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Foreword
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(the International Organization for Standardization) and IEC (the International Ele
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Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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1 General [parallel.general]
1.1 Scope [parallel.general.scope]

This Technical Specification describes requirements for implementations of an interface that
computer programs written in the C++ programming language may use to invoke algorithms
with parallel ex ion, The algorithm Ii his Technical ification are realizable

across a broad class of computer architectures.
This Te¢hnical Specification is non-normative. Some of the functionality described by)thif
Technical Specification may be considered for standardization in a future version:.0f'C+4, but it

Specifigation may never be standardized, and other functionality may be standardized inl a
tially changed form.

The godl of this Technical Specification is to build widespread existingpractice for parallelism
in the J++ standard algorithms library. It gives advice on extensions to those vendors who wish
to provide them.

1.2 Normative references [parallel.general.refer¢nces]

The follpwing referenced document is indispensable for the application of this document], For
dated re¢ferences, only the edition cited applies. Foraindated references, the latest edition of
the refgrenced document (including any amendments) applies.

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

ISO/IE( 14882:— is herein called the C++\Standard. The library described in ISO/IEC 14882:—
clauses|17-30 is herein called the C++-Standard Library. The C++ Standard Library
comporients described in ISO/IEC 14882:— clauses 25, 26.7 and 20.7.2 are herein called the
C++ Standard Algorithms Library.

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

1.3 Namespaces and headers [parallel.general.namespaces]

Since the extensiens'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
otherwise specified, all components described in this Technical Specification are declared in
namesplace'std: :experimental: :parallel::vl.

[ Note: Dnce standardized, the components described hy this Technical Specification ard
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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1.4 Terms and definitions

#include <meow>

19570:2015(E)
N4507

[parallel.general.defns]

For the purposes of this document, the terms and definitions given in the C++ Standard and
the following apply.

A parallel algorithm is a function template described by this Technical Specification declared in
namespace std: :experimental::parallel::vl with a formal template parameter named

Executio

Parallel
followin

These fi
[ Examyj

— end ¢xample ]

hPolicy.

g functions:

All operations of the categories of the iterators that the algorithm is instantiated
Functions on those sequence elements that are required by its specification.

required by the specification.
25.1 of C++ Standard Algorithms Library. — end note |

inctions are herein called element access functions.

ple: The sort function may invoke the following element access functions:
Methods of the random-access iterator of the actual template argument, as per 2
as implied by the name of the template parametérs RandomAccessIterator.
The swap function on the elements of the seqience (as per 25.4.1.1 [sort]/2).
The user-provided Compare function object.

algorithms access objects indirectly accessible via their arguments by invoking the

with.

User-provided function objects to be applied during the execution of the algorithm, if

Operations on those function objects required by the specification. [ Note: See clause

4.2.7,

1.5 Feature-testing recommendations [parallel.general.feakures]

An implementation that provides support for this Technical Specification shall define the
feature

§1.5

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

© ISO/IEC 2015 — All rights reserved
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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
type indicates the kinds of parallelism allowed in the execution of an algorithm and expresses
the consequent requirements on the element access functions

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

// stlandard sequential sort
std: :jsort(v.begin(), v.end());

using namespace std::experimental::parallel;

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

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

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

// sdqrt with dynamically-selected execution
size [t threshold = ...

execytion policy exec = seq;

if (V.size() > threshold)

{
}

exgdc = par;

sort(exec, v.begin(),\w.end());
— end ¢xample ]

[ Note: Because different parallel architectures may require idiosyncratic parameters for
efficient execution, implementations of the Standard Library may provide additional exe¢ution
policies|to those-described in this Technical Specification as extensions. — end note ]

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

namespace std {
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;

//

2.6, Parallel+Vector execution policy

class parallel vector execution policy;

//

N4507

2.7, Dynamic execution policy

clgss execution policy;

[

2.3 Execution policy type trait

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

is execu

tion policy can be used to detect parallel execution pglicies for the purpose of ex

function signatures from otherwise ambiguous overload resolution participation.

is execu

type of

[ Note:
library

The bel

2.4 Se

clasq

The cla
disambi
may nof

2.5 Pa

clasq

The cla
disambi

h standard or implementation-defined execution/policy, otherwise false type.

