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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of nationa standards bodies (1SO
member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which atechnical committee has been established has the right
to be represented on that committee. International organizations, governmental and non-governmental, in liaison with
ISO, also take part in the work. 1SO collaborates closely with the International Electrotechnical Commission (IEC) on al
matters of electrotechnical standardization.

The procgdures used to devel op this document and those intended for its further maintenance are describedhin'the | SO/
IEC Diregtives, Part 1. In particular the different approval criteria needed for the different types of 1SO daecumerits should
be noted. [This document was drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2.
WwWw.is0.prg/directives

Attention|is drawn to the possibility that some of the elements of this document may be the subject of patent rights. 1SO
shall not Ipe held responsible for identifying any or all such patent rights. Details of any patent’rights identified dpring the
developmrent of the document will be in the Introduction and/or on the I SO list of patent declarations received.
WWW.iS0.prg/patents

Any tradg name used in this document is information given for the conveniencelofJusers and does not constitute an
endorsement.

For an explanation on the meaning of 1SO specific terms and expressions félated to conformity assessment, as wgll as
informatipn about 1SO's adherence to the WTO principlesin the TechniCal Barriersto Trade (TBT) see the folloying
URL: Foreword - Supplementary information

The comnittee responsible for this document is | SO/IEC JTC1:

v © ISO/IEC 2016 — All rights reserved
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Programming Languages — Technical Specification for C++
Extensions for Concurrency

1 General [general]

1.1 Nanespaces, headers, and modificationsto standard classes [gener al.naimgspaces)

Since the pxtensions described in this technical specification are experimental and not part of the C++standard liprary,
they should not be declared directly within namespace st d. Unless otherwise specified, all componénts described in this
technical gpecification either:

— modify an existing interface in the C++ Standard Library in-place,
— predeclared in a namespace whose name appends : : experi nent al : : concur r enéy_v1 to a namespace|defined
n the C++ Standard Library, such asst d, or
— redeclared in a subnamespace of a namespace described in the previoushullet, whose name is not thg same as
AN existing subnamespace of namespace st d.

Each header described in this technical specification shall import the contents of st d: : experi ment al : : concurrgncy_v1
into st d: :{experi nental asif by

namespfce std {
namegpace experinental {
inline nanespace concurrency_vl {}
}
}

Unless otherwise specified, references to other entitieés described in this technical specification are assumed to bd
qualified Yvith st d: : experi mental : : concurrencytvi: :, and references to entities described in the standard are assumed
to be qual|fied with st d: : .

Extensions that are expected to eventually.be added to an existing header <neow> are provided inside the
<experi mgnt al / meows> header, whichishall include the standard contents of <neows asif by

#i ncl ugle <meow>
New headers are also provided.in the <experi nent al / > directory, but without such an #i ncl ude.
Table 1 — C++ library headers

<experinmental /future> <experinental /barrier>
<experinmental /|l atch> <experinental/atom c>

1.2 Futyreplans (Infor mative) [generdl.plang|

This section describes tentative plans for future versions of this technical specification and plans for moving content into
future versions of the C++ Standard.

The C++ committee intends to rel ease a new version of this technical specification approximately every year, containing
the library extensions we hope to add to a near-future version of the C++ Standard. Future versions will define their
contentsinstd: : experinental :: concurrency_v2,std::experinental ::concurrency_v3, €tc., with the most recent
implemented version inlined into st d: : experi ment al .

When an extension defined in this or afuture version of this technical specification represents enough existing practice, it
will be moved into the next version of the C++ Standard by removing the experi nent al : : concur rency_vN segment of its
namespace and by removing the exper i ment al / prefix from its header's path.

