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1) TWAUATOS QUTAG, Yia EUToEX6 oxomd. Emtpénetan 1 avatinwor, anodrixeucn xal dloavour|
Yot OXOTO U XEEOOOAOTINOG, EXTUDEUTIXAC 1) EQELVITIXAC PUONE, LUTO TNV TpolnodeoT va
OVOUPERETOL 1) TNYT) TEOEAEUCTC o VoL Blatneeitan To mopdy urvupa. Epwthuata mou agopodv
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ITepiindn

O oOyypovol unepunohoyiotée (high performance computers) eugoviovion pe Tt pop@h cu-
otddwv (clusters) pnyovnudtwy. Luvdudlouv To ETYEPOUS TESOULCES TOUS, MGTE Vo OYNUATIcouY Wio
ovtéTNTaL ALENUEVKDY BuvaToTATLY v Vo emhloel olvieta npoAfpata. H anodotixr toug yeron
otnpiletal oTNY TEOCEXTIXY) BEOUOAOYNOT TWV EQPYACLWY TTIOL UTOBdAROVTAL, (OTE Vo BlacpoloTel N
BeAtiwon tne eniboone toug, ywelc va xatovolowdoly ahoYloTa TOGE EVERYELNS.

To cbotnua Swyelplong Tépwy elvon LTEGHUVO Yol T XEOVOBPOUOAOYTON TWV EPUPUOYMY XL TNV
XUTAVOPUN TV avayxaiwy topwy ot autés. Kou ol Yo dadixasies yivovtar pe xpithipta xadoplopéva,
Tou aPopolY ToV aAYOELIUO YEOVOBROUOAOYNONG ol TNV TOALTIXY| BlaoLpaouol Topwy avTicToLyo.
Yug pépec pog, undpyet mowiia epyalelowy Sayelplone mdépwy mou pnopolv vo evowuotwilolv oe
undpyovta clusters. H emhoyy| toug elvon otny euy€pelol TV IBIOXTNTOV TWV CUGTNUATWY AUTOV.

Av xan TohOToL, oL BlayELptoTéS TOpwY elvon dloxoha tpomonoiotpot. O mopduetpol Aettoupyiog
TOUg UmopolV vo ahhdEouv wévo pe napéufBaon twv administrators tou custiuatoc. To yeyovég avtd
Buoyepalvel Toug YENOTEC TOU VENOLY VO EXTEAECOUV TIC EQUPUOYES TOUC UE TPOTO BLUPORETIXG amd
oV TPoXaYopLoUEVO.

INo tov Aoyo autod, éxel grioytel wo Python egapuoyn 1 onola extelel ypén evoc exovixod
Bayelploth mhpwv mou, pudwlopevo and to yehotn, avodéter Message Passing Interface (MPI)
gpYolEC OTA PNy OVARNTA TTOU DECUEVEL. LUYXEXPWEVA, 1) EPUQUOYT| YENOWOTOLEl Ylal 0UPE EQYACLOY,
nou amoptilovtan and epopuoyéc Nas Parallel Benchmarks (NPB).

Ytoyo¢ tng nopoloog epyosiag elvon 1) ENEXTAOT TWV SUVATOTHTWY TNE 1dN untapyoucac Python
epappoyhc, divovtde Tne meEplooOTERES EMAOYES OTNV JPOHONGYNOY EQUPUOYMY EEEWBIXEUUEVES Yia
Ty xde plo and aUTEC oTNV oupd, OTWC ENioNG XoL 1) EMEXTAOY TG CUAOYNSC xou TEOBOoAHC Twv

AMOTENEGUATWY Yiot Wit xoAUTEPN emontelal TG amddoang g xdde epopuoyng.

AgCeic KAewold

HPC, Yuotddec YTmohoyiotdyv, Auayelpiothc Iopwy, Xpovodpopohdynor, Katavoun Iopwy,
Python, MPI, NPB






OTOUS YOVELS uov






Euyoeiotieg

Oa fieha xatopyy Vo euyaplothiow tov xadnynth x. Fedpylo I'voduo yia v eniBredm
QUTAC TNG OIMAWUATIXAC EQYACIOC Xo YIoL TNV EUXALELA TTOU HOU EBWOE VoL TNV EXTOVACW CTOV
topéa Teyvoloyluc IThnpogopixrc xa Trohoyotdv (CSLAB). Enlong euyaplotd biadtepa
Tov Ap. Nudhao Toroavtapidhn xou tov AAéEn TanaBaciielou yio Ty xadodrynor Toug xou
v e€oupeTixy| cuvepyaoio mou etyope. Télog Yo Hdeha vo eUYAELOTAGK TOUC YOVELS LOU Xa
TNV Ydta gou yio TNy xadodrynon xat TNy Ny CUUTAEACTACT) TOU UOU TROGEPERAY OAI AUTA

o YEOVLOL.

Adva, Mdptiog 2023

AXéEavopos Kolptng
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Kegdhaio

Eioaywyn

1.1 Avtxeipevo tTng SITAOUATIXNAS

OL BuoxoMES TOU GUVAVTOVTAUL 0T HEAETN SlapbpwY EMOTAUOY (6Twe 1 Brotateixr xou
1 yetewporoyia), pall ue Ty exenxTnh avanTuln TG AEYLITEXTOVIXTG UTOROYIO TV
X0l TOU AOYLOULXOU, AEITOVRYNOOY WS XATUALTNG Yo TNV ovdmTuén polixd TapdAANALY GU-
CTNUETWY TOATATC enegepyaciog, TV OTolwy 1 GUVOAXY LTOAOYLOTIXT Loy Vg cuveyilel va
augaveton. Adyw Tou peyédoug Toug, aUTA T CUCTAUNTA €YOUY GNUAVTIXES OMOLTHCELS GU-
VIHENONG XIS XL ATOUTACELS XATAVIAWONG evEpYeLac. Lot autdv Tov Adyo Biveton UeydAn
TEOCOY T} GTOV TEOTO YEHONS TWY TOPKY 0G0 TO BUVITOV amoTEAEoUATIXOTERPR. O Blaryelpl-
OTEC TOPWY elvor EEEBXEVUEVES EPUOUOYES AOYLIOUIXOU TTOU YENOLUOTO0UVTAL Yiot TNV ETiBAEdN

AVTOV.

‘Evog duayeiplothc mopwv ebvar utebuvog yia TNy xatovouy) Toemy oL Tr SpotohoY o
OTIC EQUPUOYES TNE 0LEAS epyactwy. H mpdtn, 1 onola ypnowonotel uia cuyxexpiuévn uédodo,
emAéYeL TN oglpd pe Ty omola Yo diexneparwiolv ol exxpeuelc epyaoieg. To dedtepo, To omolo
Baoiletar oe war RO UTdPYOVCA TOALTLIXY), GUVETAYETOL TNV XUTAVOUT] TWV UOVKY TOPWY TOU
omouToOVTAL Yiot TaL XU AXOVTA UE TEOTIO TOU VoL AMOTEETEL TOV aAVTAYWVIoUO UeTald toug. H
oty elpton mOpwVY TEOCPEREL eTioNG Wial DIETOPT) YPOTN TOU ETUTEENEL TNV UTOPOAY] EQYCLOV
X0l TNV TopoxohoLUNnoT Teoddou. Ol TeonyOUUEVES AELTOVEYIES €)0UY AUGTNEES TEOBLAY PUPES

TOU UToEOoUY Vol OARGEOLY UOVO OO TOUS BLOYELPIGTES CUCTAUATOC.

Q¢ amotéheoya, elvon BUOXOAO Yo TOUG EPELYNTEC TIOL VENOLY VAL TIELPUUATIOTOUV UE TIC
xadoplopévee mapopétpouc. Me v avdmtuln evdc exovixol Sayelploth moépwy (virtual
resource manager), 1 epyooio Hoc otoyeler vor avTETOToEL autd To TEdBANUa. [Tpdxerto
yior €Vl TEOYEUUMN, TOU LTOBAAAETAL W EQYACIN OTO TEAYUATiXd cUOTNUA xaL OnulovpYel
EVOL CUUTAEYUOL UNYAVNUATOY To omolo xat deoucvel. [No 600 didotnua T0 GUUTAEYUR aUTO
elvon BecueLUEVo, 0 YpRotNng €xel TATEN EAEYYO Tave Tou. MeTd amd gl avaoxOTNoT Twv
Baowdv atolyeiny autod Tou epyaheiov, TEUYUATOTOUUE TELUUUTIXES OELONOYOELS YL TO

TOC0 %UAd hettoupyel ye Tic eqapuoyéc MPI.
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1.2 Aoy epyooiac

1.2 Aopn spyaciog

H epyoacia arotehelitan amo cUVOAXA ENTA EVOTNTES.

H mpotn evoTtnTa Tepléyel TNy EloaywyT| xou TNy doun tng epyaoiog.

H 8eltepn evoTn T 00y OAElTON OYETIXA UE TOUC UTEQUTOAOYLOTES ot TIC Booixég
HOPQES TV Unyovnudtwy mou toug anoptiCouv. Erniong yivetow avagopd oto chotnua
MPI.

H zpitn evétnta avarlel Tic Aettoupyieg evog Blayelenoth| nopwy, Onwe eniong xou

TIC OLdPOPEC TOMTIXES DPOUOYNONG ERYATLOV.
H tétaptn evotnta nepiéyel Ty Teplypapt| Tng NN undeyovoag egapuoyhc vJRMS.

H répntn evotrnta avollet Tic emnAéov Aettoupyiec mou €youv npociedel ot mhaiota

aUTAS TNS SImALUTIXTC epyaoiac otny eopuoyr vJRMS.

H éxtn evotnta acyoheiton oYeTind e Tor Sldpopa TELRdUoTo Tou €ytvoy Udll Pe Ta

OTOTEAEGUOTA OUTMV.

H €B8oun evotnta untdpyouv to TEAMXE oy oM 0w entiong xou movég uEAMOVTINEG

EMEXTACELS TIC EQPAUPUOYNS.
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HPC

2.1 Ewaywyn

OL “YrepumoloyloTéc” elvor UTOAOYLOTIXG GUG THUATA TOU AELOTOLOUVTAL OF ETUO TNUOVL-
XEC EQPUPUOYES OL OTOLEC UMAUTOVY TNV EXTEAECT) TOAAWDY EXATOUPLRIOV PadNUATIXGY
TEdEewv N TNV encéepyacio HEYIAOU GY*O0U BEBOPEVLY. AOYw AUTHY TV AMAUTHACEWY TETOLOU
eldoug mpofAruarta eite Vo ypetdloviay anoyopeuTnd UEYAAO YpOVOo Yia Vo 0AoxAnewUoly
oe évay anhéd unohoylo T Ypageiou elte Aoyw TEPLOPLOUEVODV OOV (Y. XEVTEXH UVAUN,
amoUNxeLTXOS YWpog) Bev Yo Htay e@uetd var tparypatonotnoly xadoéhou. Ot unepumoloyt-
0TéC EEMEPVOUV TOUC TERLOPLOUOUE AUTOUC YPNOLLOTOLWVTOS EEEWBIXEVPEVO UAXO TEAELTOLAC
Teyvoloyiag xde ypovixry GTYn, EXUETUAAEVOUEVOL TIOEAAANAGL TNV UTOAOYICTIXY oYL amd
TOMATAEG UTOAOYIG TIXES LOVADES. 'Evag umepunoAoYIoTHC OHUEp ElVol GTNY TEOYUATIXOTY-
oL €Val GUOTNUA OO EXATOVTEOES 1 Xt YIALEOES UTOAOYIOTES (O0TOUC OTOlOUC AVIPEPOUAUOTE
oLVADWS WS “%OUBOVC) TOU ETXOVWYOUY PETAE) TOUC YPNOLOTOLOVTAS €Vl TOND Yp1YOopo

dixTuo XU oL oToloL GUVERPYATXE PToEOUY Vo ETADOUY TROBAAUTO UE YEYAAN Tory T ToL. (5]

2.2 IlohvenefepyaoTiXd CUCTAHUATA

Mnyovipato ye auTéS Tig BUVATOTNTES Elvor Tal TAEOV XUTIAANAL EQYUAELX Yiar TNV ETAU-
o TEOBANUATKDY ToU amontolyY TOA) PEYEAN LTOAOYLOTIXY oY 0, AOYw TNG auENUEVNG xo-
VOTNTOC TOUG Vo EXTEAOUV Tapdhhnhn enelepyacio dedouévwv.Me tnv ndpodo twv yedvwv
XL TNV avamTudn NS TEYVOhoYIaS, TETOLL GUOTHUNTA UTOPOUV VoL SLoyweloToLY GTIC eEelC

xatnyoplec.[6]
e YUOCTAUATO XOWAS UVAUNG
® JUOTAUATO XUTAVEUNUEVNS UVIAUNG
e Yuotddec (clusters) umohoyloTdv

2.2.1 JUoCTAURATA XOWAS UVAUNG

7

Ye éva oLoTNUA LTOAOYIGTOV LPMAAC anddoang XowNC uvAung, ToAlol enelepyaoTég 1

Tupnveg potpdlovton €va eviafo, YEYSAO Umhox pvAung. Autd emTEENEL OE SLaPORETIXOVC
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eneepyYao TG Vo €Youv Tpdooot xou v yewpilovTtal Sedouéva Ywpels Vo amanTElTaL eNTY ETL-
xowvwvia 1) UeTapopd Se8oUEVLY UETOEY Toug. AUTH 1) dpyITEXTOVIXT] XOWNG UVAUNG UTopEl
VO TPOGQEQREL GNUAVTIXG TAEOVEXTAUAT AmOOOOTS Yio OpIoPEVOUS TOTOUS (PopTOU gpYaoiug
HPC nou anoutodv cuy v npdcfBact oe Yeydho cOvoha BEBOUEVKV 1 XOWOYENO TOUS TORPOUC.
2071600, 1) EMEXTACWOTNTA TOV CUCTNUATLY XOWNE UVAUNG Teplopiletan amd Toug Quoolg
TEPLOPLOUOUE TG YWENTXOTNTOSC UVAUNG %ot Tou €Vpoug {OVNG TOL CUCTAUATOS XU UTOpEL
Vo UV efvon XatdAANAO Yo epYaoleg TapdAANAGY UTOAOYIO TGV TOAD PEYSANG xhlpoxag. [
va Eemepac Tolv autol ol Tteploptopol, Tohhd cucthuata HPC yenowonoloy évav cuvbuaoud

OOYLTEXTOVIXMY XOWNG XAl XUTAVEUNUEVNS UVAUNG.

'Evoc moh) onuavTixde TapdyovTag Yo TNV anddooTr 0To CUCTAUATO AUTE VoL 0 YPOVOS
TOL omoLTE(TAN Yo TNV TEooTéAwoY UvAUNG and xdde encéepyaoth. H amndotaon tou xde
eneepyaoTh and TNV YvAUN emneedlel autdyv Tov Ypovo. Edv auth n andotoon elvan (on yio
x&le enelepyooty|, tote N apyrtextovixt] xaheitow Uniform Memory Architecture (UMA),

edv Oyt t6te €youpe Non Uniform Memory Architecture (NUMA)[1]

CPU CPU CPU
1 1 1

interconnect
(8]
I T T o
13 1 ] interconnect
(a) UMA
CPU CPU CPU
T i 1 interconnect
M M M
T I | 0
T T | interconnect
(b) NUMA

Yyua 2.1 Yvotiuata kowng uviung(1]

‘Eva obotnua apyttextovixric UMA xadiotd e0xohn Yl TOV TeoYeouUaTio T TNV ovamTudn
yiot ToV AOY0 6TL 0 Ypbvog TpooTélaong etvan (Blog i xdde CPU xou dev ypeidleton vo Angdet
uTody 1) ToTIXOTNTO TV BedoUEveY. BERota, To yYeEYOVOC 0Tl Yovo €vag enelopyaoTrc Unopel
vo egunnpetniel amo TNV uvriun, xoehoTd TNV XAMUAXOOT) TOU GUGTHUITOS TEPLOPLOUEVT.

Avtieta, éva NUMA clotnua eivor euxoAdTeEpa XAUOXWOIIO SLOTL, AOY® ETEROYPOVIOUO-
0, unooTne(lel TEPLOGATEPOUE TUPHVES TOUTOYQEOVA. LNV TEQINTMOON oUTY 1] TOTUXOTATA TWY
dedouévmv tatlel Yeydho pdho, xou ypetdleton TEOGOYN O QUTAHY YLo VoL YIVEL XOAUTEQRT) EXME-

TAAEUCT] TV UXPOTERMY YPOVWY TEOCTENAOTS %ol dpa VoL ETLTELY Vel UEYAALTERT, amdBOoT).
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2.2.2 JUOTAUATAL XATAVEUNUEVNG UVAUNG

To cuoTAUATE UTOROYIGTOY UYNAYS amdBooNS XUTAVEUNUEYNG UVAUNG EIVOL UTEPUTIOAOYL-
OTEC TTOL AMOTEAOLUVTOL a6 TOAAOUS xOUouc ) enelepyactég, 6mou xdie xouog €xel Tn dixy
TOU Uviu” %ot Aettoupyel aveZdotnto. Autd Ta CUCTARATO EYOUY OYEDLACTEL Yol VoL ETLALOUY
MEYSANG XAHOXOC ETUG TNLOVIXG O UMY OVOROYIXE. TEOBANUOTA, DIIOTIWVTAS TA OE ULXPOTERX
XOUUATIOL TOU ooy va utofindoly ot enelepyaoio Tautdypova oe ToAN0UE xouBouc.

Ye éva oo TNUA XUTAVEUNUEVNG UVAUNG, XGUE XOUB0g €YEL TN OLXY| TOU UVAIT XAl ETLXOVW-
Vel pe dAhoug xopfoug péow evog dixtiou udnine TaybTnTag Péow UnVudTey (message pass-
ing). ‘Otav éva npéBinua utoBdihetar 6To cVoTNUa, Ywelletar oE UxEOTEPA LTOTEOPAY AT
Tou pmopoLY va utofAndolv ot enegepyasio and SlapopeTinols xouBouc TouTtoyeova. Kdlde
xouPoc vnoloyilel To Bixd Tou TUHUA TOU TEOPAAUNTOS Xol GTY) GUVEYELN TO ATOTEAEOUAT
ouvdualovton Yot Vo TUEdYouy TNV TeA)| amdvtnorn. Autyh n diadxaota eival Yvwo T o¢

ToEAAANAT) eneepyaoia.

CPU CPU CPU
1 1 1 interconnect
M M M

lie}
interconnect

"
—_
—

Eyhue 2.2 Yvotrjuata kataveunuévns pviuns/1]

To CUCTAUUTA AUTH YENOHIOTOLOVVTAL EVEEWS OTNV ETLOTNUOVIXTY €pELUVA, TNV TEOBAEdN
%Lpo0, TIC TEOCOUOIWOELS XAl GAAES LTOAOYIG TS eviaTixés egapuoyéc. Ilpoopépouy udm-
AT} EMEXTACLUOTNTA X0 ATOB00T), xS UTopoLy va mpoctedoly TeplocdTepol xOufol 6To
olumAeyuo yioo var auéndel n oyic enegepyasiog Tou. Evw 1 avdntudn egapuoyoy yio ou-
O TAUATO XUTOUVEUNUEVNS UVAUNG Umopel va elvon o mepimAoxn amd 6,TL Yol GUC THUNTA XOWNS
pviung, xadde To TEdYpouUo TEETEL Vo efval eNTd oY EBLUOUEVO Yol TNV ETXOVWVIA BESO-
HEVWY UETOEY XOUBWY UECK TOU BIXTOOU, TUPUXGUTTEL To TEOBAAUATA X TIG XVUC TERTOELS
mou oyetilovton Ye TNy emxowvovia yéow Stavlou. Aoyd autic tne uPning anddoone mou

TEOGPEROUY, oUTY 1) Boun €YEL EMXTEATACEL GTOUC GUYYPOVOUS TONVETEEERYUO TES.

