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Tavemotipo loavivoy

* M opdda viipdtmv oto OpenMPoroteleitot amd To KOpLo vipa
(master)at toug epydreg (workers)

¢ 'Eva mopdAAnAo tuipe ivat évo KOpPATL KOdtka Tov eKTeAEiTaL
oo OAa TOL VIHLOLTO. TOVTOYPOVOL
— To k0pro vijpa éxet mhvtote apBud avayvepiotikod = 0
— O optopdg Tov peyE00vg TG OHAdHG VUATOVY, EPOGOV ENTPEMETAL,
TPOYLOTOTOLEITOAL TPV TNV EICOYOYT GE M0l TOPAAANAN TEPLoY
— OvmapdAinieg TeployEg umopei vo ivat eppmAevpéves, aArd 1
VIOGTHPIEN TNG EKTEAECTG ECMTEPIKMV EMTESMV &APTATAL OO TV
vhomoinon
* Mua dopn} drapoipacng £pyov Hopdlet v EKTELEGT TOV KMILKO
TOL TEPLEXETAL GTO TOPAAANLO T PETAED TOV HEADY TNG
opadog vnuaTov
— Emopévog, yopilet katdAAnia m dovAeid

Tyipot IThnpogopuciic
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Mapadeypa 1

Mapadeypa 2

#pragma omp parallel shared(n,x,y) private(i) numredhs(4)
{
#pragma omp for
for (i=0; i<n; i++)
X[i] += y[iT;
} I*-- End of parallel region --*/

Tyfipat IThnpogopuciic
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void mxv_row(int m,int n,double *a,double *b,doubig) {
inti, j;
double sum;

#pragma omp parallel for private(i, j, sum) sharedfns, b, c)
for (i=0; i<m; i++) {
sum = 0.0;
for (j=0; j<n; j++)
sum += b[i*n+j]*c[j];
afi] = sum;
} I*-- End of parallel for --*/

Tyipat IThnpogopuciic
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Mapadeypa 3

E€looppdTTnon Epyaoiag

#pragma omp parallel shared(n,a,b,c,d) private(i)
{
#pragma omp fomowait
for (i=0; i<n-1; i++)
b[i] = (ai] + a[i+1])/2;
#pragma omp fomowait
for (i=0; i<n; i++)
d[i] = 1.0/cfi];

} I*-- End of parallel region --*/
(implied barrier)
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e Anotelkel Booikd mopdyovta anddoong
¢ T cvvnBiopéveg Aertovpyieg, m.y. Tpocheot dlovucudtmy, n
e€loopponnon epyaciog dev amoteheiton {RTnua
e T Myotepo oporég Aetrtovpyieg mpémet vo dobel Wiaitepn
onuacio oty dapoipacn g epyaciog petaé&d TV vijudtmv
e Tapaderypa un opoddv (irregular)iertovpyidv:
— Avtetdfeon evog mivaka
— HoAamhaclao HOG TPYOVIKOV TVAKOV
— Hapdiinies avalntioelg o€ pio dtaovvdedepévn Aiota
¢ T tétoteg meputtdoeig, n dopn Swapoipaon for ypnowonoteiton
ue v odnyia schedulerov kabopilet Sidpopovg alyopiBuovg
SpPOLOAOYNONG TMV EMOVOANYEDY

Tyfjpat IThnpogopuciic
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Odnyia schedule

Mapadeyua

* Xpiion
— schedule ( static | dynamic | guided [, chunk] )
— schedule (runtime)
 static [,chunk]
— Awpopdlet TG EmavoryeLs, Tov £xouy YwpLotel og TUNpoTe peyEfoug
"chunk«, petadd tov vipdtev pe KukAo tpomo
— Av dev opiletat o "chunk”, avtd opileton katd npocéyyion ico pe N/P kot
KkGBe Vijpa eKTEAEL EVOL T LLOL ETOVOIANWEDV
¢ dynamic [,chunk]
— Awywpilet 11 emavalyelg og tpfpoto peyédovug "chunk”
— Kabe vijpo poAig tedeidoet Eva TUNpo, TaIPVEL SUVALIKG TO ETOUEVO
¢ guided [,chunk]
— Tapoporo pe dynamic,odra to péyebog Tov THANATOG HetdVETAL EKDETIKG
e runtime
— O aAyopiOpog dpopordynong kabopiletat katd Tov xpdvo ektéheong
eléyyovtog ) petaBinty nepipdriovrog OMP_SCHEDULE
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500 iterations on 4 threads
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2UYXPOoVIOUOGS