This provision reserves the privilege of creating non-standard execution policies
mplementation. — end note ]

avior of a program that adds specializations for is execution policy is undefined.

sequential executionpolicy{ unspecified };

ES sequential execution (poticy is an execution policy type used as a unique type to
guate parallel algorithm overloading and require that a parallel algorithm's exec
be parallelized.

paraltlel execution policy{ unspecified };

bS_paradllel execution policy is an execution policy type used as a unique type to

guate parallel algorithm overloading and indicate that a parallel algorithm's exe

[parallel.execpol.typel

cluding

tion policy<T> shall be a UnaryTypeTrait with a BaseCharacteristic of true type if T is the

to the

quential execution policy [parallel.execpgl.seq]

ution

rallel execution policy [parallel.execpol.par]

rution

may be

2.6 Parallel+Vector execution policy

parallelized.

class parallel vector execution policy{ unspecified };

[parallel.execpol.vec]

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
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2.7 Dynamic execution policy [parallel.execpol.dyn

class
{

pub

/

t

t

execution policy

lic:

/ 2.7.1, execution policy construct/assign

emplate<class T> execution policy(const T& exec);
emplate<class T> execution policy& operator=(const T& exec);

=+ + N

b
1 The cla
dynami

[ Examyj
std:

using
execy

if(sd

{
}

std:
— end 6

2 Objects
which i

€X§

2.7.1 e

1 template

2 Effdcts: Constructs 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.

fvector<float> sort me = ...

fsort(exec, std::begin(sort me)), std::end(sort me));

/ 2.7.2, execution policy object access

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

5S execution policy is a container for execution policy objects. execution policy alloy
C control over standard algorithm execution.

ple:

namespace std::experimental::parallel;
tion policy exec = seq;

rt me.size() > threshold)

c = std::par;

bxample ]

of type execution policy shall\be constructible and assignable from objects of typsd
E_execution policy<T>::valugis true.

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

4 template

<ClasS5 1 execution_poticyda operator=(const T& exec),

5 Effects: Assigns a copy of exec's state to *this.

6 Ret

§2.7.1

urns: *this.

© ISO/IEC 2015 — All rights reserved
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2.7.2 execution_policy object access

const type info& type() const noexcept;

ISO/IEC TS 19570:2015(E)
N4507

[parallel.execpol.access]

2 Returns: typeid(T), such that T is the type of the execution policy object contained by *this.

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;

EAW-CE-E FoNL]

Oth AL QE——133 1
TvwisCa 1roalr pOTITceT,

5 Requires: is_execution policy<T>::value is true.
2.8 Execution policy objects

constflexpr sequential execution policy
constflexpr parallel execution policy

constlexpr parallel vector execution policy par vec{};

seq{};
par{};

[parallel.execpol.objects]

The hedder <experimental/execution policy> declares a global object associated with each type of
executipn policy defined by this Technical Specification.

§2.8
© ISO/IEC 2015 — All rights reserved
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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
required and none are available, the algorithm throws a std::bad alloc exception.

; Less
function exits via an uncaught exception, the behavior of the program is determined hy_the type
tion policy used to invoke the algorithm:

— |If the execution policy object is of type class parallel vector execution pglity,
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 exceptions thrown during
the invocations of element access functions, or optionally thé uncaught exceptioI if
there was only one.

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

[ Note: These guarantees imply that, unless theyalgorithm has failed to allocate themory
and exits via std::bad alloc, all exceptions thtown during the execution of the algprithm
are communicated to the caller. It is unspecified whether an algorithm implemertation

will "forge ahead" after encountering and Capturing a user exception. — end notg ]

[ Note: The algorithm may exit via the std::bad alloc exception even if one or more user-
provided function objects have exited via an exception. For example, this can happen
when an algorithm fails to allocaté memory while creating or adding elements to the
exception list object. — end note ]
— |If the execution policy objectis of any other type, the behavior is implementation
defined.

