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[TPOAOTI'OX

H mapoloa mruxlakn epyacio pe Titho «EEatopkeLEvn TTOPOX ) OUCTACEWY PE BAon To TEPLEXOUEVO
KOLL TLG T(POTIUNOELG» SLEVEPYNONKE 0TO TAALCLO TNG UTIOXPEWTLKIG EKTIOVNONG TITUXLAKNG EPYACLAg OTO KTipLo
mou oteyaletal to TuApa NMAnpodoptkng kat TnAspatikng Tou Xapokoreiou Mavemiotnuiov  ABnvwv.

H Slekmepaiwon NG MTUXLOKAG Epyaciag emiteUxOel e tnv avalutik kaBodynon Kal oTevr) TOPOKO-
AouBnon tou Emikoupou Kabnyntri BapAdaun HpakAn kat tov omoio Ba fBela va euxaplotiow ylo OAEG TLG

QUEOEC Kal EMEENYNATIKEG QTIOVTHOELG TOU O€ OAEG TIC ATOPIeC HOU.



1. EIXAT'QI'H

1.1 Medio diaTpIBng

To Bua g SlatplBng, adopd tnv EMEKTACN EVOC OUOTAULATOG 0TNPLWOUEVO O AOYLOMLKO, TO OToio mpo-
TPEMEL XPNOTEG ULAG LOTOOEALSACG ELKOVIKAG KOLVOTNTAG, L€ CUMPBOUAEUTIKEG TIPOTACELG yLa TN apakoAolBnon
VEWV TALWVIWV TIPOCAPHUOCUEVEG OTLG AVAYKEG TOU KABE xprotn {exwplotd, onmws to yvwotd Movielens.

H Snuloupyia TV MPOTACEWY, TPOKUTITEL ATO TNV CUCCWPEUGCN TTANPOGOPLWY, ATIO TO TIEPLEXOUEVO KABE
XPNOTN KAL TNV LOTOPLKN KaTaypadr TwV MPOTILACEWVY ToU, CUUGWVA LE TN CUMETOX TOU OE T(PONYOULEVEG
Pndodopieg ot onoieg £xel kKAnBel va Babuoioynoel tawvieg. To oclotnua avantuxdnke e tn néBodo ou-
vepyatikoU dpitpapicpatog Collaborative Filtering (CF) pe tnv otevotepn évvota, 6nAadn Snpoupywvtag
autopateg mPoPAEYPELG yla Toug XprioTtes. Mia amd tig pebddoug mou vAonoteital to (CF) kat otnv omnola Ba-
olletal To AoyLopko mou €xeL avamtuyBel, eival n uBpLdIkn HEBoSog mou cuvSUAleL SUO TEXVLKEG TIPWTOV HE
Baon to meplexopeVo tou xprotn (content based) kat 6evtepov to (item based) to omolio eival to LoTOPLKO
TWV TIPOTIUNCEWV KABE Xprotn.

To A6 umtdpxov AOYLOULKO TIOU TIPOKELTAL va eTtekta sl oe GAAN YAWOo TPOYPAUUATIOMOU Ao HEPOUG
pou, mapouctalel évav alyoplBpo mou uAomolel Tnv ponyoupevn uBpLdikn péBodo. O alyoplBpog autog
elvat o Singular Value Decomposition (SVD).

OL ouoTAOoELg IOV ylvovTal armd To cUCTNUO OTO XPNOTN, TMPOKUTITOUV e BAcn tnv enefepyacia Twv
anoBnkeupévwv oTolxelwv ou adopolv Tov kabe xpriotn kat amnd tov alydpdpo (SVD) o onolog urtohoyilet
KoL EEAYEL UE TN TTOPOYOVTOMOiNGN €VOG TIOAUTTAOKOU TIiVOKQL O OTIOLOC TIEPLEXEL OTATIOTIKA OTOlKEla pe BAon

To omola yivovtat ol mpoBAEPELS yLa T TBavr) peAAovTiki cupuneplbopd VoG xprnotn.

1.2 Zkonog

JTOXOG TNG MapoUoaG MTUXLOKNG gpyaciag, elval n eméktacn umdapyxouoag edappoyns Ue TNV cUUPBOAN
¢ BBAoBrkng Lenskit. Z& autd 1o okomod cupnephapBavovral to akoAouBa otadia, TpwTa N MAPAUETPO-
mioinon tou apywou oslplakol kwdika Soopgvou os C++ £tol wote va dxetal wg eicodo ta dataset tou
MovieLens, £melta LETATPOTT TOU 6N UMIAPXOVTOG TPOYPAUATOG OELPLAKAG akoAouBiag, KATOOKEVUACEVOU

o€ YAwooao npoypappatiopol C++ og OELPLOKO TTPOYPOUL, HE XPNON TNG YAWOCAS TIPOYPARATIONOU Java,



KQL ETELTA N LETATPOTH TOU OELpLaKoU KWK OVEMTUYUEVOU o€ Java o€ mapdAAnAo mpoypappa Xpnotuo-
mowwvtag TNV mAatpopua avantuéng Apache Spark n omoia amoteAel pia ypriyopn pnxavi enefepyaociag
Sebopevwy peyaAng kKAlpakag kot tng yAwooag npoypappatiopol Java.

TeAka, yivetal n xpovikn kataypadn tng EKTEAECNG TOU OELPLAKOU TTPOYPAUUOTOG AVATTUYUEVOU OE Java
KaL Tou avtiotolyou TapdAAnAou TpoypAUOTOG eMiong og Java €10l woTe va SlamoTwOel av mapdyovral
TIAPOLOLOL ATOTEAECHOTA KaL VA YIVEL AvTTOpaBOAr TwV SLADOPETIKWV XPOVWY EKTEAECNG TWVTIPOYPAUUATWY
Kat va tapatnpnBel av £xelL emiteuyBel kdmola BeAtiotonoinon pe t mapalAnAonoinon f OxL, KoL GUUTEPQ-

OUOTIKA av UTtdpYouV TtepLlBwpla epattépw BeATiwaong ToU MPOYPAUUATOG.

1.3 Z0vown anoTeAeopaTwWV

JUVOTTTIKA, T ATOTEAECHATA TIOU TIPOEKUP AV NTAV OPXLKA QO TNV TIHPAUETPOTOLON TOU apPXLKOU KWK
oe C++, 8nhadn n e€aywyn twv anoteAéoudtwy yla to dataset tou MovieLens twv 100000 BaBuoAoywy,
£TIELTA UE TNV EKTEAEOT TOU OELPLOKOU KWELKO TTIOU PETATPATNKE o€ Java dlamiotwdnke afloonueiwtn BeAtiwaon
OTOV OUVOALKO XpOvVO UAomoinong Kabwg emiong Kol oTOUG XPOVOUG €KTEAEONG TWV EMUEPOUC HEBOSWV
OUYKPLTIKG pe Tov apyiko kwdika oe C++. H Sdpketa yia Tnv Kataokeur Tou engine, tou load history kat
Tou processing test eivat 0 seconds, dpa ouvolikd 6 seconds, xpnotuonouwvtag wg training file to u.data
1o omoio amoteAei oAdkAnpo to data set autd twv 100.000 Babuoloywv OTOU KaL OL XPHOTEG KOL OL TALVIEG
elvat anaptBpnpéva ouvektikd and to 1. Qg testing file ypnotpomnouibnke to ul.test to omoio amoteleitat
Qo 2 KOUUATLO, TO TPWTO KOUUATL artoteAel To 80% tou ouvolou Kat eival and to u data kat to dsutepo
KoppATL amoteAel To 20% Tou cuvolou Kat sivat amd to test data. Téhog xpnoponouiBnke to ul.predictions
avtioTola ylo va ypadTouV Ta MapayoUevVa anmoTteAéopata Ue HEon ekTipnon AdBoug va eivat  0,679812.
2NV ouvéxela to mapdAinlo mpoypappo ulomownpévo o Java oto Spark emtuyxavel Tnv mapoAAnio-
nioon 6Awv twv function ektdg tng CalcFeatures n omoia ekteleitol akoAouBLOKE OMWE TIPONYOUUEVWC.
ZUYKEKPLUEVD O XpOVOG UAoTIoLoNG Tou engine construction Siapkei 5 seconds, tng LoadHistory 3 seconds
kat n ProcessTest 1 second, evw n ektéleon ya tn CalcFeatures mou skteAeital osiplakd sival 18 seconds.
JUVETMWE 0 OUVOALKOG XpOvog ektéAecng Tou apdAAnAou mpoypdupatog sivatl 27 seconds xpnoLLOTOLWVTOG

to MoovieLens Dataset i6lou pey€Boug pe autd mou xpnotponolndnke ota GAAa 2 mpoypappata dnAadn



outd Twv 100.000 Babpoloylwv.

H uAomnouon tng function CalcFeatures Suotuxwg mapgpeve oelplakr) AOyw TWV MEPLOPLOMWY TTaAPAAAn-
Aomoliong Tou €XeL 0 aPXLKOG OAYOPLOUOG O AUTO TO KOUMATL TOU.

H kuplwg epyacia tou alyopiBuou yivetal pe tn péBodo CalcFeatures mou okomo €xel Tov UTOAOYLOUO
Twv TLwv otoug 2 mivakeg CustomerFeatures kat MovieFeatures. Ot TipéG oTal KEALA TWV TIVAKWY QUTWV
gvnuepwvovtal katd kupota (epochs) péxpt va emteuxBel kamolo amodektd cuvoAlkd obdApa. H epya-
olo auth amoteleital and 3 £évBetoug BpoXoUG, UE KOT EAAXLOTO EKTEAECELC TWV EVIOAWV TOU ECWTEPLKOU
Bpdyxou va eivat [10° * 120 * 64 = 768000000].

OL eVTOAEG QUTEG elval Kupilwg oL 4 Baolkég MPALeEL aplBUNTIKAG KAl avayvwaon Kot eyypadr o 2 dlobt-
A0TATOUG KOl EVAV LOVOSLACTATO TIiVOKAL.

ErunpocBeta 6ot oL mivakeg €xouv petatparnei og kamnolo RDD<Type>, onoladrinote StdBaocua arld
KaL tportornoinon Sedopévwy amattei kamoto transformation ) action ndvw oto RDD. lNa ta transformation
Xpetdletou va teplypadei n petatpornr pe lambda expression, anonymous class, inner class A static nested
class. Na va emtevyBei n emBupnth Aettoupykotnta R/W oe moManda RDD oce éva eviaio Brpa, Ba
énpene va pnopel va yivel kAjon RDD transformation/action péoa ané tnv function tou anonymous
class/lambda expression, mpdypo nou anayopeUetat oto Spark.

3TNV EVOTNTA 7 E TOL CUUTMEPACHATA YIVETOL LA AVAAUTLKI TIEPLYPAdN) E TO AVAAUTLKA OUUTTEPACUOTO, TV
aduvapia mapaAAnAonoinong eVOG GUYKEKPLUEVOU TUAMATOG KWSLKA KoL TIG SUCKOALEG TTOU TTOPOUGLACTNKAV

KoTd tnv dtadlkacia eKkmovNong TN mapoloac MTUXLAKNG £pyaciag.
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2. EITNIETHMONIKO YTTOBA®PO

2.1 Baoikeg £vvolec kal Baoikeg BIBAIOYPAPIKEC AvAPOPEG

INUAVTLKECG EVVOLEG, TTIOU EUTEPLEXOVTAL OTNV UTTAPYOU OO epyaaia, elvat apxtkd n évvola tou recommendation
system 1o onoio anoteAei pia umokAdon vog cuotipatog GATpapiopatog MANPOPOPLWY TIOU EXEL WG OKOTLO
v avalitnon t™g npdPAedng tng Babuoloylag 1 Tng MpoTiHnong Twv XpNoTwV o avtikeipeva. Anpodileic
edapUOYEG OTLG OTtoleg xpnaotpomnolouvTal cuvRBwE elval o€ TaLVieG OMWG KAl OTN TEPLTTWGN TNG TPEXOUTAG
gpyaoiag aAAd kaL og Tpayoudia.

ErunpooBeta, n évvola tou Collaborative filtering elvat o texvikr ou xpnotuonoleital and tn npoa-
vadpepBeioa évvola recommendation system kat StakpiveTal 6e 2 €VVOLEG TNV TILO GTEVH KOL TNV TILO YEVIKN.
Nedtepn kabwg emiong Kat auth mou e€etdletal otnv gpyacia eival n otevotepn £vvola otnv onoia n Stabt-
kaoio touv ¢\tpapiopatog adopd tig MANPodopPIe TWV XPNOTWV A aKOUo KOAUTEPA TN TACN TTOU £XOUV Va
ocuumneplbEpovtal oL XprAoTeC. EmumAéov auth n Texvikn dnuioupyel avtopateg mpoPAEPeLs yia ta evdladépo-
VTa TWV XpNoTwV cUAAEyovTag TANPodOopLeG yLa TIC TTPOTLUNTELG 1] TN CUCXEOTLON TNG CUMMEPLPOPAG TTOAAWY
XPNOTWV N koL ta SUo pall tautdypova.

NpbdoBeta, omoubaia kpivetaw n onpacio tou akyopiBuou singular value decomposition o omoiog uhomotet
N mapayovrtonoinon evog oxrpatog UZV* omou to U anotelel évav m x m povadiaio nivaka, To X anotelel
€vav m x n Slaywvio Tivaka Ywpig apvntikoug aplBuolc otn Kupla Staywvio tou Katl to V* amotelel tov
ouluyn evog n x n povadlaiou mivaka.

Emiong, onuavtikn ivat n évvola tou data set mou arote)el pio cUANOYT) OXETIKWV Kot SLOKPLTWY CTOLXE-
lwv amno cuoxetl{opeva 6eSopéva ou eival opyavwuéva o kamolo £i60¢ Soung SeSopévwy mou pmopouv va
T(POOTIEAQOTOUV QTOLKA 1) 08 cUVOLAOUO N Slaxelpilovtal oTo cUVoAo oav ovtotnta. Mwa Bacn 6eSopévwv
urnopel va BewpnOet Eéva cuvolo dedopévwy, OMWG Kal T UTIOTUA AT TwV 6eSopévwy péoa oe po B mou
ouoYeTi{ovTal E €V CUYKEKPLUEVO €160¢ TIANpodopLWV.

Ao katw, mapabétovrtal BLBAloypadikeég avadopeg mou Eexwpilouv yla T ONUAVIIKOTNTA TOUG KoL T
ouvelodopd TouC oTn SLEKTIEPALWON TNE TITUXLOKAG €pyaciag.

Amo tn BBAloypadikn avadopd pe tov aplbuo [4], xpnolponolnbnke to delypa Tou mnyaiou Kwdika og
yYAwooa npoypappatiopot C++ mou uAomolet tov alyopBuo SVD, wg onpeio avadopdg yia thv mapovoa
epyacia. O mponyoUlUeVOG auToG Kwdlkag, Ttpomomoltibnke otnyv dla yAwooa mpoypaUaTtiopnol €101 WOTE

va €xetal wg eloodo dataset otn popdn tou Movielens, énelta LETATPATINKE O POYPOUUA Java OELPLAKNG
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akoAouBiag kat émelta emektddnke o MopdAAnAo mpdypaupa eniong avantuyuévo oe Java. H BLBAloypadikn
avadopd pe Tov aplBuo [5], mpoxwpdel éva Brpa pakpUTEPA Kal EMEENYEL TILO AVOAUTLKA TOL KOMLMATLA TTOU
TEPLEXOUV HABNUOTIKEG TIPALELG Kol cUUBOAA yla Tov uTtoAoylopod tou SVD Baciopévo oto mnyaio Kwdika
and tn mnyR [4]. Ao tn mnyn [7], aflomouiBnkav OepeAlwdELS YVWOELG yla TN XPNOLMOTNTA aAAG Ko
yla TN katavénon tng Aettoupyiog tou Stadiktuakou totdtornou Movie Lens kabBwg katd tnv Stadikacio
QVATTTUENG KOL EAEYXOU TWV QIMOTEAECUATWY TWV TIPOYPAUUATWY Xpnotluornotovvtal ta data sets tou Movie
Lens. A6 ) minyn [8], Bp€bnkav kat xpnotpomnotiBnkav ta data sets tou Movie Lens. Kupiwg xpnotpomnot
nOnke to data set pe tig 100.000 Babuoroyiseg. And tn mnyn [9], avtAnOnkav moAAég mAnpodopieg ylo tov
TpoMo eykatdotaong koL xpriong tng mhatdoppag Apache Spark oe epappoyég pe Java kot oe meptpdiiov

Aettoupytkou cuotrpatog Linux.

2.2 ZXETIKEG EMIOTNUOVIKEG EPYATIEC

Katd tn Sudpkela ekmdvnong TnG TTUXLAKAG Epyaoiog HoU, EVIOMIOA OPLOUEVEG MTUXLOKEG EPYACLEC UE
ouvadEG avtikelpevo pe To SIKO pou. Zuykekpluéva mapabétovtal ol mnyég amno [10] éwg [13] Tig omoleg
Bswpnoa onpavtikotepes. Antd tn mnyn [10] otnv omola mMapoucLAleTal Lo YEVLKN TiEplypadr] TwV recoms-
mendation system kat twv oVyxpovwv peBddwv mou to UAOTIOLOUY KaL oL oroieg eivatl To content-based,
collaborative kot to hybrid. Ewdwkn éudaon §66nke otn napdypado 2.3.1, 2.3.2 kat 2.3.3 61ou neplypadetal
n tadikacia mpocbeong content based xapaktnplotikwv oe collaborative povtéAa yia th dnuioupyia hybrid
peBOdwv. Avalutikdtepa, amd tn mnyn [11] n omoia amote)lel £épsuva TnGg Microsoft Tpuwv atopwy, otnv
omnoia ékavav pLa avoAuTikn oUykplon Slapopwv LeBddwv yia tnv uhomnoinon tou (CF) e 2 Stadopetikég
METPpLKEG 13 aloAdynong, n mpwtn xopoktnpiletal anod akpifela oe £va oUVOAO Ao ATOULKEG TPOPAEPELG
W¢ TPOC TNV QMOAUTN HEcOia TUTUIKN amokAlon, evw n Sg0Tepn UETPLKN UTIOAOYILEL TN XPNOLUOTNTO HLOG
BaBuoAoynpévng AloTag MPOTEWVOUEVWY QVTIKELEVWY. Emiong péoa amd tnv éupeca Sle€odikn mapouaoia-
on twv Stadopwv petafd memory based aAyopiBuwv kat model based peBodwv katavonoa KaAUTEpA TN
Aettoupyla g mMpwTNg Katnyopiag mou mpoPAEmEeL TG Babpoloyleg evog evepyol xprnotn Pacllopevo o€
UEPIKEG TTANPOdOPIEC OXETIKA WE TOV XPrOTN Kal evOg cuvolou amod umoloyiowa Bapn amd tn Bdon be-
SoUEVWY TWV XPNOTWV CUVOALKA. Evw otn Seltepn nepinmtwon, avtiAnddnko Tov Tpomo mou umoloyiletat
N ovopevopevn T pag Yndodopiag yia avtikeipeva mou dev £xouv mapakoAouBnBel akopa amd évav
XPNotn, He Baon Ta anoteAéopata nponyoluevwyv Pndodoplwv oTLG Omoleg EXEL CUUMETACXEL O (810G, XN

OUVEXELQ, N Tinyn [12] mou anotelel SUTAWUATIKN epyacia AAAOU ATOHOU GTNV omola cupnep apBavetal n
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uAomnoinon tou aAyopiBuou SVD yia tn pelwon Twv SLooTAcEWV VOGS SLAVUCUATIKOU XWPOU WG LEPOUG EVOC
gupUTEPOU MPOPAAATOC KAl AdOLPWVTOC TLG LELOVEKTLKEC ETIMTWOELG TNG TTOAAQTANG onpaciag f cuvwvupiag
OpWV SLATUTIWVOVTAG TI CNUAVTIKEG OXEOELG LETAEL TwV Opwv, PBondnos apketd otn Slauopdwaon ULOG o
odalplknG amoyPng yla TNV Xpnootnta tou alyopibuou. EmutAéov katavonoa KaAUTepa Tn AELToupyia Tou
aAyopiBuou kabwg emiong Kot to eupl dAcpa ePAPUOYWY TIOU EXEL O CUYKEKPLUEVOG OAyOpLOUOG. TEALKA,
and ™ nnyn [13] éywve ocadéotepn n Asttoupyia tou SVD, kabBwg eniong mapouotdlel TPOMoUG MPOCEYYLONG
Tou aAyopiBuou amod MPOYPOUUATIOTIKA OKOTILd, TwG Oa pumopoucav va avamnaplotadolv ot SVD mivakeg kat
WG UITOPOUV VO UTIOAOYLOTOUV OL TIUEG TOUG KAl EMUTAEOV TAPOUGCLOOE ML EVAANOKTLKI) TTPOCEYYLON TOU

oAyopiBuou mou pe Bornbnos apketd.

2.3 Mepiypa®n ouoTnUaTwy rnou xpnoigonoinédnkav orn di1aTpipn

Mo tnv cuyypadn tng epyaciog, xpnowomnouibnke to euéAikto cuotnua otolxeloBeoiag kelpévwy LaTex,
TO omolo pou enétpee va 0TLAOW MEPLOCOTEPO OTN AoyLkr Sour tou Kelpévou, Sivovrag moAEG Suvatotn-
TEG 0€ EEVA, OAAA (OWG TO BACIKOTEPO TOU MAEOVEKTNUA ELVAL N YPAYOPN EVOWUATWON EKOVWY, TILVAKWY,
cross-references kol TUNUATWY KWSEIKO OMWCE €MioNg Kot n gUKoAn enefepyacia Toug. MO CUYKEKPLUEVA
xpnotwornow}0nke to ShareLaTeX to omoio sival évac online enefepyaotrg LaTeX mou emITpEmnel TV omeu-
Beiag ovvdeon kat petayAlwttion twv £pywv o PDF format. Eniong eneldn sival ebpapuoyr mou otnpiletat
oe Slakoplotn eiya mpooBacn otn cuyypadn NG MopoUCoA MTUXLAKNG Epyociag ouveXwS, aveapTATWE
TonoBeoiag LECW EVOC TTPOYPAMMATOC TIEPLYNONG.

Mo tnv vlomotion tng epyociag, xpnolpomolndnke apxikd n mhatdopua avantuéng Aoylopkol Visual
Studio 13 oe Windows 7 yia tnv mapapetponotron tou apxtkol alyopiBuou uhomounpévou os C++ mou Sive-
TaL and tov Lototomo http:// www.timelydevelopment.com/demos/NetflixPrize.aspx étol wote va pmopei
va 6éxetal we eicodo ta dataset tou MovieLens. MNa tnv ektéleon tou mpoypaupatog o C++ ypnotpomnot-
n6ne to Visual Studio 13 tn¢ Microsoft onwcg npoavédepa, mpodoBacn oto epyaleio autd eixa and and tov
UTtoAoyLoTH OTo XWPo epyaciag pou oe Aettoupykd clotnua Windows 7 yia tnv ektéAecn Tou mpoypau-
patog oe Aoylopikd tng Microsoft pévo kat dxt and Tov MPOoWTLKO UTTOAOYLOTH HOU TIOU £XEL 0OV BACLKO
Aettoupyiko cuotnua povo Ubuntu 14.04. Ta xapaKTnpLoTka TOU UTIOAOYLOTH epyaoiog elval enefepyaotric

Intel(R) Core(TM) i3 CPU 550, 3.20GHz, RAM 4,00 GB, 32-bit apxtTeKTOVIKH ) GUOTHHOATOS.
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Me autov tov tpomo Ba e§axBolv anoteAéopata ano to predictions file €tol wote va xpnotpononBolv
OTNV CUVEXEL yla eMaAnBeuon Twv amoteAeoUdTwy Tou Ba mpokUPouv and To oelplakd Kal mapdAAnio
nipoypappa petenetta. ‘Yotepa aflomowidnke to Netbeans IDE 8.1 yia tnv petatpont tou oelplakol Kwdika
ano C++ og oglplako kwdika o€ Java, o€ UTIOAOYLOTN e Baokd Asttoupyko cbotnua Ubuntu 14.04 kau
pe ta €€ng xapaktnplotikd: eneepyaoctic Intel Core i7-4700MQ CPU 2.40 GHz x 8, 24 GB RAM «at
QPXLTEKTOVLKY ouoTApaTog 64-bit. 'Emetta xpnotpuonowibnke n mhatpopua Apache Spark oe ocuvSuaopo pe
™ mhatdodpua avamtuéng Aoywoukou Intelli] IDEA 15 eniong oe Aettoupyikd cvotnua Ubuntu 14.04 ya
Vv avdntuén e edapuoyig napdinia. H ékdoon tou Apache Spark 1.6.1 mou xpnotponotiénke ivat n
Pre-built yia to Hadoop 2.6 kot petd. Eniong kata tn Stadkacio eykataotaong tov Intelli] IDEA éyuwe
kot eykatdotaon tou SBT Plugin to omolo epyaleio Sivel tn Suvatdtnto napdAAnAng eKTEAECNC EpYOOLWV
Kol gupmepAapBavel tnv mapAAnAn ektéAeon SOKLUWV.

Emiong, yla to oxedSlaopo kat tnv uAomotron Twv Slaypappdtwy mou Ba akoAouBrioouv otn CUVEXELQ,
xpnotporotiBnke to Aoyopikd Gliffy to onoio givat SaaS npooBactpo and noviol LECw VOGS POYPANHATOG
TEPLAYNONG KalL Xpnolpormoleite kupilwcg yia thn dnpovpyic UML Suaypappoadtwy kat flowcharts kabwg eniong
to npdypappa Dia 1o omoio sivatl eivat éva yevikol okomol AoyLloULko yia oxebioon Slaypopuatwy..

3TN GUVEXELQ, yla TN avamtuén the mapdAAnAng vAomoinong xpnotpomnoinoa to Virtualbox yia tn 6n-
poupyia 6o client punxavnudtwy, kot ta 2 €xouv Asttoupytko cuotnua Ubuntu 14.04 6nwc eniong kat o
server mou ivol To puotkd pnxavnpa pou. ‘Etot Snpovpynoa éva network-mounted shared file system.

2tov host-server pnydvnpa pou tporornotoa to apxeio /etc/exports pe Stakiwpata root Kot npécOeca
auth v evtod /nfs * (rw,sync,no_root_squash,no_subtree_check) €tol wote otdrimote mpootebel
katw amnod to directory tou Swakopiotr /nfs va eivat mpooPacipo oe GAoug Toug MEAGTEG Xwpig Skalwpata
XPNOTN VLA AUTO MPOCTEONKE KOL OTLG TOPOUETPOUG  TO no_root_squash.

"Emetta, and ™ pepld twv clients apkoloe n evtodr] mount -t nfs 192.168.56.1:/nfs /nfs 6mou to
192.168.1.24 eival To domain name tou server, otn cuvéxela akohouBetl to directory tou server mou 6a
yiveL mount kat téhog akohouBel To target directory tou client. Emeldr xpnoluomnoloUvial HOVOmETLaL
TormkoU cuotiuatog anobnkeuong apxelwv, To apyelo mpémnel va eival emiong mpooBactiuo oto idlo povomatt
oge 6Aoug toug worker kopBoug Onwg kat otov driver-master.

