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e EncEepyaotég pe teyvoroyia Hyper-threading (SMT)
* Eneepyootég pe texvoroyia Multi-Core

Traditional Dual Processor Pentium® 4 Processor Supporting Dual CPU Core Chip
Hyper-Threading Technology
= CPU Core CPU Core
s | s | 1 and and
| = | Logisal L1 Caches L1 Caches
Frocessor
1 =
|
Prcessor Processor ! Physical
Executon Execution 1 Processor with
Re 1 Two Lagical Bus Interface
H Processors and
L L2 Caches
SystemBus System Bus.

AS = Ardhitscture State (eax, sbx. control registers, efc)
APIC = Advarced Programmable Iteriupt Controller
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A\OYIOUIKO

YTtrohoyioudg Tou T — AkoAouBiakr ‘Ekdoon

* O1 eploGOTEPOL GLYYPUPEIG EPAPUOYDY 0ryVOOHV TOV
TOPOAANAMO IO
— gk106 iom¢ amd adpd katapepiopévo (Bapv) ToAVVIUATIONO
v GUI'S kot LoyIopikd GUGTNHOTOG
e Twri;
— Ot dvokorieg ovyypapnic Tapdriniov softwarevrepvikovv to
TAEOVEKTIATOL

— To meovektipota givar Eexdbopa. T va avéndei o dykog
oV TapdAAnAov softwarenpénel va gloyiotomomOovy ot
Sdvokolieg.
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static long num_steps;
double step;
int main ()
{ inti;
doublex, pi, sum = 0.0;
num_steps = 100000;

step = 1.0/(double) num_steps;
for (i=1;i<= num_steps; i++){

x = (i-0.5)*step;
sum =sum + 4.0/(1.0+x*x);

pi = step * sum;
return0;
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YT1roAoyioudg Tou 1 — MoAuvnuartikr ‘Ekdoon

YT1roAoyioudg Tou 1T — pe Xpron Tou OpenMP

#include <pthread.h>
#defineNUM_THREADS 2

pthread_t thread[NUM_THREADS]; int main ()
pthread_mutex_t UpdateM utex; {

staticlong num_steps; doublepi; inti;
double step; num_steps = 100000;

doubleglobal_sum = 0.0;
int Arg[NUM_THREADS];
void *Pi (void *arg)
for (i=0; i<NUM_THREADS; i++)
inti, start; threadArg[i] = i+1;
doublex, sum = 0.0;
pthread_mutex_init (& UpdateM utex, NULL);
start =*(int *) arg;
step = 1.0/(double) num_steps; for (i=0; i<NUM_THREADS; i++)
pthread_create(& thread[1], NULL, Pi,& Argli]);
for (i=start;i<= num_steps;
i+NUM_THREADS)

-0.5)"step; for (i=0; i<NUM_THREADS; i++)

m = sum + 4.0/(1.0+x*X); pthread_join(thread[i], NULL);
pthread_mutex_lock (& UpdateM utex); pi = global_sum* step;
global_sum += sum; -
pthread_mutex_unlock(& UpdateM utex); return0;

}
return 0;
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#include <omp.h>
static long num_steps = 100000;
double step;
#defineNUM_THREADS 2
int main ()
{ inti;

doublex, pi, sum = 0.0;

step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS);

#pragma omp parallel for reduction(+:sum) private(x)
for (i=1;i<= num_steps; i++){

-0.5)*step;

sum =sum + 4.0/(1.0+x*x);

pi = step * sum;
return0;
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Eicaywyn oto OpenMP

OpenMP

* OpenMP: APk ™) cuyypagn ToAVNHOTIKOY
E£QAPUOYDV

— Z0VOAO 0dNYIOV TPOG TOV HETAYAMTTIOTH KO GLUVOPTICEMV
BpAotnKNg, daféc1po 6ToV TPOYPAUUATIOTH TAPIAAA®Y
GLOTNHATOV

— AEUKOADVEL TN GLYYPAPT] TOAVVILOTIKOV TPOYPAUUATOV GE
Fortran, C and C++

— [IpdTVuMO TOV GLYKEVTIPMOVEL TNV EUTEIPID APKETAOV YPOVOV GE
TPOYPOUUOTIOHO TOMETEEEPYACTIKOV GLOTNUATOV
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* Movtého Tpoypoppaticpod yio Tapdiinia cuoTipoTa
* Odnyieg TPOG TOV LETAYADTTIOT MOTE VO TapEyet
KOOKOL LLe VILLOLTOL
* Oleg o1 peydheg etoupieg to vrootnpilovv Hkar
amopacifouv yio TNV e€EMEN ToV
— Intel, SUN, IBM, HP, SGI, ...
— Microsoft (Visual Studio 2005)
— GNU GCC 4.2
* Epguvnticoi compilers
— Omni (arwvie), NANOS (onavia)
— OpenUH HI1A), OMPi EAMdSa - Uol)
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MpoypauuaTioTiKO MovTéAo

Tutmik XpAon

o Moparinliopdg tonov Fork-Join:
— Tovipa apynyos dnpovpyel opddo VILAT®OV GOLPMVE HE TIG
avayKeg
— O mapariniopdg mpootifetar fobdpuaio
* 70 akorovBlakd Tpdypappe eEehicoeton o€ TapdAAnio
TPOY PO

/
NApa
ApXNYoS

apdAAnAa TuRpafa
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e To OpenMPouvi0mg ypnoiponoteitor yio v moporinlonoinon
loops:
— Bpeg ta mo ypovoBopa loops.
— Moipaoe 11 enavainyels petaé&d vudtmv.

Maipece avtd o 100p uerald
ToAAamAdv viudTwv
void main() void main()
{
double Res[1000]; double Res[1000];

#pragma omp parallel for
for (int i=0;i<1000;i++) {

do_huge_comp(Resi]);

for (int i=0;i<1000;i++) {
do_huge_comp(Resi]);
}
} }
AxkoLhov010KO TPOYPapLOL Tlapariinio Tpdypoyptpa
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AANNnAeTTidpaon Nnudrtwv

2uvtagn Odnyiwv

o TIleovéKTnpo: ATOKPLYT CAETTOUEPELDV OO TOV
TPOYPAUUOTIOTH
* Metlovéktnpa: ATOKpLYN TOADV CAETTOUEPELDV aTd TOV
npoypoappatiot propei va BAdyet tv enidoon
¢ To OpenMPsivat povtéAo Kowng pvinung
— Ta v)HoTo ETKOWVOVODY HEGH SLopotpalOeveV peTaPANThY
¢ Akovoun dwpoipacn dedopévov Pmopel vo TpoKaAEcEL races:
— race :To anotéheopio ToV TPOYPapaTos oALALEL pE TVYaio TPOTO v TOL
VI HOTo EKTELESTOVV LE SIPOPETIKT) GEPE
o E&dAewym races :
— Xpiion cvyypovicpov ota onpein mov ypedletat
* O ovyypoviopog eivar «oxpipog», apa:
— AlAoyn g SopMG TOV TPOYPALLLTOG KOL TNG OPYAVMONG TOV SES0UEVOV
®OCTE VoL HELwOOVV O UTAUITIGELS GLYYPOVIGHOD
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* Oumeplocotepeg «evioréc» OpenMPeivar directives
mpog Tov compilern pragmas.

* T v Cxon C++, to pragmasgyovv t pHopoen:
— #pragma omp construct [clause [clause]...]

* T ) Fortran,ta directiveséyovv pia omd tig
aKOAOVOEG LOPPES:
— C$OMP construct [clause [clause]...]
— I$OMP construct [clause [clause]...]
— *$OMP construct [clause [clause]...]

* AoV o «evtoAég» givan directiveskor pragmas
— éva mpdypappa OpenMPumopel va petayrottiotel and

compilersrov dev vrootpilovy OpenMP

— ot televtaiot amhd ayvoovv ta directives / pragmas
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Aopnuéva Tunuata (blocks)

MapdAAnAa TuRuarta

* Ot neprocdtepeg «evioréc» OpenMPepappodlovor og
Sounpéva tunpaza (blocks)kddwka.

— Aopnpévo tunpa: éva TUMpe KOdKa, pe éva onueio £1.6650v
oTNV Kopuen Kot £va onpeio e£6d0v 610 TéA0g. Ot puoveg
emtpentés dokhadmoelg eivar eviodég STOPtng Fortrankot
exit() mg C/C++.

