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1. 2KOITO2 APAZHZ 3.1 KAl 4.1

H Apxon 3 aovoxpepeTL:

YEVLKX OTN XpNon cLYXPOVWY LTTOAOYLOTLKWY XPXLTEKTOVLKWY OTNV
vAoTrolnon Twv XpLOUNTIKWY HEBOdWV

TOU XVTLOTOLXOU ETTLOTNMOVLKOU AOYLOMLKOU, TTOU B0t XxVXTITOOOETXL
OTX TIAXLOLX TNC ApXxong 2 (L_DLXLTEPK 2.2 KXL 2.3) OTNV XVXTITUEN
NG TTAXTPOPUXC AOYLOMLKOU TNG ApXxong 4.

H vAoTrolnom TNG TTPXYMXTOTIOLELTXL XTTO OVO OLXPOPETLKEC OPXOELG
(3.1 Kt 3.2), XVXAOYX ME TNV KXTNYOPLX XPXLTEKTOVLKWY TTOU
XPNOLMOTTOLOUVTXL.

H KEO3 exeL xvaxAxfetL Tnv dpxon 3.1: YAotmroinon oe Clusters, Grids
kxt Cloud.




AVTLKELMEVO TNC OUVYKEKPLUEVNC OPpXONC XTTOTEAEL N XTTODOTLKN
VAOTTOLNON TWV XPLOUNTIKWY HEBOdWYV YLX XTULVEXN TTPOPANUXTX
TTOAAXTIAWY TTEDLWV OE€ TUYXPOVEC TIXPXAANAEC XPXLTEKTOVLKEC.

ApPXLKX N LAOTTOLNON EAXPE XWPOX TE ETTLTTEOO CLOTOLXLWYV LTTOAOYLOTWYV
(Clusters).

H vAoTtroinon Twv HeEBOdwV axdopi:

* TOOO O€E OMOLOYEVI], CUMMETPLKX OXNMXTX OTTOU YLVETXL XpNon €vOog
OUYKEKPLMEVOUL TTPOYPXMMAKTLOTLKOU MOVTEAOU XVTXAAXYNC MNVUUXTWV
(MPI),

* 000 KXL OE ETEPOYEVN, UN OCUMHMETPLKX OXNUXTX, OTTOU O
TTXPXAANALOMOC TWV HEOODWV ETTITEAELTHL OE TTOAANXTIAX ETTLTTEOX.

¢« JUMPWVX ME XUTX TX OUVEPYXTLKX OXNUXTX EPXPUOCTNKE
OULUVOULXOMOC MOVTEAWYV XVTXAAXYNC MNVUUXTWYV (MPI) NE HOVTEAX
TIPOYPKMMXTLOMOU Kowvng puvnung (OpenMP, Pthreads) ywx tTnv
TTEPLOCOTEPO EVEALKTI XELOTTOLNOT TWV ETTECEPYXTTWY TTOAAXTIAWY
TTUPNVWYV TTOU TTEPLEXOVTXL 0€ KXO€e kOUPBO Tov Cluster.




KXTX TO ETTOMEVO OTXOLO N LAoTTOLNOoN €ywve o€ TrepLBxAAov Cloud
METW XPNONG LTTNPETLWYV dLXOLKTUOUL (web Services).

TO AOYLOMLKO (XELOTTOLEL ME KXAUTEPO TPOTTO TOLC dLXOETLUOULC
VTTOAOYLOTLKOUC TTOPOUC.

[OLXLTEPXX KXTX TNV TTEPLTITWAON OTTOU LTTOPBXAAOVTL HETW TOU
Cloud xttno€eLg YLXx TTRpXAANAN EKTEAECT) XTTO TTEPLOCOTEPOUC TOU

EVOC XPNOTEC.

[t TO AOYO oxLTO O0Tn dpxon 4.1 vAOTTOLNONKE TO MOVTEAO
AOYLOMLKO oxVv YTTnpeaia (SaaS - Software as a Service).

ALVEL TN OLVXTOTNTX EVOC GLALKOL TTPOC TO XPNOTN OLXOLKTUXKOU
YPXPLKOU TTEPLBXAANOVTOC TTOU UTTOPEL VX XPNOLMOTIOLNOEL OXL MOVO
XTTO OTXOMOUC EPYNXOLXG XAAX KXL XTTO $OPNTEC CLOKEVEC.




