TECHNICAL ISO/IEC
SPECIFICATION TS
19570

First edition
2015-07-01

Programming Languages — Technical
Specification for C++ Extensions for
Parallelism

Langages de programmation —\Spécification technique pour les
extensions C++ relatives au parallélisme

Reference number
ISO/IEC TS 19570:2015(E)

© |SO/IEC 2015



https://standardsiso.com/api/?name=1e4b244445d432d579bc4a66331f91ae

ISO/IEC TS 19570:2015(E)

s COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2015

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form or by any
means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior written permission.
Permission can be requested from either ISO at the address below or ISO’s member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20
Tel. +412274901 11

Fax +41 2274909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=1e4b244445d432d579bc4a66331f91ae

ISO/IEC TS 19570:2015(E)

Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical
Commission) form the spemahzed system for worldwide standardlzatlon National bodies that are members of

) ] oll
established by the respectlve organlzatlon to deal with part|cular f|elds of techmcal activity. 1SQ
echnical committees collaborate in fields of mutual interest. Other international organizations, govér
bnd non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the fieldof infg
echnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

n the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the different
Hocument should be noted. This document was drafted in accordance with, the editorial rules
SO/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 g
fights. ISO and IEC shall not be held responsible for identifying any ar-all such patent rights. Detail
batent rights identified during the development of the document wilk.be in the Introduction and/or on
ist of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information givenvfor the convenience of users and d
constitute an endorsement.

For an explanation on the meaning of ISO specific_tefms and expressions related to conformity asse
s well as information about ISO's adherence to the*WTO principles in the Technical Barriers to Trad
see the following URL: Foreword - Supplementary* information

SO/IEC TS 19570 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
Subcommittee SC 22, Programming languages, their environments and system software interfaces.

mittees

and 1EC

hmental
rmation

The procedures used to develop this document and those intended for its further maintenance are described

types of
of the

f patent
5 of any
the 1SO

oes not

ssment,
e (TBT)

nnology,

© ISO/IEC 2015 — All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=1e4b244445d432d579bc4a66331f91ae

ISO/IEC TS 19570:2015(E)

© ISO/IEC N4507
Contents

1 General . . . . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e e 4

1.1 Scope . . . . . e e e e e e e e e 4

1.2 Normative references . . . . . . . . . . . . . e e e e e 4

1 3 I‘Idlllt}bpdbb‘b dlld IIUddUI O ¢ ¢+ . & e e s s e e s e e e e e e e e e e e e e e e e e e 4:

1.4 Terms and definitions . . . . . . . . . . . . ... Lo oo 5

1.5 Feature-testing recommendations . . . . . . . ... ... ... ... 00 A0 5

2 |Execution policies . . . . . . . . . . L L L e e e e e e e e e e e e e . 6

2.1 Ingeneral . . . . . . Lo e e AT 6

2.2 Header <experimental/execution policy> synopsis . . . . . . . . . O . . .. 6

2.3 Execution policy type trait . . . . . . . . ... ..o o0 N L 7

2.4 Sequential execution policy . . . . . . . . ... ... LD 0L 7

2.5 Parallel executionpolicy . . . . . . . . . . ..o /s 7

2.6 Parallel+Vector executionpolicy . . . . . . . . . .. ... {00 00000 7

2.7 Dynamic execution policy . . . . . . . . . . . ..o AN e 8

2.7.1 execution policy construct/assign . . . . . . . .ca . . oL 8

2.7.2 execution policy objectaccess . . . . . . . o NT o000 0oL 9

2.8 Execution policy objects . . . . . . .. ..., O 0000000 9

3 |Parallel exceptions . . . . . . . . . . . . i AN s e e e e e e e e e e e e e 10