2.2.3 Xvuotddec YTmohoyLoToV

Mio cuctédo unohoyiotédv(cluster) etvar pior opddor BLacUVBEBEUEVKDY UTONOYITTAOY ¥ Blo-
XOULO TGV ToU cLVERYALoVTaL WS EVoL EVIO GUCTNUO VLol VO EXTEAEGOUY L0l GUYXEXPUIEVT)
epyaoia 1 epapuoyy. Ta clusters yenowonowivtar cuvAlwS Yol EQUPUOYES TOU ATOUTOUV
MEYSAEC TOCOTNTES TOPWY UTOAOYIOUOU, amoUxeuong 1) UvAUNS xo Tou BeV efvor BUVAITOS O
YERLOUOC amd Evay UOVO UTOAOYLOTH| 1] OLoxoUto Tr. Xenolonolmviog TOAOUE UTOAOYIG TES
oe éva cluster, ot ypfoTeC UTOoPOLY Vo 0&lOTOLACOUY T CUVOLACUEVT ENEEERYC TIXT LYY, TN

UV %o TNV LXavOTNTo AoV iXEUCNC YIal VoL ETLTAY UVOLY TNV EXTEAECT] TWV EPUPUOY MY TOUC.
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‘Evog tonog oupnmhéypoatoc eivon autodc twv utohoylo oy udniic anédoone (HPC), o o-
nolog €yel oyedaoTtel Yo va exTelel epyacieg EVIAOEWS UTOAOYIGHOY, OIS TROCOUOLGELS,
novtehomolnom xou avdAuct dedouévey. Toa HPC clusters arnoteholvtan cuvidng and mohho-
0¢ x6ufoug 1) SLOXOUGTES, TTOL CUVDBEOVTAL UECW EVOSC BIXTLOL LUPNATC TorUTNTOC XaL SLoryEL-
etlovtar amd éva Aetrtovpyind clotnua cuumhéyuatog. Ta cuumhéyuota autd tepthauSdvouy
eniong eZeldixeuuévo hoyiowxd, epyaheia xou BiBModrxee mou elvon BedTioTonomuéva Yo To-
edhhnhoug vrohoyiotée, 6mwe MPI (Awocivdeon petddoone unvuudtov), OpenMP (Open
Multi-Processing), CUDA (Compute Unified Device Architecture) xou BLAS (Basic Linear
Algebra Subprograms).

2.3 Xnuoacio Twv cLCTABWY UTONOYLOTWY CHUEPI XAl E-
PAPUOYES

To cuumAéyuota LTOAOYIOTOY LPNAAC amddoong €xouv YIVEL GAO Xou TO ONUOPIAY Ue Ta
YeoOVLaL Yt Btdpopoug Aoyoug. Mepixol amd Toug Adyoug Tou GUVERAAY GE aUTY| TNV CTEORT

Vé 14
elvon oL e&hc:

o Auvgnuévn TnNtnomn yia unoloyioTixy toyD: Me v avdntuln peydhwy Oe-
OOMEVWY Xl TOAOTAOXWY TEOCOUOWOEWY GE TOANOUG TOUELS, 1) avdyxrn Yo HEYAANG

xh{poxag umohoyio Ty 1oy ¥ €yel auéndel exdetind.

e Meiwpévo x6oTt0og LALXOoL: Me tnv ndpodo Tou yedvou, To *x6GTOS Tou LUAIXOD
Eyel PeELwUEl onuovTixd, xooTOVTNG To EPIXTY TN Onuiovpyid xou TN CUVTAENOT CL-

umieyudtwy HPC.

e BeAtiwpéveg teyvoloyieg dixtOoUL xau anodrxevong: O Pektidoeg oTic
Ty voloyieg dixtdou xou anmolfixeuong enETpedoy TNV ATOTEAECUATIXOTERT] ETUXOLVGWVIA

HETOED TV XOUPWY GE Vo GUUTAEYUO Xl TNV TayUTepn TedcucT ota dedoueéva.

e ITpb0B0L oTO AoYLopxd %o 6ToLg alyoprdpoug: H mpdodoc oto Aoyiouxd
X0l 0TOUG AAYOEIIUOUC XATEGTNOE BUVATH TNV TUPUAANAOTOMOT TWV UTOROYIOUWY ol
TN Slavour} Toug oe TOAAOUC XOUPBoug OE €vol GOUTAEYHA, UE OTOTEAECUN T UTEPOUG

XEOVOUS UTOAOYIGHOU.

o AwxdeoipotnTa vunneeoctwy HPC nou Bacilovtonw oe cloud-based sgop-
povég: H dudeoiuotnra vnneeoidyv HPC nou Booilovton oe cloud éyel xatootroet
EUXOAOTEQT XL TO OLXOVOULXG AMOBOTIXY Yio TOUG opYaviopolg TNy mpdofacn ot L-
TOAOYLO TIXOUC TOPoUC LUPNAAC anddoong ywelc va yeeldletal Vo SNULOUEYCOLY XaL Vo

OlTnEHoouy To Bxd Toug cluster.

Yuvohixd, n aw&avouevrn {ATNoT yiot UTOAOYLOTIXY oY), G GUVBLAOUS PE BEATIOOEC OTO
UALXO, TO hOYLoUXO xaL Tig TEYVohoyieg BixtOwong, €youv xdvel to HPC clusters pio 6ho xou

TO EAXUOTIXT| ETLAOYT YLl OPYAVIOMOUS GE €val €VPD PACUOL BLOUNY VLMY, YId TUEABELY U OF :

e Emiotnuovixy €peuvo: Ta HPC clusters ypnowonolobvton EXTEVOSC GTNY ENC TN

povxn €peuva, WLLTERA OE ToWElS OTWC 1) Puan, 1 Y Nuela, 1 Broloyia xal 1 acTpovoula.
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AuTd ot GUUTAE YUOTAL YENOHLOTIOLOUVTAL YLOL TNV TROCOUOGT) TOAUTAOXMY (QPOUVOUEVKY,
TNV AVIAUGT] UEYIAWY GUVOAWY DEBOUEVOY XL TNV EXTEAECT) GAAWY UTOAOYLOTIXWY €0~

YOOLOV.

o Mnyavixh: Egopuoyéc unyavinic dnwe oyedlaoudc pe tn Borfideta unohoyioti (CAD),
avdhuon renepacpévov ototyelwy (FEA), duvauxd peuotov (CED) xo ddiec npoco-

HOLOOELS TOU AMOUTOUY UTOAOYLOTIXT Loy ) UEYIANG XAipoxog.

o Xpnuatoolxovoulxy loviehonoinon: I'a my extéleon oOVIETWY UTONOYIOUOY
X0l TPOGOUOIWOEWY Yol OLoyElplor xtvo0OvVoU, BEATIOTOTOMOT YoETOPUAUXIOU X0t GAAES

OLXOVOUIXES EQUPUOYEC.

o ITp6BAedm xoupol: Extélecr TpocoUotdoEnmY Xt TNV avahuoT Sedouévwy and do-

ELPOEOUC XxouEOV o GAAEC TN YEC.

o E&epebvnon netpelaiov xou acplou: Ilpocopowwoel delopevy, avdiuon oeL-
OV BEBOUEVLY %o FAAEC UTOAOYIOTIXEC EpYaaleC Tou oyetilovTon pe Ty e&epelivnon

XOlL TNV TOEAY WY

o Mnyoavixyy pddnorn xot TexvnTtH vonurooOvy: Exnaldcuon yeydhov vevpw-
VXDV OXTUOY, TNV aVEAUCT) UEYAAWDY CUVOAWY OEBOUEVWV XL TNV EXTEAECT) GAAGY

EQPYUCLOV UE UTOAOYIO TIXT] EVTOOT).

2.4 MPI

To MPI (Message Passing Interface) efvon éva tumomnoinuévo xou poentd chotnua Ue-
TAB0ONS UNVUUBETWY TOU YENOHIOTOLETOL Yiot TopdAANAoue utoloyiotég. Eivon éva mpwmtdxoh-
MO ETUXOVWVIAC TIOU ETUTEETEL GE TOAOUC EMEEERPYUCTES VO AVTUAAICCOLY TANROQORIES Xal
vo oUVTOVILOUY TIC EVERYELEC TOUG XUTE TNV EXTENEDT €VOC TROYEIUUATOS OE €VOL XOTAVE-
UNUEVO UTONOYLOTIXG TEQIBAAAOY %ot Yernolonolelton GUVANWS OE EPUPUOYES UTOAOYLOTMY
uPnAAc amddoong, OTWS ETOTNUOVIXEC TPOCOUOLWOELS, apldUNTIXY avdhuon xot eneepyaoio
OEDOUEVWV.

To MPI emitpénel oe moAamhéc dlepyaoieg mou exteholvTaL G BlaPopeTnoNg XOUPBoUg
EVOC CUUTAEYHATOC VO ETUXOVWVOUY UETAEY TOUG, VO aVTOARACGOUY BEBOPEVA XaL VoL CUY-
yeoviCouv Tig dpacTnEIOTNTES Toug. Elvon éva cupéwe BLaBEdOUEVO TEOTUTIO Yol TUEAAANAO
TEOYPOUMATIONS ETELDY| efvar opnTd, cuéhixto xou enextdoilo. Ilapéyet eniong éva mhololo
GUYOAO AELTOLRYLWY ETXOWVWVIAG, cuurteptiaufavousvne tne emxovwviog Point-to-point xou
collective communication. To mpwto emTEénel oTIC Olepyasiec Vo GTEAVOUY ol Vo Ao-
Bavouy unvouata atevideiog e dheg diepyaoieg, eved to collective communication emitpénet
OE OUABES BIERYUOLOY Vo CUVERYALOVTOL Yol TNV EXTEAECT UL AELTOURYIdG UTOAOYIGUOU Y
oedopévev. To MPI unostneiler non-blocking communication, emtpénovtog oTic dladuxo-
oleg vo ouveylooLY VoL BOUAEDOLY EVE) TEPWEVOLY TNV OAOXAPWOT] TNE ETUXOLVWVIAG UE GANES
Otadixaciec.

Mo Srodixastio MPT eivon pror axohouvdia frudtewv[2] mou exteholvton and ) Bi3hiodrixm

tou MPI pe oxono v dnuoupyia xou EVEpYOTONOT TNG UETAPORAS /%ol TOV CLYYPOVIOUOD
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oedouévmv. Anoteleiton and téocepa oA ApYLXOTOiNoT, exxivnor, oAoxArpwon

xo anehevdépwon.

e H apyixonoinoy, noupadldel npog extéleon tn MoTta oploudtwy.

o H exxivnom, nopadidel Tov éheyyo 1wy buffer edopévwy, edv undpyouy, otn oyeTixy

Aetrtoupylo.

e H oloxArpwom, cmotpégel tov éheyyo twv buffer dedopévwv xou to onuoatodotel

4 7 4 4 e Z 7
ot to buffer €€660u xan To oploparta, €dv undEyoLy, €youv evnuepwiet.

e H ansievidépwon, emotpégel Tov EAeY Y0 NG UTOAOTNE AMOTAC OPIoUAT®Y
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O Sadicaciec MPI pnopolv va ywelotoly oTic €€1¢ xatnyopleg:

¢ Blocking operation I'ia éva Blocking operation, xou ta téooepo otdbia suvdudlovton

Z 4
o€ EVoL XAHOT).

. Initialization & Starting
&
@ c Completion & Freeing

YyAua 2.3: Blocking operation/2]

e Nonblocking operation I'ia éva Nonblocking operation, o otddio apyixomoinong
xa €vapng cuvdudlovton oe Uiot XANoT Btadxactog ywels amoxAeloud xat To o TddL Oho-
xhpwong o anekeviépwong ouvdbudlovtal ot pa ey welo T, eviala xhfor Sadixactiag,

1 omolo umopel elte va elvon amoxhelo T elte Oy

>

.Initialization & Starting

Active

@)=
Completion & Freeing

Yyfuo 2.4: Nonblocking operation[2]

o Persistent operation I'ta évo Persistent operation, undpyet Eeywploth dadxascio

yia xadéva and ta téooepa oot Kde ula amd autég tig dadixaocieg urnopel vo elvon

ATOXAELGTIXN 1) U1

Inactive
Starting

tizlization R e
— Active
Freeing Completion

Completed

Yyfuo 2.5: Persistent operation[2]






Kegdiaio

Resourse Manager

3.1 Ewaywyn

O Ol ELPLO TS TOPWY elvan Evar oTotyelo Aoylouixol Tou elvar LTELYUVO Yol TNV XATAVOUT
xan TN Slayelplon Twv TopwY EVOC GUGTHUATOS UTOMOYLOTH 1) EVOC BixtUou. Autol o
Topol umopel va tepthapBdvouy topouc LAoU 6twe CPU, uviun xou anod¥xeuon, xodog xau

TOEOUC AOYIoUIXO) OTWS ABELES YPHONG, AOYURLACUOUS YENOTMV Xk OLXALOUTA.

O mpwTtapydg 6ThY0C EVOC BLayElELo T TOPwY elval var Blac@aiicel 6Tl oL Slardéaiuol TopoL
XENOULOTOLOUVTOL ATOTEAEGUATIXG X0l ATOTEAEOUATIXG, EAUYLO TOTOLDVTOS TIC LY XPOVOELS Yol
HEYLO TOTOLOVTOS T1) CUVOAXT] anod0GT, TOL GUCTHUNTOC. OL BLloyELplo TEC TOPWY YENOWOTOLO-
OVt CUVAYLS OE LTOAOYIGTIXG TEPUSEANOVTA PEYAANG XA, OTWS XEVTEA OEDOUEVW®Y,

UTOOOMES UTOAOYIGTIXOU VEPOUS ol BIXTUA ETLYELONOEMY.

opadetypoata dayeiptot®y topny TeptiopuBdvouy to Resource Manager oto Microsoft
Azure, o Apache Mesos cluster Manager xou 10 oUotnua evopyfotpwonc Kubernetes|7].
AvTtol oL SLayelploTéC TOPWY ETUTEENOUY OTOUG YPNOTES VoL XATAVEUOUY ot vau dlayerptlovtan
UTOAOYLOTIX0UG TTIOPOUC UE ETEXTACWO X0l EVEMXTO TEOTO ot Vo BeATioTomol0V TN Yehom

TV TOPWV PE BAoT TIC AmUTHCELS POETOU ERYACTag.

3.2 Epyoaoleg

Ye évay SLayElplo T TopwY, Wia epyaoia avagépetal cuVATKS o wa epyacia 1) Eva cOvoho
gpYOOLOV Tou LToBdAAovToL 0To cloTNUe Yoo extéreon. Mia epyacia pnopel vo amotehe-
{ron amd pla ¥ meplocdTEPES dlepyaoieg 1) vAuaTa Tou amontody TEOGBAcT) GToUg TOPOLS TOU

ouvothpatog, onwe n CPU, n uvAun xou 1 anodfxeuon.

Ou epyaoieg unopel vo TolAAouy ¢ TEOC TNV TOAUTAOXOTNTO XAl TIC AMOUTHCEL TOUG
xou umopolv va todivoundoly oe BlapopeTols TOTOUS e BAoT To YUpaXTNEIGTIXG TOUC.
IMo topddeypa, oplopéveg epyacieg UTopel VoL €lvol UTOAOYLOTIXTG EVTUONG, TOU onuaivel OTL
omouToOV ONUAVTIXY TOCOTNTo eNedepyaoTXn oy Vog, EVK dAAeC Umopel vo elval €vtaong

uvAune 1 évtaong etoddou/eZ6dou.
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3.3 AaysipnoTtig topwy

‘Oray évag yehotng uTofdihet pla epyacia 6e Evary DL ELRLO T TOPWY, TO GUC TN EXYWEEL
TOUC AmapaiTNTOUE TOHEOUE YLol TNV EXTEAEOT TNG EPYAUCLOC XL, OTN CUVEYELX, TEOYEUUUATICEL
NV exTEAEOT] TN epyaciog ot évay 1| TeplocdTEPOLS OLorléaiuoug xououg utoloyio Ty, O
Loy elplo g Topwv Topoaxoloulel enlone TNy Tp6odo Tng epyactog xat SlacpaAilel OTL exTEE-
(o oOpPLVL PE TIC X 0pLOUEVES ATAUTACEL TOU YeNoTY, OTWS 1 Teoveoula, 1 TeoTepodTNTA

X0l M) TOLOTNTA TNE UTNpeeaiog.

Infarmation is sent
o the resource manager
umpute node 2
il Resource manager
\ : g Compute node 3
——5 TR e
_* <—{ scheduler - 5

. Job queue
' Users 0 Jr Jobs are =
submit jobs " assigned 1o
User n / E:lﬁ::jaullgh gmpg;p s Compute node n

Eyua 3.1: Avarapdotaon resource manager/3]

Ot Buaryetplotéc mopwv cUVATKC TAEEYOLUY Wal TOLUALL AELTOURYLOY BLUYEIPLONG Xl TRO-
YOEUUUATIONOU EPYACLMY, OTIKS UTOBOAY| epyact®y, Tapaxololinor epyaciog, tepdpynor Tpo-
TepaoTHTOV epyaciog, diayelplon e€dptnong amd Ty epyacior xou AoyloTixny epyacio. Autég
OL BUYVATOTNTES ETUTEENOUY GTOUC YENOTES Vo dlayelpllovial AmOTEAEGUATIXG TOUC UTOAOYIC TL-
%0UC TOUC TOPOUC Xal Vo BEATIOTOTIOLO0V TNV EXTEAECT) TV EQYUCIOV Toug. Mepég and Tic

Baowés epyaoieg mou extelel Evag SLayElRLOTAC TOPWY TEQLAAUSdvouy:

o Katavoun népwv: 'Evog dlayelplothc topnv exywpet topous, 6mwe CPU, uvhAun xou
arodrxeuon, oe dladixacieg xal epyaoie pe Bdorn Tig anouthoElC xa Tn BlordectudTnTd

TOuC.

o ITpoypappationds: Ipoypoupatiler epyoaoiec xou cpyaoieg yia extéleon o Olo-
Yéooug xOUPoug UTOAOYLETAOVY, AopfdvovTog UToYN TaEdYOVTES OTWS 1) TEOTEPAUATN T

epyaotag, n mpoveouio xou 1 SlodecudTNTA TOPWV.

o ITapaxoroVOnon: Iopaxoloudel TNy amddooT xaL TNV XATACTACT TWV UTOAOYLOTL-
OV XOUPOVY, EPYACLDOV XL EQYUCLOV Yo Vo DLUCQUAICEL OTL EXTEAOUYTOL GWOTE Xol

AMOTEAECUATIXG.

o Avayeipion epyaociov: Tlogéyel uo oelpd and Aettoupyleg Syelpiong epyaoidy,
OTWE UTOBOAY) EQYACUOY, LERAEY NOT EPYICLOY Xou dloyelplon e€dptnong and tny epyaotia,
yioe v Bondioet toug yenotes va SlayepllovTon AmOTEAECUATIXG TOUG UTOAOYIGTIXOUG

TOUC TOPOUC.
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e Beltiotonoinom népwv: Behtiotonolel tn yehomn mépwy e£l00PROTOVTS TOV PO~
10 epyaoiug PETOED TV XOUBWY UTOAOYIOTOV X0l EAXYLOTOTOWWVTAG TS CUYXEOVUCELS

TOPWV.

o Acgdheia: Movo €€oualodoTnuévol YeNOTES Xl EQUPUOYES EYOLY TEOGPACT GE UTO-

AOYIGTIXOUC TOPOUG %o OTL 1) ¥EYON) TOPWY EAEYYETAL oL ENEYYETOL.

3.4 IloAtixEg BpOopOAOYNONG ERPYACLLV

‘Eva and 1o péoa mou drayelpileton évac resource manager etvat ol eneepyaotéc Tou xdie
CUCTAUUTOS. L TA TEQLGCOTEQU GUY Y POV UMY UV UUTA, OL ETLUEPOUC TUPNVES OUAUOOTIOLOUVTAL GE
OOCXETC.

