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1 Introduction

This collection of programming examples supplements the OpenMP API for Shared Memory
Parallelization specifications, and is not part of the formal specifications. It assumes familiarity
with the OpenMP specifications, and shares the typographical conventions used in that document.

The OpenMP API specification provides a model for parallel programming that is portable across
shared memory architectures from different vendors. Compilers from numerous vendors support
the OpenMP APIL

The directives, library routines, and environment variables demonstrated in this document allow
users to create and manage parallel programs while permitting portability. The directives extend the
C, C++ and Fortran base languages with single program multiple data (SPMD) constructs, tasking
constructs, device constructs, worksharing constructs, and synchronization constructs, and they
provide support for sharing and privatizing data. The functionality to control the runtime
environment is provided by library routines and environment variables. Compilers that support the
OpenMP API often include a command line option to the compiler that activates and allows
interpretation of all OpenMP directives.

The documents and source codes for OpenMP Examples can be downloaded from
https://github.com/OpenMP/Examples. Each directory holds the contents of a chapter and has a
sources subdirectory of its codes. This OpenMP Examples 6.0.1 document and its codes are tagged
as omp_6.0.

Complete information about the OpenMP API and a list of the compilers that support the OpenMP
API can be found at the OpenMP.org web site

https://www.openmp.org
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1.1 Examples Organization

This document includes examples of the OpenMP API directives, constructs, and routines.

Each example is labeled with ename.seq-id.ext, where ename is the example name, seq-id is the
sequence identifier in a section, and ext is the source file extension to indicate the code type and
source form. ext is one of the following:

¢ — Ccode,

cpp — C++ code,

f Fortran code in fixed form, and
f90 — Fortran code in free form.

Example labels include version information of the form (omp_verno) to indicate features that are
illustrated by an example for a specific OpenMP version, such as “scan.l.c (omp_5.0).” Some of
the example labels include version information of the form (pre_omp_3.0) to indicate features that
are specified prior to OpenMP version 3.0, such as “ploop.1.c (pre_omp_3.0).”

Language markers may be used to indicate text or codes that are specific to a particular base
language.

C/C++

This is C/C++ specific: A statement following a directive is compound only when necessary, and a
non-compound statement is indented with respect to a directive preceding it.

C/C++
Fortran
This is Fortran specific...

Fortran
Fortran (cont.)

This marks the continuation of language specific page.

Throughout the examples document we assume that the number of threads used for a parallel
region is the same as the number of threads requested, unless explicitly specified otherwise.

OpenMP Examples Version 6.0.1 — November 2025
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2 OpenMP Directive Syntax

OpenMP directives use base-language mechanisms to specify OpenMP program behavior. In
C/C++ code, the directives are formed with either pragmas or attributes. Fortran directives are
formed with comments in free form and fixed form sources (codes). All of these mechanisms allow
the compilation to ignore the OpenMP directives if OpenMP is not supported or enabled.

The OpenMP directive is a combination of the base-language mechanism and a
directive-specification, as shown below. The directive-specification consists of the directive-name
which may seldomly have arguments, followed by optional clauses. Full details of the syntax can be
found in the OpenMP Specification. Illustrations of the syntax is given in the examples.

The formats for combining a base-language mechanism and a directive-specification are:

C/C++ pragmas
#pragma omp directive—specification

C/C++ attribute specifiers
[[omp :: directive ( directive—specification ) 1]
[[omp :: decl( directive—specification )11

C++ attribute specifiers
[[using omp : directive ( directive—specification )]1]
[[using omp : decl( directive—specification )1]]

where the dec1 attribute may be used for declarative directives alternatively.

Fortran comments

'$omp directive—specification
where c$omp and *$omp may be used in Fortran fixed form sources.

Most OpenMP directives accept clauses that alter the semantics of the directive in some way, and
some directives also accept parenthesized arguments that follow the directive name. A clause may
just be a keyword (e.g., untied) or it may also accept argument lists (e.g., shared (x, y, z))
and/or optional modifiers (e.g., tofrom in map (tofrom: x, y, z)). Clause modifiers may be
“simple” or “complex” — a complex modifier consists of a keyword followed by one or more
parameters, bracketed by parentheses, while a simple modifier does not. An example of a complex
modifier is the iterator modifier, as in map (iterator (i=0:n), tofrom: p[i]), or the
step modifier, as in 1inear (x: ref, step(4)). In the preceding examples, tofrom and
ref are simple modifiers.

For Fortran, a declarative directive (such as declare reduction) must appear after any USE,
IMPORT, and IMPLICIT statements in the specification part.
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In OpenMP 6.0, white spaces in some directive names are replaced with underscores, but the old
form is still supported. For example, both declare reduction and declare_reduction
are valid directive names.

C/C++

2.1 C/C++ Pragmas

OpenMP C and C++ directives can be specified with the C/C++ #pragma directive. An OpenMP
directive begins with #pragma omp and is followed by the OpenMP directive name, and required
and optional clauses. Lines are continued in the usual manner, and comments may be included at
the end. Directives are case sensitive.

The example below illustrates the use of the OpenMP pragma form. The first pragma (PRAG 1)
specifies a combined parallel for directive, with a num_threads clause, and a comment.
The second pragma (PRAG 2) shows the same directive split across two lines. The next nested
pragmas (PRAG 3 and 4) show the previous combined directive as two separate directives. The
executable directives above all apply to the next statement. The parallel directive can be
applied to a structured block as shown in PRAG 5.

Example directive_syntax_pragma.l.c (pre_omp_3.0)

#include <omp . h>

#include <stdio.h>

#define NT 4

#define thrd_no omp_get_thread_num

int main() {
#pragma omp parallel for num_threads (NT) // PRAG 1
for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

#pragma omp parallel for \
num_threads (NT) // PRAG 2
for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

#pragma omp parallel num_ threads (NT) // PRAG 3-4
#pragma omp for
for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd _no());

#pragma omp parallel num_threads (NT) // PRAG 5
{

int no = thrd no();

if (no%2) { printf("thrd no %d is 0dd \n",no);}

else { printf("thrd no %d is Even\n",no);}

#pragma omp for

OpenMP Examples Version 6.0.1 — November 2025
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for(int i=0; i<NT; i++) printf("thrd no %d\n",thrd_no());

}
}
/*
repeated 4 times, any order
OUTPUT: thrd no 0
OUTPUT: thrd no 1
OUTPUT: thrd no 2
OUTPUT: thrd no 3
any order
OUTPUT: thrd no 0 is Even
OUTPUT: thrd no 2 is Even
OUTPUT: thrd no 1 is Odd
OUTPUT: thrd no 3 is Odd
*/
C/C++
C/C++

2.2 C/C++ Attributes

OpenMP directives for C/C++ can also be specified with the directive extension for the C23
and C++11 standard attributes.

The example below shows two ways to parallelize a f£or loop using the #pragma syntax. The first
pragma uses the combined parallel for directive, and the second applies the uncombined
closely nested directives, parallel and for, directly to the same statement. These are labeled
PRAG 1-3.

Using the attribute syntax, the same construct in PRAG 1 is applied in two different ways in
attribute form, as shown in the ATTR 1 and ATTR 2 sections. In ATTR 1 the attribute syntax is
used with the omp : : namespace form. In ATTR 2 the attribute syntax is used with the using
omp : namespace form available for C++ only.

Next, parallelization is attempted by applying directives using two different syntaxes. For ATTR 3
and PRAG 4, the loop parallelization will fail to compile because multiple directives that apply to
the same statement must all use either the attribute syntax or the pragma syntax. The lines have
been commented out and labeled INVALID.

While multiple attributes may be applied to the same statement, compilation may fail if the
ordering of the directive matters. For the ATTR 4-5 loop parallelization, the parallel directive
precedes the for directive, but the compiler may reorder consecutive attributes. If the directives
are reversed, compilation will fail.

CHAPTER 2. OPENMP DIRECTIVE SYNTAX 5
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C/C++ (cont.)

The attribute directive of the ATTR 6 section resolves the previous problem (in ATTR 4-5). Here,
the sequence attribute is used to apply ordering to the directives of ATTR 4-5, using the omp : :
namespace qualifier. (The using omp : namespace form is not available for the sequence
attribute.) Note, for the sequence attribute a comma must separate the directive extensions.

The last 3 pairs of sections (PRAG DECL 1-2, 3-4, and 5-6) show cases where directive ordering
does not matter for declare_simd directives.

In section PRAG DECL 1-2, the two loops use different SIMD forms of the P function (one with
simdlen (4) and the other with simdlen (8) ), as prescribed by the two different
declare_simd directives applied to the P function definitions (at the beginning of the code).
The directives use the pragma syntax, and order is not important. For the next set of loops (PRAG
DECL 3-4) that use the O function, the attribute syntax is used for the declare_simd directives.
The result is compliant code since directive order is irrelevant. Sections ATTR DECL 5-6 are
included for completeness. Here, the attribute form of the simd directive is used for loops calling
the O function, in combination with the attribute form of the declare_simd directives declaring
the variants for Q.

Example directive_syntax_attribute.l.cpp (omp_6.0)

#include <stdio.h>

#include <omp.h>

#define NT 4

#define thrd_no omp_get_thread num

#pragma omp declare_simd linear (i) simdlen (4)
#fpragma omp declare_simd linear (i) simdlen(8)
double P (int i){ return (double)i * (double)i; 1}

[[omp: :directive (declare_simd linear (i) simdlen(4))]]
[[omp: :directive (declare_simd linear (i) simdlen(8))]]
double Q(int i){ return (double)i * (double)i; }

int main() {

#pragma omp parallel for num_threads (NT) // PRAG 1
for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

#pragma omp parallel num threads (NT) // PRAG 2
#pragma omp for // PRAG 3
for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

// ATTR 1
[[omp: :directive ( parallel for num_threads (NT))]]
for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd _no());

OpenMP Examples Version 6.0.1 — November 2025
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//
//
//
//
//

//

//

//
//
//

[[using omp : directive( parallel for num_threads (NT))]]
for(int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

INVALID-- attribute and non-attribute on same statement
[[ omp :: directive( parallel num_threads (NT) ) 1]
#pragma omp for

for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

INVALID-- directive order not guaranteed

[[ omp :: directive( parallel num_threads (NT) ) 1]

[[ omp :: directive( for ) 11

for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd_no());

for (int i=0; i<NT; i++) printf("thrd no %d\n",thrd no());

double tmp=0.0f;
#ipragma omp simd reduction (+:tmp) simdlen (4)

// ATTR

ATTR
PRAG

ATTR
ATTR

// ATTR 6
[[omp: : sequence (directive (parallel num_threads (NT)),directive (for))]]

for(int i=0;i<100;i++) tmp += P(i); // PRAG DECL

#ipragma omp simd reduction (+:tmp) simdlen (8)

for (int i=0;i<100;i++) tmp += P(i); // PRAG DECL

printf ("$£\n", tmp) ;

tmp=0.0f;
#pragma omp simd reduction (+:tmp) simdlen (4)

for(int i=0;i<100;i++) tmp += Q(i); // ATTR DECL

#ipragma omp simd reduction (+:tmp) simdlen (8)

for(int i=0;i<100;i++) tmp += Q(i); // ATTR DECL

printf ("$£\n", tmp);

tmp=0.0f;
[[ omp :: directive(simd reduction(+:tmp) simdlen(4))]]

for (int i=0;i<100;i++) tmp += Q(i); // ATTR DECL

[[ omp :: directive (simd reduction (+:tmp) simdlen(8))]]

for(int i=0;i<100;i++) tmp += Q(i); // ATTR DECL

printf ("$£\n", tmp) ;

repeated 5 times, any order:
OUTPUT: thrd no
OUTPUT: thrd no
OUTPUT: thrd no
OUTPUT: thrd no

wbdhRr o

CHAPTER 2. OPENMP DIRECTIVE SYNTAX
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8

C/C++ (cont.)

// repeated 3 times:
// OUTPUT: 656700.000000

The following code snippets show how to use the omp : : decl attribute as an alternative way for
specifying declarative directives. The omp : : dec1l attribute can be embedded in the base language
declarations as shown for variables in Cases 1 and 2, for function in Case 3, and for C++ template

in Case 4. The variable and function name lists are implied from where the attributes are specified.

In Case 1, the prefix attribute applies to all variables (u and v) in the declaration; in Case 2, the
postfix attribute applies to the associated variable (a as the directive argument for the
declare_target directive, and b as the clause argument for the 1ink clause on
declare_target); in Case 3, the prefix attribute applies to the function (£). The comma to
separate directive name (declare_target) and clause name (1ink) in the omp: : decl
attribute specifier in Case 2 is optional.

Case 4 shows the use of omp: : decl (declare_target) for a C++ template function
definition and its equivalent using the delimited begin/end declare_target pragma form.

Example directive_syntax_attribute.2.cpp (omp_6.0)

// Case 1

[[ omp::decl (threadprivate) ]] int u, v;
// equivalent to

int u ,v;

#ipragma omp threadprivate(u, v)

// Case 2

int a[100] [[ omp::decl(declare_target) ]],
b[100] [[ omp::decl(declare_target, 1link) 1];

// equivalent to

int a[100], b[100];

#pragma omp declare_target (a)

#fpragma omp declare_target link (b)

// Case 3

[[ omp: :decl (declare_target) ]] void £( int c );
// equivalent to

void £( int c );

#pragma omp declare_target (f)

// Case 4

template<typename T>

[[ omp::decl (declare_target) ]]
void foo (T);

// equivalent to

OpenMP Examples Version 6.0.1 — November 2025



o ©O© o NO O A WD

—_

S-26
S-27
S-28
S-29

S-7

S-10
S-11
S-12
S-13
S-14
S-15
S-16
S-17
S-18
S-19
S-20
S-21
S-22
S-23
S-24

#fpragma omp begin declare_target
template<typename T>

void foo(T);

#fpragma omp end declare_target

C/C++

Fortran

2.3 Fortran Comments (Fixed Source Form)

OpenMP directives in Fortran codes with fixed source form are specified as comments with one of
the ! $omp, c$omp, and *$omp sentinels, followed by a directive name, and required and optional
clauses. The sentinel must begin in column 1.

In the example below the first directive (DIR 1) specifies the parallel do combined directive,
with a num_threads clause, and a comment. The second directive (DIR 2) shows the same
directive split across two lines. The next nested directives (DIR 3 and 4) show the previous
combined directive as two separate directives. Here, an end directive (end parallel) must be
specified to demarcate the range (region) of the parallel directive.

Example directive_syntax_F_fixed_comment.1.f (pre_omp_3.0)

program main
use omp_lib
integer NT

NT =4
c sentinel c$omp or *$omp can also be used

c$omp parallel do num_threads (NT) !comments allowed here DIR 1
do i = 1,NT
write(x,’ ("thrd no", i2)’) omp_get_thread_num()
end do

!$omp parallel do
!Somp+ num_threads (NT) 'cont. w. char in col. 6 DIR 2
do i = 1,NT
write(x,’ ("thrd no", i2)’) omp_get_thread_num()

end do
*$omp parallel num_threads (NT) 'multi-directive form DIR 3
*$omp do ! DIR 4

do i = 1,NT
write(*,’ ("thrd no", i2)’) omp_get_thread num()
end do

CHAPTER 2. OPENMP DIRECTIVE SYNTAX 9
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*$omp end parallel
end
repeated 3 times, any order

!

! OUTPUT: thrd no O

! OUTPUT: thrd no 1

! OUTPUT: thrd no 2

! OUTPUT: thrd no 3
Fortran
Fortran

2.4 Fortran Comments (Free Source Form)

OpenMP directives in Fortran codes with free source form are specified as comments that use the
! Somp sentinel, followed by the directive name, and required and optional clauses. Lines are
continued with an ending ampersand (&), and the continued line begins with ! $omp or ! $ompé&.
Comments may appear on the same line as the directive. Directives are case insensitive.

In the example below the first directive (DIR 1) specifies the parallel do combined directive,
with a num_threads clause, and a comment. The second directive (DIR 2) shows the same
directive split across two lines. The next nested directives (DIR 3 and 4) show the previous
combined directive as two separate directives. Here, an end directive (end parallel) must be
specified to demarcate the range (region) of the parallel directive.

Example directive_syntax_F_free_comment.1.f90 (pre_omp_3.0)

program main
use omp_1lib
integer,parameter :: NT = 4

!Somp parallel do num_threads (NT) IDIR 1
do i = 1,NT
write(x,’ ("thrd no", i2)’) omp_get_thread_num()

end do
!$Somp parallel do & !continue line 'DIR 2
!$Somp num_threads (NT) lor !$ompé&

do i = 1,NT
write(x,’ ("thrd no", i2)’) omp_get_thread_num()

end do
!$omp parallel num_threads (NT) !'DIR 3
!'Somp do 'DIR 4

do i = 1,NT
write(*,’ ("thrd no", i2)’) omp_get_thread num()
end do

OpenMP Examples Version 6.0.1 — November 2025
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!Somp end parallel

end pr

repeated 3 times,
OUTPUT: thrd no
OUTPUT: thrd no
OUTPUT: thrd no

ogram

N R O

OUTPUT: thrd no 3

Fortran (cont.)

any order

As of OpenMP 5.1, block and end block statements can be used to designate a structured block
for an OpenMP region, and any paired OpenMP end directive becomes optional, as shown in the
next example. Note, the variables 1 and thrd_no are declared within the block structure and are
hence private. It was necessary to explicitly declare the i variable, due to the implicit none
statement; it could have also been declared outside the structured block.

Example directive_syntax_F_block.1.f90 (omp_5.1)

program main

use

omp_lib

implicit none

integer, parameter

:: NT

= 2, chunks=3

!$omp parallel num_threads (NT)

blo
i

ck
nteger

:: thrd_no, i

! Fortran 2008 OMP 5.1

thrd_no= omp_get_thread num()

!Somp do schedule (static, chunks)

do i = 1,NTxchunks
write(*,’ ("ndx=",i0.2," thrd no=", i0.2)’) i,thrd_no

end
end pr

any or

OUTPUT:
OUTPUT:
OUTPUT:
OUTPUT:
OUTPUT:
OUTPUT:

end do
block
ogram

der

ndx=01
ndx=02
ndx=03
ndx=04
ndx=05
ndx=06

thrd_no=00
thrd no=00
thrd_no=00
thrd_no=01
thrd no=01
thrd_no=01

A Fortran BLOCK construct may eliminate the need for a paired end directive for an OpenMP
construct, as illustrated in the following example.

CHAPTER 2. OPENMP DIRECTIVE SYNTAX 11
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Fortran (cont.)

The first parallel construct is specified with an OpenMP loosely structured block (where the
first executable construct is not a Fortran 2008 BLOCK construct). A paired end directive must end
the OpenMP construct. The second parallel construct is specified with an OpenMP strictly
structured block (consists only of a single Fortran BLOCK construct). The paired end directive is
optional in this case, and is not used here.

The next two parallel directives form an enclosing outer parallel construct and a nested
inner parallel construct. The first end parallel directive that subsequently appears
terminates the inner parallel construct, because a paired end directive immediately following a
BLOCK construct that is a strictly structured block of an OpenMP construct is treated as the
terminating end directive of that construct. The next end parallel directive is required to
terminate the outer parallel construct.

Example directive_syntax_F_block.2.f90 (omp_5.1)

S-1 program main

S-2

S-3 use omp_1lib

S-4 implicit none

S-5

S-6 !Somp parallel num threads (2)

S-7 if ( omp_get_thread num() == 0 ) &

S-8 printx, "Loosely structured block -- end required."

S-9 block ! BLOCK Fortran 2008

S-10 if ( omp_get_thread num() == 0 ) &

S-11 printx, " —-="

S-12 end block

S-13 !Somp end parallel

S-14

S-15 '$omp parallel num_threads (2)

S-16 block

S-17 if ( omp_get_thread num() == 0 ) &

S-18 printx, "Strictly structured block -- end not required."
S-19 end block

S-20 !1Somp end parallel !is optional for strictly structured block

S-21

S-22 printx, "Sequential part"

S-23

S-24 !$Somp parallel num_threads (2) louter parallel
S-25 if ( omp_get_thread num() == 0 ) &

S-26 printx, "Outer, loosely structured block."

S-27 !$Somp parallel num_threads (2) !inner parallel
S-28 block

S-29 if ( omp_get_thread num() == 0 ) &

S-30 printx, "Inner, strictly structured block."

12 OpenMP Examples Version 6.0.1 — November 2025
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end block
!Somp end parallel
!$Somp end parallel
! Two end directives are required here.
! A single "!$omp end parallel" terminator will fail.
! 1st end directive is assumed to be for inner parallel construct.
! 2nd end directive applies to outer parallel construct.

end program

!OUTPUT, in order:
Loosely structured block -- end required.

!

!

! Strictly structured block -- end not required.
! Sequential part

! Outer, loosely structured block.

! Inner, strictly structured block.

! Inner, strictly structured block.

Fortran

2.5 Compound Directive Names

OpenMP directives can be classified as either leaf directives or compound directives. Leaf
directives are directives for which the semantics are not defined in terms of other directives, while
compound directives are directives for which the semantics are defined in terms of other directives,
ultimately including the semantics of two or more leaf directives. Compound directives may be
further classified as either combined directives or composite directives.

A combined directive is always expressed as a concatenation of two directive names,
directive-name-A and directive-name-B. The first left-most directive name that appears in the
directive is directive-name-A, and the remainder of the combined directive name is
directive-name-B. The semantics of a combined directive is as if a construct formed by
directive-name-A immediately encloses a construct formed by directive-name-B. An example of a
combined directive is target teams loop, which has the behavior of a target construct that
immediately encloses a teams loop construct, and where the leaf directives are target,
teams, and loop.

A composite directive is any compound directive that is not combined. In particular, it’s not the
case that the directive name can be split into a directive-name-A and directive-name-B, such that the
semantics are a construct formed by directive-name-A immediately enclosing a construct formed by
directive-name-B. Usually, composite directives are also expressed as a concatenation of two or
more directive names, each explicitly naming one of its leaf directives, where the first leaf directive
name is directive-name-A and the remaining leaf directive names constitute directive-name-B. In
general, such composite directives are loop-associated, and the semantics are such that

CHAPTER 2. OPENMP DIRECTIVE SYNTAX 13
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directive-name-A forms a loop-associated construct for which the loop body is a loop-associated
construct formed by directive-name-B. An example of such a composite directive is distribute
simd, which has the behavior of a distribute construct for which the loop body is a simd
construct, and where the leaf directives are distribute and simd. Note that this is different
than the distribute construct immediately enclosing a simd construct, which in fact would not
be conforming OpenMP code. There are also composite directives that are not expressed as a
concatenation of two or more directive names, but nevertheless include the semantics of two or
more leaf directives. The target_data directive is such a directive, entailing the semantics of a
target_enter_data construct, a task construct, and a target_exit_data construct that
are executed in sequence.

All OpenMP directives have one or more constituent directives. If the OpenMP directive is not a
compound directive (i.e., it is a leaf directive) then it has only one constituent directive — itself.
Otherwise, for a compound directive, the constituent directives include each of its leaf directives
and any directive that can be formed from a concatenation of consecutive directive names that
appear in the compound directive name. For example, the constituent directives of a target
teams loop directive are: target, teams, loop, target teams, teams loop, and finally
target teams loop. As another example, the constituent directives of target_data
parallel loop are: target_enter_data, task, target_exit_data, parallel,
loop, target_data, target_data parallel, parallel loop, and finally
target_data parallel loop.

By default, clauses specified on a compound directive apply to the individual leaf directives
according to certain properties they may have:

o innermost-leaf property: The clause only applies to the innermost resulting leaf construct that
accepts the clause, though it may yield additional semantics for other leaf constructs. Examples:
private and linear clauses.

e outermost-leaf property: The clause only applies to the outermost resulting leaf construct that
accepts the clause. Examples: nowait and nogroup clauses.

e all-privatizing property: The clause only applies to those resulting leaf constructs to which a
privatization clause is applied. Example: allocate clause.

e once-for-all-constituents property: The clause applies once for the most all-encompassing
constituent construct. Example: collapse clause, which for a target parallel for
simd directive would have the effect of collapsing the associated loop nest once for the
parallel for simd constituent construct.

e all-constituents property: The clause applies to all resulting leaf constructs that accept the clause.
This is the default property for a clause that does not have one of the above properties.

The OpenMP specification defines a grammar and various restrictions for compound directive
names that are composed of two or more explicitly named constituent directive names. The
grammar allows for a handleful of such directive names that are composite, and additionally
permits two directive names to be concatenated into a combined directive name according to the
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following rules:

e the first named directive (directive-name-A) consists of only one explicitly named constituent
directive that is either parallelism-generating or thread-selecting;

o the second named directive (directive-name-B) is the name of a parallelism-generating,
thread-selecting, or partitioned directive, or any compound directive for which its
directive-name-A is such a directive.

For example, consider the directive masked target teams distribute simd, which
conforms to the above rules as shown in the following diagram:

masked target teams distribute simd (combined)
|
| |
A: masked B: target teams distribute simd (combined)
(thread-selecting)
| |
A: target B: teams distribute simd (combined)
(parallelism-generating) |
| |
A: teams B: distribute simd (composite)
(parallelism-generating) |
| I
A: distribute B: simd
(partitioned)

In contrast, the directive parallel atomic would not be conforming, because atomic is not a
permitted directive-name-B according to the above rules. For more details on the grammar and
associated restrictions, please refer to the Compound Directive Names section of the OpenMP
specification.

The following example attempts to make use of various invalid compound directives that are
supported by the grammar but violate one of the associated restrictions.

The parallel target parallel directive is invalid due to a restriction that a compound
directive cannot have multiple leaf directives with the same name, such as repeated parallel.
This avoids ambiguity when specifying a particular leaf directive to which a clause should be
applied with the directive-name-modifier. The teams target directive is invalid due a restriction
that a combined directive name must specify an inner construct formed by directive-name-B that
may be immediately nested inside an outer construct formed by directive-name-A. Since a target
construct may not be nested inside a teams construct, the combined directive is disallowed. The
teams sections and teams masked directives are both invalid due to a restriction that
worksharing and thread-selecting directive names may only combined with a parallel
directive-name-A. Generally speaking, any other directive-name-A would not form a useful
combined consruct. The target_data parallel target directive is invalid due to a
restriction that at most one constituent construct may be map-entering (or map-exiting), and here
the target_data and target constituent constructs are both map-entering and map-exiting.

CHAPTER 2. OPENMP DIRECTIVE SYNTAX 15
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Finally, the task taskloop directive is invalid due to a restriction that two task-generating
constructs may not be combined if they generate explicit tasks that bind to the same parallel region.

C/C++

Example invalid_compound_names.1.c (omp_6.0)

void £();
void g(float);

void invalid compound_names (int n, float *x)

{

// invalid: repeated parallel disallowed
#pragma omp parallel target parallel
£0;

// invalid: target cannot be nested inside teams
#pragma omp teams target
£0;

// invalid: sections may only be appended to parallel
#pragma omp teams sections
£0;

// invalid: masked may only be appended to parallel
#pragma omp teams masked
£();

// invalid: multiple data-mapping constituents
#pragma omp target_data parallel target map(x[:n])
£0;

// invalid: task and taskloop both generate tasks in
// same parallel region
#pragma omp task taskloop
for (int i = 0; i < n; i++) {
g(x[il);
}

C/C++
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Fortran

Example invalid_compound_names.1.f90 (omp_6.0)

subroutine component_names (n, x)

implicit none

integer, intent (in) HERES o
real, intent (inout) :: x(n)
integer HE §
interface

subroutine £ ()
end subroutine
subroutine f (xi)
real :: xi
end subroutine
end interface

!'! invalid: repeated parallel disallowed
!Somp parallel target parallel

call £()
!Somp end parallel target parallel

!'! invalid: target cannot be nested inside teams
!Somp teams target

call £()
!Somp end teams target

!'! invalid: sections may only be appended to parallel
!Somp teams sections

call £()
!Somp end teams sections

!'! invalid: masked may only be appended to parallel
!Somp teams masked

call £()
!$Somp end teams masked

!'! invalid: multiple data-mapping constituents

!Somp target_data parallel target map(x[:n])
call £()

!Somp end target_data parallel target map(x[:n])

!'! invalid: task and taskloop both generate tasks in
!'! same parallel region
!$Somp task taskloop
doi=1, n
call g(x(i))
end do

CHAPTER 2. OPENMP DIRECTIVE SYNTAX

17



o~N OO0~ W N

-
o ©

—_
a b~ wNn =

NDMNODMNDND 2 = 2
WN—= O O o~N®

24

S-45
S-46

S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8

S-10

S-11
S-12

18

end subroutine

Fortran

In the following example, each loop-nest-associated directive is a compound directive that applies
different parallelization semantics according to its constituent directives.

In the first construct of the component_names procedure, the directive parallel for (or
parallel do) forms a combined construct that is equivalent to a parallel construct (a
parallelism-generating construct) that immediately encloses a £or (or do) construct (a partitioned
construct).

In the second construct of the procedure, the directive parallel for simd (or parallel do
simd) forms a combined construct that is equivalent to a parallel construct (a
parallelism-generating construct) that immediately encloses a for simd (or do simd) composite
construct (where the first named leaf directive is partitioned).

In the third construct of the procedure, the directive parallel masked taskloop forms a
combined construct that is equivalent to a parallel construct (a parallelism-generating
construct) that immediately encloses a masked taskloop combined construct. That combined
construct, in turn, is equivalent to a masked construct (a thread-selecting construct) that
immediately encloses a taskloop construct (a parallelism-generating construct).

For the fourth construct of the procedure, the directive target teams distribute
parallel for (or target teams distribute parallel do) forms a combined construct
that is equivalent to a target construct (a parallelism-generating construct) that immediately
encloses a teams distribute parallel for (or teams distribute parallel do)
combined construct. That combined construct, in turn, is equivalent to a teams construct (a
parallelism-generating construct) that immediately encloses a distribute parallel for (or
distribute parallel do) composite construct (where the first named leaf directive is
partitioned).

