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Kotaveunuéva Xvetnuoto

Opiopog #1

M cuALOYT OO AVLTOVOUOVC VTTOAOYIOTES TTOV
GLVOEOVTOL UETOSD TOVC UECH EVOC OIKTVOL KOl
YPNOLLULOTOLOVV ELOIKE GYEOIUCUEVO AOYIGUIKO Yo TV
TOPOYN EVOTOUUEVOV DITOAOYIGTIKMOV VTN PECIOV

— O oEgpyaoieg TOV EKTEAOVVTUL AITO TOVS OIKTVMUEVOVS
VITOAOYIGTES, EMKOLVOVOUV HETUED TOVS KUl GVVTOVILOVY TIS
KIVI|GELS TOVS HEC TG UVTOALXYTNS HVOUATOV

* ITIpoxertarl mepi evOG TANPOPOPLOIKOV GUGTIUATOS
TOAAOTTADV QVTOVOU®MYV VITOAOYIGTIKOV GTOLYEI®V, TO

ool GLVEPYALOVTOL YO TNV ENITEVEN EVOC KOVOU GTOYOV
(Burns & Willings)
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Kotavepunuéva Xvetuoto

Opiopog #2

e Koataveunuévo cvotnua eivor Eva GOVOAo omtd aveCApTNTOS
VTTOAOYIGTEG TO OTTO10 TOPOVGTIALETUL GTOVC YPNOTEC GOV £Vl
AOYIKO €VIOO GUGTILLOL.

* O opouog €yel 2 mhevpéc:
— To vAIKO - o unyoviuoto Eval CLTOVOUd
— To hAoyropiko - o1 yprioteg Oempovv OTL £Y0VV VO KAVOLV
le €va evioio svotnuo. Ot dlpopEC TV LITOAOYIGTAOV

LETAED TOLC 1) O TPOTOG LLE TOV OTTOL0 EMIKOVMVOVV OEV
ATTOGYOAOVV TOVC YPTNOTEC

e “T'vopileic 011 €YE1C VOl KATAVEUNUEVO GUGTNUA OTOV M
OVCAEITOVPYIQ EVOG OLYVMDGTOV GUGTNUATOG OEV GOV EMITPETEL
va Kavelg n oovAeld cov” — Leslie Lamport

14/12/2018 3
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Kotavepnuévo Xvotnuato,

AVO €CeAiCelc NG TEXVOAOYIOG EMETPEYOAV TNV EUPAVION
Kataveunuévov Zvomudtov (KX

— 1oyvpot ka1 EOMNVol HIKpoETEECEPYUCTEG

— diktva dedopévav yniov tayvtirov (LANS, WANS)
H avdayxn euéhktng ypnons Kowvav mopmy GE TOTIKN
KALaTO (ETTLYEPNGELC KOL OPYOVIGLOL) 001 YNoOV GTO TPDTO!
KX tomucnc epéretac.
To 010ikTLO € GLVOLAGUO LE TN paYOaio EEATAMGCT TOV

TPOGMOTIKOD VTOAOYIGTY) 00N YNCAV GE TLO AMOKEVIPOUEVA
(ko yorapd cvvoedepéva) KX oe marykdomo KAipaKa.

Toa KXY emekteivovror TAEOV KUl GE EVOMUATOUEVO, KO
@OPNTA GLGTILLOTA.

14/12/2018 4 4



Xopoktnprotikd Kotaveunuévov
2V0TNUATOV

O1 010 @opPES HETASD TOV ALOPOPMV VTOLOYIGTAOV KO Ol
TPOTOL LLE TOVES OTTOIOVC AVTOL EMIKOIVOVODV TUPAUEVOVY
KPLQOL Y10 TOVGS Y PN OTES

To 1010 1oyvEL KO Y10 TNV ECWOTEPIKN OPYAVOGT TOV
KOTOVEUNUEVOV CUGTNUATOV.