Or SLoyetlploTég TOPWY MOEEYOUV TN BUVATOTNTO ATOXAEICTIXNG 1} Ad XOWOU XAUTAVOUNS

TNELVWY OE eQapuoYEs, uéoa and Tic Toltixée compact, spare/spread xou strip[3]

I
B |8 B |B B B n “
B |8 B |B B8 5 “ “

B |8 B B B B n n
B |8 B |B B B n n
compact spread striped

Syua 3.2 Katavourj nvpnrdy o€ compact, spare/spread xai strip [3]

3.4.1 Compact

‘Evog enelepyaotric Ue N TUPHVEC XATAVEUETOL OE N epyaoieg tng (Blag eqopuoyhc. Etol

10 eVpog Lwvng e pvhiung xou 1 LLC popdlovton o n tuuota.

3.4.2 Spare/Spread

‘Evoc enelepyaothc Ue n mupfves xatavéuetar oe n/2 epyooiec tne dlog egapuoyfic. e
avtideon pe tnv compact mohitixr, oc xdde doukeld TOpa avtioTolyel dimhdolo bandwidth
xau cache space. Ye quTAV TNV TOALTIXY Ol UG0{ GUVOAIXY TURTIVES UEVOLY AVEVERYOL, EXOVTAS
¢ ATOTEAECUA TO GUCTNUA VoL YENOWOTOLETOL GTO WG TwV BUVATOTATWY Tou. Adyw TOU OTL
1 Bertiwon tne enldoone TwV TEOYEUUUATOY TIC TEQIGCOTERES Popég dev avtiotaduilel v

pelwomn auTh, 1 CUYXEXPWEVT TOATIXY BEV TEOTWUATAL.
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3.4.3 Strip

H nohtind) auty) ouvbidler to mAvien utilization tng compact mohtixrc xpotéviac Tov
UXEOTEQO aVTAYWVIOUO UETAZ) TwV gpyoaouwy tne spare. Twpa, évac enelepyaotic YE n
TP VES xoTavépeTan (oo oe epyaoies 800 eqapuoydy (n/2 tuphves n xdde pio and autéc).Me
0WoTo Tadplacuo EPUEUOYOY (T.y. wla memory intensive eqapuoyy| ue wio compute intensive
eQopuoY”) 1 ToATixr) auth epgaviler adZnomn e anddoonc. Autdc 0 TPOTOC XUTAVOURAS TV

eQappoy®v ovoudletar xou co-scheduling.



Kegdhaio

Euwcovixodg diayetpltotng ntopwy VRIMS

4.1 Ewayoyn

O eovixog Slayelplothc tépwy VRIMS[8] elvon pior eqappoy) mou avartdydnxe and tov
Alé€n HomaBaothetov ota mAaloto T SimAwuatixrc Tou epyoasiag. H eqapuoyn auth
extelel ypén evOC Blayelpto T Topwy (OTwe autde Teptypdpeton 6To xe@dloto 3.3) Ypnotpo-
ToLWVTAG Lo ovpd epyaolny NPB xou unofdhiovtag Tic epyaoiec uéow tou Torque Resource
Manager[9].

Me v exxivnor| tng, OeopeVEL VLol XATOLO YEOVIXO BLACTNUN CUYXEXQULEVOL UMY OVAATO
Tou cluster, ta onola apol deopeuToLY doukebouy avedpTnTa And Ta UTOAOLTOL.

H egapuoyy| autr etvon dtardéoiun oto mapaxdtew GitHub repository : https://github.

com/alexispapabil/thesis

4.2 YroocuvotTHpoTa

H eqoppoyr anotehelton and apxetéc yedodoug, xdie pio amd autég eivon umebduvn yio
eval OlapopeTind xopudtt e extéheons. To xupldtepo uepog Tne epopuoyc ebvar 1 xAdom
manager xoi ot uédodol mou nepiéyoviar oe authY. H xAdon manager etvon uneduvn vo xpa-
TAEL, EXTOC ATO TNV OLEA EQYACLAY, T YURUXTNELOTIXA TOU GUC TAUATOS Xal TOUG EAEUUEQPOUS
T6poLS Tou xde unyoviuoatog. Eniong duyepiletar Tov resource manager, otny nepinTwot)
uag To MPI, dlvovtoag tou evitolég ye odnyleg yior TNy oot xatavopur twv mopwy. Téhog,
p€oa oTNY XAJOT UTHEYEL XU 1) AOYIXT] YL VO UTORECEL Vo amogaviel 1) eQopuoyTr €4V L-
Tdpyouy dladéotuol TopoL Yol TNV ENOUEVY cpyaoia oTny ovpd. Méoo otny xAdor manager
uTdpyouv oL utoxhdoelg node xa socket, mou TepLEyOLY TANPOYOEIES Yol TO XdE PNy AV
X0 TOV EMEEERPYATTY| TOU.

Extéc and tny »Adon manager, 1 egoppoyn eivon uméuduvn vo mopdlel €vo xouvolpLo
opyelo oupdc edv €val Sev UTdEYEL 1OT), Vo TTRAEEL TaL ATOTEAECUATOL TNG EXTEAEGNC TUREYOVTOC
TOV GUVOMXO YpOVO exTéheong, xou Théov elvon umevdivn Yoo Ty enelepyacion AUTHOY TOV
AMOTEAEGUATLY YIOL TNV EPPAVIOY| TOUS OE YRAUPUATIL, TUREYOVTOS TOV axELf3n] YeOVo EXTEAETNC

e xdie epyaoiog.


https://github.com/alexispapabil/thesis
https://github.com/alexispapabil/thesis
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4.3 Xpnon

‘Onwe meprypdpeton xou oto documentation tng egopuoyhc, 1 owoTy Yenon e Uropet

VoL YWEIOTEL OE TEELG xoTNYOopieg

o ITow tnv extéleomn: Apyixd npénel va unofindel to npdypauuo cav bash script
OTNY XATIAANAT 0LEd. X TNV TEPITTWOTN HAS, O DLULYEIPLOTAC TOPKWY TOU CUCTHUATOC Efval
to Torque, ondte n unoBoly| yivetan ye gsub. Emnlong mpénel va €youv eheyydel xou

oaANGEeL avdhoya Tor yaml apyela mou ypnowonolobvton cav To configuration file tng

EQapUOYNS.

module lo

pythen3 mai

Yyfuo 4.1: Bash script

o Katd tnv extéreon: IHapatnpeiton 1 dnulovpyio 2 xouvolplwy Qaxéhwy, o @dxehog
pids mou €yel Ti¢ evepyEég egapuoyéc oTo cluster oe xdde oTiyur xou o pdxciog rankfiles,

omou undpyouyv ta rankfiles yio xde eqopuoyr| mou €yel extereoTel.

Enilong €youv dnulovpyniel xan ta apyelor queue xou state, oto mpdTO LTdEYEL 1) OLEA

HE TIC EQUPUOYES IOV EVOL VLol EXTEAECT] X0l OTO OEUTEQRO 1) XATACTAOT TOL cluster.

e Metd tnyv extéhreon: Awypdgeton o gdxciog pids xou dnulovpyoLvTon 2 véa apyela,
o .err xou .out. To .err nepiéyel Tuydv AN xatd tny extéheon (my LépBaot yEovixol

oplou) evdd To .out €yel To output Tne epappoYRg.

Téhoc, xdde emuépouc epapuoyr mou €tpele €xel To Oxd TNg .eIT xou .out 6mou 6To
err xotayedpovtan o bindings petagd muprvewy xoaw MPI processes xou oto .out to

ATOTEAECUATO TNG EXTEAEOTG.



Kegdhaio

Enéxtaon vRIMS

5.1 IlpocU¥xn emimAEOV ASLTOLEYLOYV

E :w TAAOLOL TNG CUYXEXPWEVNE DImMALUTIXNG epyaciog, ol Aettoupyieg NG e@apuoyic
VRIMS enextdidnxav. Autd €yel wg oxond tnv Beitinon tng anddoong Tne eQopuo-
YHS, TEOCVETOVTOS TNV ETMAOYY| YL O TOAUTAOXA TELRAUOTA TEOG EXTEAEDT) OTWS ETOMNG XKoL

Lot XOAUTERT] EMOTTEIL TWV ATOTEAECUATWY.

5.2 Teyvixeég enextdoelg

Ye autd To xe@diono Vo YIVEL ovopopd Xl OVEAUGCT] TWV YULUXTNELOTIXGY TOU €Y0UV
mpootelel xou €Y0UV Vo XAVOUY CYETIXE UE TNV EXTEAECT) TNG EQUOUOYHC XU TWV ETUTAEOV

YUEAXTNELOTIXDY TIOU TWEA LUTEQYOUV.
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5.2.1 IToAAamAd policies oe pia ovpd

YV ovpd mhéov extédc amd T HON undpyovta ototyeio (Gvopa, diepyaoies, EXTILOUEVOS
xpovoe, exclusivity), undpyouv ahhd 2 otouyela Tou meptypdpouv TV mokitixh tou Vo Teéet
xade epyaoio, ye o lo oTolyElo Vo €lvon 1) TEKOTN EMAOYT TOMTIXNG %ot TO 20 Vo €lvol 1)
ocltepn. Ta otoiyeld autd mpootidevton e Tov Blo TEOTO OTWS To UTONOITA, UECK TNG
ocuvdpTNOoNG generator, omou dlahéyel Ye tuyato TEOTo €dv Yo mpoc¥éoel 0 1) 1, ye to 1 va
elvon yioe compact xou to 0 va ebvan yia strip. H %07 undpyovca cuvdptnon generator.py mou
elvon LTEG YUV YioL TNV XATACKELT) TN OUPACS EXEL EMioNG AARAEEL Yio VO TROGUETEL To EMITAEOV
medlo.

4/4 Full
a/4 Full

4/4 Full
4/4 Full

4/4 Full
4/4 Full

4/4 Full
a/4 Full

4/4 Full
4/4 Full

4/4 Full
4/4 Full

4/4 Full
4/4 Full

4/4 Full
a/4 Full

Yyfua 5.1: Snapshot cvothuatos pe ToOAanAéS moAitikég

INo va propéoel var ylver autod, ypeetdotnxe otnv xAdor job va mpootelel €vo emmAéov
otolyelo To onolo ovoudotnxe prefpol, émou pnaivel 1 moATix Tou efvar Soouévn Yo TNV
ouyxexpiévn epyooio. o va e€aocpouiiotel 1 opd) extéleon NG EQUPUOYNE oL UE TOV
apyx6 TeOTO, 1) EQapUoYY| Yenowlonoiel Ty global doouévn mohtixn edv 1 uetaBAnTy| prefpol
elvon xevn oty ouyxexpévn epyaoio. Autod onualvel 6Tl 1 EQUPUOYY| TREYEL XOVOVIXE XAl UE
NV apyxr) VAomolnon dhha xaL €0VTag XATOLES epyacieg va €Youv xdmolo 6ixd Toug policy
xou xdmoteg dhheg Oyt. ‘Otay Aowndv 1 epopuoyn apyilet tny dadixaacto yio vo arnogaviel edv
UTIAEYEL YWPOS Yol Wid EpYATia, 1) TOALTIXY| ToU YenowoTolel efval exelvr TN oUYXEXEWEVNS
epyootag ,edv umapyel, odking tnv global toAtxr mou eyel dwdet.

Me tov (B0 tpémo dAhage xan to backfilling. T vo unogéoetr va xdver backfill oe puo
epyaola, yeewdleton vo Angiel unddn xou 1 TolTixy) xde epyaociog, yio auTéd Ypeeldleton va
yivel évag apyixdc EAEYYOC Yl TO EQV UTEPYEL YWEOS Yo strip xan ylor compact ToArTiny,

XL OTNV CUVEYELN EPYAOIEC TOU UTHPYEL YWOEOS YL TNV BIXT] TOUS TOALTIXY| VO UTOUV TPOC
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extéleoy), Ty eivon mdovd va uTdpyEL YOEOC Yio wlar compact epyaota ahhd yioe Oyt strip,
omote 1) epopuoyY) Yo amoppeller dhec Tig epyasieg ye doopévr mohtixy strip xou Yo eAévEe
QUTEG TTOL EYOLY compact.

‘Evo and ta Yeporta tou Byhixay o authyv Tnv VAOToINGT HTo OTL 1) EQAEUOYY| OTOY EAEYYE
€4V UTGEYEL YWEOS Yior Wi epyacio, EAeYyE BAOT TN CUYXEXQWEVNS TOMTIXNG EXEVNC TNG
gpyooiog TOL ATaY VoL UTEL ooy OAES OL EpYAOleg Tou TEEyouv Ndn oo clones va £youv authv
TNV TohTixy. Auté dev dnuioupyovoe Véua ue Ty oy vhomolnon Yol 6vTwe Oheg oL epya-
olec Vo yenowonoloboay pLo Lovo ToATxY, ahAd Twpa auTéd dev cuVEPBouve. o mopdderyua,
Lo TEONYOUMEYT EpYacia UE TOALTIXY) compact TEEYEL oo U AV UoTa Xou ToL €YElL OECUEVOEL
oha. H emduevn epyaocio mou €pyeton amd Tty oupd eivon mohltxr strip xan Y€AeL xdmotoug
mopouc. Me tnv apy| vhomoinom autd dev Vo yvoTay,vor Umel Lo strip xon yioe compact
gpyaoio TAUTOY POV, OANS TWEA 1) EPAUPUOYY) XOAEITOL VO TO XAVEL AUTO, OTLOTE XOlTaYE OTL EYEL
vo Bael po strip epyaota, xon oe Oha To clones umdpyel povo wa epyaoio. Trovétovtog Ot
xa 1) GOUAEL TTOL 10T TEEYEL elvan (Blaig ToAlTIXNG, ONAad strip, xa eneldy| oe xdde pnydvnua
TEEYEL Ui WOVo epyaoio, Aoy strip moltixrg Yo yodpoye o o devteen. Autd dnulovpyo-
Voe mEOPAnua oty egapuoyy) yiotl {Ataye mogoug ol omolol elyav 1on Seopeutel. To Véua
QUTO AVTIETWTIOTNXE XoITwVTAS, XdUe @opd mou elvan var unel wa strip mohitixn, oe xde

enelepyao T TOoOL TUprveg Tou elvon ekeliepot.

5.2.2 3uvdpinor emAoYng

[T\éov, ye ta moAhamhd policies oe pla oupd xou To YeYOovog 6Tt xdde epyaoio umopel vo
EYEL DLAPORETIXT TOATIXY A6 [iot GAAT), QTISYTNXE ULl CUVEETNOY EMAOY TS TOMTIXAS.

Auth n ouvdptnon eivan wa lambda function 1 onola €yel we oplopata Tor yapoxTNEIGTIXG
TNC CUYXEXPWEVNG ERYOCLUC %Ol TOL YOQUXTNELOTIXG TOU cucTidatoc. Me autdv Tov TpéTo
umopel vou Slahé€et edv 1) epyacio Yo yeNnOWWOTOoEL TNV TOATIXTH Tou €yel ooy 11 emAoy 1
Yo yenoylonotioeL TNy ToATIXY| Tou elvor cav Be0TERT ETAOYY.

Ou cuvopthoelg autég LTdEyouY oe €va xouvolplo apyeio pe dvoua SelectionFunc.py xou
exel umopel Vo UTAPYOLY TEPLOCOTEPES Omd Lol cLVAETHoELC emhoyhc. Lo mopdderypa, ol
CUVUPTNACELC Ol OTOLEC PTIAYTNXAY oL YENOWoTo|Inxoy Xatd x6pov oTny avamTudn auTiC

e epyaoiog frav Teels.

Job[4] if Vars[e rs[1]*len{Vars[2])/2 >= int(Job[1]) e
AllComp = 3 il
Allstrip =

Yyfua 5.2: Ywvaptioas Emidoyng

H mpdtn eAéyyel €dv pio epyooia €yel unet Ue ToArTixy strip xou 9éhel var decuetioet nopa-
Tve TOEOUE amd auToLE Tou €yel dladéaluo To cLoTnua. Ex mapadpouric utdpeyel miovotnTa
vau €youv deoueuTel 8 unyaviuato ue 64 TUEHVEC CUVORLXA, AAAS Lol EpYUGTA VO EYEL TONTIXT
strip xon va 9éher 64 mupriveg. Xe authv TNV TeplnTwon, Aoyw Tng moArtixng, Yo yeetalovTou-
cav 16 unyoviuota odnyovioag Ty extéleon oe Addoc. H cuyxéxpévn cuvdptnon emhoyic

TO AMOTEETEL AUTO.
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Or endpevee 800, elvar cuvapTioeic Tou aAkdlouy TNV Tohtxr xdie epyaoioc oe compact
7 strip avtiotoyo. Adto €yel wg oxond va unopéoel va Teédel €va ouyxexpiévo data set
gpyaoiowy ue évav aAlo TedTo, Yweic vo meénel va oAAdEeL xodtdhou. Edv dev umrpyov Vo
€npene VoL aAAGEOUY Tol emTAEOV TiEdiol Oy eTIXd P TNV ToATx| xdde epyooiag oTto apyeio tng

0VpEAC.

5.2.3 Export module

‘Onwe meplypdptnne oto xepdhoto 4.3, xde epyacia 1 onola €tpeée oto cluster éyel To
016 TN apyelo €€6Bou oy Exel BAPOPES TANEOYPORIEC GYETXE UE TNV EXTENETT TNG.

"Evo xouvoipto apyelo dnuovpyhinxe pe 6voyo NPB _module.py nou Swofdlel xdie tétolo
apyeio v xdle epyacio mou €tpede xou MAlPVEL TOUC YPOVOUC EXTENEONG.  LUYXEXQUUEVA
nadpvel Toug totcomp xou totcomm ypdvoug mou elvan o ypdvol enelepyaciag (computation)
xou emxovmvioc(communication). To ddpoloud Toug eivar 0 cuvolxde ypdvoc Tov €xave 1
gpyooio amd TNy oy Y| u€yel To TEPUC TNG.

To Export module autéd €yel griaytel yioo voo doukelel ye To nas parallel benchmarks,
BéBana Exer Anpdel umodn n uelhovTixy yeron xou ey benchmarks, mpdyuo mou Yo avahudet

OE ETOUEVO XEPIAALO.

5.2.4 CoScheduling

‘Eva and tor Yépota mou duoxdieuay tny Adn opddv anoteheoudtony omd TNy EQUEUOYN
Aoy n aduvapio va oplotoly Ceuydpla epyaciwy mou Yo étpeyav woll, yla vo UTopécel o
XPNoTNG Vo €xEL amoTENEOUATA VLol TNV CUUTERLPORE xdde epyaoiag 6Tay €TpEYE UE XATOLdL
GAAT.

Anuoveyridnxe Aowdy pia emmiéov Aettoupylor 6o apyelo oupdc, Tou €dv e Ui YUY
umdeyouy dVo epyasieg, autég eivan olyoupo dTL Vo Tpé€ouv pall. A&ilel va onueiwdel 6T edy
oL epyaoieg Bev elvon o ToMTIXN strip 7 oL Tupriveg Tou Beopeouy dev elvar (Blol oe apLiuo,
T6TE Ol epyaoieg Yo TEECOLY YWEIC XdToL aAAYY|, cay VoL fTary 1) Wiot %8Tw omd TNV GART).

Ioe var yiver autéd xou var eyyundel 1 egapuoyy) 6tL dVo cpyoaoieg Yo tpé€ouv uall, otdy
XaAElToL VoL BREL YWpeo Yol TNV TemTn, TOTE (Ydyvel dladéouo ywpeo cov exelvn va Nty ot
moltixn spare(Snh. vor TpEYEL UE ToL YOEaXTNELOTIXG TNS Strip ahhd oL UTOAOLTTOL TUPHVES TV
CLYXEXPUEVLY Uy ovipdtwy vo etvon elelepot). Aol Bpet twv ¥wpo, deouelel Toug eols
TOEOUE GTNV TEWTN EQYACIN X0 TOUG UTOAOLTOUE WoOUS GTNV OEUTERT).

