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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
menmnjbers of ISO or IEC participate in the development of International Standards through technical
commmittees established by the respective organization to deal with particular fields of techhical
activity. ISO and IEC technical committees collaborate in fields of mutual interest) Other
international organizations, governmental and non-governmental, in liaison with ISO and-EC, also
take|part in the work. In the field of information technology, ISO and IEC have established a joint
technical committee, ISO/IECJTC 1.

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

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

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

For an explanation on the meaning of ISOvspecific terms and expressions related to conformity
assessment, as well as information about ISO's adherence to the WTO principles in the Technical
Barrjers to Trade (TBT), see the following URL: Foreword — Supplementary information.

The fommittee responsible forthis' document is ISO/IEC JTC 1.
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1 General [general]

1.1 Scope [general .scope]

=

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

2 Thigtechnical specification is non-normative. Some of the library components in this technical specification.may be
congdered for standardization in afuture version of C++, but they are not currently part of any C++ standard. Some g
the domponentsin thistechnical specification may never be standardized, and others may be standardized in a
subgantially changed form.

=5

3 The poal of thistechnical specification isto build more widespread existing practice for an expanded C++ standard
library. It gives advice on extensions to those vendors who wish to provide them.

1.2 Normativereferences [general.referenices

1 Thefollowing referenced document is indispensable for the application of this deeument. For dated references, only the
editipn cited applies. For undated references, the latest edition of the refereneed document (including any amendmentg

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

2 |SONEC 14882:— is herein called the C++ Sandard. References to clauses within the C++ Standard are written as
"C+114 83.2". Thelibrary described in 1ISO/IEC 14882:— clauses 17-30 is herein called the C++ Standard Library.

3 Unlgss otherwise specified, the whole of the C++ Standard's Library introduction (C++14 817) isincluded into this
Technical Specification by reference.

1.3 Namespaces, headers, and modifications to standard classes [general.namespaces)

1 Since the extensions described in this technical specification are experimental and not part of the C++ standard library,
they|should not be declared directly-Wwithin namespace sta. Unless otherwise specified, all components described in this
techmical specification either:

— modify an existingdnterface in the C++ Standard Library in-place,
— aredeclared in a'namespace whose name appends : : experimental: : fundamentals vl t0 @anamespace def|ned
in the C++ Standard Library, such asstd Or std: : chrono, OF
— are declared\in a subnamespace of a namespace described in the previous bullet, whose name is not the samg as
an existing subnamespace of namespace std.
[ Exgmple: This TS does not define std: :experimental: : fundamentals vl::chrono because the C++ Standard Libfary
defines stas >chrono. This TS does not define std: :pmr: :experimental: : fundamentals_v1 because the C++ Standard
Librarydoes not define std: : pmr. — end example ]

2 E Ia } '} | tbhad in-thictachnical tfioatioan chall o 4+t 03 to f :
m TCCUTT UCSUITVCU TIT U TS teulminoal SPTUITTULATUNT SHdinT TTTipUnt i CUTICT S Ul LU EXPTLINIEIItal oo LUITUgieIita L s vl

iNnto std: :experimental asif by

namespace std {
namespace experimental {
inline namespace fundamentals vl {}

}

© ISO/IEC 2015 — All rights reserved 7


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

ISO/IEC TS 19568:2015(E)

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

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

quali

fied with std: :experimental:: fundamentals v1::, and referencesto entities described in the standard are

assumed to be qualified with std: :.

Extg

<exderimental/meow> header, which shall include the standard contents of <meow> asif by

#include <meow>

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

<experimental/algorithm> <experimental/map> <experimental/string view>
<experimental/any> <experimental/memory> <experimental{/System error>
<experimental/chrono> <experimental/memory resource> <experimental/tuple>
<experimental/deque> <experimental/optional> <experimental/type traits>
<experimental/forward list> <experimental/ratio> <experimental/unordered map>
<experimental/functional> <experimental/regex> <ex¥perimental/unordered set>
<experimental/future> <experimental/set> Lexperimental/utility>
<experimental/list> <experimental/string> Jexperimental/vector>

1.4 Termsand definitions [general.dg

For {
1.4.]

diregt-non-list-initialization

A difect-initialization that is not list-initialization.

1.5 Future plans (I nfor mative) [general.pl
Thiglsection describes tentative plans for future versions of this technical specification and plans for moving content i
future versions of the C++ Standard:

The [C++ committee intends to rélease anew version of this technical specification approximately every year, contain

thel

contents in std: :experimental : : fundamentals v2, std::experimental::fundamentals_v3, €fC., with the most reg
implemented version inlined into std: : experimental.

sians that are expected to eventually be added to an exidting header <wecw~ are provided inside the

he purposes of this document, the terms and definitions given in the C++ Standard and the following apply.
[general.defns.direct-non-list

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

fns)

init]

BNs|

nto

ng

ent

When an extension'defined in this or a future version of this technical specification represents enough existing practide, it
will pe moved.into the next version of the C++ Standard by removing the experimental: : fundamentals vN Segmeni of
its nfmespaee-and by removing the experimenta1/ prefix from its header's path.

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

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

itself. — end note ]

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

' cpp lib_experimental " followed by the string in the "Macro Name Suffix" column.

3 Programmers who wish to determine whether afeature is available in an implementation should base that determination
on the presence of the header (determined with  has_include (<header/name>)) and the state of the macro with the

recof
func

mmended name. (The absence of atested feature may result in a program with decreased functionality, or the reldvant
ionality may be provided in a different way. A program that strictly depends on support for a feature can justtry
use the feature unconditionally; presumably, on an implementation lacking necessary support, translation will-fail.)

Table 2 — Significant featuresin this technical specification

to

Dge. Title Primary Macro Name Suffix Value Header
ND. Section
apply() call a
function with
N3915 argumentsfrom a 322 apply 201402 | <dxperimental /tuple>
tuple
Variable Templates
N3932 For Type Traits 331 type_trait_variable templates 203402 <experimental/type traifs>
N3866 |Invocation type traits | 3.3.2 invocation type 201406 <experimental/type traiffs>
N3916 Type_er&ed allgcator 4.2 function erased allocatox 201406 | <experimental/functional>
for std::function - -
Extending
N3905 Zt(;jd:il:ﬁisof’]zfcsh tOCl:]Siig 43 boyer moore searchdng 201411 | <experimental/functional>
Algorithms
N3672 A tility classto
1.5 | represent optional 5 optional 201411 | <experimental/optional>
N3793 |
objects
Any Librar
N3§04 Proi)osal y 6 any 201411 | <experimental/any>
string view. @anon-
N3921 |owni ng referenceto |7 string view 201411 <experimental/string vigw>
astring
Extending shared_ptr
c .
N3920 to SUppOI‘t Arrays 82 shared ptr arrays 201406 <experimental/memory>
N3916 Polymorphlc 84 memory resources 201402 | <experimental/memory regource>
Memory Reseurces
N3916 Typeerased al!ocator 9.2 promise erased allocator 201406 | <experimental/future>
for std: yPromise - -
Type-erased allocator
N3916 |for 9.3 packaged task erased allocator 201406 | <experimental/future>
std: :packaged task
N3925--A—seampreProposa—106-3 et 201402 perimertat/iatgorithm

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

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

2.1 JSes-alfocaror construction [mods.altocaror.yses]

1 Thefollowing changesto the uses_allocator trait and to the description of uses-allocator construction allow a
memdry resource pointer act as an allocator in many circumstances. [ Note: Existing programs that use standard
allogators would be unaffected by this change. — end note ]

20.7.7 uses allocator [allocator.uses]
20.7.7.1 uses allocator trait [allocator.uses.trait]

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

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

— thefirst argument of a constructor hastype allocator arg_t and the second argument has type

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

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

Uses-allocator construction with allocatorai 10c refers to the construction of an object obj of type T, using
constructor argumentsvi, v2, ..., ~vnof typesvi, vz, ..., vN, respectively, and an allocator a11oc of
type alloc, Where aiioc either (1) meets the requirements of an allocator (C++14 817.6.3.5), or (2) isa
pointer type convertibleto std: :®xperimental: :pmr: :memor _resource* (8.5), according to the followi ng
rules:

10 © ISO/IEC 2015 — All rights reserved
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3 General utilitieslibrary [utilities]
3.1 Utility components [utility]
3.1.1 Header <experinental /utility> Synopsis [utility.synop]

#include <utility>

ngmespace std {
ngmespace experimental ({

inline namespace fundamentals vl {

3.1.2, erased-type placeholder

struct erased type { };

—

// namespace fundamentals_vl

—

// namespace experimental

—

// namespace std

3.1.2 Classerased_t ype [utility.er ased.type]
1 stryct erased type { };
2 |Theerased_type struct iSan empty struct that serves asa placeholder for atype T in situations where the actyial

type T is determined at runtime. For example, the nestedtype, allocator type, isandiasfor erased typein
classes that use type-erased allocators (see 8.3).

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

#ilnclude <tuple>

ngmespace std {
ngmespace experimentgl.{

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

= tupke size<T>::value;

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

template <class F, class Tuple>

constexpr decltype (auto) apply(F&& £, Tupleé&& t);
} // namespace fundamentals vl

} // namespace experimental

} // namespace std

© ISO/IEC 2015 — All rights reserved 11
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3.2.2 Calling a function with at upl e of arguments [tuple.apply]
1 template <class F, class Tuple>
constexpr decltype (auto) apply(F&& £, Tuple&& t);
2 Effects: Given the exposition only function
template <class F, class Tuple, size t... I>
constexpr decltype (auto) apply impl( // exposition only
F&& f, Tuple&& t, index sequence<I...>) {
return | NVOKE (std: : forward<F>(f), std::get<I>(std::forward<Tuple>(t))...);
}
Equivalent to
return apply impl (std::forward<F>(f), std::forward<Tuple>(t),
make index sequence<tuple size v<decay t<Tuple>>>{});
3.3 Metaprogramming and typetraits [mieta]
3.3.1 Header <experimental/type traits> synopsis [metatype.synop]
#include <type traits>
ngmespace std {

ng

in

mespace experimental {
line namespace fundamentals vl {

// See C++14 §20.10.4.1,
template <class T> constexpr bool is_void.w

primary type categories

= is_void<T>::value;
template <class T> constexpr bool is nuld pointer v
= is_null pointer<T>::value;
template <class T> constexpr bood\Is integral v
= is_integral<T>::value;
template <class T> constexpr\kool is_ floating point v
= is_floating point<T>::value;
template <class T> constexpr bool is_array v
= is_array<T>::value;
template <class T> constexpr bool is_pointer v
= is_pointersT>s:value;
template <cl@ssYT> constexpr bool is_lvalue reference v
= is_lvalye reference<T>::value;
templaté Kclass T> constexpr bool is_rvalue reference v
= isyrvalue_reference<T>::value;

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

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

12

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

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

template <class T> constexpr bool is _class v

© ISO/IEC 2015 — All rights reserved
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= is_class<T>::value;
template <class T> constexpr bool

= is_function<T>::value;

is_function_ v

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

template <class T> constexpr bool

= is_reference<T>::value;

e 1ot il Laal e b il

is_reference v
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P P
= is_arithmetic<T>::value;

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

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

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

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

template <class T> constexpr bool

= is_member pointer<T>::value;

is_fundamental v

is object v

is scalar v

is compound v

is_member pointer_ v

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

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

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

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

template <class T> constexpr bool

is const v

is_volatile v

is_trivial v

is trivialdy‘copyable v

= is_trivially copyable<T>::value;

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

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

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

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

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

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

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

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

is st@amdard layout v

ds) pod v

is literal type v

is_empty v

is polymorphic v

is_abstract_ v

is_final v

is_signed v

template <class T> constexpr bool

= 1is_unsigned<T>::value;
template <class T, class... Args>
= is constructible<T, Args...>:

template <class T> constexpr bool

is_unsigned v

constexpr bool is_constructible v

:value;

is default constructible v

= is_default constructible<T>::value;

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

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

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

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

IS 1ok il 2} £ L 1 3 il
™ 24 =)

= 1s_move_assignable<T>::value;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

templdte <class T> constexpr bool has virtual destructor v

=)has_virtual destructor<T>::value;

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

// See C++14 §20.10.6, type relations

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

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

IS 1ok il inl il 2} £ L 1 P |
™ 7 24

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

// 3.3.2, Other type transformations

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

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

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

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

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

—

// namespace fundamentals vl

—

// namespace experimental

—

// namespace std
3.3.2 Other typetransfor mations [metatrans.ofher]

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

3 WitHin this section, define the invocation paraméters of | N\VOKE (£, t1, t2, ..., tn) asfollows, inwhich 1 isthe
poss|bly cv-qualified type of t1 and u1 denetesTis if t1isanlvaueor riss if t1 isan rvaue:

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

— Whenn~ == 1 and £ is,apointer to member data of a class T the invocation parameter isu1.

