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Shared address space / shared variables

s TuxpelaleTal KOVELC yla va TIPOYPOALLUOTIOEL OE QLUTO TO LOVTEAO:

» Ovtotntecg ektéAeong (vipata, dtepyaoieg)
< Anuloupyia, Staxeiplon
< OxtL aueon évvola oto OpenMP
» Kolvéc petaBANTEC HETAEL TWV OVIOTATWY
<% OpLoMOC peTaBANTWY (TL €lval Kowo Kal Twc opiletal)
% Tic StaBadouv Kot TL¢ TpomomnoloUV OAeC oL Slepyaoiec
< Ot KaGoAikég uetaBAntég (kat oxt uovo) oto OpenMP
» Apolpaioc¢ amokAeLopOC
<% M.X. KAELOOPLEC
< KAelbapiég ka oto OpenMP

» JZUYXPOVLOUOC
% M.x. kKAnoeic ppaync (barrier calls)
< KANOEL¢ ppayng, AUECEC KOl EUUECES
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[lott OpenMP;

* ATAO!

¥ «AuENTKO» (OnAadn amAd npooBetelc Alyo-Alyo mapaAAnAlopo oto
UTTAPXOV OELPLOKO TIPOYPOLLUOL)

» OxLmavta toco anAo, BRatal
s YrootnpiletoL oxedov naviov MAEOV

s Tpg€xouoa €kdoon: 3.1
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Me vApota, BEATIOTOTOLNUEVO

#include <pthread.h>
#define NPROCS 2
#define N 10000000
#define WORK N/NPROCS

double pi = 0.0, W = 1.0/N;

pthread mutex t lock = PTHREAD MUTEX_INITIALIZER;

/* dual core */

void *thrfunc(void *iter) {
int (int) iter;
double mysum = 0.0;
for (i = me*WORK; i < (me+1)*WORK; i++)
mysum += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
pthread_mutex_lock(&lock);
pi += mysum;
pthread_mutex_unlock(&lock);

i, me

main() {
int i;
pthread_t tids[NPROCS];

for (i = @; 1 < NPROCS; i++) /* vApota = # enefepyo
pthread_create(&tids[i], NULL, thrfunc, (void *) i
for (i = @; i < NPROCS; i++)
pthread_join(tids[i], NULL);
printf("pi = %.101f\n", pi);

UNIVERSITY OF IOANNINA

/* Tia okpipfela (161a pe ogiprakod) */

#define N 1000000
double pi = 0.0, W

1.0/N;

main() {
int i;

for (i
pi += 4*W/(1+(i+0.5)*(i+0.5)*W*W);

printf("pi = %.101f\n", pi);

@; i < N; i++)

dual core pe 2 vijpata
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Me OpenMP

#include <omp.h>
#define N 1000000
double pi = 0.0, W = 1.0/N;

main () {
int i;
#define N 1000000 #pragma omp parallel for reduction(+:pi)
double pi = 0.0, W = 1.0/N; for (i=0; i < N; i++)
pi += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
main() { printf("pi = %.101f\n", pi);
int 1i; }

for (i = @; i < N; i++)
pi += 4*W / (1 + (i40.5)*(i+0.5)*W*W);
printf("pi = %.101f\n", pi);
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OpenMP

** MOVTEAO TTPOYPOUUATIOMOU VLo TIAPAAANAQ CUCTHHOTA
s 06nylec MPOC TOV LETAYAWTTLOTH WOTE VA TIOPAYEL KWOLKA PE VAT
s OAec oL peyaAec statpiec to umootnpilouv ry/kat anodacifouv yla tnv
g€EALEN TOU
> Intel, SUN, IBM, HP, SGI, ...
» Microsoft (Visual Studio 2005)
» GNU GCC
s Epeuvntikol compilers
» Omni (lantwvia), NANOS/Mercurium (lortavia), OpenUH (HMNA)

> OMPi (EMG8a - Uol)y ¢
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Mpoypappatiotiko Movtelo

s MNoapoaAAnAlopocg tumou Fork-Join:
» To viua apxnyog dnuioupyel opada viuatwy cUpUPwva UE TIG OVAYKEG

» O napaAAnAlopog npootiBetal Babutlaia
< TO akoAouBLaKko mpoypappa e€edicostal o mapAAANAo MPOypaALLUQL

e
N
APXNYoS
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Yuvtoén Odnywwv

¥ OLTeploootepec «evtoAeg» OpenMP eival directives (odnyleg) mpog tov
compiler i pragmas.

