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EuxapioTieg

H napoloa epyacia anoTeAsi Tn AlaTpiBri MOU OTa NAdicla TWV HETANTUXIAKWV
onoudwv oTo Tunua MAnpogopikn Tou MavenioTnuiou Meipaild Kail Mo cUyKeKpINEVa
ora [pdéypappa MeTtanTuxliakwyv Xnoudwv e TITAO «[ponydéva XuaThuara

MANPOPOPIKAG».

Mpwta and OAa, 6a nBeAa va euxapioTnow Tov enifAénovra Kadbnynt) lMwpyo
Toixpivtdr) Nou Pou eunioTelBnKe £€va Béua Pe TOOO PeydAo evdlagépov divovTacg
HOU £TCI TNV €UKaAlpia va To JEAETAOW O BABOG.

Eniong, 6a BeAa va suxapioTnow 1Biaitepa Tov Ap. AlovUon SwWTNPOMOUAOC. Yia. TNV
ouolaoTikh BorBeld Nou HOU MPOoCgEPeEPE, NApd TIC AUENMUEVEG UMOXPEWUEIG TOU,
AQIEPWVOVTAC APKETEC WPEG NAVW OTO B£ua TnG dIaTpIBAC Hou.

TéAoc, Ba NBeAa va nw €va noAU PeydAo guxaploTw oTnv Mapia nou pe oTrhpiEs kai
pe oTnpilel o OAEC HoOU TIG NpOCNABEIEC.
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MepiAnyn

H napoloa epyacia avTigeTwnilel To nNpOBANMA Tng oloTaong TNAEOMTIKWV
npoypaupaTwy PEoa aTo nAaiolo TNG avanTuéng unNnPECIVV €EATOMIKEUONG XPNOTWV
yla Tnv IPTV, n eniluon Tou onoiou cuvendayetalr Tnv Olaxeipion €vog TePAGTIOU
OYKOU XPOVIK®WV JEJOUEVWYV MOU aPopouV TIG EMIAOYEC NMPOYyPAUNATOC Yia €va gupu
@PAaogua XpnoTwv Kal OXETICOMEVWY MNOAUMECIKWV QAVTIKEIUEVWY. ZUYKEKPIYEVA, O
NPWTAPXIKOG OTOXOC AUTAC TNG £Epyaaciag eival N ENEKTACN TWV KAAOOIKWV YPANHIKOV
HOVTEAWV YIQ TNV KATAOKEUN TWV PBACIKWV EKTIUNTOWV TWV XPNOTWV Td oroia €ival
EVOWPATWHEVA OoTNV apxikn dOiaTunwon Tou daAyopiBpou ouoTtaong SVD++. To
BepeAiwdeC XapaKTNPIOTIKO AUTWV TwWV HOVTEAWV agopd OTNV  OMOIOHOP®PN
dlaxeipion Tou dGfova Tou XPOVOU TWV aAANAENIOPACEWV TWV  XPNOTWV,
anotuyxavovrtag €10l va neplypdwouv pe  akpiBsia  Tnv  dlaklpavon _ Twv
a€loAOYyAOEWV TWV XPNOTWV PE TNV Napodo Tou Xpovou. Ev avTiBéoel, [.8iaTpiBn
auTn ei0aydayel €va NePIOCCOTEPO EUEAIKTO PaBNUATIKO €PYAAgio yia TNV KATAOKEUN
Tou BacgikoU EeKTIUNT Tou KABe XpnoTn, XPNOIMOMolwvTag &va 'KaTa' TunuaTa
YPAUMIKO HOVTEAO TO OMoio KATaokeudleTdl unodialipwvTag Tov, XPoviko a&ova Twv
aAAnAenIdpdcewyv Tou KAGBe XprAoTnN HUE TETOIO TPOMO WOTE O KGBe unodidoTnua va
avTIOTOIXEI €va npokaBopIoPEVO HEPOC TOU GCUVOAIKOU Tou nARGouc Twv
aflohoynoswv. Me TO TpOMO aUTO, TO MPOTEIVOUEVO [OVTEANO OToXeUEl OTO Vvd
OUAAGBElI JE AMOTEAECUATIKOTEPO TPOMO ONMPAVTIKEC HUETABOAEC OTNV CGUMNEPIPOPA
B£aong Tou XpnoTn nou OJlagopeTIKA Ba ayvoouvTtav.-H OJlievépyela HIa OeEIpdg
NEIPAPATWY ENIKUPWVOUV TNV ANOTEAECUATIKOTNTA'TOU €V AOY®W HOVTEAOU ONWC AUTH
anoTiydTal o 6pouG PECOU andAuTou opAAPaATo .

Abstract

This work addresses the problem of recommendation within the context of
developing user individualization 'services for IPTV, involving vast volumes of timely
zapping data that span a wide spectrum of users and associated multimedia items.
Specifically, the primary objective of this work lies upon the extension of the linear
models for the users’ baseline predictors which are embedded in the original
formulation of the ~SVD++ recommendation algorithm. The fundamental
characteristic of such models concerns the uniform manipulation of the timeline of
interactions for each user, thus failing to accurately model the variation of user
ratings over time. This work, on the contrary, introduces a more flexible user
baseline predictor.-by utilizing a partially linear model which is built by dividing the
timeline of interactions in such a way that a predefined fraction of ratings fall within
each time. interval. Therefore, the proposed model aims at capturing in a more
efficient way significant modifications of user’s viewing behavior that otherwise
would be ignored. A series of experiments conducted verify the efficiency of the
proposed model as measured in terms of Means Absolute Error.
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1. Eicaywyn

H onuepivn enoxn WeTa&l aAAwv xapaktnpiletal and Tnv duvaTtdéTnTa Twv avipwnwyv
va MeETaQEpoOuUV KAl va avrtaAAd&ouv nAnpogopiec e€AelBepa. MapdaAAnAia
XapakTnpideTal kalr ano Tnv €niBupia autTwv va prnopolv HE eUKoAia va €xouv apeon
npooBaon o€ yvwoelc nou 8a nTav aduvaTo r TouAdyioTov dUOKOAOTEPO va Bpebouv
OTo NapeABoOv. Juvenw¢ Pe Baon Tnv napandvw &vvola, 8a pnopoUdes KAveic va
XApaKTNpPIoel WG €vvola TNG WnQPIakng €noxng odnyoUupaoTe oTnv aAAayn and Tnv
kAaooikn Blounxavia o €éva «nepiBailov» nou OxI HOVO XelpileTal TNV nAnpogopia
aAAa BaoileTal o autn.

To JiadikTuo au&noe JpapaTikGd TOV OYKO TWV NANPOQOPI®V Mou
peTagépovTal. MapaAAnAa ol nAnpo@opiec dev nepiopifovTal HOVO OE KEIHEVO, aAAd
Kal O€ €IKOVEC, YOUTIKM Kal BivTeo. Suvenwg 1o NpoBANua TG unepBoAIKng 01a6eong
TNG nAnpogopiac ival evrovoTepo and note.

Ta ouoThuaTa ocuoTaong enixeipolv va agonoinoouv TIC 1dN UNApPXOUOCEC
OXETIKEG NANPOQPOPIEC KAl O£ OUVOUAOHO HE TN XPNOM=TNG EMOTAPNG TNG
MANPOQOPIKAC va HMNOPECOUV MAPEXOVTAC AUCEIC PE TN HOPPR EEATOMIKEUHEVWV
UNNPECIOV N NPOTACEWY NPOC OPEAOG TOU avOpwmnou.

>716X0C TNG napouoag METANTUXIAKAG JlaTpiBnG. €ival n Onuioupyia €vog
OUOTNAMATOG cUOTACNC TNAEONTIKWY NPOYPANNATWY BacilOhevo aTov aAyopiBuo Tou
Singular Value Decomposition (SVD) pe 1D1aiTEpn MEPIYVA YIiAd TNV NAPAPETPO ToU
xpovou. Mpokeiral dnAadn yia eENEKTAoN Tou KAAoOIKOU UOVTEAOU Mou Neplypd@eTal
oTtn BiBAloypa®ia w¢ aAyopiBuog SVD++.

SUYKEKpPIMEVA OTOV BACIKO EKTIUNTA Twv Babuoloyiwv Tou Xpnotn
EVOWHATWVETAl N NAPAPETPOC TOU XPOVOU_E TN XPNOn €vog KaTd TUAKATA OUVEXOUG
YPAMMIKOU HOVTEAOU Mou UAoMoIeiTdl KaTakeppaTilovTag Tov a&ova xpovou Tou KAabe
XpnoTn otc éva npokabopigyevo., apiBud onueiwv. Mg Tov TpoOMo auTd TO
NPOTEIVOUEVO WOVTEAO OTOXEUEI otV KAAUTEPN MovTeAonoinon TNG METABANTAG TwV
NPOTIMACEWY TOU XPproTN HE TNV, NApodo Tou XPOVou.

H napouaoa petanTuxiakn epyacia akoAouBei TNV napakdTw Soun:
e KepdAaio 1

>T0 Ke(AAAIo autd napoucialeTal n €i0aywyn TN napouoag diaTpiBng, Mida
oUVTOUN ““AEPIYPAP TOU NPOBANHATOC KABWC KAl TOU AVTIKEIUEVOU MOoU
NpaydaTevsTal N Epyaaia.

e KepdAaio 2

>T0 Ke(AAaio dideTal pia ekTeTapévn BiBAloypagikn dlepelvnon yia Tn Bacikn
BewpnTikn avaAuon Twv ZuoTnUAaTwv >UoTaong [Recommender Systems], HE
€JQAan OoTIC BACIKEG NAPAMETPOUC Ol OMoieg ennpedlouv TOouC AAyopIBUOUC
ouoTaong.

e KepaAiaio 3

>To KeQAAaio auto napoucialeTal n PeTaBacn and TNV KAAGOIKN TNAedpaon
oTNV au@idpopn, neplypdpovTag TIG ENINPO0BETEC GUYXPOVEC UNNPETIEC TNC.
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e Ke@dAaio 4

>T0 KePAAalo autd napouaialetal OAn n diadikacia nNpo-eneEepyaaciag aAlAa Kai
OIaNOPPWONG TwV OeDONEVWV WOTE va KATAANEOUV OTNV TEAIKN HOP®N TOUG YId
TNV €I0aywyn oto oUoTnua.

e KepdaAaio 5

3To KEQAAAIo auTo napouacidletal o YBpIdIkOG AAYOpPIOOC Nou npoTeiveTal yia
To ZUOTNKa ZUOTAONG.

e Ke@aAaio 6

270 KeQAAaio auTto napoucialeTal To OUVOAO TwV NEIPAUATWVAAA Kar Twv
anoTeAEoUATWV.

o Ke@aAaio 7

>To Ke@AAaio auTd napoucialeTal Td OUMPNEPACUATA. KAl Ol WEAAOVTIKEC
EVEPYEIEC.
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2. Mia OswpnTikn AvdAuon ota ZuoTnpara Z0oTaong

O1 avBpwnol katda Tnv dIdpKeld TNG ANWNG TwV KABNUEPIVWV TOUG aAnoPACEwWV,
ouxva BaocifovTal OTIC CUOTACEIG MOU TOUC MAPEXOUV AAAOI. MAKpPOXPOVIEC EPEUVEG
€xouv Oci€el OTI BaOIkO XapakTnpIoTIKO TNG avOpwnivng unooTaong €ival 1o OTl o
kGBe avBpwnoc¢ ennpedaletal and Toug AaAAoucg [1]. Ma napddeiyua, €va atoua To
onoio B&Ael va Oel pia Taivia, ival Aoyikd va B€Ael va BacioTei oTIG anoyeig aTOPwV
nou Tnv €xouv Ndn O€l | OoTNV KPITIKA €vOG apBpou yia auTrv. EmnAéov, €vag
€pyodoTnC kata Tn diadikacia npdoAnwng evOEXOUEVWC va OTnpi&el TNV anogaacn
TOU Ot€ KAMOIEC OUOTATIKEC €MIOTOAEG. Z€ AUTAV TNV napatnpnon BacioTnke n
avanTtugn Twv AeyOUEVWV ZUCTNUATWV ZUCTAONG.