3.1 Exception reporting behavior . . . . . ... . QY. . . ... ... ... ... 10

3.2 Header <experimental/exception list> synopsis . . . . . . . . . . . . .. .. .. 10

4 (Parallel algorithms . . . . . . . . . .. .00 00000000 e e e e e e 12

4.1 Ingeneral . . . ... ... ... ... L9 . . L0 12

4.1.1 Requirements on user-provided‘function objects . . . . . . . . .. .. .. 12

4.1.2 Effect of execution policies pnialgorithm execution . . . . . . . . . . . .. 12

4.1.3 ExecutionPolicy algorithm'overloads . . . . . . . . . . ... ... .... 14

4.2 Definitions . . . . . .. L0 L o e e e e e 14

4.3 Non-Numeric Parallel Algorithms . . . . . . . . .. ... . ... ... ... .. 15

4.3.1 Header <experimental/algorithm> synopsis . . . . . . . . . . ... ... 15

4.3.2 Foreach . . . .\J. . . . . . e 16

4.4 Numeric Parallel Algerithms . . . . . . . . . . . .. . oL 17

4.4.1 Header <experimental/numeric> synopsis . . . . . . . . . . . .. . ... 17

4.4.2 Reduce (47 . . . . e e e e e e e 20

4.4.3 ExclusiVvescan . . . . . . . . . . . e e e e e 20

4.4.4 Inclusive scan . . . . . . . . . . it e e e e e e e e e e 21

4.4.5 Tramsformreduce . . . . . . . . . . . . . ... e 22

4.4.6 ~Transform exclusivescan . . . . . . . . . . . ... ... 22

4.4 7. 5Transform inclusivescan . . . . . . . . . . . ... ... ... .. 23

3

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=1e4b244445d432d579bc4a66331f91ae

ISO/IEC TS 19570:2015(E)

© ISO/IEC N4507
1 General [parallel.general]
1.1 Scope [parallel.general.scope]

This Technical Specification describes requirements for implementations of an interface that
conpputer programs written in the C++ programming language may use to invoke algorithm)
with parallel execution. The algorithms described by this Technical Specification are realizable
acrgss a broad class of computer architectures.

This Technical Specification is non-normative. Some of the functionality described.by this
Technical Specification may be considered for standardization in a future version'of'C++, byt it
is npt currently part of any C++ standard. Some of the functionality in this Tec¢hnical
Specification may never be standardized, and other functionality may be standardized in a
subgtantially changed form.

The goal of this Technical Specification is to build widespread existing{practice for parallelism
in the C++ standard algorithms library. It gives advice on extensions'to those vendors who wish
to provide them.

1.2 Normative references [parallel.general.referencesl]

The| following referenced document is indispensable for the application of this document. For
dat¢d references, only the edition cited applies. Foraandated references, the latest edition of]
the|referenced document (including any amendments) applies.

— ISO/IEC 14882:—1, Programming Languages — C++

ISOYIEC 14882:— is herein called the C++.\Standard. The library described in ISO/IEC 1488p:—
clayses 17-30 is herein called the C++.Standard Library. The C++ Standard Library
components described in ISO/IEC 14882:— clauses 25, 26.7 and 20.7.2 are herein called the
C+1 Standard Algorithms Library.

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

1.3 Namespaces and headers [parallel.general.namespacges]

Singe the extensionS’described in this Technical Specification are experimental and not part|of
the|C++ Standard/Library, they should not be declared directly within namespace std. Unless
otheérwise specified, all components described in this Technical Specification are declared in
namespace.std: :experimental: :parallel::vl.

[ Note;Once standardized, the components described by this Technical Specification are
expected to be promoted to namespace std. — end note ]

Unless otherwise specified, references to such entities described in this Technical Specification
are assumed to be qualified with std::experimental::parallel::vl, and references to entities
described in the C++ Standard Library are assumed to be qualified with std::.

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

. To be published. Section references are relative to N3937.

§1.3 4
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#include <meow>
1.4 Terms and definitions [parallel.general.defns]
For the purposes of this document, the terms and definitions given in the C++ Standard and

the following apply.

; - 7th xus pecifieation—d red in
nanjespace std: :experimental::parallel::vl with a formal template parameter named
ExedutionPolicy.

Parallel algorithms access objects indirectly accessible via their arguments by invoking the
follpwing functions:

— All operations of the categories of the iterators that the algorithm is instantiated with.