% o tnv C kal C++, Ta pragmas €xouv tn popdn:

» #tpragma omp construct [clause [clause]...]

% Tlatn Fortran, ta directives €xouv piat amo tic akoAouvBec popdec:
» CSOMP construct [clause [clause]...]
» ISOMP construct [clause [clause]...]
» *SOMP construct [clause [clause]...]

L)

L)

» AdoU oL «evtoAEc» elval directives kal pragmas

» €va mpoypappa OpenMP pmnopel va petayAwttiotel amd compilers ou dev
urtootnpilouv OpenMP

» olTteleutalol amAd ayvoouv ta directives / pragmas
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NopdAAnAa TuApoTo

»* NApota dnuloupyouvtot oto OpenMP (otn C/C++) e To pragma “omp
parallel”

» [a mopadeypa, yia va dnplovpynBet éva mapaAAnio tpuApa pe 4
vAuata:
double A[1000];

omp_set_num_threads(4);
#pragma omp parallel

{
int ID = omp_thread num();

pooh(ID,A);
}

% KabBe vijpa ekteAel yio Aoyaplaopo Tou Tov KwdLko pHeca 0to SOUNEVO
block Tou mapdAAnAou TUAMATOC

s KaBe vripa kaAeil tnv pooh(ID) yta ID =0 €wcg 3
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NopdAAnAa TuApoTo

double A[1000];

s KaBe vrjpa ektelel ywa Aoyaplaopd tou tov i6Lo
omp_set_num_threads(4);

KwLKa
#pragma omp parallel
¢ ‘Eva povadiko avtiypado tou A potpalstal petall {
TWV VNUATWY int ID = omp_thread num();
. , ., , , pooh(ID,A);
% H ektéAeon mMPoxwpa LOVO OTAV £XOUV TEAELWOEL }
oAa ta vApata (barrier) printf(“all done\n”);

double A[1000];

omp_set _num_threads(4)

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

—

——

printf(“all done\n”);
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Odnyliec Alapoipaonc Epyou (workshare directives)

s AKOAOUBLOKOC KWELKAC
for(i=0;i<N;i++) { a[i] = a[i] + b[i]; }

% MapoaAAnAomnotnuévog pe OpenMP:
#pragma omp parallel
{

int id, i, Nthrds, istart, iend;
id = omp_get_thread_num();
Nthrds = omp_get num_threads();

istart = id * N / Nthrds; /* 01 emavaAnyelg mou pou avtiotolyouv */
iend = (id+1) * N / Nthrds;
for(i=istart;i<iend;i++) { a[i] = a[i] + b[i];}

s Avtiautou, To OpenMP €xeL KATL TTLO EUKOAO:
#pragma omp parallel
#pragma omp for schedule(static)
for(i=0;i<N;i++) { a[i] = a[i] + b[i]; }
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Odnyiec Alapoipaonc Epyou: for

s To omp “for” kataveépel T emavalnPelc evog loop PeTAly TwWV VIUATWV
lLac opadag

#pragma omp parallel
{

#pragma omp for
for (I=0;I<N;I++) {
NEAT _STUFF(I);
}

s E& oplopol unovoettal barrier oto téAo¢ tou omp for

s Mo va adopebel to barrier xpnowpomnoloUpe tTnv ppaon “nowait”
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Odnyliec Alopoipaonc Epyou: sections

/7

%+ H doun dwapoipaonc €pyou sections avaBetel eva Stadopetikdo dopnpevo block
o€ KaBe vApa
#pragma omp parallel

{
#pragma omp sections
{
#pragma omp section
x_calculation();
#pragma omp section
y_calculation();
#pragma omp section
z_calculation();
}
}

/7

s E& oplopou umovoeital barrier oto T€Ao¢ ToU omp sections

/7

s T va adalpedel to barrier xpnotponolovpe tnv ppdon “nowait”
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Odnyliec «Atapoipaonc» Epyou: single

/7

< Hobnyia dtapoipaonc €pyou single avaBetel tov KwdLKa Tou akoAouBel og Eva
KoL LOVOLSLKO vAaL
#pragma omp parallel

{
#pragma omp single
{
calc();
}

}

OmolodAMOoTE armod T VO CUVAVTACEL TO single, UMOpPEL va TO EKTEAECEL — EVW TA
uTtoAoLta OxL.

