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MapaAANAEG APXITEKTOVIKEG:
Opyavwan uvnung

® Kowng pvrung (shared memory)
O UMA (Uniform memory access): XpOvoc TipooTiEAAoNC aveEApTNTOC TOU
eTEEEPYOOTH Kal TNG BEGNC PvrUNG
O NUMA (Non-uniform memory access): Xpdvoc TipooTiéAdonc eaptdtal
OTTO TOV €TIEEEPYAOTNA KAl TN BE0N PvhUNG
O cc-NUMA (cache-coherent NUMA): NUMA HE OCUVAQEID KPUPHAC MVAMNG
® Katavepnuévng pvnung (distributed memory)

® YBpIdIKA
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APXITEKTOVIKY) KOWVNG
(Lolpaldpevng) pvipnG

OL eme€ePYATTEG EXOUV KOLVY] MVIUN
H npooBaon o€ OAa ta dedopeva yivovtal e EVTOAEG avayvwaong Kat eyypagng ot pvnun (load /
store)
TUTIKA TA CUOTHATA SLAOETOUV ATOULKESG EVTOAEG TTOU SLEUKOAUVOUV TO auyXpoVviouo (TAS, CAS)
KaBe ene€epyaotng SLIABETEL TOTIKTY) LEPAPXIA KPUPWV UVTIILWV
Arnauteital UAOTTOINOT TIPWTOKOAAOU GUVAPELAG VIIUNG YLa va StatnpnBEel n cuvagela Twv
O€BOUEVWV 0NV KPUPY] UVTIUN.
YuvnOwg n dtacuvdeon yivetal HEow SLadPopoU Hvhnung (memory bus)

O AMGA kat 110 e€ehtypéva Siktua SLacUvEeaNC

OHOLOHOPPN 1] UN-OLOLOLOPPT TIPOCTIEAAOT] OTN
uvnun (Uniform Memory Access - UMA, Non-
uniform Memory Access - NUMA)

H Kowvr) pvnun SLEUKOAUVEL ToV TTapAaAANAo
TIPOYPAUUATIOMO (AAAG TOPEL VA SnULOUPYOEL
oofapd mpoBAnuara Aoyw race conditions!)
AUOKOAA KALLOKWOLUT APXLITEKTOVIKN — TUTTLKA
HEXPL Alyeg HekAdEC KOUPBOUG (HEV KAMAKWVEL TO
Siktuo Staocuvdeonc)
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APXITEKTOVIKN KATAVEUNUEVNG
HVIUNG

KaBe ene€epyaoctq €xeL TN SIKY) TOU TOTTLKN LV KAl LEpAPXia TOTIKWY UVIUWV

AlaoUVOEETAL LE TOUC UTTONOUTOUC EMEEEPYAOTEG LEOW OIKTUOU SLaocVLVOEDNg

H nipooBaon o€ dedopeva mmou Bpiokovtal 0€ ATOUAKPUGUEVOUG KOUBOUG YiveTal pnTa HECW
KAT\OEWV €TTIKOVWViaAg, avtaAlayng pnvupdtwy (send / receive) N HEOW oUVEVVONONG KAl TV dUO
TTAEUPWV YLA TIPOCRACT TNV QUTOUAKPUOUEVN VNN (rtapepuaivel To AT)

H kataveunuev Hvrun SUCKOAEVEL TOV TIPOYPAUATIOMO YLIATL O TIPOYPAUMATIOTNG QutalTeital va
oX€OLATEL KAl VA UAOTTOLY)OEL TNV TTPOCBAoT 0€ SLAKPITES MVIEC (KATAKEPUATIOUEVOG —
fragmented mpoypappatiopog)

H apXITEKTOVIKY) KALOKWVEL O€ XIAMADEG UTTOAOYLOTIKOUG KOUPOUG

Koupog 1 Koupocg 2 Koupog N

3] 3]

Aiktuo Aloovvdeonc (T1.x. Ethernet, Myrinet, SCI)
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MpoYPaUMATIONOG OE HOLPA{OMEVY

