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ADPIEPQXH

H ovykekpyévn gpyocio apiepdveTor og OAQ T0 TPOCMOTO TOL LOV GTAONKOV LE TOV

KAADTEPO OLVATO TPOTO KOTA TN SIAPKELDL TOV CTOVOMY LoV G€ OAOVS TOVS TOUELS.
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EYXAPIXTIEX

Oa NBeha va EVYOPIGTNC® TPAOTA OO OAO, TNV OIKEYEVELD LLOL TOV LE VTOCTNPIEE GE

OAN TN O1GPKELD TV GTTOLOMV OV KOl TV TAVTO OiTAa plov o€ 0Tl XpetalOHovy.

Emiong 0o Beha va evyapiotiom tov emiPAémovta kabnynt pov kvplo Boociiewo
Anpokodmovro, Yoo v avdBeon avtod Tov TOAD evolEEPOvVTOg OEpatog Kot TV
AP oTPIEN KaTd TN OipKE EKTOVNONG TOL, KABMG Kol Yoo TNV TOAD KOAN

cuvepyocio Tov elyapLe.

[dwitepec evyaprotieg Ba NBera va dwcw ko otov [avayuntn Xoatlndovka, yio Tnv

TOATIUN PonB€la TOV LoV TPOGEPEPE GE OAN TN SLAPKEL TNG EPYUCING.

Téhog, Ba Beha vo T Kot £va PeyGAo uYOPLOTH 6T TOdLd amd To ypapesio B.32

Y10 TO OTL £KAVAY KATO1EG SVGKOAEG DPEG, LE TOV TPOTO TOLG EVKOAOTEPEG,.
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HHEPIAHYH

Yitapbg Potg tov Iwdvvn ko g Kelomodwng. MSc, Tunuo I[TAnpoeopikng
loavviveov, OktoBprog, 2011. Avoyr ceaipdtov oe epappoyés MPI mov axorovBodv
To povtélo Master-Worker. EmpAénovtoc: Bacileiog Anpoakdémovroc.

Avt  epyacia  EMKEVIPOVETAL OTNV  VIOGTNPIEN  OVOYNS OCQOAUATOV  GE
Katavepunuéveg epappoyés MPI mov éxovv avamtuyBel ocvpupova pe 1o povtélo
npoypoppoticpod Master-Worker. Otov o epoappoyn exteleiton v peydia
XPOVIKA OlOGTAWOTO GE GCULGTHUOATO 7OV  OMOTEAOVVTIOL omd peYdAo oplBuo
VTOAOYIOTIKOV KOUPwV, eivor moAd mlavd éva cedipo va ocvopPet, site Aoy
AOyopIKOL, gite AOY® vVAKOV. H avoyn cooipdtov avagépetot otny kavotta evog
ovoTNHOTOG Vo emPudvel Kou va avipetonilel t€to cdipoata mov umopel va
EUPOVIGTOVV.

2mv gpyocio avalvetar 1o Tpdtuvno MPI, yuo avamtuén kaToveunuUéEVOV EQAPLOYDV.
[Tapovsialovrar ot dStapopeg EKOOGEIS TOV OAAA KO OL 1O S1OEGOUEVEG DVAOTTOMCELG
tov. [lapovcidletor kol meprypdpetor emiong Kot TO HOVIEAO TPOYPOUUATIGHOV
Master-Worker.

AvoAdETAL TO TOG TO TPOTLTO EMALYEL VAL XEPLOTEL TOL GPAALOTO KOl TO KATA TOGO Ol
VAOTOMGELS LTOPOVV VO TO LITOSTNPIEOLV Gg avTdv Tov Topéa. Tt vAoTOomGELS £YoVV
YIVEL, Y10 VO TPOGPEPOLYV OVOYN CPUALATOV GTO TPOTLTO Kol TL EMLTVYYAvouv. Emiong
TEPLYPAPTNKOAV Kol OLAPOPES TEXVIKES OVTILETDOTIONG TV COUAUATOV, LELOVOUEVOL.

Inuovtikd pépog g epyaciog agopd 1o oyedacud Kot TV LAOTOINoM €vog
unyaviopod (FTMW) avoyng cpoipdtov oe epappoyéc MPI mov ypnoyorotovv to
pnovtého mpoypappaticpov Master-Worker. O pnyaviopog eivor éva €vollpeco
eninedo mov tomobeteital avdpesa oty viAomoinon MPI ko oty gpappoyn MPL.
[Ipocpéper ™ duvatdTTo AEWOTGTNG AVIXVEVOTG COUAUATOV, ETOVEKKIVIONG TOV
depyaciov mov gpeaviCouy GOAAU, KOTAYPOPNS TOV UNVOUAT®OV Kol EKTEAECNG UE
TOALOTALG Olepyacieg Master, yio TV TEPITTOON MOV TO COAAUN EUPAVICTEL GTNV
mhevpd g depyacioc Master.

O punyoviopdsg pog, v to eminedo g opfoOTNTOAG, EAEYONKE pHE QmAEG EQUPUOYES
Master-Worker. X11c epappoyég ovtég emAsyape vo piyvovpe Evav 1| TePEGOTEPES
depyacieg Worker, oe Toyaio ¥povikd S10GTHUATO DGTE VO SIOTICTOGOVE OV TOGO 1|
Baowr Otepyacia Master, 660 kol ot vwOAOWTEG MOV pmOpel Vo EKTEAOVVTOL
TOPAAANAQ, OVIXVEDOLV TO GOAAUN 6TO 6MOTO onpeio. Emiong ypnoyonomoape kot
po eeapproyn apluntikng Pertictomoinong mov ypnoyonotel ) puébodo Multistart,
Yy TopdAANAN Ypoppkn Bertiotonoinon oto ydpo avalntmong omd moAld onpeio.



10

Ta mepdpoto oVTd 0TOGKOTOVGAV GTO VO JMICT®OEL T0 TOCO emMmTALOV POPTO
extéleone, ewodyelt n viomoinon tov FTMW oe oyéon pe xamoia ovuPartikn
vAoToiNoTM MOV dEV MPOCPEPEL AVOYN] CPOAUAT®OV Kol TO TOGO EMTAEOV OOPTO
€I00YOoVV Ol  AEITOLPYIEC OVIWMETOTMIONG OQOAUdTOV  1Tng vAomoinong. Ta
amoTEAECUATO OElyvouy OTL Ol emMPapPOVGEIS TNG VAOTOINONG HOC OTIS TEAIKES
eMOOGELg elvar EAAyIOTEC.
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EXTENDED ABSTRACT IN ENGLISH

Sitaras Fotis, MSc, Computer Science Department, University of loannina, Greece.
October, 2011.Fault tolerance in MPI applications that use the Master-Worker model.
Thesis Supervisor: Vasileios Dimakopoulos.

This thesis focuses on supporting fault tolerance over distributed MPI applications
that have been developed according to the Master-Worker programs. These programs
are executed for extended periods on top of systems that consist of a large number of
nodes, face an increasing probability of failure, either in terms of software, or
hardware. Fault tolerance is the ability of a system to survive and to handle these
failures.

In this work, we present the message passing interface (MPI), a widely used message-
passing standard for programming distributed applications. We present the various
versions of MPI as well as the charecteristics of well known implementations. In
addition, we discuss the Master-Worker style for developing distributed applications.

We analyze the way that the MPI, handles faults and in what extent, the
implementations of the prototype can support it. We survey related work on
supporting fault on supporting fault tolerance in MPI and what they achieve. We also
present a variety of techniques that have been proposed to handle failures.

A significant part of this work was the design and development of FTMW (Fault
Tolerance Master Worker), a fault tolerant system for MPI applications that use the
Master-Worker scheme. The mechanism is a middleware that is located between the
MPI implementation and the MPI application. We offer the possibilities for detecting
and reporting the failure, respawning the failure Worker process, communication
logging and employing redundant Master processes, for the case a fault occurrs in the
main process.

We test our mechanism with a variety of synthetic Master-Worker applications, in
which we choose to terminate Worker processes in different parts of the code, in order
to demonstrate the accuracy of detecting and handling the failures. We also
experiment with a full-fledged application wich performs numerical optimization and
utilizing the Multistart method. These experiments aim to estimate the additional
execution time that our system introduces, as compared to a conventional MPI
implementation that does not offer fault tolerance. Our results show that FTMW
introduces negligible overheads.
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KE®AAAIO 1. EIZAT'QI'H

[Ipoypappatiopods Xvotddmv Y ToAoyieTdv

X10y01

Aopn g Atatpiiig

H avdaykn yio 6lo Ko meplocdtepn eneEepyaosTikn 10Y0 Kol N TEPLOPIOUEVT TidOON
OV TPOGPEPEL £VaG ATAOS VTOAOYIOTNG, £XEL 00N YNGEL 6T chvOeon Kot aglomoinon
OLOTAOWV VTOAOYIGTAOV. MeydAo KOTOVEUNUEVO GUOTNHUOTO, OTOTEAOVUEVO OO
EKOTOVTAOES 1] OKOUOL KO YIAMAOEG avEEAPTNTOVS VTTOAOYIOTEG €lvan draBEéctipa TAEOV.
2uvovalovtog amAovg CLUBATIKOVE VITOAOYIGTEG TOL GLVOLOVTOL LECH EVOG OIKTVOV,
dtopopdloviatl ToVg GLVOAKOVG TOPOVG TOL GLGTNUATOG Kot cuvepydlovtal yio TNV
eMitevln €vOG AMOTEAECUATOG, GLVOETETAL OLGLUCTIKA VOGS LTEPLTOAOYIOTNG LE
TOMEG emelepyaoTikég povadec. Extdc dpmg amd emeEepyaotiky] dvvaun, avEdvetat
Kol M odecuoTTo. amoONKELTIKOL Y®OPOL, KOODG KAOe VTOAOYIGTNG 1N OAADG
KOpuPog g cvotdoag, pmopel va €xel dubéoyo Kot TPosPacta Kol To, OES0UEVHL
OaALG KO TOV aTOONKEVTIKO YDPO OTOOLVONTOTE GAAOV VITOAOYIGTH] GUUUETEYEL OTN|
ovotada. Emiong 1o diktuo mov cuvoéel ToVg VITOAOYIGTEG TOL OITOTEAOVV T GLGTASA
HETOEL TOVG, pmopel va glvan gite Tomikod, gite va mpokeltol yio to internet. Tomko
TAPASEYIO HOG oLOTAdAG VIOAOYIoTOV Qaivetar otnv Ewova 1.1. H onovpyia
OLOTAOWV VTOAOYIOTMV, OVLGLOCTIKA TPOCEPEPE TN OLVOTOTNTO GE  OPKETEC
EMIOTNUOVIKEG OUAOES KO EPYACTNPLO, VO, ONUIOVPYNCOVV  LE OIKOVOULKO TPOTO Kol

va a&loToGoVY, HEYAAN EMEEEPYACTIKY] OVOVALUN.

Ot ovoTAdeS VTOAOYICTMV, OMOTEAOLV 1O0VIKY] TAATEOPUL Yoo TNV EKTEAEOT
ATOLTNTIKOV peYaAov peyébovug epappoydv. TE€towov gidovg epappoyés, mov ypnlovv

HEYAAOL YPOVOL EKTEAEONG YL TNV OAOKANPMON TOLG KoL (PO TOPOymYN
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OTOTEAECUAT®OV TOVG, OMOLTOOV KOl UEYOADTEPT OvVOYKOOTNTO Yo, 0o&lOmoTio
anévavtt o€ mhovA CEAAUATO TOV UTOPOLV VO EUPOVICTOOV KOTO TN OldpKeELn
extéleonc Toug. [ToAd meprocdtepo o1 ypnoteg Oa embBopovoay, N EQOPLOYN TOVG Va.
ovveyioel v opBn extéheon g Kot vo amo@Vyel mBavES cuvémeleg mov Oa
UTOPOLGAV VO ETNPEAGOLY T GUVOAMKY ekTéAeoT| TG. Eivon BéPata apketd omdvia n
EUOAVION COAALOTOC, OALL OGO TPOCHETOVE UNYOVILOTO GTO YEVIKOTEPO GUGTNLLO,
poG Kot ovtd etvar kot 10 (NTOOUEVO TPOKEUEVOD VO OTTOKTICOVUE UEYOAVTEPT
eneEepyaoTikn 16Y0, avEdvetal avaioyo kKot 1 mbavotto va cvpuPel cedipe oto
oLOTNHO KAt TN d1dpKelo TG ekTéAEONS TG epapuoyne. [16co pdalov av Bdiovpe

KOl TO YEYOVOG OTL Ol EPOPLOYES TPEXOVV Y10 LEYAAL YPOVIKE O10CTILOTOL.

Cluster Node

Cluster Node Cluster Node

Cluster Node

Cluster Node

Cluster Node

Ewoéva 1.1: Zvotada Ymoroyiotdv

[Tépa Aowmdv amd TV avaykn yio LeyaADTEPT ENEEEPYOCTIKT 10YD TOV TPOSPEPOLV Ol
OVLOTAOEG VTOAOYIOTAOV €yeipeTal Kol To Kpioyo CRTMUe TS a&omoTiog mov avTd
UTOPOVV VO TPOGPEPOLV, dNAAdN TO {NTNUA TNG CLUTEPLPOPAS TOVS GTNV EUPAVIOT

oc@aApdtov. To emBountd and éva 1étolo cvotnue givor 1 datnpion e opBdTTOG
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EKTEAEONG TOV O€ TMEPIMTOON GOPAANATOS TOV pmopel vo vdpEel KOTA TN JSLdpKELL
extéleonc kamotag epapuoyns. To mpoPAnpa avtod, dev a@opd POVoO TO AEITOLVPYIKO
GUGTNUO. 1] TNV OPYITEKTOVIKY] TOL VTAPYEL GTO YEVIKOTEPO ocvotnua. Etfvor puo
wWmTo mov Bo mpémel vo. amacyoiel Kot Tov {010 TOV TPOYPUUUOTIOT KOTA TN
dwdkacio avantuéng e epapuoyns tov. H mapovoa epyacia, aoyoreital pe avtod

TO OVTIKEIPLEVO.

1.1. IIpoypappationds Xvetad®v YToroyloTAOV

H dwyeipion tov mpoceepduevov TOP®V GE GLGTIUOTO GLOTAOM®Y VTOAOYIGTAOV
amoutel TEPIGGOTEPES YVAOGELS KOl TPOGOYN OO TOV TPOYPOUUUOATIOTY] KOATO TN
dlapkeln avamtuéng g epappoync. H tomoloyia Kot 1 apyIteKTOVIKT TOV GLGTAO®V
VIOAOYIOT®V gival Ta 60O YOPAKTNPIOTIKA ToL Kabopilovv Kol TOV TPOYPUULOTIGUO
toug. H pviun og éva tétolo cvuotnua givol Katoveunuév Kot o T cuvnOIGHEVOS
TPOTOG EMKOVAOVIOG €ivorl 1 avToAAoyn UNVOUATOV UHECEH €VOG EYKOTEGTNUEVOL
SIKTHOL PETOED TWV VITOAOYIGTAOV TOV OTOTELOVV TN GLOTAON. BEUEM®DONG amaitnon
o€ TETO10 GLGTHHOTA EIVOL KOt 1] TKOVOTNTA S1ATHPNONG THG EKTEAECNG TNG EQPAPLOYNG
QVETNPEACTO OE TEPIMTMOT EUPAVIONG COAAUATOG GE KATOLOV KOUPO 1 YEVIKOTEPO OE
Kémowo eminedo TOL GvoTHUAToS. [ TV emitevén 1oLV TOPATAVE®, VITAPYOLV Lo
oepd and pebodoroyieg aAld Ko KAmoleg Pacikéc amoutnoels Ommg M EyKoupn
aviyveELGT TOL COAAUATOC, N OHECILOTNTA TNG OTALTOVUEVNG TANPOPOPING DOTE O
VIOAOYIOUOG VoL GUVENIOTEL Kat av etvan duvatov va eravekkivioet. [Tapoia avtd, M
Baotkn apyr TG avoyns COEOANAT®V Elval 1 AVETNPENCTN EKTEAECT TOV VITOAOYIGHUMV

0TOVG ENEEEPYAOTEG GE TEPIMTOOT EUPAVIONG CPAAUATOS GE KATOLOV GALOV.

O mo d10ed0UEVOS TPOTOG TPOYPUUHOTIGHOD TETOLWV GLGTNHATOV gival HEG® TOV
Message Passing Interface (MPI) [22], [5]. To mpdtuvmo avtd mpocEEpel o
TAOTQOPLLO Y10 OVATTTUEN OLPOIPETIKAOV KOTOVEUNUEVOV aAYopiOnmy pe KoAd eninedo
KMUOK®OOCIUOTNTOG Y10, CUOTAOES VLIOAOYIGTAOV, OTOKPULTOVTOS AETTOUEPEIEG TNG
OPYLTEKTOVIKNG OO TOV TPOYPOUUATIOT!| TG €papuoyns. H odemapn tov MPI,
TPOCPEPEL KAGEIS OMOCTOANG KOl ANYNG UNVOUATOV HETOEDL VO VTOAOYIOTAV,

KAMNoelg yio v palikn Kol amodoTiKn EXKOVOVIO LETOED OHAO®MY VTTOAOYIGTMOV ALY
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Kot YEVIKOTEPES droyelptotikég KAnoets. [apora avtd to MPI wg tpdTumo dev opilet
KOmow eviaio. OTPATNYIKY  OVIIUETOTIONS GPOAUATOV, TOAD TEPICCOTEPO OEV
avaeépel ovte kav Tov 0po. H mapovoa epyacio €6Tidlel 6TNV AVIILETOTION OVTOV

TOV KEVO.

‘Eva GALo koppdtt mov agopd Tov TPOYPOUUATIGHO TETOIWV GLUGTNUAT®VY Elval Kl TO
TPOYPOUUOTIOTIKO HOVTELO/GYNU0 TAve oto omoio Ba Paciotel M avartuén ™G
epappoyns. 'Eva tomukd kot evpémg ypnoomolovpevo topdostyo eivatl 1o povtéro
Master-Worker to onoio 0a pog amoacyoAnoet kat otnyv gpyacio. H diepyacio mov éyxet
T0 poAo Tov Master sivor vmevBovn ywo TV KoTOVOUY NG €PYOCiog KOl TV
dedopévav oTic VTOAouTeG depyacieg mov Exovv 10 poro tov Worker. Ot tehevtaieg
vroAoyilovv éva (ETUEPOVC) AMOTELEGLO KO TO GTEAVOLV Tic® otov Master o omoiog
Ba cuvBéoel To cuvolkd amotérecpa. To povtého avtd gival Wiaitepo S1AOEOOUEVO
YL TNV OVOATTTUEN EQOPUOYDV OV EKTEAOVVTOL GE GLOTAOEG VITOAOYICTMOV, KOl KOTA
enéktaon yw epapuoyés MPI, Aoyw g ek @uoemc dopng TOL, TOL €VVOEL TNV
KOTOVOUN €pYOCioG avAIESO OTIS VTOAOYIGTIKEG OVTOTITES TOV TO AOTEAOVV, ONANON
ot1g Oepyaocieg Worker kot tv eEacpdiion ave&dptnng ektédeong petald tov

VTOAOYIGUAMV TNG KAOE oG,

1.2. X16y01

210)0¢ TG TOPOVGAS £pYaciog gival va TPooeépel va aSlOmoTo einedo YEPIGUOV
CQOALATOV TOL Pmopel va epeavictobv oe kamown oepyacicc MPL. Ovclactikd va
YEQLUPOGEL TO KeVO 0&lOMOTIONG TOL TPOTOHMOL O TEPUITAOGES CPUALATOV,
TPOGPEPOVTAG TN dVVATOTNTO £YKALPNG AVIYVELGNG Kol AvVaPOPES TOV GOAALNTOS GTO
eMIMEdO NG €QUPUOYNG OALL Kol €OKOANG OVIUETOMIONG TOL OO T GKOMY TOV

XPNoTN.

IMa 10 A0yo avtd, peletOnKe N CLUTEPIPOPE TOV O OLUOESOUEVIOV VAOTOCEWDY
t0v MPIL, 6¢ TepTAOGELS EPPAVIONG CPAAUATOV KOTA TNV EKTEAECT] TNG EPAPUOYNS
MPI ywo vo dwmiotwbel 10 Kotd TG0 avTEG, LTAKOLV GTO TPOTLIO Yo TIG

TEPUTTAOGELS COAAUATOV. ATO TO TEPALOATO OLUTIGTMOGOUE OTL OEV TAPOLGIALoVV Lo
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a&lomom) ocvumeplpopd, Kvplwg o610 Béua TG aviyvevong Kot avapopds TOv
OQAALOTOC OTO EMIMEDO TNG EQPAPUOYNG KOL £TCL OYESIACOUE £V EVOIIUECO EMIMESO
avapeoa oty epapuoy] MPI kar otnv viomoinon MPI, pe okond va mpocpépet

a&10moTn aviyvevon Kol avopopd GEAALAT®V GTO EMITESO TOV YPNOTY.

Xe 0e0Tepo eMIMEOO GYESIAGAUE KOl DAOTOCAUE £VOL UNXOVICUO OV TPOGPEPEL
Aertovpyieg Yoo OVTILETMOMION CQOAUATOV KATO TNV EKTEAECT TNG EQUPUOYNG OE
oo Master-Worker. Me avtov tov umyovicpd o xpnomg, umopel vo eEacporicet
alomiotio 660 oty mAevpd tov Worker, divovtag Tn duvatdtTnTo. VO TOV
EMOVEKKIVI|OEL GE TEPITTMOT TOV TEPUATIOTEL 1] AEtTOVPYiRt TOV AOY® GPAAUATOS, OGO
KOl 0TV TAELPE Tov Master, TPOGPEPOVTAG TN SVVATOTNTA OPIOUOD TEPICCOTEPWOV
depyacudv Master ot omoieg extehovvtol TapdAAnAa pe tn POcIKY| KOl LTOPOVV va

Adpovv ™ Béom g o€ mEPinT®ON GOEAAUATOG.

H ®bnon yww 10 Bépo mov mpaypatedetor n epyoacio, 00Onke wvpiog amd v
avEnpévn  avaykn aSomog  ekTéAEoNS  €QapUoYdV  mov  ypnlovv  peydAng
eMeEEPYAOTIKNG 10Y0V0G Omd €KATOVIAOES 1 OKOUO, Kol YIAMAOES UNYOVILOTO Yol
HEYAAQ YPOVIKA OLOGTNHOTOL. € LEYAAN YPOVIKA dloTHHOTA EKTEAEOC 1 TOAVOTTO
EUOAVIONG TOV OEAALOTOS KATA TN OWIPKEWD TM®V VTOAOYIGU®V givol TOAD
peyoAvtepn. H owatipnon g ektéleong Tovg avesdptnta omd TNV EUEAVION

oQoApaToV, amotelel facikd {nToduevVo Yo TETOLES EQAPLOYEC.

Xmv gpyacia yiveton €miong Kat ¥pron TOL VAOTOMUEVOL GUGTHLOTOG, TAVM GE Lol
epapuoyn tomov Master-Worker o mepiBdAAov ekTEAECTG GLOTAONG VTOAOYIGTMV
1060 0g EKTEAEST YOPIG GEAANATO, OGO KOl GE EKTEAECT LLE ELPAVIOT] COOAUATOV GE
dtpopa onueios TOL KOIKO TG epapuoyns. Ilpodkerton yio po e@appoyy OMKNG
BeAtiotomoinong, mov ypnowomolel i Tumikn  pEBOOO  TOMIKNG  YPOUMIKNG
BeAltiotomoinong oto ympo avalntmong oe cvvovaoud pe 1 uébodo Multistart.
Yoppova pe v tedevtaic, moAAéG péBodor tomikng PeAitictomoinong Eekivovv
TAPOAANAL OO SLUPOPETIKA GNUEID TOV YMPOL KOt OO T EMUEPOVG OTOTELECLLATOL
e€dyetar 1o PéAtiotro. Ta mepdpota agopovv 1660 t0 BEpa TG amOdEENS ™G
opBotTTOG EKTEAEGNC TG VAOTTOINONG, KLPI®G He TNV Vapén TOALUTADV OlEPYOCUDY

Master, 660 kol NG GUYKPIONG NG EKTEAEONG TNG VLAOTOINONG HE CLUPATIKES
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viomomoelg MPI mov dev mPooc@épovv KATOW EMTAEOV YOPOUKTNPIOTIKE OVOYNG
ocQOALATOV, Yoo Vo OlamotmBel To emmAfov KOOGTOG EKTEAEOMNG TOL E1GAYEL M
vAomoinomn pog. AAAO TEPAUOTO, OPOPOVSAV TO TOGO EMIMAEOV KOGTOG EGAYOLV Ol
Aertovpyieg TG VAOTOINONG Yo ETaveKKivon oG EQAALEVNG dtepyaciog kabmg Kot

v dapén ToAAATAGDVY diepyacidv Master.

1.3. Aopi} ™6 AwaTpifinig

AxoAlovBel o mePUNTTIKY TEPLYPAPN TNG OOUNG TOV KEPUAAI®V TNG TOPOVCHG
gpyaciog.

KE®AAAIO 2: Tlivetow o mopovsioon kot meptypagn] tov mpotdmov MPI, evog
TPOTLTTOV Y10l TOV TPOYPUUUATIGUO KATOVEUNUEVOV CUOTNUATOV HEGH OVTOAAOYNG
unvopdtov. [Hapovoidlovior Bacikég £vvoleg Tov TPOTVTOL Kol TOPAOELYLOL YPNONG
tov. Eniong mapovoidlovtatl ot 81dpopeg eKOOGELG TOV TPOTHTOV KOl VAOTOGELS TOV.
Téhog meprypdpetar Kot 10 LOVTELO avamTuENG epappoydv Master-Worker.
KE®AAAIO 3: I'veton piae kovBévia yopm amd o GOAALOTO Kol TNV 1010TNTo TNG
aVOYNS COAAUAT®V KOl Yo TO TG avTh Uropet va cvvovaotel pe to pdtvmo MPI.
[Mopovcialovtar teyvikég mov €xovv ypnowyomondel vy vmootpiEn  ovoyNs
ocporpdtov oto MPIL. Tlapovoidlovtal eniong ta AmOTEAECUATO TEPAUATIGHOD TOV
Kévape pe odpopeg viomomoelg tov MPI vy va domiotdoovpe ™ cvumepupopd
TOVG GE TEPUTTDOGELS CPUALATOV.

KE®AAAIO 4: Tiveton m mapovcioon Kou 1 TEPLYPAPH] TOV UNYOVIGHOD TOV
avantoéape. Tleprypdeetal o TPOTOG TOL AVIXVEVEL KOL OVOPEPEL TO. GOAALOTO GTO
EMIMEDO NG EPAPUOYNG, Ol AETOVPYIEC OVOYNG CPOAUAT®OV TOV TPOGPEPEL GTOV
TPOYPOUUOTIOT] KOL 1) GULUTEPLPOPA TMV OlEPYOCLDY 7OV GCULUUETEXOVYV OTINV
EKTEAEDT).

KE®AAAIO 5: [Tapovoiaon kot cu{non yop® amd To TEWPOUATIKE amoTELECUATO
g exktéleong g vAomoinong. ['veton meptypaen tov mepiPAArlovtog EKTEAEONS TV
TEPOUATOV OAAL KOL TOV EQPAPLOYDOV COUQMOVO HE TIG Omoieg &ywve o €AeYYOG
opBOTNTOG KO TNG AmOOOGNS TOV UNYOVIGLHLOV.

KE®AAAIO 6: I'ivetan 0 enidoyog g epyaciog Kot divovtal KAToleg GUUBOVAES Yo

TEPOUTEP® UEALOVTIKN EPYOCIOL.
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KE®AAAIO 2. TIPOI'PAMMATIZMOX ME MPI

2.1 To IIpotvmo MPI

2.2 llpogmokomnon tov MPI
2.3 Yhomomoeig MPI

2.4 To Movtého Master-Worker

Onwg avapépbnke oty sloaywyn, oty 1 epyacio acyoieitan pe Bépata mov Exovv
Vo KAVOUV UE TOV TTPOYPOUUOTIGHO CLGTAOMY VTOAOYIGTM®V Kol To. (NTHUATO TOV
a(pOPOVV TN GLUTEPLPOPE. TOL GUOTHLOTOG O MEPITTMGELS CPUAUATMV TOV UTOPOVV
va cvpPovv e avtd. ‘Evag and tovg mo d1adedoévoug TPOTOVS TPOYPOUUATIGHLOD
TETOU®V GUGTNUATMV TOV ATOTEAOVVTOL OTO TOAAOVG VITOAOYIGTES, LUE KOTOVEUTLEV
UvAUn €ivon m ovtoAdloyn UNVOUATOV HETOED TV KOUP®OV Kol TO 7O SlodEO0UEVO
TPOTLTO Y10, TN O1EVKOALVGT VTG TN Oladikaciag eivor To MPL. Xe avtd 10 kKe@dhato
Ba yivel o meptypaen Tov TPOTHTOL CLTOV, TOV VAOTOUWCEDY TOV KAOMSG Kot Lo

TOPOVGIOCT) GYETIKNG EPYOGIOG Y10 TNV OVTILETMOTIOT GPUAUATOV.

2.1. To ITIp6Tom0 MPI

To Message Passing Interface (MPI) [22], [5], eivar pia BipAodnkn cvvapticemy yio
™V avtoAdloyn unvopdtov petaéd depyacsuomv. Eivar éva enimedo demapng yio tov
TPOYPOUUOTIOT TNG €Paproyns. Aev kabBopilel 10 TP®TOKOALO emkovmViag Kot
OVTOALOYNG TOV UNVORATOV 1 TNG OlayElptong Tov mokétomv mov Ba dtadobovv 6to
eMinedo TOV SKTVOV TOV o©LVOEEL Tovg KOUPove. Ta dVO YUPAKTNPIGTIKG TOV

npoocépel 1o MPI givat 1 KAMPOK®OGOTNTO TOV UTOPEL VO TPOGPEPEL GTNV AVATTLEN
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™G epapuoyng kot PéPata amd ™ oTiypun mov eivar éva TPOTLTO OdMYL®V, 1
petapepopotnTa Tov. [Hapodro avtd, av Kol TPOGEEPEL Lo SIETAPT TOV OTAAAAGGEL
TOV TPOYPOUUOTIOT] OO OPKETEG AETTOUEPELEG TNG OPYLTEKTOVIKNG KO TOV SIKTVOV,
npoketal yoo yopniov emmédov Piprobnkm. O mpoypoppatiotg Oo mpéner vo

avamTHEEL PNTA Kot O)L 0OPLOTA TOPUAAAOTOUGLO KOl KATOVEUNUEVO KOOUKA.