H ewxodva 5.1 €yel yio mopdderypa Tic epyaoieg ep xou cg va teéyouy ye CoScheduling.
668 11

98 @ 1 @
28888 cg.B.x 16 158 & 8 8

1
1

on ooh o

=

Yyfua 5.3: Iapdoerypa ovpds e CoScheduling
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5.2.5 H dopr JobStats

O emimhéov TANpoopiec TOL XEATAEL 1) EQPUPUOYT) OONYNOUV GTNV oVEYXT) Vo Ontovey nuel

Lor axopar Sopuy| Yot TNV anoViKEUCT] TV DEDOUEVLY.

.id = id

.name = name

.Class = name[3]
.procs= procs
.ConfPolicy = confpol

.ActualPolicy = actualpol
-RunOn = °°

-RunWith =

.time =

Yyhua 5.4: H doun JobStats

H Bopry JobStats extéc and ta Baoixd yapoxtneiotind plac epyoaoiog(bvopa, id, xAdon,

TUPNVES) TEplEyEL Xou TIC ETUTAEOV TANEOYORIES amd Tic Aettoupyieg o €youv npootelel.

e Configured policy: Auty ebvar 1 moAitiny) mou €yel ypaptel 0TV ovEd yia Vo TEECEL

1 gpyooto.

e Actual policy: H ntohtx nou dvtwe €tpele 1 epyaoio. Auth unopel va elvon dlapo-
PETIXN amd TNV TEWTN €4V 1 CLVAETNOY ETMAOY T €XEL SLAEEEL GAAT TOMTIXY) ATt QUTHY

mou ftav configured vo tpégetl.

o MryavAuata mtouv yenoiwronoinoes: Anodnxedovial To UnyovAUoTo TOLU SECUE-

OTNXAY Yo TV EpyactiaL.

e Epyaocio/Epyacieg nou étpefav pwali: Atoldnxedovia ot epyaoiec nou étpeiay
poll ye tnv dedopévn epyaocia. Ye pla compact 7 spare ToAitixy) autéd To edio Vo Eyet
v i 'Run Alone’ évew oe pio strip mohuxy) Yo €yel tic epyooiec ( dvoya, xhdon,
ID) mou étpeay pali.

4 7 7 4 7 7
e Xpovog: Autdg ebvar o ypovoc mou yivetaw export and to Export module tou u-
7 7 7 7 7 7. 4 7.
noxegootou 5.2.3. e autd 1o onuelo, o ypdvog awtde ebvar to ddpoloua twv 800
Yeovwv(enelepyaoiog xou emxovwviog) yior vo uropel var pavel xahlTeEpa 0 YpPGVOS TOU

1) CUYXEXPUIEVT] EpYacio OEoUEUTE TOPOUC.

5.2.6 AMN\ayég oe apyceia elc660L xou €€660UL

Yt apyeta elo6dov, 1 ovpd, To script xou to yaml configuration opycio €youv arhdZel.
H oupd €yel 800 emnAéov medio oe xdde cpyoasia yioo TNV TOMTIXA TNG XL UTEQYEL XOoL 1)
duYVATOTNTA VoL UTdPYoLY BVO0 epyaoiec oTtny Bla oelpd yio TNy nepintwon tou CoScheduling.

¥to yaml configuration apyeio undpyouv véa medio oyeTXd UE TNV CLVAETNOT ETAOYNC,
to Export module xou to SpeedUp twv gpyacinyv. Xto npoto diveton to apyeio, o dvoua
NG CLVEETNONG ETAOYHAC XU TAL YOEUXTNELOTIXE TOU cUCTHUNTOS Tou Yo AdPel unddm. Xto
0elTEPO YpEWdleTon UOVO TO OVOUO TOU QaxENOL ot To Gvoua Tou module. Edv n egopuo-

Y1 €yer teé€et, xou T rankfiles xou 1 oupd Sev €youv melpoytel, ahhdloviag TNV PETOPBANTY
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AlreadyRun oe True, 1 eqopuoyt| Te€yet ywelc vo exteréoel xoplo epyacio, mapdyovtag To
epyeta €€60ou and To On undpyovta rankfiles. Télog, to xawvolplo medio oyetind pe TO
SpeedUp mepiéyel tnv tomodecio xan o apyelo Ue Toug YEOVOUS TWV BLEPYUCLOY TOU XATA-
YEAPTNUAY OTO GUYXEXEWEVO cUo TN Tou €ytvay Ta tewpduota. To SpeedUp Yo avohudet

7 e 7 4
o€ TMEPLOGOTERO A0 GE EMOUEVO AEPHANO.

Yyhua 5.5: Kawovpio apyeio yaml
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Téhog, oto bash script opycio tne ewdvag 4.1 €yel uner pio emmAéov ypouurn yio vo
unopel To NPB va tundyver Toug ypdvoug, dmwg eniong n apyxonoinon tou conda mepBdhho-
vtoc(5.2.7).

fakourti
t NPE_TIMER_FLA
fhome/users/akourtis/miniconda3

source
/home/users/akourtis/miniconda3
python2 main.py -c N

Eyfua 5.6: Kawvolpio apyeio bash script

5.2.7 Tevixéc aAAaYES

Yne yevég alhdyeg umdpyouv ddpopa Quality of life omwe yio mapdderyua vor umopel
1) EQUPUOYT) VoL TEEYEL PE EVal YO UTGEY OV Xal OPLOUEVO apYElD OLEAS, Vo BloryEdpel TUALOUS
poxéAoug xon opyeld amd TUAMOTEPEC EXTEAECELS TOU TEQUATIOTNXAV TEOWEA OTWS ot [io
peYahUTEEY avoy Y| o€ Adin Tou ahhindg Yo tepudtilay TNy egapuoyy. Enlong n mpooirixn tng
petoBAntic AlreadyRun tou mponyoluevou xegahaiou eivon pior xalr) Aoor egoixovounong
XPOVOU Yol THY xataoxeln ex VEOL Twv apyelwy e£6dou(my Fpopruata 5.3) yoelc v ypelaoTel
vo TeE€ouy Eavd oL epyaoleg.

Ynuavtuer tpocdxn téhog eivan exeivn tou conda mepBdihovtog, divovtog plo xaALTERT
Aoom oty avdmtudn TG EQopuoYnc Yl TV Teoc¥rixn xawvoupldy BIBALOTUNXGOY yoheg v

uTdpyeL PoBog vo yohdoel x4t dAAo 6To GOOTNUAL.
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5.3 TI'papruata

‘Evo Eexwptotod (@IAoto Twv aAAay®y anoTeAel EXEVO TOV YRAPNUATWY. XXOTOC AUTMY
elvon var TopEyouy GTOV YEHOTN Ui XUAUTERT) ETOTTE(N TWV ATOTEAECUATLY YL VO UTOREGEL
vou yiver xolOtepn 1 alohdynon Tou xdle TERAUATOS.

Y1y cuvéyelo YiveTan avopopd oTol BLAPORETING. YRUPHUNTA TIOL €Y0UY TEOGTEVEL YLl TNV

XAAVTERT XATAVOT|OT) TOUG.

5.3.1 Job Plot

Autd 1o yedgnua mapdyeton Yl xdde cpyaoio mou €tpee 0TO TEOYEOUUS PG, XE aUTO
epgavileton xdie dlopopeTiny extéleon Tng epyacioc oTo Telpoya, Yo TaEddELYU EGV 1) Ep-
yoota Bt €tpele tpeic popéc oto cuyxexpévo Data set, oo Sudypapuo tne Bt Yo undpyouv
Tplo onpeta, €va yio xdde éva and autd. Edv wa epyaocta €yetl tpééel oe moAamhéc xhdoELS,

Yo priarytel Evar Otdrypopua yioe xdie plor and auTég.

bt.B.x
350 A
v
300 ~
250
Q
E
=
]
200
® e
v
150 4 v
T T T T T T
10 20 30 40 50 60
Procs

Yyua 5.7: Hapdoeryua Job Plot tng epyaciag Bt

To Sudypapuo €YEL T Processes CLVAPTACEL TOU YPOVOU, xat xdde oNuddL 6To SLdypauo

OlveEL BLapOPETIXY TANEOYORLAL VLol TNV CUYXEXPUWEVT EXTEAEDT] (OC €ENG:
o KUxAog: Autd onuaivel 1L 1 extéleon exelvo tng epyaoiag HToy Ue ToATixy) compact

o Tetpdywvo:Autéd onuaivel 6TL 1 exTéAeoT) exElvo TNE EpYaoiag TAV UE TOALTIXY Spare,

onAadn ette elye job exclusive eite Aoy oe mohitiny| strip xou dev €tpe€e pe xoplar GAAN.

o Avddeito: To avdderta delyvel ot pio epyacioc oTo cuyxexplévo instance €tpele
pe moltixyy strip. A&ilel va onuewwdel ott To ypodua Tou avddeATa divel TANpopopia
oxeTxd Ue TNV epyaocia mou €tpede wall, ue avtioTolyeior OTWS TEPLYPAPETOL OTNY ELXOVAL
5.8
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Yyfuo 5.8: Avmiotoryeia ypopdtwy kar epyacicy

5.3.2 Scatter Plot

To Scatter Plot eivan éva ypdpnua mou mepiéyel OAeg TIC €pYUCIEC TOU GUYXEXQIUEVOU
relpdpatoc. To dudypoupa €yel o processes GUVUETACEL TOU YEOVOL Xou axoloudel Ty (Oia
OVTLO TOLYELOL YPOUATWY TNG EXOVAC 5.8 OTWE ETONE %ot ToL OYAUATO TOU TEOTYOVUEVOU UTO-
AEQUAALOL.

To dudypaupo autd Blvel oToV YENoTN Wia YEVIXN WOEX TWV €pYUCIWY TOU TEOYEIUUITOS,
BrémovTog €0XOA XU YN YORO EXEIVEC TIOU YPELIC TNXAY TOV TEPLOGOTERD YEOVO XU TWYV TO-

ALTIXOV TOUC.

@ compact @ bt : ep @ is ®
ft

V¥ strip @ w Iu sp
700 ~
600 1
500 .
400 -
@)
300 ~

200 4

®

v \/
100 ~ . i

'

10 20 30 40 50 60

Yyfua 5.9: Iapdoerypa Scatter Plot oe neipapa pe 100 epyaoieg
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5.3.3 Box Plot

Auto to Biudrypopua opadornolel Ti¢ exteléoelc xdde epyacioc oto melpopa avd Tar processes
TIOU Y ENOWIOTOINCY, XL (QTICYVEL TO OLAYEAUUUN CUVAPTACEL TOU YPOVOU GUUPWVO UE TOUC
xavoveg evoc Box Plot[10]. AZile va onuelwel 0Tt exteréoelg (Blag epyaotag e (Bla processes

ARG BLapOPETIXWY *AdGEWY ETtiong Vo opadorotioiyv.

mg box plot times

50 1 o

45

40 -

35 A

30 A

25 1

20 A

Yyfua 5.10: Box Plot tng epyaciag Mg

Yuugwva pe Tov oploud tou Box Plot, n xitewvn ypauut| ueod ota xoutid tng emxovag 5.10
onhaver v wéon . O twée péoo ato umhe xoutt ebvor 0 50% TV TYOY XOVTIVOTERES
0710 péco(25% and mdve xau 25% amd xdtw). O Ypopés Téve xot X4Te Tou XoUTIoU delyvouy
Tic evamoyeivavtee tpée, 25% mdve xon 25% xdtw. Téhog, twéc mou epgavilovion ge xOxho

ONADOYOUY TWES TOU am€YOUV TOAL amd TNV UECT, T xat VEMEOUVTOL aveUXAieS.
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5.3.4 Speed-up Plot

[opobpola ye o Box Plot, to Speed-up Plot opadonolel pe mapduolo tpdmo Tic epyaoiee,
QUTAHY TNV QoA OUWS OEV YIVETOL GE GUVEETNOT UE TOV YEOVO TOL EXAVE 1) EPYCLA, AAAS UE TO
TUAixo ToL yEévou Tou Yu yeeldlovtay edv elye exteleoTel o€ TOATIX compact Ue Tov yedvo
extéheotric Tne. Mo yeydAn Sapodpa oTny opadomolnom twy epyactoy arno to Box Plot eivou
OTL W gpyooio Ye dlopopeTixe xhdoelc Vo €yel SlapopeTind entries otov optlovtio dEova
yioe &€ xhdom, xou Téhog to Speed-up Plot ypnowonotel Tic exteréoelg mou €youy TOMTIXN

strip 7 xou spare.

ep Speed up

1.025 A
1.020 -
1.015 ~
1.010 4
1.005 A
1.000 -
0.995 A

—
guny

0.990 -

T T T
8procs_BClass 16procs_BClass 32procs_BClass

Yyhua 5.11: IHapdoeryua Speed-up Plot

Mo Twr} yeyohOtepn tou evog Yo onuolvel OTL 1) EQUPUOYT EXTEAE(TOL TO Ypryopd OE
TolTixY strip mopd oe compact, evéy plo T uixeotepn Tou éva Va onuaivel to avtideTo.
INo mapdderyua, otny exoéva 5.11, oto cuyxexpévo melpopa galveton Twg 1 epyacio ep Ue
8 processes xau B x\dom ebvar Alyo mo apy?| oe moAitiny strip, eved ye 16 processes Alyo mo

Yeryopn.
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5.3.5 TI'evix6 Box Plot »xouw Speed-up Plot

YuvodiCovtag pe tar ypogphuata, 1o yewxo Box Plot elvar to teleutalo Sidypopya mou
€yl mpootelel. Me autd To BLdyEoUUA, OUAOOTIOLOUVTOL EPYIUGIES avd XAAGT) AVEEAPTATLS TWV
processes tng xde ploc, xou exgedlovion oe cuvdpetnon pe tov yeoévo. Ilopduolo pe 1o
Scatter plot, To yevixé Box Plot Borfact tov ypfotn va umopeoel vor Ol Lol YEVIXT| EoVaL

TOU TELRAUOTOC IOV €TEEECE UE EVaY EUXOAO XAl YETYOPO TEOTO.

General Box Plot times

700 +

600 +

500 A

400

300 +

200 1

100

sl 2 -

bt.B cg.B ep.B ft.B is.B lu.B mg.B sp.B

Yyfua 5.12: Iapdderypa I'evicé Box Plot

Ouolwe pe 1o yevixdé Box Plot, to yevixé Speed-up Plot nepiéyel ta speed-up tov ep-
YOOLWOV TOU TEWRAUATOC UE oxomo va fondioet Tdhl Tov yenotn va Bl uio YEVIXY exdva Tou

TELRAUATOS EUXONA XU YR YORA.
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General SpeedUp
2.75
2.50 - ﬁ
2.25 - !

—
2.00 - o

175 1
1.50 1
T
1259 T B E ]
1.00 1 T —_
o
bt.Il3_8 cg.IB_S ep.é_& is.é_a Iu.EIB_S mg.lB_S sp.IB_S
Yyfuo 5.13: IHapdderyua I'evikov Speed-up Plot
5.4 Xpnon

H ypfion tng eqopuoync Oev €xel UEYAAES BLUQPOPES amd EXEIVT TOU TERLYRAPTNXE OTO
xepdiono 4.3. Tlowv tnv extéleon Yo mpenel va yivel olyoupo otL péoa €xyouv oploTel owoTd
Ta xouvoupla medla oto yaml configuration opyeto. Autd onuoivel 6t TEEnel var umouy xat va
oploTolY 6WOoTE 1 cuvdptnon emhoyhc(5.2.2) xou to Export Module(5.2.3). Emmiéov, edv
xeetoleton 1 epapuoy”h va exteréon éva cuyxexpiuévo data set, Yo mpénet autd vo oploTel
EX TOV TPOTEPWY OTO dpyelo TNG OUEAS, GAMMS Vo OlorypapTel TEAEIWS Yiol TNV QUTOUATY
onutovpylo evede véou. Xny nepintwon mou yeedleton vo tedel 1 uetaBinty AlreadyRun yio
TNV EXTEAEOT) TNS EQUPUOYTC LOVO Yol ETEEERYATTO O UTHRYOVIWY ATOTEAECUATWY, TEETEL T
rankfiles xou to apyelo tng oupdc va €youv totodetniel ye cwotd TEdTO Yio vo e€acpoltiel
1 0p07 extéleon TN eQapUOYNS.

To o1d8l0 xatd TNV exTEAEST) TaPAUEVEL TO (D10 Ywelc ahhayéc.

Téhog, ueTd TNV TEEAC TN EPUPUOYHS, OAXL T YRUPTLATO TOU TEQLY PAPTNXOY OTO XEQPIAALO
5.3 unopoy va Peedolv otov (Blo @dxeho ue to rankfiles, onAadt uéoa otov @dxeho logs.

5.5 GitHub Branch

IInyatog xdduxag wall ye Tic Aettoupyleg mou €youv mpoatelel unopolv va Beetdolv oto
napaxdtew GitHub repository :https://github.com/IrrelevantX/vRJIMS2.0


https://github.com/IrrelevantX/vRJMS2.0




Kegpdhaio m

Extiunon Arnoteiecpdtwy

6.1 Xbotnua mou yernoluronolinxe

To CUCTNHA IOV Yenotponolunxe ftay To cluster twv clones tou CsLab, tou arotehetitan
ambd ot ouotoug unoloylotée. Kdlde unoloyiotric yenowonotel d0o eneepyaotéc
t0mou Intel® Xeon®) Processor E5335[11]. O xdle évac and autolc éxel téooeplc mTu-
erivec 8Mb L2 cache xou toydtnta SwdBhou(Bus speed) 1333MHz. Kdle oclotnua eniong
eyel uviun RAM peyddouc 8 Gb xou Aettoupyind cbotnua Debian GNU.Avahutixdtepa, to

Specifications tou xdlde unyaviuatog gatvovtar otnv exdva 6.1.

(base) akourtis@clone2
Architecture
CPU op-mode(s):
Byte Order:
CPU(s):
On-line CPU(s) list:
Thread(s) per core:
Core(s) per socket:
Socket(s):
NUMA node(s):
Vendor ID: GenuineIntel
CPU family: &
Model : 15
Model name: Intel(R) Xeon(R) CPU @ 2.88GHz
Stepping: 7
CPU MHz: 2608.
BogoMIPS: 4008 .
virtualization:
L1d cache:
L1i ¢ a:
2 cache:
NUMA node@ CPU(s):

Yyfua 6.1: Specifications €vés ovotiuatog
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A&ilel va onuewwdel g, Onwe avapéplnxe o TEONYOLUEVO XEPIAOLO, TOL UNYUVAULIUTA
€youv €va conda Tep3dALOV, UE GXOTO Va elvol TLO EUXOAT) XU AGPIATG 1) TROCV XN XAUVOUELLY

packages.

# packages in enviromnment at /home/users/akourtis/miniconda3/envs/thesis:

#

# Name Version Build Channel

_libgcc mutex - main

_openmp_mutex

ca-certificates

certifi

1d impl linux-64

libffi

libgcc-ng

libgomp

libstdcxx-ng

ncurses

openssl

pip

python

readline

setuptools

sqlite ) |

tk 3.6.12 hiccaba5 @

tzdata heddlieg1 8

wheel 7.1 pyhd3eb1b& 8
hSeeel8b 8
hSeeel8b @

Yyfua 6.2: Conda specifications

6.2 Dataset mou ypnoiponoinxe

Ta mewpdpatoa tou €yvay yernowonoinoay ta Dataset mou etvon Stardéoipa oTo TapdeTnua

Suyxexpyéva, To TeEduaTo Tou €ytvay NTay To e€NG:

o Toldvrta Tuyaiec epyaoieg, oxtd diepyactody 1 xadepio (A1)

o Yopdvta tuyaieg epyacieg, TeLdvta Vo diepyacidy 1 xadewio (A'.2)
e ITevAvta tuyaieg epyacieg, dexaédl Sicpyaoidv 1 xadespio (A’.3)

o Exatd tuyaieg epyacieg pe tuyaio aprdud diepyaocidv n xadewio (A-
".4)

o Aiaxdoleg nevivia Tuyaleg epyacicg pe Tuyaio apldpnd SiepyaoLdY 7
xodemio (A'.5)

AZ(Ter va ouyewdel, oTL yior ToL TELRAUATO TOV TELAVTA, COREVTO X0k TEVAVIO EQYUCUMY, N
extéleot Toug €ylve BU0 Qopéc, Ul 6mou Oheg €tpelav Ue TOAITIXY compact xou uioe mou
€tpelav Ue TOATIXY strip, yenowonouwvtag Tny xouwvolplo Aettoupyio Tou Co-Scheduling.