— Functions on those sequence elements that are required by its specification.

— User-provided function objects to be applied during the execution of the algorithm, if
required by the specification.

— Operations on those function objects required by the specification. [ Note: See claus
25.1 of C++ Standard Algorithms Library. — end note |

%

Thesse functions are herein called element access functions.

[ Example: The sort function may invoke the following elemént access functions:
— Methods of the random-access iterator of the actual template argument, as per 24.27,
as implied by the name of the template parameters RandomAccessIterator.

— The swap function on the elements of the sequence (as per 25.4.1.1 [sort]/2).

— The user-provided compare function object.

— dnd example ]
1.5 Feature-testing recommendations [parallel.general.features]

An Implementation that provides support for this Technical Specification shall define the
feaffure test macro(s) in Table 1.

Table 1 — Feature Test Macro(s)
Name Value Header
<experimental/algorithm>
<experimental/exception list>
<experimental/execution policy>
<experimental/numeric>

__cpp_lib_experimental parallel algorithm|201505

§1.5 5
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2 Execution policies [parallel.execpol]
2.1 In general [parallel.execpol.general]

1 This clause describes classes that are execution policy types. An object of an execution policy
typ¢ indicates the kinds of parallelism allowed in the execution of an algorithm and expresseds
the [consequent requirements on the element access functions.

[ Example:
std::vector<int> v = ...

/{ standard sequential sort
std::sort(v.begin(), v.end());

us$ing namespace std::experimental::parallel;

/{ explicitly sequential sort
sort(seq, v.begin(), v.end());

/{ permitting parallel execution
sort(par, v.begin(), v.end());

/{ permitting vectorization as well
sort(par_vec, v.begin(), v.end());

/{ sort with dynamically-selected execution
slze t threshold = ...

execution policy exec = seq;

if (v.size() > threshold)
{

}

exec = par;

sort(exec, v.begin()( yv.end());
— gnd example ]

[ Note: Because different parallel architectures may require idiosyncratic parameters for
effitient execution)implementations of the Standard Library may provide additional executign
policies to those described in this Technical Specification as extensions. — end note ]

2.2 Header <experimental/execution_policy> synopsis [parallel.execpol.synopsis]

namespace sta—t

namespace experimental {

namespace parallel {

inline namespace v1 {

// 2.3, Execution policy type trait
template<class T> struct is execution policy;
template<class T> constexpr bool is execution policy v = is execution policy<T>::value;

§2.2 6
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// 2.4, Sequential execution policy
class sequential execution policy;

// 2.5, Parallel execution policy
class parallel execution policy;

/s
’

// 2.6, Parallel+Vector execution policy
1ic

clacsce narallel vactaor oavacution no
oSS patrdtTtTe et

<&

CATTOTTomT—PoTT

// 2.7, Dynamic execution policy
class execution policy;

[

2.3 Execution policy type trait [parallel.execpol.typel

template<class T> struct is execution policy { see below };

is dxecution policy can be used to detect parallel execution policies for the purpose of excludjng
func¢tion signatures from otherwise ambiguous overload res@lution participation.

is dxecution policy<T> shall be a UnaryTypeTrait with a BaseCharacteristic of true type if T is the
type¢ of a standard or implementation-defined execution'policy, otherwise false type.

[ Note: This provision reserves the privilege of creating non-standard execution policies to the
library implementation. — end note |

The| behavior of a program that adds specializations for is execution policy is undefined.

|14

2.4 Sequential execution policy [parallel.execpol.seql

class sequential execution (policy{ unspecified };

The| class sequential execution.pblicy is an execution policy type used as a unique type to
disgmbiguate parallel algorithm overloading and require that a parallel algorithm's execution
may not be parallelized.

2.3 Parallel execution policy [parallel.execpol.par]

class parallel execution policy{ unspecified };

The| class parallel execution policy is an execution policy type used as a unique type to
disgmbiguate parallel algorithm overloading and indicate that a parallel algorithm's executign
may be ‘parallelized.