O1 ¥pNOTEC KO 01 EQAPLIOYEC UTOPOVV VA, OAANAETIOPOVV
LE £VOL KOTOVEUNUEVO GOGTNUOL LE GUVETT] Kol
OLLOLOMOPPO TPOTO, AVECAPTNTO OO TO TOL KOl TOTE
TPAYUOTOTOlEITOL 1] AAANAETIOpOOT)

Ta kataveunuéva cuotnuate Bo TPETEL VO EXTPETOVY UE
GYETIKT] EVKOALN TNV EXEKTAGT] TOVS 1] TNV TPOGAPUOYN TNG
KALOKOG Tov pey€0ovg Toug

14/12/2018



Topeic Eoappoyng

Latpukn, froroyia
KO YEVETIKN

(dtbryvoom voonuiatov HEcm
eNeEEPYACIOG WOTPIKAOV EIKOVMV)

Emotnpoviko Ko
Exmtowdgutiko
KAGO0

(epevvnTiKd voTiTOVTO, SNUOCLA
€peuval)

14/12/2018

RoToveunuéve
~2votnuoto

Ayopég ypipatog
(XPMHOTOOIKOVOIKEG
aVOAVGELG)

Buopnyoviko kot
Kotaokevaotiko
TONEQ

(avtokwnrofropnyavio)



Hopooctypoata

A1001KTVO, TOYKOGULOG 16TOC, KIVITH TNAEQOVIAL.

TnAe™* (exnaidogvon, wTpikn, cvvepyooia, ...).

Evoo-kai ota-entyeipnotokd cuotiuoto (OUIAOC ETUPELDV,
TPATECES, NAEKTPOVIKO ETLYELPELY, ...).

AvtouaTog EAEYYOC(TTOPUY YY), LETAPOPEG, ...).
Evomomuévotl vmoAoyiotikol kot amodnkevtikol moOpot 6
naykoouo kKAipoko (grid computing).

OuoTipo cvotTHUaTo VINPESIOV (peer-to-peer).

Aiktoa areOnmmpov (sensor networks).

‘ECumva kt)pla, cuotiuoto Kol TeptBaiiovia
aAAnAemiopaonc (pervasive/ubiquitous computing).

14/12/2018



E@oapuoyn: O Hoykocuog Iotéc

e Amotelel Eva TEPACTIO GUGTNUN TANPOPOPLOV BacilOUeVO
o€ Eyypaga, Omov kdBe Eyypapo £xel £va. 01KO TOL OVOUL
ue ™ popoen pog orevbvvong URL

e AmO AOYIKN amoyn QoiveTal oo Vo VITAPYEL EVOG KOl
LUOVO OLOKOUGTNG

e Amo @uok) amoyn o IoTo¢ elvat KaTaveUNUEVOC GE Evay
TEPAOTIO aPplOUd OLoKOUOTMOV, KAOE £vag otd TOLS 0TO10VC
yelpileton Evav aplOuo eyypdewv tov Iotov.

e To dvoua Tov O1KOULGTH TOL YEWPICETAL Eval EYYPAPO €TVl
K®OIKOTomuéEVo péca otn oevbovven URL avtod tov

EYYPAPOL

14/12/2018 g 8
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E@apuoyn: O Hoykocpuog Iotéc

O Moykéopiog Ietog (WWW) apéyer Eva amrhé Kot opotopop@o HovtELo
KOTAVEUNUEVOV EYYPAPOV.

I va dg1 0 xpotg Eva £YYPa@O YPELALETOL HOVO VO EVEPYOTOIGEL 110,
avaPoPa, KoL T0 £YYPU@O En@avileTor oty 000v1).

H onpocicvon evog eyypa@ov tvar amin. XpeldleTar pHovo va 0MGOVUE Eva
HLOVOOLKO Ovoua pe TNV pop@ pag oevdvvong URL n ool mapoamépmer

6€ £V0 TOTKO OPYEL0 TTOV TEPLEYEL TO TEPLEYONUEVO TOV EYYPAPOV.

