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* Tuxpeltadetal Kaveig yia va Tt poypap LATIOEL € AUTO TO LOVTEAO:

— OvtoTNTEC EKTEAEONG (VAHATA, OlEPYATIEG)
= Anuioupyia, dtaxeipion
= 'Ox1 dpson Evvola oto OpenMP
Shared address — Kowég IJET,G BANTEG psImEL'J va ovrclmﬁtwv |
s Oplopog petaPAntwy (tL givat Kovo kat Ttwg opidetat)
S pa ce / S h d rEd = Tig dtafdadouv kat tig TpoTtoTToloUV OAEG Ot SlEPYATIES
variables = O1kaBoAikég pevaPAntés (ka1 61 povo) oto OpenMP
— Apotfaiog amokAelopog
= [1.x. KAe1dapleg
= KAgibapieg kai ato OpenMP
— YUYXPOVIOHOG
= [1.x. KAnoeig @payng (barrier calls)
= KAnoeig ppayng, dusosg Kal EUPETEG
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['loti OpenMP;
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* ATTAO!

* «AuENTIKO» (ONAadn amAd tpocBetelg Alyo-Aiyo
TIAPAAANALOUO OTO UTTAPYOV OELPLAKO TIPOYPALLLQ)

— 'Ox1 tavta 1000 atmAo, BEPatal
* Yrtootnpidetal oxedov Ttaviou AoV, dlaitepa ONUOPIAEG

* Mpoopata (v4.0, v4.5) N ELBEAELA TOU ETIEKTEIVETAL KAL OTLG
ETUTIAEOV OUOKEUEC / devices eVOC CUOTNLATOC
(ouvemte§epyaoteg, emitaxuvteg, GPUs, KAT)
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YTtoAoyIouOG Tou

T =3,14...
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* Ap1Bpuntikn oAokAnpwon
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didoTnua i
(T Adrog diacTnudTwy W =0,1)

Nzl+[(/+/)W]

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ




dual core pe 2 vijpata

,45

Me vhuota,
[BeATIOTOTIOINUEVO

Xpovog (sec)

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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* OpenMP: APl yia tn ouyypagr TTOAUVNHATIKWY EQAPHOYWV

— YUVOAO 08NYLWV TIPOG TOV LETAYAWTTIOTH KAl ouvapTRoewV PiPA0BAKNG,
OlaB€oipo oToV TTPOYPAPUATIOTH TTAPAAANAWY CUCTNHATWV

— ALEUKOAUVEL TN oUYYpaA@N TIOAUVNHATIKWY Ttpoypappdtwy o€ Fortran, C
Kat C++, Xwpig va TpoTroTtotEl Tn factkn yAwooa

— [pOTUTIO TIOU CUYKEVTPWVEL TNV EUTIELPIA APKETWV XPOVWV OE
TIPOYPAUUATIOUO TIOAUETIESEPYATTIKWY CUCTNUATWV

Elcaywyn oto

OpenMP * E&w kat>15xpovia uttootrptEn ato HeyAAss stalpeisg /
OpYaVIOLOUG:

— Intel, SUN/ORACLE, IBM, HP, SClI, ...

- GNUGCC>=4.2

* Emtiong, epeuvntikoi compilers:
— Omni (lamtwvia), NANOS/Mercurium (loTtavia)
— OpenUH (HMA), OMPi (EA\Gda - Uol)
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* NMapaA\nAiopog tuttou Fork-Join:
— To vApa-apxnyog dnuioupyei opdda viHATwy CUHP®VA LE TIG aVAYKES.
— Y& kaBe Tteployn Tou KwdLKa Tou ¥petadetal:
1. Anploupyeivripata
2. XUWUMETEXELOTOUG UTTOAOYLIOHOUG
3. [Meplpével TOV TEPUATIONO OAWVY TWV VNHATWV TNG opadag

— O taparnAlopog tpootiBetal fabuiaia

= To akohouBiako Tpoypappa e§ehicoetal o TtapdAAnAo Tipoypappa

[1poypPAUPOTIOTIKO

HOVTEAO

El

d
NS

APXNYOS

Hxl‘l‘apd)\)\n)\u TuAHoTa
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* Ynuavtikog otoxos tou OpenMP attotelei n eUkoAn
TtapaiAnAottoinon Bpoxwv etavaAnyng:

— Bpegta o xpovofopa loops.

