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XPNoNG OTNV OMoLa UTTOKELTAL TO UALKO aUTO avadEpPETaL
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Xpnuatodotnon
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EM 361: Ilaparinior Yroloyiopot

Xappavoapns Bayyéing, Tuqpo E@appoopévov Madnpotik@v
Movemoriuio Kpnitg, Xewuepivo EEdunvo 2010/11

Ke@alao 5:
(A) Aoyiopikd, Baoiwkég E@apuoyég — OpenMP

e [Topaiinies I'hwooeg Agdopuévav (Fortran 90, C, C++).

* BiphmoOnkec Avrairayng Mnvoudtov (Message Passing Interface,
MPI1), OpenMP, POSIX Threads.

e [Tapaiinior ALyoprOuor pe Xpnon OpenMP.



AoYlopIKO
AOYIGUIKO Yo avATTUEN TTOPAAANA®V TPOYPOUUUATOV:

e A0OEGILLOL TTOKETOL: YEVIKTC XPNOEMG 1 EEEOIKEVUEVOL OAYOPLOULOL.
-- Ynép: EvkoAn Avon.
-- Katd: Mn-katavonon tov aAyoptiuov Kot Tov TpoypapUoToG.

e AvamtuEn KmOotka amd TNV apyn
-- Ynép: Eveliéia, [Ipocappoostikomra, Katovonon.
-- Kata: Mnopet va etvon modd ypovoBopa Avon.

* AvvatOTnTo YPNOoNS TPOYPOUUUAT®V ot TopaAAnAes PiAtoONKec: m.y.
ypnomn tov Bipiodnkov BLAS, ScaLAPack «.a.
-- Ynép: O BipArodnieg mepi€yovv moAd Yp1yopous Kot SOKIUUGUEVOVS
alyopiOpovc.
-- Katd: Avokoin katavonorn tov aAyoptdpov Kot Tov TpoypaLaToG.
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Aoyiopko Iapariniov Hpoypoppoatiopnov

o Atemedvela Ipoypauuaticuod kot Eeappoyov (Application Programming
Interface)
» Topdiiniec 'howooec Aedopévav (Parallel Data Languages): TIpa&eic
uetaly otovuoudtmv, mvakmv (m.y. Fortran 90, high Performance Fortran)

» Movtélo Asouav (Threads model): TlToAhamAéc diepyacieg mov
EMIKOVOVOUV HEGH TOV KUPLMG TPOYPAULATOC.

» Movtého Metagpopdc Mnvouartog (Message Passing model): ot
OLEPYOAGIEG EMKOIVOVOUV UE OVTAAAAYEC UNVUULATOV.

* Avtopatog Iapariniiopndg
» Avtouatn HETOTPOTH TOV KOSIKA. ZuviO®C HETOTPOTH ATADY ETAVOANTTIKMOV

otadikaciov (loops).
» Evrolol 61 yprion 0ALG LE TEPLOPIGUEVES SUVATOTITEC.
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Hoparinies I'howooeg Agoopuévav

e 2VNO®C EUTEPLEYOVY GUVOAO EVIOAMY TPOEKTAGNS TNG KOVOVIKNC (GEPLOKT)) YADGGOC.

 Fortran 90 ko 95 (F90, F95):

» TpdEeig petalh dloavuspaTOV, TVAK®V

Fortran F90
Real x(100), y(100) Real :: x(100), y(100)
I-Z;o"i =1,100 y= y*X*Z
y(i) = y(i)*x(i)
End do

* High Performance Fortran (HPF):

> Tlepiéyer e1ducéc evroréc (compiler directives) mov Aéve atov compiler g va
KOTOVELEL OEO0UEVA LETAED TOV EMECEPYOUGTOV.
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Hoparinies I'howooeg Agoopuévav

[ToALEG mapoaArayéc/enektdoelg g C .

Ot Tep1660TEPES AT OVTES £YOLV AVOTTVYDEL Y10 CLYKEKPIUEVEC OPYITEKTOVIKEC
VTOAOYIGTIK®OV GUGTNUATOV .

o C*: developed in ~ 1990 by Thinking Machines Corporation, for the connection
machine (SIMD algorithms).