s E& oplopou umovoeital barrier oto T€Ao¢ Tou omp single

Ma va adalpedel to barrier xpnolpomnoloupe tn ppdon “nowait”
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2uvduvaopol EvtoAwv

s N dlteukoOAuvon, OAa og €va pragma

s Juvbuaopocg tng EvtoAnc parallel pe dopéc Stapoipaong Epyou

#pragma omp parallel for
for (I=0;I<N;I++){
NEAT_STUFF(I);

}

* Yrnapyxet ko “parallel sections”

s Aev umtapyel “parallel single” (6&v €xeL kal vonua)
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YroAoyLopog tou 1t (LEXPpL Twpa)

#tdefine N 1000000
double pi = 0.9, W = 1.0/N;

#define N 1000000

main() { double pi = 0.9, W = 1.0/N;
int i;
for (i = 0; i < N; i++) main () {
pi += 4*W / (1 + (i+0.5)*(i+0.5)*W*NW); #pragma omp parallel
printf("pi = %.101f\n", pi); {
} int i, mysum = 0.0;

#pragma omp for
for (i=0; i < N; i++)
mysum += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
#pragma omp critical
pi += mysum;
}
printf("pi = %.101f\n", pi);
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NeptBairlov dedopevwv

s MNPOYPOUHUATLOTIKO LOVTEAO KOLVAC LVAUNG:

» OLmneploootepec PeTaBANTEC elval € oplopoU KOLVEG

s OLglobal petapfAntéc elvorl KOWEC PETAEY TWV VAUATWY
» Fortran: COMMON blocks, SAVE variables, MODULE variables

» C: File scope variables, static

R/

s Opwc bev elval Ta mavta Kowd...

» Oustack variables og umo-npoypdppato mou KaAouvtal ano napdAAnia
TUAMOTO VOl LOLWTLKECS

» Otautomatic variables péoa o €éva dounpévo block evtoAwv eival LOLWTLKEC.
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ANy XopaktnploTtikwyv AtoBnkevong

< O mMpoypapMATLOTAC HUmopel va dAAAGEEL T XOPOAKTNPLOTIKA artoBrKkeuong Twv
HETAPBANTWV XPNOLUOTIOLWVTAC Uiat arto TG akoAouBec dpAoel
» SHARED
> PRIVATE
» FIRSTPRIVATE
» THREADPRIVATE
s H T pog BLwtilkng HeTaBANTAC eVTog evog mapaAAnAou loop pmopel va
«petadoBei» oav KaBoALKN T €KTOG TOov loop pe tNn:
» LASTPRIVATE

*¢ H default cupmnepipopa pmopet va petafAnBet pe tn:
» DEFAULT (PRIVATE | SHARED | NONE)

% OAec ol evtoAég dedopévwy edapuolovtal og TAPAAANAQ TUAOTA Kol SOUEC
Slapoipaong €épyou ekto¢ tnS “shared” n omoia epapuoletal povo o mapaAAnAa
TUAUOTA.

s 'OAec ol mopamavw eVTOAEC £xouv LoxU oto lexical extent tn¢ evtoAng OpenMP
(6nAadn avapeoa amnod ta ayklotpa mou kaBopilouv to block).
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NeplParov Asdopevwy

s Mapadetypa pe xprion Twv PRIVATE kat FIRSTPRIVATE

int A, B, C;
A=B=C=1;
#pragma omp parallel shared(A) private(B) firstprivate(C)

{
#pragma omp single
A++;
B++; C++;
printf(“%d, %d, %d”, A,B,C);
}

printf(“%d, %d, %d”, A,B,C);

s Ti10a tunwbel péoa oto mapaAAnAo TpApA
» 2(n 1), <tuxaia Ttun>, 2

s Ti10a tunwbel peta to mapaAAnio tuRua (OpenMP > 2.5)?
> 2,1,1
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Noapadeypa

Eival owoTtog 0 LTIOAOYIOUOG TOV TI;

#define N 1000000
double pi = 0.0, W = 1.0/N;

main () {

int i, mysum = 0.90;

#pragma omp parallel
{
#pragma omp for
for (i=0; i < N; i++)
mysum += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
#pragma omp critical
pi += mysum;
}
printf("pi = %.101f\n", pi);
}

YWOTEG ETIAOYEC:

main () {

int i, mysum = 0.0;

