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Foreword

[parallel.foreword]

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
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The

main changes compared to the prévious edition are as follows:

lished by the respective organization to deal with particnlar fields of technical activity. ISO an
ical committees collaborate in fields of mutual interest. Other international organizations, goverdin
jon-governmental, in liaison with ISO and IEC, also take part in the work. In the field of inform
ology, ISO and TEC have established a joint technical committee, ISO/TEC JTC 1.

rocedures used to develop this document and those intended for its further maintenafice’are desc]
b ISO/IEC Directives, Part 1. In particular, the different approval criteria need¢dfor the diff
of document should be noted. This document was drafted in accordance with the.editorial rules
[EC Directives, Part 2 (see www.iso.org/directives).

tion is drawn to the possibility that some of the elements of this document may be the subject of p
. ISO and IEC shall not be held responsible for identifying any or all sGeh™patent rights. Details d
t rights identified during the development of the document will be-in ‘the Introduction and/or o
ist of patent declarations received (see www.iso.org/patents).

trade name used in this document is information given for*thé convenience of users and doe
itute an endorsement.

h explanation of the voluntary nature of standards, theaheaning of ISO specific terms and expressio
to conformity assessment, as well as information about ISO’s adherence to the World Trade OrganiZ
) principles in the Technical Barriers to Trade (IBT) see www.iso.org/iso/foreword.html.

Hocument was prepared by Technical CommitteéISO/IEC JTC 1, Information technology, Subcomn
D Programming languages, their environments and system software interfaces.

second edition cancels and replaces thedirst edition (ISO/IEC 19570:2015) which has been techn
d.

Eliminate previously standardized functionality.
Introduce task block.

Introduce vector and ‘wavefront policies.
Introduce a template library for parallel for loops.

Introduce-data-parallel vector types.

eedbatkor questions on this document should be directed to the user’s national standards bo
lete listing of these bodies can be found at www.iso.org/members.html.
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TECHNICAL SPECIFICATION ISO/IECTS 19570:2018(E)

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

1 | Scope [parallel.scope]

This [document describes requirements for implementations of an interface that computet,programs wiitten
in thp C++ programming language can use to invoke algorithms with parallel executien. The algorithms
descrjibed by this document are realizable across a broad class of computer architeetures.

Ther is a possibility of a subset of the functionality described by this document being standardized in a
futurg version of C++, but it is not currently part of any C++ standard. Ther¢ is a possibility of sofe of
the fiinctionality in this document never being standardized, or of it beingstandardized in a substantially
changed form.

The goal of this document is to build widespread existing practice forparallelism in the C++ programming
langyage. It gives advice on extensions to those vendors who wisli{to provide them.

Scope ©ISO/IEC 2018 — All rights reserved 1
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2 Normative references [parallel.references]

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

(1.1) — [ISO/TEC 148822017, Programiming languages — CFF

2 ISO/[EC 14882:2017 is herein called the C++ Standard. References to clauses within the C++ Standard are
writt¢n as “C++17 §20”. The library described in ISO/IEC 14882:2017 clauses 20-33 is herein called’ the|C++
Standard Library. The C++ Standard Library components described in ISO/IEC 14882:2017 clauses 28| 29.8
and 23.10.10 are herein called the C++ Standard Algorithms Library.

3 Unlegs otherwise specified, the whole of the C4++ Standard’s Library introduction (C%+17 §20) is included
into this document by reference.

Normative references ©ISO/IEC 2018 — All rights reserved 2
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3 Terms and definitions [parallel.defns]

1 For the purposes of this document, the terms, definitions, and symbols given in ISO/IEC 14882:2017 apply.

2 ISO and IEC maintain terminological databases for use in standardization at the following addresses:

(2.1) — SEOmntine browsing platformravaitable &t TtTpsT7/7WWW - 150 0Tg/0bp

(22)  —|IEC Electropedia: available at http://www.electropedia.org

Terms and definitions ©ISO/IEC 2018 — All rights reserved 3


https://www.iso.org/obp
http://www.electropedia.org
https://iecnorm.com/api/?name=0d6e6285e8be3d4c8257a2d8e8e55258

ISO/IEC TS 19570:2018(E)

4

4.1

General [parallel.general]

Namespaces and headers [parallel.general.namespaces]

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

they

nanespace std::experimental {

b

}

Unleg
with
Libra

Exte
<exp¢

#iq

shoul

space std. — end note]

header described in this document shall import the contents of std: :experimental: ;parallelis
td: :experimental as if by

nline namespace parallelism_v2 {}

s otherwise specified, references to such entities described in this docuntent are assumed to be qu4
std::experimental::parallelism_v2, and references to entiti¢s)described in the C++ Star
ry are assumed to be qualified with std::.

hsions that are expected to eventually be added to an existing*header <meow> are provided insid
rimental/meow> header, which shall include the standard/contents of <meow> as if by

clude <meow>

d not be declared directly within namespace std. Unless otherwise specified, all components

tp: Once standardized, the components described by this document are expected to be promoted to

m_v2

lified
dard

e the

4.2 | Feature-testing recommendations [parallel.general.features]
An ithplementation that provides support for thisidocument shall define the feature test macro(s) in Table 1.
Table;1>— Feature-test macro(s)

‘ Title Subclause Macro Name Value Header
Task Block 8 Cpp_lib_experimental - | 201711 | <experimental/exception_[list>

parallel_task_block <experimental/task_block}

Vector and 6.2 __cpp_lib_experimental_- | 201711 | <experimental/algorithm>
Wayefront execution_vector_policy <experimental/execution>
Poljcies
Tenpplate 7192, __cpp_lib_experimental_- | 201711 | <experimental/algorithm>
Libtary for 2.3, parallel_for_loop
Parpllel For 7.2.4
Lodps
Datja-Parallel | 9 __cpp_lib_experimental - | 201803 | <experimental/simd>
VecponTypes parallel simd

§4.2 ©ISO/IEC 2018 — All rights reserved 4
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5 Parallel exceptions [parallel.exceptions]

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

namespace std::experimental {
inline namespace parallelism_v2 {

dlass exception_list : public exception {
dublic:
using iterator = unspecified;

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

const char* what() const noexcept override;

1

The ¢lass exception_list owns a sequence of exception_ptr objects.

exception_list::iterator is an iterator which meets the fofward iterator requirements and has a yalue
type pf exception_ptr.

size |t size() const noexcept;

Returns: The number of exception_ptr objects contained within the exception_list.
Complezity: Constant time.

iterdtor begin() const noexcept;

Returns: An iterator referring to the first exception_ptr object returned within the exception_[list.

iterdtor end() const noexcept;

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

consy char* what() const noexcept override;

Returns: An implémentation-defined NTBS.

§5.1 ©ISO/IEC 2018 — All rights reserved 5
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6

6.1

Execution policies

[parallel.execpol]

Header <experimental/execution> synopsis [parallel.execpol.synopsis]

#include <execution>

L

narn
inl

nanfespace execution {

[«

()

6.2

clg

The

algor
a sin,
The

unse
with
invod
[ Not
not o

Duriy
polic)
calle

6.3

clg

The

+ 3 q g |
Spacte—STta—eXperImenctar——T

ine namespace parallelism_v2 {

/6.2, Unsequenced ezecution policy
lass unsequenced_policy;

/6.3, Vector execution policy
lass vector_policy;

'/ 6.4, Execution policy objects
nline constexpr unsequenced_policy unseq{ unspecified };
nline constexpr vector_policy vec{ unspecified };

Unsequenced execution policy [parallel.execpol.un

ss unsequenced_policy { unspecified };

thm overloading and indicate that a parallelsalgorithm’s execution may be vectorized, e.g., execut
ble thread using instructions that operate on ultiple data items.

nvocations of element access functiongf’ parallel algorithms invoked with an execution policy of
huenced_policy are permitted to execute in an unordered fashion in the calling thread, unsequg
respect to one another within thecalling thread. [ Note: This means that multiple function
htions may be interleaved on a $ingle thread. — end note]

: This overrides the usual gnarantee from the C++ Standard, C++17 §4.6 that function executio
verlap with one another.” — end note|

g the execution of @ parallel algorithm with the experimental: :execution: :unsequenced_pg
i, if the invocatidn of an element access function exits via an uncaught exception, terminate () wj

.
Vector-execution policy [parallel.execpol]

ss vector_policy { unspecified 1};

seq]

lass unsequenced_policy is an execution policy type used as a unique type to disambiguate pajrallel

bd on

type
nced
ject

hs do

licy
ill be

vec|

class” vector_policy is an execution policy type used as a unique type to disambiguate pajrallel

algorithm overloading and indicate that a parallel algorithm’s execution may be vectorized. Additionally,
such vectorization will result in an execution that respects the sequencing constraints of wavefront application
[ Note: The implementation thus makes stronger guarantees than for unsequenced_policy, for
example. — end note]

(7.1).

The invocations of element access functions in parallel algorithms invoked with an execution policy of type
vector_policy are permitted to execute in unordered fashion in the calling thread, unsequenced with respect

§6.3

©ISO/IEC 2018 — All rights reserved
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to one another within the calling thread, subject to the sequencing constraints of wavefront application (7.1)
for the last argument to for_loop, for_loop_n, for_loop_strided, or for_loop_strided_n.

During the execution of a parallel algorithm with the experimental: :execution: :vector_policy policy,
if the invocation of an element access function exits via an uncaught exception, terminate () will be called.

6.4 Execution policy objects [parallel.execpol.objects]

inline constexpr execution::unsequenced_policy unseq { unspecified };
inline constexpr execution::vector_policy vec { unspecified };

The peader <experimental/execution> deciares a giobal object associated Witlh eacit type of exechtion
policy defined by this document.

§6.4 ©ISO/IEC 2018 — All rights reserved 7
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7 Parallel algorithms [parallel.alg]

7.1 Wavefront Application [parallel.alg.wavefront]

For the purposes of this subclause, an evaluation is a value computation or side effect of an expression, or an
execution of a statement. Initialization of a temporary object is considered a subexpression of the expression

s ol R 1o R
that ICLESSILALTS LT LTI PUTL Al y U JCLL.

An epaluation A contains an evaluation B if:

—| A and B are not potentially concurrent (C++17 §4.7.1); and
— |the start of A is the start of B or the start of A is sequenced before the start of Biland

—|the completion of B is the completion of A or the completion of B is sequenced before the completion
of A.

