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Introduction OpenMP constructs

What is OpenMP?

OpenMP language

extensions
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OpenMP parallelism History of OpenMP ARB

FORTRAN spec 1.0, Oct '97

parallel region parallel region parallel region C/C++ SpeC 10’ OCt |98

FORTRAN spec 2.0, Nov '00

TRy

mastef thread C/C++ spec 2.0, Mar '02

Combined spec 2.5, May '05

Spec version 3.0, Nov '08
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History of GNU OpenMP Implementation (directives)

source file ———» intermediate representations ———» assembly source
(gimple, rtl)

C AST RTL

e o S e o o o o

Developed mostly by Red Hat engineers | \

C++ i |
Branch formed ~2004 GENERIC |- GIMPLE ﬁ»D—’ ! D—’D—’D_' '
F95 //' : ! i

-

Merged into mainline, Dec 2006 ——/ s AN .
Java Optimisation passes

In gcc 4.2 and above
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Implementation (runtime)

C example

Library of support routines: libgomp
Provides portable interface for GCC

On UNIX systems, call down to pthreads

19/05/09

$ gcc foo.c -S -fdump-tree-all -fopenmp

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

int main (int argc, char *argv[]) {
int id, nthreads;
#pragma omp parallel private (id)
{
id = omp_get thread num ();
printf (“Hello World from thread %d\n”, id);
#pragma omp barrier
if (id == 0) {
nthreads = omp get num threads ();
printf (“There are %d threads\n”, nthreads);
}
}

return 0;

}
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GIMPLE representation GIMPLE after lowering

foo.c.004t.gimple foo.c.010t.omplower

main (argc, argv)

main (argc, argv) {
{ int D.2229;
int D.2221; int D.2230;
int id; struct .omp data s.2 .omp data o.3;

int nthreads;
{
.omp_data_o.3.nthreads = nthreads;
#pragma omp parallel private(id) shared(nthreads) [child fn: main.omp fn.0 (.omp data o0.3)]

#pragma omp parallel private(id) shared(nthreads)

{ {
int id.0; .omp _data i = &.omp_data o.3;
int nthreads.l; id.0 = omp_get thread num ();
id = id.o;

id.0 = omp_get thread num (); printf (&"Hello World from thread %d\n"[0], id);

id = id.0;
printf (&"Hello World from thread %d\n"[0], id);
__builtin GOMP_barrier ();
if (id == 0)
{

nthreads.l = omp_get num_threads ();

nthreads = nthreads.l;

printf (&"There are %d threads\n"[0], nthreads);

}
else
{
}
}
}
D.2221 = 0;

return D.2221;
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__builtin GOMP_barrier ();
if (id == 0)
{
nthreads.l = omp_get num_threads ();
.omp_data_i->nthreads = nthreads.l;
D.2229 = .omp data_ i->nthreads;
D.2230 = D.2229;
printf (&"There are %d threads\n"[0], D.2230);

}
else
{
}
OMP_RETURN
}
nthreads = .omp_data_o.3.nthreads;

}
19/05;@ n]-; :.2221;
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GIMPLE expansion (1/2) GIMPLE expansion (2/2)

foo.c.022t.ompexp foo.c.022t.ompexp
main.omp_fn.0 (.omp_data_i)
{
int D.2230;
int D.2229;
int nthreads.1;
. int id.0;
main (argc, argv) int id;
{ int nthreads [value-expr: .omp data i->nthreads];
int nthreads; - -
int id; <bb 2>:
int D.2221; id.0 = omp_get_thread num ();
struct .omp data s.2 .omp data o.3; id = id.0;
printf (&"Hello World from thread %d\n"[0], id);
<bb 2>: __builtin GOMP_barrier ();
.omp data_o.3.nthreads = nthreads; if (id == 0) goto <L0>; else goto <Ll1>;
_ builtin GOMP_parallel start (main.omp fn.0, &.omp data 0.3, 0);
main.omp_fn.0 (&.omp_data o0.3); <L1>:;
_ builtin GOMP_parallel end (); return;
nthreads = .omp data o.3.nthreads;
) ¢ Ll <LO>:;

zeii:i ; (2’;21 . nthreads.l = omp_get_num threads ();
: ! .omp_data_i->nthreads = nthreads.l;
} D.2229 = .omp_data_i->nthreads;
D.2230 = D.2229;
printf (&"There are %d threads\n"[0], D.2230);
goto <bb 3> (<L1>);
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Finally, generated code! Peek into libgomp: parallel.c

foo.s

main:
leal 4 (%esp), %ecx
andl $-16, %esp
pushl -4 (%ecx)

void
ushl %eb; q q q q
IEI’lOVl %esg, 3ebp ?OMP_parallel_start (void (*fn) (void *), void *data, unsigned num_threads)

pushl %ecx
subl $36, %esp
movl -8(%ebp), %eax

num_threads = gomp resolve num threads (num_threads);
gomp_team start (fn, data, num_threads, NULL);

movl %eax, -16(%ebp) }

movl $0, 8(%esp) void

leal -16(%ebp), %eax q
MP llel

il seax, 4(3esp) ({;O _parallel_end (void)

movl $main.omp fn.0, (%esp) .

call GOMP_parallel_ start } gomp_team_end () ;

leal -16(%ebp), %eax

movl %eax, (%esp)

call main.omp fn.0

call GOMP_parallel end
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Peek into libgomp: team.c Summary

OpenMP support now established in GCC

/* Launch a team. */

void
T ace. sonp morn_saare: saork onapa) 2ed nehreads, Implemented at various levels through compiler
¢ /% ... %/

/+ Launch new thresds. +/ Implementation is conceptually simple

for (; i < nthreads; ++i, ++start_data)

{
/* ... %/

err = pthread_create (&pt, attr, gomp thread start, start_data); "
S (ers 1= 0) Resources:
gomp_fatal ("Thread creation failed: %s", strerror (err));

, GCC source code
http://www.openmp.org/
http://gcc.gnu.org/projects/gomp/

}
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