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* Tuxpeladetal Kaveig yia va TipoypapLatiostl 0€ auto TO HOVTEAO:

* OvtoTnTEeg EKTEAEONG (Vripata, Slepyaacieq)
* Anutoupyia, daxeipion
* 'Ox1 dpeon €vvoia oto OpenMP
Kowveg petaPfAntég petasl Twv ovIoTATWY
* Oplopog petaPAntwv (Tt eival kowvo Kat Ttwg opidetat)
S pa ce / S h d rEd . le &zBdEouviar:tlg TPOTIOTIOLOUV OAEG OL Slesyacisg
Va ri a b I es * O1kaBoAikég petaPAnteg (Kai o1 povo) ato OpenMP
ApoiBaiog amokAEIoHOg
* T1.x. kAetdapiég
* KAeibapig ka1 ato OpenMP
* YUYXPOVIOUOG
* T1.x. KAnoeig ppayng (barrier calls)
* KAnosig ppayng, dUsoss Kal EUPETES

Shared address
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* ATTAO!

* «AuENTIKO» (ONAadn amAd tpooBEtelg Aiyo-Aiyo TtTapalAnAlopo oto
UTTAPYOV OELPLAKO TIPOYPAHLLA)

Mot O pen M P, * ‘Ox1Tavta 16co atmAo, BEPatal
* Ytootnpidetal oxedov taviou TIAEoV, 10Laitepa ONUOPIAEG

* Mpdowata (v4.0, v4.5) N ELPENELA TOU ETIEKTEIVETAL KAL 0TI ETUTIAEOV
OUOKEUEC [ devices eVOG CUOTAUATOG (CUVETIESEPYADTEG, ETIITAXUVIEG,
GPUs, kATT)
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* AplOunTikr oOAOKANpwonN

j-l—
1X
O

YTtoAoyIouOG Tou

T =3,14...
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(T Adrog diacTnudTwy W =0,1)
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dual core pe 2 vijpata

,45

Me vhuota,

Xpovog (sec)

[BeATIOTOTIOINUEVO

oelpLaKd 2 vApata
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#tdefine N 1000000
double pi = 0.9, W = 1.0/N;

int main() {
int i;
for (i = 0; i < N; i++)
pi += 4*W / (1 + (i40.5)*(i+0.5)*W*W);
printf("pi = %.101f\n", pi);
return 9;

Me OpenMP
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Elcaywyn oto

OpenMP
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* OpenMP: APl yia tn ouyypagn TIOAUVNUATIKWV EQAPLOYWV
* YUVOAO 08NYLWV TTPOG TOV HETAYAWTTIOTH KAl ouvapTRoEwV BiPAodrKng,
O1aB€aipo otov TtpoypaAUATIOTH TIAPAAANAWY CUCTNUATWV

* ALEUKOAUVEL TN ouyypagn TIOAUVNUATIKWY Ttpoypappdtwy o€ Fortran, C kal
C++, Xwpig va TpoTroTtotel tn factkn yAwooa

* MpOTUTIO TTOU GUYKEVTPWVEL TNV EUTIELPIA APKETWV XPOVWV OE
TIPOYPAHUUATIOUO TIOAUETIESEPYATTIKWY CUCTNHATWY

* E&w kal > 15 xpovia uttooTthnpLén ato HeEYAAES TALpEIES [ opyavIoHOUG:
* Intel, SUN/ORACLE, IBM, HP, SGI, ...
* GNUGCC>=4.2

* Emtiong, epeuvntikoi compilers:
* Omni (lamtwvia), NANOS/Mercurium (loTtavia)
* OpenUH (HMA), OMPi (EAAa6a - Uol)
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[1poypPAUPOTIOTIKO

HOVTEAO
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* NMaparAnAiopog tuttou Fork-Join:

* To vAua-apxnyog dnuioupyei opada vnpdatwy cUU@wVa LE TIG AVAYKEG.
* Ye kAaBe meployr Tou kwdika Tou xpeladetal:

1. Anuioupyeivapata

2. YUUUETEXELOTOUG UTIOAOYIOUOUG

3. Mepipével Tov TEPUATIONO OAWV TWV VAHATWY TNG 0padag
* O mapaAnAlopog pootiBetal Babutaia

*+ To akoAouBiako Ttpoypappa eSeliocoetal o TtapdAAnAo Tipoypappa

El

d
NS

APXNYOS

Hxl‘l‘apd)\)\n)\u TuAHoTa

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)



* YnUavtikog otoxos tou OpenMP attoteAei n eUKOAN
TtapaiinAottoinon Bpoxwv etavainyng:

* Bpegta o xpovofopa loops.
* Molipaoe Tig etavaAnPelg peta§l vnpATwy.

