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Foreword

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

Electrotechnical Commission) form the specialized system for worldwide standardization. National

bodies that are members of ISO or IEC participate in the development of International Standards

through technical committees established by the respective organization to deal with particular

fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual
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ocedures used to develop this document and those intended for its further @maintenan
ed in the ISO/IEC Directives, Part 1. In particular, the different appro¥al criteria ne

different types of document should be noted. This document was dtafted in accordar

bc.ch/members__experts/refdocs).
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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<>.

Any feedback or questions on this document should be directed to the user’s national standards

body. A complete listing of these bodies can be found at www.iso.org/members.html and

www.i¢c.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
square brackets next to the (sub)clause heading (such as "[introduction]" for this clause). Stable

names aid in the discussion and evolution of this document by serving as stable references to

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

In addjtion 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
normaftive specification verbatim, ¢talic monospace font for placeholders within source c¢de
that n¢cessary for the specification, but whose spelling is not significant,and ItalicSerifCamelCase
for cerfain concepts (comprising syntactic and semantic constraints) from the C++ Standard

Library.

© ISO/IEC 2024 - All rights reserved
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Programming languages —

C++

1 Scope

Extensions for Library Fundamentals

[general.scope]

This d
classes
bound

bcument describes extensions to the C++ Standard Library (2). These extensions are
and functions that are likely to be used widely within a program and/or on the/inter

hiries between libraries written by different organizations.

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

version

The gd

standa)

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

al of this document is to build more widespread existing practice for an expanded CH

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

face

fure

T
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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

—TEC Electropediaavattable at ittps//www etectropedia-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++

standard library, they should not be declared directly within namespace std. Unless otherwise

specifigd, 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: :fundamentalg_v3 to
a namespace defined in the C++ Standard Library, such as std or std:chrono, of
—| are declared in a subnamespace of a namespace described in the preyious bullet, whose

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

EXAMPLE This document does not define std: :experimental: :fundamentals_v3::pmr because the
C++ Spandard Library defines std: :pmr.

Each Header described in this document shall import the‘eontents of

std: :¢xperimental::fundamentals_v3 into std::egperimental as if by

namgspace std::experimental::inline fundamentals_v3 {}

This dpcument also describes some experimental modifications to existing interfaces in the C++
Standgrd Library.

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

in the ptandard are assumed to be qualified with std::.

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

#indlude . <meow>

New headers are also provided in the <experimental/> directory, but without such an #inglude.

Table 1 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]

For the sake of improved portability between partial implementations of various C++ standards,

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

concerhing feature-test macros.

Implementers who provide a new standard feature should define a macro with thexecommepded
name, [in the same circumstances under which the feature is available (for exaruple, taking ipto

accounyt relevant command-line options), to indicate the presence of suppori-for that feature.
Implementers should define that macro with the value specified in the most recent version of this
documkent that they have implemented. The recommended macro name is
«

__cpp_lib_experimental_” followed by the string in the “Macto/Name Suffix” column. Table 2

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

Prograjmmers who wish to determine whether a feature is<@vailable in an implementation shpuld
base that determination on the presence of the header{(determined with
__has|include(<header/name>)) and the state of the macro with the recommended name/ (The
absencp of a tested feature may result in a program with decreased functionality, or the releyant

functidnality may be provided in a differentway. A program that strictly depends on support for
a featyre can just try to use the feature iriconditionally; presumably, on an implementation

lacking necessary support, translation-will fail.)

Table 2-==-Significant features in this document
Primary Macro Name
Heature Value Header

Subglause Suffix
Constt
propagating 6.1 propagate_const |201505|<experimental/propagate_const>
wrappgler
Generjicscope
guard and RAIT 6.2 Scope 201902 [<experimental/scope>
wrapper
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>
memory resources
Non- vvning
. 8.2 observer_ptr 201411 |<experimental/memory>
pointdr wrapper
Delimjted
. 9.2 ostream_joiner 201411 |<experimental/iterdtdér>
iteratgrs
Randgm sampling | 10.2 sample 201402 | <experimental falgorithm>
Replagement for
11.1.2 randint 201511 | <experimental/random>

std: :frand

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

5.1 General [mods.general]

Implementations that conform to this document shall behave as if the modifications contained in
this clause are made to ISO/IEC 14882:2020.

References to clauses within ISO/IEC 14882:2020 are written as "C++420. §3.2".