— If £ isaclass object,-theinvocation parameters are the parameters matching t1, ..., tn of the best viable
function (C++14.813:3.3) for the arguments t1, ..., tx among the function call operators of .

— Inall other cases; the invocation parameters are the parameters of £ matching t1, ... tn.

4 Inal| of the above cases, if an argument + 1 matches the ellipsisin the function's parameter-declaration-clause, the
corrésponding invacation parameter is defined to be the result of applying the default argument promotions (C++14
85.2|2) to t1.

[ ExamplelAssume s is defined as

sfgruc€t S {

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

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

does not correspond to an argument.

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

dlipsis maintain their types.

— end example]
Table 3 — Other type transformations
Template Condition Comments
tempTate <Class Fn, Class... ArgTypess rn ald ditypesimtheparameter pack argTypes Sat e
strlict raw_invocation type< complete types, (possibly cv-qualified) void, or arrays of see bechw
Fn (hrgTypes...)>; unknown bound.
template <class Fn, class... ArgTypes> Fn andal typesin the parameter pack argrypes shall be
strfict invocation_ type< complete types, (possibly cv-qualified) void, or arrays of see below
Fn (hrgTypes...)>; unknown bound.
5 Accgss checking is performed as if in a context unrelated to rn and argTypes. Only the validity, of-the immediate confext
of the expression is considered. [ Note: The compilation of the expression can result in side effeets such asthe
instgntiation of class template specializations and function template speciaizations, the generation of implicitly-defingd

func]
—e

6 The
I Nvq
therd

7 The

raw_|

34

34.]

ng

in

ions, and so on. Such side effects are not in the "immediate context" and can resultitithe program being ill-form
nd note |

hested typedef raw_invocation type<Fn (ArgTypes...)>::type shall be defined as follows. If the expron
KE (declval<Fn>(), declval<ArgTypes>()...) iSill-formed when treatéd)as an unevaluated operand (C++14 §
shall be no member type. Otherwise:

— Letrdenote result of t<Fn(ArgTypes...)>.
— Letthetypes ri betheinvocation parameters of | N\VOKE (dec1val<Fn> (), declval<ArgTypes>()...).
— Then the member typedef type shall namethe functiontyper (r1, 12, ...).

hested typedef invocation type<Fn (ArgTypes...)>::type shall be defined as follows. If
invocation type<Fn (ArgTypes...)>::type does netiexist, there shall be no member typedef type. Otherwise:

— Leta1, a2, ... denOtez—\rgTypes. ..

— Letr(r1, T2, .. denoteraw invocatiow type t<Fn(ArgTypes...)>

— Then the member typedef type shall name the function typer (u1, u2, .) whereuvi iSdecay t<ai> if
declval<ai> () isanrvalue othenvise Ti.

mespace std >
mespacesexperimental {

line mamespace fundamentals vl {

ed.

Compile-timerational arithmetic [ratio]
Header <experimental/ratio> synopsis [header.ratio.synop]
ilnclude <ratio>

//~See C++14 §20.11.5, ratio comparison

16

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

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

template <class R1, class R2> constexpr bool ratio_less v
= ratio less<R1l, R2>::value;

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

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

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

} // namespace fundamentals vl

} r ind : £ 1

} |// namespace std
3.5 Timeutilities [time]
3.5.1 Header <experimental/chrono> synopsis [header.chrono.synop]

#ilnclude <chrono>

ngmespace std {
ngmespace chrono {
ngmespace experimental {

inline namespace fundamentals vl {

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

// namespace fundamentals vl
// namespace experimental

// namespace chrono

- e e e

// namespace std

3.6 Bystem error support [syseryor]
3.6.1 Header <experimental/system.gxror> synopsis [header.system_error.synop]

#ilnclude <system error>

ngmespace std {
ngmespace experimental {

inline namespaee fundamentals vl {

// Seew€h¥ld §19.5, System error support
template <class T> constexpr bool is_error_ code_enum v

=y 1s_error_code_enum<T>::value;

TempIate <CIass T> CONSTEXPT DOOL 15 _€rror_CONUITIion_enum v

= 1is_error_condition_enum<T>::value;
} // namespace fundamentals vl

} // namespace experimental

} // namespace std
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4 Function objects [func]

4.1 Header <experinental / functi onal > Synopsis [header.functional.synop]

#include <functional>

ngmespace std {
namespace experimental {

inline namespace fundamentals vl {

// See C++14 §20.9.9, Function object binders

template <class T> constexpr bool is bind expression v
= is_bind expression<T>::value;

template <class T> constexpr int is_placeholder v

= is_placeholder<T>::value;

// 4.2, Class tenplate function
template<class> class function; // undefined

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

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

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

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

bool operator!=(const function<R (AtgTypes...)>&, nullptr t) noexcept;
template<class R, class... ArgTypes>

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

// 4.3, Searchers
template<class ForwardIterator, class BinaryPredicate = equal_ to<>>

class default_ searcher;

template<class .RandomAccessIterator,
clase Hash = hash<typename iterator_ traits<RandomAccessIterator>::value_ type>,
¢rass BinaryPredicate = equal_ to<>>

clasg\boyer moore_searcher;

ftemplate<class RandomAccessIterator,

class Hash = hash<tvypename iterator traits<RandomAccesslterator>::value type>,

class BinaryPredicate = equal_ to<>>

class boyer moore_horspool searcher;

template<class ForwardIterator, class BinaryPredicate = equal_ to<>>
default searcher<ForwardIterator, BinaryPredicate>

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

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

boyer moore searcher<RandomAccessIterator, Hash, BinaryPredicate>

make boyer moore searcher (

R =) T £ FER =] £ R =) T £ Foa— £
I 7 ™ — 7

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

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

} // namespace fundamentals vl
} // namespace experimental

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

—

// namespace std
4.2 Classtemplatef unction [func.wrap.fuinc]

1 The ppecification of all declarations within this sub-clatise 4.2 and its sub-clauses are the same as the corresponding
declgrations, as specified in C++14 §20.9.11.2, unless explicitly specified otherwise. [ Note:
std:|:experimental::function USESstd: :bad function_call, thereisno additional type
std:|:experimental::bad function call —~endnote] .

ngmespace std {
namespace experimental {

inline namespace fundaméntals vl {

template<class>_ €¥ass function; // undefi ned

template<class’' R, class... ArgTypes>
class fumpetion<R(ArgTypes...)> {
publict

typedef R result type;
typedef Tl argument type;

typedef Tl first argument type;

typedef T2 second argument type;
typedef erased type allocator type;
function () noexcept;

function (nullptr t) noexcept;

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

template<class F> function (F);

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

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

const functiong);

IS 1ok il A £ FEE PN A i | IS IS F
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functioné&&) ;

function& operator=(const functionég);
function& operator=(functioné&&);

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

~function () ;

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

explicit operator bool () const noexcept;

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

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

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

pmr::memory resource* get memoryreSource();
}i

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

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

template <class R, class..q ArgTypes>
bool operator==(const funetion<R(ArgTypes...)>&, nullptr t) noexcept;
template <class R, class<.. ArgTypes>
bool operator==(nuklptr t, const function<R(ArgTypes...)>&) noexcept;
template <clags~R, class... ArgTypes>
bool operatox!=(const function<R(ArgTypes...)>&, nullptr t) noexcept;
template¢<&lass R, class... ArgTypes>
bool operator!=(nullptr t, const function<R(ArgTypes...)>&) noexcept;
teémplate <class R, class... ArgTypes>
void swap (function<R (ArgTypes...)>&, function<R(ArgTypes...)>&);

} // namespace fundamentals vl

} // namespace experimental

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

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

true type { };
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// namespace std

4.2.1functi on construct/copy/destroy [func.wrap.func.con]

1 When a runction constructor that takes afirst argument of type aliocator arg t isinvoked, the second argument is
treated as atype-erased allocator (8.3). If the constructor moves or makes a copy of a function object (C++14 §20.9),

incly
allog

2 Inth
alld

3 fund

4

6 fund

9 fund

10

11

12

13 tempg
14

15

16 temp
17

18

4.2.9

ding an instance of the experimental: : function classtemplate, then that move or copy is performed by using-
ator construction with allocator get_memory_ resource ().

e following descriptions, let ALLOCATOR OF (£) bethe alocator specified in the construction of function f,/0r
cator<char> () if no alocator was specified.

tion& operator=(const functions& f);

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

Returns. *this

tion& operator=(functioné&& f);

Effects: function(allocator arg, ALLOCATOR COF (*this), std::move (f))\=Swap (*this);

Returns. *this

tion& operator=(nullptr_ t) noexcept;

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

Postconditions. ! (*tnis). The memory resource returned by get memory resource () after the assignment is
equivalent to the memory resource before the assignnient. [ Note: the address returned by get memory resource
might change — end note ]

Returns. *this

late<class F> function& operatokx=(F&& f);

Effects: function(allocator ang, ALLOCATOR COF (*this), std::forward<F>(f)).swap(*this);

Returns. *this

late<class F> funetioné& operator=(reference wrapper<kF> f);

Effects: functigny(&llocator arg, ALLOCATOR COF (*this), f).swap(*this);

Returns. *this

f unctwon modifiers [func.wrap.func.n

nod]

1 voi

2

3

4

swap (Tunctions otner);y

Requwes this->get memory resource() == other->get memory resource ().
Effects: Interchangesthe targets of *this and other.

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

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

2 Each Q.Inprialim‘rinn aof a (‘Iaqqtpmlnla'rp qlnp(‘ifim inthissub-clause 4 3 shall meet the copyconstructinie and
CopyAssignable requi rements. Template parameters named rForwardIterator, ForwardIteratorl, ForwardItera®ot2,
RandomAccessIterator,RandomAccessIteratorl,RandomAccessIterator2,and]BinaryPredicate OfIEankIES
spec|fied in this sub-clause 4.3 shall meet the same requirements and semantics as specified in C++14 §25.1. Templ ate
parameters named sash shall meet the requirements as specified in C++14 §17.6.3.4.

3 The Boyer-Moore searcher implements the Boyer-Moore search algorithm. The Boyer-Moore-Horsp6ol -searcher
implements the Boyer-M oore-Horspool search agorithm. In general, the Boyer-Maoore searcher will tise more memory
and give better run-time performance than Boyer-M oore-Horspool

4.3.1 Classtemplate def aul t _sear cher [func.searchers.defpult]

tgmplate<class ForwardIteratorl, class BinaryPredicate = equal to<®>

cllass default searcher {

pyblic:

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

template<class ForwardIterator2>
ForwardIterator?2

operator () (ForwardIterator2 first, ForwardItewator2 last) const;

private:

ForwardIteratorl pat first ; // exposition only
ForwardIteratorl pat last ; // expOsition only
BinaryPredicate pred ; /] (exposition only
i

1 defgult searcher (ForwardIterageh pat first, ForwardIterator pat last,
BinaryPredicate pred = BinaryPredicate());

2 [Effects. Constructs adefauit searcher Object, initidlizing pat_first Withpat first,pat last Withpat iast,
and pred_ With pred.

3 [Throws: Any exception thrown by the copy constructor of Binarypredicate Of ForwardIteratorl.

4 tempglate<claSs)ForwardIterator2>
ForwardTterator2 operator () (ForwardIterator2 first, ForwardIterator2 last) const;

5 |Effésts: Equivalentto return std::search(first, last, pat first , pat last , pred );
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4.3.1.1 def aul t _sear cher creation functions [func.searchers.default.creation]

1 template<class ForwardIterator, class BinaryPredicate = equal to<>>
default searcher<ForwardIterator, BinaryPredicate>
make default searcher (ForwardIterator pat first, ForwardIterator pat last,
BinaryPredicate pred = BinaryPredicate());

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

nat first nat last nrod) -
T — T—T — T—T

4.3.2 Classtemplate boyer _nmoor e_sear cher [func.sear cher s.boyer,_maor €]

tgmplate<class RandomAccessIteratorl,

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

cllass boyer moore searcher ({

pyblic:

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

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

template<class RandomAccessIterator2>
RandomAccessIterator?2

operator () (RandomAccessIterator2 first, RandomAccessIteratdr? last) const;

pyivate:

RandomAccessIteratorl pat first ; // exposition only

RandomAccessIteratorl pat last ; [/ expositionseahy
Hash hash ; /1 exposition‘only
BinaryPredicate pred ; /1 expositton only

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

2 [Requires. Thevaluetype of RandomaccessIteratorl shall meet the pefaultConstructible, CopyConstructibfle,
and copyassignable requirements:

3 |Requires: For any two vallesa and & of thetype iterator traits<RandomhccessIteratorl>::value type, if]
pred (&, B)==true, thenkka)==nt (8) shall betrue.

4 |Effects: ConstructS@boyer moore searcher Object, initializing pat_first Withpat first, pat last with
pat last, hash) With nf, and pred With pred.