© ISO/IEC 2016 — All rights reserved 1
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1.3 Feature-testing recommendations (I nfor mative)

[general featuretest]

1 For the sake of improved portability between partial implementations of various C++ standards, WG21 (the I SO 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 |

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 t

most recg

__cpp_|

3 Programr
on the pre
recommel
functional
usethefe

Table 2 — Significant featuresin this technical specification

hers who wish to determine whether afeatureis available in an implementation should base that detern
sence of the header (determined with __has_i ncl ude( <header / nane>) ) and the state of¢he macro wit
hded name. (The absence of atested feature may result in a program with decreased functionality, or th
ity may be provided in adifferent way. A program that strictly depends on support-for afeature can jugt try to
pture unconditionally; presumably, on an implementation lacking necessary suppert; trand ation will fai

represenceof sapport-for-that-featuretmptementersshoutddefmethat macrowithrthevatoespecifredhin the
Nt version of this technical specification that they have implemented. The recommended macro name.s
b_experi ment al _" followed by the string in the "Macro Name Suffix" column.

ination
h the
b rel evant

1)

Doc.
No.

Title

Primary
Section

M acro Name Suffix

Value

Header

N4399

mprovements to std::future<T>
ind Related APIs

future_continuations

201505

<experi mental /ffut ure>

N4204

C++ Latches and Barriers

latch

201505

<experinmental /|

atch>

N4204

C++ Latches and Barriers

barri ér

201505

<experinmental / parrier>

N4260

Syl loaslay —

\tomic Smart Pointers

AlWW| N

at ofme_snart_pointers

201505

<experi nment al /

tom c>
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2 Improvementsto st d: : fut ure<T> and Related APIs

2.1 General

[futures]

[futures.general]

1 The extensions proposed here are an evolution of the functionality of st d: : fut ure and st d: : shared_f ut ure. The
extensions enable wait-free composition of asynchronous operations. Class templates st d: : pr oni se and

std:: pac

kaged_t ask are also updated to be compatible with the updated st d: : future

2.2 Heq|

#incl u

namesp
narme
inli

te
te
te

te
te
te
te
te
te
te
te
te

te

te

fu

Her <experimental/future> synopsis

de <future>

ace std {
Kpace experinmental {
he nanespace concurrency_vl {

hpl ate <class R> class pronmi se;
hpl ate <class R> class proni se<R&>;
hpl ate <> cl ass prom se<voi d>;

hpl ate <class R>
vVoi d swap(prom se<R>& x, proni se<R>& y) noexcepty

hpl ate <class R> class future;

hpl ate <class R> class future<R&;

hpl ate <> cl ass future<voi d>;

hpl ate <class R> class shared_future;

hpl ate <class R> cl ass shared_f utwur e<R&>;
hpl ate <> cl ass shared_f ut uresvai d>;

hpl ate <cl ass> cl ass packaged_t ask; // undefined
hpl ate <class R, class. . ArgTypes>
cl ass packaged_t ask<R(ArgTypes...)>;

hpl ate <class R_Jlass... ArgTypes>
voi d swap( packaged_t ask<R(ArgTypes...)>& packaged_t ask<R(ArgTypes

hpl at e <elass T>
see pelow make _ready_ future(T&& val ue);
f Uré€svoi d> make_ready future();

te

te

te

te

[header.future.synop]

L) >8)

noexcept ;

mpl ate <cl ass T>

future<T> make_exceptional _future(exception_ptr ex);

mpl ate <class T, class B>

future<T> nmake_exceptional _future(E ex);

mpl ate <cl ass | nputlterator>
see bel ow when_all (I nputlterator first, Inputlterator |ast);
npl ate <class... Futures>

© ISO/IEC 2016 — All rights reserved
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see bel ow when_al | (Futures&&. .. futures);

tenpl ate <cl ass Sequence>
struct when_any_result;

tenpl ate <class |nputlterator>

see bel ow when_any(lnputlterator first, Inputlterator |ast);
tenpl ate <class... Futures>

see bel ow when_any(Futures&&. .. futures);

/1] namespace concurrency_vl
} /7] nanespace experinental

tenp] ate <class R class Alloc>
stfuct uses_all ocat or<experinental ::prom se<R> Alloc>;

tenp] ate <class R class Alloc>
stfuct uses_all ocat or<experinental :: packaged_t ask<R>, Alloc>;