#pragma omp parallel private(i)\
firstprivate(mysum)

main () {

#pragma omp parallel shared(W,pi)
{

int i, mysum = 0.0;
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EvtoAn threadprivate

s Kavel global edopéva 1wtk og KABe vipa
» Fortran: COMMON blocks

» C: File scope kat static variables

s AladopeTikn) cupnepidpopa amno to PRIVATE
» Me 1o PRIVATE ot global petapAntéc amokpuntovral.
» To THREADPRIVATE Siatnpet to global scope og kabe vijua

s Ot petaBAntecg threadprivate pnopouUv va apytkomotnbouv
xpnotwpomnotwvtag evtoheg COPYIN n DATA
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Dpaon reduction

s Emnpealsl otnv oucia tov Tpormo «Slapoipaonc» Twv PETABANTWV:
» reduction (op : list)

s Ol petaBAnteg oto “list” mpemnel va sival shared oto mapaAAnAo TuApa
TIOU BPLOKOUOOTE.

s Evtoc pia douncg parallel i Stapoipaonc epyaociac:
» Anuoupyeitot tomiko avtiypado kabe petaBAnTn tng AloTog Kal
apxLkormoLeital (avaloya pe tnv tpaén “op” m.x. 0 yla “+”
» Ta toruka avtiypada cuvdualovtal wote va eKPUALOTOUV OE Eva LOVASLKO
global avtiypado oto télog tng Soung
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YTTOAOYLOMOG TOU TT

t#tdefine N 1000000
double pi = 0.0, W = 1.0/N;

#tdefine N 1000000
double pi = 0.0, W = 1.0/N;

main() { main () {
int i; #pragma omp parallel
for (i = @; 1 < N; i++) !

pi += 4*W / (1 + (i+0.5)*(i+0.5)*W*W); int 1, mysum = 0.0;

printf("pi = %.101f\n", pi); #pragma omp for

for (i=0; i < N; i++)
mysum += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);

#pragma omp critical

ine N 1000000 pi += mysum;
ble pi = 0.0, W = 1.0/N;
ntf("pi = %.101f\n", pi);

W {
B i;

gma omp parallel for private(i) reduction(+:

(i=0; i < N; i++)
= 4*W / (1 + (i+0.5)*(i+0.5)*W*N);
= %.101f\n", pi);
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E€looppomnnon Ooptou

s Anotelel Baoko mapdayovta anodoong

s T ouvnBlopévecg Aettoupyleg, T.X. mpooBeon Stavuopdtwy, n e€lcoppomnnon
epyaoiag dev anoteAel {NTnUa

s Tla Alyotepo opaAEg Asttoupyieg ipemel va d0Bel 1dLaitepn onuaocia otnv
Sdlapoipaon tng epyaciog petall TwV VvAUATWY

s Mapadadeypa pn opaAwv (irregular) Aettoupylwv:
» ToAANAMAQCLOOUOG APALWYV TILVAKWV

» NapdAAnAec avalntioelg o€ pia Stoouvdedepévn Alota

s o T€Toleg mepumttwoelg, n doun Stapoipaon for xpnowuomnoleitat pe tnv odnyia
schedule ou kaBopilel Stadopouc alyopiBuouc dpopoloynonc Twv
enavoAnPewv
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Odnyia schedule

* Xpnon
» schedule ( static | dynamic | guided [, chunk] )
» schedule (runtime)

» static [,chunk]

»  Alapolpalel Tig emavaAnPeLg, ou £Xouv xwpLotel os tuRpata peyEboucg "chunk,
HETOEL TWV VNUATWY HE KUKALKO TPOTIO

» Av dev opiletal to "chunk", auto opiletal kata mpooéyylon too pe N/P kot kaBe vijua
EKTEAEL Eva TUN A emavalnPewy
¢ dynamic [,chunk]
»  Alaywpilel g emavaAngelg os tunpata peyéboucg "chunk”
» KabBe vripo HOALG TEAELWOEL EVal TUAMA, TIOLPVEL SUVOLKA TO ETIOUEVO

¢ guided [,chunk]
» MNapopota pe dynamic, aAAd To HEYEOOC TOU TUAHOTOC LELWVETAL EKOETIKA
» o¢g kaBe Brpa to péyebog tou tunuatoq elval avaAoyo tou (# unassigned iterations / #
threads), aAAa OxL Atyotepo ano chunk.
% runtime

» O aAyopBuog dpopoAoynong kaboplletal KAtd ToV XpOVO EKTEAECNC EAEYXOVTAC TN
pnetaBAntn neptparlovioc OMP_SCHEDULE
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Napadeypa