C/C++

Example compound_names.Il.c (omp_6.0)

void component_names (int n, float a, float *x, float =*y)

{

// equivalent to:

// #pragma omp parallel

// #pragma omp for

#pragma omp parallel for

for(int i=0; i<n; i++) {
yl[i] = a*x[i]+y[i];

}

// equivalent to:
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// #fpragma omp parallel
//  #pragma omp for simd
#fpragma omp parallel for simd
for(int i=0; i<n; i++) {

y[i] = a»x[i]+y[i];
}

// equivalent to:
// #pragma omp parallel
// #pragma omp masked
// #pragma omp taskloop
#fpragma omp parallel masked taskloop
for (int i=0; i<n; i++) {
y[i]l = a*x[i]+y[i];
}

// equivalent to:
// #fpragma omp target
// #fpragma omp teams
// #pragma omp distribute parallel for
#{pragma omp target teams distribute parallel for
for (int i=0; i<n; i++) {
y[i]l = a*x[i]+y[i];
}

C/C++
Fortran

Example compound_names.1.f90 (omp_6.0)

subroutine component_names(n, a, x, y)

implicit none

integer, intent (in) i n

real, intent (in) :: a, x(n)
real, intent (inout) :: y(n)
integer i

equivalent to:
!$Somp parallel
!$omp do

!$omp end parallel
!$Somp parallel do
doi=1,n

y(i) = a*x(i)+y (i)
end do

CHAPTER 2. OPENMP DIRECTIVE SYNTAX
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!'! equivalent to:

' !Somp parallel
[N !$Somp do simd
'
'

!Somp end parallel
!$Somp parallel do simd
do i=1,n

y(i) = a*x(i)+y (i)
end do

!'! equivalent to:

1 !Somp parallel
' !Somp masked

1 !Somp taskloop
1
N
1

!$Somp end masked
!Somp end parallel
!Somp parallel masked taskloop
do i =1,n
y(i) = a*x(i)+y(i)
end do

!'! equivalent to:

" !Somp target

' !Somp teams

1 !Somp distribute parallel do
1

'

'

!Somp end teams
!Somp end target
!$Somp target teams distribute parallel do
do i =1,n
y(i) = a*x(i)+y (i)
end do

end subroutine

Fortran

In general, OpenMP permits the clause properties described earlier in this section to be overridden
for any clause with the use of a directive-name-modifier (prior to OpenMP 6.0, this modifier was
only permitted in the i £ clause). The modifier can name any constituent directive of the directive
on which it appears. For example, a private (parallel: x) clause on a parallel loop
directive would apply the private clause to the parallel directive rather than the default
behavior of applying it to the 1oop directive due to the innermost-leaf property.

In the next example, the first three constructs of the conditional_ parallel procedure apply
an if clause to the parallel construct in three different ways: one without a
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directive-name-modifier and the other two with directive-name-modifiers (one specifying a leaf
directive name and the other specifying a constituent compound directive name). Without the
modifier, the i £ clause applies to all the constituent directives that accept the 1 £ clause (only the
parallel here). With the parallel directive-name-modifier, it applies explicitly to only the
parallel directive. With parallel for (or parallel do) directive-name-modifier, it
applies explicitly to the parallel for (or parallel do) directive, which has the effect of
applying only to the parallel leaf directive.

In the last construct of the procedure, the directive-name-modifier specifies that the 1 £ clause
should only apply to the taskloop simd constituent directive. This has the effect of applying the
if clause to the taskloop and simd leaf directives.

C/C++

Example directive_name_modifier.1.c (omp_6.0)

void conditional parallel(int n, float a, float *x, float *y, int condition)
{

// the if clause applies to all constituent directives that accept it

// (all-constituents is the default property), in this case the parallel

// directive

#{pragma omp parallel for if (condition)

for (int i=0; i<n; i++) {

yIil = axx[il+y[i];
}

// the if clause applies to the parallel directive only
#pragma omp parallel for if (parallel: condition)
for (int i=0; i<n; i++) {
y[i] = a»x[i]+y[i];
}

// the if clause applies to the parallel for constituent directive,
// which has the effect of only applying to the parallel leaf directive
#pragma omp parallel for if (parallel for: condition)
for (int i=0; i<n; i++) {
ylil = a*x[il+y[i];
}

// the if clause applies to the taskloop simd constituent directive,
// which has the effect of applying to both the taskloop and simd leaf
// directives
#pragma omp parallel masked taskloop simd if (taskloop simd: condition)
for (int i=0; i<n; i++) {

y[il = a*x[i]+y[i];
}

C/C++

CHAPTER 2. OPENMP DIRECTIVE SYNTAX 21
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Fortran

Example directive_name_modifier.1.f90 (omp_6.0)

subroutine conditional_parallel(n, a, x, y, condition)

implicit none

integer, intent (in) ::n

real, intent (in) :: a, x(n)
real, intent (inout) :: y(n)
logical, intent (in) :: condition
integer HE |

!'! the if clause applies to all constituent directives that accept it
!'! (all-constituents is the default property), in this case the
!'! parallel directive
!$Somp parallel do if (condition)
do i=1,n
y(i) = a*x(i)+y (i)
end do

!'! the if clause applies to the parallel directive only
!Somp parallel do if(parallel: condition)
do i=1,n
y(i) = a*xx(i)+y(i)
end do

!'! the if clause applies to the parallel for constituent directive,
!'! which has the effect of only applying to the parallel leaf directive
!Somp parallel do if(parallel do: condition)
do i=1,n
y(i) = a*x(i)+y (i)
end do

!'! the if clause applies to the taskloop simd constituent directive,
!'! which has the effect of applying to both the taskloop and simd leaf
!'! directives
!Somp parallel masked taskloop simd if (taskloop simd: condition)
do i=1,n
y(i) = axx(i)+y (i)
end do

end subroutine

Fortran
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3 Parallel Execution

A single thread, the initial thread, begins sequential execution of an OpenMP enabled program, as
if the whole program is in an implicit parallel region consisting of an implicit task executed by the
initial thread.

A parallel construct encloses code, forming a parallel region. An initial thread encountering a
parallel region forks (creates) a team of threads at the beginning of the parallel region, and
joins them (removes from execution) at the end of the region. The initial thread becomes the
primary thread of the team in a parallel region with a thread number equal to zero, the other
threads are numbered from 1 to number of threads minus 1. A team may be comprised of just a
single thread.

Each thread of a team is assigned an implicit task consisting of code within the parallel region.
The task that creates a parallel region is suspended while the tasks of the team are executed. A
thread is tied to its task; that is, only the thread assigned to the task can execute that task. After

completion of the parallel region, the primary thread resumes execution of the generating task.

Any task within a parallel region is allowed to encounter another parallel region to form a
nested parallel region. The parallelism of a nested parallel region (whether it forks
additional threads, or is executed serially by the encountering task) can be controlled by the

OMP_ NESTED environment variable or the omp_set_nested () API routine with arguments
indicating true or false.

The number of threads of a parallel region can be set by the OMP_NUM_THREADS
environment variable, the omp_set_num_threads () routine, or on the parallel directive
with the num_threads clause. The routine overrides the environment variable, and the clause
overrides all. Use the OMP_DYNAMIC environment variable or the omp_set_dynamic ()
function to specify that the OpenMP implementation dynamically adjust the number of threads for
parallel regions. The default setting for dynamic adjustment is implementation defined. When
dynamic adjustment is on and the number of threads is specified, the number of threads becomes an
upper limit for the number of threads to be provided by the OpenMP runtime.

WORKSHARING CONSTRUCTS

A worksharing construct distributes the execution of the associated region among the members of
the team that encounter it. There is an implied barrier at the end of the worksharing region (there is
no barrier at the beginning).
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The worksharing constructs are:

e loop constructs: for and do

e sections

e single

e workshare

The loop constructs (for and do) create a region consisting of a loop. The loop controlled by a
loop construct is called an associated loop. Nested loops can form a single region when the
collapse clause (with an integer argument) designates the number of associated loops to be
executed in parallel, by forming a single iteration space for the specified number of nested loops.
The ordered clause can also control multiple associated loops.

An associated loop must adhere to a canonical form (specified in the Canonical Loop Form of the

OpenMP Specifications document) which allows the iteration count (of all associated loops) to be

computed before the (outermost) loop is executed. Most common loops comply with the canonical
form, including C++ iterators.

A single construct forms a region in which only one thread (any one of the team) executes the
region. The other threads wait at the implied barrier at the end, unless the nowait clause is
specified.

A sections construct forms a region that contains one or more structured blocks. Each block of
the sections construct is separated by a section directive, and executed once by one of the
threads (any one) in the team. (If only one block is formed in the region, the section directive is
not required.) The other threads wait at the implicit barrier at the end, unless the nowait clause is
specified.

The workshare construct is a Fortran feature that consists of a region with a single structure
block (section of code). Statements in the workshare region are divided into units of work, and
executed (once) by threads of the team.

MASKED CONSTRUCT

The masked construct is not a worksharing construct. The masked region is executed only by the
primary thread. There is no implicit barrier (and flush) at the end of the masked region; hence the
other threads of the team continue execution of code statements beyond the masked region. The
master construct, which has been deprecated in OpenMP 5.1, has identical semantics to the
masked construct with no £ilter clause.

3.1 A Simple Parallel Loop

The following example demonstrates how to parallelize a simple loop using the parallel
worksharing-loop construct. The loop iteration variable is private by default, so it is not necessary
to specify it explicitly in a private clause.
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C/C++

Example ploop.1.c (pre_omp_3.0)

S-1 void simple(int n, float xa, float =xb)
S-2 {
S-3 int i;
S-4
S-5 #pragma omp parallel for
S-6 for (i=1; i<n; i++) /* i is private by default =/
S-7 b[i] = (a[i] + a[i-1]) / 2.0;
S-8 }
C/C++
Fortran

Example ploop.1.f (pre_omp_3.0)

S-1 SUBROUTINE SIMPLE (N, A, B)

S-2

S-3 INTEGER I, N

S-4 REAL B(N), A(N)

S-5

S-6 !$OMP PARALLEL DO !I is private by default
S-7 DO I=2,N

S-8 B(I) = (A(I) + A(I-1)) / 2.0
S-9 ENDDO

S-10 !$OMP END PARALLEL DO

S-11

S-12 END SUBROUTINE SIMPLE

Fortran

CHAPTER 3. PARALLEL EXECUTION 25



3.2 parallel Construct

The parallel construct can be used in coarse-grain parallel programs. In the following example,
each thread in the parallel region decides what part of the global array x to work on, based on
the thread number:

C/C++
Example parallel.1.c (pre_omp_3.0)
S-1 #include <omp.h>
S-2
S-3 void subdomain (float *x, int istart, int ipoints)
S-4 {
S-5 int i;
S-6
S-7 for (i = 0; i < ipoints; i++)
S-8 x[istart+i] = 123.456;
S-9 }
S-10
S-11 void sub(float *x, int npoints)
S-12 {
S-13 int iam, nt, ipoints, istart;
S-14
S-15 #pragma omp parallel default (shared) private(iam,nt, ipoints, istart)
S-16 {
S-17 iam = omp_get_thread num();
S-18 nt = omp_get_num_threads();
S-19 ipoints = npoints / nt; /* size of partition */
S-20 istart = iam * ipoints; /* starting array index x/
S-21 if (iam == nt-1) /* last thread may do more x*/
S-22 ipoints = npoints - istart;
S-23 subdomain (x, istart, ipoints);
S-24 }
S-25 }
S-26
S-27 int main ()
S-28 {
S-29 float array[10000];
S-30
S-31 sub (array, 10000);
S-32
S-33 return O;
S-34 }
C/C++
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Fortran

Example parallel.1.f (pre_omp_3.0)

SUBROUTINE SUBDOMAIN (X, ISTART, IPOINTS)
INTEGER ISTART, IPOINTS
REAL X (*)

INTEGER I
DO 100 I=1,IPOINTS
X (ISTART+I) = 123.456
100 CONTINUE

END SUBROUTINE SUBDOMAIN

SUBROUTINE SUB (X, NPOINTS)
USE OMP_LIB

REAL X (x)
INTEGER NPOINTS
INTEGER IAM, NT, IPOINTS, ISTART

!SOMP PARALLEL DEFAULT (PRIVATE) SHARED (X, NPOINTS)

IAM = OMP_GET_THREAD_NUM()
NT = OMP_GET_NUM_THREADS ()
IPOINTS = NPOINTS/NT
ISTART = IAM * IPOINTS
IF (IAM .EQ. NT-1) THEN
IPOINTS = NPOINTS — ISTART
ENDIF
CALL SUBDOMAIN (X, ISTART, IPOINTS)

!SOMP END PARALLEL
END SUBROUTINE SUB

PROGRAM PAREXAMPLE

REAL ARRAY (10000)

CALL SUB (ARRAY, 10000)
END PROGRAM PAREXAMPLE

Fortran

CHAPTER 3.

PARALLEL EXECUTION
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3.3 teams Construct on Host

Originally the teams construct was created for devices (such as GPUs) for independent executions
of a structured block by teams within a league (on SMs). It was only available through offloading
with the target construct, and the execution of a teams region could only be directed to host
execution by various means such as i £ and device clauses, and the OMP_TARGET_OFFLOAD
environment variable.

In OpenMP 5.0 the teams construct was extended to enable the host to execute a teams region
(without an associated target construct), with anticipation of further affinity and threading
controls in future OpenMP releases.

In the example below the teams construct is used to create two teams, one to execute single
precision code, and the other to execute double precision code. Two teams are required, and the
thread limit for each team is set to 1/2 of the number of available processors.

C/C++

Example host_teams.l.c (omp_5.0)

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <omp . h>
#define N 1000

int main() {
int nteams_required=2, max_thrds, tm_id;
float sp_x[N], sp_y[N], sp_a=0.0001e0;
double dp_x[N], dp_y[N], dp_a=0.0001le0;

max_thrds = omp_get_num procs () /nteams_required;
// Create 2 teams, each team works in a different precision

#pragma omp teams num_teams (nteams_required) \
thread limit (max thrds) private(tm_id)

{
tm_id = omp_get_team num();
if( omp_get_num _teams() != 2 ) //if only getting 1, quit
{ printf("error: Insufficient teams on host, 2 required\n");
exit (0);
}
if(tm_id == 0) // Do Single Precision Work (SAXPY) with this team
{

#pragma omp parallel
{
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S-29 #pragma omp for //init

S-30 for (int i=0; i<N; i++){sp_x[i] = ix0.0001; sp_yl[il=i; }
S-31
S-32 #fpragma omp for simd simdlen (8)
S-33 for (int i=0; i<N; i++){sp_x[i] = sp_ax*sp_x[i] + sp_yl[i];}
S-34 }
S-35 }
S-36
S-37 if(tm_id == 1) // Do Double Precision Work (DAXPY) with this team
S-38 {
S-39 #pragma omp parallel
S-40 {
S-41 #pragma omp for //init
S-42 for(int i=0; i<N; i++){dp_x[i] = i%0.0001; dp_ y[il=i; }
S-43
S-44 #fpragma omp for simd simdlen (4)
S-45 for (int i=0; i<N; i++){dp_x[i] = dp_axdp_x[i] + dp_y[i];}
S-46 }
S-47 }
S-48 }
S-49
S-50 printf("i=%d spldp %f %f \n",N-1, sp_x[N-1], dp_x[N-1]);
S-51 printf("i=%d spldp %f %f \n",N/2, sp_x[N/2], dp_x[N/2]);
S-52 //OUTPUT1:i=999 sp|dp 999.000000 999.000010
S-53 //OUTPUT2:i=500 sp|dp 500.000000 500.000005
S-54
S-55 return O;
S-56 }
C/C++
Fortran

Example host_teams.1.f90 (omp_5.0)

S-1 program main

S-2 use omp_1lib

S-3 integer :: nteams_required=2, max_thrds, tm_id
S-4 integer,parameter :: N=1000

S-5 real :: sp_x(N), sp_y(N), sp_a=0.0001le0

S-6 double precision :: dp_x(N), dp_y(N), dp_a=0.0001d0

S-7

S-8 max_thrds = omp_get_num_procs () /nteams_required

S-9

S-10 !'! Create 2 teams, each team works in a different precision
S-11 !$omp teams num_teams (nteams_required) thread_limit (max_thrds) &
S-12 ! Sompé& private (tm_id)

S-13

S-14 tm_id = omp_get_team num()
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if ( omp_get_num teams() /= 2 ) then ' if only getting 1,

stop "error: Insufficient teams on host, 2 required."
endif

!'! Do Single Precision Work (SAXPY) with this team
if (tm_id == 0) then

!Somp parallel

!$Somp do ! init
do i=1,N
sp_x(i) = i*x0.0001le0
spy(i) =i
end do

!Somp do simd simdlen (8)
do i =1,N
sp_x(i) = sp_ax*sp_x(i) + sp_y (i)
end do
!Somp end parallel

endif

1! Do Double Precision Work (DAXPY) with this team
if(tm_id == 1) then

!$omp parallel

!'$Somp do ' init
do i =1,N
dp_x(i) = ix0.0001d0
dp_y(i) = 1
end do

!Somp do simd simdlen (4)
doi=1,N
dp_x(i) = dp_axdp_x(i) + dp_y (i)
end do
!$omp end parallel

endif
!$Somp end teams

write(x,’ ( "i=",i4," sp|dp= ", el5.7, d25.16 )’') &
N, sp_x(N), dp_x(N)

write(x,’ ( "i=",i4," sp|dp= ", el5.7, d25.16 )’') &
N/2, sp_x(N/2), dp_x(N/2)

quit

!'1 i=1000 spldp= 0.1000000E+04 0.1000000010000000D+04
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'l i= 500 spldp= 0.5000000E+03 0.5000000050000000D+03
end program

Fortran

3.4 Controlling the Number of Threads
on Multiple Nesting Levels

The following examples demonstrate how to use the OMP_NUM_THREADS environment variable to
control the number of threads on multiple nesting levels:

C/C++

Example nthrs_nesting.1.c (pre_omp_3.0)

#include <stdio.h>
#include <omp.h>
int main (void)
{
omp_set_nested(1);
omp_set_dynamic (0);
#pragma omp parallel
{
#fpragma omp parallel
{
#pragma omp single
{
/ *
* If OMP_NUM_THREADS=2,3 was set, the following should print:
Inner: num thds=3
Inner: num_ thds=3

If nesting is not supported, the following should print:
Inner: num_thds=1
Inner: num thds=1

* X X F * F

*/
printf ("Inner: num_thds=%d\n", omp_get_num_ threads());

}
}
#pragma omp barrier
omp_set_nested(0);
#pragma omp parallel
{

#pragma omp single

{

/ *
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* Even if OMP_NUM THREADS=2,3 was set, the following should
* print, because nesting is disabled:

* Inner: num_thds=1

* Inner: num_ thds=1

*

/
printf ("Inner: num_thds=%d\n", omp_get_num threads());

}
#fpragma omp barrier
#pragma omp single
{
/*
* If OMP_NUM_THREADS=2,3 was set, the following should print:
* Outer: num_thds=2
*/
printf ("Outer: num_thds=%d\n", omp_get_num threads());

}

return O;

C/C++
Fortran

Example nthrs_nesting.1.f (pre_omp_3.0)

program icv
use omp_lib
call omp_set_nested(.true.)
call omp_set_dynamic(.false.)
!Somp parallel
!Somp parallel
!Somp single
! If OMP_NUM THREADS=2,3 was set, the following should print:
! Inner: num thds= 3
! Inner: num_thds= 3
! If nesting is not supported, the following should print:
! Inner: num thds= 1
! Inner: num thds= 1
print *, "Inner: num_thds=", omp_get_num_threads()
!$Somp end single
!Somp end parallel
!Somp barrier
call omp_set_nested(.false.)
!Somp parallel
!Somp single
! Even if OMP_NUM_THREADS=2, 3 was set, the following should print,
! because nesting is disabled:
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! Inner: num thds= 1
! Inner: num thds= 1

print %, "Inner: num thds=", omp_get_num_threads ()

!$omp end single
!Somp end parallel
!$Somp barrier
!$Somp single

! If OMP_NUM_THREADS=2,3 was set, the following should print:

! Outer: num thds= 2

print x, "Outer: num_thds=", omp_get_num_threads()

!$omp end single
!Somp end parallel
end

Fortran

3.5 Interaction Between the num_threads
Clause and omp_set_dynamic

The following example demonstrates the num_threads clause and the effect of the

omp_set_dynamic routine on it.

The call to the omp_set_dynamic routine with argument 0 in C/C++, or . FALSE. in Fortran,
disables the dynamic adjustment of the number of threads in OpenMP implementations that support
it. In this case, 10 threads are provided. Note that in case of an error the OpenMP implementation
is free to abort the program or to supply any number of threads available.

C/C++

Example nthrs_dynamic.l.c (pre_omp_3.0)

#include <omp.h>
int main()
{
omp_set_dynamic (0) ;
#fpragma omp parallel num_threads (10)
{
/* do work here */

}

return O;

C/C++

CHAPTER 3.
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Example nthrs_dynamic.l.f (pre_omp_3.0)

S-1 PROGRAM EXAMPLE

S-2 USE OMP_LIB

S-3 CALL OMP_SET DYNAMIC(.FALSE.)
S-4 ! SOMP PARALLEL NUM_THREADS (10)

S-5 ! do work here

S-6 ! SOMP END PARALLEL

S-7 END PROGRAM EXAMPLE

Fortran

The call to the omp_set_dynamic routine with a non-zero argument in C/C++, or . TRUE. in
Fortran, allows the OpenMP implementation to choose any number of threads between 1 and 10.

C/C++

Example nthrs_dynamic.2.c (pre_omp_3.0)

S-1 #include <omp.h>

S-2 int main()

S-3 {

S-4 omp_set_dynamic(1);

S-5 #pragma omp parallel num threads (10)

S-6 {

S-7 /* do work here x/

S-8 }

S-9 return 0;

S-10 }
C/C++
Fortran

Example nthrs_dynamic.2.f (pre_omp_3.0)

S-1 PROGRAM EXAMPLE

S-2 USE OMP_LIB

S-3 CALL OMP_SET_DYNAMIC(.TRUE.)
S-4 ! SOMP PARALLEL NUM_THREADS (10)
S-5 ! do work here

S-6 ! SOMP END PARALLEL

S-7 END PROGRAM EXAMPLE

Fortran

It is good practice to set the dyn-var ICV explicitly by calling the omp_set_dynamic routine, as
its default setting is implementation defined.
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Fortran

3.6 Fortran Restrictions on the do Construct

If an end do directive follows a do-construct in which several DO statements share a DO
termination statement, then a do directive can only be specified for the outermost of these DO
statements. The following example contains correct usages of do constructs:

Example fort_do.1.f (pre_omp_3.0)

! SOMP

100

! SOMP

200
! SOMP

! SOMP

300
! SOMP

SUBROUTINE WORK (I, J)
INTEGER I,J
END SUBROUTINE WORK

SUBROUTINE DO_GOOD ()
INTEGER I, J
REAL A(1000)

DO 100 I = 1,10
DO
DO 100 J = 1,10
CALL WORK (I, J)

CONTINUE ! !SOMP ENDDO implied here
DO
DO 200 J = 1,10
A(I) =I +1
ENDDO
DO

DO 300 I = 1,10
DO 300 J = 1,10
CALL WORK (I, J)
CONTINUE
ENDDO
END SUBROUTINE DO_GOOD

The following example is non-conforming because the matching do directive for the end do does
not precede the outermost loop:

Example fort_do.2.f (pre_omp_3.0)

SUBROUTINE WORK (I, J)
INTEGER I,J
END SUBROUTINE WORK

SUBROUTINE DO_WRONG
INTEGER I, J
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DO 100 I = 1,10
! SOMP DO
DO 100 J = 1,10
CALL WORK(I,J)
100 CONTINUE
! SOMP ENDDO
END SUBROUTINE DO_WRONG

Fortran

3.7 nowait Clause

If there are multiple independent loops within a parallel region, you can use the nowait
clause to avoid the implied barrier at the end of the worksharing-loop construct, as follows:

C/C++

Example nowait.l.c (pre_omp_3.0)

#include <math.h>

void nowait_example(int n, int m, float =xa,
{

int i;

#pragma omp parallel

{

#pragma omp for nowait
for (i=1l; i<n; i++)
b[i] = (a[i] + a[i-1]) / 2.0;

#pragma omp for nowait
for (i=0; i<m; i++)
y[i] = sqrt(z[i]);

C/C++
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Fortran

Example nowait.1.f (pre_omp_3.0)

SUBROUTINE NOWAIT EXAMPLE(N, M, A, B, Y, Z)

INTEGER N, M
REAL A(x), B(x), Y(*), Z(x)

INTEGER I
!$SOMP PARALLEL

1$OMP DO
DO I=2,N
B(I) = (A(I) + A(I-1)) / 2.0
ENDDO
1SOMP END DO NOWAIT

1SOMP DO
DO I=1,M
Y(I) = SQRT(Z(I))
ENDDO
1$OMP END DO NOWAIT

!SOMP END PARALLEL

END SUBROUTINE NOWAIT EXAMPLE
Fortran

In the following example, static scheduling distributes the same logical iteration numbers to the
threads that execute the three loop regions. This allows the nowait clause to be used, even though
there is a data dependence between the loops. The dependence is satisfied as long the same thread
executes the same logical iteration numbers in each loop.

Note that the iteration count of the loops must be the same. The example satisfies this requirement,
since the iteration space of the first two loops is from 0 to n—1 (from I to N in the Fortran version),
while the iteration space of the last loop is from I to n (2 to N+1 in the Fortran version).

CHAPTER 3. PARALLEL EXECUTION 37



S-1
S-2
S-3

S-5
S-6
S-7
S-8
S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16
S-17
S-18

S-1

S-3
S-4
S5
S6
S7
S8
S9
S-10
S-11
S-12
S-13
S-14
S-15
S-16
S17
S-18
S-19
S-20

38

C/C++

Example nowait.2.c (pre_omp_3.0)

#include <math.h>
void nowait_example2 (int n, float =*a, float *b, float =xc,
*Z)
{
int i;
#pragma omp parallel
{
#pragma omp for schedule(static) nowait
for (i=0; i<n; i++)
c[i] = (al[i] + b[i]) / 2.0f;
#pragma omp for schedule(static) nowait
for (i=0; i<n; i++)
z[i] = sqrtf(cli]);
#pragma omp for schedule(static) nowait
for (i=1l; i<=n; i++)
y[il = z[i-1] + a[i];
}

C/C++
Fortran

Example nowait.2.f90 (pre_omp_3.0)

SUBROUTINE NOWAIT EXAMPLE2(N, A, B, C, Y, 2)
INTEGER N
REAL A(x), B(x), C(x), Y(x), Z(x)
INTEGER I
!SOMP PARALLEL
!'SOMP DO SCHEDULE (STATIC)
DO I=1,N
C(I) = (A(I) + B(I)) / 2.0
ENDDO
!SOMP END DO NOWAIT
!$OMP DO SCHEDULE (STATIC)
DO I=1,N
Z(I) = SQRT(C(I))
ENDDO
!SOMP END DO NOWAIT
!SOMP DO SCHEDULE (STATIC)
DO I=2,N+1
Y(I) = 2(I-1) + A(I)
ENDDO
!SOMP END DO NOWAIT
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!SOMP END PARALLEL
END SUBROUTINE NOWAIT_EXAMPLE2

Fortran

3.8 collapse Clause

In the following example, the k and j loops are associated with the worksharing-loop construct. So
the iterations of the k and 7 loops are collapsed into one loop with a larger iteration space, and that
loop is then divided among the threads in the current team. Since the i loop is not associated with
the worksharing-loop construct, it is not collapsed, and the i loop is executed sequentially in its
entirety in every iteration of the collapsed k and 7 loop.

The variable 7 can be omitted from the private clause when the collapse clause is used since
it is implicitly private. However, if the collapse clause is omitted then j will be shared if it is
omitted from the private clause. In either case, k is implicitly private and could be omitted from
the private clause.

C/C++

Example collapse.l.c (omp_3.0)

void bar (float *a, int i, int j, int k);
int k1, ku, ks, jl, ju, js, il, iu,is;

void sub(float =*a)

{

int i, 3, k;

#pragma omp for collapse(2) private(i, k, 3j)

for (k=kl; k<=ku; k+=ks)

for (j=3j1; j<=ju; j+=3s)
for (i=il; i<=iu; i+=is)
bar(a,i, j, k);

}

C/C++
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1 Example collapse.1.f (omp_3.0)
S-1 subroutine sub (a)
S-2
S-3 real a(x)
S-4 integer k1, ku, ks, jl, Jju, js, il, iu, is
S-5 common /csub/ k1, ku, ks, jl, ju, js, il, iu, is
S-6 integer i, j, k
S-7
S-8 !Somp do collapse(2) private(i, j, k)
S-9 do k = k1, ku, ks
S-10 do j = 31, ju, Js
S-11 do i = il, iu, is
S-12 call bar(a,i, j, k)
S-13 enddo
S-14 enddo
S-15 enddo
S-16 !Somp end do
S-17
S-18 end subroutine
Fortran
2 In the next example, the k and 7 loops are associated with the worksharing-loop construct. So the
3 iterations of the k and 7 loops are collapsed into one loop with a larger iteration space, and that
4 loop is then divided among the threads in the current team.
5 The sequential execution of the iterations in the k and 7 loops determines the order of the iterations
6 in the collapsed iteration space. This implies that in the sequentially last iteration of the collapsed
7 iteration space, k will have the value 2 and j will have the value 3. Since klast and jlast are
8 lastprivate, their values are assigned by the sequentially last iteration of the collapsed k and 7
9 loop. This example prints: 2 3.
C/C++
10 Example collapse.2.c (omp_3.0)
S-1 #include <stdio.h>
S-2 int main()
S-3 {
S-4 int j, k, jlast, klast;
S-5 #fpragma omp parallel
S-6 {
S-7 #fpragma omp for collapse(2) lastprivate(jlast, klast)
S-8 for (k=1; k<=2; k++)
S-9 for (j=1; j<=3; j++)
S-10 {
S-11 jlast=j;
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klast=k;
}
#pragma omp single
printf("%d %d\n", klast, jlast); //2 3

C/C++
Fortran

Example collapse.2.f (omp_3.0)

program test
!$Somp parallel
!$omp do private(j, k) collapse(2) lastprivate(jlast, klast)
dok =1,2
do j=1,3
jlast=j
klast=k
enddo
enddo
!$Somp end do
!$omp single
print x, klast, jlast !2, 3
!Somp end single
!$omp end parallel
end program test

Fortran
The next example illustrates the interaction of the collapse and ordered clauses.

In the example, the worksharing-loop construct has both a collapse clause and an ordered
clause. The collapse clause causes the iterations of the k and j loops to be collapsed into one
loop with a larger iteration space, and that loop is divided among the threads in the current team.
An ordered clause is added to the worksharing-loop construct because an ordered region binds to
the loop region arising from the worksharing-loop construct.