Unless
§16) is

5.2 K

The fo

scope |

otherwise specified, the whole of the Library introduction of ISO/IEC 14882:2020)(CH+-20,

included into this document by reference.
xception requirements [mods.exceptiofirequirenients]

lowing modifications to the Library introduction (C++20, §16),allow the destructor pf

success (6.2) to throw exceptions.

The refyuirements of C++20, §16.4.5.8 shall apply with the following modification: An applicable

Throwg: paragraph (in addition to any applicable Required behavior: paragraph) can allow a|

replacq

ment function or handler function or destructor epération to exit via an exception.

The reguirements of C++20, §16.4.6.13 shall apply-with the following modifications: Destructor

operat
explici

except

ons defined in the C++ standard library aré’permitted to throw exceptions if this is
ly specified. Only those destructors in.the C++ standard library that do not have an

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

© 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]

namespace std {

ng

mespace 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>
constexpxr:‘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 T, class U>

template <class T, class U>

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

constexpr bool operator>(const propagate_const<T>& pt, comst 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 operators<(const T& t, const propagate_const<U>& pu);
template <class T, class. U>

constexpr bool op€rator>(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 <¢&lass T, class U>

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

[l 6.1.2.10, Specialized algorithms

template <class T>
constexpr void swap(propagate_const<T>& 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.
template

12, Hash support
<class T> struct hash;

1oaa—T
CTaSoS T

t,- J ot
mpTracte

struct

/) 6.1.2.
tgmplate
tgmplate
struct
tgmplate
tgmplate
struct
template
tgmplate
struct
tgmplate
tgmplate
struct
tgmplate
tgmplate
struct
tgmplate
template

struct

} // -hémespace std

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> structlless_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>>|;

6.1.2 Class template propagate_const

6.1.2.1 Overview

namespace std::experimental::inline fundamentals_v3 {

template

<class T> class propagate_const {

© ISO/IEC 2024 - All rights reserved
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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&& p) = default;

temptate—<ctass—Y

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=(propagate const&& p) = default;
template <class U>

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

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

// 6.1.2.6, Const observers

explicit constexpr operator bool() const;

constexpr const elefent_type* operator->() const;

constexpr operator ‘const element_type*() const; // Not always defined
constexpr const)element_type& operator*() const;

constexpr _&onst element_type* get() const;

// B651:2.7, 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

pointer 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.requirements]

T shall|be a cv-unqualified pointer-to-object type or a cv-unqualified class type forwhich
decltype(*declval<T&>()) is an lvalue reference to object type; otherwise the’program is fll-

formed.

NOTE | propagate_const<const int*> is well-formed but propagate_const<int* const> is not}
6.1.2.3 Requirements on class type T [propagate__const.class_ type_ requirements]

If T is flass 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 fonst T shall be contextually convertiblesto bool.
If T is jmplicitly convertible to element_type*, (element_type*)t == t.get() shall be true.

If congt T is implicitly convertible to_const element_type,

(const element_typex)ct == ctrget() shall be true.

Table 3 — Requirements on class types T
Expression Return type Pre-conditions Operational semantics
t.get|() element_typex

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

*t refers to the same object as

*t element_type& t.get() != nullptr , 5
\V~gCt\1/
const element_type& xct refers to the same object 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

© ISO/IEC 2024 - All rights reserved
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(bool)ct is equivalent to

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

6.1.2.4 Constructors [propagate__const.ctor]

template <class U>
explicit(!is_convertible_v<U, T>)

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-tle expregsion

syd: :move(pu.t_).

template <class U>
edplicit(!is_convertible_v<U, T>) constexpr propagatelconst(U&& u);

Cpnstraints: is_constructible_v<T, U> is true and decay.t<U> is not a specialization of

pyopagate_const.

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

syd: : forward<U>(u).
6.1.2.5 Assignment [propagate__const.assignment]

template <class U>
cqustexpr propagate_const& operator=(propagate_const<U>&& pu);

Constraints: U is implicitly)convertible to T.
Effects: t_ = stdyTmove(pu.t_).

Ré¢turns: *this

template Kclass U>

cqustéxpr 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;

Preconditions: get() != nullptr.

R

constd

C

Ccdg

R

constq

P

R

constd

R

6.1.2.]

constd

p

R

constq

turns: get ().

Xpr operator const element_type*() const;

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

nst element_typex*.

turns: get ().

xpr const element_type& operator*() const;

feconditions: get() != nullptr.

turns: *get ().

xpr const element_type* get() const;

turns: t_ if T is an object pointer type, otherwise t_.get ().
" Non-const observers [propagate__const.non__const__obse
xpr element_typex"operator->();

feconditions: get/() !'= nullptr

turns: _get'().