C$OMP PARALLEL C$OMP PARALLEL

10 wrk(id) = garbage(id) 10 wrk(id) = garbage(id)
res(id) = wrk(id)**2 30 res(id)=wrk(id)**2
if(conv(res(id)) goto 10 if(conv(res(id))goto 20

C$OMP END PARALLEL goto 10
print *,id C$OMP END PARALLEL

if(not_DONE) goto 30
20 print *, id
Tpipa ﬂlwm%g&n },I.EVO E‘[g’é‘g H(\l TIpoypappanopds Tvemudroy MT] BO}LT] },I.EVO Tun ],LU. 13

Yynrav Emdooeoy
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¢ Nfuota dnpovpyovvtat 6to OpenMP ¢tn C/C++) e to pragma

“omp parallel”

e T mapaderypa, yio vo dnpovpynBei Evo mapdAinio tunipa pe 4

viuoto:
double A[1000];
omp_set_num_threads(4);
#pragma omp parallel
{
int ID = omp_thread_num();
pooh(ID,A);
}

¢ Kdabe vijua extedel yio Aoyoplacpd Tov Tov Kddiko HEso 6To

Sounuévo blocktov mapdiiniov TufpoTog

¢ Kabe vipa karet v pooh(ID)yw ID = 0 émg 3
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MapdAAnAa Tunuarta

MoAuvnuartiko MNpdypapua «Hello world»

double A[1000];
omp_set_num_threads(4);
#pragma omp parallel

*Kdabe vipa extedei yuo Aoyaproacpod
TOV TOV {010 kMK

“Eva povadikd avtiypago tov A
potpaleton petad TV VNUATOV

int ID = omp_thread_num();

*H extédeon mpoywpd povo otav Exovv pooh(ID.A):

Tehewdoet Oha ta vijpata (barrier)
printf(“all done\n”);
double A[1000];
omp_set_num_threads(4)
|

[ [ | 1
pooh(0,A)  pooh(1,A) pooh(2,A) pooh(3,A)

printf(“all done\n”);
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o I'payre {vo oAV UOTIKO TPOYPOLLLO GTO 0010 KAOE
vipo tordvet Eva amhd vipata (w.y. “hello world”).

* Xpnowonowmote 2 Egympilotég evtorég printf ko to
thread ID:

int ID = omp_get_thread_num();
printf(“ hello(%d) ”, 1D);
printf(“ world(%d) ", ID);

* Tuyiveton 6tav exteleiton towtoypova /O amd
TOMOTAG VILLOLTOL;
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MepIKEG MpwTeG AETTTOPEPEIES

Aopég Alapoipaong ‘Epyou

» Dynamic mode (default):

— O ap1Bpdg TV VIHET®V TOL ¥PNCILOTOL0HVTOL Vit TV
EKTEAEOT TOPGAANAOV TUNUATOV PTOPEL VoL StapEpet HeTaED
S10POPETIKOV TUNUATOV

— O opiopog Tov opBpHoD TV VUAT®V ApOpi TOV HEYIGTO
aplOpd VNUATOV Kol EVOEYOUEVMG 1) EKTELEST] VOL YIVEL [E
Aydtepa vijpota

« Static mode:

— O appodg Tov vnudtov givat 6tabepog kat padiiota akpBog

avto¢ oL Kabopiletal amd TOV TPOYPOUUHATIOTH
* To OpenMPurooctpilet epowievpévo TapdAinio
TUfpoTo, OUOG. ..

— "Evog compilerevdeyopévog vo emAéget va eKTEAEGEL GEIPLOKE

O\ o eminedo petd to lo
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* To omp “for” xatavéper tig enavainyeig evog loop
UETOED TOV VINLATOV 110G ORASAS

#pragma omp parallel

#pragma omp for

for (1=0;I1<N;1++){
NEAT_STUFF(l);

* E& opiopov vrovoeitar barriersto télog tov omp for

* T vo agpaipebei to barrierypnowyonoodpe tnv
napapetpo “nowait”
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Xpnoiuyotnta Aopwyv Alauoipaong

