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TL elvat To OpenMP

@ “Open Multi-Processing”

@ pdéTumo (standard) API yia Tnv avantugn napdAAnAwv
EQAPUOYWV

@ Boao{Cetal og KO UVAUN

@ C, C++, Fortran

@ AmnoTteAeltal anod:

o Compiler directives
@ Run time routines
@ Environment variables

@ Specification mouv op{Cetatl and to OpenMP Architecture
Review Board (http://www.openmp.org)
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http://www.openmp.org

Tu 6gv glval

@ Oy yLa mpoypOoUUATIONO UE KATOVEUNMEVEG MVAUEG
@ Agv givat vAomotnuévo mavtol Ye Tov (BLo Tpodmo
@ Agv €yyuaTOL TNV TLO AMOBOTIKA XPAON TNG KOWNAG MVAMNG

@ Agv eA€yyxeL ywa eEaptrioelg, data races, cuyXpPOVLOUOS OV
AelmeL, KA.

@ Aev pnopel va xetplotel mapdAinAo 1/0
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Mapddetypa

@ For pe aveEdpTnTEG EMAVAAAYELG

for(i =0;i <n;i++)
clil = a[il + b[i]; J

@ For pe mapdAAnAeg enavaAryelc oe OpenMP

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

#pragma omp parallel for shared(n, a, b, c) private(i)
clil = ali] + blil;
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YUVTAKTLKO

@ OLnepLoodtepec dopéG Tov OpenMP slval compiler

directives
#pragma omp construct [clause [clause] ...] J
@ OL dnAwaoelg ocuvapTACEWY Kol TONMWVY BplokovTal 0To
apxelo
#include <omp.h> J

@ OLneploocdtepeg douéc Tov OpenMP avtioTol o0V OE
Kdmoto structured code block
@ Block kwdika mov €xeL €va anuelo eLlcddouv oTNY MPWTN Kalt
éva onueio €E660L peTd TNV TeAevTaia evToAn
o Emtpénetal n é€060¢ Kal pe exit()
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Hello world

#include <stdio.h>

int main()

{

int ID = 0;
printf(” hello(%d) ", 1D);
printf(” world(%d) \n”, ID);
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Hello world

#include <stdio.h>
#include <omp.h>
int main()
{
#pragma omp parallel
{
int ID = omp_get_thread_num();
printf(” hello(%d) ”, ID);
printf(” world(%d) \n”, ID);
}
}
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Compilation

> gcc -fopenmp foo.c
> export OMP_NUM_THREADS=4
> ./a.out
hello(0)  world(0)
hello(1) world(1)
hello(3)  world(3)
hello(2) world(2)
> ./a.out
hello(0) world(0)
hello(3) world(3)
hello(2) hello(1) world(1)
world(2)
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Fork-Join povtéAo mapaAANALOUOD

master thread .- -
e e teass
 threads
K threads
- - %
parallel region parallel region parallel region
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@ OpenMP Team: Master + Workers

@ “Mapd&AAnAo region”: block KWdka oL eKTEAE(TOL Ao
O0Aa ta threads Tavtdxpova

@ To ID tov master thread sivat nédvta 0

o O apBuédc thread pmnopel va aAAGEeL uévo unaivovtag os
éva parallel region

e Ta parallel regions umopel va elval pwAlaguéva, aAAd dev
elval anapaitnto 6Tl Ba ekTEAEOTOUY £TOL

o Mmnopel pe xprion €vog “if” va yivel mapaAAnAtouédc vnd
MPoDUMOOEoelC ] KWOLKAC oL eKTEAE(TAL TELpLOKE

@ “Work sharing”: polpdZetal N EKTEAECN TOL KWOLKA
METAED OAWY TWV HEAWVY Tou OpenMP Team
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2tolxela Tov OpenMP

@ Directives
e Parallel regions

if: NapaAAnAlopég umd ouvBrikn
num_threads: AplBuédc threads nmov Ba ekteAEoOULY TO region