Ataipeon loop peta&u ToAAaTA®Y VHATwV

TuTtukn xpnon

int main() { int 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]);
} }
} }
AkoAouBlako Ttpdypappa MapdAAnAo Ttpdypappa

PARALLEL
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2. UVTOEn oonyIwv
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* O1teploodtepeg «evioAeg» OpenMP eival directives (0dnyiec) Ttpog Tov
compiler.

* Ta tnv C kal C++, dlvovtal wg pragmas Kat £Xouv tn Lopen:
#pragma omp construct [clause [clause]..]

* [a tn Fortran, ta directives €xouv pia ato tig akoAoubeg LoppEg
oxoAiwv:
C$OMP construct [clause [clause]..]
I$OMP construct [clause [clause]..]
*$OMP construct [clause [clause]..]

* Apou ol 00nyieg gival pragmas r; oxoAla:
* évaTpoypappa OpenMP pmopei va petayAwttiotel ato compilers Ttou 6ev
uttootnpilouv OpenMP

* olTeAeutaiol amAd ayvoouv ta directives

* TIPOKUTITEL «VOULUO», GELPLAKO TIPOYPAH A
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[TapAIAANAS

TUAMOTA
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* Nuata dnuoupyouvtatl oto OpenMP (otn C/C++) pe Tnv 0dnyia omp
parallel

* Nla tapadetypa, yia va dnpioupynBei éva tapdAAnAo Tunua pe 4
vipara:
double A[1000];
#pragma omp parallel num_threads(4)

{
int ID = omp_get thread num();

pooh(ID,A);
}

* KaBe vpa ekteAel yia Aoyaplaopo Tou Tov Kwolka LEoa 0To OOUNUEVO
block tou TtTapaAAnAou Tunpatog

* KdBe vijpa kaiei tnv pooh(ID) yia ID = 0 €wg 3

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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[TapAIAANAS

TUAMOTA
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+ KaBe vApa extelel yia Aoyaplacpo tou Tov (010 Kwoika

‘Eva povadiko avtiypago tou A potpaletal (kovoxXpnoto) LETASU TwV VUATWY

*  Hektéleon ouveyiletal povo otav £xouv teAelwael OAa ta vauata (barrier)

double A[1000];

#pragma omp parallel num_threads(4)
{

int ID = omp_get thread num();
pooh(ID,A);

double A[1000]; } )
I printf("all done\n");

(4 threads)

I

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

I I I |

printf("all done\n");

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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MEpPIKEG TIPWTEG

AETITOUEPEIEC
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* NMARBog vnuatwv: «euéAikto» (“dynamic”—eivai to default)
* O aptBpog Twv VUATWV TIOU XpNOLLOTIOOUVTAL YId TNV EKTEAECN TTAPAANAWY
TUNUATWY PTIopEl va dla@Eépel LeTaSU S1a@OPETIKWVY TUNUATWY
* O oplopog Tou aptBpou twv vnpatwy (omp_set_num_threads()) agpopd otov
UEYIOTO ApLlOUO VUATWV Kal EVOEXOUEVWG N EKTEAEDT va ViVEL PE AlyoTeEpa
viuata

* MTARBog vnudatwv: mpokabopiousvo (‘non-dynamic”)
* 0 aplBuog twv vnuatwy givat akpifwc autog tou kabopiletal amod tov
TIPOYPAUUATIOTH (OEV ETUTPETIETAL OTOV HETAPPATTA VA «TIAISEL)

* To OpenMP uttootnpilet eppwAeupéva TtapdAAnAa tunpata, OpwG...
* 'Evag compiler evOeXoUEVWG va TIIAESEL va eKTEAETEL OEIplakd OAa ta eTtiTteda
HETATO 10
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Oonyviec
OlooIpaong

eEpyou (worRshare
directives)
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* AkoAouBiakog kwdikag
for(i=0;i<N;i++) { a[i] = a[i] + b[i]; }

* MapaAAnAoTttotnuévog pe OpenMP, Tunpatikn SpopoAoynon:
#pragma omp parallel
{
int id, i, Nthrds, istart, iend;
id = omp_get_thread_num();
Nthrds = omp_get num threads();

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

*+ 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]; }

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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Oonyvieg

OlooIpaong
Epyou: for
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* To omp for katavépel Tig eTtavaAfelg evog loop petadi twv vpdtwy

uiag opddag. Yoxpewtika akoloubei fpoxog for.
#pragma omp parallel

{

#pragma omp for
for (i=0;i<N;i++) {
NEAT_STUFF(i);
}

* E€’ oplopou uttovoeital barrier oto t€Aog Tou omp for

* Na va apalpebei to barrier ypnoipoToloupe TNV pdon nowait otnv
odnyia omp for.
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Oonyvieg