ErumAgoy, yla va UmopEcw va SnULoupynow auth tn cuvdeouoloyia XPELACTNKE va TPOTIOTOL oW KAl VOl
gykotaotiow oto Virtualbox éva Host-Only Network to vboxnet0 yia pnopw vo ovamticow oTo Xwpo
gpyaoiog | Otov BPLOKOUOUV EKTOG OWKiag kat mpocoBeoa ota 2 virtual machine mou &nuovpynoa yla va

éyouv Tov poho twv clients, ano éva adapter Host-only oto kaBéva.  EmumpdoBeta evepyomolioa omod Tig
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emloyec Promiscuous Mode va sivat Allow All.

Evw dtav Bplokdpouv eviog omtiol to 'set up" ywotav pe bridged mode. Omdte yia ekeivn v
nepintwon eykatéotnoa kat 2 bridged adapters évav yia kdBe eikovikd unxavnpa. Emopévwg avaioya oe
TIoLo XwPo Bplokopouy ékava evarayn petafy Twv "adapters” ota €lkoviKd pnxavipoTa.

Zuvexilovtag, yio tnv eykatdotaon tou Spark oe Standalone Mode oe Cluster xpeidotnke vo to-
noBetnBel pia petayldwttiopévn €kdoon tou Spark oe kdabe képPo tou Cluster. EmumAéov émpeme va
elval eykoteoTnpévo To openssh server kal ota 3 pnyavApota €10l WOTE VO UMOPOUV VO ETILKOLVWVO-
UV pe aodaln TPOMo Katd tn SLapKeEld TG cuvepyaoiag toug. Metd akolouBnoe n evepyomoinon Ttou
SPARK_SSH_FOREGROUND péow tng evtodrg export SPARK_SSH_FOREGROUND = YES yu
va pnv {nteitat password kotd tnv emkowwvia pe ssh twv mépwv petafd toug. Emunpocbeta xpeldotnke
va puBputotei n StebBuvon Tou master To omolo kot €ywve péow g eviodng export SPARK_MASTER_IP
= 192.168.1.24 o6tav eixa ovvéeon pe host-only i export SPARK_MASTER_IP = 192.168.56.1 odtav
fiHouv ouvdedepévog pe bridged mode. nueiwon ol mponyovpeveg Steubivoelg dev ftav mavra Sleg, ftav
Ol TILO OUXVEG OUWG, Kamoleg dopég Stadépave avahoya pe tnv IP address mou €matpve 1o host unxavnua
aro tov DHCP server. H ekkivnon tou standalone master server €ywe oto ¢GuUOLIKO pUnXAVNUA EKTEAWVTAG
Vv evtohn .spark-1.6.1-bin-hadoop2.6/sbin/start-master.sh kaBwg n eykatdotacn touv Spark éywe oto
directory kdtw amné to /home/alex . "Emetta pe ™ BoriBela eVOG MPOYPAUUOATOG TIEPLRYNONG, AVATNTWVTOG
10 http:/ /localhost:8080 BAémoupe tnv xpriown Stemudpavela xpnotn tou master mouv mapéxet to Spark yua
mapoucioon oNUOVTIKWY TIANPodOopLWY OXETIKA HE Ta avaAUTIKA otolxeia twv slaves mou €xouv ouvdebei
oto cluster, cuvoAtkr pvrun Kat uprveg mou £xeL to cluster, kaBwcg emiong url tou master pali pe tn BLpa
otnv onoia Ba ocuvbeBolv ol client-slaves aAAd katl avaluTikéG mMAnpodpopisg ylao tnv ektéleon kaOe task
kot to standard output tou kdBe executor.

Ano6 ™ pepua twv client twpa, eival avaykaio n vnapén tou jdk 8, yia autd to Adyo kotéBfaca kat
EKTEAECA TNV TIOPAKATW EVTOAN export ]AVA_HOME_/home/ alex/jdk1.8.0_91 kat emaABevoa tnv op-
B6tnta pe to echo $JAVA_HOME, énewta €ywve n ekkivnon twv workers kat n cUv8eor| Toug oto  master
HE TNV ekTéAEON TNG evioAng §avd péoa and to directory home/alex/ mou éxel yivel n eykatdotaon tou
Spark oe kaBe virtual machine .spark-1.6.1binhadoop?2.6/sbin/start-slave.sh spark: / /192.168.1.24:7077,
omnouv to spark://192.168.1.24:7077 eivaw to url mou eival onkwuévog o master. H obvdeon twv workers
otov master pumopei va emaAnBeutel anod tnv Siemudpdavela xpnotn amo tn LepLd tou master otL dnAadn elvat
alive oLouvbéoeLg.

EMUTA€0V, KATIOLEG CNUAVTIKEG TTOPATNPNOELS, ElvaL OTL KAL TA 3 UNXavruaTa €XouV i8lo Ovopa uTtoAoyLloTh
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KaBwg emiong o Pacikdg, 0 MPWTOE Xpnotng mou dnuloupyndnke eixe emiong to 6o dvopa Kal autd yloti
otav potpddovtal kowod NFS directory o clients 8a utoBetolv TG pubpioeig yio R/W access autol mou
‘Holpdlel’ o directory, n ékdoon tou Spark mpénel va eival n (Sla ekyoteotnuévn o OAA Ta pPnXovhpoTa,
spark-1.6.1, to omoio eivat onuovtikd, SLOTL apxkd mapatnprBnke pn duvatotnta ocvvdeong Twv slaves
oto master étav xpnotpornototvtav Stadopetikég ekdooelg. Emiong to JAVA_HOME path mnpénet va
elval eival puBulopévo owotd kal ota 3 pnxavipota. Mo tv tedeutala mapatipnon dvolato apyeio
.bashrc pe Stoakuwpato Saxelpoty pe v evtodr sudo gedit .bashrc, mpdoBeca otn tedeutaia ypappn
10 JAVA_HOME pe 10 avtictoxo povondtt oto omoio eivat eykoteotnuévo to bin tou java -version
yla KaBe pnxavnua, amobnkeuoa Tig aAAayEG oTo apxelo Kal Ekava emavekkivnon KABe pnxdavnua ylo va
armoBOnKeuToUV oL aAAAYEC HOVLUAL.

ETMUTA€0V KATIOLEG CUUTANPWHOTIKEG TTANpodOopleg Tou adopolv TNV eKTEAECN TOU TTAPAAANAOU TtpoypPa-
potog pe to Apache Spark, oe yAwooa mpoypappatiopol Java, elvol 6Tt XpeLAOTNKE N EYKATACTACON TOU
maven. EykataotdBnke Aoutov n ékdoon Apache Maven 3.3.9 kot ota 3 pnxavAipoTo KoL TPOoBEC OTLG HE-
taBAntég meptBdAlovtog tou kabevog To bin tng ekyatdotaong Tou maven, n EyKATAoTAcn £YWVE KATW Qo
10 home directory kat ota 3 pnxaviuoto avoiyovtag to apxeio .bashre pe Swowwpata xpriotn kat tpocBéto-
vtog otn teheutaia ypappr tnv akohoudbn evtohy PATH = "$HOME/apache-maven-3.3.9/bin:$PATH"
KOl EYLVE KOL ETAVEKKIVNGON O KABE pnxavnua ylo vo amoBnkeutouv ol aAAayEC.

To mpoypappa €xeL tn popdn makeétou maven dSnAadn otn pila Tou apxeiou Tou MPOoyPAUUATOG BplokeTal
o dpakeAog src kot to pom.xml pe ta dependencies kaBwg emiong kat o mopayopevos dpdkerog target. Katw
arno o ¢pake)o src undpxeL o pakeAog main, KATw arod Tov onoio Bpioketal o pdkeAog java o omoiog mepLEXEL
TIG KAQOELG TOU TIPOYPAUUATOGC. MOAAEG DOPEC YL YPRYOPES KAl UIKPEG OAAAYEG N eMefepyacia Twv KAACEWV
yivovtav kateuBeiav and to dpdkeho java pe évav anAd editor aAld n avdmtuén éywve kupiwg oto Intellij

AOyw TNG Aveong rou TPOohEPEL GTNV LETATPOTI CUYKEKPLUEVWY TUNHATWY Kwdika o lambda expressions.

16



3. ANAAYXZH THXTTPOXEITIXEHX

3.1 GewpnTikn dIATUNWON TOU NPOBAANATOG

To mpdPAnua ou KaAelTal va EETAOTEL OTN MApoUca MTUXLOKNA gpyacia, Elval KaTapxnv KOTAMOCOo UMo-
pel va mapalknhornownBel pe t1g Sopég mou unootnpilel to Apache Spark, o akoAouBlakog alyoplBuog
TIou €xel petatpanel oe Java kol adeTépou KATA OO UMOpPEL va UTAPEEL BEATLOTOMOLON TOU GUVOALKOU
XpOvou ektéleong pag pebddou ulomoinong tou adyopibuou SVD, mou £xel mapBel amod tn mnyn pe olv-
deopo http:/ /www.timelydevelopment.com/demos/NetflixPrize.aspx. Ouctlaotikd Ba yivel clOykplon yla
TV 0pBOTNTA TWV AIMOTEAECUATWY KOL TOU XPOVOU SLEKTEPAiWONG TG OELPLAKNG UAoTtolnong  Ttou aAyopib-
MOU ME QUTAV TG MAPAAANANG adol TponyouuEvwg £XeL TtponynBel n KAtdAANAn LETATPONI| O yAwooo
T(POYPAMATIONOU Java Kal Tou CELpLaKOU TIPOYPAUUATOS aAAd Kol adotou StamiotwOel Ot eivat ediktr n
napaiiniornoinon tou aAyopiBuou otn Siemipdveto mpoypappotiopol Apache Spark kat yivet n e§fynon kat
Twv dU0 TpoypappaTwy. H amomnelpa yia tn npoonddela BeAtiotonotrong Ba yivel pe mapdAAnAn vAomoinon
Tou aAyopiBuou ot meptBaiiov avantuéng Apache Spark pe y\wooa mpoypappatiopou Java kot 8a akohou-
0oL n olyKpLon UE TNV OELpLOKA UAoTtoinon Tou aAyopiBuou ylo va eEETAOTEL MPWTAPXLKA AV 0 GUVOALKOC
XPOVOG EKTEAECNC TOU TIPOYPAMMATOC EAATTWVETAL TO omolo elval Seutepelov {NTOUUEVO Kal EMELTA oL SLa-
dopEg otoug xpdvoug yla kabe function mou kaheitatl and tnv evapktripla main cuvaptnon HeTafy twv 0o
vAomoloewv alAd Kal To KUpLo {NTOUHEVO TO OTOLOo €ilval Katd moco alalel ) mopapével (Slog o deiktng
HEOOU Opou TNG amOAUTNG TG TG Stadopdg petagd Tou rating kat predict rating twv anoteAeopdtwy, o

omoiog L6avika Ba mapépeve GuoLOG.

3.2 AnaiToupevn AEITOUpYIKOTNTA
H amattovpevn AEITOUPYKOTNTA KAL YL TO OELPLAKO TIPOYPap e 0AAQ KAl yia TO o pAAANAO TTPOYPAUA TIPETIEL
va replAapBAavel apxtka tTnv SnAwaon Kal apxtkomnoinon tou Péylotou aplBuol Twv Babuoloylwy, Twy MeEAATWY,
Twv Ty, Twy features kot tTwv eMoXwv KABWC €miong Kal Tov EAGXLOTO aplOPd Twv EMOXWV yla TO
dataset nmou Ba xpnotpomnownBei, €netta tnv dSnpoupyia tou constructor £€ToL wWote va cupneptAndOoUlv Kal va

apxlkomotlnBouv omoLadrmote oTolXela Kal onoleadbnmote PETABANTEG Kol SOUEG SeSOoUEVWY XPELAOTOUV OTNV
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OUVEXELD TNG UAOTIOLNONG TOU KABE TTPOYPARHATOC, TNV OVAYVWOn Twv opxelwv training file kau testing file
KalL TNV anobnkeuon Twv MAnpodopLwyv Toug oe KATAAANAEG Sopég Sedopévwy yLa TV avtiotolyn enefepyaocia
nou Ba akohouBnBei oe kdBe mepintwon kot Tnv vAomoinon twv peBOSwv LoadHistory, CalcFeatures,
PredictRating kat teAevtaia tn ProcessTest yia thv anoBrikeuon twv amoteAeopdtwy Twv npoPAEPewv oTo
predictions file kot TeAkd tnv kataypadn Twv xpovwv yLa Tnv ulomoinon kabe mpoavadepPEVOU TUALOTOS.

Ta anoteAéopata ou aroBnkevovtal oto apxeio predictions file and to mapdAAnio mpoypappa oe Java

TPEMEL va Ttapouctaovtal otnv (Sla popdn Ue Ta anoteAéopaTa TOU amoOnKeUovTaL 0To aviioTol o
predictions file oto oelpLakd mpoypappa o€ Java kaBwg miong kat oto oelplakd npdypappa oe C++ mou €xel
napapetponolnBet yia va déxetal ta dataset tou MovieLens, nAadn 5 otiheg (xpriotng, tawvia, Baduoloyia,
EKTLLWHEVN Babpoloyia, amokAlon ekTLpwPeVNS Babpoloyiag anod autr mou £xel SwoeL o XPNOTNG).

To anoteAéopata and ta efayopea apyeio predictions files mou mpokUMTOUV MO TO GELPLOKO KL T
pAAANAO TPOYpapA TIPETEL Va glvat akpLBw idla pe ta anoteAéopata and to prediction file mou mpokumTeL
and tnv ektéAeon tou mpoypappatog oe C++. nAadn OAeg oL TWHEG 0 OAeG TG OTHAEG va eival (Sileg
oKpLBWG Kabwe emiong kot o aplBuog twv cuvolikwv TpoPAEbewv oe kABe apyeio va eival idlog epooov
£€xouv ekteAeotel kal ta 3 mpoypaupata pe MovieLens dataset ilou pey€Boug. Emiong adol ulomoleitat
1610¢ aAyOpLOUOG TIPETIEL O HECOG OPOG ATIOKALONG TN Sladopdg o amOAUTN TIUN avdpeoa otn Baduoloyia

KOl EKTLLWUEVN BapoAoyia va gival o (610G og OAa T TTPOYPAUOTA.

18



4. XXEAIAXH

4.1 ApXITEKTOVIKO dlaypapua

AkoAouBel To SLAypapLUA TTOU AVTLKOTOTTPLLEL TNV UAOTIOLNON TOU OELpLakol Kwdika o Java.

SxAnuo 1.

Customer

public int RatingCount = 0
public int RatingSum =0

Engine

)
N

private final String TRAINING_FILE
private final TESTING FILE

private final PREDICTIONS FILE
private final int MAX_RATINGS
private final int MAXJ:USTOMERS
private final int MAX_MO'

private final int MAX,FEATURES
private final int MAX_El

private final float MIN IMPROVEMENT
private final float INIT

private final float LRATE

private final float K

private int m nRatIngCount
private Data[] m_aRatings

private Movie[] m_aMovies

private Customer[] m_aCustomers
private float[][] m_aMovieFeatures
private float[][] m_aCustFeatures

Data

public int Custld
public short Movield
public byte Rating
public float cache =0

- private void CheckUpdateMovies(short movield, byte rating)

- private void CheckUpdateCustomers(short custld, byte rating)

- private void ProcessFile(String filename)

- public void LoadHistory()

- double PrdectRating(short movieid, int custld, int feature, float cache,boolean bTrailing)
- void CalcFeatures()

- double PredictRating(short movield, int custid)

- void ProcessTest()

- public static void main(Sting[] args)

<<interface>>
FilenameFilter

p— myFileNameFilter

String filter

- public myFiIeNameFiIterSString value)
- public boolean accept(File dir, String name)

Movie

public int RatingCount = 0
public int RatingSum =0

- public double RatingAvg()
- public double PseugoAvgo

AkoAouBel To SLdypappa ToU avTKATONTPLleL TNV UAoToinon Tou mapAdAAnAou Kwdika ot Java.
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SxApa 2.
1 1

<<implements Serializable>>
SVDMovieLensSparkjava

f+MAX RATINGS: private final int
+MAX CUSTOMERS: private final int
+MAX MOVIES: private final int
-MAX FEATURES: private final int
+HIN EPMHS private final int
POCHS: private final i

wnm !HvaEHElﬂ' private flnal double
+INIT: private final double
+LRATE: private final double
{+K: private final double
nRatingCount: private int
aRatings: private TrainingDatal[]
aMovies: private Movie[]
aCustomers: private Customer[]
aMovieFeatures: private double[][]
aCustFeatures: private double[][]
+SparkAppName: private final transient String
+conf: private transient SparkConf
+sc: private transient JavaSparkContext
{+TRAINING FILE BRDCST: private final Broadcast<String>
+TESTING FILE BRDCST: private final Broadcast<String>
OPREDICTIONS FILE BRDCST: private final Broadcast<String>

RATINGS BRDCST: private final Broadcast<Integers
wux CUSTOMERS BRDCST: private final Broadcast<Integer>
+MAX MOVIES BRDCST: private final Broadcast<Integer>
+MAX FEATURES BRDCST: private final Broadcast<Integer>
+MIN EPOCHS BRDCST: private final Broadcast<Integer>
+MAX EPOCHS BRDCST: private final Broadcast<Integer>
+MIN IMPROVEMENT BRDCST: private final Broadcast<Double>
+INIT BROCST: private final Broadcast<Double>
+LRATE BRDCST: private final Broadcast<Double>
BRDCST: private final Broadcast<Double>
nRatingCount BROCST: private Broadcast<Long>
aTrainingRatings PairRDD: private JavaPairRDD<Integer, TrainingData>
aMovies PairRDD: private JavaPairRDD<Integer, Movie>
aCustomers PairRDD: private JavaPairRDD<Integer, Customer>
aMovieFeatures PairRDD: private JavaPairRDD<Integer, MatrixRow>
aCustFeatures PairRDD: private JavaPairRDD<Integer, MatrixRow>
+sq ACC: private Accumulator<Double>
+customerfeatureMatrixRow ACC: private Accumulator<MatrixRow>
+movieFeatureMatrixRow ACC: private Accumulator<MatrixRows
+customerFeatureMatrixRow BRDCST: private Broadcast<MatrixRow>
f+movieFeatureMatrixRow BROCST: private Broadcast<MatrixRow>
+mapCustomerFeatures: Map<Integer, MatrixRow>
f+mapMovieFeatures: Map<Integer, MatrixRow>
+m aCustFeatures BRDCST: private Broadcast<double[][]>
+m aMovieFeatures BROCST: private Broadcast<double[][]>
+f: int
+MAX FEATURES: int
+MAX CUSTOMERS: int
+MAX MOVIES: int
+INIT: Double

EEEEET]

FEEEEEES

<<implements Serializable>>
lovie

IRatingCount: public int
f+RatingSum: public int

i+<<constructor>> Movie(): public

li<<constructor>> Movie(RatingCount:int,RatingSum:int): public
r+getRatingCount(): public int

RatingCount (RatingCount:int): public void
l:getRatingSum(): public int
trsetRatingSum(RatingSum:int): public void
t+RatingAva(): public double

l+PseudoAva(): public double

{r<<@0verride>> toString(): public String

<<implements Serializable>>
Customer

l+RatingCount: public int
HRatingSum: public int
b

onstructor>> Customer(): public

f+<<constructor>> Customer(RatingCount:int ,RatingSum:int): public

+setRatingCount (RatingCount:int): public void
t+setRatingSum(RatingSum: int): public void
HgetRatingCount(): public int
trgetRatingSum() : public int

l+tostring(): public String

<<implements Serializable>>

+Debug(num:int): public static void
+#lessage (msq:String): public static void
+PredictRating(custId:int,movield:int): double

tr<<throws IOException>> ProcessTest(): voi
+CalcFeatures (): void
its PairFunction<Tuple2<Integer, T . Integer, Tr
+<<throws I0Exceptions> ProcessFile(filename: Broaacast<smn9>) private void
+<<throws I0Exception>> LoadHistory(): public void
+<<throws I0Exception>> main(args:String[]): public static void
T

r+PredictRating(movield:int,custId:int, feature:int, cache:double,bTrailing:boolean):
d

double

a>>> (alculateSQ InnerClass():

class

T

[r<constructor>> TestingData(Custid: int Movield:int,Rata
TrainingData,Predi )z pub

t+diff(): public double

lr<<eOverride>> toString(): public String

t, PredictRating:double)

public

4.2 Meprypagr) UNOCUCTNHATWY - AEITOUPYIOV

Meplypadn akoAouBlokol aAyopi® ouv oe C++ pe MovieLens Dataset

ApXLKQ ETpEME va YIVEL TPOTIOTIOLON TOU apXlkoU Kwdika 1ou 660nke oe C++ £ToL woTe va SEXETOL WG

gloodo ta MovieLens Dataset. KaBwc¢ ta dataset tou MovieLens kot tou Netflix Stadépouv we mpog to

nARBog kat T popdn Twy training apxeiwv etcédou. Ta customer ID kat movie ID oto NETFLIX &ev eivou

«KOVOVIKOTIOLNUEVOY OE TIEPLOXEG [1. .

. ] aAA@ eival ol kavovikol Kw&IKoL TTEAATN Kal Taviag, He anmoTéAsopa

va NV lval duvatn n apeon xpron toug o dteuBuvolodotnon mvakwy. Mapola autd €yve n KAtaAAnAn

petatpornh ot kpioweg functions mou dtapalouv ta 2 apyeia. O (5L0g Tou €xel ypAWeL TOV OPXLKO KWK

(http:/ /www timelydevelopment.com/demos/ NetflixPrize.aspx) avadépeL 6Tt 0 ahyopLOpog tou pnopei vo
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e SparkData
#CustId: public int
tsMovield: public int
t+Rating: public int
f<<constructor>> SparkData(): public
pi CustId:int,Movield:int,Rating:int): public
frgetCustId(): public int
jrsetCustId(CustId:int): public void
): public int
<<extends SparkData>> (+setMovield (MovieId:int): public void
TrainingData raetRating(): public int )
_ lssetRating (Rating:int): public void
*Cache: public double {r<<@0verride>> toString(): public String
+TrainingData(CustId:int Movield:int,Rating:int): public
i+getCache(): public double
{#setCache(Cache:double): public void
{r<<@Override>> toString(): public String
<<extends TrainingData>>
estingData
{+PredictRating: public double



http://www.timelydevelopment.com/demos/NetflixPrize.aspx)

xpnotomnotnBet kat va tpononolnBet apkel va cupnepAndOel to peydho oxoALo Tou €xeL pooBEael o 610G
TIAVW QIO TO TPOYPALLO TO OTTOL0 TIEPLEXEL TLG OXETIKEG AVOKOLVWOELG KoL arto800elG. To TpOypapUa TO
petétpepa oe mepBaiiov Visual Studio 13 amod tov xwpo epyaociag, kKabwg povo ekel eixa mpocpacn oto
epyaleio auto.

JUVEMWG Elval EMITAKTIKA N avadykn Umopéng amOTEAECUATWY Ao QUTO TO TPOYPAUUN £TOL WOTE va
QVOTPEXW OE OUTA yLa TNV eEMaABeuon TwV amoteAeoUATwWY mou Ba e€AyovTal amno Ta 2 EMOUEVA TPOoYPA LT
miou Ba akoAouBroouV, To OELPLAKO Kal To TapdAAnAo mpdypapa o Java.

OuoLaOTIKA 0 OPXLKOG KWELKAG £val a6 Ta onueia ota ontola dAAage tav ota onueio SHAAwONG Twv
pakpoevtoAwv identifier. Abaipédnke to FEATURE_FILE katto TEST_PATH kaBwg dev xpetaldvtou-
otav mAfov yla to MovieLens. Ta TRAINING_PATH, TRAINING_FILE kat PREDICTION_FILE
SlatnpnBnkav pe ta avtiotolya apxeiatov MovieLens. "‘OnwgKatto UTIOAOUTA AVAYVWPLOTLKA LOAKPOEVTO-
Awv dLatnpAdnkava KoL toug avatédnkav oL avtiotolyeg Tipég tou MovielLens dataset twv ekato xIAadwv
BaBuoloywwv. Ta tpia structs mou akoAouBouv TpononolOnkav eAdxlota. 2to struct Movie ot apytka
SnAwpeveg wg petapAntég RatingAvg kat PseudoAvgoMdytnkav wote va eival SnAwpéveg wg pébodot mou
emotpédouv Tov 161o TUTIo SeSOMEVWY E aUTO Ttou eixav SnAwBEel apxikad. 2tn struct Customer n povn
aAAayr) Tou éywve gival 6,TL 8ev cupmephndOnke n dAwon tov member tou Customerld. Kat oto struct
Data n poévn pikpoaAlayn rou €ytve eivat oto tumo SAAwong tou member Cache ano float va eivat doule.

"AN\eG aAAay£g ou €ywvay, eival otL mAéov n uéBodog ProcessTest() dev SExeTal kapia MAPAUETPO EVW
T(PONYOUEVWE SEXOTAV 0aV TTOPAETPO TO OVOLLO TOU OPXELOU TTOU TTaPAYOTAV LE TA ANOTEAECUATA.

Juveyitovtag otnv kAdon Engine, otn 6AAwon twv dVo povodidotatwy riivakwv Movie kat Customer n
MOV al\ayn Tou €yve gival OTL SECUEVUTNKE XWPOG YL €Va OTOLXELO TAPATIAVW. XTouCg SU0 HoVOoSLAoTATOUG
nivakeg m_aMovieFeatures kat m_aCustFeatures n uévn aAhayr Atav va SeoUeUTEL pia oTtHAn mopandvw
kot va oAAdgel o tomog Sedopévwy and float oe double. To IdMap &ev xpelagotav yla outd kot Sev
cuumepidOnKe.

Itov constructor tou Engine auté mou aAldlel eivat ot 2 Bpoyxol mou Kdvouv emavaAqPELS yia TiG
oTAAEC Twv 6U0 SLOSLACTATWY TILVAKWY TIOU TIPoavEPEpa KaBwG N apxlkomolion Aoy Eekvad amo tv 1 kait
peta kat ¢tavel péxpt MAX_MOVIES+1 kat MAX_CUSTOMERS+1 avtictoxa. Autri n oAhayr] £ylve
610tL ota MovieLens Dataset 6ev untdpyouv kwdikol TTeAATn Kat Tawiag pe Tl undév, Eekwvolv amno to 1,
CUVETIWG £MPETE va YIVEL N KATAAANAN Tpomomnolnon.

ErunpooBeta n CalcMetrics() 6ev umdpyet mAéov kaBwe oL Asttoupyieg TI¢ uAomolouvtal MAEOV OTLG

aM\eg kAdoelg kat pebddoug. H LoadHistory() mAéov amAd kahet tn péBodo ProcessFile(), matpvwvrag to
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TRAINING_FILE wg napdpetpo, n omoia meplapPdvet kat tnv udomouion tng naAwdg LoadHistory().