According to the ordered Construct section of the OpenMP 4.0 specification, a thread must not
execute more than one ordered region that binds to the same loop region. So the collapse clause
is required for the example to be conforming. With the collapse clause, the iterations of the k
and 7 loops are collapsed into one loop, and therefore only one ordered region will bind to the
collapsed k and 7 loop. Without the collapse clause, there would be two ordered regions that
bind to each iteration of the k loop (one arising from the first iteration of the 7 loop, and the other
arising from the second iteration of the 7 loop).
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The code prints

011
012
021
122
131
132

C/C++

Example collapse.3.c (omp_3.0)

#include <omp.h>
#include <stdio.h>
void work (int a, int j, int k);
void sub()
{
int j, k, a = 5;
#fpragma omp parallel num_threads (2)
{
#fpragma omp for collapse(2) ordered private(j, k) schedule (static, 3)
for (k=1; k<=3; k++)
for (3=1; j<=2; j++)
{
#pragma omp ordered
printf("%d %d %d\n", omp_get_thread num(), k, j);
/* end ordered x/
work (a, j, k) ;

C/C++
Fortran

Example collapse.3.f (omp_3.0)

program test
use omp_lib
!Somp parallel num threads (2)
!Somp do collapse(2) ordered private(j, k) schedule(static, 3)
do k =1,3
do j=1,2
!Somp ordered
print *, omp_get_thread num(), k, j
!Somp end ordered
call work(a, j, k)
enddo
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enddo

!$omp end do

!Somp end parallel
end program test

Fortran

The following example illustrates the collapse of a non-rectangular loop nest, a new feature in
OpenMP 5.0. In a loop nest, a non-rectangular loop has a loop bound that references the iteration
variable of an enclosing loop.

The motivation for this feature is illustrated in the example below that creates a symmetric
correlation matrix for a set of variables. Note that the initial value of the second loop depends on
the index variable of the first loop for the loops to be collapsed. Here the data are represented by a
2D array, each row corresponds to a variable and each column corresponds to a sample of the
variable — the last two columns are the sample mean and standard deviation (for Fortran, rows and
columns are swapped).

C/C++
Example collapse.4.c (omp_5.0)
#include <stdio.h>
#idefine N 20
#define M 10
// routine to calculate a
// For variable a[i]:
// a[il[0],...,a[i] [n-1] contains the n samples
// al[i] [n] contains the sample mean
// al[i] [n+1] contains the standard deviation

extern void calc_a(int n,int m, float a[][N+2]);

int main() {
float a[M] [N+2], b[M][M];

calc_a(N,M,a);
#pragma omp parallel for collapse(2)

for (int i = 0; i < M; i++)
for (int j = i; j < M; j++)

{
float temp = 0.0f;
for (int k = 0; k < N; k++)
temp += (a[i] [k]-a[i] [N])=*(a[j]l[k]-a[]j]l[N]);
b[i][]j] = temp / (a[i] [N+1] » a[j]l[N+1] * (N - 1));
b[jl[i]l = b[il[]];
}
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printf("b[0] [0] = %f, b[M-1] [M-1] = %f\n", b[0][0], b[M-1][M-1]);

return O;

Example collapse.4.f90 (omp_5.0)

module calc_m
interface
subroutine calc_a(n, m, a)
integer n, m
real a(n+2,m)
! routine to calculate a
For variable a(x*, j):

!
!
!
!
end subroutine

end interface
end module

program main
use calc_ m

C/C++
Fortran

a(l,j),...,a(n,j) contains the n samples
a(n+1, 3) contains the sample mean
a(n+2, j) contains the standard deviation

integer, parameter :: N=20, M=10

real a(N+2,M), b (M, M)
real temp
integer i, j, k

call calc_a(N,M, a)

!$Somp parallel do collapse(2) private (k,temp)

doi=1, M

do j =1
temp

do k

n~

M
0.0
1, N

end do

b(i,Jj)
b(j, 1)
end do
end do

b(i,3J)

print x,"b(1,1) = ",b(1,1),",

temp = temp + (a(k,i)-a(N+1,i))*(a(k,j)—-a(N+1,3j))

temp / (a(N+2,i) * a(N+2,3) (N - 1))

b(M,M) = ",b(M,M)
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end program

3.9 linear Clause in Loop Constructs

The following example shows the use of the 1inear clause in a worksharing-loop construct to

Fortran

allow the proper parallelization of a loop that contains an induction variable (7). At the end of the
execution of the worksharing-loop construct, the original variable jis updated with the value N/2
from the last iteration of the loop.

C/C++

Example linear_in_loop.1.c (omp_4.5)

#include <stdio.h>

#define N 100
int main (void)

{

float a[N], b[N/2];
int i, 3j;

for (1 =0; i < N; i++ )
a[i] i+ 1;

j=0;
#pragma omp parallel
#pragma omp for linear(j:1)
for (1 =0; i <N; 1i+4=2 ) {
bljl a[i] * 2.0f;
J++;

}

printf( "%d %£f %$£f\n", j, b[0], b[j-1] );
/* print out: 50 2.0 198.0 */

return 0;

C/C++
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Fortran

Example linear_in_loop.1.f90 (omp_4.5)

S-1 program linear_ loop

S-2 implicit none

S-3 integer, parameter :: N = 100
S-4 real :: a(N), b(N/2)
S-5 integer :: i, j

S-6

S-7 doi=1, N

S-8 a(i) =1

S-9 end do

S-10

S-11 j=20

S-12 !Somp parallel

S-13 !$Somp do linear(j:1)
S-14 doi=1, N, 2

S-15 i=3j+1

S-16 b(j) = a(i) * 2.0
S-17 end do

S-18 !$omp end parallel
S-19

S-20 print *, j, b(1l), b(j)
S-21 ! print out: 50 2.0 198.0
S-22

S-23 end program

Fortran

3.10 parallel sections Construct

In the following example routines XAXIS, YAXIS, and ZAXIS can be executed concurrently. The
first section directive is optional. Note that all section directives need to appear in the
parallel sections construct.

46 OpenMP Examples Version 6.0.1 — November 2025



S-1
S-2
S-3

S-5
S-6
S-7
S-8
S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16
S-17
S-18

S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9
S-10
S-11
S-12

C/C++

Example psections.l.c (pre_omp_3.0)

void XAXIS();
void YAXIS();
void ZAXIS();

void sect_example ()

{

#{pragma omp parallel sections

{
#pragma omp section
XAXIS();

#pragma omp section
YAXIS();

#pragma omp section
ZAXIS () ;

C/C++
Fortran

Example psections.l.f (pre_omp_3.0)

SUBROUTINE SECT_ EXAMPLE ()
1$OMP PARALLEL SECTIONS
1$OMP SECTION
CALL XAXIS()
1$OMP SECTION
CALL YAXIS()

1SOMP SECTION
CALL ZAXIS()

!SOMP END PARALLEL SECTIONS
END SUBROUTINE SECT_EXAMPLE

Fortran

CHAPTER 3.

PARALLEL EXECUTION

47



© oo NO O~ W

3.11 firstprivate Clause and sections
Construct

In the following example of the sections construct the firstprivate clause is used to
initialize the private copy of section_count of each thread. The problem is that the section
constructs modify section_count, which breaks the independence of the section constructs.
When different threads execute each section, both sections will print the value 1. When the same
thread executes the two sections, one section will print the value 1 and the other will print the value
2. Since the order of execution of the two sections in this case is unspecified, it is unspecified which
section prints which value.

C/C++

Example fpriv_sections.l.c (pre_omp_3.0)
S-1 #include <omp.h>
S-2 #include <stdio.h>
S-3 #define NT 4
S-4 int main( ) {
S-5 int section_count = 0;
S-6 omp_set_dynamic(0);
S-7 omp_set_num_threads (NT) ;
S-8 #pragma omp parallel
S-9 #fpragma omp sections firstprivate( section_count )
S-10 {
S-11 #pragma omp section
S-12 {
S-13 section_count++;
S-14 /* may print the number one or two */
S-15 printf( "section_count %d\n", section_count );
S-16 }
S-17 #pragma omp section
S-18 {
S-19 section_count++;
S-20 /* may print the number one or two */
S-21 printf( "section_count %d\n", section_count );
S-22 }
S-23 }
S-24 return 0;
S-25 }

C/C++
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Fortran

Example fpriv_sections.1.f90 (pre_omp_3.0)

program section
use omp_lib
integer :: section_count = 0
integer, parameter :: NT = 4
call omp_set_dynamic(.false.)
call omp_set_num_threads (NT)
!$Somp parallel
!$omp sections firstprivate ( section_count )
!$omp section
section count = section_count + 1
! may print the number one or two
print x, 'section_count’, section_count
!$Somp section
section_count = section count + 1
! may print the number one or two
print x, 'section_count’, section_count
!$omp end sections
!$omp end parallel
end program section

Fortran

3.12 single Construct

The following example demonstrates the single construct. In the example, only one thread prints
each of the progress messages. All other threads will skip the single region and stop at the
barrier at the end of the single construct until all threads in the team have reached the barrier. If
other threads can proceed without waiting for the thread executing the single region, a nowait
clause can be specified, as is done in the third single construct in this example. The user must
not make any assumptions as to which thread will execute a single region.

CHAPTER 3. PARALLEL EXECUTION 49



S-1
S-2
S-3

S-5

S-6

S-7

S-8

S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16
S-17
S-18
S-19
S-20
S-21
S-22
S-23

S-1
S-2

S-4
S-5
S-6
S-7
S-8
S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16

50

C/C++

Example single.1.c (pre_omp_3.0)

#include <stdio.h>

void workl () {}
void work2 () {}

int main()
{
#pragma omp parallel

{
#pragma omp single
printf ("Beginning workl.\n");
workl () ;

#pragma omp single
printf ("Finishing workl.\n");

#pragma omp single nowait
printf ("Finished workl and beginning work2.\n");

work2 () ;

C/C++
Fortran

Example single.1.f (pre_omp_3.0)

SUBROUTINE WORK1 ()
END SUBROUTINE WORK1

SUBROUTINE WORK2 ()
END SUBROUTINE WORK2

PROGRAM SINGLE_EXAMPLE
!SOMP PARALLEL

!SOMP SINGLE
print *, "Beginning workl."
!SOMP END SINGLE

CALL WORK1 ()

!SOMP SINGLE
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print x, "Finishing workl."
!SOMP END SINGLE

!SOMP SINGLE

print *, "Finished workl and beginning work2."
!SOMP END SINGLE NOWAIT

CALL WORK2 ()

!$SOMP END PARALLEL

END PROGRAM SINGLE_EXAMPLE
Fortran

Fortran

3.13 workshare Construct

The following are examples of the workshare construct.

In the following example, workshare spreads work across the threads executing the parallel
region, and there is a barrier after the last statement. Implementations must enforce Fortran
execution rules inside of the workshare block.

Example workshare.l.f (pre_omp_3.0)

SUBROUTINE WSHAREL (AA, BB, CC, DD, EE, FF, N)
INTEGER N
REAL AA(N,N), BB(N,N), CC(N,N), DD(N,N), EE(N,N), FF(N,N)

! SOMP PARALLEL

! SOMP WORKSHARE
AA = BB
CC = DD
EE = FF
! SOMP END WORKSHARE

! SOMP END PARALLEL

END SUBROUTINE WSHARE1

In the following example, the barrier at the end of the first workshare region is eliminated with a
nowait clause. Threads doing CC = DD immediately begin work on EE = F'F when they are done
with CC = DD.
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Fortran (cont.)

Example workshare.2.f (pre_omp_3.0)

! SOMP
! $OMP

! SOMP

! SOMP

! SOMP
! SOMP

SUBROUTINE WSHARE2 (AA, BB, CC, DD, EE, FF, N)
INTEGER N

REAL AA(N,N), BB(N,N), CC(N,N)

REAL DD (N,N), EE(N,N), FF(N,N)

PARALLEL
WORKSHARE
AA = BB
CC = DD
END WORKSHARE NOWAIT
WORKSHARE
EE = FF
END WORKSHARE
END PARALLEL
END SUBROUTINE WSHARE2

In the following example, the computation of SUM (AA) is workshared. The scalar assignment
statement that updates R is considered a unit of work that is executed once by one thread.

Example workshare.3.f (pre_omp_3.0)

! SOMP
! $OMP

! SOMP
! SOMP

SUBROUTINE WSHARE3 (AA, BB, CC, DD, N)
INTEGER N
REAL AA(N,N), BB(N,N), CC(N,N), DD(N,N)
REAL R
R=0
PARALLEL
WORKSHARE
AA = BB
R = R + SUM(AA)
cc = DD
END WORKSHARE
END PARALLEL
END SUBROUTINE WSHARE3

Fortran WHERE and FORALL statements are compound statements, made up of a control part and a
statement part. When workshare is applied to one of these compound statements, both the
control and the statement parts are workshared. The following example shows the use of a WHERE
statement in a workshare construct.

Each task gets worked on in order by the threads:

AA = BBthen
CC = DD then

OpenMP Examples Version 6.0.1 — November 2025



A O =

S-1

S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16

S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9
S-10
S-11
S-12
S-13
S-14
S-15

Fortran (cont.)

EE .ne. Othen
FF =1 / EE then
GG = HH

Example workshare.4.f (pre_omp_3.0)

SUBROUTINE WSHARE4 (AA, BB, CC, DD, EE, FF, GG, HH, N)
INTEGER N

REAL AA(N,N), BB(N,N), CC(N,N)

REAL DD (N,N), EE(N,N), FF(N,N)

REAL GG(N,N), HH(N,N)

1SOMP PARALLEL
1$0MP WORKSHARE
AA = BB
cC = DD
WHERE (EE .ne. 0) FF = 1 / EE
GG = HH
1$0MP END WORKSHARE
1$OMP END PARALLEL

END SUBROUTINE WSHARE4

In the following example, an assignment to a shared scalar variable is performed by one thread in a
workshare while all other threads in the team wait.

Example workshare.5.f (pre_omp_3.0)

SUBROUTINE WSHARES (AA, BB, CC, DD, N)

INTEGER N

REAL AA(N,N), BB(N,N), CC(N,N), DD(N,N)
INTEGER SHR

! SOMP PARALLEL SHARED (SHR)

! SOMP WORKSHARE

AA = BB

SHR = 1

CC = DD * SHR
! SOMP END WORKSHARE

! SOMP END PARALLEL

END SUBROUTINE WSHARES

The following example contains an assignment to a private scalar variable, which is performed by
one thread in a workshare while all other threads wait. It is non-conforming because the private
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scalar variable is undefined after the assignment statement.

Example workshare.6.f (pre_omp_3.0)

SUBROUTINE WSHARE6_WRONG (AA, BB, CC, DD, N)

INTEGER N

REAL AA(N,N), BB(N,N), CC(N,N), DD(N,N)
INTEGER PRI

! SOMP PARALLEL PRIVATE (PRI)

! SOMP WORKSHARE

AA = BB

PRI =1

CC = DD * PRI
! SOMP END WORKSHARE

! SOMP END PARALLEL

END SUBROUTINE WSHARE6_WRONG

Fortran execution rules must be enforced inside a workshare construct. In the following
example, the same result is produced in the following program fragment regardless of whether the
code is executed sequentially or inside an OpenMP program with multiple threads:

Example workshare.7.f (pre_omp_3.0)

SUBROUTINE WSHARE7 (AA, BB, CC, N)
INTEGER N
REAL AA(N), BB(N), CC(N)

! SomMP PARALLEL

! SOMP WORKSHARE
AA(1:50) = BB(11:60)
CcCc(11:20) = AA(1:10)
! SOMP END WORKSHARE

! SOMP END PARALLEL

END SUBROUTINE WSHARE7
Fortran

3.14 masked Construct

The following example demonstrates the masked construct. In the example, the primary thread
(thread number 0) keeps track of how many iterations have been executed and prints out a progress
report in the iteration loop. The other threads skip the masked region without waiting. The
filter clause can be used to specify a thread number other than the primary thread to execute a
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structured block, as illustrated by the second masked construct after the iteration loop. If the
thread specified in a £ilter clause does not exist in the team then the structured block is not
executed by any thread.

C/C++

Example masked.1.c (omp_5.1)

#include <stdio.h>
extern float average (float, float, float);

void masked_example( floatx x, floatx* xold, int n, float tol )
{
int ¢, i, toobig;
float error, y;
c =0;
#fpragma omp parallel
{
do {
#fpragma omp for private (i)
for( i =1; i < n-1; ++i ){
xold[i] = x[i];
}
#pragma omp single
{
toobig = 0;
}
#pragma omp for private(i,y,error) reduction (+:toobig)
for( i =1; i < n-1; ++i ){

y = x[1i];

x[i] = average( xold[i-1], x[i], =xold[i+1] );

error = y - x[i];

if( error > tol || error < —-tol ) ++toobig;
}
#pragma omp masked // primary thread (thread 0)
{

++c;

printf( "iteration %d, toobig=%d\n", c, toobig );
}
} while( toobig > 0 );
#fpragma omp barrier
#pragma omp masked filter(l) // thread 1
{
// The printf statement will not be executed
// if the number of threads is less than 2.
printf( "total number of iterations = %d\n", c );
}
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C/C++
Fortran

Example masked.1.f (omp_5.1)

SUBROUTINE MASKED_ EXAMPLE( X, XOLD, N, TOL )

REAL X (%), XOLD (%), TOL
INTEGER N
INTEGER C, I, TOOBIG
REAL ERROR, Y, AVERAGE
EXTERNAIL AVERAGE
c=0
TOOBIG = 1
1$OMP PARALLEL
DO WHILE( TOOBIG > 0 )
1 $OMP DO PRIVATE (I)
DO I = 2, N-1
XOLD (I) = X(I)

ENDDO
! SOMP SINGLE
TOOBIG = 0
! SOMP END SINGLE
! SOMP DO PRIVATE (I,Y,ERROR), REDUCTION (+:TOOBIG)

DO I = 2, N-1
Y = X(I)
X(I) = AVERAGE( XOLD(I-1), X(I),
ERROR = Y-X(I)

IF( ERROR > TOL .OR. ERROR < -TOL ) TOOBIG

ENDDO
! SOMP MASKED ! primary thread (thread 0)
cC=C+1
PRINT x, ’'Iteration ’, C, ’'TOOBIG='
! SOMP END MASKED
ENDDO
! SOMP BARRIER
! SOMP MASKED FILTER(1) ! thread 1

! The print statement will not be executed

XOLD (I+1) )

’

TOOBIG

! if the number of threads is less than 2.

PRINT %, ’'Total number of iterations
! $OMP END MASKED
'$OMP END PARALLEL
END SUBROUTINE MASKED_ EXAMPLE

Fortran
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3.15 loop Construct

The following example illustrates the use of the OpenMP 5.0 1oop construct for the execution of a

loop. The loop construct asserts to the compiler that the iterations of the loop are free of data

dependencies and may be executed concurrently. It allows the compiler to use heuristics to select

the parallelization scheme and compiler-level optimizations for the concurrency.
C/C++

Example loop.1.c (omp_5.0)

#include <stdio.h>
#define N 100
int main ()
{
float x[N], yI[N];
float a = 2.0;
for(int i=0;i<N;i++){ x[i]=i; y[i]=0;} // initialize

#fpragma omp parallel
{

#pragma omp loop

for(int i = 0; i < N; ++i) y[i] = a»x[i] + yI[i];
}

if(y[N-1] !'= (N-1)%2.0) printf ("Error: 2x(N-1l) != y[N-1]=%£f",y[N-1]);

C/C++
Fortran

Example loop.1.f90 (omp_5.0)

program main
integer, parameter :: N=100
real :: x(N), y(N)
real :: a = 2.0e0

x=(/ (i,i=1,N) /); y=0.0e0 !l initialize
!$Somp parallel
!$Somp loop
do i=1,N; y(i) = a*x(i) + y(i); enddo
!Somp end parallel

if(y(N) /= N%2.0e0) printx, "Error: 2*N /= y(N); y(N)=",y(N)
end program
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Fortran

The following example shows the use of the orphaned 1oop construct. Since the function foo ()
is not lexically nested inside of the teams region it needs to specify the bind clause. The first
loop construct binds to the teams region from where the function foo is called. Binding to
teams allows thread-level parallelism to be available for the second 1oop construct. The loop
iterations can be executed concurrently, thus allowing implementations to perform various loop nest
optimizations including reordering of the i and 7 loops. The loop construct can be implemented
with the use of additional threads or some other concurrency mechanism, which allows better use
of hardware resources while also allowing sequential optimizations, reordering, tiling etc.

For example, the first Loop construct could be implemented as if it was specified as distribute
parallel for and the second loop construct as if it was specified as simd if the hardware can
support SIMD operations.

C/C++

Example loop.2.c (omp_5.0)

#include <stdio.h>
#define N 1024

int x[N][N];
int y[N], z[N];

void foo () {
// i-loop distributed across encountering league of teams
#pragma omp loop bind(teams)
for (int i = 0; i < N; i++) {
// this loop has an implicit bind(thread)
#pragma omp loop
for (int j = 0; j < N; j++) {
x[i][3] += ylil*z[i];
}

}

int main () {
int error = 0;

for (int i = 0; i < N; i++) {
for (int j = 0; j < N; j++) {
x[i1[3] = O;
}
}

for (int i = 0; i < N; i++) {
y[i]l = i;
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z[i] = i+1;
}

#pragma omp teams num_teams (4)
{
foo();
}

//check values
for (int i = 0; i < N; i++) {
for (int j = 0; j < N; j++) {
if( x[1i]1[3] '= i » (i+1))
error++;
}
}
if (error) {
printf ("FAILED\n");
return 1;
}
printf ("PASSED\n") ;
return O;

C/C++
Fortran

Example loop.2.f90 (omp_5.0)

module xyz_data
integer, parameter :: N=1024
integer :: x(N,N)
integer :: y(N), z(N)

contains
subroutine foo()
integer :: i, j

!'! i-loop distributed across encountering league of
!'! teams
!Somp loop bind(teams)
doi=1, N
!'! this loop has an implicit bind(thread)
!Somp loop
do j=1, N
x(3,1) = x(3,1) + y(i)*z (i)
end do
end do
end subroutine
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end module
program main
use xyz_data

integer :: error =0

doi=1, N

do j 1, N
x(j,i) =0
end do
end do

N
—
M
[
'8
+
[y

!Somp teams num_teams (4)
call foo()
!Somp end teams

! 'check values
doi=1, N
do j =1, N
if( x(j,1i) /=1 * (i+l) ) then
error = error + 1
endif
enddo
enddo

if (error .gt. 0) then
printx, "FAILED"
stop 1

end if

printx, "PASSED"

end program

Fortran
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C++

3.16 Parallel Random Access Iterator Loop

The following example shows a parallel random access iterator loop.

Example pra_iterator.1.cpp (omp_3.0)

#include <vector>
void iterator_example ()
{
std: :vector<int> vec(23);
std: :vector<int>::iterator it;
#fpragma omp parallel for default (none) shared (vec)
for (it = vec.begin(); it < vec.end(); it++)
{
// do work with xit //
}
}

C++

3.17 omp_set_dynamic and
omp_set_num_threads Routines

Some programs rely on a fixed, pre-specified number of threads to execute correctly. Because the
default setting for the dynamic adjustment of the number of threads is implementation defined, such
programs can choose to turn off the dynamic threads capability and set the number of threads
explicitly to ensure portability. The following example shows how to do this using
omp_set_dynamic, and omp_set_num_threads.

In this example, the program executes correctly only if it is executed by 16 threads. If the
implementation is not capable of supporting 16 threads, the behavior of this example is
implementation defined. Note that the number of threads executing a parallel region remains
constant during the region, regardless of the dynamic threads setting. The dynamic threads
mechanism determines the number of threads to use at the start of the parallel region and keeps
it constant for the duration of the region.
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C/C++

Example set_dynamic_nthrs.1.c (pre_omp_3.0)

#include <omp.h>
#include <stdlib.h>

void do_by_16(float *x, int iam, int ipoints) {}

void dynthreads (float *x, int npoints)

{

int iam, ipoints;

omp_set_dynamic (0);
omp_set_num_threads (16);

#pragma omp parallel shared(x, npoints) private (iam,

{
if (omp_get_num threads() != 16)
abort () ;

iam = omp_get_thread num();
ipoints = npoints/16;
do_by 16(x, iam, ipoints);

C/C++
Fortran

Example set_dynamic_nthrs.1.f (pre_omp_3.0)

SUBROUTINE DO_BY_16(X, IAM, IPOINTS)
REAL X (%)
INTEGER IAM, IPOINTS

END SUBROUTINE DO_BY_16

SUBROUTINE DYNTHREADS (X, NPOINTS)
USE OMP_LIB

INTEGER NPOINTS
REAL X (NPOINTS)

INTEGER IAM, IPOINTS

CALL OMP_SET DYNAMIC (.FALSE.)
CALL OMP_SET_ NUM_ THREADS (16)

OpenMP Examples Version 6.0.1 — November 2025
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1$OMP PARALLEL SHARED (X,NPOINTS) PRIVATE (IAM, IPOINTS)
IF (OMP_GET_NUM_THREADS() .NE. 16) THEN
STOP
ENDIF
IAM = OMP_GET_THREAD_NUM()
IPOINTS = NPOINTS/16
CALL DO_BY_16 (X, IAM, IPOINTS)
1$OMP END PARALLEL

END SUBROUTINE DYNTHREADS
Fortran

3.18 omp_get_num_threads Routine

In the following example, the omp_get_num_threads call returns 1 in the sequential part of

the code, so np will always be equal to 1. To determine the number of threads that will be deployed

for the parallel region, the call should be inside the parallel region.

C/C++

Example get_nthrs.l.c (pre_omp_3.0)

#include <omp.h>
void work (int 1i);

void incorrect () {
int np, i;

np = omp_get_num_threads(); /* misplaced */
#{pragma omp parallel for schedule (static)

for (i=0; i < np; i++)
work (i) ;

C/C++
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Fortran

Example get_nthrs.1.f (pre_omp_3.0)

SUBROUTINE WORK (I)
INTEGER I

I=I+1
END SUBROUTINE WORK

SUBROUTINE INCORRECT ()
USE OMP_LIB
INTEGER I, NP

NP = OMP_GET_NUM THREADS () 'misplaced: will return 1
! SOMP PARALLEL DO SCHEDULE (STATIC)
DO I = 0, NP-1
CALL WORK(I)
ENDDO
! SOMP END PARALLEL DO
END SUBROUTINE INCORRECT

Fortran

The following example shows how to rewrite this program without including a query for the
number of threads:

C/C++

Example get_nthrs.2.c (pre_omp_3.0)

#include <omp.h>
void work (int i);

void correct ()

{

int i;

#pragma omp parallel private (i)
{
i = omp_get_thread num();
work (i) ;

}

C/C++
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Fortran

Example get_nthrs.2.f (pre_omp_3.0)

SUBROUTINE WORK (I)
INTEGER I

I=I+1
END SUBROUTINE WORK
SUBROUTINE CORRECT ()
USE OMP_LIB
INTEGER I
1 SOMP PARALLEL PRIVATE (I)
I = OMP_GET_THREAD_NUM()
CALL WORK (I)

! SOMP END PARALLEL

END SUBROUTINE CORRECT

Fortran
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4 OpenMP Affinity

OpenMP defines thread affinity with respect to places, where a place is an abstraction that
represents a set of processors (e.g., one or more processor IDs, a hardware thread, a core, a socket,
etc.). Thread affinity control enables users to assign threads that perform computation in a parallel
region to specific places, while allowing the runtime implementation to freely migrate threads to
different execution units within a given place. A thread that is assigned to a place for a given
parallel region remains bound to that place for the duration of that region.

The places available for thread affinity control (referred to as a place partition) can be set via the
OMP_PLACES environment variable. The binding of threads to places can be managed explicitly or
handled implicitly. Without the OMP_ PLACES variable being set, the initial place partition is
implementation defined. The method by which threads are assigned to places for a given parallel
region is determined by the specified thread affinity policy. This policy can be set via the
OMP_PROC_BIND environment variable or can be explicitly set for a particular parallel
construct with the proc_bind clause.

The OpenMP specification document defines a processor as a hardware execution unit on which
one or more OpenMP threads may execute. The actual hardware mechanism that a given processor
ID represents depends on the implementation and architecture. For example, a processor could
correspond to a core on the device that does not have simultaneous multi-threading (SMT) support
or for which SMT is disabled. While for an SMT-enabled device, a processor could correspond to a
hardware thread. Processor IDs are the resulting sequential numbering of processors, starting from
0. The initial place partition can be defined explicitly with processor IDs or using an abstract name.
For example, OMP_PLACES="{0, 1}, {2, 3} " defines two places in the initial place partition,
the first place consisting of processors 0 and 1 from the device and the second place consisting of
processors 2 and 3 from the device. Alternatively, OMP_PLACES="cores" defines there to be
one place per core on the host device.

The processors that are available to an OpenMP program process may be a subset of the processors
on the system. This restriction may be the result of a wrapper process controlling the execution
(such as numact 1 on Linux systems), compiler options, library-specific environment variables, or
default kernel settings. For instance, the execution of multiple MPI processes, launched on a single
compute node, will each have a subset of processors as determined by the MPI launcher or set by
MPI affinity environment variables for the MPI library.

The threads that are under affinity control for a given parallel region include the threads assigned to
its team and additionally any free-agent threads (see Section 5.10) that execute tasks bound to the
region. Affinity control for threads can be disabled (i.e., allowing threads to migrate freely across
processors) by setting OMP_PROC_BIND to false. If instead OMP_PROC_BIND is t rue, then
threads will bind to places but the places to which they bind are implementation defined. Finally,
three affinity policies that are more prescriptive are available via the environment variable or the
proc_bind clause: spread, close, and primary. These are detailed in the following section.
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4.1 Affinity Policies

Affinity policies define the assignment of threads for a parallel region to places available in that
parallel region. The available places are taken from the input place partition of the region, which is

generally given by the place-partition-var ICV for the encountering thread.