[ Notg: This includes evaluations occurring in function invocations. — end note]]

An eyaluation A is ordered before an evaluation B if A is deterministically. seqtienced before B. [ Note: If A is
indetprminately sequenced with respect to B or A and B are unsequeneed, then A is not ordered befpre B
and B is not ordered before A. The ordered before relationship is tramsitive. — end note|

For an evaluation A ordered before an evaluation B, both confained in the same invocation of an element
accesp function, A is a vertical antecedent of B if:

— |there exists an evaluation S such that:

— S contains A, and
— S contains all evaluations C' (if any) such that A is ordered before C' and C is ordered befdre B,

— but S does not contain B, and
— | control reached B from A without exécuting any of the following:

— a goto statement or asm deelaration that jumps to a statement outside of S, or

— a switch statement(executed within S that transfers control into a substatement of a npsted
selection or iteration statement, or

— a throw [ Note~ Even if caught — end note] , or
— a longjmp.
[ Not¢: Vertical afitécedent is an irreflexive, antisymmetric, nontransitive relationship between two evaluations.

Informally, A(is)a vertical antecedent of B if A is sequenced immediately before B or A is nested zgro or
more|levelsWwithin a statement S that immediately precedes B. — end note]

In the following, X; and X; refer to evaluations of the same expression or statement contained ip the

applikation-of-an-clement-access—function—corresponding to-the sth o4 jth elements-ofthe-input-segdence.

[ Note: There can be several evaluations Xy, Yk, etc. of a single expression or statement in application &, for
example, if the expression or statement appears in a loop within the element access function. — end note]

Horizontally matched is an equivalence relationship between two evaluations of the same expression. An
evaluation B; is horizontally matched with an evaluation B; if:

— both are the first evaluations in their respective applications of the element access function, or

§7.1 ©ISO/IEC 2018 — All rights reserved 8
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— there exist horizontally matched evaluations A; and A; that are vertical antecedents of evaluations B;

and Bj, respectively.

[ Note: Horizontally matched establishes a theoretical lock-step relationship between evaluations in different
applications of an element access function. — end note ]

Let f be a function called for each argument list in a sequence of argument lists. Wavefront application of f

requ

ires that evaluation A; be sequenced before evaluation B; if ¢ < j and:

— A, is sequenced before some evaluation B; and B; is horizontally matched with B;, or

A 1 . 1 1 3 1 1 . 4 L R 13
— |1 15 HIOITZOIIUally IT1alCIICd WILIL SOIIC €VallallOIl 1‘1] alltd A] 15 SCUCIICCd DEIOIT Bj

[ Notp: Wavefront application guarantees that parallel applications ¢ and j execute such that progre]
applifation j never gets ahead of application i. — end note] [ Note: The relationships betweén 4; ay
and hetween A; and B, are sequenced before, not vertical antecedent. — end note|

7.2 | Non-Numeric Parallel Algorithms [parallel.alg,
7.2.1 Header <experimental/algorithm> synopsis [parallel.alg.ops.syno

#irfjclude <algorithm>

}

ine namespace parallelism_v2 {
espace execution {
(/ 7.2.5, No vec

nzﬂespace std: :experimental {

flemplate<class F>

auto no_vec(F&& f) noexcept -> decltype(std::forwardiF>(£f)());

(/ 7.2.6, Ordered update class

lemplate<class T>

class ordered_update_t;

(/ 7.2.7, Ordered update function template

tlemplate<class T>

ordered_update_t<T> ordered_update(T& ref) noexcept;

// |[Exposition only: Suppress template’ argument deduction.

te
te

]plate<class T> struct typejidentity { using type = T; };

plate<class T> using type_identity_t = typename type_identity<T>::type;

//(7.2.2, Reductions

te

plate<class T, class BinaryOperation>
nspecified reduction(T& var, const T& identity, BinaryOperation combiner);

tenplate<class/T>

nspecified) reduction_plus(T& var);

tenplate<class T>

nspeeified reduction_multiplies(T& var);

tenplate<class T>

BS Oon
1d BL

ops]
psis]

unspectfied reduction_bit_and(T& var);

template<class T>

unspectfied reduction_bit_or(T& var);

template<class T>

unspectified reduction_bit_xor(T& var);

template<class T>

unspectified reduction_min(T& var);

§721 ©ISO/IEC 2018 — All rights reserved
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template<class T>
unspecified reduction_max(T& var);

v

7.2.3, Inductions

template<class T>

unspectfied induction(T&& var);
template<class T, class S>

unspectfied induction(T&& var, S stride);

//

7.2.4, For loop

tejplate<c1ass I, class... Rest>

tenplate<class ExecutionPolicy,

V

tenjplate<class I, class S, class... Rest>

A"

tenplate<class ExecutionPolicy,

V

te

V

teﬂplate<c1ass I, class Size, class... Rest>

oid for_loop(type_identity_t<I> start, I finish, Rest&&... rest);

class I, class... Rest>
oid for_loop(ExecutionPolicy&& exec,
type_identity_t<I> start, I finish, Rest&&... rest);

oid for_loop_strided(type_identity_t<I> start, I finish,
S stride, Rest&&... rest);

class I, class S, class... Rest>
oid for_loop_strided(ExecutionPolicy&& exec,
type_identity_t<I> start, I finish,
S stride, Rest&&... rest);

oid for_loop_n(I start, Size n, Rest&&... rest);
plate<class ExecutionPolicy,
class I, class Size, class... Rest>
oid for_loop_n(ExecutionPolicy&& exec,
I start, Size n, Rest&&... rest)s

teﬂplate<c1ass I, class Size, class S, class,.<{/Rest>

tenplate<class ExecutionPolicy,

V

“w

7.2.1

Each
a red|
objeq
An a
of th
threq
ident

oid for_loop_n_strided(I start, Size n, SUstride, Rest&&... rest);

class I, class Size, class S,°¢lass... Rest>
oid for_loop_n_strided(ExecutionPolicy&& exec,
I start,\Size n, S stride, Rest&&... rest);

4 eductions parallel.alg.reductions
Reducti llel.al ducti

of the function templates in this subclause (7.2.2) returns a reduction object of unspecified type h
ction value typesand encapsulating a reduction identity value for the reduction, a combiner fun|
t, and a live=omt object from which the initial value is obtained and into which the final value is s

gorithm (ises reduction objects by allocating an unspecified number of instances, known as accumaul
b reduction value type. [ Note: An implementation can, for example, allocate an accumulator for|
d in'its private thread pool. —end note] Each accumulator is initialized with the object’s reduyl
ty. except that the live-out object (which was initialized by the caller) comprises one of the accumul

hving
ction
ored.

tors,
each
ction
ptors.

The algorithm passes a reference to an accumulator to each application of an element-access function, ensuring
that no two concurrently executing invocations share the same accumulator. An accumulator can be shared
between two applications that do not execute concurrently, but initialization is performed only once per
accumulator.

Modifications to the accumulator by the application of element access functions accrue as partial results. At
some point before the algorithm returns, the partial results are combined, two at a time, using the reduction

§7.2.
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object’s combiner operation until a single value remains, which is then assigned back to the live-out object.
[ Note: In order to produce useful results, modifications to the accumulator should be limited to commutative
operations closely related to the combiner operation. For example if the combiner is plus<T>, incrementing
the accumulator would be consistent with the combiner but doubling it or assigning to it would not. — end
note |

template<class T, class BinaryOperation>
unspecified reduction(T& var, const T& identity, BinaryOperation combiner);

Requires: T shall meet the requirements of CopyConstructible and MoveAssignable. The expression
Var = combimer(var, var) siall be well-foried.

Returns: A reduction object of unspecified type having reduction value type T, reduction\idgntity
identity, combiner function object combiner, and using the object referenced by var ag'its live-out
object.

templlate<class T>

undpecified reduction_plus(T& var);
templlate<class T>

undpecified reduction_multiplies(T& var);
templlate<class T>

undpectfied reduction_bit_and(T& var);
templlate<class T>

undpecified reduction_bit_or(T& var);
templlate<class T>

undpectified reduction_bit_xor(T& var);
templlate<class T>

undpecified reduction_min(T& var);
templlate<class T>

undpecified reduction_max(T& var);

Requires: T shall meet the requirements of CopyConstructible and MoveAssignable.

Returns: A reduction object of unspecified type having reduction value type T, reduction identity and
combiner operation as specified in Table>2*and using the object referenced by var as its live-out opject.

Table 2 — Reduction identities and combiner operations

‘ Function Reduction Identity Combiner Operation ‘

reduction \plus TO x+y
reductionsmultiplies T(1) X *xy
reduction bit_and (~TO) XxX&y
redliction_bit_or TO x|y
réduction_bit_xor TO x "y

reduction_min var min(x, y)

reduction_max var max(x, y)

[ Ezanple; The following code updates each element of y and sets s to the sum of the squares.

extern int n;
extern float x[1, y[l, a;
float s = 0;
for_loop(execution::vec, 0, n,
reduction(s, 0.0f, plus<>()),
[&] (int i, float& accum) {
y[i] += a*x[i];

§ 722 ©ISO/IEC 2018 — All rights reserved 11
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accum += y[i]*y[i];
}
);

— end example]

7.2.3 Inductions [parallel.alg.inductions]

Each of the function templates in this subclause return an induction object of unspecified type having an

induction value type and encapsulating an initial value i of that type and, optionally, a stride.

For epch element in the input range, an algorithm over input sequence S computes an induction value
an influction variable and ordinal position p within S by the formula i + p * stride if a stride was specifi
i + plotherwise. This induction value is passed to the element access function.