Ot vhomomoelg tov MPI amotelobvtol and £va GOVOLO KAGEMY GUVOPTNCE®V Y10,
yAdooeg mpoypappoaticpod C, C++ ko Fortran. Béfata kot yio omoladnnote yAdcooo
oV SBETEL JlEMOPN Yo TN ¥PNOT AVTAOV TV YAwsomv. Onmg mpoavaeépnke, M
petapepoloTnTa gtvon £va and to Pactkd misovexktnuata pog pappoyns MPI, o
uovo yloti TpdKELITOL Yo U0 TPOTLTOTOINGT 0ONYLOV OAAA KOl Y1oTi VAOTOMGELS TOV
vrootnpilovv o oepd amd O18PopPeG TAPAAANAEG OPYLITEKTOVIKEG KOTAVEUNUEVS
pvnuns. Extdg avtod dpme, vapyovy Kot VAOTOMGELS Y10 GUGTHUATO KOWVOYPNOTNG

pvnung oAAd Kon apyrtektovikée NUMA [12].

H Baocwmn Aettovpyia mov mpoceépet 10 MPI, givar n avtoAloyn pnvopdtov peta&y
TOV OlEPYACIOV TOV GLUUETEXOVV GTO TPOYPOpLLa. XE kKABe depyacio onv apyn g
EKTELECTC TOV TPOYPAUUOTOC, avoTifeTan Evag LoVadtKOg aplog g avayvmploTiko
and to 0 péypt to TAnBog v depyaciav peiov éva (N-1), o omoiog ypnoipedel wg
TOVTOTNTA Y10 KATO CLUYKEKPIUEVN Olepyasio. Ot emKowvmvieg emtvyydvovtot gite
petald Vo dlepyacudy mOL  £YOVV  OVAYKN VO OVTOAAAEOLV  dedopéva, Eite
OLYKEVIPOTIKG OVAUEGH O €va GUVOAO OlEPYACIOV 7OV OVNKEL GE U0, OUAOOL.
Tétolov €ldovg emKovmVia HTOPovUE Y100 TapAdEya va £(ovpE dtav o depyacio
0élhel vo polpdoel ta dgdopéva evog mivoka OTIC VTOAOWEG OlEpyacieg M va
OGUYKEVIPMOOEL TO. EMUEPOVS OMOTEAEGUOTO TMOV VTOAOITOV JEPYUCIOV GE VOV
nivaxko. Ilapdro ovtd ot cLAAOYIKEG emkOowv@Vieg omd Tn OTYUn TOL Yo Vo
oAoKANpwOOVY Ba Tpémel OAEG Ol OlEpyaGieC Vo £XOVV TEPATMGEL TNV EKTEAECT] TNG
OLYKEKPIUEVNG AEITOLPYIOG, OVGLUCTIKA GUVTIEAEITAL £VOC OMKOG GUYYPOVICUOS OTIG
depyacieg g vhomoinong, ennpedlovy apvntikd v anddoon g extéreons. Ooeg
TEPIOCOTEPEG OLEPYUGIEG CUUUETEYOVY GTNV KANOT], TOGO MO 0Py OAOKANPOVETOL 1)

extéleon TG,
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Ot opddeg depyosiwv MPI, amokaiodvion Communicators kot o KaOe kAnom
emwovoviog MPI  Ba mpémer 0 mPOYPOUUOTIOTNG VO ONAMVEL KOl OLTHV TNV
TAnpoeopia, €ite avT APOPA VO JEPYOCIES, EITE CLYKEVIPMOTIKA OAOKANPN TNV
ouada. Agv elvar deopevtikd amd TO TPOTLMO, OTL Ol Olepyacieg mov Oa
emKowvmvicouy Bo mpémel va avikovv otnv 101 opddo, omiadn otov id10
communicator. To MPI divel t duvatdtnto oyt pdvo vo ETKOIVOVOLY 01 S1EPYOCIES
G 1010.¢ opadag LETAED TOVG HEG® TV avTikEWEVeoV MPI intracommunicators, aALd
Kol e olepyacieg GAA®mV opddwyv, Hécw intercommunicators. Xe HETEMELTO KEQAAALOL

™G epyaciog Oa yivel avaALTIKOTEPN TEPTYPUPT] CLTAOV TOV YOPAUKTPICTIKMV.

IMa ta yapaktplotikd mov Bo vVweBeToEL TO TPOTLTO KOOME KO YL TN YEVIKOTEPT
e€EMEN Tov, LIAPYEL Lo KOWVOTNTO YPNOTAOV KOl TPOYPOULATIOTOV TOV OTOPAGilet
[5]. Méoa and cuintnoelg S1aplope®@VOVToL Ol avAyKeG Kot ot EAAENYELS TOV TPOTHTOV
Kol ovotifevion epyoaciec yia v emiAvon tov (ntmuatov tov. H tpéyovca £kdoon
TOV TTPOTVTOV €ivor 1 ékdoom 2 Kot oM Exet apyicel | cu{nTnon Yo TNV ENEPYOUEVN

ékdoon 3.

2.1.1. MPI-1

H npadtn éxdoon tov MPI, 1.0 dnpocievbnke tov lovvio tov 1994. H avaykoadtta
TPOTLTOTOINONG Mo OlEMOPIKNG  PPAoOKNg vy v  avioiloyn HnNVORATOV,
001 YNGE Lo OUAO0 OPKETMOV AVOPAOTOV TOV GUUUETEYOV GE SLAPOPOVS OPYOVIGLOVS
KOl TOVETOTHO 0T ovotacn evog forum yuo to MPIF (Message Passing Interface
Forum) an6 tov Iavovdpro tov 1993. Atyo kapd apyodtepa, tov Mdawo tov 1995
Koot cvvedpioce Eava yia vo dlopbmoel kdmoleg eAdelyelg Kot Kdmota AdOn tov
TPOTOTOL Kot odNynoe oty ékdoon 1.1, n omola dpwg ev Téhel, €xel ehdyloteg

dtpopéc. Xtnv peténetta ékdoon 1.2, meptrapfavovror 128 cuvapticelc.
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2.1.2. MPI-2

To MPI-2 [7] ovoclaotikd amoterel pa enéktaon g ékdoong 1.2. IeprhapPdverl véeg
Aertovpyieg Kot SOLVOTOTNTEG TOL OEV TTPOCEPEPE TO Tponyovevo. Méca oe avTég
etvar M duvapkn dnmuovpyia kol Stayeipion diepyacwdv [9], mov kabiotovce un
OEGUELTIKO TO YEYOVOG 0TL 0 aPlOOG dlEPYaTIDY TOV Bol EKKIVIIGOLV TNV EKTEAECT] TNG
epapuoyng MPI dg pmopet va aArdet, divovtag T SLuVaTOHTNTO GTOV TPOYPULUUATIOTH
va ekkvhost po depyacio MPI og omowodnmote péPOg TG €QOPUOYNG KOL OV
emBupel. ZuvapTioels EMKOWV®VIOG HoG TAEVPAS, e TNV €VVOld OTL Lol dlepyaciol
MPI pmopel va emkotvovioet pe Kdmowo GAAN oTéAvovtog T dedopéva TS Ympig va
elval amapaitmro 1 0evtepn vo cvppetéyxel. Emiong mapdAiniec kot KAMUOKOGIUES
KMoelg E16080v/EEO00, TeptocOTeEpes GLALOYIKES KANOELS KOBMG KOl LITOGTNPIEN
Yo emmAéov YA®ooeg Tpoypappatiopod. Ovostaotikd to MPI-2 kaBopilel moveo and
500 xAinoelg MPI ko vroomnpilel 11g YAwooeg mpoypappatiopod Fortran90, C kot

C++.

2.1.3. MPI-3 (Mellovtika)

Avt ™ otiyun, Ppioketon og e£EMEN N cvlrtnon Yy v avarntuén tov MPI and Tig
exoodoelg 2 omv ékdoon 3.0 [17]. Aev €xel mpotvmomomBel kot dpa dnpocievdel
akopa, aAld €xovv emonuaviel ta wpoPAnpato Kot ot EAAelyelg Tov Tpotdmov. H
peyoAvtepn EAAeyn mOL TOPOVGIALEL APOPE TOV OPIGHO LG EVIOING GTPOTNYIKNG
dtayelptong Kot avTIHETONIONG TOV c@oApdtov. [Tio cuykekpéva, apopd to oo Ha
TPEMEL VO €lval 1 EVOEIKVLOUEV OO TO TPOTUTO GULUTEPLPOPA TMV VLITOAOITWV
dlepyacidv og mepintmon mov Kamota depyacio MPI mapovcidost codipa gite avt
avnkel otV 10 opdda, eite Oyl [veton emiong ava@opd Kot 6TV avoyKoldTNnTo
OnNpovpyiog Kot OPIGHOL VE®MV duvatoTHTeV Yeplopoy Aabov [24]. A&ilet va
emonuaviel ott 0 6pog "avoyr CEUALATOV" dEV LIAPYEL OVTE KAV GOV OVOPOPE GE

Kapio amd TG TPONYOUUEVES EKOOGELS.
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2.2. Emwokénnon tov MPI

To MPI mpocpépetl pia yevikOTEPT HIEMOPY| TOL OVOTAPIOTA [0 EIKOVIKT TOTOAOYio
TOV VIOAOYIGTIKOV OVIOTHTMOV TTOV TNV OTOTEAOVV, TOV OVCLUCTIKA TPOKELTOL Y10
depyacies, yopic BEPata avtd va etvar deopevtikd. Yrdpyovv vAonomoelg tov MPI
KO Y10L OPYITEKTOVIKEG KOWVOXPNOTNG UVIUNG, OTTOV Ol DITOAOYIGTIKEG OVTOTNTEG Elvar
viuato.. TIpoceépel Aeitovpyiec GLYYPOVIGHOD KOl ETMIKOWVOVIOG OVAUESH OTIC
depyacieg yopic M yYAOOoH TPOypAppaTIcCHOD oL o ypnopomomBel ywo v

avAamTLEN TG EQOPLOYNG VO, ETNPEGLEL TN XPNOT TOL TPOTVTOV.

2.2.1. Baowkes Evvoieg

Apxetég duvatomteg eivar dra0éoeg amd o MPI yo v avantvén Katavepunuévov
EPAPLOYDV. B0 TAPOLGLUGTOVY KATOEG PACIKEG EVVOLEG TOV TPOTVTTOL GUUP®VOL LLE

T0 TG £YovV dopopPwel atnv ékdoon MPI-2.

Communicator

O communicator, givatr Bacwkd cvotatikd Tov MPI kot n Asrtovpyion Tov givarl va
oLVOEEL OPAOEG OlepYaoIOV HETAED TOVG. XTIG JlEPYACIES TOV GUUUETEXOVY GE Evav
communicator, avatifetotl évo Hovadikod avayvoploTiko og tovtotnta. Kdabe kinon
emkovoviag tov MPI npénel va mepthapfdvel Kot Tov communicator Tov GuoyeTilel
TIG EUTAEKOUEVEG LE TNV, dlepyacies. O communicator, TOL YPNGYLOTOLEITE Yot TV
KAALYN TOV ETKOWVOVIOKOV OVOYKOV OGS OUAd0S OlEPYOoIOV OTOKOAEITOL KOt
intracommunicator, &v® 0VTOG TOV YPTNCLUOMOLEITE YL TNV EMKOWVOVIOL UETOED
OlEPYACIOV SPOPETIKMOV OUdd®mV dlepyact®dy, ovopdleton intercommunicator. Tig
SPOPES KL TNV AVAAVTIKOTEPT XPNOT KOt TEPTYPAPY| TV dVO VT®V communicator,
Ba meprypdyovpe og enduevo kepdrato. O apykdg communicator TOV TPOYPAUUOTOS
OTOV OTOIOV OVIIKOLV OAEG Ol OlEPYNCIES TOV EKKIVOUV TNV €QUPUOYY, ovoudleTal

MPI COMM_ WORLD.

To MPI mpocépel eniong kKot ) dvvatdtnTo TG emeepyaciog TV communicator

péca amd KANoelg tov idov tov Tpotvmwov. O ypnog umopel va doomdoel 1 va
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EVOOEL OUAdES dlepyacidV Qoprolovtag T avtioToleg AElTovpyieg TV GTOVG

communicators.

Enwowvavieg Point-to-point

Ot o Paoikég emkovoviakeés kKAnoelg tov MPI, apopodv v emuotvovior HeTa&y
d00 OlEPYOCUDY 01 OTTOiES Ko Bo TPEMEL VoL GLUUETEXOVY GTNV KAN oM Yo Vo emitevy el
n olokAnpwon ¢ Tomkd mopddetypa kot mo ocvvnbiouévo, €ivor ot KANGELS

amocTOANG Kot apaiafng dedopévev, MPI Send kot MPI Recv.

Av o depyaocia embBopel va oteilel dedopéva 6e KATOWL GAAN CLYKEKPIUEVN, Ba
TPEMEL VL OPIGEL GTNV KANON NG GLVAPTNOoNG TO Towd Bal eivar avty), GOUPOVA LE TO
AVOYVOPLOTIKO TTOL £xel 1| Tedevtaio 6tov communicator. O televtaiog eniong mpémet
va yivel pntog omnv KANon g ovvdptnons. o vo ohokAnpwBel tomkd 1 KAinon
amootoAnG, Oa mpémer ko 1M €repn depyacio va mapoAdPer to dedopéva,

CUUUETEXOVTOG KO QLT KE TNV KANon Ttaparapnic. O opiopdg e KAoNG ATOGTOANG:

int MPI_Send(void *buf, int count, MPI Datatype datatype,

int dest, int tag, MPI Comm comm)

Ta mpodto tpion opiopoTo, 0POPOLV TU YOPOKTINPIOTIKA TOV OEOOUEVOV TPOG
anoctol. To mpdto Oplopa avoaeépetar otn o0levhuvon TV OESOUEVOV TTOV
npoKeLToL va 6TaABOVV, TO d€0TEPO GTNV TOGHTNTA TOV SEGOUEVMOV KAl TO TPITO GTOV
TOTO TOVC. 211 cLvExEln akoAovBel | mapdpeTpog mov opilel To mold depyacio Ba
TOPAAAPEL TOL GUYKEKPIUEVO OEOOUEVO KOL 1] TAPAUETPOC tag, Tov Oivel T dvvoTdTnTo
GTOV TPOYPOLULATIGTH] VO ODCEL £VOL AVALYVOPLOTIKO GTNV KANGT TOGTOANG oL Ba T
oLoyETioEL e (o avtiotoyn moapaiafng mov Ba £xet ido TN o€ avTO TO MESTO.
Téhog opileTon kot 0 communicator GTOV 000 GLUUETEXOVY Kot Ol dVO EUTAEKOUEVES
depyaocies. H Aoywkn tov opiopudtov givor mapdpota kot otny KANon moporapne, pe
™ deopd ot vdpyel akdpa Eva medio, status 1o omoio mepAapPavel TAnpopopieg

(metadata) yio To pMvopa wov EAafe 1 diepyacio:

int MPI Recv(void *buf, int count, MPI Datatype datatype,
int source, int tag, MPI Comm comm,
MPI Status *status)
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Ol kAfoelg o€ aLTNV TNV Katnyopio pmopet va gival gite epmodioTikes, ite ko oyt O
0pLoOC TG KANoNg mapaiafng, tpobmobétel ott Ba mpémel mpdTa vo Anebovv ta
dedopéva yio vo cuveyioel TV ektédeon M Olepyacia Kot €161 1) KANon g Bewpeite
eumodiotikn). To MPI mpooeépert kar o avtiotoyr, UN-eumodloTikyy KANom
MPI Irecv, 6mov av ta dedopéva dev Exovv apainedel oto onpeio mov kKANONKe N
ouvdptnon, n depyacia de Oa mepuével vo AneOovv kal £xel T SLVATOTNTA VO, TO.
napordafel apyodtepa. Amd v GAAN, N KAON aTOGTOANG dgv amantel Ta dedopEva va.
&xovv mapoAnedel and v £tepn depyacia yioo vo oAokAnpwbel. Ymapyet Opmg 1
duvatodtta and to MPI pe v kAnon MPI_Ssend, 1 diepyacio vo pmhokdpel péxpic

otov emPePformbel amd TV VAOTOINGN 0TL TAL OESOUEVA £XOVV TOPAANPOEL.

YvAroyég Emkovmvieg

Ot 6VAAOYIKEG EMIKOWVOVIEG OPOPOVV TNV EMKOIVOVIO TOL GLVTEAEITOL PHETAED OA®V
TOV SEPYACIDOV TOV GUUUETEYOLY o€ po. opddo. H mo yapoakmmpiotiky kAnon omd
avtv v Koatnyopia, stvor n MPI Bceast (cuvtopoypagio tov broadcast) yia
petdooon TV dedopEVaV. e OUTH TN AELITOVPYIO, OVCLACTIKA Lo dlepyacia, 1) root,
Ba oteidel oe Oheg TIG VITOAOUTEG TG OpAdAG, éva dedopévo. H avtiBemn dadikacio
elvar 1 MPI _Reduce, 6mov pio diepyacio GUYKEVIPOVEL TA EMUEPOVS OEOOUEVAL OTTO

k6O GAAN TOL GLUUETEYEL GTNV OUADAL.

int MPI Bcast(void *buf, int count, MPI Datatype datatype
int root, MPI Comm comm)

Kafe xinon ocvihoywng emkowvaviag, mpénet va kKAnOel amd kdbe diepyacio mov
OLUUETEYEL OE AVTY, OYL amapoitnTa 670 1010 onueio kmAka. ' va ohokAnpwOet, Oa
TPEMEL €V TEAN VO TNV £O0VV KAAEGEL OAEG 01 dlepyacies. Emopévmg, pe Tic sulhoyikég
EMKOWMVIEG eMTEAEITAL €MIONG KOU €VOG GLYYPOVICUOG HETOEDL NG OHAdOG
depyaciav. Edvkola yivetar kotavontd oti ot GLALOYIKEG emKOwmViee umopohv va
vAomombBovv kot amd ohvBeon omiodv emkowwvidv Point-to-point. TTapoia oavtd
etvar UV B VAOTOMIEVEC e TETOL0 TPOTO DOTE VAL TPOGPEPOVY PEATICTOTOUNUEVES

EMOOCELG, OVAAOYO KOL LE TNV 0PYAVMOGT TOV OAOL GUGTHUATOG.
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2.2.2. Topdoeryua mpoypopuoTos

Yvvoyilovtog To 6o LTOOINKAY oTIg PacIKES EVVOIEC TOV TPOTHTTOV, TTapatiBeTon otV
Ewova 2.1 éva amhd moapdaderypo evog mpoypdppatog MPL. To mapdderypo dev
TAPOLGLALEL KATO0 AETOVPYIKO TPOYPOLLL KOl TOPOVGLALETOL KUPImG Yior AGYOLS

KOTOVONONG TOV TOPATOVE.

#include "mpi.h"

int main(int argc, char** argv) {
int Num, Rank, i, temp;

MPI Init(&argc, é&argv);
MPI_Comm_size (MPI_COMM_WORLD, &Num);
MPI_Comm_rank (MPI_COMM_WORLD, &Rank);

MPI Bcast (&Num, 1, MPI INT, 0, MPI_COMM WORLD) ;
if(Rank == 0) {

for(i = 1; 1 < Num; 1++4)
MPI_Send(&Rank, 1, MPI_TINT, i, 1, MPI_COMM_WORLD) ;

else
MPI_Recv (&temp,1,MPI_INT,0,MPI_ANY TAG, MPI_COMM_WORLD, NULL);

MPI Finalize();
return 0;

Ewoéva 2.1: TTapaderypo Eeappoyng MPI

Kd&Be npoypappo MPI, Eexvaer pe v kAnon MPI Init ko olokAnpoveton pe v
kAMon MPI Finalize. Ot kAfoglg avtég ektelovvtal omd Oheg TG diepyaocieg mov
ovppetéyovv oy epoappoyn. Ot khnoeig MPI Comm_size ko MPI Comm_rank ,
oL aPopovV tov gfopiopod communicator tov MPI (MPI. COMM_ WORLD),
EMGTPEPOVV TO GLVOAIKO aplBud tov depyacidv MPI mov cuvppetéyovv oto
TPOYPOLO KOL TO HOVAITKO avayVOPLoTIKO NG KAOE L0G, avTioTol . XT1 CUVEXELN
vrdpyer n kAnon MPI Bcast, mov o0mw¢ avagépOnke mponyovpéveog mpémel va
eKTEAEDTEL OO OAEG TIC dlepYasies Yo va OLOKANPmOEL. Xt cuyKekpyévn KANon 1
depyacio 0, otédvel og OAEG TIG LIOAOWTEG TNV TN TS HETOPANTIS Num. Avédloya

HE TO avayvoploTiKo TiS Kabe depyaciog exteleiton Kot 0 kKdOWKag v cvveyeio. H
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depyacio 0, Oo oteidel oe OAeG TIG VIOLOITES OlEPYGies PNTA, TO AVAYVOPLOTIKO TNG.
Ao Vv GAAN, o1 vtodouteg diepyacies Ba mapardfovy Ta dedopéva amd T depyacia
0. A&iler va onueiwBel kar n mapovsio g tyuy MPI ANY TAG, oto medio tag g
kAMong MPI_Recv, pe v onoia yiveror ta0Tion e OTOONTOTE TIUN tag Kot va EYel

TO UWNVOLLOL.

2.3. Yromomoeigc MPI

To mpdétvmo tov MPI, wépa amd pio dSemoen odMNydV Yy Tn CLYYPAET|
KOTOVELUNUEVOV EPOPUOYDV, TEPLYPAPEL KOL TOV TPOTO LE TOV OTOI0 Ol SLAPOPES
VAOTOWGELS TOV TTPOTOTTOV B0l TPEMEL VO GLUTEPLPEPOVTAL GOUPMOVO, PE OVTO. TNV
evotnTa avtn, B avapepBovv Tpelg amd Tig o dladedouéveg vAomomoelg tov MPI.
Kdébe pia pe ta dwkd e yopokmploTikd, £TOO0GES KOl 1O10UTEPOTNTES OALL OAEG

OTNV LANPEGIO TOV 0INYIDV TOL TPOTHTOL.

2.3.1. MPICH

To MPICH [25], eivan iomwg 1 mo gupémg dradedopévn vionoinon tov MPI. Eivaw
dwbéoo ehevBepa yloo ypnoN amd KATOOV TPOYPOUUATIOTH] KOL GOUPOVO HE TO
kpunpla tov MPL, petapépopo yuo dtbpopeg apyrtektovikéc. AAhwote 10 CH oto
ovopa ¢ vAomoinong tpoépyeton amd to "Chameleon", pia BifArodnkn mapdiiniov
TPOYPOUUOTICHOD HE DYNAT UETOQEPSILOTNTA 7OV ovoartOYOnKe amd tov William

Gropp, évav and Tovg epmvevcteg tov MPIL

To MPICHI1, mov ovciaotikd eivor 1 €kdoon tov MPICH mov avaeépetor oto
npoétvmo MPI-1, oavontoybnke amd 10 Argonne National Laboratory. ' v
vrootPEn tov Tpotvmov MPI-2 avantiyOnke to MPICH2 [18], amd v dw
KOWOTNTO KOl [LE TaL 1010 YOPAKTNPICTIKA TNG LETAPEPCIUOTNTOS KOl TNG OLOVOUNG TOV
elevbepa. O Paoikdc otdyog emiong tov MPICH2, trav va vmoomnpiet
OPYITEKTOVIKEG TAOTPOPUES OTMG GLOTAEG LITOAOYIGTAOV, SMPs Kol vVTOLOYIGTEG HE

noivenelepynotés. To MPICH2 avtikabiotd to MPICHI, extog and Tig mepntdoelg
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OLOTAOWV ETEPOYEVMOV VIOAOYIOT®V. Mia amd Tig ekkpeung epyacieg tov MPICH2
elvat kai n vrootpién té€roiwv cvotnuatov. H tedevtaio ékdoon tov MPICH?2 eivat

N 1.4 ka1 onpooievtke otig 16 Iovviov tov 2011.

2.3.2. LAM/MPI

To LAM/MPI [26] (Local Area Multiprocessor) givol évo TPOYPOUUOTIOTIKO Kot
avartulakd mepiPdarov yio MPI nave ce éva dikTvo pe €TEPOYEVEIC VTTOAOYIGTES.
[Ipocpéper mAnpn vmootpién tov MPI-1 kot apketd Babuo vrootpiéng oto MPI-2.
Eniong meplhopPdver ko  apkeTtég  OuvoTOTNTEG — OMOGPOAUATOONG KOl

TOPAKOAOVOINGNG TOL KOOIKA KOl TNG EKTEAEGTG TOV TPOYPAULOTOG,

Avtiv 1t otiyun, n kowdmta tov LAM dev avamtdcoel katl emmAéov yuo. TO
ouvolko project. H dovield mov emiteleiton méve o anTo EYEL v KAVEL KUPIMG LE TN
dpbmon kdmowwv cPoApdT®V oTtov Mon LIdpyovTa KMOKe. OvclaceTIKE 1 opdda
tov LAM éyel emkevipwbel otig amapoitnteg evépyele mov ypelaleTon yuoo ™
uetdpaon and 1o LAM/MPI 6to Open MPI, kaBag dnwc avapeépdnke napamdve to
Tp®TO amoterel €va emuépovg project tov tedevtaiov. BéPaa to Open MPI
mePAOUPaveEl apKETEG TEPIGGOTEPES SVVATOTNTEG KOl KOADTEPN AMOSO0CT OmMd TO

LAM/MPL.

2.3.3. Open MPI

To Open MPI [6], eivon pia apketd @lodoén tpocmdbeia mov Eekivnoe pe otdyo va
amoteAEoEL TNV KaAOTEPN LAOToinom tov mpotdmov MPI. Tlpdkertan yuo éva project
OV GLVOLALEL TAEOVEKTILATO KOl YOPAKTNPIOTIKA OO SLOPOPES VAOTOMGELS OTMC
tov FT-MPI, LA-MPI, LAM/MPI ka1 PACX-MPI. Yrootpiler to npdétvno MPI-2
Kot €lvot TAPOS TPOGOPUOGUEVO TAV® G€ aVTO. XVVOvdlel Asttovpyieg mov TP dev
Nrav dwbéoieg og eminedo avorytod KMo Yoo TV vrootnpiEn tov MPI dvtag 10

1010 avoTYTOV KMAKA Kol EAEVOEPNG O1OVOUTG.
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Yrdpyet o peydAn Kowvotnto amd opyovIGHOUS TOV GUUUETEXOLV GTNV AVATTLEN
tov Open MPIL. Avaueca og avtovg gival To mavemotuo ¢ Indianna (LAM/MPI),
to mavemotio tov Tenesse (FT-MPI) kou to Los Alamos National Laboratory (LA-
MPI). Alrot cvvepydreg etvar emiong kot ta Sandia National Laboratories kot o

High Computing Center tg Ztovtykdpdng (PACX-MPI).

2.4. To povrého Master-Worker

Yndpyoovv po celpd omd SOPOPETIKA LOVTELN TPOYPOUUOTIGUOD Y10 THV AVATTLEN
HOG  EQOPUOYNG 7OV  TPOcOVATOALETOL o0  Hio  KOTavepnuévn  TopdAAnAn
apyttekToviky] [21]. Avtd OU®G TOV GLYKEVTIPAOVEL TO EVOLLPEPOV GTNV LAOTOINON
pag, €ivar 1o poviéAo Master-Worker, kaBmdg otnv vAomoinon pog vrootnpilovpe
epappoyés MPI mov eivor ypoppéveg omokAelotikd o€ ovtd TO  HOVTELOD
TPOYPOUUATIOHOD. ZoVIOmG HoONUaTIKES €QaploYES PeATiotomoinong oAAd Kot
YEVIKOTEPO EQPAPULOYEG Ol OTOleg lvarl €DKOAO Vo Y®OPLOTOOV GE TOAEG WKPOTEPES
EPYNCIES, EMAEYOLV VA YPNGLULOTOGOVY OVTO TO HOVTELD. TO GUYKEKPIUEVO LOVTELD
elvar amhd o1 YEVIK TOL 1060 KOU TPOGOVOTOAMGUEVO VO SEVKOADVEL TNV

TPOCUPLOYY| HOG CTPOTNYIKNG AVOYNG COOAUATOV.

Master

Ewova 2.2: To Movtého Master-Worker



30

e o epoppoyn Master-Worker, 0ev €govv OAEC 01 d1EPYNGIES TOV GUUUETEYOLV TIG
i0tec appoddTTeG KO OgV EKTEAOVV TOV 1010 KAOOWKO. XTN YEVIKN HOPON TOV
LOVTEAOV, VTLAPYOVV dVO SLUPOPETIKES OvTOTNTES dlepyaciwv. H diepyasio Master kot
ot oepyacieg Worker, 6mmg eaivetal kot otnv Ewova 2.2. H depyacio Master giva
OLTI] TTOV OPYOVAVEL TN YEVIKOTEPY] EKTEAECT] KOl POT TNG EPUPUOYNG, CTEAVOVTOG
gpyacieg otig Oepyacieg Worker. Amd v dAAn, po dwepyacsio Worker, agov
naporapel tn OovAewd, Ba v emefepyactel ko Oo oteider ta egoydueva
anoteAéopato miow ot Oepyacio Master. Ztnv omAn poper] tOov HOVTEAOL, 1
depyaocio Master pumopet va emkotvoviost pe kabe diepyacio Worker, eved avtiBeta
ot Oepyacieg Worker oev emucowvmvodv peta&d tovs. To mapakdto oynua,

avamoplotd To poviélo Master-Worker.

WORKER PROCESS 1

while(condition()) {
recv(w, master);
r = process(w);

send(r, master);

MASTER PROCESS

workers[W];
tasks[T] = distribute(Work);

for(i =1; i <=T; i++) {
w = avilable(workers[]);
send(tasks[i], w);
recv(res[i], w);

t

WORKER PROCESS W

while(condition()) {
recv(w, master);
r = process(w);

send(r, master);

Ewova 2.3: TTapdoetypa Tomikng epappoyng Master-Worker
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H Ewova 2.3, mapovctdlel Tov yeudok®OKo I0G TUTIKNG EQUPUOYNAS G LOVTELOD
Master-Worker. H diepyoacion Master, eivar vrevfovn va dtaywpicel T GLUVOAMKNY
doVAEL oe UIKPOTEPEG epyociec, TG omoieg Oa Opoporoynoel otTic Slnbéoipeg
depyacieg Worker. Xvykevtpdvel ta eni pépovg amoteréoparta and kdbe Worker ko
oynuartifet éva véo amotéleopa. Avtn 1 dwdkacia Bo cvveylotel eite oTaTIKA PEYPL
VO TEAEUDOOVV Ol EPYOCIEC MOV TPEMEL VO LOIPACTOVV KOl VO EKTEAEGTOVV, €T
duvapikd Otav mpooeyylotel 10 emBLUNTO TEMKO OmOTEAEGHO M EKTANP®OEl pa
cuvOnKn. And v aAkn, n oepyasio Worker eivor vrevBovn va eneepyaotel v
epyacia Kot vo oteilel 1o e€aydpuevo amotédeoua micw ot depyocio Master. ‘Eva
TOAD aTAO GYMUO GTO OTOI0 VITAPYOLV CMUEID GLYYPOVIGHOV LETAED TOV JEPYACIDV
uoévo otn apyf] Kot oto TEAOC TOL KAOE LWOAOYIoUOV, 00O WHAKPOKOKKOG M|
pkpdrkokkog pmopel va givar owtdg, oAAG pE TOV TMEPLOPIGUO OTL dev  Eivan

TPOCUPUOGIILO TANPMG GE OAOL TOL E10T] TOV EQAPLOYADV.
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KE®AAAIO 3. XPAAMATA KAI MPI

3.1'Evvoieg Zpoarpdtov
3.2 Avoyn ZeoAipdtov kot MPI
3.3 Teyvikég AvVIHETOTIONG

210 Ke@AAao avTo Bo acyoAnBovpe pe TV WOTNTO TS AVOYNS COOALATOV KOl TOV
avt ovaeépetat. Tt oavaeépst kot T mpoPAémer to MPI yu v mepintmon
o@drpatoc. Tivetar emiong oava@opd oTIC 7O  OOEOOUEVEG TEXVIKES YO TNV
OVTILETOMION TOL TPOPANUOTOS OAAG KOL OTO HOVTEAO TTPOYPOUUOTIGHOD Master-
Worker kot ¢ pmopel va epopprocTtel 6€ 0VTO KATOLN TEYVIKT] OVOYNG COOALATOV.
[Tve oty epappoynq tov povtédov ovtod oe epappoyés MPI Boaciletor kot M

gpyacia.