Ztnvvéa ProcessFile() n wchar_t pwzBuffer mAéov Sev xpnoipomnoteital. EmutAéov ev pag amaocxolet
va SLaBACOoUE TNV TPWTN YPAUUA Tou apxeiou Eexwplotd, kabwg to véo dataset Stadépel and auto tou
Netflix oto omnoio, kdBe apyeio otnV Mpwtn OELPd £ixe TOV KWSLKSO TNE TOVING TTOU AVTUTPOCWNEVE. Evw
Twpa 6Aa n mMAnpodopLd eival CUYKEVIPWHEVN OE €va apXELO yLa OAEG TOUG TTEAATEG KAl TALVIEG. ZUVETIWG
otnv véa ProcessFile() pe tov idlo tpémo 6mwg ywotav nponyoupévwg pe éva pointer oe FILE kat pe
tnv fopen avoiyoupe tnv pon yla Stafacpa os éva apxeio péxpL va Bpebel to Télog tou apxeiov. Méoa
oToV EMavaAnmTko Bpdoyxo He tnv BonBeta tng fscanf yivetal to StdBaocpa evog set amd tig Tipnég twy data
xpnotpomotwvtag w¢ delimeter to tab yia tic 4 otiAeg mou €xel To apxeio Kal oto TEAOG KAOE ypappung
XPNOLUOTIOLW ToV £L8LKO XapakThpa newline yLa va poXwproEL 0TNV EMOUEVN YPAUUN. STO TENOC KAOE
enavaAnyng, o petpntig m_nRatingCount au§dvetal kotd éva. OL Tiuég mou Stapalovral, amobnkevovrat
TpoowpLVa oTLg BonBnTikég petaPAntég custld, movield, rating kot tmp. ‘Enetta avoBétovtat to kabéva
ota LéAn kdBe otoxelou tou m_aRatings pe tn foriBela tou popéanpooPaongLEAWY KALXPNOLULOTIOLWVTAG
w¢ index to m_aRatingCount. Eniong mpw to TéAog Tou BpdyxXou EVNUEPWVOVTAL TA OTATIOTIKA YLol TO
nAnBo¢ kat to abpolopa twv m_aMovies kat twv m_aCustomers.

H péBodog CalcFeatures() mapépetve pe akppwg tnv idta vdomouion. Ot Vo PredictRating() yia tov
ypriyopo umohoylopd twy trailing aAAd kat Tov UTIOAOYLOPO TwV TEMKWY aroTeEAEOUATWY eMtiongmapapeivave
amapAAAOYTEG.

H ProcessTest() mou €xeL 2 Baolkég Aettoupyieg OpwG, aAAAleL. ApXLIKA TIPETIEL va. GOPTWOEL Eva Ao
ta apxeia sample set mou StaBetel to MovieLens, aA\d auth t ¢opd to format pe to omoio npémet va
Slapaotouv sival dtadopetiko. Emopévwg avoiyoupe 1 pon yia dtaBacpua oto TESTING_FILE kat 1 pon
v ypayipo oto PREDICTION_FILE £tol 6nmwg ywotav apxikd aAld mAéov to Sltafaocpa tou apxeiou
vivetat €tol omwg ouveéBn oto TRAINING_FILE 6nAadr StdBacpa tng oploBetnuévng ypappnig e tab,
Uotepa anobnkeUovial IPOoowpPLVA OLTLUEG TTou StaBdotnkay kat apéows petd kaAeitat n PredictRating()
yla Tov TeAlkd umtoloylopo twv features. Itn cuvexela Bpiokoupe to diff SnAadn tnv amodAutn T tTg
Sladopag petafy Babuoloyliag kat ekTipwpevng Babuodoyiog yia kabe ypopur, abpoiloupe Tig Stadopég
OQUTEC Kol au€AVoUu e Tov LETPNT o KABe emavaAndn. Mpwv to téAog tou Bpoyxou, ypddouue os Kabe
ypopun otnv (da popdn mou Stapdoape ta aAha Svo apxeia, Ta anoteAéouata tou custld, movield, rating,
predictrating katdiff.

Metd Tt0 Mépag Tou Bpoyxou ypadouue oTn TeEAeuTala ypapurn Tou opxXelou Ta MEPIANTTIKA OTOLXELQ,

SnAadn tov aplOpo twv MPoBAEPEWY KOl TOV HEGO OpO TG armdAutng TipA¢ tou diff.
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ErutAéov ol BonOnTikég PeTaBANnTEG MOU XpnoLUomolouvTal otov apxikd Kwdika dev xpeldlovtal mAEov

koBwg Sev uTtapxeL avdykn yLa kdmolou eidoug parse.

Meplypadr akolouBiakol aAyopiOpouv oe Java pe MovieLens Dataset

"Emewta akohouBnoe n petatpornr tou akolouBlakou kwdika C++ mou déxetal wg eicodo Movielens
dataset og akoAouBLako kwdika os Java pue MovieLens Dataset emiong.

To oelplokd TPOYPANKA, AmoTeAE(TAL AN 5 KAAOELG GUVOALKA. ApXLKA UTtapXeL n kKAdon tou Customer
otnv onoia anAd opifovtat dvo nedia kot apykonotolvte pe 0. Ta SUo autd nedia eival to RatingCount to
omnoio kpoatdel Tov aplBpod Twv cuVoAlkwv Pndodoplwv mou €xeL apeL uépog o eAdTng kat to RatingSum
miou Ba amoBnkeVEeL To CUVOALKO GBpolopa Twv  Babpoloylwy mou €xel Swaoel o TeAATNC.

H &gUtepn kAdon, sivaw n Data, otnv onoia SnAwvovtal téooepa nedia, to npwto nedio sival to Custld
To omoio ival n tavtotnta tou iehdtn, o Seltepo nedio sival to Movield 1o omoio sival n TavtoTNTA TNG
Tawiag, to tpito eival to Rating to onoio amotelet tn Pabuoloyia mou éxel Swoel o meAdTng otn Tatvio Kot
n Cache n onola givat apxikornounpévn pe O.

Tpitn kAdon, eival to Movie oto onoio SnAwvovtat kot apykornotoUvtat pe 0 SUo nedia to RatingCount
To onoio kpatd to MARBog Twv Yndodoplwv yia pa Tawia kat to RatingSum 1o onoio kpatd to dBpotopa
Twv Babpoloyuwyv Tou €xet mapet pla towia. Eniong ot kAdon dnAwvovtat 2 uébodol to RatingAvg() mou
umtoAoyileL to péco 6po twv Babporoywy kat 1o PseudoAng() to omolo umohoyilel to Peudo-péco opo.
Kat ta 2 mponyoupévwg unoloyiZovtal xpnowonowwvrag to RatingCount kat to RatingSum aA\d kdvovtag
Sladopetikn mpagn.

Tétaptn kAdon, eivat to myFileNameFilter to onoilo ulonotel éva interface mou ovopdaZetat Filename-
Filter kat xpnotpomnoteital yia to GpIATpaplopo AloTwv Kataloywv. £tn kKAdon auvtr) SnAwvetat pia petaBinti
filter ka UAomolovvtal o constructor tou myFileNameFilter kawn uéodogaccept n onola naipvel cavnapa-
METPOUG TO LOVOTIATL YLO TO OPXELO Kol TO OVOUA TOU £T0L WOTE Vo GLATPAPLOTEL TO apyelo Kal va eMLOTPEYPEL
n uEBodog true ) false.

Népmtn kAdon, eivar n Engine otnv omola dnAwvovtal oAokAnpa ta povorndtio yo to u.data to o-
nolo amoteAel to training file pe dAeg Tig Babuoloyieg, ul.test to omoio amotelel to testing fie kat to
ul.predictions to onoio amnoteAei to predictins file 6mou ypadovrat ta anoteAéoparta. ‘Enetta akolouBein
SnAwon tou péylotou aplBuol Babuoloylwy, MeEAatwy, TawLwyY, GEATUPEG KAl EMOXwV KaBw¢ eniong Kot o
€AAXLOTOC OPLOUOG EMOXWV.

3TN ouvéxela, opilovtal o ghdxlotog Seiktng BeAtiwong tou feature, n apyiki T twv features, n
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TIOPAUETPOG TOoOOTLIALAG EKLABNONG Kol N TTAPAUETPOG KOVOVLKOTIOLONG TIOU XPNOLUOTIOELTAL yla TV EAaXL-
oTormoLfon TG meplypadng Tou tuxaiou obaipartog 1 BoplBou. Metd akolouBel n SnAwon evog counter o
omoiog avahapPavel va anoBnkeleL Tov TPEXWY aplOuo twv poptwuévwy Babuoioylwy, évag povodldotatog
niivakag pe ta dedopéva twv Babpoloylwy, évag AAAOG LOVOSLACTATOG MIVOKAG E TLG LETPLKEG TWV TOLVLWV
(mARBo¢ kat aBpotopa) kat £vag akOUa LoVOSLACTATOC TIIVOKAG JLE TIG LETPLKEG TWV TIEAXTWV.

Tehkd, SnAwOnkav dVo Suodildotatol mivakeg, o pwtog anodnkevel ta features pe Baon Tig Tawieg kat
o 8eUtepog amobnkevel ta feautures pe Paon toug meAdreg. Metd tn SnAwon twv Tediwv, akolouBei n
SAwon tou constructor otov omoio yivtal n apxkomolon Tou counter e Tov TpEXwY aplOpd Goptwuévwy
BaBuoAoylwy Kal pe ePPWAEUEVOUG EMAVOANTITLKOUG BPOYXOUG YIVETAL N OLPXLKOTIOLON TWV 2 TTPONYOU LEVWV
SuodlaoTatwy TVAKWY.

"Yotepa, akoAouBei n dnhwon twv peBodwv, mpwtn péBodog eivar n CheckUpdateMovies() n omnoia
Taipvel oav £icodo U0 MOPAPETPOUG, TN TAUTOTNTA TNG Tawviag kot tn Baduoloyia tng, £€etdlel va &gl
OV ML TOUTOTNTO Tawiog UTIApXEL AdN KAl QVAVEWVEL TIC PETPLKEG TNG Tawviog autig, av Sev uTtdpyel tote
TPWTA SNKLOUPYEL ULa Towvia e T KavoupLa TAUTOTNTA Kol AKOAOUBwWG aUEAVEL TIG LETPLKEG TNG. €UTEPN
péBodog eival n CheckUpdateCustomers() n onolia eniong naipvel 2 mopapéTpoug, Tn TAUTOTNTA TOU EAGTN
Kal tn Pabpoloyio Tou kot e€eTaleTal av UTTAPXEL NON AUTH N TOUTOTNTA TOU TEAATN OTO HOVOSLACTATO
niivaka m_aCustomers[] kol avavewvovtal oL LETPLKEG TOU. LOPOPETIKA av SeV UTIAPXEL dnLoupyEeital VEOG
TEAATNG LE QUTH TNV TOUTOTNTA KAl AUEAVOVTOL OL UETPLKEG  TOU.

Meténetta, akolouBei n uéBodog ProcessFile() n omoia maipvel plo mop@UETPO, TO LOVOTIATL TOU apxeiou
training file, ko yiveton avayvwon tou apxeiov pe tn PorBela tou BufferedReader kat Scanner, twv 3
nedlwv mou pag evdladépouv, TNG TAUTOTNTAG TOU TEAATN, TNG Tawiag Kal TG Babuoloyiag avd ypopun
xpnowuomnowwvta¢ w¢ delimeter to tab. ftn cuvéxela yivetal avovéwon TwV UETPLKWV TOU THVOKO UE TLG
BaBuoAoyieg e Baon TIc TLUEG IOV Slafacaple amo To apxelo yla ULa ypapun. ‘Emerta kalouvtal ot pébo-
8ot CheckUpdateMovies() kat CheckUpdateCustomers() yto. tTnv avavéwaon twv SIKWV TOUG CTATLOTIKWY.
TéNog av&avetal o counter e Tov Twpvo aplBuo doptwpévwy Babupoloywwyv. H Stadikaoia ou eplypddtnke
vlomotleitat k&Be popd rou Stafaletal véa ypapur amnd tovinputStream o onolog anotedei éva BufferedRe-
ader. Ze mepintwon mou n mponyoUuevn Stadikaoio Sev MeTUXEL, TUMWVETAL €va LAVUA AdBoug oto xpriotn
TIOU TOV EVNUEPWVEL YLA TNV OMOTUXLOL 0TO Avolypo Tou apxeiou. TeAlka aveaptnta av MeTUXEL N Stadikaoia
fi OxL punatvoupe oto pmhok Finally 6mou otapotdpe t pori tou BufferedReader kattou  Scanner.

Enopevn pébodog, eivaw n LoadHistory(), n omoia amAd kadet tn mponyoUpevn ProcessFile() matpvwvrag

TNG WG MAPAUETPO, TO PLOVOTIATL yla To apxeio training file.
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‘Emetta vhoroteitan n péBodog PredictRating() otnv omola mepviovvtal mévie mapdpetpol wg eloodog,
TN tautdTnTa TG Tawviag Kat tou meAdn, to feature, ™ cache kat to bTrailing to omoio eivat mpoatpetikd
ylo. Tov urtoAoylopd véag Tiung ya tn cache. Stnv apxn ehéyxetol n cache, av £xoups mold features tote
naipvoupe tnv cached tun oMW emléyetal to 1 we n IPOTEWVOUEVN TIUA yila To péoo. Emetta utohoyiletal
To ywopevo Tou feature wg MPOG T TAUTOTNTA TNG Tawiag YE To feature wg MPoG TN TAUTOTNTA TOU TIEAATN
Kal TeAKd mpootiBetal otn HETaBANTA SUM, OUCLACTIKA TPOOTIOETAL N CUMKMETOXA Tou Ttwpwvol feature.
2TIG akpaleg meputtwoelg 6mou n Baduoloyia elval mavw anod 5 TOTe 0To sum avatiBeTal n TR 5 Kot otn
nepintwon mou n Babporoyia ival kdtw amnod 1 téte avatibetat n T 1 oto sum. Tehwkd n PredictRating()
eMLOTPEdEL TO sum.

Emopevn uébobdog, eivar n CalcFeatures() otnv onoia SnAwvovtal n TAUTOTNTA TOU TTEAQTN KAL TNG TOLWVIAG
Kol apxlkomoleital n teAevtaia Onwg Kat évag counter pe 0 padll pe kamoleg AAeg BonONTIKES petaPANTEG
yla Toug enavoAnmrikols Bpdyxous. ‘Enetta, SnAwvetal éva avtikeipevo tumou Data to rating, n petapAnti
Selktn obaApatog Kal péong TETPAYWVIKAG pilag odEAUATOC.  ITN OUVEXELD, OPXLKOTIOLELTOL N PETABANTN
™G pllag Tou péEoou TETPAYWVIKOU odAApOTOC Pe 2 kol n Tehevutaio peTtaBAnTh pilag Tou TETpAYWVLKOU
oddAparog pe 0. 2tn ouvéxewa okavdapovtal oho ta Features kot avaBétovtal ta media tou rating oe
QVTIOTOLXEG TOTUKEG METOPANTEG TNG MeBOSOU €TOL WOTE va UMOAOYLOTEL 0T ouvéxela n Pabpoloyio kat
0 beiktng odAAUATOC Yl TOV EAAXLOTO QplOUO TwV €MOXWV N HEXPL WOOTOU VO OTAMATAOEL va Yivetal
onUavtikn mpoodog, SnAadn n Sladopd tou SeikTn HEONG TETPAYWVLKAG pilag odpaApatog pe tov eAAXLOTO
belktn PBeAtiwong va elval pikpotepog tou Oeiktn pllog HECOU TETpAywVIKOU oddaApatog. Emiong otnv
niponyoluevn enavaAnmukn Stadikaoia yivovtat cache off ot mponyoUueveg tég amobnkevovrag oe Suo
BonOntikég petaBAntég tig of kat mf twv features kaOw¢ Ba YPELAOTOUV OTNV CUVEXELD TWV EGUWAEUUEVWV
EMAVOANTITIKWY BPOYXWV YLO TOV UTIOAOYLOUO TWV VEWV TIHWV Twy features pe BAon toug MEAGTES KAl TOUG
TI¢ Tawvies. MNpLv to TéAoG Tou SelTepou ePPWAEUEVOL BpOyXOU, YIVETAL O UTIOAOYLOMOG TG pilog Tou PéEoou
TETPAYWVLKOU opAApatos. Mmopel va TUNtwBEel mpoalpeTkd autr n mAnpodopla yla auto €xeL mpooteBel oe
oxXOAla n evioAn ektUMwong. TeAkd, cuvexilovtag oto TeAeutaio KOMUATL Tou SelTtepou ePdWAEUEVOU
Bpoyxou akolouBei £vag dA\og cache off ot taAtég poPAEPELS yia TG Babpoloyieg KaAwvTag emavaAnmTkd
TN HéBodo PredictRating() matpvwvrag Tig mévie MOPAUETPOUG TTOU XPELAZETAL, YL T TAUTOTNTA Taviag Kot
nehdzn, tov Seiktn tou feature tn Cache tou avtikelpévou rating kat tn televtaia napdpetpo btrailing va
elvaifalse.

AkohouBel mdAL n uéBodog PredictRating() aMd oe auth tn mepinmtwon €xel wg eicodo povo Svo

TAPAUETPOUG TN TAUTOTNTA TNG TOLWVIAG KOLTOU TEAATN, otTnVv omola ylvetal apxlkomolion i  HeToBANTAG
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sum pe to 1. 'Emerta akolouBei €vag emavaAnmukog Bpoyxog o omoiog Slatpéxel Oha ta features twv
Sduodlactatwv mvakwv m_aMovieFeatures[][] kot m_aCustFeatures[][] ylia t ouykekpluévn tawia Kot
TEAATN, KPATWVTOG 0TaOEPO KAl 0TouC dUO Tivakeg Toug SeikTeg Twv oTNAwV §€S0UEVOU TWV MAPAUETPWY
TIOU £XOUV TEPAOTEL ME TN KANON TG LEBASoU. YIoAoyileTal TO YWVOUEVO TOUG KOl TIPLOTIOeTAL 0T peTaBANTH
sum. 3TIC aKPALEG MEPUTTWOELS TTou To GBpolopa tng Pabuoloyiag eival peyahltepo tou 5 avtiotabuiletal
avaB£TovTAg Tou TNV TR 5 KAl oTnV TEPUTTWON Tou elval ULKPOTEPO TOU €VOG TOU eKXwpeital n Tun 1.
TéNog emuoTpEdeTal N TLUA Tou sum and tn  péEBodo.

"Yotepa, akoAouBei n péBodog ProcessTest() otnv omola yivetat avdyvwon tou testing file, To omoio
onwce avadEpOnKe Kat Tponyoupévwe amoteAel £va Seiypa tou cuvolou e to idlo format mou €xeL to u.data,
T0 omolo €xel 6Ao o cUVoAo Twv Pabpoloywv kat eniong ypddovral to anoteAéopata oto prediction file.
Apxikd, apxikorotovvtal tpia avtikeipeva turmou BufferedReader, PrintWriter kat évag Scanner, pe tn
BonBela twv omolwv Ba yivel n avayvwon kat to ypddiuo twv 2 mponyoUpevwy apxeiwv. Emiong, apxiko-
moleital N TauTOTNTA TOU TEAATN Kot TG tawiag, pall pe tnv Baduoloyia, tnv mpofAsmopevn Babuoloyia
miou Ba mpokUPEL amd TIg aplOunTikég mpdéelg oludwva e TV uAomoinon tou KwoLka ou €xel uhomotnOei
oe C++ ywa to Staywviopod tou Netflix. Tuvexilovtag, yivetatr dnhwon tng petapAntig diff, n omoia 6a
Kpatael Tnv andAutn Stadopd petalV tng BabuoAoyiag Kat Tng mpotelvopevng Babuoloyiag, évag abpolotrg
o ormoiog apyikomoleital pe 0 OMwG emiong Kat £vag counter. Mvetal SAAwon evog avtikelpévou data tomou
Data, kot £gkivdel pia por yla tThv avayvwon tou pe tn BorBesila tou FileReader kat tou BufferedReader.
Auéows petd, §avd pe tn PorBela twv V0 TMPoNYoUUEVWY AVTIKELMEVWY avoiyel To apxeio testing file autA
T dopd pall pe ) pEBodo PrintWriter, pe tn BonBela tng omoiag Ba yivel To ypadipo twv npoPAéPewv oto
predictions file. Me tn péBodo radLine() Tou avtikelpévou inputStream, rou eival tumouv BufferedReader
yilvetal n avayvwon kabes ypapung twv apxeiwy, mpwrta yivetal n avayvwaon tng TAUTOTNTOC Tou TTEAATN Kal
NG towviag ko n PaBpodoyia and to apyeio testing file kau émetta kaheital n péBodog PredictRating() yia
TOV UTOAOYLOMO TG TPOPRAed NG TNG BabpoAoyiag MalpvwvToG W MAPAPETPOUS LOVO T TAUTOTNTA TNG TALVIAG
Kal Tou TeAdatn. Metd, umoloyiletal n Stadopd tng apxtkng Babuoioyiag pe autiv TnG mpoPAenduevng oe
amoAuUTn TN Kal mpootiBetal otov abpolotr) kal avavetal o counter Katd £va yla KaBe ypauun. TeAKA,
ypadovtal oL mpoPAéPelg oto apyeio predictions file tomoBetwvtog Tn TAUTOTNTA TOU TEATN, EMELTA TNG
Tawiag kot tn Badpoloyla Kot LeTA TNV UTIOAOYLOMEVN TipoBAemopevn Babuoloyia kat amd SimAa Thv amokALon
TIoU €XeL amd tnv apxtkn Babuoloyia, xpnotponowwvtag to tab wg  delimeter.

3TN MEPIMTWOoN TIoU amoTUXEL N apandvw Stadikaoia, yivetal catch to opdAua yla amotuyia avoiypuatog

KAmoLou apxeiou kat evnuepwvetat o xpotng KatdAAnAa. TeAwkd, oto prhok tou finally mou Ba  exteAeotel
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oe onoladnmnote nepintwon yivetal o kAgiowo porg tou apxeiou mou €xeL avoifel o inputStream yua o
testing file, kaBwg emiong to KAeiowo Tou out mou XpPNoLUOTIOLABNKE yla TO YPAPLUO TWV ATOTEAEOUATWY
oto predictions file, kaBwg emiong kat tou Bondntikol scanner. TeAKA TUTIWVETAL 0T KOVOOAa éva pUvnpa
LLE TOV UTTOAOYLOUO TNG HEONG EKTIUNONG OPAAUATOC YL TA TTPONYOUEVA  OTOTEAEOUATA.

Televtala sival n péBodog main() and émou yivetal n ekkivnon Tou mpoypdupatog. H main() Eekwvd pe
™ &nAwon 5 petafAntwy nou Ba xpnotpomnotnfolv yla TNV anobnKeUon TWV XPOVIKWY OTLY LWV TPV KOL LETA
amno tn dnuloupyia evog aviikelpévou tumou Engine kat t kAfon ke peBodou £tol wote va unoAoylotolv
OL XPOVLKEG SLadOpEG OTOUG KAL VOL TUTTWOEL TO TIPOYPAULO OTN KOVOOAX TN XPOVLKA SLAPKELA yLa TNV EKTEAEDN
K&Be Bripatog Eexwplotd. Mpwta akoAouBei n Snuoupyia TOu AVTIKELLEVOU engine TUTWVETOL O XpOVOG yLa
N Snpuoupyio Tou AvTikeLpEvou, HeTE akoAouBel n kAfon tng peBodou LoadHistory() tou avitikelpévou
engine Kol £MELTA TUTIWVETAL N XPOVLKN SlapKela ekTEAeon tng o Seutepolenta. Metd, yivetal kKAjon Tng
pebodou CalcFeatures() Tou engine KoL oVTIOTOLXOL EKTUTIWVETOL N XPOVLKH SLEPKELD yla TNV EKTEAEON TNG
pebodou. Teheutaia péBodog mou kahettar eivat n ProcessTest() tou engine kat teAikd Tumwvetal n o
XPOVOG eKTEAEDNC TNG KaBwC emiong kat éva eldomolntiplo uvupa Done yla To TEpUATIONS TOU GELPLAKOU

T(POYPAUUATOC.
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5. YAOITOIHXH

5.1 AenTopEpEleg uAonoinong

Nepypadn mapdAAniov aAyopiOpou oe Java oto Apache Spark pe MovieLens Da-

taset

Mptv TV vAomolion Tou mapdAAnAou mpoypAappatog akoAouOnoe uia Stadikaoia efolkeiwong pe to A-
pache Spark. AudBaca ta oxetikd Documentation amnoé to site tou Spark, 6nwg Spark Overview, Quick
Start, Spark Programming Guide, API Docs (Java), Spark Examples (Java), Cluster Mode Overview,
Spark Standalone Mode ktAn. Metd akohoUBnoe e€oikiwon pe to Scala Shell yia tnv ektéAeon aAAnAemt-
Spaotikwv mapadelypdtwy. EnutAéov Stapaoca apketég Stadopég avaueoa ot Suvatotnteg tng Scala kat tng
Java. la nopdadeyua n parallelize tou sparkContext tng Scala kdvet aneuBeiag petatpomnr HATPES, EVW N
avtiotolxn HéBodog tou javaSparkContext amattel povodidototo mivaka (vector). Katavénon tng
napaiinionoinong péow Spark (RDD, Broadcast variables kot Accumulator variables kot
tranformations/actions oe RDDs). Emthoyr) katdAAnAwv Sopwv dedopévwy o Spark Java otig onoieg Ba
petatpanoly ol Sopég Sedouévwy tou akoAouBlakol kwdika Java.

Zuykekpiuéva o mivakag Ratings petatpdnnke oe Broadcast RDD variable yia BeAtiotonoinon g emnt-
kowwviag. Wddopeg otabepég (static final) peraPAntég petatpannkav oe Broadcast variable avtiotoiyou
TUTou, emiong yla BeATLoTOMOINON EMIKOWVWVIAG.

Aev undpxet naparinlonoiowun R/W &opn mou va umootnpilel Stobidotatoug mivakeg. AuTo
odeiletal otnv immutable(apetdBAntn) dvon twv RDD nou sivat kat n Baoikh maparnlomotioiun doun
oto Apache Spark. ‘Eywav amomelpeg uhomoinong tng mapoAAnAomnoinong pe SKAG HOU EUMVEUONG
KAAOELG. AUTEG oL aIMOMELPEC £XoUV cUUTEPIANDOeL otov Kwdika aAAd Sev kaAdouvtal amo Ty main() Kot
eMOUEVWCE Sev ekTEAOUVTAL.

Ta onpeia tou Kwdika-alyopibuou ota omoia evtonioa Suvatotnta va entteuxbet ansuBeiog mapaAAnlo-

nolnon Atav tpia, Ta omola eivat ta €€AG:
1. To StadBacpa tou apyxeiov Sedopévwy.

2. O umohoyloudg twy prediction ratings ya to test file pe unohoylopévoug dn toug mivakeg customer

kat movie features.
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3. To ypadiLpo Tou apxelou amoTEAECUATWV.

Apxtkd Aourtov to mapdAAndo mpoypappa anoteheitat and tig £§ng khaoel;, Customer, Movie, SparkData,
TrainingData, TestingData kat SVDMovieLensSparkJava. H ekkivnon tou mpoypdupatog yivetat anéd tnv
main() n omowt epmneptéxetar otnv SVDMovieLensSparkJava. 'Oleg ot kAdoelg kdvouv implement to
Serializable £€toL wote va ekteBolv dnuoola oL AEMTOUEPELE OAwV TwV KAACEwvV. Xpnoldormolel éva
universal identifier yia ka0e Serializable class o omoiog katd tn Sidpketa tou deserialization BonBa oto
va g§aodaliotel OtL n doptwpévn kAdon avtiotoel akplBwg oe €va serialized object. Av 6ev Ppebel

avtiotolyia tote pixvel InvalidClassException.