21. ZuoTnHAaTa ZUoTAONG

JuoTnuata 2uoTtaong [Recommender Systems |RS] 1 EionynTika ZuoThuara
[Recommendation systems |RS] (MEPIKEG POPEG AVTIKABIOTWVTAG TO «OUCTNHA» ME
€va OUVOVUHO OnWG <«unxavn» n <«nAatQopua») e€ival (ia. unokatnyopia Twv
Suotnuatwv OIATpapiopyatoc MAnpo@opiwv [Information Filtering Systems] nou
emdnTolv va npoPAéwouv Tnv <«a&loAoynon» n «npoTiunon» nou 6a Jdwoel o
XpnoTng os €va oToixeio [2][3]. Ta ZuoTnuaTa. ZUoTaonc €xXouv Yivel €EQIPETIKA
YVwoTd Ta TeAeuTaia Xpovia, kai epapudlovTal ‘e pia.noikiAia epapupoywv. O nio
OnUoQIAgic and auTec sival Taivieg, pouaoikr, €Idfoelg, BIBAia, epeuvnTikaG apbpa,
epwTAMATA avadnTnong, E€TIKETEG KOIVWVIKNAG. OIKTUWONG K.d. [IpoKeIgévou va
napayxbouv ol GUOTACEIC, CUAAEYOVTAl and TOUG XPNOTEC Ol NPOTIMACEIG TOUG HECW
giac BaBuoloyiac nou Odivouv dApeca )  €UPECA  yid TA  AVTIKEiMEva auTd.
AneuBUvovTal Kupiw¢ oeg daTtopa nou. £iTe. AOyw TNG MN €napkoUc MNPOCGWMIKNAG
gUNeIpiag, €ite AOYw TNG IKAVOTNTAC TOUG,-HMEYAAOC OYKOC JESOUEVWV I AVEPIKTOTNTA
gUpeEONG OANG TNG nAnpogopiag, aduvatoUv va a&loAoynoouv Ta &v  AOyw
dlaQOopETIKA avTIKEIPEvQ.

Eikova 1: NMNapadeiyya ZucoTAHAaToG ZU0Taong

>T0 oxnua 1 @aiveral €va cUoTNPA CUCTACEWY MOU MPOTEIVEI OTOV XpnoTn
(John Smith) oxI pOvo va eniokePTel €va KaTdoTnua yia ayopec aAAd kal Ta
npoidvrta nou mBavoTata va nBeAe va ayopdoesl. Eival gupaveg oTI To oloTnua
BacioTnke oc atopa «@iAia» atov John, xwpic va €ival anapaitTo va Ta yvwpilel
Kabwg Kal 0TI Xpnoigonoinoe Kal enimA£ov NAnNpo@opieg ONwg €ivalr o Xpdvog Kai ol
KAIPIKEG OUVONKEG.
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2.2. AvdaAuon Movadwyv ZuoThudarwy Z0oTaong

O1 KUpIEG POVADEC 1 MEPN evOC TETOIOU GUOTHMATOG €ival n €i0odoc, N HEB0DOC
napaywyng tng ouoTaong Kal n €€000G. SUYKEKPIUEVEC eMIAOYEC oxedlagpou TOOO
oTnv €igodo 600 Kal aTnv £€€0d0 kabopilouv TIC NEBODOUC Napaywyns Tng NnpoTaong.

2.2.1. Eiocod0g RS

H €icodoc og €va ouoTnua ocuoTaong €ival dia cuUAAoyn onou PETA&U AAAwV NEpPIEXEI
TOUC XPNOTEC ME TIC MPOTIUAOCEIG TOUG, TA AVTIKEIJEVA PE TA XAPAKTNPIOTIKA TOUG
Kabwc kal €vav kavo aplBpo dl1apopwv GCUOXETIOEwWV. AvaAoya Tnv nnyn nou
npogpxovral Ta Ocdopéva OdlakpivovTal O eKeiva Tou XPRAOTn GTOV. 0Mnoio
aneuBuvopaaoTe evw XpelaldeTal TNV TeAIKN cUOTAON Kal O€ €Keiva Nou ApoEpyovTal
and TIG PIAIEG OPAdEG TOU XPHOTN.

H npwTn katnyopia dedopévwy XpnoigonolouvTdl ONwc ival pavepo WOTE va
NPOKUWOUV MPOTACEIC OTOXEUPEVEC AMOKAEIOTIKA OTOV XPNoTn, anopelyovTac £T0I
TIC YEVIKEG NPoTACEIG. O KUPIOTEPEC KATNYOPIEG TETOIWV OEDOUEVWY Eival:

e Pnmn AvaTtpo@oddTnon [Explicit Feedback]: >Tnv pNTH
avaTpo@odoTnon Ta OedoUEVA CUYKEVTPWVOVTAI Yia To oUuoTnua ano
TOUG XPNOTEG PE EekABapo oTOXO VA TO EVIHEPWOOUV YIA TIC EMAOYEC
Toug. Mapddeiyya N OUUNANP®WON  HIAC  @OpHAG N &vOog
€pwTnUaToAoyiou.

e Babupohoyia [Rating]: Ocewpeite n Mo ocapnc MopPn  PNTNG
avatpo@odotnong. O1  xpAoTeC PabuoAoyolv  poOvol TOug Ta
aQVTIKEIJEVA  MOU . TOUG €VOIAPEPOUV,  aAVAAOYwG.  ZUuvhRBwg
Xpnoigonoigital api@unTikn-BabuoAoyia pe kAigaka 1-5 aAAd eivai
APKETA OUXVO O€ €IDIKEG NEPINTWOEIC va BEAOUNE va yvwpiloupe ania
av Tou apeoe Eva’avTikeipgevo n oxi [0]1].

e Siwnnpn Avartpo@oddtnon [Implicit Feedback]: ZtTnv ociwnnpn
avatpo@odoTnen’ Ta dedouéva CUYKEVTPpWVOVTAl yia To cuoTnua and
TNV OUMMEPIPOPA TNG MAONYNONG TOU, XWPIGC O XPAOoTNG vad TO
avTiAguBavetal. Mapadeiyya n evaAiayr Twv NPOYyPAPPATWV TNG
TNA€OPaaong and €vav GUYKEKPIYEVO XpPNoTn.

e _IoTOpikO AAANAenidpaong [Transactions History]: To 10TOpIKO
avaTpopoddTNONG XPNOIMOMOIEITAl CUVABWG WG Hia Pop®n Clwnnpng
avatpo@odoTnong. Me Baon Tnv I0TOPIKOTNTA aAAnAenidpaong pe Ta
avTIKeigeva pnopoUv va npokUWouv Ta aAnapaitnTa cupnepacuara.
Mapdadeiyya n AioTa pe Ta NpoidvTa nou ayopdoTnkav Tov TEAEUTAIO
XPOVO ano &vav CUYKEKPIYEVO NEAATN.

o NE€Eeic-KAe1d1a [Keywords]: Eneidr) noAAEC Qopeg dev eival duvaTd Ta
dedopEva va KaTaveunBoUv O€ JIa OUYKEKPIYEVN KATnyopia, pnopouv
va xpnoigonoinBolv A€Esic-kA£I0IA. O1 A£EEIC-kAEI0IA anodeikvUovTal
noAU XPNnoihga vyia TOuC OKOMoug TETOIWV OUuOoTNUATWY, aeou
evTonifovTal €MIAOYEG TWV XPNOTWV MOU €ival avegapTnTeg ano TIG
KATNYOPIEG TWV AQVTIKEINEVWV.
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e XapakTnploTika [Attributes]: Ta XapakTnpioTIKA €niong €ival noAu
XpHoiga €neidr pnopouv va opadonoijoouv Ta Oedopéva pag e
noAAoU¢ TpONoug Kal yiveTal To GUOTNKA HAG MIO EUEAIKTO.

H OeUTepn katnyopia OedOpEVWV dAMOTEAEITAl aAnO MIad MEYAAN nNoIKIAia
d0edouévwy nou npokunTouv and oAdkAnpn Tnv @iAla opdda Toug XpnoTn N MEPOC
auTng. TETola dedopéva xpeiadlovTal enegepyaania KATW anod To NPIoUad TWV KOIVOV
ogToIXeiwv TNG Kabe opadac.

KUpleg kaTnyopieg TETolwV dedopévwy £xouv avaAubei napandvw Kai gival n
I0TOPIKOTATA aAAnAenidpaong, Ta XapakTnploTikd Kkal n BaduoAdoynon Twv
AQVTIKEIMEVWYV, OTNV NEPINTWON opadwv Kal OXI HEUOVWHEVWV XPNoTwv. EninAsov
MnopoUv va npooTteBoulv ol €ENG:

e Anuo@iihia AvTikeiyévou [Item Popularity]: H dnuo@iAia evog avTikeidévou
Mropei va npokUyel €ite and To oUVOAO, €iTe ano MHEPOG Mias.opdadag pe
OUYKEKPINEVA XApaKTNPIOTIKA. Mapddeiyya n akpoapaTikoTnTa pia Taiviag.

e EpunveuTtikd IxOAla [Comments]: Ta ouvoAika oxOAla [ia opadac n PEPOC
auTnc pnopei va anodeixBolUv MOAU xproiya. To apvnmikod Toug eival OTI
pnopei va xpeiadovtal NEPIOOOTEPO XPpOVo eneEepyaaiag, agolU Ba npenel va
Eexwpioouv Ta BeTIKG ano To apvnTIKa oxOAia.

o YBpidika =Toixeia [Hybrid Data]: O ouvduaopog Twy napandvw oToIXEiwv Ol
MOvo eival duvaTtdg aAAd@ NOoAAEG @opeég eniBAAAETAl WOTE va ENIPEPEI
KaAUTepa anoTeAéopara.

2.2.2. M£@odog NMapaywyng ZooTaocng

Ta cuotiuata oUuoTaong XpnoldonoloUv. Jia ocipd anod PEPOVWHEVOUCG HEBODOUC Ny
ouvduaouo auTwV Mou XpnaoidonoloUvTdl gTo oTdadio TNG Napaywyng Tng ouoTaong.
O1 KUpIOTEPEG €ival ol €EAC:

e Mn AuTtopaTtonoinuévn EniAoyry [Manual Selection]: 2ZTn péBodo auTth
AauBdavovTal unoywn dedopEva nou €xouv napaxBei anod Toug «eIBIKoUG» TNG
OUYKEKPINEVNC KaTnyopiag n @iAlac autng. TeTola dedopéva ekppadlovTal
MEoa and Keigeva.n kpImikéG. H peBodoc autn To POvo nou kavel gival va
avanapdyel/Ta oToixeia auTtd Xwpic va Ta eneepyadletal. Mapadeiypa oTav
€va xpnotng avalntei pia ocuvtayn Galacoivwyv, TOTE pnopei va AdBel wg
oUoTagn-To apBpo evog YVwOTOU O HE TIC 5 KAAUTEPEG OAWV TWV ENOXWV.

e _Avaktnon AkaTépyaoTwv XToixeiwv [Raw Retrieval]: ZTnv péBodo autn
undpxel n duvaToéTNTa OTOV XPAOTN VA KAVEl «EPWTHOEIC» 0TO oUOTNUA HEOW
€VOG dNnxaviopoU avalntnong @IAIKO npog ot ekeivov. To olvoTnua
ene€epyaleTal avaloya Ta OTOIXEId KAl anavTtasl oTov XpnoTtn divovTac Tou,
To BEATIOTO anoTéAsopa. Mapddeiypa €vacg XpnoTtng avalnTa dia Taivia Tou
ndonoioU Al Pacino kal To cUoTnua Tou Byadsl w¢ anoTéEAECHA TNV TAIvia nou
avalnTtouog, divovTag Tou napdAAnAa Tnv duvatoTnTa va eniAEEEl KAl AAAEG
TAIVIEG TOU GUYKEKPIYEVOU NBonoloU Nou evOEXOUEVWG OeV YVWPILE.