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

namegpace sktd<{
namegpace.experimental {
nameqpace jparallel {
inline hamespace 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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+

[

The cla
use the
executi

const char* what() const noexcept override;

exception list to communicate uncaught exceptions encountered during parallél
bn to the caller of the algorithm.

The typp exception_list::iterator shall fulfill the requirements of ForwardIterator.

size t sfize() const noexcept;

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

5 Complexity: Constant time.

iterator| begin() const noexcept;

7 Returns: An iterator referring to the first exception ptr objest/contained within the
exception list.

iterator| end() const noexcept;

9 Returns: An iterator that is past the end of the 6wned sequence.

const chpr* what() const noexcept override;

11 Returns: An implementation-defined NTBS.

§ 3.2

© ISO/IEC 2015 — All rights reserved
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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
containers and other sequences in parallel.

4.1.1 Rlequirements on user-provided function objects [parallel.alg.geners

Functio|
BinaryOp|

4.1.2 E

Parallel
in whicl
apply tH
The inv

policy object of type sequential execution policy execute in §équential order in the calling

The inv

n objects passed into parallel algorithms as objects of type BinaryPredicate, Compare
eration shall not directly or indirectly modify objects via their arguments.

ffect of execution policies on algorithm execution [parallel.alg.generd

algorithms have template parameters named ExecutionPoligy\which describe the
L the execution of these algorithms may be parallelized and‘the manner in which
le element access functions.

bcations of element access functions in parallel algerithms invoked with an execy

bcations of element access functions in parallel algorithms invoked with an execy

policy

in eithef the invoking thread or in a thread implicitly created by the library to support p4
algorithm execution. Any such invocations executing in the same thread are indetermina
sequeng¢ed with respect to each other. [ Note: It is the caller's responsibility to ensure

correcthess, for example that the invocation does not introduce data races or deadlocks.

— end
[ Examyj
using
int 3
std::
for e
vV.q

1}

The prg
— end {

[ Exam]
using

ject of type parallel execution policy are permitted to execute in an unordered fa

ote ]
le:

namespace std::experimental::parallel;
[1 ={0,1};
vector<int> v;
ach(par, std::begin(a), std::end(a), [&](int i) {
ush back(i*2+{1));

bxample’]
ple:
nemespace std::experimental::parallel;

11.user]

, and

11.exec]

manner
they

tion
thread.

tion
shion
irallel
tely

gram above has a data race because of the unsynchronized access to the containker v.

std::

atomic<int> x = 0;

int a[] = {1,2};
for each(par, std::begin(a), std::end(a), [&](int n) {
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) { }

1)

The above example depends on the order of execution of the iterations, and is therefore
undefined (may deadlock). — end example ]

§4.1.2

© ISO/IEC 2015 — All rights reserved
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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();
++X;

m.

1)

The abqve example synchronizes access to object x ensuring that it is incremented.corre
— end ¢xample ]

4 The inv

nlock();

N4507

ctly.

bcations of element access functions in parallel algorithms invoked with‘\an execytion

policy of type parallel vector execution policy are permitted to execute in an 'unordered fgdshion

in unsp
[ Note:
thread.

[ Note:

Since parallel vector execution policy allows the execution of element access functions to
interleaved on a single thread, synchronization, including the use of mutexes, risks dead

Thus th
A stand

not a m
function
algorith

[ Note:
routine

° [ Examyj

using
int X
std::
int g
for e

m. 1

++X;

m. y

1}

— end note ]

£ synchronization with parallel vector executiod policy is restricted as follows:

emory allocation or deallocation functien. Vectorization-unsafe standard library
s may not be invoked by user code called from parallel vector execution policy
ms.

