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Foreword

ISO (the International Organization for Standardization) and IEC (the International

Electrotechnical Commission) form the specialized system for worldwide standardization. National
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dies that are members of ISO or IEC participate in the development of International Standards

rough technical committees established by the respective organization to deal with particular
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ds of technical activity. ISO and IEC technical committees collaborate in fields of mutual
erest. Other international organizations, governmental and non-governmental, in liaison)with
D and IEC, also take part in the work.

e procedures used to develop this document and those intended for its further miaintenance are
scribed in the ISO/IEC Directives, Part 1. In particular, the different appreval criteria needed
the different types of document should be noted. This document was dfafted in accordance
th the editorial rules of the ISO/IEC Directives, Part 2 (see www.isoiorg/directives or

yw.iec.ch/members__experts/refdocs).

D and IEC draw attention to the possibility that the implementation of this document may
olve the use of (a) patent(s). ISO and IEC take no position concerning the evidence, validity for
plicability of any claimed patent rights in respect thereof. As of the date of publication of this
cument, ISO and IEC had not received notice of (a).patent(s) which may be required to

est information, which may be obtained fronitthe patent database available at www.iso.org/
bents and https://patents.iec.ch. ISO andTEC shall not be held responsible for identifying any
all such patent rights.

y trade name used in this document is information given for the convenience of users and dogs

L constitute an endorsement,

r an explanation of the veluntary nature of standards, the meaning of ISO specific terms and
bressions related to ¢omformity assessment, as well as information about ISO's adherence to the
rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see

rw.iso.org/isofforeword.html. In the IEC, see www.iec.ch/understanding-standards.

is document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
hnology,*Subcommittee SC 22, Programming languages, their environments and system softwgre

erfaees.

This third edition cancels and replaces the second edition (ISO/IEC TS 19568:2017), which has

been technically revised.

The main changes are as follows:

— The document now refers to the C++ language as defined in ISO/IEC 14882:2020; the
previous edition referred to ISO/IEC 14882:2017.
— Removal of features that have been added to ISO/IEC 14882: tuple utilities, logical

© ISO/IEC 2024 - All rights reserved
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operator traits, rational arithmetic, time utilities, error support, searchers, not_=£n,
optional, any, string_view, shared-ownership pointers, memory_resource, search
algorithm, numeric operations (gcd/lcm), source_location.

— New feature: scope guard class templates for guard types that perform automatic actions
on scope exit.

— Feature modification: type-erasing classes now use polymorphic_allocator<>.

bo

WV

y feedback or questions on this document should be directed to the user’s national standaxds
dy. A complete listing of these bodies can be found at www.iso.org/members.html and

yw.iec.ch/national-committees.
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Introduction [introduction]

In this document, the phrase C++ Standard Library refers to the library described in ISO/IEC
14882:2020, clauses 16-32.

Clauses and subclauses in this document are annotated with a so-called stable name, presented in

L leat £ o 2l o [ el I aH [ 1. LN | 4£3 1n £ +lo3 ] AN QPG I |
Sq HUALT UILIAUATUULS 1IITAL LU UIIT \DUJJ)\./IO;U.DU ucauuls \Dubll ad Llllbl UuubblUllJ IUL UILIO \JIOAU.DU} . JUAIT
names aid in the discussion and evolution of this document by serving as stable references t6

supclauses across editions that are unaffected by changes of subclause numbering.

In|addition to the main font for the document body, this document uses

upright monospace font to display C++ source code, some of which forms part of the
nofmative specification verbatim, ¢talic monospace font for placeholders within source code
thit necessary for the specification, but whose spelling is not significant, and ItalicSerifCamelCgse
forl certain concepts (comprising syntactic and semantic constraints) fremt the C++ Standard

Library.

© ISO/IEC 2024 - All rights reserved
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Programming languages —
C++ Extensions for Library Fundamentals

1|Scope [general.scopg]

THis document describes extensions to the C++ Standard Library (2). These extensions are

—

clgsses and functions that are likely to be used widely within a program and/or on_thé-interface

boundaries between libraries written by different organizations.

It [is intended that some of the library components be considered for standardization in a future

version of C++. At present, they are not part of any C++ standard.

THe goal of this document is to build more widespread existing praetice for an expanded C++

stgndard library. It gives advice on extensions to those vendors who' wish to provide them.

© ISO/IEC 2024 - All rights reserved
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2 Normative references [general.references]

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments)

applies.

— ISO/IEC 14882:2020, Programming Languages — C++

© ISO/IEC 2024 - All rights reserved
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3 Terms and definitions [general.terms]

For the purposes of this document, the terms and definitions given in ISO/TEC 14882:2020 apply.

ISO and IEC maintain terminology databases for use in standardization at the following

addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2024 - All rights reserved
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4 General principles [general]

4.1 Namespaces, headers, and modifications to standard classes
[general.namespaces]

Since the extensions described in this document are experimental and not part of the C++

stgndard library, they should not be declared directly within namespace std. Unless otherwis€

specified, all components described in this document either:

— modify an existing interface in the C++ Standard Library in-place,
— are declared in a namespace whose name appends : :experimental: : fundamentals_v3|to
a namespace defined in the C++ Standard Library, such as std or std+: chrono, or
— are declared in a subnamespace of a namespace described in the preyious bullet, whose

name is not the same as an existing subnamespace of namespace'std.

EXAMPLE This document does not define std: :experimental: :fundamentals_v3::pmr because the

CH+ Standard Library defines std: :pmr.

Each header described in this document shall import the eontents of

stf::experimental::fundamentals_v3 into std: :experimental as if by
hamespace std::experimental::inline fundamentals_v3 {}

THis document also describes some experimental modifications to existing interfaces in the C+
Standard Library.

Unless otherwise specified, references®o other entities described in this document are assumed tp
be|qualified with std: :experimental: :fundamentals_v3::, and references to entities described

in [the standard are assumed te\be qualified with std::.

Extensions that are expected to eventually be added to an existing header <meow> are provided

ingide the <experimental/meow> header, which shall include the standard contents of <meow> a
if by

#include <meow>

(0]

Ndgw headers are also provided in the <experimental/> directory, but without such an #includ

Talble I lists the headers that are specified by this document.

Table 1 — C++ library headers

<experimental/algorithm> <experimental/memory> <experimental/scope>
<experimental/functional> <experimental/memory_resource> <experimental/type_traits>
<experimental/future> <experimental/propagate_const> <experimental/utility>

<experimental/iterator> <experimental/random>

© ISO/IEC 2024 - All rights reserved
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NOTE This is the last in a series of revisions of this document planned by the C++ committee; while
there are no plans to resume the series, any future versions will define their contents in

std::experimental: :fundamentals_v4, std: :experimental::fundamentals_v5, etc., with the most

recent implemented version inlined into std: :experimental.

4.2 Feature-testing recommendations [general.feature.test]

I*::)‘tthe sake of improved portability between partial implementations of various C++ standards,
i

lementers and programmers are recommended to follow the guidelines in this subclause

cohcerning feature-test macros.

Implementers who provide a new standard feature should define a macro with the.recommended
napne, in the same circumstances under which the feature is available (for examnple, taking into
acgount relevant command-line options), to indicate the presence of support for that feature.

Implementers should define that macro with the value specified in the mogst recent version of this
dofument that they have implemented. The recommended macro name’ is
“_|cpp_lib_experimental_” followed by the string in the “Macro Name Suffix” column. Table |2

lists the headers and recommended feature-test macros for the/features specified in this document.