14/12/2018
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Kotoveunuévn ereepyoacio

[ToALo1 vroAOYLIoTIKOL KOUPOL GUVEPYALOVTOL
voropd (loosely coupled nodes)

2TOYO0C 1 KOTAVOUN DVTNPECLOV, EPOAPLOYOV,
EMECEPYACTIKNG 1GYVOC, 1] OEOOUEVHV
A€VTEPOC GTOYOC EIval N TAYVLTNTO

H emkowvovia ogv eival cuvibme couyvn

[HapOTt 01 KOUPOo1 Efva £TEPOYEVEILS TO OTKTLO Eivau
TUTOTTOLNLEVO

O1 xouPotr mpoctiBevtarl 6o diktvo ue Pdomn ™
YEDYPOUPIKT) TOVE BEoM

14/12/2018 11



Kotoveunuévn ereCepyoaocia:
Hopaoeryno

— Awyeipion Avtopatov Tapetokov Mnyavaov (ATM)
nog tpameCog wov KaALTTEL OAN TNV EALGOO
— Anoitoeis: Na umopet o meAdnc va AauPdvet Kot va

KOTOOETEL YPNUOTA GE OTOIOONTTOTE VITOKOTAGTT|LLOL
YOPIC Vo EYEL EKEL Aoyaploco

14/12/2018 12



IHapaiiniog Yrnoloyiopnog

X10y0<: H evpeon ypNnyopmv AGEWMYV GE
UEYOAVTEPA KOUL TEPLGGOTEPO cVVOETO
npopinuata:

* TPOPANUOTO EXLGTUOVIKOD VTOAOYLGLLOV

* GUVOVLOOTIKA TPOPANNOTE KOl TPpOPANaTO
PeAticTOomOINGNS

* TPOPANOTA YPUPIKOV KOL ETECEPYUOLOS
EIKOVOG

13



Need for Parallel Computing -
Scientific Computing Demand

“Computational modeling and simulation are among the most
significant developments in the practice of scientific inquiry in
the 20th Century. Scientific computing has become an
Important contributor to all scientific disciplines.

It is particularly important for the solution of research problems
that are insoluble by traditional scientific theoretical and
experimental approaches, hazardous to study in the
laboratory, or time consuming or expensive to solve by
traditional means”.

“Scientific Discovery through Advanced Computing”
DOE Office of Science, 2000



AVIAVGY] 0LOOUEVOV NEYAINS KALNOKOG

Astrophysics: massive datasets,
temporal variations

Social Informatics: new analytics
challenges

Bioinformatics: data
qguality,
heterogeneity

Image sources:

www.visualComplexity.com 15


http://physics.nmt.edu/images/astro/hst_starfield.jpg
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Anortosig Emotnuovikov Yaoroyiopov

Storage requirement

1TB

100 GB

10 GB

1GB

100 MB

10 MB

Grand Challenge problems
Global change

Human genome

Fluid turbulence

Vehicle dynamics

Ocean circulation

Viscous fluid dynamics
Superconductor modeling
Quantum chromo dynamics

Vision
Structural
, biol
Vehicle ology
signature Pharmaceutical design
72-hour
weather
48-hour 3D plasma
weather modeling Chemical dynamics
2D Oil reservoir
airfoil modeling
I | I | I
100 MFLOPS 1 GFLOPS 10 GFLOPS 100 GFLOPS 1 TFLOPS

Computational performance requirement
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FLOPs/ MIPs

FLOPs: Floating Point Operations per Second
MIPs: Million Instructions per Second

"Eoto 0Tl £(0vpne évay emelepyaot) mov kKavel 1 mpaln Kivntig vTootaoToAM|S 6 KA0E
KUKAO poAoylov:

* Av 1 ovyvotnta tov sivar 1GHz, t1ote £xer amdooon 1 GFLOPsS

Av olokinpavel 1 evtoin o€ KaBg kOkho, TOTE £YEL amOd0on 1000MIPs

TeraFLOPS (TFLOPS) = 10'? FLoating-point Operations Per Second

PetaFLOPS = 10% FLoating-point Operations Per Second

Petascale Systems: Supercomputers with >1 PetaFLOPS (peak) performance

Aim: support computationally challenging problems i.e, simulations that are
intrinsically multi-scale, or simulations involving interaction of multiple processes

19



Hopariinio Zvetiuoto

» Ol noMarhal enetepyaotéc eval tonoBemnuévol amy idio
unohoyiorikn povada,

» Henkovavia yeratl 1wy enetepyaotwv eival ypryopn.

» Aev unapxouv NpoBALaTa CUyXpovIoUoU - Undpxel Eva KaBOAKO
pONG,

+ Olunohovionikec Povadec eival UPnhnc noldmrac - onavia
ANoTUYXQVOUV.