e Juoxemion Xpnotn npoG Xpnotn [User-to-User Correlation]: =Tnv péBodo
auTn Ta AVTIKEIJEVA MOU MPOTEiVOVTAl O €vad XPNOTN €XOUV CUOXETION ME
aAAoug xpnoTtec. H peBodoc auTni €ival yvwoTn ¢ CUVEPYATIKN dIndnon
[Collaborative Filtering] kai €ivar npogpxouevn anod TexVikEG (Information
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Filtering) nou yla va GUOTNHOOUV QVTIKEIMEVA OTOUG XPNOTEG, XPNOIMonoioUuv
npoTacel ouddwyv. Mapdadeiypya av &vag XPnoTng avhkel o€ Pia opada nou
exel Ogl kKaTd HeyaAn nAsiowneia Tnv TeAeuTaia Taivia Tou Woody Allen kai
TOUG Apeoe, evw NApAAAnNAa ekeivog Oev Tnv €xel Ogl, TOTE €ival NoAU PeydAn
n mOavoTnTa va apEoel KAl OE EKEIVOV.

e XTATIOTIKEG Zuvowioelc [Statistical Summaries]: H p€Bodoc auTn NepIEXE!
OTATIOTIKA OTOIXEId TWV NPOTACEWV Hia opadac. Ta oTATIOTIKA auTa Wnopei va
gival NnooooTa PETPROEWV ONUOTIKOTNTAG KAMOIOV AVTIKEIMEVWVY 1] HMETOI Opol
BaBuoAoyiwv. H PETPROEIC AUTEG EVOEXOUEVWCG va OXETICovTal TOOO HE TOUG
XPNOTEC 000 KAl JE Ta avTikeigeva. O1 XpnoTeg unopolv va €XOUV YyVwon TwV
MEOW TIHWV TV BaBuoAloyiwv aAAa dev pnopolv va €xouv NpoocBacn waoTe
va BAEnouv nolo¢ €xel BaBuoAoyroesl kal noco. Mapddeiypya o' XpnoTng
yvwpilel OTI pia Tawvia €xel péco opo BaduoAoyiag 6,1 og €vav. GUVOAO
nepinou 2000 xpnoTwv.

o Texvoloyieg BaoilOpevec o xapakTnpioTika [Attribute-based Technologies]:
H péBodoc autn oOnwc npokUuNTel kal and To Ovopda TnG PagcileTtalr oe
TEXVOAOYIEC ME XAPAKTNPIOTIKA TWV AVTIKEINEVWV. MMopei kaveic owoTta va
UNoBEael OTI €XOUME VA KAVOUMPE WE MIa Mo OUVOETN HOPPN TNG avAaKTNong
aKaTEPYaoTwV oTolxEiwv. Mapdadelypa &vag xpnoTng pnopei va BAENEl TaIvieg
TnG dekasgTiag Tou ‘90 kal YOVO AUTEC.

e SUOYXETion AvTiKeEieEvo npog AvTikeipevo [Item-to-ltem Correlation]: ZTnv
HEBODO auTn oxeTifovTal TA Mio ouxva-eu@avi(opeva avTikeiyeva, yadli ye Ta
AQVTIKEIJEVA MOU EXEl eK@PPAOTEi evilaQEpov and Tov XPNOTn. & daAnAEG
NEPINTWOEIG WNOPEI va OUCXETIOEI KaTnyopiec nou Taipialouv  yia €va
OUYKEKPIMEVO avTIKEiNEVO. Avaloya noco nponyuevn €ival n HEBodoG Pnopei
va KAvel NEPIOCOTEPOUG Kal Mo, MOAUNAOKOUG GUOXETIOMOUG. MNapddeiyya aTov
XpHoTn nou ayopddel éva.donpo. NoukKAapioo, NPOTEIVEI va ayopdoel Kal &va
MMAE navTteAovi, NpIv TEPUATIOEl TNV ayopd Tou, TaipialovTac €PMEDA TIC
KATNYOPIEG.

'OAEG ol pEBodOI Ba €Aeye Kaveic OTI emBAAAeTal va ens€epyalovTal Ta OTOIXEId TOU
XPNOTN N TWV AVTIKEINEVWV, WOTE va HMAOPei 0 XpnoTng va anoAaupaver Tig
KaAUTepeC dUVATEG OUGTACEIC, TOOO OTNV €YKUPOTNTA OGO OTn apecoTtnTa. Kari
TETOI0 OpWG Ba nTay aduvaTto €1dIKA OTIG Nio NepinAokec PeBddouc Onwg User-to-
User Correlation & Item-to-Item Correlation énou anaiteiTal pia nio xpovoBopa apa
kal offline engEepyacia Twv dedopévwy Nou OIABETOUPE. € AUTEG TIG MEPINTWOEIC
Mnopei To JOVTEND Pag va Xpnoidonolei online Ta anoTeAéouaTa Nou €X0UV NPOKUYEI
and rnv offline enegepyaocia kal oTnv CUVEXEIQ va EVNUEPWVEI TA OTOIXEId WOTE va
yiveTaiek véou n offline diadikaocia woTte va dnuioupynBei yia aAucida cuvepyaaoiac.

2.2.3. 'ESo50¢6 RS

H €£Eodoc o0t £€va ouoTnua oloTacng e€ival Aappnkta OuvOedePévn ME Td
XApaAKTNPIOTIKA TwV O0edopEVWY nou avaAubnkav oTnv HEBOSO napaywyrg
ouoTtaonc. To nMARBoG, n Hop®n aAAd kal n akpiBela Twv OedopEvwy eival ol
napdapeTpol Nou ouvTeAoUV oTo anoTéAeopd. O guvnBEoTEPOG TUMNOG €ival pia kabapn
KAl OUYKEKPIPNEVN ouoTaon n npotaon. NMapddelyda cuoTAVETAl 0TO XprHoTn AvTwvn
va dOgl Tnv Taivia «O Alknyopoc Tou AiaBoAou». ITnV MEPINTWON MOU O XPNHoTNnG
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avnkel o€ oyada yvwaoTr O€ QuTOV MN.X. O€ £va KOIVWVIKO OIKTUO, HNopei To ouaTnua
va kavel yvwoTn Tnv BabuoAoyia Tou. Mg auTo Tov TpdNo pnopei va Tov Bonbroel va
€€Ayel Ta oUPNEPACHATA Tou. EmimAgov, pnopei va An@Bouv unown TuxOov review
aA\wv xpnoTwv Tng idiag opadac. EvaAlakTika pnopei n €€E0do¢ va gival TnG HopPnG
npOBAEWNC via TNV evOexOuevn BaBuoAoyia Tou XpnoTn Yid TO AVTIKEIYEVO. ZUVEN®G
TO ANOTEAECHA PNOPEI va €ival akoun Kal Yia AioTa avTIKEIJEVWY YIa Evav XpnoTn.

2.3. ESaropikeguon

Ta ouyxpova ocuoTnuaTta oUoTaong Pnopouv va €EAyouv NPOTACEIC PE DIAPOPETIKO
Babuod €€aTtopikeuon [Personalization Degree]. Mn EEaTtopikeupéva cuotnuata [Non
Personalization Degree] €ival ekeiva nou KAvouv OHOIEG NPOTACEIG OE KAOE XpnoTn.
ZuvnBwg BacifovTal o OTOIXEI@ MOU €Xouv GCUAAeXBei and OTATIOTIKA "OTOIXEIq,
EPWTNUATOAOYIO Kal GAAEC NAPOMOIEC TeEXVIKEC. MNa napddeiypya GTaATIOTIKA Mou
agopouv TNV MPeyaAUTEPN akpoapaTikoTNTA yia £€va npoypaupa. Tng ThAsdpaong,
EMINOYEC KPITIKWV KIvuaToypagou n BiBAiwv, oxoAia, pécol Opoi BabuoAloyiwv K.d.
EnminAéov, YEPIKA GUOTAKATA XPNOIMONOIOUV TNV TEXVIKN TNG Zuvennc EEaTtopikeuong
[Persistent Personalization], dnAadr] ocuoTruaTa Nou €EAyouv MPOTACEIG MOU €ival
OIaOPETIKEC YIa OIaPOPETIKOUC XPNOTEC NApOAO MNou. ekeivol €nmIAéyouv Ta idid
avTIKEIJEVA. ZUCTANATA oav auTd xpnoidonoloUv GUOXETION XPAOTN Npog XPnoTn,
AVTIKEIMEVOU  NPOC  avTIKEIEVO aAAd  kal Bacilopeva o XapakTnploTikd.
EmnpdoBeTa, undpyxouv ouoTAPATA CUOTACNG MOU. XpnoigonoioUv Ta OedoNEVA TWV
XPNOTWV WOTE vd NPOCApPOCOUV TIG NPOTACEIC OTa €vOIAPEPOVTA Touc. AuTd Ta
OUOTAMATA €Xouv WG BACN TNV CUOXETION AVTIKEINEVO MPOG AVTIKEIWEVO, NEBODOUG
nou Pacifovral oTa XapakTnploTikd <aAAd.- kar ouvduaouo Twv duo. Ta
npoavagepoyeva ouoTAUaTa Bewpeital ~OTI  €xouv Eenuepn EEaTtopikeuon
[Ephemeral Personalization].

2.4. AAyopiBuol ZuoTaONS

O1 Bagikég HOpPEG alyopiBuwv ouoTaonc ival ol €EN¢ [4]:
o Xuvepyartiki AiR6non [Collaborative Filtering]

Ta cuoTANaTa duToU 'ToUu TUMOU CUCTNVOUV AVTIKEIJEVA nou sixav BaduoAloynoei
oTo napeAbov. and AAAouG XpHOoTEG WE Opold youoTd HE Tov XProTn-oToxo,
ouoxeTi(ouv-AoINdV TOUG XPNOoTeC METAEU Toug. H opoldTNTa TWV EVOIAPEPOVTWV
dUo. xpnoTwy unoAoyileTal e Bacn To NOCO KOIVO €ival To napeABov Twv
OUYKEKPIMEVWV XpNOTWV OTIG BaBUOAOYNTEIC.

o AIROnon Baoiopévn oto epiexopevo [Content-based Filtering]

AuTOG 0 TUNOG CUCTNAMATOG NPOTEIVEI avTIKEiueva BACEI TWV AVTIKEIMEVWV MOU O
XpNoTnG cixe Pabuoloyrosl oe nponyoUHeveG AAANAEMIOPACEIC TOU HE TO
guoTtnua. O unoAoyiopog TnG opoldTnTag (similarity) yiverar oe oxéon e Ta
XAPAKTNPIOTIKA TwV aVvTIKEINEVWY Mpog oUykpion. ‘ETol yia napdadeiypa av
kanolog eixe dwael uynAn BaBuoAoyia oTo NapeABoOv og €va Tpayoudl NoU AVAKEI
oTnv kartnyopia rock, TOoTe To oUOTNUA NAPAYWYNG npoTadoceswv pabaivel va
OUOTNAVEI Kal GAAQ HOUCIKA KOPUATIA MOU adVAKOUV OTO CUYKEKPIUEVO €i00G.

o YBpi1dikég Mpooeyyioeig [ Hybrid Approaches]
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H katnyopia auTn cuoTnuaTwv Xpnoigonoiei éva ouvduaoud Twv HEBOdWV Mou
avagepovTal Napanavw, EKPNETAAAEUONEVA TA NPOTEPNAKUATA TNG HiAg TEXVIKNAG YId
va KaAUWouV Ta UEIOVEKTAMATA TNG AAANG. Yndpxouv noAAoi dlapopeTikoi TpONOI
ME Toug onoioug cuvdualovtal dUO I Kal NEPIOCCOTEPEG TEXVIKEG CUOTNNATWV
npoTacewv yia va dnuioupynBei €éva upBpidikd oloTnud. XTOX0G ToUu guvduaauou
dlapopeTikwV HeEBOOWV gival n BeATiwon TNG anddoon G TouG.