» Sequent C: parallel programming under DYNIX (a version of UNIX).

 NCUBE C™: enéxtaon ¢ C katd tnv omoia Eva mpdypappo tpExel OAOKANPO 6€ KAOE
eneEepyaot. Moviého SPMD (Single Pogram Multiple Data).

« OCCAM: developd in ~ 1978 by Immos Limited for the Transputer series of processor.

» C-LINDA: consists of several operations that work on tople space, a speical form of
shared memory.
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Movtélo Agopov (Threads model)

* 210 LOVTELO OECUMV TOPAAANAOL TPOYPOULUATICUOD UL O1EPYAGTO UTOPEL VoL ExEL
TOALATTAOVC, TALTOYPOVOLG dPOLOVE ekTEAESTC (EXecution paths).

s [Mapddctypa: KOpLo TPOYpaLLLLe MAiN.exe wov TEPIAUUPAVEL GELPA 0O VTTOPOLTIVEC.
» Metd omd eKTEAECT) EVOC GEIPLOKOD UEPOVG TO Main.exe dnNUovpyel uo GEPa amod
epyacieg (0E£GEG) 01 0TOiEG UTOPOVV VO EKTEAEGTOVV TAVTOYPOVOL.
» KabOe epyocia £yel tomika dedopéva (local data) ko porpdletar ta dedopéva Tov
main.exe. Katomv avotifeton o€ d10popeTikod encéepyaot.
» Ot déoeg emkovaovovy petald touvg uéca amd v yevikn (global) ko uviun.
» To main.exe givar vrevbovo yio TV dNULoVPYIN TV SEGUOV KOl TNV TOPOYN TOV
KOW®V d£00UEV®VY TTOL Ypetdletor kdbe dOEoun.

a.out

T1 T2
——>

T3
T4

aw)
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Movtého Aeopnov (Threads model)

* A0 TAELPAS TPOYPOUUUOTIGHOD TO LOVTELD decu®Y cuvnOmS TepthauPivet
»> B1A106MKn amd vropovutiveg mov KaAouvTal amd 10 Kupimg TpOyPOLLLLL.
» XetT amd oonyiec yio tov compiler mov eumepiEyovtol 6Tov ToPIAANAL0 KOIIKO,
(compiler directives).

* KataAinio yio cvoTpnate potpalopnevns — KOwving pviung.

Main Program

memloc 0x4450A

EM 361: ITapaiiniot Yroroyiopoi 2010/11, Kepdraio 5 10



Movtéro Aeoumv (Threads model)
AL0QOPETIKES EQAPLOYES TOV LOVTELOV OECUAOV:

POSIX Aéopec:
» Baoiletou o cuvaptioelg Pipatodnknc.
» AwBéoipo poévo yua v C.
» Xoyva avoeépetal ko o¢ Pthreads.
» IIpocpépetl moAD eEE10IKEVUEVO TOAPOAANAIGUO. APKETA TOADTAOKO GTIV YPN o).

OpenMP:
» Baoiletou oe compiler directives.
» AwBéoio 1600 yioo C/C++ kou Fortran.
» Mmopetl va etval ToAD EDKOAO GtV ¥PN o, EWOIKA Yo ToPUAANAGUO
EMOVOANTTIKOV dtadtkaciwv (loops).

* [Ipocoyn: 10 LovtéAo deaUMV givat apkeTa 1oyvpo Yoo shared memory machines aAld
Oy Yo GAAES OPYITEKTOVIKES. ADGKOAN 1 UETAPOPE TOV TTOUPAAANAOL KOOIKO GE
OLOLPOPETIKA GLOTNLLOTOL.
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Movtého Metagopds Mnvopatog (Message Passing)

e To povtélo peta@opdg unvoraTog £xel To aKOA0LOA YOPOKTNPICTIKA:

» Y hpyel cHVOLO od O1EPYNGIES O1 OTTOLES YPNGILOTOIOVV TNV O1IKIE TOVG LVILN
KOTA TN OLOPKELD TV VITOAOYIGULOV.