— Moipaoe Tig emtavaAnPelg HeTall viHATwV.

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++) {
do_huge_comp(Res[i]);

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

}

AkoAouBlako Ttpdypappa

MapaA\nAo Ttpdypappa
PARALLEL p r] p Yp IJ“
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* O1 TIeEPLOCOTEPES «EVIOAES» OpenMP eival directives (0dnyisc) Ttpog
Tov compiler.

* Matnv C kat C++, divovtal wg pragmas Kat €Xouv Tn Hopen:
#pragma omp construct [clause [clause]..]

* MNatn Fortran, ta directives €xouv pia ato Tig akoAouBeg HopPES
oxoAiwv:

ZL'JVTO(E;T] oényw’uv C$OMP construct [clause [clause]..]

I$OMP construct [clause [clause]..]

*$OMP construct [clause [clause]..]

* A@pou ol odnyieg eival pragmas ) oxoAla:

— éva tpoypappa OpenMP pttopei va petayAwttiotel amo compilers tou
dev uttootnpilouv OpenMP

— ol teAeutaiol amAd ayvoouv ta directives
— MpOoKUTITEL «WOULHO», OELPLAKO TIPOYPAHA

PARALLEL
PROCESSING MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 10
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[TapAIAANAS

TUAMOTA
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* NApata dnutoupyouvtatl oto OpenMP (otn C/C++) pe tnv
oodnyia omp parallel

* Na tapdadetypa, yia va dnpoupynBei éva tapdAAnio tunua

UE 4 vAuaTa:
double A[1000];
#pragma omp parallel num_threads(4)

{
int ID = omp_get thread num();

pooh(ID,A);
}

* KadBe vrpa ekteAel yia Aoyaplaopd Tou Tov KwolKa HETa OTO
dopnpévo block tou TtapaAAnAou TuRpatog

* KaBe vjpa kaAei tnv pooh(ID) yia ID = 0 £wg 3

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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[TapAIAANAS

TUAMOTA

1IN
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KdaBe vijpa ektelei yia Aoyaplaopo tou tov id1o kwdika

* 'Eva povadiko avtiypago tou A potpddletal (kolvoxpnoto) HeTadu Twv v HATwV

double A[1000];

(4 threads)

H ektéleon ouvexiletal pdvo otav €xouv teAelwoel OAa ta vijpata (barrier)

double A[1000];
#pragma omp parallel num_threads(4)
{
int ID = omp_get thread num();
pooh(ID,A);
}
printf("all done\n");

pooh(0,A) pooh(1,A)

pooh(2,A) pooh(3,A)

printf("all done\n");

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ

12



MEpPIKEG TIPWTEG

AETTTOUEPEIEC
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* MANBog vnuatwv: «cuédiktoy (“dynamic” —eivai to default)

— 0 aplBpog Twv VAUATWV TIOU XPNOLUOTIOIOUVTAL YIa TNV EKTEAEDN
TIAPAANAWY TUNHATWY UTTOPEL va Ola@Epel LeTASU S1apOopPETIKWY
TUNUATWV

-0 oplouog TOU apl6uou TWV VN uaroov (omp_set_num_threads())

acpopa oToV MEVIUTO aplOpd VHATWY Kal EVOEXOHEVWG N EKTENEDTN Va
yivel pe Atyotepa vijpata

* MARBog vnpatwv: mpokabopiauévo (“non-dynamic”)

— O aptBuog twv vnudtwy ivat akpifa¢ autog tou kabopiletal amo tov
Tipoypappatiotn (Oev ETIITPETIETAL OTOV LETAPPAOTA VA «TIAISEL)

* To OpenMP uttootnpilel eppwAeupéva TtapdAAnAa Tunpata,

OLWGE...
— 'Evag compiler evOexopévwg va eTIIAESEL va EKTEAETEL OEIpLaKA OAa Ta
etimeda peTA 1010

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



Oonyviec
OlooIpaong

eEpyou (worRshare
directives)

PARALLEL
PROCESSING
GROUP

* AkoAouB1akog Kwoikag
for(i=0;i<N;i++) { a[i] = a[i] + b[i]; }

* MapaAAnAototnpévog 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 enavoAnyelg 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]; }

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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Oonyvieg

OlooIpaong
Epyou: for
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* To omp for katavépel tig emtavaAnyelg evog loop petadu twv
VNUATwV plag opadag. YToxpewtikd akoAoubei Bpoyog for.
#pragma omp parallel
{

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

}

* O TpoYpaunatIoTrc eyyudtal 0Tl ol emavalnyeic sivai aveédptnrec petalu
touc! To OpenMP dev Kdvel KdTTolov EAeyXo...