500 iterations on 4 threads
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ApoLBaioc amokAELOUOC KoL CUYXPOVLIOUOC

s To OpenMP opileL Tic akOAouBec odnyiec:
» atomic
» critical section

barrier

flush

ordered

YV V V VY

master (otnv ouoia dev ivat evtoAn cuyxpoviopou kot AEN umovoeital
barrier oto t€\o¢ tou!)
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ApoLlBaioc amokAelopocg — critical, atomic

% Movo éva vAapa pmopei kaBe otyun va unet 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);
}
}

O/
0’0

To atomic elval el81kr nepimtwon tou critical section mou pmopel va xpnotponotnBet

yLOL OPLOUEVEC ATAEC EVTOAEG. EdPapuodletal povo yla tnv tpomonoinon piag 8€ong
LVAUNG (TNV avavéwon Tou X oTto akoAouBo mapadelyua)

#pragma omp parallel private(b)

{
b = doit(i);
#pragma omp atomic
X = X + b;
}

Computer Science
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2UYXPOVIOUOC — barriers

/7

%+ Barrier: KaBe vijpa neptpével vor ptdocouv OAa Ta UTTOAOLUTA VALLOTOL TIPLV
TIPOXWPNOEL.

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

{
id=omp_get_thread_num();
A[id] = big calcl(id);
#pragma omp barrier

#pragma omp for
for (i=0;i<N;i++){
C[i]=big calc3(I,A);
} /* vumovooupevo barrier */

#pragma omp for nowait
for (i=0;i<N;i++){
B[i]=big_calc2(C, 1i);
} /* Xwpig¢ barrier */
A[id] = big calc3(id);
} /* umovooupevo barrier */
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2uyxpoviopoc — flush

** H evtoAn flush dnAwvel éva onpuelo oto omolo To vApa emxelpel va
SNULOUPYNOEL GUVETTH ELKOVA TNG VAUNG.

» OAec oL mpaAtelc pvnuNng (avayvwoelg kat eyypadec) mou opllovral mptv ano
QUTO TO onueio mpeEmel va oAokAnpwOoLv.

» OAec ol mpatelc pvnuNng (avayvwoelg kat eyypadeg) mou opilovral UETH ATO
QUTO TO onUelo mMpEmel va ekteAeotouV peta to flush

» OLpetaBAnteg o registers i write buffers mpémnel va eyypadolv otn Lvnpn

s Ta opilopata tou flush opilouv motec petafAntéc Ba yivouv flush. Av dev
UTTAPXOULV oplopata OAEC oL 0paTEC oTo vipa petaBAnteg yivovtal flush.

s Mpokettal yioo memory fence mou enBAAAEL CUVETELD VNG
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YTovooUEVOC ZUYXPOVLIOUOG

/7

%+ Barriers umovoouvtal HeTA TIC akOAouBec evtoAéc 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)

/7

¢ Flush umovoeital petd tic akoAouBeg evtoAéc OpenMP:
» barrier

critical, end critical

end do

end parallel

end sections

end single

V V V V V V

ordered, end ordered
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Yuvaptnoelg BiBALoONKNC

s Juvaptnoelc locks

» omp_init_lock(), omp_set_lock(), omp_unset_lock(), omp_test_lock()

s JuvapPTNOELC TEPIPAAAOVTOC XpOVOU EKTEAEDNC:

» AN\ayn/EAeyxoc Tou aplBpol Twv VNUATWY

< omp_set_num_threads(), omp_get_num_threads(), omp_get thread num(),
omp_get_max_threads()

» Evepyornoinon/anevepyonoinon eppwAevpévou maparAnAlopou kot dynamic
mode
< omp_set_nested(), omp_set_dynamic(),
< omp_get _nested(), omp_get_dynamic()
» 'EAeyxoC eKTEAEONC OE TIAPAAANAO T
< omp_in_parallel()
» ApOUOC emetepyaoTwWY OTO cUOTNUA
< omp_num_procs()
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2uvaptnoelg BLBALoBNKNC

/7

% o va eAeyxBel o aplBUOC TwV VNUATWY TIOU €KTEAOUV Eval TIPOYP AL OLPXLKAL
arevepyormoLleital To dynamic mode ko Katomiv kabopiletal o aplOpoc twv
VNHATWV.

#include <omp.h>

void main()

{
omp_set dynamic(9);
omp_set _num_threads(4);
#pragma omp parallel
{
int id=omp get thread num();
do_lots_of_stuff(id);
}
}
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MetaBAntec MepLBailoviog

s EAeyyoc scheduling Twv loops edpooov €xetL kabBoplotet “omp for
schedule(RUNTIME)”.