} /1 npnespace std

2.3 Clagstemplatefuture [futures.unique| future]

1 The specifications of all declarations within this subclause 2.3 andrits.subclauses are the same as the corresponding
declaratigns, as specified in C++14 830.6.6, unless explicitly specified otherwise.

nanesppce std {
nanegpace experinental {
i nli pe nanespace concurrency_vl {

teppl ate <cl ass R>

clpss future {

pupl i c:

f ut ure() noexcept;

future(future &) noexcept;

f ut ure(const future&\= delete;

f ut ur e( f ut ur e<f ut{ure<R>>&&) noexcept;
~future();

f ut ur e& operator =(const future& = delete;
f ut ur e& operator=(future&&) noexcept;
Shar ed_f.utur e<R> share();

[Sfetrieving the val ue

oot —
ceoeTrow—get{);

/1 functions to check state
bool valid() const noexcept;
bool is_ready() const;

void wait() const;

tenpl ate <cl ass Rep, class Period>
future_status wait_for(const chrono::duration<Rep, Period>& rel _tine) const;

4 © ISO/IEC 2016 — All rights reserved
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tenpl ate <class O ock, class Duration>
future_status wait_until (const chrono::tine_point<C ock, Duration>& abs_tine) const;

/1 continuations
tenpl ate <class F>
see bel ow t hen(F&& func);

namespace concurrency_vl
namespace experi nment al
namespace std

it ur e<f ut ur e<R>>&& rhs) noexcept;

pllowing occurs:

fut ur e's shared state.
— rhsisready but rhs. get () isinvalid. An exception of type st d: : f utareZer r or , With an error cg
of std:: future_errc:: broken_pronise isstored in thef ut ur e's shared state.

conditions:
— wvalid() == true.
— rhs.valid() == fal se.

ber function template t hen provides a mechanism for attaching a continuation to af ut ur e object, whig
bis specified below.

— Boththerhs andrhs. get () areready. The value or the exception from r hs.(get () isstored in th¢

ts. Constructs af ut ur e object from the shared state referred to by r hs. The f ut ur e becomes ready whien one of

ndition

h will be

© ISO/IEC 2016 — All rights reserved
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6 tenplate <class F>

see

bel ow t hen( F&& func);

7 Requires. | NVOKE( DECAY_COPY (std: : forward<F>(func)), std::move(*this)) shal beavalid expression.

8 Effects: The function creates a shared state that is associated with the returned f ut ur e object. Additionally,

9 Returns. Whenresul t _of _t <decay_t <F>(f ut ure<R>) > iSf ut ur e<R2>, for some type Rz, the functien rety
r e<R2>. Otherwise, the function returnsf ut ur e<r esul t _of _t <decay_t <F>( f ut ur e<R>) >¥| [ Note: Th¢ rule

fut

aboveis referred to asimplicit unwrapping. Without this rule, the return type of t hen taking-gcallable retur,

f ut

iSf uf ur e<i nt > and not f ut ur e<f ut ur e<i nt >>:
[ Example:

f

future<int> f2 = fl.then([](future<int> f) {
future<int> f3 = h();
return f3;
1)
— end example ]
— end note ]

10 Posteonditions: val i d() == fal se ontheoriginal f utur'e. val i d() == true onthef ut ure returned from
[ Note: In case of implicit unwrapping, the validity.of the f ut ur e returned from f unc cannot be established

the
std

11 bool is_|

12 Retufns: true if the shared state isready, otherwisef al se.

2.4 Clagstemplate shar edeflut ure [futures.shared

1 The specifications of all declarations within this subclause 2.4 and its subclauses are the same as the correspondi

declarati

na
na
in

— When the object's shared state is ready, the continuation

I NVOKE( DECAY_COPY( st d: : f orwar d<F>(func)), std::nove(*this)) iscalled onan unspecified thread

of execution with the call to DEcAY_coPy() being evaluated in the thread that called t hen.
— Any value returned from the continuation is stored as the result in the shared state of the resulting

future.

