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#include <stdio.h>
int main(){
#ifdef OPENMP
printf ("OpenMP is supported!\n"):;
#endif

}

NMpumep} OpenMP 3.0 onpepnenser _OPENMP kak 200805



B OpenMP npegnonaraetca SPMD-mogens (Single Program
Multiple Data) napannenbHoro nporpammMmpoBaHuns, B paMKax
KOTOPOW ANs BCeX napansiefibHbIX HUTEN UCMNONb3yeTca O4NH U

TOT Xe KoA

A Nested
Master — Parallel
Thread region

in red

Sequential Parts



dopmaT anpekTuBbl Ha Cn/Cu++:

#pragma omp directive-name [onuyus[[,] onuus]...]

[lnpekTnBa OenCcTByeT Ha onepamop Unu
accouyuupoeaHHbIU 610K

UToObl 3agencTeoBatb pyHKUMM dnbnunotekn OpenMP
nepunoaa BbINOMHEHUS, B NPOrpaMmmMy HY>XHO BKITHOUUTb
3aronoBoYHbLIV pann omp.h



#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl([])
{
double start time, end time, tick;
start time = omp get wtime();
end time = omp get wtime() ;
tick = omp get wtick();
printf ("BpeMsa Ha Bamep BpeMeHM %1f\n", end time-start time);
printf ("TounocTh TamMmepa %1lf\n", tick);



[TapannenbHble 1 NocriegoBaTenbHbIE 0ONacTn
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#include <stdio.h>

int main(int argc, char *argvl([])

{
printf ("llocnemgoraTensHas obmacTe 1\n");
#pragma omp parallel

{
}

printf ("llocnegoeaTensHas obmacTe 2\n");

printf ("lapannensHas obmacTe\n") ;
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#include <stdio.h>
int main(int argc, char *argvl([])

{

int count = 0;
#pragma omp parallel reduction (+: count)

{

count++;

printf ("Texyumee BHaueHmMe count: %d\n", count);

}

printf ("Umcimo HmMTem: %d\n", count);
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#include <stdio.h>
#include <omp.h>

int main(int argc, char *argvl[])

{

omp set num threads(2);
#pragma omp parallel num threads(3)

{
}
#pragma omp parallel

{
}

printf ("apannensHas obmacTte 1\n") ;

printf ("MapannensHas obinacTte 2\n") ;
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#include <stdio.h>
#include <omp.h>

int main(int argc, char *argv([])

{

printf ("Bnauenme OMP DYNAMIC: %d\n", omp get dynamic());
omp set dynamic(1l);

printf ("Bnauenune OMP DYNAMIC: %d\n", omp get dynamic());
#pragma omp parallel num threads(128)

{

#pragma omp master

printf ("lapannensHas obnacTek, %d HMTem\n",
omp get num threads());
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#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])
{
int n;
omp set nested(l);
#pragma omp parallel private(n)

{
n=omp get thread num() ;
#pragma omp parallel

{

printf ("dacre 1, HMTBE %d - %d\n",
omp get thread num());

1,

15



omp set nested(0);
#pragma omp parallel private(n)

{

n=omp get thread num() ;
#pragma omp parallel

{

printf ("dacre 2, HMTB %d - %d\n", n,
omp get thread num());
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#include <stdio.h>

#include <omp.h>
void mode (void) {
if (omp in parallel()) printf ("llapannenpHas o6xacTe\n") ;

else printf ("llocnegoBaTenbHass obiracTe\n") ;

}

int main(int argc, char *argv|[])

{
mode () ;
#pragma omp parallel

{
#pragma omp master

{
}

} 17

mode () ;



#include <stdio.h>

int main(int argc, char *argvl[])

{

#pragma omp parallel

{
printf ("Coobwenne 1\n");
#pragma omp single nowait

{
}

printf ("CooBuwenne 2\n") ;

printf ("OgHa HMTH\N") ;



#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])

{
int n;
#pragma omp parallel private(n)

{

n=omp get thread num() ;
printf ("BHauenme n (Hauano): %d\n", n);
#pragma omp single copyprivate(n)

{
}

printf ("3HaueHme n (koHerl) : %d\n", n);

n=100;