Main()

public static main(String[] args) throws IOException {
LocalTime t1, t2, t3, t4, t5;

tl = LocalTime.now();

SVDMovielLensSparkJava engine = new SVDMovielLensSparkJava();

t2 = LocalTime.now();

System.out.printf(engine construction duration equals %d s\n",Duration.between(t1,t2).getSeconds());
engine.LoadHistory();

t3 = LocalTime.now();

System.out.printf(*load history duration equals %d s\n",Duration.between(t2,t3).getSeconds());
engine.CalcFeatures();

t4 = LocalTime.now();

System.out.printf(*calculation feature duration equals %d s\n"",Duration.between(t3,t4).getSeconds());
engine.ProcessTest();

t5 = LocalTime.now();

System.out.printf(""processing test duration equals %d s\n",Duration.between(t4,t5).getSeconds());

System.out.printin("\nDone\n™);

}
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Suvexilovrag, otnv kAdon tou Customer SnAwvovtal kat apxikorolovvtal pe undév dvo data members
1o RatingCount kat to RatingSum. Yndpyet o default constructor mou amauteitat yua to Serialization
kot 0 Sevtepog constructor mou avabEtel Tig TILEG TTou Talpvel oav napaperpous oto RatingCount kat to
RatingSum avtiototya. 'Emetta akohouBoUv ol setters kot getters yia to péAn. TeAwd SnAwvetain pébodog
toString() mou avaAapBdvel va TUTWOEL Ta TPONYOUHEVO TIES L PE TIG TIMEG TOUG.

"Emerta akohouBOei n kAdon Movie otnv omnola eniong SnAwvovtal Kat apylkomolouvtal pe pndév ta duo
Swa g data members, RatingCount kot RatingSum. Itnv cuvéxela Snutoupyolvtat ot U0 GoveTpugtop
kaBwg emiong oL setters kat ot getters twv peAwv. Metd akoouBoUv n péBodog RatingAvg() mou umoAoyilet
ToV Péco O0po Twv Babpoloylwy mou €xel apet o towio kot tnv PseudoAvg() mou unoAoyilel avtiotoxa
tov Pelbo-péco 6po plag tawiag.  TeAkd n toString() Tumwvel ta medla Kat TLG AVTIOTOLYES TLHEG TOUS.

"Emewta akoAouBel n kAdon SparkData, otnv omoia dnAwvovtat tpia data members to Custld, to
Movield kot to Rating. Metd akohouBoulv o default constructor kat o constructor mou TG avabetel TLHES
TWV TOPOUETPWY TIOU Taipvel ota medla tng KAGong. 'Yotepa akohouBoUv ol setters kot ot getters twv
nediwv tng kKAdong. 2to téAog umtdpxeL N avtiotolyn tostring() uéBodog mou tunwvel ta media Kat TG TLHEC
twv Custld, Movield kot Rating.

Meténetta akolouBei n TrainingData kAdon, n oroia kAnpovopet tnv kKhdon SparkData pe 6Aa ta edia
Kal peBddoug tnG. EmutAéov SnAwvetal Kat apyikomoleital pe undév to nedio Cache. 'Emelta o constructor
tng TrainingData kaAel tov matpikd constructor xpnoipomowwvtag thv super. AkoAouBolv o setter kat
te€thatvyettep yua v Cache. TeAwkd umdpxel n péBodog toString() mouv Tunwvel ta media NG MATPLKAG
kAdong padi pe tnv Cache.

2t ouvéxela epxetal n TestingData mou kAnpovopel pe tnv oepd tng tnv TrainingData kAdon. n-
Awvetat wg data member to  PredictRating kat otnv cuvéxela akohouBouv ot constructor tng kA&ong mou
ME TNV OELpA TouG KahoUV pe tnv PorBela Tng super Tov TMATPIKO TOUG constructor. O MPwTog constru-
ctor naipvel oav napdpetpo to Custld, Movield, Rating kat PredictRating kat o Sevtepog maipvel Uo
napopérpoug to TrainingData kat to PredictRating. Metd akohouBei n pébodog diff() mou umoloyilel
KoL ETLOTPEDEL TNV amoAutn Tn TG dtadopag petafd Babuoloylog Kal eKTIUWUEVNG BaBuoloyiog. TeAka
akolouBei n toString() tng TestingData mou pe tnv oepd tng Ba xpnotuomownBei ywa va ypadtolvv ta
OUMOTEAECLOTO OTO OPXELO OMOTEAECUATWV.

TeAevtaio khaon eivat n SVDMovieLensSpark]ava, apyika SnAwvovtat o péylotog aptBpog pabuoloyt-
WV, TEAOTWY KaL TAWVWWY 0 0AOKANPO To training set. ‘Emetta SnAwvovtal o péylotog aplduog twy feature

Ttou sivat va xpnotpornotnfolv Kabwe EMiong KaLl 0 HEYLOTOG Kal EAGXLOTOG aplBpog Twy emoxwy ava feature.
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AnAwvovrat emniong kat o Seiktg eAdyotng BeAtiwong mou amatteital yla va cuvexlotel to tpexov feature
Kal n T apyikormotjong yo ta features koBwg emiong n mopapetpog tov pubpol ekuddnong Kat n ma-
PALETPOG KOVOVIKOTIOLONG TIOU XPNOLLOTIOLELTAL YLl TNV EAQXLOTOTOLON TNG UTIEPTPOCOPOYNG. EmmAéov
SnNAwBnke to edlo mou Ba pETPAEL TOV TwWPVO aplBUO Twv doptwuévwy Babuoloywwy. Emniong SnAwbnkav
Ol TPELG LOVOSLAOTATOL TIIVOKEG TIOU KPATAVE TG TTAnpodopleg Twv Babpoloylwy, TG LETPAOELG YLA TLG TAUVIES
KaL TIG LETPHOELC yLa TOUG TteAdTeG 0AAG Kat oL StoSidotatol Tivakeg Tou Kpatdve ta features avd tawvia Kot
avameAdrn.

Ta mebia mou SNAwBNKav pEXPL OTLYUAG UTIAPXAV KAl OTn OELpLakn ekdoxn aAAd xpnollomololvral Kat
oto mapdAAnAo mpoypappa yia tnv ektédeon tng uebodou CalcFeatures(), twpa akohouBolv ta nedia mou
Xpnotuomnotlovvtal amno tig peBodoug mou ektedolvtat mapAdAnAa. Apxikd SnAwvetal Kat avatiBetal to 6vo-
pa tng edpappoyng tou Spark mpoypdppatog, petd SnAwvetat n cvvdeon spark context oto Spark cluster
mou Ba xpnotpomnolnBel otnv cuvéyxeta yia tnv dnuoupyia RDDs, accumulators kot broadcast variables
o€ ekeivo tov cluster kat 1o spark conf mou xpnoptponoleital oo To TPONYOUHEVO TO OTIOLO ETLTPETEL
TNV pUBLILEN OPLOPEVWVY KOWWV LELOTATWY. ITn ocuvéxela dnAwvovtal tpelg broadcast variables to TRAI-
NING_FILE_BRDCST, to TESTING_FILE_BRDCST kat to PREDICTIONS_FILE_BRDCST ¢€tot
woTe KABe KOpPog va €xeL £va avtiypado tou input dataset pe évav amodotikd Tpomo. Me Tov {Sto Tpomno
SnAwvovrtal kot OAa ta mponyouveva nedia ou adopolv To CELPLAKO KOUUATL pe e€alpeon BERala Toug 3
povodidotatoug kat toug Suo Sodldotatoug mivakeg. Ou Tivakeg TAgov €xouv SnAwBel wg JavaPairRDDs
€10l wote va PpEpoupe ta Sedopéva oe popdn key-value RDDs nou Ba Swoouv otnv ouvéxeta tnv duvatdtn-
Ta ektéAeong cuvabpolocwy, opadomoinon dedopévwy pe To i8lo KAeLSL kat opadomotrjon SUo SladopeTikwv
RDDs. Kat otoug mévte mivakeg otn 8éon tou key naipvouv Integer generic data type, evw otn 8éon tou
value ol tpelg povodiaotarol naipvouv aviikeipeva tonou TrainingData, Movie kat Customer evw ot 0o
Slobldotatol otn B€on tou alue €xouv dnAwOei £toL wote va §éxovtal MatrixRow &nAadn éva row oriented
KATAVEUNMEVO THVOKO XWPLG va €xouv Kamola onpacio oL deikteg oelpdg. 'Emelta akoAouBnoe n SnAwon tpuw
accummualator €10l wote pe aodpAAeLa va EVNHEPWVOVTAL OL LETOBANTES yLol TOV UTIOAOYLOUO TOU Sq Kalt yLo
Tov umoAoyLopo twv Featureture twv mehatwv kaL Twv tawwwv otav n ektéAecn toug Oa yivetal fexwplotd
og 0Aoug toug worker kopBoug oto cluster . AnAwBnkav nedia emniong yla tov undoylopd twv Featureture
TWV MTEAATWY KL TWV TOWLWV A pe tn Stadopd twpa otL eivat SnAwpéveg wg Broadcast. Metd akoAouBel
n 6AAwon 6vo Map tou mapCustomerFeatures kot tou mapMovieFeatures. Kot teAikd dnAwvovtal dvo
Siobiaotatol mivakeg broadcast mou anoBnkevouv ta feature ava Moviekat Customer.

2tnv ouvéxela prdxtnkav Svo péBodot n Debug kat n Message ol onoleg anotéAecav to SU0 Bacika
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pou epyaleia yla TNV arnoohoAudtwon Tou Kwdka Katd Tt StdpKeta TnG avantuéng, adpou to iSto to Apache

Spark &ev unootnpiet kamolo debugging clotnua.

Debugging Methods

public static Debug(int num) {
System.out.printf("'|---—--—————————— - ——- = DBG %d\n", num);
}
public static Message(String msg) {
System.out.printf(*’|----- > %s <----|\n", msQ);
}

Meténetta, akohouBei o constructor tng SVDMovieLensSparkJava péoa otov omolio yivetal Snptoup-
via Tou Spark Configuration Object. Eixe yivel pia anoémnelpa va xpnotpomnownBet pag Sikidg pov custom
ékdoong Kryo Registrator ywa BeAtiotonowion otov xpévo n omoia tedkd Aettoupyovoe aAAd povo 6co
£kava amomnelpeg ya rnapainlomnowion tng pebddou tng CalcFeatures() n omoia kat TEAIKG QmMETUXE YL
TOUG AOyoug Tou €Xw KataypaPel avaluTikd otnv evotnta 7.2 otnv omoia PAaAlota mapouctalw TUnuata
kwSwka cupneprappavopévou tou Kryo Registrator kat twv dAAwv mpoomaBelwy, GUUMEPACUOTIKE XPNOL-
porowiBnke o default registrator mou mapéxetat anod 1o Spark. Xtnv cuvéxela ylvetal apxikomotron Tou
spark context cupneptlappavopévou kat Twv utoAomwy nediwv ouv SnAwbnkav oto tupe tou Spark Data
Members.

'Yotepa yivovtat cache ot tipég twv broadcast petafAntwv og TOMIKEG LETAPRANTEG £TOL WOTE VAL EMLTEU-
xBel BeAtioTonmouon otov Xpovo. Itnv cuvéxela dnuloupyeitat éva RDD yua tov mivaka pe to customer
feature ypnowomnowwvrog avtoduvaun mapaywyn Seiktwv. AkoAouBel o smavaAnmukog Bpoyxog mou Sla-
PEXeL OAa Ta features yia va SnuoupynBei éva vector amd 6Aoug toug mehdteg pe tv broadcast tTiun
QPXLKOTIOLAONG. TN OUVEXELA To Vector autd pe tn PorBela tng parallelize BonBd otn Snploupyia piog
napdAAnAng cuAdoyn¢ RDD amné pla untapxouoa cuvaAAlayn.

Ze autn ™ mapdAnAn cuMoyn mou SnpioupyriBnke ulomotoUpe to transformation zipWithIndex to
omnolo mpoodépel éva otabepod indexing, anaplBpwvtag kabe otolxeio kATA TNV apyikn oelpd Tou. Emeldn

OMWG oL Seikteg e autd to transformation epdavitovral Se€Ld and TG TIUES, KAVOUUE eMUTPOoBeTa éva
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akopo transformation to mapToPair to omnoio eniotpédet éva véo RDD edpappolovrag pia function og dAa
ta otoeia tou RDD. fe auth t nepintwon n fuction auto mou vlomnolel ivat avtiotpodrn twv Bécewv
twv SVo otolkeiwv €tol wote o index va Bpioketol and pnpootd. Autd smtuyydvetol pe tn BorBsia tou
Tuple2 to omoio emnttpénel o {guydpwpa U0 AVTIKELLEVWY OAAA Kot Twv HEBOSWV Tou UMooTNnpilel auto
yLlo var yivetal mpooPacn oto mpwto kat Seutepo avikeipevo tou Tuple? oaMd kat ota empépoug nedia twv
QVTIKELLEVWY auTwy. TEtolou eidoug mpooPaocelg os ototyeia Tuple2 yivovtal moAU cuxvd otnv  GUVEXELL.
"Emewta akoAouBel n Snuioupyia twv RDDs yiwa tov mivaka pe ta Movie Feature, xpnowiomnowwvrag
autoduvaun mapaywyn Selktwv. Mvetal avtiotolya n dnuloupyia tou vector pe OAEG TIC TOWIEG PE TRV
broadcast tur apywomnowiong. To vector petatpenetal oe RDD oto omoio avtictoya sdapuoletat n
zipWithIndex kat n mapToPair €tol va enttevxBel to indexing mou emBupolpe €T0L 6TMWG £ywe UE TO

RDD pe toug meAdteg mponyoupEVWG.

Anuoupyio RDD’s yia features Twv Toviwy Kot EAATWV

for (f = 0; f < MAX_FEATURES; f++) {
// create a vector of MAX_CUSTOMERS with INIT_BRDCST value
matrixRowL.ist.add(new MatrixRow(Collections.nCopies(MAX_CUSTOMERS, INIT)));
}
JavaRDD<MatrixRow> rdd1 = sc.parallelize(matrixRowL.ist);
this.m_aCustFeatures_PairRDD =rdd1l.zipWithIndex().
mapToPair((Tuple2<MatrixRow, Long> tuple) -> new Tuple2<iInteger, MatrixRow>(Integer.valueOf(tuple.
_2.intVValue()), tuple._1));
// Create RDDs for Movie Feature matrix, using autogenerated indices
matrixRowL.ist = new ArrayList<>();
for (f = 0; f < MAX_FEATURES; f++) {
// create a vector of MAX_MOVIES with INIT_BRDCST value
matrixRowL.ist.add(new MatrixRow(Collections.nCopies(MAX_MOVIES, INIT)));
}
this.m_aMovieFeatures PairRDD =sc.parallelize(matrixRowL.ist).zipWithIndex().
mapToPair((Tuple2<MatrixRow, Long> tuple) -> new Tuple2<Integer, MatrixRow>(Integer.
valueOf(tuple._2.intValue()), tuple._1));
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Ta transformations ndvw ota RDDs éywav pe lambda expression.

Meténetta €ywve n kotackeun twv maps and to. RDDs pe ta Customer kat Movie Features.

Anuoupyia HashMaps amo ta RDD’s pe ta feature tTwv Toviwv Kat teAatwv

// create maps from the Customer and Movie Feature RDDs
mapCustomerFeatures = new HashMap<>(m_aCustFeatures_PairRDD.collectAsMap());

mapMovieFeatures = new HashMap<>(m_aMovieFeatures_PairRDD.collectAsMap());

APEowG PETA YIVETOL N apyLlkoTioljon Twv dVo Stodldotatwy mvakwv m_aMovieFeatures kat m_aCustFeatures

£T0L OTIWG YLVOTAV TIPONYOUUEVWG KOL OTO OELPLOKO TIPOYPOUAL.

MeTEneLlta €pXETAL N OEWPA TNG main() n omola oucLACTIKA SnuLoupyel éva aviikeipevo tumou SVDMo-
vieLensSparkJava, énetta kaAeitat n LoadHistory, peta n CalcFeatures kat tehikd n ProcessTest.  "Oleg ol
puéBobol mou Ba e€nyriow otnv cuvéxela vAomolnBnkav mapdAAnAa ektég and thv CalcFeatures() n omoia
ekTeAElTOL aKOAOUOLAKA KOl TtapEpevel we €xel. Kataypddovtal oL XpoVIKEG OTLYUEG TPV KOL UETA Ao TNV
€KTEAEON KAOE eOBSOU £TOL WOTE va HeTPNBOUV Kal va KataypadoUv oL Xpovol eKTEAESNG £TOL AKPLBWE OTIWG
£YLVE KOL OTO CELPLAKO TIPOYPALUAL.

H mpwtn uébodog eivan n LoadHistory() mou kavel throw yia I/ O exception kat anAd kahet tnv pébodo
ProcessFile() matpvwvtog wg mapdapetpo to TRAINING_FILE_BRDCST.

‘Emetta otnv ProcessFile mou kat autr kavel throw yua I/O exception yivetat Snuloupyia evog apxikou
RDD ané String ané to SidPacpa tou training data apxeiou. Ztnv cuvéxela yivetat o umoAoylopdg tou
aplBuol twv Babuoloywv kot teAka Snuoupyeital éva RDD yua ta otatiotikd tou Customer. la t
Snpoupyia avtov tou RDD xpnowonowwvtog T map ndvw oto trainingFile StaBdietal to apyeio pe to tab

wg delimeter kat o anotéAeopa avatiBetatl oto columnsTrainingFile.
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AwdBacpa training apyeiou

JavaRDD<String> trainingFile = this.sc.textFile(filename.value());
// calculate the number of ratings

this.m_nRatingCount BRDCST = this.sc.broadcast(trainingFile.count());

2tnv ouvéxela oto columnsTrainingFile yivetal to transformation mapToPair étot wote va emotpadei
éva RDD pe toug kwdikolg Twv mehatwy Kat tig Babpoloyieg tou kat Oa avatedei oto columnsCustomer-
sA_ 1o ornoio eivat SnAwpévo wg PairRDD oand Integer kat Integer. Metd oto columnsCustomersA_
yivetaw transformation reduceByKey ¢tol wote va Bpebei to aBpotopa twv Babpoloywv mou éxel dwoel
0 KaBe meAdtng cuvoAika, ta anoteAdéopata avatiBovratl oto columnsCustomersA to onolo anotelei £va
PairRDD. ‘Enetta §ava yivetau transformation oto columnsTrainingFile étol wote va ndpoupe auth tn
dopd toug meAATEC Kat yla KaBe mehdtn avatiBetal oto medio tou value o aplBuodg éva kot teAkd avotibe-
vtat oto PairRDD columnsCustomersB_. 'Yotepa oto columnsCustomersB_ yivetau to transformation
reduceByKey £tolL wote va Bpebei 1o mANBog Twv Babpoloylwy rou €xel Swoel kabe meAdTng Ta omoia Kot
avatiBevtat oto columnsCustomersB. 2tn ouvéxela yivetat join twv §vo PairRDDs columnsCustomersA
kat columnsCustomersB étol wote va emotpadei éva PairRDD pe 1o key va eivat Integer mou 6a givaw o
kwSkog ehdtn kat value va eivat éva Tuple? pe key va eival Integer to onolo Ba eivat to mAriog twv Pab-
poAoyLwv Ttou éxel Swoel kaBe meAdtng Kat value va eivat emiong Integer pe to dBpoiopa twv Babuoloyuwv
Tou €xeL Swoel o k&Be meAdtng. To PairRDD autd avatibetat oto columnsCustomers. Kat teAlkd to co-
lumnsCustomers mou npokUmntel avtiotolyiletal oto .m_aCustomers_PairRDD to omoio givat SnAwuévo
w¢ PairRDD pue Integer kot Customer object. Zuvenwg oto nedio tou Integer avtiotoxeital o kwdLKog
neAdtn katoto Customer object tou omoiou n kKAd&on éxel SnAwBel avtiotoxifovtattanedia RatingCount

kot RatingSum to onota kat untdpxouv oto columnsCustomers.

Anpoupyio RDD yLal ToL GTATIOTIKA TWV TTEAQTWV

// create RDD for Customer statistics

JavaRDD<String[]> columnsTrainingFile = trainingFile.map(line -> line.split("'\t"));
JavaPairRDDc<Integer, Integer> columnsCustomersA _

= columnsTrainingFile.mapToPair((String[] row) -> new Tuple2(Integer.

parselnt(row0]), Integer.parselnt(row[2])));

JavaPairRDDc<Integer, Integer> columnsCustomersA = columnsCustomersA_.reduceByKey((a, b) -> a + b);

JavaPairRDD<Integer,Integer> columnsCustomersB_ = columnsTrainingFile.
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mapToPair((String[] row) -> new Tuple2(Integer.parseint(row[0]), 1));
JavaPairRDDc<Integer,Integer> columnsCustomersB = columnsCustomersB_.
reduceByKey((a, b) ->a+ b);

JavaPairRDD<Integer, Tuple2<Integer, Integer>> columnsCustomers = OcolumnsCustomersB.
join(columnsCustomersA);

this.m_aCustomers_PairRDD = columnsCustomers.mapToPair((Tuple2<Integer,
Tuple2<integer, Integer>> tuple) -> new Tuple2<integer, Customer>(tuple.

_ 1, new Customer(tuple. 2. 1, tuple. 2. 2)));

Me avtiotolyn Stadikaoia yivetal kat n Snuiovpyia tov RDD yua ta otatiotikd twy towiwy. Evtomiletat
To MANB0¢ Kal to dBpolopa Twv Baduoloylwy ylo KABe tatvia Kol TEAIKA GopTWVTOL Ol KWSLKOL TWV TaVIWY,
Ta MARON kat ta abpoiopata twv Babuoioylwy ava tawia oto m_aMovies_PairRD. Meténetta akolouBel
n Snpoupyia tou mivaka pe tig Pabpoloyieg and ta Data avtikeipeva, mdvw ota RDD columnsTrainingFile,
rddData kot rddIndexedData yivovtat ta transformations map, zipWithIndex kat mapToPair avtiotoyxa

KoL mpokUTTeL To TeAkdé m_aTrainingRatings_PairRDD .

Anuoupyia RDD yia Ta OTOTIOTIKA TWV TOLVLWVY

// create RDD for Movie statistics
JavaPairRDD<Integer, Integer> columnsMoviesA_= columnsTrainingFile.

mapToPair((String[] row) -> new Tuple2(Integer.parselnt(row[1]), Integer
.parselnt(row[2])));
JavaPairRDD<Integer, Integer> columnsMoviesA = columnsMoviesA _.

reduceByKey((a, b) -> a + b);
JavaPairRDD<Integer, Integer> columnsMoviesB_ = columnsTrainingFile.
mapToPair((String[] row) -> new Tuple2(Integer.parselnt(row[1]), 1));
JavaPairRDDc<lInteger, Integer> columnsMoviesB = columnsMoviesB_.reduceByKey((a, b) -> a + b);
JavaPairRDDc<lInteger, Tuple2<Integer, Integer>> columnsMovies = columnsMoviesB.
join(columnsMoviesA);
this.m_aMovies_PairRDD = columnsMovies.mapToPair((Tuple2<integer, Tuple2<integer, Integer>> tuple) -

new Tuple2<integer, Movie>(tuple. 1, new Movie(tuple. 2. 1, tuple. 2. 2)));
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// create Ratings array with Data objects
JavaRDD<TrainingData> rddData = columnsTrainingFile.map((String[] row)

-> new TrainingData(Integer.parselnt(row[0]), Integer.parselnt(row[1]), Integer.parselnt(row[2])));
JavaPairRDD<TrainingData, Long> rddIndexedData = rddData.zipWithIndex();
this.m_aTrainingRatings_PairRDD = rddIndexedData.
mapToPair((Tuple2<TrainingData, Long> tuple) -> new Tuple2(tuple._2.intValue(), tuple._1));

TNV OUVEXELA YIVETOL EVNHEPWON TWV HEAWV TNG OELPLaKAG £kdoong

this.m_nRatingCount = this.m_nRatingCount BRDCST .getValue().intValue();
this.m_aCustomers_PairRDD.collectAsMap().forEach((k,v)->this.m_aCustomers[K]=V);
this.m_aMovies_PairRDD.collectAsMap().forEach((k, v) -> this.m_aMovies[K] = v);
this.m_aTrainingRatings_PairRDD.collectAsMap () .forEach((k,v)->this.m_aRatings[K]=V);

"Emewta £pxetat n ospd tng CalcFeatures() n omoia dsv dMage kat mapapével akolouBiakn, SlotL Sev
yivetat va mapaAAnlomownBetl kat yia auto ekteleital povo and tov driver. Auto ouoLaoTtikd dev gival SUoko-
Ao va eruteuxBel apkel va avadoylotel kavelg ta €A akoAouBa, oTIONTOTE MPAYUATOMOLELTOL OTO ECWTEPLKO
tou closure ané transformations énwg (map, filter, groupBy, aggregateBy, ktAmn.) ulonoteital oe executor
1| o€ executors. Ita mponyoUlpueva cupmnepAapBavovtal n avayvwon Se50UEVWY ATIO ATIOUOKPUGCUEVES TTNYEC
f persistent storage. Evw actions 6nwg to count, reduce, ktA. ouvnBwg ektehovvtal kat and tov driver
KOl TOUG executors, 0€ QUTEC TIC TEPUTTWOEL 0 HeyalUTepog ¢popTog epyaciag avalopPBdvetal vo ulormot-
nOsi mopdAAnAa kat pepikd teheutaia Bripata ektedovvratl Stadoxikd otov driver. "OAa T uTIOAOUTA TTOU
kavouv trigger éva action i transformation oupBaivouv otov driver. Mo cuykekpLpéva kABE evépyeLa TToU
xpelddetal mpoopaon oto SparkContext exteAeital otov driver.

Katomv akolouBsi n apyikomowjon twv broadcast mwvakwv m_aCustFeatures. BRDCST kot m_aMovie

Features_ BRDCST €toL wote va ival Stabéotpol otoug executors.
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Ap)womnoinon broadcast mvakwv

// initialize broadcast matrices to make them available in executors

m_aCustFeatures BRDCST = sc.broadcast(m_aCustFeatures);

m_aMovieFeatures BRDCST = sc.broadcast(m_aMovieFeatures);

Meténetta €pxetal n oelpd tng tedevtaiag pedodou ProcessTes() tng omoiag ol Baocikég Aettoupyieg
elvaw To mapdMnio SdBacpa tou test file kat n e§oywyr tou apyeiou pe ta anotedéopata predictions
file mapdMnAa. Apxikd SnAwvetal évag LETPNTAC 0 omoiog kpatd tov aplOpo twv PBabuoloylwv oto test
file kat évag abpolotic sum o onoiog aBpoilel TI¢ amMOAUTEG TIHEG TwV Sladopwy UeTOEU Babpoloylwv Kot
EKTILWHEVWY BaBpoloywwyv. Apyotepa uhomoleital to StaBacua tou test file pe tnv textFile xpnowonowwvrag
w¢ delimeter to tab kpatdw amd k&Oe ypopun pHovo T mAnpodopieg amod TIG MPWTEG TPELG OTAAEG, N

xpovoodpayida dev xpnotpomnoleitat kat 6Aa autd poptwvovtat oto RDD c_testingData_RDD.