@ Work sharing
@ Synchronization
e Data-sharing attributes

private: Néa petaBAntr yia kdOe thread

firstprivate: pe apyikonoinon

lastprivate: yeTd to region KPATd TNV TIKA TOL YPAPTNKE
oto teAevtalo iteration

shared: Kownr pvAun, o cuyxpoviopédc elvat evBOvn Tou
TPOYPOUUUATLOTAH

reduction:

threadprivate: Néa petaBAnT ywa kd0e thread, Suvapikn
8éouevon, persistent

copyin: Apxwkomoinon threadprivate
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2tolxela Tov OpenMP

@ Environment Variables

o Number of threads

e Scheduling algorithm

e Dynamic thread adjustment
o Nested parallelism

@ Runtime Environment

@ Number of threads

@ Thread ID

@ Dynamic thread adjustment
o Nested parallelism

o Timers

@ API for locks, barriers
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OpenMP napaAAnNALGuOC

@ Multi-threading, shared memory
o Ta threads emkowwvoly ypd@ovTag Kowr Yvrun
@ Race conditions
e Onwc kat ota pthreads
@ JUYXPOVLOMNOAG
e Barrier, locks, KA
o Kooti{CeL moADd
@ Eneldr] o ovuyyxpovioudc eivatl akplBoc:
@ Directives mouv eAéyxouv tnv pdoBacn otn UvAuN
@ Amo@uyn TNG avAYKNC YL CLUYXPOVLIOUS
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MpoypauUaTIOTIKO MovTEAO

@ H exktéAeon popdletal oe OAa ta threads
@ MpéneL va eival “péca” oe parallel region
@ [MpéneL va ekteAeotel and 6Aa ta threads oto team 1y
Kavéva
@ Oy barrier katd tnv évapgn, pévo Katd tTn ANEN
o Extdg av undpyxetl nowait
@ OL 6ouéc mapaAAnALooD 6ev Eeklvolv véa threads
@ lNa ovvtouia, dopég mov Eekvolv pali e to parallel

region

#pragma omp parallel
{
#pragma omp for

for (...)

#pragma omp parallel for J
)

for (...)
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Mapddetypa

#pragma omp parallel default (none) \
shared (n,a,b,c,d) private(i)
{
#pragma omp for nowait
for (i=0; i<n-1; i++)
bl[il = (ali] + a[i+1])/ 2;
#pragma omp for nowait
for (i=0; i<n; i++)
dli] = 1.0/c[i];
} /*-- End of parallel region --%/
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@ H dour reduction opiCel WG MOAAA avTiypa@a HULOG
TomKAG METABANTAG cuvdvdlovTal o€ pia peTaBANTA MoOL
Ba undpyxel oto master thread oto TEAOG

@ JuVTOoKTLKO: reduction (operator: variable list)

@ Ot peTaBAnTéC oTn AloTa HETABANTWY avTOUATA
dnAwvovtal wg private ota threads

@ O operator pnopsl va ivat pla and TG npagelc:

o +,% -, & |, &&, ||
@ ordered: Ol pdgelg Ba yivouv Pe TN oELpLaK oeLpd

#pragma omp parallel reduction (+: sum) num_threads(8) {
/* compute local sums here x/

iy

/* sum here contains sum of all instances of sums %/
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Napddetypa OpenMP

/% % %k 5k %k ok ok %k 5k %k ok ok ok ok ok ok %k ok ok ok ok >k >k >k ok 5k %k 5k %k k %k %k %k %k %k %k k >k *k %k
An OpenMP version of a threaded program to compute PI.
5k 5k 5k ok ok 3k 5k ok ok ok >k >k >k >k 5k 5k 5k >k >k >k 5k 5k 5k %k %k %k 5k 5k 5k %k %k %k >k >k >k % % *k *k k/
#pragma omp parallel default(private) shared (npoints) \
reduction(+: sum) num_threads(8)

num_threads = omp_get num_threads();
sample_points_per_thread = npoints / num_threads;
sum = 0;
for (i = 0; i < sample_points_per_thread; i++) {
rand_no_x =(double)(rand_r(&seed))/(double)((2<<14)-1);
rand_no_y =(double)(rand_r(&seed))/(double)((2<<14)-1);
if (((rand_no_x -0.5) * (rand_no_x -0.5) +
(rand_no_y -0.5) * (rand_no_y -0.5)) < 0.25)
{
sum ++;
}
}
}
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2UYXPOVLOUOC