ATy exceptionpropagated-fronrtheexecutionmof thecontmuation s stored as theexceptiona T
shared state of the resulting f ut ure.

Ul

uf e<R> would have been f ut ur e<f ut ur e<R>>. This rule avoids such nested f ut ur e objects. The type of

a();

Uture<int> f1

gompletion of the continuation. If it is not valid, the resulting f ut ur e becomes ready with an exception
.| future_error, with an error condition;of’ét d: : f ut ure_errc: : br oken_proni se. — end note |

eady() const;

dns, as specifiediin C++14 830.6.7, unless explicitly specified otherwise.

Ispace std {
space experinental {

|li.Ae nanespace concurrency_ vl {

tinthe

s

hing a
f 2 below

t hen.
until after
bf type

| future]

ng

tenpl ate <class R>

class shared future {

public:
shared_future() noexcept;
shared_future(const shared future& noexcept;
shared_future(future<R>&%) noexcept;
shared_future(future<shared future<R>>&& rhs) noexcept;
~shared_future();

© ISO/IEC 2016 — All rights reserved
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shared_future& operator=(const shared_ future&);
shared_future& operator=(shared_future&& noexcept;

/] retrieving the value
see bel ow get ();

/1 functions to check state
bool valid() const noexcept;
bool is_ready() const;

voi d wait() const;

templ ate <cl ass Rep, class Period>
future_status wait_for(const chrono::duration<Rep, Period>&'t'€¢l _tine) const;

tenpl ate <class O ock, class Duration>
future_status wait_until (const chrono::time_point<d ock)y-Durationy& abs_tinme) cons

/1 continuations
tenmpl ate <class F>
see bel ow t hen(F&& func) const;

1

} /|{/ namespace concurrency_vl
} /{/ namespace experi nental
} /{/ namespace std

~ ~

2 shared_fpture(future<shared_future<R>>&% rhs) noexcept;

3 Effedts: Constructs ashar ed_f ut ur e object from the shared state referred to by r hs. The shar ed_f ut ur e becomes

ready when one of the following occurs:

— Boththerhs andrhs. get () areready. Thevalue or the exception fromr hs. get () isstored in th¢
shar ed_f ut ur e's shared state.

— rhsisready but rhs. get () isinvalid-The shar ed_f ut ur e stores an exception of type

std:: future_error, with an errer condition of std: : future_errc: : broken_proni se.

4 Pogtponditions:
— wvalid() == true.
— rhs.valid() == false.

5 The memper function templatet hen provides a mechanism for attaching a continuation to ashar ed_f ut ur e objéct, which
will be executed as specified bel ow.

© ISO/IEC 2016 — All rights reserved 7
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<cl ass F>
el ow then(F&& func) const;

7 Requires. | NVOKE( DECAY_COPY (std: : forward<F>(func)), *this) shall beavalid expression.

8 Effects: The function creates a shared state that is associated with the returned f ut ur e object. Additionally,

— When the object's shared state is ready, the continuation

I NVOKE( DECAY_COPY(st d: : f orwar d<F>(func)), *this) iscalled onan unspecified thread of execution

with the call to DECAY_coPY() being evaluated in the thread that called t hen.
— Any value returned from the continuation is stored as the result in the shared state of the resulting

future.

9 Retu
retun
[ No

10 Post
from

11 bool is_|

12 Retu
25 Clad

1 The speci
declaratia

2 Thefutu
2.6 Clag

1 The speci
declaratia

2 Thefutu

2.7 Fun

1 Thefunct
shared_f

ATy exceptionpropagated-frontheexecutionmof thecontmuation s stored as theexceptiona T
shared state of the resulting f ut ure.