* E€ oplopou uttovoeitat barrier 010 t€Aog tou omp for

* MNa va agalpebei to barrier xpnoipotoloupe tnv (pdon nowait
otnv odnyia omp for.

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 15



* H doun dtapoipaong épyou omp sections avabétel éva dlapopetikd SounpéVo
block og kaBe viipa tng opadag
#pragma omp parallel

{

#pragma omp sections

{

#pragma omp section

Oonyvieg

Xx_calculation();

6IO(|JOI'pO(OT]§ #pragma omp section
épvou Sectlons y_calculation();

#pragma omp section

z_calculation();

}

* E€’ oplopou uttovoeital barrier oto TEAOG TOU OmMp sections

* Na va apatpebei to barrier xpnolHOTIOIOUE TNV PpACT nowait

PARALLEL
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Oonyvieg

«OlaHoipaonG»
EPYoU: single
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* Hodnyia diapoipaong Eépyou omp single avabétel tov kwdika TTou akoAoubel
0€ £va Kal povadiko vipa tng opddag
#pragma omp parallel
{

#pragma omp single

{
calc();

}

}

* OTT0108ATIOTE ATIO TA VA CUVAVTHOELTO single, UTIOpEL va 10 eKTEAETEL—
£V TA UTtOAoLTIA OXL.

* E€ oplopou uttovoeital barrier ato t€éAog tou omp single

* Nava apalpebeito barrier xpnolpotoloUpe Tn @pdacn “nowait”

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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2 UVOUOIOOI
oonylwv

(combined
directives)
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* ['la dteukdAuvan, xprion evog pragma avti duo.

* Yuvduadetat nodnyia omp parallel pe dopég dtapoipaong
epyou omp for i omp sections.

* Mapadeypa:

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

* Aev uttdpyel “parallel single” (6ev €xel kat vonua)

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



#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;

}

YTtoAoyIouOG Tou

T (MEXPI TWPO)
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* Ot global petaPAntég eival kowvoyxpnoteg petasl Twv
VNUATwWY

* 'Opwg dev eival ta Ttdvta Kouvd...
HEP | Bé()\)\OV — Ot petapAntéc otn otoifa tou KABe vApatog sivat ISLwTikEG

6860|JéVUUV (|) — Ot petaPAntég ou opidovtal péoa o €va dounpévo block evtoAwv
glval IOLWTLKEG.

* To OpenMP eTtitpETel TV aAAayn Twv XapakTnpIoTIKWY
koivoxpnoiac (sharing attributes) twv petapAntwv

PARALLEL
PROCESSING MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 20
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[lepISOAAOV

ocdopevwy (ll)
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* Ta xapaktnploTikA KolvoXpnoiag twv HeETaPANTWY
kaBopilovtal eite éypeaa (implicitly) eite duesoa (explicitly)

* ‘Eppeoca kabopilovtat avaloya pe 1o Twg opidovtal /
XPNOLLOTIOLOUVTAL.

* [la tapdadetypa, otig TTapAaAANAES TLEPLOYEG:

— otrola petaPAntn eival oplopEvn TPV aTIo pia TtapdAAnAn Ttepiloxn
Kal XpnolyoTIoleital p€oa o€ autny, Bewpeital autopata wg
KOLVOXPpNOTN LETASU TWV VAUATWV TNG OUAdAG, AKOUd Kal av Ogv gival
global.

* O TIpOypAPHATIOTAS UTIOPEL, OPWG, va TtapEUPelL Kal va
KaBopioel apeoa tnv Kowvoxpnoia twv HETAPANTWV LE ELOLKES
ppdoeic (clauses).