» O101epyaciec avTaALGoOoVV 0£00UEVO OTEAVOVTAG Kol AaUBavovTag unvouota.
» O1 ddkaoio avtaAlayng cuvnBwg ypetaletatl cuvepyacio LETAED TMV

otepyaciav. Iapdderypo 1 0mwosToA| UnNvOUOTOS TPETEL GLVOLALETOL LUE TNV ANYN
TOV OO AAAN Olepyacia.

* H emicovaovia yiveton péoa amd Piiobnkes aviailayne unvoudtov (w.y. MPl, PVM)
tomov SEND ko RECEIVE.

* H Biprobnxn MPI (Message Passing Interface) sivat to d1€0véc otavrapr.
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Movtého Metagopds Mnvopatog (Message Passing)
* A0 TAEVPAG TPOYPOUUOATIGLOD O ¥PNOTNG Elvorl amoADTMS LTELHVVOC Y10 TOV
TPOGIOPIGUO TNG TOPAAANANG drodTKaGTog.

e KataAAnAo T0G0 Y10 GLGTIHATA KOIVIS OALAG KO KOTOVEUTHEVIS LV UG,

e O1 KOOIKEG EMEKTEIVOVTAL KO LLETOPEPOVTOL GE GUGTNUOTO OLOPOPETIKNG OPYLTEKTOVIKNG
GYETIKA EVKOAQL.

Machine A Machine B

task 1

recv()

task 0

network
task 3
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Avtopatog Hapariinopnog
* [TapaAAnAG OGS GEPLUKOD KOOTKA UECH GVTOUATMOV TOPAIAANA®V LETAYADTTIGTMOV
(parallel compilers).
» EVkolot o1t ypnon: amatteiton Alyn €o¢ kabolov dovAEio amd TOV YPNOTN.

e AvTtouaTOC TUPOAANMSUOG ETOVOANTTIK®V dladtkact®mv (Ioops): avdbeon Koppatiov
NG EMOVOANTTIKNG S10OTKAGIOG GE O1POPETIKOVS ENEEEPYAGTEC.

* Melovektnuoto.:
» [TapoaAnAiopnoc diepyactmv dev ivan ePKToC,.
» Aev glval eDEMKTOG,.
» Mnopet va mapayetl AdBoc amoteAéopato.

e ['evikd to amoteléopata eivor ToAD ETeyd: N TOAVTAOKOTNTO TMV ETAVUANTTIKOV
OLOOIKOGLOV OEV EXTPEMEL TNV OLTOUOTT TAPAANAAOTOINGT TOVG,.
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~ Kegdrowo 5: Open Multi-Processing (OpenMP)

Boowkn 10éa: Xpnoipomoiwviac £va. GOVOAO ELOTKMV EVIOAMV ToPoAANAIlovE
LLEPT TOL LITAPYOVTO GEPLAKOV KOOTKOL.

(o O0VUE TTLO AVUAVTIKA.:

e Tv eivar To OpenMP; Evcaymyikd.
*'Eva anthé Ttpoypappe og OpenMP.

o [Mopoiiniopog eTOVEANATIKOV 01001KacL®V (I00PS) 1pNOIUOTOILOVTOS
OpenMP.
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Tv Eivar to OpenMP;

* To OpenMP sivau pia Atempdaveio Ipoypoppatiopod kot Eeappoymv (Application
Programming Interface) mrapailiniiopno?d yio cuetiuate Kowvng pvnung (shared

memory systems). Anoteieital and:
» Compiler Directives
» Runtime Library Routines
» Environmental Variables

» Xapoktnprotikd tov OpenMP: Standard yio To Tep1666TEPA GLGTHUATA KOG UVIUNG,
EvkoAo ot ypnon, Amotedespatikotta, Popnrotito.

« Xxedacuévo 1o Yoo C/C++ 6c0 ko Fortran/ Fortran 90.