3.1. 'Evvoieg Zoaipdtov

H gpodvion cpoAipdtov oe g PiKpn] GLOTAON VITOAOYIGTMV, OV gival éva cuyvo
eowvopevo. H cuveydpevn opmg adénon tov unyovnuatov, avEdvel TopdAinio Kot
v mboavotnta eUEAaviong cedAatog oe Kamowo and ovtd [27]. H 660 10 dvvatdv
QVEMNPEACTN AETOLPYIRL TNG OCLOTASNG KOU TOAD TEPIGGOTEPO 1| OVEMNPENCTY

Aertovpyio TG EPOPLOYNG TOV EKTEAEITAL O AVTA, ivat éva Pactkd (NTovUEVO.

Ta cpdipata propovv va cupoldv ce 01dpopa ENIMTESN TOV GLVOAKOD GLGTNLOTOG.
Ypdipo pmopel va gp@aviotel 6e KAmOWO pnydvnpo g cvotddag, €ite pe v

JLOKOTY TNG GVVOESTG TOV OO TO VIOAOITO GUGTNUA, EITE HE TNV TTOCT TOL AOY®
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TPOPOOOGING. XQAOAUN emiong pmopel vo epeaviotel Kot 610 1010 T0 OIKTLO TOV
OLVOEEL T pnyoviiata tg ovotddas. Extdc amd ta cedAiota autd Tov amoTeEAOVV
OQAALOTO GTO DMKO TOV GUGTHUATOC, UTOPOVV VO EUPOVICTOVV GPAALATO KOl GTO
royopikd. Tapaderypa €010V caApdTomv, ivol T GEAALATO TOV AEITOVPYIKOV
GLGTNUOTOG OV TPEXEL GTOVG KOUPOVG NG GLOTASNS, OAAG KOl TO. GOAALOTO TOV
umopel va mpokAnBodv amd v ektéleon g dw g epapuoyns. Emiong ta

ocpaApata gite givor LOVILA GTO COUGTNUO, EITE TOPOOTKAL.

3.1.1. Avtyuetmion opoluarwy

ApKETEG VAOTOMOELS GUGTNUATMOV ETLYELPOVY VO OVTILETOTICOVV TIG GUVETEIES OO
TNV EUEAVIOT COOAUATOV OTN Agttovpyio TG cvotddos. Baowkn mpoimddeon dpmg
YL Vo LTopEL pat vAomoinom va to emtiyel, sivor 1 a&dmo kot £ykaipn oviyvevon
TOV GOAANOTOC, OO OTOLOONTOTE EMMEOO TOV GUGTILOTOS KOL OV TPOEPYETAL QVTO.
Ao mepopotiopnd mov Kévape pe vaoromaoels Tov MPI, dvstuydg domiotdoape ot
TOPOVGIALOVV TPOPANUATIKY) CUUTEPIPOPE GTNV aviyvevon Tov AdBovs. Mia dgbtepn
npobmdeon elvar o TpOTOC e Tov omoio Ba avaPEpeTal 6TO EMIMEDD TG EPAPLOYNS
tov ypnotn. H mpocpepopevn diemapn amd v vAomoinon, Oa mpémetl vo mapéyet
duvaTdTNTO 6TO YPNOTN VO AApPAVEL ETTYVEOGT TOV COAAULATOC LE KATOLO0 YEYOVOS OTN
dlapKelo EKTELEONC Kot Vol Elvar O1akplTd emiong, 10 Towd mMiNESO APOPE TO GOAALLQL.
Ymv 3.1.2, yivetaw avaeopd yww 10 mwg to MPI, divet ™ dvvardmrTo cTOV

TPOYPOUUATIOTY] TNG EQAPUOYNG VO YEPLOTEL TOOVE COAALLOTOL.

Aol eEacpaliotohv avtég ot mpoimobéoelg, akoAovBel o Opog ™G avOYNG
ocQoAndTOV. Mg TOV OpO OVTO EVVOOVUE TNV 1KAVOTNTO TNG VLAOTOINONG Vo
avTeTonilel T cedApato mov Bo ELEOVIGTOVV KATA TN SLAPKEWN TNG EKTEAEONG,
AQPNVOVTOG OVETNPENOTN TNV EKTEAECT NG €QUPUOYNG. Mia GEPd TEVIKOV Kot
vAomomoemv &yovv mpotabel Yoo va eEacparicovv avoyn cpoipdtov. H epyoacia

0TI, TPOCAVATOMEETOL GTO MG VO, TPOCPEPEL VO COAAUATOV o€ epapproyéc MPI.



35

3.1.2. Xeipiouog opaiudrwv oto MPI

To MPI wpocpépel ) duvaTdTTa YEPICUOD TOV COAAUATOV oL givon mOavov va
EULPAVICTOVV KOTA TN OBPKELN TNG EKTEAEONC, LEG® TOL OPICUOV YEPLOTOV AaBDV
(error handlers) ot omoiot cuvvdéovion pe Tovg communicators (PAéme 2.2.1).
Yrapyovv 600 mpdtumol ¥ePlotéc AoBOV GTO TPOTUTO, TOL O TPOYPULUUNTICTNG
pumopel vo 0piceL GTNV EQOPLOYT TOV.

MPI_ERRORS_ARE_FATAL: O mpokaBopiopévog yeprotc Aabav, opiler ot
oV mepintwon evog cedApatog, OAeg ot diepyasieg MPI (otov 1610 communicator)
teppatiCovv v ektéleot) Tovg. Mo TpocEyyion Gaedg TOAD apvnTIKN OTav EXOVUE
Vo KAVOVLUE [E KPIGUUES EPUPUOYES TTOL EKTEAOVVTOL Y10l LEYAAQ XPOVIKA Sl0GTHUATO
KOL TOV OTOL®MV TA OMOTEAEGLOTO 1] Ol YEVIKOTEPOL TOPOL OV YPNGLOTOOVV BEAOVY
L0 ETTAEOV LETOYEIPION TPV TOV TEPUATICUO TOVG.

MPI_ERRORS RETURN: Xmv mepinton eueavions GOAALOTOS, EMGTPEPETOL M
oYeTIKN T AdBovg amd T cvvaptnon MPI, divovtag £161 Tov EAeyy0 TG EQUPLOYNS
otov mpoypoappatiot. O televtaiog pe ™ oepd tov, eivan oe Bfom AdPer Tig
ATOPOITNTES EVEPYELES Y10 TOV OpBO KOl OLOAD TEPUOTIGUO TNG EQUPLOYNC.

Eriong évag mpoypoppotiomg pmopel vo opicel Kot Tovg 01KOVG TOL XEPLOTEG AoBDV
mov Ba cvvoésel pe Tovg MPI communicators g epappoyns tov. [opadeiypata kot

TPOTOL YPNONG TG TEAELTALNG SVVOTATNTOG AVOAVOVTAL TEPIOcOTEPO GTOo [10].

3.2. Avoyn cpaipatov kor MPI

Onwg avaeépnke mapondveo, oe Kopio £K606N TOV TPOTHTOV OEV LVIAPYEL OVOPOPEL
oTOV 0pO NG avoyns ooipdtov. Katd cvvénewn, 10 mpdtumo dev TPOsEEPEL Ui
OTPOTNYIK YO M0 E€VIOAQL OVTIUETOMION TOV OCEAAUOTOS OO TS OLUPOPES
vAomomoels. Avtd €yl ¢ amoTéleoa va vdpyel Eva ydopo aglomaotiog ot xpnon
tov MPI yio v avantuén onuovIiK®OV £QOPUOY®OV TOL €KTEAOVVTOL Yo HEYOAQ
ypovika dwotnuata. H emkeipevn €kdoom tov mpotdmov [17], mov Ppioketon akdpa
Vtd culnom, £xel WG AUEGO GTOXO VO KOADYEL AVTO TO KEVO. ZTO KEPAANLO OVTO
napovstaloviar péBodol yo v aélomoinon Kamowwv Asttovpyidv tov MPL yio

onuovpyio €QapUOY®V  OVEKTIKOV o€ o@dipota. Emiong mapovcialovror ta
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ATOTEAEGUOTO TTOV TPOEKLYOV OO TEWPOUATIOUO HE ovpPatikés vAomomoels MPI,
wote v dmiotwbel 1 coumePpopd TOV TOPOLGLALOVV, GE TEPIMTMOON EUPAVIONG
ocpaApdtov. Kot t€éhog mapovotdlovtal Kol KATOLES EPYUCIES TOV TPOGPEPOVY OVOYT

oQoApdTOV og Tpoypaupoto MPL.

3.2.1. H 1010t)70. THS 0vOYNS 0POAUGTWV

H avoyn cpoaipdtov eival n ikavotnto evog GLGTHIOTOS Vo, avTamokpiveTon opBa 1
pe o AéEn, vo "emProvel' oty mepimtoon euEAvViong evOg LN AVOUEVOUEVOL
OQUALOTOC TOV UTOPEL VO TPOKVYEL GE OTOLOONTOTE EMIMESO TOV GLGTNLOTOC, E1TE

HAGQLLE Y10 DAIKO, €lTE Yia AoYiopiKd, 1T Yo TO diKTVO.

Meydin ocvintnon yivetor yioo to molwd €mimedo 0Qopd M avoyn CEUAUATOV GOV
W To. Agv givatl Bpo ™G EQApOYNG TOV ¥PNOTN, KAOMG amd povn TG Umopet va
doundel mote va PEvel avenrnpEaotn and ceAlUaTo, ToPOAd oVTd YPEBleTal Kol TNV
VROOTNPEN €VOC €EEOIKEVIEVOL KAT® emumédov, mov Oa mpoopépel kot Ha
vrootnpilel T1g amapaitnteg Agttovpyiec. Agv glvar Aoumdv 1810TNTO. TOV TPOTHITOV
MPI, xabdbg 1o MPI meprypdoest o Slemapr] yioo T 6mOOTH Kot €UKOAN avAmTuén
KOTOVEUNUEVOV TPOYPOUUATOV TOL Oa ekteAobvTal TAve o€ éva agldmoto vAMKO [4].
Amo TV GAAN, dev givar ovTe W10 TA TG VAOTOINoMN G Tov MPI, Kabhg dev umopel To
1010 va eEACQOAICEL OTL 1] EPAPUOYT] TTOV TPEYEL OTO TAV® EMIMEDO, Elval ampdsPint
and cedaipata. Katainyovpe Aoumdv 6Tov 1o(upioid 0Tt 1 avoyn COOALATOV gival
po Wt Ta e epappoyns MPI oe cuvovaouod pe v viAomoinon MPI mov vrapyet

amd KT yio vo v vrootnpilel va emPLOOEL 0md GOAAUATO.

H "emBiowon" 1ov cvotiuatog 6to cedipa givar pio gupeia Evvola Kot TeptAapPavet
APKETH SLOPOPETIKA emimedo OpAong T 0moia o VAOTOINGM 1 (ol Epaproyn pmopet
va vobetnoet Yo va vrootnpiel avekTikoTTa 68 c@AaApata. To mpdTo €ivor 0Tl M
vAomoinon MPI avtopata avoappdvel amd opdipato kKo 1 epoappoyn MPI cuveyilet
mv ektéleon g avemnpéooto. O ¥pNoTNG EVNUEPAOVETAL YOt TNV EUPAVICT) TOV
OQAALOTOC 1] TOLAGYLOTOV dev KabioTatar avaykoaio Kot dpa o€ yperaletal vo mpoPel

0€ EVEPYELEC OVTIUETOMIONG TOV, KOODS TNV 0OmOKOTAGTOGN TOL CEAAUOTOS TNV
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avaAapPavel n vAomoinon dtaupoavag amd to ypnotn. To devtepo eminedo eivar ot M
vAomoinom avaeépel To GEAALN otV €Qapuroyn. O TPOyPOUUATIOTAG amd ekl Kot
mépa Ko pe tn Pondeta g vAomoinong, N omoia ToL TAPEYEL CYETIKEG dVVATOTNTEG,
avaAapPavel vo  amokoTooTioel T0  o@AApa. ‘Eva dAlo emimedo elvar ott
OLYKEKPLUEVES KO Ol OAEG Ol Aettovpyieg Tov MPI, akvpadvovral. o mapaderypa, m
vAomoinon tov MPIL, upmopel va emAéler vo pnv  OKLPMOGEL GLVOAIKE TOV
communicator Kot apa TIG EXIKOWVMVIEG LUE OAES TIG OlEPYACIEG TOL GLUUETEYOVY CE
avTdV, 0ALL VO KOTAGTHGEL QUVATY TV EMIKOWVOVIOL PE TIG VTOAOUTEG OV OEV EYOLV
eupavioel opdaipa. ‘Eva televtaio eminedo eivor ott 1 €pappoyn S1okOmTETOL OAAL
umopel vo emovekkiviioel and o gvolgpeon kotdotaor (checkpoint), otnv omoia
&yovv oamobnkevtel or omapaitnteg mAnpoeopies. To checkpoints pmopovv va
napéyovtal €ite amd Vv 101 TV vAomoinom SlPavads and To ¥pNoTn, £ite va ta
vAOTOMoEL O YPNOTNG o€ ddpopa onpeio ™G epapuoyng tov. BéPowa kot
oLVOLAGUOG TOV TAPATAVE® TEXVIKOV Umopel va ypnotporomei. H mapovoa epyasia,
avaQEPETOL KLPIMG 0T deVTEPO eMimedo, aArd Ba doOe TeprocdTEPO Yo aLVTO GTO 40

KEPAALL0.

3.2.2. Avoyn opoludtwv ato poviéio Master-Worker

Ymv 2.4, avapipOnke Kol TEPLYPAPTNKE TO HOVIEAO TPOYPOUUOTIGHOD Master-
Worker. 'Eva  povtého mov viobeteite evupéwg v avdmtuln Kotavepnuévov
EPAPLOYADV, OKOAOVOMOVTAG TN AOYIKY] TNG SACTACNG TOV OPYKOD TPOPANUOTOS OE
pkpotepa. oo omoia, 1M depyoacio Master avoropPdvel vo to SPOLOAOYNCEL OTIC
depyacieg Worker. Avtég pe ) o€1pd Toug Bo EKTEAEGOVY TOLG VITOAOYIGOVS Kot Ba

oTelAOVY TioW T EVOLAUESO ATOTEAEGLOTA TOVG,.

‘Eva. onuovtikd yopaxTnpiotikd Tov HOVTEAOL avtov, givor 1 aveEaptnoio g
exktédeong mov efaoceorilel avaueca oTig Olepyacieg Worker, mpdypo mov
OlEVKOADVEL o€ peyaAo Babud tn yapaén MG oTpatnyiknig avoyng ceoaiudtov. H
dovield mov ekterel évog Worker eivar aveEdptnn and tn dovAeld mov ektehel Evag
GANOC, e AMOTELECUA TO COUALO TOV €VOG Vo Unv emnpedlel ent g ovsiog v

extéleon TOL GAAOL. AmO Vv GAAN, 1 Olepyoacio Master eivon oe Béom va
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ATOKOTAGTHOEL EDKOAN TO GPdANa Tov B cupuPel oe kbmolov Worker. Avtd pmopet
va yivel glte dpoporoy®dvTag TV gpyacio mov tov avébece kol amd TNV omoia Ogv
mmpe amoteAécpata, o€ Kamowov dAlov dwbéoipno Worker, glte enavekkivovtog v

TEGUEV Olepyacia Kol avaBETovTdg e ek vEou TNV 1d1a epyacia.

Evkola pmopotdv va epappocstovv kot dAieg péBodotl mov pmopovv va e€acpaiicovy
avoy” oPoANdT®V 610 cuykekpluévo poviého. H depyasio Master, n omoia €mt g
ovciag €lval KOl OUTH TOL OPYUVMVEL Tr] GLUVOALKY| PO TNG eKTEAEONS, Umopel va
dpoporoyet v 10w gpyacia oe meplocoOTEPes amd o depyacio Worker. Xe
TEPIMTOON EUPAVIONG CPAAUATOS TNG MG €€ QVTAOV, TO ATOTEAECUATO TNG EPYACTOG
umopovv va givor owbéoipo and aAAn depyacio Worker, n omoio exteAdel tnv 1010
gpyacio. Too teyvikn pmopel va axolovOnbel kot otnv mievpd g depyaciog
Master, v v €£00QAMON TNG OUOANG PONG EKTEAECTG GE TEPIMTWON GOAAUATOGC.
[ToAAég Otepyaciec Master, mov ekteAoVVTOL TOPAAANAL OALGL TOOVATATO OLALPOVDG
and to ypnotn, Ba eivar oe Béon va AdPfovv avtég to poro G Pacikng depyaciog
Master o mepintmon mov gpgavicet 1 tekevtaio ceaipa Kot teppoticst. 'Etol n pon
™G EKTEAEONG NG EQUPUOYNG Umopel va kpatnBel avennpéaotn. Tn cvykekpiuévn
Aoywn akoAovBovpe kol epeig otnv vAomoinon pag, divovtag tn dvvatdTNTU GTO
xpNo™ va opicel kotd PovAnon to av ko woceg emmAéov diepyacieg Master Ha

CLUUETEXOVV OTNV EKTEAEOT) TNG £QapLoYNG (PAEme 4.5).

3.2.3. Xpnon MPI Intercommunicators

Ot William Gropp xou Ewing Lusk [11], meptypdeovv teyvikég mov umopel va
YPNOUOTOUCEL KATOLOC TPOYPOUUUOTIOTI|G OTO EMIMESO TNG EQPAPUOYNG, DOTE Vo
LETATPEYEL TO TPOYPOLULO TOV GE L0 EPOPLOYN OVEKTIKT OE GOAALATO TOV UTopel va

cuppovv.

Onwg mpoavaeépbnke o communicator eivalr €vo  OegpeMdOec KaTOvEUNUEVO
avtikeipevo peta&d kamowwv depyaciadv MPI mov pali amotehovv opdda, HEC® TOV
0moiov UTOPOVV Vo, EMTELECTOVV gite Ol emKOVmVieg petalh 0vo diepyacimv, ite ot

oLALOYIKEG emkowvovies. [Tapoia avTd, TO GEAAUA Kot KOTO GUVETELD O TEPUATIGUOG
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Hog dlepyaciog mTov GULUUETEXEL GTOV communicator TPOKOAEL Kot TOV TEPUATIOUO
TOV VLIOAOITOV JSlEPYOCIOV OV GCLUUPETEYOVY e avtov. Omdte m ypnom €vog
communicator oto mpoypoupa MPI, 10 xobiotd 1dwitepa gvdAmto oe gppdvion

CQUALOTOC.

#include "mpi.h"

#define MAX_WORKERS 1@ee@
#define IC_CREATE_TAG 1@@

int main(int argc, char *argv[]) {
int i, myrank, origsize, currsize;
MPI_Comm workerComm[MAX_WORKERS];
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
MPI_Comm_size(MPI_COMM_WORLD, &origsize);
currsize = origsize;

/* create intercommunicators and set error handlers */
for(i = 1; i < currsize; i++) {
MPI_Intercomm_create(MPI_COMM_SELF, @,
MPI_COMM_WORLD, i,
IC_CREATE_TAG, &workerComm[i-1]);
MPI_Comm_set_errhandler(workerComm[i-1],MPI_ERRORS_RETURN);

/* set up three lists of task descriptors:
* not done
in progress
done */
/* manager part of manager worker algorithm:
* when send or receive fails, mark intercommunicator as dead,
keep task in in-progress list, send to next free worker */
/* work until both not done and in progress lists are empty */

for(i = 1; 1 < currsize; i++)
MPI_Comm_free(&worker comm[i-1]);

MPI_Finalize();

return 1;

Ewova 3.1: [Tapaderypa Opropov kot Xprong Intercommunicators

Ext0¢ 6pmg amd tovg communicators mov mpooavagEpOnKay, ot 0moiol amokaAovvToL
Kol intracommunicators, 10 7wpPOTLO divel TN SvvOTOHTNTO  OPIOUOD KOt

intercommunicators. O intercommunicator cucyetiler 600 OpHAdES dlEPYOCIOV TOV
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AVIKOLV G€ SlopopeTIKOLG communicators. Kabe diepyacio and ) pia opddo pmropel
VO ETIKOWVOVNOEL Pe kGBe pia amd v GAAN péc® tov intercommunicator Kot TNy
MEPIMTOON OV EUPOVIOTEL CQAAL, UOVO Ol dlepyaciec mov Ppickovionl oTov 1610
communicator o teppaticTovv. o vo Tpoympnoet axodpo €va Pripo Topamépa o
OLALOYIGUOGC, Ba LTOPOVGE O TPOYPOUUUATIOTNS VO avarTOEEL TO TTPOYpoppe MPI tov
oe popen Master-Worker (BAéne 2.4). Xe o t€towo mepintwon pmopel vo oplotel Kot
va ovvoebel évag intercommunicator avapeco oe ka0e (evyapt Master-Worker. Xe
nepintwon ceaipatog evog Worker, akvpdvetat o intercommunicator, o Master yavet
v emkowvmvia pali tov, oAAd T0 oA e O10010eTAL GE TEPICTOTEPEG dlEPYATIES
MPI ko1 dpo dev emnpedler ™ ovvolikn ektédeom g epapuoyng MPIL. Tpomor
YPNONG Kot yevikotepng aélomoinomng twv intercommunicators, o epoppoyés MPI

COLPMOVA LE TNV TAPOTAV® AOYIKT), TOPOLGLALOVTAL AVOALTIKOTEPA €0 [13].

Ymv Ewoéva 3.1, pmopovpe vo dovpe mwg umopel va emtevyBel pe kddko oTo
emimedo g epapuoyns MPIL, n  mopamdveo  otpatnyiky  xpnong  Tov
intercommunicators omd TV TAELpd TOL Master. Apywd OnpovpyodvTal Ot
intercommunicators, évag ywo kb diepyacio Worker kot se kébe €va amd avtoic,
opiletar ®g yewpromg Aabdv o MPI ERRORS RETURN dote oe mepintoon
EUOAVIONG OQPAANATOS O €Aeyyoc va 000el miow otV €pappoyn Kot vo pnv
teppatiotel. X10 TéAOC ypnowomoleitor M amopaitnt kKAnon MPI oy v
amodéapevon TV topmv. Ocov apopd toug Workers o yperaleton kdmota dtoitepn
oTpaTNyIK, Kabdg o Master £xet v €uBbvn Yy to ov Bo EMOVEKKIVAGEL TNV
neopévn depyacio Worker 1| Oa cuveyioet pe AMydtepovg TV VOO EKTEAEGT] TOL

TPOYPALLLOTOGC.

3.2.4. lleipouotiouos pe viomooeis MPI

Ooca avoeépbnkov mapamdve, yioo o 1tog 0o Pmopodce 0 TPOYPOUUOTICTAS TNG
EPOPUOYNG VO OPYOVAOGEL KO Vo, avamtTOEEL TV epapuroyn MPIL, étolr dote va glval
OVEKTIKY o€ c@AaApata amaitel opdn vrodoun MPIL. H vionoinon MPI, mov vrdpyet

Kat® amd to emimedo g gpapuoyns MPI, 6o mpéner va eivanr oe Béon mpdTov va
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aVIYVEDCEL KOl OEVTEPOV VO OVOPEPEL TNV EUOAVIOT] TOV GOPAALATOG GTO EMIMESO TNG

EQOPUOYNG, LEGM EVOG TOV GLVOPTIGEMV TNG VAOTOINOTG.

Yxomog pog elvar va edéyEovpe katd mOGo avtd cupfaivel Gvtwg otnv Tpdén Kot yo
aVTO TEPOUOTIGTAKAUE HE 000 omd TS To dadedopuéveg vAomomoelg tov MPL, 1o
MPICH xou to OpenMPI. Kot o1 600 VAOTOMCELS, ATOTLYYAVOLY VA VTTOGTNPIEOVV TIg
TOPATAVE TPOoVTo0EsElS. AdVVOTOVV VO PETAOMOOVY TO GOAALN GTO EMIMESO TNG
EPAPLOYNG 0pBA Kot TOAD TTEPIGGOTEPO OEV MAPOLGLALOVY LKL GUVETT GUUTEPUPOPE

KOTO TNV EKTELECT) TNG EQOPLOYNG GE TEPITT®OT AdBovc.

Ta mopondve cvumepdcopoato to e&ayoue pe 1N Pondelo KATOI®V SOKIUACTIKMV
npoypoppdtov MPI, 1o omoia ektedécope Kor pe T dVvo vAomowmoels. Ta
TPOYPAULOTO ELYOV TO YU HOG TUTIKNG Epapproyng Master-Worker, pe tov tpoémo
mov mopovoldotnke ommv To poviého Master-Worker2.4. Xkomdc ntav  va
OlOTIGTAOCGOLVE TN CULUTEPLPOPH TWV VAOTOUCEWMV, TEPIGCOTEPO GTO ONUEID NG
aviyvevong Kot Mg oavaeopds tov opdipatos. EAéyCape poévo Tic mepmtdoEg
opdipatog otn depyosio Worker, teppotilovtag o€ ocvykekpipuévo ompeio g
extéleonc kdmow and avtés. Ta mPoypAUUOTO OVOPEPOVIOVCHY TOCO GTNV KANOM
MPI_Send, 660 kot ot kAnon MPI_Recv. O k®d1Kog TV TPOypOpUAT®V VTV Yo
pa  oepyacsia  Worker, oaivetow oty Ewovo 3.2. H owepyocia Master,

otéAvevhapPdvet dedopéva ot depyacio Worker 1 omoia £xet 10 teppatioet.
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int main(int argc, char **argv) {

int temp; - — —
MPI_Init(&argc, &argv); - _—

if(main_process()) {
err_ret = MPI_Recv(&temp, 1, MPI_INT, @, ©, interCom, MPI_STATUS_IGNORE);
err_ret = MPI_Send(&temp, 1, MPI_INT, @, @, interCom);
if(err_ret != MPI_SUCCESS) {
fprintf(stdout, "Proc%d: Error Reported!\n", getpid());
}
}
else {
exit(1);
MPI_Send(&temp, 1, MPI_INT, ©, @, interCom);
MPI_Recv(&temp, 1, MPI_INT, @, @, interCom, MPI_STATUS_IGNORE);
}

MPI_Finalize();
return 9;

Ewova 3.2: Kadwog yio 'EAeyyo Avagpopdc pe po Atepyacio

Kot 01 00 VAOTOMGELS AmOTVYYOVOV VO OVAPEPOLY TO COAALLO GTNV EPAPLOYN, TOGO

pe v kAnon MPI_Send 6co kot pe v kAnon MPI Recv. Oco ywo v katdotoon

™G exTtéreons g epapuroyns, avt) vy to MPICH2 extelovvtav en dmeipov evod

avtifeta yio to OpenMPI tepuatilotav cuvoriikd. Ta amoteAéopato eaivovial 6Tov

[Tivaxog 3.1.

[Tivaxog 3.1: Avagopd ExterAécemv MPICH2 ka1 OpenMPI

Avagopa Kataotaon
Yhomoinon Send Recv Send Recv
MPICH2 (0)'C (0)'(0 Atéppovn Ateppovn
EKTEAEDN EKTEAEDN
OpenMPI Oxt Oxt TepUaTIONOG | TEPUATIONAC

Extoc amd 1t ovumepipopd e emkowvoviag petoEd Master kow Worker oe

TEPIMTOON GPAAUATOG OTY OeVTEPT], £VO EMUTALOV YOPOKTNPLOTIKO 7OV BEAaUE va
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eréyEoupe, tval Kot 1 ovumeplpopd TG emkovmviag petald depyaciog Master kot
wog depyaciog Worker, n omoia avikel otov 1010 communicator pe po diepyacio
ov &xel gppavioel oedipo. Me avtd to meipapo 0EAape va SOMIGTAOGOVUE Tt
TPOKOAEiTAl GTOV communicator Kot mOco Umopel avtd va eanpedost TG WU
ecpaipéveg depyacieg MPL. O k®AKag Yoo TO GLYKEKPLUEVO TEPpALO PAivETAL GTNV
Ewova 3.3. H diepyacia Master, otélvev/Aapupdver dedopéva ot pn €0QOAUEV

depyacio Tov communicator, eved avtifeta 1 £tepn diepyacia teppatilet.