[mplementations must ensure that internal synchronization inside standard libra
5 does not induce deadlock. -$end note ]

le:

namespace std::experimental::parallel;
=0;
mutex m;
[1 ={1,2};
ach(par_vec; std::begin(a), std::end(a), [&](int) {
ock();

nloCkY) ;

pcified threads, and unsequenced with respect to one another within each thread|
This means that multiple function object invocations may be interleaved on a single

This overrides the usual guarantee from the C++ standard,*Section 1.9 [intro.ex¢cution]
that function executions do not interleave with one another. —‘end note ]

be
lock.

ard library function is vectorization-unsafe«if'it is specified to synchronize with another
function invocation, or another function invocation-is specified to synchronize with it, an

d if it is

Ly

The above program is invalid because the applications of the function object are not guaranteed
to run 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

© ISO/IEC 2015 — All rights reserved
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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]

type parameter named ExecutionPolicy, which shall be the first template-patamgdter. In
, each such overload shall have the new function parameter as the first\function

is_execuftion policy<decay t<ExecutionPolicy>>::value iS true.
Table 2 — Table of parallel algofithms
adjagtent difference adjacent find all of any of
copy copy if copy M count
count_if equal exclusive scan fill
fill]n find fifnd_end find_first of
find|if find_if not for_each for_each_n
genefate generate n includes inclusive scan
inner product inplace merge is heap is _heap until
is partitioned is sorted is sorted until lexicographical compare
max_element merge min_element minmax_element
mismgtch move none_of nth_element
partial sort partial sert copy partition partition copy
redufe remove remove_copy remove_copy_ if
remoye if reptace replace copy replace copy if
replace if reverse reverse_copy rotate
rotate copy search search n set difference
set_jntersection set _symmetric_difference set_union sort
stable partition stable sort swap_ranges transform
trangform_exclusive scan transform_inclusive scan transform_reduce uninitialized_copy
uninjtialized~copy n uninitialized fill uninitialized fill n unique
unique copy.
[ Note: Not(all'algorithms in the Standard Library have counterparts in Table 2. — end nlote ]
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:

— alwhennis1

— Op(GENERALIZED NONCOMMUTATIVE SUM(op, al, ..

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

ISO/IEC TS 19570:2015(E)
N4507

., aK), GENERALIZED NONCOMMUTATIVE SUM(op, aM,

4.3 Non-Numeric Parallel Algorithms [parallel.alg.opsl]
4.3.1 Header <experimental/algorithm> synopsis [parallel.alg.ops.syhopsis]
namegdpace std {
namegpace experimental {
namegpace parallel {
inlirle namespace vl {
tenplate<class ExecutionPolicy,
class InputIterator, class Function>
oid for each(ExecutionPolicy&& exec,
Inputlterator first, Inputlterator_last,
Function f);
tenplate<class Inputlterator, class Size, class “Function>
InputIterator for each n(InputIterator first)"Size n,
Function f);
tenplate<class ExecutionPolicy,
class Inputlterator, class Size,*class Function>
InputIterator for each n(ExecutionPelicy&& exec,
Inputlterator first, Size n,
Function f);
}
}
}
}
§4.3.1 15
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4.3.2 For each

1 template<class ExecutionPolicy,

void

class InputIterator, class Function>

for _each(ExecutionPolicy&& exec,
InputIterator first, InputIterator last,
Function f);

N4507

[parallel.alg.foreach]

Effects: 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

noneenstant-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'not return a copy of
its Aunction parameter, since parallelization may not permit efficient state accumulatilon.

6 Requires: Unlike its sequential form, the parallel overload of for each requires Functipn to
me¢t the requirements of CopyConstructible.

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

8 Requires: Function shall meet the requirements ofMoveConstructible [ Note: Function nged not
me¢t the requirements of CopyConstructible. — end note ]

9 Effgcts: Applies f to the result of dereferencing every iterator in the range [first,fifst + n),
stanting from first and proceeding to first<+ n - 1. [ Note: If the type of first satisfigs 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 resulf, the result is ignored.