Fns. Whenresul t_of _t<decay_t <F>(const shared_f ut ure&) > iSfut ur e<R2>, for some typelrz, the

Nsf ut ur e<R2>. Otherwise, the function returnsf ut ur e<resul t _of _t <decay_t <F>(const/'shared_f ut
e Thisanalogousto f ut ur e. See the notes on the return type of fut ure: : t hen in 2.3. =~ .end note |
conditions: valid() == true ontheorigina shared_f uture object. val i d() ==(tvue onthefuture
t hen.

eady() const;

Ins. true if the shared state is ready, otherwisef al se.

s template proni se [futures.

ns, as specified in C++14 8§30.6.5, unless explicitly‘specified otherwise.

e returned by the function get _f ut ur e isthe one‘defined in the exper i ment al namespace (2.3).
s template packaged_t ask [futun
ns, as specified in C++14 8§30.6:9, unless explicitly specified otherwise,

e returned by the function get _f ut ur e isthe one defined in the exper i ment al hamespace (2.3).
ction templatewhen_al | [futures.w

on templatéwhen_al | creates af ut ur e object that becomes ready when all elementsin aset of f ut ur g
it ur e objects become ready.

tinthe

function
ur e&) >>.

returned

romise]

fications of all declarations within this subclause 2.5 and its subclauses are the same as the corresponding

fications of all declarations withitythi's subclause 2.6 and its subclauses are the same as the corresponding

hen_all]

and

© ISO/IEC 2016 — All rights reserved
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2 tenplate <class lnputlterator>
future<vector<typenane iterator_traits<lnputlterator>::val ue_type>>
when_al | (I nputlterator first, Inputlterator |ast);

tenpl ate <class... Futures>
f ut ur e<t upl e<decay_t <Futures>...>> when_al | (Futures&&. .. futures);

:2016(E)

3 Requires. All futuresand shared_f ut ur es passed into when_al | must bein avalid state (i.e. val i d() == true).

4 Remarks:

— Thefirst overload shall not participate in overload resolution unless

5 Effeq

6 Post

7 Retu

2.8 Clag

1 Thelibrafy providesatemplate for storing the result of when_any.

tenpl a

struct

LS.

— A new shared state containing a Sequence is created, where Sequence isaveet or*for the first ovg
atupl e for the second overload. A new f ut ur e object that refers to that shared state is created an
returned from when_al | .

— If thefirst overload iscalled with first == | ast,when_al | returnsa4d ut ur e with an empty vect
immediately ready.

— If the second overload is called with no arguments, when_al | rétyrns af ut ur e<t upl e<>> that is
immediately ready.

— Otherwise, any f ut ur es are moved, and any shar ed_f urur e$ are copied into, correspondingly, f u
shar ed_f ut ur es of Sequence in the shared state.

— The order of the objects in the shared state matchesthe order of the arguments supplied to when_g

— Onceall thef uturesand shar ed_f ut ur es supplied to the call to when_al | are ready, the resulting
aswell asthef ut uresand shar ed_f ut ur eS Of the Sequence, are ready.

— The shared state of the f ut ur e returnedbywhen_al I will not store an exception, but the shared st
futuresand shar ed_f ut ur eS held.imthe shared state may.

conditions:

— For thereturned f ut ure, vaki-d() == true.

— Foradlinput futures, yakid() == fal se.

— For al input shar ed_f utureS, val i d() == true.

Fns. A fut ur e objeetthat becomes ready when all of the input f ut ur esand shar ed_f ut ur eS are ready.

s templatewhen_any_resul t [futureswhen_any

[ e<el ass Sequence>

when anv result £
—_— J t

iterator_traits<lnputlterator>::value_type ISfuture<R> O shared_f uture<R>Tor somet
For the second overload, let b bedecay_t <F;j >, and let U berenove_reference_t <F; > for each

Fut ur es. Thisfunction shall not participate in overload resolution unless for each i eitherrdisa

shared_future<R >0r U isafuture<R >.

ype R.
Eiin

rload and
g

or thatis

t uresor
Il

future,

Ates of

| result]

size_t index;
Sequence futures;

2.9 Function template when_any [futures.wh

en_any]

1 The function template when_any creates af ut ur e object that becomes ready when at least one element in aset of fut ure
and shar ed_f ut ur e objects becomes ready.

