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Outline: introduction to the tasking model

OpenMP brief introduction

Task creation and scheduling

Task synchronization

Taskloop construct



OpenMP overview

Parallel Programming Model

Maintained by the Architecture Review Board (ARB)

Supported by most compiler vendors



OpenMP components

Application

OpenMP Directives:
code annotation

OpenMP API:
functions and routines

OpenMP
Environment Variables

OpenMP Runtime Library

OS - Threading Libraries

P1 P2 P3 P4 P5 P6 P7 Pn-1 Pn

Shared Memory Address Space

End User



Execution model

Based on the fork-join paradigm

Parallel Regions

Sequential Parts

Nested
Parallel
Region



OpenMP (directive) syntax

In Fortran language

In C/C++ language

* directives are ignored if compiler does not recognize OpenMP

sentinel directive-name [clause[[,] clause]...]

#pragma omp directive-name [clause[[,] clause]...]



The parallel region

When two “blocks of code” may run in parallel…

… we just include them within a parallel region (replicate)
#include <stdio.h>

#include <omp.h>

void main (void)

{

#pragma omp parallel num_threads(2)

{

do_work_1();

do_work_2();

}

}

$./myProgram

#include <stdio.h>

void main (void)

{

do_work_1();

do_work_2();

}

$ ./myProgram

do_work_1() do_work_2()

do_work_1() do_work_2()

do_work_1() do_work_2()



Worksharing: introduction

Divide the execution of a code region among the threads of a team

In OpenMP, there are four worksharing constructs:

─ workshare construct (only Fortran)

Restriction: worksharings cannot be nested



Worksharing: the single construct

Serializing (1-thread) a portion of the parallel region

Where clause:
─ private(list)

─ firstprivate(list)

─ nowait

─ copyprivate(list)

Example:

#pragma omp single [clause[[,] clause]...]

{structured-block}

#pragma omp parallel

{

do_work_1();

#pragma omp single

{

printf ("Hello world!\n" ) ;

}

do_work_2();

}

This program writes just 
one “Hello world!”

Semantics: only one thread of the team 

executes the structured block

Very useful in I/O operations

do_work_1();

do_work_2();

printf();

$ OMP_NUM_THREADS=4 ./myProgram



Worksharing: the sections construct

Set of structured blocks distributed among threads

Example:

#pragma omp sections [clause[[,] clause]...]

{

[#pragma omp section]

{structured-block}

#pragma omp section

{structured-block}

...

}

Where clause:
─ private(list)
─ firstprivate(list)
─ lastprivate(list)
─ reduction(operator: variable-list)
─ nowait

Semantics: sections distributed 
among threads

#pragma omp parallel sections

{

do_work_1();

#pragma omp section

do_work_2();

#pragma omp section

do_work_3();

}

do_work_2();

do_work_3();

do_work_3();

$ OMP_NUM_THREADS=4 ./myProgram



Worksharing: the loop construct
Distributing a loop among threads

Semantics: distributes the loop iteration

space among the threads

Matrix initialization (using the loop construct)

void foo ( int *m, int N, int M)

{

int i, j ;

#pragma omp parallel for private( j )

for ( i = 0; i < N; i ++ )

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

m[ i * N + j ] = 0;

}

New created threads 
cooperate to execute
all the iterations of the loop

The i variable is 
automatically privatized

The j variable must be 
manually privatized

thread-0

thread-1

thread-2

thread-3

N

M

#pragma omp for [clause[[,] clause]...]

{structured-block: loop}

… but other distributions
are also possible

Where clause:
─ private(list), firstprivate(list), lastprivate(list), 

reduction(operator: list)

─ schedule(schedule-kind)

─ nowait, collapse(n), ordered

Chunks of iterations:
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Task creation and scheduling



What is a task in OpenMP?

Tasks are work units whose execution may be deferred…

… or it can be executed immediately!!!

Tasks appears in OpenMP 3.0 specification (2008)

Tasks are composed of:

In OpenMP tasks are created…



Tasking execution model

Supports unstructured parallelism

Several scenarios are possible

Task pool

Parallel Region

while ( <expr> ) {

...;

}

void myCode ( <args> ) {

...; myCode ( <args> ); ...;

}



The task construct

Deferring a unit of work (executable for any member of the team)

Where clause:

#pragma omp task [clause[[,] clause]...]