@ To OpenMP bivel Ta abstractions ylwa va xwploet o
MPOYPUMUATIOTAG TN MvAUN o€ thread-local KopudTia
e single/master: untoAoylopdg avd thread
e Patterns emkowwviag (reduction)
@ MepLkég Qopég avuTd de yiveTal
o Emkowwvia petagd threads
@ AOUEC OLYXPOVLOUOD
critical: pévo éva thread k&6 popd
atomic: uévo yla eyypaeri otn Hvriun
barrier: pavtefol Twv threads tov parallel section
ordered: nepLoplopdg otTn osLpd
locks: low-level guyyxpovioudg (énwg ota pthreads)
flush: unxaviopudc memory consistency
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Mapddetypa sections

@ KoppdTio KWOKa Tov Ba EKTEAECOTOOV TMOPAAANAQ, amd 1
thread to kKaBEva

#pragma omp parallel default (none) \
shared (n,a,b,c,d) private(i)
{

#pragma omp sections nowait

#pragma omp section
for (i=0; i<n-1; i++)
blil = (ali]l + ali+1]) / 2;
#pragma omp section
for (i=0; i<n; i++)
dli] = 1.0/c[i];
} /*-- End of sections --x/
} /x-- End of parallel region --x/
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Single kat Master

@ single: Movo éva thread Ba eKTEAEOEL TOV KWOLKQ

#pragma omp single [clause[[,] clause] ...]

{

<code block>

}

@ master: Mévo To master thread Ba eKTeEAECEL TOV KWOLKQ

#pragma omp master [clause[[,] clause] ...]

{

<code block>

}

@ XpNnOolPELOLY YA KWOLKA TIOL TPEMEL va TPEEEL OE Evav
ene€epyaotn, m.x., I/0

@ Agv ylvetat barrier ovte atnv €l00d0 00TE 0TNV €€000 QMO
ovTd Ta blocks
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2UYXPOVIOUOC e Barriers

@ omp barrier: OAa ta thread Tou parallel section
@ Evvoe(tal barrier oto téAog tou for

#pragma omp for
for (i=0; i<N; i++)
alil = c[il + b[il;
/* --- Implicit barrier --- %/
#pragma omp for
for (i=0; i<N; i++)
d[i] = a[i]l + b[il;
/x* --- Implicit barrier --- %/

o’
@ Agv xpeldletal av Ta threads ekteAolv ta (dla iterations
ota 2 for
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Anopuyn barrier ue nowait

@ N va pnv neptuévouy threads étav dev ypelaleta,
nowait

@ OTav undpyxel, Ta threads mov EKTEAODV TN OLYKEKPLUEVN
doun mapaAAnAlopol dev ovyyxpovifovtal 0To TEAOC

@ Mnopel va yivel ouyxpoviopdc o AAAa onuela pe barrier

#pragma omp for nowait
for (i=0; i<N; i++)
alil = c[il + blil;
#pragma omp for nowait
for (i=0; i<N; i++)
d[i] = a[i] + b[il;
/* more work %/
#pragma omp barrier
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Mapddetypa barrier

#pragma omp parallel if (n>limit) default (none) \
shared (n,a,b,c,x,y,z) private (f,i,scale)
{
f = 1.0 /x --- Executed by all threads ---%/
#pragma omp for nowait
for (i=0; i<n; i++) /* ---Parallel loop, work distributed---x/
z[i] = x[i] + y[il;
#pragma omp for nowait
for (i=0; i<n; i++) /x ---Parallel loop, work distributed---x/
ali] = blil + c[il;
#pragma omp barrier /x---Synchronization---x/
/* more work %/
scale = sum (a,0,n) + sum (z,0,n) + f; /* ---Executed by all threads ---*/