5 |Throws: . Any exception thrown by the copy constructor of rRandomaccessTteratori, O by the default constructor,
copy constructor, or the copy assignment operator of the value type of randomaccessiteratori, Of the copy
constrictor or operator () Of BinaryPredicate OF Hash. May throw bad alioc if additional memory needed fol

intérnal data structures cannot be allocated. 1
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6 template<class RandomAccessIterator2>
RandomAccessIterator2 operator () (RandomAccessIterator?2 first, RandomAccessIterator2 last) const;

7 Requires: randomaccessIteratorl and RandomAccessIterator2 shall have the same value type.
8 Effects: Finds a subsequence of equal valuesin a sequence.

9 Returns; Thefirstiterator 1 intherange[first, last - (pat last - pat first_))such that for every non-
negative integer n lessthan pat_1ast_ - pat_first_thefollowing condition holds:

pred(*(i + n), *(pat_first + n)) != false. REtUrNS first if [pat_first_, pat_last_) is empty, otherwise
returns 1ast if no such iterator is found.

10 IComplexity: At most (1ast - first) * (pat last - pat first ) applicationsof the predicate,
4.3.2.1 boyer _noor e_sear cher creation functions [func.searchers.boeye’ _moore.creation]

1 temglate<class RandomAccessIterator,

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

lass BinaryPredicate = equal to<>>

boyer moore searcher<RandomAccessIterator, Hash, BinaryPredicate>

make boyer moore_ searcher (RandomAccessIterator pat_ first, RandomAceessIterator pat_ last,
Hash hf = Hash(), BinaryPredicate pred «~ BinaryPredicate());

2 |Effects: Equivalentto return boyer moore searcher<Randomhccessitérator, Hash, BinaryPredicate>(
pat first, pat last, hf, pred);

4.3.3 Classtemplate boyer _noor e_hor spool _sear cher [func.searchers.boyer _moore_hor spool]

tgmplate<class RandomAccessIteratorl,

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

class BinaryPredicate = equal to<>3

cllass boyer moore horspool searcher ({

pyblic:

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

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

template<class RandomAccessSTtierator2>
RandomAccessIterator?2

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

pyivate:
RandomAccesslterdtorl pat first ; // exposition only

RandomAccess¥teratorl pat last ; [/ exposition only
Hash hash ; /] exposition only
BinaryRredicate pred ; /] exposition only
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r moore horspool searcher (

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

:2015(E)

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

3

and copyassignable requirements.

Requires: For any two values » and & of thetype iterator traits<RandomAccessIteratorl>::value type, if
pred (A, B) ==true, then nf (a) ==hf (8) shal betrue.

6 temy
H

10

4.3.3

1 temp

Effects: Constructs avoyer moore horspool searcher Object, initializing pat_first Withpat first, pdt, 74
With pat 1last, hash Withnf, and pred with pred.

Throws: Any exception thrown by the copy constructor of RandomAccessIteratorl, Or by the defauld Construct
copy constructor, or the copy assignment operator of the value type of randomaccessTterator] ©OFthe copy
constructor or operator () Of BinaryPredicate Of Hash. May throw bad_a11oc if additional-memory needed fol
internal data structures cannot be allocated..

late<class RandomAccessIterator2>
andomAccessIterator?2 operator () (RandomAccessIterator?2 first, RandomAecessIterator2 last) const

Requires: randomAccessIteratorl and RandomAccessIterator2 shall havethe same valuetype.
Effects: Finds a subsequence of equal valuesin a sequence.

Returns: Thefirst iterator i intherange[first, last - (pat la§f Y- pat first )) suchthat for every non-
negative integer n lessthan pat_1ast_ - pat_first_ thefollowing condition holds:

pred(* (i + n), *(pat first_+ n)) != false. Returns fivst if [pat first ,pat last )isempty, otherwi
returns 1ast if no such iterator is found.

Complexity: Atmost (1ast - first) * (pat last™ - pat first ) applicationsof the predicate.
.1 boyer _noor e_hor spool _sear cher creation‘functions [func.searchers.boyer _moore_horspool.creal

late<class RandomAccessIterator,
class Hash = hash<typename iterator traits<RandomAccessIterator>::value type>,
class BinaryPredicatie = equal to<>>
oyer moore searcher horspeol<RandomAccessIterator, Hash, BinaryPredicate>
ake boyer moore horspool \segarcher (
RandomAccessIterator\pat first, RandomAccessIterator pat last,
Hash hf = Hash(),( BiharyPredicate pred = BinaryPredicate());

Effects: Equivalent-to
return boyer modfe horspool searcher<RandomAccessIterator, Hash, BinaryPredicate>(

pat first, pet-last, hf, pred);

st

D

=

e
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5 Optional objects [optional]
5.11n general [optional.general]

1 This subclause describes class template optional that represents optional objects. An optional object for object typesis
an object that contains the storage tor another object and manages the litetime ot this contained object, It any. The
contgined object may be initialized after the optional object has been initialized, and may be destroyed before the'optipnal
objett has been destroyed. The initialization state of the contained object is tracked by the optional object.

5.2 Header <experi nent al / opti onal > Synopsis [eptional .synop]

ngmespace std {
namespace experimental {

inline namespace fundamentals vl {

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

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

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

// 5.6, Cass bad_optional _access
class bad optional access;

// 5.7, Relational operators
template <class T>

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

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

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

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

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

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

// 5.8, Conparison with null opt

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

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

// 5.9, Conparison with T
template <class T> constexpr bool operator==(const optional<T>&, const Té&

’

’

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

’

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

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

’

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

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

’

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

’

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

// 5.10, Specialized algorithns
template <class T> void swap (optional<T>&, optionaldT>&) noexcept (see bel ow) ;
template <class T> constexpr optional<see bel ow> make optional (T&&);

} // nanespace fundanental s_v1
} // nanespace experinenta

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

—

// namespace std

1 A prpgram that necessitates the instantiation of template optional for areference type, or for possibly cv-qualified tyjpes
in _glace t Of nullopt_t iSill-formed.

5.3 pptional for objecttypes [optional.objject]

tdmplate <class\ T>
cllass opti©nal

pybliG:

typgdef T value type;

// 5.3.1, Constructors

constexpr optional () noexcept;

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

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

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

template <class U, class... Args>

constexpr explicit optional(in place t, initializer 1ist<U>, Argsé&&...);

// 5.3.2, Destructor
~optional () ;

P

}i

1 Any
opti
allog
dyng
stord
cony

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

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

// 5.3.4, Swap
void swap (optional&) noexcept (see bel ow) ;

// 5.3.5, (bservers

constexpr T const* operator ->() const;

constexpr T* operator ->();

constexpr T consté& operator * () const &;

constexpr T& operator *() &;

constexpr T&& operator * () &&;

constexpr const T&& operator * () const &&;
constexpr explicit operator bool () const noexcept;
constexpr T consté& value() const &;

constexpr T& value() &;

constexpr T&& value () &&;

constexpr const T&& value () const'&&r

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

ivate:
T* val; // exposition only

instance of optipnal&T> @ any given time either contains avalue or does not contain a value. When an instance of
bnal<T> containsa value, it means that an object of type T, referred to as the optional object's contained value, i
ated within the-storage of the optional object. |mplementations are not permitted to use additional storage, such g
Imic memory, to alocate its contained value. The contained value shall be allocated in aregion of the optional<?
jge suitably aligned for the type 7. When an object of type optiona1<T> iscontextualy converted to boo1, the
ersion returns true if the object contains a value; otherwise the conversion returns raise.

VARZ

2 Mer

oer va1 s providedforexpositiomonty. Whemamspt tona 1<Ts Object Tontams avatue, val pomts to thecontamed

vaue.

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

28
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5.3.1 Constructors [optional.object.ctor]

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

2 Postconditions: *this does not contain avalue.

3 Remarks: No contained valueisinitialized. For every object type T these constructors shall be constexpr

pry ¢ (OO0 A4 S7 4 [\
CUNSaUCtors(C 15 57.1L.J).

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

Requires. is_copy constructible v<T> IS true.

6 |Effects: If rhs contains avalue, initializes the contained value asif direct-non-list-initializing ak-object of type 1
with the expression »r hs.

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

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

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

10 Requwes isimoveiconstructible7v<T>iStrue

1 [Effects: If rhs contains avalue, initializes the contained value as if/difect-non-list-initializing an object of type 1
with the expression std: :move (*rhs) . bool (rhs) iSunchanged;

12 |Postconditions: bool (rhs) == bool (*this).
13 |Throws: Any exception thrown by the selected constriictor of .

14 |Remarks: The expression inside noexcept iS eguivaent to:

is_nothrow move constructible v<T>

15 congtexpr optional (const T& V);

16 Requwes isicopyiconstructible7v<T>iStrue

17 |Effects: Initializes the contained value as if direct-non-list-initializing an object of type t with the expression v.
18 IPostconditions: *this-€ontains avalue.
19 IThrows: Any_exception thrown by the selected constructor of .

20 [Remarks:<|f)t's selected constructor is a constexpr constructor, this constructor shall be a constexpr constructd

=
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21 constexpr optional (T&& V) ;

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

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

24 Postconditions; *this containsavalue.

2 |Throws. Any exception thrown by the selected constructor of .

26 [Remarks: If T's selected constructor isa constexpr constructor, this constructor shall be a constexpr constructdr.

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

S Requireﬁ: is_constructible v<T, Args&&...> iStrue.

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

30 |Postconditions: *this contains avalue.
31 [Throws. Any exception thrown by the selected constructor of .

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

33 temglate <class U, class... Args>
onstexpr explicit optional (in_place t, initialize¥/1ist<U> il, Argss&&... args);

34 Requir%: is constructible v<T, initializer 1list<U>s, Args&&‘..>iStrue.

35 |Effects: Initializes the contained value asiif directnon-list-initializing an object of type r with the arguments
il, std::forward<Args>(args)....

36 |Postconditions. *this contains avalue.
37 |Throws: Any exception thrown by, the selected constructor of .

38 |Remarks: The function shall het participate in overload resolution unless
is constructible v<TgyN\initializer list<U>&, Args&s...>IStrue. |f T'sconstructor selected for the
initialization is a congtexpr constructor, this constructor shall be a constexpr constructor.

5.3.2 Destructor [optional .object.dtor]

1 ~optlional ()

2 |Effects~1f is trivially destructible v<T> != true and *this containsavalue, calsval ->T::~T ().

3 IRemarks If io ceizion1c geo £il] o then this destructor shall bhe atrivial destructor
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5.3.3 Assignment [optional.object.assign]

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

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

3 Returns. *this.

4

Dot ol ! " ot 1
FUSLLUTNUINIToris. this UUCSTIUL CUNAITT A Vadluc,

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

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

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

rhs doesnot | destroys the contained value by

. . no effect
contain avalue |callingval->t::~T()

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

10 [Remarks: If any exception isthrown, the result of the expression boo1 (*this) remains unchanged. If an exceptijon
isthrown during the call to T's copy constructor, no effect..lf’an exception is thrown during the call to t's copy
assignment, the state of its contained value is as defined by the exception safety guarantee of T's copy assignment.

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

12 Requires. is move constructible v<T>iStrde aNd is move assignable v<T> IS true.

13 |Effects: The result of the expression ool (rhs) remains unchanged.
Table 5% optional::operator=(optionalss) effects

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

rhs doesnot | destrays the contained value by

contain avalue fcalling vai->T::~T() no effect

14 |Returns; *thish
15 |Postconditions: pool (rhs) == bool (*this).

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

Y nothrow m ionabl T> 6 io nothrow m netructibl T
p— Ej p—

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

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

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

20 Returns: *this.

21 |Postconditions; *this containsavalue.

22 |Remarks: If any exception isthrown, the result of the expression boo1 (*this) remains unchanged. If amexception
is thrown during the call to 7's constructor, the state of v is determined by the exception safety guarantée of 's
constructor. If an exception is thrown during the call to 's assignment, the state of *val and v is détermined by the
exception safety guarantee of 's assignment.

The function shall not participate in overload resolution unless is_same v<decay t<U>, P34Strue.

23 INotes: Thereason for providing such generic assignment and then constraining it sothat' effectively T == v isto
guarantee that assignment of theform o = {} isunambiguous.

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

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

% |Effects: Calls*this = nullopt. Theninitializesthe contained vallieasif direct-non-list-initializing an object o
type T with the arguments std: : forward<args> (args) . . ..

27 [Postconditions: *this contains avalue.
28 |Throws. Any exception thrown by the selected construictor of .

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

30 temglate <class U, class... Args> véidvemplace (initializer 1list<U> il, Argss&&... args);

31 |Effects: Calls *this = nullopt.{Theninitializes the contained value as if direct-non-list-initializing an object o
type T with the argumentsi | ,/std: : forward<aArgs>(args) .. ..
32 |Postconditions: *this gontains avalue.
33 |Throws. Any exception thrown by the selected constructor of T.
34 |IRemarks: |If an‘exception isthrown during the call to r's constructor, *this does not contain avalue, and the
previous xval (if any) has been destroyed.