2.6 Parallel+Vector execution policy [parallel.execpol.vec]

class parallel vector execution policy{ unspecified };

The class class parallel vector execution policy is an execution policy type used as a unique type
to disambiguate parallel algorithm overloading and indicate that a parallel algorithm's
execution may be vectorized and parallelized.

§2.6 7
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2.7 Dynamic execution policy [parallel.execpol.dynamic]

class execution policy

{

public:
// 2.7.1, execution policy construct/assign
template<class T> execution policy(const T& exec);
template<class T> execution policy& operator=(const T& exec);

// 2.7.2, execution policy object access

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

1 The class execution policy is a container for execution policy objects. execution policy allows
dynpmic control over standard algorithm execution.

[ Example:
std::vector<float> sort me =

using namespace std::experimental::parallel;
execution policy exec = seq;

if(sort _me.size() > threshold)

exec = std::par;

}

std::sort(exec, std::begin(sort me); std::end(sort me));
— dnd example ]

2 Objpcts of type execution policy shall:be constructible and assignable from objects of type T for
whigch is execution policy<T>::valueiS true.

2.711 execution_policy construct/assign [parallel.execpol.con]

1 template<class T> execution policy(const T& exec);

2 |Effects: Construgts an execution policy object with a copy of exec's state.

3 |Remarks:This constructor shall not participate in overload resolution unless
is_execufion policy<T>::value iS true.

4 templatésclass T> execution policy& operator=(const T& exec);

5 |Effects: Acqigne a Copy of exec's state to *this

6 Returns: *this.

§2.7.1 8
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2.7.2 execution_policy object access [parallel.execpol.access]

1 const type info& type() const noexcept;
2 Returns: typeid(T), such that T is the type of the execution policy object contained by *this.

3 template<class T> T* get() noexcept;
template<class T> const T* get() const noexcept;

4 |Returns: If target type() == typeid(T), a pointer to the stored execution policy object;
otherwise a null pointer.

5 |Requires: is_execution policy<T>::value is true.

2.8 Execution policy objects [parallel.execpol.objedts]
constexpr sequential execution policy seq{};
c{nstexpr parallel execution policy par{};
constexpr parallel vector execution policy par vec{};

1 The| header <experimental/execution policy> declares a global object@associated with each type [of
exefution policy defined by this Technical Specification.

§2.8 9
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3 Parallel exceptions [parallel.exceptions]
3.1 Exception reporting behavior [parallel.exceptions.behavior]

During the execution of a standard parallel algorithm, if temporary memory resources are
reqiired and none are avallable, the algorithm throws a std::bad alloc exception.

Duriing the execution of a standard parallel algorithm, if the invocation of an element ageess
func¢tion exits via an uncaught exception, the behavior of the program is determined by the type
of execution policy used to invoke the algorithm:

— If the execution policy object is of type class parallel vector execution policy,
std::terminate shall be called.

— If the execution policy object is of type sequential execution policy of
parallel execution policy, the execution of the algorithm exits viasan exception. The
exception shall be an exception list containing all uncaught ex¢eptions thrown during
the invocations of element access functions, or optionally theincaught exception if
there was only one.

[ Note: For example, when for_each is executed sequentially, if an invocation of the uger-
provided function object throws an exception, for_edch Can exit via the uncaught
exception, or throw an exception list containing the)original exception. — end note ]

[ Note: These guarantees imply that, unless thé.algorithm has failed to allocate membory
and exits via std::bad alloc, all exceptions thrown during the execution of the algorithm
are communicated to the caller. It is unspegified whether an algorithm implementatipn

will "forge ahead" after encountering and capturing a user exception. — end note ]

[ Note: The algorithm may exit via the std::bad alloc exception even if one or more uger-
provided function objects have exited via an exception. For example, this can happer
when an algorithm fails to allocate memory while creating or adding elements to the
exception list object. — end note ]

— If the execution policy object'is of any other type, the behavior is implementation-
defined.