Aopég Alapoipaong ‘Epyou

*  AxolovBuikog kddiag
for(i=0;1<N;i++) { a[i] = a[i] + b[i];}
¢ Tlapaiinio tpfipa OpenMP
#pragma omp parallel
{
intid, i, Nthrds, istart, iend;
id = omp_get_thread_num();
Nthrds = omp_get_num_threads();
istart = id * N / Nthrds;
iend = (id+1) * N/ Nthrds;
for(i=istart;1<iend;i++) { a[i] = a[i] + b[i];}
}
o Tlapaiinio tpipa OpenMPue omp foryw dwapoipacn épyov
#pragma omp parallel
#pragma omp for schedule(static)
for(i=0;1<N;i++) { a[i] = a[i] + b[i];}
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¢ H doun dwapoipaong épyov sectionsivadétet Eva dtopopetikd
Sounpévo blockog kdbe vipa
#pragma omp parallel
#pragma omp sections
{
x_calculation();
#pragma omp section
y_calculation();
#pragma omp section
z_calculation();
}
¢ EE' opiopod vrovoeitar barriersto téhog tov omp sections
¢ T va apoipedei to barrierypnoiponolovpe my TapapueTpo
“nowait”
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2uvduaouoi EvioAwv

YTToAOyIOPOG TOU TT

* Yvvdvaouog g Evtolrg parallelpe dopég dropoipaong
£pyov
#pragma omp parallel for
for (1=0;I<N;I++){
NEAT_STUFF(l);
}
* Yndpyet xou “parallel sections”
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o TIpoypappio Tov ypnoomotel aplfuntikn
OAOKAT|P®GT] Y10t TOV VTOAOYIGUO TPOGEYYIONG TOV T
* TTapaAiiniomoinon Tovg TPOypPAUIATOSG
xpnopomordviog OpenMP Y tdpyovv eVOALUKTIKEG
EMAOYEG:
— Zav npoypappo SPMD pe yprion mopdAAnAov TUAHOTOS
pnévo
— Me ypnon doung drapoipacng £pyov
* Awo@diion 6t to £va vijna dev Ba ypaoet mhve
OTIG LETOPANTEG TOL GALOL
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Mpoypaupa ™ — AkoAouBiakn ‘Ekdoon

‘Ekdoon ue MapdAAnAo TuAua (SPMD)

static long num_steps = 100000;
double step;
void main ()
{ int i; double x, pi, sum = 0.0;
step = 1.0/(double) num_steps;
for (i=1;i<= num_steps; i++){
x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

. % .
pi = step * sum;
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#include <omp.h> SPMD:Kabe vijpa
static long num_steps = 100000; double step; extelel Tov 1810

#define NUM_THREADS 2 k®ddka. To ID tov

void main () VInoTog P
XPNOOTOLEITAL Y10
int i; double x, pi, sum[NUM_THREADS]; m Blu(pOpOT[OlT](?T]
step = 1.0/(double) num_steps; NG CVUTEPLPOPAS
omp_set_num_threads(NUM_THREADS)
#pragma omp parallel
{ inti; double x; int id;
id = omp_get_thread_num();
for (i=id, sum[id]=0.0;i< num_steps; i=i+NUM_THREAD$
X = (i+0.5)*step;
sumlid] += 4.0/(1.0+x*x);
}
for(i=0, pi=0.0;i<NUM_THREADS;i++) pi += sum[i] * €p;
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‘Ekdoon pe Aopn Alapoipaong ‘Epyou

EuBéAcia Twv EvioAwv OpenMP

#include <omp.h>

static long num_steps = 100000; double step;
#define NUM_THREADS 2

void main ()

int i; double x, pi, sum[NUM_THREADS];
step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS)
#pragma omp parallel
{ inti; double x; intid;
id = omp_get_thread_num(); sum[id] = 0.0;
#pragma omp for
for (i=id, i< num_steps; i++){
X = (i+0.5)*step;
sumlid] += 4.0/(1.0+x*x);

for(i=0, pi=0.0;i<NUM_THREADS;i++) pi += sum[i] * ste;
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¢ EvtoAég OpenMPumopei va enekteivovtat o€ TOAAG apyeia.
< foo.f: Staticn lexical extentrov mapdiiniov tpipoTog
* bar.f: Dynamic extentov mapdAiniov TuNHoTOG
— TepiapPaver To static extent
« Orphan directivesppaviCovtot eKtdg TopaAANAOD TUNHATOS

foo.f bar f
C$OMP PARALLEL subroutine whoami
call whoami external omp_get_thread_num

C$OMP END PARALLEL integer iam, omp_get_thread_num
iam = omp_get_thread_num()
C$OMP CRITICAL
print*,’Hello from *, iam
C$OMP END CRITICAL
return

end
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XapoKTnpPIoTIKA ATToBrkeuong

AAN\ayr} XapakTnpioTIKwV ATToBAKeUoNG

o [IpoypoppoTioTikod LOVTEALD KOWVAG UVALNG:
— Owmepiocotepeg petafintég eivan by defaultowég
* O globalpetafintéc eivar kowég peta&d twv vpdtov
— Fortran: COMMON blocks, SAVE variables, MODULE
variables
— C: File scope variables, static

* Opwg dev etvan to. ThvTo KOWE...

