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OpenMP
OpenMP - Open Multi-Processing

TexHonornsa napannesbHOro NporpaMMmMpoBaHunS
NNsg cuctem ¢ obwenm NnamMaTbio

OTnunynTenbHas ocobeHHOCTb — aBTOMAaTMU3aL NS
pacnapasnnienmBaHuns

OCHOBHblI€ KOMMOHEHTHI:
 [UpeKTuBbl KOMNUAATOPA
« QYHKUMU
 [lepeMeHHble OKpPYXeHUS
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ABTOMaTn3auua pacnapannenmBaHus

Pa3zpabaTtbiBaTb NapansienbHbie NporpaMmMbl COXKHO

ABTOMaTU4ecKoe pacnapannenmBaHue:
« BO3MOXHO TOMIbKO A4 MPOCTbIX C/yvYaes
« KoMNunaTop He Bcerga MOXeT HalTU y4acTKU KoAaa
KOTOpble MOXHO pacrnapanfiennTb
« He Bceraa nosy4yaeTcsd aBTOMaTUYECKN onpenenunTb,
6e3onacHO N pacnapannenueaTb Koa

[ToaCKa3Kn KOMMNUNIATOPY::
« [porpaMMmnCT yKasbiBaeT KOMNUAATOPY C NMOMOLLbIO
AVWPEKTMB, KaKOW KOJ HYXHO pacrnapannenutb
« Komnunatop pacnapannenmBaeT aBTOMaTUUYECKU TO,
YTO eMy NoKa3aau
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OcHOBHblIe KOMNOHeHTbI OpenMP

OnpeKkTnBbl KOMNUAATOpPA
OyHKUUU

[lepeMeHHble OKPYXEeHUS
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Hello, world!

int main(){

#pragma omp parallel

{
int nthread = omp_get _num_threads();
int thread_id = omp_get thread num();
std: :cout << "Hello, world from thread "
<< thread id << " of "
<< nthread << std::endl;
}
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Mopenb Fork-Join

e— e—
master
thread
{ parallel region } { parallel region }

http://www.techdarting.com/2013/07/openmp-getting-started.html
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Kak komnunupoBaTb

GCC:
e g++ -fopenmp

Intel:
* iCpC -openmp

LLVM:
« clang++ -fopenmp

MS Visual Studio:
 Project — Properties — Configuration Properties —
C/C++ — Language — OpenMP Support —
Generate Parallel Code
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be3 knroya OpenMP

[lpepgynpexaeHue:
reduction.cpp:26:0: warning: ignoring #pragma omp
parallel [-Wunknown-pragmas ]
#pragma omp parallel for shared(a) reduction(+:sum)

[MporpamMMa 6yaeT BbIMOJIHATL NMOC/eA0BaTEeNIbHO

[TapannenbHasa OpenMP nporpamMMma — 3TO TaKXe

KOppPEeKTHa nocnenoBaTtesibHas NporpamMmma
 Ecnu He ncnonb3sytoTtca pyHkumn OpenMP
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CKONbKO NOTOKOB 3anycTUTCA?

[NMo-ymon4yaHunto OpenMP BbibpaeT aBToOMaTUYECKHU
« Konn4yecTteo BUpPTYaNibHbIX npoueccopos B OC

[TlepeMeHHaqa okpyxeHnsa OMP_NUM_THREADS
* export OMP_NUM_THREADS=N

OyHkuna OpenMP

« omp_set num_threads(N);

Onuna aupeKkTmnebl KoMnunaaTopa num_threads
 #pragma omp parallel num_threads(N)
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CKONbKO NOTOKOB 3anyCTUTLCA?