3.2 Header <experimental/exception_list> Synopsis
[parallel.exceptions.synopsis]

namespace std\{
namespace ‘experimental {
namespace jparallel {
inline. namespace vl {

class exception list : public exception
{
public:
typedef unspecified iterator;

size t size() const noexcept;
iterator begin() const noexcept;
iterator end() const noexcept;

§3.2 10
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const char* what() const noexcept override;

+

The
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exe

The

size
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class exception list owns a sequence of exception ptr objects. The parallel algorithms ma)]
the exception list to communicate uncaught exceptions encountered during parallel
cution to the caller of the algorithm.

type exception list::iterator shall fulfill the requirements of ForwardIterator.
| t size() const noexcept;

Returns: The number of exception ptr objects contained within the exception list.

Complexity: Constant time.

@ator begin() const noexcept;

Returns: An iterator referring to the first exception_ptr object contained within the
exception list.

ator end() const noexcept;

Returns: An iterator that is past the end of the owned sequence.

t char* what() const noexcept override;

Returns: An implementation-defined NTBS.

§ 3.
©
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4 Parallel algorithms [parallel.alg]
4.1 In general [parallel.alg.general]
This clause describes components that C++ programs may use to perform operations on

confalners and other sequences 1n parallel.
4.1]1 Requirements on user-provided function objects [parallel.alg.geneéral.uy

Function objects passed into parallel algorithms as objects of type BinaryPredicateyGompare, and
BingryOperation shall not directly or indirectly modify objects via their arguments.

4.1]2 Effect of execution policies on algorithm execution [parallel.alg.general.ex

ser]

ec]

Pargllel algorithms have template parameters named ExecutionPoligy"which describe the manner

in which the execution of these algorithms may be parallelized aridhthe manner in which they
apply the element access functions.

The invocations of element access functions in parallel algotithms invoked with an execution
policy object of type sequential execution policy execute injsequential order in the calling thrd

The| invocations of element access functions in parallelalgorithms invoked with an execution

poli

in efither the invoking thread or in a thread implicitly created by the library to support parallel
algorithm execution. Any such invocations executing in the same thread are indeterminately|
seqlienced with respect to each other. [ Note: It is the caller's responsibility to ensure
corfectness, for example that the invocatien*does not introduce data races or deadlocks.
— dnd note ]

[ Example:

us

y object of type parallel execution policy are permitted to execute in an unordered fashig

ing namespace std::experiméntal::parallel;

Iy

ad.

n

int a[] = {0,1};
s%d::vector<int> v;
for each(par, std::bégin(a), std::end(a), [&](int i) {
v.push back(i*2+1);
)
The| program above-has a data race because of the unsynchronized access to the container v
— dnd example]
[ Example:
us$ingcnamespace std::experimental::parallel;
std:satomic<int> x = 0;
inttal] = {1,2%;
for each(par, std::begin(a), std::end(a), [&](int n) {

});

The

x.fetch add(1l, std::memory order relaxed);
// spin wait for another iteration to change the value of x
while (x.load(std::memory order relaxed) == 1) { }

’

above example depends on the order of execution of the iterations, and is therefore

undefined (may deadlock). — end example ]

§4.1.2
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[ Example:

using namespace std::experimental::parallel;

int x=0;

std::mutex m;

int a[] = {1,2};

for each(par, std::begin(a), std::end(a), [&](int) {
();

m. lock

507

}

The
— 6

The
poli
in

[ N
thrd

[ N
thaf
Sin
inte
Thu
A st
fun
not
fun
alg

[ N
rou

++X;
m.unlock();

’

above example synchronizes access to object x ensuring that it is incremented/correctly.
Ind example ]

nspecified threads, and unsequenced with respect to one another within each thread.
pte: This means that multiple function object invocations may be interleaved on a single
ad. — end note ]

pte: This overrides the usual guarantee from the C++ standard, Section 1.9 [intro.execut
function executions do not interleave with one another. —-end note ]

Ce parallel vector execution policy allows the execution eféelement access functions to be

s the synchronization with parallel vector executionipolicy is restricted as follows:

ction invocation, or another function invocatien‘is specified to synchronize with it, and if
a memory allocation or deallocation function.”Vectorization-unsafe standard library
ctions may not be invoked by user code called from parallel vector execution policy
rithms.