The function shall not participate in overload resolution unless
is/gonstructible v<T, initializer 1ist<U>&, Argsé&&...> iStrue.
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5.3.4 Swap [optional.object.swap]

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

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

3 Effects:
Table6 — optional::swap (optionals&) effects
*thi s contains a value *thi s 0OES NOL contain a value
initializes the contained value of *this asifrdirgct-
rhs non-list-initializing an object of type T with'the
contains|cals swap (* (*this), *rhs) expression std: :move (*r hs) , followed by
avalue rhs.val->T::~T(); postconditionvisthat *tnis
contains avalue and r hs does net'contain avalug
‘hs initializes the contained value of r hs asif direct-
non-list-initializing an object of type T with the
doesnot . )
.| expression std: :move (* (*this) ), followed by no effect
contain ] S ,
val->T::~T (); postcondition isthat »this does not
avalue . ,
contain avalue and r hs contains avalue

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

5 [Remarks: The expression inside noexcept isequivaent to:
is_nothrow _move constructible v<T> && noexcept (swap(declval<T&>(), declval<T&>()))

If any exception is thrown, the results of the expressions boo{«this) and boo1 (rhs) remain unchanged. If an
exception isthrown during the call to function swap the statéjof *val and *rhs.val isdetermined by the exception
safety guarantee of swap for Ivalues of t. If an exceptionis thrown during the call to T's move constructor, the state
of *val and *rhs.val isdetermined by the exception-Safety guarantee of t's move constructor.

5.3.3 Observers [optional.object.obsgr ve]

1 constexpr T const* operator->() cons&;
congltexpr T* operator->();

2 [Requires. *this containsavalue)
3 |Returns: val .
4 [Throws: Nothing.

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

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

7 |Reguires: *this containsavalue.

8 Returns. *val .
9 Throws: Nothing.

10 Remarks: These functions shall be constexpr functions.
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constexpr T&& operator* () &&;
constexpr const T&& operator* () const &&;
12 Requires. *this containsavalue
13 Effects: Equivalent O return std: :move (*val ) ;
constexpr explicit operator bool () const noexcept;
15 [REUMS. true iT and only I *this Conains avalue.
16 |Remarks: This function shall be a constexpr function.
consgltexpr T const& value() const &;
congltexpr T& value() &;
18 |Effects: Equivalent tO return bool (*this) ? *val : throw bad optional access();
consltexpr T&& value() &&;
consltexpr const T&& value () const &&;
20 |Effects: Equivalent to return bool (*this) ? std::move (*val) : throw bad optional access();
temglate <class U> constexpr T value or(U&& V) const &;
22 |Effects: Equivalent tO return bool (*this) ? **this : static_casf<T>(std::forward<U>(V));
2 IRemarks: If is_copy constructible v<T> && is_convertible v<Us&, T> IS false,theprogramisill-formeg.
temglate <class U> T value or (U&& V) &&;
% |Effects: Equhﬁﬂentu)return bool (*this) ? std::move (**this) : static cast<T>(std::forward<U>(V))|;
% |Remarks: If is move constructible v<T> && <" convertible v<Us&&, T> IS false, the program isill-formegl
5.4 | n-place construction [optional.inplpace]
stryct in place t{};
congtexpr in place_ t in place{js
TheBtruct in_place t isan empty structure type used as a unique type to disambiguate constructor and function

over
pack]
forwl

5.5

stry
cons

oading. Specificaly, ¢ptiénal<T> hasaconstructor with in p1ace t asthefirst parameter followed by a paramgter

: this indicates that z.should be constructed in-place (asif by acall to a placement new expression) with the

arded pack expansion as arguments for the initialization of T.

No-valué state indicator [optional.nullppt]
ct.nullopt t{see bel ow};

tekpr nullopt t nullopt (unspecified);

The struct nul1opt_t isan empty structure type used as a unique type to indicate the state of not containing a value for

opti

onal objects. In particular, optional<T> hasaconstructor with nuiiopt t asasingle argument; this indicates that an

optional object not containing a value shall be constructed.

Typenuliopt t shall not have adefault constructor. It shall be aliteral type. Constant nu11opt shall beinitialized with an
argument of literal type.
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5.6 Classbad_opti onal _access [optional.bad_optional _access]
class bad optional access : public logic error f{
public:

bad optional access();

}i

1 Theclassha d optional acce definesthe type of nhj ectsthrown as pxr‘ppti ansto report the situation where an attempt
is mgde to access the value of an optional object that does not contain avalue.

2 bad [optional access();

3 |Effects: Constructs an object of classbad optional access.

4 [Postconditions. what () returns an implementation-defined NTBS.

5.7 Relational operators [optional.relpps]

1 temglate <class T> constexpr bool operator==(const optional<T>& X, const Opbtional<T>& Yy);

2 [Requires. T shall meet the requirements of Equalitycomparable.
3 |Returns: If bool (x) !'= bool(y), false; otherwiseif bool (x) == false{true; Otherwise *x == =*y.

4 |[Remarks: Specializations of this function template, for which *x =s\#Y is acore constant expression, shall be
constexpr functions.

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

6 |Returns: ! (x == y).

7 temglate <class T> constexpr bool operator<(censt optional<T>& X, const optional<T>& Y);
8 |Requires. *x < +y shall be well-formed and TtSresult shall be convertible to boo1.

9 [Returns: If 1y, false; otherwise, if 1%, true; otherwise *x < +y.

10 [Remarks: Specializations of thisfunction template, for which =x < *y isacore constant expression, shall be
constexpr functions.

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

12 IReturns; y < x.

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

1 Returns s < x).

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

18 REOMS T (x < ).

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

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

2 Returns. !x.
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n_t]

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

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

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

temglate <class T> constexpr bool operator<(nullopt t, const optional<T>& X) noexcept;
8 |Returns. bool (x).

temdlate <class T> constexpr bool operator<=(const optional<T>& X, nullopt t) noexcept;
10 |Returns: x.

temglate <class T> constexpr bool operator<=(nullopt t, const optional<T>& X) roeXcept;
12 [Returns: true.

temdlate <class T> constexpr bool operator>(const optional<T>& X, nulleopt/ t) noexcept;
14 [Returns: vool (x).

temglate <class T> constexpr bool operator>(nullopt t, const ©Optional<T>& X) noexcept;
16 [Returns: railse.

temdlate <class T> constexpr bool operator>=(const opfional<T>& X, nullopt t) noexcept;
18 |Returns: true.

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

5.9 Comparison with T [optional.comp_wit

tempglate <class T> constexpr poel operator==(const optional<T>& X, const T& V);
2 [Returns. bool (x) ? *x ==~V : false.

temglate <class T> constexpr bool operator==(const T& V, const optional<T>& x);
4 [Returns: bool4xy/)? v == *x : false.

temglate <class T> constexpr bool operator!=(const optional<T>& X, const T& V);
6 [Returfis:"bool (x) 2 !(*x == V) : true.

temptate—<ct= F—comrstexpr—boot—operatort—tconrst—f&V—corstortioma <t
8 Returns. bool(x) ? ! (v == *X) : true.

template <class T> constexpr bool operator<(const optional<T>& X, const T& V);
10 Returns: bool (X) 2 *X < V true.
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late <class T> constexpr bool operator<(const T& V, const optional<T>& X);

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

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

Returns. ' (x > v).

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

16

temyg
18

temg
20

temyg
22

temy
24

5.1

temg

temy

5.11

temg

Returns. ' (v > x).

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

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

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

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

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

Returns. ' (x < v).

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

Returns. ' (v < x).

Specialized algorithms [optional .spedg

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

Effects; Calsx.swap(y).

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

Returns. optional<decay t<T>>(stgz:wforward<T>(V)).

Hash support [optional.h

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

Requires: The templatéspecialization hash<T> shall meet the requirements of class template hash (C++14
§20.9.12). The template speciaization hash<optional<T>> shall meet the requirements of classtemplate nash. R
an object o of type’optional<T>, if bool (0) == true, hash<optional<T>>() (0) shall evaluateto the samevalu
hash<T> () (¥0); otherwise it evaluates to an unspecified value.

alg]

Ash]

or
e as
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6 Classany

[any]

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

2 [ Note: The discriminated type may contain values of different types but does not attempt conversion between them, i.e. 5
isheld strictly asan int and is not implicitly convertible either to "s or to s. 0. Thisindifference to interpretation but

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

conversions. — end note |

6.1 Header <experimental/any> synopsis

ngmespace std {
ngmespace experimental {

inline namespace fundamentals vl {

class bad any cast : public bad cast
{
public:

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

class any
{
public:

// 6.3.1, any construct/destruct

any () noexcept;

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

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

~any () ;
// 6.3.2, any asSi-gnnments
any& operator=fconst any& rhs);

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

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

77 6.3.3, any nodifiers

fany.symop]

void clear () noexcept;
void swap (any& rhs) noexcept;

// 6.3.4, any observers

bool empty () const noexcept;
const type info& type() const noexcept;

38
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// 6.4, Non-nmenber functions

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

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

Av2N| T £ s
g g 7

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

template<class ValueType>

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

ValueType* any cast (any* operand) noexcept;

—

// namespace fundamentals vl

—

// namespace experimental

—

// namespace std
6.2 Classbad_any_cast [any.bad_any gast]
Objacts of typebad _any cast arethrown by afailed any cast.
6.3 Class any [any.cliass]

An gbject of class any stores an instance of any type that-satisfies the constructor requirements or is empty, and thisis
referred to as the state of the class any object. The stored instance is called the contained object. Two states are equivélent
if they are either both empty or if both are not empty_and if the contained objects are equivalent.

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

Impliementations should avoid the use of dynamically allocated memory for asmall contained object. [ Example: where
the gbject constructed is holding only an int. — end example ] Such small-object optimization shall only be applied tq
typeg T for which is nothrow movg ¢enstructible v<T> iStrue.

6.3.1 any construct/destruct [any.qonsg]

any () noexcept;

2 |Postconditionsy this->empty ()

any (const_anys& other);

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

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

any (any&& other) noexcept;

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

8 Postconditions: other isleft in avalid but otherwise unspecified state.
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9 temp

late<class ValueType>

any (ValueType&& value) ;

Let T beequal t0 decay t<valueType>.

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

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

13

14

15 ~any
16

6.3.2

1 any§

9 temp
E

10

11

12

13

tdesforward<ialueT a¥=} (zaluc)

Remarks: This constructor shall not participate in overload resolution if decay t<valueType> iSthe sametype g

any.

Throws: Any exception thrown by the selected constructor of 7.

()
Effects: clear ().

any assignments [any.as]
operator=(const any& rhs);

Effects. any(rhs) .swap (*this). No effectsif an exception is thrown:

Returns. *this

Throws. Any exceptions arising from the copy constructor of ‘the contained object.

operator=(any&& rhs) noexcept;

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

Postconditions. The state of *this isequivalent to the original state of rhs and rhs isleft in avalid but otherwi
unspecified state.

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

Let T be equal t0 decay (t<dvalueType>.

RBQUiI'ESZ T shall SEI[ISfy the copyConstructible requirements. If is copy constructible v<T> isfalse, the
program isill-fofmed.

Effects: Censtructs an object tmp of type any that contains an object of type r direct-initialized with
std: : ferward<valueType> (rhs), and tmp.swap (*this). NO effectsif an exception is thrown.

Returns. *this

7]

5 gn]

be

40

Remarks: This operator shall not participate in overload resolution if decay t<valueType> iSthe sametypeasa

Throws: Any exception thrown by the selected constructor of 7.

ny.
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6.3.3 any modifiers [any.modifier g

void clear () noexcept;

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

3 Postconditions. empty () == true.

void swap (anyé& rhs) noexcept;

5 |Effects: Exchangethe states of *this and rhs.

6.3.4 any observers [any.obseryer s

booll empty () const noexcept;

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

congt type info& type() const noexcept;

4 |Returns. If *this hasacontained object of type T, typeid (T); otherwise typedidivoid).

5 |[ Note: Useful for querying against types known either at compile time or enly at runtime. — end note ]

6.4 Non-member functions [any.nonmember s

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

2 |Effects: x.swap (y).
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3 template<class ValueType>
ValueType any cast(const anyé& operand);
template<class ValueType>
ValueType any cast (any& operand);
template<class ValueType>
ValueType any cast(any&& operand);

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

5 [Returns: For the first form, *any cast<add const_t<remove reference t<ValueType>>> (s&operand). FO[ the
SiXHKjandtthfOHﬂS,*anyicast<remove7reference7t<ValueType>>(&operand%
6 |Throws: bad_any_castifoperand.type() != typeid(remove reference t<ValueType>).
[ Example:
any x(5); // x holds int
assert (any cast<int>(x) == 5); // cast to value
any cast<inté&>(x) = 10; // cast to reference
assert (any cast<int>(x) == 10);
x = "Meow"; // % holds const¢char*
assert (strcmp (any_cast<const char*>(x), "Meow") == 0);
any cast<const char*&>(x) = "Harry";
assert (strcmp (any_cast<const char*>(x), "Harry") == 0J;
x = string("Meow") ; // x Rodds string

string s, s2("Jane");

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

any cast<string&>(x) = move(s2); // move to any
assert (any cast<const string&>(x) =5 ("Wane");

string cat ("Meow");

const any y(cat); // const y holds string
assert (any cast<const strings&>(y) == cat);
any cast<string&>(y); // error; cannot

// any cast away const

— end example ]

7 template<class VadweType>

onst ValueType* any cast (const any* operand) noexcept;
temglate<class/ValueType>

VYalueTyp&* any cast (any* operand) noexcept;

8 [Returns. If operand != nullptr && operand->type() == typeid (ValueType), apointer to the object contaired
by-éperand, otherwise niuiiprr

[ Example:

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

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

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

char-like objectsheld in avasic_string view Object isdesignated by charr.