#pragma omp parallel num_threads(4)
{
int nthread = omp_get num_threads();
int thread_id = omp_get_thread num();
std::cout << "Hello, world from thread " << thread id
<< " of " << nthread << std::endl;
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CKONbKO NOTOKOB 3anycTUTCA?

omp_set_num_threads(4);
#pragma omp parallel
{
int nthread = omp_get _num_threads();
int thread_id = omp_get thread num();
std::cout << "Hello, world from thread " << thread id
<< " of " << nthread << std::endl;
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PekomeHaauuu

He 3anaBanTe KOIMYECTBO NOTOKOB B MPOrpamMMe B

NpoAYKTUBHOM Koae!
« [lpn nepeHoce Ha 60nee MOLWHbIKN KOMMbIOTEP HE
HY>XXHO 6yaeT MeHATb NporpamMmy

Ecnn HeobxoamMMo 3anyCTUTb Ha pa3HOM KOJIMYECTBE
NOTOKOB, UCMNOJIb3YNTE NEPEMEHHYIO OKPYXEHUS
OMP_NUM_THREADS
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PacnpeneneHue Harpysku mexay notokamu

#pragma omp parallel
{
#pragma omp for
for (int 1 = 0; i < N; ++1i) {
a[i] = b[1] + c[1];
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PacnpeneneHue Harpysku mexay notokamu

#pragma omp parallel
{

for (int 1 = 0; 1 < N; ++1) {
ali] = b[i] + c[1i];
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PacnpeneneHue Harpysku mexay notokamu

#pragma omp parallel
{

for (int 1 = 0; 1 < N; ++1) {
ali] = b[i] + c[1i];

Ka)K,EI,bIVI MOTOK BbIMNONHUT BCe UTEpaLnUn LI,MKJ'Ia!
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CokpalleHHas 3anucb

#pragma omp parallel for

for (int 1 = 0; i < N; ++i) {
a[i] = b[i] + c[i];
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PacnpeneneHue Harpysku mexay notokamu

Kak ntepaumu unkna pacnpenensarTca Mmexay
noToKamMu?
#pragma omp parallel for
for (int 1 = 0; 1 < N; ++1i) {
a[i] = b[i] + c[i];
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Schedule

#pragma omp parallel for schedule(type, chunk_size)

schedule(static, chunk size)
« CTaTnyeckoe pacnpeaesneHue nopunn umkna

schedule(dynamic, chunk size)
« [unHaMmnyeckoe pacnpegeneHne nopunm unkna

schedule(guided, chunk size)

- [IMHaMunyeckoe pacnpeaeneHune nopumn umkna,
pa3Mep MopLmm NOCTOSAHHO YMEHbLUAETCH

schedule(runtime)

* Wcnonb3yeTcs 3HavyeHne n3 nepeMeHHou
okpyxeHna OMP_SCHEDULE
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Schedule

Kakoe pacnpeaeneHue nydywe ncnonb3oBaTtb?

21
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Schedule

Kakoe pacnpeaeneHue nydywe ncnonb3oBaTtb?

[lpoTecTupoBaTb pa3Hblie BapMaHTbl U BblbpaTb Ny4LlInm!
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3aBUCUMMOCTMU

KoMnnnaTtop He npoBepsieT 3aBUCUMOCTU NpU
pacnapannenmBaHnm

« 3a 6e30nacHOCTb pacnapannenmBaHus oTeevaeT
nporpamMmMmuct!

[locTpoMM rucTorpamMmy BO3pacTtoB nobegutenen
ONUMMUNCKUX TP

for (int i = @; i < N; i++)
hist age[age[i]]++;
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Tunbl 3aBUCUMOCTEN

Read-after-write
- flow dependency
e for (j=1; F<MAX; j++)
A[J]=A[J-1]+1;
Write-after-read
« anti-dependency
for (J=1; J<MAX; J++)
A[J-1]=A[]]+1;
Write-after-write

« output dependency
» for( i=0; i<N; i++)

a[i%2] = b[i] + c[i];
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Peaykuus

Kakoe pacnapannenmtb TaKon UnKn?
double sum = 0;
for (int 1 = 0; i < N; ++1i) {

sum += a[i] * b[i];
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Peaykuus

double sum = 0;