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 21



DOpACoeEIg
KoBoplopou

XOPOKTNPIOTIKWYV
Kolvoxpnoicg (1)
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* O TtpoypappATIOTNS UTtopEi va kabopioel pntd Ta xapakTnpLloTika
ammoBnKeUoNg Twv LETAPANTWV XpNOLLOTIOIWVTAG Lia aTtd T akoAouBeg
(PPACEILG

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

* Htun piag idiwtikng petaBAntng eviog piag reploxng dtapoipaocng Epyou
UTIOpEi va «peTadobei» eKTOG TNG TIEPLOXNG LLE TNV:

lastprivate(<petaBAntecy>)

* Hdefault oupmtepipopa pmopei va petaPAnbei pe tn:

default(private | shared | none)

* 'OAeg 01 eVTOAEG OedopEVWVY epappolovtal o€ TTapAANAd THARATA Kat OOUEG
dlapoipaong Epyou ektog tng shared(), 1 omoia epapudletal povo og TapdAAnia
TUNUATa.

* 'OAeg ol TTapaTavw svro)\eg EXOUV lO)(U oto “lexical extent” tng evioAng
OpenMP (bnAadn avapeoa amo ta aykiotpa tou kabopilouv to block).

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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DOpACoeEIg
KoBoplopou

XOXPOIKTNPIOTIKWYV
Kolvoxpnaoiog (ll)

PARALLEL
PROCESSING
GROUP

shared(x,y)
— OtpetapAntég x, y Ba eivat kowvoxpnoteg oTnv TapdAAnAn TLeEPLOXN TTOU AKOAOUBEL.

private(x,y)

— OtpetapAntég x,y Ba eival ISIWTIKEG yla KABE vrpa otV TLEPLOXN TTOU AKoAoUBEl.

firstprivate(x,y)
— OtpetapAntég x,y Ba eival ISIWTIKEG yla KABe viua otnv TtEpLox Ttou akoAouBei, aAAd Ba
apxlkottotnBouv Ye TNV TIUA TToU €XEL N avtiotolyn apyikn (original) petaBAntn.
lastprivate(x,y)

— OtpetaPAntég x, y Ba gival 1IGLwTIKES yia KABe vijpa otnv TtepLoxr TTou akoAouBEel, 1 omoia eival
utroxpewTIKd omp for 1 omp sections. LTo TEAOG TNG TLEPLOXNG, N AvTioTolyn apxtkn (original)
petaPAntn Ba tpotomolnOei ato To vijpa Ttou Ba ekteAéael TV TeAeutaia eavainyn tou
loop (omp for) 1] To TeAeutaio section (omp sections).

threadprivate(x,y)

— Aev elval @pdaon, aAAd autovopn odyyia Ttou ToTtoBeTE(TAL KOVTA 0TO ONElO TTOU dnAwvovTal
ol petaPAntég.

— OtpetaPAntég x, y Ba eivat 1diwtikég o€ kaBe vrpa Ttou Ba dnpioupynBei (opidetat povo pia
opd, 0To onueio Ttou yivetat n dnAwaon twv global petaBAntwv x katy).

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 23



[apaOsIypo

(PPACEWV
OEOOHEVWYV
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* Mapddeypa pe xprnon twv private() kat firsprivate() —€otw 2 vapata

int A, B, C;
A=B=C=1;
#pragma omp parallel shared(A) private(B) firstprivate(C) num_threads(2)
{

#pragma omp single

{

A++;

}

B++; C++;

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

Av gixape

* Ti0a tumtwOel p€oa oto TTapdAAnAo THAUQ;
— To kaBe vAjpa Ba TUTTwVE: 2, <tuxaia TIUA>, 2  BadEEUECIEN U EUEIEL:

11 6a TuTtwvoTav;

* Tt Ba tuntwBel petd to TapdAAnio TuRpa?
-2,1,1

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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DOpdcon default
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* Kavovikd, 0A&g ot peTaBANTEG TIPETIEL va TIPOTOLOPLOTOUV HETA ATIO
Katola ppdon (shared, private, firstprivate kKATT) Ttpokelpévou va
KATAAABEL 0 LETAPPATTNAG TIWG VA TIG XELPLOTEL

* To OpenMP emutpémnet va MHN 1tpoadloplotouyv (Eppecog kaboplopog
XAPAKTNPLOTIKWV Kolvoxpnaoiag).