Prpgrammers who wish to determine whether a feature.is available in an implementation should
bape that determination on the presence of the header (determined with
_has_include(<header/name>)) and the state of the macro with the recommended name. (THe

abpence of a tested feature may result in a program with decreased functionality, or the relevant

=

fu];ctionality may be provided in a different~way. A program that strictly depends on support fo
a fleature can just try to use the feature uiiconditionally; presumably, on an implementation

ladking necessary support, translation-will fail.)

Table 2.— Significant features in this document
Primary Macro Name
Feature Value Header

Subclause Suffix
Cbpnst-
propagating 6.1 propagate_const |201505|<experimental/propagate_const>
wrapper
Generic seope
gyardhand RAIT  |6.2 scope 201902 | <experimental/scope>
Wlwl.ll_lbl
Invocation type . ) ) )
trait 6.3.2 invocation_type |[201406|<experimental/type_traits>
raits
Detection

6.3.3 detect 201505 | <experimental/type_traits>
metaprograms

© ISO/IEC 2024 - All rights reserved
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Primary Macro Name
Feature Value Header
Subclause Suffix
Polymorphic ]
function_polymor-
allocator for 7.2 202211 |<experimental/functional>
phic_allocator
std::function
Polymorphic
8.3 memory_resources |201803 |<experimental/memory_resouce>
INETTOTY TTSOUIces
Npn-owning
. 8.2 observer_ptr 201411 |<experimental/memory>
péinter wrapper
Deplimited
) 9.2 ostream_joiner 201411 |<experimental/iterdtor>
itgrators
Rhndom sampling |10.2 sample 201402 | <experimental/dlgorithm>
Rpplacement for
11.1.2 randint 201511 | <experimental/random>

std: :rand

© ISO/IEC 2024 - All rights reserved
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Modifications to the C++4 Standard Library [mods]

[mods.general]

Implementations that conform to this document shall behave as if the modifications contained in

thi

s clause are made to ISO/IEC 14882:2020.

R4
Ur

§1p) is included into this document by reference.

5.2 Exception requirements

TH

scppe_success (6.2) to throw exceptions.

TH
TH

replacement function or handler function or destructor opération to exit via an exception.

Tk
op
ex

ex

ferences to clauses within ISO/IEC 14882:2020 are written as "C++20, §3.2".
less otherwise specified, the whole of the Library introduction of ISO/IEC 14882:2020 (€++1

[mods.exceptioirrequirement

e following modifications to the Library introduction (C++20, §16) allew the destructor of

e requirements of C++20, §16.4.5.8 shall apply with the following modification: An applicabl

rows: paragraph (in addition to any applicable Required defiavior: paragraph) can allow a

e requirements of C++20, §16.4.6.13 shall apply with the following modifications: Destructor
prations defined in the C++ standard library are permitted to throw exceptions if this is
plicitly specified. Only those destructors in ¢he C++ standard library that do not have an

teption specification shall behave as if they had a non-throwing exception specification.

0,

]

(€]

© ISO/IEC 2024 - All rights reserved
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6 General utilities library [utilities]
6.1 Constness propagation [propagate__const]
6.1.1 Header <experimental/propagate_const> synopsis [propagate__const.syn]

hamespace std {

namespace experimental::inline fundamentals_v3 {

// 6.1.2.1, Overview

template <class T> class propagate_const;

// 6.1.2.9, Relational operators
template <class T>

constexpr bool operator==(const propagate_const<T>& pt, nullptr_t);
template <class T>

constexpr bool operator==(nullptr_t, con€t ‘propagate_const<T>& pu);

template <class T>
constexpr bool operator!=(const propagate_const<T>& pt, nullptr_t);
template <class T>

constexpr bool operator!=(uullptr_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);

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

const propagate_const<U>& pu);

© ISO/IEC 2024 - All rights reserved
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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 U& u);

Template <class I, class U>

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

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

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

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

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

template <class T, class U>

constexpr bool operator==(const T& %, ‘const propagate_const<U>& pu);
template <class T, class U>

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

constexpr bool operatorg(const T& t, const propagate_const<U>& pu);
template <class T, class)U>

constexpr bool operator>(const T& t, const propagate_const<U>& pu);
template <classTj-class U>

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

consgexpr bool operator>=(const T& t, const propagate_const<U>& pu);

[/6.1.2.10, Specialized algorithms

template <class T>

constexpr void swap(propagate_const<I>& pt,

propagate_const<T>& pt2) noexcept(see below);

// 6.1.2.11, Underlying pointer access
template <class T>

constexpr const T& get_underlying(const propagate_const<T>& pt) noexcept;

© ISO/IEC 2024 - All rights reserved
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template <class T>

constexpr T& get_underlying(propagate_const<T>& pt) noexcept;

} // namespace experimental::inline fundamentals_v3

// 6.1.2.

12, Hash support

Template
template

struct

// 6.1.2.
template
template

struct
template
template

struct
template
template

struct
template
template

struct
template
template

struct
template
template

struct

6.1 2~Class tempiate propagate_const

6.1.2.1 Overview

X<class T> struct hash;
<class T>

hash<experimental::fundamentals_v3::propagate_const<T>>;

13, Comparison function objects

<class T> struct equal_to;

<class T>

equal_to<experimental::fundamentals_v3: :propagate_const<T>>;
<class T> struct not_equal_to;

<class T>
not_equal_to<experimental::fundamentals_v3::propagate_const<T>>;
<class T> struct less;

<class T>
less<experimental::fundamentals_v3::propagate_const<T>>;
<class T> struct greater;

<class T>
greater<experimental::fundamentals_v3::propagate_const<T>>;
<class T> struct_less_equal;

<class T>

less_equal<experimental::fundamentals_v3: :propagate_const<T>>;
<class(T> struct greater_equal;

<class T>

greater_equal<experimental::fundamentals_v3::propagate_const<T>>;

} // sdamespace std

namespace std::experimental::inline fundamentals_v3 {

template

<class T> class propagate_const {

© ISO/IEC 2024 - All rights reserved
10
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public:

using element_type = remove_reference_t<decltype (*declval<T&>())>;

// 6.1.2.4, Constructors
constexpr propagate_const() = default;

propagate_const(const propagate_const& p) = delete;

CONSTEXpr propagate_const(propagate_const&& pJ) — deiault,
template <class U>

explicit(!is_convertible_v<U, T>)

constexpr propagate_const(propagate_const<U>&& pu);
template <class U>

explicit(!is_convertible_v<U, T>)

constexpr propagate_const(U&& u);

// 6.1.2.5, Assignment
propagate_const& operator=(const propagate_const& p) = delete;
constexpr propagate_const& operator=(propagdte_const&& p) = default;
template <class U>

constexpr propagate_const& operatorz(propagate_const<U>&& pu);
template <class U>

constexpr propagate_const& operator=(U&& u);

// 6.1.2.6, Const observers

explicit constexpr operator bool() const;

constexpr const element_type* operator->() const;

constexpr operator-/const element_type*() const; // Not always defined
constexpr con§t) ‘element_type& operator*() const;

constexpr cconst element_type* get() const;

// 6-1.2.7, Non-const observers
constexpr element_type* operator->();

constexpr operator element_typex(); // Not always defined

constexpr element_type& operator*();

constexpr element_type* get();

// 6.1.2.8, Modifiers

constexpr void swap(propagate_const& pt) noexcept(is_nothrow_swappable<T>) ;

© ISO/IEC 2024 - All rights reserved
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private:
T t_; //exposition only
s

} // namespace std::experimental::inline fundamentals_v3

propagate_const is a wrapper around a pointer-like object type T which treats the wrapped

pojiinter as a pointer to const when the wrapper is accessed through a const access path.
6.1.2.2 General requirements on T [propagate__const.reqairéments]

T ghall be a cv-unqualified pointer-to-object type or a cv-unqualified class type forswhich
d

0]

cltype (*declval<T&>()) is an lvalue reference to object type; otherwise the program is ill-

formed.