© ISO/IEC 2016 — All rights reserved
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2 tenplate <class lnputlterator>
f ut ure<when_any_resul t <vector<typenane iterator_traits<lnputlterator>::val ue_type>>>
when_any(lnputlterator first, Inputlterator |ast);

tenpl ate <class... Futures>
f ut ure<when_any_resul t <t upl e<decay_t <Fut ures>...>>> when_any(Futures&&. .. futures);

3 Requires: All futuresand shared_f ut ur es passed into when_al | must bein avalid state (i.e. val i d() == true).

4 Remarks:
— Thefirst overload shall not participate in overload resolution unless
iterator_traits<lInputlterator>::value_type ISfuture<R>O0rshared_future<R>TOr sometypeR.
— For the second overload, let by bedecay_t <Fj >, and let U berenove_reference_t <F > for each’F; in
Fut ur es. Thisfunction shall not participate in overload resolution unless for each i eitherrdisa
shared_future<R >0r U isafuture<R >.
5 Effeqts:

— A new shared state containing when_any_r esul t <Sequence> is created, where Sequence isavectfor for
thefirst overload and at upl e for the second overload. A new f ut ur e object that refersto that shared state
is created and returned from when_any.

— If thefirst overload iscalled with first == | ast, when_any returnsaf ut ur e that isimmediately|ready.
The value of thei ndex field of thewhen_any_result iSstatic_cast<size t>(-1). Thefuturegfieldis
an empty vector .

— If the second overload of is called with no arguments, when_‘any returns af ut ur e that isimmediately
ready. The value of thei ndex field of thewhen_any_resul t-iSstati c_cast <si ze_t>(-1). Thefitures
fieldistupl e<>.

— Otherwise, any f ut ur es are moved, and any shar ed/f ut ur es are copied into, correspondingly, f yt ur es or
shar ed_f ut ur esof the f ut ur es member of whendany_r esul t <Sequence> in the shared state.

— Theorder of the objectsin the f ut ur es shared state matches the order of the arguments supplied
when_any.

— Once at least one of the f ut uresor shaned f ut ur es supplied to the call to when_any is ready, the|resulting
fut ure isready. Given the result futgre't, f . get () . i ndex isthe position of theready f ut ure or
shared_future inthefutures member of when_any_resul t <Sequence> in the shared state.

— The shared state of the f ut ur é<returned by when_al I will not store an exception, but the shared stgtes of
futuresand shar ed_f ut ur-esheld in the shared state may.

[=]

6 Postronditions:

— For thereturned f Grur'e, val i d() == true.

— Foradl input f ytures, valid() == fal se.

— For al inputishar ed_f ut ures, val i d() == true.

7 Returns:
— A fut ure object that becomes ready when any of the input f ut ur es and shar ed_f ut ur eS are readly.
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2.10 Function template make_r eady_future [futuresmake ready future]

1 tenplate <class T>
future<V> make_ready_future(T&& val ue);

fut ure<voi d> nake_ready_future();

2 Letubedecay_t <T>. Thenvisx&if ueguasref er ence_w apper <x>, otherwise vis u.
3 Effects: Thefunction creates a shared state that isimmediately ready and returns af ut ur e associated with that

shargctstate—For thefirstovertoad the typeof theshared state s vand theresutttsconstructed-from
std:| f orwar d<T>(val ue) . For the second overload, the type of the shared state isvoi d.

4 Postponditions: For thereturned f uture, valid() == true andis_ready() == true.

2.11 Function template make_except i onal _future [futures.makeJexceptional | future]

1 tenpl ate| <cl ass T>
f ut urle<T> make_exceptional _future(exception_ptr ex);

2 Effeqts. Equivaent to

prlom se<T> p;
p.|set _exception(ex);
rgturn p.get_future();

tgmpl ate <class T, class B>
f ut ur e<T> nmake_exceptional _future(E ex);

4 Effegts. Equivalent to

prlom se<T> p;
p.|set _exception(make_exception_ptr (exy);
rgturn p.get_future();
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3 Latchesand Barriers [coordination]

3.1 General [coordination.general]

1 This section describes various concepts related to thread coordination, and definesthe | at ch, barrier and 1 ex_barri er
classes.