Bxolkol otoxoL Tng Apxong 4.1:

OXEOLXOT MLXG XPXLTEKTOVLKNG N OTrolx €0eTe TLg
BXOELG YLX MLX EVOTTOLNMEVN TTPOCEYYLON
O(VTLUET(DTI’LOT]Q TWV oLVOETWV Trpogkn MXTWV

KVXYKXLOTNTX OXEOLXONG/XVXTITUENG AOYLOMLKOU
HE OLVXTOTNTX EVOWHXTWONG GUYXPOVWV
UTro}\oyLO'TLva CUOTNUXTWYV

KVXTITUEN EVOG AELTOUPYLKOUL TTEPLBXAAOVTOG
ETTLALONG OLVOETWYV TIPOBANUKTWY, TO OTTOLO
evowu(xTwVEL ueGodoucg / >\OYLO'|JLKO ™N¢ Apxoncg 3

ETILTPETTEL TNV EKUETXAAELON TWV TLYXPOVWV
VTTOAOYLOTLKWY CUOTNHXTWY

KOXL OLEUKOAUVEL THV XTTOOOTLKN XpNOTN TWV
AOYLOMLKWYV uov0(6wv

H dpXLTEKTOVLKN) XUTH TTPOCXPUOCTNKE T€ 1dN

DTTXPXOLOX TIAXTPOPUX XVOLKTOU AOYLOMLKOU
(FENniCS)



To TrepBXAANOV FENICS xTTOoTEAEL KXL TNV TTAXTPOPUX XELOAOYNONG
TWV ueGéBwv eTTIALONC TLVOETWY MAE KL TNV ETTLKLPWOT) TOVC T€
ONUXVTIKX TTPORANUXTX TNG I'lepLBoO\}\OVTLKng MNXXVLKNG K&XL TNG
lxTpLkNC ( TTPOBANMX LOXAMVPLONG KXL OYKWV EYKEDXAOU) .

ApxLkXx €ylve xpnon vtmpeoixg Cloud, axtto Ttov QKEANO (uttnp&ov
TIPORPANUATX AOYW XVXBXOULONG - EYKXTXAELPONKE).

>Tn ouvexelx eykxtxotxOnke Cloud vtrodoun (UeE TNV
eykxtxotxon Xen Server tng Citrix) oto EpyxoTtnplo AvxyvwpLong
[MpoTUTTWYV TOL TUNMXTOC MNXxVikwy H/H kot TTAnpodopLkng Tou
Mxvetriotnuiov MxTpwv.

AtroteAeiTot x1mo pix Intel(R) Xeon(R) CPU E3-1220@3.10GHz ue 4
cores kxt 16GB RAM.

TO AELTOLPYLKO TO OTTOLO TPEXEL TTxvw 0TO cloud etvoxt To UBUNTU
Server Edition.

H dLXOLKXOLX N OTTOLX KXL XpNOLMOTIOLNONKE YLX TNV dNULOLPYLX
TwV cloud VM axtvxpEPETRL OTX TTXPXOOTEX.




3TN OUYKEKPLUMEVN dpXon N vAoTtroinon e€ywve oe TrepLfaiiov Cloud
MEOW XPNONC LTTNPECLWY dLXOLKTUOL (Web services).

TO TT’RPEXOMEVO AOYLOMLKO ELVOIL O€ BEON VX XELOTTOLEL ME KXAUTEPO
TPOTIO TOULC OLKOETLMOVC LTTOAOYLOTLKOUC TTOPOUC, LOLXITEPK KXTX
TNV TTEPLTTTWON OTTOU LTTORXAAOVTXL HECW TOoL Cloud XLTNOELC YLX
TTXPXAANAN EKTEAECT XTTO TTEPLOCOTEPOUC TOL EVOC XPNOTEC.

>Tn dpxon 4.1 vAoTTOLNONKE TO HOVTEAO AOYLOMLKO OXV YTTNPEOLX
(SaaS - Software as a Service):

OLVXTOTNTX EVOC PLALKOU TTPOC TO XPNOTN OLXOUKTLXKOUL
YPXPLKOL TTEPLBXAANOVTOC

XPNOLMOTIOLELTXL XTTO OTXOUOUCG EPYXOLXG

XAAX KXL XTTO POPNTEC CUOKEVEC.



2. TIPOOAOZ ®YZIKOY ANTIKEIMENQY

» 1. MeXéTtn oxeTkAC BLRALOYpaPLXC

2. EyKXTXOTXOT KXL QOKLUXOTLKN AELTOUPYLX TTAXTPOPUXC
FEniCS.

v

v

3. Eykaxtxotoion Ewtkovikov Cluster oe OpenStack (Tunux
Mnxavikwyv TTAnpodopikng - TElI A. EAAXOxC)

4. TTxkpXAANAN vAoTroinon Tng peBodov Monte Carlo oe
Cluster

v

5. TTpoeTowuxxoix FEnICS ywx TtTxpXAANAN vAoTroinon Twv IR
MeBoowv (11.X. oLvdeon UE BLALOONKEC, K.A.TT.)

v




» 6. TToepXAANAN vAoTroinon Tn¢ IR GEO otn
FENniCS.

y 7. TTkpXAANAN vAotroinon T™n¢ IR ROB otn
FENniCS.