N(QTE propagate_const<const int*> is well-formed but propagate_const<int* const> is not.
6.1.2.3 Requirements on class type T [propagate_sconst.class__type_ requirements]

If T is class type then it shall satisfy the requirements described in this subclause and in Table 3.

In|this subclause t denotes an lvalue of type T, ct denotes as_const (t).
T and const T shall be contextually convertible\to bool.
If T is implicitly convertible to element_type*, (element_type*)t == t.get() shall be true.

If fonst T is implicitly convertible to'const element_type*,

(cpnst element_typex)ct == ct.get() shall be true.

Table 3 — Requirements on class types T
Expression Return type Pre-conditions Operational semantics
t{get () g¢lement _typex

const element_typex*
ct.get( t.get() == ct.get().
or element_typex*

xt refers to the same object s

*1 element_type& t.get() != nullptr
*(t.get())
const element type& *xct refers to the same nh_jp(‘ as
*xct ct.get() !'= nullptr
or element_type& *x(ct.get())
t.operator->() element_typex t.get() !'= nullptr t.operator->() == t.get()

const element_typex*
ct.operator->() ct.get() !'= nullptr ct.operator->() == ct.get()
or element_typex*

(bool)t is equivalent to
(bool)t bool

t.get() != nullptr
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(bool)ct bool

(bool)ct is equivalent to

ct.get() !'= nullptr

6.1.2.4 Constructors [propagate__const.ctor]

template <class U>

explicit(!is convertible v<U, T>)

template <class U>

6.1.2.5 Assignment [propagate__const.assignment]

template <class U>

tepplate Kclass U>

constexpr propagate_const(propagate_const<U>&& pu) ;

Constraints: is_constructible v<T, U> is true.

Effects: Initializes t_ as if direct-non-list-initializing an object of type T with the expression

std: :move(pu.t_).

explicit(!is_convertible_v<U, T>) constexpr propagate-const(U&& u);

Constraints: is_constructible_v<T, U> is true and decayyt<U> is not a specialization of

propagate_const.

Effects: Initializes t_ as if direct-non-list-initializing an object of type T with the expression

std: : forward<U>(u).

constexpr propagate_const&,operator=(propagate_const<U>&& pu);

Constraints: U is implicitlyconvertible to T.
Effects: t_ = stdssmove(pu.t_).

Returns: *this

constexpr propagate_const& operator=(U&& u);

Constraints: U is implicitly convertible to T and decay_t<U> is not a specialization of

propagate_const.
Effects: t_ = std::forward<U>(u).

Returns: *this

© ISO/IEC 2024 - All rights reserved
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explicit constexpr operator bool() const;

Returns: (bool)t_.

constexpr const element_type* operator->() const;

Cco

CO|

Cco

Cco

co

[propagate__const.const__observers]

Preconditions: get() != nullptr.

Returns: get ().

nstexpr operator const element_type*() const;

Constraints: T is an object pointer type or has an implicit conversion to

const element_typex.

Returns: get ().

nstexpr const element_type& operator*() const;

Preconditions: get() != nullptr.

Returns: *get ().

nstexpr const element_type* get() const;

Returns: t_ if T is an object pointer type, otherwise t_.get ().

.1.2.7 Non-const observers [propagate__const.non__const__observe

nstexpr element_typex operator->();

Preconditions: get() != nullptr.

Returns: get().

nstexpr operator element_typex*();

Uonstraints: T is an object pointer type or has an implicit conversion to element typex.

Returns: get().

© ISO/IEC 2024 - All rights reserved
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constexpr element_type& operator*() ;

Preconditions: get() !'= nullptr.

Returns: *get ().

constexpr element_typex get();

co

Returns: t_ if T is an object pointer type, otherwise t_.get ().

.1.2.8 Modifiers [propagate__constanodifie

hstexpr void swap(propagate_const& pt) noexcept(is_nothrow_swappable<T>);

Preconditions: Lvalues of type T are swappable (C++20, §16.4.4.3).

Effects: swap(t_, pt.t_).

.1.2.9 Relational operators [propagate__const.relation

template <class T>

constexpr bool operator==(const propagate_.const<T>& pt, nullptr_t);

Returns: pt.t_ == nullptr.

template <class T>

constexpr bool operator==(nullptr_t, const propagate_const<T>& pt);

Returns: nullptr == pt.t_.

template <class T>

constexpr bool operator!=(const propagate_const<T>& pt, nullptr_t);

Returns: pt.t.\1= nullptr.

template <class T>

constexpr bool operator!=(nullptr_t, const propagate_const<T>& pt);

Returns: nullptr != pt.t_.

al]

template <class T, class U>

constexpr bool operator==(const propagate_const<T>& pt,

const propagate_const<U>& pu) ;

Returns: pt.t_ == pu.t_.
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template <class T, class U>
constexpr bool operator!=(const propagate_const<T>& pt,

const propagate_const<U>& pu);

Returns: pt.t_ !'= pu.t_.

template <class T, class U>

constexpr bool operator<(const propagate_const<I>& pt,

const propagate_const<U>& pu);

Returns: pt.t_ < pu.t_.

template <class T, class U>
constexpr bool operator>(const propagate_const<T>& pt,

const propagate_const<U>& pu);

Returns: pt.t_ > pu.t_.

template <class T, class U>
constexpr bool operator<=(const propagate_const<T>& pt,

const propagate_const<U>& pu) ;

Returns: pt.t_ <= pu.t_.

template <class T, class U>
constexpr bool operator>=(const-propagate_const<T>& pt,

cénst propagate_const<U>& pu) ;

Returns: pt.t_ >= pu.t_.

template <class T, class U>

constexpr bool_ operator==(const propagate_const<T>& pt, const U& u);

Returns: pti3- == u.

tepplate&class T, class U>

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

Retormsptt— =

template <class T, class U>

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

Returns: pt.t_ < u.

© ISO/IEC 2024 - All rights reserved
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template <class T, class U>

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

Returns: pt.t_ > u.

template <class T, class U>

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

Returns: pt.t_ <= u.

template <class T, class U>

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

Returns: pt.t_ >= u.

template <class T, class U>

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

Returns: t == pu.t_.

template <class T, class U>

constexpr bool operator!=(const T& t, comgt: propagate_const<U>& pu);

Returns: t '= pu.t_.

template <class T, class U>

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

Returns: t < pu.t_.

template <class T, class /U>

constexpr bool pgperator>(const T& t, const propagate_const<U>& pu);

Returns: t > pu.t_.

template <c¢lass T, class U>

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

Returns: t <= pu.t_.

template <class T, class U>

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

Returns: t >= pu.t_.
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template <class T>

constexpr void swap(propagate_const<T>& ptl,
propagate_const<T>& pt2) noexcept(see below);

Constraints: is_swappable_v<T> is true.

