptor imp& operator=(const resource adaptor imp&) = defaulty
allocator type get allocator() const { return m alloc; }

protecjted:
virtjpal void* do_allocate(size t bytes, size t alignment);

virtjual void do_deallocate(void* p, size_ t bytes, size t alignment);

virtjpal bool do is equal (const memory resource& other)”const noexcept;
i

templajte <class Allocator>
using resource_adaptor = typename resource adaptor imp<

tyl
8.7.2 res

explicit

2 Effed

explicit

4 Effed

8.7.3 res

pename allocator traits<Allocator>:mtemplate rebind alloc<char>>;

burce_adaptor_imp constructors

resource adaptor imp(cénsgt Allocatoré& a2);

ts: Initializes m_alloc with a2.

resource adaptior, imp(Allocatoré&s a2);

ts: Initializes myalloc with std: :move (a2).

burce_adaptor_imp member functions [memory.resource.adap

[memory.resource.adaptor.ctor]

for.mem|

void* do

| alYocate(size t bytes, size t alignment);

2 Returns: Allocated memory obtained by calling m alloc.allocate. The size and alignment of the allocated

memory shall meet the requirements for a class derived from memory resource (8.5).

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 resource
for alocating 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.

memory resource* null memory resource () noexcept;

4 Retufns: A pointer to a static-duration object of a type derived from memory resource for which allocate|()
alwalys throws bad alloc and for which deallocate () has no effect. The same value is réturned every timg¢ this
function is called. For return value p and memory resource r, p->is_equal (r) returns‘e® ==

The defaylt memory resource pointer is a pointer to a memory resource that is used by certain facilities when an explicit
memory tiesource is not supplied through the interface. Its initial value is the returm'value of new delete resource().

memory resource* set default resource(memory resource* r) noexcepts
7 Effeqts: If r is non-null, sets the value of the default memory resource,pointer to r, otherwise sets the defaylt
menjory resource pointer to new _delete resource ().

8 Retufns: The previous value of the default memory resource pointer.

Remgrks: Calling the set_default resource and get_default resource functions shall not incur a data face. A
call fo the set_default_resource function shall synchronize with subsequent calls to the set_default refource
and et default_resource functions.

memory rpsource* get default resource () noexcept;
11 Retufns: The current value of the default'memory resource pointer.
8.9 Pool resource classes [memory.resource.pool]

8.9.1 Clagses synchronized. pool_resource and unsynchronized_pool resource [memory.resource.pool.gverview]

The synchroni zed_p@oI\ resource and unsynchroni zed_pool resource classes (collectively, pOOl resource clzsses) are
general-pprpose mémpory resources having the following qualities:

— |Eachrtesource owns the allocated memory, and frees it on destruction — even if deallocate has not be¢n called
fotsome of the allocated blocks.

A-poolresouree{seeFigureeonsisis-ofacoHeetion-of pooks-servingrequests-for-different-bloelsizes. Each
individual pool manages a collection of chunks that are in turn divided into blocks of uniform size, returned via
calls to do_allocate. Eachcallto do_allocate(size, alignment) is 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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imple |

bnized pool resource may be accessed from multiple threads without external synchronization and n

pcific pools to reduce synchronization costs. An unsynchronized pool resource class may not be acg
iple threads simultaneouslyland thus avoids the cost of synchronization entirely in single-threaded app
pool options {

| £ max blocks per chunk = 0;

| £ largest requirked pool block = 0;

synchronized pool resource : public memory resource {

hreonized pool resource(const pool optionsé& opts, memory resource* upstream);

Sy20|q Xew

yunyo uad

hay have
essed
ications.

hronized pool resource()
synchronized pool resource (pool options(), get default resource()) { }
icit synchronized pool resource (memory resource* upstream)
synchronized pool resource (pool options(), upstream) { }
icit synchronized pool resource(const pool optionsé& opts)

synchronized pool resource (opts, get default resource()) { }

hronized 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();
memory_ resource* upstream resource () const;

pool options options() const;
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protecjted:

virtjpal void* do_allocate(size t bytes, size t alignment);

virtjpal void do deallocate(void* p, size t bytes, size t alignment);

virtjpal bool do is equal (const memory resource& other) const noexcept;