» 8. Zuyxpovn / xovyxpovn vAotroinon tTng IR
GEO.

» 9. YAotrolnon MeBodwv XxAxpwaong otn
AleTtedn oxv Yinpeoix (IRaas).




AHOTEAEZMATA -APA2H 3.1

. 2ZelpLokn kot TToepxAANAN YAottonon tn¢ IR - GEO

» H pebodog IR - GEO, vAomroujbnke otnv FEniCS - mmpwTo
ﬁnu(x YLX T ONULOUPYLX EVOG OAOKANPWUEVOU
faAonrog ErriAvong TlpoPAnuatwy (T1.E.TT.)
Tro}\ TTAWYV 7T€5[OUV/ TTOAAXTTAWYV pUTIKWV.

» Ml oTTO TIG KUPLEG TTPOKANCTELG THG UAOTTIOINONG NTXV N

TTPOOPNOT OTIG TUUES TWV OLETTXPWV KXL N ETTLBOAR VEWV
XVXVEWUEVWYV TIUWYV OTIG OLETTX eg

» [ THV a&LoAoynorn THG OUYKEKPLUEVNG UAOTTOLNONG,
)(pncnuorrowuvnxt oU0 dlxdpopeTikex TTpofAnuxTee MAE.

» Emriong, €ywve uix rapaAAnAn vAorroinon GEO IR oTn
FEniCS, ue Boean 1o RabbitMQ ytx Tnv avtaAAayn
UNVUUXTWY KXL Il OUYKPLOT] THG XTTOO00TG THG UE THV
O€ELpLXKN) VAoTTOLNON.

» T XTTOTEAEOUXTX XTTOOELKVUOUV T XpNOLUOTNTX THG
TTXPXAANANC UAoTTOlNONC OTNV KXTEVLBLVON THC ETTIALONG

MEYOAWY TTPOPANUXTWY TTOAAXTIAWY TTESLWV/ TTOAAXTTAWY
PUOLKWV.




2. Kxtotveunuevn YAotroinon tne IR -ROB

» H uebodog ROB elvat uiot IR uebodog trouv xpnowuotrotel Robin
OUVONKEG ylox TN AELXXVON TWV TIUWYV OTIG OLETTIPEC.

» H ROB vAotrotnBnke ortnv mAatgopuo FEniCS kot xpnotOTTOLEL
TO RabbitMQ yilox THV XVTXAAXYN UNVUUXTWV.

» MELWVEL ONUXVTIKX TO OUVOALKO XPOVO EKTEAEOTC.

v ETTIONG, MEWWVEL ONUXVTIKX TNV ETTLLRPUVON TNG ETTLKOLVWVIKXG,
KoXOWS XTTRLTELTHL UOVO EVXG TTEPLOPLOUEVOG XPLOUOG
MNVUUXTWY XVXUEOK OTOUG KOUPBOUG TTOU XELPITOVTAL
YELTOVIKX TTESO(X.

» H melpoxuatikn o&loAoynon kXTxOELKVUEL TNV ETTEKTXOLUOTNTX
KXl XTTOTEAEOUXTIKOTHTX THG YIX TNV ETTIAVUOTN UEYXAWV
TTPOLANUXTWY TTOAAXTIAWY TTESIWV,/ TTOAAXTIAWY PUOLKWV.

» TTELPXUKTIKO XTTOTEAEOUXTX O€ EVX TTPOLANUX LUOVTEAO UE
UETXPBAXAAOUEVN dlxkplTOTTOINOT OELXVOUV ETTITXXUVOUEVO
puBuo ovykAtong, ue tn ROB v uetwvet Tov aptouo
ETTAVXANYEWY KXTX IETO OPO OTO ULOO OUYKPLVOUEVN UE TN
GEO IR evw Tnv (bl oTLyun €xXelL CUYKPLOLUO XPOVO EKTEAEOTIC.




3. Edoxpuoyn evoc YRpLdkoL TTxpxAAnAov Monte Carlo
PDE Solver oe OpBoywvix TTOAXTTAX TTedLx

» AEloTroLnom Tn%\aHOSOGng eVOC cluster TTOANXTTAWY
TTUpnvVwyV (exkTeEAean evog profiling Tng
KKOAOLOLXKNG LAOTTOLNONG YLX TOV EVTOTILOMO
hotspots oTov Kw6u<0( oL O UTTOPOLONV VX
0dNYNOo0oLV O€ PHELWON TOU XPOVOU EKTEAETNC, XV
YLVEL TTpPXAANAN LAOTTOLNOT XTTOTEAECUNXTLK(X.)