— Ou stack variablese vro-rpoypapote Tov KoAovvTal ard
TopdAANAa Tt Eival 1B1mTIKEG

— Ot automatic variablegéca oe éva dopmpévo block eviordv
eivan 101LTIKEG.
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¢ O mpoypoppatiotng propel vo alhGEeL Ta YopoKTNPIoTIKG
0moONKEVONG TOV HETABANTAOV YPNCLOTOLDVTOG £VOL OO T
akorovdo
— SHARED
— PRIVATE
— FIRSTPRIVATE
— THREADPRIVATE
* H i plog otikig petafintig evidg evog napdiiniov loop
umopel vo. «uetadodei» oav kabolkn Tiur ektoc Tov loop pe :
— LASTPRIVATE
¢ H defaultovpmepipopd pmopet va petafindei pe
— DEFAULT (PRIVATE | SHARED | NONE)
¢ 'Oleg o1 evToAEg dedopévav epapudloviat o€ mapdAAnio THAOTO
Kot dopés drapoipacng épyov ektdg g “shared™ onoia
epappoletat povo og TopaAANAa TUAHOTO.
¢ Oleg o1 vTolég avThg TG dlopdvetlog £xovv 1oyd oo lexical
extentg gvtoing OpenMP.

Tyipot IThnpogopuciic
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EvTtoAn private

EvToAn firstprivate

« H private(var)dnuovpyei diwtikd aviypago g varyo kae
vipa
— H tyn dev eivar apyucomomuévn

— To Wwtwd avtiypago dev cvoyetiletat (660v apopd Tov xdpo
amobnjkevong) pe to avbeviikd
program wrong

IS=0
C$OMP PARALLEL DO PRIVATE(IS)
DO J=1,1000
IS=I1S+J
1000 CONTINUE
print *, IS

* To IS 8ev éxet apyucomombei péoa oo loop
o Tlapa mv apyomoinon, to IS €xet axaBopiot Ty petd to wéhog tov loop
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« firstprivate: 8w mepintwon tov private.
— TO WBoTiKd ovtiypapo kdbe VIIHOTOG apyLKOTOLEITAL e TV
avticToym T TOL VIALOTOS apyNYO0D.
program almost_right

IS=0
C$OMP PARALLEL DO FIRSTPRIVATE(IS)
DO J=1,1000
IS=1S+1J
1000 CONTINUE
print *, IS

* Kdabe vijpa €xet 131mtikd avtiypapo tov IS pe apywn Ty 0
e Iopd v apykonoinen, to IS éxet axabopiom Ty o€ avtd 0
onpeio

Tyfjpot IThnpogopuciic
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EvTtoAA lastprivate

MepiBaAAov Aedouévwv

o Tlepvd v Ty ™G WTIKAG peTaPfAnTg amd v
TEAEVTAO ETOVAA YN TTOV EKTEAEGTNKE GTNV KAOOAKN
petofAnt

program closer

IS=0
C$OMP PARALLEL DO FIRSTPRIVATE(IS)
C$OMP+ LASTPRIVATE(IS)

DO J=1,1000

IS=1S+]

1000 CONTINUE

print *, IS

¢ Kabe vijua £xet dimtikd avtiypapo tov IS pe apywn tyr 0
¢ To IS éyer v Ty mov gixe oty tekevtaio eravainymn (Bni. yu
J=1000)
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e Tlopaderypa pe ypnon tov PRIVATE kot FIRSTPRIVATE

intA, B, C;

A=B=C=1;

#pragma omp parallel private(B) firstprivate(C)
{

}

¢ Méoa oto mapdiinio Tufp :
— To “A” givar koo peta&d Tv ynpdtev kot ico pe 1
— Ta“B” kat “C” givan ioTkd og kGOe vipa.
* To B éyet akafopiot apykn Ty
* To Céyet apyucti Tipr 1
* Metd t0 TapdAANAO THAL