{structured-block}



Data environment: role of a variable within a construct

Pre-determined data-sharing attributes
─ threadprivate variables are threadprivate
─ dynamic storage duration objects are shared (malloc, new,…)
─ static data members are shared 
─ variables declared inside the construct

» static storage duration variables are shared
» automatic storage duration variables are private

─ the loop iteration variable(s) are private

Explicit data-sharing clauses (shared, private, firstprivate,…)
─ if default clause present, what the clause says

» none means that the compiler will issue an error if the attribute is not explicitly set by the programmer (very 
useful!!!)

Implicit data-sharing rules for…
… worksharings:

… tasks:



Data sharing attributes: pre-determined

threadprivate variables are threadprivate (1)

dynamic storage duration objects are shared (malloc, new,… ) (2)

static data members are shared (3)

variables declared inside the construct

(4)

(5)

the loop iteration variable(s) are private

void foo(void){

static int s = MN;

}

#pragma omp task

{

foo(); // s@foo(): shared

}

int A[SIZE];

#pragma omp threadprivate(A)

// ...

#pragma omp task

{

// A: threadprivate

}

int *p;

p = malloc(sizeof(float)*SIZE);

#pragma omp task

{

// *p: shared

}

#pragma omp task

{

int x = MN;

// Scope of x: private

}

#pragma omp task

{

static int y;

// Scope of y: shared

}

1 2 3

4

5



Data sharing attributes: explicit and default

Explicit data-sharing clauses (shared, private and firstprivate)

If default clause present, what the clause says

#pragma omp task shared(a)

{

// Scope of a: shared

}

#pragma omp task private(b)

{

// Scope of b: private

}

#pragma omp task firstprivate(c)

{

// Scope of c: firstprivate

}

#pragma omp task default(shared)

{

// Scope of all the references, not explicitly

// included in any other data sharing clause,

// and with no pre-determined attribute: shared

}

#pragma omp task default(none)

{

// Compiler will force to specify the scope for

// every single variable referenced in the context

}

Hint: Use default(none) to be forced to think about every 
variable if you do not see clearly.



Data sharing attributes: implicit

Pre-determined data-sharing attributes
─ threadprivate variables are threadprivate
─ dynamic storage duration objects are shared (malloc, new,…)
─ static data members are shared 
─ variables declared inside the construct

» static storage duration variables are shared
» automatic storage duration variables are private

─ the loop iteration variable(s) are private

Explicit data-sharing clauses (shared, private, firstprivate,…)
─ if default clause present, what the clause says

» none means that the compiler will issue an error if the attribute is not explicitly set by the programmer (very 
useful!!!)

Implicit data-sharing rules for…
… worksharings:

… tasks:



Task default data-sharing attributes (in practice)

int a ;

void foo ( int b ) {

int c;

#pragma omp parallel private( c )

{

int d ;

#pragma omp task

{

int e;

a = <expr>;

b = <expr>;

c = <expr>;

d = <expr>;

e = <expr>;

g = <expr>;

}

}

}



Task scheduling: tied vs untied tasks (1)

Tasks are tied by default (when no untied clause present)

Programmers may specify tasks to be untied (relax scheduling)

#pragma omp task untied

{structured-block}



Task scheduling: tied vs untied tasks (2)

Task scheduling points (and the taskyield directive)

Scheduling untied tasks: example

#pragma omp parallel

#pragma omp single

{

#pragma omp task [untied]

{

foo ();

#pragma omp taskyield

bar ();

}

}

foo() bar()

single

#pragma omp taskyield

foo()

bar()

single

tied:

untied:



Controlling task scheduling (1)

The if clause of a task construct

If the expression of the “if” clause evaluates to false

This is known as undeferred task

…more combined with mergeable clause!!!

#pragma omp task if(expresion)

{structured-block}

Task pool

Parallel Region



Controlling task scheduling (2)

The mergeable clause of a task construct

if-clause evaluates to false  task is executed immediately

Combined with the semantic of the mergeable clause

Undeferred and mergeable task may execute as a function call

#pragma omp task mergeable [if(expression)]

{structured-block}



Controlling task scheduling (3)

The final clause of a task construct

If the expression of the “final” clause evaluates to true

#pragma omp task final(expresion)

{structured-block}

#pragma omp parallel

#pragma omp single

{

#pragma omp task final(e)

{

#pragma omp task

{ code_B; }

#pragma omp task

{ code_C; }

#pragma omp taskwait

}

}

Children tasks may have 
additional task constructs

A

B C

C.1 C.2

A

…
Code_B;
Code_C;

code_c1;
code_c2;

...

e == false e == true



Programmer’s hints for task scheduler

Programmers may specify a priority value when creating a task

#pragma omp task priority(pvalue)

{structured-block: loop}

#pragma omp parallel

#pragma omp single

{

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

#pragma omp task priority(1)

{ code_A; }

}

#pragma omp task priority(100)

{ code_C; }

...