ProcessTest()

// Reads in parallel the test file and produces the predictions file in parallel
ProcessTest() throws IOException {
cnt; // number of test ratings
sum; // sum of Abs difference between Rating and PredictionRating
// read test file and create RDD of TrainingData items
JavaRDD<TrainingData> c_testingData_ RDD
= this.sc.textFile(this.TESTING_FILE BRDCST.getValue()).
map(line -> line.split("'\t™)).
map((String[] row) -> new TrainingData(Integer.
parselnt(row[0]), Integer.parseint(row[1]), Integer.parseint(row[2])));
// transform RDD of TrainingData to RDD of TestingData items with our predictions
JavaRDD<TestingData> testingDataRDD
= c_testingData_RDD.
map((TrainingData t) -> new TestingData(t, PredictRating(t.Custid, t.Movield)));

// count test ratings

38




cnt = testingDataRDD.count();

// sum the abs differences between ratings and predictionratings

sum = testingDataRDD.map(t -> t.diff()).reduce((a, b) -> a + b);

// save RDD of TestingData to prediction file
testingDataRDD.saveAsTextFile(this. PREDICTIONS FILE BRDCST.getValue());

System.out.printf(""\n--\nNumber of predictions: %d\nAvg Abs(diff): %f\n", cnt,sum/cnt);

Metd akohouBei n petatporn) tou RDD pe ta TrainingData oe RDD 1o testingDataRDD pe ta Te-
stingData padl pe tig mpoPAédelg, kahwvrag tv PredictRating() kot matpvwvtag g wg mapap€rpoug tov
kwSko TeAdTn kot towviag. To povo mou aMdlet otnv vlomoton tng PredictRating() eivat n xprion twv
600 broadcast S1o6LAcTATWY TVAKWY YLo va YIVETAL 0 UTIOAOYLOPOG TtapdAAnAa amd 6Aoug toug executors,
otn Béon twv 6U0 MaPASOCLOKWY SLESLACTATWY TIVAKWY £TOL OTIWG UAOTIOLOUVTAV OTN ogLplakr ekdoxn. Te-
A petplétal to mAnBog Twv Babuoloywwy oto testingDataRDD, yivetat n aBpoton pe tnv sum petafAnti
KoL yivetat n amoBrikeuon tou RDD oto prediction file pe tnv saveAsTextFile. Ma tv ohokripwon Ttou
T(POYPAUOTOC TUTIWVOVTAL O GUVOALKOG aplBUog Twv mpoPAEPewv mou e€dyovtal oto apxelo Kat o Selktng
MEOOU OPOU TNC ATOAUTNG TiUNG TG Stadopomotiong HeTafU BaBUoAoyLWV Kal EKTLLWHEVWY BabBuoloylwv

TO omoio MPOKUTTEL amo TN Slaipeon Tou sum e To  cnt.

PredictRating(int,int)

// Used by RDD transformation
PredictRating(int custld, movield) {
sum = 1;

f= 0;

for (f = 0; f < this.MAX FEATURES BRDCST.getValue(); f++) {
sum +=this.m_aMovieFeatures BRDCST.getValue()[f][movield] * this.
m_aCustFeatures_ BRDCST.getValue()[f][custld];
if (sum>5) {

sum = 5;

39




¥

if (sum<1){sum=1;

}

return sum;

5.2 0B0vec epapupoyng

O Ab6yog Tou KpiBnke avaykaio n ektéAeon tou apxkol mpoypappatog oe C++ Atav £toL wote va StarmotwOel
KOAUTEPQ N AELTOUPYLO TOU TPOYPAUUATOC KAl £TOL WOTE VA UTTAPXEL Hla codECTEPN ELKOVA  TWV €EQYOUEVWV
TIANPOhOPLWV TOU MPOYPAUUATOC TIOU 0T CUVEXELA XpNOLomolOnke wg muéida yla tnv avtiotolyn uAomolon o€
Java.

AkolouBel n ewkéva amd TA apyeia Pe Ta amoteAéopata Tou €xouv efaxBel £€ToL woTe va Umopw va
kKoBodnyoupal amo auTA Kal Vo UITopw Va T CUYKPIVw Kal va emaAnBelow Ta amoTeAECUATA TTOU TIPOKUTITOUV OTN
CUVEXELA OTIO TO CELPLAKO Kal TO TapdAAnAo mpoypoupa o Java. EmumAéov to amOTEAECHATA OUCLOOTLKA TIOU
gayovtal o 5 othAeg pe tab avapeod toug, ival oL tponyoUpeveg TANPOdOPIEC TAUTOTNTA TEEAATWY KOL TALVLWY,
BaBuoloyieg mou €xouv avateBel yla TIC TAVIES, EKTIUWEVEG BaBpoloyieg kal TEAOG 0T TeAeuTaia oTAAN ATIOKALON

EKTILWHEVNG BabpoAoyiag and tnv apyxiky Pabuoioyia.
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Ewkéva 1

java_serial.png

€ Previous P Next S s Y Next 27] R |
ul.predictions (/nfs1/MovielLens/MovieLens100K/ml-100k) - gedit o1 predictions bt - Notepad
.. P Open ~ ﬂ Save I,E.l " 7 AEiIe Edit Format View Help
Documents X[ ul predictins X a5 3% 3 3607 o.627
1 ut.predictions @ 19970 454 182 3 2.551  0.449|ff 452 1100 2 2.925 0.925
19971 454 418 3 3.215 6.215[[33 5. 4 s
19972 454 484 3 3.031 0.031 zgg ggg 3 g.g;g %.ggg
19973 454 487 4 3.202  0.798 . .
19974 454 493 2 2.876  o.e76|f 333 &% 4 2 o
19975 454 633 2 2.900 0.000 455 1032 1 2487 1447
19976 454 1063 4 2.978  1.022 . .
19977 454 1299 2 2.368 o.36s[s: 1 14 Jogcy Domy
19978 455 135 5 3.783 1.217 223 gg g g g% 8' ggg
19979 455 282 3 3.547  0.547 . .
19980 455 293 4 3.629 .71 34 3 20 2
19981 455 629 3 3.218  o.218f 450 403 2 2876 0.876
19982 455 755 3 3.166  0.166 . .
19983 456 175 3 a.202 1202037 1355 3 S aos
19984 456 294 1 2.349  1.349/ff 455 135 3 178 121
19985 456 715 3 3.688  0.688 . .
55 293 3.629 0.37
19986 456 943 4 3.663 0.337 255 629 § 3.218 o_21§
19987 457 182 4 4.702  0.702|f1 455 755 : 3.166  0.160
19988 457 192 5 4.831 o0.169|fl 335 17> 3 4-202 1.202
19989 457 366 4 3.784 0.216|W 456 715 3 3.688 0.688
19990 457 443 4 4.543 0.543(f 456 943 2 3.663  0.337
457 182 4 4.702 0.702
19991 457 636 4 3.821 e.179|f 337 152 3 qule  D.cie
19992 457 704 4 3.497 0.503| W 457 366 4 3.784  0.216
19993 457 708 4 4.002 0.002(ff 457 443 4 4.543  0.543
19994 457 775 3 3.017 e.017| 3 S 4 e i
19995 458 144 4 3.568 0.432 22; ;92 g g. 8({; 8. 8%
19996 458 648 4 3.980  0.020 . :
19997 458 1101 4 3.840 o.160|f 3> Ui 4 3:208 D.432
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20000 462 682 5 3.583 1.417([30 3, 3 0 X
20001
I R DI GISIIE] = e s e e
20003 Number of predictions : 20000 233*’3522122?“1°8?2938122°°°°
=E] 20004 Avg Abs(diff) : 0.679812
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Ané mdvw paivovral pall to anotedéopata and ta predictions files mou SnpoupyriBnkav amd To CELPLAKO
npoypappa o Java (apLotepd) kat amd to oelplakd npoypappa oe C++ (6e€ld) £€toL wote va emainBeutouv
Ta anoteAéopata. Mapatnpolpe OTL T amotedéopata Kot ot 5 otnAeg (customer id, movie id, rating,
predicted rating, abs(rating - predicted rating)) eivaw iSta. KaBwg emiong kat o ouvolikog aplOuog twv
npofAéPewy OTwg €Mmiong Kat 0 H€cog 6pog NG amodlutng Stadopdg tou rating - predicted rating eivau
akppwg idia.

AkolouBoUv oL 0B06veg epappoyng and To mapdAAnio Tpoypapuo vAomonpévo os Java oto Apache
Spark pe to dataset twv 100.000 BaBuoAoyLwv.

A6 kdtw akoAouBoUlv elkdveg amd To output oto directory tou nfs. ‘Onwg UOPOUHE VO SLOTILOTWOOUHE
n saveAsTextFile() mapdyetl éva pdkeho pe to 6vopa ul.predictions o omoiog péoa tou mepAapBAavel Ta
anotedéopata og dvo apyeia to part-00000 kot to part-00001.

Ewkovoa 2
1.predictions

nfs ml-100k ul.predictions

B . . .

part-00000 part-00001

ul.test

Amo6 kdtw daivovtol padl ta anoteAéopata and ta predictions files mou SnpoupyrBnkav amnd to na-
paAAnAo mpoypappa os Java (aplotepd) oto Spark, to oelplakd mpdypappo o€ Java (KEVIpo) Kol anod To
oelplako mpoypappa oe C++ (8€fla) €toL wote va emaAnBeutouv Ta anoteAéopata. MNMapatnpolue OTL Ta
anoteAéopata Kal otig 5 otAeg (customer id, movie id, rating, predicted rating, abs(rating - predicted
rating)) eivau i8ia. KaBwg emiong kat o cuvoAikog aplBpdG Twy TPOPAEPewWY OTWG EMioNG Kol 0 LECOG OPOG

NG anoAutng Stadopdg tou rating - predicted rating eivat akppwg iSia.

Ewkova 3
part-00001 (/nfs/ml-100k/u1.predictions) - gedit . ’”"“"‘“‘”““‘/"f"_/M°"°""“/M°""Le""°°"/'“"‘°°f“‘9.“"‘ 3 L predictions o - Notepad
Open v (@ Save = . s e :‘E = gggm ; =
452 1109 2

10971 434 418 3 3215 ozl B, ¢
4 023 . 97085835545 U. 0 0370383545 19972 454 484 3 3.031 0.031 @ 453 246 5
455 755 3 3.166200756591458 0.16620075659145783 n £ w1 4 3202 o.70ais i 4
456 175 3 4.201672849483451 1.201672849483451 19975 454 633 2 2.900 o.oc0l] 433  tor2 1
456 294 1 2.349141973143559 1.349141973143559 o e 4 2.9 Lo2igis  fa 4
456 715 3 3.688152995453385 0.6881529954533852 19978 455 135 5 373 LamffiE 1B 3
456 943 4 3.6629550221160443 0.3370449778839557 179 455 22 3 3547 o.sffln G 3 :
457 182 4 4.70247743392604 ©.70247743392604 19981 455 629 3 3218 o2l i a0r 3 :
457 192 5 4.83119397212486 0.16880602787514043 19982 455 755 3 3166 o.1660 3% 02, 3
457 366 4 3.7839126603866373 0.21608733961336268 e o o 3 1 oy B o I
457 443 4 4.5425464545412195 0.5425464545412195 19985 456 715 3 3.688 o.cesllio0 22 2 e o
457 636 4 3.8212013474406104 0.17879865255938965 o o 200 Wy s 3 s oas
457 704 4 3.497240600837699 0.5027593991623012 19988 457 192 5 s.831 o160 G 2 335 1
457 708 4 4.001733494507836 0.6017334945078362196 B L e VEoE @ 3 pl oo
457 775 3 3.0170977769427836 0.017097776942783582 19991 457 636 4 a1 oarolliy 1 ¢ 4702 0.702
458 144 4 3.5683392921472956 0.4316607078527044 o @M o sl X1 3 ooEs
458 648 4 3.9798257006963462 0.020174299303653775 19994 457 775 3 307 oouffiy s 4 384 001
458 1101 4 3.8399602845518594 0.16003971544814055 roes b+ S 3560 Saaimer oot 4 fon2 o002
459 934 3 3.0017665143795806 0.001766514379580641 19997 458 1101 4 3.840  o.l1c0/ 125 lii §:388 0.4
460 10 3 3.6950787065989297 0.6950787065989297 e a2 B Jeor  ooodllli Bt 3 3o oo
462 682 5 3.5825328821782843 1.4174671178217157 20000 462 682 5 3.583  1.417]0580 &%, 3 R34



ErumAéov o Adyog mou oto predictions file Ttou mapdAAnAou pdypappatog HepLKd oTolxela TNG MEUMTNG
oTNANG 6€V €lval OTOLXLOMEVA CWOTA OTIWG TOL UTIOAOLTIA TNG (8L OTHANG, AMOSISETAL OTO YEYOVOG OTL UTIAPXEL
peyaAUTepn dekadikr akpifela oTa VOULEPQ, WOTOCO TA ATIOTEAECHATO TTOU daivovtal Kot ota 3 apxela elval

SLa.
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6. AITOTEAEXMATA - AEIOAOT'HEH

6.1 MeTpikeg a&loAOyNONG Kal CUYKPITIKRA a&loAdoynaon

Q¢ pétpo aflohdynong yla TV anddoon Twv mpoypapudtwy Bewpeital o xpOvog Kol To AmoTEAECUATO YLa
ta omola yivetat avadopd otnv emopevn mapdypado. O GUVOALKOG XPOVOC EKTEAECNC Ylo TO OELPLOKO
Tipoypapua o€ Java pe 1o uikpod dataset tou MovieLens twv ekatd xiliadwv Babuoloylwv ntav 6 seconds.
A§loonueiwTo gival 6TL 0 XpOVOG yLA TNV KATAOKEUH TOU QVTIKELUEVOU EVYLVE, yLo To pOpTwHa Tou training file
KaL To ypaYiuo Twv anoteecpdtwy oto testing file eivan oog pe to undév. ‘Ohog o xpoOvog ektéAeong Tou
OELPLOKOU TIpOypAppatog e€optdtatl and tov uroloylopd twy features. Evw oto mapdAnlo mpoypauua o
XPOVOG EKTEAEDNG YL TNV KATAOKEUT Tou avtioTolxou engine Stapkel 5 seconds, yia va StaBaoctel to training
data n ddpketa eival 3 seconds, o untohoylopdg twv features 18 seconds kat TEAKA To ypdWipo Twv armo-
tedeopdtwy 1 second. OuoLaotikd OAeg oL uEBoSOL Tou OELPLAKOU TIPOYPAUMUATOG EKTEAOUVTAL TILO Ypryopa
Kol Pe ueyaAn Sladopd. 'Evag Adyog otov onoio propei va anodoBolv ta mponyoupeva anoteAéopata ivat
0TO OTL T0 KOOTOG ermikowwviag petafd tou driver kat twv executors eival MTOAU peydlo kol EEMepvAEeL KATA
TIOAU TNV XPOVLKA TTOAUTTAOKOTNTA TWV AELTOUPYLWY KAl TIPAEEWY TIOU EKTEAOUVTOL OTO GELPLOKO TIPOYPALLLAL.
"Evag @AAoc Aoyoc sival to péyeBog tou dataset to omoio eival PLkpo, yeyovog To onoio 6ev BonBad oto va
napaatnpnBel kamola BeAtioTomnolron and T PePLd Tou mapdAAnAou poypdupatoc. Eivat mbavo otL av to
T(POYPAUUA TAV VO EKTEAECTEL XproLpomnowvtag to peyalutepo dataset mou unootnpilel to MovieLens yla
napadelypa autd twy 20 ekatoppupiwv Babpoloywwy to omolo eival Sltakooeg Gpopég LeyaAUTEPO amod autod
TIOU XPNOLUOMOE(TAL 0T Tapoloa €pyacia Kal Pe TNV eKTEAEon Tou o KataAAnAo meptBarlov dnAadn oe
kamolo computer cluster pe unmodour eupeiag kAipoakag Tote iowg kel Bavov va mapatnpovvtav KaAUTepoL
XpOvolL oto mapaAAnAo mpdypappa ylott Tote Ba unipxav mMepLocOTEPOL executors yla va SLoolpaoTouy Ta
tasks kat erurAéov to dataset Ba rjtav mMAEov apKeTd peydAo kat MALov o Gpoptog epyaciog Ba avfavotav
SpapATIKA yla TO aKOAOUBLOKO MPOYPAUUA, TIPAYUO TIOU ONUAivel OTL 0 XpOVoG ektéAeong Tou Ba aufa-
vOTaV OPKETA. 'Eylve peydAog melpapatiopnd pe smtuyia, peyalltepou ueyéBoug datasets onwg tou evdg
EKATOUUUPIOU BabBpoloylwy, TwV TPLWV EKATOUHUPLWY BabBuoAoylwy Kal 5 ekatoppuplwyv Babuoloyiwv aAld
Kal amomnelpa yla ektéAeon pe peyalltepa dataset ywpig OMwWG emiTuyia yla autd mou ATa TAvVW amnd To
0pLO TWV 5 eKATOUMUPiwY, ToV Adyo Tov avadépw oTNV evOTNTA 6.2 . ATIO TN CUYKEVTPWON TWV MOPOTTAVW
anoteAeopdtwy mapatnpndnkay ta €ng, mpdypatt kabwg avgdavetal to péyebog tou dataset 0 GUVOALKOG

XPOVOG EKTEAEGNC TOU TAPAAANAOU MPOYPAUUATOC lval HIKPOTEPOC AItd OTL O CUVOALKOG XPOVOG  EKTEAECNC
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YLOL TO O€LpLaKO TPOYpaUUa o€ Java, auto unopet va dpavel and toug xpdvoug ektédeong pe dataset tou evog
EKOTOUHUPIOU KOL TWV TIEVTE eKATOUUUPLWY. NapoTL oe autd ta mapadeiypata os OAeg TI¢ LeBOS0OUC EKTOG
tn¢ CalcFeatures mapoatnpeitol 0TL oL XpOVoL EKTEAEONC OTO OELPLOKO TIPOYPApUA €ival TILO ypriyopoL Aoyw
¢ péyaing Stadopdg atov xpodvo extéleong tng CalcFeatures telikd o cuVoOALKOG XpOVOG eKTENEONG ElvolL
TO YpNyopog oTo mapdAnAlo mpoypapua. Qotéoo mopatipnoa OtL pe dataset twv 3 eKATOMUUPIiWY TOU
QVApEDA 0TO 1 KoL 5 TO GELPLAKO TIPOYPALLILA EKTEAELTAL TILO YPHYOPA, OO QUTO CUMTTALPEVW OTL TO TIPOYPAUUOL
Sev kavel scale up opaAd. ‘Emiong Bela va toviow OtL n avantuén oto Apache Spark amotéAeoe peydin
SuokoAia katapxAv AOyw TNG AYVWOTNG TTUXAC Tou Yyl epéva ala kat €attiag t pn Umapéng epyale-
lou debugger to onolo nepLOPLOE ONUAVTIKA TOV TPOTIO Agttoupyiog pou oAAd kal Tov e§avaykaopd Hou vo
SnuLoupynow Sikd pou BondnTikd PNVUPOTA CUVEXWE £TOL WOTE BNUATLKA VO YIVETAL N anocdaAUATWAN TOU

T(POYPAUUATOC.
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6.2 AnoteAéopaTa

ANANYTIKH ZEIPIAKO ZETPTIAKO TIMAPAAAHAOD
KATATPAD®H IMPOTPAMDMA C+—+ IIPOT'PAMNDMA IIPOTPAMDMA
XPONON JAVA JAVA, SPARK
Movie Lens Dataset
100K

ENGINE 0 ms 0 ms 5136 ms
CONSTRUCTION
LOAD HISTORY 1 083 ms 0 ms 3021 ms
CALCULATION 41 246 ms 6018 ms 18 281 ms
FEATURE
PROCESSING 3 069 ms 0 ms 1 018 ms
TEST

TOTAL 45 398 ms 6 018 ms 27 456 ms
Movie Lens Dataset

1M
ENGINE 0 ms 0 ms 4 006 ms
CONSTRUCTION
LOAD HISTORY 2033 ms 3087 ms 8012 ms
CALCULATION 468 103 ms 170 324 ms 146 043 ms
FEATURE
PROCESSING 3 008 ms 1073 ms 7105 ms
TEST

TOTAL 473 144 ms 174 484 ms 165 166 ms
Movie iLens Dataset
M
ENGINE 0 ms 0 ms & 007 ms
CONSTRUCTION
LOAD HISTORY 10 051 ms 7083 ms 25 087 ms
CALCULATION 1207037 ms 355 141 ms 374 032 ms
FEATURE
PROCESSING 138 021 ms 3 067 ms 22 062 ms
TEST

TOTAL 1 445 109 ms 365 291 ms 420 012 ms
Movie Lens Dataset

Sh
ENGINE 1 004 ms 0 ms 6032 ms
CONSTRUCTION
LOAD HISTORY 15043 ms 35 057 ms 31 071 ms
CALCULATION 2 128 068 ms 1173 314 ms 645 056 ms
FEATURE
PROCESSING 12 057 ms 15 137 ms 48 053 ms
TEST

TOTAL 2156 172 ms 1223 508 ms 750 212 ms
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"Onw¢ UopoU e va SLOMIOTWOOUUE Kal armd Tig 00dveg edbapuoyrg mou mponyndnkav ta anoteAéopata
mou mapdyxOnkav ota apyeia predictions files kat and ta 2 mpoypdppaTa oELPLAKS Kat apdAAnlo oe Java
elval akplpwg idla pe to apxeio pe ta amoteAéopata mou £xouv napaxBel and 1o npdypappa os C++. Ta
anoteAéopato ypadtnkav oto apxeio otnv idta popdn, oe 5 otAeg SnAadr xwpLlopéveg pe eva tab avapeod
TouG. Emiong o apBuog twy efayouevwy anoteAecudtwy ota apxeia ivat o (5tog ala kat o deiktng péoou
0pou TNG amdAUTNG TWNG TG Stadopdg petafy Babuoloyiag kal ekTipwHeVNG Babuoloylag sival akplBwg
i6loc. Ta mponyoUpeva eixav tebel wg amattovUeva yLot TNV AELTOUPYIKOTNTA TWV TTPOYPAUUATWY KabBwg
Xwpig owaotd amoteAéopata OAEG oL oUYKPLoelg xpovwy dev Ba ATav aflomioTeg yia va anodwbel mpocoxn
OE QUTEC.

Jtov mapamndvw mivaka Goivetal CUYKEYKEVIPWUEVO TO GUVOAO TWV OMOTEAEOUATWY HE SladopeTIKOU
pey€Boug dataset.

Ta amoteAéopata anod mavw mapdxdnkav PeTd and SLadOoXLKEG KOl EMAVOANTITIKEG EKTEAECELG KAOE TpO-
ypappatog £tol wote va e€axOel 0 HECOC OPOC TWV ATOTEAECUATWY OGO IO CWOTA YiveTal.

To oelplakod mpoypaupa os Java kot to mapdAinio npoypappo oe Java oto Spark ekteAéotnkav pe to idia
resources otov MPOCWTILKO LOU UTIOAOYLOTH, OTwG £Xw TpoavadEpel. QOTO0O N EKTEAECH TOU TIPOYPAUUATOS
oe C++ onwg eniong mpoaveédepa £ylve o€ UTTOAOYLOTH OO TOV XWPO EPYACLAG OV TIOU EXEL EYKATECTNUEVO
Windows 7 Asttoupywkd cUotnua kot urntootnpilet to Visual Studio 2013. Ta avaAuTikd XapaKTnpLOTIKA
TWV UToAoylotwv €xouv mpoavadepbel otnv evotnta 2.3 .

Aokwpalovtag oe cluster mode va tpé€w to MapdAnAo mpoypappa pe dataset mdvw amd 5
ekatoppUpla Stamiotwoa 6Tl Sev pmopei va extedeotel Adyw java.lang.OutOfMemoryError:Java heap
space, dnhadn Sev dptdvel n uvrpn otov driver yio va to ektedéoet. O driver €xeL apketri memory cuvoAlKd
24 GB RAM oM\a
potpadovtat 4 kat 4 ota Svo virtual machines. ‘Eywe mpoomndBeia yia va yivel n koAUTepn €PIKTA olkovouia
ota transformations, eniong otn Stadikacia avamntuéng to 8o to Spark pe avaykale va napapeivw KaTw
arno ta 100 MB kat pe eninovn npoondBela katddepa va mepdoel oplakd. 'Eywve npoondBeLa kat pe tov Kryo
Seriallizer aA\d Sgv METUXE, OTNV EMOUEVN eVOTNTA £XW OUUTMEPAGBEL PHETOEY GAAWV KL TNV TTpooTtdBsLla

auTh.
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7. 2YMITEPAXMATA

7.1 ZUvown TNG NPOTEIVOUEVNG NPOCEYYIONG UE KAIVOTOUA OTOIXEIa Kal
BeTIKA anoTeAEoparta

Ta BTk amoTeAEOMATA £V KATAKAELSL TTOU TIpoEKUYPaV Ao TNV MOPOU oA TITUXLAKN £pyacia eival ToAAa-
TIAQL. APXLKQ EYLVE ETUTUXNMEVA N TIAPAETPOTIOLON TOU OELpLakol akyopiBuou otny iSla yAwooa poypaypl-
poTopoU mou eixe uAomownBel apyd (C++) £tol dnwg Sivetat amnd Tov Lototono http:/ / www.timelydeve
opment.com/demos/NetflixPrize.aspx, (o omoiog pdiiota BpaBeltnke wg o 30G KAAUTEPOG OTO GXETIKO
Staywviopo tou Netflix). H mapapetpomnoton €ywve wote 0 VEog alyoplOpog va déxetal wg eicodo ta da-
taset otn popdn tou MovieLens. 'Enelta €ylve petatpomr tou Teheutaiou mpoavadepUéVoU TPOYPAUUATOC
og y\wooa mpoypappatiopol Java eniong oe osplakn popodn. O xpdvog ektéleong Tou akohouBlakol mpo-
ypapupatog os Java pe 1o pikpo dataset twv 100.000 BaBpoloylwv Atav apketd pikpog 6 second. Mpdypa
To omoio &ev Ntav oAU evBapUVTIKO yLo Tov Xpovo Tou Ba metuxel To mapdAAnAo mpdypappa. Kabwg edv
napatnpnOel BeAtiotonoinon oto GUVOALKO Xpovo 1) o€ kamola HEBodo Eexwplotd autd Ba cupPel povo ota
peyaAUtepa dataset tou MovieLens autd twv 10.000.000 BaBuoAoyuwv kat 20.000.000 BabpoAoyiwv. Mpo-
Xwpovtag, éywe ediktr n mapaAAniomnoinon tou ahyopiBuou (ue eéaipson tn puéBodo CalcFeatures() tng
omolag n ektéAeon OMwE £ENYwW AVOAUTIKA OTNV OUECWG EMOUEVN evotnTa dev Unopet va mapaArAnAomnoinBei
owotd oto Apache Spark) oto Babudé BeBata mou enétpene n ida n Guon tou ahyopiBpou aAAG kat ot Sopég
Sedopévwv yla mapdAAnAn enegepyacia mou unootnpilet to Apache Spark, mpdypa to onoio eivat BeTké arno
povo tou. O GUVOALKOC XPOVOG EKTEAECNC KUMALVOTOV LETOEY 25 Kkat 28 seconds XpnoLUOTOLWVTOC TO ULKPO
dataset. Ma ta 3 mponyoUEVA TIPOYPAUMATA TO OMOTEAECUOTA TIOU £€dyovTav ATAV Ot TOpOUoLa Hopdn
ota avtiotoxa predictions files kot 6mwg anodeiytnke eival OAa iSta. Emiong o cuvoAkdg apBpog anote-
Aeopdtwy eival o i610g aAAA kat o Seiktng pECOU OPOU TNG AMOAUTNG TIUAG TG Stadopdg petagy tou rating
kat predict rating eivat kat autog i8log. Ta mponyoUpeva eixav teBel cav oTOXOL LEPLKA YA QMALTOUUEVN

AewtoupylkoTnTa Kat dAAa yia va. epeuvnBouv.
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7.2 AuokoAiec nou napouadiaoTnkav

OLmeploplopoi avtoi dnuovpynocav duckoAieg otnv maparAnlomnoincn oploUEVOU TUAUOTOS TOU aAyo

piBuou. Xapaktnplotikd mapddeypa Suokoliag ftav ot ev unipxe maparniomnotiowwn R/W Sour mou
va urootnpilel Stobldotatoug mivakes. Autd odeiketat otnv immutable(apetafAintn) pvon twv RDD mnou
elvat kat n Baowkn tapaiinionotoiun opn oto Spark. Qotoco €yvav anomnelpeg uhomoinong tng mapaiin-
Aomoinong pe SIkNG Lou Eunveuong KAACELS. Q¢ AUON OTO PonYoUEVO TPOPRANUA, £YLVE TPOOTIABELA XPrioNG
Tou nakétou amplab:spark-indexedrdd:0.3 (IndexedRDD) mou unéoxetat ta akohouBa: ‘IndexedRDD is
an updatable key-value store for Spark. It enables efficient keyed lookups, updates, deletions and joins
for key-value pair RDDs". Auotuxwg eivat cupBatoé povo e tv moAd makatd €ékdoon, 1.5.0 tou Spark kot
xpnoworotel ancillary features exeivng tng €kdoong ta omola dev unootnpilovtal mMAéov amnod to 1.6.0 kat
1.6.1. OswpolvTaL AMAPYOLWLEVA.