Potential thread assignments due to various affinity policies are illustrated in Figure 4.1. The input
place partition is depicted as starting with place 2, the place to which the primary thread is
assigned, and the boxes around the places represent the resulting place partitions used by the
threads in the context of the parallel region. The assignment of free-agent threads is shown with

dashed lines to distinguish it from the assignment of the threads of the team.
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FIGURE 4.1: Thread Affinity Illustrations
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There are three policies:

e The spread policy divides the input place partition into subpartitions and then distributes the
threads to a place in each of the subpartitions while setting the place-partition-var ICV for each
thread to the subpartition to which it is distributed. This policy can be useful for reducing
resource contention between threads that execute in the parallel region or if threads are expected
to spawn nested parallelism that is confined to their new place subpartition.

e The close policy round-robin assigns threads (one or more at a time) to places in the input
place partition. The place-partition-var ICV for each thread is set to the input place partition of
the region.

e The primary policy is used to ensure all threads are assigned to the same place, which is the
place of the encountering thread if it is bound to a place. Again, each thread inherits the input
place partition for its place-partition-var ICV.

Let T" be the team size and P be the number of places in the input place partition. For the spread
policy, when T' < P the input place partition is subdivided into T" subpartitions of [ P/T"| or | P/T |
places, and otherwise the input place partition is subdivided into P subpartitions of one place each.
The first place of each of the subpartitions is feam-eligible for place assignment (meaning one of the
T team threads can be assigned to it). For the close policy, each place in the input place partition
is team-eligible for place assignment. Finally, for the primary policy only the place to which the
primary thread is assigned (or will be assigned as chosen by the implementation) is team-eligible
for place assignment. In Figure 4.1, the team-eligible places are depicted as gray circles.

Let @ be the number of team-eligible places in the input place partition. When 7" > @, the T’
threads that comprise the team are divided into @ sets of [T/Q] or | T/Q] consecutive threads,
and otherwise they are divided into 7" sets of one thread each. The first thread set is assigned to the
place of the primary thread if that thread is already assigned, and otherwise the thread set is
assigned to one of the () team-eligible places. The next thread set is then assigned to the next
team-eligible place, and so on with wrap-around.

For the spread policy when 7" > P or for the close policy, after the T" threads are assigned
there will be K = P — T mod P team-eligible places with one less thread than the rest. If K < P,
each of the first K free-agent threads that begin execution in the parallel region will be assigned to
one these places, in some order defined by the implementation. The bottom case of Figure 4.1a and
both cases of Figure 4.1b provide an illustration of such assigments.

Any additional free-agent threads are handled as follows. For the spread policy when 1" < P, the
first free-agent thread goes to the subpartition to which the primary thread is assigned, the next
free-agent thread goes to the next subpartition, and so on with wrap-around. Within each
subpartition, free-agent threads are round-robin assigned to the allotted places with wrap-around,
starting with the second place in the subpartition if it has more than one place. See the top case of
Figure 4.1a for an illustration of such assignments. For all other cases, additional free-agent threads
are round-robin assigned to team-eligible places in the input place partition with wrap-around,
starting with the place to which the primary thread is assigned.
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The following example demonstrates how to control thread affinity for a parallel region according to
an affinity policy. The machine architecture assumed for this example is depicted in Figure 4.2. It
consists of two sockets, each equipped with a quad-core processor and configured to execute two
hardware threads simultaneously on each core. These examples assume a contiguous core
numbering starting from 0, such that the hardware threads 0,1 form the first physical core.

soqket w/ physical core w/ 2
4 physical cores hardware threads

| : \ I_L\

FIGURE 4.2: A machine architecture with two quad-core processors

The following equivalent place list declarations consist of eight places (which we designate as p0 to
p7):
export OMP_PLACES="{0,1},{2,3},{4,5},{6,7},{8,9},{10,11},{12,13},
{14,15}"

or
I export OMP_PLACES="{0:2}:8:2"

or
I export OMP_PLACES="cores"

C/C++

Example affinity_control.1.c (omp_6.0)

void work(); // may use additional free-agent threads

int main|()

{

// input place partition controlled by OMP_PLACES

// team size controlled by OMP_NUM_THREADS

// affinity policy controlled by OMP_PROC_BIND

// number of additional free-agent threads bounded by OMP_THREAD_ LIMIT
#ipragma omp parallel

work () ;

return O;

C/C++
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Fortran
Example affinity_control.1.f90 (omp_6.0)

program main
interface
subroutine work ! may use additional free—agent threads
end subroutine work
end interface

! input place partition controlled by OMP_PLACES
! team size controlled by OMP_NUM_THREADS
! affinity policy controlled by OMP_PROC_BIND
! number of additional free—agent threads bounded by OMP_THREAD_LIMIT

!$omp parallel

call work()

!$omp end parallel

end program

Fortran

The example is simple: a parallel construct in which there is a call to an external procedure
work. By setting OMP_NUM_THREADS to 4 and OMP_THREAD_LIMIT to 16, the construct will
spawn a team of size 4 and will allow for up to 12 additional free-agent threads to join in the
execution of tasks in work. Note that the OpenMP 6.0 specification also allows for
OMP_NUM_THREADS and OMP_THREAD_LIMIT to be set to a numeric abstract name. For
example, setting OMP_ THREAD_LIMIT to "n_threads" will set it to the number of hardware
threads available on the device, which again is 16 for the machine we are assuming.

The thread affinity policy can then be controlled via the OMP_PROC_BIND environment variable.
If OMP_PROC_BIND is set to a comma separated list of spread, close, or primary, then each
element of the list is used for each level of parallelism from left to right. For example, setting
OMP_PROC_BIND to "spread, close" will apply the spread affinity policy to the outer
active parallel region and a close affinity policy (operating within an updated place partition)
for an inner active parallel region.

4.2 proc_bind Clause

The following examples demonstrate how to use the proc_bind clause to control the thread
binding for a team of threads in a parallel region. The same machine architecture and place list
from the preceding section is assumed.
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4.2.1 Spread Affinity Policy

The following example shows the result of the spread affinity policy on the partition list when the
number of threads is less than or equal to the number of places in the parent’s place partition, for
the machine architecture depicted above. Note that the threads are bound to the first place of each
subpartition.

C/C++
Example affinity.1.c (omp_4.0)

void work();

int main()

{
#ipragma omp parallel proc_bind(spread) num_threads (4)
{
work () ;
}

return O;

C/C++
Fortran

Example affinity.1.f (omp_4.0)

PROGRAM EXAMPLE

!$OMP PARALLEL PROC_BIND (SPREAD) NUM_THREADS (4)
CALL WORK ()

1$OMP END PARALLEL
END PROGRAM EXAMPLE

Fortran

It is unspecified on which place the primary thread is initially started. If the primary thread is
initially started on p0, the following placement of threads will be applied in the parallel region:

thread 0 executes on p0 with the place partition p0O,p1
thread 1 executes on p2 with the place partition p2,p3
thread 2 executes on p4 with the place partition p4,p5
thread 3 executes on p6 with the place partition p6,p7

If the primary thread would initially be started on p2, the placement of threads and distribution of
the place partition would be as follows:

e thread O executes on p2 with the place partition p2,p3

OpenMP Examples Version 6.0.1 — November 2025
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o thread 1 executes on p4 with the place partition p4,p5
e thread 2 executes on p6 with the place partition p6,p7
o thread 3 executes on p0 with the place partition p0,p1l

The following example illustrates the spread thread affinity policy when the number of threads is
greater than the number of places in the parent’s place partition.

Let T be the number of threads in the team, and P be the number of places in the parent’s place
partition. The first T/P threads of the team (including the primary thread) execute on the parent’s
place. The next T/P threads execute on the next place in the place partition, and so on, with wrap
around.

C/C++
Example affinity.2.c (omp_4.0)

void work();
void foo()

{
#ipragma omp parallel num_threads (16) proc_bind(spread)

{

work () ;
}
}

C/C++
Fortran

Example affinity.2.f90 (omp_4.0)

subroutine foo

!$omp parallel num_threads(16) proc_bind(spread)
call work()

!$Somp end parallel

end subroutine

Fortran

It is unspecified on which place the primary thread is initially started. If the primary thread is
initially started on p0, the following placement of threads will be applied in the parallel region:

threads 0,1 execute on p0 with the place partition p0
threads 2,3 execute on p1 with the place partition p1l
threads 4,5 execute on p2 with the place partition p2
threads 6,7 execute on p3 with the place partition p3
threads 8,9 execute on p4 with the place partition p4
threads 10,11 execute on p5 with the place partition p5
threads 12,13 execute on p6 with the place partition p6
threads 14,15 execute on p7 with the place partition p7
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If the primary thread would initially be started on p2, the placement of threads and distribution of
the place partition would be as follows:

threads 0,1 execute on p2 with the place partition p2
threads 2,3 execute on p3 with the place partition p3
threads 4,5 execute on p4 with the place partition p4
threads 6,7 execute on p5 with the place partition p5
threads 8,9 execute on p6 with the place partition p6
threads 10,11 execute on p7 with the place partition p7
threads 12,13 execute on p0O with the place partition pO
threads 14,15 execute on pl with the place partition pl

4.2.2 Close Affinity Policy

The following example shows the result of the close affinity policy on the partition list when the
number of threads is less than or equal to the number of places in parent’s place partition, for the
machine architecture depicted above. The place partition is not changed by the close policy.

C/C++
Example affinity.3.c (omp_4.0)
void work();
int main()
{
#pragma omp parallel proc_bind(close) num_threads (4)
{
work () ;
}
return 0;
}
C/C++
Fortran

Example affinity.3.f (omp_4.0)

PROGRAM EXAMPLE

!$OMP PARALLEL PROC_BIND (CLOSE) NUM_THREADS (4)
CALL WORK ()

1$OMP END PARALLEL
END PROGRAM EXAMPLE
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Fortran

It is unspecified on which place the primary thread is initially started. If the primary thread is

initially started on p0, the following placement of threads will be applied in the parallel region:

thread 0 executes on p0 with the place partition pO-p7
thread 1 executes on p1 with the place partition pO-p7
thread 2 executes on p2 with the place partition pO-p7
thread 3 executes on p3 with the place partition pO-p7

If the primary thread would initially be started on p2, the placement of threads and distribution of

the place partition would be as follows:

o thread 0 executes on p2 with the place partition pO-p7
e thread 1 executes on p3 with the place partition pO-p7
o thread 2 executes on p4 with the place partition pO-p7
e thread 3 executes on p5 with the place partition pO-p7

The following example illustrates the close thread affinity policy when the number of threads is

greater than the number of places in the parent’s place partition.

Let T be the number of threads in the team, and P be the number of places in the parent’s place

partition. The first T/P threads of the team (including the primary thread) execute on the parent’s
place. The next T/P threads execute on the next place in the place partition, and so on, with wrap

around. The place partition is not changed by the close policy.
C/C++
Example affinity.4.c (omp_4.0)

void work();
void foo()

{
#fpragma omp parallel num_threads (16) proc_bind(close)

{

work () ;
}
}

C/C++
Fortran

Example affinity.4.f90 (omp_4.0)

subroutine foo

!$Somp parallel num_threads (16) proc_bind(close)
call work()

!$omp end parallel

end subroutine

CHAPTER 4. OPENMP AFFINITY
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Fortran

It is unspecified on which place the primary thread is initially started. If the primary thread is
initially running on p0, the following placement of threads will be applied in the parallel region:

threads 0,1 execute on pO with the place partition p0-p7
threads 2,3 execute on pl with the place partition pO-p7
threads 4,5 execute on p2 with the place partition pO-p7
threads 6,7 execute on p3 with the place partition p0-p7
threads 8,9 execute on p4 with the place partition pO-p7
threads 10,11 execute on pS with the place partition pO-p7
threads 12,13 execute on p6 with the place partition pO-p7
threads 14,15 execute on p7 with the place partition pO-p7

If the primary thread would initially be started on p2, the placement of threads and distribution of
the place partition would be as follows:

threads 0,1 execute on p2 with the place partition pO-p7
threads 2,3 execute on p3 with the place partition pO-p7
threads 4,5 execute on p4 with the place partition p0-p7
threads 6,7 execute on p5 with the place partition pO-p7
threads 8,9 execute on p6 with the place partition pO-p7
threads 10,11 execute on p7 with the place partition p0-p7
threads 12,13 execute on p0 with the place partition p0-p7
threads 14,15 execute on pl with the place partition pO-p7

4.2.3 Primary Affinity Policy

The following example shows the result of the primary affinity policy on the partition list for the
machine architecture depicted above. The place partition is not changed by the primary policy.

C/C++
Example affinity.5.c (omp_5.1)
void work();
int main()
{
#pragma omp parallel proc_bind(primary) num_threads (4)
{
work () ;
}
return O;
}
C/C++
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Fortran
Example affinity.5.f (omp_5.1)

PROGRAM EXAMPLE

1$OMP PARALLEL PROC_BIND (primary) NUM_THREADS (4)
CALL WORK ()

1$SOMP END PARALLEL
END PROGRAM EXAMPLE

Fortran

It is unspecified on which place the primary thread is initially started. If the primary thread is
initially running on p0, the following placement of threads will be applied in the parallel region:

e threads 0-3 execute on p0 with the place partition pO-p7

If the primary thread would initially be started on p2, the placement of threads and distribution of
the place partition would be as follows:

o threads 0-3 execute on p2 with the place partition pO-p7

4.3 Task Affinity

The next example illustrates the use of the affinity clause with a task construct. The variables
in the affinity clause provide a hint to the runtime that the task should execute “close” to the
physical storage location of the variables. For example, on a two-socket platform with a local
memory component close to each processor socket, the runtime will attempt to schedule the task
execution on the socket where the storage is located.

Because the C/C++ code employs a pointer, an array section is used in the affinity clause.
Fortran code can use an array reference to specify the storage, as shown here.

Note, in the second task of the C/C++ code the B pointer is declared shared. Otherwise, by default,
it would be firstprivate since it is a local variable, and would probably be saved for the second task
before being assigned a storage address by the first task. Also, one might think it reasonable to use
the affinity clause affinity (B[ :N]) on the second task construct. However, the storage
behind B is created in the first task, and the array section reference may not be valid when the
second task is generated. The use of the A array is sufficient for this case, because one would expect
the storage for A and B would be physically “close” (as provided by the hint in the first task).
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C/C++
Example affinity.6.c (omp_5.0)

double * alloc_init_B(double *A, int N);
void compute_on_B(double *B, int N);

void task_affinity(double *A, int N)
{
double * B;
#ipragma omp task depend(out:B) shared(B) affinity(A[0:N])
{
B = alloc_init_B(A,N);
}

#fpragma omp task depend( in:B) shared(B) affinity(A[O0:N])
{

compute_on_B (B, N) ;
}

#ipragma omp taskwait

C/C++
Fortran
Example affinity.6.f90 (omp_5.0)
subroutine task_affinity (A, N)
external alloc_init_B
external compute_on_ B
double precision, allocatable :: B(:)

!Somp task depend(out:B) shared(B) affinity (A)
call alloc_init_B(B,A)
!Somp end task

!Somp task depend(in:B) shared(B) affinity(A)
call compute_on_B(B)
!Somp end task

!Somp taskwait

end subroutine

Fortran
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4.4 Affinity Display

The following examples illustrate ways to display thread affinity. Automatic display of affinity can
be invoked by setting the OMP_ DISPLAY AFFINITY environment variable to TRUE. The format
of the output can be customized by setting the OMP_AFFINITY_FORMAT environment variable to
an appropriate string. Also, there are API calls for the user to display thread affinity at selected
locations within code.

For the first example the environment variable OMP_ DISPLAY AFFINITY has been set to TRUE,
and execution occurs on an 8-core system with OMP_NUM_THREADS set to 8.

The affinity for the primary thread is reported through a call to the API
omp_display_affinity () routine. For default affinity settings the report shows that the
primary thread can execute on any of the cores. In the following parallel region the affinity for each
of the team threads is reported automatically since the OMP_DISPLAY AFFINITY environment
variable has been set to TRUE.

These two reports are often useful (as in hybrid codes using both MPI and OpenMP) to observe the
affinity (for an MPI task) before the parallel region, and during an OpenMP parallel region. Note:
the next parallel region uses the same number of threads as in the previous parallel region and
affinities are not changed, so affinity is NOT reported.

In the last parallel region, the thread affinities are reported because the thread affinity has changed.

C/C++
Example affinity_display.1.c (omp_5.0)
#include <stdio.h>
#include <omp.h>
int main(void) { //MAX threads = 8, single socket system

//API call-- Displays Affinity of Primary Thread
omp_display affinity (NULL);

// API CALL OUTPUT (default format):
// team_num= 0, nesting level= 0, thread num= O,
// thread_affinity= 0,1,2,3,4,5,6,7

// OMP_DISPLAY AFFINITY=TRUE, OMP_NUM_THREADS=8
#pragma omp parallel num_threads (omp_get_num_procs())

{
if (omp_get_thread_num()==0)
printf ("lst Parallel Region —-- Affinity Reported \n");

// DISPLAY OUTPUT (default format) has been sorted:

// team_num= 0, nesting level= 1, thread num= 0, thread affinity= 0
// team_num= 0, nesting level= 1, thread num= 1, thread affinity= 1
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S-22 // ...
S-23 // team_num= 0, nesting level= 1, thread num= 7, thread affinity= 7

S-24
S-25 // doing work here
S-26 }
S-27
S-28 #fpragma omp parallel num_ threads( omp_get_num procs() )
S-29 {
S-30 if (omp_get_thread num()==0)
S-31 printf ("$s%s\n", "Same Affinity as in Previous Parallel Region",
S-32 " —— no Affinity Reported\n");
S-33
S-34 // NO AFFINITY OUTPUT:
S-35 // (output in 1st parallel region only for OMP_DISPLAY AFFINITY=TRUE)
S-36
S-37 // doing more work here
S-38 }
S-39
S-40 // Report Affinity for 1/2 number of threads
S-41 #pragma omp parallel num_threads( omp_get_num procs()/2 )
S-42 {
S-43 if (omp_get_thread num()==0)
S-44 printf ("Report Affinity for using 1/2 of max threads.\n");
S-45
S-46 // DISPLAY OUTPUT (default format) has been sorted:
S-47 // team_num= 0, nesting level= 1, thread num= 0, thread affinity= 0,1
S-48 // team_num= 0, nesting_level= 1, thread num= 1, thread_affinity= 2,3
S-49 // team_num= 0, nesting level= 1, thread num= 2, thread affinity= 4,5
S-50 // team_num= 0, nesting level= 1, thread num= 3, thread affinity= 6,7
S-51
S-52 // do work
S-53 }
S-54
S-55 return 0;
S-56 }
C/C++
Fortran

Example affinity_display.1.f90 (omp_5.0)
S-1 program affinity display ! MAX threads = 8, single socket system
S-2
S-3 use omp_lib
S-4 implicit none
S-5 character (len=0) :: null
S-6
S-7 ! API call - Displays Affinity of Primary Thread
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call omp_display affinity(null)
! API CALL OUTPUT (default format):
! team_num= 0, nesting level= 0, thread num= 0, &
! thread affinity= 0,1,2,3,4,5,6,7
! OMP_DISPLAY AFFINITY=TRUE, OMP_NUM_ THREADS=8
!$omp parallel num_threads (omp_get_num_procs())

if (omp_get_thread_num()==0) then

printx, "lst Parallel Region -- Affinity Reported"

endif

DISPLAY OUTPUT (default format) has been sorted:

! doing work here
!$omp end parallel
!$omp parallel num_threads( omp_get_num procs() )

if (omp_get_thread num()==0) then

team_num= 0, nesting level= 1, thread num= 0, thread affinity=
team num= 0, nesting level= 1, thread num= 1, thread_affinity=

team_num= 0, nesting level= 1, thread num= 7, thread affinity=

printx, "Same Affinity in Parallel Region —-- no Affinity Reported"

endif
! NO AFFINITY OUTPUT:
! (output in 1lst parallel region only for
! OMP_DISPLAY AFFINITY=TRUE)
! doing more work here

!Somp end parallel

! Report Affinity for 1/2 number of threads
!Somp parallel num_threads( omp_get_num procs()/2 )

if (omp_get_thread_num()==0) then

printx, "Altered Affinity in Parallel Region —- Affinity Reported"

endif

! DISPLAY OUTPUT (default format) has been sorted:
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team _num= 0, nesting_ level= 1, thread num= 0, &
thread _affinity= 0,1

team_num= 0, nesting level= 1, thread num= 1, &
thread _affinity= 2,3

team_num= 0, nesting level= 1, thread num= 2, &
thread affinity= 4,5

team_num= 0, nesting_level= 1, thread num= 3, &
thread affinity= 6,7

! do work
!$Somp end parallel

end program

Fortran

In the following example 2 threads are forked, and each executes on a socket. Next, a nested parallel
region runs half of the available threads on each socket.

These OpenMP environment variables have been set:

export OMP_PROC_BIND="TRUE"

export OMP_NUM THREADS="2, 4"

export OMP_PLACES="{0,2,4,6},{1,3,5,7}"

export OMP_AFFINITY FORMAT="nest level= 3L, parent_thrd num= %a,
thrd num= %n, thrd affinity= %A"

where the numbers correspond to core ids for the system. Note, OMP_DISPLAY AFFINITY is
not set and is FALSE by default. This example shows how to use API routines to perform affinity
display operations.

For each of the two first-level threads the OMP_PLACES variable specifies a place with all the
core-ids of the socket ({0,2,4,6} for one thread and {1,3,5,7} for the other). (As is sometimes the
case in 2-socket systems, one socket may consist of the even id numbers, while the other may have
the odd id numbers.) The affinities are printed according to the OMP_ AFFINITY_ FORMAT
format: providing the parallel nesting level ($L), the ancestor thread number (%a), the thread
number ($n) and the thread affinity ($A). In the nested parallel region within the socket_work
routine the affinities for the threads on each socket are printed according to this format.
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C/C++
Example affinity_display.2.c (omp_5.0)

#include <stdio.h>
#include <stdlib.h>
#include <omp.h>

void socket_work (int socket_num, int n_thrds);
int main (void)
{

int n_sockets, socket_num, n_thrds_on_socket;

omp_set_nested(1); // or env var= OMP_NESTED=true
omp_set_max_active_levels(2); // or env var= OMP_MAX ACTIVE_LEVELS=2

n_sockets omp_get_num places();
n_thrds_on_socket = omp_get_place_num procs(0);

// OMP_NUM_THREADS=2, 4

// OMP_PLACES="{0,2,4,6},{1,3,5,7}" #2 sockets; even/odd proc-ids

// OMP_AFFINITY FORMAT=\

// "nest_level= %L, parent_thrd num= %a, thrd num= %n, thrd_affinity= %A"

#pragma omp parallel num threads (n_sockets) private (socket_num)

{

socket_num = omp_get_place_num();

if (socket_num==0)
printf (" LEVEL 1 AFFINITIES 1 thread/socket, %d sockets:\n\n",
n_sockets) ;

// not needed if OMP_DISPLAY AFFINITY=TRUE
omp_display_ affinity (NULL);

// OUTPUT:

// LEVEL 1 AFFINITIES 1 thread/socket, 2 sockets:

// nest_level= 1, parent_thrd num= 0, thrd num= 0, thrd affinity= 0,2,4,6
// nest_level= 1, parent_thrd num= 0, thrd num= 1, thrd affinity= 1,3,5,7

socket_work (socket_num, n_thrds_on_socket);

return 0;

}

void socket_work (int socket_num, int n_thrds)
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#pragma omp parallel num_threads (n_thrds)

{

if (omp_get_thread_num()==0)
printf (" LEVEL 2 AFFINITIES, %d threads on socket %d\n",

n_thrds,

socket_num) ;

// not needed if OMP_DISPLAY AFFINITY=TRUE
omp_display affinity (NULL);

// OUTPUT:

// LEVEL 2 AFFINITIES,

// nest_level= 2,
// nest_level= 2,
// nest_level= 2,
// nest_level= 2,

// LEVEL 2 AFFINITIES,

// nest_level= 2,
// nest_level= 2,
// nest_level= 2,
// nest_level= 2,

// ... Do Some

4 threads on socket 0

parent_thrd num= 0, thrd num= O,
parent_thrd num= 0, thrd num= 1,
parent_thrd num= 0, thrd num= 2,
parent_thrd num= 0, thrd num= 3,
4 threads on socket 1

parent_thrd num= 1, thrd num= O,
parent_thrd num= 1, thrd num= 1,
parent_thrd num= 1, thrd num= 2,
parent_thrd num= 1, thrd num= 3,
work on Socket

C/C++

Fortran

Example affinity_display.2.f90 (omp_5.0)

program affinity display

use omp_1lib
implicit none
character (len=0)
integer

null

n_sockets, socket_num,

call omp_set_nested(.true.)

call omp_set_max_active_levels (2)

n_sockets

or env var=
or env var=

omp_get_num_places ()

n_thrds_on_socket = omp_get_place_num_procs (0)

! OMP_NUM_THREADS=2, 4

! OMP_PLACES="{0,2,4,6},{1,3,5,7}"

! OMP_AFFINITY FORMAT=\
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thrd_affinity=
thrd affinity=
thrd_affinity=
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thrd affinity=
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n_thrds_on_socket;

OMP_NESTED=true
OMP_MAX ACTIVE_LEVELS=2
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!"nest_level= %L, parent_thrd num= %a, thrd num= %$n, thrd affinity= $A"
!Somp parallel num_threads (n_sockets) private (socket_num)
socket_num = omp_get_place_num()

if (socket_num==0) then
write(*,’ ("LEVEL 1 AFFINITIES 1 thread/socket ",i0," sockets")’) &
n_sockets
endif

call omp_display affinity(null) ! not needed
! if OMP_DISPLAY AFFINITY=TRUE

OUTPUT:

LEVEL 1 AFFINITIES 1 thread/socket, 2 sockets:

nest_level= 1, parent_thrd num= 0, thrd num= 0, &
thrd _affinity= 0,2,4,6

nest_level= 1, parent_thrd num= 0, thrd num= 1, &
thrd_affinity= 1,3,5,7

call socket_work (socket_num, n_ thrds_on_socket)

!$omp end parallel

end program

subroutine socket_work (socket_num, n_thrds)

use omp_lib

implicit none

integer :: socket_num, n_thrds
character (len=0) :: null

!$omp parallel num threads (n_thrds)

if (omp_get_thread num()==0) then

write(*,’ ("LEVEL 2 AFFINITIES, ",i0," threads on socket ",i0)’) &
n_thrds, socket_num

endif

call omp_display_affinity(null) ! not needed

! if OMP_DISPLAY AFFINITY=TRUE

OUTPUT:

LEVEL 2 AFFINITIES, 4 threads on socket 0

nest_level= 2, parent_thrd num= 0, thrd num= 0, thrd affinity=
nest_level= 2, parent_thrd num= 0, thrd num= 1, thrd affinity= 2

o
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! nest_level= 2, parent_thrd num= 0, thrd num= 2, thrd_affinity= 4

! nest_level= 2, parent_thrd num= 0, thrd num= 3, thrd affinity= 6
! LEVEL 2 AFFINITIES, 4 thrds on socket 1

! nest_level= 2, parent_thrd num= 1, thrd num= 0, thrd affinity=1
! nest_level= 2, parent_thrd num= 1, thrd num= 1, thrd affinity= 3
! nest_level= 2, parent_thrd num= 1, thrd num= 2, thrd_affinity= 5
! nest_level= 2, parent_thrd num= 1, thrd num= 3, thrd affinity= 7

! ... Do Some work on Socket
!$Somp end parallel

end subroutine

Fortran

The next example illustrates more details about affinity formatting. First, the
omp_get_affinity format () API routine is used to obtain the default format. The code
checks to make sure the storage provides enough space to hold the format. Next, the
omp_set_affinity_ format () API routine sets a user-defined format:

host=%20H thrd num=%0.4n binds_to=%A.

The host, thread number and affinity fields are specified by $20H, $0. 4n and $A: H, n and A are
single character “short names” for the host, thread_num and thread_affinity data to be printed, with
format sizes of 20, 4, and ““size as needed”. The period (.) indicates that the field is displayed
right-justified (default is left-justified) and the “0” indicates that any unused space is to be prefixed
with zeros (e.g. instead of “1”, “0001” is displayed for the field size of 4).

Within the parallel region the affinity for each thread is captured by
omp_capture_affinity () into a buffer array with elements indexed by the thread number
(thrd_num). After the parallel region, the thread affinities are printed in thread-number order.

If the storage area in buffer is inadequate for holding the affinity data, the stored affinity data is
truncated. The maximum value for the number of characters (nchars) returned by
omp_capture_affinity is captured by the reduction (max: max_req store) clause
and the i f (nchars >=max_req _store) max_req store=nchars statement. It is used
to report possible truncation (if max_req store > buffer_store).

C/C++
Example affinity_display.3.c (omp_5.0)
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#include
#include
#include
#include
#include

#idefine F

<stdio.h>

<stdlib.h> // also null is in <stddef.h>
<stddef.h>

<string.h>

<omp . h>

ORMAT_STORE 80

#define BUFFER_STORE 80

int main (void) {

int i,
size t

n, thrd_num, max req store;
nchars;

char default_format [FORMAT STORE];

char my_format][]

char *

*buffer;

// CODE SEGMENT 1 AFFINITY FORMAT

// Get

nchars

and Display Default Affinity Format

= "host=%20H thrd num=%0.4n binds_to=%A";

= omp_get_affinity format (default_format, (size_t)FORMAT_STORE) ;
printf ("Default Affinity Format is: %s\n",default_format);

if (nchars >= FORMAT_ STORE) {

pri
pri

}

// Set

ntf ("Caution: Reported Format is truncated. Increase\n");

ntf (" FORMAT STORE to %d.\n", nchars+l);

Affinity Format

omp_set_affinity format (my_format);
printf ("Affinity Format set to: %s\n",my_ format);

// CODE SEGMENT 2 CAPTURE AFFINITY

// Set

up buffer for affinity of n threads

n = omp_get_num_procs();

buffer

for (i=

= (char **x)malloc( sizeof(char *) * n );
0;i<n;i++){

buffer[i]=(char *)malloc( sizeof (char) * BUFFER_STORE) ;
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S-48 // Capture Affinity using Affinity Format set above.