*pr” operator element_typex();

[propagate__const.const__observers]

rvers|

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

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();

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

6.1. 2.(L Modifiers [propagate__const.mod

constd

P

Effects: swap(t_, pt.t_).

6.1.2.9 Relational operators [propagate__const.relaj

templa

(efe

R

templs

(efe

R

templa

Ccdg

R

templs

Ccdg

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

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

ite <class T>

nstexpr bool operator==(const propagaterconst<T>& pt, nullptr_t);

turns: pt.t_ == nullptr.

ite <class T>

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

turns: nullptr == pt.t_.

ite <class T>

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

turns: pt.ty = nullptr.

1te <class T>

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

ifiers|

ional]

Returns: nullptr != pt.t_.

template <class T, class U>

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

const propagate_const<U>& pu) ;

Returns: pt.t_ == pu.t_.

© 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);

Returns: pt.t_ != pu.t_.

template <class T, class U>

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

Returns: pt.t_ < pu.t_.

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

const propagate_const<U>& pu);

R¢turns: pt.t_ > pu.t_.

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

const propagate~const<U>& pu) ;

Returns: pt.t_ <= pu.t_.

template <class T, class U>
cqnstexpr bool operator>=(constipropagate_const<T>& pt,

const propagate_const<U>& pu);

R¢turns: pt.t_ >= pu.t_:

template <class T, class U>

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

Returns: ptlks == u.

template, <class T, class U>

COH

Returns: pt.t_ != u.

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.

templa

C(Q

R

templa

C(Q

R

templa

C(Q

R

templa

(efe

R

templa

Ccdg

R

templa

(efe

ite <class T, class U>

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

turns: pt.t_ >= u.

ite <class T, class U>

nstexpr bool operator==(const T& t, const propagatelconst<U>& pu);

turns: t == pu.t_.

ite <class T, class U>

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

turns: t !'= pu.t_.

ite <class T, class U>

nstexpr bool operator<(const\'T& t, const propagate_const<U>& pu);

turns: t < pu.t_.

ite <class T, class.U>

nstexpr bool dperator>(const T& t, const propagate_const<U>& pu);

turns: t ><pu:it_.

lte <class T, class U>

nstexpr 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.

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

R

6.1.2.11 Underlying pointer access [propagate_“const.undey

Access

functig

using them.

template <class T>

C(Q

R

template <class T>

C(Q

R

6.1.2.

templa
st

The specidlization hash<experimental::fundamentals_v3::propagate_const<T>> is

en
of

moexcept (ptl.swap(pt2))

12 Hash support [propagate__const

marks: The expression inside noexcept is equivalent to:

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

ns. These functions are intended to resemble cast operations, to encourage caution wh

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

turns: a reference to the underlying object. pointer type.

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

turns: a reference to the underlying object pointer type.

ite <class T>

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

abled (C++20, §20.14.19) if and only if hash<T> is enabled. When enabled, for an oh

[propagate__const.algorithms]

lying|

en

.hash)|

ject p

typ€ propagate_const<T>,

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

va.

lue 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_, q.t_).

My

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

template <class T>
stilruct not_equal_to<experimental::fundamentals_v3::propagate_const<T>>;
Far objects p, q of type propagate_const<T>,
ndt_equal_to<experimental::fundamentals_v3::propagateiConst<T>>() (p, q) si

evpluate to the same value as not_equal_to<T>() (p.t_, git)).

Mlandates: The specialization not_equal_to<T> is wellformed.

Pteconditions: The specialization not_equal_to<T>/is well-defined.

template <class T>

st
Faq
1¢g

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

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

p

template <class T>

st
Faq

I ot T 3+als 43 b T 3 £ |
Inuuico. L 1IT DPUbl@llbahlUll UL:I.U.O.J._L;U 1 IS WUIITIUILIIICTU.

ruct less<experimental::fundamentals_v3::propagate_const<T>>;
r objects p, q of type propagate.Const<T>,

ss<experimental::fundamentals_v3::propagate_const<T>>() (p, q) shall evaludg

econditions: Thespecialization less<T> is well-defined.

ruct.“greater<experimental::fundamentals_v3::propagate_const<T>>;