/*---End of parallel region---x/
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2UYXPOVIOMOC U critical

@ M6vo €va thread pmnopel va ekteAéoel €va critical
region avd ndoa oTLyun

float res;
#pragma omp parallel

float B;
int i, id, nthrds;
id = omp_get_thread_num();
nthrds = omp_get_num_threads();
for(i=id;i<niters;i+nthrds){
B = big_job(i); /* big jobs run in parallel x/
#pragma omp critical
consume (B, res);
/* Only one thread at a time performs complex reduction */

}
}
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2UYXPOVIOUOC e atomic

@ Onwg to critical, pévo éva thread
@ Mdvo ylia memory writes

@ [Mwo ypriyopo

#pragma omp parallel

double tmp, B;
B = doit();
tmp = big_ugly(B);
#pragma omp atomic
X += tmp; /* one thread at a time */
}
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2UYXPOVIOUOC e locks

@ Low-level: 0 MPOYPOAUPATIOTAG EXEL EAEYXO

omp_init_lock(), omp_set_lock(),
omp_unset_lock(), omp_test_lock(),
omp_destroy_lock()

@ dwAlaopéva locks: to thread mov €xel KAEWBWOEL pmopel
va EaVaKAELBWOEL

omp_init_nest _lock(), omp_set nest lock(),
omp_unset_nest_lock(), omp_test_nest_lock(),
omp_destroy nest lock()
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KArjoewc oto runtime

@ AplBudg threads

omp_set_num_threads(), omp_get_num_threads(),
omp_get thread _num(), omp_get max_threads()

@ Kwolkag oe ekTéAean evtédg parallel region

omp_in_parallel() J

@ Mnopel to runtime va aAA&lel aplOud threads dSuvauikd;

omp_set_dynamic, omp_get_dynamic(); J

@ AloBEaLpoL EMEEEPYAOTEC

omp_num_procs() J
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Scheduling

@ EAeyyxoc¢ TnG Katavoung epyaociag (worksharing)

schedule(static[, chunk]):

Compile-time katavour] Twv enavaAfiyewv o€ threads

schedule(dynamic[, chunk]):

Ou emavoAqyel xwpi{Covtal og KoppdTia (chunks) kot k&Be

thread mov teAewwvel éva chunk maipvel To endpevo

dlaBéouo

schedule(guided[, chunkl]):

Onw¢ 1o dynamic aAAd ta chunks Eekvolv peyaAdTEPQ

KOL 0T oLVEXELR ULKpaivouy WG To kKaBopLlopévo dpLo

schedule(runtime):

O aAyo6pLOpog katavoung epyaciag Ba eAéyyxetat and to

unix environment tn otyun mov Eekvdel To MPdypaAUUA
@ export OMP_SCHEDULE=STATIC
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lepapyieg Mvnung

@ Shared memory: HOVTEAO KOWAG UVAMNG
@ OAa ta threads polpdZovtal TNV KOWH UvAun
@ MoAAQ& €(6n KOWAG HVARNG

e Uniform Memory Access

@ Non-Uniform Memory Access
e Cache hierarchy: L1, L2, L3, shared-L3, ...

Bus Interconnect

Pratikakis (CSD) OpenMP CS342, 2022 29/52




MovtéAo MvAuNG

@ MovTéAO PVAMNG:
@ Coherence: guvénela HeTAED avTLypdewy TN (Blag
dlevBuvong oe dLapopeTikd onueia TNG Lepapxlag KVARNG
e Consistency: oetpd pe tnv omnola y{vovtal 6vtwg ot
EYYPAQEC OTN MVAUN Kal oglpd Ye TNy omola yivovtal
QVTIANTITEG OL EYYPAQEG 0T Pvrpn and K&Be thread
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MovtéAo MvAuncg - Reordering