}i

class unsynchronized pool resource : public memory resource {

public|:
unsypchronized pool resource(const pool optionsé& opts, memory nesgurce* upstream);

unsyj

expl]

expl]

unsyj

virt

unsyj

void

memo

pool]

proted

virt

virt

nchronized pool resource()

icit unsynchronized pool resource (memory resource*\upstream)
unsynchronized pool resource(pool options(), @Wpstream) { }
icit unsynchronized pool resource(const pool ,optionsé& opts)
unsynchronized pool resource (opts, get defatlt resource()) { }

nchronized pool resource (
const unsynchronized pool resourceg)y = delete;
lual ~unsynchronized pool resourcedy)?

nchronized pool resourceé& operator=(

const unsynchronized pool\x&€source&) = delete;
release();

ry resource* upstream resource() const;

| options options () const;

ted:

ual void*_.do allocate(size t bytes, size t alignment);

ual goid do deallocate(void* p, size t bytes, size t alignment);

unsynchronized pool resource (pool_options (), get default resource()) { }

virt

}i

B 1 : 1 .
o —€r E= S=io==ny S T—memory—= === tr

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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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 is
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;
5 The largest allocation size that is required to be fulfilled using the pooling mechanism. Attempts to allocate a single
block larger than this threshold will be allocated directly from the upstream memory resource. If

lardg|
The

8.9.3 poo

synchron
unsynchr

2 Req|
3 Effed

unab
upsy
upsy
beha

4 Thro
cons

virtual
virtual

6 Effed
8.9.4 poo

void rel

2 Effed
is rel
—e

memory I

4 Retu

55T _Tequired pool DBIOCK IS ZeTo Or 1S greater tram amr implenentation-detimed it that it s useq
mplementation may choose a pass-through threshold larger than specified in this field.

i zed pool resource (const pool optionsé& opts, memory resource* upstream)y
bnized pool resource(const pool optionsé& opts, memory resource* upstream);

ires: upstrean is the address of a valid memory resource.

ts: Constructs a pool resource object that will obtain memory from upstxean whenever the pool resoy
le to satisfy a memory request from its own internal data structures. Thie resulting object will hold a co}
ream, but will not own the resource to which upstream points. [ Nofe The intention is that calls to
ream->allocate () will be substantially fewer than calls to this=%allocate () in most cases. — end n
vior of the pooling mechanism is tuned according to the valug of'the opts argument.

s: Nothing unless upstream->allocate () throws. It iSanspecified if or under what conditions this
fructor calls upstream->allocate ().

synchronized pool resource();
unsynchronized pool resource();

ts: Calls this->release ().

resource members [memory.resource.p

Pase () ;

ts: Calls upstream resburce () ->deallocate () asnecessary to release all allocated memory. [ Note:
eased back to upstream resource () even if deallocate has not been called for some of the allocated
id note |

Esource* auygstream resource () const;

ns. Thewalue of the upstream argument provided to the constructor of this object.

instead.

resource constructors and destructors [memorycresource.pool.ctor]

rce is
by of

bte | The

pol.mem|

memory
blocks.

pool opt

ions options () const;

6 Returns: The options that control the pooling behavior of this resource. The values in the returned struct may differ
from those supplied to the pool resource constructor in that values of 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 poid do_deallocate(void* p, size t bytes, size t alignment);

12 Effeqts: Return the memory at p to the pool. It is unspecified if or under what circumstances this opération will
remﬂthlacaﬂtoupstreamﬁresource()—>deallocate(L

13 Thrdws: Nothing.

14 virtual pool unsynchronized pool resource::do is equal (const memory resourCeé& other) const nogxcept;

15 Retufns: this == dynamic cast<const unsynchronized pool resource*> (4otHer).

16 virtual pool synchronized pool resource::do is equal (const memory resgource& other) const noexdept;

17" Retufns: this == dynamic cast<const synchronized pool resoufce*>(&other).
8.10 Cl3ss monotonic_buffer_resource [memory.resource.monotonid.buffer]
8.10.1 Class monotonic_buffer_ resource OVerview [memory.resource.monotonic.buffer.¢verview]

A monotohic buffer resource is a special-purpose memory resource intended for very fast memory allocation$ in
situations|where memory is used to build up a few gbjects and then is released all at once when the memory resoprce
object is destroyed. It has the following qualities:

— |A call to deallocate has no effect, thus the amount of memory consumed increases monotonically until the
resource is destroyed.