H emoy?| TV CUYXEXPWIEVLY TELQOHUATMY EYEL (WC OXOTO VAL OWOEL L0l EIXOVOL TN EXTENE-
ONG TNS EPUPUOYAC UE TIC XAVOVPLEC AELTOURYIEC OTLS ETOMNG X0l VoL UTEEEOLUY CUUTERACHUOTA
oYETXA pe TNV cupnepipopd Twv NAS Parallel Benchmarks oe Siagopepind oevdplo extéhe-

ong.
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Téhog, AoYw BLopdpwy TEOBANUATLY OTNV EXTEAECT, TOU XardoTOVoUY aBLVITY TNV OlEX-
TEPalwoT XAmowwy TELRaUdTOY, 1) epyacta ft 6ev €yel ouunepinglel ota TewpduoTa, TANY LOVO

eXelVou TV EXATO EPYATLOV.

6.3 Ilewpdpoto/AnoteAécpata

Y& autd To xePdAato Yo TeocVeVo0Y Ta AMOTEAECUATO TOV TELQUHUATLY TOU TEQLY OAPTNHAY
o0 6.2. Apywd oe xde melpopor UTdEYOUY OL YPOVOL TIOU €XAVE GUVORXE TO TEelpoud Vo
ohoxhnpwiel, Tov u€co ypdvo Tou TaEEUEVE Wi BlEpYasia oTNY oupd, OTWS ETioNg XoL TOV
HECW YPOVO ohoxhfpwong wlog epyaciog. XNy cuvéyetla tepthouBdvovTon Oha To YEAUPRLoTA

ToU BNUOLEYHINXAY amtd TNV EXTEAECT) TOU XAVE TELRAUATOS.

6.3.1 30job 8processes

30 job 8 Procs

2,000
1,875
1,750

1,625
1,500 =y
1375
1,250
1,125
1,000
875
750
625
500
375
250 360.7 123
125

Compact Strip

M Total time B AVG Comp time [l AVG wait time
Made with Livegap Charts

Eyfua 6.3: Awdypaupa xpdvwv nepduatos 30 epyaoicdy

6.3.1.1 All compact

Yuvohixde ypbdvog extéheonc : 1665.8 deutepdienta (28 hentd)
Méooc ypdvoc mapapovic wag epyasiog otny ovpd: 360.7 deutepdienta (6 Aentd)
Méocog ypbdvoc extéheoncg yiog epyooio: 323 devtepdienta ( 5.3 hentd )

Cpapruata epyaotoyv:
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6.3.1 30job 8processes

Time

bt.B.x cg.B.x
430 7 q
. 450 .
s 440 1 .
420 4
’ 430 4 °
410 420 4
3 g
£ E 410
= ® compact F ® compact
400 ¥ strip 400 1 ¥ strip
spare spare
390
390 4
380
. (]
T T T T T T T T T 370 T T u T T T T T
76 77 78 719 80 81 82 83 84 76 77 78 79 80 81 82 83 84
Procs Procs
4 4
Eyfua 6.4: Awypdppata bt kar cg
ep.B.x is.B.x
. .
17.30 4
65 1
17.25 4 .
60 -
17.20 L]
@
g
17.15 ® compact 55 ® compact
L] ¥ strip Y strip
L spare ® spare
17.101 ®
50 4
17.05 4
. [
76 77 78 19 80 81 82 83 84 76 77 78 79 80 81 82 83 84
Procs Procs
/ 7 .
Eyfuo 6.5: Awrypdupata ep kai is
lu.B.x mg.B.x
815 68.0 o
. ]
810 67.5
805 4 67.0
800 4
66.5 1
@ @
£ 795 g
= @ compact = 66.01 ® compact
790 1 ¥ strip ¥ strip
spare 65.5 spare
785 4
65.0
780 o
775 4 . 64.5 .
76 77 78 719 80 81 82 83 84 76 77 78 79 80 81 82 83 84
Procs Procs

Eyfua 6.6: Awrypdppata lu kar mg
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sp.B.x
L]
800 4
780 4
760 o
@ L]
£
= 740 4 @ compact
¥ strip
spare
720 4
L]
700 +
L]
76 79 78 79 8.0 8.1 8.2 8.3 8.4

Eyhuo 6.7:

Procs

Auwdypappa sp

Fpagpruata tOnou Box plot twv epyaciov:

430

4201

410 4

400 4

17.30 4

17.25 1

17.20 4

17.15 4

17.10 4

17.05 4

bt box plot times

cg box plot times

450

440 1

4304

420

410 4

400 1

Yyfua 6.8: Box plot daypdupaza bt kar cg

ep box plot times

is box plot times

32

65

60

55 1

50

Yyfua 6.9: Box plot dwaypdujuata ep xai is

32
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lu box plot times mg box plot times
815 68.0
810 67.5
805 67.0
800
66.5
795
66.0
790
65.5
785
65.0
780
775 64.5
4 8 16 32 4 8 16 32

Yyfua 6.10: Boz plot duaypdppuata lu kar mg

sp box plot times

800 4

780 1

760

740 4

720 1

700 4

Yyfua 6.11: Box plot oudypajipa sp

Foagruata Scatter plot xou Box plot yia 6ho to melpopa

@ compat @bt @ e @ @ mg
®w @t u w

General Box Plot times W strip

800 = 800 4
700 4 i 700
600 600
500 500 4

— = .
400 400 4

© o
300 300
200 200
100 4 100
—_— R
0 - 0
bt.B @B  epB is.B u.B mg.B B 76 77 78 79 80 81 82 83 84

Yyfuo 6.12: General Box plot kar Scatter plot dwaypduuata tov repduatos



Kegdhowo 6. Extiunon Anoteheoudtwv

95

6.3.1.2 All strip

Yuvohxde ypdvog extéheong @ 1709.2 deutepdhento (28 Aentd)

Méococ ypdvoc mapapovic wac epyasiog otny oupd: 383.5 deutepdienta (6.3 hentd)

Méococ ypdvoc extéheonc uiog epyooio: 323.5 deutepdhenta ( 5.3 Aentd )

Coapriuata epyaoLov:

bt.B.x cg.B.x
270 ¥
440 4
260
420 4
250
g 400 g
= @® compact = 2404 @® compact
v v strip ¥ strip
380 spare spare
2304
360 v
v 2204
v v
76 77 78 78 80 81 82 83 B84 76 77 78 79 80 81 82 83 84
Procs Procs
7 /7
Eyfua 6.13: Awaypdppata bt kar cg
ep.B.x is.B.x
v v
17 24.0
17.6 235
23.0
17.5 4 v
225
3 v £
Ea 5
® compact 22.0 v @ compact
v strip ¥ strip
17.34 spare 21.5 spare
172 21.0
20.5
17.14 ] v
76 77 78 79 80 81 82 83 84 76 77 78 79 80 81 82 83 84
Procs Procs
4 7 .
Eyfuo 6.14: Awypdppata ep kar is
lu.B.x mg.B.x
455 v v
450 39 4
445
38 4
240
£ ¢
E 435 £
= @® compact ¥ 37 @® compact
4304 ¥ strip ¥ strip
spare spare
425 36
420
354
415 1 v v

76 77 7.8 79 8.0 8.1 8.2 8.3 8.4
Procs

7.6

7.7

78

79

Eyfua 6.15: Awaypdupata lu kar myg

8.0 8.1 8.2 8.3 8.4
Procs
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6.3.1 30job 8processes

sp.B.x
v
740
720 q
v
700 4
2 v
E 680
@® compact
¥ strip
660 4 spare
640 4
620 4 v
76 7.7 7.8 79 80 81 82 83 84
Procs

Yyfua 6.16: Adypappa sp

Foagruata TOmou Box plot twv epyaciiv:

440 1

400 4

380

360 4

bt box plot times

32

2301

cg box plot times

Eyfua 6.17: Box plot dwaypdupata bt kar cg

ep box plot times

32

is box plot times

32

Yyfua 6.18: Box plot dwypdupata ep kai is

32
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455 +

450 4

445 4

lu box plot times mg box plot times
39
38
37
36
35
8 16 2 4 8 16 2

Yyfua 6.19: Box plot dwypdupata lu kar mg

sp box plot times

740 4

720

700 +

Yyfua 6.20: Box plot oudypajipa sp

Foagpruata TOmou Box plot yio to speed-up tov epyaoumy:

1254

bt_Speed_up cg_Speed_up

8procs_BClass 8procs_BClass

Eyfua 6.21: Speed-up Box plot dwaypdupata bt kar cg
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6.3.1 30job 8processes

ep_Speed_up is_Speed_up
2.8
1.00
2.7
0.98 2.6 4
2.5
0.96
2.44
0.94 2.3
2.2
0.92
(e}
. 2.1
8procs_BClass 8procs_BClass
4 4 N
Yyfua 6.22: Speed-up Box plot dwypdupata ep xai is
lu_Speed_up mg_Speed_up
2.175 1475
2.150 1.450 -
2.125 1.425 -
2.100 1.400 -
2.075 1375 4
2.050 1.350
2.025 1.325
2.000 1.300 4
1.975 4 1275 4
Bpru(s_lﬂc\ass Bpro(s_‘EC\ass

Yyhua 6.23: Speed-up Box plot dwaypdupata lu kar mg

sp_Speed_up

1304

1284

1261

1244

1224

1204

8procs_BClass

Yyfua 6.24: Speed-up Box plot oidypajipa sp

Fpagpruata Scatter plot xou Box plot yia 6ho to melpopa
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@ compat @bt @ e @ @ mg
p

General Box Plot times V¥ strip Q® u O u

700 ? 700
600 600
500 500

== ¥

400 g 400 ¥
300 300

200 200 ;
100 4 100
01 0

bt.B cg.B ep.B i5.B u.B mg.B sp.B 76 77 7.8 79 8.0 8.1 8.2 8.3 8.4

Yyfua 6.25: General Box plot ka1 Scatter plot dwaypdupata tov meipduatos

General SpeedUp

2.75 A
2.50 A

2.25 4

==

1.75 1 i

1.50 A

=
1.25 A é
1.00 A é —

o

T T T T T
bt.B_8 cg.B_8 ep.B_8 is.B_8 luB_8 mg.B 8 sp.B_8

Yyfua 6.26: I'eviko Speed-up plot didypapja
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6.3.2 40job 32processes

40 job 32 Procs
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500

Compact Strip

M Total time B AVG Comp time [l AVG wait time
Made with Livegap Charts

Lo 6.27: Awdypaupa xpdvwv nepduatos 40 epyaocicdy

6.3.2.1 All compact

Yuvohxoe ypdvoe extéheong @ 4597.9 deutepbhenta (1.2 dpeg)
Méooc ypdvoc mopapovic wog epyaoctac otny oupd: 2112.97 deutepdienta (35 hentd)
Méococ ypdvoc extéheonc piog epyooio: 216.44 deutepdhenta ( 3.6 Aemtd )

Foagpruata epyactoyv:

bt.B.x cg.B.x
.
460 *
2304
. 450
220 o
430
@ @
£ E
= 210 @ compact ¥ ;0 ® compact
. ¥ strip ¥ strip
spare 410 spare
2004 400
.
390
190 4 d b
30.5 310 315 32.0 325 33.0 335 305 31.0 315 32.0 32.5 33.0 335
Procs Procs

Yyfua 6.28: Awypdupata bt kar cg
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ep.B.x is.B.x
L] L]
14.0 4 .
4414 .
13.5
L]
4.40 1304 H
£ g
S £ 12.5
F 439 @ compact F @ compact
¥ strip ¥ strip
spare 12.04 spare
4.38 4 .
11.5
L]
4371 [} 11.0 4 ]
30.5 31.0 315 32.0 325 33.0 335 305 310 315 320 325 33.0 335
Procs Procs
4 V4 .
Eyfua 6.29: Awypdupata ep kar is
lu.B.x mg.B.x
677.5 1
L L
46
675.0 4
672.5 1
L} 4 1
670.0 4
g g
£ 667.5 E 4|
= @ compact = . ® compact
v v
P . P
662.5 - 401
660.0 - .
L]
[} 38 4 .
305 31.0 315 32.0 325 33.0 335 305 310 315 320 325 33.0 335
Procs Procs

Yy 6.30: Awrypdupata lu kar mg

sp.B.x
.
380 4 L]
360 - L]
£ 340
® compact
¥ strip
2204 spare
300 4
.
30.5 310 31.5 32.0 32.5 33.0 33.5
Procs

Yyfuo 6.31: Awdypappa sp

Cpagpruata tonou Box plot twv epyacidv:



6.3.2 40job 32processes

bt box plot times cg box plot times
450
230
450
2201 40
430
210 420
410
2009 400
390
190 .
4 8 16 32 4 8 16 32
Eyfua 6.32: Box plot dwaypdppata bt kar cg
ep box plot times is box plot times
14.0
2.41
13.5
440 13.0
439 125
12.0
438 o
115
437 11.0 o
4 8 16 3 4 8 16 32
Yyfua 6.33: Box plot dwypdupata ep xai is
lu box plot times mg box plot times
677.5
46 4 °
675.0
672.5
P
670.0
667.5 42
665.0
662.5 409
660.0
o 38
4 8 16 2 4 8 16 32

Yyfua 6.34: Boz plot duaypdupata lu kar mg
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sp box plot times

380 +

360

340 4

320 4

300 4

.
]

32

Yyfua 6.35: Box plot didypajipa sp

Fpapruata Scatter plot xow Box plot yia 6ho to melpopa

General Box Plot times

700
=

600
500
400 !

=L

L
300 °
200 —i
100

-0
o — o
bt.B cg.B ep.B i5.B u.B mg.B sp.B

Yyfua 6.36: General Box plot ka1 Scatter plot dwaypdupata tov meipduatos

@ compat @bt @ e @ @ Mg
WV strip @ v [ ] Iu sp
[ ]
30‘ 5 31‘.0 31‘.5 32‘ 0 32‘.5 33‘ 0 33‘ 5
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6.3.2 40job 32processes

6.3.2.2 All strip

Yuvohxog ypdvog extéheorng @ 4001.3 deutepdhenta (1.1 dpeg)

Méooc ypbdvoc mapapovic g epyasiog otny ovpd: 1983.9 deutepdienta (33 hentd)

Méooc ypbdvoc extéheong piog epyooio: 124.8 Seutepdhenta ( 2 hentd )

Foagpruata epyactoyv:

125 4

120 4

100

Time

Time

440

430

bt.B.x cg.B.x
v
207.5 4
205.0 1
202.5 1
g 200.0 4
@® compact = @ compact
¥ strip 197.5 v strip
spare spare
195.0 v
v 192.5 4
v
- wool T
30.5 31.0 315 32.0 325 33.0 335 30.5 31.0 315 32.0 325 33.0 335
Procs Procs
/ 7
Yyfua 6.37: Awaypdupata bt kar cg
ep.B.x is.B.x
v 8.0 1 M
754
7.09
v
6.5 1 v
¢ :
v Eso
@® compact @ compact
¥ strip 554 ¥ strip
spare : spare
5.0 1
4.5
v 4.0 M
30I 5 31‘,0 31‘,5 32‘ 0 32‘ 5 33‘ 0 33‘ 5 3!; 5 31‘,0 31‘ 5 32‘.() 32‘ 5 33‘ 0 33‘.5
Procs Procs
/7 ’ .
Eyfua 6.38: Awypdppata ep xai is
lu.B.x mg.B.x
334 v
v
329
31 M
v
30 4
@
E 291
v ® compact @® compact
¥ strip 28 v strip
spare spare
274
264
v
v 25 4
30I 5 31‘,0 31‘,5 32‘ 0 32‘ 5 33‘ 0 33‘ 5 3!; 5 31‘,0 31‘ 5 32‘.() 32‘ 5 33‘ 0 33‘.5
Procs Procs

Yyfua 6.39: Awypdupata lu kar myg
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sp.B.x

Time
e

190 4 ® compact
¥ strip
185 spare

v

30.5 31.0 315 32.0 325 33.0 335
Procs

Yyfua 6.40: Adypappa sp

Fpagpruata tOnou Box plot twv epyaciov:

bt box plot times cg box plot times
[o]
1254 207.54
205.0 1
120 4
202.5
1154 200.0 4
197.5
110 4
195.0 4
105 4
192.5 4
100 . 19001 :
4 8 16 32 4 8 16 32
4 z
Yy 6.41: Box plot dwypdupata bt kai cg
ep box plot times is box plot times
8.0 1 ©
4.60 75
7.0
4.55
6.5
6.0 4
4.50
5.5
5.0
4.45
4.5 4
4.0 8
4 8 16 3‘2 4 8 16 3‘2

Yyfua 6.42: Box plot dwaypdupata ep xai is



6.3.2 40job 32processes

lu box plot times mg box plot times
334
470 34
460 317
30 4
450 4
294
440 28
274
430
26 4
420 25 °
4 8 16 32 4 8 16 32

Yyfua 6.43: Boz plot duaypdpuata lu kar mg

sp box plot times

2104

2054

2004

195 4

190 4

185 4

180

175 4

Yyfua 6.44: Box plot oudypajipa sp

Foagpruata TOmou Box plot vy to speed-up twv epyaoiov:

bt_Speed_up cg_Speed_up
190
1.9
188
184 1.86 4
184
171
182
1.6
1.80
]
32procs_BClass 32procs_BClass

Yyfuo 6.45: Speed-up Box plot dwypdupata bt kai cg
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ep_Speed_up is_Speed_up
0.9975 1 3.0 1
0.9950 287
2.6 4
0.9925
2.4
0.9900
2.24
0.9875
2.0
0.9850 184
0.9825 164
0.9800 i 1.4 :
32procs_BClass 32procs_BClass
7 /7 3
Yyfua 6.46: Speed-up Box plot dwaypdpjpata ep xai is
lu_Speed_up mg_Speed_up
1.35 °
155
130
150 1251
1.20
145
115
140
1.10
e
1354 1.05
o
i 1.00 4 .
32procs_BClass 32procs_BClass

Yyfua 6.47: Speed-up Box plot dwaypdupata lu ka1 mg

sp_Speed_up
2.1 o
2.0
194
18-
174

32procs_BClass

Yyfua 6.48: Speed-up Box plot oidypajpa sp

Fpapruata Scatter plot xou Box plot yia 6ho to melpopa
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6.3.2 40job 32processes

300 4

100 4

General Box Plot times

=

.

bt.B

ogl B ep‘.E

is.B lu.B mg.B sp.B

300 4

100

@ compat @bt @ o @ @ g
¥ strip ® o o Iu sp
X\v/t
30.5 31.0 31‘.5 32‘ 0 325 33‘ 0 335

Yyfua 6.49: General Box plot ka1 Scatter plot dwaypdujata tov meipduatos

General SpeedUp

3.00

2.75 1

2.50 A

2.25 4

2.00 A

1.75 1

1.50 4

1.25 4

1.00 4

T T T T
bt.B_32 «g.B 32 ep.B 32 is.B_32

T T T
luB_32 mg.B_32 sp.B_32

Yyfua 6.50: I'evicé Speed-up plot oidypapijua
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6.3.3 50job 16processes