@ Source code order: H o€lpd 0Tn YAWGOQ MPOYPAUUATLONOD
@ Code order: H oglpd otn YAWOOO LUNYXOVAC

e Compiler reordering: 0 HETAYAWTTLOTAG AAAGTEL OELPA TWV
accesses

@ Commit order

e Out-of-order execution, pipelining, KAT €vTd¢ TOL KABOE
enegepyaoTn

@ Kd&be thread éyxel i 6yn TNG MVAUNG

@ Mnopel n avd ndoa oty pvipn mov BAENeL éva thread
va dLa@EPEL amd TNV MPAYUATIKA UVAMN

@ Consistency model: Kavdveg yla tTn oglpd Twv
read/write/synchronization evtoAwv

@ ALa@opeTIkd yla KABe yAwaoaoa (av vmdpxeEL)

@ AL0@OpPETLKO yLa KABe ISA

@ ALa@opeTIkd yla KABe vAomoinon eneEepyaotn
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E{dn Consistency

@ Sequential Consistency:
e OLavayvwaoelg (R), eyypagéc (W), kal ouyxpoviopol (S) otn
puvAun eivat sequentially consistent étav
@ Mévouv otn oepd nov elval SnAwPéva 0To MPOYPAUPA
(program order) yla k&8¢ ene€epyaoth
@ daivovtal and k&Be dAAo eneepyaotr va y{vovtal e avth
™ oEpd
@ Program order = code order = commit order
@ Relaxed Consistency:
o Aldpopa €idn
o MPOoKOMTOLY APALPWVTAC TIEPLOPLOUODC OTN Oslpd Twy R,
W, S ané to sequential

o Mnopel va elval loodvvaua pe to sequential vd ovvBAKeC,
énwc m.X., race freedom
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Consistency pvrjunc oto OpenMP

@ Weak consistency
o OLmpdAEeLg auyXpovlopol (S) 6ev umopovv va aAAdEouy
oelpd pe mpdEelc RA W
@ Eyyuvdtal
eS—-W,S—-R RS W—-55-S
@ H Asttoupyla S yia to OpenMP givat to flush
o low-level
@ Evvos(tal og k4Be GAAN Acttovpyla cLYXPOVIGLOD
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@ OpliCel éva onuelo otn oslpd ekTéEAEONG TOL K&B¢e thread

e EyyvdTal étL to thread Ba &el pLa ocuvenr (consistent) éyn
NG MVAMNG Ya TIC JETaBANTEG TTov avhkouy oTo “flush
set”

e To “flush set” elvat:

@ O petapAntég mov divovtat oto flush(list)
@ OAeg oL peTaBAnTEG Mo elval opatéc amnd To thread, étav
bev oplCetal AloTa peTaBANTWY
@ H Aettoupyla flush eyyvdatal 6tu:

@ OAec oL evTOAEC avdyvwaong Kal eyypaprig oc BEaeLg
MVANG Tou flush set mouv vndpyouv mpwv to flush, Ba
0AOKANPWOOoLVY TpLv To flush

o Kapia evtoAn avayvwaong Kol eyypaenc o€ BE0eLC UvhuNG
Tou flush set mov vndpyetl petd to flush, v Ba Eekvrioel
npw TeAELWoeL To flush

@ EvTtoAég flush mouv €xouv kowég B€aelg pvrung dev umopolv
va aAAGEouvv oeLlpd

@ AvtioTtowyo pe fence og AAAQ HOVTEAQ KOWAG UVAMNG
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2UYXPOVLOUOC e flush

@ X& KGBe doun ouvyxpoviopoL evvoeital £va flush
o E{oobdog kat é€€E0b0o¢ parallel region
e Kd&B¢e €{bouc barrier
o E{ocobdoc kat €€060¢ critical region
o Kdbe popd mov kAeldwvel i EekAedivel éva lock
@ AEN vmndpyxet flush 0TI MEPUMTWOELG:

e E{oobdo¢ kat €€060¢ oe master region
e E{ocobdo¢ kat €€060¢ o worksharing region
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flush kat reorder