Entiong epeuvriBnke n BLBAL0BAKkn MLib (Machine Learning Library) n onola népav twv étopwv cuvap-
tnoewv yla Dimensionality Reduction énwg tnv SVD, napéxet 4 ekdoxég distributed matrix pe onpavr-
koUg meploptopol n kabe pla («We assume that the number of columns is not huge fora RowMatrix»,
«A CoordinateMatrix should be used only when both dimensions of the matrix are huge and the matrix
is very sparse», KTA) KoL KOO XOPOKTNPLOTIKO TOUG OTL OEV ETULTPETOUV TNV EVNUEPWON KATOLOU KEALOU,
onwc anatteital and tnv CalcFeatures().

EmunpooBeta, epsuviBnke n BLBALoBrkn DataFrames and SQL, mou eniong éxouv mpdBAnua otnv evn-
pépwon twv dedopévwy e€attiog tou otL Baoifovral mdvw ota immutable RDDs.
Autd og ouvSuaopd e Toug TEpLopLopoUs mapaAAnAomnoinong touv alyopiBuou yia tnv pébodo CalcFe-
atures() anotéAeos eunodLo yla tnv mAnpn napaiilnionoinon Tou MPOYyPAUKATOG. Mo avaAuTiKa n uéBodog
CalcFeatures() 6ev pnopeoe va maparinlononBei yia toug €€¢ AOyouc: n Kupiwg epyaocia tou alyo-
piBuou yivetat pe tn pébodo CalcFeatures() mou okomod £XEL TOV UTTOAOYLOUO TWV TLUWY 0TOUG 2 THIVOKEG
CustomerFeatures kat MovieFeatures. Ot TLHEG OTA KEALA TWV MLVAKWY QLUTWV EVNLEPWVOVTAL KOTA KUHA-
ta (epochs) péxpt va emitevxBel kAmoLo amodektd cuvoAikd odpaApa. H epyacia autr anoteheitat amno 3
¢vBETOUC BPOXOUC, HE KT EAGXLOTO EKTEAETELC TWV EVIOAWV TOU E0WTEPLKOY Bpdxou va ivat 10° * 120 * 64.
OL eVTOAEG QUTEG elval KUPLWE oL 4 BACLKEC TTPAEELG APLOUNTIKAC KaL avayvwaon Kal eyypaodr o€ 2 S1odL-
A0TATOUG KOl £VaV LoVOSLACTATO TiVaKaL.
Moapoda autd £ywve Kat pia amonetpa yia mapariniomnoinon tng CalcFeatures n omoia amétuye yla toug

€€1G¢ AOyou¢ Tou apaTrpnoa Kol onueiwoa katd tn dtadikaoia.

1. Oewpel wg Paoikég eL0680UG MEPAY KATTOLWY 0TABEPWY, ToV Ttivaka He OAa ta rating (custld, movield,

rating, pe apxwonotnpévn tnv cache) kat tig 2 KatdAAnAa apxKomoLNpUEVEG UATPEG customer kat

49



movie feature.
. Q¢ Baoikég e€060uUG £XEL TIG UATPEG customer kat movie feature.

. Mg tnv olokArjpwon umoloylopou kdaBe feature (s§wtepkog Ppdxog) yivetatl evnuépwon twv cache
nou adopa o kaBe rating, £ToL WOTE va XpnotponotnBei otoug unoAoylopoUG Twy emdpevwy  feature.
‘Apa 0 e§wTepKOC Bpdxog Sev emttpenel va unoloyloBouv ta feature avefdptnta to €va Ao to dAAo

Kal apa 6ev pmopet va mapaAinAomnoinOet.

. Ou emovahnygelg tou evbidpecou PBpdxou mou adopd ta epochs, Sev eivar deterministic
(teteAeopéveg) yla va pmopel va mapalnAomownBei pe RDD. Autoé cupPaivel yloti pépog tng

oUVONKNG TEPUATLONOU Tou Bpoyxou, emnpedletal amd ToUG UTIOAOYLOMOUG LECA O0TOo Bpoyxo  (rmse).

. O povog Bpoyxocg wg mbava emidexdpuevog napaAAnlomnoinong eival o ecwWTEPIKOG BpOyXOC yla OAa ta
rating evég epoch. To mARBog Twv emavolriPewv eivat peydio, Apa UTTAPXEL EVKALPLA YLa KEPSOG Adyw
napAdAnNAng ektéleonc. Emiong n kaBe emavaAnn xpnotuornolei moAa otabepd Sedopéva, Onwg o fe-
atureid, to custld, movield, rating, cache, emiong unopet va Stapdoet tig tpég cust_feature[f][custld]
kot movie_feature[f][movield] and kanoto RDD. Ta avaykaio SeSopéva twv cust_feature kat mo-
vie_feature eival povo ol cuykekpLuéveg ypappég pe index to feature id. Ot untoAoyiopol tou Bpoyxou
autou dpa, Ba prtopovcav va yivouv péow evog transformation navw oe éva RDD to omnolo Oa nepleixe
ta rating record (custld, movield, rating, cache), 2 RDD Baciouéva otig ypappég cust_feature[f](]

kat movie_feature[f][] Ta onoia Ba npoupyolvtat mpy Totransformation.

. "Eva Zntnua mou xpetddetal anavinon sival to mw¢ Oa pmopgoel to transformation mou Ba kdvel Toug
urtohoylopoUg va éxeL tpocPacn otnv T tou feature id. Auto Sev eivat Suvatd pe lambda expression
fi anonymous class yiati anattel tétoleg TpéG va Bpiokovtal oe petapAntég tumou final i effectively
final. AUGon 666nke pe ™ dnpoupyia Inner Class (non-static nested class) mou kdvel implement to
katdAAnAo interface (call() function) pe data member to feature id, Snpoupyia avtikelpévou otnv
apxn tng CalcFeatures() kat evnuépwon tou data member péow kARong tou setter oe kaBe aAlayn
tou feature id otov efwtepkd Bpodyxo. 'Etol n cuvdptnon call() mou mapéxel tnv uAomoinon tou

interface, £€xel oe kaBe kKAfjon tn owotr) T tou feature id.

. AN\o I\tnuo Tou XpeLdotnke amdvinon eivat ot n parallelize péBodog tou javaSparkContext amartet

povodidotato mivaka (vector) amo avtikeipeva npoketpévou va Snpouvpyrioet RDD. "Apa oL pritpeg
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cust_feature[][] kaw movie_feature[][] Ba énpemne va avanapactabolv wg RDD<MatrixRow>, 6mou

1o MatrixRow Ba eivat pia custom class rou Oa avanaplotd pia ypapun and aptduoug wg List<float>.

8. NOyw tou peydhou peyeBoug twv avtaAlacoopevwy Sedouévwy petagu tou Driver kat twv Executors,
XPEWoTNKe va yivel kot xprion tou evaMaktikol Kryo Serializer o omolog €xel kaAUtepeg embdoelg
arno tov default serializer tou Spark. I’ outé to okomd ulomowibnke custom Kryo Registrator
omou dnAwBnkav 6Aeg oL kKAdooelg Tou emBupoUpe va yivovtat serialize péow Kryo. TeAwkd ouwg
0T0 TeAKO mapdAAnAo mpoypappa outd mou tpeXel aAAd ektedel oewplakd tnv CalcFeatures, dev

xpnotuomnotiOnke kabwg ixe ouvexwe npoPAriuata pe serialization.

9. 'Eva {ntnua akopn ntav 1o nwg Ba emtUyet to parallel transformation ta 8w output pe autd tou
oelplakol Bpoyxou. To sq apxLKOTIOLELTAL TPV TO BPOYXO KoL PEoa oto PPoyxo au§avetal SLoSoxLKd.
Autd emutuyydvetat Sniwvovtag to sq wg Accumulator, tov onoio o Driver apywonolel mpw TNV
kAjon tou transformation , evw ol Executors tov aufdvouv péow tou kwbdika tng transformation

function.

10. To duckoldtepo {ATNUa Ttou £mpene va AUBsl Atav autd TNG evnUEPWONG TWV TIHWV oTo custo-
mer kol movie feature RDD<MatrixRow>, oti¢ avtiotolyeg 0£oelg mou Oa yivovtav oTiC UNATPES
cust_feature[f][custld] kat movie_feature[f][movield]. H pévn Abon mou enétpemne tnv evhuépwon
autA Atav n dnuoupyia custom Accumulator yia to MatrixRow. nuwouvpynbnke n class Matrix-
RowAccumulatorParam mou kavet implement to AccumulatorParam<MatrixRow> interface kot
n omoia emutpénel va npooteBolv 2 MatrixRow. 'Etol mpwv to transformation apywonotoUvtal 2
Accumulator<MatrixRow> évag yia kdBe ypapur cust_feature[f][] kot movie_feature[f][] pe tg
TIMEG TWV UNTPWV Kal péoa otnv transformation function dnuoupyouvtav éva véo MatrixRow pe
pUNdevikd oAa ta otolxeia ektog and t otiAn custld 4 movielD (avdAoya) kot kAjon thg Accumula-
tor.add() yia va kdvet Tnv evnuépwon. Metd to transformation yivetat evnpépwon Twv HNTpwY omno

toug Accumulator<MatrixRow>.

AuoTUXWC OL UTIOAOYLOWOL e aUTHV TRV amomnelpa mapaAAnAonoinong evog Katd ta GAAa oelplakol alyo-
piBuou dev €dwoe cwoTA AMOTEAECUATO KOL SEV ELXE LKAVOTIOINTLKEG €MLOO0ELC. "ETOL mapaAAnAomolnOnkav
TeAkd OAeg oL dAAeg function ektog BéBata amod tnv uéBodo CaclFeatures() otnv onoia 0 uMOAOYLOUOG TWV
Features ylvetal akoAouBLokd oTo Tpoypappa.

ATO KATWw aKoAoUBo UV TUAUOTA KWELKA LE TIC TIPOOTIABELEG TTOU  £yLVaV.
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AkolouBei Sokipaotikr) udomtoinon tou KryoRegistrator.

O Kryo eivau éva ypriyopo serialization framework yia tv Java. 2téxoq tou eivat n emitevén taxvtntog
KOl QTTOTEAECUATIKOTNTAG Kol givatl Llaitepa XpAOLUO O MEPUTTWOELG OTIOU TA AVTLKE(PEVA TIPETEL val gival
persistent. Persistent avtikeipeva eivat autd mou Sivouv pia évSelén OTL n katdotacn evog avitkelpévou Ba
armoBOnKeUTEL LOVLLQ, QKON KAL HLETA TNV EKTEAECN TOU TPOYPAULOTOG.

Ouctootikd auto Tou éyve Atav n dnuoupyia pog Kryo registrator Sikidg pou kAdong kat eniong €ytve

puBpLoN tou serializable tUnou kat tng Kryo registrator kAdong oto spark conf.

MycClassRegistrator

// custom registrator for Kryo Serializer - Static Nested class

public static class MyClassRegistrator implements KryoRegistrator {

@Override

public registerClasses(Kryo kryo)

kryo.register(Customer.class, new FieldSerializer(kryo, Customer.class));
kryo.register(Movie.class, new FieldSerializer(kryo, Movie.class));
kryo.register(SparkData.class, new FieldSerializer(kryo, SparkData.class));
kryo.register(TrainingData.class, new FieldSerializer(kryo, TrainingData.class));
kryo.register(TestingData.class, new FieldSerializer(kryo, TestingData.class));

kryo.register(MatrixRow.class,new FieldSerializer(kryo, MatrixRow.class));

kryo.register(MatrixRowAccumulatorParam.class,new FieldSerializer(kryo,MatrixRowAccumulatorParam.

class));

kryo.register(SVDMovieLensSparkJava.class, new FieldSerializer(kryo, SVDMovielLensSparkJava.class));

}
}
}

AkoAouBel n kAdon MatrixRow
Ztnv kAdon MatrixRow yivetat 8nAwon tou mediov row to omnolo anotelel pia Alota and Double avti-

kelpeva, oelpd €xeL o constructor kot o getter yia to nedio. Ztnv ouvéxetlo akohouBei n ueBodog size mou
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emuotpedel 1o péyeBog tng Alotag. TeAwkd pe tnv toString yivetal ektvnwon g Alotag.

MatrixRow

package edu.berkeley.svdmovielens;
import java.io.Serializable;

import java.util.ArrayL.ist;

import java.util.lterator;

import_java.util.List;

public class MatrixRow implements Serializable {

// Data Members

List<Double> row;

// Constructor
public MatrixRow(List<Double> row) {

this.row =row;

}

// Data Accessors
public List<Double> getRow() {

return row;

/I Methods
public size() {

return this.row.size();
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@Override
public String toString() { String
s = "-<"}
s =s + String.valueOf(this.row.size()) +">";
Double F;
Iterator<Double> it =this.row.iterator(); while
(it.hasNext()) {
F =it.next();
s += (F.toString() + "\t");
}

return s;

AkoAouBei n kKAdon MatrixRowAccumulatorParam.

H kAdon MatrixRow AccumulatorParam kAnpovopet tig 1dtdtnteg tng kKAdong AccumulatorParam, n omoia
glvat éva helper avtikeipevo yio tov kaBoplopd tou tpémou mou Ba yivovtol accumulate oL THEG €VOG
OGUYKEKPLUEVOU TUTIOU, OTNV TIPOKELPEVN Tiepimtwon MatrixRow avtikelpévou. YAomolet tpelg ueboddouc n kAdon.
Mpwtn péBobdoc eival n zero n omoia emoTpédel TNV Undevikn T “tawtotnta’ ya evav accumulator turmno,
S5e80UEVOU TNG APYLKAG TLUAG TIOU TIEPVLETOL WE TTAPAUETPOG otn uEBodo. eltepn pnéBodocg sival n addInPlace n
omoia maipvel we¢ mapapétpouc SVo ouvola t kat tl and accumulated edopéva. OuoLaoTIKA N
UEB0SOC auth emoTtpédel TN OUYXWVELON TwV SU0 CUCCWPEUHEVWY aflwv Kol €XEL TN duvaToTnTA va TPOTO-
TIOLAOEL KOL va EMLOTPEPEL TNV TPWTN TN yla entiteuén anddoong. Tpitn puebodog civar n addAccumulator n
omola maipvel wW¢ MAPAUETPOUG TNV TpEYouoa T tou accumulator kat ta Sedopéva mou Ba mpooteBolv otov

accumulator. Autd nou emotpedetal eival n véa T tov accumulator petd tnv  mpoodeon.
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MatrixRowAccumulatorParam

package edu.berkeley.svdmovielens;

import java.util.ArraylL ist;

import java.util.List;
import org.apache.spark.AccumulatorParam;

class MatrixRowAccumulatorParam implements AccumulatorParam<MatrixRow> {

@Override
public MatrixRow zero(MatrixRow initial\Value) { List<Double> Ist =

new ArrayList<>();

for (int i = 0; i <initialValue.size(); i++) { Ist.add(0.0);
}
return new MatrixRow(lIst);

}

@Override

public MatrixRow addInPlace(MatrixRow t, MatrixRow t1) { return
addAccumulator(t, t1);

@Override
public MatrixRow addAccumulator(MatrixRow t, MatrixRow t1) {
// need to create a brand new List<> and MatrixRow in order to work!!! List<Double> newLst =
new ArrayList<>(),
tlst =t.getRow(), tllst =
tl.getRow();
for ( i=0; i<t.size(); i++) { newLst.add(tlst.get(i) +
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tlist.get(i));
}

return new MatrixRow(newLst);

AkoAouBel n inner kAdon InnerFunctionClass3.

H kAdon kdvel implement éva PairFuncion yiwa thv kataokeur gvog PairRDD. To PairFuncion amnd tov
OpLOUO TOU TOLPVEL TPELG TIAPAETPOUG, TPWTN TtapaeTpog eivat éva Tuple? and Integer otn B£on tou key
kot otn Béon tou value éva Tuple3 ané Data, MatrixRow kat MatrixRow, 6eUtepn mapduetpog eivol
évag Integer kat tpitn mapdpetpog éva Tuple3 andé Data, MatrixRow kat MatrixRow, étoL wote teAkd
va emotpadel éva kawouplo key-value pair Tuple2 pe tnv Sebtepn Kot Tpitn mopdpeTpo mou 566nKav
apxka. Q¢ nedio dnAwvetal o aképatog feature, énetta akoAouBei o constructor tng InnerFunctionClass3
Kal o setter tou feature. Ytnv cuvéxela vAomoleitat N povn péBodog mou unootnpilel n PairFunction mou
elvaw n call n omoia eivar autr mou Ba emotpéPet To Tuple? anod Integer kat Tuple3<Data, MatrixRow,
MatrixRow>. Méoa otn pébodo dnhwvovrtat ot petapAntég index otnv omoia avatiBetal n T tou key
amno to Tuple2 mou malpviTal wg MapApeTpog otn péBodo, Emetta £€XOUE TNV SHAWOT TWV KWSIKWY Towiag,
niehdtn, Baduoloyiag kal cache ol omoieg maipvouv Tig TpéG toug amod ta media tou data avtikewwévou,
emunmAéov SnAwvovtal to movieRow kat customerRow ta omoila maipvouv Tipég kavovtag nmpdofacn oto
value tou Tuple2 mou matpvIETaL wG MOPAUETPOG KOl CUYKEKPLUEVA oTn Seutepn kat tpitn Béon tou Tuple3,
dnAadn ta 8o MatrixRow mou eivat ot AMioteg pe ta features yla customer kal movie yLo T0 GUYKEKPLUEVO
feature ol omnoieg €netta avatiBevral oto cf kat mf avtiotoya. Meténetta SNAWVETAL KAl OPXLKOTIOLELTAL UE
TN éva, o aBpoloTic sum Kat EEKLVAEL Evag EMOVAANTTIKOC Bpoyxog mou Slatpéxel OAa ta feature kotd thv
SldpkeLo Tou omoiou €ylve mpoomddela va uTtoAoyLoTtel To sum yla kaBe feature. Metd tov emavaAnmtiko
Bpoyxo dnpioupyeital éva Tuple3 to t3 pe data, customerRow kat movieRow to omnoio Ba anoteAéoel To

value nebio yia to Tuple? nou Ba emiotpadet anoé  pébodo pe index rmouv Ba emiotpadet .

InnerFunctionClass3

class InnerFunctionClass3 implements PairFunction<Tuple2<Integer, Tuple3<Data,MatrixRow, MatrixRow>>,

Integer, Tuple3<Data,MatrixRow, MatrixRow>>{

// data members

feature;
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public InnerFunctionClass3() {
}

// data accessors

public setFeature(int feature) {
this.feature = feature;
}
@Override

public Tuple2<integer,Tuple3<Data,MatrixRow,MatrixRow>> call(Tuple2<Integer,
Tuple3<Data,MatrixRow,MatrixRow>> tuple) throws Exception{
Integer index = tuple. 1;
Data data =tuple. 2. 1(Q);
movield = data.Movield;
custld = data.Custld;
rating = data.Rating;
cache = data.Cache;
MatrixRow movieRow = tuple. 2. 3();
MatrixRow customerRow = tuple. 2. 2();
mf = movieRow.getRow().get(movield);

cf = customerRow.getRow().get(custid);

sum = 1;

for (int f = 0; f < MAX_FEATURES; f++) {

sum +=this.m_aMovieFeatures[f][movield] * this.m_aCustFeatures[f][custld];
if (sum > 5){
sum =5;
}
if (sum < 1){

57




sum =1;

}

Tuple3<Data, MatrixRow, MatrixRow> t3 = new Tuple3<>(data, customerRow, movieRow);

return new Tuple2<>(index, t3);

AkoAouBei n andnepa ya ntapaAAnAornoinon tng nebodouv CalcFeatures().

ApxLka yivovtal ot SnAWoelg Twv TeSiwv o UTPXAV oTNV avtiotolxn uAomoinon tng oELpLaKAG EKSOXAC
tou CalcFeatures() kat emumAéov dnhwvovtat ot petapAntéc MIN_EPOCHS kat MIN_IMPROVEMENT
oL omoie¢ maipvouv TI¢ TIHEG Twy avtiotolywv broadcasted mediwv. 'Emetta akolouBel n dnAwon twv pe-
taBAnTwy TN inner KA&ong mou xpnotpomnolovvral ota transformations. 'Enetta akohoUOnos n dnuloupyia
evog RDD pe Data kat 600 MatrixRows yia toug nivakeg CustomerFeature[f][] kot MovieFeature[f][]. Ztnv
ouvéxela yivetal n Snuovpyia dvo broadcast petaAntwy yia ta MatrixRows tou customer kat movie £tot
wote va €xouv npdoPaon otic malleg TIHES (cache). 'Yotepa akolouBel n dnuioupyia Vo accumulators
yla ta MatrixRows tou customer kat movie. livetol anonelpa va unoAoylotei to sq.  ZuAAéyovtat oL Bad-
poloyieg pe transformation, Bpioketal to mABog tw Babuoloywwy, yivetal andmnelpa va untohoyLotel n pila
TOU HECOU TETPAYWVIKOU odaApatog. Tumwvovtal ta anoteAéopata opoAa autd n ditadopd tou rmse_last
KoL Tou rmse Sev €Pyale owoTA ATMOTEAEOUTA LE TO AVTLOTOLXOL OTO CELPLAKO TIPOYpappa (xprion debugger

YlOL TO OELPLAKO) KO EKTUTIWON TWV TLUWV 0TO TTOPAAANAO TTPOYPOULA YLOL VO CUYKPLBOUV.

spark_CalcFeatures

spark_CalcFeatures() {

T, e;

/*err,*/ rmse_last = 0.0, rmse = 2.0;
movield;

cf, mf;
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tmp;
MIN_EPOCHS = this.MIN_EPOCHS BRDCST.getValue();
MIN_IMPROVEMENT = this.MIN_IMPROVEMENT BRDCST.getValue();

// declare inner class variables to use in tranformations

CalculateSQ _InnerClass funcCalcSQ = new CalculateSQ _InnerClass();

for (f = 0; f </*this. MAX_FEATURES*/ 1; f++) {

Message('Calculating feature ™ + f);

// Create an RDD with Data and the MatrixRows from CustomerFeature[f][] and MovieFeature[f][] matrices
funcCalcSQ.setFeature(f);

for (e = O; /*(e < MIN_EPOCHS) || (rmse <= rmse_last - MIN_IMPROVEMENT)*/ e < 10; e++) {

// Create 2 Broadcast variables for the Customer

/land Movie MatrixRows to have access to previous values

customerFeatureMatrixRow_BRDCST = sc.broadcast(mapCustomerFeatures.get(f));
movieFeatureMatrixRow_BRDCST = sc.broadcast(mapMovieFeatures.get(f));

// Create the 2 Accumulators for the Customer and Movie MatrixRows
customerFeatureMatrixRow_ACC=sc.accumulator(mapCustomerFeatures.get(f),new MatrixRowAccumulatorParam())
movieFeatureMatrixRow_ACC = sc.accumulator(mapMovieFeatures.get(f), new MatrixRowAccumulatorParam());
this.sq_ACC =sc.accumulator(0.0);

rmse_last = rmse;

m_aTrainingRatings_PairRDD = m_aTrainingRatings_PairRDD.mapToPair(funcCalcSQ);
//m_aRatings.collect();

tmp = m_aTrainingRatings_PairRDD.count();

rmse = Math.sqrt(this.sq ACC.value() / m_nRatingCount BRDCST.getValue());

// Update the maps with the accumulated MatrixRows

mapCustomerFeatures.put(f, customerFeatureMatrixRow_ACC.value());

mapMovieFeatures.put(f, movieFeatureMatrixRow_ACC.value());

System.out.printf(*"|--------- > Epoch = %d\tRmse_last-Rmse = %f\n", e, rmse_last - rmse);

}

Message("'Customer ACCUMULATOR after transformation for Feature " +
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+ f+ ", Epoch " + e + "\n" + customerFeatureMatrixRow_ACC.value().toString());
/ISystem.out.printf(*'|--> custmatrowAccum row O is %s\n",

// customerFeatureMatrixRow_ACC.value().toString());

// Re-Calculate cache values

/Ispark_m_FeatureDataRows = spark_m_FeatureDataRows.mapToPair(funcCalcCaches);

}

AkoAouBei n inner kAdon CalculateSQ_InnerClass.