1all

te to

r.ebjects p, q of type propagate_const<T>,

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

to

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

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

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

© ISO/IEC 2024 - All rights reserved
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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>
sflruct greater_equal<experimental::fundamentals_v3::propagate_const<T>>;
Far objects p, q of type propagate_const<T>,
greater_equal<experimental::fundamentals_v3::propagate_const<T>>() (p, q) shall

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

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

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

6.2 Skcope guard support [scopeguard]
6.2.1 Header <experimental/scope> synopsis [scople.syn]

namgspace std::experimental::inline fundamentals_v3 {

/] 6.2.2, Class templatesl-scope_exzit, scope_fail, and scope_success
tgmplate <class EF>
class scope_exit$
tqmplate <class \EF>
class scopenfail;
tgmplate, <élass 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 that wrap

a funct

In this

descrip

namse

tq

ion object to be called on their destruction.

subclause, the placeholder scope-guard denotes each of these class templates. In

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

space std::experimental::inline fundamentals_v3 {

mplate <class EF> class scope-guard {
blic:
template <class EFP>

explicit scope-guard(EFP&& f) noexcept(see“below);

scope-guard(scope-guard&& rhs) noexceptlsee below);

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() moexcept;

ivate:

EF exit_function;

bool execute on_destruction{true};

int” uncaught_on_creation{uncaught_exceptions()};

// exzposition only

// exposition only

// exzposition only

};

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);

}

NOTE |l If the exit function object of a scope_success or scope_exit object refers to a local varialble of

the funftion where it is defined, e.g., as a lambda capturing the variable by reference, and that) yarial

used as

when the scope-guard’s destructor executes, calling the exit function. This can lead, to’surprising be

Template argument EF shall be a function object type (C+420, §20.14),Avalue reference to
functidn, or lvalue reference to function object type. If EF is an object type, it shall meet th

Cpp17Destructible requirements (C++20, Table 30). Given an lvalue‘g of type

remove

The canstructor parameter f in the following constructors,shall be a reference to a function

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

template <class EFP>
explicit scope-guard(EFP&& f) noexcept (

Mlandates: The expression f () is well-formed.

p

calling £ ().does not throw an exception.

ex

ex

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

Effects: )If EFP is not an lvalue reference type and is_nothrow_constructible_v<EF,

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

_reference_t<EF>, the expression g() shall be well-fornied.

is_nothrow_constructible_ v<EF, 'EFP> ||
is_nothrow_constructible v<EF, EFP&>);

_constructible_v<EF,~EFP> is true.

econditions: (Calling £ () has well-defined behavior. For scope_exit and scope_fail

le is
bd

havior.

7

or a

EFP>

it_function with f. For scope_exit and scope_fail, if the initialization of

it_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.
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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

Cpp17MoveConstructible requirements (C++20, Table 26),

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

Effects: If is_nothrow_move_constructible_v<EF> is true, initializes exit_function

sY
rh
rh
rh

P
yi
rh

T

R

~SCcops¢

E

~SCOp§

E

d::forward<EF>(rhs.exit_function), otherwise initializes exit_functiofwith
s.exit_function. Initializes execute on_destruction from
s.execute_on_destruction and uncaught_on_creation from
s.uncaught_on_creation. If construction succeeds, call rhs.release().

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

blded before the construction. uncaught_on_creation)yields the value

s.uncaught_on_creation yielded before the coustruction.
wrows: Any exception thrown during the initialization of exit_function.
marks: The expression inside noexcept'is equivalent to:

is_nothrow_move_constructiblie-v<EF> || is_nothrow_copy_constructible_v<

_exit () noexcept(true);
fects: Equivalent to;

if (execute_orn_destruction)

exit_function();

_fail() noexcept (true);

with

stconditions: execute_on_destruction yields the valu¢-Ths.execute_on_destructfion

EF>

fects: Equivalent to:

if (execute_on_destruction && uncaught_exceptions() > uncaught_on_creat

exit_function();
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~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,

notwithstanding the restrictions of C++20, §16.4.6.13.

T

hrows: Any exception thrown by exit_function().

void felease() noexcept;

E

6.2.3

6.2.3.

name

tq

fects: Equivalent to execute_on_destruction = false.

