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To framework OpenMP

* KabopiCer evor API mapGAAIANG ETECEPYAGTOG
2TNV aPYIKN LOPPT) TOV NTOV TPOGAUVATOAMGLUEVO GTN
owayeipion threads pe to otatikod povtéro fork — join
Apyotepa TpootEOnkay ovvatotnTeg ¥pnong tasks

Kabnc kot evtodav SIMD kot Tpoypappoaticpod ce GPU
* Emizpenel 1oV mopaAAA0 TPOYPOLUATIGUO GE
VYNAOTEPO ETITENO
Am’ 0,11t o POSIX threads

* YLAOTOLEITOL O7TO) TOV. LETOYAMTTIGTT]
['a 11 yAwooec C, C++ ko Fortran (HPC programming)

Eyyevic vmootpién amd 0AOVE TOUC KEUTOPIKOVC)
UETAYAMTTIOTES
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IIpoypapuoationog pe to OpenMP

* Xpnon C pragmas
Oonyiec (directives) yio TOV LETOYAMTTIOTY] TEPW, OTO TN
yAweew C

20Y VA ¥PNGLLOTOLIOVVTOL Y10 TV DAOTOINGT extensions Tov
LETAYAMTTIOT

O kdBe peTayA®TTIoTNG AmOoPaGilel TG Oa TIC YeEIpLoTEL
2V nepintoon tov OpenMP tpomomolohv Tov KMotk

o YOUTANPOUATIKEC GuVAPTNGELS (BpAIeONKN) Yio
olaryeipron tov OpenVIP

ANy TAnpoeopiag yio 10 TEPPAALOV EKTEAEGTC T
tpomomoinon pvbuicemv tov OpenMP
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IIpoypapuoationog pe to OpenMP

* Include headers
#include <omp.h>
Opiouoi tov OpenMP API

* Compiler flags
Il.y. gcc -02 -Wall -fopenmp hello-omp.c -o hello-omp
Ewomnotiel tov petayAottiot yio to pragmas tov OpenMP
oL O GLVAVTINOEL KO Y10l VOL GUVOEGEL TO EKTEAEGILLO
TPOYPUUUA LOG UE avaPOPEC otV Ko BiPAodnkn tov
GUGTNUOTOC TOL LAOTOLEL TIC Agttovpyieg Tov OpenMP

Av dev mpootebel 1o -fopenmp Oa ayvonBovv ta #pragma
omp 1/xar Ba onuiovpyndel ceaipo GHVOEGNC LE TN

BiBAoON KN
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[HopariinAiopog pe threads

* Anuiovpyios Wioc opdoogs threads wov WwopovV Vo

EKTELOVVTOL TOUPOAATIACL
['a tv ektéAdeom evoc (Tov 1010vV!) TUNUOTOC KOOTKO TTOV
ovouacetal mopaiinin neployn (parallel region)
To thread mov onuovpyel v TapdAAnAn Teployn (master 1
primary thread) cuveyiCet Kot avTO pe TNV EKTEAEGT) TNG
TOPAAANANG TEPLOYNG
210 TEAOC TNC TAPAAANANC TTEPLOYNC EIGAYETOL EVO EUPEGO
(implicit) barrier cuyypovicuov Twv threads

* AVT16T01Yiol IE TO LOVTEAO fOTK — jo1n 7OV oM

YVOPICOVIE
[Ipocoyn: N mapdAANAN TEPLOYN OEV VAOTOLEL KOTOUEPIGLLO
epyaciog (work sharing)
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#pragma omp parallel

{
printf("Hello world!\n");

} // NOTE: implicit barrier sync here
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.LCO:

.string "Hello world!"
main. omp fn.0O:
.cfi startproc

endbr64 < N TOPAAANAN TEEpLOYN EYIVE 1]
ovvepPTHOoN main. omp fn.0

lea rdi, .LCO[rip]
jmp puts@PLT
.cfi endproc

.cfi startproc
endbr64
sub rsp, 8

.cfi def cfa offset 16 , _
S ecx, ecx n oievBovon g main. omp fn.o

xor edx, edx — TEPVAEL OC TOPOUETPOS OTH

xor esi, esi ¢
lee rdi, main. omp n.0[rip] ovvoptnon GOMP_parallel TOv

call GOMP parallel@PLT OpenMP
xor eax, eax

add rsp, 8

.cfi def cfa offset 8

ret

.cfi endproc




Avayvopiotikog aptduog thread

* Kabe thread Eyer Evow poveoiko apiduo
ANyn pe ™ ovvaptnon omp get thread num()

XpNoiuomoteitot yio vo 01opopomoindetl 1 oovield KaOe
thread péca otnv 1010 TAPAAANAN TEPLOYN

O tpOmOg awTOG Epyaciac akolovbel To povielo “single
program multiple data” (SPMD)

* [locw threads exzeAoV THV TOPUAANAT TEPTIOYN;
ANyN ue  ocvvaptnon omp get num threads()

* Aokipoete vo ta tpocbecere 610 OpenMP “hello”
TPOY OO,
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EA&yyovtac Tov aptiuo tov threads