» H avaxAuon x1rodoong PaOLOTNKE OTNV LAOTTOLNON
‘[ru])v XAyoplOuwv 1TTOL TTpOTELVOVTXL O0TO Vavalis et al
4

» AUVEL TNV eglowan Poisson pe Dirichlet cuvoplxkeg
ouvOnkeg ywx 2D kot 3D vtrep- opBoywvix TTEOLX -
ETTEKTXON.




v

H Bxokn U}\onolndg [4] ndn vTTooTNPLCEL
TTXPpXAANAOTTOLNON dLXMOLPpXCOMEVNC MVAUNG TOU Monte
Carlo kxt Tou Laplace emmtAvTtn pe xpnon Pthreads.
EOTIXOXUE OTNV XUMECH LAOTTOLNOT MLXC LRPLOLKNC
TTXPXAANANG LAOTIOLNONG ME Xpnon OpenMPI yix
ETTLKOLVWVLX METXED OLEPYXTLWV.

YAotrotnOnke x1TAO master/worker oxnue yux ve
KXTXVELMEL TOV UTTOAOYLOTLKO ¢OopTO TOL Monte Carlo
TTUPNVX XVXUEOX OTLG OLEPYXTLEC.

H master dlLepyxxolx UAOTTOLEL TOUG TTUPHVEG TNG .
TTXPEMPOANC KXL TOU Laélplace ETTLAUTN YLX KXOE LTTOTTEDLO
TOTTLKX ME Xpnon threads, adov elxe TTpwWTX AXPEL TNV
XTTXLTOUMEVN EKTLMNON TWV OXETLKWY KOMBWYV XTTO TLC
XAANEC OLEPYNOLEC.

H Aoylkn Tou BXOLKOU KWOLKX [4] MEVEL OXETLKX
XTTXP XAAXKTN.

H uBpLOLKn LAOTTOLNON KXTRPEPVEL VX ETTLOELEEL
ONMUOVTLKN ETTITXXLVON, EVW OLXTNPEL TNV TTOLOTNTX TNG
AUOTC O€ OELYMXTX OUVOAWYV DEDOUEVWYV ELOODOOU




ATTOTEAEZMATA -APA2H 4.1

IRaas, evx Bouoiouevo oto cloud repiBaAAov eTTiIALONG TTPOLANUXTWY
TTOAAXTTAWYV TTESIWV,/ TTOAAXTIAWY PUOLKWV

4

4

BaoiCeto otnv mapXAAnAn vAotmoinon tng GEO kot ROB IR ue xpnon
TnG FENICS kot To RabbitMQ.

H dtxdikaoix Tng emmiAvong Twy TTPOoBANURTWY TTOAAXTTAWY TTESIWV/
TTOAAXTIAWV PUOLKWYV TTPXYUXTOTTOLELTXL O0TNV cloud vtrodoun, oov
SaaS epopuoyn.

Ot xpnioteg: (i) opiCovv ovvBeteg MAE TTOAAXTIAWY duatkwy, (i)
ETTIAEYOUV TOUG KXTXAANAOUG ETTIAUTEC Yix T TTedix kext TH GEO/ROB
IR uebodo yix Tig dLerapeg kit (iii) Exovv TpooBuon oTnv
UTTOAOYLOMEVH AUOT OTO OUVOALKO TTPOLANUC.

Mo pAANAX, EVXC UNXXVIOUOG XTTOOOTIKNG KXTXVOUNG KXl SLXXEIPLONG
TTETUXXIVEL TPELC ONUXVTIKOUG OTOXOUG.

Kavel katavoun Tou ¢opTou 0TOUG EAXXLOTOUG OUVXTOUG TTOPOUG,
AUVEL TO TTPOLANUX O€E VXV OXEOOV BEATLOTO XPOVO EKTEAEONC KXL N
KXTXVOUI TTOPWV TTPXYHXTOTTOLEITXL XUTOUXTX OTO TTXPXTKIVLO,
Xwpic TNV Tapeufoon Tov xpnorn.

UTTOYN N TTOLKIAOUOPPiX TWV VTTOTTPOBANUXTWY N €Popuoyn UTTOPEL
VX UTTOAOYIOEL Kot vt TTpexeL T BEATIOT VMs (o€ TTABog kot
oVVXTOTNTEG) oVUPwWVA LE TouG dlxBeoIIOUG TTOPOUGS, TO UEyeBOS ToU
OUVOALKOU TTPOBANUXTOC k&t TO UeyeBoc Twv uTTOTTPOBANUKTWY TOU.
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AAMX ATTOTEAEOUXTX
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O KWOLKOG TWV TTRPXAANAWYV UAOTTOLNOEWVY TWV UEOOdwWYV koL n Edapuoyn IRaas.

Y110 a%yypadni 2 emmioTnuUovika opBpoa yiex vTToBoAn o€ dLeBvn emmioTnuUoViIKX
TTEPLOOIKX.

