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OpenMP: Yto 310?

e CtaHpapT, NO3BONAKOLMIA pacnapannenuBaTtb
BbIYUCIIEHUA HA cUCTeMax C ooLen NaMATbIO.

* [MpenmyLiecTBa:
e [IpocTOoTa UCNONIL30BaHUS.
* [lepeHOCUMOCTbD.
* Hu3kmne HaknagHble pacxoabl.
e [logoepxkKa napannenn3ama rno AaHHbIM.
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CuMHTaKkcuc

Compiler directives:
C/C++
#pragma omp directive [clause, ...]

Fortran
ISOMP directive [clause, ...]
C$OMP directive [clause, ...]
*$SOMP directive [clause, ...]
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[TapannensHoe ncnonHeHue

Parallel Regions
OcHoBHasi KoHcTpyKkumss OpenMP
#pragma omp parallel

#pragma omp parallel
{
printf( “hello world from thread %d of %d\n”,
omp_get_thread_num(),
omp_get_num_threads() );




[lapannensHoe UcnornHeHue

* WTtak, 6onbWwMHCTBO KOHCTPYKUMn OpenMP — 310 aepekTumBel
KoMnunaTopa

* OcHoBHaga koHcTpyKumns OpenMP ato omp parallel [something]

Serial Program: Parallel Program:

void main() void main()

{ {
double Res[1000]; double Res[1000];

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

} }

} }
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OpenMP nogxopg k napannennamy

 OpenMP ocHoBaHO Ha Mmogenu pasgenseMon NnamaTu.

« BblyncnutenbHas 3agadya pacnpenensercs Ha MOTOKM.
— [MepemeHHble MOryT ObIThb
e OOLKMMM OANA BCEX NOTOKOB;

* UNIN KaXAbIN NOTOK paboTaeT Co cBOEeMn
He3aBMCUMOM KOMNUeu.

* HeocTopoXXHOEe Unn HenpaBuUbHOE UCMOSIb30BaHUE
NnepeMeHHbIX MOXET NPUBECTU K HEBEPHOWN paboTe
pacnapanneneHHon nporpaMmmel.
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OpenMP nogxopn kK napannenuamy

Mogenb fork-join
* lAcnonHeHne nporpaMmmel Ha4MHaETCs B 0AHOM NoToke (master thread).
» [anee cneayet KoHCTpyKuuns OpenMP
OCHOBHOW MOTOK co3aaeT napannesibHble MOTOKM.
* [locne 3aBepLueHUs napannesibHOMN CeKkunm
Oxngaetcs 3aBeplLUEHNE BCeX NapaniesibHbIX NMOTOKOB.
* OCHOBHOM NOTOK NPOAOSTKAET UCMNOSTHEHNE.

Sequential Part

Parallel Region Team of Threads

Sequential Part Master Thread

Parallel Region Team of Threads
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OcHoBHble KOHCTpYKUumMn OpenMP

#pragma omp for

Ka)kabl NOTOK Nony4aeT CBOK nopumnto pabotel — data
parallelism.

#pragma omp section

Kakpas tTakas cekuma dyaet UCnonHATLCS B
oTaenbHOM notoke — functional parallelism.

#pragma omp single
[TocnenoBartenbHoe (He naparnsesibHoe) UCMOoSIHEHUE

y4yacTka nporpamMmmbl. TONbKO OAWH MOTOK UCMOSTHUT
9TOT Kof.
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OpenMP sections

#pragma omp sections [ clause [clause]... ] new-line

{

[#pragma omp section new-line ]
structured-block1

[#pragma omp section new-line
structured-block?2 ]
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OpenMP sections

Functional Parallelism

#pragma omp parallel
#pragma omp sections nowait
{
thread1_work();
#pragma omp section
thread2_work();

#pragma omp section
thread3_work();

#pragma omp section
thread4_work();

}
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OpenMP for directive

#pragma omp for [clause [ clause]...

HenocpeacTtseHHO crieaylowmnn 3a QUPEKTUBOU LK
BbyaeT ncnonHeH napannensHo (0yaeT pasgeneH rno
OAaHHbIM MeXAY UCMONMHUTENAMMN).
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OpenMP for directive

#pragma omp parallel private(f)
{
f=7;
#pragma omp for
for (i=0; i<20; i++)
afi] = b[i] + f * (i+1);
} ¥ omp end parallel */

o
=+ |=1(
NatODITOPDHA HIY -Hwren

=7 f=7 =7 =7
i= i= = =
04 39 10,14 15.19
ali= aliF ali)= aliFE
b(i)+..| plij+.| PpliF.] bl




OpenMP for directive

Bo3mMoXHbI cnegytolme MoandukaTops:
e private( list) ;

e reduction( operator: list) ;

* gschedule( type[, chunk]) ;

* nowait (ONA #pragma omp for).