50 job 16 Procs

6,000
5,500
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Compact Strip

M Total time B AVG Comp time [l AVG wait time
Made with Livegap Charts

Yyfuo 6.51: Awdypappa xpdvwv mepduatos 50 epyaoccdy

6.3.3.1 All compact

Yuvohxde ypdvog extéheong : 5453.8 deutepdhenta (1.5 wpar)
Méooc ypdvoc mapopovic pag epyactag otny oupd: 2280 deutepdhenta (38 Aentd)
Méooc ypdvoc extéheonc woc epyooio: 418.4 Sevtepdienta ( 6.9 hentd )

Fpapruata epyaotoyv:

bt.B.x cg.B.x
. 5001 .
297.5 4
. .
295.0 4 480 F]
292.5 4 []
460 .
© 290.0 4 v
£ E
= @® compact = @ compact
287.59 ¥ strip ¥ strip
4404
spare spare
285.0 1 °
282.5 4 L4 420 1
280.04 : . '
152 154 156 158 160 162 164 166 16.8 152 154 156 158 160 162 164 166 16.8
Procs Procs

Yyfua 6.52: Awypdppata bt kar cg
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6.3.3 50job 16processes

ep.B.x is.B.x
L ] L]
8.750
26.5 1 .
8.725
26.0 4
8.700
° L]
25.5 4
v @
£ 8.675 1 g *
= ® compact F ® compact
8.650 ¥ strip 25.0 4 ¥ strip
spare spare
8.625 245 |
8.600 °
. L]
4 24.0 4 °
152 154 156 158 160 162 164 166 168 152 154 156 158 160 162 164 166 168
Procs Procs
/ 4 .
Eyfua 6.53: Awypdppata ep xai is
lu.B.x mg.B.x
L L]
1090 4 614
L L]
1085 4 60 4
L]
1080 4 %1
v ° v
£ ° E
= 1075 . ® compact = 584 @ compact
! ¥ strip Y strip
. spare 7] ° spare
1070 4 .
L ]
o
56 4
1065 4
L ] L]
152 154 156 158 160 162 164 166 168 152 154 156 158 160 162 164 166 168
Procs Procs

Yyfuo 6.54: Awrypdupata lu kar mg

sp.B.x
.
580
560 4
540 4 .
o ]
£
¥ 5204 @ compact
¥ strip
500 4 spare
.
480 4
.
460 1 T T T T T T T T
15.2 15.4 15.6 15.8 16.0 16.2 16.4 16.6 16.8
Procs

Yy 6.55: Awdypaupa sp

Foagpruata tOnou Box plot twv epyacidv:
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bt box plot times

297.51

295.01

29254

290.0

287.51

285.01

282.51

280.0 1

480

460

440 4

4201

cg box plot times

Eyfua 6.56: Bozx plot daypdpjuaza bt kar cg

ep box plot times

8.750

8.7251

8.700 1

8.675 1

8.650

8.625 1

8.600 4

25.04

Yy 6.57: Box plot dwaypdupata ep xat is

lu box plot times

1090 4

1085

1080 4

1075 4

1070 4

1065

o

o

614

60 1

59 4

58

57

56 1

55

o
8 16 32
is box plot times
8 16 32
mg box plot times
8 16 32

Yyfua 6.58: Box plot dwypdupata lu kar mg
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6.3.3 50job 16processes

sp box plot times

580 1

560

540 4

520 4

500

480 4

460

Yyfua 6.59: Box plot oudypappa sp

Foagphuata Scatter plot xou Box plot yia 6o to melpoua

1000

800

400 4

[ ]
8

[

Iu

®
sp

@ compact @ bt
General Box Plot times ¥ strip ® o
o
P
1000
800
600
=L
= -
o 400 +
200 4
— — 0
bt.B cg.B ep.B is.B lu.B mg.B sp.B 15.2 15.4 15.6 15.8

Yyfua 6.60: General Box plot ka1 Scatter plot dwaypdujata tov meipduatos
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6.3.3.2 All strip

Yuvohxde ypdvog extéheong @ 3781.9 deutepdhenta (1 dpa)

Méooc ypdvoc mopapovic wac epyooiog otny ovpd: 1640.7 Seutepdienta (27 hentd)

Méococ ypdvoc extéheonc uiog epyooio: 200.4 deutepdhenta ( 3.3 Aemtd )

Coapriuata epyaoLov:

bt.B.x
170 v
165
160
¥
155
@
£
¥ 1504 @® compact
v strip
145 spare
140 4 v
135 v

15.2 15.4 15.6 15.8 16.0
Procs

16.2 16.4 16.6 16.8

cg.B.x

300 4

@® compact
¥ strip
spare

15.2 15.4 15.6 15.8 16.0 16.2 16.4 16.6 16.8

Eyfua 6.61: Awypdupata bt kar cg

ep.B.x
v
8.84
v
v
8.82
8.80
v
@
£ 8.78
8 @® compact
¥ strip
8.76 spare
8.74
8.72

15.2 15.4 15.6 15.8 16.0
Procs

lu.B.x

16.2 16.4 16.6 16.8

Procs
is.B.x
175 ;
17.0
16.5
@ v
£
16.0 @® compact
¥ strip
spare
15.5
15.0 v

15.2 15.4 15.6 15.8 16.0 16.2 16.4 16.6 16.8

Eyfua 6.62: Awypdupata ep kar is

Time
&
8
=)

4 44 4 4

420

400

@® compact
¥ strip
spare

15.2 15.4 15.6 15.8 16.0
Procs

16.2 16.4 16.6 16.8

Procs
mg.B.x
45.0
42.5
40.0 v
@
£ 37.5
= @® compact
35.0 v strip
spare
32.5
30.0
v

15.2 15.4 15.6 15.8 16.0 16.2 16.4 16.6 16.8
Procs

Eyfua 6.63: Awaypdupata lu kar myg



6.3.3 50job 16processes

sp.B.x
2904
280 1
v
2704
v
E 260
v @® compact
¥ strip
2504 spare
240 4 v
2304
v

15.2 15.4 156 15.8 16.0 16.2 16.4 16.6 16.8
Procs

Yyfua 6.64: Adypappa sp

Foagruata TOmou Box plot twv epyaciiv:

bt box plot times cg box plot times
170 § o
165 300 1
160 280 4
155
260
150
145 240
140
220
135 °
4 ] 16 » 4 8 16 32
/4 V4
Yy 6.65: Box plot dwypdupata bt kar cg
ep box plot times is box plot times
8.84 1 175
8.82 17.0
8.80 16.5
8.78
16.0
8.76
155
8.74
15.0
8.724 o
4 8 16 3‘2 4 8 16 32

Yyfua 6.66: Box plot dwypdupata ep xkai is
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480 1

460 4

440 4

42041

400 1

lu box plot times mg box plot times

Yyfua 6.67: Box plot dwypdupata lu kar mg

sp box plot times

290 +

280 4

Yyfua 6.68: Box plot oudypajipa sp

Foagpruata TOmou Box plot yio to speed-up tov epyaoumy:

bt_Speed_up cg_Speed_up

o
—_— 1.85 4

16procs_BClass 16procs_BClass

Eyfua 6.69: Speed-up Box plot dwaypdupata bt kar cg
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6.3.3 50job 16processes

ep_Speed_up is_Speed_up
0.986 144
0.984 4
142
0.982
1.40
0.980
0.978 138
0,976 1.36
0.974
134
0.972 °
. 132 .
16procs_BClass 16procs_BClass
Yyfua 6.70: Speed-up Box plot dwypdupata ep xai is
lu_Speed_up mg_Speed_up
22 °
1.8
1.7
2.1
1.6
2.0 15
1.4
194
1.3
1.2
184
16pm(5‘_BCIass l&pm(s‘_BC\ass

Yyfua 6.71: Speed-up Box plot dwaypdupata lu kar mg

sp_Speed_up

16procs_BClass

Yyfua 6.72: Speed-up Box plot oidypajipa sp

Fpagpruata Scatter plot xou Box plot yia 6ho to melpopa
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@ compat @bt @ e @ @ mg
General Box Plot times WV strip ® v @ u sp
500 500
400 4 400
300 © i 300 L4
200 ° 200 g
100 100
'
[ o 0
bt.B g.B ep.B 5.8 u.B mgB  spB 152 154 156 158 160 162 164 166 168

Yyfua 6.73: General Box plot ka1 Scatter plot dwaypdupata tov meipduatos

General SpeedUp

2.2 A
2.0 4
1.8
1.6 1
1.4 ;
1.2

1.0 —

T T T T T T T
bt.B 16 cg.B_16 ep.B_16 is.B_16 Iu.B 16 mgB_16 sp.B 16

Yyfua 6.74: I'eviko Speed-up plot didypapja



78 6.3.4 100job random

6.3.4 100job random
Yuvohxoe ypdvog extéheong @ 13990.4 deutepdhenta (3.8 wpeq)

Mécoc ypdvoc mapapovic wag epyasiog otny ovpd: 6649.3 deutepdienta (1.8 dpeg)
Méooc ypdvoc extéheonc piog epyooio: 199.68 deutepdhenta ( 3.3 Aemtd )

Foagphuata epyactoyv:

bt.B.x cg.B.x
: 500 °
. .
350
450
300 1 400 4
v 250 @
g g 350
= [ ® « " ® compact
200 1 v st 300 * v strip
. Y L] spare
.
150 250
200 4
100
10 20 30 0 50 60 10 20 30 0 50 60
Procs Procs
4 V4
Yyfua 6.75: Awypdupata bt kar cg
ep.B.x is.B.x
ER N
354
.
30
30 4
25
» 204 o 251
£ £
= - @ compact = @ compact
154 ¥ strip 20 4 Y strip
spare spare
10 4
. 15 4 L}
L]
5 .
N 10
T T T T T T T T T T T T
10 20 30 10 50 60 10 20 30 40 50 60
Procs Procs
4 7 .
Yo 6.76: Awrypdupata ep kai is
lu.B.x mg.B.x
750
. 50 4 .
L]
700
45 4
.
650
40 4
600 -
L4 L ]
.
£ . £ 35
= 550 4 ® compact " o ®
¥ strip L ° v st
spare 304 . st
500
254
450
204
a0 ®
10 20 30 0 50 60 10 20 30 40 50 60
Procs Procs

Yyfua 6.77: Awaypdupata lu kar myg
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sp.B.x ft.B.x
w04 o . .
® 300
.
600
]
250
500
g g 200
= F
200 " ® « @® compact
v st ¥ strip
s s 150 4 . spare
300 ° .
.
100 4
L
200
.
T T T T T T 50 T T T T T T
10 20 30 40 50 60 10 20 30 40 50 60
Procs Procs

Yyfua 6.78: Awaypdupata sp kar ft

Fpagpruata tOnou Box plot twv epyaciov:

bt box plot times cg box plot times
350
280
300 1 —
260 1
250
240
200
2204
150 1
200
100 4
4 8 16 32 4 8 16 32
Yy 6.79: Box plot dwypdupata bt kai cg
ep box plot times is box plot times
354
30 4
301
254
254
204
20
151
10 4 15
5 - 10 —_—
4 8 16 32 l‘! 8 1‘6 32

Eyfua 6.80: Box plot dwaypdupata ep xat is



80 6.3.4 100job random
lu box plot times mg box plot times

600 50 4 o
575 —_—

45 4
550

40 4
525 R
500 337
475 30 4
450 é 254
425

204
400 . . . y

4 8 16 32 8 16 32
Yyfua 6.81: Boz plot duaypdpuata lu kar mg
sp box plot times ft box plot times
=
=
600
250
500
200 | 200 4
300 150 4
===
200 100
1 32

Yyfua 6.82: Box plot dwypdupata sp kar ft

FoagpAuata TOmou Box plot vy to speed-up twv epyaoiov:

214

2.0

191

181

171

bt_Speed_up

16procs_BClass

32procs_BClass

239

224

2.14

2.0

194

cg_Speed_up

32

16procs_BClass 32procs_BClass

Yyfua 6.83: Speed-up Box plot dwaypdupata bt kai cg
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ep_Speed_up is_Speed_up
1.025 4
2.350
1.020 4
2.325
1.015 4
2.300
1.010 4
2.275
1.005 4
2.250
1.000 4
0.995 2.225
0.990 4 2.200
ﬂprocsiBC\ass lspmcs‘jc\ass 32 procs‘iBCIass 16pmcs‘jc\ass
7 /7 3
Yyfuo 6.84: Speed-up Box plot dwaypdpjpata ep xai is
lu_Speed_up mg_Speed_up
146
2.1
144
2.0
1.42 4 19
140 81
1.7
138
1.6
136
T 154 T T
32procs_BClass 16procs_BClass 32procs_BClass

Yyfua 6.85: Speed-up Box plot dwaypdupata lu ka1 mg

sp_Speed_up

16procs_BClass 32procs_BClass

Yyfua 6.86: Speed-up Box plot oidypajpa sp

Fpapruata Scatter plot xou Box plot yia 6ho to melpopa
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6.3.4 100job random

@ compat @bt @ o @ @ g
o @ sp

General Box Plot times V¥ strip [ ] Iu

700 700 4
600 600
500 500 4 .
400 4 400 PY
300 4 300 i 6
200 2004 . [ ] [ )
100 100 . i

04 (==, £ < 04 . . . . .

ht‘B og‘ B ep‘ B R‘B |s‘B Iu‘.B mé B s;; B 15 Zb 3‘0 4‘0 50 6‘0

Yyfua 6.87: General Box plot ka1 Scatter plot dwaypdupata tov meipduatos

General SpeedUp

2.4 4
Ll 3
2.0 1
1.8 1
1.6 1
1.4 A é
1.2 1

1.0 A —_—— =

T T T T T
L LI U LIRS S

&P g 9% 9P R 9% 2%

T
L A0 7 © RN -] L

Yyfua 6.88: I'evicé Speed-up plot oidypapijua
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6.3.5 250job random
Yuvohxde ypdvog extéheong : 38524.5 deutepdhenta (10.7 dpeq)

Méooc ypdvog mopapovric wag epyacioc otny ovpd: 19720.23 Seutepdienta (5.4 dpeg)
Méooc ypdvoc extéheonc proc epyaoio: 239.47 deutepdhenta (4 hentd )

Foapriuata epyaoLov:

bt.B.x cg.B.x
500
.2 H
400 . ]
$ - 450
30 ® ¥
400
300 b
L]
@ v 350 {
£ £ M
= 250 ® « L ] . @ compact
v st 300 ; ¥ strip
° . 5 * ¢ spare
200 N s g . v P
L]
v . 250
150
v
200 v
100
10 20 30 0 50 60 10 20 30 40 50 60
Procs Procs
7 4
Eyfua 6.89: Awypdupata bt kar cg
ep.B.x is.B.x
354 0] o
30 60l ®
L]
254 0] @ ®
v 207 o 40
E £ .
= * @ compact = ° @ compact
154 ¥ strip 30 ) ¥ strip
spare spare
10 _ 20 .
L]
H ]
54 v 10
*
T T T T T T T T T T T T
10 20 30 40 50 60 10 20 30 40 50 60
Procs Procs
4 4 .
Yyfuo 6.90: Awrypdppata ep kar is
lu.B.x mg.B.x
L]
700 ' 60
L]
650 . 55
L]
600 . s0] @ .
' L]
550 s * s §
@ o L ] .
E E .
F 50 ® 'Y @ compact F ] v [ ]
e ¥ strip v ° v &
450 + spare 354 L4
e v L l i
4004 @ 30 . N
350 v
25
v 7
300 T T v T T ¥ T T T v T T
10 20 30 0 50 60 10 20 30 40 50 60
Procs Procs

Eyfua 6.91: Awaypdupata lu kar myg
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6.3.5 250job random

sp.B.x
° v
wlg g
¥ oe
600 -
v
o 1
¢ 500
IS
400 o °
300 4 !
v
200+ T T T T T T
10 20 30 40 50 60

Procs

Eyfua 6.92: Adypappa sp

Foagruata TOmou Box plot twv epyaciiv:

350 1

300

250 +

150

100 4

bt box plot times

=

<0
L

cg box plot times

2504

2254

2001
3 16 32

T 175 T T T
4 4 8 16 32
Yo 6.93: Box plot dwaypdupata bt kai cg
ep box plot times is box plot times
p— ]
60 4
50 | [}
40
30 4
204
- ]
10 4
=‘l 8 1‘6 3‘2 ‘:l 8 1'5 3'2

Yyfua 6.94: Box plot dwypdupata ep kai is



Kegdhowo 6.

Extiunon Anotekeoudtwv

85

lu box plot times mg box plot times
650 -T-
60
600 55
550 504
500 =1
===
40
450
35
400
30
350
25
4 8 16 32 4 8 16 32

Yyfua 6.95: Box plot dwypdupata lu kar mg

sp box plot times

[}

=
600
500 4
400
300 4 i ;
200 - T T T T

4 8 16 32

Yy 6.96: Box plot oudypajipa sp

Foagpruata TOmou Box plot yio to speed-up tov epyaoumy:

bt_Speed_up cg_Speed_up
2.4
(o] i
2.0
2.2
—_—
1.84
1.6
1.6
o
144 1.4
1.2
1.2
8procs_BClass. 16procs_BClass 32procs_BClass 8procs_BClass 16procs_BClass 32procs_BClass

Eyfuo 6.97: Speed-up Box plot dwaypdupata bt kar cg
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6.3.5 250job random

ep_Speed_up is_Speed_up
1.0175 4 o 3.50 4 -
1.0150 4 3.25 4
1.0125 4 3.00 q
1.0100 4 2.751
==
1.0075 2.50+
1.0050 2.251
1.0025 4 2.004
1.0000 4 T 175
T T T 150 T T T
8procs_BClass 16procs_BClass 32procs_BClass 8procs_BClass 16procs_BClass 32procs_BClass
/ ’ .
Yyfua 6.98: Speed-up Box plot dwypdupata ep xat is
lu_Speed_up mg_Speed_up
2.8
2.2
2.6
241 2.0
2.2 1.8
2.0 1.6 IiEI
1.8
1.4
1.6 4
1.2
14
T T T 104 T T T
8procs_BClass 16procs_BClass 32procs_BClass 8procs_BClass 16procs_BClass 32procs_BClass

Yyhua 6.99: Speed-up Box plot dwaypdupata lu kar mg

sp_Speed_up
=
2.0
1.8+
1.6
144
124 ﬁ
Bpmcslac\ass 16pmcs‘75c\ass

Yyfuo 6.100: Speed-up Box plot oidypappa sp

Fpagpruata Scatter plot xou Box plot yia 6ho to melpopa
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@ compat @bt @ e @ @ mg
p

General Box Plot times V¥ strip Q® u O u

700 4 700
600 - 600
500 500 .
400 400 ‘ 8 e
300 30{ 2 g8 [ ]
200 4 200 [ ! ! [
100 1 100 [ |

. = & = LI .

M‘E od B epI B |s.‘B IuiB mé B spl.B lb 2b Sb 4‘0 50 60

Yyfua 6.101: General Box plot ka1 Scatter plot dwaypdupata tov mepduatos

General SpeedUp

3.5 A
3.0 A
=
2.5 1 i
o =

2.0 4

| *l ﬁ
. - B

1.0 -2 =

© A ® A0 Al ° a e o
<30 PR ¥ %/ %q,/ %,
FPE I eéq &ﬁfﬁ %,@ %«g (020 %a

?
\9

Yyfua 6.102: I'eviké Speed-up plot ddypajipa
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6.4 Xyoha

And to mELpdpoTa Xon TOL YROUPHUTA TOU TTROTYOUUEVOL Xe@ohalou uropolue va Bydhouue
OEXETA CUUTERACUOTA YL TNV CUUTEQLPORE TWV EQYACLOY ToU exTeréoaue. Apyixd, pla and
TIC TPWTES TOEUTNENOEC TOU UTOPEL VoL X3vEL Xavelc elvon 0 Ypovog TwV TELRUUAT®Y OTaY
eXEVOL EXTEAOUVTAY UE OAEC TIC EpYaOleg Toug va Ytay compact xou 6tay ftay Oheg strip.
Acdouévou 6Tt To data set Yytor (Blar ool TELRGUOTO TEVY TEIAVTOL, CUEEVTOL XAl TEVVTA EQYACLMY,
BAETOLYE TG ToL TELRUATO UE TOAMTIXT Strip elyoy xahOTERPO YpOVO amo eXElVOV TNG TOATIXAS
compact ( 30 epyaoiec dlog ypdvoc, 40 epyaoiec 10 Aemta ypnyopdtepa, 50 epyaoiec 27
Aentd yenyopdtepa). To amotéleopa auvtd pmopel enione va emPefouwidel and ta speed-up
YEUPHUHATO TOV EQYACLIY UTO TA TELPAUATA TV EXATO X0l Blaxociny TevivTa epyaciny, 6Tou
QolveETAL OTL OL EQYUCIEC XVUAVOVTAL OE THIES UIXPOTERPES TOU EVOC, TEAYUO TOU OTNUOLVEL OTL
xade plo amd auTég Exel XOADTERO YPOVO XaTd PECW OPO GE TOANTIXT Strip amd 6T €yel Ye TiC
(Bleg mapauéTpoug o ToMTIXY) compact.