» OMP_SCHEDULE “schedulel[, chunk_size]”

% KabBoplopog tou default aplOpol vopatwy.
» OMP_NUM_THREADS int_literal

% Evepyomoinon/amnevepyomnoinon dynamic mode
» OMP_DYNAMIC TRUE || FALSE

% Evepyomoinon/amnevepyomnoinon mapaAAnAng eKTEAEONC EPPWAEUUEVWV
TMOPAAANAWY TUNUATWV
» OMP_NESTED TRUE || FALSE
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%+  Kwdikag 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();

} EKTéAEOT :

N , , , $ export OMP_NUM THREADS=4
s Mapaywyn ekteAEcIUOU apxeiou:

$ ompicc -o hello hello.c $ ./hello
$ gcc -fopenmp -o hello hello.c Hello world from thread © of 4
$ icc -openmp -o hello hello.c Hello world from thread 2 of 4

$ suncc -xopenmp=parallel -o hello hello.c Hello world from thread 1 of 4

Hello world from thread 3 of 4
$ export OMP_NUM_THREADS=1

$ ./hello

Hello world from thread © of 1
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MNivakac i niivaka (4 CPUs)

#pragma omp parallel for

for (i = 0; 1 < N; i++) for (i = @; i < N; i++)
{ {
for (j = 0; j < N; j++) for (j = @; j < N; j++)
for (k = sum = 0; k < N; k++) for (k = sum = 0; k < N; k++)
sum += A[1][k]*B[k][]]; sum += A[i][k]*B[k][F];
C[i][J] = sum; C[i][j] = sum;
} }
Xpovog: 130msec Xpovog: 700emsec
#pragma omp parallel for private(j,k,sum)
for (i = @; 1 < N; i++)
{
for (j = @; j < N; j++)
for (k = sum = 0; k < N; k++)
sum += A[i][k]*B[k][]];
C[i][j] = sum;
}
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OpenMP 3.0 & Tasks

% 210 OpenMP 3.0 EskaBaplotnkayv KATOLEG AETITOUEPELEG, TIPOOTEONKOV
KATIOLEC VEEC CUVAPTAOCELG TTOU pItopouv va kKAnBouv amo ta
npoypappata (r.x. eVpeon tou nesting level).

** To BaoLkOTEPO OUWC NTAV N TPocOnKkn Twv tasks!

OpenMP Release History

A single
specification
for Fortran, C
and C++

N, 2005

taskihg,
other new
features
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OpenMP Tasks

* Fevikn €a:

» «OPLOHOC» pLac SoUAsiog mou MpEMEeL va yivel amo kamoto thread,
KAToLa oTlypn (Kot OxL omwodATIOTE AUEC ATTO TO VA0 TIOU TNV
oplog)

** BoAgUelL mOAU otnv mapaAAnAomnoinon mMoAAwWY epappoywy

¢ Emionc e oUTO TOV TPOTIO UTOPEL OE OPKETEC TEPLITTWOELC VO
arodevxBel n xprion eLPwAgUUEVWY TIAPAAANAWY TTEPLOYXWV
riovu dev TIC Xelpilovtal KaAd oL teploocotepol compilers...
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ATtAN edappuoyn: mapaAAnAomnoinon Aettoupylwyv oe ocuvdedepevn Alota

while (my pointer) {

(void) do independent work (my pointer) ;

my pointer = my pointer->next ;
} // End of while loop

¢ Nwc maparAnAomoteitat oto OpenMP 2.57?
» MNpwrta éva mepaopa yio vo Bpebel to mAnBoc Twv emavainPewv
> ITnv ouvexela #ipragma omp parallel for
> Oo mpemeL va GUAALLE eMiong Evav TivaKa e OAOUC ToUC pointers
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OpenMP Task is specified
my pointer = listhead; here

#pragma omp parallel (executed in parallel)

?pragma omp single nowait /
while (my pointer) {
#pragma omp task firstprivate(my pointer)

(void) do independent work (my pointer);

}

my pointer = my pointer->next ;

} // End of single - no implied barrier (nowait)
} // End of parallel region - implied barrier
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OpenMP tasks

*** Eva task €xeL:

» KwdLKka Tou TIPEMEL VO EKTEAECTEL:
#pragma omp task

{

KWOLKOG

}

» MetaPAnteg mavw oTLc omolec Ba SoUAEPEL

< Adpou Ba ekteleotel mBavwe apyotepa, Oa pEMeL va «KOUBa)\asL» podi
TOU KOlL TLG TIHEG TWV UETABANTWV TTOU UTIRPXAV KOTA TOV OPLOUO TOU