24.1. Zuvepyarikil AiIROnon [Collaborative Filtering]

H Baoikn 10éa niow and Ta OUCTANATA OUvVeEPYATIKAG dINBnong [Collaborative
Filtering | CF] €ival n avtAnon nAnpogopiwv and TIG €UNEIpiEC MIAG OAOKANPNG
KOIVWVIag XpnoTwV Kal oxl Jovo and €vav PJEPOVWUEVO aTopo. Tunika KAbe xpnaortng
OoxXeTiCeTal he €va oUvoAo anod AAAoug XpnoTeg, Twv onoiwv Ta npo@il napouaialouv
TIC MeyaAUTepeG opoloTNTeG (nearest-neighbor users). O1 Texvikéc CF avalntouv
OUOXETIOMOUC avANECSA OTOUG XPrOTEG, Ol onoiol NPOKUNTOUV amnd TIC MNPOTIUNOEIC
nou Toug anodidovTal aTa NpoPiA Twv XpnoTwyv. OI XpAOTEC NoU TeAIKa eniAéyovTal
gival ekeivol nou ep@avifouv To HEYAAUTEPO GUOXETIONO. -OL XPNOTEC AuToi OTNn
OUVEXEIQ anoTeAouv “recommendation partners” yia To XpnoTn nou €EeTAlOUlE Kal
avTiKeigeva nou gugavifovral ota npo@ik Touc (Kai 0xI.oTo NPogi\ Tou XprioTn nou
e€eTaloupe) pnopouv va npotabolv o€ AUTOV.

Enopévwg n BabpoAdynon €voc XprnoTn u yia ‘€va avTIKEIHEVO i nou Oev TO EXEl
BaBbuoAoynoel 6a eival opola pe TNV BaBpoAoynon nou £dwOoe OTO AVTIKEIMEVO €vacg
AaAAoc¢ XpnoTnG Tou GUOTANATOG, OEDOUEVOU OTL.OI JUO XPNOTEC £XOUV BABUOAOYNOEI
GAAO aVTIKEIYEVA TOU OUCTNHATOC ME MApPOMoIo Tpono. Me To idlo OKEMTIKO, O
XxpnoTng u miBavortata 6a dwoel napouola BabpoAoyia yia duo avTikeiheva i kai j, av
ol aAAol XprOTEC TOU OUGTAHATOC £Xouv Owael napouoleg BaBuoAoyiec oTa duo auTa
npoiovTa.

Ta BApaTa nou akoAouBouvTal g€ €va 2uoTnua CF yia TNV napaywyr OuoTACEWV
eival Ta €&nG:

1. ZTabpion OAWV TWV XpNOTWV OE OXEON WE TNV OMOIOTATA TOUG OTNV
OUMNEPIPOPA UE TOV. XPFOTN-0TOXO

2. Emloyn piac.opadac xpnoTtwv PeE Ta uynAdTEpa BApn NOU NPOEKUYAV ano
TO NMpWTO BAKMA KAl XpNon Touc aav ava@opd (XproTEC-YEITOVEG)

3. MpOoBAeYwn-yIa TNV NPOTIKNON TOU XPROTN-0TOXOU YId KAMOIO AVTIKEIYEVO.

Ta.JuogrmuaTta MpoTtdoswv CF pnopoUv va kartnyoplonoin8ouv oTa memory-
based. (n heuristic-based) kal ota model-based [8]. O1 memory-based aAyopiBuol
anoTeAOUV heuristics Nou KAGvouv NPoBAEWEIC BAGIOUEVOI GE HIAd OAOKANPN CUAAOYN
and nponyoupeva BaBuoAoynueva avTikeiyeva and Toug XPHAOTEC. H Tiuf piag
ayvwoTng Babuoloyiag ry; yia To Xpon U Kal To avTIKEIHEVO i unoAoyileTal oav n
ouvapoion Twv BaduoAoyiwv Twv N XpNOTWV-YEITOVWY YIa TO idI0 AVTIKEIMEVO i:

ro,i=aggrry;, uel
'Onou U, €ival To oUvoAd Twv N XpnoTav-yemovwy. H TiuR Tou N pnopei va

napel TINEC ano 1 £€wG Tov apiBud Tou NARBOUG TWV XPNOTWV.
>TnVv nio anAn nepinTwaon n ouvabpoion €ival o HEoOG OPOG:
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1
My,i= N Z Fui

QoToco n nio dladedopEvn npooiyyion €ival va xpnoigonoinBei To oTabuiouévo
aBpoioua nou (aiveral NapakaTw:

rui= kz sim(u, u’)xry ;

u'el

onou o NoAAanAaciaoTAC k AEITOUpYEI oav NapayovTac Kavovikonoinong Kai gival:

1
K= S eo simu,u))|

'Eva aAAo napadeiypa ouvabpolong divetal anod oxeon:

o=ty + kz sim(u, u)x(r,,— 1)

u'el

'Onou n JEon eKTiunon Tou Xpnotn u (), diveral and.Tn ox&on:

Fu=(1/|]:u|)2ielu My, ME I,={iel |ru,i * 0}

Me TOV OUPBOAIOUO 1y = @ DEiXVOUUE OTI TO AVTIKEIUEVO i Bev €xel BaBuoAoynBei anod
Tov XpHoTn u.

H oguvaptnon opoioTnTag (similarity) pera&u Twv XpnoTwv u kai u' sim(u, u') sivai
Mia METPIKA andoTaong Kal XpNoILonoIEiTal.wG €va Bapog, dnAadrn 000 NePICTOTEPO
opolol gival ol XPAOTEC u Kal u TG0 peyaAUTepo Ba eivar To BApog TNC
BaBuoAdynong ry ; OTNV NPOBAEWYN TOU ry i

O1 nio dnuo@PIAEic HEBodoI NpodeEyyiong eival n correlation kai n cosine-based. 'EOTw
lv TO OUVOAO OAWV TWV AVTIKEIMEVWV MOU Kal ol dUOo XPRAOTEG U KAl V EXOUV
ekTIUNOEl dnAadn Iy, ={i€l [r,;#0 & r,; #@}. ZTnVv correlation cuoTtaon 1o I, €ivai
ouvnlwcg eva evolduedo aroTéleopa otn O0i1adikaoia yia TOV UMOAOYIOHO TwV
«KOVTIVOTEPWV YEITOV@WV>» TOU XPHOTN U Kal unoAoyileTal guxvd oav n Toun Twv
guvoAwv I, kai I, .'Opwc unapyouv YEBodoI ONwc n graph-theoretic nou kabopicouv
TOUG KOVTIVOTEPOUG YEITOVEG TOU U XwPIig ToV unoAoyiopd Tou Iy, Yia OAoug Toug
XpnoTeg v [9]

TNV NeEPINTWOTN 'auUTh, 0 CUVTEAECTNC Pearson nou XPnOIYOMOIEITAl YIA va WETPROEI
TNV odoloTNTA OiveTal anod Tn oxean.

Zielu\, (ru,i'Fu)(rV,i'Fv)

Jg%mm—myzamw—mz

sim (u,v)=

>Tnv nepinTwaon TnG cosine-based ol dU0 XpNAOTEC U KAl v avTigeTwnifovTal gav dUo
dlavuopata oto m-381doTato Xwpo o6nou m = |l,,|. H opoidtnTa peTa&u Twv duo
dlavuopaTwV Jnopei va PeTpnBei pe Tov unoAoyiohgd TOU GuvnuiTOVOU TNG ywviag
MeTAEU TOUC:
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Yiely My, ifv,i

" JZieIUV ("u,i)2 \/Zieluv (rVIi)z

sim (u,v)= cos(u,v

TpononoiNosi§ Twv napandvw &xXouv npoTabei oe NOAAEC epyacieg Pe oTdXO
TN BeAtimon Tng anddoonc. Evw ol napandvw TEXVIKEG Napadooiakd €XOouV
xpnoigonoinOei yia va unoAoyioouv TIG ohoIOTNTEG METAEU Twv XpnoTwyv, To 2001 ol
NPOTAONKE va UMNOAOYIOTOUV Ol OJOIOTNTEC METAEYU TWV AVTIKEIMEVWV Kal va AngBouv
0l EKTIUACEIC ano auTéC [10]. AuTn n 10€a enekTABNKE NEPAITEPW OTNV £pyacia Twv
yia TNV napaywyn Twv N KaAUTEpwv npoTacswv [11].

O1 model-based p€bodol Bacifovtal apXika O €va GUVOAO JEJOUEVWV Yia va
eknaideloouv €va PNOVTEAO, TO OMoio XpnaoigonoloUv OTn CUVEXEID yia'va“kavouv TIG
nNPoBAEYEIC. ZUNPWVA PE AaUTO NpoTeiveTal pia meavoTikn CF npogéyyion [8], énou
ol AYVWOTEG EKTIMNOEIG unoAoyifovTal wg €EAG:

n
o i=E(rg) = ) §x Pr(ry =] |rypiely)
=0

O1 TINEG BaBuoAdynaong sival aképalol apl®uoi. yeTa&u 0 kal n Kal n €Kepaacn
niBavoTnTag €ival n méavoTnTa 6Tl 0 XpAoTnG u‘Ba kKAvel pia 101aiTepn eKTiuNon yia
TO AVTIKEIYEVO i DEQOUEVWV TWV MPONYOUHEVWY EKTIUACEWVY Tou. Na va unoAoyioOei
auTn n eKTignon npoteivovtal U0 evaAAAGKTIKA MiBavoTikG HovTeéAa: To Cluster
model kal Ta Bayesian JikTua. TNV NpwTn NEPINTWON <«OMHOIOI»  XPNOTEG
opadonolouvTal o€ clusters (opddeg). Aaufavovtac unown Tnv 1010TNTA JEAOUG KABE
opadag, ol EKTIMNOEIG TOU XPNOTN unoBeToupe OTI NTav ave&aptnteg. O aplBuog Twv
opadwv KAl ol napapeTpol TOoU .HOVIEAOU eknaidevovtal and Ta Oedopéva
€Knaideuong.

To OeUTEPO MPOVTEAO AVTINPOOWNEUEl KABE AVTIKEIMEVO OTNV MeEPIOXN oav
kOUBO ot £va Bayesian JikTUO,; OMOU Ol KATAOTACEIC KGO KOPBoU avTioToixoUV OfE
niBaveg exTIUAOEIG YIa KABE avTiKeihevo. TOoo n doun Tou JIKTUOU OGO Kal ol uno
ouvOnkn niBavoTnTeg eknaidsvovTal anod Ta dedopeva. 'Evag NepIopIoUOg auTAG TNG
NPOCEYYIONG €ival 0TI kaBe-xprioTng unopei va TonoBeTnBei o€ yia pdvo opada.

2.4.2. AInOnon Baciopévn oro mepiexopevo [Content-based Filtering |
CBF]

Ta ZueTnuaTta nou otnpifovral otn ANdnon Bacioyévn oTo nepiexdpevo [Content-
based Filtering | CBF] cuoTrivouv avTiKeideva OpoIa WE €KEiva MoU O XPROTNG EiXe
NPOTIUACElI 0TO NAapeABoOv. 'Eva TETolo ZUOTnUa HPOVTEAOMOIEI £€va MPo@iA yia Tov
XpHoTn JE Baon TIG 1I0I0TNTEG TWV AVTIKEIMEVWY NOU £XEl NaAaloTepa Babpoloyhoel o
iDlIo¢ Kal oTnV ouvéxela ouvdualel Ta XapakTnPIoTIKA MoU €ival unoBnKeUPEva OTo
NPOQIA PE Ta XAPAKTNPIOTIKA TOU MNEPIEXOMEVOU MOU AVTIOTOIXEI OTO AVTIKEIPEVO,
NpoTeivovTag TEAIKA evOIAPEPOVTA YIA TOV XPNOTN AVTIKEIYEVA.