#include <stdio.h>
int main(int argc, char *argvl[])

{

int n;
#pragma omp parallel private(n)

{

n=1;
#pragma omp master

{
}

n=2;

printf ("llepBoe BHaueHue n: %d\n",

#pragma omp barrier
#pragma omp master

{
}

printf ("Bropoe sHaueHuMe n: %d\n",

n=3;

n) ;

n);
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Moaenb OaHHbIX
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#include <stdio.h>
#include <omp.h>

int main(int argc, char *argvl[])

{

int n=1;

printf ("n B nocnmemoBaTenbHoOM obnacTm (Hauano): %d\n", n);
#pragma omp parallel private(n)

printf ("BHauenmMe n Ha HuMTM (Ha BXoge): %d\n", n);
/* [IpUCBOMM IepeMeHHOM N HOMep TeKyller HUTHu */
n=omp get thread num();

printf ("BHauenme n Ha HuMTM (Ha BmXome): %d\n", n);

}

printf ("n B nocmemoBaTenbHoOM obmacTM (koHer) : %d\n", n);
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#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])
{
int i, m[10];
printf ("Maccue m B Hauamne:\n");
/* BanoyJHMM MacCMB In HYJISIMM M HalneuaTaeMm ero */
for (i=0; i<10; i++4){
m[i] =0;
printf ("%d\n", m[i]);
}
#pragma omp parallel shared(m)
{
/* IlpycBoMM 1 BJIeMeHTY MacCHMBa I, HOMEep KOTOpOoIo
coBrnajaeT C HOMEPOM TeKyWMi HUTHU */
m[omp get thread num()]=1;
}
/* Emé pas HaneuaTaeMmM Maccup */
printf ("MaccuB m B koHIe:\n") ;
for (i=0; 1i<10; i++) printf("%d\n", m[i]);
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#include <stdio.h>
#include <omp.h>

int main(int argc, char *argvlI])

{

int n=1;
printf ("3HaueEme n B Hauane: %d\n", n);
#pragma omp parallel firstprivate(n)

printf ("3HaueHMe n Ha HuTM (Ha BXxogme): %d\n",

/* [IpUCBOMM IepeMeHHOM N HOMEp TeKyllerM HUTH */
n=omp get thread num() ;

printf ("8HauenMe n Ha HMTM (Ha BHXOZe): %d\n",

n);

n);

}

printf ("8HaueHue n B koHuUe: %d\n", n);
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#include <stdio.h>

#include <omp.h>
int n;
#ipragma omp threadprivate (n)
int main(int argc, char *argvl[])
{
int num;
n=1;
#pragma omp parallel private (num)
{
num=omp get thread num() ;
printf ("BHauenme n Ha HMTM %d (Ha BxOogme): %d\n", num, n);
/* I[lpucBOMM [epeMeHHOM N HOMep TeKylen HuTHu */
n=omp dget thread num() ;
printf ("3nauenme n Ha HMTHM %d (Ha BHXxOJZe): %d\n", num, n);
¥
printf ("BHauenme n (cepeamnua): %d\n", n);
#ipragma omp parallel private (num)
{
num=omp get thread num() ;

printf ("BHauenmMe n Ha HMTM %d (ewé pas): %d\n", num, n); s
¥



#include <stdio.h>

int n;
#pragma omp threadprivate(n)
int main(int argc, char *argvl])

{
1‘1=1;
#pragma omp parallel copyin(n)

{
}

printf ("BHauenme n: %d\n", n);
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PacnpepneneHune paboThl

27



#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])

{
int count, num;
#pragma omp parallel

{

count=omp get num threads();
num=omp get thread num() ;

if (num == 0) printf ("Bcero HuTem: %d\n", count);
else printf ("HuTe HOMep %d\n", num);
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#include <stdio.h>

#include <omp.h>
int main(int argc, char *argv|[])