OlooIpaong
EPYOU: sections
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* H doun dlapoipaong épyou omp sections avabétel Eva dlapopetiko dSopnuévo

block og kaBe viipa tng opdadag
#pragma omp parallel

{

#pragma omp sections

{

#pragma omp section
x_calculation();
#pragma omp section
y calculation();
#pragma omp section
z _calculation();

}
* E€ oplopou uttovoeital barrier oto TEAOG TOU omp sections

* N va agaipebei to barrier xpnotpotmoloUpe TNV (ppdcn nowait

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)

16



Oonyvieg

«OlaHoipaonG»
EPYoU: single
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* Hodnyia dtapoipaong Epyou omp single avaBétel tov kwodika Tou
akolouBel o€ Eva kat povadlko vijpa tng opddag
#pragma omp parallel

{

#pragma omp single
{
calc();

}
}

*+ OTro108ATIOTE ATIO TA VA CUVAVTNOEL TO single, uTtopei va To eKTEAETEL—
£V TA UTIOAOLTIA OXL.

* E€ oplopou uttovoeital barrier oto 1€Aog tou omp single

* Nava apatpebeito barrier xpnolpoTtoloUpe tn ppdon “nowait”

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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2 UVOUOIOOI
oonylwv

(combined
directives)
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* ['la dleukoAuvaon, xpron evog pragma avti duo.

* Yuvduadetal nodnyia omp parallel pe dopeg drapoipaong Epyou omp

fornomp sections.

* Mapadelypa:

#pragma omp parallel for
for (i=0;i<N;i++) {
NEAT STUFF(1i);

}

 Aev uttdpxel “parallel single” (6ev €xel kat vonpua)

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)



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

int main() {
int i;
for (i = 0; i < N; i++)
pi += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
printf("pi = %.101f\n", pi);

return 0;
¥
VY 4
YTtoAoyIouOG Tou
Y 4 VY 4

T (MEXPI TWPX)

PARALLEL
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[lepISOAAOV

ocdopevwy (1)
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* Ot global petaPAntég eivat kovoxpnoteg petalu Twv VUATWY

* 'Opwg dev elval ta Ttdvta kouvd...
* OtpetaPBAntég otn otoifa tou Kabe vApatog sivat IOIWTIKESG

* O1petaPAntég ou opidovtal pEoa o Eva dopnpevo block evioAwy ivat
IOLWTIKEG.

* To OpenMP eTUTPETIEL TNV AAAAYH TWV XAPAKTHPIOTIKWV KOIVOXPHTidac
(sharing attributes) Twv petaBAntwv

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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* Ta xapaktnploTikd Kkowvoxpnoiag twv petafAntwv kabopilovtal ite
éupeaa (implicitly) eite dueoa (explicitly)

* '‘Eppeoa kabopidovtal avaloya pe to Ttwg opidovtat /
XpnotpoTolovvIat.

[lepISOAAOV

* Nla tapadelypa, oTig TTapAaAANAEG TLEPLOXEG:
* OTtola PeTaPAnTn ivat oplopévn TpLv atio pia tapdAAnAn Teploxn Kal
XpnolUoTIolE(TAL HETA O€ auTrV, Bewpeital autopata wg Kowvoxpnotn Hetasu
TWV VAHATWV TNG opuadag, akopa kai av 6v ivai global.

ocdopevwy (ll)

* O TtpOYyPAPHATIOTHG UTTOPEL, OUWG, va TtapepPet kat va kabopioel
dpeoa tnv Kowvoxpnoia twv petaPAntwv pe edikEg ppdoeic (clauses).

PARALLEL
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* O TIpoypALUATIOTAG UTIOpEi va kabopioel pntd ta xapaktnplotikd
amofnkeuong Twv LETAPANTWY XPNOLHOTIOWVTAS Mia atto TIg akoAoubeg
(PPACEILG

shared(<petaBAnTEC>)
private(<petaBAntéc>)
firstprivate(<petaBAntéc>)

CDPé(GEIQ * Htun pag idiwtikng petafAntng eviog piag meploxng dlapoipaong €pyou
|<0(60p|0p00 UTtopEi va «peTadobei» eKTOG TNG TIEPLOXAG LLE TNV:

: lastprivate(<petaBAntec>)
XAPAKTNPIOTIKWYV

Kolvoxpnoiog (l) * Hdefault supmepipopa prtopei va petaPinbet e :

default(private | shared | none)

* ‘OAeg 01 eVTOAEG Oedopévwy epappolovtal o€ TTapdAAnAa TURpata Kal
dopeg dlapoipaong Epyou ektog tng shared(), n omoia epapudletal povo oe
mapdAAnAa tunpara.

* ‘O\eg oL TtapaTavw eVIOAEG £xouv LoXU oto “lexical extent” tng evioAng
OpenMP (dnAadn avapeoa amo ta aykiotpa mtou kabopilouv to block).