Ta anoteAéopata, 6mmwg eaivovtar kol otovg [Mivakeg IMivakag 3.2 o ITivaxag 3.3,
delyvouv Kol €0M OTL Ol VAOTOMGELS OE OPKETEG TEPUTTAOCELS OEV OVOPEPOLY TO
CQAALO OTNV EPOPIOYN KoL YEVIKOTEPQ OEV TOPOLGLALOVV L0 GUVETT GLUTEPLPOPA.
Y& KAmoleg mEPMTMGES N €PapLoy| tepuatilel kor oe dAleg Tpéyet atéppova. To
OpenMPI 1d1k0TEPQ, GE TEPIMTOOT CPAALOTOS OATOTLYYAVEL Kot TEPUATICEL GUVOAIKA
TNV EQUPUOYY], U0 CUUTEPIPOPE Waitepa avemBounTn, £W0KOTEPA OTAV £YOVE VO

KAVOLUE UE KPIOIUES EPAPUOYEG TTOV EKTEAOVVTE Y10l LEYOAQ YPOVIKA OLOLGTILLOTOL.

int main(int argc, char **argv) { | TéstRECV|
int temp; - T
ca |TéstSend|
MPI_Init(&argc, &argv); - — —
if(main_process()) {
err_ret = MPI Recv(&temp, 1, MPI_INT, @, @, interCom, MPI_STATUS IGNORE);
err_ret = MPT_Send(&temp, 1, MPT_INT, @, @, interCom);
if(err_ret != MPI_SUCCESS) {
fprintf(stdout, "Proc¥%d: Error Reported!\n", getpid());

by
}
else {
if(rank == @) {
MPI Send(&temp, 1, MPI INT, @, @, interCom);
MPI Recv(&temp, 1, MPI INT, ©, @, interCom, MPI_STATUS IGNORE);
3
else if(rank == 1) {
exit(1);
by
¥
MPI_Finalize();
return @;

Ewova 3.3: Kddkag yio Edeyyo Avagpopdg pe dvo Aepyacieg
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Kotd cuvénetla kat o1 300 VAOTOMGELS OV TPOSPEPOLY TNV KOTAAANAN aviyvevon Kot
avapopd ceoANdT®V 610 Eminedo ™G £paproyns. I[1oco paAlov kKot n cvumeprpopd
¢ ektéleong Tov, dgv eivan cvvemne. Onwg avaeépbnke mopamdve, omapaitnn
npobmOOecN Yo VO GYEACELS Kol v AEIOTOMGELS AEITOVPYIES LE TPOGAVATOAMGUO
TNV 0vVOY GOUAUAT®V, €ival 1) GOOTN Kot a&lOTLOTH OVIXVELSN TOV COEUANATOV. TNV
VAOTTOINGY| Hog A0V, Y10 Vo, VTEPKEPAGOVE QVTHV TNV TAHOYEVELN, VAOTOIGOLE EK
VEOU O1KEG MG EKOOOELS Yo TIG Pacikég emkovavies tov MPI, ypnopomoiwvtog to
dradiktvako tpmtokoAro TCP. To televtaio pog divetl T dvvatdTnTa Yoo EyKanpn Kot
alomo aviyvevon GEOAUATOV TOL UTOPOVV VO ELGOVIGTOVV GE W10 OlEPYACIL.

[Tepiocotepa yio avtd 6to KEOAAAIO 4.

[Tivaxag 3.2: Avagopd Extedésewv yio MPICH2 pe 600 diepyaoieg

Avagopd KataoTtaon
Auaqpapou’avn Send Recv Send Recv
Siepyacia
Ec@aApévn Nat Oxt OK! Atéppovn
EKTEAEON
Mn Ecg@aApévn Nat Oxt Mn Mn
gMkowwvia | emkowwvia

[Tivaxag 3.3: Avagopd Extedéoemv yio OpenMPI pe dvo diepyacieg

Avagopa Katdaotaon
AW"'EPO",EV" Send Recv Send Recv
Siepyacia
Ec@aApévn (0)(0 Oxt Teppatiopds | Teppatiopdg
EKTEAEDNG EKTEAEONG
Mn Ec@aApévn Oyt Oxt TepUATIONOG | TEPUATIONAC
EKTEAEDNC EKTEAEONC
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3.2.5. Xyetikég epyaocies

>m Bproypapia, £xovv Tpotabel apKeTES TEYVIKES Yo TNV VTOGTHPIEN TNE 1010TNTOG
AVOYNGS KOl OVTIHETOTIONG c@aAipdtov oto MPL. Mo tpdtn katnyoplomoinon avtmv
TOV TEYVIKOV UTopel va yivel Bdor tov av 1 dtadikacio avoyng ceaAdtov Aappavet
YOPO OLLPOVOG OO TOV TPOYPUUUATIOT TNG EQPAPUOYNG, X®Pig dNAadn avtdg va
YPEWOCTEL VoL YPAWYEL KMOKA ETTAEOV Y1O0L ALTOV TOV OKOTO 1 adlapov®ds, dmov Ha
pEnEL eKTOC amd TOV KAOJKOA TNG €PAPUOYNS Vo AAPEL Kol EMTAEOV ATOPAGELS.

I'evikdtepn kovPévta tave o€ avtd 10 BEpa prnopet kdmolog va Bpet 0 [11].

H mo kown Aon ya tnv vroompiEn avoyng ceaipdtov, eivar to checkpointing to
omoilo TG mEPLGGOTEPES POPEG axoAovBeitar kol amd €vav alyOplOpo GUVOMKNG
emovekkivnong g epappoyng MPL Zuyva poli pe to checkpointing cuvdvaletot ko
N KOTAYPOPY] TOV EMKOWVOVIOV. Mo a0 TIG TPADTEG VAOTOMGELS TOV PN GLLOTOINCE
aVTOV TOV GLVOVACHO Yo VO VTooTNPigel TNV avoyn ceaiudtov, nTav to CoCheck
[23] 10 omoio ovolacTikd TomoBeteiton v and to eminedo tng PiArodnkng MPL
Eniong 1o MPICH-V [1], mov givor n avektikn oe c@aipata £k600m TG VAOTOINoNg
MPICH, amoteAel pio amd TiG O OAOKANP®UEVES DAOTOUCELS Y10l AVTOV TO GKOTO.
Ymv 10w katevBuvon Ppickovion kar ot vAomowmoelg Egida [20] xou MPI-FT [16].
Ext6¢ and to MPICH kot to Open MPI dwabétetl éxdoon avektikn oe opdipato [15],
[14] ocvvdvdlovtog teyvikég Yo checkpoining, Kataypagn ETKOWVOVIOV KOl TEXVIKEG
OV TPOGOIOOVY UEYAALTEPT 0EOMIOTION 6TO OikTLO KOOMDC emiong divel Kol GTO

YPNOTN OLVATOTNTES dlaXEIPLONG COUALATOV.

[Mopoéra avtd to checkpointing cav teyvikn €164yel oNUAVTIKO EMTAEOV POPTO GTN
OUVOMKT €KTEAECT] TNG €QPAPUOYNG KOOMG KOL GTO GUVOAIKO YMDPO amofnKevong.
Ynapyovv VAOTOMCELS TOL EMAEYOLV AAAEG TEXVIKES Yo TOV 1010 okomd. To FT-MPI
[4], tpomomotlel tov oOplopd Kol TNV vLAomoinon Tev communicators tov MPI
EMEKTEIVOVTOG TO TPOTLIO OGTE VO €lval SLVOT M OTOPLYN TEPUATICUOV TNG
ePapuoyng oe mepintwon AdBovc. Afvel tn SvvATOTNTO GTOV TPOYPOUUUOTIOTH VO
emAécel o ogpd omd oyfuate SphmoNg TOV GEUALATOV KOl OLGLUCTIKG
OATOPEVYEL VO EMOVEKKIVIIGEL TI] GLUVOAIKY] EPOPUOYN OE TEPIMT®MON oPAANATOS. To

LA-MPI [8], and v dAAN xpNOYOTOLEL EMTAEOV TEYVIKEG GTO EMIMESO SIKTVOV, Y10l
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va godyel peyoldtepn aflomotioo 6T UETOPOPE TOV UNVOUATOV KOl GTO GUVOAKO

olkTvO.

2tnv viomoinon pag, vrootnpilovpe povo epappoyés MPI mov givar aventuypéveg pe
oynuo Master-Worker kat divovpe 6Tov TpOypPOUUOTIOT T1 SLUVOTOTNTA VO SIOAEEEL
av Béhel va emoveKKIVIGEL TV TTEGUEVN Olepyacio 1) Ba cuveyioel Ty extéleon g
epapuoyns pe Aryotepoug Worker. Eivar éva evolbpeco emimedo mov tomobeteitan
avdpeso oty viomoinon MPI kot omv epapuoyn MPIL IMapdpoia mpocéyyion
vrapyel kot oto [3]. ' ta cpdipata ot depyacio Master, emAéEape va Exovpue
molanAég depyacieg Master. Awepyacieg MPI mov ovclaoctikd tpéyovv tov 1610
KOOIKO 0d10pavdg omd TOV TPOYPOUUUOTIOTY] KOl O TEPIMTOON TTMOONG TNG HIOG
avaAapPavel to porlo g M emOUEVN ot GEPA. MeAEn Yo TOAAATAEG dlepyacieg

MPI mov extedovvTon TapdAinia pumopel kdmotog va Bpet oto [2].

3.3. Tgyvikég AvripeT@mong

Extog and 1t xdpaln piog otpatnykng ovamtuéng e epopuoyng dote va gival
OVEKTIKT G€ GOAALOTO, VITAPYOLV Lo GEPA HEBOd®MV Kol TEYVIKOV TOL VIOBETOLV 01
SAPOPES LAOTOMGELS Yoo Vo eEACPOAIcOVY Hior KAmolo aSlomiotion 68 TepimTmon
EUOAVIONG o@AALaTOC. AVTéG 01 HEBodOL gite elval Teheimg dlapaveic 6To eMimedo TOv
YPNOTN, YOPIG ONANOY avTOG va ypetdletarl vo emEUPel Topomdve oTOV KOKO TNG
EPApPUOYNS TOL Y vo eEacealicel avoyn oceaAudtov, eite adloagavels Omov
emPapOiveTal He TO QOPTO VO €1GAYEL EMTALOV KAOOIKO GTNV EPOPUOYN TOVL.
[Mapdderypa g tedevtaiog pebddov givar n mpoavapepbeica TeYVIKN HE XPNON TOV
intercommunicators (PAéme 3.2.3). Xt0 KEPAAOIO OLTO TEPLYPAPOVTOL L0 GEPE
TETOWOL TOMOV TEYVIKMV KOl YO TEPICCOTEPEG AEMTOUEPELES UMOPEl KOTOLOG Vo

avatpééetl dm [27].
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3.3.1. Checkpointing

H mo ocvvnbiopévn teyvikn mov viobetodv o1 mePIocOTEPES VAOTOMGELS Yo, VO
vrootnpiovv avoyn ceoipdtov eivor n dwthpnon checkpoints katd ™ Odpkeln
extédeong tov kKMdka. To checkpointing givat n SuvatdtnTa TOV £YEL 1| LAOTOINGT VO
amoONKEVEL KATAOTAGELS TOV OOUAV TNG EPAPLOYNS, OVCIUCTIKA EVOLAUESH dEdOUEVA
OV TOPAYOVTOL KOTA TNV €KTEAEON. XN OLVEXEW HE TN Ponben avtdv TV
KATOOTACEWV, KabioTator duvatd v EMOVEKKIVIGEL 1] EQAPLOYYT| G TEPIMTOOT TTOV
tepuatiotel EaPVIKA AOy® o@AApatog omd 1o onueio mov mapnke o TEAELTAIO
checkpoint. Xvvi0mg ot vAomomcelg mov emdéyovv ) péBodo twv checkpoints ([1],
[14], [15], [16], [20], [23]), yxpnowomowovV emmAéov Kot &vav  aAyoplOpo

EMOVEKKIVNOMG NG EQOPLOYNG amd To Terevtaio checkpoint.

Ta checkpoints pmopovv va amobnkedovrtal gite do@avmdg amd To YpNoTH, EITE KUT
EVIOAM] TOL oTo onueic Tov KMOKa mov avtdg Ba oamogacicel. Emiong o
TPOYPOUUATIOTNG Umopel vo amodnkevel pe ik 1oV TP®TOROovAia TIg amapoitnTesg
OOUEG OEOOUEVMV KOl OEOOUEVA YEVIKOTEPO, OE apYEl0 OTAV aVTOC Bempel OKOTIIO Kot
avaykoio yopig va eaptdtal and Acttovpyiec ¢ vAomoinone. Otav 1 epappoyn
EMOVEKKIVIGEL, opkel vo dwoPdoet ta dedopéva amd to teAevtaio checkpoint, gite
avto €xel amobnkevtel amd v vAOToiNno, gite PpickeTon oe apyeio Kol vo cuveyicel
mv  ektédeon. [ v  emitevén dweovig pebBodov checkpoint mpog ToOV
TPOYPOUUOTIOTH] TNG EPOPLOYNG TO TPAYUATO OO TNV TAELPA TNG LAOTOINoNG givat
o OVOKOAN KO TEPITAOKA. XE OLTNV TNV MEPITT®OT, N VAoToinon OBa mpémel va
OVOADGEL TO. OEOOUEVO TTOV XPELALETOL O YPNOTNG MOTE VA £YEL EMYVMOOT] Y10 TO TOJ,
10 mOTE Kol To TG Oa Ta amodnkevoetl. Extog opmg amd to BEpa g ovarykodtntog
Y. ovtopotn omobnikevon TV Sopmv Oedopévev Tov TPEmEL Vo dlbETEL 1)
vlomoinor, onuavtiky mopdpetpog oty adaeavyy puébodo checkpoint eivar 1
QLTOUAT POPTMOY] TOV ATAPAITNTOV OEOOUEVOV GE TEPITTMOY EMAVEKKIVIIONG NG

EQPAPHOYNS.

‘Eva. dAho {mua mov eysipetarl pe ) Aoyikn t@v checkpoints, givol kot to mooeg
OAMG Kol TO TOEG Olepyacieg amd OUTEC TOL CULUUETEXOVV GUVOAK(O GTOLG

VIOAOYIoUOVG, Ba gival vevBuveg Yoo TV amobnkevon Tovg. Mia mpocéyyion sivor
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ott KaBe pa depyacia, aroeaciletl yio To mold dedopéva Bo amobnkedoet Kot T TOTE.
Avt 1 Tpocéyyion av Ko efvat oA Kot Topovctdlel po KAmolo KAPOK®OGILOTN T,
TopOAL aVTA VOTEPEL GTO VL dMOEL P GLVETY] kKaBoMkn Katdotaor). Exiong ypnlet
LEYOANG OVOYKOLOTNTOS GUVOMKOD amofNKELTIKOD YMPOVL OAAG Kol EEELOIKEVUEVDV
alyopiBumv emavekkivnong g eeappoyns. Mo dgvtepn Tpocéyylon eivor 0Tt OAES
ol dlepyaciec ovvepydlovion yw Tn Onpovpyia kot omodnkKevon evog KaBoAKoL
checkpoint. Ta onueion GLYYPOVIGHOV HETAED TOV JEPYUCIOV OUMS TOL YPpELGLovTal
YW OVTHV TNV TPOGEYYIOT €16AyovV peydAn kabvotépnon oty gpappoyn. Mo
tehevtaion Tpoodyywon, eivar vVPpWKN kot cvvdvdlel T dvo mopamdve. Kdabe
depyaocio pmopel Kpatder aveEdptnta Omol dedopéva kot omote BENEL, aALG lval
VIOYPEOUEVT] VO KpaTdel Kot emmAéov checkpoints, mov eEaptdton amd TAnpogopia

OV EIGAYETOL GTO UNVOULOTO TNG EPAPLOYTG.

[Mopora O6ca avoaeépOnkav mapamdvm, to checkpointing eivor por TeYVIK 7OV
emPapbvel TOAD TV amdd00N TGS EPOUPUOYNG AVEEAPTNTA LLE TO OV ELPAVIOTEL 1] OYL,
éva opaApa kot T ddpkewn g ektéleons. H mapovsa epyacia, dev viobetel
pnéBodo tov checkpointing yiwo va efacearicer avoyn oeoipdtov. BéPaia o
TPOYPOUUOTIOTNG TNG EPAPLOYNG Umopel va emAEEEL va amoBnkeveL Ta amapaitnTa
dedopéva og éva apyelo pHEcO GTOV KMOKA TG £paproyns tov. H vAiomoinon g
epynciog, TPosavatoAileTal 6To Vo TPOSPEPEL TO VITOPABPO Kot TIG AEITOVPYiEC DOTE
va ST pnOel 1 COGTH KoL 1) AVETNPENCTN EKTEAEST] TNG EQUPLOYNS KOt Ol GTO TMG
Ba onovpynBohv ot amopaitnTteg TPOVTODECEIS DOTE AVTH VO EMOVEKKIVIGEL OE

TEPIMTOON EPPAVIONG EVOG COAALATOC.

3.3.2. Message Logging

Mo dAAN TEYVIKN TV VAOTOWOEMVY, €ivol Kol 1 KATOYPOP| TOV UNVOUATOV TOV
gxovv avtorlayel katd T Odpkel NG ekTéAEoNS. Avt M TEYVIKN ovvnbwg
YPNOLOTOEITE G€ cLuVOVAGUO pe TN péEBodo tov checkpointing, yio va yalapdoet
AMyo v mocotnTa TV dedopévev TTov ypeldleTol va amodnKeuToHV Kot Vo LELDMGEL

™V €mPapuven Tov 6T GLVOAIKT addooT. Me Alya Aoyia, amobniedovral Atydtepa
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checkpoints, 0ALd 010 €VOLAUECO KATOYPAPOVTOL TO, UNVOUATO TOL £YO0VV LETAO00EL

HETOED TOV OlEPYOUCLDV.

Kot oe avmv v teyvikn vrapyovv dbeopes mpooeyyicels. H amaicid60én
TPocEyylon, eEac@arilel 0Tl OAEC Ol KATAGTACELG TOV £YOVV 0moONKeLTEL Propov va
TPOGPEPOVY TN OLVATOTNTO EMOVEKKIVNONG, GAAL €164YEL TO EMITAEOV KOGTOG OTL Ol
emkowvovieg Ba givan gumodiotikég (blocking). Avtifeta, n 0101000EN TPOGEYYIOT dEV
amottel EUTOOIOTIKEG EMIKOWVOVIEC AALA dev €EACPOUAIEL OTL OTUAVTIKA dedopéEvVa Oa
&youv omobnkevtel, mpwv TV guedvion Kamowv oedAipatog. Koatd ocvvémein
dvoKoAgDEL Ko 1 dtadkacion avaktnong e opdTTOS TG EPOPUOYNG 1 KAAVTEPA M
dwdkacio mov ypetdletan yoo v emavekkivnon mg. Kot €0 vrdpyovv vPpiotkeég
viomomoelg g pebddov, mov dmov aKolovBovv TV amalclOO0EN TPOGEYYIoT Kot

6mov etvat duvato, AEUPOVY TNV AVOYKALOTNTO Y10 EUTOSICTIKY EMKOVOVIAL.

v moapovoa epyacio, divetal 1 SOLVATOTNTO GTO YPNOTN VO ETAEEEL TOLE UnvOLLOTOL
Bélel va Kataypa@obv amd tnv vAomoinon, dote va gival dtabéoiun 1 minpogopia o
nepintwon opdipatoc. Ileplocdtepa OUMS Y TO TOS YPNOYLOTOOVUE QVTNV TN

péBodo otV epyacia, 6To ETOUEVO KEPAANLO.

3.3.3. Replication

M tpitn TeYVIKN Yoo TNV avoyn 6€ cpdApata, ivol kot to replication. e autiv )
néBodo, 000 M mePlocOHTEPEG JlEPYATIEG TOL GLUUETEYOLV GTOLG VLTOAOYIGUOVC,
extelovv Vv 1010 epyacia [3]. Epapuoopévn avti n pébodog oto poviého Master-
Worker, ot diepyaciec ektelovv Vv 10100 dovAEld TAve ota it dedouéva Kol 6To
TEPOAG TOV VITOAOYIGLMY TOVS, GTEAVOLV TO. AMOTEAEGLOTA TOVG 6T Olepyacio Master.
Ta amoteAéopatd TOVE, OVCLOCTIKA ival Ta 010 e TEPITTOON TOL Lo dlepyacio
amd TNV TNV OULAOW, TOPOVGLAGEL GORAALLN KOl TEPUATIGEL TN AEITOVPYIQ TOV, TOTE TO.
anoteAéopata eivar dwbBéoipua otn diepyacio Master, and Tig VTOAOUTEG dlEPYNTieg
mov ekteEAOUV NV 10 dovAeld. H Owepyacia Master, umopel va cvveyicer v
EKTEAEOT] TOV VTOAOYICUMV KOl TOV SLOUOPAcHO TNG OOVAEHG Ywpig TNV TECUEVT

depyaocia.



50

Ot depyacieg mov ekteAoV TNV 1w dovAeld, Ba NMTav SOKIHO v eKTEAOVVTOL GE
dtapopeTikovg KOpPovs. O AOYog lval 0Tt 6€ TEPITTMOT TOL TO GPAALA Eivar LOVIHLO,
Yo TopAdELY L VITAPYEL TEYVIKO TPOPANLO 6TOV KOUPO, eV UTOPEL VO ETAVEKKIVIGEL
oe ovtov kopio oepyacia. Emekteivovtag t Aoyikr, ot kopPor Oo mpémer va
TPOPOOOTOVVTOL KO OO  OPOPETIKY) TNYN EVEPYEWNG KOL OO  OLPOPETIKO

dpOHOAOYNTH SIKTVOV.

H teyvikn avty opmg eodyst kot emmAéov KOGt kol mopovs. H avaykaidtmrta
MEPLGGOTEPMV VTOAOYIGTAOV TOV GLUUETEXOVV GTN GLGTAON KOl GTOVS VITOAOYIGHOVG
KOl KOTQ CUVETELD OVOYKALOTNTO Y10 LEYOADTEPO GUVOAIKO AmoONKELTIKO YDPO. e
KAMO1EG TEPMTMGELS EMIONG, TPOCHETEL KOl LEYOADTEPO POPTO GTOV TPOYPOUUATIOTH
YL TV avAarTuéN TG EQOPLOYNG TOV, 6€ TepinTman mov {nnoel and avtdv va opicet

oV aplOpd OAAG Kot TNV TOTOAOYIO TOV EMTAEOV UNYOVILATOV 1) SIEPYACIDV.

2V mopovca epyocio, 1 CLYKEKPIUEVN TEXVIKN ToL replication, ypnoytomoteitol
otV TAELPA NG dtepyaciog Master. Afvetal 1 SuvATOTNTO GTOV TPOYPUUUATIOTH VO
opioel évav aplBud oepyosudy Master yio TIG TEPIMTOGELS TOV EUPAVIOTEL KATOL0
ocpdrpata otn depyacio Master. [leptocotepa Y10 TO TOG (PN GLOTOIOVUE QVTHV TV

TEXVIKY] GTO EMOUEVO KEPAAOLO.
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KE®AAAIO 4. O MHXANIZXMOX TOY FTMW

4.1 Aviyvevon kot Xelptopodg Zeoipdtov

4.2 Aemaon

4.3 H YAomoinon too FTMW

4.4 Kataypogn Xovaptneemyv

4.5 TloAlomAég Aepyacieg Master (Master Redundancy)

270 KEPAAOO OVTO YIVETOL OVOAVTIKTY TAPOVGINCT) TNG OYESIOGNC KOt TNG VAOTOINGMG
TOV TPOTEWVOUEVOL UNYAVICHOV ovoyns oeoipdtov. Ipdkertar yo va evoldueco
eminedo petalhd tov emmédov epappoyng MPI kot Tov emmédov viomoinong MPI yia
eQOpPUOYES avemTuynéveg pe oynua Master-Worker. Avalvetor n cuopmepipopd oV
UNYaViopoh o€ TEPIMTOON EUPAVIONS CPAALOTOS, €ITE OTNV TEPITTMOON TOL ALTO
eupaviCetan og pa depyacio Worker, gite avtd gpeaviCetar ot diepyoacio Master.

Emiong yivetoun extevig meptypapmn yio T SIETOPT KO TIG AELITOVPYIES TOV TPOCPEPEL.

4.1. Aviyvevon ko Xeipiopdg Zeaipdtov

Onwg eldape omv Evomra 3.2.4, dwmotdoape mepapotikd O6tt ot dVo mo
dradedopéves viomomoels Tov MPI, amotuyydvouy va avIYETOTIGOVY TNV EULPAVIOT
OQAANOTOC KOTA Tr OdpKeEl EKTEAEONG TNG EQUPUOYNG, TOCO GTO EMIMEDO NG
aviyveELONG Kol TNG OVOPOPAS TOL GTO EMIMEDO TNG EPAPLOYNG, OGO KOl GTO EMIMESO

™G ST PNONGS OIS GUVETOVS GUUTEPLPOPES TNG EKTEAECT|G.
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Avantoape éva véo pnyoviopd mov Bo vroompiler mhveo ond to eminedo Tng
vAomoinong MPIL, a&wdmom kot €ykaipn avixvevon oceoApdtov, koo Kot
Aertovpyieg mov Ba emtpémovv TV avteTdmion Tovg. O punyoavicpds Paciletor ot
royw tov William Gropp kow Ewing Lusk [11] (BAéne Evomnta 3.2.3), avémtuéng
g epapproyng MPI pe oynuoa Master-Worker péom intercommunicators. Avapeca 6e
kd@0e (evydpt Master-Worker gykafictatot évag intercommunicator. To oc@dipo mov
umopel  vo  ovpuPel oe  kamowa Owepyoacio Worker, oaxvpdver povo TtOV
intercommunicator mov TNV ovoyetiCer pe 1N depyosio Master, apnvovtog
AVETMNPEACTES TIG VIOAOTES Otepyacieg Worker. Me ) puébodo avtr, pmopodue pev
va ggacpaiicovpe aveEaptnoio HETOED TOV GPOAUATOV TOL eUEOVIOVIOL GTIC
depyaoieg Worker, yopic dnAadn va ennpedlovv TV EKTEAECT] TOV VTOAOIT®V Kol
AVEKTIKOTNTA, KaBMG Oev TeppaTilel 1| eKTELEST TNG EQUPLOYNGS, OO TNV GAAN OL®G,

VILAPYEL oKOHO TO TPOPAN U TG AEOTIGTNG AViXVELONG TOVG.

[ToAd mbavo, oe petoyevéotepeg €kOOGES TOVS, Ol VAomooelg tov MPI va
KATAPEPOLY VO VITOGTNPIEOLY TOV TPOTO GUUTEPLPOPES TTOL VITOJEIKVVEL TO TPOTLTO
tov MPI y1a T1¢ TEPITTOGEIS COAAUATOV OGO AVOPOPE TNV OViXVELGT, TNV AVAPOPd
KOl TN GUUTEPLPOPE EKTEAEONG TNG €pappoyns . ['a va vrootpiovpe oe avtd 0
0TAO10 OUMG TNV VAOTTOINGT HOG KO TIG AELITOVPYIEG TOV QLT WITOPEL VO TPOGPEPEL,
EMPENE VAL ONUOVPYNGOLLE APYIKA TO VITOPAOPO DGTE VO LWITOPOVLE VAL OVIYVEVGOVUE
T0 pdApata £ykapa Kot a&omota. [a va Eemepaoctel avt 1 advvapio aviyvevong,
ypnowonomoape TCP sockets yio v mTpoyuaTonoinon TV ETKOWVOVIOV HETAED
TOV OlEPYOCUDY 7OV GULUUETEYOLV GTOLG VLTOAOYIOUOVS, TOV® omd TNV 1Non
eykateotnuévn viomoinon MPIL. To TCP [19], eivor éva dtadiktvokd TP®TOKOAAO
Bacwopévo ot OlacvHvdeon tov kKOUPwV, Tpdypa mov onuaivel ott Ta dedopéva
oTéAvovtal omevBeing oToV TOPaANTTH Kot Ol ©¢ TakETo 6To diktvo. H dradikacio
®ote vo emrevybel n emkowvovio petald oo kopPov péow TCP  sockets
TEPIAOUPAVEL TNV €YKATACTAOT] Kol S0TPNoN Mg ovvoeong HeTalh toug, amd v
omoio. avtaAralovv dedopéva. TloAd meplocodTEPO OUMG, YO TIS OVAYKEG NG
aviyvevong mbavov cpdipatog, péow tv TCP sockets eivar dvvatn n Eykoapn ko
a&omotn aviyvevon tov. To cedipa mov Bo eppaviotel oe g and TG VO

dlepyaocieg mOLV GULUUETEXOVY OTNV KANON NG vAomoinong, Ba mpokoiécel Tov
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TEPUATIOUO TNG GVVOEONG HETAED TOLG KO KATO CUVETELD TNV GUECT] OVIXVELON TOV

CQAALATOC OO TNV GAAT.

Tig Paocikéc emkovmvieg Aoumdv 6TV LAOTOINGT LG, Ol JIEPYUGIES TIG EMTVYYAVOLV
péom pag otkng pog vrodoung pe TCP sockets kot oyt péow twv kKAncewv MPL. T'a
avtOV T0 AOYO, KAOE dlepyncion TOV GLUETEXEL GTNV LAOTOINON WAG, €KTOG Ao TIG
apyéc ovvoéoelg mov eykabiotd pe o MPI, gykabiotd dtapavadg Kot pio. cuvoeon
TCP pe ka0e depyacio mov £xel tnv evBOVN va aviyvedoet o cpdipa. H aviyvevon
o@AApatog elvar apoPaio Kot yio Tig d00 dEPYACIES TOV GUUUETEXOLV GT GOVOEST).
Me avtdv tov 1pomo, eEacparilovpe ott mbavo cedipo Oa aviyvevbel amd ™ (o ex
TOV 000 OlEPYOCUDY TOL GUUUETEXOVV OTNV EMIKOWVOVIO Kol G dEVTEPO 0TAO0 Bl
avapepOel 610 eminedo NG EPAPLOYNG TOL ¥PNOTH. ATO €KEIVO TO ONUEWD KO LETE,
elval otV €LYEPELD TOL TPOYPOUUUOTIOTH VO OEIOTOGEL GE OEVTEPO GTASLO, TIC

Aertovpyieg TOV TPOCPEPEL 1] VAOTTOINGY| LOG.

4.2. Avenagn

H diemapn tov cvuvaptioewmv g vAonoinong (amd €06 kot oto €€1g oTo Keipevo Ba
mv avapépoope og FTMW), eivon 10w pe tig avriotoyeg tov MPI pe eldyiotec
dpopég mov dev aALALOLV TN AOYIKN] TOL TPOTLTOL Kot Gpa TN AOYIKN avamTLENG
™G €QOpPUOYNG, OpKeEL oty va eivar avemtuyuévn oe poper, Master-Worker. Xtnv
Ewova 4.1, gaivetoar éva vrotunddeg mpdypappa, oto omoio m depyoacio Master
otélvel o Oheg TIc Otepyacieg Worker €va 0€00UEVO KOL OTI) GUVEYELLL TTEPIUEVEL VOl
AaPet amd avtég Eva amotédeospo. AvtioToryileTon 1 VAOTOINGT TOL TPOYPAULOATOS LLE
KMoewg MPI xou pe tic avtiotoreg xinoelg tov FTMW. H dwgpopd xvpimg
eupaviCetar oto yeyovdg ott vmootnpilel HOVO GUYKEKPUYEVEG EMIKOWVOVIOKES
Aertovpyieg Tov TPOTHITOV Kot pOvo avapeca oe (evydpla diepyasuov Master-Worker,
avd 6v0. Avo diepyacieg Worker, dgv UTOpOUV VO ETIKOIVOVAGOVY PETAED TOVG GTO
FTMW. Katd enéktoaon, dev vrootnpilovtol Kot GLAAOYIKEG EMIKOIVOVIEG KOl dpa
OEV VTAPYEL M OVOYKOLOTNTO XPNONG KOl OPICHOV TOV TEAELTOIOL OPICUATOS TMV
avtiotoy®v kKAoewv tov MPL, mov gival o communicator. Ot communicators £youvv

optotel oto emimedo Tov FTMW kot o mpoypappoatiot|g onaArdocetor and v
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€VOVVN TOL YEPIGUOV TOVLC. TNV TEPIMTMGN MOV O TPOYPOLUATICTNS EMBVUEL Va
YPNOUOTOUWCEL GVAAOYIKEG emKOV@VieES, Ba TPEMEL VO TIC VAOTOMOEL G EMIMESO

EQOPUOYNG, CLVOLALOVTOL OTAEC ETIKOWVOVIOKES KANGELS LETAED dVO dlEPYOCLDV.