@ O compiler unopel va aAAGEEL TN OELPA EVTOAWY
@ Xprolwuo og mMoAA& optimizations
o KaAOTtepn xprion 6Aou tou hardware (floating point, ALU,
KATT)
e KpUPBel latencies
@ To flush anayopedel va aAAAEEL N oELpd
o OmoLadrnoTe evTtoAr 6ev avTiyetatiBeTal e yeviké flush
o Mnopel va aAAGEeL ogpd e flush(list) av 6ev elvat oto
flush set
@ [MOAOTIAOKO YLt TOV TIPOYPOUMUATLIOTH VO OKEPTETAL OE
flush

@ H flush 6&v ouvyxpoviCel dlapopeTikd threads, aAAd £va
thread pe t™n pvAun

@ JUYXPOVIOUOC PHEOW UVAMNG
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Debugging

@ Debugger
@ Compiler
@ YuYVv6 e(bouc AdBoc: unintended sharing
o default(none): mapdyel compile-time AGOn yla avapopd o€
B€0elc pvAUNg mov 6ev €xouv BnNAwOE(

#pragma omp parallel for default(none) private(c, eps)

for (i=0; i<NPOINTS; i++) {
for (j=0; j<NPOINTS; j++) {
c.r =-2.0+2.5%(double)(i)/(double)(NPOINTS) + eps;
c.i =1.125%(double)(j)/(double)(NPOINTS) + eps;
testpoint();

)
}
@ H doun parallel for evvoel To iteration variable wg private
@ AAAG 6xL 6Awv Twv for loops
@ Unspecified j!
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Aopuéc dedopEvwy

@ MapAdAANAN eneEepyaoia SopwWv
o H nopdAAnAn emavdAnyn xpeldleTal KOAWG oplouéva dpLa
e Aev vmdpyxel while dopun

@ Mw¢ napaAAnAonoteitat pia Alota;

p = head;
while (p) {
process(p);
p = p -> next;

}
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OpenMP Kot dopég

@ ApYKA @TIAXTNKE yla supercomputing eQapuUoyEC
e Fortran
e Mivakeg kat regular loops
@ Avadpoun, 6elKTeG, avaOPOULKEC DOUEC
e Xmdvia otn Fortran yla vrtoAoylopo0¢ duvolknic, AAyeRpac,
KATL
@ AOOKOAN n mMpooapuoyn
e Meg to apykd OpenMP n didoxion AloTtag eivatl MOAOTIAOKN
e Metatponr oc doall
@ Metatponn o€ nivaka
o Anap(Bunon otowelwv
o MMivakag BEKTWY
e doall og nmivaka
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Alota oe OpenMP

/* count elements x/
while (p !'= NULL) {
p = p->next;
count++;

}

/* populate pointer array */
p = head;
for(i=0; i<count; i++) {
parrli] = p;
p = p->next;

/* actual parallelism x/
#pragma omp parallel
{
#pragma omp for schedule(static,1)
for(i=0; i<count; i++)
processwork(parr[il);
}
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OpenMP Kot BOPEG - ZLUTIEPACHA

@ lvetal n mapaAAnAonoinon
e Me doxnuo tpdmo
o Mg kéoTtog MoAAEG BLaoyioelg Twy dedopévwy
@ XpeldletaL LTOOTAPLEN VLA YEVIKO MPOYPAUMATIONOG
@ Oyt uévo for, bounded
e Language-based

@ OpenMP 3.0 Tasks
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OpenMP Tasks

@ AveEdpTnTa KOUUATLIO SOVAELAC

o Kwdlkacg
o Agbouéva
@ Control variables

@ Ta tasks skteAovvTal and threads

@ To runtime system tov OpenMP amno@aaiCeL TNV
avTioTtolylon
o Mmnopel va ekteAeotouv dueoa (inline)
o Mnopel va kaBuoteprioel n ektéAeon (defer)
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@ omp task directive (static)
@ Me code block énwc oe parallel region fj worksharing
directive
@ Task (dynamic)
o H dopn 6edouévwy mov dnuiovpyeltal Kat mEPLYPAPEL TOV
vnoAoyLopd
o Anuiovpye(tal TNV Wpa TNG EKTEAEONC
@ Otav éva thread @tdoeL oe omp task directive
@ Task region (dynamic)
@ To trace and evtoAéc nov napdyetal é6tav éva thread
ekteAel éva task
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EktéAeon tasks