3.2 Terminology [thread.coor dination.term{nology]

1 Inthis sulpclause, a synchronization point represents a point at which athread may block until a givenicondition has been
reached.

3.3 Latghes [thread.coordinatign.latch]

1 Latches are athread coordination mechanism that allow one or more threads to block until an operation is complgted. An
individug| latch is a single-use object; once the operation has been completed, thelatch cannot be reused.

3.4 Heafler <experimental/latch> synopsis [thread.coordination.latch.synopsis]

nanmesppce std {
nanmesppce experinmental {
i nli nel namespace concurrency_vl {
clasp latch {
publ i c:
explicit latch(ptrdiff_t count);
| af ch(const latch& = delete;

| af ch& operator=(const | atch&) =\del ete;
~l ptch();

voj d count _down_and_waiyt();
voj d count _down( ptrdiff_t n = 1);

bopl is_ready{).:“const noexcept;
voj d wait ()™const;

prijates
ptrdiff_t counter_; // exposition only
s
} /1 nanespace concurrency_vl
} /1 nanespace experinental
} /1 nanespace std
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[coordination.latch.class]

1 A latch maintains an internal count er _ that isinitialized when the latch is created. Threads may block at a
synchronization point waiting for count er _ to be decremented to 0. When count er _ reaches o, al such blocked threads
are released.

2 Callsto count _down_and_wai t (), count _down(),wait (), andis_ready() behave asatomic operations.

3 explicit latch(ptrdiff_t count);

4 Requires. count >= 0
5 Syndhronization: None.
6 Postponditions: counter == count.

7 ~latch()

8 Requires. No threads are blocked at the synchronization point.

9 Rem
prov]
coun

10 void cou

11 Reql_
12 Effeq

13 a/nc

retur

14 Thrg

15 voi d cou

16 Reql_
17 Effeq

18 a/nc

retur

19 Thrg

20 void wai

brks: May be called even if some threads have not yet returned from wai t () \OP count _down_and_wai t
ded that count er _ is0. [ Note: The destructor might not return until all threads have exited wai t () or
t_down_and_wai t () . — end note ]

ht _down_and_wai t () ;
ires. counter_ > 0.
ts: Decrements count er _ by 1. Blocks at the synchronization point until count er _ reacheso.

hronization: Synchronizeswith all calls that blogk;on this latch and with al i s_r eady calls on this latg
h true.

ws: Nothing.

ht _down(ptrdiff_t n

1);

ires. counter_ >= nandn_>2.90.
ts. Decrements count er_ by n. Does not block.

hronization: Synehrenizes with all calls that block on thislatch and with al i s_r eady calls on this latg
n true.

ws: Nothing:

() eonst;

21 Effed

ts 1f countar IS oreturns mmedi m‘nly ﬂfhcr\nlicn, blocksthe hnlling thread at the QJlnr\hrnni7m‘inn g

h that

h that

oint until

coun
22 Throws. Nothing.

23 is_ready
2 Retu

© ISO/E

ter_ reacheso.

() const noexcept;

rns. counter_ == 0. Does not block.
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3.6 Barrier types [thread.coordination.barrier]

=

Barriers are a thread coordination mechanism that allow a set of participating threads to block until an operation is
completed. Unlike alatch, abarrier is reusable: once the participating threads are released from a barrier's
synchronization point, they can re-use the same barrier. It is thus useful for managing repeated tasks, or phases of alarger
task, that are handled by multiple threads.

The barrier types are the standard library typesbarri er and 1 ex_barri er. They shall meet the requirements set out in
this subclause. In this description, b denotes an object of a barrier type.