An ifgduction object may refer to a live-out object to hold the final value of the induction/sequence. \

ate<class T>

pecified induction(T&& var);

ate<class T, class S>

pecified induction(T&& var, S stride);

Returns: An induction object with induction value type remoVe_cv_t<remove_reference_t
initial value var, and (if specified) stride stride. If T is an Ivalue reference to non-const type,
the object referenced by var becomes the live-out object for the induction object; otherwise there
live-out object.

from
ed or

Vhen
tride,

KT>>,
then
is no

7.2.4 For loop [parallel.alg.forlpop]
templlate<class I, class... Rest>

voild for_loop(type_identity_t<I> start, I finish, Rest&&... rest);
templlate<class ExecutionPolicy, class I, class... Rest>

voild for_loop(ExecutionPolicy&& exec, ‘type_identity_t<I> start, I finish, Rest&&... rest);
templlate<class I, class S, class...‘Rest>

void for_loop_strided(type_identity_t<I> start, I finish, S stride, Rest&&... rest);
templlate<class ExecutionPolicy;class I, class S, class... Rest>

voild for_loop_strided(ExecutidpnPolicy&& exec, type_identity_t<I> start, I finish, S stride,

Rest&&... rest);

templlate<class I, class_Size, class... Rest>

void for_loop_n(I start, Size n, Rest&&... rest);
templlate<class ExecutionPolicy, class I, class Size, class... Rest>

void for_loopur(ExecutionPolicy&& exec, I start, Size n, Rest&&... rest);
templlate<elass I, class Size, class S, class... Rest>

voild £or-loop_n_strided(I start, Size n, S stride, Rest&&... rest);
templlate<class ExecutionPolicy, class I, class Size, class S, class... Rest>

void for_loop_n_strided(ExecutionPolicy&& exec, I start, Size n, S stride, Rest&&... rest);

Requires: For the overloads with an ExecutionPolicy, I shall be an integral type or meet the
requirements of a forward iterator type; otherwise, I shall be an integral type or meet the requirements
of an input iterator type. Size shall be an integral type and n shall be non-negative. S shall have
integral type and stride shall have non-zero value. stride shall be negative only if I has integral type
or meets the requirements of a bidirectional iterator. The rest parameter pack shall have at least one

§724 ©ISO/IEC 2018 — All rights reserved 12
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element, comprising objects returned by invocations of reduction (7.2.2) and/or induction (7.2.3)

function templates followed by exactly one invocable element-access function, f. For the overloads
an ExecutionPolicy, f shall meet the requirements of CopyConstructible; otherwise, f shall
the requirements of MoveConstructible.

with
meet

Effects: Applies f to each element in the input sequence, as described below, with additional arguments
corresponding to the reductions and inductions in the rest parameter pack. The length of the input

sequence is:

n, if specified,

Ut}lcl WiDC fj.llibll Dtdlt if ut:ithcl 11 1101 DtJ. idc iD DPULiﬁCd7
otherwise 1 + (finish-start-1)/stride if stride is positive,
otherwise 1 + (start-finish-1)/-stride.
The first element in the input sequence is start. Each subsequent element is generated by adding
stride to the previous element, if stride is specified, otherwise by incrementing the previous element.
[ Note: As described in the C++ Standard, C++17 §28.1, arithmetic on non-randem-access iterptors
is performed using advance and distance. —end note] [Note: The ordef-of the elements df the
input sequence is important for determining ordinal position of an application of f, even though the
applications themselves may be unordered. — end note|
The first argument to f is an element from the input sequence.| Note® If I is an iterator typq, the
iterators in the input sequence are not dereferenced before being'‘passed to f. —end note] For|each
member of the rest parameter pack excluding f, an additional*argument is passed to each applidation
of f as follows:
— If the pack member is an object returned by a call to @ reduction function listed in subclause[7.2.2,
then the additional argument is a reference to amaecumulator of that reduction object.
— If the pack member is an object returned by axcall to induction, then the additional argument is
the induction value for that induction object.corresponding to the position of the application] of f
in the input sequence.
Complexity: Applies f exactly once for each“element of the input sequence.
Remarks: If f returns a result, the res@dt is ignored.
7.2.% No vec [parallel.alg.ngvec]
templlate<class F>
auffo no_vec(F&& f) noexcept| -» decltype(std::forward<F>(f) ());
Effects: Evaluates std: *forward<F>(£) (). When invoked within an element access function| in a
parallel algorithmyusing vector_policy, if two calls to no_vec are horizontally matched within a
wavefront applidation of an element access function over input sequence S, then the execution of f in
the application for one element in S is sequenced before the execution of f in the application |for a
subsequent_élement in S; otherwise, there is no effect on sequencing.
Returns:The result of £.
Notes) If £ exits via an exception, then terminate will be called, consistent with all other potengially-
throwing operations invoked with vector_policy execution.
[ Example:
extern float y[];
extern int* p;
for_loop(vec, 0, n, [&](int i) {
y[i] += y[i+1];
if (ylil <0 {
§ 725 ©ISO/IEC 2018 — All rights reserved 13
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no_vec([1{
*p++ = i
B
}
B

The updates *p++ =

7.2.6 Ordered update class

temptas Tass

clg
1
puy

q

1

1

4

1

i will occur in the same order as if the policy were seq. — end ezample|

[parallel.alg.ordupdate.class]

= T

ss ordered_update_t {

& ref_; // exposition only

lic:

rdered_update_t(T& loc) noexcept
: ref_(loc) {}

rdered_update_t(const ordered_update_t&) = delete;

rdered_update_t& operator=(const ordered_update_t&) = delete;

emplate <class U>
auto operator=(U rhs) const noexcept
{ return no_vec([&]{ return ref_ =

emplate <class U>

auto operator+=(U rhs) const noexcept
{ return no_vec([&]{ return ref_ +=

emplate <class U>

auto operator-=(U rhs) const noexcept
{ return no_vec([&]{ return ref_ -=

emplate <class U>

auto operator*=(U rhs) const noexcept
{ return no_vec([&]{ return ref_ *=

emplate <class U>

auto operator/=(U rhs) const noexcept
{ return no_vec([&]{ return ref_. /=

emplate <class U>

auto operator?’=(U rhs) const noexcept
{ return no_vec([&]{ retuxn ref_ Y%=

emplate <class U>

auto operator>>=(U rhs)( const noexcept
{ return no_vec([&l{ return ref_ >>=

emplate <class U>

auto operator<<=(U)rhs) const noexcept
{ return no_ve¢([&]{ return ref_ <<=

emplate <class“U>

auto operator&=(U rhs)
{ return no_vec([&]{

emplate<class U>

auto_operator™=(U rhs)

const noexcept

const noexcept

std:

std:

std:

std:

std:

return ref_ &= std::

std::move(rhs); }); }

:move(rhs); })% F

:move(£hsY; }); }

smove (rhs); }); }

:move(rhs); }); }

:move(rhs); }); }

::move(rhs); }); }

::move(rhs); }); }

move(rhs); }); }

¥ return no_vec([&]{ return ref_ ~= std::move(rhs); }); }
template <class U>
auto operator|=(U rhs) const noexcept
{ return no_vec([&]{ return ref_ |= std::move(rhs); }); }

auto operator++() const noexcept

{ return no_vec([&]{ return ++ref_; }); }

auto operator++(int) const noexcept

§7.2.
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{ return no_vec([&]{ return ref_++; }); }

auto operator--() const noexcept

{ return no_vec([&]{ return --ref_; }); }

auto operator--(int) const noexcept

};

{ return no_vec([&]{ return ref_--; }); }

1 An object of type ordered_update_t<T> is a proxy for an object of type T intended to be used within a
parallel application of an element access function using a policy object of type vector_policy. Simple
increments, assignments, and compound assignments to the object are forwarded to the proxied object, but

are s
forwy
accid]

7.2.7

temp]
ord

bquenced as though executed within a no_vec invocation. [ Note: The return-value deduction.d
rded operations results in these operations returning by value, not reference. This formulation ‘pre
bntal collisions on accesses to the return value. — end note]

4

Ordered update function template [parallel.alg.ordupdate.f]

ate<T>
ered_update_t<T> ordered_update(T& loc) noexcept;

Returns: { loc }.

f the
vents

unc|

§7.2.
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8

8.1

Task Block [parallel.taskblock]

Header <experimental/task_block> synopsis [parallel.taskblock.synopsis]

namespace std::experimental {
inline namespace parallelism_v2 {

8.2

nanespace std::experimental {
inlline namespace parallelism_v2 {

The

block: :wait if they detect than.an.exception is pending within the current parallel block. See 8.5, b

virtgal const char* what() const noexcept;

8.3

nanespace stdi‘fexperimental {
inlline namespace parallelism_v2 {

3 e a2 s
grasSTs bnax\_wmxbc;;cu_cz\uvt}uJ.Uu,
dlass task_block;

tlemplate<class F>
void define_task_block(F&& f);

lemplate<class f>
void define_task_block_restore_thread(F&& f);

Class task_cancelled_exception [parallel.taskblock.task__cancelled__except

dlass task_cancelled_exception : public exception
fublic:
task_cancelled_exception() noexcept;

virtual const char* what() const noexcept ‘override;

1;

lass task_cancelled_exception defines the type of objects thrown by task_block::run or t

Returns: An implementation-defined NTBS.

Class taskgblock [parallel.taskblock.c

dlass\task_block
1

ion]

hsk -
low.

lass]

private:
~task_block();

public:
task_block(const task_block&) = delete;
task_block& operator=(const task_block&) = delete;
void operator&() const = delete;

§83 ©ISO/IEC 2018 — All rights reserved
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template<class F>
void run(F&& f);

void wait();

};

}
}

The class task_block defines an interface for forking and joining parallel tasks. The define_task_block

and d
a refd

An o
tatio

value
A ta
invo

the n
meai
block
oper
Whe
which
block

[ Fza

def
1

B;

[ Not

temp]]

efine_task_block_restore_thread function templates create an object of type task_block and pass
rence to that object to a user-provided function object.
bject of class task_block cannot be constructed, destroyed, copied, or moved except by the,impl¢men-
1 of the task block library. Taking the address of a task_block object via operatexd is ill-foymed.
Obtafining its address by any other means (including addressof) results in a pointer with an unspefified
dereferencing such a pointer results in undefined behavior.
Ek_block is active if it was created by the nearest enclosing task block, where)task block refers o an
ation of define_task_block or define_task_block_restore_thread and“nearest enclosing njeans
lost recent invocation that has not yet completed. Code designated forsexecution in another threjd by
s other than the facilities in this subclause (e.g., using thread or asyne) are not enclosed in the task
and a task_block passed to (or captured by) such code is not active)within that code. Performinf any
tion on a task_block that is not active results in undefined behavior.
h the argument to task_block: :run is called, no task_blocCk'is active, not even the task_blo¢k on
run was called. (The function object should not, thereforécapture a task_block from the surroupding
)
ple:
ine_task_block([&] (auto& tb) {
b.run([&]{
tb.run([1 { £0; B; // Error: tb is not active within run
define_task_block([&] (auto& tb2) { /7 Define new task block
tb2.run(f);
b;
);
d example ]
: Implementations’ are encouraged to diagnose the above error at translation time. — end note]
ate<class E>~void run(F&& f);
Requires:”F shall be MoveConstructible. DECAY_COPY(std::forward<F>(f)) () shall be a [valid
exptession.
Regliires: *this shall be the active task_block.

§8.3

Effects: Evaluates DECAY_COPY (std: : forward<F>(f)) (), where DECAY_COPY (std: : forward<F>(f))

is evaluated synchronously within the current thread. The call to the resulting copy of the fun

ction

object is permitted to run on an unspecified thread created by the implementation in an unordered
fashion relative to the sequence of operations following the call to run(f) (the continuation), or
indeterminately sequenced within the same thread as the continuation. The call to run synchronizes

with the call to the function object. The completion of the call to the function object synchronizes

©ISO/IEC 2018 — All rights reserved
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the next invocation of wait on the same task_block or completion of the nearest enclosing task

block

(i.e., the define_task_block or define_task_block_restore_thread that created this task_block).

