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inesm \Mhat is OpenlViP?
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OpenMPis an API forsharedmemory application |

A Support C/C++ and Fortran
A Uses the threadork/join

Bus Interconnect

model
A Scalableen UMA and
| NUMA architectures
T At N et AR (Sharedmemorymodel)
T > EEe— \-—- threads " A g .
- - A Compiler directives
parallel region parallel region parallel region A E nV| ro n m e n Narl ab Ies
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Compilingwith OpenMPis straightforward

A Includethe OpenMP header (for C/C++)
#include<omp.h>

A AddsomeOpenMPdirectives

A Uses the right compiler option:
Intel: -openmp
Gnu -fopenmp

A Setyour environmentvariable:
OMP_NUM_THREADS
to definethe numberof threadsyouwantto use
(defaultisthe numberof coreavailablg Yourcodeis%

now usingOpenMP
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OpenMPcanbe usedwith environmentvariables J
\
I Thosevaluecanalsobe setinsidethe codef
Export . ]
et A OpenMPprovidesfunctions
G suchas:

.

- omp_set_num_threads
- omp_get num_threads
- omp_get_max_thread3

OMP_ \ R - X
DYNAMIC |

e ,_ ./ Have a loolat the OpenMP
- ' refcardfor morefuntionalitied

(http:// openmp.org/mpdocuments/OpenMP.0-C.pdf)
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OpenMPimplementation is basedon compiler directives

)

-/

$'OMP DIRECTIVE [CLAUSES (variables,

schedule

L ée)] é

« execute parallel region »
$!'OMP END DIRECTIVE

C/C++directive pragma syntax

#pragma omp directive [clauses (variables , schedule , é) € ]\
{ -

« execute parallel region »

}
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How would you do to paralleliseyour code?
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How would you do to paralleliseyour code?

ADivide arrays computation between all the
threads?

AMake different threads compute different
things?

A Define a pool of things to do and perform it
ASAP?
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How would you do to paralleliseyour code? |

ADivide arrays computation .5&étween all the
threads?

AMake différent. threaa....ompute .different
things?

A Define a pool ofiiings to do and perform it
ASAP?




,@NESE Parallel Region

P
L A parallel regionlaunchesthreads J
#pragma omp parallel
{
printf  (« HelloWorld ! »);
}
\

This codavill have thefollowingoutput; |

HelloWorld

|

HelloWorld ! Youcanuse asnanyOpenMP

Helloworld ! directives asyou want
|
|
|

HelloWorld Insidea parallelregion!
HelloWorld

HelloWorld
e
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inesm OpenlVIP for loops

Parallelisecompute intensiveloops

L

Serial version

for (i=0;i<
{
for (j=0;j<
{
alilil= bl
+c[ijpI*d ]l

n;i ++)

n; ++)

]

L]

Parallelversion

#pragma omp parallel for

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

{
for (j=0;j<
{

n;j ++)

aijil= bl ]
+ci]nrdpll ],




Miatrix FEIMIA

........

Serial
= B + C X
HEEEEN llllll:l)ara”l;Tlll N |



Gines = OpenlVIP for loops

Centre Informatique National
de I'Enseignement Supérieur

Why shouldwe never parallelizethe inner loop?

for (i=05i< nji ++)
{
#pragma omp parallel for
for (j=0;j< n; ++)
{
afi]i]=b[i}[]
} +c[i]i]d[] i ];

AN
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Why shouldwe never parallelizethe inner loop?

for (i=05i< nji ++)
{
#pragma omp parallel for

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

{
afi][iI=bl[i}[]
+c[iiT*d[ill ],
N
Hugeoverheaddue to threadcreation'destruction! J
\




inesm OpenliVIP sections
k Parallelisenon dependantparts ofyour code |
Serial version Parallelversion
Eor (i=0ii< i ++) z#prag'ma omp parallel sections
a[i]=bl[i]*f(i); #pragma omp section
} Ior (i=0;i< n;i ++)
ior (i=0ji<  mi ++) } afi ]=b{i*f();
c[i]=g(bli]); #pragma omp section
} Eor (=0i< ni ++)
} cli J=g(bli 1)
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Enablesomeparts to be computedby only one thread |
5\
Serial version Parallelversion
for (i=0ji< nm:i ++) #pragma omp parallel
{ {
afi]=b[iT*c(i); #pragma omp for
} for (i=0ji< n;i ++)
printf  (« Switching a&c »); a[i]=b[i]*c(i );
a<->c: #pragma omp single
for (i=0ji< nji ++) {, L
{ printf  (« Switching a&c »)
c[il=b[i*a[i; }a< -> C
} #pragma omp for
for (i=0ji< n;i ++)
c[il=b[i]*a[ I;
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Close to sections, butreatesa pool of nondependanttasks |

#pragma omp parallel
{

#pragma omp single

{

for (task =0; task < nTask;++ task )

{
range = task ;
#pragma omp task firstprivate (range)

{

}
}

myFunction (range );

\
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(owsm _ Variables Scope

Variableswithin parallelregion canbe
usedin severaldifferent ways

\

| P;& / IMany options for variable scopes

LS
‘ < " N

: A PRIVATE

el A SHARED

- A DEFAULT
oL A FIRSTPRIVATE

#pragma\bmp parallel A LASTPRIVATE
for private(i,j) shared(b) A COPYIN
A COPYPRIVATE
A REDUCTION
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Gnesm  Private

Variables inPrivateare private to eachthread

. )
#pragma omp parallel private (rank)
{
rank = omp_get thread num  ();
printf  (« | am thread number:%d », rank );
}
This codavill have thefollowingoutput | If rankwasnot private, youcouldhave
(for 4 threads): had(for instance):

am thread number: 2

am thread number: 1 I
| am thread number: 2
I
I

am thread number:
am thread number:
am thread number:

am thread number: 2

I
I
I
I am thread number: 1

N
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Variables insharedare sharedby all threads

: )
Intb = 10;
fpragma omp parallel private (rank) shared(b)
{
rank = omp_get thread num  ();
printf  (« | am thread number: %d, b=%d », rank);

RN

This codewill have thefollowingoutput | If bwasnot definedassharedit still
(for 4 threads): wouldhave beershared

In fact, defaultisshared
Youcanchange the default bgdding
the clause:

- default(private)

am thread number: 1, b=1
am thread number:
am thread number:
am thread number:

\ "'-\:default(none)
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