HVION
void threadl(int *shared_var) void thread2(int *shared_var)
{ {

int 1i; int 1i;
for (i=0; i<LOOPS; i++) for (i=0; i<LOOPS; i++)
*shared_var += 7; *shared_var -= 7;
} }
int main()
{
int shared_var = 13;
CREATE THREAD(threadl, shared_var)
CREATE THREAD(thread2, shared_var)
WAIT THREADS(threadl, thread2)
printf("shared_var=%d\n'", shared_var);
return 0;
¥
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MpoYPaUMATIONOG OE HOLPA{OMEVY

HVION
void threadl(int *shared_var) void thread2(int *shared_var)
{ {
int 1i; int 1i;
for (i=0; i<LOOPS; i++) for (i=0; i<LOOPS; i++)
*shared_var += 7; *shared_var -= 7;
} }

kkourt@twin3:~/src/tests$ for i in $(seq 10); do ./testl ; done
shared var=353891
shared_var=360660
shared var=362683
shared var=360688
shared_var=356124
shared_var=321159
shared_var=357552
shared_var=-458739
shared_var=355585
shared var=361871
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MpoypaAATIOHOG € HOLPAl{OMEVT
pvnun: Posix Threads

XapnAou emnutedou dLemaPn yla To XELPLOUO VINUATWY
MNapadeiypata Zuvaptnoswy:

O pthread create()

O pthread mutex flock,unlockg()

O pthread cond fwait, signalg()

O pthread barrier wait()
Aev Wmopel eVKoAa va XpnotlpormonBet yla tnv rniapaiAniornoinon
OELPLAKWY EPAPUOYWV
A€V glval apKETA AITAT] YLA VA XPYOLLLOTTONOEL Arto ETLOTI|LOVEG, TIOU
B€Aouv va mapaAANAOTTOLNOOLV TIC EPAPLOYES TOUG

> € TIOAAEG TIEPUTTWOELG QUTALTELTAL KATL TTLO ATTAO Kall EUXPNOTO, AKOMA KAl
av xpelaletal va BuolaoTtel Eva ONUAVTLIKO TUNMA TOU EAEYXOU TTAVW OTNV
EKTEAEOT
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OpenMP

[1pOTUTTIO YL TIPOYPAUUATIONO OE MOLPA(OUEVT) UVIIUN
Opilel ouyKeKpLUEVN Stemtapmn (API) kat 6xt uhomoinon
O o08nyiec oe petayhwttiom (compiler directives)
O BiBAL0ONKN XpOVoU ekTtéNeonC (run-time library)
O uetafAntéc cuomuaroc (environment variables)
O raparnAopnog SnAwvetat pnta (explicitly) amd tov nmpoypappatiom)
Nwooeg: C/C++, Fortran
MP = MultiProcessor
Ta npoypappata tov OpenMP:
O Mropouv va PeTawpaatovy amd LETAYAWTTLOT TToU Sev To UnoopileL.
O MrmopoUv va ekTEAETTOUV OELPLAKAL

Epappoletal KUpLlwE € EPAPUOYES LE LEYANOUC TILVAKEG
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'Eva mpwto mapadeypa

// ABpOloHa OLOVUCHATWV
for (i = 0; 1 < n; i++) // Ave€aptnteg snavoANPeirg oto Bpoxo
c[1] = a[1] + b[1];

#pragma omp parallel for shared(n, a, b, c¢) private(1i)
for (i = 0; 1 < n; i++)
c[1] = a[i] + b[1];

% gcc -fopenmp source.c
% setenv OMP_NUM_THREADS 4
% ./a.out
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MOVTEANO EKTEAEONG

H ekteleon Eekva agto 1 initial thread
Otav 1o initial thread ocuvavmoel pia TapdAAnAn meptoxn

O Anpoupyeitat pia opdada vnpdatwy (team of threads) mou mep\apPdavel To
initial thread (twpa Aéystat master thread) kau O 1) meplocotEpa A
threads

O KdBe vijua avalapBavel TNV EKTEAECT) TOU WITAOK EVTOAWY TTOU
niepAapBAavet n mapAaAAnAn neploxn) (unapxouv KAtaAANAeg odnyieg mou
SLAPOPOTIOLOVV TNV EKTEAEDT) TWV VNUATWY, BA. oUVEXELA)