Yuveyilovtog yio Tic epyoaoies, Eexwvédvtac ano tnyv lu(Lower-Upper Gauss-Seidel solver),
Topatneolue 6Tt elvan and T mo otadepd apyéc epyaoiec (~500-600 Seutepdienta) ota
TELRAUATOL Hog, ouEdvovTag alodntd Tov Ypdvo otav yenotuwonolel e€rvta Técogpa processes,
epgaviCovtog yeydro speed-up oe Ayotepa processes. ‘Onwe gabveton ooy, n lu etvon pio
epyocio Tou TEayHATOTOEL TNV XUAUTERT TNE AMOBOCT) UE TOALTIXY strip xou To processes 6To
£0p0g TWV OXTK PE OeEXELT), ywels va Exel Wiaktepr onuacio N epyacia mou étpele pall.

H sp(Scalar Penta-diagonal solver) napouctdletr mapduotoug ypdvous pe v lu (~500
deutepbienta) ue TNV dtapopd dTL awEdvetar xatd Tohd 1 anddoon e ue TV adinon tov
dtardéoiuwy moépwy mou tng dtveton. To Speed-up enione ouuneplpépetan e tov Blo TpoTO.
[o autdv ToV AOYO, 1) sp TapoLGIdlel Yelon Ewg xou GTO OO TOV YEOVO EXTECTC TNG OTAV
el dlodéotua dexadln 1) Tplavtadlo Tuphvee o avtildeon ye otav €yel TE0OEPLS 1) OXTW.

O epyaoiec cg(Conjugate Gradient, irregular memory access and communication) o
bt(Block Tri-diagonal solver) eivar epyaoiec mou ypetdlovtan mapdpolo ypdvo (~ 250 deu-
tepohentar) xou eupavilouv Behtiwon oTov Ypdvo TOUC UE TOUC TMEPIOCOTEQOUS TURHVES OE
roltixd strip (H cg epgpaviler tnv xahltepn andédoor ot 32 nuprivec). A&ilel vo onuetniel
oTL eV 1 bt Bev eugavilel yeydAn Slapopd oTny anddooT xat 0To Speed-up ovdAoya UE TOLd
epyaoio teéyel pall, n sp gaiveton Vo emppedleTol UPXETE TAUPATAVE A6 OUTO TO YEYOVOQ
OTWe @alvetal 6TO TElpoa TOV BLAXOGIWY TEVAVT EYACLOY, 0 Yedvog Tne aurtnxe uéypl
xou 50% avéhoyo pe v epyooio tou étpeye pall. H emppor| mou €yel uio dedtepn epyoaoio
oTnV sp meplypdgetar 6to Heatmap tou nopaptiuatog B'.1. Téhog, wa axodua Swopopd twv
6V0 UtV epyacinv elvar 6TL oe ToATixy) cmpact, 1 bt yewdvel Tov yedévo tng pe TRy adinon
TWYV TURMVOY, EVG 1) ¢g aLEAVEL TOV YedVo NS Ue TNV (Bl adEnom.

Ou epyaoiec ep(Embarrassingly Parallel), is(Integer Sort, random memory access) o
mg(Multi-Grid on a sequence of meshes, long- and short-distance communication, memory
intensive) efvon xou oL Tpelc TOND Ypryopec epyaoiec (<100 deutepdhenta) Ue TNV ep va elvou
Ayo mo ypryoen amd Ti¢ umdhoiteg 6V0 xou var epgovilel Tov xahlTepo yedvo To BEATIOTO
oevdplo. Kau ol tpeig spgavilouv oploxd yeouuxr| peinon tou yedvou pe tnv adinom twy
processes Ue TIC Mg xaL ep va €Youv TOAU xoAUTERO Yeovo ot moAitixy strip. H ep qatveton

VoL UNY €YEL UEYAAT ETEEON and TNy epyaoio Tou Teéyel pall Tne oe ToATixy strip, eved oTtny
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Mg TOEATNEOVIE [io ixpt adZNom Tou yedvo ot éva “xaxd’ oevdpto co-scheduling(+30-40%).
H ep elvor 1 uévn epyasia mou qofveton va €yl oyeddv tny (Bl amddoor avelopTHtws Tng
TolTxAc Tou axoloudel(Speed-up ~= 1).

Téhoc, and 1o melpapa v exatd epyaoiwy, n ft(discrete 3D fast Fourier Transform,
all-to-all communication) goiveton va €yet Alyo xohUTEpo Péow Ypdvo extéheons amd Tic bt
xou g ( ~100 Seutepdienta) xou v epaviler xou auTh oyeTXd Ypauuixr ueiwan tou ypdvou
exTéNEONC TNG avdhoya Ue To processes (~H Aemtd pe 8 muphveg évavtt <1 hemtd pe 64
TUPHVEC).

Yo éva Yevind cuumépacio Aotmoy BAETOUVUE TS xaTd UEow Opo, €va data set epyaoiodv
Yo €yel xoahUTEREN 0mbd00T Ue ToV cLVSLIOUS strip molTixAC xou oprdud processes dexaédn 1

TetavTodo.
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6.5 ARIS

Extoc and to clustes tou CSlab, 860nxe n duvatdtnto o Telpduator auTtd vor TeeEouv Xa
oto oVotnuo ARIS(Advanced Research Information System)[4].0 ARIS eivon évog unepu-
TONOYIGTAC TOL TEPLERYEL 532 UTOAOYLOTIXOUS XOUBOUC Yo XATAOXEVAG TNXE amo To Edvind
Aixtuo Trodounv Teyvohoyioc xou Epeuvae (GRNET). O xéufol eivan apyrtextovixric x86-
64, ot omolol cuvdéovton peTall Toug péoa amd éva dixtuo Infiniband FDR14 tonoloyioc fat
tree. Kdde unydvnua éyel enelepyaoctn 5-2680v2 tne Intel, o omolog €yel 800 socket xou 6éxa

TUENVEC 0TO xde éval amd aUTdL.

Architecture x86-64
Operating System Redhat/Centos 6.7
Interconnect
Technology Infiniband FOR THIN nodes technical information

Architecture xB6-64
Topology Fat tree

System IBM NeXtScale nx360 M4
Bandwidth [Gb/s] 36 Total number of nodes 426

Total number of cores 8520
Storage

Total amount of RAM [TByte] 7
Type IBM GPFS

Total Linpack Performance [TFlop/s] 180
Size [PByte] 1 Components
Bandwidth [GBJ’S] 6 Processor Type Ivy Bridge - Intel Xeon E5-2680v2

Nominal Frequency [GHz] 28
System Software

Processors per Node 2
Operating system RedHat/Centos Linux 6.7 Cores per Processor 10

C Nod 20
Batch system SLURM ores perflose

Hyperthreading OFF
System Management xCat IBM

Memory
Monitoring Nagios, Ganglia Memory per Node [GByte] 64

YyAua 6.103: Specifications tov ovotrjuatos ARIS[4]
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6.5.1 Ilewpdpata

Ta mewpduoata tou teé€oue oto clotnua Tou ARIS etvon ta e€rg:

e K\don C

— 'ISwo data set exato %ol Stax0ciwy TEVAVIA ERYACLOV UE AIAAXYTN
ng xAdorng andé B oec C.

— 8 Mryavipata pe 2 socket xaw 10 muprveg to xdde €Eva.

e K\don D

’ ’ ’ 14 ’ 14
— 'Iwo data set exatd %ol SLax0CiwY TEVAVIA EPYACLOV E AAAXYT)

tng xAdorng and B os D.

— Metatpony Twv dicpyaciwy xdde epyaciog and 8,16,32,64 oc
128,256, 512.

— 52 MnyoavApata we 2 socket xou 10 mtupriveg To xde Eva.

6.5.2 KAidon C
6.5.2.1 100 Epyoaocicg

Yuvohxde ypdvoc extéheonc @ 1553.7 deutepdhenta (25.9 hentd )
Méocog ypdvoc mopapovic wag epyaciog otny ovpd: 641.61 deutepdienta (10.6 Aentd)
Mécoc ypdvog extéheonc wiog epyaoio: 50.08 deutepdhenta ( 0.8 Aentd )

[popriuato epyaoLov:

bt.C.x cg.C.x

@® compact @® compact
¥ strip 15 1 ¥ strip
spare spare

10 20 30 40 50 60 10 20 30 40 50 60

Eyfua 6.104: Awypdupata bt kar cg
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6.5.2 Kléon C

ep.C.x is.C.x
1 e (]
2,254
60
2.00 4
%07 175
@ 40 @ 150
£ E
= - @ compact = 1251 ® compact
30 4 ¥ strip § ¥ strip
spare spare
P 1.00 P
20
N 0754
104 . .
Py 0.50
10 20 30 40 50 60 10 20 30 40 50 60
Procs Procs
4 4 N
Eyfua 6.105: Awypdppata ep xar is
lu.C.x mg.C.x
200{ o 16
175 4 14 A
150 - 12
125 4 10 4 .
o L] )
£ £
= 100 4 ® compact = o84 @ compact
¥ strip Y Y strip
75 spare 6 spare
L]
50 a4
.
25 ]
- 2 [}
10 20 30 10 50 60 30 40 50 60
Procs Procs
’4 V4
Yyfua 6.106: Awaypdupata lu kar myg
sp.C.x ft.C.x
. o 9 g
250 40 4
35 4
200
30 4
v o
£ 1504 £ 55
= ® compact = ® compact
[} ¥ strip 20 1 v strip
100 spare spare
15
'Y L]
50 104
[}
.
T T T T T T 5 T T T T T T
10 20 30 10 50 60 10 20 30 40 50 60
Procs Procs

Fpagruata tOnou Box plot twv epyacidv:

Yyfuo 6.107: Awrypdupata sp kar ft
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150 4

100

50 4

70 4

601

50 1

0 4

304

204

104

bt box plot times

32

16

64

30 1

15 1

10 4

cg box plot times

fas s
64

8 16 32

Yyfua 6.108: Box plot dwaypdupata bt kai cg

ep box plot times

64

32

16

is box plot times

Yyfua 6.109: Box plot dwaypdupata ep xat is

lu box plot times

1751

150 4

125 4

100 4

751

50 1

254

16

32

64

mg box plot times

16

14

12

10 4

[=——]
o

32 4 16 64 8

Yyfua 6.110: Box plot dwypdupata lu kar mg
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150 4

100 4

sp box plot times

16 4 8

45

40 4

354

30 4

254

204

ft box plot times

Yyfua 6.111: Box plot dwypdupata sp kar ft

Foagpruata TOTou Box plot vy to speed-up twv epyacioyv:

1.010 4

1.005

1.000

0.995 4

0.990

0.985 1

0.980 1

bt_Speed_up

==

h

16procs_CClass 32procs_CClass

Yyfhuo 6.112:

ep_Speed_up

64procs_CClass

4procs_CClassBprocs_CClasd6procs_CClas32procs_CClasé4procs_CClass

Yyfua 6.113: Speed-up Box plot dwypdupata ep kai is

cg_Speed_up

——

T

16procs_CClass 32procs_CClass

Speed-up Box plot siaypdupata bt kar cg

is_Speed_up

64procs_CClass

16procs_CClass

64procs_CClass
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lu_Speed_up mg_Speed_up

116 = = 2.0 = =

115 184

114 16

113 1]

112
124

111
1.04 =

32procs_CClass 64procs_CClass 4procs_CClass 16procs_CClass 32procs_CClass

Yyfua 6.114: Speed-up Box plot dwaypdupata lu kar mg

sp_Speed_up

184

171

1.6

151

144

134

124

114

1.04

4procs_CClass 16procs_CcClass 32procs_CClass

Yyfuo 6.115: Speed-up Box plot odypajipa sp

Fpapruata Scatter plot xou Box plot yia 6ho to melpopa

@® compat @

bt
General Box Plot times WV strip @® «

300 { 300 1 O.

p @ is ® mo

<]

o

250 250
200 ° 200
150 1 150 |
100 1 100 m
509 ﬂ i 50 4 e L
:ml_ 8 2 i
bc g epc  RC ; ) y 10 20 ¥ ! y

sC  WC  mgC  sp.C

Yyfua 6.116: General Box plot ka1 Scatter plot dwaypdupata tov meipduatos
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General SpeedUp

2.0+

1.8

1.6 1

144

1.2

1.0

© ) g A0 Al B 40 1, Bah 40 & Al o © & 40 471
Mk o “.v(,,‘\, Qe v © "o(,,x";t,‘\,";
ogogo(:c(: c@é‘, 1 \ecéc\@c\:}c C’ﬁ c, C/

Yy 6.117: I'evicé Speed-up plot didypapijua
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6.5.2.2 250 Epyoaocieg
Yuvohxde ypdvog extéheong : 4030.6 deutepdhenta (1.1 wpeq)

Méococ ypdvoc moapapovic wac epyooiog otny ovpd: 1901.8 Sevtepdienta (31 hentd)
Méooc ypbdvoc extéheong wiog epyooio: 63.05 deutepbhenta (1 Aentd )

Coapriuata epyaoLov:

bt.C.x cg.C.x
. 01 e
300{ @ °
60
250
50
200
© v 40
£ £
= 150 4 ® compact = & @ compact
¥ strip 301 ¥ strip
spare spare
100 . 204
.
-
50 4 104
. s L]
10 20 30 2 s0 60 10 20 0 py 50 60
Procs Procs
/ ’
Eyfua 6.118: Awypdupata bt kar cg
ep.C.x is.C.x
45
04 ® .
- 4.04
60 4
3.5 4
50 4 30
@ 40 | w55
£ £ .
L ] @® compact @® compact
30 ¥ strip 2.0 ¥ strip
spare spare
1.5
20 -
1.0 4 u
10
. 0.5 -
10 20 30 2 S0 60 10 20 0 Yy 50 60
Procs Procs
4 4 -
Yyfua 6.119: Awypdupata ep kai is
lu.C.x mg.C.x
16
2004 g
14
175
12
150
10 °
125
g H £ o
= 100 4 @® compact = @ compact
¥ strip 64 L] ¥ strip
751 spare spare
.
50 4 41 -
-
254 2 -
.
10 20 30 2 s0 60 10 20 0 y 50 60
Procs Procs

Eyfuo 6.120: Awaypdupata lu kar myg
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sp.C.x
300 o
L]
2504
200 4
v
E 150
@® compact
Y ¥ strip
100 spare
*
50
10 20 30 40 50 60
Procs

Eyhua 6.121: Awdypappa sp

Foagruata TOmou Box plot twv epyaciov:

300

150 4

100 4

bt box plot times

cg box plot times

60 1

50 4

40 4

301

204

4 32 32 16

Yyfua 6.122: Box plot dwypdupata bt kar cg

ep box plot times

S— 0.5

is box plot times

4.5

4.0

351

3.0 4

2.5

2.0

154

1.04

P
—a—

o

Yyfua 6.123: Box plot dwaypdupata ep kai is

16
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175 4
150 4
1254
100 4
75 4
501

254

Ioogpruoata Tomouv Box plot yio to speed-up twv

0.95 +

lu box plot times

o
—_—
f——
==
16 64 4 32 8

16

14

12 4

10 1

mg box plot times

——

Yyfua 6.124: Box plot owaypdupata lu kar mg

sp box plot times

300 { 5
E=—"]
=
250 ©
2004
150 -
10 !
o
50
——
4 32 8 16 64

Yyfua 6.125: Box plot oudypajipa sp

bt_Speed_up

- =

4procs_CClass8procs_CClasd6procs_CClas32procs_CClasg4procs_CClass

0.94

0.8 1

EQYOOLWV:

cg_Speed_up

o

4procs_CClass8procs_CClasd6procs_CClass2procs_CClass4procs_CClass

Eyfua 6.126: Speed-up Box plot dwypdupata bt kar cg
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1.010 4

1.005 4

1.000 4

0.9951

0.990

0.985

0.980

1.150 4

11254

1.100

1.075 +

1.050

1.025 4

1.000

0.9751

0.950

ep_Speed_up

===

4procs_CClass8procs_CClasd6procs_CClas32procs_CClas4procs_CClass

124

114

104

0.9 1

is_Speed_up

[}

o

4procs_CClass8procs_CClasd6procs_CClas32procs_CClasé4procs_CClass

Yyfua 6.127: Speed-up Box plot dwaypdupata ep xkai is

lu_Speed_up

— =

_y

4procs_CClass8procs_CClasd6procs_CClas32procs_CClas4procs_CClass

2.0

184

164

144

124

104

mg_Speed_up

4procs_CClass8procs_CClasd6procs_CClass2procs_CClasé4procs_CClass

Yyfua 6.128: Speed-up Box plot dwaypdupata lu kar mg

sp_Speed_up

1.0
—

===

=

4procs_CClass

8procs_CcClass  16procs_CClass 64procs_CClass

Yyfuo 6.129: Speed-up Box plot oidypappa sp

Fpagpruata Scatter plot xou Box plot yia 6ho to melpopa
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@ compat @bt @ e @ @ mg
General Box Plot times WV strip @ v @ u sp

300 1 300 1 Q.

