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Motp&AANAY Tuvepyatiky AviOnon.

LZuve;:n(ou:u(f] AuOnon kol TuoTHLATo T VoTATEWV

Y uvepyatikn ABnom ko LuoTHUATH Y VoTAoEWY

Y VOTTUOATH 2 VOTACEWV

Tol CVOTHULATA CUOTACEWV efvoll UMY OLVIOMOL TToLPLY WY NG
OUOTAOEWV YLOL TOL QLVTLKELEVOL EVOC TUVOAOV.

m Xproteg

m Avtikeipeva

m Aéloloyfoelc

m Yvotdoeig/MpoPAéderg

Y vvepyatikn Aibnon

Y vvepyatikn AuiBnon eivow 1 Stadikaoior Sl wpropo
QLVTIKELEVROV LECK TNG YVORNG GAAWV.
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Motp&AANAY Tuvepyatiky AviOnon.
L):\Jvt-:p'ycxn:u('r'] AuOnon kol TuoTHLATo T VoTATEWV

LA}xyépl.epol. Y uvepyatiknc Awhbnong

AAybpBuol Yuvepyatiknic Aubnone

m AlydpBuol Bdoel xpnotov ko Béosl avtikeyuévov
o Tmohoyilouvv eyyvTnTa
o Emuléyouv utocivolo xpnotv 1 avtikeyLévwy
o [Mopdyouv tpoPAéderc
m AlyépBuol peiwone Siaotdoswv
m AAyéplBuol cvotadotoinomng
o Anuoupyovv ocuotddeg

o Emuléyouv amd avtéc Bdoel kprtnplwv
o lMopdyouv tpoPAéderc

m AlyépBuot Slope One
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Motp&AANAY Tuvepyatiky AviOnon.

L):\Jvt-:p'ycxn:u('r'] AuOnon kol TuoTHLATo T VoTATEWV

LI'IpoB)\'ﬁp.o(.'l:zx. ko MpokAfoelg Twv TuoTNuATWwY X uoTdoewV

MpoPAuotal kot [TpokANoelC TwV LVOTNUATWY 2 VoTACEWV

B KApdkwon

B 2 TopadikdTnTal Tov
Tiivockal al§lodoyfioewv

m [péBAnua véou xpnfotn 1
OLVTLKELLEVOU

B Y uvevupio

m [lepimtoeic aovviibiotou
Xpotn

m KaBodnyoluevn
TAoNYNoN

AbEnon epmiotoolvng
XPNOTOV TPOG TO
OUOTNUO

Mpootaoia Tpoowtik®dV
dedopévav

Avocpdlverol
ovothuotoc-atdbeon
XpfioTn

Evowpdtwon xpovikov
TAouoiwv
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Motp&AANAY Tuvepyatiky AviOnon.
L MNotpdAANAN Emte&epyooto
L Opiopot

MNopdAANAT Emteéepyaoio

Toutdypovn XpNoTm TOAXTIADY UTLOAOYLOTIKOV TLOPWV YLOL TNV
emiAvom evéc mpoPAfuotoc.
m Meiwon xpbdvou ektéleong

m Emidvon peyalitepwv TpofAnudtwy

MovTéAa TapdAANAOL TPOYPOULLLOLTLONOV

= Mowpalépevng pviung m [MopaAAnAiopo
m Nnpdrwv dedopévwv
m MetaPiBoone pnvupdtov m [MopadAnAopod

m TBpLdikd AeLTOVPYLOV



Motp&AANAY Tuvepyatiky AviOnon.
L MNotpdAANAN Emte&epyooto
LerSLucpég Kol avATTUEN TIAPEAANAWY EPOLPLOY DOV

Y xedlaopudc ko avETTTLEN TAPAAANAWY EQPUPOY DV

Katavdnom mpofAfuatoc-kmdikal
Evtomiopdc xpovoPfbépwv Tunudtwy

Empepiopédc dedopévwv kol Asttouvpylodv

[
[
[
B Ewoaywyt emkowwviog
B 2 VUYXPOVIOMOG
m E&ooppdmnon goptiov
m Xewpiopde Aertovpyiav 1/0
E€aptoeic Aedopévwv

m Adié€oda

B Y uvOfKec AVTOLYWVLOMOY



Motp&AANAY Tuvepyatiky AviOnon.