2Uyxpoviouog — critical

* To OpenMPopilet tig 0kOAOLOEG EVIOAES Y100 TV
VIOGTNPIEN GLYYPOVIGHOV:
— atomic
— critical section
— barrier
— flush
— ordered
— single Emv tpaypotikdtta givar dopn dwapoipaocng épyov
7oV TEphapPavel GLYXPOVIGHO)
— master £ty ovcia dev givar eviodf cuyypovicpod)
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* Mobvo éva vijpo propei kaBe otryun va pmet oto critical
section

#pragma omp parallel for private(b) shared(res)
for (i =0; i<niters; i++) {
b = doit(i);
#pragma omp critical
{

consume(b, &res);
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2UYXPOVIOUOG — atomic

2UYXPOoVIOUOG — barriers

* To atomiceivor 181k Tepintmon tov critical section
7oL pmopel va. ypnotponon el yio opiopéveg amiég
EVIOLEG.

* Egpappoletar povo yuo v avavémoon wog 0éong pviung
(v avovémon tov X 6t0 akoAoVBO TapadeLyLLeL)

#pragma omp parallel private(b)

b = doit(i);
#pragma omp atomic
X=X+b;
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« Barrier:Kdafe vijua mepuével va 9téoovv OAa T VTOAOUTO, VHOTO, TPV
TPOYWPNCEL

#pragma omp parallel shared (A, B, C) private(id)

id=omp_get_thread_num();
AJid] = big_calc1(id);
#pragma omp barrier
#pragma omp for
for(i=0;i<N;i++){
Cli]=big_calc3(l,A);
} /* vmovooduevo barrier */
#pragma omp for nowait
for(i=0;i<N;i++){
B[i]=big_calc2(C, i);
} I* ywpig barrier */
Alid] = big_calc3(id);
} I* vrovoobuevo barrier */
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2UYXPovIouOg — ordered

2UYXPOVIOUOG — master

* H gvtoln orderecemiBdier tnv akolovbiakn cepd
eKTELEDTG Y10 £VOL TU AL

#pragma omp parallel private (res)
{
#pragma omp for ordered
for (i=0;i<N;i++){
res = do_work(i);
#pragma ordered
printf(“res = %d\n”", res);
}
}
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¢ H gvtoln masterapaxtmpilet éva dopnuévo block to onoio
ekteAEiTOL PHOVO amd TO VIO - opynyo. Ta vdrowa vijpota to
ayvoolv (dev vrapyovv vtovoodpeva barriersq flushes).

#pragma omp parallel private (tmp)
{

do_many_things();

#pragma omp master

{

exchange_boundaries();

}

#pragma barrier

do_many_other_things();
}
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2UYXPOVIOUOG — single

2UyXpovIiopog — flush

¢ H gvtoln singleyapaxtmpilet éva block kddika to omoio
eKTEAEITOL OO £V LOVO VILLOL.
¢ YmovooOvton barrierkat flush eto télog Tov single block

#pragma omp parallel private (tmp)

{
do_many_things();
#pragma omp single

exchange_boundaries();
do_many_other_things();
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* H evtol flushdniaver éva onpeio oto onoio to vijua
eMXEPEL VoL SNUOVPYTGEL GLVETN EIKOVOL TNG LVALNG.
— Oleg o1 Tpaéeig pvnung (avaryvaoeis kot eyypageés) mov
opilovtat Tpwv amd awtd T0 onpeio Tpémet vo. oAoKANpwOOHV.
— Oleg o1 Tpaéeig pvnung (avaryvaoeis kot eyypageés) mov
opilovtat petd amd avtd To oNUEID TPEMEL VAL EKTEAESTOVV
peté to flush

— O petapintég o registers) write buffersrpénet vo
EYYPAPODY oTN kv
* Ta opicpata tov flushopiCovv moleg petapintég Oo
yivouv flush. Av dgv vrdpyovv opicpota 6Aeg ol opatég
oto vipa petafintég yivovran flush.
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YTTOVOOUUEVOG SUYXPOVIOUOG