Kd&Be cvuvapnon tov FTMW, emiotpépet puo Ty 6To €MimEd0 TG EQOPUOYNG, TOV
VTOOEIKVUEL OV 1] KANON £YIVE EMTLYMG N KOTA TN SAPKED TNG EUPAVICTNKE KATO10
opaApno oe ol amd TG 0vo dlepyacieg MPI  (omootoléag-mapaAnmTng) mov
CLUUETEYOVV otnVv KANor mc. H dAAn depyaocia, site éxel 10 poAo Master, gite 10
poro Worker, Ba aviyvevoel 10 o@dipo Kot 8o T0 avoeépel 61O EmMIMESO TNG

EQAPUOYNG.

#include <stdio.h>

#inlcude <stdlib.h> OubéTepog KWBLKAG
#include <mpi.h> KU’}@LKQC MPI
#include "ft_functions.h" KL&@LKGC FTMW

int main(int argc, char *argv[]) {
int myrank, workers, temp, *info, 1i;
MPI_Status status;
FT_Status status;

MPI_Init(&argc, &argv);

MPI_Comm_rank (MPI_COMM_WORLD, &myrank);
MPI_Comm_size(MPI_COMM_WORLD, &workers);
ft_init(&args, &argv, &myrank, &workers);

info = (int *) malloc(workers * sizeof(int));

if(myrank == @) {
for(i = 1; i <= workers; i++) {
MPI_Send(&temp, 1, MPI_INT, i, @, MPI_COMM_WORLD);
ft_send(&temp, 1, FT_INT, i, 1);

for(i = 1; i <= workers; i++) {
MPI_Recv(&info[i-1], 1, MPI_INT, i, MPI_ANY_TAG, MPI_COMM_WORLD, &status);
ft_recv(&info[i-1], 1, FT_INT, i, FT_ANY_TAG, &status);

)]
}
else {
printf("I am Worker - %d!\n", myrank);
MPI_Recv(&temp, 1, MPI_INT, @, MPI_ANY_TAG, MPI_COMM_WORLD, &status);
ft_recv(&temp, 1, FT_INT, ©, 1, &status);
i = myrank * temp;
MPI_Send(&i, 1, MPI_INT, @, 1, MPI_COMM_WORLD);
ft_send(&i, 1, FT_INT, @, 1);
}

MPI_Finalize();
ft_finalize();
return 1;

Ewova 4.1: Avtietoryia [poypappdrov MPI kot FTMW
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Amo exel ko petd sivor Bépo tov TPOYPOUUATIGT | TO TG B avtipeTomicel TV
KOTAOTOON TOV OQAAUOTOC, &€ite emAéyovtag vo ovveyicer tnv ektéleon 1Tng
EQOPUOYNG HE AMYOTEPEG dlEPYOOIES, €iTE EMAVEKKIVOVTOC TNV TECUEVT Olepyosiol.
A&iler va toviotel 0Tt 10 GQAANN aviyveveTal £ykoipa amd TNV VAOmoinon Tov
UNYOVICHOD HOG, OAAQ OTO €MIMEDO E€PAPUOYNG OvaQEPETOL HOVO OTAV KATOld
depyacio MPI mpoomabnoel va emkowvovicel pe v meopévn oepyosio. Oleg ot

GAAeG depyaoieg cuveyilovv aveEapTNTa KO OVETNPEACTO TNV EKTEAECT] TOVG,.

int ft_init(int *arge, char ***argv, int rank, int number)

MopapsTpor

largc deikng otov apfpd tov tapupETpmy

argv deiktng ot dievbuven g hisTag TapapéTpoy
rank 1O LOVOSIKO OVIYVOPIGTIKO TNS SlEpTUciog

number o GUVOAKOS aplBUds TV SlEPYUGLAY

[eprypagn
[Emotpépel | 6tav n Sigpyacio £xel dnpovpymBel TpodT @opd, 0 6Tav £yl EMUVEKKIVIGEL o TN diepyacio Master.

int ft_finalize()

[leprypagn
Aev vrdpyetl kan mov afilel va onuewwbel.

int ft_send(void *buf, int count, FT_Datatype datatype, int dest, int tag)

MopapsTpor

buf apyikn G1evbuven dourg TPog aroGToAT
count apBuos dedopévev TPOS ATOGTOAY
datatype 100G SedOUEVOV TPOS GTOGTOAN

dest AVIYVOPLGTIKO SIEPYUGIOG TPOOPIGLLOD
tag OVOYVOPLIGTIKO UNVOLLITOS

[eprypagn

[Emistpépel Tov aptBud tov dedopévov mov otdibnkav emruyms. e nepintmen gpdiiotos emotpépel .

int ft_recv(void *buf, int count, FT_Datatype datatype, int source, int tag, FT_Status *status)

Mapapetpor

buf apyxn dievbuven doung mpog Tapaiafn
count apBog dedopévev tpog mapalafn
datatype Tomog dedopévav Tpog mapaiafn

source AVOYVOPLIGTIKO Siepyaciog mnymie

tag CVOYVOPLIOTIKO LUNVOILOTOS

status TANPOQOPIES KUTAGTUONG LLNVDLLOTOS
[leprypagiy

[Emistpépel Tov aptBud tov dedopévev mov Afeinkav emruyng. e tepintoon codiuatos ematpéper 0.

int ft_waitany(int *rank)

Mapapetpor
rank AVAYVOPLIGTIKO SEPTHGiag

Meprypagr
[EmoTpépel T0 avayveploTiko TIg diepyaaias mov éoteiie dedouéva. I nepintmon cedhuatog smotpépst -1.

Ewova 4.2: Emokonnon tov Zuvaptioeov Enikowvoviag too FTMW
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>1g Ewoveg Ewova 4.2 ko Ewova 4.3, meprypdoovion ot kinoelg tov APL. To
FTMW nmpoceépel tic kAnoeig ft send kol ft recv yu amootodr] Ko moaparapn
dedoUEVMV avTioTor(e OAAL LE TO EMTALOV YOPOKINPIOTIKO TNG OviYVELONG TOV
o@dipatoc. Emiong éyovv mpootebel kot ot kKANoelg ft irecv yuo T pn UTOSIGTIKY
maporaPn dedopévov kabmg kol n ft waitany ywoo v maporopr dedopévev omd
omolovonmote kKOUPo €xel oteidel dedopéva otn depyacio mov TV KoAel. Avtéc ot
KMoeig, elvar 1 Bdon v v avantoén mpoypoppdtov MPIL pe po tomikny popon
Master-Worker. Exto6g Opmg amd ovtég TIG GLVOPTAGES TOV TPOTOTTOV, EYOVUE
mpochéoel akOUN KATOlEG EMMAELOV GLVOPTNGELS YOl OVOAKINGN Kol oviyvevon
oQOANATOV, Ol omtoieg meptypdpovion otnv Ewova 4.3. H cuvéptnon ft restore divel
™ OLVATOTNTO GTOV TPOYPOUUOTIGTY] VO EMOVEKKIVIICEL TNV TEGUEVN dlepyacio
Worker o€ éva véo kKOpPo S10Qpavds omd TOV TPOYPOUUUATIOTH. AV dEV VITAPYOVY GAAY
dwbéoia  unyovnUoTo 6TO0 CUGTNUO, ETICTPEQPETAL OVTIOCTOWO MWIVLHO a0 TN
ovvdptnon. Télog, ol cuvaptioelg ft test ko ft testany ypnoipomolovvion omd pio
dlepyasio. MOTE Vo SOMICTMOGEL GTNV TPATY TEPIMTOON oV KATOW GUYKEKPUUEVT|
dlepyacio, T0 ovayvoploTikd TG omoiag OETeTon MG TAPAUETPOS TNG GLVAPTNONG,
elval meopévn M yuo T 0gvtepn mepinton av yevikdtepa Kdmowa depyacio £xel mECEL

KOl G€ TEPIMTOON TOL AVTO £YEL GLUPEL, EMOTPEPEL TO AVTIGTOLYO AVAYVOPLGTIKO.

void ft_restore(int rank)

[Mapapetpor
rank CUVIYVOPISTIKO Slepyaaiag

Heprypagi
Emavekkivei v mecuévn diepyaaia (rank) o€ K4mo1o dilo unydvnpie.

int ft_test(int rank)

[Mapapetpor
rank avayvoploTikd diepyaciog

[eprypagn
Emaotpépst 0 av 1 diepyacia (rank) éyet mopovaidost codiua, 0 g avtifem nepintoon.

int ft_testany(void)

Heprypagi
Emotpégel 10 avayvmpioTiKo ¢ S1Epyasiag mov £xel TEGEL, av vrdpyel tétowe kot 0 og avtifetn mepintmon

Ewova 4.3: Emoxommon tov XuovaptioemV yio Avaktnon Kot Aviyvevon Zeoipdtov
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A&iler vo onuewwbet, ottt ov tég (FT) ANY TAG ot (FT) ANY SOURCE
vrootnpilovtar and to FTMW kot €xovv v {010 onpacioroyia pe Tig ovTioTOUNES

otabepéc tov MPI.

AO6Y® tov o1t 10 FTMW mpocavatoAileTat yio epaployEG TOL ivoil OVETTUYUEVEG GE
oynuo Master-Worker, eilcéyovtol Kémolol Tteplopiopot:

o O depyacieg Workers, dev pmopodv va emkotveviicovy petalh tovg Kot dpa
OTIG KANGES 0mooToANG Kot apaAafng, stvar AdBog yioo v vAomoinon va
oplotel mg dlepyacio TPoopioHoD KoL TNYNG avTioToryo, GAAN diepyacia ekTdg
ano 1 depyacio Master (rank 0).

e Tn dvvotdTTa EMOVEKKIVIIONG KATO0G ECOUALEVIC KOl PO TEPLATICUEVNG

depyaciog ek véov o€ kKdmotlo kOuPo, v €xel povo M depyacio Master.

4.3. Apyrrektoviki Tov pnyovicpov FTMW

To FTMW ¢givan éva evolbpeco eninedo mov TomofeTeiton avAaIeso 6To eMimEdo NG
epappoyng MPI kot omnv viomoinon MPI mov vrapyet and Kdtw. o va pmopel va
epappootel mApwg to FTMW oty viomoinon MPI, 6o mpémer n tedevtaio va
vrootnpilel v £€KO00™ 2 TOL TPOTVTTOV Kol EOKOTEPOU TO YOPOKTNPLOTIKO TNG
dvvapkng onmovpyiag oepyaciwv MPI [9]. To FTMW vlomotel kot vrootnpilet
OCUYKEKPIUEVES EMKOWMVIOKEG Agttovpyieg Tov mpotvmov MPI o1ig omoieg dev
ocvpumepthappdvovtal ot cLAAOYIKEG emkovavies. Oleg o Aettovpyieg tov FTMW
EYOuV TN OLVOTOTNTO TNG OVIXYVELONG KOl AVAPOPES GPUAUAT®V, GTO EMIMEOO TNG
epapuoyns. Ilpoceépet T dLVATOTNTA GTOV TPOYPOUUATIOTY, OO TN GTUYUN TOL TOV
&xet avapepBel 10 cedipa, va emhéEel av Ba cvveyioel v ektéleom pe AyOTEPEC
depyacieg Worker 1 Bo emavekkiviioel Tnv meopévn depyacio 6 VEO pUnyavnuo. X
OLVEXEWL TOL KEPOAOIOL YIVETOL OVOAVTIKOTEPY] TEPLYPAPT TNG OYXESIOONS KOl TNG

vAomoinong oo FTMW.
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4.3.1. llepipaliov Extéleong

Ymv Ewodva 4.4, paivetor oynuatikd n opyavmor tov TePIBAALOVTOC EKTEAEGNG TOV
FTMW. ®aivetar n 61dtaln TV SlEpyacLdY TOV GUUUETEXOVV GTNV EKTEAECT] KAOMG
KOl TOV GUVOEGE®MV oL dnpovpyovvtal peta&d toug. H apyikn diepyacio Master
elvat avtn) mov KatevBovvel ) yevikotepn extédeon. Elvar avt) mov Ba ekkiviioel Oheg
TIC VTOAOUTEG dlepyacies, Oa KatavéUel COLPOVO KOl LE TOV KMOOKO TNG EQPAPUOYNG
TOL YPNOTN TN GLVOAIKT OVAELL T®V VITOAOYIGUOV 6Tovg Workers kat ivat oty mwov
dwtnpel TG dopég Yo TG Agttovpyieg omokatdoToonS Kol €£ac@AAiong opOng

EKTELEOTC TNG EQUPUOYTG OE TEPITTOOT GOAALATOG

Server
Thread

Workers

Ewova 4.4: Adraén kot Atacvvdéoelg Alepyacidv

H Swepyacio Master, dtobétel emiong kot éva viiuo server mov emitehel EexmploTtég
Aertovpyieg. OAa o unvipota mov amootéAAovtol omd Kamota diepyacio Worker ot
depyacio. Master, mapoarappdvovtal ond avtd. To viua €cdysl to anecTaAlpéva
dedopéva oe pio ovpd v omoia kot B ehéyEel n depyacio Master, o mepinTmon
mov BeAncel va mapordfet dcdopéva. Xe TEPIMTMOON TOL 1 CLYKEKPEVN OlEpyasia
Worker dev €xel amooteidel dedopéva, n depyacio Master, mepiuével pHéypt 1o vijLa
server 1o mopaAdPel. Extog amd ta dedopéva, to vipa server moparopfavet kot OAo

o unvopoto onpatodociog g vAomoinong. Ou depyacieg Worker o diabétovv
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VAuo server, KoOMG OT®MG TpoavaPépnke emkovmvovuy pdvo pe T depyocia

Master.

To FTMW Boaciletar oty vrodopry twv TCP sockets ywo v emitevén tov
EMKOWVMOVIOV TPOKEUEVOD, OTMG OVOPEPOALE, VO VITAPYEL 1 SLVATOTNTO OViYVELONG
Toxov ceoipdtov. o ™ un etepoypovicpévn ovoeopd kot aviyvevon Aabov,
EMALEQIE VO VAOTOMGOVIE TIC KANGELS OTOGTOANG Kol TOPAAAPNS UNVOUATOV ¢
eumodiotikés. [To ovykekpéva, ot Asttovpyio ™G ATOGTOANG, N (o depyocio Oa
avapével v mopaiafn evog punvopatog emPefaimong (FT _ACK) amd v €tepnm
depyaocia, oote va sivor BEParo ott tar dedopéva €xovv amootarel emtvymg. H
Aertovpyior g moaparaPnc ovT®G N GAAMG givol eumodloTiky, Kabdg Ba mpémel va
napordafel ta dedopéva yuo vo. orokinpwbel. H Aesttovpyia ft irecv mpooténke yuo
un eumodioTiky mopaiafn dedopévav kot cuvovaleton pe tn ypnon g ft wait 1 g
ft waitany. Av n depyacio Master, KaAéoel v ft_irecv kot ta dedopéva To omoia
embopet va AdPet dev eivor dobéoyo oe €KEIVO TO YPOVIKO OMUEID TOL KMOIIKO,
€10AYEL GE O OLPAL TIG TOPAUETPOVS TG KANCEMCS Kot GuveYIleL TNV eKTEAEST TOV
TPOYPAUUOTOS. XTN CLVEXEW pe TNV KAon g ft wait divoviag wg Opiopa 10
avayvoploTikd ¢ ovykekpipuévng otepyosiog Worker and v omoia embopel va
AGPer dedopéva, 1 pe v KAfon ¢ ft waitany yio onowdrmote diepyacio Worker,
yivetal €Aeyyog otnv ovpd mapaiafng unvopdtov yuo vo Bpedel kamolo unvopa wov
va avtiototyileton pe kdmowa mporyovuevn kAnon g ft irecv. Av Oyt mepuévet

HéYPL avtd vo GupPEt.

O yxpnotg &xetl ™ dvvatoOTNTa, PEC® VO PeTOPANTOV TTEPBdALoVTOg Vo opicel TO
nooeg depyaciec Worker (FT _NUM_SLAVES) aArd ko ndceg emmAéov depyacies-
avtiypapa Master (FT NUM MASTERS) embopel vo €xet. o ™ oedtepn
Aertovpyia Ba pAnocovpe oty Evomra 4.7 kot eEopiopod av dev opiotel amd To
YPNOTN, TOTE OTNV EKTEAECT] O0€ CLUUETEXEL KOTOLo emmALOV dlepyacio Master mapd
uovo n apywkn. o mpénel eniong va opicetl kot éva apyeio (hostfile) oto omoio Oa
€10AYEL TO. OVOLOTA TOV VTOAOYIGTAOV-KOUP®OV oL 00 GUUUETEXOVV OTNV EKTEAECT|
™¢ epapproyns. H apyum oepyasio Master Oa avalapetl va dwafdoetl o apyeio kot va
EKKIVIOEL TIG O1EPYACIEG OTA AmOPAITNTO UNYAVALATO, OVOAOYO KO LE TIC LETAPANTES

nepPdAloviog mov €xet opicel o ypnomc. Ta mpdta punyoviuoto Tov apyeiov
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naipvouv 10 poéAo Worker kol T VTOAOITO. OV OVAAOYOUV OTIC TIWWEG TMOV

petafAntav, yivovrot ot emmAéov diepyacicg Master.

4.3.2. Madikoaio Apyixomoinong

Tnv ektéleomn g epapproyng TV ekkivel povo 1 depyacio Master, oe avtifeon e Tig
Yvootég vionomoelg tov MPI 6mov OAeg ot diepyacieg ekkivoov €€ apyng omd v
vAomoinon. Otav cuvavtioel v kKAnon ft_init (n avtictoyn g MPI Init), wov Ha
ONUOTOOO0TEL TNV apyn TOV KMOKA oL Bo ekteAectel amd Oleg TS diepyacieg mov
&xovv oprotel, Ba Eexvnoel T dwdikacio dnpovpyiog OA®V TOV AmopoitnTOV
dlepyacidv Kabdg Kol TNV €YKATAGTOOT TOV GUVOECEMV UETOED TOVG. ATO TO apyeio
hostfile tov ypriom, Ba ekkivnoel doec depyacieg Worker €yovv opiotel amd v
avtiotoyn petafint meptPdirovioc apywd (FT NUM SLAVES) kot otn cuvéyeia
Bo exkkwvnoer kor Tig emumAéov depyacieg Master (FT NUM MASTERS, BAéne
Evomra 4.7). H ekkivnon Kot £yKoTdoTtoon ToV oapyik®dVv ENTKOIVOVINK®OV CUVOECEDY
OAMG Kol Ol TPMOTEG  OmOPAITNTEG  OVIOAAAYEC OEOOUEVOV  OPYLKOTOINoTG,
TpoypaTorotovviot and v viAoroinon MPI mov vrdpyet and kdrw. [1épa amd avtd
Oumg, dnovpyeitar ko por ovvoegon TCP socket, peta&d kabe (evyaplov Master-
Worker. Zvvoéoelg TCP dnuiovpyovvral emiong kot petald tov depyacidv Master,

€QOCOV givat ToLAdyIGTOV 2.

Oleg ot depyaociec mov Eyovv exkivnOel amod tn depyacio Master, katd ) dwadikocio
™mg  opywomoinong Aaupdvovv kdmowa oamopaitnto  dedopéva  amd o).
Evnuepavovton yio to mooeg eivatl o1 cuvoAikég depyaciec Worker 6to cvotnua, av
vdpyovv kKot wOcEG emmALov  dlepyaocieg Master, mowd elval 10 HOVAOIKO
AVAYVOPLOTIKO TOVG OAAG Kol KATOlES TANPOQOPIeS amopoitntes vy TNV

gykataotaon g peténerra ovvogong TCP.

Ext0¢ 0pmg amd tic ovvoéaelg mov eivan amapaimreg, n diepyacio Master apyikomotet
Kot TIG OOUES dedoUEVMV TTov Ba y¥petasTovV Yo Tt Agttovpyio tov FTMW. Awatnpel
NV KoTAoTaon TG kabe diepyasioc, ovpég maparapng dedopévav ot omoieg Exovv )

HopoY| Topaywyol (VIpa server) Kot Kotavalmtn (apykn depyacia).
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4.3.3. Myyaviouos Avtiuetwmions Zoaiudtwy

2V TEPINTOON MOV £YOVUE KOO0 CEAALN o€ KAmolov kOpPo, elvar dvvatn 1
aviyvevon tov amd ) oepyacio Master, péocw twv TCP sockets kabag avtopata Oa
TepUATIOTEL KO 1 obvdeon petald tovc. H avapopd Tov ceAaAITOC 6TO eninedo g
EQOPUOYNG, TPOAYUATOTOIEITOL HOVO OTOV OV €POPUOYN KAmow KANON O€
ovvdptnon tov FTMW, avagpepBel otov meopuévo kopPo. Amd exel kou petd, ival
OTNV EVYEPELD. TOV TPOYPOLUUATIOTY] KOl TOV KOJKO TNG EPAPLOYNS TOVL, TO av Oa
EMOVEKKIVIGEL TNV TECUEVN dlepyacia 1] Bo cuveyicel TNV EKTEAEOT TNG EQAPLOYNG LIE
Mybtepec oepyaciec Worker. Xe mepintwon mov 1o cedipa cvufel ot depyacio
Master, to aviyvevovv ot diepyacieg Worker kar eite 0o teppaticovv ™ Acttovpyia
TOVG, 0OV OUMG EYOVV OVOPEPEL TPMTO TO COAALLO GTO EMIMESO TNG EPAPUOYNGS, €lTE
Ba cuveyicovv v extédeon €xovtag ¢ Master, Tnv emduevn diepyocio Master otn

oelpd av £xel oplotel (PAEne Evotnra 4.7).

Av 0 TPOYPOUULOTIOTG EMAEEEL VO EMOVEKKIVIIGEL TNV TTEGUEVT Olepyacio pe v
KAon ft_restore, 1 vAomoinon Ba avaldaPet tpeig Pacikéc evépyeles. Tlpmta ecdyet
TO OVOLO, TOL UNYOVILOTOG GTO OOl ETPEYE 1 OlEPYOCIO TOV EUPAVIGE TO GOAAUAL,
oe po "povpn” Aloto pMovNUAToV, [o OO OV OVCIUCTIKA TEPLEYEL OAXL TO.
pnyovinpaTo ard To apyeio mov £dmaoe wg €i60d0 oty vAomoinom o ypnotrg (hostfile)
OV £€YOVV TOPOVGIACEL COAALN, DOTE VO, PNV ETAVEKKIVIIGEL GE ALTE KATOLL GAAN
depyaocia. Ovoclootikd oty vionoinon tov FTMW, éyovpe emrééer va Bewpovpe
OO TOL CQAALOTO MG HOVIHO KOl OYl ®G Tapodikd. Avtd umopel vo €xel g
amotéAecpa. TV ovlykn  Omapéng Kot KoBOopGHOU  TOAADV  SLOPOPETIKMV
UNYOVNUATOV KoL TN W1 ETOVOPNOCUOTOINGY] TOVG G€ TEPIMTOON TUPOOIKMV
ocQOANATOV, aAAE amd v GAAN efacpoiiler peyaivtepn allomiotio. H devtepn
evépyeln, elval vo emA&Eel €val pmyavnuo omd TO opyxelo Tov YPNOTN Kol va
emoveKKIVIoEL o€ eketvo T Oepyacio. Téhog, wg tpito Prpa, emoveykobiotd
ovvdoeon TCP pe ™ véa depyosio. To Tt mpémel va yivel dote N KATACTOON NG
depyaciag Worker (tipég petafAntov, KataoTdoel; dOUmV OE00UEVOV K.0.) VO

enavéLBel oto 1010 onuelo pe to OTOV EUPAVICE TO GEAAUQ, givor €vBOHVN TOL

TPOYPOUUATIOT! TG €papuoyne. Tlapoio avtd 1 vAomoinon TPocEEpeL o Lopen
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KOTOYPOQNS TOV EMKOWVOVIOKAOV KANGE®V, MOTE Vo dtgvkolvvlel M mapomdve

dwdwkacio ota xépro Tov xpnot (BAéne Evotra 4.4).

2V MEPIMTMOOTN MOV O YPNOTNG EMAEEEL VO UMV EMOVEKKIVINGEL TN Olepyacio ce
Kdmolo dAlo unydvnua, tote dev aAAdlovv moALG otV ektéleot). Oleg ot vmoromeg
depyacieg Worker Ba cuveyicouv TV @UGLOAOYIKT PO TG EKTEAEONC TOVG KAOMDC
o0TOC M GA®G dev €Yovv TN SLVOTOTNTO VO EMIKOIVOVIIGOLV HE TNV TECUEVN
depyoasioc Worker kot opo vo emmpeactodv amd TN U GLUUETOYN TNG GTOVG
vroAoyiopovs. H diepyacio Master 6to emimedo g epappoyns, kabe opd mov Ba
avagépeTol otV mecpévn olepyacic Worker, Ba Aappdver v avtiotoryn TN
o@arpatoc. BéPata, dev avaipeital 1o yEYovag 0Tl 1] OMOKOTAGTOGT TOV GOAALOTOG
pe v emavekkivnon g Olepyaciag, umopel va yivel amd TO YpNOTN KO

ETEPOYPOVICUEVO GE OTOLOINTOTE CNIELD TNG EQOPLOYNG EMAEEEL.

4.3.4. Moowkooio Tepuotiouod

Kata ™ dwdwacio teppatiocpov, to tpdypoto eivor oyetikd mo anid. Onwg kot o€
éva mpdypappo MPL étol ko oto FTMW, «déOe diepyocio Tov GUUUETEXEL OTNV
EKTEAEON TNG EQOPLOYNG, €ite elvan Master, eite eivar Worker, kolel ) cvvdptnon
teppatiopo? ft finalize. o v emitevén cvyypovicpov, N diepyacio Master, otédvel
éva. UMVOUO. ONUOTO00GI0G TEPUATIOHOV o€ kaBe depyacia Worker. Aoy ta
unvopato otalovv, umopel mAéov n depyacioc Master vo amodeGUEDCEL TN UV UN
TOV SOUMOV OEOOUEVOV TTOV Ypedotnke otV vAomoinor. Eniong teppoatilel kot 6Aeg
T1g ouvdéaelg TCP pe 6Aeg Tig diepyacieg Worker. Otav AdPet To uvopa 1 diepyocio
Worker, pmopel va EgKiviioel KoL 0T LE TN GEPA TNG TNV OTOOECUEVCT] TOV OOUDV
nov yperotnke. ['a v mepintmon mov €yovpe meplocdtepeg depyacieg Master, M

dwdkacio mepthapPdvet kot kdmota akdpo Prpota wov Ba dovue apydTepa.

2 owdkacio TEPHATIOHOD, KOAEITOL ETIONG KOt 1 OvVTIOTOLYN KANOY TEPUOTIGHOV
¢ viomoinong MPI (MPI_Finalize) yia tov teppoticpud kot tov tunpatog tov MPIL
Ye mepintmon mov 0 YPNOoTNG £xel emMALEEL VO GUVEXIGEL TNV E€QPOPUOYT| TOVL LE

Mybtepeg Oepyociec omd ovTEC TOL ApyloE TNV EKTEAEOM, AOY® EUQAVIONG
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OQUALOTOG KO ETAOYNG TOV VO UMV EMOVEKKIVIGEL TNV TTEGUEVT dlepyacio Eavd, 1
kAon ™¢ MPI Finalize 0o mpokaiovoe atéppovn avapovr], Kabdg n ypnon g
amortel vo kAnOel amd Oheg T1G O1EPYOGIEC TOV CLUUETEXOVV GTNV EKTEAECT. € LTV
TNV TEPIMTOON OVAYKOGTIKO EMAEYETOL 1) ATOTOUN OAOKAPOGCT TNG EKTELECTG LE TNV

KAnon MPI_Abort.

4.4. Katoypogn Xovaptioemv

Onog avagépdnke mponyovpévmg, n viomoinon tov FTMW dev mpoceéper ctov
TPOYPOUUATIOTY] TNG EPAPUOYNS TN AetTovpyikdTTa vTootPENS checkpoints, kaBmg
0 Bacwkog 6tdY0g TG VAOTOINoNG dev givan To TS Ba yivel N cwot emavekkivinon
™G EQUPUOYNG, OAAG M OVEKTIKOTNTO TNG EKTEAEONC TNG EPOPUOYNG OTO VO UNV
TEPUATIOTEL TOPE TO GOAALOTA TV SEPYUSUDY TOL Ba gppavicTodyv. Av 1o embupel
0 TPOYPOLUATIOTNG, UTOPEL e OKO TOL KMOKA Vo amodnkevel oe ddpopa onpeio
™G €QPAPUOYNG, o€ apyeio Ta amopaitnta dedoUEVa Kol TIG KATACTACELS TOV SOUDV
dedopévav mov ypeldloviol o€ TEPIMTMOON MOV OEV VLIAPYOLV Ol OTOPOATNTEG
ouvOnkeg (U a&omoto cvotnua, Aya Swbéoa pnyoavipato) va dwtnpndei m
ekTéAEON TNG £Qaproync. Apyotepa dwuPdlovtag To apyeio, LTOPEl Vo ETAVEKKIVIGEL
N epappoyn omd Kamwolo onueio g eKTELEONC Alyo TPV amtd TO GLVOMKO TEPUATIGUO

mge.