PARALLEL
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DOpACoeEIg
KoBoplopou

XOXPOIKTNPIOTIKWYV
Kolvoxpnaoiog (ll)
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shared(x,y)

* OtpetaPAntégx, y Ba eival kovoxpnoteg otnv TTapdAAnAn Tteploxr) Ttou akoAouBel.

private(x,y)

* OtpetafAntégx, y Ba eival ISIWTIKEG yia KABE vijpa otV TiepLoxr TTou aKoAouBel.

firstprivate(x,y)

* OtpetaPAntégx, y Ba eival ISIWTIKES yia KABE vijpa otnv Tteployr) Ttou akoAouBei, aAla
Ba apyikottoinBouv pe TNV TN TIou €XEL N avtiotolxn apxikn (original) petaBAntn.

lastprivate(x,y)

* O peraB?\ntsg X,y Ba elval l&ootu(sg yla KaBe vrjpa otnv Tteploxn Tou akoAouBel, n
otroia gival uTroxpewTikd omp for ) omp sections. LT0 TENOG TNG TLEPLOXNG, N AVTIOTOLXN
apyxtkn (original) petaPAntr Ba tpottottoinBei amo to vipa Ttou Ba ekteAégel TNV
teleutala etavainyn tou loop (omp for) rj to teAeutaio section (omp sections).

threadprivate(x,y)

* Aev givat ppdacn, aAAd autovoun odnyia Ttou ToTtoBeTEITAL KOVTA OTO ONELO TIOU
dnAwvovtal ot petaPAnteg.

* OtpetafAntégx, y Ba eival 1d1wTikEG og kABe vrjpa Tou Ba dnpuioupynBei (opiletal povo
Hia popd, oto onpeio ou yivetat n dnAwon twv global petafAntwv x katy).
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[apaOsIypo

(PPACEWV
OEOOHEVWYV
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* Mapadeypa pe xprnon twv private() kat firsprivate() — €otw 2 vijpata

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

{
#pragma omp single
{
A++;
}
B++; C4++;
printf("%d, %d, %d", A,B,C);

}
printf("%d, %d, %d", A,B,C);

* Tt ea wnwbei peoa oo TapalAnAo tunpa; Aveixape
* To kaBe vApa Ba tUTtwve: 2, <tuXaia Tipn>, 2 #pragma omp single nowait
* Ti8a tumtwOel petd to TapdAAnio tunua? 1 8a TUTIVoTaY;
©2,1,1

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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* Kavovikd, 0Aeg ol peTtaBANTEG TIPETIEL VA TTPOTOLOPLOTOUV HECA ATIO
katola ppdaon (shared, private, firstprivate KATT) Ttpokelpévou va
KATAAdPEl 0 LETAPPATTHG TIWG VA TIG XEIPLOTEL

* ToOpenMP emitpemet va MHN ttpoadloplotolv (Eppecog KaBoplopog

; XAPAKTNPLOTIKWY KOLVOXpNoiag).
O, pPAOnNn de fa ult * ‘OAec autéc o1 petafAntéc Oewpoivral shared

* Mttopeiva aldel o Eppecog kaboplopog pe tn ppdon default().
+ default(shared): 6oeg 6ev opidovtal pntd, Bewpouvtal shared.
+ default(private): 6oeg d6ev opilovtal pntd, Bewpouvtal private.
* default(none): 6oeg dev opidovtal pntd, mpokaouv ouvTakTiko AdBog katd tn
UETAPPATH — avaykadel ToV TIPOYPAUATIOTA Va OplOEL pnTd Ta TtavTda.

PARALLEL
PROCESSING
GROUP
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Elval 0woTtog 0 UTToAOYIOOG TOU TT; Y WOTEG ETILAOYEG:

[TopAOEIYHO
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Oonyic

threadprivate
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* Metatpémel ta kowvoxpnota global dedopéva oe 1dtwTikaA yia kabe
viua

* C: File scope kal static variables

* Ala@OPETIKA CUUTIEPLPOPA aTto To private()
* Me 1o private() ot global petaAntég amokpumtovtal.
* To threadprivate() diatnpeito global scope oe kaBe vijua

* Ot petaPAntég threadprivate() pmopouv va apyikottotnbouv
XPNOILOTIOWVTAS TN ppdacn copyin().

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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dpaon

OEOOHEVWYV
reduction
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* Emtnpeadel otnv ouoia tov TpoTro «dlapoipaocns» Twv LETABANTWV:
reduction(op : list)

* OwpetaPAntég oto “list” tpémel va eivat shared oto tapaAAnAo tunua
TToU BpLOKOUAOTE.

* Evtog pia dopng parallel n dtapoipaong epyaciag:
* Anuioupyeital 1dlwtiko avtiypago kabe petaPfAntng tng Alotag kat
apyLKoTroleiTal (avaloya pe Tnv tpdén “op” TL.X. O yia “+”)
* Ta diwtikd avtiypaga cuvdualovtal kat §ivouv Tnv TEALKN TIHA OTNV
avtiotolyn (kowvoxpnotn) apxikn LetaBAntr oto T€Aog tng SOUNS.