>TO TEAOG TN ITAPAAANANG TIEPLOXNG TA Vrjata cuyxpovilovtatl
Ot TapAAANAEG TTEPLOXEC WITOPEL va elval pwAlaoueveg (nested)

O Av n ulormoinon to unooMPIlel N WALACUEVN OUASA VUATWY WTOPEL va
TIEPLEXEL TIEPLOCOTEPA TOV €VO(¢ thread
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MOVTEANO EKTEAEONG

#include <omp.h>

main(){

#pragma omp parallel num_threads(4)
{

omp_set_num_threads(3);
#pragma omp parallel

{
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MOVTEANO EKTEAEONG

initial thread

parallel region

master thread team of threads

parallel region

master thread team of threads

synchronization

synchronization

N
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MOVTENO EKTEAEONG: PWALATUEVEC
TTIAPAAANAEG TTEPLOXEG

#include <omp.h>

main(){

#pragma omp parallel num_threads(4)

if (omp_get_thread_num()== 3){

omp_set_num_threads(3);
#pragma omp parallel

4~

&

EURO

Yuompuarta MapaA\ning Enegepyaoiag \
reece




initial thread

MOVTENO EKTEAEONG: PWALAOTUEVES
TTIAPAAANAEG TTEPLOXEG

master thread

parallel region

team of threads

o

parallel region
team of threads

synchronization
synchronization
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Directives

Parallel regions
Work sharing
Synchronization
Tasks

Data-sharing
attributes

O private

O firstprivate
O lastprivate
O shared

O reduction

OpenMP components

Environment variables

Number of threads
Scheduling type

Dynamic thread
adjustment

Nested parallelism

Runtime environment

Number of threads
Thread ID

Dynamic thread
adjustment

Nested parallelism
Timers
API for locking
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BaGIKEG EVVOLEC

® Mapd\\nin Meploxn (Parallel Region)
O KwySikag mou ekteleital armd moANQUTAA VAATA
® Karavoun Epyaciac (Work Sharing)
O H siadkacia Katd TV omoia KATAVEUETAL 1] EpYATia oTa VARATA Kid
TTAPAAANANG TIEPLOXNG
® O&nyia Metaylwttiot (Compiler Directive)
O H Siemagn yia mv xprion tou OpenMP o€ TPOYPAUATA.
Omla m™mv C:
O #pragma omp <directive> <clauses>
® Construct:
#pragma omp
<C statement>
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MapaAANAEC TTEPLOXEG

#pragma omp parallel [clause[ [, ]Jclause] ...] new-line
structured-block
® \where clause is one of the following:
O if (scalar-expression)
O num_threads (integer-expression)
O default (shared | none)
O private (list)
O firstprivate (list)
O shared (list)
O copyin (list)
O reduction (operator: list)
® 0O apBpdC TwV VNUATWY Kabopiletat:
O An6 1o num_threads clause
O Me ™ xprion g omp set_num_threads()
O Me ™ petapAnm) neptBdiovioc OMP_NUM_THREADS (Xpdvog Ektéleonc)
® VYrovosital barrier oto TEAOC T TEPLOXNC
- Tobarrier unovoel flush <
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Hello world

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

{

#pragma omp parallel

printf("Hello world! (thread_id: %d)\n", omp_get_ thread_num());
return 0O;
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Katavoun epyaciag

® directives:
O #pragma omp for
O #pragma omp sections
O #pragma omp single
® Ta directives yla TV Katavoun pyaciag, mEPLEXOVTAL OE pia
TTAPAAANAN TTEPLOXT.
® Acv Snuoupyouvtal véa vijpata
® Acv unovoeital barrier omv icodo
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#pragma omp for

#pragma omp for [schedule(..)] [nowait]
for- loop

® Katavépel emavaPelg evtoAng for o€ opdada vnudtwy
® Evtoln for ae kavovikn popen (canonical form)

® schedule: kaBopilel TpoOMO Katavoung emavalewv
O static[,chunk]: round-robin otatikf kKatavoun
O dynamic[,chunk]: Suvapikn Katavouy o avevepyd viuaTa
O guided[,chunk]: Suvapkn Katavoun He eKOETIKY Heiwon
O runtime: katavouy kabopileTal o€ XpOVO EKTENEONC