* O op1Ouoc tov threads oe (i TOPIAANAT TEPIOYN
WTOPEL VoL TTPOGOIOPIGTEL [LE OTUPOPOVE TPOTODS
MetapAnt nepipariovtoc OMP NUM THREADS
Oa ypnoipomoinfel av oev opileTal OAALNG LECO GTOV KOOTKL
2vvaptnon omp_set num threads()

Amnd 1t0 onueio KANoNg Kot PETd
Q¢ npdcbeto otoryeio (clause) oto #pragma omp parallel

Ooco dwapkel n kpiowun meploym

* Aoxkipooete to 6t0 OpenMP “hello™ mpoypariua
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Elwcaywyn otnv euPércia petaAntov

» Data Scope

[ToAD onuovTikn €vvolo GTOV TPOYPUULUOTICUO LE TO
OpenMP

Tv ocvuPaiverl pe Tic ueTaPANTEC TOL GEPLAKOD
Tpoypdupotoc; Tt PAEnel kaOe thread;

* AVO PociKeES KOTNYOPIEC LETAPANTOV.
Private: kd0¢ thread BAEmEL OrUPOPETIKT «KOTTION TNG
HeTaPAN ™G
Shared: Ao ta threads PAEmovv TV 10100 petafAntm
Ko1voc mopogs, TPEMEL VoL VITAPYEL EAEYYOG TPOGPUGNGC

Otav doev onAmvetal pntd 10 €100¢ ULoC LETAPANTNC, TO
OpenMP &yer default kavovec yia avtd
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[TapdAAnAn meproyn Kot euPereta petoPAntov

* MeEco ornV mopdAAAN TEPLOYN
Omnolaonmote HeETaPANTN ONAOVETOL LEGO GTNV TOPAAANAN
neploym Oewpeiton private

To 1010 1oyveL Yo LETOPANTESG GLVOPTNCEMV TOL KAAOVVTOL
HEoa amd TNV TOPAAANAN TEPLOYM

Ot global petaPantéc etvan shared

MetafAnNTéC Tov 0€V £XEL TPOGOIOPLOTEL TO £100C TOVG
ypnouomolovv to default (€ opiopov shared)

* Pnmwoc mpoGo1opiGLos EI00VE EUPELEIOG
To #pragma omp parallel (Onw¢ kol GAAa pragmas)

TOLPVOVV TPOOPETIKA clauses mpocoloptoov euPEAELaC yia
Motec petafAntov

private() ko shared()
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Alopolpacuog epyaciac evoc loop

» [oop worksharing construct
H epyocia evog loop owaporpdleton ota threads piog
TOPAAANANG TEPLOYNG
Aev mapéyel maporiinioud threads, mpémel va xel mponynOel
gval #pragma omp parallel
Epapuoleton og €va for loop g C

» [lepropioiol 6To 1006 To, for loop
H petofAnt) eravainyng Ba tpénel va etvon axépoio
Oa tpémel va eivon YvooTd Kol 6Tafepd 1 apyn Kol TO TEAOC

NG EMUVAANYNG

H cvykpion Oa mpénetl va eivar <, <=, >, >= e otabepn
TLT

H avénon/peioon e petafAntne eravainyng 0o mpemel
va yivetal katd Eva otabepo Priuo
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#pragma omp parallel
{

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

printf("Thread %d working on element %d\n",

omp _get thread num(),1);

} // implicit barrier here - use nowait clause to
avoid

} // implicit barrier here

nowait



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

printf("Thread %d working on element %d\n",
omp _get thread num(),1);
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MéEBooot olapolpaGLov

« Static
H default uéboooc, ywpilel e 16oOmOGH LEPT (1] OE
TpoapeTIKO chunk-size) v epyacia
KoatdAinin otov kabe emavainyn £xel Tov 1010 GOPTO

* Dynamic
AvdaBeon uoc emavainyng (M tpoaipetikd chunk-size
emavainyemv) ava thread kot poAlg ohokAnpwBei, véa
avaeon

KatdAAnAo 6tov 10 opTio OL0PEPEL CNUAVTIKA OVEL
EMOVAATIUM

* Guided

Onwc to dynamic, n avabeon oumc yivetal o€ chunks
EMOVAANYEDV TOV VITOAOYILOVTAL OVVOULIKE OLOPOVTOGS TIG
EMOVAANYELC TOV OTTOUEVOLY Ot TOL aptduov twv threads
(tpoapetikd pe eAdyioto chunk-size)
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double *a, *b, *c, *d;
int i,j;

//...a,b,c,d array alloc & init here...

#pragma omp parallel
{

for (j=0;j<R;j++) {

#pragma omp for nowait
for (i=0;i<N;i++) {
a[i] = b[1]*c[i]+d[1];




double *a, *b, *c, *d;
int i,j;

//...a,b,c,d array alloc & init here...

#pragma omp parallel
{ 0 j eivou shared (;!;!;!)
— AAOOL!
for (j=0;j<R;j++) {

0 i elval private (loop
#pragma omp for nowait index) — OK
for (i=0;i<N;i++) { - 4
a[i] = b[1]*c[i]+d[1];
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