pte: Implementations must ensure that internal synchronization inside standard library
fines does not induce deadlock.<£end note |

ample:

1
S
1

f

}
The

int af]

$ing namespace std::expérimental::parallel;

t x=0;

d::mutex m;

= {1,2};

r each(par veo, std::begin(a), std::end(a), [&](int) {
m.lock();

++X;

m.unloCk() ;

’

above program is invalid because the applications of the function object are not guarant

invocations of element access functions in parallel algorithms invoked with*an execution
y of type parallel vector execution policy are permitted to execute in an tnordered fashign

rleaved on a single thread, synchronization, including the use of mutexes, risks deadlock!.

jon]

andard library function is vectorization-unsafe if it is specified to synchronize with anothler

tis

eed

tor

in-on-different threads.— end example |

[ Note: The application of the function object may result in two consecutive calls to m.lock on

the

same thread, which may deadlock. — end note ]

[ Note: The semantics of the parallel execution policy or the parallel vector execution policy
invocation allow the implementation to fall back to sequential execution if the system cannot
parallelize an algorithm invocation due to lack of resources. — end note ]

§4.1.2
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6 Algorithms invoked with an execution policy object of type execution policy execute internally as
if invoked with the contained execution policy object.

7 The semantics of parallel algorithms invoked with an execution policy object of implementation-
defined type are implementation-defined.

4.1.3 ExecutionPolicy algorithm overloads [parallel.alg.overloads]

1 The| Parallel Algorithms Library provides overloads for each of the algorithms named in Tablg 1,
corfesponding to the algorithms with the same name in the C++ Standard Algorithms Library.
For|each algorithm in Table 2, if there are overloads for corresponding algorithms with the
sanje name in the C++ Standard Algorithms Library, the overloads shall have an additional
template type parameter named ExecutionPolicy, which shall be the first template ,parameter. [In
addiition, each such overload shall have the new function parameter as the first\function
parameter of type ExecutionPolicy&é&.

2 Unlpss otherwise specified, the semantics of ExecutionPolicy algorithm overloads are identical to
their overloads without.

3 Parallel algorithms shall not participate in overload resolution unless
is_execution_policy<decay t<ExecutionPolicy>>::value iS true.

Table 2 — Table of parallel algorithms

pdjacent difference adjacent find all of any of

copy copy if copy 10 count

count_if equal excllsive_scan fill

fill_n find figd_end find_first of

find_if find_if not for_each for_each_n

penerate generate n includes inclusive scan

inner product inplace merge is heap is _heap until

is partitioned is sorted is sorted until lexicographical comparg

ax_element merge min_element minmax_element

Eismatch move none_of nth_element

partial sort partial_sort copy partition partition copy

reduce remove remove_copy remove copy if

remove if reptace replace copy replace copy if

replace if feverse reverse_copy rotate

rotate copy search search n set difference

et intersection set symmetric difference set union sort

Stable partition stable sort swap_ranges transform

transform_exclusive scan transform_inclusive scan transform reduce uninitialized copy

uninitializedycopy_n uninitialized fill uninitialized fill n unique

Lnique copy.
[ Note: Notfall'algorithms in the Standard Library have counterparts in Table 2. — end note
4.2 Definitions [parallel.alg.defns]

1 Define GENERALIZED SuM(op, al, ..., aN) as follows:
— alwhennis1
— Op(GENERALIZED SUM(op, bl, ., bK), GENERALIZED SUM(op, bM, ., bN)) where
— bl, ..., bN may be any permutation of a1, ..., aN and
— 1 <K+1 =M= N.

§4.2 14
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3 Define GENERALIZED NONCOMMUTATIVE SUM(op, al, ..., aN) as follows:
— alwhennNis1
— Oop(GENERALIZED NONCOMMUTATIVE SUM(op, al, ..., aK), GENERALIZED NONCOMMUTATIVE SUM(op, aM,

4.3]1 Header <experimental/algorithm> Ssynopsis

.., aN) where 1 < K+1 = M < N.