H kAdon CalculateSQ_InnerClass amotelei pia AN anonetpa va vhorotnBei n InnerFunctionClass3
povo mou auth ™ dopd n kAdon ulomotel PairFunction pe mpwtn napauetpo éva Tuple? pe key Integer
kot value TrainingData , 6ebtepn napdpetpo Integer kat tpitn napdpetpog TrainingData. H TrainingData
kAdon éxel SnAwpéva wg nedia custld, Movield, Rating kat Cache. Napduota pe tv nponyovpevn andnepa
vlormoinong tng inner kAdong, dnAwvetol to medio feature kal o avrtiotolyog setter tou, OmMwg emiong o
default constructor tng kAdong. Avtiotoxa uhomoteitat n pEBodog call, yivetar SnAwon twv mediwv Kot
maipvouv TLg (BLleg TIWEG e TNV MponyoUUevn UAomoinon tng inner kAdong pe e€aipeon tnv 6nAwon twv
600 MatrixRow petafAntwv kat TI¢ TIpéG omu avatiBevrol oto cf kat mf. Ytnv cuvéxela umoloyiletal to
aBpolopa movie feature kat customer feature kat otnv GUVEXELD TIOLPVAEL altd TOUG EAEYXOUG £TOL WOTE
va TIepLOPLoTel N BaBuoloyila PeTafl Twv TWHWV Eva €wg MEVTE. 'Emetta akoAouBel n (6l dladikacia ya to
trailing ko teAdikd umoAoyiletatl To err KoL MPOCBETOUE TO TETPAYWVO TOU error otov accumulator tou
sq. Kat adov Sev yivetat va evnpepwBel pia ouykekpipévn tun oe évo MatrixRow accumulator Sokiudiw
va Kataokeuaow €va pndeviko MatrixRow, ouolaotika €ywve pla avopBodofn npoomndbela Ba evnpepwvetal
o MatrixRow Accumulator evnuepwvovtag €va HEPLOVWHIEVO OTOLXEIO KOL TALPVWVTAC OUTO Ot £va AdELo
MatrixRow. Ouolaotikd akopn kat av Aettoupyouoe auth n LEBodog Ba Empeme yla kABe otowelo va yivetal
Snuovupyia pia Aiotag and double npdyua to omoio Ba ftav avamoteAeopaTtiko Kabwe MAEOV TO KOOTOG TNG
emukowwviog Ba Atav apketd peyaro. To (6o mpdypa mou Sokipaca ylo Toug customers Sokipaco vo KAvw
KoL ylo. T0 movies KoL oTnv cuvéxeta va erotpadet to tuple anod tn péBodo. To mpdPAnpa otn MepinTwon
auth népa and tnv oAU kakr) mapalinlomnoinon sival 6t otn osiplakn £kdoon tng CalcFeatures oto téhog

TOU TPWTOU e€wTePLKOV emavaAnmtikol Bpoyxou o omnoiog Statpéxel ta features yivovtat cache off ta moAd
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predictions ywa va yivel auto xpetdletal mpdopaocn otig mponyouueveg cache Tpég To omoio dev pmopet va
eruteuxBel mapdAAnAa oe cuvbuaopud pe TNV MOAUTIAOKOTNTA Kal TNV aAnAogfdptnon Twv PETaBANTWY He

TOUG TPELG EMOVAANTITIKOUC BPOYXOUC KaL TLG TPAEELS KOl UTIOAOYLOMOUG TTOU UAOTIOLOUVTAL HECA OE  QUTOUG.

CalculateSQ_InnerClass

class CalculateSQ_InnerClass implements PairFunction<Tuple2<Integer, TrainingData>,

Integer, TrainingData> {

// data members

feature;

// constructor

public CalculateSQ_InnerClass() {
}

// data accessors
public setFeature(int feature) {

this.feature = feature;

// implementation of interface obligations
@Override
public Tuple2<Integer, TrainingData> call(Tuple2<Integer, TrainingData> tuple) throws Exception{
Integer index = tuple. 1;
TrainingData data = tuple. 2;
movield = data.Movield,;
custld = data.Custld;
rating = data.Rating;
cache = data.Cache;

cf = customerFeatureMatrixRow_BRDCST.getValue().row.get(custld - 1);
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mf = movieFeatureMatrixRow_BRDCST.getValue().row.get(movield - 1);

/* cache broadcast values in local variables to avoid calling them

repeatedly and to make code easier to read */

INIT = SVDMovielLensSparkJava.this.INIT_BRDCST.getValue();
LRATE = SVDMovielLensSparkJava.this.LRATE BRDCST.getValue();
K = SVDMovieLensSparkJava.this.K_BRDCST.getValue();

sum = (cache > 0) ? cache : 1;

// Add contribution of current feature

sum += mf * cf;

if (sum>5) {

sum = 5;

}

if (sum<1){

sum =1,

}

// Add up trailing defaults values
sum += (MAX_FEATURES_BRDCST.getValue() - feature - 1) * (INIT * INIT);
if (sum > 5){

sum =5;

}

if (sum<1){

sum =1,

err = (1.0 * rating - sum);

sq_ACC.add(err * err);

/* 1 cannot update a single value in a MatrixRow Accumulator, so |

have to construct an "zero" MatrixRow, update a single item and

add this MatrixRow to the MatrixRow Accumulator!!

>/

List<Double> custlst = new ArrayList<>();

for (

i = 0; 1 < customerFeatureMatrixRow_BRDCST.getValue().row.size(); i++) {
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custlst.add(0.0);
}
custlst.set(custld - 1, LRATE* (err *mf - K * cf));
if (feature == 1) {
Message(''CalculateSQ_InnerClass.call()-custFeatureRow(""+feature+","+custld+"")="+custlst.get(custld-1))
}
customerFeatureMatrixRow_ACC.add(new MatrixRow(custlst));
List<Double> movielst = new ArrayList<>();
for ( i =0; 1 <movieFeatureMatrixRow_BRDCST.getValue().row.size(); i++) {
movielst.add(0.0);
}
movielst.set(movield - 1, LRATE * (err * cf - K* mf));
movieFeatureMatrixRow_ACC.add(new MatrixRow(movielst));

return tuple;

AkoAouBel n mapdAAnAn ekdoxn tng PredictRating|()

OL aA\ay£g Ttou €yLvav OE QUTH TNV MPOCEYYLon €lval otig Suo abpoioslg pe t petaAntr sum. ApXlKa otnv
TpocBeon NG CUUUETOXNC TOu Twplvol feature, mAgov Sev malpviEtal oav MapApeTpog to movie feature kat
customer feature oAAd oL KWSIKOL TWV TAVIWVY KAl TEEAQTWY OL OTOLOL OTNV CUVEXELD XPNOLUOTOLOUVTOL WG
Seiltkeg otoucg mivake¢ m_aMovieFeatures kat m_aCustFeatures mou €xouv ta feature avd tawio kat
nehdtn. Kat otnv mpdoBeon twv default tipwv tou trailing n pévn dtadopa eivar otL avti va xpnotpononBovv
ta oslplakd data members xpnoipomnotolvtal Ta avtiotolya broadcast media mov dnAwvovtat oto mapdAAnAo

TPOYPOLULOL.

spark_PredictRating()

spark_PredictRating( movieFeature, customerFeature,int feature,
cache, bTrailing){

// Get cached value for old features or default to an average
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sum = (cache > 0) ? cache : 1;
// Add contribution of current feature
sum += movieFeature * customerFeature;
if (sum > 5){

sum =5;

if (sum<1){
sum = 1;
}
// Add up trailing defaults values
if (bTrailing) {
sum+=(MAX_FEATURES_BRDCST.getValue()-(feature+1)-1)*(INIT_BRDCST.getValue()*INIT_BRDCST.getValue());

if (sum > 5){
sum =5;
}
if sum<1){
sum=1;
}
}
return sum;

7.3 MiBavog Xwpog yia BEATIWOEIG

MBavn BeAtiwon ota mpoypAppaTa Tou UAOTOLBNKAV TPONYOUUEVWE KOL OTO CELPLAKO KOL OTO TIAPAA-
An)o, sival n petatponr dAwv twv tinwv dedopévwy Tou dnAwbnkav wg double ot float. Yrapyel n drodn
0,tL oL tuTtoL 8edopévwy double xpetdlovtal MepLOOOTEPO XWPO OTN UVAKN OO O,TL oL tuTol SeSopgvwy flo-
at. Ymdpyel BéBata kat n arodn otL n emoyn petafy float kal double dev eival téco onuavtik 6co o
TPOTOC TOU Xpnolpomnolouvtal ta dedopéva. Edv BENOUE va KAVOUWE UIKPOUG UTTOAOYLOMOUG O UEYAAO
dataset
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£vag UKPOG TUToG Sebopévwy Omwg o float sival mpotipotepog. Evw n uAomotion oMWY UTTOAOYLOHWY O€
ukpo dataset Oa emétpene tn xprion HeyoAUTEpwVY TUTIWY Sedopévv OTwG SouBAE XwPLG KATIOLA GNUAVTLKN
Sladopa.

JUVENMWE Bewpw OTL PE APKETO MELPAUATIONS METAEY UIKPWV Kol PeYGAwvV TUMwV SeSopévwv Kabwg
emniong kat pe Bdaon to péyebog tou dataset tou Movielens mou xpnotpomnoteital kKdBe popd eite 100.000
BaBuoAoywwy, eite 1.000.000 Babuoloywwv, eite 10.000.000 Babuoroyiwv, eite 20.000.000 BabuoAroyLwv
umnopet va mpokU et BeAtiwon atov xpdvo UAOTIOLAONG TWV TPOYPAUUATWY AapBdvovtag urtodnv Kat thv

OPXLTEKTOVLKA TOU CUOTAUOTOG KAOE dopd x86 1] Xx64.

7.4 MEANOVTIKEG €NEKTACEIG

OL LEAAOVTLKEG ETIEKTAOELG TTOU avadEPOVTAL Ao KATW aPopoUV TO GELPLAKO KL TO TAPAAANAO TIPOYPOULA
Tiou vlomotiBnkav og Java kal 0xL oTov apyxko kwdika ou 660nke and tov Ltotomno ulomownpévo oe C++.
KaBw¢ o teleutaiog mapapetpomnolOnke and HEPOG Uou £tol wote va déxetal ta dataset tov MovieLens
og C++.

MeM\ovTtikd, Ba urmopovcav va enektabouv Ta U0 MPoypAUUATA £TOL WOTE VO Uopouv va dtaBalouv
ta dataset tou Netflix kaBw¢ Stadépet o TpodMOC mou eivatl Sopnpévn n TAnpodopia CUYKPLTLKA LE TO TPOTIO
mou eival StaBéowun oto dataset tou MovielLens. Sto dataset tou MovieLens to apyeio u.data mepléxet
OAEG TLG TOWTOTNTEG TWV XPNOTWY, OAEC TIG TAUTOTNTEG TWV TAWVWWY, OAeG TG Babuoloyieg mou €xouv Sobel
amnoé Toug XproTeg o€ Tawieg pall pe to timestamp toug. Ouolaotikd to dataset tou MovieLens StaBétel
OAn tv afutowolun mAnpodopia CUYKEVTPWUEVN Ot €va apxeio. AvtiBeta otn mepintwon tou Netflix n
mAnpodopia tou trading dataset éxel katavepnBel og 17.700 §exwplotd apxeio. SUVEMWG, €xovrag ouTo
oav dedopévo SladEpel 0 aplBUOG Twv apxelwv ou mpénel va SlaBactolv, EMUMPOcOeTA UTTAPXOUV Kol AAAEG
Sladpopég omwe Ba Soupe oTn CUVEXELQ.

Mua GAAn Sladopd sival Katl o Tpomog mou Stavépovtal ol mAnpodopiec ota apyela. Itn nepimtwon tou
MovieLens ta §g6opéva Sivovtal og pia Aiota ano ypappés ot onoieg ta nedia eival xwplopéveg e tab.
Ta nedia oe kABe ypapuun Sivovtal pe Thv akoAoudn oelpd, n TAUTOTNTA €VOG XPHOTH, UOTEPA N TOUTOTNTA
™G towiag, émewta n Pabuoloyia mou €xel Swoel 0 KABDOPLOUEVOG XPHOTNG OTNV CUYKEKPLUEVN Tawia Kol

TeAKA oTo TENOG KABE ypauung akohouBel pia xpovoodpayida. Evw otn nepintwon tou Netflix oto ¢dkeho
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training_set nepiéyovrat 17.700 apxeia, kaBe apyeio aviumpoowneel pia amd Tig Tawieg kal o K&Oe apxeio
n mAnpodopia eival mTapoucLlaopévn e ToV EEAC TPOTIO, OTN TIPWTN YPAUUA KABE apyxelou umdapyel n TavtoTnTA
™G tawiag Kat amd KAtw akoAouBel pla Alota amod ypapuéc otg onoieg ta Sedopéva £xouv TNV €EAC OELPA, N
TAUTOTNTA TOU Xpnotn, n Babpoloyia mou €xel Swoel kKABe xprnotng otn Touwvia Kal TEAOG N nUepounvia mou

860nke n Babuoloyia. EmutAéov ta redia Sev eival xwplopéva pe tab oMG pe  kOppa.
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Iapaptnpota

AkoAouBiakod Mpoéypappa C++ Ue MovieLens datasets

Kat ta tpla mpoypdppata mou akoAuBoUv EUMEPLEXOUV EMEENYNMATIKA  OXOALQL.
AkoAouBel oo K&Ttw N PeTatporr) Tou apxtkol kwdika oe C++ £toL wote va S€xetal we eicodo ta dataset

tou MovielLens.

// SVD Sample Code

//

/I Copyright (C) 2007 Timely Development (www.timelydevelopment.com)
//

// Special thanks to Simon Funk and others from the Netflix Prize contest
// for providing pseudo-code and tuning hints.

//

// Feel free to use this code as you wish as long as you include

// these notices and attribution.

//

// Also, if you have alternative types of algorithms for accomplishing

// the same goal and would like to contribute, please share them as well :)
//

/I STANDARD DISCLAIMER:

//

/I - THIS CODE AND INFORMATION IS PROVIDED "AS IS" WITHOUT WARRANTY

/I - OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING BUT NOT

/I - LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR

// - FITNESS FOR A PARTICULAR PURPOSE.

//
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I

#define WIN32_LEAN_AND_MEAN
#include <windows.h>
#include <stdio.h>

#include <math.h>

#include <tchar.h>

#include <map>

using namespace std;

I
//
// Constants and Type Declarations
//
I

#define TRAINING_FILE  "C:\\MovieLens\\u.data"
#define TESTING_FILE "C:\\MovieLens\\ul.test"
#define PREDICTION_FILE "C:\\MovielLens\\ul.predictions"

#define MAX_RATINGS 100000 // Ratings in entire training set (+1)

#define MAX_CUSTOMERS 943 // Customers in the entire training set (+1)

#define MAX_MOVIES 1682 // Movies in the entire training set (+1)

#define MAX_FEATURES 64 // Number of features to use

#define MIN_EPOCHS 120 // Minimum number of epochs per feature

#define MAX_EPOCHS 200 // Max epochs per feature

#define MIN_IMPROVEMENT 0.0001 // Minimum improvement required to continue current feature
#define INIT 0.1 // Initialization value for features

#define LRATE 0.001 // Learning rate parameter

#define K 0.015 // Regularization parameter used to minimize over-fitting
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typedef BYTE;

struct Movie

{
public:
RatingCount = 0;
RatingSum = 0;
RatingAvg()
{
return RatingSum / (1.0 * RatingCount);
}
PseudoAvg()
{
return (3.23 * 25 + RatingSum) / (25.0 + RatingCount);
}
¥

struct Customer

{
RatingCount = 0;
RatingSum = 0;
¥
struct Data
{
Custld;
Movield;
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BYTE Rating;
Cache = 0.0;

I

class Engine

{
private:

m_nRatingCount;  // Current number of loaded ratings
Data m_aRatings[MAX_RATINGS]; // Array of ratings data
Movie m_aMovieslMAX_MOVIES+1]; // Array of movie metrics

Customer  m_aCustomersfMAX_CUSTOMERS+1]; // Array of customer metrics
m_aMovieFeaturesfMAX_FEATURES][MAX_MOVIES+1]; // Array of features by movie
m_aCustFeaturesf MAX_FEATURES][MAX_CUSTOMERS+1]; // Array of features by customer

inline PredictRating( movield, custld, feature, cache, bTrailing=true);
inline PredictRating( movield, custld);
public:

Engine( );

~Engine(void) { };

CalcMetrics();
CalcFeatures();
LoadHistory();
ProcessTest();

ProcessFile(const * pwzFile);
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// Program Main

//
[[=========== —=====
_tmain(int argc, _TCHAR* argv[])
{
Engine* engine = new Engine();
engine->LoadHistory();
engine->CalcFeatures();
engine->ProcessTest();
wprintf(L"\nDone\n");
getchar();
return O;
}
[|[=========== —=====
//
// Engine Class
//
[|[=========== —=====
Y ettt e e LT

Engine::Engine( )
{

m_nRatingCount = 0;
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for (int f =0; f<MAX_FEATURES; f++)

for ( i = 1; ikMAX_MOVIES+1; i++) m_aMovieFeatures[f][i] = INIT;
for ( i = 1; ikMAX CUSTOMERS+1; i++) m_aCustFeatures[f][i] = INIT;

//

// CalcFeatures

// - lteratively train each feature on the entire data set
// - Once sufficient progress has been made, move on

//

Engine::CalcFeatures()

f, e, i, custld, cnt = O;
Data* rating;
err, p, sq, rmse_last = 0.0, rmse = 2.0;
movield;
cf, mf;

for (f = 0; f<KMAX_FEATURES; f++)

{
wprintf(L""\n--- Calculating feature: %d ---\n", f);

// Keep looping until you have passed a minimum  number

// of epochs or have stopped making significant progress
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for (e = 0; (e <MIN_EPOCHS) || (rmse <=rmse_last - MIN_IMPROVEMENT); e++)
{

cnt++;

sq =0;

rmse_last = rmse;

for (i = O; i<m_nRatingCount; i++)
{
rating = m_aRatings + 1;
movield = rating->Movield;

custld = rating->Custld;

// Predict rating and calc error
p = PredictRating(movield, custld, f, rating->Cache, true);
err = (1.0 * rating->Rating - p);

sq += err*err,

// Cache off old feature values

cf = m_aCustFeatures[f][custld];

mf = m_aMovieFeatures[f][movield];

// Cross-train the features

m_aCustFeatures[f][custld] += (LRATE * (err * mf - K * cf));
m_aMovieFeatures[f][movield] += (LRATE * (err * cf - K * mf));

rmse = sqrt(sq / m_nRatingCount);

/wprintf(L" <set x="%d’ y="%/1" />\n", cnt, rmse);
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// Cache off old predictions
for (i = O0; i<m_nRatingCount; i++)
{

rating = m_aRatings + i;

rating->Cache = PredictRating(rating->Movield, rating->Custld, f, rating->Cache, false);

//

// PredictRating

// - During training there is no need to loop through all of the features

// - Use a cache for the leading features and do a quick calculation for the trailing
// - The trailing can be optionally removed when calculating a new cache value

//

Engine::PredictRating( movield, custld, feature, cache, bTrailing)

// Get cached value for old features or default to an average

sum = (cache > 0) ? cache : 1; //m_aMovies[movield].PseudoAvg;

// Add contribution of current feature
sum += m_aMovieFeatures[feature][movield] * m_aCustFeatures[feature][custld];
if (sum>5)sum= 5;

if (sum < 1) sum =1;

// Add up trailing defaults values

if (bTrailing)

{
sum += (MAX_FEATURES - feature - 1) * (INIT * INIT);
if (sum > 5) sum = 5;

if (sum < 1) sum =1;
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return sum;

//
// PredictRating
// - This version is used for calculating the final results

// - It loops through the entire list of finished features

//
double Engine::PredictRating(short movield, int custld)
{
double sum = 1; //m_aMovies[movield].PseudoAvg;
for (int f =0; f<MAX_FEATURES; f++)
{
sum += m_aMovieFeatures[f][movield] * m_aCustFeatures[f][custId];
if (sum>5)sum= 5;
if (sum < 1) sum =1;
}
return sum;
}
[/
// Data Loading / Saving
MH————
//

// LoadHistory
// - Loop through all of the files in the training directory
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//
Engine::LoadHistory()

{
this->ProcessFile(TRAINING_FILE);
}
Engine::ProcessFile(const * pwzFile)
{
custld, movield, rating, items;
tmp;
*in;

// open input file
i ((in = fopen((const *)pwzFile, "r'")) == NULL) return;

// repeat as long as the EOF has not been reached

while (Ifeof(in))

{
// read TAB delimited line
items = fscanf(in, "%d\t%d\t%d\t%d\n", &custld, &movield, &rating, &tmp);
// assign tokens read from input file to the corresponding m_aRatings[] struct
m_aRatings[m_nRatingCount].Movield = ( Ymovield;
m_aRatings[m_nRatingCount].Custld = custld;
m_aRatings[m_nRatingCount].Rating = (BYTE)rating;
// update Movie and Customer statistics
m_aMovies[movield].RatingCount++;
m_aCustomers[custld].RatingCount++;
m_aMovies[movield].RatingSum += rating;

m_aCustomers[custld].RatingSum += rating;
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// increment ratings count

m_nRatingCount++;

}
// close inputfile
fclose(in);

}

//

// ProcessTest

// - Load a sample set in the following format

void Engine::ProcessTest()
{
FILE *in, *out;
long tmp;
int custld = 0;
short movield =0;
unsigned char rating = 0;
double predictrating = 0.0, diff;
double sum = 0.0; // the sum of all differences
long cnt = 0, // the number of predictions

items;

// open input file for read

if ((in = fopen((const char*)TESTING_FILE, "r')) == NULL) return;
// open output file for write
ifT ((out = fopen((const char*)PREDICTION_FILE, "w")) == NULL) return;

// repeat as long as the EOF of the input file has not been reached
while (1feof(in))
{
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// read TAB delimited line
items = fscanf(in, "%d\t%d\t%d\t%d\n", &custld, &movield, &rating, &tmp);
// calculate the prediction
predictrating = PredictRating(movield, custld);
// calculate prediction statistics
diff = abs(predictrating - rating);
sum += diff;
cnt++;
// write the TAB delimited prediction line
items = fprintf(out, "%d\t%d\t%d\t%.31\t%.3f\n"", custld, movield, rating,
predictrating, diff);
}
// write the summary line
items = fprintf(out, "\n----\nNumber of predictions : %d\nAvg Abs(diff) : %0.6f\n"", cnt, sum / cnt);
// close files
fclose(in);

fclose(out);
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AkoAouBiako Mpoypappa Java e MovieLens datasets

AkoAouBel amd kAtw n uAomoinon Tou oelpLOKOU KWELKO € YAWOOO TIPOYPAUHATIOMOU Java Xpnotuo-

nolwvtag we eicodo to MovieLens Dataset twv 100.000 Baduoloylwv.

package SVDMoviel ensJava;

public class Customer {

public RatingCount = 0;
public RatingSum = 0;

package SVDMoviel ensJava;

public class Data {

public Custld;

public Movield;
public Rating;
public Cache =0.0;

package SVDMoviel ensJava;

public class Movie {

—— DATA MEMBERS ------------
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public RatingCount = 0;
public RatingSum = 0;

[ METHODS ------------
public RatingAvg()
{
return RatingSum / (1.0 * RatingCount);
}
public PseudoAvg()
{
return (3.23 * 25 + RatingSum) / (25.0 + RatingCount);
}

package SVDMoviel ensJava;

import java.io.File;
import java.io.FilenamekFilter;

public class myFileNameFilter implements FilenameFilter {

String filter;
public myFileNameFilter(String value)
{
this.filter = value;
}
@Override
public accept(File dir, String name) {
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return name.endsWith(this.filter);

package SVDMoviel ensJava;

import java.io.BufferedReader;

import java.io.BufferedWriter;

import java.io.FileNotFoundException;

import java.io.FileReader;

import java.io.FileWriter;

import java.io.lOException;

import java.io.PrintWriter;

import java.time.Duration;

import java.util.Scanner;

import java.time.LocalTime;

public class Engine {

M- Data Members --------———----—-mmmm—-
private final String TRAINING_FILE = "/nfs/MovielLens/u.data";
private final String TESTING_FILE = "/nfs/MovielLens/ul.test";
private final String PREDICTIONS_FILE = "/nfs/MovielLens/ul.predictions;

private final int MAX_RATINGS = 100000; // Ratings in entire training set (+1)
private final int MAX_CUSTOMERS = 943; // Customers in the entire training set (+1)

private final int MAX_MOVIES = 1682; // Movies in the entire training set (+1)
private final int MAX_FEATURES = 64; // Number of features to use
private final int MIN_EPOCHS = 120; // Minimum number of epochs per feature
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private final MAX_EPOCHS = 200; // Max epochs per feature

private final MIN_IMPROVEMENT = 0.0001;//Min improvement required to continue current feature
private final INIT = 0.1; // Initialization value for features

private final LRATE = 0.001; // Learning rate parameter

private final K =0.015; // Regularization parameter used to minimize over-fitting

private m_nRatingCount; // Current number of loaded ratings

private Data[] m_aRatings =new DatalMAX_RATINGS]; // Array of ratings data
private Movie[] m_aMovies = new Movie[MAX_MOVIES + 1]; // Array of movie metrics
private Customer[] m_aCustomers = new Customer[MAX_CUSTOMERS + 1];// Array of customer metrics

private [I[1 m_aMovieFeatures = new [MAX_FEATURES][MAX_MOVIES + 1];//Array of f by mov.
private [1[]1 m_aCustFeatures = new [MAX_FEATURES][MAX_CUSTOMERS + 1];//Array of f by cust.
e Constructor--------------

this.m_nRatingCount = 0;

for (f = 0; f < this.MAX_FEATURES; f++) {
for (i =1; 1 <thissMAX_MOVIES+1; i++) {
this.m_aMovieFeatures[f][i] = this.INIT;
}
for (i =1; i <thiss MAX_CUSTOMERS+1; i++) {
this.m_aCustFeatures[f][i] = this.INIT;

}
}
}
frmmmm e Member Functions of Engine Class---------------
private CheckUpdateMovies( movield, rating) {

86



// check if movie ID does not exist

i (this.m aMovies[movield] == null) {
this.m_aMovies[movield] = new Movie();

}

// update movie record

this.m_aMovies[movield].RatingCount++;

this.m_aMovies[movield].RatingSum += rating;

}
private CheckUpdateCustomers( custld, rating) {
// check if customer ID does not exist
it (this.m_aCustomers[custld] == null) {
this.m_aCustomers[custld] = new Customer();
}
// update customer record
this.m_aCustomers[custld].RatingCount++;
this.m_aCustomers[custld].RatingSum += rating;
}
F e ProcessFile-----————— - o
private ProcessFile(String filename) throws IOException {

BufferedReader inputStream = null;
Scanner sc = null;

custld = 0O, movield =0;

rating = O;
[|[=============tfry-catch-finally================c-———o——ooooooooooooooo
try {

String line;
Data data;

inputStream = new BufferedReader(new FileReader(filename));

while ((line = inputStream.readLine()) != null) {
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// read a customer 1D, movie ID and rating
sc = new Scanner(line);
sc.useDelimiter("\t");
custld = Short.parseShort(sc.next());
movield = Short.parseShort(sc.next());
rating = Byte.parseByte(sc.next());
//--Update-Ratings-array---------=-=-====-commmmmme—
this.m_aRatings[this.m_nRatingCount] = new Data();
data = this.m_aRatings[this.m_nRatingCount];
data.Movield = movield;
data.Custld = custld;
data.Rating = rating;
//--Update--Movie--Statistics------—---=--——— oo
CheckUpdateMovies(movield, rating);
//--Update--Customer--Statistics-------—---—=———mm o
CheckUpdateCustomers(custld, rating);
// increment ratings count
this.m_nRatingCount++;
/*System.out.printf(*"movield = %d, custld = %d, rating = %d, ratings = %d\n",
movield, custld, rating, this.m_nRatingCount);*/
}
} catch (FileNotFoundException e) {
System.out.printf("<Engine.ProcessFile()>Error opening file %s\n", movield);
} finally {
if (inputStream = null) {

inputStream.close();