Mix édnuooievon o€ ouvepyxoix HE LEAN TOU EpyxoTnpliov A.TT.: N. Sfika, A.Korfiati,
C. Alexakos, S. Likothanassis, “Workflow coordinated resources allocation for Big
Data analytics in the cloud”, 2nd WorkshoF on “New Methods and Tools for Big Data
(MT4BD-2015)", part of 11th International Conference on Artificial Intelligence
Applications and Innovations (AIAlI 2015), 14-17 September 2015, Bayonne/Biarritz -
France.

Mwx M.A.E. pe T'LT>\OZ«ZX€5LOIO'HO'§ kot vAoTroinon TTPONYMEVWY HXONUXTIKWY
UeBOOWV yilxx TNV €TTIALON TTPOPANUKTWYVY TTOAAXTIAWYV TTESIWV O€ OUYXPOVEG
UTTOAOYLOTLKEG OPXLTEKTOVIKEG», A. Kopdratn, M.TILE. “ETIoTAUN KoL Texvohoyin
YTroAoyLloTwVv’, ToL TuNuaTog Mnxavikwy H/Y kot TTAnpodopLkng Tou
MxvetTioTnuiov TTXTpwv.

3€ €ECEALEN MLX ALDXKTOPLKN dLXTPLPN, ME BEUNX: «ZXEQLXTUOC KXL LAOTTOLNOM
OAOKANPWHEVOL TTEPLBXAANOVTOG ETIALONG TIPOPANUKTWYV OE€ XPXLTEKTOVLKEG '
LYNARG €TTd0ONG KXL EDXPHOYEC», A. KopdLaTn, M.TT.E. “ETTLOTAMN KoL TEXVOAOYLX
YTToAOYLOTWV”, TOU TUAUXTOC Mnxavikwyv H/Y kot TTAnpodopLkng Tou
TMaxvettioTnuLov TTXTpwv.




11111111

YBe1OuKn DMSM MNapaARAR
vhemelnen Monte Carle PDE
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[Meprypagn Zeiptakou AAyoplBpou

- H vAomoinon mapaAAnAng dtapolpadOpevVnc Lvung
npoepyetal amo G. Sarailidis and M. Vavalis!.
» WevdoKkwoKaC:

YmroAoyioe Tig ovvTeTayuevee TV KOUPwV 0€ OAES TIC VITOTTEPLOXES
I'ia xaBe xoupPo

ITapnyaye uia epyaocia

Avébeoe v epyaoia oe eva vnua

Extédeoe Monte Carlo va exktiunoeig v tiun Tov koufouv
Xpnowomoinoe 2D|3D Interpolation yia v evpeon VEwV opiwv
I'ta xaBe meproyn

ITapnyaye uia epyaoiag

AvébBeoe v epyaoia oe eva vnua

Avoe 1o vrompofAnua e ypnon emiAvtn Laplace
ITapnyaye ta amoteAéouara

1. G. Sarailidis and M. Vavalis, "Hybrid Solvers for Elliptic PDEs on rectangular multi-domains in 2 and 3 dimensions”,
submitted to Scientific Computing, 2013
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Xpovikn avaAuon Baclkou aAyopibpou

» ITpayuatomonOnke avaivon amod00T1¢ yid Ta T0C00TA
TOV XPOVOU EKTEAEOTC OTA 3 TUNUATA TNG

s AXyop1Buoc Monte Carlo (MC)
= AAyop1Ouoc Interpolation (I)
» EmAvtn¢ Laplace (LS)

Walks 5K 20K 80K
Problem | MC I LS | MC I LS | MC I LS
1 60% - 5% | 79% - 4% | 95% | - | 5%
2 50% - 10 | 76% - 3% | 90% | - | 5%
3 749 - 9% | 88% - 4% | 2% | - | 4%
4 80% | 13% | 7% | 85% | 11% | 4% | 88% | 5% | 7%
5 70% | 20% | 10% | 83% | 9% | 8% | 90% | 6% | 4%
6 78% | 12% | 10% | 84% | 10% | 6% | 94% | 3% | 1%
7 74% | 10% | 6% | 81% | 11% | 8% | 90% | 6% | 4%
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YBp10ikn MapaAAnAomoinon Katavepunuevne/
dlapolpalOPeEVNS HVNHNG O€ ELKOVLIKN ouotadd
UTTOAOYIOTWYV

 XTOXOC 1 XPNON VITOAOYIOTIK®OV JTTOAVTTUPTVWV
O100VVOEOEUEV®V VTTOAOYI0TWYV UE Xprjon MPI
Yl TNV ETMKOIVOVIO AVALETA OTIC O1EPYAOIEC.