Throws: task_cancelled_exception, as described in 8.5.
Remarks: The run function may return on a thread other than the one on which it was called; in such
cases, completion of the call to run synchronizes with the continuation. [ Note: The return from run is
ordered similarly to an ordinary function call in a single thread. — end note ]
Remarks: The invocation of the user-supplied function object £ may be immediate or may be delayed
until compute resources are available. run might or might not return before the invocation of f
completes.
void [wait();
Preconditions: *this shall be the active task_block.
Effects: Blocks until the tasks spawned using this task_block have completed.
Throws: task_cancelled_exception, as described in 8.5.
Postconditions: All tasks spawned by the nearest enclosing task block/have completed.
Remarks: The wait function may return on a thread other than the“ené on which it was called; in| such
cases, completion of the call to wait synchronizes with subsequefit~operations. [ Note: The return|from
wait is ordered similarly to an ordinary function call in a single’thread. — end note ]
[ Ezample:
define_task_block([&] (auto& tb) {
tb.run([&]{ process(a, w, x); }); // Process aw] through afx]
if (y < x) tb.waitQ; // Wad if overlap between [w,x) and [y,z)
process(a, y, 2); //ZProcess aly] through afz]
b;
— end example |
8.4 | Function template define_task_block [parallel.taskblock.define__task__block]
templlate<class F> void define/task_block(F&& f);
templlate<class F> void define_task_block_restore_thread(F&& £f);
Requires: Given anJIvalue tb of type task_block, the expression f (tb) shall be well-formed.
Effects: Constructs a task_block tb and calls f (tb).
Throws: exception_list, as specified in 8.5.
Postconditions: All tasks spawned from f have finished execution.
Remaiks: The define_task_block function may return on a thread other than the one on whjch it
was/called unless there are no task blocks active on entry to define_task_block (see 8.3), in which
case the Tunction refurns on the original thread. When define_task_block returns on a different
thread, it synchronizes with operations following the call. [ Note: The return from define_task_block
is ordered similarly to an ordinary function call in a single thread. — end note] The define_task_-
block_restore_thread function always returns on the same thread as the one on which it was called.
Notes: Tt is expected (but not mandated) that £ will (directly or indirectly) call tb.run(function-
object).
§84 ©ISO/IEC 2018 — All rights reserved 18
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Exception Handling [parallel.taskblock.exceptions]

Every task_block has an associated exception list. When the task block starts, its associated exception list
is empty.

When an exception is thrown from the user-provided function object passed to define_task_block or
define_task_block_restore_thread, it is added to the exception list for that task block. Similarly, when
an exception is thrown from the user-provided function object passed into task_block: :run, the exception
object is added to the exception list associated with the nearest enclosing task block. In both cases, an
implementation may discard any pending tasks that have not yet been invoked. Tasks that are already in

prog

ss are not infr\r'r‘npfr\d nvpnpf at acallto task block::run or task block: :wait as described

elow.

If the
neare
exce
spon
Whe
list
The

implementation is able to detect that an exception has been thrown by another task withinthe

st enclosing task block, then task_block: :run or task_block::wait may throw task.cance
btion; these instances of task_canceled_exception are not added to the exception list of the
ling task block.

| a task block finishes with a non-empty exception list, the exceptions are aggregated'inito an except
object, which is then thrown from the task block.

rder of the exceptions in the exception_list object is unspecified.

same
led -
orre-

ion_-

§85

©ISO/IEC 2018 — All rights reserved

19


https://iecnorm.com/api/?name=0d6e6285e8be3d4c8257a2d8e8e55258

ISO/IEC TS 19570:2018(E)

9

9.1

Data-Parallel Types [parallel.simd]|

General [parallel.simd.general]

The data-parallel library consists of data-parallel types and operations on these types. A data-parallel type
consists of elements of an underlying arithmetic type, called the element type. The number of elements is a

Nad +1 YEEN

const

Thro
and g

An e
Each
elemd
elemd
of tw]

Thro|
arith

[ Not
and i
unav:

9.2

nanespace std::experimental {

inl
1]

e S PR P N ¢ N )

+ L VNI S Nal & Pl Lol ot &
R rof—Cataatapatranrtrty petatraCanta—tnC et o that—ty Pt

ighout this Clause, the term data-parallel type refers to all supported (9.6.1) specializations ofithe
imd_mask class templates. A data-parallel object is an object of data-parallel type.

ement-wise operation applies a specified operation to the elements of one or more data‘parallel ol
such application is unsequenced with respect to the others. A unary element-wise ‘operation
nt-wise operation that applies a unary operation to each element of a data-panaliel object. A b
nt-wise operation is an element-wise operation that applies a binary operation to.corresponding elet]

data-parallel objects.

metic types other than bool.

: The intent is to support acceleration through data-parallel execution resources, such as SIMD reg
hstructions or execution units driven by a common instruction,decoder. If such execution resourcq
ilable, the interfaces support a transparent fallback to sequential execution. — end note]

Header <experimental/simd> synopsis [parallel.simd.syno

ine namespace parallelism_v2 {

amespace simd_abi {

using scalar = see below;

template<int N> using fixed_size = see\below;

template<class T> inline constexpr int max_fixed_size = implementation-defined;
template<class T> using compatible\= implementation-defined;

template<class T> using native, &) implementation-defined;

template<class T, size_t .Nj_class... Abis> struct deduce { using type = see below; };
template<class T, size_t N, class... Abis> using deduce_t =
typename deduce<T, N, Abis...>::type;

truct element_aligned_tag {};

truct vector.aligned_tag {};

emplate<size=t> struct overaligned_tag {};

nline constexpr element_aligned_tag element_aligned{};
nline.“Constexpr vector_aligned_tag vector_aligned{};

emplate<size_t N> inline constexpr overaligned_tag<N> overaligned{};

simd

jects.
is an
inary
hents

ughout this Clause, the set of vectorizable types for a data-parallel type.comprises all cv-unquallified

sters
S are

psis]

9.4, simd type traits

template<class T> struct is_abi_tag;
template<class T> inline constexpr bool is_abi_tag_v = is_abi_tag<T>::value;

template<class T> struct is_simd;
template<class T> inline constexpr bool is_simd_v = is_simd<T>::value;

§9.2
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template<class T> struct is_simd_mask;
template<class T> inline constexpr bool is_simd_mask_v = is_simd_mask<T>::value;

template<class T> struct is_simd_flag_type;
template<class T> inline constexpr bool is_simd_flag_type_v =
is_simd_flag_type<T>::value;

template<class T, class Abi = simd_abi::compatible<T>> struct simd_size;
template<class T, class Abi = simd_abi::compatible<T>>
inline constexpr size_t simd_size_v = simd_size<T,Abi>::value;

flemplate<class T, class U = typename T::value_type> struct memory_alignment;
flemplate<class T, class U = typename T::value_type>
inline constexpr size_t memory_alignment_v = memory_alignment<T,U>::value;

femplate<class T, class V> struct rebind_simd { using type = see below; 1};
flemplate<class T, class V> using rebind_simd_t = typename rebind_simd<T, V>p: type;
Yemplate<int N, class V> struct resize_simd { using type = see below; };
flemplate<int N, class V> using resize_simd_t = typename resize_simd<N,”\>*:type;

/9.6, Class template simd

lemplate<class T, class Abi = simd_abi::compatible<T>> class simdy

flemplate<class T> using native_simd = simd<T, simd_abi::natiye<T>>;

flemplate<class T, int N> using fixed_size_simd = simd<T, simd=abi::fixed_size<N>>;

/9.8, Class template simd_mask

tlemplate<class T, class Abi = simd_abi::compatible<T>>)class simd_mask;
flemplate<class T> using native_simd_mask = simd_mask<T, simd_abi::native<T>>;
flemplate<class T, int N> using fixed_size_simd_mask =

simd_mask<T, simd_abi::fixed_size<N>>;

(/ 9.7.5, Casts
flemplate<class T, class U, class Abi> se&e below simd_cast(const simd<U, Abi>&) noexcept;
emplate<class T, class U, class Abix<see below static_simd_cast(const simd<U, Abi>&) noexfept;

flemplate<class T, class Abi>
fixed_size_simd<T, simd_size'v<T, Abi>>
to_fixed_size(const simd<T, Abi>&) noexcept;
lemplate<class T, class Abi>
fixed_size_simd_mask<T, simd_size_v<T, Abi>>
to_fixed_size(gonst simd_mask<T, Abi>&) noexcept;
flemplate<class Tg~ int N>
native_simd<T> to_native(const fixed_size_simd<T, N>&) noexcept;
flemplate<class T, int N>
native_simd_mask<T> to_native(const fixed_size_simd_mask<T, N>&) noexcept;
Ylemplate<ctass T, int N>
simd<T> to_compatible(const fixed_size_simd<T, N>&) noexcept;
flemplate<class T, int N>
sjmd_maskg > :Q_cgmpnf'ih'ln(r‘nan 'F'ivnﬂ_q"i7n_<'imﬂ_mn<1(<']" N>&) nnnvrnpf'

template<size_t... Sizes, class T, class Abi>
tuple<simd<T, simd_abi::deduce_t<T, Sizes>>...>
split(const simd<T, Abi>&) noexcept;
template<size_t... Sizes, class T, class Abi>
tuple<simd_mask<T, simd_mask_abi::deduce_t<T, Sizes>>...>
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split(const simd_mask<T, Abi>&) noexcept;
template<class V, class Abi>
array<V, simd_size_v<typename V::value_type, Abi> / V::size()>
split(const simd<typename V::value_type, Abi>&) noexcept;
template<class V, class Abi>
array<V, simd_size_v<typename V::simd_type::value_type, Abi> / V::size()>
split(const simd_mask<typename V::simd_type::value_type, Abi>&) noexcept;

template<size_t N, class T, class A>
array<resize_simd<simd_size_v<T, A> / N, simd<T, A>>, N>

split_by(const simd<T, A>& x) noexcept;

flemplate<size_t N, class T, class A>

array<resize_simd<simd_size_v<T, A> / N, simd_mask<T, A>>, N>
split_by(const simd_mask<T, A>& x) noexcept;

flemplate<class T, class... Abis>
simd<T, simd_abi::deduce_t<T, (simd_size_v<T, Abis> + ...)>>
concat(const simd<T, Abis>&...) noexcept;
flemplate<class T, class... Abis>
simd_mask<T, simd_abi::deduce_t<T, (simd_size_v<T, Abis> + ...)>>

concat (const simd_mask<T, Abis>&...) noexcept;

flemplate<class T, class Abi, size_t N>
resize_simd<simd_size_v<T, Abi> * N, simd<T, Abi>>
concat(const array<simd<T, Abi>, N>& arr) noexcept;
flemplate<class T, class Abi, size_t N>
resize_simd<simd_size_v<T, Abi> * N, simd_mask<T, ‘Abi>>
concat (const array<simd_mask<T, Abi>, N>& arr) fnoexcept;