}

+

Task pool

Parallel Region
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Task Synchronization



Synchronizing the execution of threads / tasks

Threads need “some” order in the sequence of their actions
─ execute in a logical order certain regions

─ mutual exclusion in the execution of a given region

─ wait in a location until all other threads have reach the same location

─ wait until a given condition is accomplished

OpenMP provides different synchronization mechanisms
─ masked / master construct, selecting thread within a parallel region

─ critical construct, mutual exclusion when executing a region

─ barrier directive [and implicits], all threads reaching the “barrier” before continuing

─ atomic construct, load/update with hardware support

─ flush directive [and implicits], make visible changes in the relaxed consistency model

─ ordered clause/construct, forces a logical order among loop iterations

─ taskwait directive, waiting for tasks (shallow)

─ taskgroup construct, waiting for tasks (deep)

─ depend clause, establish an order among tasks: pre-decessor, successor



The barrier directive

Threads cannot proceed after a barrier point until

─ and all previously generated work is completed

Synchronizing threads between two phases in a parallel region

#pragma omp barrier

#pragma omp parallel

{

foo ();

#pragma omp barrier

bar ();

}

Forces all foo()’s too 
happen before all bar()’s

Implicit barrier

foo()

bar()



The barrier directive

Threads cannot proceed after a barrier point until

─ and all previously generated work is completed

Using barrier to force task completion

#pragma omp barrier

#pragma omp parallel

{

#pragma omp single

generate_taks_T1 ();

#pragma omp barrier

#pragma omp single

generate_taks_T2 ();

}

Forces all tasks (T1) to be 
executed

Implicit barrier: also forces 
tasks to complete

T1’s

T2’s



Waiting for child tasks

The taskwait directive (shalow task synchronization)

Using the taskwait directive

#pragma omp taskwait

#pragma omp parallel

#pragma omp single

{

#pragma omp task

{

#pragma omp task

{ … }

#pragma omp task

{ … }

#pragma omp taskwait

}

}

Wait only for direct 
descendant tasks

Children tasks may create 
additional tasks

A

B C

C.1 C.2

wait for…



Waiting for all descendant tasks

The taskgroup construct (deep task synchronization)

Using the taskgroup construct

#pragma omp taskgroup

{structured-block}

#pragma omp parallel

#pragma omp single

{

#pragma omp taskgroup

{

#pragma omp task

{ … }

#pragma omp task

{ … }

}

}

Wait for all 
descendant tasks

Children tasks may create 
additional tasks

B C

C.1 C.2

TG

wait for…



Using task dependences

The depend clause of the task construct

Where dependence-type can be:

And where list items are

#pragma omp task depend(dependence-type: list)

{structured-block}



Computing task dependences (1)

If a task does “in” on a given data variable

If a task does “out” or “inout” on a given data variable

#pragma omp parallel

#pragma omp single

{

#pragma omp task

{

#pragma omp task depend(out:a)

{ … }

#pragma omp task depend(in:a)

{ … }

#pragma omp taskwait

}

}

A

B C

C.1 C.2

B

C

dependences
domain

dependence
RaW



Computing task dependences (2)

Computing dependences between one writer and n-readers

#pragma omp parallel

#pragma omp single

{

#pragma omp task

{

#pragma omp task depend(out:a)

{ … }

#pragma omp task depend(in:a)

{ … }

#pragma omp task depend(in:a)

{ … }

#pragma omp taskwait

}

}

B

C

dependences
domain

A

B C

C.1 C.2

D

D

2 dependences
RaW



Computing task dependences (3)

Computing dependences between n-readers and one writer

#pragma omp parallel

#pragma omp single

{

#pragma omp task

{

#pragma omp task depend(in:a)

{ … }

#pragma omp task depend(in:a)

{ … }

#pragma omp task depend(out:a)

{ … }

#pragma omp taskwait

}

}

A

B C

C.1 C.2

D

B C

D

2 anti-dependences
WaR

dependences
domain



Computing task dependences (4)

Computing dependences between 2 writers

output-dependence
WaW

#pragma omp parallel

#pragma omp single

{

#pragma omp task

{

#pragma omp task depend(out:a)

{ … }

#pragma omp task depend(out:a)

{ … }

#pragma omp taskwait

}

}

A

B C

C.1 C.2

B

C

dependences
domain



Using task dependences (cont.)