20



IHpowyotl Tapaiinrol VIOAOYIGTES

Yyeddotnkav amd tov Daniel Slotnick oto
[Tavemotiuio tov lllinols:

* 0 Solomon, o omoi0¢ KOTAUCKEVAGTNKE ATTO
v Westinghouse Electric Company otic
apyEC TG oekaeTiog Tov 1960 Ko

* 0 ILLIAC IV, 0 omoioc cuvapuoroyndnke
and v Burroughs Corporation otic apyég
NG ogkaetiog Tov 1970.

21



12/1996 : 16t0p1KN O1AGTAGT] TOV VITOAOYIGTIKOD
ppdypotog tov 1 TFLOPS and tov
vrepvororoyiotn Intel ASCI Teraflops (Sandia
National Laboratory tov H.IT.A., cto New
Mexico)

6/2008 : 1oTop1Kn d1doTOCT) TOL PPAYLOTOC TOV 1
PetaFLOP om6 tov Roadrunner t¢ IBM (Los

Alamos National Laboratory) pe andéooon 1.026
TFLOPS xa1 122.400 enelepyaotéc.

22



8/2/2011: n IBM avoKOIV®VEL TNV KOTACKELT
tov BlueGene/Q: 16,32 PetaFLOPS.

Amo6 11/2013 £¢m¢ ko 11/2015: vynhotepn
aTO000T GTOV KOGLO om0 tov Tianhe-2, o
omoio¢ avortLyOnke amd to EOviko
[Tavemotuo Teyvoroyiac tTng Apvvog otny
Kiva: 33,86 PetaFLOPS.
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Am6 6/2016 £m¢ 6/2018: Sunway TaihuLight
etval to véo NO. 1 mapdAinio cvootnua: 93
PetaFLOPS

* AvamtoyOnke amd to National Research
Center of Parallel Computer Engineering &
Technology (NRCPC) ka1 Bpioketon oto
National Supercomputing Center sto Wuxl.

« Sunway TaihuLight: 40.960 x6upot ue
10.649.600 moprvec 2



Source: www.top500.0rg

TOPS500 L.ist - June 2007 (1-10)

Site Computer Proces- Year R max
sors TF/s
DOE/NNSA/LLNL BlueGene/L - eServer Blue
USA Gene Solution, IBM 131072 2005 280.6
Oak Ridge National Jaguar - Cray XT4/XT3, Cray
Laboratory, USA Inc. 23016 2006 101.7

Red Storm - Sandia/ Cray Red

Storm, Opteron 2.4 GHz dual 26544 2006 101.4

core, Cray Inc.

IBM Thomas J. Watson BGVWV - eServer Blue Gene

Research Center, USA Solution, IBM

Stony Brook/BNL, NY

Center for Computional (Nzew York _Blue - eServer Blue 36864 2007 82.16
p ene Solution, IBM

Sciences, USA

DOE/NNSA/LLNL ASC Purple - eServer pSeries

USA p5 575 1.9 GHz, IBM

Rensselaer Center for eServer Blue Gene Solution
Nanotechnology, USA IBM

Abe - PowerEdge 1955, 2.33
NCSA, USA GHz. Infiniband, Dell

NINSA/Sandia National
Laboratories, USA

40960 2005 91.29

12208 2006 75.76

32768 2007 73.03

9600 2007 62.68

Barcelona MareNostrum - BladeCenter
Supercomputing Center JS21 Cluster, PPC 970, 2.3 10240 2006 62.63
Spain GHz, Myrinet, IBM

HLRB-I1I - Altix 4700 1.6

Leibniz Rechenzentrum
Germany

GHz, 9728 2007 5&.52
SGl



Ran

Source:

System

Summit - IBM Power System AC922, IBM
POWER9 22C 3.07GHz, NVIDIA Volta GV100,
Dual-rail Mellanox EDR Infiniband , IBM
DOE/SC/Oak Ridge National Laboratory
United States

Sunway TaihuLight - Sunway MPP, Sunway
SW26010 260C 1.45GHz, Sunway , NRCPC
National Supercomputing Center in Wuxi
China

Sierra - IBM Power System S922LC, IBM
POWER9 22C 3.1GHz, NVIDIA Volta GV100,
Dual-rail Mellanox EDR Infiniband , IBM
DOE/NNSA/LLNL