#pragma omp parallel for reduction(+:sum)
for (int 1 = 0; i < N; ++1) {

sum += a[i] * b[i];
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[JonycTumbie onepaTtopbl B peayKuum

Operator Initialization value

+ 0

* |

- 0
& ~0

| 0

a 0

&& 1

I 0
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Onuuu AnAa nepeMeHHbIX

shared(list)
« 3a4aeT CNUCOK obwmnx onga BCcex NOoTOKOB

nepeMeHHbIX

private(list)
« 3aj4aeT CMUCOK YacCTHbIX A1 NOTOKA nepeMeHHbIX

firstprivate(list)
« 3a4aeT CMUCOK YaCTHbIX A/151 NOTOKAa NMepeMeHHbIX,
KOTOpbl€ UHNULMANN3UPYIOTCA 3HAYEHUSIMU U3
OAHOMOTOYHOWM YacTu

lastprivate(list)
« 3aj4aeT CMMUCOK YacCTHbIX A9 NOTOKA NepeMeHHbIX,
KOTOpbl€ COXPAaHSAT 3HaUYEeHMe nocsie 3aBeplueHmns

napanjiesicHou cekummn
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Onuuu AnAa nepeMeHHbIX

[To yMONn4YaHUIo BCe nepemMeHHble obume (shared)
 BO3MOXHbI YCNOBUS TOHOK

CyeTymKk umnKna B OANPEKTUBE for aBToMaTmnyecku
CTaHOBUTCA YaCTHbIM

[lepeMeHHble, 06bABIeHHble B napasisieSibHON CeKUnu,
ABNAKTCH YaCTHbIMMU
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YcnoBusa roHoK

int nthread, thread id;
#pragma omp parallel
{
nthread = omp_get num_threads();
thread_id = omp_get thread _num();
std::cout << "Hello, world from thread "
<< thread id << " of " << nthread << std::endl;
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[NepemeHHbIe private

int nthread, thread id;
#pragma omp parallel private(nthread, thread_id)
{
nthread = omp_get num_threads();
thread_id = omp_get thread _num();
std::cout << "Hello, world from thread "
<< thread id << " of " << nthread << std::endl;

31



Ypanbckui

(hefepasibHbINA OpenMP CosblkuH A.B.

YHUBEpPCUTET

I'IepemeHHble BHYTPU CEKLUUU

#pragma omp parallel
{
int nthread = omp_get _num_threads();
int thread_id = omp_get_thread num();
std::cout << "Hello, world from thread "
<< thread id << " of " << nthread << std

::endl;
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OueHka BpeéMeHU BbINOJIIHEHUA

OyHKUMA omp_get_wtime();
 Bpemsa B cekyHAaax

[TpMep ncnonb3oBaHUA:
double start = omp_get wtime();

double stop = omp _get wtime();
std::cout << stop - start << " seconds."”;

HeobxoanmMo NoAKUYNTL 3aro/IoBOYHbIN Danl:
#include<omp.h>
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Opyrne aAnpeKTuBbI

#pragma
#pragma
#pragma

#pragma

omp single
omp master
omp critical

omp atomic
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Bepcuun OpenMP

Fortran

pages

e

Loop Parallelization

100
pages

1999 | 2000 | 2001

Unified C/C++ and
Fortran: Bigger than
both individual
specifications
combined. The first
International Workshop
on OpenMP is held. It
becomes a major forum
for users to interact
with vendors.

2004 | 2005

Supports min./max.
reductions in C/C++

3.0

Incorporates
task parallelism—a hard
problem as OpenMP
struggles to maintain
its thread-based nature,
while accommodating
the dynamic nature
of tasking.

2008 | 2009 | 2010 | 2011

Supports accelerator/
coprocessor devices,
SIMD parallelism,
thread affinity, and
more. Expands
OpenMP beyond its
traditional boundaries.