[parallel.alg.ops.synopgis]

namespace std {
namespace experimental {
namespace parallel {
inpline namespace vl {
template<class ExecutionPolicy,
class InputIterator, class Function>
void for each(ExecutionPolicy&& exec,
Inputlterator first, Inputlterator «last,
Function f);
template<class Inputlterator, class Size, class Function>
InputIterator for each n(InputIterator first, Size n,
Function f);
template<class ExecutionPolicy,
class Inputlterator, class Size, class Function>
InputIterator for each n(ExecutionRolicy&& exec,
Inputlterator first, Size n,
Functiow f);
}
}
}
}
§4.3.1
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4.3.2 For each [parallel.alg.foreach]

1 template<class ExecutionPolicy,
class InputIterator, class Function>
void for_each(ExecutionPolicy&& exec,
InputIterator first, InputIterator last,
Function f);

2 FEffects: Applies f to the result of dereferencing every iterator in the range [first,last).
[ Note: If the type of first satisfies the requirements of a mutable iterator, f may apply
nonconstant functions through the dereferenced iterator. — end note ]

3 |Complexity: Applies f exactly last - first times.
4 |Remarks: If f returns a result, the result is ignored.

5 |Notes: Unlike its sequential form, the parallel overload of for each does 1ot return a copy of
its Function parameter, since parallelization may not permit efficient state accumulation.

6 |Requires: Unlike its sequential form, the parallel overload of for \ea¢h requires Function tg
meet the requirements of CopyConstructible.

7 template<class InputIterator, class Size, class Function>
InputIterator for each n(InputlIterator first, Size n,
Function f);

8 |Requires: Function shall meet the requirements of #oveConstructible [ Note: Function need hot
meet the requirements of CopyConstructible. — end-note ]

9 |Effects: Applies f to the result of dereferencing every iterator in the range [first,first + n),
starting from first and proceeding to firstt%+ n - 1. [ Note: If the type of first satisfies the
requirements of a mutable iterator, f may’apply nonconstant functions through the
dereferenced iterator. — end note ]

10 |Returns: first + n for non-negative values of n and first for negative values.

11 |Remarks: If f returns a result,the result is ignored.

12 template<class ExecutionPolicy,

class InputlIterator, class Size, class Function>
InputIterator for each n(ExecutionPolicy && exec,
InputIterator first, Size n,
Function f);

13 |Effects: Applies f to the result of dereferencing every iterator in the range [first,first 4 n),
starting from first and proceeding to first + n - 1. [ Note: If the type of first satisfies thie
requirements of a mutable iterator, f may apply nonconstant functions through the
dereferenced iterator. — end note ]

14 \Returns: first + n for non-negative values of n and first for negative values.

15 Remarks: If f returns a result, the result is ignored.

16 Notes: Unlike its sequential form, the parallel overload of for each n requires Function to
meet the requirements of CopyConstructible.

§4.3.2 16
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4.4 Numeric Parallel Algorithms [parallel.alg.numeric]
4.4.1 Header <experimental/numeric> Synopsis [parallel.alg.numeric.synopsis]

namespace std {
namespace experimental {
namespace parallel {

inline namespace v1 {
template<class InputIterator>
typename iterator traits<InputIterator>::value type
reduce(InputIterator first, InputIterator last);
template<class ExecutionPolicy,
class InputIterator>
typename iterator traits<InputIterator>::value type
reduce (ExecutionPolicy&& exec,
InputIterator first, InputIterator last);
template<class InputIterator, class T>
T reduce(InputIterator first, InputIterator last, T init);
template<class ExecutionPolicy,
class Inputlterator, class T>
T reduce(ExecutionPolicy&& exec,

InputIterator first, InputIteratorilast, T init);
template<class InputIterator, class T, class<BinaryOperation>
T reduce(InputIterator first, InputIterator last, T init,