United States

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-
2692v2 12C 2.2GHz, TH Express-2, Matrix-
2000 , NUDT National Super Computer Center in
Guangzhou China

Al Bridging Cloud Infrastructure (ABCI) -
PRIMERGY CX2550 M4, Xeon Gold 6148 20C
2.4GHz, NVIDIA Tesla V100 SXM2, Infiniband
EDR , Fujitsu National Institute of Advanced
Industrial Science and Technology (AIST) Japan

— Top List 2018

Rmax Rpeak
Cores (TFlop/s) (TFlop/s) Power (kW)
2,282,544  122,300.0 187,659.3 8,806
10,649,600 93,014.6 125,435.9 15,371
1,572,480 71,610.0 119,193.6
4,981,760 61,444.5 100,678.7 18,482
391,680 19,880.0 32,576.6 1,649


http://www.top500.org/list/2011/11/100
http://www.top500.org/

- Hoparinro Xvotipoato Koatavepnuéve Xvotipato

X10%0G Emtdyvvon 1. TomoAoy1KN KOTAVOUT) EPAPLOYDV,
enelepyacTdv 1 0e00UEVOV

2. Toyvmta,

AikTV0 ‘Ep@aocm oty toyvtnta Evpeiag ypriong (w.x. ISDN, Ethernet)

Epapuoyés  Emomnuovikég, e€opowwoelg  Ynnpeoiec, Baoeig dedopévav

Amootdocelg <lm >1m cvyva >1Km
Tonoloyia  T'ewpetpikn AvBaipemn
Kopupot Oporoyeveic [TBavoc etepoyeveig
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Concurrent Programming

Concurrent Ilpoypouuo. mepléyel 000 1 TEPLEGGOTEPES
olepyacicg (pProcesses), ov omwoicg epyalovron poli yuo
TNV ETLAVGY] TOV 1010V TPOPAnaTOG.

Aigpyacia (Process): AkorlovOwoko Tpoypoppa
(axorovOio evToAMV)

O ToOAAOTAES OLEPYOOLES EVOS TAPIAANAOD
APOYPOIUNATOS GUVEPYALOVTUL EMKOLVOVAOVTOS 1 10
e TNV GAAY.

Emkovavio ue

 Kowaov pertapintov (shared variables ) 1

 Metafipaocng Mnvopdtov (message passing )



Applications of Concurrent
Programming (1/3

Multithreaded Computing: more than one process
(thread) that share CPU time

Goal: Good way to organize modern software
systems such as:

 Windows on PCs or workstations
 Time-shared and multiprocessor OS

« Real time systems that control application
software (power plant, spacecraft, etc)

Communication via shared variables



Applications of Concurrent
Programming (2/3)

Distributed Computing: Processes execute on
machines connected by a communication network

Goals:

« To off-load processing (file servers in a network)
« To provide access to remote data (DBs & Web)

* To integrate and manage inherently distributed
data (enterprise systems) & to increase reliability
(fault-tolerant systems).

Communication via message passing or invoking
remote operations.




Applications of Concurrent
Programming (3/3)

Parallel Computing: Processes execute on their
own processor on a parallel computer system

Goal: To find faster solutions to larger and more

complex problems: scientific computing
oroblems, large combinatorial or optimization
oroblems, graphics and image processing
oroblems

Communication via shared variables or message
passing depending on the parallel architecture.




Parallel/Distributed Computing
Paradigms

Iterative Parallelism

Recursive Parallelism

Producers and Consumers

Clients and Servers/Interacting Peers



lterative Parallelism

An Iterative parallel program contains two
or more iterative processes (contain one
or more loops)

« Each process computes results for a
subset of the data.

 Then the results are combined

Example: Matrix Multiplication



Matrix Multiplication — An embarrassingly

parallel application: A multitude of
Independent operations

« Two operations are independent if the write
set of each (the set of variables that it alters and
possibly also reads) is disjoint from both the
write set and the read set of the other (the set of
variables that it reads but does not alter).

 [Itis always safe for two processes to read
variables that do not change!