Lrlocpéc)\)\‘r])\‘r] Emnegepyaoio
LOpenMP ko MPI

OpenMP ko MPI

OpenMP

B 2 UOTHUOTO
powpaCépevng pvipme.

m [ToAvvnuotikd povtédo
TPOY POLULLOLTLOLOV.

m O mpoypoppatiotic eivo
uteVBuvoc yia To
XELPLOWS TV
TULPSAANAWY TLEPLOY OV
KOLL TO OUYXPOVLOKS TWV
VLATWV.

m [lpétuto oclotnua

petaBifoone unvupdtov.
[MpétuTo yioL TNV
gTLKOWVWVIAL SlepyaLoL®v
TLOU €KTEAOUV TaLpdAANACL
TPOYPALLOTO OF
OUOTHULOLTO
KOLTOLVELMILEVTG LVTHNG.
Tal TpoypdpLLoLTO TTOV
xpnotpotmotovv MPI
KTTOpoUV VoL ekTeAecTOOV
kol og uBpLBLkd

OUOTHLOLTOL.
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Motp&AANAY Tuvepyatiky AviOnon.

Lo aAySpLBpog Slope One

LI'It:pl:yptx.q)'ﬁ Tou alyopibpov

O aAyobpiBuoc Slope One

m OpiCel awvd Levyn Tdoo o apeotd eivon évar avTikeipevo oe
oxéon pe éval dAho.

m Xpnowotmolel TANpoypopieg AANWV XpNoT®V Tou £XOuV
ekTioel To 8o avtikelpevo ko TTAMpPoopiec Tou evepyol

XpHotT.

MAeovekTHOLTA

Baoiletow otnv avtikelpevo Tpog avtikeipevo mpooéyyion
ATAb¢

]
]
m AkpBric-AToteAeoportikdc
]
]

EdkoAn spoppoyi
Avvouk evnuépwon dedopévwv
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One
LI'It:pl:yptx.q)'n‘] Tou alyopibpov

Briw

m Troloyifovtol oL Tivokeg SLoLpopidv, CUXVOTHTWY Ko
aTtokAioEwv

m Mopdyovton ov tpoPAédeic

Y vpPoliopot

m u;: Ektipnomn tou xpfiotn v yio To avTikeipevo i.
m S;i(x): LUvolo ekTUNOEWVY XPNOTWV Tov TtepLAapuBdvouv
EKTUNON YLOL TOL OLVTIKELLEVAL 7 KOlL j.

m card(S;,i(x)): MMBoc¢ Twv otouxeiwv Tou cuvérou S;;(x).

Amékhon devj,; = MpoPAédeic pred(u, j) =
— - “
> ies; () @rdBa00) U+ rarm) 2icr; €vii
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

LI'It:pl:yptx.q)'n‘] Tou alyopibpov

Slope One ue Bdpn

Ektdg amd tal avTikeipLeval Tou €XeEL eKTIUNOEL O XPNOTNG,
ouumeptdopBdvetal otic TpoPAédelc ko To TANBoC Twv
TP TNPoUpEVWY ekTiufoe®y Lo kéBe avtikeipevo.

MpoPAéderc

ZieS(u)—{j} (deij aF ui)cﬂ
2 ieS(w)—{j} G

pred(u, j) =

Ainolo oxfpa Slope One
m Xphon kaTweALol

B Al WPLOPOG OLVTLKELLEVOV O OLPECTA KO 1) OLPECTA
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

LAl(o)\O\JSI.o(.Kch KOSLkag

AkolovBLakdc kOSLkoC

B AcoueVeTOL XWOPOG YLOL TOUG Tivalkeg ratings, numerator,
denominator ko deviation.

m O utoloylopdc Twv Tvdkwv numerator, denominator ko
deviation eivoi To uTtoAoyLoTIKE SOOKONO KOMUATL TOV
adyopiBuov, SuétL amouteiton mpoomédaon SAwv Twv
XPNOTOV KOL OLVTIKELLEVQV.

m [Mopdyovton mpoPAédeic ko TpoPAédeic pe Pdpn.
B Meydec amoutioeic oe pwviun.
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Motp&AANAY Tuvepyatiky AviOnon.