Ye mepintwon AOmOV TOL O TPOYPOUUOTIOTHG EMAEEEL VO EMOVEKKIVIIGEL KATOLO
ecpaipévn depyacio Worker, Ba mpémel g dgvtepo Pripa, Vo TNV ETOVOQEPEL TNV
KOTAGTAOT TOV NTOV 01 SOUEG TNG TN OTIYUN TOV EUPAVIGTNKE TO GPAALM, GTEAVOVTOG
To. avtiotoyo dedouéva oL YPEALOVIOL COUUP®VE KOl HE TNV OpYIKN pon TNG
EKTEAEONC TNG EQOPLOYNG. ZOUQOVA e TN AOYIKN TV gpapuoy®dv Master-Worker, 1
depyacio Master pmoaivel e KOKAOLG EMIKOWVOVIOKDV KANCE®V Yo VO LOPACEL
epyaoieg otig depyacieg Worker Kot va GUYKEVIPOGEL omoteAécpota. Avdioya og
mold kKAnon tov FTMW n diepyacia Master, evuep®Onke yio 10 GOAALO GE KATOLOV
Worker, dtapopomoteitar Kot 10 Tt mpémel vo oTellel TNV enaveKKvLEV dlepyacio

Worker.
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‘Ekdoon ywpic emavagopd meopévne Siepyaoiacg

do {

for(i = 1; i <= workers; i++)
ft _send(&a, 1, FT_INT, i, 1);

for(i = 1; i <= workers; i++)
ft_send(&b, 1, FT_INT, i, 1);

for(i = 1; i <= workers; i++)
ft _recv(&c, 1, FT_INT, i, 1);

} while(condition(c));

‘Ekboon ue smavagopd meopévne diepyaagiacg

do {

for(i = 1; i <= workers; i++)
ret = ft_send(&a, 1, FT_INT, i, 1);

for(i = 1; i <= workers; i++) {
ret = ft_send(&b, 1, FT_INT, i, 1);
if(ret == 0) {
ft_restore(i);
ret = ft_send(&a, 1, FT_INT, i, 1);
ret ft_send(&b, 1, FT_INT, i, 1);

}

for(i = 1; i <= workers; i++) {
ret = ft_recv(&c, 1, FT_INT, i, 1, &status);
if(ret == 0) {
ft_restore(i);
ft_send(&a, 1, FT_INT, i, 1);
ft_send(&b, 1, FT_INT, i, 1);
ft_recv(&c, 1, FT_INT, i, 1, &status);
}
}

} while(condition(c));

Ewoéva 4.5: Avtictoryia Epappoyng Xwpic Eravapopd kot pe Eravagpopd
Ecpaipévng Aepyaciog

Ymv Ewova 4.5, eaivetor akpipdg 10 mwg Bo €npeme va petatpomel po omin
epappoyn Master-Worker pe to FTMW, and v mievpd tng diepyaciog Master, Tov
EMALYEL VO UMV EMOVEKKIVIIGEL TNV TECUEVT] OlEPYACiD, GE O OVTIOTOLYN, TOV CE

KkéOe xinon oto FTMW eléyyetor av m depyocio €yel mécel, ®OTE Vo TNV
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EMOVAQEPEL. XTNV TPAOTN €KO00T HOAOTA, Oyt HOVO dev emAEYEL VA OVOPEPEL TO
oQAAND, OAAG TOAD TEPIGGOTEPO GE TEPIMTOON EUPAVIONG TOV, YAVETAL KOl O
VIOAOYIGHOG, M0 €KOOYN OV OVCIUCTIKA OEV VTAPYEL 6€ kovévo Poabud avoym
CQOALATOV. 2T dgVTEPT £KOOGT MGTOGO, GTNV OTOi0 VILAPYEL N WOLOTNTA TNG AVOYNG
oe o@OApoto, PAémovpe otTl OGO TPOYWPAPE OTIC KANGES TOL KMOIKO, O
TPOYPOULOTIOTNG POV OTOKATACTIGEL TNV TEGUEVN Olepyacia, Oa mpémel va £xel 61O
VOU Kol TolEg cvuvaptnoelg Oa mpémel va Karéoel Yo vo £pBel 1 meouévn diepyacio
010 6motd onueio ektédeons. Ewsdyetor €161 évag emumAiéov @OpPTOG GTNV AOYIKY|

AVATTLENG TNG EPOPUOYNG YO TNV EMITEVET AVOYNG CPOUAUATOV.

‘EKBOON £EQAPUOYAC HE KATAYPAPH CLUVAPTATEWV

do {

for(i = 1; i <= workers; i++) ) )
ms_send(&a, 1, FT_INT, i, 1); tag: AnAwan povadlkol
KOKAoL epyaoiog

/?;r(i = 1; i <= workers; i++) {
ret = ms_send(&b, 1, FT_INT, i,(::)
if(ret == 8)
t i); . ,
} ms_restore (1) KokAoc epyaaiag
for(i = 1; i <= workers; i++) {
ret = ms_recv(&c, 1, FT_INT, i(:::)&status);
if(ret == 9)

\\L ms_restore(i); _//

} while(condition(c));

Ewova 4.6: 'Exdoon pe Zvvaptioelg ms yio Kataypaen Zvvaptioewv

INa tov mapoambdve Adyo, 10 FTMW, mpooceéper tv emmAéov Asttovpyia g
KOTOYPOPNG TOV CULVOPTICEMV TOVL, TOL KOAEl OTO €MImEdO TNG €POPUOYNG O
npoypappatiots. Koldvrog tig cuvaptoelg ms_send, ms_recv Kot ms_irecv, ot
omoieg emtelobv TG 101€g ActTovpyieg e TIS OVTIOTOWXEG OMAEC GUVOPTAGELS TOV
FTMW, oA\d mpoc@épouy v €mmA£OoV  duvotdTNTO TNG  KOTAYPOONG KOt
amoffkevong TV dedopévav Tovg. Me avtdv TOV TPOTO G MEPIMTM®OYN TOL O
TPOYPOUUOTIOTNG EMOLUEL VO EMOVEKKIVIIGEL 1oL dlEpyacio, apkel va KaAEoel TV
ms_restore Kot eKTO¢ amd TN O10d1KaGi0 EXAVEKKIVIIONG TNG TEGUEVIG OlEPYAGIOG TTOV

yiveton o€ TpdTO Prpa, 1 vAomoinon Ba avordpetl va ekTEAEcEL QVTOUATO KOt OAES TIG
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KOTOYEYPAUUEVEG GUVOPTIGELS TOV OPIGE O TPOYPOUUUOTIGTHG, HELOVOVTIOG £TCL TOV
EMMAEOV POPTO TOV EMAPIETAL GTOV TPOYPUULOTIOTY], OGOV QPOPA GTN AOYIKN TNG
avVOYNG COUALATOV OAAG Kot 6TV TocoTNTo KOoKa. XNV Etkéva 4.6, mapovoidleton

N epappoyn g Ewovag 4.5, og ékdoom 0mov ypnoIILOTO0VVTOL Ol GUVOPTHGELG MS._.

YOppwva pe ta Topomdve, onpovpyovvrol 6vo (ntiuata. TOco yio tov TpoOTO OV
TPEMEL Vo, amobnkebovial o1 cuvaptioel;, 0G0 Kol ylo to moleg Bo mpémer va
EKTEAECTOVV OE TEPIMTOON EemoveKKiviong ¢ mecuévng oepyacioc. To mpdTo
Mua givail, to g n viomoinon tov FTMW, Oa pmopel va Eeywpioer 600
CLVOPTNCELG TOV KOAOVVTAL UE TIG 101G TIHEG OTIC TAPAUETPOVS TOVG. AV 01 KANGELG
avaeEPOVTOL otV 1010 GLVAPTNON O OPOPETIKA ONUEID TOL KMOOIKO VTAPYEL
avaykn Eexwplotng amofnNKeLONG TOVG GTN CYETIKN] OOUN, EVO OV Ol KANGELS
avaPEPOVTIOL otV 1010 GUVAPTNON 7OV KOAEITOL ETOVOANTTIKG, OTOL VLRAPYEL M
avayKn avTiKotdotaong g non veapyovcos arodnkevpévns. ‘Eva devtepo (tnua
elval to TU yiveton pe tovg KOKAoLG epyaciodv petald Master-Worker. Me tov 6po
«KVKAOG gpyaciacy opilovpe o akoAovBio ETKOVOVIAOV OV YIVETOL ETOVUANTTIKA,
H0 EMOVOANTTIKY PON OVTOAAOYNG OOVAELRG KOl OMOTEAEGUOTOS Yo TOPAOELy L
petacyd evoc  Cevyaprod Master-Worker péypt va  emitevyfel 10 amapaitmro
amotélecpa 1 vo ekmAnpwbel o cuvOnkm. Ze o epappoyn Master-Worker, eiva
OV VoL VITAPYOLY TOPATAVE OO £VOC KOKAOL EPYOCLDV. LE TEPITTMOT COAAUATOC,
Otav KATolog KUKAOG £xel ohokANpmOEel emTuydg O¢ Ba mpémet va EavaekTeAEGTOVV 01

KOTOYEYPOUUEVES GUVOPTNGELS TOV.

IMa mv enilvon avtdv tov (NTMUAteV, ETAEEOUE VO, TPOCOMOOVUE U0 EMUTAEOV
évvolo. otV TOPAUETPO tag TV GuVAPTHGE®V NG VAomoinone. To medio tag, twv
CLVOPTNCEDV TOV TPOKEITOL VO KATOYPaPoVV, otnv vAoroinon FTMW vrodetkviet
EMMAEOV Kal GE OOV KUKAO EPYACIOV OVIKEL 1] GLVAPTNGT, OTMG POIVETOL KOl GTO
mopdoetypa e Ewova 4.6. Me avtdév tov tpdmo, 11 vAomoinon umopel va Eeympioet
oTL 000 cLVOPTNOELS Pplokovial 6To 1010 1| O SUPOPETIKA CNUEIR TOL KOOIKO,
eAéyyovtog 1o medio tag ko mpdrrovrag avaioyo. BéPowa sivor kot pio emumAéov
evfhvn TOL TPOYPAUUATIOT N UEPYLVA, DOTE T TEdi tag vo EXOVV TIG KATAAANAES
TIHEG MOTE VO AVTIOTOLOVV G€ avTd oL BEAEL va vAomomoaet. Ocov apopd o {RTnua

TOV KOUKA®V EPYOCIOV, amd TN GTIYUY| TOL 1) VAomoinon mAéov £xet T duvaTOTNTA VO
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Eexopiler toug KOKAOVG, pmopel emumAéov vo yvopilel kot TOwWOG KOKAOG £€)el
0AOKANPWOEL EMTLYDOC, OGTE GTN S1OOIKAGIO TG ATOKATAGTOCNG TOV COAALATOC, VO
TPOCTEPAGEL TIC KATAYEYPUUUEVES GLUVOPTHGELS TOV avapEpovTat o avTtdv. ALilel va
onuewdel ot av o mpoypappatioms 0écet v tu FT_ANY TAG oto nedio tag,
TOTE M GLVAPTNON KOTAYPAPETOL EEXMPIOTA YWPIG VO AVIKEL GE KATOOV KUKAO KOl

apa Oa exktedeatel 00TOC N AAA®G, KOTA TN SL0OKOGIN TG ATOKATAGTACTC.

Mo v vrootpiEn ™G Aettovpyiog TG KOTAYPAPNG TMV GUVOPTNGE®V, N dlepyacio
Master (ko 1 kéBe depyacio Master), dtatnpel Kamoleg S0UEG OESOUEVMV ETITAEOV.
INa kaBe o depyacio Worker, deopedetar pia ovpd mov datnpel TIg CLVAPTNOELG
OV £YOVV EMAEYEL VAL KaTaypopoV, Le TN oEpd mov Exovv kAnbel. Kdbe kdpupog g
oVpag, elvatl amd HOVOG TOV [l OVPA TOL AVTUTPOCHOTEVEL EVAV KOKAO £PYUCUDY TTOV
dwywpileton amd v T ¢ mapapétpov tag. H dadikacio tng amokotdotaong,
EeKVAEL EKTEADVTOG TIC KOTAYEYPOUUUEVEG CUVAPTNCELS OO TNV KEQOAN TNG OOUNG
péxpt v ovpd. Av o xouPog meprhapPdver uoévo o cvovdptnomn, TOTE OLTY
ekteAeitat. Av o KOkAog Tov kOpPov gixe ohokAnpwBel emttuymg, TOTE dev exTeAEiTAL
Koo GLUVAPTNOT TOL eV av OxL, oNUaivel 0Tt To GPAALN cuvaiPel Kata T ddpKeLn
TOL KOKAOL Ko apa B0 EKTEAECTOVV Ol KATOYEYPUUUEVEG CUVOPTNOELS TOV, UEYPL TN

GLVAPTNOTN TOL AVEPEPE TO AABOG KOt Apa OEV EKTEAECTNKE EMTLYMG.

H Aettovpyla ¢ Koataypaeng cuvaptnoewv, €odysl KAmowovg mepropiopovs. H
duvaTOHTNTO KATAYPOPNG CLVOPTNCEOV UTOPEl va ypnolponombel povo omd 1
depyacio Master. EmumAéov dev vmoomnpilel eL@®AELUEVOVG KUKAOVLS €PYOCLAOV,
oniaodn €vag KUKAOG epyaciag mov eEeMaooetol HEco o€ Evayv GAAOV TOV Ogv €)El
nepatmbel. Xe o té€roa mepintmon, dgv umopetl n vAomoinon va gyyonfet yuo ™
OMOTH OMOKATACTOOT TG EKTEAECTG TNG EPUPLOYNG OE TEPIMTTOGCT GOAAUATOS KO 1)

ovumeplpopd ™ Oa eivon ampdPAETTN.

4.5. orhomiéc Aepyacieg Master (Master Redundancy)

2V mepinton mov 10 6PdApa cvuPel oe kamowo depyacio Worker, n emiloyn yuo

o Tt Qo emakoAovOnoel enagicton otTo emimedo g epopuoyns. Eivar oniaodn ota
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YEPLOL TOV TPOYPOUULOTIOTN, oV Ba eMAEEEL VoL ETAVEKKIVIIOEL TV TTEGUEVT] depyacia,
glte 1 otyp] mov avaeEépOnke 10 GEAALN OTNV EQAPUOYY, €ite o€ KAmOwo GAAN
OTIYW] OTOV KOO, N av Ba emAéEel va ovveylotel M ekTéAeon UE AYOTEPEG
depyaciec Worker. Eyeipeton Opmg to {fjtnpa tov 1t supPaivet, av 1o opdipo copPet
ot depyosio mov £xel T0 pOAo Tov Master n omoia givar vevBvvn va yepiletar

YEVIKOTEPT] PON TNG EKTEAESTG Kot VoL aviyvevel TiBavd codipato otoug Workers.

[ToArég Teyvikég €xovv dwtvmwbel otn Pipioypagio. Mo emdoyn Oa Ntav to
checkpoints (BAéne Evomnta 3.3.1), o omoia amobnikevoviot gite avtdpoto omd v
VAOTTOINGT Ko SPOVAS OO TOV TPOYPAUUATIOTY|, €ite pe vevhuvotnTa Tov 1810V
TOL YPNOTN O OMoi0g TMPEMEL VO amobnkevEL To. amapaitnTo dedouéva o€ ddpopa
kpiowa onpeio Tov kddwa. Tnv tedevtaio texvikn Bo umopovce va akolovOnoet
Kdmolog kol otn 0N pog viAomoinon. Extog twv checkpoints, ypeidletor kot évag
alyoppog eravekkivnong. Amo v dAAn 6pme, to checkpointing givot puo teyvikn
oL 0 Ponbdel ™MV KAMUOKOGIUOTNTO, OmalTel EMTAEOV OmOONKEVTIKO YMPO KOl O
Aovel 10 mpdPAnue otn Pdon Tov, dtav TO GEAALN GTO pnyOvnpe givar povipo.
Eniong n Paocikn apyn mov emAégape vo akoAovONGOVUIE GTNV LAOTTOINGT HOG OEV
elvat 1o g Oa dStupopPmbov o1 cuvONkeg dote av TeppaTioTel Plona N Epaproyn va
UTOPEL VO ETAVEKKIVIOEL, OALL 1 SLOITPNON TNG AMPOCKOTTNG EKTEAECTG QKOO KO

VLo TNV TOPOLGin EVOG aplOoh GEAALATOV.

Main
Master Redundant Masters

\ . A -
4

P ey

\ / \

Server Server Server

Masters Master 0 | tireag | Master 1 ) Thread was | Master M ) Thread
ke 4 b Py
AU A, g

Workers

Ewova 4.7: Atdtaén kar Atacvvdéoelg Aepyaciov pe [ToAhamriodg Master
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[Ipog avtyv Vv koTevBuvon, Yy TNV OVIIUETOMION CEOANATOV oTn Jdlepyocio
Master, emTpEémMOVUE TOV TPOYPOUUUATIOT] VO Opicel kot Evav aplfud emumAéov
JlEPYACIOV-0VTIYPAP®V ToL Master. AvTég o1 dlepyacieg TpEYovV Tapdiinia pue v
apykn oepyacio Master kot EKTEAOVV 70V 1010 KOIKA EPOPUOYNG, EXOVV TIG 1O1EC
AertovpykdTTEG OALGL EKTEAOVVTOL SlPavAdS omd To ypnotn. O ypnotng mpv v
extéleon G epappoyns pe t petofint) mepPdriovriog FT NUM MASTERS
opiler to mbdoeg emmAéov diepyacieg Master embBopel. Ov depyaocieg Master
Bpiokovion og drdtaln mpotepardtag petath tove. Me avtdv tov tpoémo diveton n
duvaTOHTNTO. GTNV VAOTOINGN, O TEPIMTMON TOV TEPUOTIOTEL M OpYIKN Olepyacio
Master, avtopato ™ 0éon g va v mWApEL N emoOpevn otn owdrtaln. Avti 1
dwdwkaoio pmopel va ocvveylotel v OAeg TIC emmAéov Oepyacieg Master. Ztnv
Ewova 4.7, paivovtor 1 dudtaén kot ot 0106VVOECELS HETOED TV OEPYACIOV TNG

viomoinong tov FTMW, 6tav 6g aut] cuppeTéyovy Kat emimAéov diepyacieg Master.

Koatd v apyikonoinon, n apywn depyacio Master ektog omd tig ovvdéselc TCP mov
dwtnpet pe tig depyacieg Worker, yio va pmopet vo aviyvevel moOte POAVIGTNKE TO
o@aApa, dutnpel ovvdéoelg kal pe kdbe emmiéov depyacio Master, Yoo Tov 1010
Aoyo. Emiong kou o1 emmAéov diepyacieg Master, o1atnpodv peTah TOVG CLUVOECELG
Y vo, EAEYYOUV M [ TV KOTAGTOON TG GAANG. Me avtdv Tov TpOTOo piol depyacio
and TIc devtepevovoeg Master, umopel va aviyvevel TuXOV GEAAUN OTNV OPYIKN
Master kot ovoAoyo e TV KOTAGTOOT TOV TPONYoOUEVOV Olepyacidv Master ot
ddtaén, va avardapel ovt) to poAo TG Pacikng depyaciog Master 6To GUGTNUA.
[Mopaiinia kot o diepyacio Worker mov Ba aviyvevoel to cedAua otn diepyocio
Master, £yet T dvvatodt)Ta Vo yvopilel kot dpa va opicet, To motd Ba ivor 1) emduevn

depyacio Master e Tnv omoia Ba emtkovmvet.

210V TEpHOTIoUO TG LAOTOINoMG, kabe devtepediovca depyacio Master, otéAvel 10
aVTIOTOUYO0 HVLHOL ONUOTO00G10G TEAOVG oTNV gkelvi T otiyun Pacikn depyacio
Master, 1 omoia Kot mepipével péypt OAa To. pmvopato vo Anedodv amd to vipa tg.
A@ov ohokAnpwBel avty n dwdwkaocia, elvar e Béon va apyioel T dadikacio

TEPLATICUOD TTOL AVOPEPALE GE TTponyoLuevn evotnta (BAEne 4.3.4).
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4.5.1. Avralloyn Myvoudrwv [oidariawv Master

Mo v vroot)pi&n ™G oot Asrtovpyiag TV TOALATAGV depyacidv Master,
YPEWLETAL VO VTOGTOVUE KOMOWV €mmALOV @OpTO  emKowmvidv. Tdéco ot
dtdkacio amocToANG 060 Kot 6T dtadikacio Tapaloprg dEdOUEV®VY, 0ALY Kot KOTA
T dodtKacio aviyvevong Tov GEAALATOG, Yo TNV omtoia Bo (MA|COVE GTNV ETOUEVN
evomta. Ot depyacieg Master Oa mpémel va dotnpovv v 1010 KOTAGTOCT OTIG
petafAntés Kot oto ogdopéva TG €QPOpPUOYNS Gpa va AapPdavovv Oleg T
ATOTEAEGUATO OO TOVG VTOAOYIoHOVG TV dtepyacidv Worker. 'Etol og mepintmon
mov ypewotel va avardPouv avtég pdio Master, AOy®w G@AApOTOG GtV Pocikn
depyacia Master, Ba eivar oe Béon va ovveyicovv amnd 10 cwotd onueio Vv

EKTEAEDT).

Otav o depyacio Worker 0éhel va oteidel dedopéva, emPapdveton pe emmAéov
dovAeld. Aoy oteilel mpota otn Pocikn Oepyocio Master kot AdPel kot v
emPefaionon ot Ta dedopéva eMednoay emtuydc, Bo mpénel va oTelhel Kol OTIC
vrodomeg Oepyacieg Master ta 10w dedopéva. [a T1g vdhowmeg mapdria avtd o
yperdletan va meppével onua emPePaionons, kabang onwg o dovue apyodtepa, apket
pa depyaocio vo €xel mapordPer ta dedopéva Yoo voo pumopet vo yivel emtuydc m
OTOKOTAGTOOT TOV CQAAUATOS KOl OTIG TOAAATAEG dtepyacieg Master. Ot vwOAoImeg
depyacieg Master mov Ba AdPovv ta dedouéva, Ba oteihovv évo GYETIKO pMqvopa
onpatodociog otn Pacikn depyasioo Master, Yoo va vrodeiovv ot ta mapérafay
emruydc. Ta pnvopata avtd Oa Ta TopaAdPel To VIO Server Kot Apa. 1) EKTEAECT) TNG
depyaociag Master, oe Ba emnpeactel 1 Ba eumodiotel @ v emoduevn KANom
emkowmviag mov Ba £xel n depyacio Master pe tn cvykekpiévn oepyacioc Worker,
npmTo B eAEYEEL av €youv AneBel OAo To UMVOROTO OMUOTOO0GTOG amd OAEG TIG
depyacieg Master. Av Oy, 10te Ba mepuéver péypt avtd va cvopPel. Xe avtn ™
dadKacion TNG OVOHOVIG TV eTPBERUIOOEDV TG TPONYOOUEVIC KANONG, AvVAQEPETOL
Kot 0 oaplBuog @mg ewovag. To Oodypappo pong g owdwasiog mapaiafng

dedopévev eaivetar oty Ewova 4.8.
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ft_func(rank) —

ft_recv(rank)

¥ Main Master
down

Choose
next Master|
no BackupMaster

——Tr available Y
Master return

to all Masters
NO_MASTER_AVAILABLE

Wait Master

all acks ,
) ‘To vnpa server
received .
anoBnkeveL Ta

Main or Backup

"rank"

——»{return n [« Sedopéva, os
down AJ 2) oueva,
Tepimtwon mou
"rank" P ’n
XPELACTEL val T
down

oteillelL oTOUC

Wait response FT_ACK_DOWN BackUp

> . ———=—————»return 0
from MainMaster received

Ewova 4.8: Awdypappa Porg ft_recv, pe [ToAhamiodg Master

AvtiBeta, kotd ™ 0dikacio. amosToANG dedopévav and ™ depyacio Master mpog
kémoov Worker, to mpdypoto dlopopomoovvion ®g Evav PBabuo. Asdopéva Ha
oteider povo 1 depyacio Master mpog ) depyacioc Worker, kaOdg amd T otiyun mov
dev aAAGlel n Katdotaon ToV UETAPANTOV TG dlepyaciog Katd TV OmOGTOAY|, O&V
elval amapaitnto va oteidovv OAeg ot diepyacieg Master ta idw dedopéva. Otav
mopardpetl Ta dcdopéva 1 oepyasio Worker, emPapidveton pe tov emumiéov popto, va
oteikel o Oheg Tic emumAéov depyacieg Master, €va pnvopo  onpotodociog
emPefainone mapdia ovtd. o AOyovg cuyypovicpov Aoumdv, OAeC ot emumAéov
depyacieg Master Qo mepiuévovv Gty KANGCN NG OMOGTOAN OEOUEVAOV YL TNV
emPePainon and ) depyacia Worker. Avtég pe ™ oepd Tovg, 0TS Kot 6TV KANoN
Ba mpénetl va oteidovy Tig emPefordoelg toug micw ot Pacikr| depyacio Master. Tig
omoieg kat Ba AaPet To viipa. H Pacwkn diepyacio Ba mepipével oty endpevn KAnon
™G vAomoinong péxpt va AneBovv dAeg ot emPefaimoelg @To Sldypappo. pong g

dladKaoiog amooToAng dedouévev eaivetat otnv Ewova 4.9.
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@

ft_func(rank) — ft_send(rank)

send data
to all Masters

v

Wait Main
Master Ack

Master or Worker

Master

Wait Master

Main Master down Main or Backup

Wait "rank"
Ack

"rank"

down
returnn | ¢«————» return 0

Ewéva 4.9: Adypappa Pong ft_send, pe IToAdamAovg Master

4.5.2. Moyeipion opoluctwv

Ye mponyovpeva KepdAoto, ovolvOnke o TPOTOG OVIXVELONS, AVOPOPAS KOt
YEVIKOTEPNG OVTIUETOMIONG TOV GOOALAT®OV 0omtd Tov pnyovicpd tov FTMW, dtav
avtd eppavitovior otig depyaciec Worker. Ta mpdypoto yivovtor mepiocdtepo
TOAOTAOKO OUMG, OTAV TO GPAAUN epPovioTel otn depyacio Master. e avtv v
mepimtwon Oo mpémer vo vmapEel po yevikotepn MalIKn  EMKOWVGVIKL Kot

GLYYPOVIGHOG HeTalD TV emmAéov Master kot v Worker.

Kd&Be devtepedovoa diepyacio Master, o k4B emkovovia pe pua diepyacio Worker,
otéAvel emmAéov Ko po emPefaimon ot Pacikr diepyacio Master. H televtaio Oa
eréyCel av €xel mapalafer Ohec Tic emPefordoel and TIC OELTEPEVOVOES, GTNV
emopevn ovvaptnon mov Ba avaeepbel ot ovykekpévn depyacio Worker. Xto
YPOVIKO Otdotnua, péxpt va cvpPet avtd, eivar moAd mbavo ot emPeforwoelg va
Exouvv TapaAneOel amd To VIHO server g Kot £Tol Vo U YPENCTEL Vo TEPIUEVEL
kaB6Aov. 'Etol dev giodyouv kar peydAo emmAéov @Opto, ot €mMmALOV dlepyacieg

Master. e mepintmoT EUEAVIONG COAAUATOS, TPEMEL Vo ANeBodV Kot TePALTEP®
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evépyetec. Tlapakdtw meptypd@etor T0 TPOTOKOALO OVIIUETOTIONG COOAUATOV LE
ToAaTA0VG Masters yio 014popeg TEPIMTMOOELS GOPAALATOV. To Tp®TOKOALO BETEL oL
Baocwmn mpodmodbeon. e mepintmon eu@dviong cEAANOTOS G€ KATOow JdlEpyacio
Worker, va unv gppavictel opdipa ot Poacikr] oepyacio Master, péypt v

OTOKOTAGTOOT) TOV COAALOTOC.

Avaioya pe to mowd onueio, €yel ovuPel to oceaAiua otn dlepyacio Master, Ha
axolovOnBel kol dapopetikn ddikacio. H mo amdn mepintwon, sivor o6tav to
o@dApa G dlepyacioag Master cvopuPel oe Kamolo onueio ekTéAeons KMOOWKO TNG
EQOPUOYNG Kot Oyl KOdwko g vAomoinong. Ovocilactikd Otav de Ppioketor og
SladIKaoio 0TOGTOANG 1 TOPaAaBG Kot 0eV EKKPEUEL KATOI0 VOO CTIHOTO00GT0G
and kamow GAAN depyocion Master. Xe avtiv v mepintwon, kdbe depyacio
Worker, 6o avakaAdyel t0 cdApo otV €TOUEVI] KANON NG LAOTOInoNg, Kobmg
o0TMO¢ N AAA®G Ba emkovmvovce e T oepyacio Master. Xt cvvéyeia Oa avabicet
otV enduevn dlepyacio Master ¢ dwdtagng mov dev €xel TepUATIOTEL OO KATO0
opdiua, to poro ¢ Pacikng depyaciog Master. Oheg ot emkowvovieg miéov Oa
yivovtot pe avt. Ao v GAAn, po devtepevovca depyacio Master pe T GEPA TG
Ba aviyvedoel 10 cpdipa g Pacikng depyaciag Master otnv emodpevn KANoN g
vAomoinong. EAéyyovtag 1 0éon g 0AAG Kol TNV KOTACTOON TOV TPONYOVUEVOV
and avt dlepyacidv Master otn owdtaén, Oa amopacicel av Oa eivor n enduevn
depyacio Poaocwkn depyocio Master. Xe mepimTOON OCEAALOTOC OE  KAmOlM
devtepevovsa diepyacion Master, ta mpdypoto sivor okdpo mo omid, KoODS o€
yperdleton va aAAddEel kAt ent ¢ ovoiog otnv pon g extéreonc. Otav kol av
QTAoEL M GEPA TNG TEGUEVNC dlepyaciag va avardpel podo Master, 1 enduevn ot

duataén depyosio Oa avardpel avtdv TOV poAO.

[Ma ta cedipata mov pmopel va cupfovv kotd T o1dpkeld KATOLG 0VOAOKANP®TNG
SdKaoiog emkowvoviog, 1 KOADNTEPO KATO TN OLUPKEWL EKTEAECNC KOOWKO NG
viomoinong, Oa mpénel va yOPIGOVE TEPIMTAOCELS AvAAOYO LEe TO o0 onpeio g
EMKOWVMVIOG  oviyveLONKe TO OEAAUN, YO VO TEPLYPAYOVUE TO TPOTOKOAAO
avToAlayng umvopdtov. To mo onuovtikd {tnuo mov gyeipetal e v Topovsiol
TOMOV dlepyacidyv Master otnv vAomoinomn, €ivor ott amd TN OTIYH|] TOV OAEC

EKTEAOVV TOV 1010 KMOWKa, TO caAna Bo mpénel va avapepbel 6to 1010 onueio g
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ePapproyns yw Oiec. o to AOYy®w oavtd, O6tav 10 GdApo aviyvevdel amd kdmotla
depyacia Master, Oa Eexvnoetl Ko £vog emmAEOV GLYXPOVIGUOS petalh tovg. TTo
OLYKEKPIUEVA, dgV apkel amd TN Pacikn diepyacio Master va aviyveuoel T0 GOAALL,
oAAG emopiletor Kol TNV EMTAEOV OPUOSIOTNTO VO EVIUEPMGEL Kol TS GAAES
depyacieg Master ot 1o aviyvevoe. Katd enéktaor, av o dgvutepebovcsa depyacio
Master aviyvedoel To cQAAL, B TPETEL VO OVOUEVEL KO TO HVULLOL GTLLOTOS0GT0G
mov Ba g €épbel amd  Pacikny depyacio Master. Av AdPel mpodTO TO pVLLA
onupatodociog yww 1to0 o@dipa, onuaivet ott ovte 1M Pacwkn Oepyacioa Master
OAOKANPMOGE EMTVYDG TV AVTIGTOLYN KANON Kol dpa TPEMEL va avapepBel amd exeivn
Vv KANomn g vAomoinong to cedipa. Ilopokdtem avardovior ot 600 TEPUTTAOGELS,
OOGTOANG Kot TOPaAAPNG OEOOUEVOV, TTOV UTOPEL VO ELPAVICTEL COAALN OTO UG
™G KANONG TNG GLVAPTNONG, ONANOT| KATA TV KOdKa TG VAoToinong. Ot vdAouTeg
TEPIMTOOCELS, eivor TeTpupéves kKo Exovv e€nynbel mpomyovpévee, 1 omoTeEAOVV

TPOEKTOOT TOV TAPUKATW TEPITTOCEWDV.