Ag

functions. These functions are intended to resemble cast operations\to encourage caution when

us

te

template <class T>

template <class T>

.1.2.11 Underlying pointer access [propagate_"const.underlyiy

.1.2.12 Hash support [propagate__const.has

Effects: Equivalent to: ptl.swap(pt2).

Remarks: The expression inside noexcept is equivalent to:

noexcept (ptl.swap(pt2))

cess to the underlying object pointer type is through free functiong rather than member

ng them.

mplate <class T>
constexpr const T& get_underlying(const propagate_const<T>& pt) noexcept;

Returns: a reference to the underlying object\pointer type.

constexpr T& get_underlying(propagate_const<T>& pt) noexcept;

Returns: a reference to the underlying object pointer type.

struct hash<experimental::fundamentals_v3::propagate_const<T>>;

The specidlization hash<experimental::fundamentals_v3: :propagate_const<T>> is
enabled(C++20, §20.14.19) if and only if hash<T> is enabled. When enabled, for an object
of type propagate_const<T>,

hash<experimental::fundamentals_v3: :propagate_const<T>>() (p) evaluates to the sa

[propagate__const.algorithms]

12]

h]

p

ne

value as hash<T>() (p.t_).
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6.1.2.13 Comparison function objects[propagate__const.comparison__function__objects]

template <class T>
struct equal_to<experimental::fundamentals_v3::propagate_const<T>>;
For objects p, q of type propagate_const<T>,
equal_to<experimental::fundamentals_v3::propagate_const<T>>() (p, q) shall

evaluate to the same value as equal to<T>() (P t_, gt )

Mandates: The specialization equal_to<T> is well-formed.

Preconditions: The specialization equal_to<T> is well-defined.

template <class T>

struct not_equal_to<experimental::fundamentals_v3::propagate const<T>>;

For objects p, q of type propagate_const<T>,
not_equal_to<experimental::fundamentals_v3::propagate_censt<T>>() (p, q) shall

evaluate to the same value as not_equal_to<T>() (p.t_, gt ).

Mandates: The specialization not_equal_to<T> is well-formed.

Preconditions: The specialization not_equal_to<T>"is well-defined.

template <class T>

struct less<experimental::fundamentals_v3::propagate_const<T>>;
For objects p, q of type propagateconst<T>,
less<experimental::fundamentals_v3: :propagate_const<T>>() (p, q) shall evaluate tp

the same value as less<T>() (p.t_, q.t_).

Mandates: The specialization 1less<T> is well-formed.

Preconditions: The specialization 1less<T> is well-defined.

template <class/T>
struct-greater<experimental::fundamentals_v3::propagate_const<T>>;
For_8bjects p, q of type propagate_const<T>,

greater<experimental::fundamentals_v3: :propagate_const<T>>() (p, q) shall evaluate

t0 the same value as greater<[>()(p.T_, q.T_).

Mandates: The specialization greater<T> is well-formed.

Preconditions: The specialization greater<T> is well-defined.
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template <class T>
struct less_equal<experimental::fundamentals_v3::propagate_const<T>>;
For objects p, q of type propagate_const<T>,
less_equal<experimental: :fundamentals_v3: :propagate_const<T>>() (p, q) shall

evaluate to the same value as less_equal<T>() (p.t_, q.t_).

Mandates: The specialization less_equal<T> is well-formed.

Preconditions: The specialization less_equal<T> is well-defined.

template <class T>

struct greater_equal<experimental::fundamentals_v3::propagate_const<T>>;

For objects p, q of type propagate_const<T>,
greater_equal<experimental::fundamentals_v3::propagate_const<T>>() (p, q) shall

evaluate to the same value as greater_equal<T>()(p.t_, q.t_).

Mandates: The specialization greater_equal<T> is well-formed-

Preconditions: The specialization greater_equal<T> is~well-defined.

6.2 Scope guard support [scopeguard]
6.2.1 Header <experimental/scope> synopsis [scope.symn]

hamespace std::experimental::inline fundamentals_v3 {

// 6.2.2, Class templates scope_ezit, scope_fail, and scope_success
template <class EF>
class scope_exit;
template <class(EF>
class scope~fail;
template/<class EF>

class Scope_success;

//>6.2.3, Class template unique_resource

template <class R, class D>

class unique_resource;

// 6.2.3.6, unique_resource creation
template <class R, class D, class S=decay_t<R>>

unique_resource<decay_t<R>, decay_t<D>>
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make_unique_resource_checked(

R&& r, const S& invalid, D&& d) noexcept(see below);

} // namespace std::experimental::inline fundamentals_v3

6.2.2 Class templates scope_exit, scope_fail, and scope_success [scopeguard.exit]

THe class templates scope_exit, scope_fail, and scope_success define scope guards thatrwrgp

a function object to be called on their destruction.

In|this subclause, the placeholder scope-guard denotes each of these class templates~In

depcriptions of the class members, scope—-guard refers to the enclosing class.

hamespace std::experimental::inline fundamentals_v3 {

template <class EF> class scope-guard {
public:
template <class EFP>
explicit scope-guard(EFP&& f) noexcept(sée“below);

scope-guard(scope-guard&& rhs) noexcept(see belouw);
scope-guard(const scope-guardk) = delete;
scope-guard& operator=(const scope-guard&) = delete;
scope-guard& operator=(scope:guard&&) = delete;

~scope—-guard () noexcept(see below);

void release() noexcept;

private:
EF exit/ftnction; // exzposition only
bool ‘execute_on_destruction{true}; // exposition only

int uncaught_on_creation{uncaught_exceptions()}; // ezposition only

3

template <class EF>

scope-guard(EF) -> scope-guard<EF>;

} // namespace std::experimental::inline fundamentals_v3

The class template scope_exit is a general-purpose scope guard that calls its exit function when
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a scope is exited. The class templates scope_fail and scope_success share the scope_exit

interface, only the situation when the exit function is called differs.

EXAMPLE

void grow(vector<int>& v) {

scope_success guard([]J{ cout << "Good!" << endl; 1});

v.resize(1024);

N(
thd

usq

whien the scope-guard’s destructor executes, calling the exit function. This can lead 40 Surprising behavi

Template argument EF shall be a function object type (C+420, §20.14),dvalue reference to
fumction, or lvalue reference to function object type. If EF is an object type, it shall meet the
Cpp17Destructible requirements (C++20, Table 30). Given an lvalue-g of type

remove_reference_t<EF>, the expression g() shall be well-formed.

TH

te

relErence to a function object (C++20, §20.14).

TE 1 If the exit function object of a scope_success or scope_exit object refers to a local variable d
function where it is defined, e.g., as a lambda capturing the variable by reference, and that(variable is

d as a return operand in that function, it is possible for that variable to already have been returned

e constructor parameter f in the following constructorsshall be a reference to a function or

plate <class EFP>

explicit scope-guard(EFP&& f) noexcept (
is_nothrow_constructible v<EEF\“EFP> ||
is_nothrow_constructible v<EF, EFP&>);

Constraints: is_same_v<remove:cvref t<EFP>, scope-guard> is false and

is_constructible_v<EF, EFP> is true.
Mandates: The expréssion f () is well-formed.

Preconditions;-Calling £ () has well-defined behavior. For scope_exit and scope_fail,

calling f ().does not throw an exception.