BinaryOperation binary op);
template<class ExecutionPolicy, class:Inputlterator, class T,
T reduce(ExecutionPolicy&& exec,
InputIterator first, InputIterator last, T init,
BinaryOperation binary: op);

template<class InputIterator,~class OutputIterator,
class T>
OutputIterator
exclusive scan(InputIterator first, InputIterator last,
QutputIterator result,
T init);
template<class ExecutionPolicy,
clasS\InputlIterator, class OutputIterator,
ckass T>
OutputIterator
excluSive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,
OutputIterator result,
T init);

n HT+toratn

class BinaryQperation>

1
T

[0)]

clacec Tnm a r clac
etass—Inputlterater—etas
class T, class BinaryOperation
OutputIterator
exclusive scan(InputIterator first, InputIterator last,
OutputIterator result,
T init, BinaryOperation binary op);
template<class ExecutionPolicy,
class InputIterator, class OutputIterator,

§4.4.1
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template
OutputI
inclusive scan(Inputlterator first, InputIterator last,
OutputIterator result);
template<class ExecutionPolicy,
class InputIterator, class OutputIterator>
OutputIterator
inclusive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,
OutputIterator result);
template<class InputIterator, class OutputIterator,
class BinaryOperation>
OutputIterator
inclusive scan(Inputlterator first, InputItenator last,
OutputIterator result,
BinaryOperation binary op);
template<class ExecutionPolicy,
class InputlIterator, class OutputIterator,
class BinaryOperation>
OutputIterator
inclusive scan(ExecutionPolicy&&texec,
InputIterator first, Inputlterator last,
OutputIterater result,
BinaryOpenation binary op);
template<class InputIteratof; class OutputIterator,
class BinaryOperation, class T>
OutputIterator
inclusive scan(InputlIterator first, InputIterator last,
QutputIterator result,
BinaryOperation binary op, T init);
template<classCExecutionPolicy,
class,>InputlIterator, class OutputIterator,
class BinaryOperation, class T>
Outputlterator
inClusive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,
OutputIterator result,
BinaryOperation binary op, T init);

template<class Inputlterator, class UnaryOperation,
class T, class BinaryOperation>

T transform reduce(InputIterator first, InputIterator last,

UnaryOperation unary op,
T init, BinaryOperation binary op);
template<class ExecutionPolicy,

§4.4.1
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class InputlIterator, class UnaryOperation,
class T, class BinaryOperation>
T transform reduce(ExecutionPolicy&s exec,
InputIterator first, Inputlterator last,
UnaryOperation unary op,
T init, BinaryOperation binary op);

OutputIterator
transform_exclusive scan(InputIterator first, InputIterator last,
OutputIterator result,
UnaryOperation unary op,
T init, BinaryOperation binary op)3y
template<class ExecutionPolicy,
class Inputlterator, class OutputIterator,
class UnaryOperation, class T, class BinaryOperation>
OutputIterator
transform_exclusive scan(ExecutionPolicy&& exec,
InputIterator first, InputIterator last,
OutputIterator resuld),
UnaryOperation unary op,
T init, BinaryOperation binary op);

template<class Inputlterator, class OutputIterator,
class UnaryOperation, class BiftaryOperation>
OutputIterator
transform_inclusive scan(InputIterator first, InputIterator last,
OutputIterator result,
UnaryOperation unary op,
BinaryOperation binary op);
template<class ExecutionPolicy,
class Inputlterator, class OutputIterator,
class UnaryOperation, class BinaryOperation>
OutputIterator
transform_inclusive scan(ExecutionPolicy&& exec,
InputIterator first, InputIterator last,
OutputIterator result,
UnaryOperation unary op,
BinaryOperation binary op);

templatexclass InputIterator, class OutputIterator,
class UnaryOperation, class BinaryOperation, class T>
QutputIterator
transform_inclusive scan(InputIterator first, InputIterator last,
Outputlterator result,
UnaryOperation unary op,
BinaryOperation binary op, T init);
template<class ExecutionPolicy,
class InputIterator, class OutputIterator,
class UnaryOperation, class BinaryOperation, class T>
OutputIterator

§4.4.1 19
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