« Matrix multiplication: the computations of
Inner products are independent operations



H evroin ‘pardo’

pardo
evtoan 1,

evtoAn N;
odpar

O evtorés 1 émc N ektehovvTon mapaiinio

H evrol] “pardo” oloKANPOVETOL 0TAV OAOKANPMOEL N
EKTELECT] OLMV TOV EVTOLOV. 35



H evroin ‘pardo’

pardo [1=0 to n-1] {
a[i] =0; Db[i] =0;

ANuovpyet N oepyooies — pia Yo Ka0e
OLUPOPETIKO |
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IHollamhaocroonoc IIwakov: AxolovOiakoc
Yroloyiouog
double a[n,n], b[n,n], c[n,n];

for[I=0ton-1]{
for[J=0ton-1]{

# vmoAloyiendg Tov yivopuévov Tov afl,*] ue to b[*j]
c[i.j] =0.0;
for [k =0 to n-1]
cli.j] = clij] + a[i,K]*b[k,JI;
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Mollarhooiacnidc Ivakov: Exovainmtikog
Hoapoiinlicuog Kkata 2EPec

pardo [1 = 0 to n-1] { # mapariniog vroroyiopog TV YpappdVY
for[J=0ton-1] {
c[i,J] =0.0;
for [k =0 to n-1]
clij] = clij] + a[i,k]*b[k,J]I;
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IHoAlormAoocroouoc IIwaxkomv:

Hapoliniicuoc Koto 2THAES

pardo [J = 0 to n-1] { # napariinrog vworoyiopéc TOV GTHADOV
for [I=0ton-1] {
c[ij] =0.0;
for [k =0 to n-1]
clij] = clij] + a[i,k]*b[k,J];
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IHoAlamhooroouog Ihwakev: Hapoiiniicuog
KOTO 2EIPEC KAl KATA 2THAES

pardo[i=0ton-1,J=0ton-1]{
c[i,jJ] = 0.0;
for [k =0 to n-1]
cli.y] = clij] + ali,k]*blk,j];
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Recursive Parallelism:MERGESORT

Input: An unsorted array S of n numbers

MERGESORT(s) partitions S into 2 parts and calls itself.
The recursive calls are executed in parallel.

MERGESORT(S)
float S[n];
It ([S|=1)
return S;
else
pardo

S1 := MERGESORT(S[O .. /|S|/2./1);

S2 := MERGESORT(S(/|S|/2/..|S| 1)
return MERGE(S1,S2);



Producers and Consumers

A producer process computes and outputs a stream of
results.

A consumer process inputs and analyzes a stream of
values.

Pipeline: a sequence of processes in which each
consumes the output its predecessor and produces
output for Its successor.




Pipeline (ZwAnvwon)

— O 8lepyaoiec aviiotolyouv o€ otadia TG
ocwAnvwonc.

— Ta dedopeva tepvoUV amno TG SLALOOXLKEC
Sdlepyaociec (otadla cwAnvwonc) Kade pia
OLTTO TLC OTOLEC EKTEAOUV KATIOLA EPYOLOLOL OE
oTA.
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Pipeline (ZwAnvwon)
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Clients and Servers

~equest
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Interacting Peers: Distributed Matrix
Multiplication Using Coordinator/Worker
Interaction

double a[n,n]; # source matrix a
double b[n,n]; # source matrix b
double c[n,n]; # result matrix c

v apyn Yo KGO 1, n owepyacio \Worker |
raporoppaver amo tn depyocio coordinator tny ypoapun
| TOV TivoKo 8 Kol 0AOKANPO TOV Tivako, D.

H Worker i vwohoyilel Tnv ypouun | Tov Tivoke C Kot TN
oTélvel 6T oepyacio coordinator.



IHollamhaocroonoc Iwvakov: Koowkoc
coordinator

process coordinator {
double a[n,n]; # source matrix a
double b[n,n]; # source matrix b
double c[n,n]; # result matrix c
Initialize a and b;
for [I=0ton-1]{
send row I of a to workerl[i];
send all of b to workerJi]; }

for [1 =0 to n-1]
receive row I of ¢ from workerl[i];
print the results, which are now in matrix c; } 4



IHollamhocroonoc Ivakov: Koowkoc

Worker

process worker[i =0 to n-1] {
double a[n]; # row I of matrix a
double b[n,n]; # all of matrix b
double c[n]; # row 1 of matrix c
receive initial values for vector a and matrix b;
for[J=0ton-1] {

c[j] = 0.0;

for [k =0 to n-1]

chl = chl +alk] * b[k,JI;

}

send result row (vector c) to the coordinator process;

}
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IHoAlamAiacroonoc IIvakov: Xoivoon

Xy apyn yio Ka0eg 1, n owepyooia Worker | swo0éter Tnv ypoapu
| TOV TivoKo a Kol T 6TNAN | Tov Tivaka b.