2uvapTtioeig BiBAI0BKNg

« Barriersvrovoovvtat petd tig axdrovdeg eviorég OpenMP:
— end parallel
— end do (except when nowait is used)
— end sections (except when nowait is used)
— end critical
— end single (except when nowait is used)
¢ Flushvrovoeitat petd t1g oxdrovdeg eviorés OpenMP:
— barrier
— critical, end critical
— end do
— end parallel
— end sections
— end single
— ordered, end ordered
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¢ Yvvaptioeig locks
— omp_init_lock(), omp_set_lock(), omp_unset_locknp_test_lock()
e Yuvaptioelg TepBAALOVTOG ¥pOVOL EKTELECTC:
— AMoyn/Eheyyog Tov aptdpod tov vnpdtev
» omp_set_num_threads(), omp_get_num_threads(),
omp_get_thread_num(), omp_get_max_threads()

— Evepyonoinon/anevepyonoinon eppoievpévov napaliniicpon Kot
dynamic mode

» omp_set_nested(), omp_set_dynamic(),
» omp_get_nested(), omp_get_dynamic()
— "Eleyyog ektéheong 6& TAPAAANAO TUNLLOL
« omp_in_parallel()
— ApOpog enelepyaotdV 610 GHOTNHO
* omp_num_procs()
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MpooTacia MNépwyv pe locks

2uvapTAoEIg BIBAIOBRKNG

omp_lock_t Ick;
omp_init_lock(&Ick);
#pragma omp parallel private (tmp)
{
id = omp_get_thread_num();
tmp = do_lots_of_work(id);
omp_set_lock(&lck);
printf(“%d%d”, id, tmp);
omp_unset_lock(&Ick);

e T va gleyydel 0 aplBpdg Tov vuaTov Tov EKTEAOVV Eval
TPOYpapILL apyIKd oevepyonoteitat To dynamic modexat
KkoTomy kabopiletal o aplBudg TV vnpdTov.

#include <omp.h>

void main()

{
omp_set_dynamic(0);
omp_set_num_threads(4);
#pragma omp parallel

intid=omp_get_thread_num();
do_lots_of_stuff(id);
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MeTaBAnTéC MepIBAANOVTOG Xpnon

"EAeyyog schedulingwv loopsepdcov éxet kabopiotel
“omp for schedule(RUNTIME)".

— OMP_SCHEDULE “schedule], chunk_size]”
KabBopiopdg tov defaultapiBpod vipdtov.

— OMP_NUM_THREADS int_literal
* Evepyonoinon/anevepyonoinon dynamic mode

— OMP_DYNAMIC TRUE || FALSE

 Evepyonoinon/anevepyomoinomn tapdAining ektéleong
ELPOAEVHEVOV TAPAAANA®V TUNHATOV

— OMP_NESTED TRUE || FALSE
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* Kodwkag OpenMP
#include <omp.h>
#include <stdio.h>
void main() {

#pragma omp parallel

printf(“Hello world from thread %d of %d\n”,
omp_get_thread_num(), omp_get_num_threads();
}
}
¢ Tlapaywyn ekteréoipov apyeiov yio OMPi, GNU GCC 4.2, Intel
compiler, Sun Studio compiler)
$ ompicc -o hello hello.c
$ gcc -fopenmp -o hello hello.c
$ icc -openmp -o hello hello.c
$ suncc -xopenmp=parallel -o hello hello.c

Tyfjpot IThnpogopuciic
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Xpnon

BiBAloypagia — Links

* Extéleon

$ export OMP_NUM_THREADS=4
$ ./nello

Hello world from thread 0 of 4
Hello world from thread 2 of 4
Hello world from thread 1 of 4
Hello world from thread 3 of 4

$ export OMP_NUM_THREADS=1
$ ./hello

Hello world from thread 0 of 1
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* OpenMP consortium
— http://www.openmp.org
e OpenMP community
— http://www.compunity.org
* Intel Compilers
— http://developer.intel.com/software/products/coesil
* The OMPi Compiler
— http://www.cs.uoi.gr/~ompi
* OpenMP Application Program Interface, Version 2.5,
2005

— Awbéorpo kot otn oelido Tov pabnpaTog

Tyfjpot IThnpogopuciic
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Mapadeypa 1