{
int A[10], B[10], C[10], i, n;
/* BanoJHUMM MCXOOHBE MaCCHUBH */
for (i=0; i<10; i++){ A[i]l=i; BI[i]l=2*i; cC[il=0; }
fipragma omp parallel shared(A, B, C) private(i, n)
{
/* IlonyuMM HOMEep TeKyumen HuUTU */
n=omp get thread num() ;
#pragma omp for
for (i=0; 1i<10; i++)
{
Cl[i]l=A[i]l+BI[i];
printf ("Hure %d cnoxmina siIeMeHTH Cc HoMepoM %d\n",
n, i);

} 29



#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])

{
int i;
#pragma omp parallel private(i)
{
#pragma omp for schedule (static, 6)
//#pragma omp for schedule (dynamic, 6)
//#pragma omp for schedule (guided, 6)
for (i=0; 1i<200; i++)
{
printf ("HuTe %d BHIOOIHMIA HTepaumio %d\n",
omp get thread num(), 1i);
sleep(1l);
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#include <stdio.h>

#include <omp.h>

int main(int argc,

{

int n;
#pragma omp parallel private(n)

{

char *argv[])

n=omp get thread num() ;

#pragma
{
#pragma

#pragma

#pragma

}

omp

omp

{
}

omp

{
}
omp

{
}

sections
section
printf ("IIepBas
section
printf ("Bropas
section

printf ("TpeTes

printf ("llapanaensHas

cekumsi, npounecc %d\n", n)

L1

cekumsi, nporecc %d\n", n)

L1

cekumsi, nporecc %d\n", n)

1]

oBnacTe, npouecc %d\n", n); 34



int n=0;

#pragma

#pragma
{
#pragma

#pragma

#pragma

}

printf ("BHauenmMe n Ha HuTM %d: %d\n",

omp
omp

omp

{
}

omp

{
}
omp

{
}

parallel

sections lastprivate(n)
section

n=1;

section

n=2;

section

n=3;

omp get thread num(), n);
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int fib (intn)
{

int x,y;

if (n<2)return n;
#pragma omp task shared (x)
x = fib(n-1);

#pragma omp task shared(y)
y = fib(n-2);

#pragma omp taskwait

return x+y;

}

List ml; //my_list
Element *e;
#pragma omp parallel
#pragma omp single
{
for(e=ml->first;e;e=e->next)
#pragma omp task firstprivate(e)
process(e);

}
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CuHXpOHN3aums
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#include <stdio.h>

#include <omp.h>
int main(int argc, char

{

#pragma omp parallel

{

printf ("CoobmeHne
printf ("CoobmeHne
#pragma omp barrier
printf ("CoobmeHue
}

*argv([])

1\n") ;
2\n") ;

3\n") ;
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#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])

{
int i, n;
#pragma omp parallel private (i, n)

n=omp get thread num() ;
#pragma omp for ordered
for (i=0; i<5; i++)

{
printf ("Hure %d, wurepaumusa %$d\n", n, 1i);
#pragma omp ordered

{
}

printf ("ordered: Hure %d, urepaumus %d\n", n, 1i);
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#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])

{
int n;
#pragma omp parallel

{

#pragma omp critical

{

n=omp get thread num() ;
printf ("Hure %d\n", n);



#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])

{
int count = 0;
#pragma omp parallel

{

#pragma omp atomic
count++;

printf ("Umcno HmMTem: %d\n", count);
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#include <stdio.h>

#include <omp.h>
omp lock t lock;
int main(int argc, char *argvlI[])

{
int n;
omp init lock(&lock) ;
#pragma omp parallel private (n)
{
n=omp get thread num() ;
omp set lock(&lock) ;
printf ("Hauano BakpeToM cekumm, HUTB %d\n", n);
sleep(5);
printf ("KoHel BakpeTOoM ceKumm, HMTE %d\n", n);
omp unset lock(&lock) ;

}

omp destroy lock(&lock) ;

} 42



#include <stdio.h>

#include <omp.h>
int main(int argc, char *argvl[])
{
omp lock t lock;
int n;
omp init lock(&lock) ;
#pragma omp parallel private (n)
{
n=omp get thread num() ;
while (!omp test lock (&lock))
{
printf ("Cekxumsa sakpeTa, HUTE %d\n", n);
sleep(2);
}
printf ("Havano SBakpeToM cekKuum, HMUTH %d\n", n);
sleep(5);
printf ("KoHel, BakKpHTOM cekuumM, HMUTHL %d\n", n);
omp unset lock(&lock);