The depend clause of the task construct

Restrictions on list items

#pragma omp task depend(dependence-type: list)

{structured-block}

#define N 100

#pragma omp task depend(out: a[0:N])

{ … }

#pragma omp task depend(in: a[25:50])

{ … }



Example: matrix multiply (dependences)

void matmul_block ( int N, int BS, float *A, float *B, float *C) ;

// Assume BS divides N perfectly

void matmul ( int N, int BS, float A[N][N], float B[N][N], float C[N][N] )

{

#pragma omp parallel

#pragma omp single

{

int i, j, k;

for ( i = 0; i < N; i+=BS) {

for ( j = 0; j < N; j+=BS) {

for ( k = 0; k < N; k+=BS) {

#pragma omp task depend ( in:A[i:BS][k:BS],B[k:BS][j:BS] )\

depend ( inout:C[i:BS][j:BS] )

matmul_block (N, BS, &A[i][k], &B[k][j], &C[i][j] );

}

}

}

}

}

C[0][0]

C[0][0]

C[0][1]

C[0][1]

C[1][0]

C[1][0]

C[1][1]

C[1][1]
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Taskloop construct



Task loop: motivation

Loop (worksharing) construct restrictions

So if we are executing a single or a section…

#include "synthetic.h“

void main (void)

{

#pragma omp parallel

#pragma omp sections

{

#pragma omp section

synthetic_phase1();

#pragma omp section

synthetic_phase2();

#pragma omp section

synthetic_phase3();

}

}

#include "synthetic.h“

void synthetic_phase2()

{

#pragma omp for

for ( i = 0; i < N ; i ++ ) { ... }

}

#include "synthetic.h“

void synthetic_phase2()

{

#pragma omp taskloop

for ( i = 0; i < N ; i ++ ) { ... }

}



The taskloop construct

Deferring several units of work (exec. for any team member)

Where clause:

#pragma omp taskloop [clause[[,] clause]...]

{structured-block: loop}



Using grainsize in taskloop construct

The grainsize clause of the taskloop construct

Philosophy: amount of work that is worthy to execute as a task

#pragma omp taskloop grainsize(<grain-size>)

{structured-block: loop}

#include "synthetic.h“

void synthetic_phase2() {

#pragma omp taskloop grainsize(10)

for ( i = 0; i < N ; i ++ ) { ... }

}

Task pool

Parallel Region



Using num_tasks in taskloop construct

The num_tasks clause of the taskloop construct

Philosophy: amount of parallelism we want to create

#pragma omp taskloop num_tasks(<num-tasks>)

{structured-block: loop}

#include "synthetic.h“

void synthetic_phase2() {

#pragma omp taskloop num_tasks(10)

for ( i = 0; i < N ; i ++ ) { ... }

}

Task pool

Parallel Region



The collapse clause

Allows to distribute work from a set of n-nested loops

Using the collapse clause over two loops

#define N ??

#define M ???

void main (void) {

int i, j;

#pragma omp parallel

#pragma omp single

{

#pragma omp taskloop collapse(2) num_tasks(128)

for ( i = 0; i < N; i ++ )

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

foo ( i , j ) ;

}

}

#pragma omp taskloop num_tasks(128)

for ( idx = 0; idx < (N * M); idx ++ ) {

foo ( fi(idx) , fj(idx) ) ;

}

– useful when first loop (or both) have only a few 
iterations (e.g., N = 64)

– increase the amount of created parallelism



Taskgroup associated with a taskloop

The nogroup clause of the taskloop construct

#pragma omp taskloop nogroup

{structured-block: loop}

#include "synthetic.h“

void synthetic_phase2()

{

#pragma omp taskgroup

{

#pragma omp taskloop

for ( i = 0; i < N ; i ++ ) { ... }

}

foo();

bar();

}

it0 itk

C.1 C.2

TL

wait for…

#include "synthetic.h“

void synthetic_phase2()

{

{

#pragma omp taskloop nogroup

for ( i = 0; i < N ; i ++ ) { ... }

}

foo();

bar();

}
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