S-49 // Use max reduction to check size of buffer areas
S-50 max_req store = 0;
S-51 #ipragma omp parallel private (thrd_num,nchars) \
S-52 reduction (max:max req store)
S-53 {
S-54 //safety: don’'t exceed # of buffers
S-55 if (omp_get_num threads()>n) exit(1l);
S-56
S-57 thrd_num=omp_get_thread num();
S-58 nchars=omp_capture_affinity (buffer[thrd_num],
S-59 (size_t)BUFFER_STORE, NULL) ;
S-60 if (nchars > max_req store) max_req store=nchars;
S-61
S-62 //
S-63 }
S-64
S-65 for (i=0;i<n;i++) {
S-66 printf ("thrd num= %d, affinity: %s\n", i,buffer[i]);
S-67 }
S-68 // For 4 threads with OMP_PLACES='{0,1}, {2,3},{4,5},{6,7}'
S-69 // Format host=%20H thrd num=%0.4n binds_to=%A
S-70
S-71 // affinity: host=hpc.cn567 thrd num=0000 binds_to=0,1
S-72 // affinity: host=hpc.cn567 thrd num=0001 binds_to=2,3
S-73 // affinity: host=hpc.cn567 thrd _num=0002 binds_to=4,5
S-74 // affinity: host=hpc.cn567 thrd num=0003 binds_to=6,7
S-75
S-76
S-77 if (max_req store>=BUFFER_STORE) {
S-78 printf ("Caution: Affinity string truncated. Increase\n");
S-79 printf (" BUFFER_STORE to %d\n",max_req store+l);
S-80 }
S-81
S-82 for (i=0;i<n; i++) free (buffer[i]);
S-83 free (buffer);
S-84
S-85 return 0;
S-86 }
C/C++
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Fortran

Example affinity_display.3.f90 (omp_5.0)

S-1 program affinity display

S-2 use omp_lib

S-3 implicit none

S-4 integer, parameter :: FORMAT_ STORE=80

S-5 integer, parameter :: BUFFER_STORE=80

S-6

S-7 integer :: i, n, thrd _num, nchars, max_req store
S-8

S-9 character (FORMAT_STORE) :: default_format

S-10 character (), parameter :: my_format = &

S-11 "host=%20H thrd num=%0.4n binds_ to=%A"
S-12 character(:), allocatable :: buffer(:)

S-13 character (len=0) :: null

S-14

S-15

S-16 ! CODE SEGMENT 1 AFFINITY FORMAT

S-17

S-18 ! Get and Display Default Affinity Format
S-19

S-20 nchars = omp_get_affinity format (default_format)

S-21 printx, "Default Affinity Format: ", trim(default_ format)

S-22

S-23 if ( nchars > FORMAT STORE) then

S-24 printx, "Caution: Reported Format is truncated. Increase"
S-25 printx," FORMAT STORE to ", nchars

S-26 endif

S-27

S-28 ! Set Affinity Format

S-29

S-30 call omp_set_affinity format (my_format)

S-31 printx, "Affinity Format set to: ", my format

S-32

S-33

S-34 ! CODE SEGMENT 2 CAPTURE AFFINITY

S-35

S-36 ! Set up buffer for affinity of n threads
S-37

S-38 n = omp_get_num_ procs ()

S-39 allocate( character (len=BUFFER_STORE) : :buffer (0:n-1) )

S-40

S-41 ! Capture Affinity using Affinity Format set above.
S-42 ! Use max reduction to check size of buffer areas
S-43 max_req store = 0

S-44 !$omp parallel private (thrd_num, nchars) reduction(max:max_req store)
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if (omp_get_num_threads()>n) stop "ERROR: increase buffer lines"
thrd_num=omp_get_thread num()

nchars=omp_capture_affinity (buffer (thrd num),hnull)

if (nchars>max_req store) max req store=nchars

!

!$Somp end parallel

do i =0, n-1

printx, "thrd num= ",i," affinity:", trim(buffer(i))
end do

! For 4 threads with OMP_PLACES=’{0,1},{2,3},{4,5},{6,7}’

! Format: host=%20H thrd_num=%0.4n binds_to=%A

! affinity: host=hpc.cn567 thrd_num=0000 binds_to=0,1
! affinity: host=hpc.cn567 thrd num=0001 binds_to=2,3
! affinity: host=hpc.cn567 thrd _num=0002 binds_to=4,5
! affinity: host=hpc.cn567 thrd_num=0003 binds_to=6,7

if (max_req store > BUFFER_STORE) then

printx, "Caution: Affinity string truncated. Increase"
printx, " BUFFER_STORE to ",max_req store
endif

deallocate (buffer)
end program

Fortran

4.5 Affinity Query Functions

In the example below a team of threads is generated on each socket of the system, using nested
parallelism. Several query functions are used to gather information to support the creation of the
teams and to obtain socket and thread numbers.

For proper execution of the code, the user must create a place partition, such that each place is a
listing of the core numbers for a socket. For example, in a 2 socket system with 8 cores in each
socket, and sequential numbering in the socket for the core numbers, the OMP_PLACES variable
would be set to "{0:8},{8:8}", using the place syntax {lower_bound:length:stride}, and the default
stride of 1.

The code determines the number of sockets (n_socket s) using the omp_get_num_places ()
query function. In this example each place is constructed with a list of each socket’s core numbers,
hence the number of places is equal to the number of sockets.
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The outer parallel region forms a team of threads, and each thread executes on a socket (place)
because the proc_bind clause uses spread in the outer parallel construct. Next, in the
socket_init function, an inner parallel region creates a team of threads equal to the number of
elements (core numbers) from the place of the parent thread. Because the outer parallel
construct uses a spread affinity policy, each of its threads inherits a sub-partition of the original
partition. Hence, the omp_get_place_num_procs query function returns the number of
elements (here procs = cores) in the sub-partition of the thread. After each parent thread creates its
nested parallel region on the section, the socket number and thread number are reported.

Note: Portable tools like hwloc (Portable HardWare LOCality package), which support many
common operating systems, can be used to determine the configuration of a system. On some
systems there are utilities, files or user guides that provide configuration information. For instance,
the socket number and proc_id’s for a socket can be found in the /proc/cpuinfo text file on Linux
systems.

C/C++

Example affinity_query.l.c (omp_4.5)

#include <stdio.h>
#include <omp.h>

void socket_init (int socket_num)

{
int n_procs;
n_procs = omp_get_place_num_procs (socket_num) ;
#pragma omp parallel num threads (n_procs) proc_bind(close)
{
printf ("Reporting in from socket num, thread num: %d %d\n",
socket_num,omp_get_thread num() );
}
}

int main()

{

int n_sockets, socket_num;

omp_set_nested(1); // or export OMP_NESTED=true
omp_set_max_active_levels(2); // or export OMP_MAX ACTIVE_LEVELS=2

n_sockets = omp_get_num places();
#pragma omp parallel num threads (n_sockets) private(socket_num) \
proc_bind (spread)
{
socket_num = omp_get_place_num();
socket_init (socket_num);
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S-31 return O0;
S-32 }
C/C++
Fortran
Example affinity_query.1.f90 (omp_4.5)
S-1 subroutine socket_init (socket_num)
S-2 use omp_lib
S-3 integer :: socket_num, n_procs
S-4
S-5 n_procs = omp_get_place_num_procs (socket_num)
S-6 !$Somp parallel num_threads (n_procs) proc_bind(close)
S-7
S-8 printx, "Reporting in from socket num, thread num: ", &
S-9 socket_num, omp_get_thread_num()
S-10 !$omp end parallel
S-11 end subroutine
S-12
S-13 program numa_teams
S-14 use omp_lib
S-15 integer :: n_sockets, socket_num
S-16
S-17 call omp_set_nested(.true.) ! or export OMP_NESTED=true
S-18 call omp_set_max_active_levels(2) ! or export OMP_MAX ACTIVE_LEVELS=2
S-19
S-20 n_sockets = omp_get_num_places|()
S-21 !$Somp parallel num threads (n_sockets) private(socket_num) &
S-22 ! Sompé& proc_bind (spread)
S-23
S-24 socket_num = omp_get_place_num()
S-25 call socket_init (socket_num)
S-26
S-27 !Somp end parallel
S-28 end program
Fortran
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5 Tasking

Tasking constructs provide units of work to a thread for execution. Worksharing constructs do this,
too (e.g. for, do, sections, and single constructs); but the work units are tightly controlled
by an iteration limit and limited scheduling, or a limited number of sections or single
regions. Worksharing was designed with “data parallel” computing in mind. Tasking was designed
for “task parallel” computing and often involves non-locality or irregularity in memory access.

The task construct can be used to execute work chunks: in a while loop; while traversing nodes in
a list; at nodes in a tree graph; or in a normal loop (with a taskloop construct). Unlike the
statically scheduled loop iterations of worksharing, a task is often enqueued, and then dequeued for
execution by any of the threads of the team within a parallel region. The generation of tasks can be
from a single generating thread (creating sibling tasks), or from multiple generators in a recursive
graph tree traversals. A taskloop construct bundles iterations of an associated loop into tasks,
and provides similar controls found in the task construct.

Sibling tasks are synchronized by the taskwait construct, and tasks and their descendent tasks
can be synchronized by containing them in a taskgroup region. Ordered execution is
accomplished by specifying dependences with a depend clause. Also, priorities can be specified
as hints to the scheduler through a priority clause.

Various clauses can be used to manage and optimize task generation, as well as reduce the overhead
of execution and to relinquish control of threads for work balance and forward progress.

Once a thread starts executing a task, it is the designated thread for executing the task to
completion, even though it may leave the execution at a scheduling point and return later. The
thread is tied to the task. Scheduling points can be introduced with the taskyield construct.
With an untied clause any other thread is allowed to continue the task. An if clause with an
expression that evaluates to false results in an undeferred task, which instructs the runtime to
suspend the generating task until the undeferred task completes its execution. By including the data
environment of the generating task into the generated task with the mergeable and £inal
clauses, task generation overhead can be reduced.

A complete list of the tasking constructs and details of their clauses can be found in the Tasking
Constructs chapter of the OpenMP Specification.

5.1 task and taskwait Constructs

The following example shows how to traverse a tree-like structure using explicit tasks. Note that the
traverse function should be called from within a parallel region for the different specified
tasks to be executed in parallel. Also note that the tasks will be executed in no specified order
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because there are no synchronization directives. Thus, assuming that the traversal will be done in
post order, as in the sequential code, is wrong.

C/C++

Example tasking.1.c (omp_3.0)

struct node {
struct node =xleft;
struct node *right;

};
extern void process(struct node x);

void traverse( struct node *p )
{
if (p->left)
#pragma omp task // p is firstprivate by default
traverse (p—>left);
if (p->right)
#pragma omp task // p is firstprivate by default
traverse (p—>right);
process (p);

}
C/C++
Fortran

Example tasking.1.f90 (omp_3.0)

RECURSIVE SUBROUTINE traverse ( P )
TYPE Node
TYPE (Node) , POINTER :: left, right
END TYPE Node
TYPE (Node) :: P

IF (associated(P%left)) THEN
!$SOMP TASK ! P is firstprivate by default
CALL traverse (P%left)
!SOMP END TASK

ENDIF
IF (associated(P%$right)) THEN
!SOMP TASK ! P is firstprivate by default

CALL traverse (P%$right)
1SOMP END TASK
ENDIF
CALL process ( P )

END SUBROUTINE
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Fortran

In the next example, we force a postorder traversal of the tree by adding a taskwait directive.
Now, we can safely assume that the left and right sons have been executed before we process the
current node.

C/C++
Example tasking.2.c (omp_3.0)
S-1 struct node {
S-2 struct node *left;
S-3 struct node xright;
S-4 }i
S-5 extern void process(struct node x);
S-6 void postorder_ traverse( struct node *p ) {
S-7 if (p->left)
S-8 #pragma omp task // p is firstprivate by default
S-9 postorder_traverse (p—>left);
S-10 if (p—>right)
S-11 #pragma omp task // p is firstprivate by default
S-12 postorder_traverse (p—->right);
S-13 #fpragma omp taskwait
S-14 process (p) ;
S-15 }
C/C++
Fortran
Example tasking.2.f90 (omp_3.0)
S-1 RECURSIVE SUBROUTINE traverse ( P )
S-2 TYPE Node
S-3 TYPE (Node) , POINTER :: left, right
S-4 END TYPE Node
S-5 TYPE (Node) :: P
S-6 IF (associated(P%left)) THEN
S-7 !SOMP TASK ! P is firstprivate by default
S-8 CALL traverse (P%left)
S-9 'SOMP END TASK
S-10 ENDIF
S-11 IF (associated(P%right)) THEN
S-12 1SOMP TASK ! P is firstprivate by default
S-13 CALL traverse (P%right)
S-14 'SOMP END TASK
S-15 ENDIF
S-16 !SOMP TASKWAIT
S-17 CALL process ( P )
S-18 END SUBROUTINE
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Fortran

The following example demonstrates how to use the task construct to process elements of a linked
list in parallel. The thread executing the single region generates all of the explicit tasks, which
are then executed by the threads in the current team. The pointer p is firstprivate by default on the
task construct so it is not necessary to specify it in a firstprivate clause.

C/C++

Example tasking.3.c (omp_3.0)

typedef struct node node;
struct node {

int data;

node * next;

};

void process(node * p)

{
/* do work here */
}
void increment_list_items (node * head)
{
#ipragma omp parallel
{
#pragma omp single
{
node * p = head;
while (p) {
#pragma omp task
// p is firstprivate by default
process (p) ;
P = p—>next;
}
}
}
}

C/C++
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Fortran

Example tasking.3.f90 (omp_3.0)

MODULE LIST
TYPE NODE
INTEGER :: PAYLOAD
TYPE (NODE), POINTER :: NEXT
END TYPE NODE
CONTAINS

SUBROUTINE PROCESS (p)
TYPE (NODE), POINTER :: P
! do work here
END SUBROUTINE

SUBROUTINE INCREMENT_LIST ITEMS (HEAD)

TYPE (NODE), POINTER :: HEAD
TYPE (NODE), POINTER :: P
'$SOMP PARALLEL PRIVATE (P)
!$SOMP SINGLE
P => HEAD
DO
!1SOMP TASK
! P is firstprivate by default
CALL PROCESS (P)
!1SOMP END TASK
P => P%NEXT
IF ( .NOT. ASSOCIATED (P) ) EXIT
END DO
!$OMP END SINGLE
!$OMP END PARALLEL

END SUBROUTINE

END MODULE
Fortran

The fib () function should be called from within a parallel region for the different specified
tasks to be executed in parallel. Also, only one thread of the parallel region should call £ib ()
unless multiple concurrent Fibonacci computations are desired.
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C/C++

Example tasking.4.c (omp_3.0)

int fib(int n) {
int i, j;

if (n<2)
return n;
else {
#fpragma omp task shared (i)
i=fib(n-1);
#fpragma omp task shared(j)
j=fib (n-2) ;

#fpragma omp taskwait
return i+j;

C/C++
Fortran

Example tasking.4.f (omp_3.0)

RECURSIVE INTEGER FUNCTION fib(n) RESULT (res)
INTEGER n, i, jJ
IF ( n .LT. 2) THEN
res = n
ELSE
'SOMP TASK SHARED (i)
i = fib( n-1 )
'$OMP END TASK
!$OMP TASK SHARED (j)
j = fib( n-2 )
'$OMP END TASK
!SOMP TASKWAIT
res = i+j
END IF
END FUNCTION

Fortran

Note: There are more efficient algorithms for computing Fibonacci numbers. This classic recursion
algorithm is for illustrative purposes.

The following example demonstrates a way to generate a large number of tasks with one thread and
execute them with the threads in the team. While generating these tasks, the implementation may
reach its limit on unassigned tasks. If it does, the implementation is allowed to cause the thread
executing the task generating loop to suspend its task at the task scheduling point in the task
directive, and start executing unassigned tasks. Once the number of unassigned tasks is sufficiently
low, the thread may resume execution of the task generating loop.

OpenMP Examples Version 6.0.1 — November 2025



S-1
S-2
S-3

S5
S-6
S-7
S-8
S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16
S-17

S-1
S-2

S-4
S-5
S-6
S-7
S-8

S-10
S-11
S-12
S-13
S-14
S-15

C/C++

Example tasking.5.c (omp_3.0)

#define LARGE_NUMBER 10000000
double item[LARGE_NUMBER];
extern void process (double);

int main ()

{

#ipragma omp parallel

{

#pragma omp single

{

int i;
for (i=0; i<LARGE_NUMBER; i++)

#pragma omp task // i is firstprivate,

process (item[i]);

C/C++
Fortran

Example tasking.5.f (omp_3.0)

! Somp
! Somp

! Somp

! Somp

! Somp
! Somp

realx8 item(10000000)
integer i

parallel

single ! loop iteration variable i is private

do i=1,10000000

task
! i is firstprivate, item is shared
call process(item(i))

end task

end do

end single

end parallel

end

CHAPTER 5. TASKING
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Fortran

The following example is the same as the previous one, except that the tasks are generated in an
untied task. While generating the tasks, the implementation may reach its limit on unassigned tasks.
If it does, the implementation is allowed to cause the thread executing the task generating loop to
suspend its task at the task scheduling point in the task directive, and start executing unassigned
tasks. If that thread begins execution of a task that takes a long time to complete, the other threads
may complete all the other tasks before it is finished.

In this case, since the loop is in an untied task, any other thread is eligible to resume the task
generating loop. In the previous examples, the other threads would be forced to idle until the
generating thread finishes its long task, since the task generating loop was in a tied task.

C/C++

Example tasking.6.c (omp_3.0)

#define LARGE_NUMBER 10000000
double item[LARGE_NUMBER];
extern void process (double);
int main() {
#pragma omp parallel
{
#pragma omp single
{
int i;
#ipragma omp task untied
// i is firstprivate, item is shared

{
for (i=0; i<LARGE NUMBER; i++)
#pragma omp task
process (item[i]);
}

}
}

return 0;

}
C/C++
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Fortran

Example tasking.6.f (omp_3.0)

real*8 item(10000000)
!$Somp parallel
!$omp single
!$omp task untied
! loop iteration variable i is private
do i=1,10000000
'$Somp task ! i is firstprivate, item is shared
call process(item(i))
!$omp end task
end do
!$Somp end task
!$omp end single
!$Somp end parallel
end

Fortran

The following two examples demonstrate how the scheduling rules illustrated in the Task
Scheduling section of the OpenMP Specification affect the usage of threadprivate variables in tasks.
A threadprivate variable can be modified by another task that is executed by the same thread. Thus,
the value of a threadprivate variable cannot be assumed to be unchanged across a task scheduling
point. In untied tasks, task scheduling points may be added in any place by the implementation.

A task switch may occur at a task scheduling point. A single thread may execute both of the task
regions that modify tp. The parts of these task regions in which tp is modified may be executed
in any order so the resulting value of var can be either 1 or 2.

C/C++

Example tasking.7.c (omp_3.0)

int tp;
#fpragma omp threadprivate (tp)
int var;
void work ()
{
#pragma omp task
{
/* do work here x/
#pragma omp task
{
tp = 1;
/* do work here =*/
#pragma omp task
{

/* no modification of tp */
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var = tp; //value of tp can be 1 or 2

C/C++
Fortran

Example tasking.7.f (omp_3.0)

module example
integer tp
!Somp threadprivate (tp)
integer var
contains
subroutine work
!Somp task
! do work here
!Somp task
tp =1
! do work here
!Somp task
! no modification of tp
!Somp end task
var = tp ! value of var can be 1 or 2
!Somp end task
tp = 2
!Somp end task
end subroutine
end module

Fortran

In this example, scheduling constraints prohibit a thread in the team from executing a new task that
modifies tp while another such task region tied to the same thread is suspended. Therefore, the
value written will persist across the task scheduling point.
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C/C++

Example tasking.8.c (omp_3.0)

int tp;

#pragma omp threadprivate (tp)
int var;

void work ()

{

#fpragma omp parallel

{

/* do work here x/

#pragma omp task

{
tpt++;
/* do work here */

#pragma omp task

{

/* do work here but don’t modify tp =*/

}

var = tp; //Value does not change after write above

C/C++
Fortran

Example tasking.8.f (omp_3.0)

! Somp

! Somp

! Somp

! Somp
! Somp

! Somp

module example
integer tp
threadprivate (tp)
integer var

end module

subroutine work

use example
parallel

! do work here
task

tp =tp +1

! do work here
task

! do work here but don’t modify tp

end task

var = tp ! value does not change after write above

end task

CHAPTER 5. TASKING
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!Somp end parallel
end subroutine

Fortran

The following two examples demonstrate how the scheduling rules illustrated in Task Scheduling
section of the OpenMP Specification affect the usage of locks and critical sections in tasks. If a lock
is held across a task scheduling point, no attempt should be made to acquire the same lock in any
code that may be interleaved. Otherwise, a deadlock is possible.

In the example below, suppose the thread executing task 1 defers task 2. When it encounters the
task scheduling point at task 3, it could suspend task 1 and begin task 2 which will result in a
deadlock when it tries to enter critical region 1.

C/C++

Example tasking.9.c (omp_3.0)

void work ()
{
#pragma omp task
{ // Task 1
#pragma omp task
{ // Task 2
#pragma omp critical // Critical region 1
{/*do work here x/ }
}
#pragma omp critical // Critical Region 2
{
#pragma omp task
{ /* do work here x/ } // Task 3

C/C++
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Fortran

Example tasking.9.f (omp_3.0)

! Somp
! Somp
! Somp
! Somp
! Somp
! Somp
! Somp
! Somp

! Somp
! Somp

module example
contains
subroutine work
task

! Task 1
task

! Task 2
critical

! Critical region 1
! do work here
end critical
end task
critical

! Critical region 2
task

!Task 3

! do work here
end task
end critical
end task
end subroutine
end module

Fortran

In the following example, 1ock is held across a task scheduling point. However, according to the
scheduling restrictions, the executing thread cannot begin executing one of the non-descendant tasks
that also acquires 1ock before the task region is complete. Therefore, no deadlock is possible.

C/C++

Example tasking.10.c (omp_3.0)

#include <omp.h>
void work () {
omp_lock_t lock;
omp_init_lock (&lock);
#pragma omp parallel

{

int i;

#pragma omp for

for (i = 0; i < 100; i++) {

#pragma omp task

{
// lock is shared by default in the task
omp_set_lock (&lock);
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#pragma omp task
// Task Scheduling Point 1
{ /* do work here */ }
omp_unset_lock (&lock);

}

}
omp_destroy_lock (&lock) ;

C/C++
Fortran

Example tasking.10.f90 (omp_3.0)

module example

use omp_lib

integer (kind=omp_lock_kind) lock
integer i

contains
subroutine work

call omp_init_lock (lock)
!Somp parallel

!Somp do
do i=1,100
!$omp task
! Outer task
call omp_set_lock (lock) ! lock is shared by
! default in the task
!Somp task ! Task Scheduling Point 1

! do work here
!$omp end task
call omp_unset_lock (lock)
!$omp end task
end do
!Somp end parallel
call omp_destroy_lock (lock)
end subroutine

end module
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Fortran

The following examples illustrate the use of the mergeable clause in the task construct. In this
first example, the task construct has been annotated with the mergeable clause. The addition of
this clause allows the implementation to reuse the data environment (including the ICVs) of the
parent task for the task inside foo if the task is included or undeferred. Thus, the result of the
execution may differ depending on whether the task is merged or not. Therefore the mergeable
clause needs to be used with caution. In this example, the use of the mergeable clause is safe. As
x is a shared variable the outcome does not depend on whether or not the task is merged (that is, the
task will always increment the same variable and will always compute the same value for x).

C/C++

Example tasking.11.c (omp_3.1)

#include <stdio.h>
void foo ( )
{
int x = 2;
#pragma omp task shared(x) mergeable

{
xX++;

}
#pragma omp taskwait
printf("%d\n",x); // prints 3

C/C++
Fortran

Example tasking.11.f90 (omp_3.1)

subroutine foo()
integer :: x
x =2
!Somp task shared(x) mergeable
x=x+1
!$omp end task
!Somp taskwait
print *, x ! prints 3
end subroutine

Fortran

This second example shows an incorrect use of the mergeable clause. In this example, the
created task will access different instances of the variable x if the task is not merged, as x is
firstprivate, but it will access the same variable x if the task is merged. As a result, the behavior of
the program is unspecified, and it can print two different values for x depending on the decisions
taken by the implementation.
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C/C++

Example tasking.12.c (omp_3.1)

#include <stdio.h>
void foo ( )
{
int x = 2;
#pragma omp task mergeable

{
x++;

}
#pragma omp taskwait
printf("%$d\n",x); // prints 2 or 3

C/C++
Fortran

Example tasking.12.f90 (omp_3.1)

subroutine foo ()
integer :: x
x =2
!Somp task mergeable
x=x+1
!Somp end task
!Somp taskwait
print *, x ! prints 2 or 3
end subroutine

Fortran

The following example shows the use of the £inal clause and the omp_in_final APl call in a
recursive binary search program. To reduce overhead, once a certain depth of recursion is reached
the program uses the £inal clause to create only included tasks, which allow additional
optimizations.

The use of the omp_in_final API call allows programmers to optimize their code by specifying
which parts of the program are not necessary when a task can create only included tasks (that is, the
code is inside a final task). In this example, the use of a different state variable is not necessary so
once the program reaches the part of the computation that is finalized and copying from the parent
state to the new state is eliminated. The allocation of new_state in the stack could also be
avoided but it would make this example less clear. The £inal clause is most effective when used
in conjunction with the mergeable clause since all tasks created in a final task region are
included tasks that can be merged if the mergeable clause is present.
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Example tasking.13.c (omp_3.1)

#include <string.h>
#include <omp.h>
#define LIMIT 3 /x arbitrary limit on recursion depth */
void check_solution (char *);
void bin_search (int pos, int n,

{

if ( pos == n ) {

}

check_solution(state);
return;

#pragma omp task final( pos >

{

}

char new_state[n];

if ('omp_in_final() ) {
memcpy (new_state, state,
state = new_state;

}

state[pos] = 0;

bin_search(pos+l, n, state

#pragma omp task final( pos >

{

}

char new_state[n];

if (! omp_in_final() ) {
memcpy (new_state, state,
state = new_state;

}

state[pos] = 1;

bin_search(pos+l, n, state

#pragma omp taskwait

C/C++

char *state)

LIMIT ) mergeable

pos );

)i

LIMIT ) mergeable

pos );

C/C++
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Fortran

Example tasking.13.f90 (omp_3.1)

recursive subroutine bin_search(pos, n, state)
use omp_1lib

integer :: pos, n

character, pointer :: state(:)

character, target, dimension(n) :: new_statel, new_state2
integer, parameter :: LIMIT = 3

if (pos .eq. n) then
call check_solution (state)
return
endif
!Somp task final (pos > LIMIT) mergeable
if (.not. omp_in final()) then
new_statel (1l:pos) = state(l:pos)
state => new_statel
endif
state (pos+l) = 'z’
call bin_search(pos+l, n, state)
!Somp end task
!Somp task final (pos > LIMIT) mergeable
if (.not. omp_in final()) then
new_state2 (l:pos) = state(l:pos)
state => new_state2
endif
state (pos+l) = 'y’
call bin_search(pos+l, n, state)
!Somp end task
!Somp taskwait
end subroutine

Fortran

The following example illustrates the difference between the i £ and the £inal clauses. The i £
clause has a local effect. In the first nest of tasks, the one that has the i £ clause will be undeferred
but the task nested inside that task will not be affected by the i £ clause and will be created as usual.
Alternatively, the £inal clause affects all task constructs in the final task region but not the
final task itself. In the second nest of tasks, the nested tasks will be created as included tasks. Note
also that the conditions for the 1 £ and £inal clauses are usually the opposite.
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C/C++

Example tasking.14.c (omp_3.1)

void bar (void);

void foo ()

{
int i;
#pragma omp task if(0) // This task is undeferred
{

#pragma omp task // This task is a regular task

for (i = 0; i < 3; i++) {
#pragma omp task // This task is a regular task
bar();

}
}
#pragma omp task final(l) // This task is a regular task
{

#pragma omp task // This task is included

for (i = 0; i < 3; i++) {

#pragma omp task // This task is also included
bar () ;
}
}
}
C/C++
Fortran

Example tasking.14.f90 (omp_3.1)

subroutine foo ()
integer i
!$omp task if (.FALSE.) ! This task is undeferred

!$omp task ! This task is a regular task
doi=1, 3
!Somp task ! This task is a regular task
call bar()
!Somp end task
enddo

!Somp end task
!$Somp end task
!$omp task final(.TRUE.) ! This task is a regular task

!$omp task ! This task is included
doi=1, 3
!$Somp task ! This task is also included
call bar()

!Somp end task
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enddo
!Somp end task
!Somp end task
end subroutine

Fortran

5.2 Task Priority

In this example we compute arrays in a matrix through a compute_array routine. Each task has
a priority value equal to the value of the loop variable i at the moment of its creation. A higher
priority on a task means that a task is a candidate to run sooner.

The creation of tasks occurs in ascending order (according to the iteration space of the loop) but a
hint, by means of the priority clause, is provided to reverse the execution order.

C/C++

Example task_priority.1.c (omp_4.5)

void compute_array (float *node, int M);

void compute matrix (float *array, int N, int M)

{
int i;
#pragma omp parallel private (i)
#pragma omp single
{
for (i=0;i<N; i++) {
#pragma omp task priority (i)
compute_array (&array[i*M], M);
}
}
}

C/C++
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Fortran

Example task_priority.1.f90 (omp_4.5)

subroutine compute_matrix(matrix, M, N)
implicit none

integer :: M, N
real :: matrix(M, N)
integer :: i
interface

subroutine compute_array(node, M)
implicit none
integer :: M
real :: node (M)
end subroutine

end interface

!$Somp parallel private (i)

!Somp single

do i=1,N
!Somp task priority (i)
call compute_array(matrix(:, i), M)
!Somp end task

enddo

!$omp end single

!$Somp end parallel

end subroutine compute_matrix

Fortran

5.3 Task Dependences

5.3.1 Flow Dependence

This example shows a simple flow dependence using a depend clause on the task construct.
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C/C++

Example task_dep.1.c (omp_4.0)

S-1 #include <stdio.h>
S-2 int main() {
S-3 int x = 1;
S-4 #fpragma omp parallel
S-5 #fpragma omp single
S-6 {
S-7 #ipragma omp task shared(x) depend(out: x)
S-8 X = 2;
S-9 #fpragma omp task shared(x) depend(in: x)
S-10 printf("x = %d\n", x);
S-11 }
S-12 return O0;
S-13 }
C/C++
Fortran
Example task_dep.1.f90 (omp_4.0)
S-1 program example
S-2 integer :: x
S-3 x =1
S-4 !$Somp parallel
S-5 !Somp single
S-6 !$omp task shared(x) depend(out: x)
S-7 x = 2
S-8 !$Somp end task
S-9 !$omp task shared(x) depend(in: x)
S-10 printx, "x = ", x
S-11 !$Somp end task
S-12 !$Somp end single
S-13 !$Somp end parallel
S-14 end program
Fortran

The program will always print x = 2, because the depend clauses enforce the ordering of the
tasks. If the depend clauses had been omitted, then the tasks could execute in any order and the
program would have a race condition.
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5.3.2 Anti-dependence

This example shows an anti-dependence using the depend clause on the task construct.