— Ottpés tov B kot C givanr akafopioteg
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EvtoAn default

EvTtoAn threadprivate

e H e opopod tyun eivar DEFAULT(SHARED) pmote av avti
eiva n embopnt cupTEPLPOPA dev YPedlETaL VO KAVOLLLE
tinote)

e T va adaEovpe TNV €€ OPIGHOL GUUTEPLPOPE:

— DEFAULT(PRIVATE)

* ka0e petaPinm oto Static extentov mapdiiniov Tpfpatog yivetat
Wty (cav va gixe kabopiotel avtd pntd pe evron private)

— DEFAULT(NONE)
o Kkopio €&’ 0plopoL GLTEPLPOPE Yio TIG peTaANTEG oTo Static extent.
Ipémet va kaBopiotel pnTa 1 copmeptpopd Yo OAeg TIg peTafAnTég
¢ Mobvo 1o Fortran APlrootnpiCer default(private)
¢ H C/C++vmootnpiler povo default(sharedy default(none)
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» Kave globaldedopéva 18uwtikd og k6Oe vijpa
— Fortran: COMMON blocks
— C: File scopexou static variables

* Awgpopetikn cupmepipopd and to PRIVATE
— Me 1o PRIVATE ot globalpetafintég anokpOimrovat.
— To THREADPRIVATE dwtnpei to global scopee ke

vipo

* O petaPintég threadprivat@umopodv va
apyconombovv ypnoiponoidvrag eviohés COPYINT
DATA
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Mapdadelyua threadprivate

EvTtoAn reduction

* OepNoTE 2 SLUPOPETIKEG GLVAPTNHGELG TOV KAAOVVTAL EVTOS TOV
810V TAPIAANAOL TUAHOTOG.

¢ E&outiag g evtong threadprivatexdde vipa mov ektedel avtég
TG sVVaPTNoELS £xet dikd Tov avtiypago Tov common block /buf/.

subroutine poo subroutine bar
parameter (N=1000) parameter (N=1000)
common/buf/A(N),B(N) common/buf/A(N),B(N)

C$OMP THREADPRIVATE(/buf/) C$OMP THREADPRIVATE(/buf/)

doi=1,N doi=1,N

B(i)= const* A(i) A(i) = sart(B(i))
end do end do
return return

end end
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* Emnpedlel 6tv ovcio Tov TpOTTO «SLo0ipaonc» TV
HeTOPANT®V:
— reduction (op : list)
* Ot petaPintég oto “list” npénet va givon sharedsto
TOPAAANAO TUNILO GTOL OTO10L TO SCOPERPICKOUOOTE.
* Evtoc wa dopng parallelq diopoipaong epyaciog:
— Anpovpyeitat Tomkd avtiypopo Kae petafAnTig g AMotog
Ko apycomoteiton (avadoya pe T mpaén “op” m.y. 0y “+”
— To tomkd avtiypapo cuvoLAlovial MOTE VO EKPUAGTODV GE
éva povadiko globalavtiypago oto téhog g dopng
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Mapdderypa reduction

Mapdderypa reduction

#include <omp.h>
#define NUM_THREADS 2

double func(int i);

void main ()
{
inti;
double ZZ, res=0.0;
omp_set_num_threads(NUM_THREADS);
#pragma omp parallel for reduction(+:res) private(ZZ)
for (i=0; i< 1000; i++){
ZZ7 = func(i);
res =res + ZZ;
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TOL T KO OVTH TN POpa, ypnotponomote private,

reductionkot pa dopn drapoipacng Epyov ya TV

TOPAAANAOTOINGT TOL.

* [I6co powdlet oto apykod, axorovdakd mpodypopLua,
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* Emotpéyte 610 mPOYPOLLLLO DTOAOYIGHOD TPOGEYYIONG

Mapdderypa reduction

#include <omp.h>

static long num_steps = 100000; double step;
#define NUM_THREADS 2

void main ()

int i; double x, pi, sum = 0.0;
step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS)
#pragma omp parallel for reduction(+:sum) private(x)
for (i=1;i<= num_steps; i++){
x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);
}
pi = step * sum;
}
*  To OpenMP mpocbiéte 2 - 4 ypopuéc kddiko.
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