1 Overview [scopeguard.uniqueres.ove

space std::experimental::inline fundamentals'w3 {

mplate <class R, class D> class unique.resource {
blic:
// 6.2.3.2, Constructors
unique_resource() ;
template <class RR, class DD>
unique_resource (RR&& -, DD&& d) noexcept(see below);

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

// 6.2.3.3, Pestructor

~unique_resource() ;

// 6:2.3.4, Assignment

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

[Class template unique_resource [scopeguard.uniqueres|

rview]

// 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>, reference_wrapper<remove_reference_t<R>>, R>; // exposition only

tq

}

NOTE
handles
throw 6
unique
resourc

conveni

The te
functig
R, the
requirq
(C++1
For thg
of Cpp

R1 resource; // exposition only
D deleter; // ezposition only

bool execute_on_reset{true}; // ezposition only

mplate<class R, class D>

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

/ namespace std::experimental::inline fundaméntals_v3

unique_resource is a universal RAII wrapper for/esource handles. Typically, such resource
are of trivial type and come with a factory function and a clean-up or deleter function that d

xceptions. The clean-up function together with the result of the creation function is used to c

b handle is achieved through get () andrin case of a pointer type resource through a set of

ence pointer operator functions.

mplate argument D shall.ndeet the requirements of a CppI7Destructible (C+-+20, Tab
n object type (C++20,§20.14), for which, given a lvalue d of type D and a lvalue r o
pxpression d(r) shall*be well-formed. D shall either meet the Cpp17CopyConstructibld
ments (C++20, Table 27), or D shall meet the Cpp17MoveConstructible requirements

0, Table 26):and is_nothrow_move_constructible_v<D> shall be true.

b purpose’of this subclause, a resource type T is an object type that meets the requird

1 7CopyConstructible (C++20, Table 27), or is an object type that meets the requiren

0 not

reate a

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

e 30)
f type

ments

hents

of Cp

4LLA L yal L 2077 L O M 11 Fa WA\ h I 3 3.2
Lryitovevornistracitote (‘U7 4U, 1dDIC 2ZU) alltd 15 _IIOLIIOW_MOVE_ _CUISLIUCLIDITC VX1

true, or is an lvalue reference to a resource type. R shall be a resource type.

For 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.

Effects: Value-initializes resource and deleter; execute_on_reset is initialized with false.

template <class RR, class DD>

urlique_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 ftrue.

NOQTE 1 The first two conditions prohibit initialization from, an ¥value reference when either R] or D

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

Pteconditions: Calling d(r), d(RESOURCE) @r deleter (RESOURCE) has well-defined behpvior

arld does not throw an exception.

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

syd: : forward<DD> (d), otherwise initializes deleter with 4. If initialization of resourge
thirows an exception,)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

free it in due time.

Then, mitialize deleter as follows:

If

— If is_nothrow_move_constructible_v<D> is true, from std: :move(rhsdele
— otherwise, from rhs.deleter.
initialization of deleter throws an exception and

_nothrow_move_constructible_ v<R1> is true and rhs.execute_on_reset is true:

rhs.deleter (RESOURCE) ;

rhs.release();

ter);

Finally, execute_on_reset is initialized with exchange (riis,éxecute_on_reset, falge).

N

R

6.2.3.4

~uniqy

E

6.2.3.4

uniqus

p
&

DTE 4 The explained mechanism ensures no leaking and no~double release of resources.

marks: The expression inside noexcept is equivalent to:

is_nothrow_move_constructible_v<R1>&& is_nothrow_move_constructible_v<

3 Destructor [scopeguard.uniquereq

le_resource() ;

fects: Equivalent to reset'().

I Assignment [scopeguard.uniqueres.3

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

feconditions: If is_nothrow_move_assignable_v<R1> is true, R1 meets the

hp 1 TMoveAssignable (C++20, Table 28) requirements; otherwise R1 meets the

.dtor]

ssign]

C

1p1’7f’np'1714 eeq’gﬂnhlﬂ ((*4'_4,‘)(\7 Table ‘)Q) rprlnirpmpnfe If

is_nothrow_move_assignable_v<D> is true, D meets the Cpp17MoveAssignable (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;

L

execute_on_reset = exchange(rhs.execute_on_reset, false);

NQTE If a copy of a member throws an.exception, this mechanism leaves rhs intact and *thig in the

released state.
Ré¢turns: *this

Throws: Any exception ‘thrown during a copy-assignment of a member that cannot be moved

without an exception.

R¢marks: Thesexpression 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) ;

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

Constraints: the selected assignment expression statement assigning resotaree is well-formed.
Mlandates: The expression deleter(r) is well-formed.

Pteconditions: Calling deleter (r) has well-defined behavior_and’does not throw an

exiception.