(/' 9.9.4, Reductions

yemplate<class T, class Abi> bool all_of(const simd_mask<T, Abi>&) noexcept;
femplate<class T, class Abi> bool any_of (const simd_mask<T, Abi>&) noexcept;
emplate<class T, class Abi> bool none-0f(const simd_mask<T, Abi>&) noexcept;
emplate<class T, class Abi> bool som&of(const simd_mask<T, Abi>&) noexcept;
flemplate<class T, class Abi> int popcount(const simd_mask<T, Abi>&) noexcept;
emplate<class T, class Abi> int\find_first_set(const simd_mask<T, Abi>&);

emplate<class T, class Abi> 4Ant find_last_set(const simd_mask<T, Abi>&);

Hool all_of(T) noexcept;
Yool any_of (T) noexcept;
Yool none_of (T) noexcépt;
Yool some_of (T) gioexcept;
int popcount (T9) ncexcept;
int find_fipstoset(T);

int find_}ast_set(T);

/9.5, Where expression class templates
flemplate<class M, class T> class const_where_expression;

Hemnlatelclass M class T> class where expression:
T o

// 9.9.5, Where functions
template<class T, class Abi>
where_expression<simd_mask<T, Abi>, simd<T, Abi>>
where(const typename simd<T, Abi>::mask_type&, simd<T, Abi>&) noexcept;
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template<class T, class Abi>
const_where_expression<simd_mask<T, Abi>, simd<T, Abi>>
where(const typename simd<T, Abi>::mask_type&, const simd<T, Abi>&) noexcept;

template<class T, class Abi>
where_expression<simd_mask<T, Abi>, simd_mask<T, Abi>>
where(const type_identity_t<simd_mask<T, Abit>>&, simd_mask<T, Abi>&) noexcept;

template<class T, class Abi>
const_where_expression<simd_mask<T, Abi>, simd_mask<T, Abi>>
where (const type_identity_t<simd_mask<T, Abit>>&, const simd_mask<T, Abi>&) noexcept;

flemplate<class T>
where_expression<bool, T>
where(see below k, T& d) noexcept;

flemplate<class T>
const_where_expression<bool, T>
where(see below k, const T& d) noexcept;

(/ 9.7.4, Reductions
lemplate<class T, class Abi, class BinaryOperation = plus<>>
T reduce(const simd<T, Abi>&,

BinaryOperation = {});

flemplate<class M, class V, class BinaryOperation>

typename V::value_type reduce(const const_where_expression<M, V>& x,
typename V::value_type identity_element,
BinaryOperation Jbinary_op) ;

flemplate<class M, class V>

typename V::value_type reduce(const const. Where_expression<M, V>& x,
plus<> binary_op = {}) noexcept;

flemplate<class M, class V>

typename V::value_type reduce(constconst_where_expression<M, V>& x,
multiplies<> binary_op) noexcept;

flemplate<class M, class V>

typename V::value_type reduce(const const_where_expression<M, V>& x,
bit_and<> binary_op) noexcept;

flemplate<class M, class V>

typename V::value_type ‘reduce(const const_where_expression<M, V>& x,
bit_or<> binary_op) noexcept;

flemplate<class Mg~ class V>

typename V::value_type reduce(const const_where_expression<M, V>& x,
bit_xor<> binary_op) noexcept;

flemplate<class T, class Abi>
T hmin(const simd<T, abi>&) noexcept;
flemplate<class M, class V>

t¥pename V- -value type hmin(const const where expression<M V>&) noexcept:
T =T = o T

template<class T, class Abi>
T hmax(const simd<T, abi>&) noexcept;
template<class M, class V>
typename V::value_type hmax(const const_where_expression<M, V>&) noexcept;

// 9.7.6, Algorithms
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template<class T, class Abi>
simd<T, Abi>
min(const simd<T, Abi>& a, const simd<T, Abi>& b) noexcept;
template<class T, class Abi>
simd<T, Abi>
max(const simd<T, Abi>& a, const simd<T, Abi>& b) noexcept;
template<class T, class Abi>
pair<simd<T, Abi>, simd<T, Abi>>
minmax(const simd<T, Abi>& a, const simd<T, Abi>& b) noexcept;
template<class T, class Abi>
simd<T, Abi>
clamp(const simd<T, Abi>& v,
const simd<T, Abi>& 1lo,
const simd<T, Abi>& hi);

}
}

The header <experimental/simd> defines class templates, tag types, trait types, and function templatgs for
elemé¢nt-wise operations on data-parallel objects.

9.3 | simd ABI tags [parallel.simd|abi]

nanespace simd_abi {

Ysing scalar = see below;
flemplate<int N> using fixed_size = see below;

flemplate<class T> inline constexpr int max_fixed_size = implementation-defined;
flemplate<class T> using compatible = implementation-défined;

flemplate<class T> using native = implementation-defened;

}

An ABI tag is a type in the std: :experimental: :parallelism_v2::simd_abi namespace that indicqtes a
choicp of size and binary representation for objectsof data-parallel type. [ Note: The intent is for th¢ size
and linary representation to depend on the target’architecture. — end note] The ABI tag, together with a
given| element type implies a number of elements. ABI tag types are used as the second template argument
to sind and simd_mask.

[ Not¢: The ABI tag is orthogonal to sélecting the machine instruction set. The selected machine instruction
set linits the usable ABI tag types¢though (see 9.6.1). The ABI tags enable users to safely pass objeg¢ts of
data-parallel type between translation unit boundaries (e.g. function calls or I/O). — end note]

scalfr is an alias for an unspecified ABI tag that is different from fixed_size<1>. Use of the sdalar
tag type requires data-parallel types to store a single element (i.e., simd<T, simd_abi::scalar>::sjze()
returps 1).

The value of max_£fixed_size<T> is at least 32.

fixefl_size<N>.is an alias for an unspecified ABI tag. fixed_size does not introduce a non-deduced
contgxt. Ugénof'the simd_abi::fixed_size<N> tag type requires data-parallel types to store N elerhents
(i.e. |simd<T, simd_abi::fixed_size<N>>::size() is N). simd<T, fixed_size<N>> and simd_magk<T,
fixeflasdze<N>> with N > 0 and N <= max_fixed_size<T> shall be supported. Additionally, for every sup-

size, N == simd<T, Abi>::size() shall be supported.

[ Note: It is unspecified whether simd<T, fixed_size<T, fixed_size<N>> with N > max_fixed_size<T>
is supported. The value of max_fixed_size<T> can depend on compiler flags and can change between
different compiler versions. — end note |

[ Note: An implementation can forego ABI compatibility between differently compiled translation units
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for simd and simd_mask specializations using the same simd_abi::fixed_size<N> tag. Otherwise, the
efficiency of simd<T, Abi> is likely to be better than for simd<T, fixed_size<simd_size_v<T, Abi>>>

(with

Abi not a specialization of simd_abi::fixed_size). —end note]

An implementation may define additional extended ABI tag types in the std: :experimental: :parallelism_-
v2::simd_abi namespace, to support other forms of data-parallel computation.

compatible<T> is an implementation-defined alias for an ABI tag. [ Note: The intent is to use the ABI tag
producing the most efficient data-parallel execution for the element type T that ensures ABI compatibility
between translation units on the target architecture. — end note] [ Ezample: Consider a target architecture

Suppn_;_ting the extended-AB tags simd128 and

ISA ¢
ABI

—e
nati
prod
targe
will |
nati
Cons

supp
as an

templ

xtension on said architecture. Also, the target architecture does not support long double withi
ag. The implementation therefore defines compatible<T> as an alias for:

scalar if T is the same type as long double, and

__s5imd128 otherwise.

d example]

cing the most efficient data-parallel execution for the element type T tiat,iS supported on the curi
bed system. For target architectures without ISA extensions, the native<T> and compatible<T> a
ikely be the same. For target architectures with ISA extensions;~compiler flags may influenc
Fe<T> alias while compatible<T> will be the same independent of such flags. — end note] [ Ezq
der a target architecture supporting the extended ABI tags, _(imd128 and __simd256, where har
rt for __simd256 only exists for floating-point types. Thedmplementation therefore defines natit
alias for

__simd256 if T is a floating-point type, and

__simd128 otherwise.

d example ]
ate<T, size_t N, class... Abis>( struct deduce { using type = see below; 1};
The member type shall be present if and only if

— T is a vectorizable type, and
— simd_abi::fixed size<N> is supported (see 9.3), and

— every type injthe Abis pack is an ABI tag.
Where pregent, the member typedef type shall name an ABI tag type that satisfies

— sdmd_ size<T, type> == N, and

Z7°simd<T, type> is default constructible (see 9.6.1).

simd256 where the —simd256 type requires-anoptional

ither

Fe<T> is an implementation-defined alias for an ABI tag. [ Note: Thegntent is to use the AB[l tag

ently
liases
b the

ple:
ware
e<T>

§9.3

If N is 1, the member typedef type is simd_abi::scalar. Otherwise, if there are multiple ABI tag
types that satisfy the constraints, the member typedef type is implementation-defined. [Note: It

is expected that extended ABI tags can produce better optimizations and thus are preferred
simd_abi::fixed_size<N>. Implementations can base the choice on Abis, but can also ignor
Abis arguments. — end note]

The behavior of a program that adds specializations for deduce is undefined.
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9.4

simd type traits [parallel.simd.traits]

template<class T> struct is_abi_tag { see below };

The type is_abi_tag<T> is a UnaryTypeTrait with a base characteristic of true_type if T is a

standard or extended ABI tag, and false_type otherwise.

The behavior of a program that adds specializations for is_abi_tag is undefined.

template<class T> struct is_simd { see below 1};

cial-

templ

temp]]

templ

The fvpp igs gimd<T> ig g TTn:n'ry'T'ypn'T"rn'if with a base characteristic of true type if Tisa sp

ization of the simd class template, and false_type otherwise.

The behavior of a program that adds specializations for is_simd is undefined.

ate<class T> struct is_simd_mask { see below };

The type is_simd_mask<T> is a UnaryTypeTrait with a base characteristic of‘true_type if T i

specialization of the simd_mask class template, and false_type otherwise.

The behavior of a program that adds specializations for is_simd_mask is undefined.

ate<class T> struct is_simd_flag_type { see below };

The type is_simd_flag_type<class T> is a UnaryTypeTrait with.a base characteristic of true |
if T is one of

— element_aligned_tag, or

— vector_aligned_tag, or

— overaligned_tag<N> with N > 0 and N an iitegral power of two,

and false_type otherwise.

The behavior of a program that adds specializations for is_simd_flag_type is undefined.

ate<class T, class Abi = simd_abi::cCompatible<T>> struct simd_size { see below 1};

simd_size<T, Abi> shall have axmeémber value if and only if

— T is a vectorizable typejand

— 1is_abi_tag_v<Abi> i true.