}

if (sc !'= null) {
sc.close();

}
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// e

public void LoadHistory() throws IOException {
this.ProcessFile(this. TRAINING_FILE);

//

// PredictRating

// - During training there is no need to loop through all of the features

// - Use a cache for the leading features and do a quick calculation for the trailing

// - The trailing can be optionally removed when calculating a new cache value

//

double PredictRating(short movield, int custld, int feature, double cache, boolean bTrailing)
// Get cached value for old features or default to an average

double sum = (cache > 0) ? cache : 1; //m_aMovies[movield].PseudoAvg;

// Add contribution of current feature
sum += this.m_aMovieFeatures[feature][movield] * m_aCustFeatures[feature][custld];
if (sum > 5) {
sum =5;
}
if sum<1){

sum = 1;

// Add up trailing defaults values

if (bTrailing) {
sum += (MAX_FEATURES - feature - 1) * (INIT * INIT);
if (sum > 5) {
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sum =5;

}
if (sum<1){
sum = 1;
}
}
return sum;
}
//

// CalcFeatures
// - lteratively train each feature on the entire data set
// - Once sufficient progress has been made, move on
//
void CalcFeatures() {
int f, e, i, custld, cnt = 0O;
Data rating;
double err, p, sq, rmse_last = 0.0, rmse = 2.0;
short movield;

double cf, mF;

for (f = 0; f < this.MAX_FEATURES; f++) {

System.out.printf("'\n--- Calculating feature: %d ---\n"", f);

// Keep looping until you have passed a minimum  number

// of epochs or have stopped making significant progress

for (e =0; (e <this.MIN_EPOCHS) || (rmse <=rmse_last - this.MIN_IMPROVEMENT); e++) {
cnt++;
sq =0;
rmse_last = rmse;
for (i =0; 1 <this.m_nRatingCount; i++) {

rating = this.m_aRatings[i];
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movield = rating.Movield;

custld = rating.Custld;

// Predict rating and calc error
p = PredictRating(movield, custld, f, rating.Cache, true);
err = (1.0 * rating.Rating - p);

sq += err *err;

// Cache off old feature values
cf = m_aCustFeatures[f][custld];

mf = m_aMovieFeatures[f][movield];

// Cross-train the features
m_aCustFeatures[f][custld] += (LRATE * (err * mf - K * cf));
m_aMovieFeatures[f][movield] += (LRATE * (err * cf - K * mf));

rmse = Math.sqrt(sq / m_nRatingCount);

/*System.out.printf(* <set x="%d’ y="%f" />\n", cnt, rmse);*/
}
// Cache off old predictions
for (i =0; 1 <this.m_nRatingCount; i++) {

rating = m_aRatings[i];

rating.Cache = PredictRating(rating.Movield, rating.Custld, f, rating.Cache, false);

//
// PredictRating
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// - This version is used for calculating the final results

// - 1t loops through the entire list of finished features

//
PredictRating( movield, custld) {
sum = 1; //m_aMovies[movield].PseudoAvg;
for ( f = 0; T < this.MAX_FEATURES; f++) {
sum +=this.m_aMovieFeatures[f][movield] * this.m_aCustFeatures[f][custid];
if (sum > 5){
sum =5;
}
if (sum<1){
sum = 1;
}
}
return sum;
}
//

// ProcessTest
// - Load a sample set in the following format
//

ProcessTest() throws IOException {
BufferedReader inputStream = null;
PrintWriter out = null;

Scanner sc = null;

custld = O, movield = 0O;

rating = O;
predictrating = 0.0, diff;
sum = 0.0;
cnt = O;
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try {
String line;
Data data;

inputStream = new BufferedReader(new FileReader(this.TESTING FILE));
out = new PrintWriter(new BufferedWriter(new FileWriter(this.PREDICTIONS_FILE)));
while ((line = inputStream.readlLine()) !'= null) {
// read a customer ID, movie ID and rating
sc = new Scanner(line);
sc.useDelimiter(\t");
custld = Short.parseShort(sc.next());
movield = Short.parseShort(sc.next());
rating = Byte.parseByte(sc.next());
predictrating = PredictRating(movield, custld);
diff = Math.abs(predictrating - rating);
sum += diff;
cnt++;
out.format("'%d\t%d\t%d\t%.3M\t%.3f\n", custld, movield, rating,
predictrating, diff);
/* System.out.printf("movield = %d, custld = %d\n",
movield, custld);*/
}
out.format(""\n------ \nNumber of predictions : %d\nAvg Abs(diff) : %f\n", cnt, sum / cnt);
} catch (FileNotFoundException e) {
System.out.printf("<Engine.ProcessFile()>Error opening file %s\n", movield);
} finally {
if (inputStream = null) {
inputStream.close();
}
if (out = null) {

out.close();
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}
if (sc !'= null) {

sc.close();

public static void main(String[] args) throws IOException {
LocalTime t1, t2, t3, t4, t5;

tl = LocalTime.now();

Engine engine = new Engine();

t2 = LocalTime.now();

System.out.printf("engine construction duration equals %d s\n",Duration.between(tl, t2).getSeconds());
engine.LoadHistory();

t3 = LocalTime.now();

System.out.printf("load history duration equals %d s\n",Duration.between(t2, t3).getSeconds());
engine.CalcFeatures();

t4 = LocalTime.now();

System.out.printf("calculation feature duration equals %d s\n",Duration.between(t3, t4).getSeconds());
engine.ProcessTest();

t5 = LocalTime.now();

System.out.printf("'processing test duration equals %d s\n"',Duration.between(t4, t5).getSeconds());

System.out.printin("\nDone\n");
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MapdaAAnAo Mpoypappa Java oTo Apache Spark pe MovieLens datasets

Mapakdtw mapouotdletal n vAomotrion tou mapdAAnAou kwdika otn dlemadn MPOYPAUUATIOUOU EDOPUO-

ywv Apache Spark xpnowponowwvtog tnv unootnpldpevn y\wooa npoypappatiopol Java

package edu.berkeley.svdmovielens;

import java.io.Serializable;

public class Customer implements Serializable {
J-—mm e DATA MEMBERS -----—------
public RatingCount = 0O;
public RatingSum = 0;

public Customer() {}

public Customer(int RatingCount, RatingSum) {

this.RatingCount = RatingCount; this.RatingSum

= RatingSum;

public setRatingCount(int RatingCount) {
this.RatingCount = RatingCount;

public setRatingSum(int RatingSum) {
this.RatingSum = RatingSum;
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public getRatingCount() {

return RatingCount;

public getRatingSum() {

return RatingSum;

@Override
public String toString() {

return "Customer [ratingCount=" + RatingCount + ", ratingSum=" + RatingSum + "]";

package edu.berkeley.svdmovielens;

import java.io.Serializable;

public class Movie implements Serializable {
F e DATA MEMBERS ------------
public RatingCount = 0;
public RatingSum = 0;

public Movie() {}

public Movie(int RatingCount, RatingSum) {

this.RatingCount = RatingCount;
this.RatingSum = RatingSum;
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public getRatingCount() {

return RatingCount;

public setRatingCount(int RatingCount) {
this.RatingCount = RatingCount;

public getRatingSum() {

return RatingSum;

public setRatingSum(int RatingSum) {
this.RatingSum = RatingSum;

}
) METHODS -------—----
public RatingAvg()
{
return RatingSum / (1.0 * RatingCount);
}
public PseudoAvg()
{
return (3.23 * 25 + RatingSum) / (25.0 + RatingCount);
}
@Override

public String toString() {

return "Movie [ratingCount=" + RatingCount + "', ratingSum=" + RatingSum + "|"";
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package edu.berkeley.svdmovielens;

import java.io.Serializable;

public class SparkData implements Serializable {

— DATA MEMBERS

public Custld;
public Movield;
public Rating;

public SparkData() {}

public SparkData(int Custld,
this.Custld = Custld;
this.Movield = Movield;
this.Rating = Rating;

}

public getCustld() {
return Custld;

}

public setCustld(int Custld) {
this.Custld = Custld;

}

public getMovield() {

Movield,
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return Movield;

public setMovield(int Movield) {
this.Movield = Movield;

public getRating() {

return Rating;

}

public setRating(int Rating) {
this.Rating = Rating;

}

@Override

public String toString() {

return "SparkData [custld=" + Custld + ", Movield=" + Movield + ", Rating="+ Rating + "]"";

package edu.berkeley.svdmovielens;

public class TrainingData extends SparkData {

public Cache =0;

public TrainingData(int Custld, Movield, Rating) {
super(Custld, Movield, Rating);
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}
public getCache() {

return Cache;

public setCache( Cache) {
this.Cache = Cache;

@Override
public String toString() {
return "TrainingData [custld=" + Custld + ", Movield=" + Movield +

+ ", Rating=" + Rating + "*, Cache="+ Cache + "]"";

package edu.berkeley.svdmovielens;

public class TestingData extends TrainingData {

// data members

public PredictRating;

// constructor

public TestingData(int Custld, Movield, Rating, PredictRating) {
super(Custld, Movield, Rating);
this.PredictRating = PredictRating;
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public TestingData(TrainingData data, double PredictRating) {
super(data.Custld, data.Movield, data.Rating);
this.PredictRating = PredictRating;

// methods
public double diff() {
return Math.abs(Rating - PredictRating);

@Override
public String toString() {
return Custld + "\t" + Movield + "\t" + Rating + "\t" + PredictRating + "\t" + this.diff();

package edu.berkeley.svdmovielens;

import com.esotericsoftware.kryo.Kryo;

import com.esotericsoftware.kryo.serializers.FieldSerializer;

import java.io.BufferedReader;

import java.io.BufferedWriter;

import java.io.FileNotFoundException;

import java.io.FileReader;

import java.io.FileWriter;

import java.io.lOException;

import java.io.PrintWriter;

import java.io.Serializable;

import java.time.Duration;
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import java.util.Scanner;

import java.time.LocalTime;

import java.util.ArrayL.ist;

import java.util.Collections;

import java.util.HashMap;
import java.util.List;
import java.util.Map;

import org.apache.spark.api.java.JavaSparkContext;

import org.apache.spark.api.java.JavaRDD;

import org.apache.spark.SparkConf;

import org.apache.spark.broadcast.Broadcast;
import org.apache.spark.api.java.JavaPairRDD;

import scala.Tuple2;
import org.apache.spark.serializer.KryoReqistrator;

import org.apache.spark.Accumulator;

import org.apache.spark.api.java.function.PairFunction;

public class SVDMovielLensSparkJava implements Serializable {

/- - Serial version Members ------------—-——---oo———

private final int MAX_RATINGS = 100000; // Ratings in entire training set (+1)

private final int MAX_CUSTOMERS = 943; // Customers in the entire training set (+1)

private final int MAX_MOVIES = 1682; // Movies in the entire training set (+1)

private final int MAX_FEATURES = 64; // Number of features to use

private final int MIN_EPOCHS = 120; // Minimum number of epochs per feature

private final int MAX_EPOCHS = 200; // Max epochs per feature

private final double MIN_IMPROVEMENT = 0.0001;// Minimum improvement required to continue current f.
private final double INIT = 0.1; // Initialization value for features

private final double LRATE = 0.001; // Learning rate parameter

private final double K=0.015; // Regularization parameter used to minimize over-fitting
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private m_nRatingCount; // Current number of loaded ratings

private TrainingData[] m_aRatings = new TrainingDatal MAX_RATINGS]; // Array of ratings data
private Movie[] m_aMovies = new Movie[MAX_MOVIES + 1]; // Array of movie metrics

private Customer[] m_aCustomers = new Customer[MAX_CUSTOMERS + 1];// Array of customer metrics

private [1[] m_aMovieFeatures = new [MAX_FEATURES][MAX_MOVIES + 1];//2D of features by mov.
private [1[] m_aCustFeatures = new [MAX_FEATURES][MAX_CUSTOMERS + 1];//2D of features by cu
e Spark version Members ------—-----——-mmm -

private final transient String SparkAppName = "SVD MovielLens - Apache Spark";

private transient SparkConf conf;

private transient JavaSparkContext sc;

private final Broadcast<String> TRAINING_FILE_BRDCST;

private final Broadcast<String> TESTING_FILE_BRDCST,;

private final Broadcast<String> PREDICTIONS_FILE_BRDCST;

private final Broadcast<Integer> MAX_RATINGS_BRDCST; // Ratings in entire training set (+1)
private final Broadcast<Integer> MAX_CUSTOMERS_BRDCST; // Customers in the entire training set (+1)
private final Broadcast<Integer> MAX_MOVIES_BRDCST; // Movies in the entire training set (+1)
private final Broadcast<Integer> MAX_FEATURES BRDCST; // Number of features to use

private final Broadcast<Integer> MIN_EPOCHS_BRDCST,; // Minimum number of epochs per feature
private final Broadcast<Integer> MAX_EPOCHS_BRDCST; // Max epochs per feature

private final Broadcast<Double> MIN_IMPROVEMENT_BRDCST;// Minimum improvement requir. to cont. current
private final Broadcast<Double> INIT_BRDCST; // Initialization value for features

private final Broadcast<Double> LRATE_BRDCST; // Learning rate parameter

private final Broadcast<Double> K_BRDCST; // Regularization parameter used to minimize over-fitting
private Broadcast<Long>m_nRatingCount BRDCST; // Current number of loaded ratings

private JavaPairRDD<Integer, TrainingData> m_aTrainingRatings_PairRDD; // RDD of ratings data
private JavaPairRDD<Integer, Movie>m_aMovies_PairRDD; // RDD of movie metrics

private JavaPairRDD<Integer, Customer> m_aCustomers_PairRDD;// RDD of customer metrics

private JavaPairRDD<Integer, MatrixRow> m_aMovieFeatures_PairRDD; // RDD of features by movie
private JavaPairRDD<Integer, MatrixRow> m_aCustFeatures_PairRDD; // RDD of features by customer
private Accumulator<Double>sq_ACC;

private Accumulator<MatrixRow> customerFeatureMatrixRow_ACC, movieFeatureMatrixRow_ACC;
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private Broadcast<MatrixRow> customerFeatureMatrixRow_BRDCST, movieFeatureMatrixRow_BRDCST;
Map<Integer, MatrixRow> mapCustomerFeatures;

Map<Integer, MatrixRow> mapMovieFeatures;

private Broadcast< [1[]> m_aCustFeatures. BRDCST;
private Broadcast< [1[1> m_aMovieFeatures. BRDCST;
public static Debug(int num) {
System.out.printf(*'|---—---—--—-——- = ———- > DBG %d\n", num);
}
public static Message(String msg) {
System.out.printf(*"|----- > %s <----\n"", msQ);
}
e e e Constructor--------------
public SVDMovielLensSparkJava() {
f;

// create Spark Configuration object

conf = new SparkConf().setAppName(this.SparkAppName);

// Register custom classes with Kryo Registrator

//lconf.set("spark.serializer", "org.apache.spark.serializer.KryoSerializer");
//conf.set("'spark.kryo.registrator”, MyClassRegistrator.class.getName());

// create Spark Context

sc = new JavaSparkContext(this.conf);

TRAINING_FILE_BRDCST = sc.broadcast("/nfs/Movielens/u.data");
TESTING_FILE_BRDCST = sc.broadcast("/nfs/MovieLens/ul.test");
PREDICTIONS_FILE_BRDCST = sc.broadcast("/nfs/MovielLens/ul.predictions™);
MAX_RATINGS_BRDCST = sc.broadcast(100000); // Ratings in entire training set (+1)
MAX_CUSTOMERS_BRDCST = sc.broadcast(943); // Customers in the entire training set (+1)
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MAX_MOVIES_BRDCST = sc.broadcast(1682); // Movies in the entire training set (+1)
MAX_FEATURES_BRDCST =sc.broadcast(64); // Number of features to use
MIN_EPOCHS_BRDCST = sc.broadcast(120); // Minimum number of epochs per feature
MAX_EPOCHS_BRDCST = sc.broadcast(200); // Max epochs per feature
MIN_IMPROVEMENT_BRDCST = sc.broadcast(0.0001);//Minimum improv. req. to contin. cur.f.
INIT_BRDCST = sc.broadcast(0.1); // Initialization value for features
LRATE_BRDCST = sc.broadcast(0.001); // Learning rate parameter
K_BRDCST = sc.broadcast(0.015); // Regularization parameter used to minimize over-fitting
// cache broadcast variable values in local variables to speed up
MAX_FEATURES = this.MAX_FEATURES BRDCST.getValue();
MAX_CUSTOMERS = this.MAX CUSTOMERS BRDCST.getValue();
MAX_MOVIES = this.MAX_MOVIES BRDCST.getValue();
Double INIT = this.INIT BRDCST.getValue();
// Create RDD for Customer Feature matrix, using autogenerated indices
List<MatrixRow> matrixRowL.ist = new ArrayList<>();
for (f = 0; f < MAX_FEATURES; f++)
{
// create a vector of MAX_CUSTOMERS with INIT_BRDCST value
matrixRowL.ist.add(new MatrixRow(Collections.nCopies(MAX_CUSTOMERS, INIT)));
}
JavaRDD<MatrixRow> rddl = sc.parallelize(matrixRowL.ist);
this.m_aCustFeatures_PairRDD = rdd1.zipWithIindex().mapToPair((Tuple2<MatrixRow, Long> tuple) ->
new Tuple2<integer, MatrixRow>(Integer.valueOf(tuple._2.intValue()), tuple._1));
// Create RDDs for Movie Feature matrix, using autogenerated indices
matrixRowL.ist = new ArrayList<>();
for (f = O0; f < MAX_FEATURES; f++) {
// create a vector of MAX_MOVIES with INIT_BRDCST value
matrixRowL.ist.add(new MatrixRow(Collections.nCopies(MAX_MOVIES, INIT)));
}
this.m_aMovieFeatures_PairRDD = sc.parallelize(matrixRowL.ist).zipWithIndex().

mapToPair((Tuple2<MatrixRow, Long> tuple) ->
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new Tuple2<Integer, MatrixRow=>(Integer.valueOf(tuple._2.intVValue()), tuple._1));
// create maps from the Customer and Movie Feature RDDs

mapCustomerFeatures = new HashMap<>(m_aCustFeatures_PairRDD.collectAsMap());
mapMovieFeatures = new HashMap<>(m_aMovieFeatures_PairRDD.collectAsMap());

/] === - Initialize serial version members

for (f = 0; f < this.MAX_FEATURES; f++) {
for (i =1; i <thissMAX_MOVIES +1; i++) {
this.m_aMovieFeatures[f][i] = this.INIT;
}
for (i =1; 1 <this MAX_CUSTOMERS + 1; i++) {
this.m_aCustFeatures[f][i] = this.INIT;

}
}
}
/- Main(Q}-----———-—--———— -
public static main(String[] args) throws IOException {

LocalTime t1, t2, t3, t4, t5;

t1 = LocalTime.now();

SVDMovielLensSparkJava engine = new SVDMovielLensSparkJava();

t2 = LocalTime.now();

System.out.printf(*engine construction duration equals %d s\n",Duration.between(t1,t2).getSeconds());
engine.LoadHistory();

t3 = LocalTime.now();

System.out.printf("load history duration equals %d s\n",Duration.between(t2,t3).getSeconds());
engine.CalcFeatures();

t4 = LocalTime.now();

System.out.printf("calculation feature duration equals %d s\n",Duration.between(t3,t4).getSeconds());

engine.ProcessTest();
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t5 = LocalTime.now();
System.out.printf(""processing test duration equals %d s\n",Duration.between(t4,t5).getSeconds());

System.out.printin("\nDone\n");

}
/I METHODS
public LoadHistory() throws IOException {
this.ProcessFile(this.TRAINING_FILE BRDCST);
}
private ProcessFile(Broadcast<String> filename) throws IOException  {

// create initial RDD of string with training data

JavaRDD<String> trainingFile = this.sc.textFile(filename.value());

// calculate the number of ratings

this.m_nRatingCount_BRDCST = this.sc.broadcast(trainingFile.count());

// create RDD for Customer statistics

JavaRDD<String[]> columnsTrainingFile = trainingFile.map(line -> line.split("'\t""));
JavaPairRDD<lInteger, Integer> columnsCustomersA _

= columnsTrainingFile.mapToPair((String[] row) -> new Tuple2(Integer.parselnt(row[0]), Integer.
parselnt(row[2])));

JavaPairRDDc<Integer, Integer> columnsCustomersA = columnsCustomersA_.reduceByKey((a, b) ->a + b);
JavaPairRDD<Integer, Integer> columnsCustomersB_

= columnsTrainingFile.mapToPair((String[] row) -> new Tuple2(Integer.parselnt(row[0]), 1));
JavaPairRDDc<Integer, Integer> columnsCustomersB = columnsCustomersB_.reduceByKey((a, b) -> a + b);
JavaPairRDDc<Integer, Tuple2<integer, Integer>> columnsCustomers = columnsCustomersB.
join(columnsCustomersA);
this.m_aCustomers_PairRDD=columnsCustomers.mapToPair((Tuple2<Integer, Tuple2<Integer,Integer>> tuple)->
new Tuple2<Integer, Customer>(tuple. 1, new Customer(tuple. 2. 1, tuple. 2. 2)));

// create RDD for Movie statistics

JavaPairRDD<lInteger, Integer> columnsMoviesA_

= columnsTrainingFile.mapToPair((String[] row) -> new Tuple2(Integer.parselnt(row[1]), Integer.
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parselnt(row[2])));

JavaPairRDD<Integer, Integer> columnsMoviesA = columnsMoviesA .reduceByKey((a, b) -> a + b);
JavaPairRDD<Integer, Integer> columnsMoviesB_

= columnsTrainingFile.mapToPair((String[] row) -> new Tuple2(Integer.parseint(row[1]), 1));
JavaPairRDDc<Integer, Integer> columnsMoviesB = columnsMoviesB_.reduceByKey((a, b) -> a + b);
JavaPairRDDc<Integer, Tuple2<Integer, Integer>> columnsMovies = columnsMoviesB.

join(columnsMoviesA);

this.m_aMovies_PairRDD = columnsMovies.mapToPair((Tuple2<iInteger, Tuple2<integer, Integer>> tuple) ->
new Tuple2<integer, Movie>(tuple. 1, new Movie(tuple. 2. 1, tuple. 2. 2)));

// create Ratings array with Data objects

JavaRDD<TrainingData> rddData = columnsTrainingFile.map((String[] row) -> new TrainingData(Integer.
parselnt(row[0]), Integer.parselnt(row[1]), Integer.parselnt(row[2])));

JavaPairRDD<TrainingData, Long> rddindexedData = rddData.zipWithIndex();
this.m_aTrainingRatings_PairRDD =rddIndexedData.mapToPair((Tuple2<TrainingData, Long> tuple) ->

new Tuple2(tuple. 2.intVValue(), tuple. 1));

/] - update serial version members

this.m_nRatingCount = this.m_nRatingCount BRDCST .getValue().intValue();
this.m_aCustomers_PairRDD.collectAsMap().forEach((k, v) -> this.m_aCustomers[K] = Vv);
this.m_aMovies_PairRDD.collectAsMap () .forEach((k, v) -> this.m_aMovies[K] = v);
this.m_aTrainingRatings_PairRDD.collectAsMap().forEach((k, v) -> this.m_aRatings[K] = V);

// Calculate features matrices (Cannot be parallelized!) - Driver only
CalcFeatures() {
f, e, 1, custld;
TrainingData rating;
err, p, sq, rmse_last =0.0, rmse =2.0;
movield;

cf, mf;
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for (f = 0; f <this.MAX_FEATURES; f++) {
System.out.printf(*'--- Calculating feature: %d ---\n", f);
// Keep looping until you have passed a minimum  number
// of epochs or have stopped making significant progress
for (e =0; (e <this.MIN_EPOCHS) || (rmse <=rmse_last - this.MIN_IMPROVEMENT); e++) {
sq =0;
rmse_last = rmse;
for (i =0; i1 <this.m_nRatingCount; i++) {
rating = this.m_aRatingsl[i];
movield = rating.Movield;
custld = rating.Custld;
// Predict rating and calc error
p = PredictRating(movield, custld, f, rating.Cache, true);
err = (1.0 * rating.Rating - p);
sq += err *err;
// Cache off old feature values
cf = m_aCustFeatures[f][custid];
mf = m_aMovieFeatures[f][movield];
// Cross-train the features
m_aCustFeatures[f][custld] += (LRATE * (err * mf - K * cf));
m_aMovieFeatures[f][movield] += (LRATE * (err * cf - K * mf));
}
rmse = Math.sqrt(sq / m_nRatingCount);
}
// Cache off old predictions
for (i =0; i <this.m_nRatingCount; i++) {
rating = m_aRatings[i];
rating.Cache = PredictRating(rating. Movield, rating.Custld, f, rating.Cache, false);
}
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// initialize broadcast matrices to make them available in executors
m_aCustFeatures BRDCST = sc.broadcast(m_aCustFeatures);

m_aMovieFeatures BRDCST = sc.broadcast(m_aMovieFeatures);

// Reads in parallel the test file and produces the predictions file in parallel
void ProcessTest() throws IOException {
long cnt; // number of test ratings
double sum; // sum of Abs difference between Rating and PredictionRating
// read test file and create RDD of TrainingData items
JavaRDD<TrainingData> c_testingData RDD
= this.sc.textFile(this.TESTING FILE BRDCST.getValue()).
map(line -> line.split("\t")).
map((String[] row) ->
new TrainingData(Integer.parselnt(row[0]), Integer.parselnt(row[1]), Integer.parselnt(row[2])));
// transform RDD of TrainingData to RDD of TestingData items with our predictions
JavaRDD<TestingData> testingDataRDD
= c_testingData_RDD.
map((TrainingData t) -> new TestingData(t, PredictRating(t.Custld, t.Movield)));
// count test ratings
cnt = testingDataRDD.count();
// sum the abs differences between ratings and predictionratings
sum = testingDataRDD.map(t -> t.diff()).reduce((a, b) -> a + b);
// save RDD of TestingData to prediction file
testingDataRDD.save AsTextFile(this.PREDICTIONS FILE BRDCST.getValue());
System.out.printf("\n--#621464--\nNumber of predictions:%d\nAvg Abs(diff) : %f\n",cnt,sum/cnt);

}

// Used by sequential computations in CalcFeatures()
double PredictRating(int movield, int custld, int feature, double cache, boolean bTrailing) {

// Get cached value for old features or default to an average
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sum = (cache > 0) ? cache : 1;

// Add contribution of current feature
sum += this.m_aMovieFeatures[feature][movield] * m_aCustFeatures[feature][custld];
if (sum > 5) {

sum =5;
}
if (sum<1){

sum =1,
}
// Add up trailing defaults values
if (bTrailing) {

sum += (MAX_FEATURES - feature - 1) * (INIT * INIT);

if (sum > 5) {
sum =5;
}
if (sum<1){
sum=1;
}
}
return sum;

// Used by RDD transformation
PredictRating(int custld, movield) {
sum = 1;

f=0;

for (f =0; f <this. MAX_FEATURES_ BRDCST.getValue(); f++) {
sum+=this.m aMovieFeatures BRDCST .getValue()[f][movield]*this.m aCustFeatures BRDCST.
getValue()[f][custld];
if (sum > 5){
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sum =5;
}
if (sum < 1){
sum =1;
}
}

return sum;
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