« Xp1)01 HOVTEAOV Ol0XEP1OTH)/EpyadOuUeEVOL Y
™V tapaiiniomoinon tov MC.

- H diepyaoia oiayxeiprotr) vAomotel tic I ko LS.
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[leipapatikn €ykataotaon

» YAortou)Onke uia etkovikn mapaAAnAn cvotaoa pe 8
vrtoloyioteg e ue 4 vCPU n kaBe pia mavw asmo pia
eykataotaon OpenStack Cloud.
» T'ia OAa ta draBsoua tpoPfAnuUATA ONUIOVPYNCAUE
O10(POPOVC CLVOVATLLOVE
e ATTO HEY10TO TTATIO0C VIUAT®WV AVA ETKOVIKI LNXOLVT)
{1,2,4,6,8}

« To ovvoAlkO AN 00C O1epyaoiwV epyaTn
{1,2,4,8,16,32,64}

* TO TANO0C TV TUVYATIWV dladpouwV ava koupo otov MC
{20K, 40K, 80K, 160K}
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[elpauatikKa amoteAsopata
LPAUATIKA ATTOTEAECHAT
Problem | 2
np 1 2 4 8 [ 16 | 32 | 64 1 2 4 8 16 32 64
nt.
Walks 1 2 4 6 6 8 8 1 2 4 6 6 8 8
40K 26 8 6 3 3 4 3 26 9 7 4 3 3 4
80K 49 [ 14 [ 11 ] 5 4 6 5 50 14 10 6 4 5
160K 98 |24 [ 19 ] 9 6 6 8 99 25 19 9 6 7 9
Problem 3 4
40K 25 10 5 3 3 2 3 [ 538 [ 183 [ 120 | 70 62 68 77
80K 40 [ 26 [ 10 | 4 3 4 4 1931 [ 298 | 170 | 88 80 86 90
160K 99 | 38 | 18 | 8 5 6 6 [ 17771 511 | 295 | 124 | 109 | 122 129
Problem 5 6
40K 534 [183[120] 70 | 62 [ 68 | 74 | 494 | 176 | 423 | 78 72 75 77
80K 946 | 298 | 170 | 88 | 180 | 86 | 90 | 847 | 273 | 164 | 97 82 92 94
160K | 1757 [ 511 [ 295 [ 124 [ 109 [ 122 1 129 [ 1550 | 464 | 292 | 135 | 106 | 121 130
Problem 7 Problem Set
40K 365 | 176 [ 109 ] 78 | 72 | 75 | 77 | 2008 | 745 | 610 | 306 | 277 | 295 | 312
80K 713 | 273|164 | 97 | 82 | 92 | 94 | 3576 | 1196 | 699 | 385 | 335 | 371 382
160K | 1416 | 464 | 292 | 135 | 105 | 121 | 130 | 6796 | 2037 | 1230 | 344 | 446 | 505 | 541
Problem Set Speedup Min | 2.81 | 203 | 6.33 | 6.86 | 6.59 | 6.42 |
Avg | 3.08 | 4.17 | 885 | 10.60 | 9.53 | 9.12
Max | 334 | 5.13 | 11.48 | 14.62 | 12.81 | 11.92
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» Ta KAADTEPA ATTOTEAECUATO TA ETYALE LLE XPTIOT
128 VNUAT®V TTApA TO YEYOVOC OTL EYALE 32
EIKOVIKOVC ETTEEEPYAOTIKOVC TTUPT)VES

» H avéoueimon otnv amod0o0om £XEL OXEOT LE TO
AOYO avaBeomn vnuatwy ava epyaoia, pe 10aviko
AOYo avaBeonc 4 vijuata ava dlepyaoia
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Dynamic Cloud Resources
Allocation on
Multidemain/Multiphysics
Problems




R,
IRaaS Application

« The proposed cloud application is a solution
environment for multiphysics/multidomain problems
= implementing the interface relaxation methodology, and
o utilizing cloud technologies that manage pre-existing

hardware, network, operating system and applications.

- The user sets the problem’s parameters, chooses the
interface relaxation method (GEO/ROB) that fits better
to the specific problem and finally gets the problem
solution from any place and any device.

 The application dynamically allocates the minimum
possible resources automatically in the background
without the user’s interference.