Effectss It EFP is not an lvalue reference type and is_nothrow_constructible_v<EF, EFP>

isctrue, initialize exit_function with std: :forward<EFP>(f); otherwise initialize

WV

exit function with f. For scope exit and scope fail, if the initialization of

exit_function throws an exception, calls £ ().

NOTE 2 For scope_success, £ () will not be called if the initialization fails.

Throws: Any exception thrown during the initialization of exit_function.

© ISO/IEC 2024 - All rights reserved
22


https://standardsiso.com/api/?name=741b42541e49014ae6508f0fdb4b1c29

ISO/IEC TS 19568:2024(en)

scope-guard(scope-guard&& rhs) noexcept(see below)

Constraints:

(is_nothrow_move_constructible_v<EF> || is_copy_constructible_v<EF>) is true.

Preconditions: If EF is an object type:

— if is_nothrow_move_constructible_v<EF> is true, EF meets the

ya)l 170 yal 4 N 3 do (V1 19N Mol 92
UPPJ TVIUOUC UUTovl wvovi J.U\.iull.UlllUllbD \\JTTAU, L AJIT AJU},

— otherwise EF meets the Cpp17CopyConstructible requirements (C++20, Table 27).

Effects: If is_nothrow_move_constructible_v<EF> is true, initializes exit_function wit
std: :forward<EF>(rhs.exit_function), otherwise initializes exit_functiomwith
rhs.exit_function. Initializes execute _on_destruction from
rhs.execute_on_destruction and uncaught_on_creation from
rhs.uncaught_on_creation. If construction succeeds, call rhs.release().

NOTE 3 Copying instead of moving provides the strong exception guarantee.

Postconditions: execute_on_destruction yields the value ths.execute_on_destruction
yielded before the construction. uncaught_on_creatidn yields the value

rhs.uncaught_on_creation yielded before the construction.
Throws: Any exception thrown during the initialization of exit_function.

Remarks: The expression inside noexcep#’is equivalent to:

is_nothrow_move_constructible V<EF> || is_nothrow_copy_constructible_v<EF>

n

cope_exit() noexcept(true);
Effects: Equivalent to:

if (execute_on _ destruction)

exit_function();

cope_fail'()" noexcept(true);

2]

Effects: Equivalent to:

if (execute_on_destruction && uncaught_exceptions() > uncaught_on_creation

exit_function();

© ISO/IEC 2024 - All rights reserved
23


https://standardsiso.com/api/?name=741b42541e49014ae6508f0fdb4b1c29

ISO/IEC TS 19568:2024(en)

~scope_success() noexcept(noexcept(exit_function()));

Effects: Equivalent to:

if (execute_on_destruction && uncaught_exceptions() <= uncaught_on_creation)

exit_function();

NOTE 4 If noexcept(exit_function()) is false, exit_function() can throw an exception,

dooadl ol i +1 daazads £ O
TOTWITIIS TaITaTE o 1 eSTIICtIonNsS O O T 1

Throws: Any exception thrown by exit_function().

volid release() noexcept;

Effects: Equivalent to execute_on_destruction = false

6.2.3 Class template unique_resource [s¢opeguard.uniquer

6.2.3.1 Overview [scepeguard.uniqueres.overvie

hamespace std::experimental::inline fundamentals\w3 {

template <class R, class D> class uniqueyresource {
public:
// 6.2.3.2, Constructors
unique_resource() ;
template <class RR, classcDD>
unique_resource (RR&&'\r), DD&& d) noexcept(see below);

unique_resource (unique_resource&& rhs) noexcept(see belouw);

// 6.2.3.3, Destructor

~unique_resource() ;

// 632.3.4, Assignment

unique_resource& operator=(unique_resource&& rhs) noexcept(see below);

ps|

W]

// 6.2.3.5, Other member functions
void reset() noexcept;
template <class RR>
void reset(RR&& 1) ;
void release() noexcept;

const R& get() const noexcept;
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see below operator*() const noexcept;
R operator->() const noexcept;

const D& get_deleter() const noexcept;

private:

using R1 = conditional_t<is_reference_v<

R>, Telerence_wrapper<remove_relerence_tiR>>, R>; // €zZposition only
R1 resource; // exposition only
D deleter; // ezposition only
bool execute_on_reset{true}; // ezposition only

};

template<class R, class D>

unique_resource(R, D) -> unique_resource<R, D>;

} // namespace std::experimental::inline fundamentals_v3

hdles are of trivial type and come with a factory function and a clean-up or deleter function that do not

thijow exceptions. The clean-up function together with the result of the creation function is used to creatd a

un

resource handle is achieved through get () and)in case of a pointer type resource through a set of

convenience pointer operator functions,

THe template argument D shall meét the requirements of a Cpp17Destructible (C++20, Table 3(
function object type (C++20,§20.14), for which, given a lvalue d of type D and a lvalue r of type

R,
re
(C
Fo
of
of
tr

Fo

| que_resource variable, that on destruction will call the clean-up function. Access to the underlying

~—

the expression d(r) shall be well-formed. D shall either meet the Cpp17CopyConstructible
juirements (C++205Table 27), or D shall meet the Cpp17MoveConstructible requirements
H++20, Table 26)7and is_nothrow_move_constructible_v<D> shall be true

I the purp@se of this subclause, a resource type T is an object type that meets the requiremenits
Cpp17CapyConstructible (C++20, Table 27), or is an object type that meets the requirementf
Cppl7MoveConstructible (C++20, Table 26) and is_nothrow_move_constructible_v<T> is

160oris an lvalue reference to a resource tupe- R shall be a resource tupe
Y O o o

r the scope of the adjacent subclauses, let RESOURCE be defined as follows:

— resource.get () if is_reference_v<R> is true,

— resource otherwise
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6.2.3.2 Constructors [scopeguard.uniqueres.ctor]

unique_resource ()

Constraints: is_default_constructible v<R> && is_default constructible_v<D> is

true.

E#gcts' Value-initializes resource and del eter: execute on _reset is initialized with false.

template <class RR, class DD>

unique_resource(RR&& r, DD&% d) noexcept(see below)

Constraints: is_constructible v<R1, RR> &&

is_constructible_v<D , DD> &&

(is_nothrow_constructible_v<R1, RR> || is_constructible,v<R1,RR&>) &&
(is_nothrow_constructible v<D , DD> || is_constructible“v<D ,DD&>)
is true.

NOTE 1 The first two conditions prohibit initialization from &n rvalue reference when either R1 or D

is a specialization of reference_wrapper.
Mandates: The expressions d(r), d(RESOURCE) and deleter (RESOURCE) are well-formed.

Preconditions: Calling d(r), d(RESOURCE) sor deleter (RESOURCE) has well-defined behavio

and does not throw an exception.

Effects: If is_nothrow_constructible_v<R1, RR> is true, initializes resource with
std: :forward<RR>(r), otherwise initializes resource with r. Then, if
is_nothrow_constructible v<D, DD> is true, initializes deleter with

std: : forward<DD>(d) \.otherwise initializes deleter with 4. If initialization of resource
throws an exceptiogny calls d(r). If initialization of deleter throws an exception, calls

d (RESOURCE) .

NOTE 2 The explained mechanism ensures no leaking of resources.

Throws;) Any exception thrown during initialization of resource or deleter.