[ Note: The rules are different from those in (9.6.1). — end note]

If value is preseut, the type simd_size<T, Abi> is a BinaryTypeTrait with a base chara
tic of integral constant<size_t, N> with N equal to the number of elements in a simd<T,
object. [-Note: If simd<T, Abi> is not supported for the currently targeted system, simd_si
Abi>: :value produces the value simd<T, Abi>::size() would return if it were supported. |
note]

The’behavior of a program that adds specializations for simd_size is undefined.

type

teris-
Abi>
re<T,
- end

template<class T, class U = typename T::value_type> struct memory_alignment { see below };

§9.4

memory_alignment<T, U> shall have a member value if and only if

— is_simd_mask_v<T> is true and U is bool, or

— is_simd_v<T> is true and U is a vectorizable type.
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13 If value is present, the type memory_alignment<T, U>isa BinaryTypeTrait with a base characteristic
of integral_constant<size_t, N> for some implementation-defined N (see 9.6.5 and 9.8.4). [ Note:
value identifies the alignment restrictions on pointers used for (converting) loads and stores for the
give type T on arrays of type U. — end note]

14 The behavior of a program that adds specializations for memory_alignment is undefined.

template<class T, class V> struct rebind_simd { using type = see below; 1};

15 The member type is present if and only if
(15.1) — V is either simd<U, AbiO> or simd_mask<U, AbiO>, where U and AbiO are deduced from~V,|and
(15.2) — T is a vectorizable type, and
(15.3) — simd_abi::deduce<T, simd_size_v<U, AbiO>, AbiO> has a member type type-

16 Let Abil denote the type deduce_t<T, simd_size_v<U, AbiO>, AbiO>. Where present, the mgmber

typedef type names simd<T, Abil> if V is simd<U, AbiO> or simd_mask<T,NABil> if V is simd_-
mask<U, AbiO>.

templlate<int N, class V> struct resize_simd { using type = see below; }{

17 The member type is present if and only if
(17.1) — V is either simd<T, AbiO> or simd_mask<T, AbiO>, wher¢-T)and AbiO are deduced from V|and
(17.2) — simd_abi::deduce<T, N, AbiO> has a member type type.
18 Let Abil denote the type deduce_t<T, N, AbiO>. Where present, the member typedef type npmes
s8imd<T, Abil> if V is simd<T, AbiO> or simd_mask<T, Abil> if V is simd_mask<T, AbiO>.
9.5 | Where expression class templates [parallel.simd.whereejxpr]
tenplate<class M, class T> class const_wherelexpression {
donst M mask; // exposition only
P& data; // exposition only
puflic:

donst_where_expression(const const_where_expression&) = delete;
donst_where_expression& operatbr=(const const_where_expression&) = delete;

T operator-() const && noexcept;
T operator+() const &&\ noexcept;

T operator~() const && noexcept;

template<clasg \U, class Flags> void copy_to(U* mem, Flags f) const &&;

};

tenplate<c¢lass M, class T>

class where_expression : public const_where_expression<M, T> {
pullicy

template<class U> void operator=(U&& x) && noexcept;
template<class U> void operator+=(U&& x) && noexcept;
template<class U> void operator-=(U&& x) && noexcept;
template<class U> void operator*=(U&& x) && noexcept;
template<class U> void operator/=(U&& x) && noexcept;
template<class U> void operatory=(U&& x) && noexcept;
template<class U> void operator&=(U&& x) && noexcept;
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template<class U> void operator|=(U&& x) && noexcept;
template<class U> void operator”™=(U&& x) && noexcept;
template<class U> void operator<<=(U&& x) && noexcept;
template<class U> void operator>>=(U&& x) && noexcept;

void operator++() && noexcept;
void operator++(int) && noexcept;
void operator--() && noexcept;
void operator--(int) && noexcept;

4
};

The
elemg

The
If M
M::s
In th|

mask

The
the €

In th
if is
[ Not
argui

T opg

T ops
T opg

temp]

emplate<class U, class Flags> void copy_from(const U* mem, Flags) && ;

class templates const_where_expression and where_expression abstract the notion of seld
nts of a given object of arithmetic or data-parallel type.

irst templates argument M shall be cv-unqualified bool or a cv-unqualified simd_masgk specializat

s bool, T shall be a cv-unqualified arithmetic type. Otherwise, T shall either be M or typs
imd_type.

s subclause, if M is bool, data[0] is used interchangably for data, magkf0] is used interchangab
and M: :size() is used interchangably for 1.

elected indices signify the integers i € {j € N|j < M: :size() Amaskfjl}. The selected elements s
ements datal:] for all selected indices .

s subclause, the type value_type is an alias for T if M is bool,"or an alias for typename T::value |
| simd_mask_v<M> is true.

: The where functions 9.9.5 initialize mask with the.fifst argument to where and data with the s

hent to where. — end note|

rator-() const && noexcept;
rator+() const && noexcept;
rator~() const && noexcept;

Returns: A copy of data with the indicated unary operator applied to all selected elements.

ate<class U, class Flags> void copy_to(U* mem, Flags) const &&;
Requires:

— If M is not bool, the’largest selected index is less than the number of values pointed to by n

— If the template)parameter Flags is vector_aligned_tag, mem shall point to storage align
memory_alighment_v<T, U>.

— If the template parameter Flags is overaligned_tag<N>, mem shall point to storage aligned
— If the)template parameter Flags is element_aligned_tag, mem shall point to storage align
dltgnof (U).

Effeets: Copies the selected elements as if mem[i] = static_cast<U>(datal[i]) for all selected in

cting

ion.

name

y for

gnify

type

cond

lem.

bd by

by N.
bd by

dices

§9.5

T
Throws: Nothing.

Remarks: This function shall not participate in overload resolution unless
— is_simd_flag_type_v<Flags> is true, and

— either
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— U is bool and value_type is bool, or

— U is a vectorizable type and value_type is not bool.

template<class U> void operator=(U&& x) && noexcept;

Effects: Replaces datal[i] with static_cast<T>(std: :forward<U>(x)) [i] for all selected indices i.

Remarks: This operator shall not participate in overload resolution unless U is convertible to T.

template<class
template<class

U>
u>

void
void

operator+=(U&&
operator—-=(U&&

x)
x)

&&
&&

noexcept;
noexcept;

templateTIass

U7

vold

operator*={uvaa&

L)

1

noexcept,

temp]]
templ
temp]
templ
temp]]
temp]]
templ

void
void
void
void

templ

U>
U>
U>
U>
U>
U>
U>

x)
x)
x)

&&
&&
&&

ate<class void operator/=(U&&
operator’=(U&&
operator&=(U&&
operator |=(U&& x) && noexcept;
operator~=(U&& x) && noexcept;
operator<<=(U&& x) && noexcept;

operator>>=(U&& x) && noexcept;

noexcept;
noexcept;
noexcept;

void
void

ate<class
ate<class
ate<class
ate<class
ate<class

void
void
void

ate<class void

Effects: Replaces data[i] with static_cast<T>(data @ std::forward<U>(x)) [i] (where @ de
the indicated operator) for all selected indices .

Remarks: Each of these operators shall not participate in overload réselition unless the return ty
data @ std::forward<U>(x) is convertible to T. It is unspecified. whether the binary operator, in
by the compound assignment operator, is executed on all elements or only on the selected eleme

operator++() && noexcept;
operator++(int) && noexcept;
operator--() && noexcept;
operator--(int) && noexcept;

Effects: Applies the indicated operator to the selected elements.

Remarks: Each of these operators shall not™participate in overload resolution unless the indi
operator can be applied to objects of type\T.

ate<class U, class Flags> void copy ffom(const Ux mem, Flags) &&;

Requires:

If is_simd_flag_type. ¥<U> is true, for all selected indices i, ¢ shall be less than the numl
values pointed to by (mem:

If the template parameter Flags is vector_aligned_tag, mem shall point to storage align
memory_alignment _v<T, U>.

If the template“parameter Flags is overaligned_tag<N>, mem shall point to storage aligned

If the template parameter Flags is element_aligned_tag, mem shall point to storage align
alignof(U).

Effects:xReplaces the selected elements as if datal[i]
selected indices 4.

Throws: Nothing.

static_cast<value_type>(mem[:i]) f

notes

pe of
plied
nts.

ated

er of
bd by

by N.
d by

r all

§9.5

Remarks: This function shall not participate in overload resolution unless

— is_simd_flag_type_v<Flags> is true, and
— either

— U is bool and value_type is bool, or
— U is a vectorizable type and value_type is not bool.
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9.6 Class template simd

9.6.1 Class template simd overview

template<class T, class Abi> class simd {

public:

[parallel.simd.class]

[parallel.simd.overview]

using value_type = T;

using reference = see below;

using mask_type = simd_mask<T, Abi>;
using abi_type = Abi;

qtatic constexpr size_t size() noexcept;
q§imd() noexcept = default;

(/ 9.6.4, simd constructors

femplate<class U> simd(U&& value) noexcept;

emplate<class U> simd(const simd<U, simd_abi::fixed_size<size()>>&) noexcept;
femplate<class G> explicit simd(G&& gen) noexcept;

emplate<class U, class Flags> simd(const U* mem, Flags f);

/ 9.6.5, simd copy functions
tlemplate<class U, class Flags> copy_from(const U* mem, Flags f);
femplate<class U, class Flags> copy_to(U* mem, Flags f);

/ 9.6.6, simd subscript operators
feference operator[](size_t);
Walue_type operator[](size_t) const;

/ 9.6.7, simd unary operators

imd& operator++() noexcept;

imd operator++(int) noexcept;

imd& operator--() noexcept;

imd operator--(int) noexcept;
ask_type operator!() const noexcept}
imd operator~() const noexcept;

imd operator+() const noexcept;

imd operator-() const noexGépt;

I0_In _In_ID

(/ 9.7.1, simd binary operators

riend simd operator#(const simd&, const simd&) noexcept;
riend simd operators(const simd&, const simd&) noexcept;
riend simd operatdr*(const simd&, const simd&) noexcept;
riend simd operdtor/(const simd&, const simd&) noexcept;
riend simd  operator’,(const simd&, const simd&) noexcept;
riend simd)operator&(const simd&, const simd&) noexcept;
riend.'§imd operator|(const simd&, const simd&) noexcept;
riend_simd operator”(const simd&, const simd&) noexcept;
riend simd operator<<(const simd&, const simd&) noexcept;

friend simd operator>>(const simd&, const simd&) noexcept;
friend simd operator<<(const simd&, int) noexcept;
friend simd operator>>(const simd&, int) noexcept;

// 9.7.2, simd compound assignment
friend simd& operator+=(simd&, const simd&) noexcept;
friend simd& operator-=(simd&, const simd&) noexcept;
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riend simd& operator*=(simd&, const simd&) noexcept;
riend simd& operator/=(simd&, const simd&) noexcept;
riend simd& operator’%=(simd&, const simd&) noexcept;
riend simd& operator&=(simd&, const simd&) noexcept;
riend simd& operator|=(simd&, const simd&) noexcept;
riend simd& operator”=(simd&, const simd&) noexcept;
riend simd& operator<<=(simd&, const simd&) noexcept;
riend simd& operator>>=(simd&, const simd&) noexcept;
riend simd& operator<<=(simd&, int) noexcept;

riend simd& operator>>=(simd&, int) noexcept;

};

The
exprq

Every
a vec

If Ab
inten

If si
destr

[ Eza
the ¢

typed

/ 9.7.3, simd compare operators

riend mask_type operator==(const simd&, const simd&) noexcept;
riend mask_type operator!=(const simd&, const simd&) noexcept;
riend mask_type operator>=(const simd&, const simd&) noexcept;
riend mask_type operator<=(const simd&, const simd&) noexcept;
riend mask_type operator>(const simd&, const simd&) noexcept;
riend mask_type operator<(const simd&, const simd&) noexcept;

rlass template simd is a data-parallel type. The width of a given simd specialization is a con|
ssion, determined by the template parameters.