* Tuttol tpdaéng (op):
4, -, %, /, &&, ||, &, |, *, min, max

A8 — ZYZTHMATA KAI AOTZMIKO YWHAQN EMIAOZEQN (High Performance Systems and Software)
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#tdefine N 1000000
double pi = 0.0, W = 1.0/N;

int main() {
int i;

for (i = 0; i < N; i++)

pi += 4*W / (1 + (i40.5)*(i+0.5)*W*W);
printf("pi = %.101f\n", pi);
return 0;

YTtoAoyIouOG Tou
T

PARALLEL
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YTtoAoyIouOG Tou
T
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#tdefine N 1000000
double pi = 0.0, W = 1.0/N;

int main() {
int i;

for (i = 0; i < N; i++)

pi += 4*W / (1 + (i40.5)*(i+0.5)*W*W);
printf("pi = %.101f\n", pi);
return 0;
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EClcoppOTINON

(pOpPTOU
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* Amotelei faoiko Ttapdyovta amodoong

* lNa ouvnBiopéveg Aeitoupyieg, Tr.x. Ipocbean dlavuopdtwy, N e§looppoTinon
epyaoiag oev amoteAeital {tnpa

* Na Alyotepo opaleg Asttoupyieg ipeTel va dobel 1dlaitepn onuacia otnv
dlapoipaon tng epyaciag petasl Twv vARATWY

* Mapddelypa pn opalwv (irregular) Asttoupylwv:
* MoAAaTIAQCIACUOG apalwV TIVAKWY
* MapdaMnAeg avalntnoelg oe pia dtacuvdedepévn Alota

* lNatétoleg mepimtwoelg, n doun dwapoipaon for xpnoipotoleital pe tnv odnyia
schedule Ttou kaBopilel dtagpopoug alyopiBuoug dpopoAdynong Twv
gTTavaAnPewv
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Oonyia schedule
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* Xprion
- schedule ( static | dynamic | guided [, chunk] )
* schedule (runtime)

static [,chunk]

* Atapolpadeltig z—:nava}\ntpslg, TIOU sxouv Xwplotei og tunpata peyéboug "chunke,
HETASU TWV VNUATWV HE KUKALKO TPOTIO

* Av dev opiletalto "chunk”, autd opidetal katd tpooéyyion ioo pe N/P kat kabe viipa
eKTEAEl Eva TUNHA eTTavaANPewY

dynamic [,chunk]

* Alaywpidel Tig emavaAnyelg o€ tunpata peyeboug "chunk”

* KdBe vipa poAig teAslwoel éva TunApa, Taipvel SuvapLkd To ETIOUEVO

* Kapia oxéon pe 10 “suéAikto (dynamic) mode” tou agopa oto TAR0og vpuatwv
guided [,chunk]

* Mapopota pe dynamic, aAAd to péyeBog Tou TUNUATOG PELWVETAL EKOETIKA

* 0e KdBe Brpa to peyebog tou TURATOG gival avddoyo Tou (# unassigned iterations / #
threads), aAAd oyt Atyotepo amo chunk.

runtime

* O aAyopiBuog dpopoAoynong kabopiletal Katd Tov XpOvo eKTEAEDNG EAEYXOVTAG TN
netapAntrn eptfarioviog OMP_SCHEDULE
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Apolf3aiog

OTTOKAEIOMOG KOl
OUYXPOVIOHOG
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* To OpenMP opilel Tig akOAouBeg 0dnyiec:
+ atomic

* Ta atopikn (adiaipetn) pdén o pia petaPAntn (mr.x. av§non)
critical

* Tla oplOpO KPIOLUWY TIEPLOXWV
barrier

* Ta ouyXpoviopo vudtwy
flush

* Ta ouvemela pvnpng (to povtéAo tou OpenMP uttoBetel e§alpetikd xalapr) CUVETIELQ)
master

* Ta ektéleon kwoika atd tov apyxnyo piag opadag vnpdtwy (cav to single, povo Tou
TIAVTA TO EKTEAEL TO VLA O Kal 6€v utTovvoel barrier ato TEAOG)
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2 UYXPOVIOUOG —

flush
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* H evtoAr flush dnAwvel Eva onpeio 0To 0TIol0 TO VA ETILXELPEL Va

ONULOUPYNOEL CUVETIA EIKOVA TNG LV HNG.
* 'OAeg oL TTpASELG HvAUNG (AvayvwoELS Kal EyypagEg) Ttou opidovtal mpiv ato
QUTO TO ONUEL0 TPETIEL VA OAOKANPWHOOUV.
* ‘OAeg oL tpdSelg pvnung (avayvwoelg kat eyypageg) Ttou opidovtal petd atmo
QUTO TO CNUELO TIPETIEL va EKTEAEDTOUV peTd To flush
* Ot petaPAntég oc registers n write buffers pémet va eyypagouv otn pvnpn