C/C++

Example task_dep.2.c (omp_4.0)

#include <stdio.h>
int main ()

{

int x = 1;

#pragma omp parallel
#pragma omp single

{

#pragma omp task shared(x) depend(in: x)

printf("x = %d\n", x);

#pragma omp task shared(x) depend (out:

X = 2;
}

return O;

C/C++
Fortran

Example task_dep.2.f90 (omp_4.0)

program example

integer :: x
x =1
!$omp parallel
!$Somp single
!$Somp task shared(x) depend(in: x)
printx, "x = ", x
!Somp end task
!Somp task shared(x) depend(out: x)
x = 2
!Somp end task
!$omp end single
!Somp end parallel

end program

Fortran

X)

The program will always print x = 1, because the depend clauses enforce the ordering of the
tasks. If the depend clauses had been omitted, then the tasks could execute in any order and the
program would have a race condition.
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5.3.3 Output Dependence

This example shows an output dependence using the depend clause on the task construct.

C/C++

Example task_dep.3.c (omp_4.0)

#include <stdio.h>
int main() {
int x;
#fpragma omp parallel
#fpragma omp single
{
#pragma omp task shared(x) depend(out: x)

x = 1;
#fpragma omp task shared(x) depend(out: x)
X = 2;

#pragma omp taskwait
printf("x = %d\n", x);
}

return 0;

C/C++
Fortran

Example task_dep.3.f90 (omp_4.0)

program example
integer :: x
!Somp parallel
!$omp single
!$omp task shared(x) depend(out: x)
x =1
!Somp end task
!$omp task shared(x) depend(out: x)
x =2
!Somp end task
!$Somp taskwait
printx, "x = ", x
!$omp end single
!Somp end parallel
end program

Fortran

The program will always print x = 2, because the depend clauses enforce the ordering of the
tasks. If the depend clauses had been omitted, then the tasks could execute in any order and the
program would have a race condition.
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5.3.4 Concurrent Execution with Dependences

In this example we show potentially concurrent execution of tasks using multiple flow dependences

expressed using the depend clause on the task construct.

The last two tasks are dependent on the first task. However, there is no dependence between the last
two tasks, which may execute in any order (or concurrently if more than one thread is available).
Thus, the possible outputsare x + 1 =3. x+2=4. andx+2=4. x + 1= 3.. If the depend
clauses had been omitted, then all of the tasks could execute in any order and the program would

have a race condition.

C/C++

Example task_dep.4.c (omp_4.0)

#include <stdio.h>

int main() {
int x = 1;
#pragma omp parallel
#pragma omp single

{
#pragma omp task shared(x) depend(out: x)
X = 2;
#pragma omp task shared(x) depend(in: x)
printf("x + 1 = %d. ", x+1);
#pragma omp task shared(x) depend(in: x)
printf("x + 2 = %d. ", x+2);
}
return O;
}
C/C++
Fortran

Example task_dep.4.f90 (omp_4.0)

program example
integer :: x

x =1

!Somp parallel
!$omp single

!$Somp task shared(x) depend(out: x)
x =2

!Somp end task

!Somp task shared(x) depend(in: x)

write(x,’ (a8,il,a2)’,advance='no’) "x + 1 =", x+1, ". "
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!$omp end task

!Somp task shared(x) depend(in: x)
write(*x,’ (a8,il,a2)’,advance='no’) "x + 2 =", x+2, ". "
!$omp end task

!Somp end single
!Somp end parallel
end program

Fortran

The following example illustrates the semantic difference between inout and inoutset
dependence types. In Case 1, tasks generated at T1 inside the loop have dependences among
themselves due to the inout dependence type and with task T2. As a result, these tasks are
executed sequentially before the print statement from task T2. In Case 2, tasks generated at T3
inside the loop have no dependences among themselves from the inoutset dependence type, but
have dependences with task T4. As a result, these tasks are executed concurrently before the print
statement from task T4.

C/C++
Example task_dep.4b.c (omp_5.1)

#include <stdio.h>
extern int f£(int 1i);

void task_dep(int N)
{

int i, v, R;

#pragma omp parallel private(i,v) shared(R)
#pragma omp single
{
// CASE 1: tasks with inout dependence type.
// tasks are serialized here.
R = 0;
for (i =0; i < N; i++ ) {
#pragma omp task depend(inout: R) // T1
{
= £(i);

v
R += v;

+

}

#pragma omp task depend(in: R) // T2
printf ("result is %d\n", R);
#pragma omp taskwait // to avoid race with CASE 2
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// CASE 2: tasks with inoutset dependence type.
// tasks are executed concurrently.
R = 0;
for (i =0; i < N; i++ ) {
#pragma omp task depend(inoutset: R) // T3
{

v = £(i);
#pragma omp atomic
R += v;
}
}
#pragma omp task depend(in: R) // T4

printf ("result is %d\n", R);

C/C++
Fortran

Example task_dep.4b.f90 (omp_5.1)

subroutine task_dep (N)

implicit none

integer :: N
integer :: i, v, R
integer, external :: £

!$omp parallel private(i,v) shared(R)
!Somp single
!'! CASE 1: tasks with inout dependence type.
' tasks are serialized here.
R=0
doi=1, N
!Somp task depend(inout: R) LI §
v = £(1i)
R=R + v
!Somp end task
end do

!$Somp task depend(in: R) 11 T2
print x, "result is ", R
!Somp end task

!Somp taskwait 1! to avoid race with CASE 2

!'! CASE 2: tasks with inoutset dependence type.
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" tasks are executed concurrently.

doi=1, N
!$omp task depend(inoutset: R) !! T3
v = £(1)
!$Somp atomic
R=R + v
!$omp end task
end do

!$omp task depend(in: R) 11 74
print *, "result is ", R
!$omp end task

!'Somp end single
!Somp end parallel
end subroutine

Fortran

5.3.5 Matrix multiplication

This example shows a task-based blocked matrix multiplication. Matrices are of Nx N elements, and
the multiplication is implemented using blocks of BSx BS elements.

C/C++

Example task_dep.5.c (omp_4.0)

#define N 100
// Assume BS divides N perfectly
void matmul_depend(int BS, float A[N][N], float B[N] [N],
float C[N][N])
{
int i, j, k, ii, 3jj, kk;
for (i = 0; i < N; i+=BS) {
for (j = 0; j < N; j+=BS) {
for (k = 0; k < N; k+=BS) {
// Note 1: i, j, k, A, B, C are firstprivate by default
// Note 2: A, B and C are just pointers
#pragma omp task private(ii, 3jj, kk) \
depend ( in: A[i:BS][k:BS], B[k:BS][3j:BS] ) \
depend ( inout: C[i:BS][j:BS] )
for (ii = i; ii < i+BS; ii++ )
for (3j = j; jj < j+BS; jj++ )
for (kk = k; kk < k+BS; kk++ )
Cl[ii][3j3j] = Cliil[3j3j]1 + A[ii] [kk] * B[kk][jjl;
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C/C++
Fortran

Example task_dep.5.f90 (omp_4.0)

! Assume BS divides N perfectly
subroutine matmul_depend (N, BS, A, B, C)
implicit none
integer :: N, BS, BM
real, dimension(N, N) :: A, B, C
integer :: i, j, k, ii, jj, kk
BM = BS - 1
doi=1, N, BS
do j =1, N, BS
do k =1, N, BS
!$omp task shared(A,B,C) private(ii, jj, kk) &
!Somp depend ( in: A(i:i+BM, k:k+BM), B(k:k+BM, j:j+BM) ) &
!$omp depend ( inout: C(i:i+BM, j:j+BM) )
! I,J,K are firstprivate by default
do ii = i, i+BM
do jj = j, j+BM
do kk = k, k+BM
C(jj,ii) = C(jj,ii) + A(kk,ii) * B(jj, kk)
end do
end do
end do
!$Somp end task
end do
end do
end do
end subroutine

Fortran
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5.3.6 taskwait with Dependences

In this subsection three examples illustrate how the depend clause can be applied to a taskwait
construct to make the generating task wait for specific child tasks to complete. This is an OpenMP
5.0 feature. In the same manner that dependences can order executions among child tasks with
depend clauses on task constructs, the generating task can be scheduled to wait on child tasks at
a taskwait before it can proceed.

Note: Since the depend clause on a taskwait construct relaxes the default synchronization
behavior (waiting for all children to finish), it is important to realize that child tasks that are not
predecessor tasks, as determined by the depend clause of the taskwait construct, may be
running concurrently while the generating task is executing after the taskwait.

In the first example the generating task waits at the taskwait construct for the completion of the
first child task because a dependence on the first task is produced by x with an in dependence type
within the depend clause of the taskwait construct. Immediately after the first taskwait
construct it is safe to access the x variable by the generating task, as shown in the print statement.
There is no completion restraint on the second child task. Hence, immediately after the first
taskwait it is unsafe to access the y variable since the second child task may still be executing.
The second taskwait ensures that the second child task has completed; hence it is safe to access
the y variable in the following print statement.

C/C++

Example task_dep.6.c (omp_5.0)

#include<stdio.h>
void foo()
{

int x =0, y = 2;

#ipragma omp task depend(inout: x) shared(x)
xX++; // 1lst child task

#ipragma omp task shared(y)
y——; // 2nd child task

#pragma omp taskwait depend(in: x) // 1lst taskwait
printf ("x=%d\n", x);

// Second task may not be finished.
// Accessing y here will create a race condition.

#pragma omp taskwait // 2nd taskwait

printf ("y=%d\n",y);
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}

int main()

{
#pragma omp parallel
#fpragma omp single
foo();

return O;

C/C++
Fortran

Example task_dep.6.f90 (omp_5.0)

subroutine foo ()
implicit none

integer :: x, y
x =0
y =2

!$Somp task depend(inout: x) shared(x)

x=x+1 1! 1st child task
!Somp end task
!$Somp task shared(y)

y=y-1 !'! 2nd child task
!Somp end task
!$Somp taskwait depend(in: x) ! 1st taskwait

printx, "x=", x

!'! Second task may not be finished.
!'! Accessing y here will create a race condition.

!Somp taskwait !'! 2nd taskwait
printx, "y=", y

end subroutine foo

program p
implicit none

!Somp parallel
!Somp single
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call foo()
!$omp end single
!Somp end parallel
end program p

Fortran

In this example the first two tasks are serialized, because a dependence on the first child is produced
by x with the in dependence type in the depend clause of the second task. However, the
generating task at the first taskwait waits only on the first child task to complete, because a
dependence on only the first child task is produced by x with an in dependence type in the
depend clause of the taskwait construct. The second taskwait (without a depend clause)
is included to guarantee completion of the second task before y is accessed. (While unnecessary,
the depend (inout: y) clause on the second child task is included to illustrate how the child
task dependences can be completely annotated in a data-flow model.)

C/C++

Example task_dep.7.c (omp_5.0)

#include<stdio.h>

void foo()

{
int x =0, y = 2;
#pragma omp task depend(inout: x) shared(x)
x++; // 1lst child task
#pragma omp task depend(in: x) depend(inout: y) shared(x, y)
y —-= x; // 2nd child task
#pragma omp taskwait depend(in: x) // 1lst taskwait
printf ("x=%d\n", x);
// Second task may not be finished.
// Accessing y here would create a race condition.
#pragma omp taskwait // 2nd taskwait
printf ("y=%d\n",y);

}

int main()

{
#pragma omp parallel
#pragma omp single
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foo();

return O;

C/C++
Fortran

Example task_dep.7.f90 (omp_5.0)

subroutine foo ()
implicit none

integer :: x, y
x =0
y =2

!$Somp task depend(inout: x) shared(x)
x=x+1 1! 1st child task
!Somp end task

!Somp task depend(in: x) depend(inout: y) shared(x, y)
Yy=y-—-x !'! 2nd child task
!Somp end task

!$Somp taskwait depend(in: x) ! 1st taskwait
printx, "x=", x

!'! Second task may not be finished.
!'! Accessing y here would create a race condition.

!Somp taskwait !'! 2nd taskwait
Print*, "y:", y
end subroutine foo

program p
implicit none
!Somp parallel
!Somp single
call foo()
!$Somp end single
!Somp end parallel
end program p
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Fortran

This example is similar to the previous one, except the generating task is directed to also wait for
completion of the second task.

The depend clause of the taskwait construct now includes an in dependence type for y.
Hence the generating task must now wait on completion of any child task having y with an out
(here inout) dependence type in its depend clause. So, the depend clause of the taskwait
construct now constrains the second task to complete at the taskwait, too.

Note: While a taskwait construct ensures that all child tasks have completed; a depend clause
on a taskwait construct only waits for specific child tasks (prescribed by the dependence type
and list items in the taskwait’s depend clause). This and the previous example illustrate the
need to carefully determine the dependence type of variables in the depend clause of the
taskwait construct. when selecting child tasks that the generating task must wait on, so that its
execution after the taskwait does not produce race conditions on variables accessed by
non-completed child tasks.

C/C++
Example task_dep.8.c (omp_5.0)

#include<stdio.h>

void foo()

{
int x =0, y = 2;

#pragma omp task depend(inout: x) shared (x)
x++; // 1lst child task

#pragma omp task depend(in: x) depend(inout: y) shared(x, y)
y —= x; // 2st child task

#pragma omp taskwait depend(in: x,y)

printf ("x=%d\n", x);
printf ("y=%d\n",y);

}

int main()

{
#pragma omp parallel
#pragma omp single
foo();

return 0;
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C/C++
Fortran

Example task_dep.8.f90 (omp_5.0)

subroutine foo ()
implicit nonE

integer :: x, y
x =0
y =2

!$Somp task depend(inout: x) shared(x)
x=x+1 1! 1st child task
!Somp end task

!Somp task depend(in: x) depend(inout: y) shared(x, y)
y=y-—x !'! 2nd child task
!Somp end task

!Somp taskwait depend(in: x,y)

printx, "x=", x
printx, "y=", y

end subroutine foo

program p
implicit none
!Somp parallel
!Somp single
call foo()
!$Somp end single
!Somp end parallel
end program p

Fortran
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5.3.7 Mutually Exclusive Execution with Dependences

In this example we show a series of tasks, including mutually exclusive tasks, expressing
dependences using the depend clause on the task construct.

The program will always print 6. Tasks T1, T2 and T3 will be scheduled first, in any order. Task T4
will be scheduled after tasks T1 and T2 are completed. TS5 will be scheduled after tasks T1 and T3
are completed. Due to the mutexinoutset dependence type on ¢, T4 and T5 may be scheduled
in any order with respect to each other, but not at the same time. Tasks T6 will be scheduled after
both T4 and TS are completed.

C/C++

Example task_dep.9.c (omp_5.0)

#include <stdio.h>
int main()
{
int a, b, ¢, d;
#pragma omp parallel
#pragma omp single
{
#fpragma omp task depend(out: c)

c=1; /* Task T1 */
#pragma omp task depend(out: a)
a = 2; /* Task T2 */

#ipragma omp task depend(out: b)
b = 3; /* Task T3 %/
#fpragma omp task depend(in: a) depend (mutexinoutset: c)
c += a; [/x Task T4 */
#pragma omp task depend(in: b) depend (mutexinoutset: c)
c += b; /x Task T5 =/
#pragma omp task depend(in: c)
d = ¢; /* Task T6 */
}
printf("%d\n", d);
return O;

C/C++
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Fortran
Example task_dep.9.f90 (omp_5.0)

program example

integer :: a, b, ¢, d

!Somp parallel

!$omp single
!Somp task depend(out: c)
c=1 ! Task T1
!'Somp end task
!Somp task depend(out: a)
a=2 ! Task T2
!Somp end task
!Somp task depend(out: b)
b =3 ! Task T3
!Somp end task
!Somp task depend(in: a) depend(mutexinoutset: c)
c=c+a ! Task T4
!Somp end task
!Somp task depend(in: b) depend(mutexinoutset: c)
c=c+b ! Task T5
!Somp end task
!Somp task depend(in: c)
d =c ! Task T6
!Somp end task

!$omp end single

!$omp end parallel

print x, d

end program

Fortran

The following example demonstrates a situation where the mutexinoutset dependence type is
advantageous. If short TaskB completes before 1ongTaskA, the runtime can take advantage of
this by scheduling 1ongTaskBC before short TaskAC.

C/C++

Example task_dep.10.c (omp_5.0)

extern int longTaskA(), shortTaskB();
extern int shortTaskAC(int,int), longTaskBC(int, int);
void foo (void)
{
int a, b, c;
c =0;
#pragma omp parallel
#fpragma omp single
{
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#ipragma omp task depend(out: a)
a = longTaskA();

#pragma omp task depend(out: b)
b = shortTaskB();

#pragma omp task depend(in: a) depend (mutexinoutset:

c = shortTaskAC(a,c);

#ipragma omp task depend(in: b) depend (mutexinoutset:

c = longTaskBC (b, c);

C/C++
Fortran

Example task_dep.10.f90 (omp_5.0)

subroutine foo
integer :: a,b,c
c=0
!Somp parallel
!Somp single
!Somp task depend(out: a)
a = longTaskA()
!$omp end task
!Somp task depend(out: b)
b = shortTaskB ()
!$omp end task
!Somp task depend(in: a) depend (mutexinoutset: c)
c = shortTaskAC(a,c)
!$omp end task
!Somp task depend(in: b) depend (mutexinoutset: c)
c = longTaskBC (b, c)
!$omp end task
!$Somp end single
!Somp end parallel
end subroutine foo

Fortran
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5.3.8 Multidependences Using lterators

The following example uses an iterator to define a dynamic number of dependences.

In the single construct of a parallel region a loop generates n tasks and each task has an out
dependence specified through an element of the v array. This is followed by a single task that
defines an in dependence on each element of the array. This is accomplished by using the
iterator modifier in the depend clause, supporting a dynamic number of dependences (n
here).

The task for the print_all_elements procedure is not executed until all dependences
prescribed (or registered) by the iterator are fulfilled; that is, after all the tasks generated by the loop
have completed.

Note, one cannot simply use an array section in the depend clause of the second task construct
because this would violate the depend clause restriction:

“List items used in depend clauses of the same task or sibling tasks must indicate identical storage
locations or disjoint storage locations”.

In this case each of the loop tasks use a single disjoint (different storage) element in their depend
clause; however, the array-section storage area prescribed in the commented directive is neither
identical nor disjoint to the storage prescribed by the elements of the loop tasks. The iterator
overcomes this restriction by effectively creating n disjoint storage areas.

C/C++

Example task_dep.11.c (omp_5.0)

#include<stdio.h>

void set_an_element (int *p, int wval) {
*p = val;

}

void print_all elements(int *v, int n) {
int i;
for (i = 0; i < n; ++i) {
printf("%d, ", v[i]);
}
printf("\n");
}

void parallel_ computation(int n) {
int v[n];
#fpragma omp parallel
#fpragma omp single
{

int i;
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S-21 for (i = 0; i < n; ++i)

S-22 #pragma omp task depend(out: v[i])
S-23 set_an_element (&v[i], 1i);
S-24
S-25 #fpragma omp task depend(iterator (it = 0:n), in: v[it])
S-26 // The following violates array-section restriction:
S-27 // #pragma omp task depend(in: v[0:n])
S-28 print_all_elements (v, n);
S-29 }
S-30 }
C/C++
Fortran

Example task_dep.11.f90 (omp_5.0)

S-1 subroutine set_an_element (e, wval)

S-2 implicit none

S-3 integer :: e, val

S-4

S-5 e = val

S-6

S-7 end subroutine

S-8

S-9 subroutine print_all elements (v, n)

S-10 implicit none

S-11 integer :: n, v(n)

S-12

S-13 print x, v

S-14

S-15 end subroutine

S-16

S-17 subroutine parallel_computation (n)

S-18 implicit none

S-19 integer :: n

S-20 integer :: i, v(n)

S-21

S-22 !Somp parallel

S-23 !$omp single

S-24 do i=1, n

S-25 !Somp task depend(out: v(i))
S-26 call set_an_element (v(i), i)
S-27 !Somp end task

S-28 enddo

S-29

S-30 !Somp task depend(iterator (it = 1:n), in: v(it))
S-31 !'1$omp task depend(in: v(l:n)) Violates Array section restriction.
S-32 call print_all_elements (v, n)
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!Somp end task

!$Somp end single
!Somp end parallel
end subroutine

Fortran

5.3.9 Dependence for Undeferred Tasks

In the following example, we show that even if a task is undeferred as specified by an i £ clause that
evaluates to false, task dependences are still honored.

The depend clauses of the first and second explicit tasks specify that the first task is completed
before the second task.

The second explicit task has an i £ clause that evaluates to false. This means that the execution
of the generating task (the implicit task of the single region) must be suspended until the second
explicit task is completed. But, because of the dependence, the first explicit task must complete
first, then the second explicit task can execute and complete, and only then the generating task can
resume to the print statement. Thus, the program will always print x = 2.

C/C++

Example task_dep.12.c (omp_4.0)

#include <stdio.h>
int main ()
{
int x = 0;
#{pragma omp parallel
#fpragma omp single
{
/* first explicit task */
#ipragma omp task shared(x) depend(out: x)
x =1;

/* second explicit task */
#pragma omp task shared(x) depend(inout: x) if (0)
X = 2;

/* statement executed by parent implicit task
prints: x = 2 x/
printf("x = %d\n", x);
}
return O;

}
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C/C++
Fortran

Example task_dep.12.f90 (omp_4.0)

program example
integer :: x
x =0
!Somp parallel
!$Somp single
! first explicit task
!$Somp task shared(x) depend(out: x)
x =1
!Somp end task

! second explicit task

!Somp task shared(x) depend(inout: x) if(.false.)
x =2

!$omp end task

! statement executed by parent implicit task
! prints: x = 2
printx, "x = ", x
!Somp end single
!Somp end parallel
end program

Fortran

In OpenMP 5.1 the omp_all_memory reserved locator was introduced to specify storage of all
objects in memory. In the following example, it is used in Task 4 as a convenient way to specify that
the locator (list item) denotes the storage of all objects (locations) in memory, and will therefore
match the a and d locators of Task 2, Task 3 and Task 6. The dependences guarantee the ordered
execution of Tasks 2 and 3 before 4, and Task 4 before Task 6. Since there are no dependences
imposed on Task 1 and Task 5, they can be scheduled to execute at any time, with no ordering.
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C/C++

Example task_dep.13.c (omp_5.1)

#include <stdio.h>

int main () {
int a=1, d=1;

#pragma omp parallel masked num_threads (5)

{
#fpragma omp task // Task 1
{ print£("T1\n"); }

#pragma omp task depend(out: a) // Task 2
{ at++;
printf("T2 a=%i\n", a); }

#pragma omp task depend(out: d) // Task 3
{ d++;
printf ("T3 d=%i\n", d); }

#pragma omp task depend(inout: omp_all memory) // Task 4
{ a++; d++;
printf("T4 a=%i d=%i\n", a,d);}

#pragma omp task // Task 5
{ print£("T5\n"); }

#pragma omp task depend(in: a,d) // Task 6
{ a++; dt++;
printf ("T6 a=%i d=%i\n", a,d); }

}

/* OUTPUT: ordered {T2,T3 any order}, {T4}, {T6}
T2 a=2
T3 d=2
T4 a=3 d=3
T6 a=4 4

OUTPUT: unordered (can appear interspersed in ordered output)
Tl
T5
*/

C/C++

CHAPTER 5. TASKING
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Fortran
Example task_dep.13.f90 (omp_5.1)

S-1 program main

S-2 integer :: a=1, d=1

S-3

S-4 !Somp parallel masked num_threads(5)

S-5

S-6 !$omp task 'l Task 1
S-7 write(x,’ ("T1")’)

S-8 !$omp end task

S-9

S-10 !Somp task depend(out: a) !l Task 2
S-11 a=a+l

S-12 write(x,’ ("T2 a=",il)’) a

S-13 !$Somp end task

S-14

S-15 !$omp task depend(out: d) 'l Task 3
S-16 d=d+1

S-17 write(x,’ ("T3 d=",il)’) d

S-18 !$omp end task

S-19

S-20

S-21 !$omp task depend(inout: omp_all memory) !l Task 4
S-22 a=a+l; d=d+l

S-23 write(*x,’ ("T4 a=",il," d=",il)’') a, d

S-24 !$omp end task

S-25

S-26 !$omp task 'l Task 5
S-27 write(x,’ ("T5")’)

S-28 !$omp end task

S-29

S-30 !$Somp task depend(in: a,d) 1! Task 6
S-31 a=a+l; d=d+l

S-32 write(x,’ ("T6 a=",il," d=",il)’) a, d

S-33 !$omp end task

S-34

S-35 !Somp end parallel masked

S-36

S-37 end program

S-38

S-39 ! OUTPUT: ordered {T2,T3 any order}, {T4}, {T6}

S-40 ! T2 a=2

S-41 ! T3 d=2

S-42 ! T4 a=3 d=3

S-43 ! T6 a=4 d=4

S-44 ! OUTPUT: unordered (can appear interspersed in ordered output)
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' Tl
! T5

Fortran

5.3.10 Transparent Task Dependences

Dependences of child tasks of a task can be exposed by specifying the task as a transparent task
with the transparent (impex-type) clause. The impex-type argument indicates that the task is
an importing (omp_import), exporting (omp_export), or both importing and exporting
(omp_impex) task. For the purposes of dependence matching, an importing task is one that makes
its preceding tasks (such as earlier sibling tasks) visible to its child tasks and an exporting task is
one that makes its child tasks visible to its successors. The default is omp_ impex if the argument
is not explicitly specified.

In the following example, task T2 is specified as a transparent task with the transparent clause.
This makes the dependence on variable x from task T1 visible to task T3 (importing) and the
dependence on variable x from task T3 visible to task T4 (exporting). Without the transparent
clause on T2, T3 would not wait on T1, T4 would not wait on T3, and the value of x in T4 would be
undefined due to race condition.

C/C++

Example task_dep.14.c (omp_6.0)

#include <stdio.h>

int main()

{

int x, y;

#pragma omp parallel masked

{
#fpragma omp task depend(out: x)

x = 0; // T1

#fpragma omp task depend(out: y) transparent

{ // T2 - transparent task
y = 100;
#fpragma omp task depend(inout: x)
x++; // T3 - must wait on T1
}
#pragma omp task depend(in: x, y)
printf("x = %d, y = %d\n", x, y); // T4 - must wait on T2, T3
// x =1, y = 100

CHAPTER 5. TASKING 137



—_

- O OWoo~N OO0~ WDN

S-23
S-24
S-25

S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9
S-10
S-11
S-12
S-13
S-14
S-15
S-16
S-17
S-18
S-19
S-20
S-21
S-22
S-23

138

return O;
C/C++
Fortran
Example task_dep.14.f90 (omp_6.0)

program main
implicit none
integer :: x, y

!Somp parallel masked
!$omp task depend(out: x)
x=0 1 T1
!$omp end task

!Somp task depend(out: y) transparent

y = 100 ! T2 - transparent task
!$omp task depend(inout: x)
x=x+1 ! T3 - must wait on T1

!$omp end task
!$omp end task

!$omp task depend(in: x, y)
print x, "x =", x, ", y=", vy ! T4 - must wait on T2, T3
1 x =1, y = 100
!$omp end task
!Somp end parallel masked

end program

Fortran

In the following example, each iteration of the h-loop updates all elements of array M and task
dependences are used to synchronize updates across different iterations of the loop. The code uses
two levels of dependent tasks and assumes that N_ROWS is evenly divisible by ROWS_PER_TASK.
The h-loop generates the first level of tasks, with the depend clause serializing their execution and
each task calling my_ func. A second level of tasks are generated by the i-loop in my_ func.

However, the dependences for this second level of tasks are between tasks from different calls to
my_ func. In order to enforce these dependences, the first-level tasks are specified as transparent
tasks with the t ransparent (omp_impex) clause. As a result of the exposed dependences, the
task generated in the i*" iteration of the h = hg instance of my._ func is guaranteed to be ordered

before the task generated in the " jteration of the h = h; instance of my_func, where hg < hy.
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C/C++

Example task_dep.15.c (omp_6.0)

S-1 #include <omp.h>

S-2

S-3 void my_func(int *M, int *v);

S-4

S-5 #define N_ROWS 20

S-6 #define N_COLS 20

S-7 #define NUM VS 5

S-8 f#define ROWS_PER_TASK 5

S-9 int M[N_ROWS#*N_COLS], v[NUM VS][N_COLS];

S-10

S-11 int main ()

S-12 {

S-13 for (int i = 0; i < N_ROWS*N_COLS; i++)

S-14 M[i] = 1;

S-15

S-16 for (int i = 0; i < NUM VS; i++)

S-17 for (int j = 0; j < N_COLS; j++)

S-18 vIil[3] = 2;

S-19

S-20 #pragma omp parallel single

S-21 for (int h = 0; h < NUM VS; h++) {

S-22 // Generate transparent task to establish dependences
S-23 // between child tasks that don’t share the same parent.
S-24 #ipragma omp task depend(inout:h) transparent (omp_impex)
S-25 my_func (M, v[h]);

S-26 }

S-27

S-28 int check _value = 1;

S-29 for (int i = 0; i < NUM VS; i++)

S-30 check_value *= 2;

S-31 for (int i = 0; i < N_ROWS*N_COLS; i++)

S-32 if (M[i] !'= check_value)

S-33 return 1;

S-34

S-35 return 0;

S-36 }

S-37

S-38 void my_func(int %M, int x*v)

S-39 {

S-40 for (int i = 0; i < N_ROWS; i += ROWS_PER TASK) {

S-41 // This task is dependency-ordered with respect to the corresponding
S-42 // task in iteration i generated by other transparent tasks.
S-43 #ipragma omp task depend (inout:M[i*N_COLS])

S-44 for (int j = 0; j < ROWS_PER_TASK; j++)
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S-45 for (int k = 0; k < N_COLS; k++)

S-46 M[ (i+]J) *N_COLS + k] =*= v[k];

S-47 }

S-48 }
C/C++
Fortran

Example task_dep.15.f90 (omp_6.0)

S-1 program main

S-2 use omp_lib

S-3 integer, parameter :: N_ROWS = 20

S-4 integer, parameter :: N_COLS = 20

S-5 integer, parameter :: NUM VS = 5

S-6 integer, parameter :: ROWS_PER TASK = 5

S-7 integer :: h

S-8 integer :: M(0:N_ROWS*N_COLS-1), v(0:N_COLS-1,0:NUM_VS-1)
S-9 integer :: check_value

S-10

S-11 M(:) =1

S-12 v(:,:) =2

S-13

S-14 !$Somp parallel single

S-15 do h = 0, NUM _Vs-1

S-16 ! Generate transparent task to establish dependences
S-17 ! between child tasks that don’t share the same parent.
S-18 !$omp task depend(inout:h) transparent (omp_impex)
S-19 call my_ func(M, v(:,h))

S-20 !$omp end task

S-21 end do

S-22 !Somp end parallel single

S-23

S-24 check_value = 2%*NUM VS

S-25 if (any(M /= check_value)) error stop

S-26

S-27 contains

S-28 subroutine my_func (M, v)

S-29 integer :: M(0:), v(0:)

S-30 integer :: i, j,k

S-31

S-32 do i = 0, N_ROWS-1, ROWS_PER_TASK

S-33 ! This task is dependency-ordered with respect to the corresponding
S-34 ! task in iteration i generated by other transparent tasks.
S-35 !$omp task depend (inout:M(i*N_COLS))

S-36 do j = 0, ROWS_PER_TASK-1

S-37 do k = 0, N_COLS-1

S-38 M((i+]j) *N_COLS+k) = M((i+j)*N_COLS+k) * v (k)
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end do
end do
!Somp end task
end do
end subroutine
end program

Fortran

5.4 Task Detachment

The detach clause on a task construct provides a mechanism for an asynchronous routine to be
called within a task’s structured block, and for the routine’s callback to signal completion to the
OpenMP runtime, through an event fulfillment, triggered by a call to the omp_fulfill_event
routine. When a detach clause is used on a task construct, completion of the detachable task
occurs when the task’s structured block is completed AND an allow-completion event is fulfilled by
acall to the omp_fulfill event routine with the event-handle argument.