® nowait: amOTPEMEL CUYXPOVIOMO KaTd TNV £€080
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Mapadeypa

for(i=1;i<n;i++)

b[i]=(a[i]+a[i-1])/2.0;

#pragma omp parallel
{

#pragma omp for
for(i=1;i<n;i++)

b[i]=(a[i]+a[i-1])/2.0;

c©
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#pragma omp sections

#pragma omp sections [nowalt]

{

#pragma omp section
structured-block
#pragma omp section
structured-block

® Opilel pia n eploooTepec aveEdpTnNTES IIEPLOXECS section TTou
KATAVEUOVTAL LETAEL TWV VNUATWYV

® KB neploxn section avatiBetal o€ SLAPOPETIKO VA
® nowait: armotpEmnel cuyXPOVIOUO KaTd TNV £€080
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#pragma omp single

#pragma omp single [nowalt]
structured-block

® Opilel A KWSIKA TTOU EKTEAELTAL AITO MOVO €va VI UA TNG
opadag

® nowait: armotpEmnel cuYXPOVIOUO KaTd TV ££080
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MNapadewypa - progress report

#pragma omp parallel
{
#pragma omp single
printf(“Beginning work1.\n");
workl();
#pragma omp single
printf(“Finished work1.\n");
#pragma omp single nowait
printf(“Finished workl, beginning work2.\n");
work2();
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Y UVTOMEUOELG

#pragma omp parallel
#pragma omp for
for (...)

#pragma omp parallel
#pragma omp sections

#pragma omp parallel for
for (...)

#pragma omp parallel sections
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Constructs cuyxpoviopou

® #pragma omp barrier:

> UYXPOVIOHUOG VIUATWY
® #pragma omp master:

Kwdlkag rmou eKTeAeiTal LOVO AITO TO KUPLO VIiUA
® #pragma omp critical:

Kwdikag rou dev ekteleital mapaAAnia
® #pragma omp atomic:

ATtouLKN Asttoupyia og 6€on pvNung (++,-,+=,...)
® #pragma omp flush:

EmtiBoAn ouvemnmoug elkovag Twv HolpalOUEVWY AVTIKELLEVWV

® 4#pragma omp ordered:
ErmtifoAn oslplakng ekteleong structured block

c©
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#pragma omp barrier / master

#pragma omp parallel
{
#pragma omp barrier
#pragma omp master
gettimeofday(start, (struct timezone*)NULL);
work();
#pragma omp barrier
#pragma omp master
{
gettimeofday(finish, (struct timezone*)NULL);
print_stats(start, finish);
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#pragma omp critical

#pragma omp critical [(name)] new- line
structured-block

#pragma omp parallel shared(x, y) private(x next, y next)
{
#pragma omp critical (xaxis)
X_next=dequeue(Xx);
work(x_next);
#pragma omp critical (yaxis)
y_next=dequeue(y);
work(y_next);

c©
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#pragma

omp atomic

#pragma omp atomic new-line
expression-stmt

#pragma omp parallel for shared(x, y, index, n)
{
for(i=0;1i<n;1i++)
#pragma omp atomic
x[index[1]] += workl(1);
y[i]+=work2(1i);

Yuomuarta Napd\nAng Enegepyaoiag
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#pragma omp ordered

#pragma omp ordered new- line
structured-block

#pragma omp parallel

{
#pragma omp for ordered
for(i=0;i<N;i++){
a[i]=compute(1i);
#pragma omp ordered
printf("a[%d]=%d\n",1,a[1]);
b
ks
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Movtelo dedoueEvwy

® 5S¢ pia mapd\AnAn meploxn, LTTAPXoLUV SUO NON METABANTWY,
shared kau private

® O alM\ayég ota avtikeipeva mou Bpilokovtal oTtnv KO Vi
(shared) &gv yivovtatl artapattnta avtANITtEG 0TO UVOAO TWV
VINUATWV