2013 | 2014
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UTepaTopbl C++

PacnapannenmBaHne BO3MOXHO ANs ntepatopos C++
 random access iterators
« [loasunocb B Bepcun OpenMP 3.0

std: :vector<double> vec;

std: :vector<double>::iterator it;

#pragma omp parallel for shared(vec)

for (it = vec.begin(); it < vec.end(); ++it) {
int thread_id = omp_get_thread _num();
std::cout << "Thread id = " << thread id <<
", vector element = " << *it << std::endl;
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BekTopusauus

OpenMP 4.0 Bk/tOYaeT AUPEKTUBY ANA MCMNONb30BaHUS
BEKTOpu3auunu:

#pragma omp simd
BO3MOXHO COBMEeCTHOE MCMOoJZIb30BaHMEe MHOIronoTO4YHOCTU
N BEKTOPU3ALUNN.
#pragma omp parallel for simd reduction(+:sum)
for (int 1 = @0; 1 < N; ++1i) {

sum += a[i] * b[i];
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CBA3aHHbLIN CNUCOK

Kak pacnapannennTb TaKyl nporpaMmmy:
p=head;
while (p) {

process(p);

p = p->hext;
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OupekTuBa task

AvpekTmneBa pacnpeneneHns pabotbl B
OpenMP

Co3aaeT oTAeNbHYO 3a4a4y:

« 3ajada CTaBUTCA B ovepenb

 MoxkeT 6bITb BbINOJIHEHA
napanjiesibHo APYrmMM NMNOTOKOM

 MoxeT 6bITb BbINOJIHEHA
nocnenoBaTesibHO OAHUM
MOTOKOM

« AHanor async B C++11

Ob643aTenbHO UCMONIb30BAHMUE Serial Parallel
anpekTtusbl parallel!

=)
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CBA3aHHbLIN CNUCOK U task

#pragma omp parallel

{
#pragma omp single
{
p = head;
while (p) {
#pragma omp task firstprivate(p)
process(p);
p = p->nhext;
}
}
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[MpuBs3Ka NOTOKOB K AApam

o OpenMP 3.1 3aBucena ot KoMOunaTopa

B OpenMP 3.1
* [lepemeHHasa okpyxeHus OMP_PROC_BIND (true -

eCTb NpuBsa3ka, false — HeT NpuUBSA3KN)

B OpenMP 4
« [lepeMeHHad okpyxeHunda OMP_PLACES - aBHO
YKa3blBaEeT, rae pa3sMecTuTb NOTOKU
« A6CTpakTHble 3HayeHunsa: threads, cores, sockets

* $SBHbIN NepeyeHb:
OMP_PLACES=90,8,1,9,2,10,3,11,4,12,5,13,6,14,7,15
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Pa3mMmeweHune aaHHbIX B namatn NUMA

a[0] a[30]

Processor Processor

a[;Q] a[éQ]

Cache Coherent
Interconnect

#pragma omp parallel for num threads(2)

for (i=0; i<100; i++)
a[i] = O;

First Touch — nosasunocb B OpenMP 4.0
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Pa3mMmeweHune aaHHbIX B namatn NUMA

Double a[N],b[N],c[N];
#pragma omp parallel for
for (i=0; i<N; i++) {
a[i] = 1.0; b[i] = 2.0; c[i] = 0.0;
}

#pragma omp parallel for
for (i=0; i<N; j++) {

c[i]=a[i]+d*b[i];
}
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[JomaluHee 3agaHue

Peann3oBaTb NapannenbHy Bepcuo anropntMa K-
Means c noMouwbio OpenMP

- ByaeTt npeanocrtaBneHa nocnenoBaTeibHAsA BEPCUS
« Mcnonb3ymnTe NoTOKM U BEKTOPU3ALMUIO

N3mepbTe BpeM4a BbIMOHEHUSA:
« B 3aBUCMMOCTU OT KO/IMYEeCTBa NOTOKOB
« B 3aBMCMMOCTM OT pa3Mepa 3a4auu

[TPOKOMMEHTUPYIMTE NMOSIyYEHHbIE pe3yNbTaTbl B OTUYETE
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Bonpocbi?
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