'EoTtw Content(i) €ival To npo@i\ gvdc avTikeigévou i, OnAadr éva guvoAo
and XapakTnpioTIKa MoU avTInpooWneUoUvV TO TMEPIEXOUEVO TOU | KAl TO
xapakTnpidouv. To MNEePIEXOUEVO aAUTO OUVNBWC NeEPIYPAPETAl PE  AEEeIc-KAEIDIa
(keywords). H «onupavTikotTnTa» TnG A€ENG-KAEIdi k; KaBopileTal PeE MIa PETPIKN
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Bapoug w;. Kar ContentBasedProfile(u) €ivar To npo@iA Tou xpnotn u nou
nepIAapBAvel Ta XapakTnpIoTika, Ta evOlaPEPOVTA KAl TIC NPOTIUAOEIS ToU. AUTO TO
npo@iA dnuioupyeiTal anod Tnv eneEepyacia Tou NEPIEXOHEVOU TWV AVTIKEIMEVWV MOU
£x€l BaBpoAoynoel. 2Ta cuoTruaTta CBF n ouvapTnon XpnoiNoTNTAG opileTdl wG:

f(u,i)=score(ContentBasedProfile(u), Content(i))

Toéoo To ContentBasedProfile(u) Tou xpnotn u o6co kai 1o Content(i) Tou
avTIKEIYEVOU | pnopoUv va avanapactabouv cav diavuopata Bapwv w,, WiTwv
AeEewv - kAeg1dIa. EmnAgov, ouvaprtnon XpnolnoTntac BiBAloypagia cuvavTaTal pe
KAMola €UPETIKA BaBuoAdynon nou opileTal Ye TOUG OPOUC TWV dIAVUCHATWV W, Wi,
OnwG To JETPO OMOIOTNTAG TOU GUVNUITOVOU.

K
j=1 Wj,u Wj,i
K 2 K 2
JZj:le,uJZj=1Wj,i

onou K gival 0 GUVOAIKOG aplBuog Twv AEEewv-kA£IOIG oTorcUOTNNA

f(u, i) = cos(W,, W) =

AANEG TEXVIKEG TNG KATNyopiag mou €xouv €nigng xpnoigonoinBei €ival ol
Bayesian Classifiers (Ta&ivounTeg), ol Machine Learning TEXVIKEG
oupnepIAapBavopevwy Kal TexVIKwV Clustering-(ZuoTtadonoinong), Ta Decision Trees
(AévTpwv Andgaonc) kal Ta Artificial Neural Networks (TexvnTd Neupwvika AikTua).
AUTEG 01 TEXVIKEC JIAPEPOUV OTO YEYOVOC OTI unoAoyilouv TIC NPOBAEWEIC OXI ME
EUPUOTIKO TPOMO M.X. TO METPO oPoIOTATAC CcuvnuiTovou (cosine similarity measure),
aAAG Baociopéveg ot €va POVTEAO=MNOU- ekNaIdeUeTdl and OUAAEyUEVA OTOIXEID
XPNOIMONOIMVTAC OTATIOTIKEG KAl Machine Learning TEXVIKEC.

To onuavTikoTepo NpOBANua TnG HeBddou CBF eival n avaykn yia pia KaAn
aneikovion TWV YVWPIOHATwY nepiEXoUEVoU. H elpeon auThAG TNG ansikdviong PNopei
va anodeixTei NpoBANUATIKN KAl XPOvVoROpa. & WEPIKEC MEPINTWOEIC HAAIOTA iI0WG
dev eival duvaTo va BpeBei pia TETola ansikovion. AAa npoBARuaTa nou epgavidouv
ol content based TEXVIKEC £XOUV vad KAVOUV HE TOV TPOMO MouU E€nIAéyouv Ta
AavTIKEIJEVA Ta onoia npoTeivouv oTo XpnoTtn. Ensidry ol npoTdceic nou yivovTal
BacilovTal ot avTiKeigeva napoOpold PE AVTIKEIMEVA MOU 0 XPHoTNnG eNEAEEE OTO
napeAdov, To MPOPIA TOU XPNOTN KAl Ta avTikeiyeva nou autd nepidauBavel,
neplopilel dutépaTta 1o NARGOC Twv MPOTACEWV MOU PNopoUv va Tou Yivouv aTo
MEAANOV. To '‘mpOBANMa autd €ival eVTOVOTEPO OE MEPINTWOEIC VEWV XPNOTOV TWV
onoiwv. Ta MPOo@IA MNEPIEXOUV MNEPIOPICUEVO apIOUO avTiKEIWEVWY. 'ETal gival noAu
OUokoAO.va Bpebouv kalvoupyla avTiKEiyeva Ta onoia va poialouv PE AUTA nou
unapxouv ndn oTo NPo@iA Toug, yia va Toug npoTtadoulv.

2.4.3. YBp1d1kég Mpooeyyioeig [ Hybrid Approaches]

ApPKETA OCUCTANATA OCUCTACGEWV XPNOIMOMNoloUv Tnv UBpPIDIKA MpooEyyion
ouvdudalovTag collaborative kal content-based TeXVIKEG HE OTOXO va anopUyouv
TOUC NEPIOPIOPOUG Mou eveéxel KABe pia ano autég. O1 diapopeETIKOI TPOMOI Mou
punopoUv va ouvduaoToUv ol dU0o TEXVIKEG €ival ol akoAoubol:
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e YAonoinan Twv TEXVIKWV EEXWPIOTA KAl OUVOUACHOC TWV NPORAEYEWV.

¢ EvowpaTtwon content-based xapakTnpioTikwv o€ Wia collaborative

NpPoGCeyyIan.

e EvowpaTtwon collaborative xapakTnploTikwv o€ pia content-based

NpPoCEyyIon.

e Anuioupyia evog YEVIKOU LHOVTEAOU TO OMOi0 EVOWHATWVEI kal content-based

kail collaborative xapakTnpioTikd.

Mapakdtw akoAouBei MMivakag nou ouvowilel TIC KATNYOPIEC SUOTNUATWV
MpoTacewv. ZToV nivaka | €ival n oydda Twv avTiKEINEVWY anod Ta onoia yivovTal ol

OUOTAOEIG,

U sival

n opdda Twv XpPNoTwWV TWV OMNoiwv Ol

NPOTIUACEIG KAl

BaBuoAoynoseig €ival yVwOTEG, U €ival o XprnoTng-oTdXoG yia TOV OMoIio“Mperel va
napaxBei n ouoTaon Kai i €ival To avTIKEiYevo yia To onoio {nTeital va npoBAepOei n

BaBuoAdynon Tou u.

TEXNIKH

AEAOMENA

EIZOAOZ

AIAAIKAZIA

Collaborative
Filtering | CF

BaBuoAoynoeic U
OTa avTIKEIPEva
Tou |

BaBuoAoynoeic Tou
uvyia Ta
avTikeigeva ato |

EUpeon xpnotwv
Tou U opoiwv Tou u
Kal xprnon Twv
BaBuoAoylwv TOUG
YId TO i

Content-based
Filtering | CBF

XapakTtnpIioTika
TWV AVTIKEIMEVWV
oTo |

BaBuoAoynosig Tou
u yia_Ta
avTikeiyeva oTo |

MNapaywyn npogiA
Me Bdon Tnv
BaBuoAoyikn
OUMNEPIPOPA TOU U
Kal Xprnon Tou OTo i

Hybrid
Approaches

BaBuoAoynoeig U
OTa avTiKEipeva
Tou.l kal
XAPAKTNPIOTIKA
TWV. NPOIOVTWV OTO
i

BaBuoAoynoeic Tou
uvyia Ta
avTikeiyeva oTo |

Mapaywyn npo@iA
ME Baon Tnv
BaBuoAoyikn
OUUNEPIPOPA TOU U
Kal XprAon Tou OToO i
o€ ouVOUAOWO WE
EUpeon xpnotwv
Tou U OlOoiwV TOU U
Kal Xpnon Twv
BaBuoAoylwv Toug
YId TO i
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3. Wnopilakn TnAsépaon

H A&EN TnAedpaon NpoEpXeTal anod To apxaio EAANVIKO NPOBEUA «TNAE» Mou onUaivel
Makpid kail TnG A&Enc «opacon» nou onuaivel BAEnw. H TnAedpaon eival eva cuoTtnua
TNAEMNIKOIVWVIAC MOU XPNOIYEUEl OoTn HETAdoon kal ANWn KIVOUMEVWY EIKOVWV Kal
nxou €€ anooTaocews. AMNOTEAEI TO KUPIOTEPO Kal ONUOPIAEoTEpO Méoco Madkng
Enikoivwviag kai n xpnon tng €ival 1diaitepa diadedopevn oe 6Ao Tov KoOopo.[7] O
0pOG KAAUNTEl OAOKANPO TO @PACHA TWV TEXVIKOV XAPAKTNPIOTIKWV Kal TwV
dpaocTnPIOTATWV Nou agopoUlV Ta TNAEONTIKA NPoypAuNaATd, KaBwg kal Tn PeTadoaon
TouG. ZuvnBwg, AéyovTag "TnAeodpaon" evvooUuE Tn GUOKeUr, dnAadn Tov J&KTn, O
onoiog Aappavel 1o (TnAgonTikd) OAPA MOU €KMNEPMOUV Ol TNAEONTIKOI oTABUOiI o€
OUYKEKPINEVEC auxvoTnTeC (N aAMwC kavdaAia) e Tnv oBovn nou ansikovilel To
anoTEAEONA TNG eKNOUNNG (METATPOMN TOU ORNATOG O €IKOVA KAl X0).

3.1. H £€§€Ailn Tng TnAedépaong

OI NpwTeC TNAEONTIKEC METAdOOEIC WE €nmiITuXia €yivav UETAEU 1928 - 1935 gTo
Aovdivo, ano Tov John Logie Baird. >To apxikd oTadIio ToU GUOTANATOC OTIC EIKOVEG
dev pnopouoav va avanapaxBouv ol PIKPEG AENTOPEPEIEC KABWC TIC anoTeAoloav
MOAIG 30 ypappeg. ZTic 25 Touviou Tou 1951 peTadideTai N MpwTn EyXPWHN EKMNOMMN
and To apepikavikd kavaAl CBS. H au&non Tng OnuoTikdTNTAG TnG TNAEOPACNG
OUVEXIOTNKE @TAVOVTAG OTA TEAN TnG OekaeTiag Tou 1980 va Asmmoupyolv oTnv
Apepikn nepinou 1300 TnAgonTikoi oTaBpoi, evw To 98% TwV KATOIKIWV va OIABETE
€0Tw pia TnAedpaon. ZTnv dekaetia Tou 2000, oI TNAEoPACEIC ApXIoAV va €XOUV
iBlaiTepa Opoppn oxediaon. Mo CUYKEKPINEVA, va kaTaokeudlovTal AEnTEG, ME
MeyaAo PEyEBOC aneikoviong Kal availuonG. Ol nepicodTEPEC TNAEOPATEIC CUVOLOVTal
oto 0Ol1adikTuo, ouvdfovTal Me I01AITEPA’ €EEAIYUEVEG NAIXVIOOUNXAVEC, (POPNTEC
OUOKEUEC I computers npoo@EPOVTAG . NOAAEG wpPeC OlaOKEDAONG OTOUG XPrOTEG.
MapdAAnAa yivetal n oTadiakn. PETAPOPA and TNV avaloyikn OTNV Wnelakn
TnAgedpaon, enITpénovTac TnGaugnon TngG noloTnTag JeETadoaong BivTeo kai rfxou.