— OAec autég o1 petaPAnteg Bewpouvtai shared

* Mmopeiva aAldSel o eppecog kaboplopdg pe tn ppaon default().
— default(shared): 6oeg dev opidovtal pntd, Bewpouvtat shared.
— default(private): 6oeg dev opilovtal pntd, Bewpouvtal private.

— default(none): 6oeg dev opidovtal pntd, mpokarouv ouvtaktiko AdBoc katd
TH HETAPPATH — AvayKAel TOV TLPOYPAUATIOTH vd OploEL pnTd Ta
TIavta.

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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Elval 0woTtog 0 UTToAOYIOOG TOU TT; Y WOTEG ETILAOYEG:

[TopAOEIYHO
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Oonyic

threadprivate

1IN
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* Metatpémnel ta kowoypnota global 6edopéva og 101WTIKA yia
KaBe vpa

— C: File scope kal static variables

* AlapOpPETIKA CUUTIEPLPOPA aTtO To private()
— Me to private() ot global petaBAntég amokpumtovtat.

— To threadprivate() diatnpeito global scope oe kaBe vrua

* Ot petaPAntég threadprivate() pmtopouv va apytkottotnbouv
XpNOLUOTIOIWVTAG TN ppdaon copyin().

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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dpaon

OEOOHEVWYV
reduction
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* Emnpeddel otnv oucia tov TpOTIO «Olapoipacng» Twv
HeTAPANTWV:
reduction(op : list)

* OwpetaPAnteg oto “list” tpemet va eivat shared oto
TTapAAANAo TURHA TToU BPLOKOUACTE.

* Evtog pia dopng parallel n diapoipaong epyaciag:

— Anpioupyeital IlWTIKO avtiypago kabe petaBAntng tng Alotag kal
apxlkotroleital (avaloya pe tnv tpagn “op” .X. O yia “+”)

— Ta bwtikd avtiypaga cuvouddovtal kat Sivouv TnV TEAIKN TIUN 0TNV
avtiototyn (kowoxpnotn) apXtkn petaBAntn oto T€Aog tng Soung.

— Tuttottpadng (op):

=+, -, *) /J &&) ||J &) |: Ny min, max

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 28



#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
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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;

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



EClcoppOTINON

(pOpPTOU
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* Atmtotelel faoikd Ttapdyovia amodoong

* [a ouvnBiopéveg Asttoupyieg, Tt.X. TpocBean dtavuoudtwy, n e§lcoppoTInan
gpyaoiag dev amoteAeital {ftnua

* Ta Atyotepo opaAég Aettoupyieg tpemel va doBei 1dlaitepn onpacia otnv
dlapoipaon tng epyaciag petaSl Twv vAUATWY
* Mapddetypa pn opaiwv (irregular) Asitoupylwv:
— MoAAamAaciaopog apalwy TivAakwy
— MapdAAnAeg avalntnoeig o€ pia dtaouvdedepévn Alota
* Na tétoleg TepITTWOELS, N dopr dtapoipaon for xpnolpotoleital pe tnv odnyia

schedule Ttou kaBopilel dtagpopoug alyopibuoug dpopoAdynong Twv
eTtavainPewyv

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Xpnon
- schedule ( static | dynamic | guided [, chunk] )
- schedule (runtime)

* static [,chunk]

- Aapoipadel Tig eTtavaAeLs, TTou £Xouv XwpLoTel o€ Tpnpata peyéboug "chunke,
HETASU TWV VNUATWV HE KUKALKO TPOTIO

— Av dev opidetal o "chunk’, auto opiletal katd tpooeyyion ioo pe N/P kat kdbe vipa
EKTEAEL Eva TUN A ETTAVAANPEWV
* dynamic [,chunk]
- Alaywpidel Tig emavaAnyelg os tpnpata pey€boug "chunk®
— KaBe vipa poALg TeAElwael Eva TUNUA, TIAlpVEL SUVAULKA TO ETIOUEVO
— Kapia oxgon pe to “cughikto (dynamic) mode” Ttou agopd oto tA}00g vipdatwv

* guided [,chunk]

— Mapopota pe dynamic, aAld 1o péyebog Tou THAHATOG LELWVETAL EKBETIKA

— 0oe kAbe BI"]kl)(\l,‘[(l) pHéyebog Tou Tp,lr']hlatog glvat avdloyo tou (# unassigned iterations / #
threads), aAAd Oyt Atydtepo amo chunk.