}

omp destroy lock(&lock) ; 43



#pragma omp parallel sections

{

#pragma omp section
{

fill_rand(N, A);

#pragma omp flush

flag = 1;

#pragma omp flush (flag)
}

#pragma omp section

{
#pragma omp flush (flag)
while (flag == 0){
#pragma omp flush (flag)
}
#pragma omp flush
sum = Sum_array(N, A);
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3akrtodyeHume
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#include <stdio.h>

double f(double y) {return(4.0/(1.0+y*y));:}

int main ()
{
double w, x, sum, pi;
int 1i;
int n = 1000000;
w = 1.0/n;
sum = 0.0;
#pragma omp parallel for private (x)
reduction (+:sum)
for(i=0; i < n; i++)
{
X = W*(i—U.S)F
sum = sum + f(x);
}
pi = w¥*sum;
printf("pi = %£f\n", pi):;

shared (w) \
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#include <stdio.h>

#include <omp.h>

#define N 4096

double a[N] [N], bIN] [N], cIIN] [N];
int main ()

{

int i, Jj., k:
double tl, t2;
// MHMIIMaIMB3AaumMsi MaTpPMIL
for (i=0; i<N; 4i++)
for (j=0; Jj<N; Jj++)
alil [§j1=b[i]l [jJ]1=i*7:
tl=omp get wtime () ;
// OCHOBHOM BBUMCIIMTEIJIBLHBINM OJIOK
#pragma omp parallel for shared(a, b, c¢) private(i, j, k)
for(i=0; i<N; i++){
for(j=0; Jj<N; Jj++){
cl[i]l [j] = 0.0;
for (k=0; k<N; k++) c[i] [j]l+=ali] [k]l*b[k] []j]:
¥
¥
t2=omp get wtime () ;
printf ("Time=%1£f\n", t2-tl);



[lepeHOCUMbIN MHOMONOTOYHbIN KO

[1lpocTOoTa B ncnonb3oBaHun nNo cpasHeHuto ¢ MPI

PacnpegeneHne gaHHbIX 1 AEKOMNO3ULUUA 3adatoTCcsl aBTOMaTUYECKN
OVpEeKTUBaMU

MacwTtabupyemoctb cpaBHuMa ¢ MPI Ha cuctemax ¢ obLen namaTsro
NHKpeMeHTHOEe pacnapannenmeaHue nytem gobaBrneHnsa ANPEKTUB B
NCXOOHbIN rnocrneaoBaTefibHbIV KO

OanHakoBbIW Ko4 A4 rnocriegoBaTefibHOro 1 napansesibHOro
NPUNOXEHNS

cxogHbi nocriegoBaTenNbHbIN KOO HE MEHSIETCA MPU
pacnapannenuBaHnun, 3TO CHUXaeT BEPOSATHOCTb OLLMBOOK

[onyckaeT MenkorpaHynapHbIM napannenmam Hapsay C
KPYNHOrpaHysspHbIM

MoxxeT ucnosnb3oBaTtbCcd ¢ yckoputenamu, Hanpumep ¢ GPGPU un
BEKTOPHbIMM onepauusamMmu
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Puck npnBHECEHUS CNOXHO BbIABMAEMbIX OLLUMOOK CUHXPOHN3ALUUN U
FOHOK

B HacTosLlee BpeMs a(pdekTUBEH TOSMbKO Ha KOMMbIOTEpPAX C
pasgenseMon NamMaTbio (XOTS eCTb U pacrnpenenéHHble peanusaumm
Cluster OpenMP)

TpebyeT noggepXkm KoMmnunaTopa

MacwTtabupyeTca Ha HEKOTOPbIX apXUTEKTypax NamsTu

HeT nopgaepxku npumutnea compare-and-swap

OTCcyTCTBYET HAEXHbIN MeXaHM3M 00paboTkM ownMbOoK
OTCyTCTBYET MEXaHM3M TOHKOro KOHTPONA pacnpenesieHnsa noToKoB
Mo npoeccopam

Puck HanncaHua koga ¢ adppeKTomM NOXXHOro pasaeneHms
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