In Ilepintwon: H depyacsio Worker gppavifel opdipa, agod €yet Aapet ta

dedopéva Tov amd ) depyocio Master

To mpoPAnuo ce avtv Vv wepimtwon eivor Om®G avapépdnke mponyovuévag, M
ETEPOYPOVICUEVT] AVAPOPE TOV CPAALATOS GTNV EQOPLOYN amd TIC dlepyaciec Master.
Amo ™ otryun mov 1 Pacikn depyacic Master €yel oAokAnpacel v kAnon X (og
aLTAV TNV TEPINTOON €lval KANGT OTOGTOANG OEOOUEVMV) HE TN GLYKEKPUUEVT
depyacio. Worker kot otn ocvvéyxsln m televtoio Tapovcldoel o@aipa, avtd Oa
avaeepBel etepoypovicuéva otig voroimeg oepyacioc Master. T'ia ™ Pacwkn Oa
avapepBel oty KAomn ocvvaptnong g vioroinong (X + 1) oty omoia Oa yiver
emoOUEVN avagopd otn ocvykekpyévn depyacio Worker, evd yuoo Tic VITOAOTES
dlepyacieg Master otig omoiec M eopoiuévn depyoacsio Worker, dev mpdrafe va

oTEIAEL OE0OUEVA TPV EULPAVIGEL TO COAALLD, GTNV KANon X.

Mo va vrepkepactel avtd to TpoPAnua, TpocHicape Evov EMTALOV EMKOWVMOVIOKO
CLYYPOVIGUO pe pnvOpHaTe oNpatodociog g vAomoinone. Ot vrdlouteg diepyaocieg
Master, poiig avakoldyoovv to cpdipa g oepyoasiog Worker, 6 Ba 10 avapépovv

ApECMG OTO EMMEDO TNG EPAPUOYNG. Xe TPMOTO Priuo, Ba evnuep®GoLY TN PaGIKN
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depyasio pe to avtiotoryo punvopa emiPePoimong cedipatog. e devtepo Prpa, Oo
mEPUEVOLY TNV omdkplon and ™ Pacikn depyacio Master. Av 1 emiPefaiomon eivar
Oetucn (FT_ACK_OK), 10te onuaivel 0Tt 1 amoGTOAN 0E00UEVOV EYIVE EMITVYDG KOl
apo  dgv  mPEmEL  vo  ovaeEépovy  To  odApo.  Xe  avtifetn  mepimtmon
(FT_ACK DOWN), 6a avagépovv t0 o@AIAp0 oto emimedo ¢ papuoyns. Ta
Bruata aplOunuéva pe ™ ypoviky oelpd mov cvuPaivovv @aivovror otnv Ewdva

4.10.

®

Worker X

Main Master Backup Master 1 Backup Master 2

@ .0 O

® ®

ft_recv Q

Worker X

Ewova 4.10: Bipota Awdikaciog Amootodng Asdopémv, pe IloAariovg Master

2n [lepintwon: H diepyacia Worker gppavilel codipa, apov £yl oteilet ta

dedopéva Tov ot depyacio Master

Yg auTnV TV TEPINT®MON, €KTOG amd TO TPOPANUA TNG ETEPOYPOVIGUEVIG OVOPOPAS
TOV GOAALOTOG GTO EMMESO TNG EPAPUOYNG, ERPAVICETOL KOl TO TPOPANLLO TOV OTL TOL
dedopéva mov £otethe 1 depyacio Worker mov peavice to oA, Umopel va givat
dwbéoa o Kamoleg Olepyociec Master kot Oyl o€ kdmoleg dAleg. Mmopel vy
napadetypa va Eyel oteihel Ta dedopéva 6t Pactkn| depyacio Master Kot o cdApa
VO ELOAVIOTNKE KOTA TN OAPKEWD TOV KAOJIKA TNG VAOTOINoNG, 6mov Ppiokotav oe

SlodIKOG10 0TOGTOANG 0E00UEVOV OTIG LITOAOTESG dlepyacieg Master.
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Xv viomoinon &yovue eEac@aricel ot av TovAdyotov 1 Pactkn depyocio Master
&xel AaPet ta dedopéva and o depyacio Worker mov dev mpoAaPe va ta oTeidEL OTIG
vorAomeg AOY® G@dApaTOS, eivan dvvatn 1 01d0ecn Tovg Ko o6Tig voAowtes. [
avtdév tov okomd, N Pacikn depyocio Master, pe 1o mov AdPel ta dedopéva, To
amofnkevel oe o dopn. Av ot vmorouteg Oepyacieg Master, aviyvedcovv TO
o@aAua, 0 Ba To avagépovy kotevbeiay otV eQapproyn, aArd B TepEVOLY OTMG
elmope Kol TPONYOLUEVOS KOl TO OVTIOTOLYO W VUUO GOAAUATOS amd TNV POCIKN
depyacio Master. Av 1 tedevtaia &gt AdPet ta dedopéva amd 1 depyacio Worker,
TpOTA B oTEIAEL TOL OEOOUEVA KOl GTT) GUVEXELN TO UVULO GOAALATOG. AVTO £YEL O
ATOTEAEC LA, 1) OELTEPEVOVOO. dlEpYyacia Master, apod AdPel mpdta Tor dedopéval, va
OAOKANPAOGEL TNV KANON TopoAdfnc. Xtn ovvéxswr g ektéieong otav Eavd
avapepbel, ot gopoaiuévn depyasioo Worker, Ba aviyvevoet moAt to cQAApA NG
oAAG Oa pmopel va AaPel vTOYIV TNG KOL TO UNVULO GTLLOTOS0GT0G AVAPEPOEVO GTO
oparpa g oepyasiog Worker, mov éhafe and ™ Paocikr depyosio Master otnv
nponyovpevn kAnomn. Me avtiv v cuvOnkm, mAéov givar og Béon va avapépet To
oQOApo oto emimedo NG epoppoyns. A&ilet va onuewwbdel ot to dedopéva
amofnkevovtal and ™ Pacikn depyacio Master, puéypt v enduevn kAnon mwov Oa
avaeepBel oty ecpaipévn oepyacioo Worker. Avtd ovpPaiver, ywri v va
oAOKANPwOel ot M emduevn KANom, Ba Tpénel n Pacikn depyacio Master, va €xet
AMPer mpdTo OAC TOL amopoitnTo pUMVOUOTO ONUOTodociog Omd TS VROAOUTES
depyacieg Master, Tov onuoaivel ott el 0AOKANPOEL 1 TPONYOHLLEVT d1OOTKOGTN Kot
apa o Told arofnievpéva dedopéva og ypetdlovtal. Ta Prpata aplBunuéva pe

YPOVIKN GEPd Tov cvuPaivovv eaivovtor oty Ewova 4.11.

AvoluTikOTEPN TEPLYPAPN NG AcrTovpyiog Kol TV Pnudtov g vAomoinong tov
npwtokOAAOV, Yiveton oto [Mapaptnua. Exel meprypdopeton oe peyarvtepo Padboc n
CLUTEPIPOPE TOV TPMOTOKOAAOL Yl OAEG TIC OLVOTEG TEPUTTOGEIS EUPAVIONG

OQUALOTOG GE OTOLOONTOTE GNUEID TNG EKTEAECTG.
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Ewova 4.11: Biuota Awdwaociog [Haparaprg Asdopévav, pe [Todhamiodg Master
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KE®AAAIO S. ITIEIPAMATIKA AITIOTEAEXMATA

5.1 Iepdpoata OpBoTNTOG
5.2 Epappoyn Beltiotonoinong

e ouTO TO KEPAAOLO TOPOVGLALOVIE TEPAUOTIKG ATOTEAECUATO TNG EKTEAECT|G TOV
GLGTNOTOG LLOG, YPNOLOTOIDVTAG Lt EQOPUOYT aplfunTikng Pertiotonoinong. M
EQOPUOYN TOL €0KOAO UTOPel Vo Oly®PIoTEL GE UKPOTEPES KOTOVEUNUEVES KOl
aveEbpnres epyacieg mov dpoporoyovvral oTis depyacieg Worker ypnoiponoidvrog
™ pébodo Multistart. Emiong yivetow kot mepypagn TV TEPOUATOV  TOV
akoAlovOnoape yio va eréyEovpe katl vo emdeiovpe v opBdtTa TG vAoToiNnoNg,
o€ MEPUTOGES cPaApatwv. Ot gktedéoelg Tov mepapdtov Elapov ydpo ce pio
6v6TAd0 VToAOYIoTOV pe 16 kdpPovg Sun-Fire x4100 pe Gigabit Ethernet, émov ké0e
KOpPog elye dvo dimvpnvoug eneEepyactéc AMD Opteron 275 CPUs. To Aettovpykod
ovotnua o€ KaBe kopPo Ntav Linux 2.6, GCC 4.3.

5.1. Haewpapara OpBoTHTOG

Apyikd o Tpémel va avaeépovpe ott TV vhoroinon tov FTMW, v g€etdoape pe
po oelpd Tomkov e@appoymv Master-Worker, mov avantdéape yuoo va ehéyEovpe
OAeG TIC MOAVEG TEPUTTMOGELS COOAUATOV TOV UITOPOVV VO, ELPOVICTOVV, TOCO Y10,
SPOPETIKEG Olepyaciec, 0G0 Kot Yo dSpopeTKd onpeia Tov Kodka. H ektéleon pe

TO TPOYPAUATO OVTO cvumepAdpPave kot emmAéov depyacieg Master, ®ote va
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emdeiEovpe 10 TPOTOKOALO HE TO OMOI0 EMKOWVOVOVV Ol dlepyncieg Kupiwg dtav
OTNV VLAOTOINGT GULUUETEXOLV Kot Ol emmAéov depyacieg Master. Emidléyope pia
depyaocia eite frov Worker, eite frav Agvtepevovoo Master, gite akOpo kot 1
Baowrn Master koau v teppatiCope o ddeopa onuein 060 TOL KMOOKO TNG

EPAPLOYNG, OGO KOl GE GTUELN TOV KMOKO TOV {510V TOV pnyoviopov Tov FTMW.

AxolovBohV avOADTIKA KOl SY®MPICUEVO TO TEPAUATO ®G TPOG TO €100 NG
depyasiog mov emdéyape vo teppatiCovpe. Agv mapovsialovpe KTl peTpRoyLo,

aALG YIVETOL TEPIGGATEPO IO TTOLOTIKN TEPLYPOPT TOV OTOTELECUATOV.

5.1.1. Tepuatiouog Aiepyocioc Worker

Ye autd To mEphpaTo eMAEYOUE TVYoi o 1) Teplocdtepeg depyacieg Worker, Tig
omoieg kot teppatiCape. Avdroyo pe o onueio Tov KOdika mov teppatilope v ke
dlepyaocio, TEPIUEVALE KOL L0 OVTIGTOLYT GLVAPTNGT] TNG LAOTOINGCNG VO AVAPEPEL TO
OQAALO GTOV KMAKA TV dlepyactdv Master. Xnpeia mov emAiégape va teppatilovpe
Kamola amd TG depyacieg avtég, eivar mpv N depyacio oteilel amoteAéSHOTO O
depyacio Master kot mpv 1 diepyacio AdPetl anotedéopata amd ) depyacio Master

Kol o€ 0l1dpopa onueio evrog tov Kadwo tov FTMW.

2KOmOG TOV TEPALATOS OVTOV, NTOV VO OATIGTMOCOVUE TO KOTE TOGO 01 dlepyaoieg
Master, ova@épovv 10 6dAe 6to 10 onueio KMOKA, 1| KOADTEPA AVAPEPOLV TO

oQAALO 0 TNV {d10. GLVAPTNOT TG LAOTOINGNG, GTOV TPOYPULLLUATICTY.

e OAEC TIC MEPUTTAOCEIS CPUAUATOV, EITE TPOKEITOL Y10, COAALATO EVIOC TOV KOOKA
™me epappoyng s oepyaciog Worker, eite yo opdipata evidg Tov KOIKO TNG
BiBAodNkng, o1 diepyaciec Master avtamokpivoviav opdmg. Mrmopel o ypdvog otov
omoio aviyvevav Tov TEPUATIGUO TNG dlEPYAciag va SEPEPE, OAALNL TO CNUOVTIKO NTOV
OTL avEQPEPOV TO GPAAUN GTO EMIMEDO TNG €POPUOYNG omd TNV 01 cuvdptnon

BpAodNKNg (amd To 1d10 onpeio Tov KMOOKA).
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5.1.2. Tepuotiouog Baoikng Aiepyoocios Master

Me v 0w Aoywn mov teppatiCape Tic oepyaciegc Worker, oto melpapa g
Evomrog 5.1.1, emAéyovtag 61dpopa onueio Tov KOKA TG EQAPLOYNG AALL KoL TOV

Kddwa TG PpAobnkng oo FTMW, teppartiCape kot m Pacikn depyacio Master.

YKomOG TOV TEPAUOTOS, NTOV VO OOMIGTMOGOVUE T GLVOAMKY GULUTEPLPOPE TV
VIOLOOV OlEPYOSIOV OV GLUHETEXOLY. Otav 10 ceaipo cvpPaivel oty TAgvpd
¢ olepyaciag Master, Odeg o1 diepyacieg Worker, apod aviyvedcovv 10 GOAALLQ,
EMALYOVV TNV €TOUEVN AT TIC dELTEPEVOVGES dlepyacieg Master va mapel T 0€om
mc. H devtepedovoa diepyacio Master mov Ba AdPet to poro g Pacikng, eivar og
Béom va cuveyicel amd o cmoTO onpeio g ekTEAEONC, KAOADS 6e OAN TN d1dpKeELd TNG
EPAPUOYNG €KTEAOVOE TOV 1010 kMoo pe TN Poacikn kKot mopoAdppove to id1o
dedopéva amd Tic depyacieg Worker. TToAd mepiocdtepo yio t0. GOAANOATO TOV
ocuvéBavav Kotd T ObpKeED EKTEAEONC KMAKA TNG VAOTOINGNG, 1 OELTEPELOVOA.
depyacio Master avarapfavel To poro ¢ Pacikng LOAg oAokAnpwBel n cuvaptnon
™G vAomoinong oty omoia ocvvaifet 10 oedAipa. Otav m depyacia Worker,
emkovovel pe ) Pacikn depyacio Master, otéAvel emmAéov Kal TNV TANpoeopia
Tov Towd dlepyacio Master Ntav oe ekeivo 10 ypovikd onueio n Pacwkn. Etor n
EMOUEVT OO TIC OELTEPEVOVCEG dlepyacieg Master, pmopel va yvopilel av 6to onueio
¢ vAomoinong mov Ppioketaun, pmopel va AdPel to poro ¢ Pacikng depyaciog

Master, 1 6o Tpémel va mepéverl oty enOUEVT KAON TNG VAOTOINOTG.

5.1.3. Tepuatiouog Aevrepevovaog Aiepyaaios Master

Kot €00 o mepdpota £ytvay pe v idw Aoywkn énwg kot maparndve. To tpdyuata
Oumg, etvar mo omAd otV mepinmtwon Omov teppatifovpe pia dgvTEPELOVON
depyacio Master. To o@dApa, avigvevetolr oamd OAec TG Olepyociec ywpic va
yperdlovion mepattépm Oladkacies. Avtd mov aArdlel eni g ovoiag ot pon NG
exktédeong etvor ot ov depyacieg Worker, otélvouv ce e Arydtepn olepyocio

Master, dedopéva 1 UNVOLOTO GNULATOd0GT0G TG VAOTOINGNC.
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5.2. Emmiéov ®optog Extéreong

To FTMW mpoo@épet v 1010 Aettovpyikdtnta pe to tpdtumo tov MPI. Tlpocpépet
OUMG KOl EMTAEOV AEITOVPYIKOTNTES, €ite SWEAVDG, €lTe Ad0PAVAOS OO TOV
TPOYPOUUATIOTY], OOTE VO EEACPAAIGEL Ovoy] COAANAT®V Kot TNV eKTéleoT. [ va
TO TETVYEL AVTO, OVOTOPEVKTA EIGAYEL £VOL EMTAEOV POPTO EKTEAECTC GTNV EPOPLOYN.
Me 10 meipapa avtg ™¢ evotntag, Bélaue va petprioovpe to pEyeBoc awTov TOL

emmA£OV POPTOV.

Avomtoéape pio oamn epappoyn Master-Worker, 0mov 1 diepyacio Master popdlet
epyaoieg otig depyaoieg Worker ko avapével amd avtég amoteléopoto. Tnv epyacio
TNV TPOGOUOIMVOVLE LE U0 TEYVNT] KOOBLGTEPNON TOL EIGAYOLUE GTOV KOOWKO.
Avéopeidvope avtiv v TeRVNTR KaBLGTEPNOT, OVOGTIKA TO péyehog TV
gpyaciov mov Oa extelovoav ot diepyacieg Master, dCTE Vo SWOTICTOCOVUE TN

ovumeplpopd ¢ amdooong Tov FTMW yua didpopa enimeda Tapaiiniomoinong.

35
33
W MPICH2 ¢ FTMW
31
29
27
25
23
21 >
19

17
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15
30 100 1000 10000

Delay(ms)

Ewova 5.1: Zoykpion Andooong yia Atdpopa Meyébn Epyaciov
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[Mapovcidlovpe TV EKTELEST] TOV TEPAUATOS EXOVTOG 6TABEPO GVVOAIKS XPOVO TV
vroAoyopav ta 80 secs, petafdriovrog to péyebog TV epyaciav Kot Gpo Kol To
OLVOAIKO apBpd twv epyaciov. Evoeiktikd ypnowwonomoape 4 depyocicc Worker.
Ytov a&ova X ogaivetor to péyebog g kabvotépnong o ms kot 6tov dova Y o

GLVOMKOG YPOVOG EKTELECTG TNG EQOPLOYNG G seconds.

[Mapammpodpue otnv Ewdva 5.1, 611 1o MPICH epgpaviCetr puo otabepn amddoon kot
pdAioto Kovtd 6to PEATIOTO YpdVo eKTEAEOTG TNG £Qapproyns (20 devtepdrenta pe
oLVOAKO XpOVo dovAeldg 80 devtepoAiémtmv drapolpacuévo oe 4 diepyacieg Worker).
Avtifeta to FTMW vy pikpéc epyacieg tg tdéng tov 50 ms, swcdyst peydro
emmAéov @oOpto G tééNg tov 90%. Avtdg 0 EoOptog BéPata 660 peyaldvovue TO
péyebog TV EPYOSUOV KOL GPO LEUDVOVUE TO GULVOAIKO 0plfud TOVLS, HEIDVETOL
avaAOYmG. Xt0 onpeio 6mov Eyovpe epyacieg g tdéeog twv 10000ms, Tapatnpovpe

Ot epeavilel avaloywmg KaAN cvumeprpopd OTtmg kot 1o MPICH.

5.3. E@appoyn Behtiotomoinong

[Tepapatiotkape pe o epappoyn PeEATIoTONOMMONG, AMAN 0T AOYIKN KOl EDKOAN
SoTACIUN o€ KPOTEPES epyacieg TIG omoieg m depyacio Master umopel va
dpoporoynoet otig drapopeg depyacieg Worker. Tétoteg epapuoyég BertioTonoinong
ouyva xpnlovv avaykoldtnTog EKTEAEONS G HEYAAO aplOud UnNYoavnUATov AOYm NG
YPOVOPOPOG dAOKOGIOG YloL TV OVELPEST €VOG PEATIGTOV gite TOMIKOV, €ITE OAKOV

onpeiov 610 Y®PO avalnTnong.

H opywn epoappoyn pog, eivor por  amh]  péBod0g  TOMIKNG  optOuNTIKNG
BeAtiotomoinong mov Paciletal og po oeploky avalntnon evog PEATIGTOL TOTTIKOD
onueiov, pe dvvopkd petafoailopevo to Ppo kor v katevBovon avalntnong.
Evkola avty n péBodog pe v mpocsaptnon g pebodov Multistart [29], pmopet va
petatpanel o¢ £va Pabud oe péBodo oAkng Pertictonoinong. Zopewva pe ™ pEbodo
avt, N néBodog Tomikng PertioTomoinong extedeitan aveEdptnra yio kdOe Eva onpeio

oL £xel mapoyOel Tuyoio od Lo OHOIOHOPPN KATAVOUT HECH GTO YMPO avalTnomnC.
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Amotélecpo avtov elvar va mapoyBobv mOAAG Tomwkd PéATiota onueia, Oyt
amopoitnro povadikd vt etvor moAd mbavo tuyaio apykd onueion vor KatoAyouv
010 1010 TomKd PEATIoTO, Qo T omoia pmopel va emheybel 1o PEATioto. Eivan pa
péBodog mov pmopel evkoAra va mapainionomBei, mapdyel KOAL amOTEAEGUATA GTN
YEVIKN TEPIMTMOT] KOl OEV E10AYEL EMTAEOV OCNUAVTIKO KOGTOG GE GYE0N LE TO KOGTOG
extéleonc g neBodov TomiKNg PEATIOTOTOIMMONG. XTNV OVTIKELEVIKT] GLVAPTNOT TNG
EQOPUOYNG, EWCAYOUE MO HETAPANT TEXVNT] KOOLGTEPNON TOV TPOCOUELDVEL TO
péyebog tov mpoPinuatog Bedtiotonoinone. Ilepapatiomrape pe ddpopa peyEdn
KaBvoTépnong, TPOKEWEVOL Vo JSmioTewlel 1 copmeppopd Yoo SAPopES

OVTIKEUEVIKEG GUVAPTIOELG.

Xmv epoppoyn pog Aowmdv, m oepyacic Master opywcd evnuepOVeEL OAEC TIS
depyacieg Worker pe Tig amopaitnteg TopapéTpoug Tov adyopifpov. Xtn cuvéxeln
mopdyel To Tuyaio onueia ekkivnong ta omoio amd POV TOVG ATOTEAOVV Lo EpYOGia
n omoio. pmopet va dpoporoyndei oe kdmown Swbéoyun depyacia. Worker. O
alyopBpog g Tomkng Pertictomoinong ival oelprokds kot dpo amotedel amd pOVOG
ToVv po gpyocio mov Oo extedeotel amd poévo o depyacio. XN cLVEXEW TO
anoteAéopato otéAvovion micw otn depyacio Master kot dtav dgv LIAPYOLY TAEOV
GAAeg OOVAELEG (onpeia) va aroostalovy, 1 diepyacio Master otéhvel v amapaitnt
TAnpoeopia yi vo tepuaticovv ot diepyaciec Worker. O adydpiBpoc Multistart €xet
Kot éva TeEAELTOio G6TAd10, OVTO NG EMAOYNG TOV PEATIGTOL onpeiov amd OAa Ta
Bértiota tomikd mov €yovv mapoydel. To otddo avtd amotedel o ceplokn

dtadKacio Tov 0 CLUTEPIAAUPAVETOL GTO EVPOC TWV LETPNCEDV.

5.3.1. Zdyxpion ue ovouforixes viomomoeis MPI

Ye avtd 1o melpapa, 0Ehape va deiovpe OGO emMMAEOV POPTO EKTELEONC EIGAYEL TO
FTMW oc¢ oyéon pe po ooppotikny vAomoinon tov MPI 6mwg eivoar avt) tov
MPICH2, mov dgv mpoo@épel avoyn SPOAUAT®V e éva o PEAMOTIKO TPOPAN L.
Kot pe 11g 600 vAomomoelg exktedécope v 101 epappoyr], aAralovtag povo

JETOPY] TOV CLVOPTNCEWMV AVTIoTOLYA Yiot KAOE VAOTOIN o).
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v gpappoyn ypnowwonomooape 10 petafAntéc kol €l0dyope Kol po ETUTAEOV
teyvnm  Kabvotépnon o€ KABe VTOAOYIGHO TNG OVTIKEWEVIKNG GLVAPTNONG.
[Telpapatiotkape yuoo dSapopes TIEG avting TG Kabvotépnong, eEopeudvovtos e
avtdv oV TPOTO O1dpopa LeYEON mpoPAnpa, mov Kupévovtoy amd Ims péypt Ko
100ms. Extedécape v epappoyn vy didpopa mindn depyaciovov Worker. And to
mmboc twv 10 Worker kot KAT®, 0TO GUGTNUO OV EKTEAECOUE TO TEPAULOTO,
umopovcope va dacpoiicovpe 0Tt 1 Kabe o diepyacio Worker, Oa tomoBetovvtav
oe OpopeTikd KopPo. o peyadvtepo mAnBog, mepiocdtepeg amd o depyacieg
Worker, 0o tomoBetovvtav otov o képpo. Emiong ypnmoyomomcape kot
dapopeTikd TANON onueiov, Yoo kabévo amd To omoio OTMG AVAPEPOUE TOPATAVE,
exkvel Ko po dtadikacio BeAtioTonoinong mov dpoporoyeitol og kdmowo depyacio

Worker.

Yto mepapoto  ovtd, Oev  teppatiCovpe  kamown Siepyacion Worker xor e
YPNOUOTOIOVUE YEVIKOTEPO KATOW OO TIC AEITOLPYIEC OVOYNG COUALATOV TNG
viomoinong. H mapovoia emmAéov diepyasunpv Master, dgv mpocBétel onpoavtikd
emmAEOV POPTO 0TV KTELEDT], TOL B emmpéale T YeVIKOTEPN 0dO0CT Kot £TGL OEV
ocvumepnednkav ota daypaupote. Avtd covpPaivel yori 6mwg idape Kot and to
TPOTOKOAAO ETIKOWOVIOV HE TIC TOAMATALG Olepyociec Master, KG0e pa amd avtég
otéAvel o€ kbe emkovavia pe  depyacio Worker, pia emmAéov emPePainon ot
Baown Oepyoasio. H tedevtaio, Bo eréyler yu v maporofn OAwvV TV
enmPefoardocwv oy endUeV KANoN Tov Ba avagepbel 6T cuyKEKPUEYT dlepyacio
Worker. Zt0 ypovikd oSdotnua péxpt va ovuPet avtd, eivor mbavd Oheg ot

emPePardoeic va £xovv AneOel ko apa vo v oTatarcel YpOvo TEPIUEVOVTIG.

Yta owypappato s Ewdva 5.3 ko Ewova 5.4, tapabétovpe 1o amoTeAEGLOTO LE
ypovikn kaBvotépnon 100ms, emmAéov OU®MG KO L0 EVOEIKTIKT YPAPIKT TAPAGTAON
pe 64 PeATioTOMOMCELS GTNV OTOio XPNOYOTOMGOUE WKPOTEPN KaBLGTEPT O TG
164&ng tov Ims (Ewodva 5.2). Ztov d&ova X vrdpyer o aplBuog tomv oepyaciov

Worker kot 6tov d€ova Y 0 ¥pdvog eKTEAEONC GE OEVTEPOAETTA.
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6+ & MPICH2 + FTMW
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Ewova 5.2: Xpovog Extédleong yia 64 BeAtiotomomoelg (1ms)
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Number of Workers

Ewodva 5.3: Xpovog Extéleong yia 64 Bedtiotonomoeig (100ms)

[Tapamnpodpue 0TL Yo pikpotepo péyeBog cvuvoAlkng dovAiedc Ewova 5.2: Xpovog
Extéleong yia 64 Beltiotoromoelg (1ms) 1 dtapopd petad tov dVo vAomomcemv
etvar peyardtepn and 6t oty Ewdva 5.3 6mov 1 kabvotépnon avéavotav. Avtod
ovpPaivel yiati n mosdtTTo YPOHVOL LIOAOYICU®V €lvarl TOAD peyoidtepn omd v

TOCOTNTA YPOVOL TMV EMKOIVOVI®OV, 1| omoia ivor peyaivtepn yio to FTMW.
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[T ovykekppéva, yo 2 depyacieg Worker, 1 viAomoon tov FTMW napovoidlet
emmAéov emPAPLVOT GTO XPOVO EKTEAEONG TNG €PAPLOYNG NG ThENG Tov 23% Yo
pupotepeg epyocieg tov 1ms (Ewova 5.2) evo yu epyosieg tov 100ms (Ewova 5.3),
n emPapovvon etével mepinov 610 5%. [apodia avtd 660 avédvovpe Tig depyacieg
Worker mov GUUUETEYOVY GTOVG LVITOAOYIGHOVS, VT 1 EMPApVVOT, KUPIOS Yo TIG

gpyacieg Tov Ims, puKpaivel oTad1oKA.

YT EMOUEVEG YPOUPIKEG TAPOCTACEIS, OLEAVOLLE KOl TO GUVOAIKO aplBpd Tov

BeAltioTomomocewv 6to TPOPANLLOL.

= MPICH2 + FTMW

Seconds

400 - &k\

200 1 \\1

O L] 1 T L] L]

8
Number of Workers

Ewova 5.4: Xpovog Extéleong yia 256 Beltiotomomoeig (100ms)

[Mapanpodpue ota dwaypappota tov Etkévov Ewova 5.3, Ewova 5.4 ko Ewova 5.5,
0Tl ovYKptikd M viomoinon tov FTMW dev Egpévyer amd v anddoon mov
emtvyydvel to MPICH2. To FTMW, g16dyet emmAéov ypdvo oTIg avTioTo(eg KANGELS
EMKOVOVIOG OV TPocPEPel, KaBmg Omwg eimape elval OAeg €UTOOIOTIKEG, TOL
onupaivel ott aKOpa Kot 6Tav o, SIEPYAGIN TOV GLUUUETEYEL GTOVS VITOAOYIGHOVS OEAEL
va otethetl dedopéva, Ba mpémel va mepyéverl vo AaPet emPePaimon. BéPara avtdg o

emmAéov ypovoc, elvar moAD HKPOTEPOG O GYECN HE TO YPOVO TOV Ol JlEPYOCIES
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Worker ektelobv o gpyacio. Tlohd mepiocodTEpo 600 avédvovtar To ornueio
BeAtioTtomoinong, oniadn ot epyacieg mov wpémel va dpoporoyndodv, avt 1 dapopd
HETOED TWV VAOTOMGE®MY UEUDVETOL TEPIOCCOTEPO AVOAOYIKA LLE TO GLVOMKO YPOVO

EKTELEOMGC.