Effects: Equivalent to:

reset () ;

if constexpr (is_nothrow_assignablet(wR1&, RR>) {
resource = std::forward<RR>(r);

} else {
resource = as_const(r);

L

execute_on_reset = true;

I

—+

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

void felease() noexCept;

Effects: Equivalent to execute_on_reset = false.

const |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 operator->() const noexcept;

reate]

has

id).

Copnstraints: is_pointer_v<R> is true
Returns: get .
const [D& get_deleter() const noexcept;
Returns: deleter.
6.2.3.6¢ unique_resource creation [stopeguard.uniqueres.d
templgte <class R, class D, class S=decay_t<R>>
urjique_resource<decay_t<R>, decay_t<D>>
make_unique_resource_checked (R&& resource, const S& invalid, D&& d)
noexcept (is_nothrow_constructible_u<decay_t<R>, R> &&
is_nothrow_constructible:v<decay_t<D>, D>);
Mlandates: The expression (resourcg’== invalid 7 true : false) is well-formed.
Preconditions: Evaluation of the expression (resource == invalid ? true : false)
we¢ll-defined behavior and~dees not throw an exception.
Ejffects: Returns an-Object constructed with members initialized from
stld: : forward<R> (resource), std::forward<D>(d), and !bool (resource == inval
Any failure during construction of the return value will not call d(resource) if
bdol (resource == invalid) is true.
NOTE |_This creation function exists to avoid calling a deleter function with an invalid argument.

EXAM

auto

PLE The following example shows its use to avoid calling fclose when fopen fails.
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

tgmplate <class> class invocation_type; // not defined
tgmplate <class F, class... ArgTypes> class invocation_type<F (ArgTypes...|)>;
tgmplate <class> class raw_invocation_type; // not defined

t .)>;

0

mplate <class F, class... ArgTypes> class raw_invocation(type<F (ArgTypes. .

[7]

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

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

/| 6.3.3, Detection idiom

stjruct nonesuch;

tgmplate <template<class...> -¢lass Op, class... Args>
using is_detected = see below;
tgmplate <template<class+..> class Op, class... Args>
inline constexpr bool is_detected_v
= is_detected<0Op, Args...>::value;
tgmplate <template<class...> class Op, class... Args>
using defected_t = see below;
tqmplate<class Default, template<class...> class Op, class... Args>
uging detected_or = see below;
template—<classDPefautt—temptate<ctass——>——ctassBp;,—ctass———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<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<0Op, Args...>,
mplate <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

To>;

ther]

This sfibclause contains templates that may be used to transform one type to another)felloy

some [

Each df the templates in this subclause and in Table 4 shall be a Transformation Trait (C+-

§20.15
Within
follows
T1&& if

In all

declard

the default argument promotions (C++20, §7.6.1.3) to tI.

EXAM

stru

redefined rule.

2).
this subclause, define the invocation parameters of INVOKE(f4,%1, t2, ..., tN) a

, in which T1 is the possibly cv-qualified type of t1 and Ul denotes T1& if t1 is an lv4

t1 is an rvalue:

When £ is a pointer to a member function of a class T the invocation parameters ar
followed by the parameters of £ matched by £2,V.., tN.

When N == 1 and £ is a pointer to member data of a class T the invocation parame
U1.

If £ is a class object, the invocation\parameters are the parameters matching t1, ...,
the best viable function (C++420,°§12.4.4) for the arguments t1, ..., tN among the

function call operators and stwrogate call functions of f.

f the above cases, ifsant argument tI matches the ellipsis in the function's parameter-

tion-clause, the-corresponding invocation parameter is defined to be the result of app

PLE AsSume S is defined as

ct S\ {

in

In all other cases, the inyocation parameters are the parameters of £ matching t1, .|

ring

20,

»}

lue or

e Ul

ter is

tN of

tN.

ying

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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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

The invocation parameters of INVOKE(S(), "abc", 5) are (const char *, int). The defaulted

Template Condition Comments
En and all fypos m-the paramofor
templpte <class Fn, class... ArgTypes>
pack ArgTypes shall be complete
struct raw_invocation_type< ) . see“below
types, (possibly cv-qualified) void,
Fn(ArgTypes...)>;
or arrays of unknown bound.
Fn and all types in the parameter
templpte <class Fn, class... ArgTypes>
pack ArgTypes shall be complete
struct invocation_type< ] ) see be{ow
types, (possibly cv-qualified) void,
Fn(ArgTypes...)>;
or arrays of unknown\Bound.
Access|checking is performed as if in a context unrelated to Emand ArgTypes. Only the valiflity of

the im]
NOTE
templaf
and so

formed

The m

mediate context of the expression is considered.
The compilation of the expression can result in sidefeffects such as the instantiation of class
e specializations and function template specializations, the generation of implicitly-defined fu

pn. Such side effects are not in the "immediate context" and can result in the program being i

ember raw_invocation_type<Fn{ArgTypes...)>: :type shall be defined as follows.