2 [ Nofe: TheTibrary providesimplicit conversionsfrom const charT* and std: :basic_string<charT, ...> {0
std:|:basic_string view<charT, ...> SOthatuser code can accept just std::basic_string view<charT> asanef}
templated parameter wherever a sequence of characters is expected. User-defined types should define their ownsimpligit
CoONVersionsto std: :basic_string view iN order to interoperate with these functions. — end note |

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

7.1 Header <experinental / string_vi ew> Synopsis [string.view.synop]
ngmespace std {
namespace experimental ({
inline namespace fundamentals vl {
// 7.2, Class tenplate basic_string_view
template<class charT, class traits = char traits<charT>>
class basic _string view;

// 7.9, basic_string_view non-nmenber conparison functions
template<class charT, class traits>
constexpr bool operator==(basic_string viewgdcharT, traits> x,

basic string viey<charT, traits> y) noexcept;
template<class charT, class traits>
constexpr bool operator!=(basic_strihg’/ view<charT, traits> x,

basic_st¥ing view<charT, traits> y) noexcept;
template<class charT, class tralts>
constexpr bool operator< (basiC string view<charT, traits> x,

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

template<class charT, dlass traits>
constexpr bool operater> (basic string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;
template<class,.ChatT, class traits>
constexpr bqQol «gperator<=(basic_string view<charT, traits> x,

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

template<erTass charT, class traits>
constexpt bool operator>=(basic_string view<charT, traits> x,

basic string view<charT, traits> y) noexcept;
//\see bel ow, sufficient additional overloads of comparison functions
// 7.10, Inserters and extractors
template<class charT, class traits>

basic ostream<charT, traits>&
operator<<(basic ostream<charT, traits>& os,
basic_string view<charT, traits> str);
// basic_string view typedef names
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typedef basic string view<char> string view;
typedef basic string view<charl6 t> uléstring view;
typedef basic string view<char32 t> u32string view;
typedef basic string view<wchar t> wstring view;

} // namespace fundamentals vl
} // namespace experimental

// 7.11, Hash support

template <class T> struct hash;

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

—

// namespace std

1 Thefunction templates defined in C++14 §20.2.2 and C++14 824.7 are available when <&£perimental/string viewp IS
included.

7.2 Classtemplate basi c_string_vi ew [string.view.template]

tgmplate<class charT, class traits = char traits<charT>>
cllass basic_string view {

public:

// types

typedef traits traits type;

typedef charT value type;

typedef charT* pointer;

typedef const charT* const pointer;

typedef charT& reference;

typedef const charT& const reference;

typedef inplenentation-defined const iterator; // See 7.4
typedef const iterator iterator;l

typedef reverse iterator<eonst_iterator> const_reverse_ iterator;
typedef const reverse ifterator reverse iterator;

typedef size t size fype;

typedef ptrdiff t difference type;

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

// 7.3, basiC.string_view constructors and assignnent operators
constexp& basic string view() noexcept;
constexpr basic string view(const basic string view&) noexcept = default;

basAc \string view& operator=(const basic_string view&) noexcept = default;

tefiplate<class Allocator>

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

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

// 7.4, basic_string_viewiterator support

constexpr const iterator begin() const noexcept;

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

const_reverse_iterator crend() const noexcept;

// 7.5, basic_string_view capacity

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

// 7.6, basic_string_view el ement access

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

constexpr const reference back() const;

constexpr const pointer data() const noexcept;

// 7.7, basic_string_view nodifiers
constexpr void remove prefix(size type n);
constexpr void remove suffix(size type n);

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

// 7.8, basic_string_view string operations
template<class Allocator>
explicit operator basic string<charT, traits; Allocator>() const;
template<class Allocator = allocator<chaxT> >
basic string<charT, traits, AllocatQr> to string(
const Allocator& a = Allocator (JJ)\.tonst;

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

constexpr basic_string fiew substr(size_type pos = 0, size type n = npos) const;
constexpr int compargtbasic string view s) const noexcept;
constexpr int compéare(size type posl, size type nl, basic string view s) const;
constexpr int cdmpgre (size type posl, size type nl,

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

const charT* s, size type n2) const;

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

constexpr size type find(charT c, size type pos = 0) const noexcept;

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

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

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

constexpr size type
constexpr size type

constexpr size type

find first of (basic_string view s,

size type pos = 0) const noexcept;

find first of (charT c,

size type pos

0) const noexcept;

find first_ of (const charT* s,
find first_ of (const charT* s,

size type pos,

size type pos = 0)

size type n)

const;

const;

constexpr size type find last of (basic string view s,

find last of (charT c,

size type pos npos) const noexcept;

constexpr size type size type pos npos) const noexcept;

constexpr size type find last of (const charT* s, size type pos, size type n) const;
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find first not of (basic string view s, size type pos
0)

size type pos,

0)
const noexcept;

constexpr size type const noexcept;

constexpr size type find first not of (charT c, size type pos

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

0)
size type pos

constexpr size type find first not of (const charT* s, size type pos const;

constexpr size type find last not of (basic_string view s, npos) eenst noexcepy

constexpr size type find last not of(charT c, size type pos npos) const noexceprt;

constexpr size type find last not of (const charT* s, size type pos, size type”n) const;

constexpr size type find last not of(const charT* s, size type pos npos) const;

rivate:
const_pointer data_; // exposition only

size type size ; // exposition only

ery specialization basic_string view<charT, traits>,thetype t£aits shal satisfy the character traits
rements (C++14 821.2), and thetype traits: :char_type shall namethe sametype as chart.
basi c_st ri ng_vi ewconstructorsand assignmentoperators [string.view.cpns|

texpr basic string view() noexcept;

Effects: Constructs an empty basic_string view,

Postconditions. size == 0anddata_ nullptr.

late<class Allocator>
asic_string view(const basigystring<charT, traits, Allocator>& str) noexcept;

Effects: Constructsavasic_£tning view, With the postconditionsin Table 7.

Table 7 — basic string view(const basic stringg) effects

Element  Value
data str.data ()
size str.size()

texpr bas¥C string view(const charT* str);

Requires. [str, str + traits::length(str))isavalidrange.

8

Effects—Corstructsabasic_string view, Wit the postcomditions i Tabies:

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

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

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

46
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10 constexpr basic string view(const charT* str, size type len);

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

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

ddld Cr

size len

7.4 basi c_string_vi ewiterator support [string.view.iter atpr |

1 typddef inplenentation-defined const iterator;
2 |A constant random-access iterator type such that, for aconst_iterator it,if s* (1t+N) isyalid, thenit isequal|to
(&*it) +N.

3 |For abasic string view str, any operation that invalidates a pointer in the range{str’. data (),
str.data () +str.size ()) invalidates pointers, iterators, and references returned from’st r's methods.

4 [All requirements on container iterators (C++14 §23.2) apply tObasic_strind=Giew: :const_iterator aswell.

5 consltexpr const iterator begin() const noexcept;
congtexpr const iterator cbegin() const noexcept;
6 [Returns. Aniterator such that s*begin () == data_if !empty (), OF €lse an unspecified value such that [begin (|,

end()) isavalid range.

7 consltexpr const iterator end() const noexcept;
congltexpr const iterator cend() const noexcept;

8 |Returns: begin() + size()

9 conslt reverse iterator rbegin() const nogxcept;
conslt reverse iterator crbegin() const,‘noexcept;

10 |Returns: const reverse iterator (&md()).

11 conglt reverse iterator rend()( cphst noexcept;
conglt reverse iterator crend() const noexcept;

12 |Returns: const_revegse_dterator (begin()).

7.5 basi c_stri nglvi ew capacity [string.view.capagity]

1 congtexpr si%e)type size() const noexcept;

2 |Returns: size

3 condtefor si typelength () nstn ot

4 Returns. size .

5 constexpr size type max size() const noexcept;

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

8 Returns. size == 0.

7.6 basi c_string_vi ewelement access

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

2

[string.view.access)

P\wuilca. OO 7
3 |Returns: data_ [pos]

4 [Throws: Nothing.

instead of returning chart (). — end note ]

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

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

8 |Returns: data_[pos].

9 consltexpr const reference front() const;

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

12 1Throws: Nothing.

13 congtexpr const reference back() const;

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

16 IThrows. Nothing.

17 congtexpr const pointer datl() const noexcept;

18 |Returns: data

19 [ Note: Unlikebasie’ string: :data () and string literals, data () may return a pointer to a buffer that is not nullf
terminated. Thereforeit istypically amistaketo pass data () to aroutine that takes just a const chart* and expects

anull-terminated string. — end note |

7.7 basic(string_vi ewmodifiers

5 [ Note: Ul’l”kebasicistring: :operator[], basic string view::operator[] (size()) has undefined behavior

[string.view.modififer 5]

1 constexpr void remove prefix(size type n);

2 Requir&s: n <= size()

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

5 Requirc—s: n <= size ()

6 Effects. Equivaenttosize -= n;

7 constexpr void swap(basic string view& s) noexcept;

8 Effects. Exchangesthevauesof *this and s.

7.8 basi c_string_vi ewstring operations [string.view.pps|

1 temglate<class Allocator>
explicit2 operator basic string<
charT, traits, Allocator>() const;

Effects: Equivalent tO return basic_string<charT, traits, Allocator>(begin(), endl());
3 [Complexity: O(size ()
4 [[ Note: Users who want to control the allocator instance should call to string(G1llocator). — end note]

5 temglate<class Allocator = allocator<charT>>
asic_string<charT, traits, Allocator> to string(
const Allocator& a = Allocator()) const;

Returns: basic string<charT, traits, Allocator>(begin (), ‘end(), a).

7 |Complexity: O(size())

8 sizq type copy(charT* s, size type n, size type pes = 0) const;
9 |Let rien bethesmaller of n and size () - pos.

10 [Throws: out_of range if pos > size().

11 |Requires: [s,s + rlen)isavalidrange.
12 |Effects: Equivalent tO std::copy, n'(begin() + pos, rlen, s).
B |Returns; rien.

14 1Complexity: O(r1en)

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

16 [Throws: out.Of range if pos > size().
17 |Effectsi—Determines the effective length r | en of the string to reference as the smaller of n and size () - pos.
18

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

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

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

21 Complexity: O(r1en)

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

Table 10 — compare () results

Condition Return Value
size() < str.size() <0
size() == str.size() 0
size() > str.size() > 0

23 congltexpr int compare(size type posl, size type nl, basic string view str) censt;
24 |Effects: Equivalentto return substr (posl, nl).compare (str);

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

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

27 congtexpr int compare (const charT* s) const;

28 |Effects: Equivalent to return compare (basic string view(s)) ;

29 congltexpr int compare(size type posl, size type nly ‘¢tonst charT* s) const;

30 |Effects: Equivalent tO return substr (posl, nljséémpare (basic string view(s));

31 consltexpr int compare(size type posl, size “type nl,
const charT*, g;.vsize type n2) const;

32 |Effects: Equivalent to return substk (posl, nl).compare (basic_string view(s, n2));
7.8.1 Searching basi c_stri ng_vi@w [string.view.find]

1 This|section SDECIfleSthe basic string view member functions named find, rfind, find first of, find last of
find first not of, and‘fisd last not of.

2 Menber functions inthis section have complexity O(size () * str.size()) at worst, although implementations are
encquraged to do.bettér.

3 Each memberfunction of the form

cdnstexpr return-type fxl(const charT* s, size type pos);

is ivalent to return fx1 (basic string view(s), pos);

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

constexpr return-type fx2(charT ¢, size type pos);
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isequivalent to return fx2 (basic string view(&c, 1), pos);
6 constexpr size type find(basic string view str, size type pos = 0) const noexcept;
7 Effects. Determines the lowest position xpos, if possible, such that the following conditions obtain:
— pos <= xpos

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

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

9 |IRemarks: UseStraits: req().

10 congtexpr size type rfind(basic_string view str, size type pos = npos) const noexcept;

11 IEffects. Determines the highest position xpos, if possible, such that the following conditions obtain:
— Xpos <= pos

— Xxpos + str.size() <= size()

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

12 |Returns; xpos if the function can determine such avalue for xpos. Otherwise, réturns npos.