* Ta opiopata tou flush eival ta ovopata twv petafAntwv ou Ba
TipEmeL va yivouv Flush. Av dev uttdpxouv oplopata OAEG 0L OpATEG

oto vipa petaPAnteg yivovtat flush.
* Mpokeltal yia memory fence tou eTtiBAAAEL CUVETTIELA LVANG
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YTTtOVOOUEVOG

OUYXPOVIOHOG
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* Barrier uttovositatl apu£ows PLETA TO TEAOG TV TIAPAKATW 0ONYLWV:

* parallel

« for (ektogav eixe 600ein @pdonnowait)

- sections (ektogav eixe dobein @pdonnowait)
* single (extogav eixe 600ein @pdon nowait)

* Flush uttovositat apéowg PeTd 10 TEAOG TV TIAPAKATW 0ONYLWOV:
* parallel

* for

* sections
* single

* critical
* barrier
* ordered
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2 UVOIPTNOEIG

BIBA100NKNG
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* Yuvaptnoelg locks
- omp_init lock(), omp_set lock(), omp unset lock(),
omp_test lock()

* Yuvaptnoelg epLPAAovVTog XpOVou EKTEAEDNG:
* AMNayn/EAeyxog tou aplOpou Twv vUAaTwy

- omp_get num _threads(), omp _get thread num(),
omp_set_num_threads()

* Xpovopétpnon (emiotpépel deutepoAemta o€ double)
* omp_get wtime()
‘EAeyxog eKTEAEONG O€ TTAPAAANAO TUN A
* omp_in_parallel()
Ap1Bpog ete€epyaotwy 0To cUCTNHA
* omp_num_procs()
EvepyoTtoinon/atevepyotoinon eUPWAEUHEVOU TTApaAANALGHOU Kal
guéAiktou (dynamic mode) tAnBoug vnudtwy
- omp_set nested(), omp set dynamic(),
- omp_get nested(), omp get dynamic()
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2 UVOIPTNOEIG

BIBA100NKNG
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* Nava kaBoplotei 0 aptBpodS Twv vPATWV TTou eKTEAOUV €va TIPOYPA LA ApXIKA
ATIEVEPYOTIOLE(TAL TO EUEALKTO TTARBOG vudTwy Kal katoTtv kabopidetal o akpifig
aptBuog toug.

#include <omp.h>
int main()
{
omp_set _dynamic(@); /* nothing to do with the dynamic schedule! */
omp_set_num_threads(4);
#pragma omp parallel
{
int id=omp_get_thread_num();
do_lots of stuff(id);
}

return 9;
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MeTta3ANTeg

TtEPISAAAOVTOG
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* MoAAEG petaBAnteg tepifaAAovtog (environmental variables) wote va
KaBoplotouv atto TO TEPUATLKO Sldcpopsg napc’tuerpm Agitoupyiag,
TTPIV TV EKTEAETH EVOC NON UETAPPATUEVOU TIPOYPAUUATOC

* OMP_NUM_THREADS
* OMP_SCHEDULE
* OMP_STACKSIZE
* OMP_THREAD_LIMIT
* OMP_PROC_BIND
* OMP_DISPLAY_ENV
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* Kwdikag OpenMP

#include <omp.h>
#include <stdio.h>
int main() {

#pragma omp parallel

{
printf("Hello world from thread %d of %d\n",

omp_get thread num(), omp_get num_threads();

}

return 0;
}
* Mapaywyn ekteAéatpou apyeiou yia OMPi, GNU GCC 4.2, Intel Compiler)
$ ompicc -o hello hello.c

$ gcc -fopenmp -o hello hello.c
$ icc -openmp -o hello hello.c
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* Exktéleon

$ export OMP_NUM_THREADS=4

$ ./hello

Hello world from thread © of 4
Hello world from thread 2 of 4
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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[Nop&OeIypo 2
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#include <omp.h>

int main()
{
omp_set _dynamic(1l);
#pragma omp parallel num_threads(10)

{
/* do work here - at most 10 threads */

}

return 0;
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[Napadelypao 3
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void work(int i, int j) {}

void good nesting(int n)
{
int i, j;

#pragma omp parallel default(shared)

{
#pragma omp for
for (i=0; i<n; i++) {
#pragma omp parallel shared(i, n)
{
#pragma omp for
for (j=0; j < n; j++)
work(i, j);
}
}
}
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for (i = @; i < N; i++)
{
for (j = 0; j < N; j++)
for (k = sum = @; k < N; k++)
sum += A[1][k]*B[k][]];
C[i][J] = sum;
by

XPONOZ: 13@0msec

[TIiVOKO(G €TTI

Ttivakao (4 CPUs)

(AaBog atnv Koivoxpnaoia petapAntwv)
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OpenMI? tasRks
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>10 OpenMP 3.0 ekaBaploav KATIOLEG AETITOUEPELEG, TIpOOTEDNKAV
KATIOLEG VEEG CUVAPTHOELG TIOU UTIOPOUV va KAnBouv ato ta
Tipoypdppata (r.X. eupeon tou nesting level).