Remarks: The expression inside noexcept is equivalent to:

(is_nothrow_constructible_v<R1, RR> || is_nothrow_constructible_v<R1, RR&>) &&

(is_nothrow_constructible v<D , DD> || is_nothrow_constructible_v<D , DD&>)
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unique_resource(unique_resource&& rhs) noexcept(see belouw);

Effects: First, initialize resource as follows:
— If is_nothrow_move_constructible_v<R1> is true, from
std: :move (rhs.resource);
— otherwise, from rhs.resource.

NOTE 3 If initialization of resource throws an exception, rhs is left owning the resource and will

~U

un|

nique_resource();

ique_resource&-operator=(unique_resource&& rhs) noexcept(see below);

free it in due time.

Then, initialize deleter as follows:
— If is_nothrow_move_constructible_v<D> is true, from std: :move(rhs.deleter);
— otherwise, from rhs.deleter.

If initialization of deleter throws an exception and

is_nothrow_move_constructible v<R1> is true and rhs.execute_on reset is true:

rhs.deleter (RESOURCE) ;

rhs.release();

Finally, execute_on_reset is initialized with exchange (rh§yexecute_on_reset, false).

NOTE 4 The explained mechanism ensures no leaking and @0 double release of resources.

Remarks: The expression inside noexcept is equivalent to:

is_nothrow_move_constructible_v<R1>, && is_nothrow_move_constructible_v<D>

.2.3.3 Destructor [scopeguard.uniqueres.dtr]

Effects: Equivalent to reset ().

.2.3.4 Assignment [scopeguard.uniqueres.assign]

Preconditions: If is_nothrow_move_assignable_v<R1> is true, R1 meets the
Cpp19MoveAssignable (C++20, Table 28) requirements; otherwise R1 meets the
Cppt7CopyAssignable (C++20, Table 29) requirements. If

i5 _nothrow move assignable v<D> is true, D meets the Cppl7MoveAssignable (C++20,

Table 28) requirements; otherwise D meets the Cpp17CopyAssignable (C++20, Table 29)

requirements.
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Effects: Equivalent to:

reset();
if constexpr (is_nothrow_move_assignable_v<R1>) {
if constexpr (is_nothrow_move_assignable_v<D>) {

resource = std::move(rhs.resource);

deleter = std::move(rhs.deleter);
} else {
deleter = rhs.deleter;

resource = std::move(rhs.resource);

}
} else {
if constexpr (is_nothrow_move_assignable_v<D>) {
resource = rhs.resource;
deleter = std::move(rhs.deleter);
} else {
resource = rhs.resource;

deleter = rhs.deleter;

}

execute_on_reset = exchange(rhs.exgcute_on_reset, false);

NOTE If a copy of a member throws an exception, this mechanism leaves rhs intact and *this in {he

released state.
Returns: *this

Throws: Any exception_thrown during a copy-assignment of a member that cannot be movegd

without an exception.

Remarks: Thésexpression inside noexcept is equivalent to:

is_nothrow_move_assignable_v<R1> && is_nothrow_move_assignable_v<D>
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6.2.3.5 Other member functions [scopeguard.uniqueres.members]

void reset() noexcept;
Effects: Equivalent to:

if (execute_on_reset) {
execute_on_reset = false;
deleter (RESOURCE) ;

tepmplate <class RR> void reset(RR&& r);

Constraints: the selected assignment expression statement assigning resotrce is well-formed.

Mandates: The expression deleter(r) is well-formed.

Preconditions: Calling deleter (r) has well-defined behavior and does not throw an

exception.

Effects: Equivalent to:

reset();
if constexpr (is_nothrow_assignable. v<R1&, RR>) {

resource = std::forward<RR>(r);

} else {

resource = as_const(r);

}

execute_on_reset = true;

If copy-assignment of-resource throws an exception, calls deleter(r).

volid release() noexcept;

Effects: Equivalent to execute_on_reset = false.

copst R&.get() const noexcept;

Returns: resource.
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see below operator*() const noexcept;

Constraints: is_pointer_v<R> is true and is_void_v<remove_pointer_t<R>> is false
Effects: Equivalent to: return *get() ;

Remarks: The return type is add_lvalue_reference_t<remove_pointer_t<R>>.

R pperator->() const noexcept;

Constraints: is_pointer_v<R> is true.

Returns: get Q).

copst D& get_deleter() const noexcept;

Returns: deleter.

6.2.3.6 unique_resource creation [scopeguard.uniqueres.crea

tepplate <class R, class D, class S=decay_t<R>>

unique_resource<decay_t<R>, decay_t<D>>
make_unique_resource_checked (R&& resource, const S& invalid, D&& d)
noexcept (is_nothrow_constructible_v<decay_t<R>, R> &&

is_nothrow_constructibleé)v<decay_t<D>, D>);

Mandates: The expression (resource’== invalid 7 true : false) is well-formed.

well-defined behavior and ‘doés not throw an exception.

Effects: Returns an_object constructed with members initialized from

Any failure duting construction of the return value will not call d(resource) if

bool(resofirce == invalid) is true.

NOTE, "Fhis creation function exists to avoid calling a deleter function with an invalid argument.

Preconditions: Evaluation of the expression (resource == invalid ? true : false) has

std: :forward<R>(resource), std::forward<D>(d), and 'bool (resource == invalid).

EXAMPLE The following example shows its nse to avoid calling fclose when fopen fails

auto file = make_unique_resource_checked(
::fopen("potentially_nonexistent_file.txt", "r"),
nullptr,
[1(auto fptr){ ::fclose(fptr); });
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6.3 Metaprogramming and type traits [meta)]
6.3.1 Header <experimental/type__ traits> synopsis [meta.type.syn]

#include <type_traits>

namespace std::experimental::inline fundamentals v3 {

// 6.3.2, Other type transformations

template <class> class invocation_type; // not defined

template <class F, class... ArgTypes> class invocation_type<F (ArgFypes...)>;
template <class> class raw_invocation_type; // not defined

template <class F, class... ArgTypes> class raw_invocation(type<F (ArgTypes..|)>;

template <class T>
using invocation_type_t = typename invocation_type<T>::type;
template <class T>

using raw_invocation_type_t = typename raw_invocation_type<T>::type;

// 6.3.3, Detection idiom

struct nonesuch;

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

using is_detected = seg-‘below;
template <template<class...> class Op, class... Args>

inline constexpr ool is_detected_v

= is_detected<Bp, Args...>::value;

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

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

using detected_or = see below;

t€mplate <class Default, template<class...> class Op, class... Args>
nqing detected or t = typename detected or<Defanlt np Arss >: type;
template <class Expected, template<class...> class Op, class... Args>

using is_detected_exact = is_same<Expected, detected_t<0Op, Args...>>;
template <class Expected, template<class...> class Op, class... Args>
inline constexpr bool is_detected_exact_v
= is_detected_exact<Expected, Op, Args...>::value;

template <class To, template<class...> class Op, class... Args>
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using is_detected_convertible = is_convertible<detected_t<0p, Args...>, To>;
template <class To, template<class...> class Op, class... Args>
inline constexpr bool is_detected_convertible_v

= is_detected_convertible<To, Op, Args...>::value;

} // namespace std::experimental::inline fundamentals_v3

6.3.2 Other type transformations [meta.trans.other]

This subclause contains templates that may be used to transform one type to anothetdollowing

sone predefined rule.