B3 IRemarks: Usestraits::eq().

14 congtexpr size type find first of (basic string view str, size{type pos = 0) const noexcept;

15 |Effects: Determines the lowest position xpos, if possible, such that'the following conditions obtain:
— pos <= Xpos

— xpos < size()

— traits::eq(at(xpos), str.at(I)) for someeément 1 of the string referenced by str.

16 |Returns; xpos if the function can determine such aVaue for xpos. Otherwise, returns npos.

17 |Remarks: UseStraits::eq().

18 congtexpr size type find last of (bagighstring view str, size type pos = npos) const noexcept;

19 |Effects: Determines the highest pasition xpos, if possible, such that the following conditions obtain:
— Xpos <= pos

— xpos < size()

— traits::eq(afixpos), str.at (1)) for someelement 1 of the string referenced by str.

20 |Returns: xpos if thefunction can determine such avalue for xpos. Otherwise, returns npos.

21 |Remarks; US@Straits::eq().

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

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

— pos <= Xpos

— xpos < size()
— traits::eq(at(xpos), str.at(I)) for noelement 1 of the string referenced by str.

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

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

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

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

29 [Remarks: UseStraits: req().
7.9 pasi c_string_vi ewnon-member comparison functions [string.viewgorrparison]

1 Let 4 bebasic_string view<charT, traits>, and sv beaninstance of s. Implementations shall provide sufficient
additional overloads marked constexpr and noexcept S0 that an object t with an implicit conversion to s can be
compared according to Table 11.

Table 11 — Additional basic_string vief,Comparison overloads

Expression Equivalent to
t == sv S(t) == sv
sv == sv == S(t)
t != sv S(t) != sv
sv !=t sv != S(t)
t < sv S(t) < sv
sv < t sv < S§\t)
t > sv S (L) v> sv
sv > t sw > S(t)
t <= sv S(t) <= sv
sv <= X sv <= S (t)
t 2= sv S(t) >= sv
s >= t sv >= S (t)

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

tgmplate<class T> using  identitw.= decay t<T>;
tgmplate<class charT, class traits>

cdnstexpr bool operator==

basic string view<chalrT; traits> lhs,

basic string view<¢harT, traits> rhs) noexcept ({

return lhs.compare%ths) == 0;

tgmplate<classseharT, class traits>

cdnstexpr bodl.eperator==

basic string view<charT, traits> lhs,

__idemtity<basic_ string view<charT, traits>> rhs) noexcept {

return lhs.compare (rhs) == 0;

}
template<class charT, class traits>

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

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

3 Returns: 1hs.compare (rhs) == 0.
4 template<class charT, class traits>

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

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

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

7 |Returns: 1hs.compare (rhs) < 0.

8 template<class charT, class traits>
constexpr bool operator> (basic_string view<charT, traits> lhs,
basic string view<charT, traits> rhs) noexeept;

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

10 temglate<class charT, class traits>
constexpr bool operator<=(basic string view<charT, traits>(lhs,
basic string view<charT, traifs> rhs) noexcept;

11 [Returns; 1hs.compare (rhs) <= 0.

12 temglate<class charT, class traits>
constexpr bool operator>=(basic_string view<cHharT, traits> lhs,
basic string view<deharT, traits> rhs) noexcept;

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

7.10 Insertersand extractors [string.view.io]

1 temglate<class charT, class traits>
basic ostream<charT, traits®¢
operator<<(basic ostr&am<charT, traits>& os,
basic str¥ing” view<charT, traits> str);

2 (Effects: Equivalent torethrn os << str.to_string();

7.11 Hash suppor{ [string.view.hash]

1 temglate <> &txuct hash<experimental::string view>;
temdlate <»-sfruct hash<experimental::ulé6string view>;
temdlate $>'struct hash<experimental::u32string view>;
temdlate\<> struct hash<experimental::wstring view>;

2 |The'template speciaizations shall meet the requirements of class template hash (C++14 §20.9.12).
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8 Memory

8.1 Header <experimental/memory> synopsis

#include <memory>

[memory]

[header.memory.synop]

ngmespace std {
ngmespace experimental {

inline namespace fundamentals vl {

// See C++14 §20.7.7, uses_allocator

= uses _allocator<T, Alloc>::value;

// 8.2.1, Class tenplate shared_ptr
template<class T> class shared ptr;

// C++14 §20.8.2.2.6

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

bool operator==(const shared ptr<T>& a, const Shared ptr<U>&
template<class T, class U>

bool operator!=(const shared ptr<T>& a,~const shared ptr<U>s&
template<class T, class U>

template<class T, class U>

template<class T, class U>

bool operator<=(const shared ptr<T>& a, const shared ptr<U>s&
template<class T, class\U>

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

bool operators=f(const shared ptr<T>& a, nullptr t) noexcept;
template <cl@assvT>

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

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

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

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

template<class T, class... Args> shared ptr<T> make shared (Args&é&... args);
template<class T, class A, class... Args>
shared ptr<T> allocate shared(const A& a, Argsé&&... axds);

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

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

b) noexcept;

b) noexcept;

b) noexcept;

b) noexcept;

template <class T>

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

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

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

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

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

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

IS 1ok il 2}
™

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

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

// 8.2.1.3, shared_ptr casts
template<class T, class U>

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

shared ptr<T> dynamic pointer cast (const shared ptr<U>& r) noexcepth
template<class T, class U>

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

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

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

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

// C++14 §20.8.2.3
template<class T> class weak ptr;

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

// C++14 §20.8.2.4
template<class T>_ €laSs owner less;

// C++14 §20,8.2).5
template<claSs T> class enable shared from this;

// C++T4§20.8.2.6
templdte<class T>

ool atomic is lock free(const shared ptr<T>* p);

template<class T>
shared ptr<T> atomic load(const shared ptr<T>* p);
template<class T>
shared ptr<T> atomic load explicit (const shared ptr<T>* p, memory order mo);
template<class T>
void atomic store(shared ptr<T>* p, shared ptr<T> r);
template<class T>
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void atomic store explicit (shared ptr<T>* p, shared ptr<T> r, memory order mo);

template<class T>

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

template<class T>

shared ptr<T> atomic exchange explicit (shared ptr<T>* p, shared ptr<T> r,

memory order mo);
template<class T>

L il £ 3 . le i

— = — A

shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);
template<class T>
bool atomic compare exchange strong(
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w);
template<class T>
bool atomic compare exchange weak explicit(
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,
memory order success, memory order failure);
template<class T>
bool atomic compare exchange strong explicit (
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,

memory order success, memory order failure);

} |// namespace fundamentals vl

} |// namespace experimental

// C++14 §20.8.2.7

template<class T> struct hash<experimental::shared’ptr<T>>;

} |// namespace std

8.2 Bhared-owner ship pointers

1 The ppecification of all declarations withinthis sub-clause 8.2 and its sub-clauses are the same as the corresponding

declgrations, as specified in C++14 820.8.2, unless explicitly specified otherwise.
8.2.1 Classtemplate shared_ptr

ngmespace std {
ngmespace experimeémtal {

ifline namespage\fundamentals vl {

template<class T> class shared ptr {

public:

typedef typename remove extent t<T> element type;
7) 8.2.1.1, shared_ptr constructors

[memory.smartptr]

[memory.smartptr.shared]

constexpr shared ptr() noexcept;

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

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

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

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

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

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

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

£ . P I S B B S PR N P N S A N SR |
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// C++14 §20.8.2.2.2
~shared ptr();

// C++14 §20.8.2.2.3

shared ptr& operator=(const shared ptr& r) noexcept;

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

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

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

// C++14 §20.8.2.2.4

void swap (shared ptré& r) noexcept;

void reset () noexcept;

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

template<class Y, class D> void reset(Y* p, D d);
template<class Y, class D, class A> void reset (¥ p, D d, A a);

// 8.2.1.2, shared_ptr observers

element type* get () const noexcept;

T& operator* () const noexcept;

T* operator->() const noexcept;

element_ type& operator[] (ptrdiff \t)i) const noexcept;

long use count () const noexcept;

bool unique () const noexcept;

explicit operator bool ()=const noexcept;

template<class U> bool” owner before (shared ptr<U> consté& b) const;

template<class U> pool owner before(weak ptr<U> const& b) const;
}i

// C++14 §20,8.2.2.6

template<claSs T, class... Args> shared ptr<T> make shared(Args&é&... args);
templatefclass T, class A, class... Args>
shar@d—ptr<T> allocate shared(const A& a, Argsé&&... args);

/%"g++14 §20.8.2.2.7
template<class T, class U>

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

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

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

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

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

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

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

IS 1ok il 2}
™

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

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

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

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

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

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

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

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

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

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

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

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

// 8.2.1.3, shared_ptr casts
template<class T, class U>

shared ptr<T> static_gpolrter cast(const shared ptr<U>& r) noexcept;
template<class T, class.U>

shared ptr<T> dyfiamifc pointer cast (const shared ptr<U>& r) noexcept;
template<class T,~Class U>

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

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

// £+%¥14 §20.8.2.2.10
template<class D, class T> D* get deleter (const shared ptr<T>& p) noexcept;

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

// C++14 §20.8.2.4
template<class T> class owner less;
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// C++14 §20.8.2.5
template<class T> class enable shared from this;

// C++14 §20.8.2.6
template<class T>
bool atomic is lock free(const shared ptr<T>* p);

s 1ok il T
™

shared ptr<T> atomic load(const shared ptr<T>* p);
template<class T>
shared ptr<T> atomic load explicit (const shared ptr<T>* p, memory order mo);
template<class T>
void atomic store(shared ptr<T>* p, shared ptr<T> r);
template<class T>
void atomic store explicit (shared ptr<T>* p, shared ptr<T> r, memory order“mo) ;
template<class T>
shared ptr<T> atomic exchange (shared ptr<T>* p, shared ptr<T> r);
template<class T>
shared ptr<T> atomic_exchange explicit (shared ptr<T>* p, shared ptr<T> r,
memory order mo);
template<class T>
bool atomic compare exchange weak (
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w)7
template<class T>
bool atomic compare exchange strong(
shared ptr<T>* p, shared ptr<T>* v, shared pti&T> w);
template<class T>
bool atomic compare exchange weak explicity
shared ptr<T>* p, shared ptr<T>* v, shared ptr<T> w,
memory order success, memory order failure);
template<class T>
bool atomic compare exchange stiong explicit (
shared ptr<T>* p, shared ptk<T>* v, shared ptr<T> w,

memory order success, memory order failure);

—

// namespace fundameptals vl

—

// namespace experimerital

// C++14 §20,8.2).7
template<claSs T> struct hash<experimental::shared ptr<T>>;

} |// nam&space std

1 For \jhe purposes of subclause 8.2, a pointer type v+ is said to be compatible with a pointer type T+ when either v+ is
convertibletor+ or visuni and Tisu cv [}
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8.2.1.1shared_ptr constructors [memory.smartptr.shared.const]

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

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

3 |Effects: When T isnot an array type, constructs a shared_ptr object that owns the pointer p. Otherwise, constrifts a
shared ptr that ownsp and a deleter of an unspecified type that callS delete(] p.

4 [Postconditions. use count () == 1 && get() == p.

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

ception safety: If an exception isthrown, delete pis when r isnot an array type, delete[] p Otherwipe.
6 [Except fety: If t th caled wh t t th

7 temglate<class Y, class D> shared ptr(¥Y* p, D d);
template<class Y, class D, class A> shared ptr(Y* p, D d, A a);
template <class D> shared ptr(nullptr t p, D d);
template <class D, class A> shared ptr(nullptr t p, D d, A a);

8 [Requires. p shall be copyconstructible. The copy constructor and‘destructor of b shall not throw exceptions. The
expression d (p) shall be well formed, shall have well defined behavior, and shall not throw exceptions. a shall b
allocator (C++14 8§17.6.3.5). The copy constructor and destructorof a shall not throw exceptions. When T isu
v () [N] shall be convertibleto r=; when risut1, v () (1 shall be convertible to T+; otherwise, v shall be
convertibleto t+.

§

9 |Effects: Constructs a shared ptr object that owns the object p and the deleter a. The second and fourth construgtors
shall use acopy of a to allocate memory for internal use.

10 |Postconditions: use _count () == 1 && gett) == p.

1 [Throws: bad_alloc, or an implementation-defined exception when aresource other than memory could not be
obtained.

12 |Exception safety: If an exception isthrown, 4 (p) iscalled.