To faotkdtepo OpWG ATav N TtpooOnkn twv tasks.

OpenMP Release History

A single
specification
1998 2002 for Fortran, C

and C++
OpenMP OpenMP
C/C++ 1.0 C/C++2.0 Y, 2l

other new
features
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OpenMP tasks
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* [evikn 16€a:

. «oplouog» pag 60u)\81ag TIOU TIPETIEL VA Yivel atto kaTtolo thread,
KATttola oTiyun (kat 0x1 oTtwaodNToTE AETA ATid TO VALLA TIOU TV

oploe)

* BoAeUel TTOAU 0TV TTapaAAnAoTIoinon apketov EQAPLOYWV

* ETtiong pe auto Tov TpOTIO UTIOPEL OE APKETEC TIEPITITWOELG VA
amo@euxBei N Xpnon ELPWAEUUEVWY Ttapa}\}\n}\oov TIEPLOX WV
Ttou Ogv TIG Xelpidovtal KaAd ot teptocotepol compilers...
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ATIAN €apHoyA:
TIOPAAANAOTIOINCN

AEITOUPYIWYV O€
ouvOedeEVN AIOTX
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while (my pointer) {

(void) do independent work (my pointer) ;

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

* Mw¢ tapaAinAottoteital oto OpenMP 2.5?
* MNpwta évamépaopa yia va Ppebei to ARBog Twv etavarnPewy
* YTV ouvEéxela #pragmaomp parallel for
* OQd TIPETIEL Va PUAAE €TTiONG Evay Ttivaka Ple OAOUG TOUG 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
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* 'Eva task €xet:
* KwdiKka Ttou TIpETIEL va EKTEAETTEL:
#pragma omp task

{

KwOLKAG

}

* MetaBAntég mdvw oTig ottoieg Ba OoUAEYPEL

* Apou Ba ekteleotei mBavwg apyotepa, Ba tpEmel va «kouBaAder» padi
TOU KL TIG TIHEG TWV LETABANTWY TIOU UTIRPXAV KATA TOV OPLO O TOU

* 'Eva kaBoplopévo viaua

* [Mou Ba 1o eKTEAETEL TOV KWOLKA
* 'Oyl OpwG Ttdvta Ttpo-Kaboplopévo.
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* AUO (paoelg: (a) oplopog/maketdpiopa kat () ektéAeon

 Tovrpa Tou cuvavtd to #pragma omp task ipEmet va dnpioupynoel
Hia Sopn TIOU TIEPLEXEL TOV KWOLKA AAAA Kal Ta OeOoUEVA UE TIG

OpenMP tasks TPEXOUOEG TIHEG TOUG

* KaTota otiypn, kamoto vipa 6a tapel o «mtakETo» Kal Ba 1o eKTeEAETEL

(0 KOTIOG y1a TO TTAKETAPLopa dev XpELAdeTal av TO VLA TTOU ouvavtd To
#pragma omp task ekteAéoel ameubeiag to task)

PARALLEL
PROCESSING
GROUP
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task Construct

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

where clause can be one of:

if (expression)

untied

shared (l1ist)

private (list)
firstprivate (list)
default( shared | none )
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* ®paon if(ouvOnkn)
+ Av n ouvOnkn eivat false 10te 10 vijpa ekteAei apeoa to task

* [1.X. av 1o KO0TOG TNG dnioupyiag evog task eival Leydalo o€ oo LLE TOUG UTIOAOYLOUOUG
TIoU TtepIAap favel

* 'H.y. yia va cache/memory affinity

* ®paonuntied
* Kavovika, é€va task sivat «depévor (“tied”) pe to vipa mou Ba éekiviioel va to extelei
—onAadn Ba ekteAeotei atd 1o vipa auTtd HEXPL TEAOUG

* Ye éva ehelBepo task (“untied”), n ektéleor| Tou pTtopei va SLakOTITETAL KAl va
ouveyIeL TNV EKTENEDT TOU AAAO VAlLA, KATT.