F specialization of simd shall be a complete type. The specialization simd<T, Abi> is supported i
torizable type and

Abi is simd_abi::scalar, or

Abi is simd_abi::fixed_size<N>, with N constrained as defined in 9.3.

i is an extended ABI tag, it is implementation-defiried whether simd<T, Abi> is supported. [ Note
b is for implementations to decide on the bagis‘of the currently targeted system. — end note|

md<T, Abi> is not supported, the specialization shall have a deleted default constructor, dg
ictor, deleted copy constructor, and déleted copy assignment. Otherwise, the following are true:

is_nothrow_move_constructiblé_v<simd<T, Abi>>, and
is_nothrow_move_assignable_v<simd<T, Abi>> and

is_nothrow_defaulit \constructible_v<simd<T, Abi>>.

ple: Consider an-implementation that defines the extended ABI tags __simd_x and __gpu_y.
mpiler is invoked to translate to a machine that has support for the __simd_x ABI tag for all arith
other thanong double and no support for the __gpu_y ABI tag, then:

gpu_y> is not supported for any T and has a deleted constructor.

simd<T, simd_abi::

8(E)

stant

f T is

The

leted

Vhen
metic

simd<double, simd_abi::__simd_x> is supported.

simd<long double, simd_abi::scalar> is supported.

— end example]
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Default intialization performs no initialization of the elements; value-initialization initializes each element
with T(). [ Note: Thus, default initialization leaves the elements in an indeterminate state. — end note|

Implementations should enable explicit conversion from and to implementation-defined types. This adds one
or more of the following declarations to class simd:

explicit operator implementation-defined () const;
explicit simd(const implementation-defined& init);

[ Ezample: Consider an implementation that supports the type __vec4f and the function __vecd4f _vecdf_-

adds

1b( vec4f, vec4f) for the currently targeted system. A user may require the use of vec4f ad

dsub

for m

— €

9.6.1

stati

9.6.4

A re
is the

Class

aximum performance and thus writes:

using V = simd<float, simd_abi::__simd128>;
V addsub(V a, V b) {
return static_cast<V>(_vec4f_addsub(static_cast<__vec4f>(a), static_cast<__yeedf>(b)))

}

d example |

b simd width
c constexpr size_t size() noexcept;

Returns: The width of simd<T, Abi>.

8 Element references [parallel.simd.refere

Ference is an object that refers to an element in a simdyor/simd_mask object. reference: :value |
same type as simd: :value_type or simd_mask: :yalue_type, respectively.

reference is for exposition only. An implementation is permitted to provide equivalent function

[parallel.simd.width]

nce|

type

hality

reference operator++() && noexcept;
value_type operator++(int) && noexcept;
reference operator--() && noexcept;

§9.6.3

withdut providing a class with this name.

clgss reference // exposition only

{

puflic:
feference() = delete;
feference(const reference&) =«delete;
dperator value_type() constjhoexcept;
Yemplate<class U> reference operator=(U&& x) && noexcept;
yemplate<class U> reference operator+=(U&& x) && noexcept;
tlemplate<clasg \U> reference operator-=(U&& x) && noexcept;
emplate<class'U> reference operator*=(U&& x) && noexcept;
femplatedclass U> reference operator/=(U&& x) && noexcept;
emplaté<class U> reference operator’=(U&& x) && noexcept;
yemplate<class U> reference operator|=(U&& x) && noexcept;
emplate<class U> reference operator&=(U&& x) && noexcept;
template<class U> reference operator =(U&& x) && noexcept;
template<class U> reference operator<<=(U&& x) && noexcept;
template<class U> reference operator>>=(U&& x) && noexcept;
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value_type operator--(int) && noexcept;

friend void swap(reference&& a, reference&& b) noexcept;
friend void swap(value_type&& a, reference&& b) noexcept;
friend void swap(reference&& a, value_type&& b) noexcept;

};

operator value_type() const noexcept;

Returns: The value of the element referred to by *this.

templ

templ
temp]
templ
temp]]
temp]]
templ
temp]
templ
temp]]
templ

refeq]
refex

valud

ate<class U> reference operator=(U&& x) && noexcept;

Effects: Replaces the referred to element in simd or simd_mask with static_cast<value/type>
: :forward<U>(x)).

Returns: A copy of *this.

Remarks: This function shall not participate in overload resolution unless déclval<value_typs
= std::forward>U>(x) is well-formed.

ate<class U> reference operator+=(U&& x) && noexcept;
ate<class U> reference operator-=(U&& x) && noexcept;
ate<class U> reference operator*=(U&& x) && noexcept;
ate<class U> reference operator/=(U&& x) && noexcept;
ate<class U> reference operator)=(U&& x) && noexcept;
ate<class U> reference operator|=(U&& x) && noexcept;
ate<class U> reference operator&=(U&& x) && noexcept;
ate<class U> reference operator”=(U&& x) && noexcépt;
ate<class U> reference operator<<=(U&& x) && noexcept;
ate<class U> reference operator>>=(U&& x) && mnoexcept;

Effects: Applies the indicated compound opérator to the referred to element in simd or simd_mas]
std: : forward<U>(x).

Returns: A copy of *this.
Remarks: This function shall not participate in overload resolution unless declval<value_type&>

std: : forward<U>(x) (where @z denotes the indicated compound assignment operator) is well-fo

ence operator++() && noexcept;
ence operator--() && ‘noexcept;

Effects: Appliesthe-indicated operator to the referred to element in simd or simd_mask.
Returns: A eopy’ of *this.
Remarks~This function shall not participate in overload resolution unless the indicated operato

be applied to objects of type value_type.

_type operator++(int) && noexcept;

(std

&> 0O

t and

) e=
med.

I can

valu

§ 9.6.

—type—operator—tint—ki—moercepts
Effects: Applies the indicated operator to the referred to element in simd or simd_mask.

Returns: A copy of the referred to element before applying the indicated operator.

Remarks: This function shall not participate in overload resolution unless the indicated operator can

be applied to objects of type value_type.
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friend void swap(reference&& a, reference&& b) noexcept;
friend void swap(value_type& a, reference&& b) noexcept;
friend void swap(reference&& a, value_type& b) noexcept;

Effects: Exchanges the values a and b refer to.

9.6.4 simd constructors [parallel.simd.ctor]

template<class U> simd(U&&) noexcept;

Effects: Constructs an object with each element initialized to the value of the argument after conversion

templ

templ

templ

to value_type.
Remarks: Let From denote the type remove_cv_t<remove_reference_t<U>>. This constructor
not participate in overload resolution unless:
— From is a vectorizable type and every possibly value of From can be represénted with
value_type, or
— From is not an arithmetic type and is implicitly convertible to value_type, or
— From is int, or

— From is unsigned int and value_type is an unsigned integral tgpe:

ate<class U> simd(const simd<U, simd_abi::fixed_size<size()>>&-%) noexcept;

Effects: Constructs an object where the i*? element equals stabic_cast<T>(x[i]) for all i in the
of [0, size()).

Remarks: This constructor shall not participate in oyverlead resolution unless

— abi_type is simd_abi::fixed_size<size()®)and
— every possible value of U can be represented with type value_type, and

— if both U and value_type are integral,the integer conversion rank (C++17 §7.15) of value |
is greater than the integer conversion rank of U.
ate<class G> simd(G&& gen) noexcept;

Effects: Constructs an object where the i*® element is initialized to gen(integral_constant<si

i>0).

Remarks: This constructor shall not participate in overload resolution unless simd(gen(integ
constant<size_t,-3»())) is well-formed for all 7 in the range of [0, size()).

The calls to ged are unsequenced with respect to each other. Vectorization-unsafe standard 1i
functions may‘\not be invoked by gen (C++17 §28.4.3).

ate<class U, class Flags> simd(const Ux mem, Flags);

Regtires:

shall

type

ange

type

re_t,

ral -

rary

~" [mem, mem + size()) is a valid range

§ 9.6.

— If the template parameter Flags is vector_aligned_tag, mem shall point to storage aligned by

memory_alignment_v<simd, U>.

— If the template parameter Flags is overaligned_tag<N>, mem shall point to storage aligned

by N.

— If the template parameter Flags is element_aligned_tag, mem shall point to storage aligned by

alignof (U).
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Effects: Constructs an object where the i*" element is initialized to static_cast<T>(mem[:]) for all i

in the range of [0, size()).

Remarks: This constructor shall not participate in overload resolution unless

— is_simd_flag_type_v<Flags> is true, and

— U is a vectorizable type.

9.6.5 simd copy functions [parallel.simd.c

temp]

templ

py]

ate<class U, class Flags> void copy_from(const U* mem, Flags);

Requires:

— [mem, mem + size()) is a valid range.

— If the template parameter Flags is vector_aligned_tag, mem shall point te storage align
memory_alignment_v<simd, U>.

— If the template parameter Flags is overaligned_tag<N>, mem shall point to storage aligned
— If the template parameter Flags is element_aligned_tag, mem\shall point to storage align
alignof (U).
Effects: Replaces the elements of the simd object such that €he i*? element is assigned with sta
cast<T>(mem[i]) for all 7 in the range of [0, size())~

Remarks: This function shall not participate in overléad resolution unless

— is_simd_flag_type_v<Flags> is true, and

— U is a vectorizable type.

ate<class U, class Flags> void copyito(U* mem, Flags) const;
Requires:

— [mem, mem + size()Yis a valid range.

— If the template parameter Flags is vector_aligned_tag, mem shall point to storage align
memory_alighment_v<simd, U>.