Mapadeypa 2

void al(int n, float *a, float *b)
{
inti;
#pragma omp parallel for
for (i=1; i<n; i++) /* i is private by default */
b[i] = (a[i] + a[i-1]) / 2.0;

Tyfipa IThnpogopuciic
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#include <stdio.h>
#include <omp.h>
int main()

intx=2;
#pragma omp parallel num_threads(2) shared(x)

if (omp_get_thread_num() == 0) {

}else { -

printf("1: Thread# %d: x = %d\n", omp_get_threadmfux );
#pragma omp barrier

if (omp_get_thread_num() == 0) {
printf("2: Thread# %d: x = %d\n", omp_get_threadmfyx );

}else {
printf("3: Thread# %d: x = %d\n", omp_get_threadmfyx );
return O;
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Mapadeypa 3

Mapadeypa 4

#include <stdio.h>
int main()
{
# ifdef_ OPENMP
printf("Compiled by an OpenMP-compliant implementatia”);
# endif
return 0;

Tyfipa IThnpogopuciic
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#include <omp.h> void subdomain(float *x, int istart,

int ipoints)

void sub(float *x, int npoints) {
intiam, nt, ipoints, istart; int i

#pragma omp parallel private(iam,nt,ipoints, istart) for (i = 0; i < ipoints; i++)

X[istart+i] = 123.456;

iam = omp_get_thread_num(); }

nt = omp_get_num_threads();
ipoints = npoints / nt; /* size of partition */
istart = iam * ipoints; /* starting array index */
if (iam == nt-1) /* last thread may do more */
ipoints = npoints - istart;
subdomain(x, istart, ipoints);
}
}

void main() {
float array[10000];
sub(array, 10000);
}
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Mapadeypa 5

Mapadelypa 6

#include <omp.h>
int main()
{
omp_set_dynamic(1);
#pragma omp parallel num_threads(10)

{

/* do work here — at most 10 threads */
}
return O;

Tyfipat IThnpogopuciic
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#include <math.h>
void a8(int n, int m, float *a, float *b, float *float *z)

{
inti;
#pragma omp parallel
{
#pragma omp for nowait
for (i=1; i<n; i++)
b[i] = (a[i] + a[i-1]) / 2.0;
#pragma omp for nowait
for (i=0; i<m; i++)
yli] = sart(zfi);
}
}
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Mapadeypa 7

Mapadeyua 8

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

void a9()
{

#pragma omp parallel sections

#pragma omp section

XAXIS();

#pragma omp section
YAXIS();

#pragma omp section
ZAXIS();

}
}
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#include <stdio.h>
void work1() {}
void work2() {}

void a10()
#pragma omp parallel

#pragma omp single
printf("Beginning work1.\n");

workl();
#pragma omp single
printf("Finishing work1.\n");

#pragma omp single nowait
printf("Finished work1 and beginning work2.\n");
work2();
}
}

Tpipa Minpogopkiic E-85:E.0.A: lpoypappanopés Tvompdrov Yynhév Emdoosov 32
Tavemotipo loavvivoy

Mapadeypa 9

Mapadeypa 10

int dequeue(float *a);
void work(int i, float *a);

void al3(float *x, float *y)
{
int ix_next, iy_next;
#pragma omp parallel shared(x, y) private(ix_nextnigxt)

#pragma omp critical (xaxis)
ix_next = dequeue(x);
work(ix_next, x);

#pragma omp critical (yaxis)
iy_next = dequeue(y);
work(iy_next, y);

Tpipa Minpogopkii E-85:E.0.A: lpoypappanopés Tvompdrov Yynhéy Emdoosov 33
Tavemotipo loavvivoy

int counter = 0;
#pragma omp threadprivate(counter)

int increment_counter()

counter++;
return(counter);

int increment_counter_2()
static int counter_2 = 0;
#pragma omp threadprivate(counter_2)
counter_2++;
return(counter_2);
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Mapadeyua 11

void work(int i, int j) {}

void good_nesting(int n)
{
inti, j;
#pragma omp parallel default(shared)

#pragma omp for
for (i=0; i<n; i++) {
#pragma omp parallel shared(i, n)

#pragma omp for
for (j=0; j < n; j++)
work(i, j);

}
}
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