Egch of the templates in this subclause and in Table 4 shall be a Transformation Trait (C++20,
§20.15.2).

Within this subclause, define the invocation parameters of INVOKE(f ( 1, t2, ..., tN) as

folLows, in which T1 is the possibly cr-qualified type of t1 and Ul denotes T1& if t1 is an lvalue ¢r

T1ik& if t1 is an rvalue:

— Wohen £ is a pointer to a member function of a clagsT the invocation parameters are Ul

followed by the parameters of £ matched by t2).., tN.

— When N == 1 and £ is a pointer to membger<data of a class T the invocation parameter ip
U1.
— If £ is a class object, the invocation ‘parameters are the parameters matching t1, ..., tN ¢f

the best viable function (C++20,-§12.4.4) for the arguments t1, ..., tN among the
function call operators and.sfirrogate call functions of f.

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

In|all of the above cases, if an argument tI matches the ellipsis in the function's parameter-

deglaration-clause, the (corresponding invocation parameter is defined to be the result of applying
the default argument.promotions (C++20, §7.6.1.3) to tI.

EXAMPLE Assunie S is defined as

struct SN{

int\f(double const &) const;

void operator() (int, int);

void operator() (char const *, int i = 2, int j = 3);
void operator()(...);

};

— The invocation parameters of INVOKE(&S::f, S(), 3.5) are (S &&, double const &).
— The invocation parameters of INVOKE(S(), 1, 2) are (int, int).
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— The invocation parameters of INVOKE(S(), "abc", 5) are (const char *, int). The defaulted

parameter j does not correspond to an argument.
— The invocation parameters of INVOKE(S(), locale(), 5) are (locale, int). Arguments

corresponding to ellipsis maintain their types.

Table 4 — Other type transformations
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types, (possibly cv-qualified) void,
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cess checking is performed as if in a context unrelated to Fn,and ArgTypes. Only the validity
b immediate context of the expression is considered.

TE The compilation of the expression can result in side effects such as the instantiation of class
hplate specializations and function template specializagions, the generation of implicitly-defined functio
l so on. Such side effects are not in the "immediate eontext" and can result in the program being ill-

med.

e member raw_invocation_type<Fn(ArgTypes...)>::type shall be defined as follows. If th]
pression INVOKE(declval<Fn> () , declval<ArgTypes>()...) is ill-formed when treated as a
evaluated operand (C++20, §7)-there shall be no member type. Otherwise:

— Let R denote resultyof_t<Fn(ArgTypes...)>.

— Let the types Ti bé the invocation parameters of
INVOKE(decXval<Fn>(), declval<ArgTypes>()...).

— Then the-meémber type shall name the function type R(T1, T2, ...).

e memberyinvocation_type<Fn(ArgTypes...)>: :type shall be defined as follows. If
W_invocation_type<Fn(ArgTypes...)>::type does not exist, there shall be no member type.
herwise:

ns,

[0]

— Let A1, A2, .. denote ArgTypes. ..
— Let R(T1, T2, ..) denote raw_invocation_type_t<Fn(ArgTypes...)>
— Then the member type shall name the function type R(U1, U2, ..) where Ui is

decay_t<Ai> if declval<Ai>() is an rvalue otherwise Ti.
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6.3.3 Detection idiom [meta.detect]

struct nonesuch {
~nonesuch() = delete;
nonesuch(nonesuch const&) = delete;
void operator=(nonesuch const&) = delete;

1.

E)

nopesuch has no default constructor (C++20, §11.4.5) or initializer-list constructor (C+4-20,
§9]4.5), and is not an aggregate (C++20, §9.4.2).

template <class Default, class AlwaysVoid,

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

struct DETECTOR { // ezposition only

using value_t = false_type;

using type = Default;

)

template <class Default, template<class...> class” Op, class... Args>
struct DETECTOR<Default, void_t<Op<Args...>>))'0Op, Args...> { // ezposition only
using value_t = true_type;
using type = Op<Args...>;
)

template <template<class...>glass 0Op, class... Args>

using is_detected = typename DETECTOR<nonesuch, void, Op, Args...>::value_t;

template <template<class...> class 0Op, class... Args>

using detected_t~= typename DETECTOR<nonesuch, void, Op, Args...>::type;

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

usingidetected_or = DETECTOR<Default, void, Op, Args...>;

EXAMPLE 1

7 archetypal Relper alias Jor G COpY GSSTgNment 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>
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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>;

EXAMPLE 2

/ archetypal helper alias for a particular type member:

template <class T>

using diff_t = typename T::difference_type;

/ alias the type member, if it exists, otherwise alias ptrdiff_t:

template <class Ptr>

using difference_type = detected_or_t<ptrdiff_t, diff_t, Ptr>;

© ISO/IEC 2024 - All rights reserved
35


https://standardsiso.com/api/?name=741b42541e49014ae6508f0fdb4b1c29

7

7.1 Header <experimental/functional> synopsis

ISO/IEC TS 19568:2024(en)

Function objects [func]

#include <functional>

TH

Sp
N(
st

namespace std {

2 Class template function [func.wrap.fun
.2.1 Overview [func.wrap.func.overvie
e specification of all(declarations within 7.2 are the same as the corresponding declarations, a|

namespace experimental::inline fundamentals_v3 {

// 7.2, Class template function
template<class> class function; // not defined

template<class R, class... ArgTypes> class function<R(ArgTypes...)>;

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

template<class R, class... ArgTypes>
bool operator==(const function<R(ArgTypes...)>&, nullptr_t) noexcept;

} // namespace experimental::inline.fundamentals_v3

I // namespace std

beified in C+4-20;,.§20.14.17.3, unless explicitly specified otherwise.

TE std::experimental::function uses std::bad_function_call, there is no additional type

: :experimental: :bad_function_call

hamespace std {

[functional.syn]

c]

W]

namespace experimental::inline fundamentals_v3 {

template<class> class function; // undefined

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

using result_type = R;

using allocator_type = std::pmr::polymorphic_allocator<>;

function() noexcept;

Tunction(nullptr_t) noexcept;

function(const function&);

function(function&&) ;

template<class F> function(F);

function(allocator_arg_t, const allocator_type&) noexcept;
function(allocator_arg t, const allocator_type&, nullptr/t)  noexcept;
function(allocator_arg_t, const allocator_type&, const'function&);
function(allocator_arg_ t, const allocator_type&, function&&);

template<class F> function(allocator_arg_t, const—allocator_type&, F);
function& operator=(const function&);

function& operator=(function&&) ;

function& operator=(nullptr_t) noexgept;

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

template<class F> function& opérator=(reference_wrapper<F>);
~function();

void swap(function&);

explicit opérator bool() const noexcept;

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

const type_info& target_type() const noexcept;

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

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

allocator_type get_allocator() const noexcept;

};

template <class R, class... ArgTypes>
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function(R(*) (ArgTypes...)) -> function<R(ArgTypes...)>;

template<class F>

function(F) -> function<see belouw>;

} // namespace experimental::inline fundamentals_v3

/7 Tiamespace std

function object stores an allocator object of type std: :pmr: :polymorphic_allocator<>, wh
1ses to allocate memory for its internal data structures. In the function censtructors, the

bcator is initialized (before the target object, if any) as follows:

the parameter of the constructor.
— For constructors having a first parameter of type allocator_arg_t, the allocator is
initialized from the second parameter.