12 templategclass ExecutionPoligy,
class Inputlterater) class Size, class Function>
InpufIterator for each_n(ExecutionPolicy && exec,
InputIterator first, Size n,
Function f);

13 Effacts: Applies f to the result of dereferencing every iterator in the range [first,firdst + n),
stanting from’ first and proceeding to first + n - 1. [ Note: If the type of first satisfigs the
reqlirements of a mutable iterator, f may apply nonconstant functions through the
derefetenced 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 {
ten’*n‘l 3ta c1 3cc InnutT'l‘nrn'l'Cr

pPtTatcc T P TcCT ot

tlypename iterator traits<InputIterator>::value type
reduce(InputIterator first, InputIterator last);
tenplate<class ExecutionPolicy,

class InputIterator>

tlypename iterator traits<InputIterator>::value type
reduce (ExecutionPolicy&& exec,

InputIterator first, InputIterator last);
tenplate<class InputIterator, class T>
reduce(InputIterator first, InputIterator last, T, init);
tenplate<class ExecutionPolicy,

class Inputlterator, class T>
reduce (ExecutionPolicy&& exec,

InputIterator first, InputIteratorcltast, T init);
tenplate<class InputIterator, class T, class{BinaryOperation>
reduce(InputIterator first, InputIterator last, T init,

BinaryOperation binary op);

—

—

—

tenplate<class ExecutionPolicy, class«InputIterator, class T, class Bin

—

reduce (ExecutionPolicy&& exec,
InputIterator first, InputIterator last, T init,
BinaryOperation binary* op);

tenplate<class InputIteratory, class OutputIterator,

class T>

QutputIterator

exclusive scan(InputIterator first, InputIterator last,
QutputIterator result,
T init);

tenplate<class (ExecutionPolicy,

class InputIterator, class OutputIterator,

clkass T>

QutputlIterator

exctusive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,
QutputIterator result,

aryOperation>

T init);
template<class InputIterator, class OutputIterator,
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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class T, class BinaryOperation>
OutputIterator
exclusive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,
OutputIterator result,
T init, BinaryOperation binary op);

template<class InputIterator, class OutputIterator>
OutputIterator
INCLUSIVE scan(Inputlterator 1irst, Inputlterator last,
OutputIterator result);
tenplate<class ExecutionPolicy,
class InputIterator, class OutputIterator>
QutputIterator
inclusive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,
OutputIterator result);
tenlplate<class InputIterator, class OutputIterator,
class BinaryOperation>
QutputIterator
inclusive scan(Inputlterator first, InputItefator last,
OutputIterator result,
BinaryOperation binary op),
tenlplate<class ExecutionPolicy,
class InputlIterator, class OutpatIterator,
class BinaryOperation>
QutputIterator
inclusive scan(ExecutionPolicy&&“exec,
InputIterator first, Inputlterator last,
OutputlIterater result,
BinaryOperation binary op);
tenlplate<class InputIteratef) class OutputIterator,
class BinaryOperation, class T>
QutputIterator
inclusive scan(Inputlterator first, InputIterator last,
QutputIterator result,
BinaryOperation binary op, T init);
tenlplate<class (ExecutionPolicy,
class InputlIterator, class OutputIterator,
cltass BinaryOperation, class T>
Qutputiterator
inclusive scan(ExecutionPolicy&& exec,
InputIterator first, Inputlterator last,

Ot THara+ner rAcil 4
A\ZA%] AR SRy e Ry rcoucc,

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 18
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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);

template<class InputIterator, class OutputIterator,
class UnaryOperation, class T, class BinaryOperation>
utputlterator
transform_exclusive scan(InputIterator first, InputIterator lasty
OutputIterator result,
UnaryOperation unary op,
T init, BinaryOperation binary op);
tenplate<class ExecutionPolicy,
class Inputlterator, class OutputIterator,
class UnaryOperation, class T, class BinaryOperation>
QutputIterator
transform_exclusive scan(ExecutionPolicy&& exec,
InputIterator first, Aoputlterator last,
OutputIterator result;
UnaryOperation unary op,
T init, BinaryOperation binary op);

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

tenlplate<class InputIterator, class OutputIterator,
class UnaryOperation, class BinaryOperation, class T>

utnutrT+oara+ o -
g TpUTICCT O o

transform_inclusive scan(InputIterator first, InputIterator last,
OutputIterator 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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