3.2. Digital Video Broadcasting [DVB]

AigeBvwc n nio dnUO@IANG oouiTa PE avolkTd npdTUNaA yid TNV WneIiakr TnAsdpaon
gival To Digital.Video Broadcasting [DVB]. Me Bdaon Tnv peEBodo peTapopdg oAPATOC
HnopoUlE va-npoBoUde oTnV €ENG KaTnyoplonoinon:

e “Eniyeia Wneiakn Metadoon [DVB-T]

e Aopugopikn TnAeopaon [DVB-S | DVB-S2]

o KaAwdiakr TnAgopaon [DVB-C]

e Eniyeia Wnoiakrn MeTddoon yia popnTeEC ouokeUuec [DVB-H]
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3.2.1. Emiyaia Yneilakiq Meradoon [DVB-T]

Eikova 2: ZuvdeopoAoyia DVB-T

To Digital Video Broadcasting - Terrestrial [DVB-T] eivar To Eupwnaikd
oUOoTNMAa €niyeElac €KMNOMMNAG kKal AQWnNg Wneiakou onuartog. Me Bdaon auto To
oUOTNKA EKNEUMETAl KIA PON CUMNIECHEVNG WNPIAKNG EIKOVAG KAl NXOU GUMMIECHEVN
katd MPEG-2 | H.264 kal diauoppwan OFDM. 'Oco yia Tnv Anwn Yiverar ye anAn
kepaia. AQoU npaypaTtonoin®si n' kwdikonoinon TNG €IKOvVAG, TOU AXOU Kal TV
O0ed0oUEVWY MOAUNAEKOVTAI OE WId. PO APOYPAPPATog MPEG-2 PS, €KTOC av aTo 1o
kavaAl peradidovTal kal dAAa mpoypduparta onoTe €XoUhe MPEG-2 TS. H ARwn
yiveTal yéoa and Tov OEKTN yvWOTO Kal wG Set Top Box. O1 puBpoi petddoong
KupaivovTal ano 5-32 Mbit/s avaloya pe Tnv diapopPwaon Kai Tnv kwdikonoinaon.
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3.2.2. Aopuopikn TnAeopaon [DVB-S | DVB-S2]

Eikova 3: ZuvdeopoAoyia DVB-S2

Ano 10 1995 xpovoAloyeital To DVB-S [Digital Video Broadcasting Satellite] kai
anoTeA&l TO NPWTAPXIKO CUOTNHA WNQIAKNG HETAd0oNG Bivreo PECW JOPUPOPWV.
ApXIKa Ta BivTeo npoc peTaGdoon nrav Kwdikonoinueva wg MPEG-2 €xovTag noldtnTa
avaluong SDTV [Standard Definition TV]. To 2005 1o BeATiwpévo DVB-S2 [Digital
Video Broadcasting Satellite = Second Generation] £xovtag¢ noidtnTa avaiuong
HDTV [High Definition TV], avTikatéotTnoe To undapyxov DVB-S. Ta Bivreo eivail
kwdlkonoinuéva He Tov aAyopiBuo H.264 [MPEG-4] pe duvatoTnTa €KMNOMMNG ME
kwdlkonoinon MPEG-2 kal diauoppwaon QPSK rp MAPSK. Ta dedopéva npiv Tnv
EKMOMMNN KATavéUovTal ge Naketa DVB-S|2 spapuolovtag kwdikonoinon CRC-8 yia
TNV d16pBwaon Twv AaBwv. O1 Tponol diapopPpwaong sival QPSK, 8 PSK, 16 APSK kal
32 APSK. XapiG.TIC VEEC TEXVIKEG, ONWC N AAAAyn NApApETpwWV dIAPNOpPwWOoNG Kal
kwdlkonoineng. [VCM - Variable Coding and Modulation] g npayuaTikd Xpovo Kai
Tnv ougniean MPEG-4 snmituyxavel 30% kaAutepn andédoon and To DVB-S.
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3.2.3. KaAwdiaxkn TnAseépaon [DVB-C]

Eikova 4: AvtaAAacoopevn NMAnpogopia Nakétwv o DVB-C

To ouoTnua wneiakoU Bivieo kaAwdiakng MeTadoong DVB-C [Digital Video
Broadcasting - Cable] enituyxavel va PeTadidel BivTeo kal o CUUMIECUEVA HE TOV
aAyopiOuo MPEG-2 kal uno QAM Jdiauopeworn. Ol poEG NPOYyPANKATOS NOAUNAEKOVTAI
0 Mg MOpPEn HMETAPOPAC MPEG-2 TS« [Transport Stream]. AvaAoya and TG
napapeTpous diapopPpwaonc, ol pubpoi peTadoong Tou MPEG-2 TS pnopouv va
@pTaoouv Ta 64 Mbit/s. ZTa nakéTa Oedopevwv HNkoug 188 bytes epapudleTal o
kwdlkag RS [Reed Solomon], e duvaTtoTnTa d16pBwaong wg 8 Aabog bytes. O Tponol
dlapoppwaong sival 16 QAM, 32.QAM, 64 QAM, 128 QAM kal 256 QAM. MapaAAnAa
TO JIAUOPPWHEVO ONUA QIATPAPETAl AOYW TNG ANONAKPUVONG TWV NApPEPBOAWV Kal
OTNV CUVEXEIQ HETATPENETAI/OE AvaAoyIKO ONUa yia va d1apopPwOei oTo TEAIKO onua
RF.
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3.2.4. Emiyaia Wneilakn Meradoon yia opnrég cuokeuég [DVB-H]

Eikova 5: Angikovion DVB-H Baosi Xpovou

Mpog Ta TEAN Tou 2004, pe okonod TRV ‘wn@lakn peTddoon Bivieo Ot (opNTEG
OUOKEUEG, Onuioupyndnke To DVB-H. [Digital Video Broadcasting - Handheld]
KadioTwvTag TNV nio véa TeXVIKN WETadoang Tou DVB. H Tpononoinon agopoulos éva
HovOdpopo KavaAl uwnAng TaxUTATAG evw NApdAANAa Xpnoidonoindnke n TEXVIKNA
«time slicing» yia Tnv olkovopid Tng 1oxuoc. Mo ouykekpigéva To DVB-H Agmoupyei
OTIC pnavTeg VHF-111 [174-230 MHZz], UHF-IV/UHF-V [470-830 MHz] kai L [1.452-
1.492 GHz]. Kdabe «kavaAl &Knounng eKMNEPMNEl MNOAAG npoypaupaTta oe  Hia
KaBopIoPEVN OEIpd, HOVO "OMWC VIO CUYKEKPIMEVA XPOVIKA OlacTHUATA KAVOVTAG
olkovopia oTnv evépyela,. apoU anevepyonolouvTal npoypduparta nou Oev pag
evOIaPEPOUY.

3.3. Ap@idpoun | AladpaoTiki) TnAeépaon

QoTo00, To cuoTnua DVB €EakoAouBei va eivar yia povodpoun TnAeopacn. AuTo
onuaivel 0TI dev di1aB&Tel O1adpACTIKEC AEITOUPYIEC MOU va ENITPENOUV OTOUG XPNOTEC
va ennpeacouv TNV avanapaywyn. H endpevn yvevid TnAeodpaong enBAAAETal va eivail
au@idpoun PE oplioheva diadpacTika XapakTnploTikda. Mapdadsiyua o XpAoTne KNopeEi
va dlakoyel npoowpiva TNV {wvTavr PETAd0o0n KAl va TNV OUVeXioEl O €NOPEVO
oTiyun. Eniong undpxel n duvatotnta va del €va npoypauua 24 wpeg HETAG TNV
{wvTavn peradoon auTtou.
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3.4. Intemet Protocol Television [IPTV]

Eikova 6: Baoikn Zuvdeopoloyia IPTV

To Internet Protocol Television (IPTV) [5]6] €ival éva oUoTnua nou divel TNV
duvaTtoTnTa va HeTadideTal n unnpecia TAC WnQIlakng TnAedpaong WYe Tnv Bondeia
TOU nNPWTOKOAAOU Tou O1adIKTUOU, MEOW MIAG €UpUlWVIKAG ouvdeong. Mo
anAonoinuéva To TNAEONTIKO ONua avTi.va napaAapBaveral and Tov XpRoTn HECW
TwV napadooiakwyv TPONwV MoU €XOUV. MEPIYPAPE] KAl Nnapandvw, napaiappaveral
ano Tov XpNoTn HECW TEXVOAOYIWV Twv OIKTUWV unoloyioTwv. H anokwdikonoinon
TOU ONMAToG YiveTdl YEOw €vOC Set Top Box MOU OTNV CUVEXEID OTEAVElI TO Onua
otnv 0Bdvn yia TNV PETGd0an Tou. To NAEOVEKTNUA auToU TOU CUOTHMATOG €ival OTI
0l XPNOTEG £€xouv TNV OUVATOTNTA VA E£UPAVICOUV TO MEPIEXOMEVO OE onolddrnoTe
0Bovn akoun kal av eival popnTnG cuokeunc. OI providers €xouv Tnv duvaToTnTa,
oteyalovtag Servers;,. va anoBnkeUuouv  MNoAudpiBuouc  TITAOUG  TaAIVIQV,
NPOOPEPOVTAG OTOUG XPrNOTEC TO MEPIEXOUEVO TOUG. TO NEPIEXOUEVO AUTO UNOPEi va
yivel yetddoaon. iy diavour kKaTta anaitnon Tou Xprnotn. ‘'OAa Ta aITiuaTa Twv XpnoTwv
(PTAVOUV OTOV Server, WOTE vd MPOXWPNOEl OTNV HETAd00N TWV OCUYKEKPIMEVWV
powv, agou TepayxioTouv oc IP nakéra OedoPEVWY OMOU KAl anaitei To NpwTOKOAAO
Tou JIKTUOU. Ta cupniegpéva nakeTa video dedopévwy anaitouyv yia TIC AVAYKEG TwV
XPNOoT@Y TouAdxloTov 1 Mbit/s. SUVEN®WG yia TNV odaAn pon, o provider 6a npénel
va eEaoPaliosl ouvOETEIC «aPIEPWHEVEG», eEaapaAifovTag Tnv adiakonn AeiToupyia.

3.4.1. Ynnpeoigg IPTV

O1 unnpeoiec IPTV €ival apkeTd nio €eEeAIYHEVEC anoO TNV KAAOOIKR Wwn@Iakn
TnAgodpaacn, T6oo oTo S1adpacTIKO PHEPOG OCO Kal OTIC «On Demand» UNNPECIEC.
Yndpxouv He BAon TIC UMNNPECIEG ol €ENC dUO MEYAAEC KaTnyopiec, kabwg Kal o
ouvOUaouOG TOUG:
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e Ynnpeoieg Broadcast: O unnpecie¢ nou nNpoo@Epouv TNV TaAuTOXpPOVN
METAd0ON TOU NEPIEXOMEVOU ME HEYAAO NAEOVEKTNMA TNV 101AiTEPA MIKPR
empBapuvon oto dikTuo. Mapdadelyua To Linear npdypapua TwvV KAvaAiwv nou
undpyouv Kal oTnVv wneiakn TnAgopaan).

e Ynnpeoieg «On Demand>»: O1 unnpecieg nou Baacifovral oTnv dIAPOPETIKA
METAd00N TOU nNepIEXOMEVOU ava xpnotn. O xpnotng eivalr eKeivog nou
OnAwvel To evdlaPEépov yia TO Neplexouevo. Mapadeiyya n enidoyn Tou
XPAOTN va J&l Pia CUYKEKPIYEVN Talvia pia Oedopévn OTIYWNR nou 6a Tnv
EMIAEEEI EKEIVOG.

e YBpPI13IkEG YNNPECIEG: YNApXOUV Kal UNNPECieg nou ouvdudalouv Kal Toug
duo napandavw TPOMouc. Me autov Tov TPOMO WHnopei o XpAoTnG vd
anoAduBAavel Ta MAEOVEKTAKATA KAl Twv OUO KATNYOPIWV, avdAoyd HE TIG
avAyKeg TOU.