° runtime

— O aAyopiBuog dpoporoynong kabBopiletal katd Tov XpoOvo EKTEAETNG EAEYXOVTAG TH
HeTa }\r]tr}]1 nspch}l’l}\}\ovmg%MP_S HEDULE

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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# enavainyng

5 10 20 30 40 50

60 70 80 90 89

static
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Apolf3aiog

OTTOKAEIOMOG KOl
OUYXPOVIOHOG
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* To OpenMP opilel Tig akoAouBeg 0dnyieg:
- atomic
= [Na atopikn (adiaipetn) tpdén oe pia petaPAntn (.. avénon)
- critical
= ['a oploUO KPIOIUWV TIEPLOXWV
- barrier

= [a ouyXpoviopuo vnpdatwy
- flush

= [1a ouvéTela pvnpng (to poviélo tou OpenMP uttoBétel e€alpetikd
XaAapn CUVETIELQ)

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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flush
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* H evtoAn flush dnAwvel Eva onpeio oto oToio To vApa
ETILXELPEL VA ONUIOUPYNOEL CUVETIA E1KOVA TNS UVAUNG.

— 'OAeg oL TIpAEELG HVALNG (aVayVWOELG Kal Eyypageg) Ttou opilovtal mpiv
ATIO AUTO TO ONHELD TIPETIEL VA OAOKANpwOoUV.

— 'OAeg oL TIpASEIG HVALNG (AVAYVWOELG Kal EyYpageG) Ttou opilovtal yetd
aTIo AUTO TO oNUEio TIpETIEL va ekTeAeaToUV petd To flush

— O1 petaPAntég oe registers n write buffers tpémel va eyypagouv otn
LvAun

* Ta opiopatatou flush eival ta ovopata twv petapAntwy
Ttou Ba pemet va yivouv Flush. Av dev uttdpyouv opiopata
OAEG ol opateG oto vApa petaBAnteg yivovtat fFlush.

* Mpokeltal yia memory fence Ttou eTiIBAAAEL GUVETIELA LVALNG

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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YTTtOVOOUEVOG
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* Barrier uTtovosital apéows LETA TO TEAOG TWV TIAPAKATW 0ONYLWV:
- parallel
—for (ektogav eixe bobein ppdaonnowait)
- sections (ektogav eiyxe bobein ppaonnowait)
- single (extogav eiyxe 6obein ppdonnowait)

* Flush uttovositat apéows PeTA TO TEAOG TWV TTAPAKATW 0SNYLWV:
- parallel
- for
- sections
—-single
-critical
- barrier
- ordered

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Yuvaptnoelg locks

—omp_init lock(), omp set lock(), omp _unset lock(),
omp_test lock()

* Yuvaptnoelg TtepLBAAAOVTOG XpOVOU EKTEAEDNG:
— AMayn/EAeyxog Tou aptBpou twv vpdtwy

= omp_get_num_threads(), omp_get_thread_num(),
omp_set _num_threads()

— Xpovopetpnon (emiotpépel deutepolettta o double)
= omp_get wtime()

— 'EAEYX0G eKTEAEDNG O€ TIAPAAANAO THAUA
= omp_in _parallel()

— Ap1Buog eme€epyaotdv oto oUoTnUA
= omp_num_procs()

— Evepyottoinon/amevepyotoinon eu(poo}\euusvou TtapaAAnAtopou kat
guéAiktou (dynamic mode) mAnBoug vnudtwy

= omp_set nested(), omp_set dynamic(),
= omp_get nested(), omp_get dynamic()

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Na va kaBoplotei 0 aplOpog Twv VUATWY TIOU EKTEAOUV £va TIPOYPAH LA apXLKA
ATIEVEPYOTIOLEITAL TO EUEAIKTO TTARBOC vpdTtwy Kal katotiv kabopiletal o akpipng
aplBpog 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 0;

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* [MoAAEg petaPAnteg eptfdAAdovtog (environmental variables)
WOTE va KaBoploTouv atto 10 TEPUATLKO OLAPOPES
TIAPAPETPOL AEITOUPYIAG, TTPIV TV EKTEAEDN EVOG NON
UETAPPATUEVOU TTPOYPAUUATOC