» Eva kaBoplopevo vipa
< MNMou Ba to ekTeEAEDEL TOV KWOLKA
< OxL Opwe avta mpo-KaBopLlopévo.
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OpenMP tasks

** AUo paoeslc: (a) oplopoc/maketaplopa Kol (B) ektéleon

» To vipa mou cuvavta to #pragma omp task mpemnel va dSnuioupyroet
lia Sopun mou mepLEXEL Tov KWK aAAA Kol Tt SESOUEVA UE TLC
TPEXOUOEC TLUEC TOUC

» Kamola otiypn, KAmoto vipa Ba mApeL To «TTOKETO» Kal Ba To
EKTEAECEL

(0 KOTIOG yLaL TO TIAKETAPLOHO OV XPELALETAL AV TO VIO TTOU CUVOVTA TO
#pragma omp task skteA€oel amevBeioag to task)
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[evikn ouvtaén

task Construct

#pragma omp task [clausel[[,]lclausel]
structured-block

where c/lause can be one of:

if (expression)

untied

shared (list)

private (list)
firstprivate (l1ist)
default( shared | none )
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s Opaon if(ouvOnkn)
» Av n ouvBnkn eival false tote to vApa ekteAel apeoa to task
< T.X. av To KOoToC TNG dnuloupylag evog task eival peyaho o€ oxEon UE TOUG
UTTOAOYLOLLOUG Ttou TiepAapBavet
< 'H m.x. ywa va cache/memory affinity

s Opaon untied
» Kavovika, éva task sival «depévo» (“tied”) ue to viua nmou Ba Eekivriost va to
eKTEAEL — dnAadn Ba exkteAEOTEL ATTO TO VIO AUTO PEXPL TEAOUC

» Xt eva eAelBepo task (“untied”), n ektéAeon tou pmopel va SLaKOTITETOL Kol
va CUVEXL(EL TNV EKTEAEDH TOU GAAO VRO, KATT.

s N\ETTOUEPELEC:
» To mpoypappa eivat Ao €va task.
» Otav €va vpa cuvovta plo mopaAAnAn neploxn, dtiaxvet N tasks (implicit):
< Elvaltied, éva task o kaBe éva amnod ta N vApata tov 6a SnuioupynBouv

» 'Eva task mou ekteAeiton pmopet va dnuoupynost aAla tasks
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2UYXPOVLOMOC TwV tasks

** 210 TENOC €VOC¢ barrier, OAa ta tasks rmou €xel Snuovpynoet pia opada
vNUATwV Ba £xouv oAokANpwOEL.

** To task mou ouvavtael task barrier (#pragma omp taskwait) prAokapet
HEXPL va oAokAnpwBOouv oAa ta tasks mou dnuovpynoe

#pragma omp parallel

{ N foo task created here
#pragma omp task< one for each thread
foo();
#pragma omp barrier A” fOO taSkS guarantBEd
-
#pragma omp single to be completed here
{
#pragma omp task One bar task created here
bar();
) Bar task guaranteed to be
-
} completed here
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[evikn ouvtaén — meptBaAlov dedopevwy

s Av dev untapyel to default(), Tote oL global petapfAntec eivat KAaowka
shared. OL urtoAoutec Bewpouvtal shared povo av gival shared og OAeg TLg
NEPLBAANOUOEC TTEPLOXEC TOU KWK LEXPL TNV TILO Tipoodatn apAAAnAn
nieploxn. AALwC ivau firstprivate.

task Construct

#pragma omp task [clause[[,]clause]
structured-block

where clause can be one of:

if (expression)

untied

shared (list)

private (Iist)
firstprivate (list)
default( shared | none )
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int fib (intn)
{

Int x,y;
If (n<2)return n;
x = fib(n-1);

y = fib(n-2);

return x+y;;
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intfib (intn)
{
Int X,y;
If (n<2)return n;
#pragma omp task
X = fib(n-1);
#pragma omp task
y = fib(n-2);
#pragma omp taskwait =

guarantees results are

ready

return x+y;;
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intfib (intn)
{
int X,y;
if (n<2)return n;

n is firstprivate

#pragma omp task

x =1ib(n-1); x,y are firstprivate
#pragma omp task

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

return x+y;;
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intfib (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

X,y are shared

return x+y;;
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Awdoylon Alotog

List|;

Element e;

#pragma omp parallel
#pragma omp single

{
for (e = |->first; e ; e = e->next)
#pragma omp task
process(e);
}
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Awdoylon Alotog