IR methodology

» Decomposition of the PDE domain into subdomains
= derived by the physics or for parallelization purposes

- Initial guesses on the interfaces between the
subdomains

» Solution of individual sub-problems

- Computation of new values on the interfaces by
particular IR methods (forcing the correct
conditions for the problem)

- Iterative process until convergence is succeeded



IR method - GEO

» New relaxed values on the interface points:

> Add to the old ones a geometrically weighted average
of the normal boundary derivatives of the adjacent

subdomains.

ou® (x) oul (x))
K+1) () — 2, (K) () _ L ~ Oup ”
u (x) = u™(x) p( 5 )
=0,1,2, ...

o
|
]
|
|
A

\“ ~




IR method - ROB

+ Based on Robin interface conditions to exchange
information across subdomain boundaries

» Solution of the local PDE on the subdomains using
Robin conditions on the interfaces by matching a
combination of Dirichlet and Neumann data from the
neighboring subdomains

- The solution at each iteration k is given from the
following equation:

Lu® = f ) with
) auk” - ., :
- a;x + 2 = — uaL—x + Au]Ek Y on domain’s left interface
X) gulk—D _ . : :
alalx + 2au® = —ugx + )\ulgk D' on domain’s right interface



IR distributed solution

- PDE problem divided in sub-problems
- each has to be expressed as a variational problem.

- Boundary conditions and initial guesses on the interfaces between the
sub-problems specified and applied.

 Solution and gradient computed.

« Get the values of the solution and the gradient on the interface points
and compute the new relaxed values.

- Pass these new relaxed values back to the sub-problems as updated
values of the solution on the interfaces.

- New iteration begins.  [vinual soiving Node A| [ Virtual Soiving Node 8| [ Virtual Sotving Node ¢
Left subdomain Middle subdomain Right subdomain
Solver Solver Solver
Left-middle interface L . Middle-right interface
IR method IR method




Everything As A Service

 Infrastructure As A Service (IaaS)
= TaaS allows clients to dynamically rent virtual
machines on which they can install their own
operating system (OS) and other applications.

» Platform as a Service (PaaS)

= PaaS allows clients to develop their own system using
the platform tools, without having to install and
maintain these tools themselves.

« Software as a Service (SaaS)

= With Saa$S, cloud providers install, manage, and
operate the software application, and the user has
neither knowledge nor control of the underlying
infrastructure.



System architecture’s components 1/3

Processing Processing Processing essing
Problem 1 Problem 2 Problem N-1 Problem N

7] (%%
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o ,
Job Schedule Datastore Job Monitor

Module Module T Module

Computer Tablet Phone Third-party System



System architecture’s components 2/3

» Graphical Ul
= User Authentication/Login,
= Graphical interface for adding a new problem,
» Graphical interface for viewing problems’ progress,
= Graphical interface for viewing results.

« Job Schedule Module

= Orchestrates problem execution on the cloud infrastructure.

Allocates the resources needed by the Virtual Solver Nodes
for the problem execution.

Deploys the eligible VMs along with their information.
Initiates the problems.
Destroys the VMs after the execution is finished.

m]

m]

[m]

[m]



System architecture’s components 3/3

- Job Monitor Module is an Advanced Message Queue Server
(AMQS):
= Handles the communication between the entities of the system.
; Is based on the Advanced Message Queuing Protocol (AMQP):

- Connects systems and manages the information and messages
exchange between them.

» In the present work RabbitMQ has been used.
- DataStore Module accessed from all the system components:

> Stores the input data, the results and the intermediate data of the
users’ problems.

- Virtual Solving Nodes created by the Job Schedule Module in
order to start and perform the problem execution:

» Inform the Job Monitor Module about the state/progress of the
problem.

. Send their final results back to the Job Monitor Module.




Job Schedule Module's process

( Begin )

Checks the DataStore to obtain
the required information about
the job queue.

If the job queue is empty, it
remains idle.

If there are pending jobs, it
selects the first job in
chronological order from the
queue and initiates the process
for the problem solving

if th

are running
jobs

if there
are waiting
jobs

Yes
Y

receive first job's info

Calculates computational
resources depending on the
size of the input data.
Creates the VMs (based on
pre-existing templates
including the software
required for the problem
execution) that will act as the
Virtual Solving Nodes.

alculate computationa
needs and deploy VMs

if VMs are running
and have booted

if job is
completed

' ark job as running

When the problem has been
executed, the Job Schedule Module
destroys the created VMs and moves
to the execution of a new job in the
queue.

send request to VMs to
start problem execution

Initiates problem solving process.




Job Monitor Module's process

» The Virtual Solving Nodes
execution progress is monitored
by the Job Monitor Module.

« With RabbitMQ), it receives the
current iteration of the problem
being solved and sends this
information to the DataStore for
publishing to the users/systems.

connect to
AMQServer

v

receive execution's
progress and store it to
database

job has

finished

L . P .
store results to When the JOb IS flnlShed, ].t

datsbass marks the problem as completed
i ‘ and stores the solution in the
mark job as DataStore.

completed




Application Interfaces

« The proposed platform is empowered with two
interfaces in order to interoperate with the rest
ecosystem.

= The first is an HTML graphical interface used by
users for submitting processing requests, evaluating
their progress and accessing results.