B KoHUEe uukna for npoucxoamT CUHXPOHU3ALMS, eCrnn HE
yKasaHa gupektmea nowait.

schedule ykasblBaeT, Kak uTepauumm pacnpenensaTcs cpeau
NOTOKOB (NOBEAEHWE MO YMOMYaHMIO 3aBUCUT OT peanuaauun).

ffi%i-lctb



[lepemeHHbIe B OpenMP

private ( list)

Eyﬂ,yT CO34aHbl YHUKaAl1bHbI€ J1OKaJlbHbIE KOIMUUN NepeyvYncrieHHbIX

NepemMeHHbIX.
shared ( list)
[oToKM pa3aenstoT ogHY NepeMeHHYIO.

firstprivate ( list)

F=1

|—I—I

F=0

F=1

F=2

|

F=1

Co3spnatoTca nokanbHble nepemMeHHble, HNLUNAaJIM3NpPOBaAHHbIE

3Ha4vYeHnemMm N3 OCHOBHOIO NMOTOKaA.
lastprivate ( list)

[locne 3aBepLlieHUa nocnegHen ntepauum aHa4yeHne nepemMeHHoOu

KOrnumpyetc4d B nepemMeHHyro OCHOBHOIO MNMOTOKa.

[lo YMOJT4YaHUIO BCE NepeMEHHbIE shared, KPOME JTOKalbHbIX

NnepemMeHHbIX B Bbl3biIBA€MbIX C*)yHKLI,I/IFIX N CHETYMKOB LIMKNA.
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[Tpumep

int x;
x =0; Il Initialize x to zero

#pragma omp parallel for firstprivate(x) // Copy value
Il of x
Il from master
for (i=0; i <10000; i++) {
X=X+1;
}

printf( “x is %d\n”, x ); // Print out value of x

[* Actually needs lastprivate(x) to copy value back out to master */
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OpenMP schedule clause

PasbueHre uTepalumum LMKJIA 10 IIOTOKaAM WMJIN
«OVCIIETUEPM3ALIMI»

schedule( type [ , chunk ] )
type MOXET NPMHMMATL cregyoume 3Ha4YeHUs:
static: CTtaTtnyeckasa gucneryepusauus.
Kaxabin NOTOK nosiydaeT oUKCUpoBaHHOE

KONM4eCcTBO Utepauumu.
dynami c:[lnHamn4yeckas gucneryepusauus.

guided: dakTHMUeCcKkM, II0CTEMNEeHHO
yMeHbLUawLleecs KONM4eCcTBO Utepauuu.

runtime: Twn gucneryepmsauuu
onpenenseTcs B MOMEHT UCMNOSHEHMWS, B
3aBNCUMOCTM OT 3HA4YeHNA NepeMEHHbIX
OKPYXXEHMUSL.
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Loop scheduling

(nnaHMpoBaHWe BbIMONTHEHUS UTepaLniA LMKa)

static dynamic(3) quided(1)
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OcHoBHbIe oyHKUMKM OpenMP

int omp get num threads(void) ;

int omp get thread num(void) ;
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CuHxpoHunsauunsa B OpenMP

HesBHasi CMHXPOHU3aLKUS NPONCXOOANT B Ha4are U KoHue
NOOON KOHCTPYKUNN parallel

(no Tex nop, Noka He yKa3aHa AUpeKTMBa nowait).
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CuHxpoHunsauunsa B OpenMP

crifical — KpuTn4deckas cekunsa. He MoXeT UCMONHATLCS
OAHOBPEMEHHO HECKOSIbKMMWN NOTOKaMMW.

atomic — cneunanbHasa Bepcua KpUTUYECKOU cekuun angd
aTOMapHbIX onepaunn (Taknx, Kak 3anmcb NepemMeHHon).

barrier — To4Ka CUHXPOHU3aLMN BCEX NOTOKOB.
ordered — nocnegoBaTtenbHOE UCMNONHEHME.

master — TofibkO OCHOBHOM MOTOK UCMOJTHAET CneayoLmn
KoQ.
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OpenMP critical

for (i=0; i<20; i++) {
if (b[i] == 0) {

#pragma omp critical
cnt ++;
} IF endif */
a[i] = b[i] + f * (i+1);
} /* end for */
} *omp end parallel */
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[TlonHaga nHgpopmauunga

OpenMP Homepage:

Introduction to OpenMP - tutorial from WOMPEI 2000
Writing and Tuning OpenMP Programs on Distributed Shared Memory Machines

R.Chandra, L. Dagum, D. Kohr, D. Maydan, J. McDonald, R. Menon:
Parallel programming in OpenMP.
Academic Press, San Diego, USA, 2000, ISBN 1-55860-671-8

R. Eigenmann, Michael J. Voss (Eds):
OpenMP Shared Memory Parallel Programming.
Springer LNCS 2104, Berlin, 2001, ISBN 3-540-42346-X
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Cnacunbo 3a BHuMaHue!

i-lab

Naboparopun HIY-Huren