- OMP_NUM_THREADS
-~ OMP_SCHEDULE

-~ OMP_STACKSIZE

— OMP_THREAD_LIMIT
-~ OMP_PROC_BIND

-~ OMP_DISPLAY_ENV

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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;

}

* NMapaywyn ekteAéatpou apyeiou yia OMPi, GNU GCC 4.2, Intel Compiler)
$ ompicc -o hello hello.c

$ gcc -fopenmp -0 hello hello.c
$ icc -openmp -o hello hello.c

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* ExtéAeon

$ 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

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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#include <stdio.h>
#include <omp.h>

int main()

{
int x = 2;
#pragma omp parallel num_threads(2) shared(x)
{
if (omp_get_thread_num() == @) {
X = 5;
} else {

[Noap&dsiypa 1 (Tl

printf("1l: Thread# %d: x = %d\n", omp get thread num(),x );
O TUTTWOEI;) J

#pragma omp barrier

if (omp_get thread num() == 0) {

printf("2: Thread# %d: x = %d\n", omp_get thread num(),x );
} else {

printf("3: Thread# %d: x
}

%d\n", omp get thread num(),x );
¥

return 9;

}

PARALLEL
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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(190)
{

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

}

return 0;

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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);
}

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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 ekaBdploav KATIOLEG AETITOHEPELEG,
TIPOOTEDNKAV KATIOLECG VEEG CUVAPTHOELS TTOU HUTTOPOUV va KAnBouUv
amo ta poypdppata (.. eUpeon tou nesting level).

To Baoikdtepo OUWS ATav N TtpocOnkn 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

MYEQ23 -- TAPAAAHAA YL THMATA KAI TIPOFPAMMATIZEMOX
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* [evikn 16€a:

- «oplouog» piag 60u}\81ag TIOU TIPETIEL VA VIVEL cmo KClT[OlO thread,
Kamola otiypn (kat 0l oTtwodNTIOTE APETA ATIO TO VLA TIOU TNV
oploe)

* BoAeUel TTOAU 0TV TTapaAAnAoTIoinon apKETWY EPAPHUOYWY

* Ettiong pe autod Tov TPOTIO UTIOPEL O€ APKETEG TIEPITITWOELG VA
ato@euxBel n xpnon ELPWAEUUEVWY Ttapa?\?\r])\oov TIEPLOX WV
Ttou 0eVv TIG Xelpidovtal KaAd ol Tteplocotepol compilers...

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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while (my pointer) {

(void) do independent work (my pointer) ;

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

* Mw¢ tapaAAnAotioteital to OpenMP 2.5?
— Mpwta éva tépaopa yia va Bpebei 1o ARB0g Twv eTtavaAnPewv
— XTnVv ouvéxela #pragma omp parallel for
— Oa TIpETEL va QUAAE eTtiong Evav Ttivaka pe OAoUg Toug pointers

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* ‘Eva task exet:

— KwOLKa TToU TIPETIEL VA EKTEAEOTEI:
#pragma omp task

{

KwolKag

}

— MetaBAntég mavw otig ottoieg Ba SoUAEPel

= Apou Ba EKTE}\sotsl TBavwg apyotepa, Ga TIPETIEL VA «|<ou[3a}\asl» nadi
TOU KAL TIG TILEG TV HETABANTWY TIOU UTIAPXAV KATA TOV OPLOHO TOU

—'Eva kaBopiopévo vijpa

= [Tou Ba 1o ekteAETEL TOV KWOLKA
= ‘Ox1 Opwg Ttdvta mpo-kaboplopévo.