* [otopia ko EEEMEN:

CiIC++ 1.0 CIC++ 2.0
Fortran 1.0 Fortran 1.1 Fortran 2.0

OpenMP 2.5 OpenMP 3.0

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
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Tv Eivar to OpenMP;

* To OpenMP Baciletor oty dmapén TtoAlamimv decpmv (multi-threaded) oe
depyaoiec kovng uvhiunc. To mpoypappa yopiletal oe TopAAANAn Kol GEPLOUKA LEPN.

o K&be OpenMP mpoypaupa Eekva pe po apyikn diepyocio (master thread) n omoia
extelelTon oEPLOKA MG OTOV PTACOVUE GTNV TPDOTN TOPAAANAN TEPLOYT).

-

{ parallel region } { parallel region }

—

master
thread

o Compiler Directive based: o wopaAAnAGUOC EXITVYYAVETOL LE TNV XPNON
KATOAANA®@V 00N Y1V Tov gumepiEyovtal otov kmdika (C/C++ 1) Fortran).
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Hoapaostypa: ‘Hello world’ wpéypapna

AmA0 mpoypopupa o€ Fortran

Program Hallo
Integer :: NTHREADS, TID, OMP_GET_NUM_THREADS, OMP_GET_THREAD_NUM

IFork a team of threads with each thread having a private TID variable
ISOMP PARALLEL PRIVATE(TID)

I Obtain and print thread id
TID = OMP_GET_THREAD_NUM()
PRINT *, "Hello World from thread =", TID

I Only master thread does this
IF (TID == 0) THEN
NTHREADS = OMP_GET_NUM_THREADS()
PRINT *, ‘Number of threads ="', NTHREADS
END IF

I All threads join master thread and disband
ISOMP END PARALLEL

Stop
End
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@f‘ Hoapaostypa: ‘Hello world’ wpéypapna

ATAO tpoypopupa og C

#include <omp.h>
main () {

int nthreads, tid;

[* Fork a team of threads with each thread having a private tid variable */
#pragma omp parallel private(tid)
{
/* Obtain and print thread id */
tid = omp_get_thread _num();
printf(*"Hello World from thread = %d\n"', tid);

/* Only master thread does this */
if (tid == 0)
{

nthreads = omp_get num_threads();
printf(**Number of threads = %d\n"', nthreads);

}

} /* All threads join master thread and terminate */

}
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Ieprypopn Amiov Ilpoypappatog

H d1dtaén tov eviodmv/oonyiwv OpenMP (compiler directives) sivai:

 Fortran: 1$OMP directive.name [clause]
» ITapaderypo: !$SOMP PARALLEL DEFAULT(SHARED) PRIVATE(BETA,PI)
» To end directive givor Tpoapetikd 0ALE fondd oTov EAEYY0 TOV KMOOKA.
» Case Insensitive.
> Tlopaderyua: ISOMP directive
[ structured block of code |
ISOMP end directive

o C/C++: #pragma omp directive.name [clause]
» IMoapaderyuo: #pragma omp parallel default(shared) private(beta,pi)
» Case Sensitive.

['evikd: O1compilers gumepiéyovv po LeTAANTA 1 0TOl0 KATA T1 UETAPPAUCT] EVEPYOTOLEL
oAec tic OpenMP evtoréc (OpenMP directives).

EM 361: ITapaiiniot Yroroyiopoi 2010/11, Kepdraio 5 20



Anuovpyto Mapariining Heproymg

H mapaiinin mepioyn (parallel region) eivon éva koupdtt Tov KK TOL PTOPEL VoL
ekteAeoTEL 0O moAAomAE Oécueg (threads). Eivou 1 onuovtikdtepn evioin tov OpenMP.

Mo To Tpoypappa cuvavta uo evtodn parallel dnuovpyst moddamdéc threads ol omoieg
EKTEAOVV TOV 1010 KMOUKAL.

Format:
O Fortran:

ISOMP PARALLEL [clause ...]