— [The program can supply an(injtial 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 resource
supplied at constructidon: Each additional buffer is larger than the previous one, following a geometric
progression.

— |It is intended for acCess from one thread of control at a time. Specifically, calls to al1locate and deallpcate do
not synchronize¢ with one another.
— |It owns tlie allocated memory and frees it on destruction, even if deallocate has not been called for sqme of
the allecated blocks.

class monetonic buffer resource : public memory resource {

memory resource* upstream rsrc; // exposition only
void* current buffer; // exposition only

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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mono

expl

mono

memory resource* upstream) ;

tonic buffer resource()
monotonic buffer resource(get default resource()) { }
icit monotonic buffer resource(size t initial size)
monotonic buffer resource(initial size,
get default resource()) { }
tonic_buffer resource(void* buffer, size t buffer size)

monotonic buffer resource (buffer, buffer size,

get default resource()) { }
monoftonic_buffer resource (const monotonic_buffer resource&) = delete;
virtjpal ~monotonic buffer resource();

mono|

void

memo

protec
virt

virt

virt

}i
8.10.2 mos

explicit
monotoni
2 Reqyf

than

3 Effed

nexy

monotoni

5 Reqf
num

tonic buffer resource operator=(

const monotonic buffer resources&) = delete;

release();

ry resource* upstream_resource() const;

ted:

ual void* do_allocate(size t bytes, size t alignmeng);

ual void do deallocate(void* p, size t bytes,

size t alignment);

ual bool do is equal (const memory resource& ‘\Other) const noexcept;

monotonic buffer resource (memery resource* upstream);
c buffer resource(size t inatial size, memory resource* upstream);

ires: upstream shall be the{address of a valid memory resource. initial size, if specified, shall be g

ZC10.

ts: Sets upstrean- rsrc to upstreanland,currentibuffer‘ﬁ)nullptr.IfinitialisizeiSSpeCiﬁed,S
| buffer size to atdeast initial size; otherwise sets next buffer size to an implementation-defin

c buffern/Pesource (void* buffer, size t buffer size, memory resource* upstream);

ires;upstrean shall be the address of a valid memory resource. butfer_ size shall be no larger than t
ber_ of bytes in buffer.

hotonic_buffer resource constructor and destructor [memory.resource.monotonic.buffer.ctor]

reater

ets
ed size.

he

6 Effects: Sets upstream rsrc t0 upstream, current buffer t0 buffer, and next buffer size to buffer size (but
not less than 1), then increases next buffer size by an implementation-defined growth factor (which need not be
integral).

~monoton

ic_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 memory resource* upstream resource() const;

5 Retufns: The value of upstream rsrc.

6 void* do| allocate(size t bytes, size t alignment);

7 Retufns: A pointer to allocated storage (C++14 §3.7.4.2) with a size of at least bytes. The size'and alignmént of the
allodated memory shall meet the requirements for a class derived from memory resource (8-9).

8 Effedts: If the unused space in current_buffer can fit a block with the specified byfes-and a1ignment, thgn
allodate the return block from current buffer; otherwise set current buffer to
upstfream rsrc->allocate(n, m), where n is not less than max (bytes, nextybluffer size) and m is not I¢ss than
alignment, and increase next buffer size by an implementation-defined/growth factor (which need not He
integral), then allocate the return block from the newly-allocated current-puffer.

9 Thrdws: Nothing unless upstream rsrc->allocate () throws.

10 void do_Peallocate(void* p, size t bytes, size t alignnfent);

I Effedts: None.
12 Thrdws: Nothing.

13- Remfirks: Memory used by this resource increases monotonically until its destruction.

14 bool do [is equal (const memory resource§-oOther) const noexcept;

15 Retufns: this == dynamic_cast<c@nst monotonic buffer resource*>(&other).
8.11 Alips templates using polymorphic memory resources [memory.resourceialiases]
8.11.1 Hdader <experimental/string> synopsis [header.stripg.synop]

finclude <strifng>

namesppce std {

namesppcevexperimental {

inline namespace fundamentals v2 {

namespace 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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