3.4.2. Ynnpeoieg Broadcast

To broadcasting agopd kupiwg TNV KAAoOIKr Wwneiakn TnAedpaaon [Linear Program].
>ToxeUEl KUPIWC O XPrNOTEC NMOU APECKOVTAl VA TOUG NAPEXOUV N av BEANETE va Toug
«ogpPipouv» TO NPOypappa dAAol avTi yia Toug idlouc. TETOIOI XPrOTEG €iTe dev
£X0UV TOV XPOVO &iTe Oev BEAouUv va Tov E0OEWOUY Yia auTd ToV oKomno, To JOVO nou
BeAouv egival va avoiEouv TNV TNAeOpAon kai va Bpouv ypnyopa autd MouU TOUuG
Taipialel woTe va diaokedaoouv. 'ETal o Provider opyavwvel kal Ta&Ivopei eva peydAo
apipo kavaAiwv, napoucialovTag oTov XPnoTh To NEPIEXOUEVO TouG. O XpAOTNG EXEI
TNV duvaToTNTa va €niAEESl TI Ba napakoAoubnaoel, avaloya Tnv BeuaTikhn Tou KABE
NPOYpPANKATOC 1 KavaAiou, €xovTag Tnv..duvaTtoTnTa va Ta&Ivounoel kal o idlog Ta
KavaAia nou Tou NpoogEpovTal.

EninpocBeTa €xel TNV duvaToTNTA OE HId GEIPA Ano UMNNpPETieg ONwWG:

¢ Parental Control: /Auvardétnta TOU XprAOTn OMOU TOU EMITPENEl va
KA€Idwaoel | EekAeldwaoel ‘kanola kavaAia poviga n npoowpivd, WOoTE va
NPOCTATEWE! N.X. 'Ta maidia Tou and To akatdAAnAo npoypapua.

¢ Multicast [Live Radio]: ZUvoAo unnpeciov rfxou ONou o0 XPnoTng EXEl
TNV duvaTtdTATA Va akoUOEl JOUOIKA HEOW TNG TnAEopaong. AuTd pnopei
va yivel yeTnv ouvdeon kanolou {wvTavolU NpoypauuaTos padiopwvikoU
oTaduou.

e Pay Per View [PPV]: Mpoo@épel Tnv OuvaTtoTnNTd OTOUGC XPNOTEC vda
NnapakoAouBrnoouv €va OUYKEKPIYEVO npoypauha Xwpic va eivail
OUVOPONNTEC OTO OUYKEKPIUMEVO KavaAl nou eknépnetal. MNa napdadeiyya o
XPAOTNC BEAEI va napakoAouBnoel €vav onuavTiko nodoo@adipikd aywva,
XWPIC va NANpwaoel ouvOpPoun evog £ToUC.

¢ Near Video on Demand [NVoD]: >Tnv npayuaTikoTnTa €ival kavaAia
nou dnuioupyouvTdl Kal npoypauuaTidovTal and Tov provider. e kaOe
KavaAl anod auTa yiveral broadcast To nepiexouevo aAAd pe Tnv diagopd
OTI €ival YeTaToniopévo oe oTabepa xpovikda diaoThnuaTa [staggering time].
O xphAoTng £xel Tnv OuvatoTnTa va Kavel Fast Forward rp Rewind aAAd
auTtd nou cupBaivel oTnv NpayuaTikdTNTa €ival va aAAadel kavaAl kai va
BAEnegl kAnolo nou nailel To NEPIEXOPUEVO PETATOMIOPEVO KATA Alyo XpOVIKA.
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3.4.3. Ynnpeoieg «On Demand»

O1 «On Demand» unnpeoie¢ aneuBluvovTal o€ nio «dUOKOAOUG» XPHOTEG Mou Jev
Touc¢ apkei auTtd nou nailetal {wvTava €Keivn TV GTIYUN OTO APXIKO NpOypaupa Twv
kavaAiwv. OI XpnoTeG auToi €ite dev €xouv Tov XPOVO va €ival PunpooTa orTnv
TNAEOPACN TNV OUYKEKPIYEVN Nou NaileTal To ayannuevo Touc Npoypappa, €ite dev
B€Aouv va pnouv otnv diadikacia va To npoypauuaTtioouv, €iTe anAd Oe&v Toug
KaAUNTel auTo nou nailel ekeivn TNV aTiyun. Fa Toug XprnoTeg auToUg o provider €xel
OnuIoupynoel Pia YeydAn ouAAoyn HE NMAOUCIO MEPIEXOUEVO ETOINO VA IKAVOMOINOEI
Kal Tov MIo andiTnTike XPNoTn, TNV OTIyuR nou 0a To eniAéEel. Mpokeral yia pia
kaBapa unicast TexvoAoyia.

EninpooBeTa €xel TNV duvaToTNTA OE Hia O€ipd anod UNNPECiec Onwg:

e Unicast [Music On Demand]: ZUvoAo unnpeci®v fXou Ornou 0. XpnoTng
€Xel TNV OUvVATOTNTA va akKoUOEl HOUCIKN MEOW TNC TNAEOpaenc. AuTo
Jnopei va yivel ge TNV NpooBacn Tou XproTn O Pid PeyaAn oUAAoyn ano
Tpayoudia WOTE va KAVEl TNV €MIAOYR Tou.

¢ Video on Demand [VoD]: H ouykekpidEvn unnpeoia eniTpénel og £vav
XpAoTn va eniAéEel Tnv napakoAolBnon video-nepiexOuevou YECA ano yia
OUAAOYN nou éxel dnuioupynoel o provider. EMinAgéov €xel otnv di1aBeon
TOUu Hia NnAnBwpa anod sukoAieg & AeIroupyieg onwc Pause, Fast Forward,
Rewind. To nepiexdhevo auTto eival OiaB€éciyo oTov  XpPnoTn via
NEPIOPICUEVO XPOVIKO OIA0TNHA KAl UNopPEi va gival dwPeav n va XpewveTal
ava povada. Texvikd oTav o Xpnotng niA&€el To video-nepiexOUeEVO, AuTo
dlavepeTal NEow EexwploToUu Unicast Stream 1o onoio dnuioupyeital ano
To VoD server ye kataAnén To Set Top/Box.

¢ Subscription VoD [SVoD]: Mpokeital yia pia véa unnpeoia. Npoo@epel
anepiopioTn XPNon Tou. video-mepiexodévou Kal Xpewon MeE naylo. H
noikiAia kal To NANBOG TWV €NIAOYwWV €ival TETOIO MOU ANEKTNOE oUVTOUA
NoAAoUG UNOOTNPIKTEG:

3.4.4. YBp1dikég Yrinpeoieg

O1 UBPIOIKEC UMNPECIEC &XOUV TOV TMAEOVEKTNMA OTI Oev ancuBuvovTal ot €IOIKEC
KaTnyopieg XpnoTwv. dAAG o0t OAouUG aveEapTNTwC. AUTO oupBaivel dIOTI KaGBe
XPNOTNG MMNOPEI va XPNOIYOMNOIACEl TNV UMNPECia PE yvwHPOva TNV NPOCwmIKr Tou
XPNon Xwpic TNV.napeuBaon Tou provider.

EninpooBeTa €xel TNV duvaToTNTa OE Hia Oo€Iipd ano UNNPECiec Onwg:

e Time Shifted TV [TSTV]: Aivel Tn duvatoTnTa yid TIG AEIToupyiec Pause,
Fast Forward & Rewind oTo {wvTavo npdypapua Tng TnAedpaonc. Texvika
TO NPOYPANPa nou NPoBAAAETAl €Keiv TNV OTIYUR anoBnkeUETal €iTe aTO
STB, €iTe oTov Server Tou provider (yia va anooTaAei apyoTepa HEOW
unicast stream), Tnv OTIyyrl Nou o XPrnoTng natnoesl Pause 1 Reward.
AnAadn ouvdualel Broadcasting & On Demand.

e Catchup: Qc enéktaon Tou Time Shifted, oivel Tnv duvaToTnTa TNG
napakoAouOnong evog NPoypdpuaToC O HUETAYEVECTEPO XpOVOo, OTAV TO
eMIAEEEI 0 XpNoTNG. AnAadn oTtnv ouacia éva {wvtavo npoypaupa Pnopei va
peTaTpanei og VoD. Texvika o provider kataypdgpel o€ €vav server 0Ao To
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{wvTavo npdypappa evog nNANBoOUC KavaAlwv Kdl To NPOOPEPEI Yid KAMOIO
NEPIOPITHEVO XPOVIKO dIAaTNHA OToV XPnaoTn.

e Personal Video Recorder [PVR]: H unnpecia auTth eniTpénel oTov
XpNOTN va eyypdyel To npoypauua nou napakoAoubei kal va To
NnapakoAouBnoel eTepoxpovioPéva. AUTO PNopeEi va yivel eite oto STB, €iTe
oTov server Tou provider. H napandvw Oladikacia pnopei  va
npayuartonoinBei €ite duesa Pe TO NATNPA €VOC NANKTPOU EYYpPAQPrG, €iTe
ME auTOopaTo TPOMO KAl OE MPOYPAMMaTIoNd nuepnolacg, €Bdopadiaiag n
Mnviaiag Baong. Aev &evilel Tov XpAoTn kaBoAou n euneipia piag TETolAg
unnpeciac a@oU o TPOMOG €yypa®nc Kal oTo NapeAbov yIvOTAve PE TOV
idlo Tpono (VCR). NMapdAAnAa a&ilel va avagpepBei 0TI ToO NpOypaAUUa nou
ypaAQpTNKe anod Tov xpnorn, Oev eivar OlaBEoiyo POVO  yIa~ KAMOoIo
neplopiopévo diaotnua, aAAd yia 6éco diaoTnua embupei o.id10g, apou o
HOVOC MEPIOPIOUOG €ival 0 anoBnKeUTIKOG XWPOC.
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4. NMpo-enelepyacia | Aiapoppwon Aedopévwv

To oTadlo TNG npo-enegepyaciag €ival anapaitnTto kair nponysitar ndvra Tng
avaiuong Twv O0edOHEVWY a@oU o€ MOAU PeydAa oUvoAa OedONEVWY, O AEYOUEVOG
BopuBoc undpxel O NOAAEC HOPQEG. ©OpuBoc Osdopevwy Bewpeital oTIONMOTE
nepmrd 1 anoteAei AavBaopévn NANPO@OpIa yiad To GUYKEKPINEVO auoTnua. Kai oTig
dUO0 MeEPINTWOEIG N KN agaipeon Tou BopUBou pnopei va odnyroesl oe Aavlaopéva
anoTeAEONATA KAl O UYEYAAEC kKaBuaoTepnoelic To oUOTNUA, ME OUVENEID TNV TEAIKN
aoToyia.

'Evag onuavTikog napdayovTac eival n dlauoppwon Twv JedONEVWV OTNV
Hop®n nou eniBAAAel n €i00d0C TOU GUOTNAUATOG. € OJIAMOPETIKN MEPINTWON TO
oUoTNHa evOEXOMEVWG va PNV JexTel Ta 0edOPEVA KAl va WN NPOXWPNOEL NOTE-GTNV
avaAuon Toug ) Ba €xel TNV weudaioBnon OTI N €i0000G NTAV OWOTH, XWPIG NOTE vVda
€100M0INCEl YIa auTh TNV avaoTaTtwan.