— For all other constructors, the allocator is valuesinitialized.

all cases, the allocator of a parameter having typé’function&& is unchanged. If the construct
ates a target object, that target object is initialized by uses-allocator construction with the
bcator and other target object constructoef arguments.

TE 1 If a constructor parameter of typéiexperimental: :function&& has an allocator equal to that
object being constructed, the implemlentation can often transfer ownership of the target rather than

istructing a new one.

e deduction guide template<class F> function(F) -> function<see below>; is specified
C++20, §20.14.17.3,.

hction& operator=(const function& f);

Effects: function(allocator_arg, get_allocator(), f).swap(xthis);

Returns? *this.

f

—
-]

— For the move constructor, the allocator is initialized from f.get_ allocator(), where f|i

n]

or

ction& operator=(function&& f);

Effects: function(allocator_arg, get_allocator(), std::move(f)).swap(*this);

Returns: *this.
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function& operator=(nullptr_t) noexcept;

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

Postconditions: ' (xthis).

NOTE 2 The stored allocator is unchanged.

Returns: *this.

template<class F> function& operator=(F&& f);

Constraints: declval<decay_t<F>&>() is Lvalue-Callable (C++20, §20.14.17.3) for’argumgnt
types ArgTypes. .. and return type R.

Effects:
function(allocator_arg, get_allocator(), std::forward<F>(f)).swap(*this);

Returns: *this.
tepplate<class F> function& operator=(reference_wrapper<F> f) noexcept;
Effects: function(allocator_arg, get_allocator(), f).swap(*this);

Returns: *this.

7.2.3 Modifiers [func.wrap.func.mqd]

volid swap(function& other);

Preconditions: this->get,_dllocator() == other.get_allocator().
Effects: Interchanges(the targets of *this and other.
Throws: Nothing:

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

7.2.4 Opservers [func.wrap.func.olps]

allocator_type get_allocator() const noexcept;

Returns: A copy of the allocator initialized during construction (7.2.2) of this object.
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8 Memory [memory]
8.1 Header <experimental/memory> synopsis [memory.syn]

#include <memory>

hamespace std {

namespace experimental::inline fundamentals_v3 {

// 8.2, Non-ouning (observer) pointers

template <class W> class observer_ptr;

// 8.2.6, observer_ptr specialized algorithms

template <class W>

void swap(observer_ptr<W>&, observer_ptr<W>&) noexcept;
template <class W>

observer_ptr<W> make_observer(Wx) noexcept$

// (in)equality operators

template <class W1, class W2>

bool operator==(observer_ptr<Wl>, ‘observer_ptr<wW2>);

template <class W1, class W2>

bool operator!=(observer ptr<wil>, observer_ptr<w2>);
template <class W>

bool operator==(observer_ptr<W>, nullptr_t) noexcept;
template <class\W>

bool operatdr!=(observer_ptr<W>, nullptr_t) noexcept;
template~<class W>

bool operator==(nullptr_t, observer_ptr<W>) noexcept;
template <class W>

bool operator!=(nullptr_t, observer_ptr<W>) noexcept;

// ordering operators

template <class W1, class W2>
bool operator<(observer_ptr<Wl>, observer_ptr<W2>);
template <class W1, class W2>
bool operator>(observer_ptr<Wil>, observer_ptr<W2>);
template <class W1, class W2>

bool operator<=(observer_ptr<Wl>, observer_ptr<w2>);
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template <class W1, class W2>

bool operator>=(observer_ptr<Wl>, observer_ptr<w2>);

} // namespace experimental::inline fundamentals_v3

// 8.2.7, observer_ptr hash support

.2.1 Class template observer_ptr overview [memory:sbserver.ptr.overvie

Ttemplate <Class 12 Struct hash;

template <class T> struct hash<experimental::observer_ptr<T>>;

I // namespace std

2 Non-owning (observer) pointers [memdry.observer.pt

hamespace std::experimental::inline fundamentals_v3 {

template <class W> class observer_ptr {
using pointer = add_pointer_t<W>; // exposition-only
using reference = add_lvalue_reference t<W>; // ezposition-only
public:
// publish our template parameter and variations thereof

using element_type = W;

// 8.2.2, observer_ptr constructors
// default constructor

constexpr observer_ptr() noexcept;

// pointex=accepting constructors
constexpr observer_ptr(nullptr_t) noexcept;

constexpr explicit observer_ptr(pointer) noexcept;

1

W]

// copying constructors (in addition to the implicit copy comstructor)

template <class W2> constexpr observer_ptr(observer_ptr<W2>) noexcept;

// 8.2.3, observer_ptr observers
constexpr pointer get() const noexcept;
constexpr reference operator*() const;

constexpr pointer operator->() const noexcept;
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constexpr explicit operator bool() const noexcept;

// 8.2.4, observer_ptr conversions

constexpr explicit operator pointer() const noexcept;

// 8.2.5, observer_ptr modifiers

CONSTEXpIr polnter release() NOexXcept;
constexpr void reset(pointer = nullptr) noexcept;
constexpr void swap(observer_ptr&) noexcept;

}; // observer_ptr<>

} // namespace std::experimental::inline fundamentals_v3

A hon-owning pointer, known as an observer, is an object o that stores aointer to a second
objject, w. In this context, w is known as a watched object.

NOTE 1 There is no watched object when the stored pointer is nullpter.

An observer takes no responsibility or ownership of any kind €er its watched object, if any; in

particular, there is no inherent relationship between the liféetimes of o and w.

Speecializations of observer_ptr shall meet the requitéments of a CppI7CopyConstructible and
Cp17CopyAssignable type. The template parameterW of an observer_ptr shall not be a

reflerence type, but may be an incomplete type.

N(QTE 2 The uses of observer_ptr include clarity of interface specification in new code, and

intproperability with pointer-based legacy-é¢ade.

8.2.2 observer_ptr constructors [memory.observer.ptr.ctg

copstexpr observer_ptr() noexcept;

copstexpr observer_ptr(nullptr_t) noexcept;

Effects: Comnstructs an observer_ ptr object that has no corresponding watched object.

Postconditions: get() == nullptr.

copstexpr explicit observer_ptr(pointer other) noexcept;

br |

Postconditions: get() == other.

template <class W2> constexpr observer_ptr(observer_ptr<W2> other) noexcept;

Constraints: W2x* is convertible to Wx.

Postconditions: get() == other.get().
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8.2.3 observer_ptr observers

constexpr pointer get() const noexcept;

Returns: The stored pointer.

constexpr reference operator*() const;

co

Cco

Cco

Cco

Cco

[memory.observer.ptr.obs|

Preconditions: get() !'= nullptr is true.
Returns: *get ().
Throws: Nothing.

nstexpr pointer operator->() const noexcept;

Returns: getQ).

nstexpr explicit operator bool() const noexcept;

Returns: get() != nullptr.

.2.4 observer_ptr conversions

hstexpr explicit operator pointer() const noexcept;

Returns: get().

.2.5 observer_ptr modifiers

nstexpr pointer release() noexcept;

Postconditions: get() == nullptr.

nstexprivoid reset(pointer p = nullptr) noexcept;

Postconditions: get() ==

[memory.observer.ptr.cor

[memory.observer.ptr.md

Returns: TheValue get () had at the start of the call to release.

v |

d]

constexpr void swap(observer_ptr& other) noexcept;

Effects: Invokes swap on the stored pointers of *this and other.
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