@ To OpenMP gyyvdTal TNV ekTéAeon Twv tasks mov
LTIAPYOLY OE EKKPEUOTNTA OTQ barriers
e #pragma omp barrier
o #pragma omp taskwait

/% create threads *x/
#pragma omp parallel
{
#pragma omp task
foo();
/* one foo task per thread %/
#pragma omp barrier
/* now all tasks have completed x/
#pragma omp single
{
#pragma omp task
bar();
/* one task created *x/
}

/* implicit barrier will wait for task bar() here x/
}

v
=y . = =
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Mapddetypa

@ Xelpd Fibonacci
@ Divide and conquer

int fib(int n) {
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 + vy;

}

@ lMpoéBAnua: private task variables

@ Ta x Kal y mov ypdgovtal ota task dev elval (dla pe TIg
TOTILKEG METABANTEC X Ko y!
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Mapddetypa (2)

@ Xepd Fibonacci
@ Divide and conquer

int fib(int n) {
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
return x +vy;

}

@ lMpo6BAnua: private task variables

@ Ta x Kat y mov ypagovtal ota task dev glval (dla pe TLg
TOTKEG METABANTEG X KaL y!

@ A\oon: shared
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Mapddetypa - List

List my_list;
Element *e;
#pragma omp parallel
#pragma omp single
{

for(e = my_list->first; e; e = e->next) {
#pragma omp task

process(e);

@ lMpoooyri: Data race!
@ H petaBAnTA e pnopel va €xeL Tavtdxpova updates
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Mapddetypa - List

List my_list;

Element *e;

#pragma omp parallel
#pragma omp single

for(e = my_list->first; e; e = e->next) {

#pragma omp task firstprivate(e)
process(e);
}

}

@ Aoon: firstprivate
@ Update tng TomkNg peTaBANTAG, avtiypago ava task, in
sequence
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Mapddetypa - List - EKTEAEDN

List my_list;
Element *e;
#pragma omp parallel
#pragma omp single
{
for(e = my_list->first; e; e = e->next) {
#pragma omp task firstprivate(e)
process(e);

}

@ Anuwovpyolvtat 6Aa ta threads oto parallel region

@ Eva thread pnaivel oto single, Ta AAAQ MEPLUEVOLY OTO
implicit barrier oto TéAog

@ To single thread dnulovpyel tasks

@ Ooa threads nmepipévouy o barrier ekteAolv dlabéopa
tasks oo nepLpévouv

@ To barrier teAcwwvel étav gTdoovv dAoL
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Memory Access Patterns

for (intj =0;j <n; j++) for (inti =0;i <n;i++)

for (inti =0;i <n;i++) for(intj =0;j <n;j++)
sum += A[l[j]; sum += A[il[jI;

@ pnyopdtepn n npdcoBacon oe dLadoxLlkEG BLELOVVOELG
MVAUNG

@ Aegdopéva otnv cache

@ Prefetcher pattern

@ Locality
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Good Practice

@ Moi{paoua Twv dedopévwy
o Aebopéva avd thread (embarassingly parallel)
o Aedopéva otig uvripeg (locality)
@ Anog@UyeTe akplBd global synchronization operations
e Amoguynr ordered
e Amoguyn critical (kaAODTepa atomic)
e Amoguyn peydAwv critical regions
@ Melwon Twv implicit barriers
@ nowait dmovu bev xpeldletal barrier
@ 000 peyaAiTepo parallel region yivetat
e Kéotog dnuwovpylag thread
@ AtyO0TEPO OELPLOKS KWOLKA
o Compiler optimizations
o Oy parallel regions péoa oc loops
@ Load balancing
@ Aviool vmoAoylopol mpokaAolv KaBuoTépnaon
e Kdamnoia threads meptuévouy
@ Avoid False sharing
o Aebopéva apkeTd Kovtd otnv cache
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OpenMP

@ http://openmp.org/mp-documents/0penMP3.1-CCard.pdf
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