In the following example, the program creates a detachable task that executes the asynchronous
async_work routine, passing the omp_fulfill_event function and the (firstprivate) event
handle to the function. Here, the OpenMP omp_fulfill_event procedure is the “callback”
function to be executed at the end of the async_work function’s asynchronous operations, with
the associated data, event.

C/C++

Example task_detach.1.c (omp_5.0)

#include <omp.h>

void async_work (void (x) (voidx), wvoidx);
void work();

int main() {
int async=1;
#pragma omp parallel
#pragma omp masked
{

omp_event_handle_t event;
#pragma omp task detach (event)
{
if (async) {
async_work( (void (x) (voidx)) omp_fulfill event, (void*) event );
} else {
work () ;
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omp_fulfill event (event);
}
}
// Other work
#pragma omp taskwait
}

return O;

C/C++
Fortran
Example task_detach.1.f90 (omp_5.0)
program main
use omp_lib
implicit none
external :: async_work, work
logical :: async=.true.
integer (omp_event_handle_kind) :: event

!Somp parallel
!Somp masked

!$omp task detach (event)

if (async) then

call async_work (omp_fulfill event,
else

call work ()

call omp_fulfill event (event)
endif

!$omp end task
!'! Other work

!$omp taskwait

!$Somp end masked
!Somp end parallel

end program

Fortran
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In the following example, text data is written asynchronously to the file async_data, using
POSIX asynchronous 10 (aio). An aio “control block™, cb, is set up to send a signal when IO is
complete, and the sigact ion function registers the signal action, a callback to
callback _aioSigHandler.

The first task (Task1) starts the asynchronous IO and runs as a detachable task. The second and
third tasks (Task2 and Task3) perform synchronous IO to stdout with print statements. The
difference between the two types of tasks is that the thread for Taskl1 is freed for other execution
within the parallel region, while the threads for Task2 and Task3 wait on the (synchronous) 10
to complete, and cannot perform other work while the operating system is performing the
synchronous 0. The if clause ensures that the detachable task is launched and the call to the
aio_write function returns before Task2 and Task3 are generated (while the asynchronous 10
occurs in the “background” and eventually executes the callback function). The barrier at the end of
the parallel region ensures that the detachable task has completed.

C/C++

Example task_detach.2.c (omp_5.0)

// use -lrt on loader line
#include <stdio.h>
#include <unistd.h>
#include <fecntl.h>
#include <aio.h>
#include <errno.h>
#include <signal.h>
#include <stdint.h>

#include <omp . h>
#define IO_SIGNAL SIGUSR1 // Signal used to notify I/O completion

// Handler for I/O completion signal
static void callback_aioSigHandler (int sig, siginfo_t =*si,
void *ucontext) {
if (si->si_code == SI_ASYNCIO) {
printf( "OUT: I/O completion signal received.\n");
omp_fulfill event( (omp_event_handle_t) (uintptr_t)
(si->si_value.sival_ptr) );

}
void work (int i) { printf("OUT: Executing work (%d)\n", 1i);}
int main() {
// Write "Written Asynchronously." to file data, using POSIX

// asynchronous IO. Error checking not included for clarity
// and simplicity.
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char data[] = "Written Asynchronously.";

struct aiocb cb;
struct sigaction sa;

omp_event_handle_t event;
int fd = open( "async_data", O_CREAT|O_RDWR|O_TRUNC, 0664) ;

// Setup async io (aio) control block (cb)

cb.aio_nbytes = sizeof (data)-1;
cb.aio_fildes = fd;

cb.aio_buf = data;

cb.aio_reqgprio = 0;

cb.aio_offset = 0;
cb.aio_sigevent.sigev_notify = SIGEV_SIGNAL;

cb.aio_sigevent.sigev_signo = IO_SIGNAL;

// Setup Signal Handler Callback

sigemptyset (&sa.sa_mask);

sa.sa_flags = SA_RESTART | SA_SIGINFO;

sa.sa_sigaction = callback_aioSigHandler; //callback
sigaction (IO_SIGNAL, &sa, NULL);

#fpragma omp parallel num_threads (2)
#pragma omp masked
{

#pragma omp task detach(event) if (0) // TASK1
{
cb.aio_sigevent.sigev_value.sival_ptr = (void x) event;
aio_write (&cb);

}

#pragma omp task // TASK2
work (1) ;

#fpragma omp task // TASK3
work (2) ;

} // Parallel region barrier ensures completion of detachable task.

// Making sure the aio operation completed.

// With OpenMP detachable task the condition will always be false:
while (aio_error (&cb) == EINPROGRESS) {

printf (" INPROGRESS\n");} //Safeguard
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close (£d);
return O;

}

/* Any Order:

OUT: I/O completion signal received.
OUT: Executing work (1)

OUT: Executing work (2)

*/

C/C++

5.5 taskgroup Construct

In this example, tasks are grouped and synchronized using the taskgroup construct.

Initially, one task (the task executing the start_background_work () routine) is created in
the parallel region, and later a parallel tree traversal is started (the task executing the root of the
recursive compute_tree () calls). While synchronizing tasks at the end of each tree traversal,

using the taskgroup construct ensures that the formerly started background task does not
participate in the synchronization and is left free to execute in parallel. This is opposed to the

behavior of the taskwait construct, which would include the background tasks in the

synchronization.

C/C++

Example taskgroup.l.c (omp_4.0)

extern void start_background_work (void) ;
extern void check_step(void);
extern void print_results(void);
struct tree_node
{

struct tree_node xleft;

struct tree_node xright;
};
typedef struct tree_nodex tree_type;
extern void init_tree(tree_type);
#define max_steps 100
void compute_something(tree_type tree)
{

// some computation
}
void compute_tree (tree_type tree)
{

if (tree->left)

{

#pragma omp task
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S-21 compute_tree (tree->left);

S-22 }

S-23 if (tree->right)

S-24 {

S-25 #pragma omp task

S-26 compute_tree (tree->right);

S-27 }

S-28 #pragma omp task

S-29 compute_something (tree) ;

S-30 }

S-31 int main()

S-32 {

S-33 int i;

S-34 tree_type tree;

S-35 init_tree (tree);

S-36 #pragma omp parallel

S-37 #pragma omp single

S-38 {

S-39 #pragma omp task

S-40 start_background_work () ;

S-41 for (i = 0; i < max_steps; i++)

S-42 {

S-43 #pragma omp taskgroup

S-44 {

S-45 #pragma omp task

S-46 compute_tree (tree);

S-47 } // wait on tree traversal in this step

S-48 check_step();

S-49 }

S-50 } // only now is background work required to be complete

S-51 print_results();

S-52 return O;

S-53 }
C/C++
Fortran

Example taskgroup.1.f90 (omp_4.0)

S-1 module tree_type_mod

S-2 integer, parameter :: max_steps=100

S-3 type tree_type

S-4 type (tree_type), pointer :: left, right

S-5 end type

S-6 contains

S-7 subroutine compute_something (tree)

S-8 type (tree_type), pointer :: tree

S-9 ! some computation
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S-10 end subroutine

S-11 recursive subroutine compute_tree (tree)
S-12 type (tree_type), pointer :: tree
S-13 if (associated(tree%left)) then
S-14 !$omp task

S-15 call compute_tree (tree$%$left)
S-16 !$Somp end task

S-17 endif

S-18 if (associated(tree%right)) then
S-19 !$omp task

S-20 call compute_tree (tree%$right)
S-21 !Somp end task

S-22 endif

S-23 !$omp task

S-24 call compute_something (tree)

S-25 !$Somp end task

S-26 end subroutine

S-27 end module

S-28 program main

S-29 use tree_type_mod

S-30 type (tree_type), pointer :: tree
S-31 call init_tree(tree);

S-32 !$omp parallel

S-33 !$Somp single

S-34 !$omp task

S-35 call start_background_work ()

S-36 !Somp end task

S-37 do i=1, max_steps

S-38 !$Somp taskgroup

S-39 !$omp task

S-40 call compute_tree (tree)

S-41 !$omp end task

S-42 !$Somp end taskgroup ! wait on tree traversal in this step
S-43 call check_step()

S-44 enddo

S-45 !$omp end single

S-46 !$omp end parallel ! only now is background work required to be complete
S-47 call print_results()

S-48 end program
Fortran
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5.6 taskyield Construct

The following example illustrates the use of the taskyield construct. The tasks in the example
compute something useful and then do some computation that must be done in a critical region. By
using taskyield when a task cannot get access to the critical region the implementation can
suspend the current task and schedule some other task that can do something useful.

C/C++

Example taskyield.l.c (omp_3.1)

#include <omp.h>

void something useful ( void );

void something critical ( void );
void foo ( omp_lock_t * lock, int n )
{

int i;

for (i =0; i < n; i++ )

#fpragma omp task

{
something_useful();
while ( !omp_test_lock(lock) ) {

#pragma omp taskyield

}
something critical();
omp_unset_lock (lock);

C/C++
Fortran

Example taskyield.1.f90 (omp_3.1)

subroutine foo ( lock, n )
use omp_lib
integer (kind=omp_lock_kind) :: lock
integer n
integer i

doi=1, n
!$Somp task
call something_ useful ()
do while ( .not. omp_test_lock(lock) )
!$omp taskyield
end do
call something critical()
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call omp_unset_lock (lock)
!$omp end task
end do

end subroutine

Fortran

5.7 taskloop Construct

The following example illustrates how to execute a long running task concurrently with tasks
created with a taskloop directive for a loop having unbalanced amounts of work for its iterations.

The grainsize clause specifies that each task is to execute at least 500 iterations of the loop.

The nogroup clause removes the implicit taskgroup of the taskloop construct; the explicit
taskgroup construct in the example ensures that the function does not exit

before the long-running task and the loops have finished execution.

C/C++

Example taskloop.1.c (omp_4.5)

void long_running task(void);
void loop_body(int i, int j);

void parallel work (void) {

int i, j;
#pragma omp taskgroup
{

#pragma omp task
long_running_task(); // can execute concurrently

f#ipragma omp taskloop private(j) grainsize (500) nogroup
for (1 = 0; i < 10000; i++) { // can execute concurrently
for (j = 0; j < i; j++) {
loop_body (i, 3Jj);
}

C/C++
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Fortran

Example taskloop.1.f90 (omp_4.5)

subroutine parallel_work
integer i
integer j

!Somp taskgroup

!Somp task
call long_ running_task() ! can execute concurrently
!Somp end task

!Somp taskloop private(j) grainsize (500) nogroup
do i=1,10000 ! can execute concurrently
do j=1,1i
call loop_body (i, Jj)
end do
end do
!Somp end taskloop

!$Somp end taskgroup
end subroutine

Fortran

Because a taskloop construct encloses a loop, it is often incorrectly perceived as a worksharing
construct (when it is directly nested in a parallel region).

While a worksharing construct distributes the loop iterations across all threads in a team, the entire
loop of a taskloop construct is executed by every thread of the team.

In the example below the first taskloop occurs closely nested within a parallel region and the
entire loop is executed by each of the T threads; hence the reduction sum is executed TN times.

The loop of the second taskloop is within a single region and is executed by a single thread so
that only N reduction sums occur. (The other N-1 threads of the parallel region will participate
in executing the tasks. This is the common use case for the taskloop construct.)

In the example, the code thus prints x1 = 16384 (TxN) and x2 = 1024 (N).
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C/C++

Example taskloop.2.c (omp_4.5)

S-1 #include <stdio.h>
S-2

S-3 #define T 16

S-4 #idefine N 1024

S-5

S-6 void parallel_work () {

S-7 int x1 = 0, x2 = 0;

S-8

S-9 #pragma omp parallel shared(xl,x2) num_threads (T)

S-10 {

S-11 #pragma omp taskloop

S-12 for (int i = 0; i < N; ++i) {

S-13 #fpragma omp atomic

S-14 x1++; // executed T*N times

S-15 }

S-16

S-17 #pragma omp single

S-18 #pragma omp taskloop

S-19 for (int i = 0; i < N; ++i) {

S-20 #fpragma omp atomic

S-21 x2++; // executed N times

S-22 }

S-23 }

S-24

S-25 printf("x1l = %d, x2 = %d\n", x1, x2);

S-26 }
C/C++
Fortran

Example taskloop.2.f90 (omp_4.5)

S-1 subroutine parallel work

S-2 implicit none

S-3 integer :: x1, x2

S-4 integer :: i

S-5 integer, parameter :: T = 16

S-6 integer, parameter :: N = 1024

S-7

S-8 xl =0

S-9 x2 =0

S-10 !$omp parallel shared(xl,x2) num threads(T)

S-11 !$omp taskloop

S-12 do i =1,N

S-13 !$Somp atomic
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x1 = x1 + 1 ! executed TxN times
!$omp end atomic
end do

!$omp end taskloop

!Somp single
!$omp taskloop

do i =1,N
!$Somp atomic
x2 = x2 + 1 ! executed N times
!$omp end atomic

end do

!$omp end taskloop
!$omp end single
!$omp end parallel

write (x,’(A,I0,A,IO0)') 'x1 ="', x1, ', x2 ="', x2
end subroutine

Fortran

5.8 Combined parallelmaskedand taskloop
Constructs

Just as the for and do constructs were combined with the parallel construct for convenience,
so0 too, the combined parallel masked taskloop and parallel masked taskloop
simd constructs have been created for convenience when using the taskloop construct.

In the following example the first taskloop construct is enclosed by the usual parallel and
masked constructs to form a team of threads, and a single task generator (primary thread) for the
taskloop construct.

The same OpenMP operations for the first taskloop are accomplished by the second taskloop with
the parallel masked taskloop combined construct. The third taskloop uses the combined
parallel masked taskloop simd construct to accomplish the same behavior as
immediately nested parallel masked, and taskloop simd constructs.

As with any combined construct the clauses of the components may be used with appropriate
restrictions. The combination of the parallel masked construct with the taskloop or
taskloop simd construct produces no additional restrictions.
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C/C++

Example parallel_masked_taskloop.1.c (omp_5.1)

#include <stdio.h>
#define N 100

int main()

{
int i, a[N],b[N],c[N];

for(int i=0; i<N; i++){ b[i]=i; c[i]=i; } //init

#pragma omp parallel

#pragma omp masked

#pragma omp taskloop // taskloop 1
for (i=0;i<N;i++) { a[i] = b[i] + c[i]; }

#pragma omp parallel masked taskloop // taskloop 2
for (i=0;i<N;i++) { b[i] = a[i] + c[i]; }

#pragma omp parallel masked taskloop simd // taskloop 3
for (i=0;i<N;i++) { c[i] = a[i] + bI[i]; }

print£(" %d %d\n",c[0],c[N-1]); // O and 495

C/C++
Fortran

Example parallel_masked_taskloop.1.f90 (omp_5.1)

program main

integer, parameter :: N=100

integer :: i, a(N),b(N),c(N)

do i=1,N 1! initialize
b(i) = i
c(i) = 1i

enddo

!$omp parallel
!$omp masked

!$omp taskloop 1! taskloop 1
do i=1,N

a(i) = b(i) + c(i)
enddo

!$omp end taskloop
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!Somp end masked
!Somp end parallel

!Somp parallel masked taskloop !'! taskloop 2
do i=1,N

b(i) = a(i) + c(i)
enddo

!$Somp end parallel masked taskloop

!$Somp parallel masked taskloop simd !! taskloop 3
do i=1,N
c(i) = a(i) + b(i)
enddo
!$Somp end parallel masked taskloop simd

printx,c(1l),c(N) 1! 5 and 500

end program

Fortran

5.9 Task Dependences for taskloop Construct

Dependences for tasks generated from a taskloop construct can be specified using the
task_iteration directive nested in the beginning of the associated loop body.

In the following example, taskloop TL1 contains a task_iteration directive with the depend
clauses that specify task dependences across loop iterations on variable A (A[i] — A[i-1]). The
nogroup clause for the taskloop construct removes the implicit taskgroup for a taskloop so
that dependences across taskloops and with other tasks can be specified. For taskloop TL2, the
dependence (A[i] — A[i-4]) is specified for every 4 loop iterations as defined by the i £ clause
that matches with the chunk size 4 specified in the grainsize clause for taskloop tasks. The
dependences are generated only for those iterations where the i £ condition evaluates to t rue. For
instance, the first task generated from TL2 will update elements A [1 : 4] with the

depend (inout: A[4]) and depend (in: A[0]) clauses. This ensures element A [4 ] (thus
elements A [ 1 : 3]) will be available from TL1 before executing the task. The last task T3 will wait
for the availability of A[n-1] (or A (n) in Fortran) before printing the result.
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C/C++

Example taskloop_dep.1.c (omp_6.0)

#include <stdio.h>

void process_work_a(int n, float =xA)

{

// Dependences for taskloop iterations and across taskloops

// TL1 taskloop

// nogroup removes the implicit taskgroup
#pragma omp taskloop nogroup

for (int 1i = 1; i < n; i++4)

{

#pragma omp task_iteration depend(inout: A[i]) depend(in:

A[i] += A[i] = A[i-1];
}

// TL2 taskloop + grainsize
#pragma omp taskloop grainsize(strict: 4) nogroup
for (int i = 1; i < n; i++)

{

#pragma omp task_iteration depend(inout: A[i]) depend(in:

if ((i % 4) == 0 || i == n-1)
A[i] += A[i] * A[i-1];
}

// T3 other task
#pragma omp task depend(in: A[n-1])
printf ("A[n-1] = %$£f\n", A[n-1]);

C/C++
Fortran

Example taskloop_dep.1.f90 (omp_6.0)

subroutine process_work_a(n, A)

implicit none

integer :: n
real :: A(x*)
integer :: i

! Dependences for taskloop iterations and across taskloops

! TL1 taskloop
! nogroup removes the implicit taskgroup
!$omp taskloop nogroup

A[i-1])

A[i-4]) \
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doi=2, n
!$omp task_iteration depend(inout: A(i)) depend(in: A(i-1))
A(i) = A(i) + A(1i) * A(i-1)

end do

!$Somp end taskloop

! TL2 taskloop + grainsize
!$omp taskloop grainsize (strict: 4) nogroup
doi=2,n
!$omp task_iteration depend(inout: A(i)) depend(in: A(i-4)) &

! Sompé& if (mod(i, 4) == .or. i == n)
A(i) = A(i) + A(i) * A(i-1)
end do

!$Somp end taskloop

! T3 other task
!$Somp task depend(in: A(n))
print x, "A(n) =", A(n)
!$Somp end task

end subroutine

Fortran
The following example shows the use of the task_iteration directive for specifying task
dependences in a multi-dimensional loop nest from multiple loop iterations in taskloop TL4.

Similar to the previous example, the nogroup clause removes the implicit taskgroup for the
taskloop construct so that dependences with other tasks (TS5 in this case) can be specified.

C/C++

Example taskloop_dep.2.c (omp_6.0)

#include <stdio.h>

void process_work_b(int n, float *B[n])

{

// Dependences for taskloop iterations in multi-dimensional loop nest

// TL4 taskloop + collapse
#ipragma omp taskloop collapse(2) nogroup
for (int i = 1; i < n; i++)

{
for (int j = 1; j < n; j++)
{
#pragma omp task_iteration depend(inout: B[i] [j]) \
depend (in: B[i-1][j], B[i][j-11)
B[i]l[j] += B[i][j] * B[i-1]1[3j] * B[il[3j-11;
}
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// T5 other task

#pragma omp task depend(in: B[n-1] [n-1])

printf ("B[n-1] [n-1]

= %f\n", B[n-1][n-1]);

C/C++
Fortran

Example taskloop_dep.2.f90 (omp_6.0)

subroutine process_work b (n,

implicit none

integer :: n
real :: B(n, x)
integer :: i, j

B)

! Dependences for taskloop iterations in multi-dimensional loop nest

! TL4 taskloop + collapse
!$omp taskloop collapse(2) nogroup

do j =2, n
doi=2,n

'$omp task iteration depend(inout: B(i,j)) &
depend (in: B(i-1,3j), B(i,j-1))
B(i,j) = B(i,3j) + B(i,j) * B(i-1,3) * B(i,j-1)

! Sompé&

end do
end do

!$omp end taskloop

! T5 other task

!$omp task depend(in: B(n,n))

print %, "B(n,n)
!Somp end task
end subroutine

B(n,n)

Fortran

CHAPTER 5. TASKING

157



—_

0N O~ WN

11
12
13

14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31

32
33

34
35
36
37
38

158

5.10 Free-Agent Threads

A logical thread pool exists for every contention group. Prior to OpenMP Specification 6.0, only
assigned threads from this pool that are part of a team associated with a parallel region are
available to execute tasks that bind to that parallel region. OpenMP Specification 6.0 refers to
such threads as structured threads. OpenMP Specification 6.0 allows threads from the pool that are
not assigned to any team to also execute certain tasks, and refers to such executing threads as
free-agent threads. A task is eligible to be executed by a free-agent thread, and not just by a
structured thread from the current team, if it is generated by a construct that specifies the
threadset clause with the omp_pool argument. If the threadset clause is not specified on
a construct on which it may appear, then the effect is as if the threadset clause was specified
with omp_team as its argument. This will cause the tasks to be executed only by the threads of the
current team. Note that there is no means to actually force a given task to be executed by a
free-agent thread.

The size of the thread pool (i.e., the thread limit) can be controlled by setting the
OMP_THREAD_LIMIT environment variable, or by using the thread_1limit clause on certain
constructs. OpenMP Specification 6.0 adds two additional ICVs for setting a limit on the number of
active structured threads versus free-agent threads in a given thread pool. With the use of the
OMP_THREADS_RESERVE environment variable, these limits can be modified by exclusively
reserving some number of threads for execution as structured threads or for execution as free-agent
threads. By default, the behavior is as if 1 thread is exclusively reserved for structured thread
execution and O threads are exclusively reserved for free-agent thread execution. This means that
the limit on the number of structured threads is equal to the thread limit, while the limit on the
number of free-agent threads is equal to the thread limit minus 1 (at least 1 thread, the “initial
thread" from any thread pool, must be reserved for execution as a structured thread).

In the following example, the OMP_THREAD_LIMIT environment variable is set to 8. Using the
OMP_THREADS_ RESERVE environment variable structured thread reservation is set to 5 and
free-agent thread reservation is set to 2. Though the actual number of structured and unassigned
threads are ultimately decided by the implementation, the reservation for structured threads has a
limiting effect on the number of free-agent threads and vice versa. Hence, the assigned threads for
any implicit parallel regions cannot exceed 6 (8 minus 2) and the free-agent threads cannot exceed 3
(8 minus 5) threads.

export OMP_THREAD LIMIT=8
export OMP_THREADS RESERVE="structured(5), free_agent (2)"

Even if no free-agent threads are reserved, an implementation may still provide free-agent threads.
In the following example, the first task calls the do_background_io procedure, which may
utilize the assigned thread (thread 0) as well as unassigned threads to complete data transfers, while
the assigned threads execute the parallel region. The taskwait will force the completion of all
child-tasks including the tasks executed by free-agent threads.
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C/C++

Example free_agent.l.c (omp_6.0)

extern void do_background_io();
extern void do_heavy_work();

int main()

{

int i;

// Create a task for background I/O

#fpragma omp task threadset (omp_pool)
do_background_io();

// Parallel loop for heavy work
#pragma omp parallel for
for (i = 0; i < N; i++)
do_heavy_work() ;

// Wait for tasks to complete
#pragma omp taskwait

// Use results from previous tasks

return O0;

C/C++
Fortran

Example free_agent.1.f90 (omp_6.0)

program openmp_task_example

implicit none
integer :: i

! Declare external procedures
external :: do_background_io
external :: do_heavy_ work

! Create a task for background I/O
!$Somp task threadset (omp_pool)
call do_background_io()

!Somp end task

! Parallel loop for heavy work
!$Somp parallel do
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doi=1, N

call do_heavy_work()
end do
!Somp end parallel do

! Wait for tasks to complete
!Somp taskwait

! Use results from previous tasks

end program openmp_task_example

Fortran

In the following example OpenMP tasks are used to calculate the Fibonacci value using both
structured and free-agent threads. If the task is executed by a free-agent thread then it is recorded by
the count variable by checking if a free-agent thread is executing the enclosing task region using
the omp_is_free_agent routine. The thread number of unassigned threads is an
implementation-defined constant set to omp_unassigned_thread which is a constant less
than -1. Even when the use of a free-agent thread is allowed via the omp_pool argument, an
implementation is not required to use one.

C/C++

Example free_agent.2.c (omp_6.0)

// export OMP_THREADS_ RESERVE="structured(64), free_agent (4)”

#include <stdio.h>
#include <omp.h>

int count = 0;
int fib(int n) {
int i, j;

if ( n<2 )
return n;

#ipragma omp task shared(i) threadset (omp_pool)
i=fib(n-1);

#fpragma omp task shared(j) threadset (omp_pool)
j=£fib(n-2);

#pragma omp taskwait

if ( omp_is_free_agent () ) {
#pragma omp atomic
count++;

}

return (i+j);
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int main(void) ({
int wval;

val = £ib(20);
printf (“£fib(20) = %d\n”, val);
printf (“Number of tasks executed by free—agent threads = %d\n”, count);
return O;
C/C++
Fortran

Example free_agent.2.f90 (omp_6.0)

! export OMP_THREADS_ RESERVE="structured(64), free_agent (4)”
program main
use omp_1lib

implicit none

integer :: count = 0
integer :: val

val = £ib (20)

print x, "fib(20) =", val
print *, "Number of tasks executed by free-agent threads =", count
contains

recursive function fib(n) result (res)
integer, intent(in) :: n
integer :: i, j, res

if (n < 2) then
res = n
return

end if

! Create tasks for recursive Fibonacci calculation
!Somp task shared(i) threadset (omp_pool)

i = fib(n - 1)

!Somp end task
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!$omp task shared(j) threadset (omp_pool)
j = fib(n - 2)
!Somp end task

!$omp taskwait

! Count tasks executed by free agent threads
if (omp_is_free_ agent()) then

!$Somp atomic

count = count + 1
end if

res = i + j
end function fib

end program main

Fortran

In the next example the threadset clause is used on the taskloop construct. The effect of a
threadset clause on a taskloop construct is as if it is applied to all the generated tasks. One
of the two assigned threads and free-agent threads may execute the tasks generated by the
taskloop construct.

C/C++

Example free_agent.3.c (omp_6.0)

// export OMP_THREADS_ RESERVE="structured(2), free_agent (2)”

#include <stdio.h>
#include <omp.h>

int count = 0;
int main(void) {

#ipragma omp parallel masked num_threads (strict: 2)
#pragma omp taskloop grainsize(strict: 1) threadset (omp_pool)
for (i = 0; i < 40; i++4)
if ( omp_is_free_agent() ) {
#pragma omp atomic
count++;

}
printf (“Number of tasks executed by free-—agent threads = %d\n”, count);
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return O;

C/C++
Fortran

Example free_agent.3.f90 (omp_6.0)

! export OMP_THREADS_ RESERVE="structured(2), free_agent (2)”

program openmp_taskloop_example
use omp_lib
implicit none

integer :: i
integer :: count = 0

! Parallel region with strict 2 threads
!Somp parallel masked num threads (strict: 2)

! Taskloop with strict grainsize of 1

!Somp taskloop grainsize(strict: 1) threadset (omp_pool)

do i = 1,40
if (omp_is_free_agent()) then
!Somp atomic
count = count + 1
end if
end do
!$Somp end taskloop

!$omp end parallel masked

! Print the result

print *, "Number of tasks executed by free—agent threads =", count

end program openmp_taskloop_example

Fortran
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5.11 taskgraph Construct

A taskgraph record represents a collection of tasks and their dependences produced by a recorded
sequence of task-generating constructs encountered during the execution of a taskgraph
construct, optionally identified by a graph ID specified in a graph_id clause. While executing a
region corresponding to a taskgraph construct, the implementation may record encountered
task-generating constructs that are designated as replayable into a taskgraph record. When a
taskgraph construct is encountered and a taskgraph record associated with the construct exists
that matches any specified graph ID), the implementation will execute from the taskgraph record
instead (referred to as a replay execution).

In general, the replayable clause determines whether a task-generating construct is replayable
or not. But if the replayable clause is not present on a task-generating construct that is lexically
enclosed in a taskgraph construct and is encountered during execution of the taskgraph
region (so, not during execution of another task generated from the taskgraph region), then that
construct is still considered replayable.