® KdBe vrua €xel pia Tormkn €KOVA TwV SESOUEVWV

® H \ertoupyia flush emiBANEL GUVENELQ AVAUETA OTLE TOTTILKEC
ELKOVEC KAl OTNV KEVTIPLKT) LVIUN
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MovteLo HESOMEVWV

threadprivate P”Ya;f
memory variable
A A A A
thread

shared
variable

memory @
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MepBaillov HedoOpEVWV

® private (variable-list)
O AvaBeon vEou avTiKELLEVOU Yia KAOE vipa

O To npATUMO AVTIKEIUEVO £XEL ATTPOTBLOPLOTN TIUY) KATA TNV £i0080
kal €£€060 oto construct, kat dev PETEL va TPOTTOTTOLELTAL

® firstprivate (variable-list)

O sav private, kaBe VEo aVTIKEILEVO ApXLKOTTOLEITAL (ELOE€pXETAL OTNV
TTAPAAANAN TTEPLOXT]) KE TNV TLUY) TOU TIPOTUTTOU AKPLBWE TTpLVY TNV
evapén ¢ mapaAANANG ITEPLOXNS

® |astprivate (variable-list)

O sav private, To TPATUTO AVTIKEILEVO EEEPXETAL QUTO TNV TTAPAAANAN
JTEPLOXT) ME TNV TN TTov Katexel To thread mou ekteleoe v
televtaia emavainyn (oe parallel loop) 1 To TeAeutaio section (o€
parallel sections)
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MepBaillov HedoOpEVWV

® shared (variable list)
O Motpalopevn HeTaBANT Yia OAA T VALLATA TG OUASAC
® reduction (op: variable-list)

O Avagépetal og eVIOAEC TIC LOPPNC X = X 0P eXPr, OTTOU Op £VaAC Ao
toug ¥, -, & N, |, &&, ||

O Kd&Be petapAnt To oAU o€ pia reduction clause
O lNa kaBe PeTaBANT SNULOUPYEITAL AVTIOTOLXT TOTILKY LETAPRANTH OFE
KAOE vrpa Kal apxlKoTtoLELTal avaloya UE TEAEOT op
® default (shared | none)

O shared: 1008Uvapo pe TOV OpLOUS KABE HETABANTAC TTOU SEV UTTAPXEL
o€ Kavevay nieptBaliov (shared, private, reduction, kAmn) , cav shared

O none: av pia petaBAnm dev €xel evtaxOei o€ kamoLo meptBArlov
TOTE 0 compiler «ytumast» AaBo¢
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Mapadeypa

#pragma omp parallel for reduction(+:sum)
for(i=1;1i<n;1i++)
sum = sum + a(i);
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BIBALOONKN XPOVOU EKTEAEOTNG

® MepBarlov ektéleonC
O omp_set_num_threads
O omp_get_thread_num
O omp_set_dynamic
® SUYXPOVIOUOC pE KAEWSWHATA
O omp_init_lock
O omp_set_lock / omp_test_lock
O omp_unset_lock
O nested
® Xpovouérpnon
O omp_get_wtime
O omp_get_wtick
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MeTtaBANTEC CUCTMATOG

® Apopoldynon
O export OMP_SCHEDULE="static”
O export OMP_SCHEDULE="static,100”
O setenv OMP_SCHEDULE “dynamic,20”
O setenv OMP_SCHEDULE “guided,50"

® Auvapukn mMoAUVNUATIKY EKTEAEDN
O export OMP_DYNAMIC=TRUE
O setenv OMP_DYNAMIC FALSE

® M\00¢ vnuatwv
O export OMP_NUM_THREADS=2
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OpenMP tasks

H ntapaAAnAomoinon pe xpron tasks &ekivnoe va umootpiletal amo to
OpenMP oto teleutaio nipoturo (OpenMP 3.0) - May 2008

MNapexet T duvatotnta rapaAAnAomoinong yla EQAapOYES JTOU TTAPAYOUV
OOUAELA SuvauKa

MapeEXEL EVA EVENIKTO LOVTENO ylA N KAVOVLIKO (irregular) mapaAAnAlopo
Eukalpieg yia mapaAAnNALOUO O€:

O While loops

O Recursive structures
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H Aoyikn twv OpenMP tasks
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#pragma omp task