List I;

Element e;

#pragma omp parallel
#pragma omp single

{
for (e = |->first; e ; e = e->next)
#pragma omp task
process(e); _
) e Is shared here
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Awdoylon Alotog

List [;

Element e;

#pragma omp parallel
#pragma omp single

{

for (e =I|->first; e ; e = e->next )

#pragma omp task firstprivate(e)
process(e); . :
\ e is firstprivate
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False sharing

** Ot caches 6gv amoBnkevouv 1 A&En aAAd €va OAOKANPO UITAOK VAUNG OE
KABe ypappn Touc. AC UTOBECOUE yLa TTOPASELYHA OTL EXOULE TO
TIOPOLKATW TIPOYPAUA KAl OTL KAOE ypappn tTng cache xywpael 4
OUVEXOUEVEC AEEELC.

L)

L)

» Exoupe 4 viipata (exkteAovvtal o€ 4 eneepyaoteg) katto vpai (i=0, 1,
2, 3) exteletl:

1. sum = a[@]+a[1]+a[2]+a[3]; /* OAoc o a[] otnv cache */
2. a[i] = a[i] + 1i;

% MEeTA TNV MpwTtn €VIoANR, oTLC cache Twv 4 eneéepyaotwy UTIAPXEL
oAOKANpoc¢ o mivakac al].
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False sharing Il

P=2 P=3

WOuE
AU

WG

1111

s = Element to be modified next
mmmlp- = Cache line copied
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False sharing Il

s MNopott ta vipata aAAalouv SladopeTikd otoLxeia, UTTAPXEL TTIPOPANMA
lLac Kat ot caches Bewpouv otL dAAaée n ypappn tou dulave kol
EKKLVOUV TOUC UNXOVLIOMOUG CUVETTELOC!

s AIAATMA: urtapyet Kivouvog KaUOTEPHOEWV QKOUN Kol OTAV TQ VAUOTA
O€ev TpomonoLoUV KatL KoLvo

s N\Uon;
» Ta 6edopéva va €xouv peyeboc 600 Kal n ypappn tne cache ko

» Na glvol otol lopéva og BE0ELG LVAING TTOU €lval akEpata TIOANQTTAGCLA TOU
HeyeBOUG TNG YPOLUMAG.
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NUMA & OuVETELEC

s OMAol oL emte€epyaoTec €xouv caches. TLyLVETAL AV KATIOLOL OTLYLL O
enetepyaotnC dEpel Eva dedopevo amo evav AAlo eneéepyaoth;
» To debopgvo Ba mael otnv cache

» To mpoPAnua TNG CUVENELAC TTWCE AUVETAL OE QUTH TNV Mepltwon (adou dev
urtapxet StavAog va «TtapakoAouBeitaly);

s AUo AUosLc:
» ANATOPEYETAI ta anopakpuopéva dedopéva va pmnaivouv otnv cache (r.y.
Cray T3D) n
» ENITPENETAI, oAAQ EMUTAEOV XPNOLUOTIOLOUVTAL VEQ TIPWTOKOAAQL GUVOXNC,
Baolwopeva oe kataloyouc (ccNUMA — cache coherent NUMA)
< Directory-based cache coherence

Computer Science #58

$ UNIVERSITY OF IOANNINA YO7 - Avoién 2012




TomoBgtnon 6edopevwy / vnuUaTwy

s To false sharing €xeL akopa peyaAUTEPEC ETUMTTWOELC

s Baolko pEAnpa to mou Ba tomoBetnBouv ta vApata Kot tov ta dedopeva

» Av ta dedopéva TTOU XPNOLLLOTIOLEL TILO CUXVA £VOL VIOl TTAVE OE AAAOV
gnegepyaotn amod OtL To vAua, Tote Ba £xoupe kaBuoteprosls (NUMA factor)

» ZuvnOnc TAKTLKA OoTa AELTOUPYLIKA CUOTAMATAL:

< First touch (6molo vpa mpoomeAdoel mpwto KAmolo deSopévo, TOTE «TPaPAELY TO
dedopévo aUTO oTNV PVAN Tou eTte€epyaotn ou To ekteAel. To dedopévo dev
HLETOKLVEITAL amo eKEL Kal TEPQ).

> AIAATMA???

< OENELTIPOCOXN OTLC APXLKOTTOLOELG.

< Agv UMOpPEL TIC ApXLKOTIOLAOELG VAL TIG KAVEL HOVOo €va vipal!
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