Replay executions can provide some performance savings, as an implementation can avoid setup
code for task-generating constructs and identifying task dependences. When executing from a
taskgraph record, the implementation will typically use the current enclosing data environment of
the taskgraph construct for variables in a variable list or locator list. Exceptions to this are:

e For the depend clause, the storage locations are recorded and reused for replay executions.

e For variable or locator list items that are composed of a base variable and various other
expressions (e.g., an array element or array section), the values of the expressions are recorded
and reused for replay execution.

o If the saved modifier is present, a recorded copy of the variable in the taskgraph record is used.

In the following example, a taskgraph construct is used to allow the implementation to produce
a simple taskgraph record for replay execution. Inside the construct, there are 3 task constructs
that generate tasks A, B, C, respectively, where task C is dependent on tasks A and B. The tasks use
the shared variables x, y, z, sums, and i from the data environment that encloses the taskgraph
construct. Given that x, y, z, and sums have static storage, the implementation can assume it
always comes from the same locations in memory for any replay execution of the taskgraph record.

C/C++

Example taskgraph.l.c (omp_6.0)

#include <stdio.h>

#define N 100
#idefine M 8

int x[N];

int y[N];
int z[N];
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int sums[M]={0};

void get_vals(int b[], const int n)
{
for (int j = 0; j < n; Jj++) {
b[3l = 3;
}
}

void do_compute(int z[], int x[], int y[], const int n)
{
for (int j = 0; j < n; j++) {
z[3j] = x[3] = y[3] - x[3];
}

}
int check_sum(const int n)
{
return ( (n-1) * n * (2%n-4) ) / 6;
}

int main()
{
for (int 1 = 0; i < M; i++) {
#pragma omp parallel masked
#pragma omp taskgraph
{
// Task A
#pragma omp task depend(out: x)
get_vals(x, N);
// Task B
#pragma omp task depend(out: y)
get_vals(y, N);
// Task C
#pragma omp task depend(in: x,y)
{
do_compute(z, x, y, N);
#fpragma simd reduction (+:sums[i])
for (int j = 0; j < N; j++)
sums[i] += z[j];

}

}
for (int i = 0; i < M; i++) {

if (sums[i] !'= check_sum(N)) {
printf ("check failed\n");
return 1;
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}

}
printf ("check passed\n");
return O;

C/C++
Fortran
Example taskgraph.1.f90 (omp_6.0)
program taskgraph 1
integer, parameter :: N = 100
integer, parameter :: M = 8
integer :: x(N)
integer :: y(N)
integer :: z(N)
integer :: sums(M) = (/ (0, i=1,M) /)
integer :: i, j

doi=1, M
!$omp parallel masked
!$omp taskgraph

! Task A

!Somp task depend(out: x)
call get_vals(x, n)

!Somp end task

! Task B

!Somp task depend(out: y)
call get_vals(y, n)

!Somp end task

! Task C

!Somp task depend(in: x,y)
call do_compute(z, x, y, n)
!$Somp simd reduction (+:sums(i))
do j=1, N

sums (i) = sums (i) + z(J)

end do

!Somp end task

!$omp end taskgraph
!$omp end parallel masked
end do

doi=1, M
if (sums (i) /= check_sum(n)) then
print *, "check failed"
stop 1
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end if
end do
print %, "check passed"

contains

subroutine get_vals (b, n)

integer, intent(out) :: b(x)
integer, intent(in) :: n
integer :: j
do j=1, n

b(j) =3
end do

end subroutine

subroutine do_compute(z, x, y, n)

integer, intent(out) :: z(x)
integer, intent(in) :: x(x), y(*), n
integer :: j

do j=1, n
z(3) = x(3) * y(3) - x(3J)
end do
end subroutine

function check_sum(n) result (cs)
integer, intent(in) :: n
integer :: cs
cs = (n x (ntl) * (2*n-2) ) / 6
end function
end program

Fortran

The next example is a slight modification of the first one. The variables x, y, and z are still shared
in the recorded task constructs, but now no longer have static storage as they are declared local to
the do_parallel work procedure. The implementation must take care of recapturing the
addresses of the non-static x, y, and z prior to a replay execution of the taskgraph record rather that
referring to the storage of x, y, and z from when the taskgraph record was created (which would no
longer exist in the replay executions).
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C/C++

Example taskgraph.2.c (omp_6.0)

#include <stdio.h>

#define N 100
#define M 8

int sums[M]={0};

void get_vals(int b[], const int n)
{
for (int j = 0; j < n; Jj++) {
b[j]l = j;
}
}

void do_compute(int z[], int x[], int y[], const int n)
{
for (int j = 0; j < n; Jj++) {
z[j] = x[3] = y[3] - x[3];
}
}

void do_parallel_work (const int i)
{
int x|[N];
int y[N];
int z|[N];
#fpragma omp parallel masked
#pragma omp taskgraph
{
// Task A
#pragma omp task depend(out: x)
get_vals (x, N);
// Task B
#pragma omp task depend(out: y)
get_vals(y, N);
// Task C
#pragma omp task depend(in: x,y)
{
do_compute(z, x, y, N);
#pragma simd reduction(+:sums[i])
for (int j = 0; j < N; j++)
sums[i] += z[j];
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}

int check_sum(const int n)

{
return ( (n-1) * n * (2*n-4) ) / 6;

int main()
{
for (int i = 0; i < M; i++) {
do_parallel work(i);

}
for (int i = 0; i < M; i++) {

if (sums[i] != check_sum(N)) {
printf ("check failed\n");
return 1;

}

}
printf ("check passed\n");
return 0;

C/C++
Fortran
Example taskgraph.2.f90 (omp_6.0)
program taskgraph_ 2
integer, parameter :: N = 100
integer, parameter :: M = 8
integer :: sums(M) = (/ (0, i=1,M) /)
integer :: i, j

doi=1, M
call do_parallel_work (i)
end do

doi=1, M
if (sums (i) /= check_sum(n)) then
print *, "check failed"
stop 1
end if
end do
print x, "check passed"

contains
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S-21

S-22 subroutine do_parallel_work (i)

S-23 integer, intent(in) :: i

S-24 integer :: x(N)

S-25 integer :: y(N)

S-26 integer :: z(N)

S-27 !$omp parallel masked

S-28 !$Somp taskgraph

S-29 ! Task A

S-30 !Somp task depend(out: x)
S-31 call get_vals(x, N)
S-32 '$omp end task

S-33 ! Task B

S-34 !Somp task depend(out: y)
S-35 call get_vals(y, N)
S-36 !'Somp end task

S-37 ! Task C

S-38 !$Somp task depend(in: x,y)
S-39 call do_compute(z, x, y, N)
S-40 !$Somp simd reduction (+:sums(i))
S-41 do j=1, N

S-42 sums (i) = sums (i) + z(Jj)
S-43 end do

S-44 !Somp end task

S-45 !$omp end taskgraph

S-46 !$omp end parallel masked

S-47 end subroutine

S-48

S-49 subroutine get_vals (b, n)

S-50 integer, intent (out) :: b(x)
S-51 integer, intent(in) :: n

S-52 integer :: j

S-53 do j=1, n

S-54 b(j) =3

S-55 end do

S-56 end subroutine

S-57

S-58 subroutine do_compute(z, x, y, n)
S-59 integer, intent(out) :: z(x)
S-60 integer, intent(in) :: x(x), y(*), n
S-61 integer :: j

S-62 do j=1, n

S-63 z(j) = x(3) * y(3) - x(3)
S-64 end do

S-65 end subroutine

S-66

S-67 function check_sum(n) result (cs)
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integer, intent(in) :: n
integer :: cs
cs = (n * (n+l) * (2*n-2) ) / 6
end function
end program

Fortran

The next example again modifies the first one. Now, variables x, y, and z are declared as pointers
to arrays declared in the same scope in a procedure exec_taskgraph, which is called from the

parallel region. Consequentially, they are treated as firstprivate in the recorded task

constructs of the taskgraph record. During a replay execution, firstprivate copies of these variables

must be initialized from the variables in the enclosing data environment of the current

taskgraph region. So, just as with the preceding example, the implementation must recapture
the addresses of the x, y, and z pointers prior to a replay execution of the taskgraph record so that

the firstprivate copies are initialized by reading the pointers at the correct storage locations.

C/C++

Example taskgraph.3.c (omp_6.0)

#include <stdio.h>

#idefine N 100
#define M 8

int sums[M]={0};

void get_vals(int b[], const int n)
{
for (int j = 0; j < n; Jj++) {
b[3j] = 3;
}
}

void do_compute(int z[], int x[], int y[], const int n)

{
for (int j = 0; j < n; Jj++) {
z[3]1 = x[3] = y[3] - x[]];

}
}
void exec_taskgraph (const int i)
{

int xa[N];

int ya[N];

int za[N];

int *x = xa;

int *y = ya;
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S-29 int *z = za;

S-30 #pragma omp taskgraph

S-31 {

S-32 // Task A

S-33 #fpragma omp task depend(out: *x)
S-34 get_vals(x, N);

S-35 // Task B

S-36 #fpragma omp task depend(out: =*y)
S-37 get_vals(y, N);

S-38 // Task C

S-39 #fpragma omp task depend(in: xx,*y)
S-40 {

S-41 do_compute(z, x, y, N);

S-42 #pragma simd reduction(+:sums[i])
S-43 for (int j = 0; j < N; J++)
S-44 sums[i] += z[]j];

S-45 }

S-46 }

S-47 }

S-48

S-49 int check_sum(const int n)

S-50 {

S-51 return ( (n-1) * n * (2*n-4) ) / 6;
S-52 }

S-53

S-54 int main()

S-55 {

S-56 for (int i = 0; i < M; i++) {

S-57 #fpragma omp parallel masked

S-58 exec_taskgraph (i) ;

S-59 }

S-60 for (int i = 0; i < M; i++) {

S-61 if (sums[i] !'= check_sum(N)) {
S-62 printf ("check failed\n");

S-63 return 1;

S-64 }

S-65 }

S-66 printf ("check passed\n");

S-67 return 0;

S-68 }

C/C++
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Example taskgraph.3.f90 (omp_6.0)

S-1

S-2 program taskgraph_ 3

S-3 integer, parameter :: N = 100

S-4 integer, parameter :: M = 8

S-5 integer :: sums(M) = (/ (0, i=1,M) /)
S-6 integer :: i, j

S-7

S-8 doi=1, M

S-9 !Somp parallel masked

S-10 call exec_taskgraph (i)

S-11 !Somp end parallel masked

S-12 end do

S-13

S-14 doi=1,M

S-15 if (sums (i) /= check_sum(n)) then
S-16 print x, "check failed"

S-17 stop 1

S-18 end if

S-19 end do

S-20 print x, "check passed"

S-21

S-22 contains

S-23

S-24 subroutine exec_taskgraph (i)

S-25 integer, intent(in) :: i

S-26 integer, target :: xa(N), ya(N), za(N)
S-27 integer, pointer :: x(:), y(:), z(:)
S-28 X => xa

S-29 y => ya

S-30 z => za

S-31 !Somp taskgraph

S-32 ! Task A

S-33 !$Somp task depend(out: x)

S-34 call get_vals(x, N)

S-35 !Somp end task

S-36 ! Task B

S-37 !Somp task depend(out: y)

S-38 call get_vals(y, N)

S-39 !$omp end task

S-40 ! Task C

S-41 !$Somp task depend(in: x,y)

S-42 call do_compute(z, x, y, N)
S-43 !$omp simd reduction (+:sums(i))
S-44 do j =1, N
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sums (i) = sums (i) + z(3J)
end do
!Somp end task
!$omp end taskgraph
end subroutine

subroutine get_vals (b, n)
integer, intent (out) :: b(x)
integer, intent(in) :: n
integer :: j
do j=1, n

b(j) =3
end do

end subroutine

subroutine do_compute(z, x, y, n)

integer, intent (out) :: z (%)
integer, intent(in) :: x(x), y(*), n
integer :: j

do j =1, n
z(3) = x(3) * y(3) - x(J)
end do
end subroutine

function check_sum(n) result (cs)
integer, intent(in) :: n
integer :: cs
cs = (n * (ntl) * (2*n-2) ) / 6
end function
end program

Fortran

The next example is much like the first one, except that x, y, and z are now static lifetime variables
that are declared in the taskgraph construct itself. They are shared in the recorded task
constructs, and as in the first example the implementation can simply refer to their static storage
without requiring an address recapture for each subsequent replay execution.

C/C++

Example taskgraph.4.c (omp_6.0)

#include <stdio.h>

#define N 100
#define M 8

int sums[M]={0};
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void get_vals(int b[], const int n)
{
for (int j = 0; j < n; Jj++) {
b[j] = 3;
}
}

void do_compute(int z[], int x[], int y[], const int n)
{
for (int j = 0; j < n; j++) {
z[j] = x[3] * y[3] - xI[3];
}
}

void exec_taskgraph(const int i)
{
#pragma omp taskgraph
{

static int x[N];

static int y[N];

static int z[N];

// Task A

#pragma omp task depend(out: x)

get_vals(x, N);

// Task B

#fpragma omp task depend(out: y)

get_vals(y, N);

// Task C

#fpragma omp task depend(in: x,y)

{
do_compute(z, x, y, N);
#pragma simd reduction(+:sums[i])
for (int j = 0; j < N; j++)

sums[i] += z[]j];

}

int check_sum(const int n)

{
return ( (n-1) * n * (2%n-4) ) / 6;

}

int main()

{
for (int i = 0; i < M; i++) {
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#fpragma omp parallel masked
exec_taskgraph (i) ;

}

for (int i = 0; i < M; i++) {

if (sums[i] != check_sum(N)) {
printf ("check failed\n");
return 1;

}
}
printf ("check passed\n");
return 0;

C/C++
Fortran
Example taskgraph.4.f90 (omp_6.0)
program taskgraph_ 4
integer, parameter :: N = 100
integer, parameter :: M = 8
integer :: sums(M) = (/ (0, i=1,M) /)
integer :: i, j

doi=1, M
!$omp parallel masked
call exec_taskgraph (i)
!$omp end parallel masked
end do

doi=1, M
if (sums (i) /= check_sum(n)) then
print %, "check failed"
stop 1
end if
end do
print x, "check passed"

contains

subroutine exec_taskgraph (i)

integer, intent(in) :: i

!$omp taskgraph

block
integer, save :: x(N), y(N), z(N)
! Task A

!$omp task depend(out: x)
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call get_vals(x, N)

!Somp end task

! Task B

!Somp task depend(out: y)
call get_vals(y, N)

!$Somp end task

! Task C

!$Somp task depend(in: x,y)
call do_compute(z, x, y, N)
!$omp simd reduction (+:sums(i))
do j =1, N

sums (i) = sums (i) + z(j)

end do

!Somp end task

end block
end subroutine

subroutine get_vals (b, n)

integer, intent(out) :: b(x)
integer, intent(in) :: n
integer :: j
do j=1, n

b(j) =3
end do

end subroutine

subroutine do_compute(z, x, y, n)

integer, intent (out) :: z(x)
integer, intent(in) :: x(*), y(x), n
integer :: j

do j=1, n
z(j) = x(3) * y(3) - x(J)
end do
end subroutine

function check_sum(n) result (cs)
integer, intent(in) :: n
integer :: cs
cs = (n *x (n+l) = (2*n-2) ) / 6
end function
end program

Fortran

In the next example, x, y, and z are pointers into NGX N arrays, and the OpenMP implementation is
directed to create up to NG taskgraph records for replay execution. The pointers x, y, and z are
expected to point to the same array slices for all replay executions of a given taskgraph record. The
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graph_id clause specifies that the scalar integer i nput_ index, which can have a value of 0 up
to NG-1, is to be used as the graph ID. Additionally, since the pointers x, y, and z don’t change for
replay executions of a given taskgraph record, the example makes them firstprivate in the recorded
task constructs, and the use of the saved modifier directs the implementation to initialize the
firstprivate copy from a value saved with the recorded task construct in the taskgraph record.
Note that if the parallel masked construct was hoisted outside the do_parallel_work
procedure and instead enclosed the call, the behavior would remain the same.

C/C++
Example taskgraph.5.c (omp_6.0)
S-1 #include <stdio.h>
S-2
S-3 #define N 100
S-4 #define M 8
S-5 #define NG 4
S-6
S-7 int xi[NG] [N];
S-8 int yi[NG] [N];
S-9 int zi[NG] [N];
S-10 int sums[M]={0};
S-11
S-12 void get_vals(int b[], const int n)
S-13 {
S-14 for (int j = 0; j < n; Jj++) {
S-15 b[jl = J;
S-16 }
S-17 }
S-18
S-19 void do_compute(int z[], int x[], int y[], const int n)
S-20 {
S-21 for (int j = 0; j < n; j++) {
S-22 z[3j] = x[3] * y[3] - xI[3];
S-23 }
S-24 }
S-25
S-26 void do_parallel_work (const int i)
S-27 {
S-28 const int input_index = i % NG;
S-29 int *x = xi[input_index];
S-30 int *y = yi[input_index];
S-31 int *z = zi[input_index];
S-32 #pragma omp parallel masked
S-33 #fpragma omp taskgraph graph_id(input_index)
S-34 {
S-35 // Task A
S-36 #pragma omp task firstprivate(saved: x) depend(out: =*x)
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get_vals(x, N);
// Task B
#ipragma omp task firstprivate(saved: y) depend(out: =*y)
get_vals(y, N);
// Task C
#fpragma omp task firstprivate(saved: x,y,z) depend(in: *x, *xy)
{

do_compute(z, x, y, N);

#pragma simd reduction (+:sums[i])

for (int j = 0; j < N; j++)

sums[i] += z[]j];

}
}
}
int check_sum(const int n)
{
return ( (n-1) * n * (2%n-4) ) / 6;
}
int main()
{
for (int i = 0; i < M; i++) {
do_parallel_work(i);
}
for (int i = 0; i < M; i++) {
if (sums[i] !'= check_sum(N)) {
printf ("check failed\n");
return 1;
}
}
printf ("check passed\n");
return 0;
}
C/C++
Fortran
Example taskgraph.5.f90 (omp_6.0)
program taskgraph 5
integer, parameter :: N = 100
integer, parameter :: M = 8
integer, parameter :: NG = 4
integer :: sums(M) = (/ (0, i=1,M) /)
integer, target :: xi(N,NG), yi(N,NG), zi(N,NG)
integer :: i, j
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S-9

S-10 doi=1, M

S-11 call do_parallel work (i)

S-12 end do

S-13

S-14 doi=1, M

S-15 if (sums (i) /= check_sum(n)) then

S-16 print *, "check failed"

S-17 stop 1

S-18 end if

S-19 end do

S-20 print x, "check passed"

S-21

S-22 contains

S-23

S-24 subroutine do_parallel_work (i)

S-25 integer, intent(in) :: i

S-26 integer, pointer :: x(:), y(:), z(:)
S-27 integer :: input_index

S-28 input_index = mod(i-1, NG) + 1

S-29 x => xi(:,input_index)

S-30 y => yi(:,input_index)

S-31 z => zi(:,input_index)

S-32 !$Somp parallel masked

S-33 !$omp taskgraph graph_id (input_index)
S-34 ! Task A

S-35 !Somp task firstprivate(saved: x) depend(out: x)
S-36 call get_vals(x, N)

S-37 !Somp end task

S-38 ! Task B

S-39 !Somp task firstprivate(saved: y) depend(out: y)
S-40 call get_vals(y, N)

S-41 !Somp end task

S-42 ! Task C

S-43 !Somp task firstprivate(saved: x,y,z) depend(in: x,y)
S-44 call do_compute(z, x, y, N)
S-45 !$Somp simd reduction (+:sums(i))
S-46 do j =1, N

S-47 sums (1) = sums (i) + z(j)
S-48 end do

S-49 !Somp end task

S-50 !$omp end taskgraph

S-51 !$omp end parallel masked

S-52 end subroutine

S-53

S-54 subroutine get_vals (b, n)

S-55 integer, intent(out) :: b(x)
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integer,
integer
do j =1,
b(j) =
end do

intent (in)
J

n

J

end subroutine

subroutine do_compute (z,

integer,
integer,
integer
do j =1
z(3)
end do

n~

intent (out)
intent (in)
J
n
x(3) * y(3)

end subroutine

n

X,

X

y, n)
z (*)
(*), y(*),

- x(3J)

function check_sum(n) result (cs)

integer,
integer

intent (in)
cs

n

es = (n * (n+tl) * (2*n-2) ) / 6

end function
end program

Fortran

n
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6 Devices

The target construct consists of a target directive and an execution region. The target
region is executed on the default device or the device specified in the device clause.

In the OpenMP Specification 4.0, by default, all variables within the lexical scope of the construct
are copied fo and from the device, unless the device is the host, or the data exists on the device from
a previously executed data-type construct that has created storage on the device and possibly copied
host data to the device storage.

The constructs that explicitly create storage, transfer data, and free storage on the device are
categorized as structured and unstructured. The target data construct is structured. It creates a
data region around target constructs, and is convenient for providing persistent data throughout
multiple target regions. The target enter data and target exit data constructs are
unstructured, because they can occur anywhere and do not support a “structure” (a region) for
enclosing target constructs, as does the target data construct.

The map clause is used on target constructs and the data-type constructs to map host data. It
specifies the device storage and data movement fo and from the device, and controls on the storage
duration.

There is an important change in the OpenMP Specification 4.5 that alters the data model for scalar
variables and C/C++ pointer variables. The default behavior for scalar variables and C/C++ pointer
variables is firstprivate. Example codes that have been updated to reflect this new behavior
are annotated with a description that describes changes required for correct execution.

In the OpenMP Specification version 4.5 the mechanism for target execution is specified as
occurring through a rarget task. When the target construct is encountered a new target task is
generated. The target task completes after the target region has executed and all data transfers
have finished. Using the nowait clause allows asynchronous execution of the target region.

6.1 target Construct

6.1.1 target Construct on parallel Construct

The following example shows how the target construct offloads a code region to a target device.
The variables p, v1, v2, and N are implicitly mapped to the target device.
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C/C++

Example target.1.c (omp_4.0)

extern void init (floatx, float*, int);
extern void output (float*, int);
void vec_mult (int N)
{
int i;
float p[N], v1[N], v2[N];
init(vl, v2, N);
#fpragma omp target
#pragma omp parallel for private(i)
for (i=0; i<N; i++)
pli] = v1[i] = v2[i];
output (p, N);

C/C++
Fortran

Example target.1.f90 (omp_4.0)

subroutine vec_mult (N)
integer :: 3i,N
real :: p(N), v1(N), v2(N)
call init(vl, v2, N)
!Somp target
!$Somp parallel do
do i=1,N

p(i) = v1(i) * v2(i)

end do
!Somp end target
call output (p, N)

end subroutine

Fortran
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6.1.2 target Construct with map Clause

The following example shows how the target construct offloads a code region to a target device.
The variables p, v1 and v2 are explicitly mapped to the target device using the map clause. The

variable N is implicitly mapped to the target device.

C/C++

Example target.2.c (omp_4.0)

extern void init (floatx, float*, int);
extern void output (float*, int);
void vec_mult (int N)
{

int i;

float p[N], v1[N], v2[N];

init(vl, v2, N);

#pragma omp target map(vl, v2, p)

#pragma omp parallel for

for (i=0; i<N; i++)

plil = v1[i] * v2[i];
output (p, N);

C/C++
Fortran

Example target.2.f90 (omp_4.0)

subroutine vec_mult (N)
integer :: i,N
real :: p(N), v1(N), v2(N)
call init(vl, v2, N)
!Somp target map (vl,v2,p)
!$omp parallel do
do i=1,N

p(i) = vl1(i) = v2(1i)

end do
!$omp end target
call output (p, N)

end subroutine

Fortran
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6.1.3 map Clause with to/from map-types

The following example shows how the target construct offloads a code region to a target device.
In the map clause, the to and £rom map-types define the mapping between the original (host) data
and the target (device) data. The to map-type specifies that the data will only be read on the
device, and the £rom map-type specifies that the data will only be written to on the device. By
specifying a guaranteed access on the device, data transfers can be reduced for the target region.

The to map-type indicates that at the start of the target region the variables v1 and v2 are
initialized with the values of the corresponding variables on the host device, and at the end of the
target region the variables vI and v2 are not assigned to their corresponding variables on the
host device.

The £rom map-type indicates that at the start of the target region the variable p is not initialized
with the value of the corresponding variable on the host device, and at the end of the target
region the variable p is assigned to the corresponding variable on the host device.

C/C++

Example target.3.c (omp_4.0)

extern void init (floatx, float*, int);
extern void output (floatx*, int);
void vec_mult (int N)
{
int i;
float p[N], v1[N], v2[N];
init(vl, v2, N);
#pragma omp target map(to: vl, v2) map(from: p)
#pragma omp parallel for
for (i=0; i<N; i++)
plil = v1[i] » v2[i];
output (p, N);

C/C++

The to and £rom map-types allow programmers to optimize data motion. Since data for the v
arrays are not returned, and data for the p array are not transferred to the device, only one-half of
the data is moved, compared to the default behavior of an implicit mapping.
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Fortran
Example target.3.f90 (omp_4.0)

subroutine vec_mult (N)
integer :: i,N
real :: p(N), v1(N), v2(N)
call init(vl, v2, N)
!$omp target map(to: vl,v2) map(from: p)
!$omp parallel do
do i=1,N
p(i) = v1(i) * v2(i)
end do
!$Somp end target
call output (p, N)
end subroutine

Fortran

6.1.4 map Clause with Array Sections

The following example shows how the target construct offloads a code region to a target device.
In the map clause, map-types are used to optimize the mapping of variables to the target device.
Because variables p, v1 and v2 are pointers, array section notation must be used to map the arrays.

The notation : N is equivalent to 0 : N.
C/C++

Example target.4.c (omp_4.0)

extern void init (floatx, floatx, int);
extern void output (floatx, int);
void vec_mult (float *p, float *vl, float *v2, int N)
{
int i;
init(vl, v2, N);
#pragma omp target map(to: v1[0:N], v2[:N]) map(from: p[0:N])
#pragma omp parallel for
for (i=0; i<N; i++)
plil = v1[i] * v2[i];
output (p, N);
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C/C++

In C, the length of the pointed-to array must be specified. In Fortran the extent of the array is
known and the length need not be specified. A section of the array can be specified with the usual
Fortran syntax, as shown in the following example. The value 1 is assumed for the lower bound for
array section v2 (:N).

Fortran
Example target.4.f90 (omp_4.0)
module mults
contains
subroutine vec_mult (p,vl,v2,N)
real,pointer,dimension(:) :: p, vl, v2
integer :: N, i

call init(vl, v2, N)
!$Somp target map(to: v1(1:N), v2(:N)) map(from: p(1l:N))
!Somp parallel do
do i=1,N
p(i) = vi(i) * v2(i)
end do
!$Somp end target
call output (p, N)
end subroutine
end module

Fortran
A more realistic situation in which an assumed-size array is passed to vec_mult requires that the
length of the arrays be specified, because the compiler does not know the size of the storage. A

section of the array must be specified with the usual Fortran syntax, as shown in the following
example. The value 1 is assumed for the lower bound for array section v2 (:N).
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Fortran
Example target.4b.f90 (omp_4.0)

module mults

contains

subroutine vec_mult (p,vl,v2,N)
real,dimension(*x) :: p, vl, v2
integer :: N, i

call init(vl, v2, N)
!$omp target map(to: v1(1:N), v2(:N)) map(from: p(1l:N))
!$omp parallel do
do i=1,N
p(i) = v1(i) * v2(i)
end do
!$omp end target
call output (p, N)
end subroutine
end module

Fortran

6.1.5 target Construct with if Clause

The following example shows how the target construct offloads a code region to a target device.

The if clause on the target construct indicates that if the variable N is smaller than a given
threshold, then the target region will be executed by the host device.

The if clause on the parallel construct indicates that if the variable N is smaller than a second
threshold then the parallel region is inactive.

C/C++

Example target.5.c (omp_4.0)

#define THRESHOLD1 1000000
#define THRESHOLD2 1000

extern void init (floatx, float*, int);
extern void output (float*, int);

void vec_mult (float *p, float *vl, float *v2, int N)
{

int i;

init(vl, v2, N);
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#fpragma omp target if (N>THRESHOLD1l) map(to: v1[0:N], v2[:N])\
map (from: p[0:N])
#fpragma omp parallel for if (N>THRESHOLD2)
for (i=0; i<N; i++)
pli] = v1[i] = v2[i];

output (p, N);

C/C++
Fortran

Example target.5.f90 (omp_4.0)

module params
integer,parameter :: THRESHOLD1=1000000, THRESHHOLD2=1000
end module

subroutine vec_mult (p, vl, v2, N)
use params
real :: p(N), v1(N), v2(N)
integer :: 1

call init(vl, v2, N)

!Somp target if (N>THRESHHOLD1l) map(to: vl, v2 ) map(from: p)
!$omp parallel do if (N>THRESHOLD2)
do i=1,N
p(i) = v1l(i) = v2(i)
end do
!$Somp end target

call output (p, N)
end subroutine

Fortran
The following example is a modification of the above target.5 code to show the combined target

and parallel directives. It uses the directive-name modifier in multiple i £ clauses to specify the
component directive to which it applies.

The if clause with the target modifier applies to the target component of the combined
directive, and the i £ clause with the parallel modifier applies to the parallel component of
the combined directive.
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C/C++

Example target.6.c (omp_4.5)

#define THRESHOLD1 1000000
#define THRESHOLD2 1000

extern void init (floatx, float*, int);
extern void output (float*, int);

void vec_mult (float *p, float *vl, float *v2, int N)
{

int i;
init(vl, v2, N);

#pragma omp target parallel for \
if (target: N>THRESHOLD1) if (parallel: N>THRESHOLD2) \
map (to: v1[0:N], v2[:N]) map(from: p[0:N])
for (i=0; i<N; i++)
plil = v1[i] » v2[i];

output (p, N);

C/C++
Fortran

Example target.6.f90 (omp_4.5)

module params
integer,parameter :: THRESHOLD1=1000000, THRESHHOLD2=1000
end module

subroutine vec_mult (p, vl, v2, N)
use params
real :: p(N), v1(N), v2(N)
integer :: i

call init(vl, v2, N)

!$omp target parallel do &
! $Sompé& if (target: N>THRESHHOLD1l) if (parallel: N>THRESHOLD2) &
! $Sompé& map (to: vl, v2 ) map(from: p)
do i=1,N
p(i) = v1(i) » v2(i)
end do
!$omp end target parallel do
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