13 temglate<class Y> shaxéd)ptr (const shared ptr<Y>& r, element type* p) noexcept;

14 |Effects: Construets-@shared ptr instance that stores p and shares owner ship with r.
15 IPostconditions:” get () == p && use _count() == r.use count ()

16 [ Note:_To avoid the possibility of adangling pointer, the user of this constructor must ensure that p remains valigl at
least.until the ownership group of r is destroyed. — end note ]

17 _Nbte-Thic constructorallows-ereation-of-an-enanb mctancawvwith 9 nan il otarad Nnaintar
HREtE— S EORSHHEtBaH OV S-EHeatron-O—aR-eript HSeHEe-WHHaHHOR-HEH-StOreaporHter

Ystrered—ptet
— end note ]
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18 shared ptr(const shared ptré& r) noexcept;
template<class Y> shared ptr(const shared ptr<¥>& r) noexcept;

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

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

21 Postconditions; get () == r.get() &s& use count() == r.use count ().

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

23 |Remarks: The second constructor shall not participate in overload resolution unless v+ is compatible with T+.
24 |Effects: Move-constructs a shared ptr instance from r.

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

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

27 |Requires: y* shall be compatible with t+.
28 |Effects: Constructsashared ptr object that shares ownership with r and stores a copy of the pointer stored in f.
29 |Postconditions. use count () == r.use count ().
30 IThrows: bad weak ptr When r.expired().

31 |Exception safety: If an exception is thrown, the construgtorhas no effect.

32 template <class Y, class D> shared ptr (unique -pth<Y, D>&& r);

33 |Remarks: This constructor shall not participatein overload resolution unless v+ is compatible with T*.

34 |Effects: Equivalent to shared ptr(r.rel@epse(), r.get deleter()) When pisnot areference type, otherwise
shared_ptr(r.release(), ref(r.gétjdeleter())).

35 |Exception safety: |f an exception.is thrown, the constructor has no effect.
8.2.1.2 shared_ptr observers [memory.smartptr.shared|obs]

1 elenfent type* get() (Censt noexcept;

2 |Returns. Thestored pointer.

3 T& gperator* N,/ const noexcept;

4 |Requikes. get () !'= 0.

5 IRaturne: <« i
et o SASa=mwan

6 Remarks. When risan array type or cv-qualified void, it is unspecified whether this member function is declared.
If it isdeclared, it is unspecified what its return typeis, except that the declaration (although not necessarily the
definition) of the function shall be well formed.
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7 T* operator->() const noexcept;
8 Requires. get() != o.
9 Returns: get ().
10 Remarks: When T isan array type, it is unspecified whether this member function is declared. If it isdeclared, it is

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

11 elenfent typeé& operator[] (ptrdiff t i) const noexcept;

12 IRequires: get () !'= 0 && i >= o.IfTisu(ny, i < N
B |Returns: get () [i].

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

function shall be well formed.

8.2.1.3 shared_ptr casts [memory.smartptr.shared.fast]

1 temglate<class T, class U> shared ptr<T> static pointer cast (comst™shared ptr<U>& r) noexcept;

2 |Requires. Theexpression static_cast<T*> ((U*)0) shall be well formed.
Returns: shared ptr<T>(r, static cast<typename shared ‘Rptr<T>::element type*>(r.get()))

4 [[ Note: The seemingly equivalent expression shared ptrs&% (static_cast<T*>(r.get ())) Will eventualy resultin
undefined behavior, attempting to delete the same object twice. — end note ]

5 temglate<class T, class U> shared ptr<T> dynamic pointer cast(const shared ptr<U>& r) noexcept;

6 [Requires. Theexpression dynamic cast<T¢>'¢(u*)0) shall bewell formed.

7 |Returns:

— When dynamic cast<typename shared ptr<T>::element type*>(r.get()) returns a nonzero valug P,
shared ptr<T>(r, RN

_ Otherwise, share@d ptr<T> ().

8 |[ Note: The seemingly-equivalent expression shared ptr<T>(dynamic cast<T*>(r.get ())) Will eventualy reqult

in undefined behavjor, aftempting to delete the same object twice. — end note ]

9 temglate<class Ty/elass U> shared ptr<T> const pointer cast(const shared ptr<U>& r) noexcept;

10 IRequires:{The expression const_cast<T+*> ( (u*)0) shall be well formed.

11 |Returns: shared ptr<T>(r, const cast<typename shared ptr<T>::element type*>(r.get())).

12 U Nata—Th HIZP ISP Pee S WPy bl chrant ol v ooy
[ TNULC. TTIC SCTITITIyy CYUTVAITI U TAPTCOoO U IldLeu_pLL 1 (COIT L,_(,d LSL (L.get ()] ) Wi TVTItudit 'y ICJJILIn

undefined behavior, attempting to delete the same object twice. — end note ]

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

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

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

namespace std {

namespace experimental {

inline namespace fundamentals vl {

}
}

template<class T> class weak ptr ({

ISO/IEC TS 19568:2015(E)

[memory.smartptr.weak]

}i

public:

typedef typename remove extent t<T> element type;

// 8.2.2.1, weak_ptr constructors

constexpr weak ptr() noexcept;

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

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

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

// C++14 §20.8.2.3.2
~weak ptr();

// C++14 §20.8.2.3.3

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

template<class Y> weak ptré& operator=(weak ptr<Y> consté& r) noexcept;
template<class Y> weak ptré& operator=(shared ptr<¥>“consté& r) noexcept;
weak ptré& operator=(weak ptré&é& r) noexcept;

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

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

void reset () noexcept;

// C++14 §20.8.2.3.5

long use count () const noekcept;

bool expired() const noéXcept;

shared ptr<T> lock() (const noexcept;

template<class U> bo®l owner before(shared ptr<U> consté& b) const;

template<class U>"bBool owner before(weak ptr<U> consté& b) const;

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

// /namespace fundamentals_vl

//.namespace experimental

} // namespace std
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8.2.2.1 weak_ptr constructors [memory.smartptr.weak.const]

1 weak ptr(const weak ptré& r) noexcept;
template<class Y> weak ptr(const weak ptr<¥>& r) noexcept;
template<class Y> weak ptr(const shared ptr<Y¥>& r) noexcept;
2 Requires. The second and third constructors shall not participate in the overload resolution unless v+ is compatible
with T,

3 |Effects: If r isempty, constructs an empty weak ptr Object; otherwise, constructs aweak ptr object that shares
ownership with r and stores a copy of the pointer stored in r.

4 |Postconditions: use_count () == r.use_count ().

8.3 Type-erased allocator [memory.type:erased.allocator]

1 A type-erased allocator is an allocator or memory resource, alloc, used to allocate internal(data structures for an objgct x
of type c, but where c is not dependent on the type of a110c. Once a11oc has been suppliedto x (typically as a constrpictor
argument), al1oc can beretrieved from x only as a pointer rptr of static type
std:|:experimental: :pmr: :memory resource* (8.5). The process by which rptr isgeomputed from al1oc depends on
the type of a110c asdescribed in Table 12:

Table 12 — Computed nemory resource for type-erased allocator

If thetypeof al | oc is thenjtbevalueof rptr is
nonfexistent — no a11oc specified The Va|U§ Of experimental sipmr: :get_default resource () & thetime of
construction.
The value of experimen®dl: :pmr::get default resource() & the time of
nullptr t . - -
- construction.

apginter type convertible to

N static cast<éxpérimental::pmr::memory resource*>(alloc)
pmrf :memory resource - -

pmrf :polymorphic allocator<U> alloc.resdurce ()

any|other type meeting the Allocator  a pointet-to avalue of type experimental: :pmr: : resource adaptor<a> Where
requirements (C++14 §17.6.3.5) a isthetype of a11oc. rptr remainsvalid only for the lifetime of x.

None of the above Theprogramisill-formed.

2 Additionally, class ¢ shall meet the following requirements:

— C::allocator_ type SHall"beidentical to std: :experimental::erased type.
— X.get memory resource () NetuUrnS rptr.

8.4 Header <experivent al / menory_r esour ce> Synopsis [memory.resour ce.synop]

ngmespace gtdl {
ngmespace=experimental {
inlin€ Namespace fundamentals vl {

ngméspace pmr {

class memory resource;

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

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

template <class T1, class T2>
bool operator==(const polymorphic allocator<Tl>& a,

const polymorphic allocator<T2>& b) noexcept;
template <class T1, class T2>

1 il £ L/ £ il N | £ faale]
g g g P g 7

const polymorphic allocator<T2>& b) noexcept;

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

template <class Allocator>
using resource adaptor = resource_adaptor_i np<
allocator traits<Allocator>::rebind alloc<char>>;

// Global memory resources
memory resource* new delete resource() noexcept;

memory resource* null memory resource () noexcept;

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

memory resource* get default resource() noexcept;

// Standard memory resources

struct pool options;

class synchronized pool resource;
class unsynchronized pool resource;

class monotonic buffer resource;

// namespace pmr
// namespace fundamentals vl
// namespace experimental

- e e e

// namespace std

8.5 Classnenory_resource [memory.resour cel
8.5.1 Class nenor y_résodr ce overview [memory.resour ce.over\jiew]

1 Thepenory resairce classisan abstract interface to an unbounded set of classes encapsulating memory resources.

cllass memery resource {

//[SFer exposition only

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

public:

virtual ~memory resource();
void* allocate(size t bytes, size t alignment = max align);

void deallocate(void* p, size t bytes,

size t alignment = max align);
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bool is equal (const memory resource& other) const noexcept;

protected:

8.5.7

1 ~men

3 wvoid

5 void

7 boo]]

8.5.3

1 virg

5 virg

6

virtual void* do_allocate(size t bytes, size t alignment) = 0;
virtual void do deallocate(void* p, size t bytes,

size t alignment) = 0;

virtual bool do is equal (const memory resource& other) const noexcept = 0;

ory resource() ;

Effects: Destroys this memory_resource.

* allocate(size_ t bytes, size t alignment = max align);

Effects: Equivalent 10 return do_allocate (bytes, alignment);

deallocate (void* p, size t bytes, size t alignment = max align);

Effects: Equivalent to do_deallocate (p, bytes, alignment);

is_equal (const memory resourceé& other) const noexcepty

Effects: Equivalent tO return do_is_equal (other) ;

menor y_r esour ce protected virtual member funetions [memory.resour ce.

ual void* do allocate(size t bytes, size/t alignment) = 0;

Requires: Alignment shall be a power of two.
Returns: A derived class shall implement this function to return a pointer to allocated storage (C++14 §3.7.4.2)
otherwise it is aligned to max. ‘a Vign.

Throws: A derived class implementation shall throw an appropriate exception if it is unable to alocate memory
the requested size and alignment.

ual void do deallocate(void* p, size t bytes, size t alignment) = 0;

to ~this;-and the storage at p shall not yet have been deallocated.

Effects. A derived class shall implement this function to dispose of allocated storage.

asizeof at least bytes. The returned storage is aligned to the specified alignment, if such alignment is supported;

menory_r esour ce public member functions [memoryiresour ce.puplic]

Driv]

with

with

Requires:.{pyshall have been returned from aprior call to allocate (bytes, alignment) ONamemory resource gqual

8

66

Throws: Nothing.
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9 virtual bool do is equal (const memory resource& other) const noexcept = 0;

10 Returns: A derived class shall implement this function to return true if memory alocated from this can be
deallocated from other and vice-versa; otherwise it shall return false. [ Note: The most-derived type of other might
not match the type of this. For a derived class, D, atypical implementation of this function will compute
dynamic_cast<const D*>(gother) and go no further (i.e, return faise) if it returns nuiiptr. — end note ]

8.5.4 nenory_resour ce equality [memory.resource.eq]

1 bool|l operator==(const memory resource& a, const memory resource& b) noexcept;

2 [Returns. sa == sb || a.is _equal (b).

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

4 |Returns; ! (a == b).
8.6 Classtemplate pol ynor phi c_al | ocat or [memory.polymor phic.allocator.cliass|
8.6.1 Classtemplate pol ynor phi c_al | ocat or overview [memary/polymor phic.allocator.over \jiew]

1 A specialization of classtemplate pmr: : polymorphic_allocator conformsto the al1ocator requirements (C++14
§17.6.3.5). Constructed with different memory resources, different instancesof the same specialization of
pmr:|:polymorphic_allocator can exhibit entirely different allocationtbehavior. This runtime polymorphism allows
objefts that use polymorphic_allocator t0 behave asif they used different allocator types at run time even though they
use the same static allocator type.

tgmplate <class Tp>
cllass polymorphic allocator {

memory resource* m_resource; // For expositidn only

pyblic:
typedef Tp value type;

polymorphic allocator () noexcept;

polymorphic allocator (memofiy\resource* r);
polymorphic allocator{coOrst polymorphic allocatoré& other) = default;

template <class &>

polymorphic &aN'Gcator (const polymorphic allocator<U>& other) noexcept;

polymorphic{allocators

operatdr=(const polymorphic allocator& rhs) = default;

TPk @llocate(size t n);

OTd dearrocatetipTT P, Stze_t IS
template <class T, class... Args>
void construct (T* p, Argsé&&... args);

// Specializations for pair using piecewise construction
template <class T1l, class T2, class... Argsl, class... Args2>

void construct (pair<Tl,T2>* p, piecewise construct t,
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tuple<Argsl...> x, tuple<Args2...> y);
template <class T1, class T2>
void construct (pair<T1l,T2>* p);
template <class T1l, class T2, class U, class V>
void construct (pair<T1l,T2>* p, U&& x, V&& y);
template <class T1l, class T2, class U, class V>
void construct (pair<Tl,T2>* p, const std::pair<U, V>& pr);

s 1ok il faala] il 2210} il 11 il h

™ 7 7 7

void construct (pair<T1l,T2>* p, pair<U, V>&& pr);

template <class T>
void destroy(T* p);

// Return a default-constructed allocator (no allocator propagation)
polymorphic allocator select on container copy construction() const;

memory resource* resource () const;

8.6.4 pol ynor phi c_al | ocat or constructors fmemory.polymor phic.allocator.