3 Each barrjer type defines a completion phase as a (possibly empty) set of effects. When the member functions-defined in
this subclpuse arrive at the barrier's synchronization point, they have the following effects:

1. [When dl threadsin the barrier's set of participating threads are blocked at its synchronization-point, orje
participating thread is unblocked and executes the barrier type's completion phase.

2. |When the completion phase is completed, al other participating threads are unblocked~The end of the
completion phase synchronizes with the returns from all calls unblocked by its completion.

N

4 The exprgssion b. arri ve_and_wai t () shall be well-formed and have the following semantics:
5 void arr|ve_and_wait();
6 Requires: The current thread is amember of the set of participating threads.
7 Effegts. Blocks and arrives at the barrier's synchronization point. [ Note: It is safe for athread to call

arrijve_and_wai t () Orarrive_and_drop() again immediately. Itis not necessary to ensure that all blocked threads
haveg exited arri ve_and_wai t () before onethread callsit again=>~ end note ]

8 Syndhronization: Thecall toarrive_and_wait () Synchronizes with the start of the completion phase.
9 Thrgws: Nothing.
10 Theexprgssionb. arrive_and_drop() shal bewellsformed and have the following semantics:

11 void arr|ve_and_drop();
12 Requires: The current thread is amember of the set of participating threads.
13 FEffeqts: Removes the current thread from the set of participating threads. Arrives at the barrier's synchronization

point. It is unspecified whether the function blocks until the completion phase has ended. [ Note: If the fungtion
blocks, the calling thread may be chosen to execute the completion phase. — end note ]

14 9yndhronization: The'eall toarrive_and_drop() synchronizeswith the start of the completion phase.
15 Thrgws: Nothing;

16 Notes: IfcallNparticipating threads call arri ve_and_drop() , any further operations on the barrier are undefined, apart
fron calling the destructor. If athread that has called arri ve_and_dr op() callsanother method on the same barrier,

Otl«-. thion than dAactri ity the ractilte ara tiadAf nad
T e O ot O CTOT,, TNe T Coai o T © O eaOy

17 Callstoarrive_and_wait() andarrive_and_drop() never introduce data races with themselves or each other.

3.7 Header <experimental/barrier> synopsis [thread.coordination.barrier.synopsis]

nanmespace std {
nanmespace experinmental {
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i nline namespace concurrency_vl {
class barrier;
class flex_barrier;

} /1 nanespace concurrency_vl

} /1 nanespace experinental

} 1/ nanespace std

3.8Classbarri er [coordination.barrier.class]

1 parrier isabarrier type whose completion phase has no effects. Its constructor takes a parameter representingthe initial
size of itgset of participating threads.

class parrier {
publig:
expljcit barrier(ptrdiff_t numthreads);
barrjer(const barrier& = delete;

barrj er& operator=(const barrier& = delete;
~barfier();

voi dl arrive_and_wait();

voi dl arrive_and_drop();

s

2 explicit|barrier(ptrdiff_t numthreads);
3 Reqguires. numthreads >= 0. [ Note: If num t hreads is zero, the barrier may only be destroyed. — end ngte |

4 Effegts: Initializesthe barrier for num t hr eads participating threads. [ Note: The set of participating threads is the
first hum t hr eads threads to arrive at the synchronization point. — end note ]

5 ~barrier();

6 Requires. No threads are blocked at the.Syhchronization point.

7 Effedts: Destroysthe barrier.
3.9Clagsflex_barrier [coordination.flexbarrigr.class]

1 flex_barfier isabarrientype whose completion phase can be controlled by afunction object.

class [l ex_barriter~{

publif:
tenp] at er<cl ass F>

flex{barrier(ptrdiff_t numthreads, F conpletion);

expl Fert—H-ex—barr-er{ptrdif—t—Rum-t-hreads)

flex_barrier(const flex_barrier& = delete;
flex_barrier& operator=(const flex_barrier& = delete;

~flex_barrier();

void arrive_and_wait();
void arrive_and_drop();
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