IF (scalar_logical expression)

PRIVATE (list)

SHARED (list)

DEFAULT (PRIVATE | FIRSTPRIVATE | SHARED | NONE)

FIRSTPRIVATE (list)

REDUCTION (operator: list)

COPYIN (list)

NUM_THREADS (scalar-integer-expression)
block

ISOMP END PARALLEL
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% Maparinin Heproym

Format:
QC:

#pragma omp parallel [clause ...] newline

if (scalar_expression)

private (list)

shared (list)

default (shared | none)

firstprivate (list)

reduction (operator: list)

copyin (list)

num_threads (integer-expression)
structured_block

e H petapint nepifairovtoc (environmental variable) OMP_NUM_THREADS
kaBopilel mdoeg threads Oa ypnowomoinBodv. Zuvnbme o apBuds Tmv threads sivat o
aplOuoc tov enelepyaoctmv ov cuotnuotog. Ot threads apiBpovvrot amo 0 wg P-1.
somp_get thread num(): emotpépel Tov apBud e cvykekpiuévng thread.

omp_get num_threads(): emotpépel Tov cuvolikd apOud twv threads.
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Hopoiiniopnog ETavoinatik@v AlolKaoL®y

[MoparlAniopoc erovoinmtikov dadikacidv (loops) pe v evroin 'omp do.

Format:
QC:

#pragma omp for [clause ...] newline
schedule (type [,chunk])

for_loop

O Fortran:

I$Somp do [clause ...]
SCHEDULE (type [,chunk])

do_loop
ISomp end do

o schedule: meprypdpel g katavépovtal ol enavainyelg tov loop. O tomog (type)
uropet va givar otatikog (static) 1 dvvapukoc (dynamic). Kabe kouudtt £xer uéyebog
chunk. Av 1o péyebog dev opiletar ot emavarinyelg iIokaTavépovtol (av avtd gival
dvvatov) ce kdbe emeEepyaoctn.
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&Y Mopaderypo: Mopaiiniepég Loop pe OpenMP

#include <omp.h>

#define CHUNKSIZE 100
#define N 1000

main () {

int i, chunk;
float a[N], b[N], c[N];

[* Some initializations */

for (i=0; i < N; i++)
ali]=b[i]=i* 1.0;

chunk = CHUNKSIZE;

#pragma omp parallel shared(a,b,c,chunk) private(i)

{

#pragma omp for schedule(dynamic,chunk) nowait
for (i=0; i < N; i++)

cli] = a[i] + b[i];
} /* end of parallel section */
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Ieproootepes Evroréc OpenMP

 OMP Section: Xpnoiuomoteitot yio ToPUAANAGUO U ETOVUANTTIKNAG dtadtkaciog (Ot
loop). AnAmvet 611 1 akdLovdn meproyn Oa kataveunbei o dropopetikég threads. Kade
section ekteleital amd aAAn thread.

Format:
QaC:
#pragma omp sections [clause ...] newline
{
#pragma omp section newline
block of code
#pragma omp section newline

block of code

}

O Fortran:
ISOMP SECTIONS [clause ...]
ISOMP SECTION
block of code
ISOMP SECTION
block of code
ISOMP END SECTIONS
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Y Ieproootepes Evroréc OpenMP

* OMP Master: AnAmvet 0t 11 axkOA0VO™ Tteproym Ba extedeostel LOVO o TNV KEVIPIKN
thread (kevtpikd emeepyaotn).

C: #pragma omp master
Fortran: '$OMP MASTER

« OMP Single: AnAmvel 6T1 1 akdAovOn Teproyn Ba exteleatel LOVo amd pia
(omowadnote) thread.
C: #pragma omp single
Fortran: '$OMP SINGLE

« OMP PARALLEL DO/ parallel for: Zvvévacuog 2 evtoAwv OpenMP. Icodvvapo e

YpNon 2 d10doyIKOV EvTolmv, dnAadn #pragma omp parallel for sivat icodvvopo pe Eva
#pragma omp parallel mov akoAovOeital and Eva #pragma omp for.

o ... IToAréc Axoun (Aeite To Manual tov OpenMP).
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Bipioypagia
» Parallel Programming, B. Wilkinson, M. Allen, Prentice Hall, 2nd Ed. 2005.

* Introduction to Parallel Computing, A. Grama, G. Karypis, V. Kumar, A. Gupta, Addison-
Wesley, 2003.

» Parallel Computing: Theory and Practice, M. J. Quinn, McGraw-Hill, 1994,

 POSIX Threads: http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThreads.html

* OpenMP: http://openmp.org/wp/
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