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* AUo pdoelg: (a) oplopog/taketapiopa kat () ektéleon

— To vAjua Ttou ocuvavtd to #pragma omp task pEmet va dnuioupynoel
Hia dopr) Ttou TtepLEXEL ToV KwOIKA AaAAd Kal Ta dedopéva HE TIg
TPEXOUOEG TILEG TOUG

— Katowa otiypn, katoto viapa 0a Ttdpel 1o «TtakeTo» Kat Oa 1o eKTeEAETEL

(0 KOTIOG yia TO TTakeTAplopa Oev Xpetddetal av To VA LA TToU ouvavtd 1o
#pragma omp task ekteAéoel ameuBeiag to task)

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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

———

PARALLEL
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* ®paon if(ouvOnikn)
— Av n ouvOnkn eival false 1o1e 1o vijpa ekteAei dpeoa to task

= [1.x. av 1o K6OTOG TNG dnpoupyiag evog task eival peyalo os oxéon e TOUg
UTIOAOYLOHOUG TIOU TtEpIAapBavel

= 'H1r.X. yia va cache/memory affinity

* Opdonuntied
— Kavovikd, éva task sival «dgpévos (‘ tled”) UETO vm,m mou Ba éekivioel va to
ektedei—dnAadn Ba exkteAeotel ato To vApa auTtd HEXPL TEAOUG

— Y& €va eAeuBepo task (“untied”), n ektéAeor| Tou UTTOpEl va SlakoTITETAL
Kal va ouveXidel TNV eKTEAEDT TOU AANO VI LA, KATL.

* \ETITOUEPELEG:
— ToTtpoypappa sivat 0Ao éva task.

—‘Otav éva vijpa ouvavtd pia tapdAAnAn eploxn, @tiaxvel N tasks
(implicit):
= Eivaitied, éva task oe kaBe éva amd ta N vrijpata ou Ba dnptoupynbouv
— 'Eva task Ttou ekteAeital pmopel va dnutoupynost aAa tasks

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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2 UYXPOVIOUOG TWV

tasks
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* Y10 TEAOG €VOG KAaaLkoU barrier, 0Aa ta tasks Ttou €xel
dnuloupynoet pia opdda vnpdtwy Ba Exouv ohokAnpwOei.

* To task Ttou ouvavtdel “task barrier” (#pragma omp taskwait)
UTtIAOKApEL pHEXPL va oAokAnpwBouv 6Aa ta tasks Ttou dnuioupynoe

#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

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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Av dev uttapxet to default (), tote ot global petafAntég eivat
kAaoikd shared. Ot uttodoitteg Bewpouvtat shared povo av eivail
shared o€ 0Aeg Tig TTEPIBAAOUCEG TLIEPLOXEG TOU KWAIKA LEXPL TNV
IO TIPOO@ATN TIAPAAANAN TtEpLoX. AALWG gival 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 )

MYEQ23 -- TAPAAAHAA YL THMATA KAI TIPOFPAMMATIZEMOX
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int fib (intn )
{

int X,y;
if (n<2)return n;

fibonacci x = fib(n-1);

y = fib(n-2);

return x+y;;

PARALLEL
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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 =
return x+y;;

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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;;

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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;;

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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);
}

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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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);

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ

e Is shared here

62



List [;
Element e;
#pragma omp parallel
#pragma omp single
{
for (e =|->first; e ; e = e->next )

Alxoxion AioTtog
#pragma omp task firstprivate(e)

process(e);,
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* GCC [open-source ]
- Ymootnpién tasks armoé tnv €kdoon 4.3.x (OwG Aoxnn UAoTtoinan)
— KaAn uhottoinon amo €kdoaon 4.4.x

* ICC
- Intel compiler & tools, dwpeav yia akadnpaikoug okotoug
- ESalpetikd epyaleia, taxutata oeLplakd TTpoypdapLata yia x86
- 'ExereSayopaceitnv Cilk Arts

eu EpOI — SUN Ccompiler (tAéov ORACLE) — pdAAov €xel eykataingBei

O p en M P — Tevikd kaAég kat otabepég eTIOOTELS, OXL OLWG OL KAAUTEPES

Compilers * Clang/LLVM [ open-source]

— Xe Béuata maparlnAlopou, pdAhov Tto Tipoxwpnévog ato tov GCC
- H BiBAobnkn runtime givat autr tng Intel, TAéov open-source

* OMPi[open-source]
— O «b1KOG» pag, HEoa attd TITUXLAKEG, LETATITUXLAKESG Kat S10aKTOPLKES Epyaaies
— AvolxToU K®SLKa, TIOAU KAAEG ETTIIOOTELG, ETIEKTATELS K.l
- http://paragroup.cse.uoi.gr/

* AM\ol epeuvnTikoi, EAeUBepou 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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