Lo aAySpLBpog Slope One

L MoapdAANAeg epappoyég

Egpappoy? pe OpenMP

m [eipopa oe 16-Tdpnvo umoroylotn pe 16Gb RAM
m Y Ovola Aedopévwv Movielens

m Apyttektovik) Mowpalbdpevng Mviune - Movtélo Nnudtwv

MopaAAnAoTmoinon

B Emupepiopdc dedopévav

= OpiCovta ot TapdAANAeG Teeploxég
m [epropietan o xWpog Tov aateiTol yLol TOV numerator

m Eppwlevpévoc mopadiniiopdc: H kAfjon Twv cuvaptioswv
twv TpoPAédewv yivetow péoa oe ToLpdAANAT TeepLox T
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Motp&AANAY Tuvepyatiky AviOnon.

Lo aAySpLBpog Slope One
L MoapdAANAeg epappoyég

ATtoteNéopoata

m Me xpron 16 vnudtwv
pelwon katd 9 popég Tou
OUVOALKOV YpbVou
ekTéheonc.

140 T
Execution time —+—

1 m Yuvolwkdc xpdvoc:

o Xpbvog UTOAOYLOGV

o MpoPAédeic

o AmoB7kevon ot
apyeio

Total execution time

1 4 8 12 16
Number of threads
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

L MoapdAANAeg epappoyég

’ ATtoteNéopata ‘
AkolovOiokd | Mop&dAAnio

Xpdvog mpoemelepyooiog 56,88sec 3,87sec
Y uvoAkdg xpdvog TtpoPAédewv 47sec 3,20sec
Xpbvoc mpoPAédewv pe Bdpn 27sec 1,90sec
MpoPAéderg/sec 31847 458999
MpoPAéderg pe Pdpn/sec 55630 773889
Y UVOALKSG X PSVOG 134,75sec 16,71sec

Mo Sudpopal LeyéOn ouvdrwv dedopévav

m O wpoPAéderc
otaBepomolobvtan oTic
214000/sec kow ot
mpoPAédeic pe Pdpn otic
362000/ sec.
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One
Lﬂupdc)\)\n)\eq epappoyég

TRpLdikn epappoy

m MNeipopoa oe 12 Simbpnvoug utodoylotéc pe hyperthreading
4Gb RAM

m Y Ovola Aedopévwv Movielens

m Apxrtektovikt, Motpalépevne ko Kartovepnpuévne Mviung -
TBRpLdiké Movtédo

m MéBodoc Tuvtovioth-Epyalopévou e Suvapikéc diepyaoiec

m E&iooppbémnon goptiov

B Avdykn emikoweviog ReTadl TV UTTOAOYLOTOV TNG
ovoTtouyiog
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

L MoapdAANAeg epappoyég

MopaAAnAomoinon

B Emupepiopdc AettovpyLov

@ Xuvtoviopdc epyaoLidv
@ Troloywopol

© Xuloy1 amoteeopdtwy
Q Mapaywyh TpoPArédewv

m Empepiopde Aedopévwv

Y UVTOVLOTHC Epyalbuevol
m ArtooTtéNel dedopéval m AopBdvouv dedopéva
m AopPdvel ofuo m Y téAvouv ofual
m AmootéNel véa 1 = Aapfdvouv véa 1
televtaio Sedopéva tedevtaio Sedopéval
m MoporapuPdvel m AmtoocTtéAAovv

OLTLOTEAEOLOLTOL ATLOTEAEOLOLTOL N,



Motp&AANAY Tuvepyatikh Ao

Lo aAySpLBpog Slope One

Lﬂupéc)\)\n)\eq epappoyég
ATtoteNéopoata
B Melwon katd 5,7 @opéc

TOU GUVOALKOU YXPpbVou
ekTéAeomnc.

36

Execution time —+—

B Ac yivetal xpnon tng
| Suvakic atooTolc
dedopévav ota
amoTteAéOLOLTOL
ETUTAYUVOTNG.

Time in seconds

| m TMoiCer pdho to péyeboc
; - . - ,  TOVU TLOLKETOVL OV
Number of processes p
ATLOOTEANETOLL.




Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

L MoapdAANAeg epappoyég

ATtotedéopata ‘

AkolovOiokd | TRpLdikd

Xpbdvog mpoemelepyooiog 56,88sec 3,66sec

Y uvoAk6¢ xpdvog TpoPAédewv 47sec 10,09sec
Xpbvoc mpoPAédewv pe Bdpn 27sec 6,80sec
MpoPAéderg/sec 31847 146963
MpoPAéderc e Bépn/sec 55630 219771

Y uvolkdg xpdvog 134,75sec 23,84sec

Number of processes

B Opoy etdyvvon.

m Xpdvoc emukowwviog
petpfibnke oto
OUVTOVLOTT| Kol
TepLhapBéivel ko Xpbévo

oLVoLLovic.

N
N
N
(o}



Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

L MoapdAANAeg epappoyég

TBpLdLk1) epappoyn o eTepoyevr cuoToLyio

m ‘Opola pe tnv Tponyovpevn epoppoyn

m [lelpapa o éva 16-mOpnvo,800 4-Tdpnvoug Kol Tpelg
BLmdpmvoue uTtoroyLoTéc

m ‘Edeyxog yia BéATioto ouvtovioTy

m Emutdyvvon oc¢ 15,9

m Mo N=6, eukowwvia 4,02sec ko BewpnTik eTLkOW®VIAL
2,13sec

Density ===
Gronularity =

Py % % % B % S
W n R TR % % %

°
Number of ratings in datafle 106000 122650 133019 240579 399542 415323 407756 570000 664450 755320 091052 23 /26



Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One
LI'Itxpo'(.)\)\'r])\aq epappoyég

2 0YKPLOT) TWV EPAPPOYDV

’ ATtoteNéopata ‘
Axo). OpenMP TBe. TBp.
Evep.
Xpbvoc mpoeTel. 56,88sec 3,87sec 3,66sec | 4,15sec
Y uvolkdg xpdvog 47sec 3,20sec | 10,09sec | 3,43sec
TpoPAéPewv
Xpbvoc mpoPAédewv 27sec 1,90sec 6,80sec | 2,20sec
pe Bdon
MpoPAéerg/sec 31847 458999 146963 | 432995
MpoPAéderc pe Bépn 55630 773889 219771 | 674147
/sec
Y uvohikdg xpbvog | 134,75sec | 16,71sec | 23,84sec | 14,06sec

24
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Motp&AANAY Tuvepyatiky AviOnon.
Lo aAySpLBpog Slope One

L MoapdAANAeg epappoyég

Implementation with OpenMP —+— Implementation with OpenMP —+—
Implementation with OpenMP and MPI Implementation with OpenhP and MPI
S0 with OpenMP and MP1in Tuster s olk Implementation with OpenMP and MPI in heterogeneous cluster «+¥:+:
400 16 - *
e
g 300
g ¥
Fowl 0 e e e
200 T
100 3
6L

P @g%y B B % B B EY %
% KD 9 > % ®
%, . = %, -
% > % % % % 3 %

m H cnp&S?izﬁ"dgsila¢opd ¢ uPpLdikHc ecpocpp.oyncornv
olLOYEVT ouoTolyial oweileTol 0TO XPdVo ovaLoviic TTou
oupTeptAopBdveTol otV KOGV

B 2 TNV €Tepoyevh ovotolxia o depyog Xpdvog
ehaylotoToteiton emeldn umtdpyouv epyalbdpevol LoyupdtepoL
oTtd TO CUVTOVLOTY.



Motp&AANAY Tuvepyatiky AviOnon.

L):\J;.LT\:sp(iLa;.wa:(x

Y UUTLEPAOUOTAL

m H mapdAAnAn Slope One epoppoyn siva wg ko 9,5 popég
Tax0Tepn TG akoAovBiokic.
m Trdpyouv eplBopia Pertiwong.
o Beltiotomoinon kwdiko
o P0Ouon Tokétwv: duvokn katatvour, duvorukd péyebog
B A pétpwv YL TIc TepLTTOOoELS 6Tov o alydpLBuoc
Topdyel amote éopata Xwpic puotkh onpaoio (0,1).
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