: *MPICHZ <+ FTMW

N
o
o
o
1

Seconds

O 1 L] | L 1

8 10
Number of Workers

Ewova 5.5: Xpovog Extéleong yia 1024 Bedtiotomomoeig (100ms)

5.3.2. Eupovion Lpaiuctwv katd v Extéleon

Me avt6 10 meipapo BElape vo peTpRoove to OGO EmMTALOV YPOVO ELGAYEL GTO
GLUVOAIKO ¥pOVO EKTEAECTG TNG EQOPUOYNG, M Enavekkivion depyaciav Worker, mov
enpaviCouv oeaipo kot teppatiCovv. Xto ovykekpuévo meipapa, emAéEaue 4
depyaciec Worker, 11 onoleg ko teppoatiCape oe ddpopo onpeion Tov KOOKO. XN
ouvéyeld a@ov 1M Odlepyacic. Master aviyveve TO CGEAAUN, ETAVEKKIVOUGE TNV

avtiotoyn depyacio Worker kot £6Tedve ToL OmopaitnTo SEGOUEVO OE QTN V.
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Kot 6g avtv v mepintoon, oty epoppoyn ypnowonomoape 10 petafintéc kot
EI0AYAUE KOl [0 EMITAEOV TEYVNTI KOOVGTEPNON GTNV AVTIKEWEVIKT] GLVAPTNGN TNG
puefooov g taéng tov Ims. Exteléocope v epapuoyn ywo Oodpopa mANROM
depyaciov Worker. Emiong kot yio dapopetikd TAndn onpeiov, yuo kabéva amd to
omoio. OTMG AVAPEPUE TOPATAVE, EKKIVEL Kl o Epyocio. Tov OpOopOAOYEiTOL O
kdamola diepyasioo Worker. tov dova X vadpyet o apOpog tov diepyasiov Worker

Kol oTov AEova Y 0 xpdvoc eKTELEONG OE OEVTEPOLETTOL.

#No Faults +4 Faults

Seconds

N
[s e

Number of Workers

Ewova 5.6: Xpovog Extédleong yia 128 Beltiotonomoeig
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#No Faults + 4 Faults

n
o =

Number of Workers

Ewova 5.7: Xpovog Extéleong yia 256 Beltiotonomoelg

And 1o dwypdppoata g Ewova 5.6 ko Ewdva 5.7, eaivetor ott 1 cuvolki
dwdkacio TG emavaeopds g meouévng dlepyociog, Oev €16AyEL CNUAVTIKA
neEPLocOTEPO YPOVO ekTéAeomG.. H dadwkacio emavagopds tng depyoasiog Worker,
mepAopPavel TO OTASIO TNG AVIXVELONG TOV CEAAUATOS OO TNV LAOTOINGT, TNG
avaQopds TOL TNV EQOPUOYN, TNG EMAVEKKIVIONG TNG Olepyociog Kot TEAOG NG
EMOVAPOPAS TNG KOTAGTAOTG T®V OOU®V d£d0UEVOV TG OTMG NTOV GTO GNUEi0 TPV

EULPAVIOTEL TO GOAALLO, CTEAVOVTAG TO ATOPAITITO OESOUEVOL.

[Mapamnpodpue 611 N emPapvvon TG EXAVEKKIVIONG TOV TEPLATICUEVOV SEPYUCLOV
Worker dev Eenepvd 1o 20%. MOvo yuo TIg TEPUTTOGES TOL £yovpe apkeTovs (32)
Workers, 6mov ot gpyacieg mov popalovtal o avtovs eivor Aydtepeg kot Gpo o
GUVOAIKOG YPOVOG TMV LVTOAOYICU®MV HKPAIVEL, KAVOVTOG TO XPOVO OTOKATAGTOONG

TOV TEPLATIOCUEVOV OLEPYOCLDV, O a1oONTO 6T GLVOMKN EKTEAEGT TNG EPOPHOYNG.

5.3.3. Extéleon ue lloAlamAods Masters kou Zpdiuozo
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¥10 ovykekpuévo melpopo, OEAape vo SOMIGTOGOVHE TOV EMTALOV YPOVO TOL
glodyovv ot devtepevovoeg depyaciec Master 6To GUVOAIKS ¥pOVO TS EQAPUOYTS,
otav eppaviCovtar cedipota otig oepyaciec Worker wor emidéyovpe va Tig
emovekkivnoovpe. H doywm etvor 0w pe to meipapo mme Evéomra 5.3.2, 6mov
tepuatiCope 4 depyacieg Worker, oe didpopa onueio Tov KOdKE TOLS. APOV TO
CQAALO OVIXVELOTOV KOL avAQEPOTAYV OTO EMIMENO TNG EPOUPUOYNG Omd OAEG TIG
depyaocieg Master, TG0 dnAadn amd 11 Pacikr|, 660 Kot amd TG OEVTEPELOVOES, OTN
ouvvéyela 1 Paocikn depyacio Master emovekkivovoe v mespuévn oepyacio Worker.
2t Swdwacio emoveKkivnong, o€ avtd TO TEIPOLN GUUUETEYOV KOL Ol EMTAEOV
depyacieg Master, OTmG KoL TN O10OTKAGTO ETAVOPOPAS TNG KATAGTOCTS TMV dOUMY

OeOUEVOV TNG TEGUEVT|G dlEPYATTNG.

v gpappoyn ypnowwonomoope 10 petafAntéc kol €l0GyopE Kol [ ETUTAEOV
TexvyNT KabBvotépnon oe Kabe avTkeeVIKT) cuvaptnomn ¢ TaENG Tov 1ms. Tpé&ape
™V €Qappoyn vy otdpopa AN oepyaciodv Worker aAAd kot yioo d10popeTiKod
apBud depyasuov Master. Eniong kot yuo dtoepopeticd mAnOn onpeiov, yuo kabéva
a0 TO OO0 OTOC AVOPEPOLE TOPATAVE®, EKKIVEL KOl Lo, EpYacio Tov dpoporoyeitan
oe kamowa oepyacio Worker. Xtov aova X vmdpyet o aplBudg tov dlepyaciov

Worker kot 6tov d&ova Y 0 ¥povog eKTEAEGNC GE OEVTEPOAETTA.

7 -
64\ = No Backup
J X + Masters 1
Masters 2
] D 4+ Masters 4
7 » Masters 8
5, .
2]
e
g
3
$ 317
2 -
14
0 1 L 1
4 8 Number of Workers 16 32

Ewova 5.8: Xpovog Extéleong yia 128 Beltiotonomoelg
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& No Backup
-+ Masters 1
Masters 2
4 Masters 4
> Masters 8

Seconds

O ] T 1
. 8 Number of Workers 16 32

Ewova 5.9: Xpovog Extéleong yia 256 Beltiotonomoelg

Yta Swypappoto aivetal ot ol emmAfov dlepyacieg Master, dev €16Gyovv peydio
emmAéov Opto omnv extédeon. Ot devtepedovoeg diepyacieg Master, éxovv v
eMIAEOV approddTTO Vo TEIAOVY UVLID oNUOTOd0G1i0G Kol ot Pacikn depyacio
Master, yio kd0e emkowvovia mov €govv pe Kamowo oepyacioo Worker. H Baocwkn
depyacio Master, Otav ypeloctel vo COVOETIKOWMOVIGEL LLE TN GUYKEKPIUEVT|
depyacio. Worker, o mpémel mpdTo va eA&yEel av Exel AdPel OAa Ta pnMvopoTo
onpoatodosiog and T devtepevovces diepyacieg Master v v v Adym diepyacio
Worker. [Tapoia avtd, 0 xpdvog ovTtOG VIEPKAADTTETAL OO TO XPOVO TOL EOJEVEL 1M
Baowmn depyacio Master evoldueca yo emkowvavio pe dAleg depyaciec Worker.
Av16 e€nyet yuati o1 devtepebovoeg diepyacieg Master, dev ennpedlovv v anddoon
™G ektéheons. O emumAéov ypOVOG eKTEAEONC, TOL PAIVETOL GTO, SLOYPALLUATO TOL
TMEPALATOG, OQEIAETOL GTO OTL Ol OELTEPEVLOVOES OlEPYOTIEC HOAIS aviyvELGOLY TO
o@aipa g depyociog Worker, dev 10 avapépovv katevbeiav, aAld Tepévouy v

avapopd Tov Kot omd ™ Pacikn depyacio Master.



93

KE®AAAIO 6. XYNOYH KAI MEAAONTIKH
EPTAXIA

6.1 Z0voyn
6.2 Mehhovtikn Epyacia

6.1. Xvvoynm

H mapovoa epyaocia, emkevipdbnke ot HEAETN TG WOIOTNTOG THG OVOYXNG COUAUATMOV
nove o epapuoyég MPIL. Ot mo dwdedopéveg ovpPatikéc vAomomoeglg tov MPI,
onwg to MPICH xot to OepnMPI, advvatovv va avietonicovv 10 {RTnUo g
eupdviong ceoipdtov pe aglomotio, Kupiowg ota CNTHOTO TG OVIYVELONG KOl TNG
avapPopds Tovg oto emimedo ¢ epapuoyns MPL "Exovv mpotabei po oepd amod
vAomowmoelg MPI pocavatodiopéveg yuo tnv entAvon tov TpoPALaTOg TG OVOXNG
ocpaApdtov, onwg to MPICH-V kot to FT-MPI, ypnowonoidvtag d1dpopeg TeXVIKEG
v va. KoAOyovv 1o kevo. Kamoteg and avtég eivan to checkpointing oe cuvdvacud
pe évav olyoplOpo emavekKiviiong kol KAmoleg QOpPES KOl UE TNV KATOYPOPY| TOV
emuovoviav. Teyvikéc OP®G mov €164YoVY ONUAVTIKO €TTALOV POPTO AmOOOONG

EKTELEONC OALA Kol YDOPOL amobnkevoNg.

Avomtoéape €va cOGTNHO LTOGTNPIENG OvVOoYNG CeaApdTov, mov Ttomobeteitan
avdpeso ot ovpPotikn vAomoinon MPI kot otv epappoyn MPI tov ypriotn. H
Bacwm kol povadikn amaitnon mov alldvel, €ival n vrooTPIEN TG £€KO0GNG TOV
nmpotvmov MPI-2 amd tnv vAomoinom, kvpimwg yio 1N Aettovpyion TS SLVOUIKNAG
dwyeiprong tov depyacidv MPL. To cvomua pog avaeépetor oe gpappoyés MPI

nov elvar aventoypéveg pe Pdorn to povtédo mpoypappaticpov Master-Worker, €va
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HOVTEAO apkeTd evéAkto. o t0 Adyo awtd, vAomomoape OAES TIG OTOPOITITES
ovvaptioelg tov MPI mov eivor avaykaieg yioo v avdmtuén €010V EQOPUOYDOV.
Oleg o1 emkowvmviec 610 CUOTNUA HOG, LAOTOOVVTOL UECH TOL OlOOTKTLAKOV
npwtokOAov TCP, pe térolov tpdémo ®ote vo pog otvel tn dvvatdtnta vo
aviyvevoovpe TOOVA GOAALOTO KOl VO TO OVOPEPOVUE GTO EMIMESO TNG EQPUPLOYNG

ToV ¥pNoTn, alomoTO.

2T1C AE1TOVPYiEg TOL TPOGPEPEL 1 VAOTOINOT|, EKTOG OO TNV AELOTLOTY AViXVELST| KO
avoPOPd TOV CPOAUATOV GTO EMIMEDO TNG EPOUPLOYNG KLl 1 SOLVOTOTNTA AVAKTNONG
™G €GQAAUEVIC OlEPYOCIOG EMAVEKKIVOVTOS TNV, 1 OLVOTOTNTO KOTAYPOUPNG TV
UNVOUATOV TOL OVIOAAAGGOVTOL HETAED TOV JEPYACIOV OAAG KOl 1 OLUVOTOTNTO
xpHoNg morlhamAdv depyacidv Master. ITo cvykekpyéva, n viomoinom odivel v
EMAOYN OTOV TPOYPOUUUOTIOT TNG EPAPUOYNS, YO TO oV Bo E€TAVEKKIVAGEL TNV
E0QOAEVT] Ko apa teppaticpévn oepyacioo MPI, 1 Ba cvveyioelr v vrorou
EKTENEOT] NG €QOPUOYNG ME AyOTEpES Olepyacieg Worker va cuUUETEXOVV GTOLG
vroAoyiopovs. H kataypoaen tov emtuy®dg ovioAlaccOUevemy unvopdtov, Bonddet
TOV TPOYPOUUOTIOTN TNG EPOPLOYNG VO KPOTAEL IOl GUVETT] KATAGTACT] GTO UNVOLLATO
oL pémeL va ovtaidayBodv petacd g olepyaciog Master Kot TG EXAVEKKIVIIUEVIG
depyaciog Worker, ®ote 1 teAevTaio Vo ETOVELDEL GE LIOL GUVETY] Y10 TI) GUVOALKT|
extéleon, Katdotaor. TELOg, pe To Yeyovog 0Tt emttpémel TNV 0pOn, Kown mopdAinin
Aertovpyio ToAhamddv depyacidv Master, poli pe ) Poacikr| diepyacio Master €xet
®¢ OTOYO TNV OVIIUETOMION TOV GOOAUATOV TOV UTOPOVV VO EUPOVICTOLV GTNV

mhevpd g depyacioc Master.

[Ipaypoatomomoope o cepd mepapdtov yuo vo eAéyoope dtdpopa {ntmuaTo Tov
a@opovV TN cLUTEPIPOPA TG vAomoinong. [lpmdta, amd ™ okomid ™ opBOTNTOC
EKTELEOTC, KLPIMG Y10 TIG TEPIMTMOELS OOV GLVVTLAPYOLY GTNV VAOTOINGT TOALATAES
dlepyacieg Master. Xe avtv TV TEPINTOON TO TPOTOKOAAO ETKOWVOVIDV
TOAVTAOKEVEL, TEPLGGOTEPO OTAV GTNV EKTEAECT] EUPOVILETOL KOl KATOO COAALA.
Yto mepdpato autd, plyvape kamoleg oepyocieg eite Worker, eite Master ko
eléyyape v opfoTNTO TOV TEMKOV amotedecudtov. [lepapatiotkope pe po
epopuoyn PeAtiotomoinong mov ypnopomolel | péBodo Multistart. Xe avtiv Vv

nepintowon ehéyEape apykd 10 OGO eMmAEOV POPTO EKTEAEONG E1GAYEL | LAOTOINGT
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pog oe oyéon pe po ocvppoatikn viomoinon MPI, ce ektéleon ywpic cedipata.
Eniong tov emmiéov @Opto mov e€cdysl M Aswtovpylo NG emavekkiviong g
nmeopévng oepyaciog Worker kaBmg kot n cuvimapén tollonlodv diepyaciov Master

OTNV EKTEAEDT.

6.2. Melhovtikn Epyacia

To FTMW mnpocavatolMleton amokAelotikd, o€ epapuoyés MPI aventuyuéveg movem
010 povtélo mpoypappaticpod Master-Worker. To povtého avto, pmopet pev e0koia
VO YEVIKEVETAL Y10 TOAAEG EQUPUOYEG, AL OV KAADTTEL OAO TO €VPOG EPOPLOYDV.
O Aertovpyieg mov mpooeépel otnv epapuoy] MPI tov mpoypappartiort, 6Oa
UTOPOVGOV VO EPAPLOGTOVV KOl GE YEVIKOTEPO HOVTEAD epapuoydv. Eva and avtd
Ba pmopovce vo etvon kot o poviého Master-Worker moAAdv emmédmv. e autd 1O
povtéAo ot apykég depyacieg Worker, €yovv pe ) ogpd toug Kot polo Master, yia
dAAeg dtepyaoies. Avtod pmopel va cuveylotel Kot yio emopeva emineda. O1 Asrtovpyieg
G VAOToiNoNG Kol ot oppoddtnTeg mov avabétel otn oepyoacioa Master,
KAnpovopovvtal kot ota veorowta emineda. O Asrtovpyiec g vAOTOiNoNG OUMG,
UTOPOLV VO EPAPUOCTOVV Kol o€ GAAa povtéda mépo omd to Master-Worker, pn

EPOPYIKAL.

‘Eva dAo {itnua mov Ba pmopovoe va eEeTaoTel elval Kot 1 S1oyEiplon TV EpyacIOV
nov &xovv avatebel oe diepyacieg mov £xovv eupovicel cEAAU Kot dgv Tporlafav va
e€ayovv N va oteilovv amotedéopato ot diepyacio Master. Znv vAomoinon pog o
xpNos Oa mpémel va dlayeplotel pntd Tov TpOTO pe Tov omoio Ba dlapopacsTovV
ot1g depyaocieg Worker ot empépovg epyacieg tov mpoPAanuatoc. [ToAd meprocdtepo
oTNV MEPINTMOT TOL KAmown dlepyacio Master, o Tpénel va EmMAVAOPOLOAOYNGEL TV
gpyacia mov ¢ gixe avabéoel. Oa pmopovoe AOmOV 11 VAOTOINGY VO TPOGPEPEL
TEPAUTEP® SVVATOTNTESG SLUYEIPIONG TOV EPYACIOV G GYEOT Ue TIG depyacieg Worker.
Muw GAAN AVom emiong, Bo MTov Kol 1 QVTOUOTY EKTEAECT] TOV EPYAUCIOV YO TIG

omoieg 0ev £xovv ANeOel amoTeEAEGLOTA, OTO TELOG TOV VTOAOYIGUMV
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Extog and 10 Bépa ™G avohokANpmING €pyaciag, otV TEPITTOON MOV EUPAVICTEL
ocQAALO GE o Olepyacion Kol O TPOYPOUUOTIOTNG EMOVUEL VO TNV EMAVEKKIVIGEL
eyeipeTon Kol To CRTNUA TG ETAVAPOPAS TG OTN KATACTOON TOL BPIoKOTAV TPV TO
oc@dipa. Kot 6g avtv mv mepintwon oty vAoroinon pog, eivar vrevfuvotnta tov
TPOYPOUUOTIOT] VO TNV EMOVOPEPEL OTNV €V AGY® KOTACTOOT HIOG Kol Om®g
avapépbnke oe TPonyovprevo kePdrato, 1 vAomoinorn dev vrootpiler checkpoints.
[Tapora avtd, 1 VAOTOINGT EKTOC OO TO VO ETOVOKKIVIIGEL TV EGPOALEV OlEpyasia
Bo umopovice Ge deVTEPO PO, AVTOUATO VO TNV EXOVAPEPEL AV O)L GTNV KOTAGTAOT)
aKpPOS TPV EPEAVIGTEL TO GOAAL, OALY OE L0 KATAGTOOT OV B0l TNG EMTPEMEL VoL
GUUUETEXEL OLOAG KO TTAAL GTOVG VITOAOYIGHOVG, YMPIG O TPOYPAUUOATIGTNG VO TPOoPel

6€ KATOL0 TEPALTEPM EVEPYELQL.
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IHAPAPTHMA

1o [Mapapnpa, Tapadétovpe oe ewdvec, To Prpato mov akoAovdel to TpwTdKOALO
OVTETOMIONG CQOAUATOV pHE TOAAATAOVG Master, yio SdQOPES TEPMTMOCELS

c@oANdTOV. [ TIG TEPIMTAOCELS TOV lval TETPUEVEG, dev TTapatiBovTon EkOVEG.
Zpdipa Aepyacioc Worker

Master: AtocstoAn Aedopévav

[lepintmon 1:

H depyacio Worker epoavilel cpdipa:

[Tpwv AaPet Ta dedopéva Katd T d1dpKeLn EKTEAEONG KOIKO EQAPLOYNG

ITpwv AaPet Ta dedopéva Katd T d1dpKela EKTEAEGN S KOIIKO TNG VAOTOINOMG

"Eyer AdPet Ta oedopéva kot dev €xet oteiletl emPePainon oto Master

Apycd 1 oepyocio Master aviyvevel To GOAALLO KOL TO AVOPEPEL.
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Worker X

Main Master Backup Master 1 Backup Master 2

ft_send(X) Q Q

ft_send(X)

data

fail

ft_recv

Worker X

Ewova I1.6.1

Otav to cedApa aviyvevtel and T1g vroOLomeg diepyacicg Master, 0ev T0 avagEpovy
Kol o€ dgvTEPO Ppa otéAvouvv to avtictoyo ofjua (FT_ACK DOWN) om Bacikn

depyacio Master.

FT_ACK_DOWN

Worker X FT_ACK_DOWN

Main Master Backup Master 1 Backup Master 2

ft_send(X) Q ft_send(X) Q O

Ewovo I1.6.2
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Otav Adfer to ovtiotoryae onpoto m deypyacio Master, otéhvel mow OTIC
devtepebovoeg dlepyacieg onuo Ot dev €yl yivel emruymdg M KAnon ft send

(FT_ACK DOWN) kot apo umopohv vo. avapEPoOvV T0 GOAALLAL.

FT_ACK_DOWN

FT_ACK_DOWN
Worker X

Main Master Backup Master 1 Backup Master 2

—Q =@ ©

Ewova I1.6.3

[Tepintmon 2:

H dwepyacio Worker eppaviler oo

Ao &gl oteilel emPePainon moparafnc povo ot depyacio Master (Ewkdveg)
A@ov éyel oteidel emPefaimon kot 6g Kdmotla and Tig dELTEPELOVGES dlEPYATIES QALY

Oy o€ Oheg

Apywkd n depyacio Master emkowvovel emtuyog pe ) depyacic Worker xon

OAOKANPAVEL ETLTVYDS TNV OTOGTOAN.
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Worker X -

Main Master Backup Master 1 Backup Master 2
ft_func(X) ft_send(X)
ft_recv
Worker X
Ewova I1.6.4

O1 devtepevovaoeg depyacieg Master, aviyvedovy 10 GOAALO OAAL SEV TO AVOPEPOLV

aKOUa. ZTEAVOLV TO aVTIGTOLY0 UNVVLO GOAALATOG 0T Pacikn depyacio Master.

FT_ACK_DOWN

FT_ACK_DOWN

Worker X

Main Master Backup Master 1 Backup Master 2

ft_func(X) Q ft_send(X) Q Q

ft_recv

Ewova I1.6.5
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H Paown Ooepyocia otéhvel micw o€ ovtég TO OYETKO ONU  emTLYiOg
(FT_ACK _OK) mov onpaivet 0Tt 11 KANom £yve EmTLYOS Kot pa Kot avTég Oa mpémet

VO TNV OAOKANPDOGOLV ETLTVYMG.

FT_ACK_OK

FT_ACK_OK

Worker X
Main Master Backup Master 1 Backup Master 2
ft_func(X)
ft_recv
Ewova I1.6.6

Master: [aporapn Asdopévav

[Tepintwon 1:
H dwepyacio Worker eppaviler oo
[Tpwv oteidet ta dedopéva KaTA TN SLUPKELN EKTELECTG KOJKO EQPUPLOYNG

[Tpwv oteidet ta dedopéva KaTA TN SLUPKELN EKTELECT|G KMOKA TNG VAOTOINONG

Apykd 1 oepyocio Master aviyvevel To GOAALLO KO TO AVOPEPEL.
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Worker X

Main Master Backup Master 1 Backup Master 2

ft_recv(X) Q ft_recv(X) Q Q

ft_send @

Worker X

Ewovo 11.6.7

Otav 10 o@dipa oviyvevtel amd T vwolowmeg Olepyociec Master, otélvovv TO

avtiotoyo onpa (FT_ACK _DOWN) ot Bacikn depyacio Master.

FT_ACK_DOWN

FT_ACK_DOWN

Worker X
Main Master Backup Master 1 Backup Master 2

ft_recv(X) Q ft_recv(X) O O

ft_send

Ewova I1.6.8
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Otav Adfer to avtiotoryae onpoto m deypyacio Master, otélvel mow® OTIC
devtepebovoeg depyacieg Master ofjua 0Tt dev €xel yivel emtuydg n kKAnon ft recv

(FT_ACK DOWN) kot apo umopohv vo. avapEPoOvV T0 GOAALLAL.

FT_ACK_DOWN

FT_ACK_DOWN

Worker X
Main Master Backup Master 1 Backup Master 2

ft_recv(X) Q ft_recv(X) Q Q

ft send

Ewova I1.6.9
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[Tepintwon 2:

H depyacio Worker epoavilel cpdipa:

Aoy €xel oteilel amotehéopota ot Pacikn depyacio Master Ko eved mepipeve
emPePainon and avtyv (Ewkdvec)

A@o¥ €xel otellel OmMOTEAECUATO KO OE KOO0 OO TIS OELTEPEVOVCES OLEPYATIES

AL OxL o€ OAES

Apywcd n depyoacio Master emkowvmvel emtuymg pe T Olepyacio Worker kot
oAOKANpOVEL TNV Toparafr). EmmAéov amobnkevet kot ta dedopéva mov EAafe amd )

depyacio Worker.

Worker X O

Main Master Backup Master 1 Backup Master 2
ﬁ:_fUﬂC(X) ft_recv(X)
FT_ACK
falil

Worker X

Ewova I1.6.10

Ot devtepevovoeg diepyacieg Master, aviyvevovy T0 GEAALN aAAE OV TO aVaPEPOLY

aKOpa. XTEAVOUV TO avTIGTOLY0 UNVULO COAALATOC 0T Pacikn diepyacio Master.
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FT_ACK_DOWN

FT_ACK_DOWN
Worker X

O

Main Master Backup Master 1 Backup Master 2

ft_recv(X) O Q

Ewova I1.6.11

H Baowkn diepyacio otéAvel Tiow o€ avTEC Pivopa pe o dedopéva mov EAafe amd
depyacio Worker kot a@ov ta AdBouv 0AOKANP®OVOLY ETITVYDS TV KANGOT.

data

data

Worker X O

Main Master Backup Master 1 Backup Master 2

Ewova I1.6.12
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Yopdipo Baowmg Aepyaciog Master

Master: AtocstoAn Aedopévav

[lepintmon 1:
H Poown oepyacio Master, sppaviler oc@dipo mpv EeKiviicel omoladmoTe

So0IKOG10 TOGTOANG OEOOUEVAV.

H dwepyacio Worker, aviyvedel 1o c@Aaipo Ommc Kot ot 0euTEPEVOVCES OlEPYNTies
Master. H depyacio Worker, emidéyel v enduevn diepyacio Master, g ddtaéng
EVO avTioToryo o1 0eVTEPEHLOVTESG dlEpyacicg Master, KOUTOVTAG TIG KATACTAGELS TV
TPONYOVUEVOV atd avTEG 0T OdTaén diepyaciwv Master, dlamoT®vovy 1 KAbe o
Eexyoprotd av gival 1 1010 n endpevn Packn depyacio Master. H extédeon Eexvaet

yvopilovtag TAéov TAAL OAEC 01 dlepyacies, mola gival 1 BE0T TOVG GTNV EKTELEDT).

[Tepintwon 2:
H Baocwkn depyacio Master, gpoaviCel cpdipo apod £xel oteilel o dedouéva Kot

evo mepipeve emPePaioon.

Apywd n oepyoacio. Worker Aapfaver to dedopéva kar apyilet 1 Sadikoacio
anootoAc emPePaidocwv. A&iler va onueidoovpe Ot pali pe TO ONUA NG
emPefainone, ewodyel Kot v TAnpopopia Y To mown MTav 1 Oepyacio Master

(avayvoplotikd) 0tov TapéAafe To dEdOUEVOL.
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Worker X
Main Master Backup Master 1 Backup Master 2
ft_send(X) ft_send(X) Q O
FT_ACK

Worker X

Ewova I1.6.13

Ot devtepevovoeg dlepyacieg Master, AapPavovv v emPefaioon kot amd Vv

EMOUEVT] KANOT| TNG LAOTOINGNG, avadapfavet pio omd ovtég 10 pOAO TG PAGIKTG.

Backup Master 1 Backup Master 2

ft_send(X)

ft_recv

Worker X

Ewova I1.6.14
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Master: [Tapoarafry Asdopévov

[lepintmon 1:
H Poaown odepyacia Master, sppavilet c@dipo mpv EEKIVAGEL OTOLONTOTE

ddkacio Tapaiafrg dedouévav.

H dwepyasio Worker, aviyvevel 1o o@dApa 0T Kol 01 OEVTEPELOVGES dlEPYACIES
Master. H diepyacio Worker, emidéyel v emduevn diepyacio Master, g dataéng
EVO avTioTOLY0 01 dEVTEPEVOVGEC dlepyacieg Master, EAEYYOVTOC TIG KOTAOTACELS TMV
TPOTYOUUEV®V omtd aVTEG 0T OdTasn dlepyacidv Master, dtamiotd®vouy 1 KAOe o
Eexoprotd av gival 1 1010 n enduevn Packn diepyacio Master. H ektédeon Eekvdet

yvopilovtag TAov Oheg ot diepyacies, mown givar 1 BEom Tovg oTNV EKTEAEDT.

[lepintmon 2:
H Baocwm depyacio Master, eppaviCer opdipa agov £xel mapardfel Ta dedopéva kot

nptv oteihel emPePaioon.

Apywkd n depyacia Worker otédvel tor 0£00UEVOL KO OVIXVEVEL TO COAAUO TNG

Baokng depyaciog Master eved mepipeve emPePaimon.

Worker X
Main Master Backup Master 1 Backup Master 2
ft_recv(X) ft_recv(X) O Q
FT_ACK

FT_ACK

ft_send

Worker X

Ewova I1.6.15
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21 ovvéyew apyiler ) O1001KAGI0 OTOGTOANG AMOTEAECUATOV Kol GTIG VITOAOITES
depyacieg Master. A&ilel vo onueidoovpe 0Tt pali pe To OmoTEAEGHLOTO, ELGAYEL KoL
mv mAnpoeopio. yio 10 Mol MTov 1M Olepyoacsio Master (avayvoplotiko) OTov

OTESTEILE T OEOOUEVOL.

Main Masi Backup Master 1 Backup Master 2

ft_recv(X)

ft_send

Worker X

Ewova I1.6.16

O1 devtepevovoeg diepyacieg Master, Aappdvovv to amoteléopato. Mo €€ avtdv
oL £YOVV aViYVEDGEL TO GPAALO 0T depyacio Master, maipvel ek vEov 10 pOLO NG
Bacwmg. Otav Aowmdv Aapetl ta amoterécpato o eAéyEet kol To mola NTav 1 PAcIKN
depyacio Master, pe v omoia Eekivnoe n oepyacic Worker v emkowvmvia. Av
dev givar 1 1010, T0TE O€ Yperdletal va Kavel Kamolo Topandve oadkosio. Ao v

emopevn KANomn apyilel ko maipvet eni g ovoiag 1o poAo g Pacikrg Master.
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Ypaipa Asvtepevovoag Atepyaciog Master

Oleg ov mepumtmoelg €00, givor tetpyéveg. Av kdmolo devutepevovsa dlepyacio
Master, gppavicer to oc@aipa, t0te 1 Pacikn depyacio Master, doe yperdletor vo
eréyyel Yo emPBePardoelc amd T ovykekpiuévn depyacia. Ot diepyacieg Worker amod
mv AN Oe ypewdletor va otédvouv emPefoaidoElg Kol OMOTEAEGUOTO OTHV

TEPUATICUEVT] OEVTEPEVOVGA dlEPYOTIaL.
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