= The second refers to third-party systems and it is an

Application Programmable Interface (API) that
can be invoked by HTTP requests over Internet.



Graphical interface designed for many
devices
g - The graphical user interface is simple

and follows responsive desiﬁn

e

uidelines in order to meet t
esired level of user friendliness.

- The responsive design is a collection of
techniques applied in the HTML code in
order for the application's screens
to automatically be adapted to the
screen resolution of the user's
device, even in small devices such as
tablets and smart phones.

« Thus, the proposed application can be
easily used from anywhere with the
condition that users have a mobile or
non-mobile device with web
browser and internet.




Results

- Elliptic problem:
Lu(x,y) = =V?u(x,y) + y*u(x,y) = f(x,y), (x,y) € Q
u(x,y) - ub(x,y), (x,y) € a'Q
with f(x,y), and ub (x, ), selected such that the true solution is:
u(x,y) = ey(x+4)x(x —1D(x - 0.7)y(y —0.5)
+ The test infrastructure comprises a server with an Intel(R) Xeon(R)

CPU E3-1220@3.10GHz with 4 cores and 16GB RAM. As a result,
our experiments are restricted to a small range of input datasets.

Problems' Details
Problem Discretization Left Domain Middle Right Domain NI alt
. e e . Interfaces
Parameter Size Domain Size Size Points

0.1 84 24 44 6
0.05 328 88 168 1
0.025 1134 294 574 el
0.0125 4508 1148 2268 41
0.00625 17655 4455 8855 81
0.003125 69228 17388 34668 161

0.0015625 274134 68694 137174 321



Results

- For the evaluation of the application, we performed a number
of experiments for each test case.

- Experiments were executed with a variety of given
computational resources.

» In order to balance the tradeoff between the minimum
execution time and resources allocation, the best resources
allocation depends exclusively on the input problems.

- We have employed the following rule for the allocation of

computational resources:

if subdomain size <= 75000:

virtual solving node RAM = 1GB

virtual solving node processor = 1core, 2GHz
else if 75000 < subdomain size <= 150000:

virtual solving node RAM = 2GB

virtual solving node processor = 1core, 2GHz
else if subdomain size > 150000:

virtual solving node RAM = 4GB

virtual solving node processor = 1core, 2GHz



Results

« As we can observe from the next table the proposed implementation
provides a significant reduction in execution time compared to the previous
virtual implementation.

» The reduction factor increases further with the increase of the problem size,
which is a testament of the efficiency of the proposed methodology for the
solution of large-scale problems.

- In addition, the application provides an important gain in resource
utilization cost for every test case. As a result, both time and resource usage
reduction has been achieved.

Comparison Analvsis

Virtual Proposed Virtual Proposed
Problem . Cloud . Cloud
Implementation . Implementatio .
ROB Implementatio n GEO Implementatio
n ROB n GEO
16.004 15.348 15.495 15.041
16.281 15.373 16.068 15.411
17.392 16.022 18.140 15.724
23.634 19.223 25.595 19.169
45.456 27.313 51.808 28.548
132.179 65.386 166.633 71.416

1099.05 265.415 735.731 297.122



Conclusion

« We have presented a cloud-driven application for the
solution of multidomain/multiphysics problems based
on the Interface Relaxation methodology.

» The users can define complex multiphysics problems,
select the appropriate PDE solvers for the domains and
IR method (ROB or GEO) for the interfaces and get the

computed solution of the global problem.

« The resources’ allocation is dynamic and is based on the
computational needs of each problem.

« The proposed methodology allocates the minimum
possible resources, solves the problem in a close to
minimum execution time, and the resources allocation is
performed automatically in the background without the
user’s interference.
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IRaaS  Problems  About  Logout (user)

Problem Categories
Click an image to select the respective problem category

’ ’ outer rectangle outer rectangle

middle

rectangle
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IRaasS Problems  About Logout (user)

New Outer/Inner Rectangle Problem

Define a new problem

Problem Name *

Problem Details *

Outer domain XML file *
Choose File |No file chosen

Inner domain XML file *

Choose File |No file chosen

Iterations *

15

Start solution process
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IRaaS Problems

Problem Information

Submission Datetime
2015-11-14 13:25:26
Details

Outer domain XML file
domAfile_6.xml

Inner domain XML file
domBfile_6.xml

Error Tolerance

le-6

Iterations

15

Progress

Status

COMPLETED
Initialization Datetime
2015-11-14 13:27:50

15 out of 15 iterations.

Results

Finish Datetime

2015-11-14 13:28:47

Duration

16753 day(s) 11 hour(s) 27 minute(s) 50 second(s)
Statistics

Inner domain vertices: 233
Inner domain interface points: 1
Outer domain vertices: 332
Outer domain interface points: 1

Inner Domain
inner_dom_iter1_if0.txt
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