* \ETITOUEPELEG:
* ToTipoypappa sivat Ao €va task.
* ‘Otav éva vipa cuvavtd pia tapdAnin teploxn, guiaxvet N tasks (implicit):
* Eivattied, éva task oe kabe éva amo ta N vipata ou Ba dnpoupynbouv
* 'Eva task Ttou ekteAeital pmopei va dnpioupynoet dAAa tasks
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2 UYXPOVIOUOG TWV

tasks
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* Y10 TEAOG €VOG KAAOIKOU barrier, 0Aa ta tasks Ttou £xel dOnpLIOUPYNOEL
Hia opada vnuatwy Ba €xouv oAokANPwOEL.

* To task Ttou cuvavtdel “task barrier” (#pragma omp taskwait)
UTIAOKAPEL HEXPL VA oAokANpwBouv 0Aa ta tasks Ttou dnuiovpynoe

#pragma omp parallel
{ N foo task created here

#pragma omp tas one for each thread
foo();

#pragma omp barrier All foo tasks guaranteed
#pragma omp single to be completed here

{
#pragma omp task One bar task created here

bar();
} Bar task guaranteed to be
}‘“l completed here
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Av dev uttapyet to default (), tote o1 global petafAntég eivat
kAaoikd shared. Ot uttodoitieg Bewpouvtat shared povo av sivat
shared og OAeg TIG TTEPIBAAAOUCEG TIEPLOXEG TOU KWOLKA LEXPL TNV TTLO
Tipoo@atn tapdaAAnAn tteptoxn. AAWG sival firstprivate.

task Construct

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

where clause can be one of:

if (expression)

untied

shared (list)

private (list)
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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fibonacci
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int fib (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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fibonacci
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intfib (intn)
{
Int X,y;
if(n<2)returnn;
#pragma omp task

x = fib(n-1);
#pragma omp task
y = fib(n-2);

#pragma omp taskwait
return x+y;;

n is firstprivate

X,y are firstprivate
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fibonacci
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intfib (intn)
{
Int X,y;
if(n<2)returnn;
#pragma omp task shared(x)
X =fib(n-1); -

#pragma omp task shared(y)

y =fib(n-2);
#pragma omp taskwait
return x+y;;
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List I;

Element e;

#pragma omp parallel
#pragma omp single

{
for (e = |->first; e ; e = e->next)
#pragma omp task
process(e);
}
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Alxoxion AioTtog
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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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List [;

Element e;

#pragma omp parallel
#pragma omp single

{
for (e =|->first; e ; e = e->next )
#pragma omp task firstprivate(e)
process(e);,
}
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Mepika akopo yia to OpenMP
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+ ICC

* Intel compiler & tools, dwpedv yia akadnpaikoug okottoug, BiLpAoOnKkn runtime TtA€ov avolxtou Kwdtka
* ESaipetika epyaleia, taxutata oelplakd TpoypAppata yia x86
*+ 'Exete§ayopdoettnv Cilk Arts.

* SUNCC
SUN C compiler (tAéov ORACLE) — pdAAov €xel eykataAeipbei

Fevikd KAAEG Kat oTaBepég eTIOOTELS, OXL OLWG Ol KAAUTEPEG

* NVC

* NVIDIA compiler, kupiwg amteuBivetal o cuotripata NVIDIA, 6ev utooTnpidel OAeg Tig AstToupyieg og OAa
Ta oUOTAHATA

Mpogkuye amo tnv e§ayopa tou Portland Group (PGI) kat evowpdatwaon tou ato NVIDIA HPC SDK.

* GCC [open-source]
* Ymootnpt§n tasks amo tnv €kdoan 4.3.x (OHwG Aoxnin uAottoinan)
+ KaAr ulottoinon amo ékdoan 4.4.x

+ Clang/LLVM [ open-source]
+ Xe Bépata apalinAtopou, paAlov Ttio Ttpoxwpnpévog amd tov GCC
H BiBA0Brkn runtime eivat autr tng Intel, TTA€ov open-source

* OMPi [open-source]
* O «dIKOG» pag, HEoA ATIO TITUXLAKEG, LETATITUXLAKEG Kal SIOAKTOpIKESG Epyaaieg
* AvolytoU KwdLka, TIOAU KAAEG eTIIOOOELG, ETIEKTATELS K.d.
http://paragroup.cse.uoi.gr/

* AMot epeuvnTikoi, eEAeuBepou kwdika:
* OpenUH, Mercurium (Nanos)
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V1.0 for V2.0 for
C/C++ Fortran
V1.0 for | V1.1 for V2.0 for
Fortran Fortran C/C++

V2.5
unified
Fortran

C/C++

V4.0
Devices
Cancellations
Dependencies

V3.0
Tasks

V5.0
Tool interfaces
Allocators

SIMD
Reductions
V3.1
Tasking
enhancements

V4.5
Doacross
loops

EKdoOeIg Tou
OpenMP

1998 1999 | 2000

2020|2021

2002

2005

2008

2011 2013

2015

2018

V6.0

Small additions, loop
transformations
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V5.2
Small changes
+ better docs
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