expresgion INVOKE(declval<Fn>(), declval<ArgTypes>()...) is ill-formed when treated

uneval

The m|

hated operand (C++20, §7)ythere shall be no member type. Otherwise:

Let R denote result_of_t<Fn(ArgTypes...)>.

Let the types Tithe the invocation parameters of
INVOKE(declyal<Fn>(), declval<ArgTypes>()...).

Then the,member type shall name the function type R(T1, T2, ...).

bmber invocation_type<Fn(ArgTypes...)>: :type shall be defined as follows. If

raw_ir

)vocation_type<Fn(ArgTypes...)>::type does not exist, there shall be no member

hctions,

1-

[f the

aS an

type.

Otherwise:

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;

};

nonesych has no detault constructor (C++20, §11-4-5) or initializer-1ist constructor (C++20,
§9.4.5) and is not an aggregate (C++20, §9.4.2).

tempglate <class Default, class AlwaysVoid,
template<class...> class Op, class... Args>
stryct DETECTOR { // ezposition only

uging value_t = false_type;

uging type = Default;

template <class Default, template<class...> clkass Op, class... Args>
stryct DETECTOR<Default, void_t<Op<Args...>>»,0p, Args...> { // ezposition |only
uging value_t = true_type;

uging type = Op<Args...>;

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

uging is_detected = typename DETECTOR<nonesuch, void, Op, Args...>::value t;

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

uging detected t = typename DETECTOR<nonesuch, void, Op, Args...>::type;

tempglate <class Default, template<class...> class Op, class... Args>
uging( detected_or = DETECTOR<Default, void, Op, Args...>;

EXAMPEET

// 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>
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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

// afchetypal helper alias for a particular type member:
templlate <class T>

usfing diff_t = typename T::difference_type;

// allias the type member, if it exists, otherwise alias ptrdiff_t:
template <class Ptr>

u

n

ing difference_type = detected_or_t<ptrdiff_t, diff_t, Pt®>;
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7 Function objects [func]
7.1 Header <experimental/functional> synopsis [functional.syn)]

#include <functional>

namespace std {

ngmespace 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{ArgTypes...)>&);

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

}|// namespace experimental::inline-fundamentals_v3

} // namespace std

7.2 (Qlass template function [func.wrapfunc]
7.2.1 Dverview [func.wrap.func.overview]

The specification of all 'declarations within 7.2 are the same as the corresponding declarations, as
specifigd in C++203§20.14.17.3, unless explicitly specified otherwise.

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

std::egperimental: :bad_function_call

namespace std {

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;

function(nullptr_t) noexcept;

£ £ E £ £ %)
7

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&, fundtion&&);

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

function& operator=(function&&) ;

function& operator=(nullptr_t) noexcept;

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

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

void swap(function&)';

explicit opérator bool() const noexcept;

R operdtor () (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

} // namespace std

7.2.2

A func
it uses

allocat

In all

createq
allocat
NOTE
the obj

construl

The ddg
in C+-
functi

E

R

Construct/copy/destroy [func.wrap¢fun

tion object stores an allocator object of type std: :pmr: :polymorphic_allpéator<>
to allocate memory for its internal data structures. In the function cohstructors, th

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

For the move constructor, the allocator is initialized from f.get) allocator(), whd
the parameter of the constructor.
For constructors having a first parameter of type allogator_arg_t, the allocator ig
initialized from the second parameter.

For all other constructors, the allocator is value=initialized.

ases, the allocator of a parameter having type function&& is unchanged. If the const]
a target object, that target object is inifialized by uses-allocator construction with t
pr and other target object constructor arguments.

1 If a constructor parameter of type\éxperimental: :function&& has an allocator equal to ]
bet being constructed, the implendfentation can often transfer ownership of the target rather th

cting a new one.

duction guide template<class F> function(F) -> function<see below>; is sped
20, §20.14.17.3.

on& operater={const function& f);

fects: function(allocator_arg, get_allocator(), f).swap(*this);

turns: *this.

c.con]

which

re f is

ructor

e

hat of

all

ified

function& operator=(function&& f);

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

Returns: *this.
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on& 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);

types ArgTypes. .. and return type R.