H Worker I pmopei va vrohoyicer pévov v tiun cli,ij.

Ka0s owepyacio Worker ektelei évov apiOpd omd emavoiqyelg
(rounds): og k@0e eravainyn otélvel TV 6TNHAN TOL D, TNV
OTTOLO, EKELVI TT] OTLYUT KATEYEL, GTV ETOUEVT] OLEPYACLA
Worker kot raporappdaver pro dre@opetikny otiin Tov b amod
™V TPoyovueEVY oepyacio Worker.

H doepyaocia Worker 1 vrohoyiler Tn ypaupn | Tov wivaka C.
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process worker[i=@ to n-1]# has rowi of matrixa and column i of matrix b;

double a[n]; # compute c[i,i] = a[i,*] xb[*,1i]
double b[n]; for [k = © to n-1]

double c[n]; sum = sum + a[k] * b[k];
double sum = 0.0; c[nextCol] = sum;

int nextCol = 1i; # circulate columns and compute rest of

c[i,*]
for [j =1 to n-1] {
send my column of b to the next worker;

receive anew column of b from the
MoAAaTTAQGIACHOG previous worker ;

TIVAKWY HE CWARVWON sum = 0.0;
for [k = @ to n-1]
sum = sum + a[k] * b[k];
if (nextCol == 09)
nextCol = n-1;

else
nextCol = nextCol-1;
c[nextCol] = sum;



Iepreyopevo MaoOnuatog

Ewocayoyn

Baowkés 'Evvoreg Hapariiniov Yroroyiopov. Xtoysio
Apyprektovikng Hapariiniov Mnyavov. Tomoloyieg AtKTO®V
AL60VOESTC.

Hoapariinior AlyoprBuor o€ Heprpaiiov Kowviig Mviung
(aAyoprOpor Tavounong Kot cuyyOveELONS, VITOAOYIONOG
nPodendTOV, VTOAOYIGUOL GE ALGTEQ).

Ipoypappationog Kowviig Mviyung (processes, synchronization,

concurrency, Critical Sections, Mutual Exclusion, Barrier
Synchronization Semaphores and Monitors)

Ipoypappatiopnog Kowiic Mviung pe Xpnon OpenMP
Hpoypapupatiopnog emrayvvtov/GPUs (CUDA).
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Iepreyopnevo MaOnuatog

HHapariinior AlyoprOuor Koataveunuévng Mvinunc.
Hpoypoppotiopnos Kartaveunuévne Mviung pe ypiijon MPI.
IHopariinrog TPoyPOoUNATIGCROS 6E VPPLOKO TEPLPaALOV
(MPI1+OpenMP+CUDA).

Opyavoon Kataveunuévov X2vetnuatov ( To Movtélo
Ileldtn- Avukopioty , Opdtipa Xvotiuata (P2P Systems))
Evowaneco Aoyiwopuiko, Movtéra Evoldpuesov Aoyiopuikov
(kAfqon aropakpuvosuivov owudokact@yv (RPC), kifqon
OTONOKPLOUEVOV avTIKEINEVOY (RMI))

Boowka Ospoto Katavepunuévov Yroroyiopuov
(xpovocPPayioes, EKAOYT apyN YO0V, OHoLPaiog ATOKAEIGNOC)

Ynroloyiopog o€ mepifparrov cvatoryiog vroroyiotoyv (Cluster
computing) kot o vroroyieTikd mAéypata (Grid computislglg).



Awaotkocio ASloAoynons MoOnquotog

(1) AY0 a6KNGEIS — TPOYPOUUOTICTIKA OEpaTa o¢
OpenMP kar MPI avrtictorya

(2)  Tehxkn yporti e€étaon 6to TELOG TOV EEQUIVOV
O Telkog BaOpog Tov padnuatog nposotopiletor g e€Ng:

0,35xBaOpnog_ Aoknoeov + 0,65xBaBuog Teakng EEétaong
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