#pragma omp task [clause [[, Jclause] ...]
structured-block
ornou clause:
if(scalar-expression)
untied
default(shared | none)
private(list)
firstprivate(list)
shared(list)

® To thread nou ouvavta éva #pragma omp task directive dnuoupysi
gva task pe Tov kwdika mou meptexet to structured-block kat to Balet
o€ gva task pool

® To thread propet va ekteléoel 1 OxL €va task mou cuvavtd
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Mapadeypa

void process_list_items(node * head)

{
#pragma omp parallel

{
#pragma omp single
{
node *p = head;
while (p) {
#pragma omp task
process(p);
p = p->next;
ks
3
3
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Yuyxpoviouog tasks

#pragma omp taskwait

TO TPEYOV task otapata v ekteEAEON TOU pEXPL OAa Ta tasks

JTOU £XOUV dNLOUPYNOEL LEXPL OTLYMNG QITO TO TPEXOV (madla)
VOl OAOKANPWOOUV TNV EKTEAEOT) TOUG

loxVeL pLovo yla ta apeoa rtadla (r.x. oxt yia ta syyovia)

(Inueiwon: BAeme taskgroups oto OpenMP 4.0 yia v
QVOLOVY] KAl AAAWV aIToyovwy)
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MOVTEANO EKTEAEONG

[Npoooxn oTLg Evvoleg dnpioupyia / ekteleon task!

KaBe task popei va ekteheotel amto eva ano ta threads ¢ opadag mou to
dnuovpynoe

KaBe thread ™¢ opadag dnuoupyei eva apxiko (implicit) task

Apa KABe Aettoupyia oxeTIKN HE tasks €xel vonua povo o€ mapaAAnAEg
TIEPLOXEG

Otav &ekivnoel n ekteleon evog task by default sival mpoodepévo (tied) pe
eva thread

O Autd popei va al\aEet (BA. untied)

Eva task avaotel\el Tn Aettoupyia Tou Otav UTTIOXPEWOEL va EKTEAETEL Eva
aAlo task (BA. If (0)) ) av ouvavmoel €va taskwait
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Mapadeypa

A —mmm e e +
B ------ + | -->
f2
|---> f1 --+
_eﬁ
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void foo ()

{
int a, b, ¢, X, y;
#pragma omp parallel

{
#pragma omp single //serial creation of tasks
{
#pragma omp task shared (a)
a = A();
#pragma omp task shared (b, c, x)
{
#pragma omp task shared (b)
b = B();
#pragma omp task shared (c)
c = C();
#pragma omp taskwait
#pragma omp task
x = f1 (b, c);
} | ZWOTO;
#pragma omp taskwait
#pragma omp task
y = f2 (a, x);
by
b

Mapadeypa

(- 5
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void foo ()

{
int a, b, ¢, X, Vy;
#pragma omp parallel
{

#pragma omp single //serial creation of tasks
{
#pragma omp task shared (a)
a = A();
#pragma omp task shared if (0) (b, c, x)
{
#pragma omp task shared (b)
b = B();
c =C();
#pragma omp taskwait
b
x = f1 (b, c);
#pragma omp taskwait
y = f2 (a, X);
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OpenMP 4.0

® july 2013

® YrioompiEn yia vectorization
O #pragma omp simd
® Yrioompi&n yla EmITAXUVTEG
O #pragma omp declare target
O #pragma omp target data
® |5yupdTEPN UTTooMPLEN Yia task graphs
O taskgroups
O task dependencies

® Ertpénel tov oplopo reduction function amo to xpMom
®

http://www.openmp.org

http://www.openmp.org/wp-content/uploads/0OpenMP4.0.0.pdf Q@i
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OpenMP 4.5

® November 2015
® Yoo piEn napalAnlomnoinong loop pe tasks
O #pragma omp taskloop

® Yrioompi&n “DOACROSS” rtaparAnAtopol (Urtdpxouv
eEapmoclc avaueoa ota iterations evog loop)

O n.x. #pragma omp ordered depend (sink: i - 1, j) depend (sink: i, j - 1)

http://www.openmp.org
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http://www.openmp.org/wp-content/uploads/openmp-4.5.pdf
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