1 polymorphic allocator () noexcept;

Effects. SetSm resource 10 get_default resource().

3 polymorphic_allocator (memory resource* r);

4 |Requires: r isnon-null.
5 |Effects: Setsm_resource tO r.
6 |Throws: Nothing

7 |Notes: This constructor provides an implicit conversion from memory resource*.

temglate <class U>

polymorphic_allocator (const jpolymorphic allocator<U>& other) noexcept;

9 |Effects; Sets m_resourge tOother.resource().

Ctor ]

8.6.3 pol ynor phi c_al lLecat or member functions [memory.polymor phic.allocator.npem]

Tp* lallocate(size 't n);

void deallocate (Tp* p, size_ t n);

Returns: Equhﬁﬂentto return static_cast<Tp*>(m_resource->allocate(n * sizeof(Tp), alignof (Tp)))|;

7

4 Requires. p was allocated from a memory resource, x, equal to *m resource, USiNg
x.allocate(n * sizeof(Tp), alignof (Tp)).

5 Effects: Equivalent tOm resource->deallocate(p, n * sizeof (Tp), alignof(Tp)).

6 Throws: Nothing.
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7 template <class T, class... Args>
void construct (T* p, Argsé&&... args);

8 Requires. Uses-allocator construction of T with allocator this->resource () (See2.1) and constructor arguments
std: : forward<Args> (args) ... iISWell-formed. [ Note: uses-allocator construction is always well formed for types
that do not use allocators. — end note |

9 Effects: Construct aT object at p by uses-allocator construction with allocator this->resource () (2.1) and
constructor arg IMentS std: s forward<hros>(args)

10 IThrows: Nothing unless the constructor for T throws.

11 temglate <class T1l, class T2, class... Argsl, class... Args2>
yoid construct (pair<T1,T2>* p, piecewise construct t,
tuple<Argsl...> x, tuple<Args2...> y);

12 |Effects: Let xprime beatuple constructed from x according to the appropriate rule from thiéfollowing list. [ Nqte:
The following description can be summarized as constructing a std: :pair<T1, T2> Object a p asif by separate Yses-
allocator construction with allocator this->resource () (2.1) of p->first using theelements of x and p->secord
using the elements of y. — end note]

— |If usesiallocator7v<T1,memoryiresource*>iSfalse and isiconstructibleiv<T,Argsl...>iStrLe,
thenxprimein.

— Otherwise, if uses_allocator v<T1,memory resource*> iStrueand
isiconstructible7v<Tl,allocatoriargit,memoryiresource*,Argsl...>iStrue,thenxprimeiS
tuple cat (make tuple(allocator arg, this->resourcef)), std::move(x)).

— Otherwise, if uses allocator v<Tl,memory resource*> iStrue and
is_constructible_v<T1,Argsl...,memory_resource*>iStrue,thenxprimeiS
tuple cat(std::move (x), make tuple(this->@esource())).

— Otherwise the program isill formed.

and let yprime be atuple constructed from y according'to the appropriate rule from the following list:

— If usesiallocator7V<T2,memoryiresource*>iSfalse and isiconstructible7v<T,Args2...>iStrLe,
then yprime iSy.

— Otherwise, if usesiallocator7v<T2,memoryiresource*>iStrue and
is_constructible_v<T2,allocator_arg_t,memory_resource*,ArgsZ...>iStrue,th31yprimeiS
tuple cat (make tuple(alllogator arg, this->resource()), std::move(y)).

— Otherwise, if uses allocator v<T2,memory resource*>iStrue and
isiconstructible7v<T2,Args2...,memoryfresource*>iStrue,the1yprimeiS
tuple cat (std:ymove (y), make tuple(this->resource())).

— Otherwise the program isill formed.

then this function constriiets a std: :pair<T1, T2> Object at p using constructor arguments

piecewise constxlieh, xprime, yprime.

13 temglate <class. Tl, class T2>
Joid consgmuct (std::pair<Tl,T2>* p);

14 |Effects! Equivalent 10 this->construct (p, piecewise construct, tuple<>(), tuple<>());

15 temgldte <class T1, class T2, class U, class V>
void construct (std::pair<T1,T2>* p, U&& x, V&& V)

16 Effects: Equivalent tO this->construct (p, piecewise construct, forward as_tuple(std::forward<U>(x)),
forward as tuple(std::forward<v>(y)));
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temp

late <class T1l, class T2, class U, class V>

void construct (std::pair<T1l,T2>* p, const std::pair<U, V>& pr);

18

temp

Effects: Equivalent to this->construct (p, piecewise construct, forward as tuple (pr.first),

forward as tuple(pr.second)) ;

late <class T1l, class T2, class U, class V>

void construct (std::pair<T1l,T2>* p, std::pair<U, V>&& pr);
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In onder that resquite adaptor<x<T>> and resource_adaptor<x<U>> are the same type for any allocator template x

type;
toa

EITeCtS. EquIValent 10 this->construct (p, piecewise construct,
forward as tuple(std::forward<U>(pr.first)), forward as tuple(std::forward<V>(pr.second)))lk

late <class T>
oid destroy(T* p);

Effects. p->~1().

morphic allocator select on container copy construction() const;

Returns: polymorphic_allocator().

ry_resource* resource() const;

Returns. m_resource.
polymor phic_allocator equality

late <class T1, class T2>
ool operator==(const polymorphic_allocator<Tl>& a,
const polymorphic_allocator<T2>&\®J)  noexcept;
Returns. *a.resource() == *b.resource ()
late <class T1l, class T2>

ool operator!=(const polymorphic allocator<Tl>& a,
const polymorphic alddcator<T2>& b) noexcept;

Returns. | (a == b)
emplate aliasr esour ce_@adapt or [memory.resource.adap
resour ce_adapt or [memory.resour ce.adaptor.over

nstance of resoutcé “adaptor<allocator> iSan adaptor that wraps amemory resource interface around alioca

57 and U, ¥ésburce_adaptor<aAllocator> iSrendered as an aliasto aclass template such that a110cator isrebol
thar valuetype in every speciaization of the class template. The requirements on this class template are defined

belo
of t

. Thenamer esour ce_adapt or _i np isfor exposition only and is not normative, but the definitions of the memb
class, whatever its name, are normative. In addition to the a11ocator requirements (C++14 §17.6.3.5), the

[memory.polymor phic.allocator.

tor]
iew]

or.
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parameter to resource_adaptor Shat meetthefottowimg additronat TequiTaments:
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— typename allocator_traits<Allocator>::pointerSha” beidentical to
typename allocator traits<Allocator>::value type*.
— typename allocator traits<Allocator>::const pointer Shall beidentical to
typename allocator traits<Allocator>::value type const*.
— typename allocator_traits<Allocator>::void_pointerSha” beidentical to voidx*.
— typename allocator traits<Allocator>::const void pointer Shall beidentical to void const*.

© ISO/IEC 2015 — All rights reserved


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

	Programming Languages — C++ Extensions for Library Fundamentals
	Contents
	Foreword
	1 General
	1.1 Scope
	1.2 Normative references
	1.3 Namespaces, headers, and modifications to standard classes
	1.4 Terms and definitions
	1.5 Future plans (Informative)
	1.6 Feature-testing recommendations (Informative)

	2 Modifications to the C++ Standard Library
	2.1 Uses-allocator construction

	3 General utilities library
	3.1 Utility components
	3.1.1 Header <experimental/utility> synopsis
	3.1.2 Class erased_type

	3.2 Tuples
	3.2.1 Header <experimental/tuple> synopsis
	3.2.2 Calling a function with a tuple of arguments

	3.3 Metaprogramming and type traits
	3.3.1 Header <experimental/type_traits> synopsis
	3.3.2 Other type transformations

	3.4 Compile-time rational arithmetic
	3.4.1 Header <experimental/ratio> synopsis

	3.5 Time utilities
	3.5.1 Header <experimental/chrono> synopsis

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


	4 Function objects
	4.1 Header <experimental/functional> synopsis
	4.2 Class template function
	4.2.1 function construct/copy/destroy
	4.2.2 function modifiers

	4.3 Searchers
	4.3.1 Class template default_searcher
	4.3.1.1 default_searcher creation functions
	4.3.2 Class template boyer_moore_searcher
	4.3.2.1 boyer_moore_searcher creation functions
	4.3.3 Class template boyer_moore_horspool_searcher
	4.3.3.1 boyer_moore_horspool_searcher creation functions


	5 Optional objects
	5.1 In general
	5.2 Header <experimental/optional> synopsis
	5.3 optional for object types
	5.3.1 Constructors
	5.3.2 Destructor
	5.3.3 Assignment
	5.3.4 Swap
	5.3.5 Observers

	5.4 In-place construction
	5.5 No-value state indicator
	5.6 Class bad_optional_access
	5.7 Relational operators
	5.8 Comparison with nullopt
	5.9 Comparison with T
	5.10 Specialized algorithms
	5.11 Hash support

	6 Class any
	6.1 Header <experimental/any> synopsis
	6.2 Class bad_any_cast
	6.3 Class any
	6.3.1 any construct/destruct
	6.3.2 any assignments
	6.3.3 any modifiers
	6.3.4 any observers

	6.4 Non-member functions

	7 string_view
	7.1 Header <experimental/string_view> synopsis
	7.2 Class template basic_string_view
	7.3 basic_string_view constructors and assignment operators
	7.4 basic_string_view iterator support
	7.5 basic_string_view capacity
	7.6 basic_string_view element access
	7.7 basic_string_view modifiers
	7.8 basic_string_view string operations
	7.8.1 Searching basic_string_view

	7.9 basic_string_view non-member comparison functions
	7.10 Inserters and extractors
	7.11 Hash support

	8 Memory
	8.1 Header <experimental/memory> synopsis
	8.2 Shared-ownership pointers
	8.2.1 Class template shared_ptr
	8.2.1.1 shared_ptr constructors
	8.2.1.2 shared_ptr observers
	8.2.1.3 shared_ptr casts
	8.2.2 Class template weak_ptr
	8.2.2.1 weak_ptr constructors

	8.3 Type-erased allocator
	8.4 Header <experimental/memory_resource> synopsis
	8.5 Class memory_resource
	8.5.1 Class memory_resource overview
	8.5.2 memory_resource public member functions
	8.5.3 memory_resource protected virtual member functions
	8.5.4 memory_resource equality

	8.6 Class template polymorphic_allocator
	8.6.1 Class template polymorphic_allocator overview
	8.6.2 polymorphic_allocator constructors
	8.6.3 polymorphic_allocator member functions
	8.6.4 polymorphic_allocator equality

	8.7 template alias resource_adaptor
	8.7.1 resource_adaptor
	8.7.2 resource_adaptor_imp constructors
	8.7.3 resource_adaptor_imp member functions

	8.8 Access to program-wide memory_resource objects
	8.9 Pool resource classes
	8.9.1 Classes synchronized_pool_resource and unsynchronized_pool_resource
	8.9.2 pool_options data members
	8.9.3 pool resource constructors and destructors
	8.9.4 pool resource members

	8.10 Class monotonic_buffer_resource
	8.10.1 Class monotonic_buffer_resource overview
	8.10.2 monotonic_buffer_resource constructor and destructor
	8.10.3 monotonic_buffer_resource members

	8.11 Alias templates using polymorphic memory resources
	8.11.1 Header <experimental/string> synopsis
	8.11.2 Header <experimental/deque> synopsis
	8.11.3 Header <experimental/forward_list> synopsis
	8.11.4 Header <experimental/list> synopsis
	8.11.5 Header <experimental/vector> synopsis
	8.11.6 Header <experimental/map> synopsis
	8.11.7 Header <experimental/set> synopsis
	8.11.8 Header <experimental/unordered_map> synopsis
	8.11.9 Header <experimental/unordered_set> synopsis
	8.11.10 Header <experimental/regex> synopsis


	9 Futures
	9.1 Header <experimental/future> synopsis
	9.2 Class template promise
	9.3 Class template packaged_task

	10 Algorithms library
	10.1 Header <experimental/algorithm> synopsis
	10.2 Search
	10.3 Shufﬂing and sampling