100 4 100 4 '
| o
° ; L v
|- - = wlm =
10 20

bt.C cg.C ep.C i5.C u.C mg.C sp.C

o

-~
=

30 40 50 60

Yyfua 6.130: General Box plot kar Scatter plot dwaypdupata tov meipduatos

General SpeedUp

2.0 4

1.8 =

:
dod

10{== -8 T P
o

A A S R T T 13

Eyhuo 6.131: I'evikd Speed-up plot didypapja

6.5.3 Kidon D

6.5.3.1 100 Epyoaocicg

Yuvohxde ypdvog extéheong @ 2909.6 deutepdhento (48 Aentd)
Méooc ypdvoc mopapovic wac epyoaoiog otny ovpd: 1351.91 Seutepdienta (22 hentd)
Méooc ypdvoc extéheonc uiog epyooio: 66.24 deutepdhento (1.1 Aemtd )

[papriuata epyaoLov:
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bt.D.x cg.D.x
3 01 o
250 4
80
200 4 704
@ @ 60 .
F 1504 ® compact = ® compact
¥ strip 50 4 Y strip
. spare spare
100 401
L]
30 4
.
501 r r v T T r T v T T r T v v r T
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
Procs Procs
/ 7
Yyfua 6.132: Awaypdupata bt kar cg
ep.D.x is.D.x
[ ] L)
31 e PR
30 71
6
254
o @
£ E 54
= 30 ® compact = ® compact
¥ strip ¥ strip
[ ] spare “1 spare
15 N
[ ]
10 24
*
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
Procs Procs
/ ’ .
Yyhuo 6.133: Awrypdupata ep kar is
lu.D.x mg.D.x
160 ¢ 1871 o
16 4
140 4
14 {
120 4
12 4
@
£ 100 £
@® compact F 10 @® compact
° ¥ strip ° ¥ strip
804 spare 5l spare
60 6l
.
40 4 4 °
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
Procs Procs

Yyfua 6.134: Awaypdupata lu kar myg
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250 4

Time

1504
100 4

50 4

Fpagpruata tOnou Box plot twv epyaciov:

150
100

50 4

354
30 4
254
204
15 4

104

sp.D.x

® compact

¥ strip
spare
L
L]
150 200 250 300 350 400 450 500

Procs

100 4

90 4

804

701

Time

50 1

40

301

ft.D.x

60

@® compact
[} ¥ strip
spare

150 200

250 300 350 400 450 500
Procs

Yyfua 6.135: Awaypdupata sp xar ft

bt box plot times

90 4

801

70 4

60

50 4

40

304

cg box plot times

-

L

512

128 256

Yy 6.136: Box plot dwaypdupata bt kar cg

[¢]
—
—
256 512 128
ep box plot times
(o]
.
-8
512 128 256

is box plot times

—
=
—0_
o
12‘8 51‘2 2."16

Yyfua 6.137: Box plot dwypdupata ep xat is
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lu box plot times mg box plot times
160 I 18
. |
140 4
14 A
120
12
100
10
* “
8
60 6
40 E 4]
256 s12 128 256 128 512
Yyfua 6.138: Box plot dwaypdupata lu kar myg
sp box plot times ft box plot times
300 100 4 -
90
250 60
70 4
200
© 60 4
150 - 50 4
40 4
- W
07 =
— Q
50 - . 20
256 128 512 512 256 128

Yyfua 6.139: Box plot dwypdupata sp kar ft

Foagpruata TOmou Box plot vy to speed-up twv epyaoiov:

bt_Speed_up cg_Speed_up
110 130
o

108 1.25

1.06 © 120

1.04 1157
110

1.02

256procs_DClass 512procs_DClass 256procs_DClass 512procs_DClass

Eyfua 6.140: Speed-up Box plot dwaypdupata bt kar cg
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ep_Speed_up is_Speed_up
1.554 —
ol
— 1.50
101 145
1.40
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135
130
0.99
125
0.98 4 T 1.20
l?Bpmc‘sﬁDC\ass 256proc‘57DCIass Slzprcc‘siDC\ass 256prcclsiDC\ass Slzprccs‘inc\ass
7 ’ .
Eyfuo 6.141: Speed-up Box plot dwaypdupata ep xar is
lu_Speed_up mg_Speed_up
i =
135 == 19
. L]
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1.6 1
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1.5
o
1.4
120
1.3
115 T 12
255pruc§_DClass Slzpmc‘s_DC\ass 125pmcs“._DC\ass 256prccé_DC\ass

Yyfua 6.142: Speed-up Box plot dwaypdupata lu ka1 mg

sp_Speed_up

171

164

154

144

1319

128procs_DClass 256procs_DClass

Yyfuo 6.143: Speed-up Box plot odypajipa sp

Fpapruata Scatter plot xou Box plot yia 6ho to melpopa
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General Box Plot times

150 4 l
100 1
o
e
= < e

bt.D cg.D ep.D ft.D is.D u.D mg.D sp.D

@ compat @ bt @ e @ is
¥ strip ® o o Iu

® m

2501 .

150

100 4 '

50 1

i1 e

Yyfua 6.144: General Box plot ka1 Scatter plot dwaypdujata tov meipduatos

General SpeedUp

2.0
1.8 4 l
1.6

o]
1.4

1.2 4 i

1.0+

T
N S i

-

P 5P 7P 6P 0% 0¥ 0%V PP LGP 07

T T T T T T
©.1% 0o
rf}b cj'\vq" rif)Ea c,\’]’ }'1:; jf} }140 }‘J

Yyfuo 6.145: I'evicé Speed-up plot oidypapijua
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6.5.3.2 250 Epyoaocieg

Yuvohxde ypdvog extéheong @ 7550.0 deutepdhenta (2 thpeg)

Méooc ypdvoc mapapovic wag epyooiog otny ovpd: 3906.65 deutepdhenta (1 dpa)
Méococ ypdvoc extéheonc uiog epyooio: 72.64 deutepdhenta (1.2 Aemtd )

Coapriuata epyaoLov:

Yyfua 6.147: Awaypdupata ep kai is

bt.D.x
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@
£
F 150 ® compact
¥ strip
125 spare
v
100
75
L]
150 200 250 300 350 450 500
Procs
ep.D.x
E-R N |
304
254
@
£
204 @® compact
¥ strip
spare
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150 200 250 300 350 450 500
Procs
lu.D.x
160 g
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£ 100 §
= @® compact
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spare
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40 4
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Procs

Eyfuo 6.148: Awaypdupata lu kar myg

Time
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100 1
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Eyfua 6.146: Awypdupata bt kar cg

Time
«
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104
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300 350 400 450 500

Procs

is.D.x

@ compact
¥ strip
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Procs
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sp.D.x
L]
300 4
250 4
2004
v
£
= @® compact
150 ¥ strip
spare
L
100 +
a
50 4
150 200 250 300 350 400 450 500
Procs

Eyfuo 6.149: Awdypappa sp

Foagruata TOmou Box plot twv epyaciov:

bt box plot times

120 4

100

80 1

60 4

40 4

20

cg box plot times

)

256 512

Yyfua 6.150: Box plot dwaypdupata bt kar cg

—_—

512 256 128

ep box plot times
s
(e}
—
o
128 256 512

is box plot times

128

Yyfua 6.151: Box plot dwaypdupata ep kai is
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160
140
120
100
804
60 1

40 4

oagpruata tOmou Box plot vy to speed-up twv epyaciov:

1.150 4
1.125 4
1.100 4
1.075 4
1.050 4
1.025 4
1.000 4

0.975

lu box plot times

18 {
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10 4

mg box plot times

o
o
256 128 512

Yyfua 6.152: Box plot owypdupata lu kar mg

300 4

150 4

100 4

sp box plot times

o
o
128 256 512

Yyfua 6.153: Box plot oudypajipa sp

bt_Speed_up

-

o

—

128procs_DClass

Eyfuo 6.154: Speed-up Box plot dwypdupata bt kai cg

256procs_DClass

512procs_DClass

0.9 1

0.8

0.7 4

cg_Speed_up

o

128procs_DClass

256procs_DClass

512procs_DClass
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ep_Speed_up is_Speed_up
ol
154
100
144
0.98
134
0.96
124
0.94
114
0.92 104
o [e]
128procéﬁDC\ass 256procI57DC\ass 512proc‘57DCIass lzsproc‘sinc\ass 256proc‘57DC\ass 512procs‘7DC\ass
7 z .
Yyfua 6.155: Speed-up Box plot dwaypdupata ep kai is
lu_Speed_up mg_Speed_up
2.0
144 1.8
13- e
144
124
o
i * o
L1l
104
o
128pmcs“._DC\ass 256procls_DC\ass 512procé_DCIass lzspmcs‘;_DC\ass 256proc‘s_DC\ass 512proc§_DC\ass

Yyfua 6.156: Speed-up Box plot dwaypdupata lu kar mg

sp_Speed_up

134
N ﬁ

128procs_DClass 256procs_DClass 512procs_DClass

Yyfuo 6.157: Speed-up Box plot oidypapipa sp

Fpagpruata Scatter plot xou Box plot yia 6ho to melpopa
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@ compat @bt @ e @ @ mg
Q@ @r P

General Box Plot times WV strip lu

]
2501 250
| |

150 150
o - |
100 100
! . —~
- B i

bt.D cg.D ep.D is.D lu.D mg.D sp.D 150 200 250 300 350 400 450 500

L | e

Yyfuo 6.158: General Box plot ka1 Scatter plot dwaypdupata tov meipduatos

General SpeedUp

2.0 4

1.8 1

=
1.6 - - i
I
1.4
(]

1.2 4 7]
m L B
?e II e T
- o]
o o

1.0

0.8 ©

T T T T T T T T T T T T T T T T T T T T T
)
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Eyfua 6.159: I'evio Speed-up plot idypapja

6.5.4 Xyohx
Ye avtideon pe 1o olotnua twv xAdvwy tou CSLab, otov ARIS mopatneodue uplo mo
oY) EUOVAL TWV ATOTENECUATWY. JNUYREXPWEVOL BAETOUYE:
o I'evixn Bertiwon tng Compact moAiTixyg
e To Speed-up noapapével wg ent Twv tAsioTtwy 1, ywpelc va €yovue T600
neydieg Tipéc ( Adyw Beitiwong tou Compact).
o IToA) peydhn peiwor otoug xepdvoug extéleorng xdVe cpyoaciog, o-
HOUL XA UE TNV SLapopd o %AAoT.
o ‘Oleg oL eaproyeég eppdvilay oxedov yYeouuixr abgnon Tng anodoong
KE TNV abnor Twv Siepyaolodv Tng xdde wiog.

H 1600 peydhn Bertinon oty anddoon xotd ndoo miavotnta ogelheton 6Ty Yeyohltepn
oy ¥ tov x&e eneZepyaoty (10 Tuprvec Evavtt TV 4 0To oUeTNUA TS OYOAAC) XL TNV dEXETA

peyahbTeen TaryOTNTa BtatdAOU Yol THY XAAVTERT] ETUXOWVOVIN UETAEY TWV UMY AVIUATOY.






Kegdhaio

MeAhovTixEc eMEXTICELS

O x®dxag Yo unopovioe va tpomonowniel, yio vo unopel vo avtanelépyetal xoAUTEQ
oluQVa Ye TIC BLuTEPOTNTES Tou Xdle pnyaviuotog (t.y. Umopin GPU, Siapopetins uviun).
Me autédv tov TpoT0 Vo yiveTon pior xaATERT XATAVOUT] TV EQYIUCLOY GTNY TERITTWON QUTY.

Enflong, n mpoodixn emmhéov TOAMTIXOV YLoL THY XATAVOUY TwV TopwY Vo HTOV UL OT)-
LoV TN TeoCUTiXN TNV AEITOURYIXOTNTAC TNS EPUPUOYNS, OVOTAC OTOV YENoTYN UEYOADTERT
ehewleplar OTNY EXTEAECT] TWV TELRAUATLY.

Télog, n cupPatdtnTa Tng epapuoyhc pe emnAéov benchmarks extog twv NPB Yo aro-

tehoUoE it UEYEAT ETEXTAOT OTNV AELTOURYIXOTNTO X0 OTLC OUVATOTES TNG.
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[opdeTnue

[Tagdptnuo Data set

® Oiepyacieg

4

4

AVIA EQYACLOY E OXT

Data set Tpu

Al

Aaropiemos. A’.1: 30 job, 8 procs

1
1

0
0

ep.B.x 8 20
is.B.x 8 5

0
0

1
0

0
0

cg.B.x 8 70
ep.B.x 8 20

bt.B.x 8 230 0 1 O

mg.B.x 8 10
mg.B.x 8 10

lu.B.x 8 120 0 1 O
bt.B.x 8 230 0 0 1
bt.B.x 8 230 0 1 O

is.B.x 8 5

0
0

1
0

0
0

!

1 bt.B.x 8 230 0 1 O
is.B.x 8 5

1

0

1

0

sp.B.x 8 470 0 0 O
lu.B.x 8 120 0 1 O

ep.B.x 8 20
cg.B.x 8 70

cg.B.x 8 70
bt.B.x 8 230 0 0 O

bt.B.x 8 230 0 0 1

is.B.x 8 5
cg.B.x 8 70
is.B.x 8 5

1
0
0

0
0
0

0
0
0

0
0
0

0
0
0

1

11

sp.B.x 8 470 0 1 O

ep.B.x 8 20

0

1

0

011

ep.B.x 8 20
bt.B.x 8 230 0 1 0

sp.B.x 8 470 0 1 O
sp.B.x 8 470 0 1 1

0

1

0

is.B.x 8 5
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A’.2 Data set copdvta epyactdv ye tplavtadlo depyaciec

A’.2 Data set capdavia gpyaci®dyv Ue TELAVTAOVO OLEEY -
olec
Aaroriemor A'.2: 40 job, 32 procs
ep.B.x 32 5 011 cg.B.x 32 90 0 0 1
is.B.x 32 10 0 0 1 <cg.B.x 32 90 0 1 O
is.B.x 32 10 01 0 is.B.x 32 10 0 0 O
is.B.x 32 10 0 0 1 ep.B.x 32 5 011
lu.B.x 32 45 011 Dbt.B.x 32 90 0 1 1
sp.B.x 32 160 0 0 0O 1u.B.x 32 45 O0 1 1
bt.B.x 32 90 0 01 sp.B.x 32 160 0 1 O
bt.B.x 32 90 0 0 0 is.B.x 32 10 0 0 O
lu.B.x 32 45 0 01 is.B.x 32 10 O 1 1
sp.B.x 32 160 0 1 0 ep.B.x 32 5 011
bt.B.x 32 90 0 0 0 is.B.x 32 10 O O O
cg.B.x 32 90 01 0 mg.B.x 32 10 O 1 1
bt.B.x 32 90 0 1 0 sp.B.x 32 160 0 0 O
mg.B.x 32 10 0 1 1 1u.B.x 32 45 0 1 0
mg.B.x 32 10 0 0 0 mg.B.x 32 10 0 1 O
ep.B.x 32 5 011 is.B.x 32 10 0 1 O
mg.B.x 32 10 0 01 mg.B.x 32 10 0 1 O
sp.B.x 32 160 0 0 O sp.B.x 32 160 0 1 O
is.B.x 32 10 01 0 «cg.B.x 32 90 0 1 O
sp.B.x 32 160 0 0 0 sp.B.x 32 160 0 O O
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A’.3 Data set tevAvIa gpyaciodVv pe dexagdl diepyaocisg

Aaropiemos A’.3: 50 job, 16 procs
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A’.4 Data set exatd TuyolwY EpyYACLLOV UE TUY MO APLIUO

OLEPYACLOV

Aaropiemos. A’.4: 100 random job queue

mg.B.x 32 10 0 1 0 sp.B.x 16 160 0 O O
bt.B.x 32 90 0 1 1 mg.B.x 4 20 0 11
ft.B.x 64 50 0 1 1 mg.B.x 16 10 0 1 1
ep.B.x 64 3 001 bt.B.x 16 80 0 0 O
ft.B.x 64 50 0 0 O bt.B.x 16 80 O 0 1
is.B.x 8 5 011 ep.B.x 64 3 011
bt.B.x 64 80 0 0 1 ep.B.x 64 3 010
ep.B.x 64 3 011 cg.B.x 64 150 0 1 1
ep.B.x 64 3 011 1u.B.x 16 60 0 1 O
mg.B.x 16 10 0 1 0 mg.B.x 16 10 O O 1
ep.B.x 8 20 0 0 O 1u.B.x 32 45 0 0 1
mg.B.x 4 20 0 1 1 ep.B.x 32 5 001
bt.B.x 32 90 0 0 1 sp.B.x 4 470 0 1 1
cg.B.x 8 70 011 sp.B.x 4 470 0 0 O
mg.B.x 64 5 011 is.B.x 64 20 O 1 1
is.B.x 16 5 001 1lu.B.x 64 50 0 1 1
sp.B.x 8 470 0 11 mg.B.x 8 10 O 1 1
cg.B.x 64 150 0 1 0 sp.B.x 32 160 0 1 1
bt.B.x 8 230 0 1 1 sp.B.x 8 470 0 1 O
lu.B.x 64 50 0 0 1 bt.B.x 64 80 0 0 1
sp.B.x 16 160 0 1 1 =ep.B.x 16 10 0 1 O
ft.B.x 16 50 0 1 1 is.B.x 64 20 O 1 1
mg.B.x 16 10 0 0 0 1lu.B.x 8 120 0 1 O
cg.B.x 16 60 01 0 ft.B.x 32 60 0 1 O
bt.B.x 64 80 0 1 0 ep.B.x 8 20 01 0
is.B.x 64 20 0 0 1 =ep.B.x 16 10 0 O 1
mg.B.x 32 10 01 0 mg.B.x 4 20 0 0 1
lu.B.x 32 45 0 01 1lu.B.x 64 50 0 0 1
ft.B.x 16 50 0 1 1 sp.B.x 64 130 0 1 1
sp.B.x 16 160 0 0 1 mg.B.x 4 20 0 0 1
bt.B.x 64 80 0 0 1 mg.B.x 32 10 0 1 1
cg.B.x 16 60 0 0 1 bt.B.x 4 230 0 1 1
ep.B.x 32 5 000 ft.B.x8 60 010
cg.B.x 16 60 0 1 1 sp.B.x 32 160 0 0 O
lu.B.x 4 170 01 0 ep.B.x 8 20 0 0 O
is.B.x 8 b 011 bt.B.x 8 230 010
is.B.x 64 20 0 1 1 sp.B.x 16 160 0 1 O
ft.B.x 64 50 0 1 0O ep.B.x 4 40 0 0 O
bt.B.x 32 90 0 0 1 ft.B.x 8 60 0 1 1
ft.B.x 64 50 0 1 1 =ep.B.x 64 3 010
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ep.B.x 32 5 010 cg.B.x 16 60 0 0 O
ep.B.x 4 40 01 0 mg.B.x 64 5 011
cg.B.x 16 60 0 0 0 mg.B.x 16 10 O O 1
sp.B.x 64 130 0 1 0 bt.B.x 32 90 0 0 O
ep.B.x 4 40 01 0 <cg.B.x 32 90 0 0 O
is.B.x 64 20 0 1 0 1is.B.x 16 5 0 0O
bt.B.x 8 230 0 1 1 sp.B.x 32 160 0 1 1
mg.B.x 32 10 0 0 0 sp.B.x 4 470 0 1 1
mg.B.x 16 10 0 1 1 bt.B.x 64 80 0 1 0
ft.B.x 8 60 0O 1 0 <cg.B.x 64 150 0 O 1
A’.5 Data set dtaxociwyv TEVAVTA TUYAWY EPYACLWOV UE
Tuyalo apLdud Siepyacilwy
AarorieMos A’.5: 250 random job queue
lu.B.x 16 60 0 1 0 ep.B.x 8 20 0 O O
ep.B.x 16 10 0 0 1 ep.B.x 32 5 001
bt.B.x 64 80 0 0 0 mg.B.x 16 10 0 1 O
mg.B.x 8 10 0 01 <cg.B.x 32 90 O O 1
lu.B.x 16 60 0 1 0 sp.B.x 4 470 01 O
mg.B.x 16 10 0 1 0 «cg.B.x 16 60 0 1 O
cg.B.x 32 90 0 01 is.B.x 64 20 O0 O 1
ep.B.x 32 5 011 1lu.B.x 16 60 0 1 O
lu.B.x 64 50 010 Dbt.B.x 64 80 0 1 O
cg.B.x 16 60 0 1 1 <cg.B.x 64 150 0 0 1
sp.B.x 32 160 0 1 1 «cg.B.x 4 90 0 0 1
lu.B.x 64 50 0 01 mg.B.x 16 10 0 1 1
sp.B.x 4 470 0 1 1 1u.B.x 16 60 O 1 O
ep.B.x 32 5 000 mg.B.x4 20 001
bt.B.x 16 80 0 0 1 mg.B.x 4 20 O0 0 O
lu.B.x 4 170 0 1 0 «cg.B.x 32 90 0 1 1
bt.B.x 8 230 0 1 0 is.B.x 64 20 0 1 1
ep.B.x 64 3 010 ep.B.x8 20 010
mg.B.x 4 20 010 ep.B.x 4 40 O0 1 1
cg.B.x 32 90 0 01 mg.B.x 16 10 O 1 O
cg.B.x 32 90 0 0 0 mg.B.x 32 10 O O O
mg.B.x 64 5 001 sp.B.x 4 470 0 0 O
lu.B.x 32 45 011 1is.B.x 8 b5 000
mg.B.x 32 10 0 0 1 1is.B.x 8 b5 010
bt.B.x 16 80 0 0 0 mg.B.x 8 10 0 1 1
lu.B.x 8 120 0 1 0 ep.B.x 32 5 0 0O
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