— If the template parameter Flags is overaligned_tag<N>, mem shall point to storage aligned
— If theytemplate parameter Flags is element_aligned_tag, mem shall point to storage align

alzgnof (U).

Fifécts: Copies all simd elements as if mem[7] = static cast<U>(operator[](:)) for all 7 i

bd by

by N.
bd by

cic_-

bd by

by N.
bd by

h the

§ 9.6.

range of [0, size()).

Remarks: This function shall not participate in overload resolution unless

— is_simd_flag_type_v<Flags> is true, and

— U is a vectorizable type.
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9.6.6 simd subscript operators [parallel.simd.subscr]

reference operator[](size_t i);

Requires: i < size().
Returns: A reference (see 9.6.3) referring to the i*? element.

Throws: Nothing.

value_type operator[](size_t i) const;

9.6.1
Effec

simd&

simd

simdé

simd

mask |

simd

Requites T < Stze )
Returns: The value of the it element.

Throws: Nothing.

7
s in this subclause are applied as unary element-wise operations.
operator++() noexcept;

Effects: Increments every element by one.

Returns: *this.

operator++(int) noexcept;

Effects: Increments every element by one.

Returns: A copy of *this before incrementing.

operator--() noexcept;

Effects: Decrements every element by one.

Returns: *this.

operator--(int) noexcept;

Effects: Decrements every elemetit-by one.

Returns: A copy of *this before decrementing.

type operator!() const-noéxcept;

Returns: A simd_mask object with the "

size()).

element set to !operator[] (¢) for all ¢ in the range

operator~ ()yconst noexcept;

Returnsi A simd object where each bit is the inverse of the corresponding bit in *this.

Remanks: This operator shall not participate in overload resolution unless T is an integral type.

simd

simd

§ 9.6.

+. A +. +
oPpeTratorY J—CoRSTHoeXcepT,

Returns: *this.

operator-() const noexcept;

simd unary operators [parallelisimd.unfary]

Returns: A simd object where the i*" element is initialized to —operator[] (i) for all i in the range of

[0, size()).
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9.7 simd non-member operations [parallel.simd.nonmembers]
9.7.1 simd binary operators [parallel.simd.binary]

friend simd operator+(const simd& lhs, const simd& rhs) noexcept;
friend simd operator-(const simd& lhs, const simd& rhs) noexcept;
friend simd operator*(const simd& lhs, const simd& rhs) noexcept;
friend simd operator/(const simd& lhs, const simd& rhs) noexcept;
friend simd operator(const simd& lhs, const simd& rhs) noexcept;
friend simd operator&(const simd& lhs, const simd& rhs) noexcept;
friend simd operator]|(const simd& lhs. const simd& rhs) noexcept:
friefdd simd operator”(const simd& lhs, const simd& rhs) noexcept;
friefdd simd operator<<(const simd& lhs, const simd& rhs) noexcept;
frierld simd operator>>(const simd& lhs, const simd& rhs) noexcept;

Returns: A simd object initialized with the results of applying the indicated operator to 1hs andl rhs
as a binary element-wise operation.

Remarks: Each of these operators shall not participate in overload resolution ‘unless the indi¢ated

operator can be applied to objects of type value_type.

friefdd simd operator<<(const simd& v, int n) noexcept;
friefdd simd operator>>(const simd& v, int n) noexcept;

Returns: A simd object where the i'" element is initialized to.the result of applying the indi¢ated
operator to v[i] and n for all ¢ in the range of [0, size() ).

Remarks: These operators shall not participate in overléad resolution unless the indicated operator can
be applied to objects of type value_type.

9.7.2 simd compound assignment [parallel.simd.casgign]
friefdd simd& operator+=(simd& lhs, const simd&“rhs) noexcept;
friend simd& operator-=(simd& lhs, const simd& rhs) noexcept;
frierd simd& operator*=(simd& lhs, const\'simd& rhs) noexcept;
frierld simd& operator/=(simd& lhs, comst simd& rhs) noexcept;
friefdd simd& operator’=(simd& lhs, const simd& rhs) noexcept;
frierd simd& operator&=(simd& lhs;,'const simd& rhs) noexcept;
friefdd simd& operator|=(simd& 1lhs, const simd& rhs) noexcept;
frierfd simd& operator”=(simd& Ths, const simd& rhs) noexcept;
frierld simd& operator<<=(simd& lhs, const simd& rhs) noexcept;
d

friefdd simd& operator>¥=(simd& lhs, const simd& rhs) noexcept;

Effects: These operators apply the indicated operator to 1hs and rhs as an element-wise operatjon.

Returns: Xbs.

Remagks:~These operators shall not participate in overload resolution unless the indicated operator can
be,dpplied to objects of type value_type.

friend simd& operator<<=(simd& lhs, int n) noexcept;
friend simd& operator>>=(simd& lhs, int n) noexcept;

Effects: Equivalent to: return operator@=(lhs, simd(n));

Remarks: These operators shall not participate in overload resolution unless the indicated operator can
be applied to objects of type value_type.
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9.7.3 simd compare operators [parallel.simd.comparison)]

friend mask_type operator==(const simd& lhs, const simd& rhs) noexcept;
friend mask_type operator!=(const simd& lhs, const simd& rhs) noexcept;
friend mask_type operator>=(const simd& lhs, const simd& rhs) noexcept;
friend mask_type operator<=(const simd& lhs, const simd& rhs) noexcept;
friend mask_type operator>(const simd& lhs, const simd& rhs) noexcept;
friend mask_type operator<(const simd& lhs, const simd& rhs) noexcept;

Returns: A simd_mask object initialized with the results of applying the indicated operator to 1hs and
rhs as a binary element-wise operation.

9.7.4 Reductions [parallel.simd.reductilons]

In thjs subclause, BinaryOperation shall be a binary element-wise operation.

templlate<class T, class Abi, class BinaryOperation = plus<>>
T fgeduce(const simd<T, Abi>& x, BinaryOperation binary_op = {});

Requires: binary_op shall be callable with two arguments of type T returniug-T, or callable with two
arguments of type simd<T, A1> returning simd<T, A1> for every Al thatisan ABI tag type.

Returns: GENERALIZED_SUM(binary_op, x.datali¢]l, ...) foralliingherangeof [0, size())((C++17
§29.2).

Throws: Any exception thrown from binary_op.

templlate<class M, class V, class BinaryOperation>

tygename V::value_type reduce(const const_where_expression<M, V>& x,
typename V::value_type_ identity_element,
BinaryOperation binaryop = {});

Requires: binary_op shall be callable with two arguments of type T returning T, or callable with two
arguments of type simd<T, A1> returning simd<T, A1> for every Al that is an ABI tag type.| The
results of binary_op(identity_element, ") and binary_op(x, identity_element) shall be pqual
to x for all finite values x representable by*V: :value_type.
Returns: If none_of (x.mask), returns\identity_element. Otherwise, returns GENERALIZED SUM(binary_-
op, x.datali], ...) for all seleéted indices i.

Throws: Any exception throwsfrom binary_op.

templlate<class M, class V>
tygename V::value_type feduce(const const_where_expression<M, V>& x, plus<> binary_op) noexcgpt;

Returns: If none_of (x .mask), returns 0. Otherwise, returns GENERALIZED_SUM(binary_op, x.ddtali],
...) for all seleeted indices 1.

templlate<class M,~class V>
tygename V;:value_type reduce(const const_where_expression<M, V>& x, multiplies<> binary_op) |noexcept;

Returns: If none_of (x.mask), returns 1. Otherwise, returns GENERALIZED SUM(binary_op, x.dgtal:],
N4 for all selected indices 3.

template<class M, class V>
typename V::value_type reduce(const const_where_expression<M, V>& x, bit_and<> binary_op) noexcept;

Requires: is_integral_v<V::value_type> is true.
Returns: If none_of (x.mask), returns ~V: :value_type (). Otherwise, returns GENERALIZED_SUM(binary_-

op, x.datali], ...) for all selected indices i.
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template<class M, class V>
typename V::value_type reduce(const const_where_expression<M, V>& x, bit_or<> binary_op) noexcept;
template<class M, class V>
typename V::value_type reduce(const const_where_expression<M, V>& x, bit_xor<> binary_op) noexcept;

Requires: is_integral_v<V::value_type> is true.

Returns: If none_of (x.mask), returns 0. Otherwise, returns GENERALIZED SUM(binary_op, x.datal[:],

...) for all selected indices 3.

template<class T, class Abi> T hmin(const simd<T, Abi>& x) noexcept;

temp]]

temp]]

templ

9.7.5 Casts [parallel.simd.casts]

temp]]

Returns: The value of an element x[j] for which x[j] <= x[i] for all 7 in the range of [0, $iz

ate<class M, class V> typename V::value_type hmin(const const_where_expression<M, V3&-x) 1

Returns: If none_of (x.mask), the return value is numeric_limits<V::value_typé>+:max().
erwise, returns the value of an element x.data[j] for which x.mask[j] == truednd x.datal[}
x.datal[] for all selected indices i.

ate<class T, class Abi> T hmax(const simd<T, Abi>& x) noexcept;

Returns: The value of an element x[j] for which x[j] >= x[i] for all’;#s the range of [0, siz

ate<class M, class V> typename V::value_type hmax(const const{where_expression<M, V>& x) 1

Returns: If none_of (x.mask), the return value is numeric_limits<V::value_type>: :lowest ().
erwise, returns the value of an element x.data[j] for which' x.mask[j] == true and x.datal[}
x.datal[:] for all selected indices i.

ate<class T, class U, class Abi> see below simd_cast(const simd<U, Abi>& x) noexcept;
Let To denote T: :value_type if is_simd_y<T> is true, or T otherwise.

Returns: A simd object with the i*" elément initialized to static_cast<To>(x[:]) for all 4 i
range of [0, size()).

Remarks: The function shall not,participate in overload resolution unless

— every possible value of type U can be represented with type To, and
— either

— is_simd_v<T> i§ false, or

— T::size() )== simd<U, Abi>::size() is true.

The return type s

— T if48, simd_v<T> is true;
otherwise, simd<T, Abi> if U is the same type as T;

&+ otherwise, simd<T, simd_abi::fixed_size<simd<U, Abi>::size()>>

e (0).

oexcept;

Oth-
] <=

e (0).

oexcept;

Oth-
1 >=

h the

template<class T, class U, class Abi> see below static_simd_cast(const simd<U, Abi>& x) noexcept;

§9.7.

Let To denote T::value_type if is_simd_v<T> is true or T otherwise.

Returns: A simd object with the i*P element initialized to static_cast<To>(x[i]) for all i in the

range of [0, size()).

Remarks: The function shall not participate in overload resolution unless either

5 ©ISO/IEC 2018 — All rights reserved
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