Effects:
fynction(allocator_arg, get_allocator(), std::forward<F>(f)).swap(*this);
Re¢turns: *this
templjte<class F> function& operator=(reference_wrapper<F> f) noexcept;
Effects: function(allocator_arg, get_allocator)(), f).swap(*this);
Re¢turns: *this
7.2.3 Modifiers [func.wrap.fund
void gwap(function& other);
Pteconditions: this->get-allocator() == other.get_allocator().
Effects: Interchanges.the targets of *this and other.
Throws: Nothing,
R¢marks: \The allocators of *this and other are not interchanged.
7.2.4 Observers [func.wrap.fun

Constraints: declval<decay_t<F>&>() is Lvalue-Callable (C++20, §20.14.17.3)cfor arg

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>

namespace std {

ngmespace 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<Wi>,.cbserver_ptr<w2>);

template <class W1, class W2>

bool operator!=(observerxptr<Wl>, observer_ptr<wW2>);
template <class W>

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

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

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

[haol operator!= (null ptr_t nhs_enz;erfpj;rﬁﬂ)\ 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

template <class T> struct hash;

t,- y'l 3+ loaa T at + ool P 3 P | ba y-a- T
UMV L AUVT VLo o £y O LLIULL ULUALIISTAPYTL LIITIIVAaL . . UVVoTL VTL VL L F)
} // namespace std
8.2 Non-owning (observer) pointers [memeory.observer.ptr]
8.2.1 (Class template observer_ptr overview [memory.observer.ptr.overview]

namgspace std::experimental::inline fundamentals_v3-{

tgmplate <class W> class observer_ptr {

using pointer = add_pointer_t<W>; // exposition-only
using reference = add_lvalue_reference: t<W>; // ezposition-only
pyblic:

// publish our template parameter and variations thereof

using element_type = W;

// 8.2.2, observer_ptiticonstructors
// default constructor

constexpr observer_ptr() noexcept;

// pointer<accepting constructors
constexpr observer_ptr(nullptr_t) noexcept;

constexpr explicit observer_ptr(pointer) noexcept;

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

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

constexpr pointer release() noexcept;

a at 34 aat{l 3o = e TR | 4
CORSTEeXPT— VoI G—TIeSeT<PoTnter TOarrpor7—hoeXCepT,

constexpr void swap(observer_ptr&) noexcept;

}{ // observer_ptr<>

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

A non{jowning pointer, known as an observer, is an object o that stores a pointer to a secondl
object|w. In this context, w is known as a watched object.

NOTE [l There is no watched object when the stored pointer is nullptr)
An obgerver takes no responsibility or ownership of any kind¢for"its watched object, if any; in

particylar, there is no inherent relationship between the lifetimes of o and w.

Specializations of observer_ptr shall meet the requifements of a CppI7CopyConstructible gnd
Cpp17CopyAssignable type. The template parameter'W of an observer_ptr shall not be a

referenice type, but may be an incomplete type:

NOTE R The uses of observer_ptr include clarity of interface specification in new code, and

interopgrability with pointer-based legacy code.
8.2.2 pbserver_ptr constructors [memory.observer.ptr.ctor]

constexpr observer_ptxr() noexcept;

constgxpr observer_ ptr(nullptr_t) noexcept;

Ejfects: Coustructs an observer_ ptr object that has no corresponding watched object.

Postconditions: get() == nullptr.

constexpr explicit observer_ptr(pointer other) noexcept;

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 [memory.observer.ptr.obs|

constexpr pointer get() const noexcept;

Returns: The stored pointer.

constexpr reference operator*() const;

Preconditions: get() !'= nullptr is true.

Returns: *get ().

Throws: Nothing.

constgxpr pointer operator->() const noexcept;

Returns: get .

constgxpr explicit operator bool() const noexcept;

Returns: get() != nullptr.

8.2.4 ¢bserver_ptr conversions [memory.observer.ptr.conv]

constgxpr explicit operator pointer() .const noexcept;

Returns: get().

8.2.5 ¢pbserver_ptr modifiers [memory.observer.pti.mod]

constg¢xpr pointer release() noexcept;

Postconditions: get() == nullptr.

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

constexpr void reset(pointer p = nullptr) noexcept;

P L Lo FRTAAY
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constexpr void swap(observer_ptr& other) noexcept;

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