>TO6X0C Mag €ival OoTo TEAOG TNG nNpo-ene€epyaciac Twv OedOHEVWV Vd
kataAn&oupe oTnv Onuioupyia TNC €I0000U TOU aAYOPIBUOU TOU OUCTRAMATOC
guoTaoncg. Ta dedopeéva Tng €l00dou Ba ouykevTpwBoUv ano DIdQOPETIKEC NNYEG,
onwg 1o EPG yia nAnpo@opiec oxeTika Pe Ta {wvTtava npoypduuarta, 1o ZPG via
NANPOPOPIEC OXETIKA YE TNG METABOAEG TOU XproTn oTa {wvTava npoypauuaTa onou
B8a npokUWoUV Kal Ta OXETIKA ratings Twv XpNoTwy, To VoD yia NANpoQopiec OXETIKA
ME TNG €MIAOYEC Tou XpnoTn oTo «on Demand» nepiexduevo, To Catchup vyia
NANPOPOPIEC OXETIKA HE TNC ENIAOYEC TOU XPNOTN HEoa oTo endpevo 48wpo anod Tnv
{wvTavr) npoBoAn Tou npoypdpupaToc.

4.1. Baon Asdopévwv

To oUvoAo Twv Oedopévwyv MOU  Xpholgonoinenkav oTn napouca JdiaTpiBn
npogpyxovral and évav and Toug Kopu@paioug TNAEMIKOIVWVIAKOUC OMIAOUC OTOV
Koouo. Ta ouykekpiyéva dedopEva 0ev oTnpilovTal o€ NPOCWNIKEG NANPOPOPIEG ano
TOUG XPHOTEG M.X. NAIKIa, QUAO, enayyeApa. AvTiOeTa nepiExovral NANPOPOpPIeS yia
7o linear Npoypauua HE TIC HETABOAEC Mou £KAVE 0 KABE XprioTNG OE AUTEC, TIG
€MNIAOYEC AUTWV NAVW OTO. on demand NePIEXOUEVO KABWC Kal TIG EMIAOYEG TOUG OTNV
uBpIdIKN unnpeaia catchup nou €xel neplypa®ei oo 3° kepdaAaio.

O1 xpAoTeG aAANAeMIdpoUV he To cuoTnua IPTV peéow Tou STB [Set Top Box],
ouvenwc Oeve HNOpPei va mnpoodIopIoTEI MoIoG €ival NPAypaTika PNpooTda ano Tnv
TnAedpaon/ Kara ouveéneid, To STB OUAAEYEl TN CUMNEPIPOPA Kal TIG MPOTIMNOEIG
£VOC OUVOAOU-TWV XpnoTwv (M.X., N OUVIOTWOA TNG OIKOYEVEIAC). SUVENWG, Onou Ba
avagepBboupe oTta dedopéva PAc o XpHOTN €ival 0ag va ava@epopaoTe oto STB
KaBwc Kal To avTioTpopo, apoU £XOUNE avTiaTolXia £&va npog €vd.

To RDBMS (Relational Database Management System) nou €nIAEXTNKE va
xpnoigonoin®ei yia TIig avdykeg TG napandvw Bdaong eivar . MySQL, nou
xpnoigonolei Tnv Structured Query Language (SQL), TNV nio yvwaoTh yYAwood yia Thv
npocOnkn, TNV npodcoBaocn kal TNV eneepyacia dedouevwy o€ pia Baon Asdopévwy.,
O kUpIog AOYOC nou enAEXONKe €ival eneidn ivalr eva eAeUBepo oUoTNUA AaAAd Kai
€neidn €ival eupuTtaTa diadedopevn 1600 oTta UNIX cuoThpata 600 Kal oTov KOOHO
Twv Windows. Q®uoika ATav anapaitnTn n &ykataoracn Tou nMakETou WAMP
(Windows, Apache, MySQL Server, PHP) o0t £vav umnoAoyioTr, wOTE va naigel To
poOAO TOU SQL Server. Eniong, yia Tnv €UKOAn xpron Tou MSQL Server
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xpnoigonoindnke n ypaeikn Odienagn “MySQL Workbench”, emTpenovrag Tnv
dlaxeipion Tou MySQL Server (nx Onuioupyia XpnoTwv, anovoun JIKAIWHATWY OE
XPNOTEC, KTA.), TNV oxediaon oxeolakwv Bacewv dedouévwy (dnuioupyia NIVAKWY,
OuoxeTioEwv PETAEU Toug, KTA.) Kal TNV dnuioupyia kai ekTEAeon SQL epwTNHATWY,
owewv, d1adikaoiwv, KTA aTnv Bacn JedOUEVWV.
H ouykekpigevn Baon Oedopévwv anoTeAsital and Téooepi (4) Bacoikoug
nivakeg wg €ENG:
e EPG: O ouyKeKpIUEVOG Nivakag anoTeAgiTal and oToIXEia NoOU CUYKPOTOUV
TOV NAekTpovikd 0dnyod npoypdupaTog [Electronic Program Guide] yia
dlGpKela EVOG ETOUG.
e ZPG: O OUYKEKPIUEVOG NMivakag eUNEPIEXEI OAEG TIG HETABOAEG (Zappings),
Tou {wvTavoU NpoypAaNpaTog TWV KavaAi®wv, nou npayuaronomenkaviano
kaBe xprioTn KaTa TNV dIApKEIa EVOG ETOUG OE AVWVUHN HOPPN.
e VoD: O OuyKkekpIJEVOG Mivakag anoTeAeiTal and Ta OToIXEIQ OAWV Twv
avTiKeINéEvwy VoD [Video on Demand] nou enIAEXTNKAV- ano Toug XproTeG
KaTa Tnv dIApKEIa EVOG ETOUG OE AVWVUUN HOPPN.
e Catchup: O ouykekpIUEVOC Mivakac anoTeAEiTal and Ta OToIXEia OAwV
TWV avTIKEINEVWVY Catchup nou enIAEXTNKAV.-and TOUG XPNOoTeG KaTd Tnv
dIapKela EvOG £TOUG OE AVWVUMN HOPOI.

4.1.1. Nivakag EPG

O nivakag EPG nepigxel TIC eyypaPEC ToU. NAEKTPOVIKOU odnyou npoypduuaTtog yid
TNV JIApKeIa evOG €TOUG. To OUVOAIKO NANBOOG TwV eyypaPwyv eival 797.427.

H apyxikny doun Tou nivaka EPG eival n €gng:

EPG (programlID, channelName, dateStart, timeStart, dateStop, timeStop, title,
description, synopsis, rating, duration, catName, copyright)

MepiExer£vav yovadikd apiBuod TTou TTPoodiopidel KABe TTPOyPapa. ATTOTEAE
program|D TTPWTEUWV KAEISI TOU TTivaKa.

channelName < AmoTeAgi TO Ovopa TOU EKACTOTE KAVOAIOU.

dateStart Huepounvia ekkivnong Tou eKAOTOTE TTPOYPAUUATOG.

timeStart MpoypappaTICPEVN WPA EKKIVNONG TOU EKACTOTE TTPOYPAUNATOG.
dateStop Huepopnvia TEpUATIONOU TOU EKACTOTE TTPOYPANMATOG.

timeStop MpoypapPaTIoUEVN WPA TEPUATIOPOU TOU EKACTOTE TTPOYPAUUATOG.

ATToTEAE] TOV TITAO TOU TTPOYPANUATOG KaI KOTA TTPOEKTACT) TO BACIKG

itl
title QAVTIKEIJEVO TOU CUCTHHATOG MAG.

description "eviKA TTEPIYPOQPT) TOU EKACTOTE TTPOYPANUATOG.
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synopsis ZUVOTITIKI TTEPIYPAQPI] TOU EKACTOTE TTPOYPANMATOG.
. Mepiéxel TNV agioAdynon e Baon 1o cuoTnua dIaBABuIoNG TTEPIEXOUEVOU. TT.X.
rating . . .
TO KATAAANAO yIa OAEG TIG NAIKIEG.
. ATroTeAei TNV SIGPKEIA TOU EKACTOTE TIPOYPAUUATOG KAl €ival KATAXwpENUEVN O€
duration ,
AETTTA.
catName To 6vopa TNG Katnyopiag TTou avhKel To eKAOTOTE TTPOYpappa T1.X. Reality.
copyright H xpovid TTapaywyng Tou eKAOTOTE TTPOYP AN UOTOG.

Ta onuavTikoTEpa OToIXEia Tou nivaka, omnou kai Xpnoidonoinkav eivai
programID nou anoTeA&i kal To KA&Idi Tou, To ChannelName, dateStart, dateStop,
timeStart, timeStop, title, duration kai To catName.

O1 oTnAeg dateStart & timeStart evonoindnkav WOTE VA“NPOKUWYOUV TIUEG
TUnou datetime woTte padli ye 1o (eUyoc nediwv dateStop & timeStop va €xoupe 2
nedia nou va dnAwvouv Tnv &vapén Kal To TEAOG Tou KABE mpoypaupaTog. EninAgov
EMIAEXTNKE N MoP®N avanapdoTtaong Unix Timestamp, &va cuoTnua nou nepiypageel
TOV XPOVO, WG O aplOuo Twv OeUTEPOAENTWV Mou €xouv nepacel ano 00:00:00
Méuntn, 1 Iavouapiou 1970.

TéMoc, To nedio title NEpaoce apkeTEC PACEIC ENEEEPYATIAC WOTE VA AMNOTEAEDEI
Kal To TEAIKO aQVTIKEIYEVO TOU GUOTAHATOG.

Mo CUYKEKpPIKEVA:

e A@aipgbnkav napevbeoelG, dINAG noAAanAd kevd, KOupaTta n axpnaoTol
€10IKoi XapakTRPeC WOTE va Pnv €unodiouv oTnVv OwaoTr avayvwpion
TOU avTiKEIgévou. lMapddeiyya To Play It Again, Sam unnpxe Me
kOupa(,) kal Xwpic kKOgha pe anoTéAeopa n pn O16pBwor Tou va
odnyoloe og 2 idla avTikeigeva nou To cloTnua Ba Ta avayvwpile yia
OIaPOPETIKA.

e A@aipgbnkav ypaupaTta kal apiBuoi nou dnAwvav apibud oslov n
apiBuo. eneigcodiou woTe va opadonoinbolv owoTd TA AVTIKEIPEVA.
MNapdadeiypa 1o CSI: Miami (S1E05) peTatpdannke g CSl: Miami.

e ‘AlopBwONKav TITAOI NOU €iXav NpwTa To ouolaoTIkO kal HeTa To GpBpo
gg OPIONEVEC NeEPINTWOEIC. Mapadelypa To Insider, The PeTaTpAnNnKe
o€ The Insider.

4.1.2. Nivakag ZPG

O nivakag ZPG nepiExel TIC eyypa®éc kabe evaAAayng kavaAiou (zapping) Tou
€KACTOTE XPNOoTN Yia TNV didpKela evog £TOUG. To oUuVOAIKO NMARBOGC TwV Eyypapwv
gival 294.575.427.

H apxikn doun Tou nivaka ZPG €ival n €&Ng:
ZPG (zpglD, sublD, timeStart, duration, channelName, year, month, week, day)

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon Yehida | 32



MeTamtuylakn AlaTpir Zappng Aviwviog

Mepi€xel évav povadikéd apiBuod mou Tpoadiopilel KABe evaAAayr) Tou

zpglD KavoAlou. ATToTeAel TTpwTeUWY KAEISi TOU TTivaKa.

sublD ATtroTeAEl TOV HOVABIKO apIBUOS XproTn.

timeStart Qpa ekKkivnong TNg evaAAaynig Tng ekdaToTe aAAayng.

duration Aidpkela TTapapovAg aTo id10 KavaAl Xwpig va uttdpel evaAAayn o€

OeuTePOAETTTA.

channelName  AmoTeAsi Tov TiTAO TOU KavaAIoU.

year To £10G TTOU TTPAYHATOTTOIRONKE N EVOAAQYT).

month O pnivag tTou TTPAyPATOTTOINONKE N EVOAAQYT).

week O at&wv apiBuo6g TG LSO UAdAG TTOU TTPAYUATOTTOINONKE N EVOAAQyT).
day H nuépa Tou TTpayuaToTroIONKe n evaAlayn.

XpeldoTnkav va yivouv apkeTEC AAAAYEC wOTE va MPOKUWEl 0 mnivakag oTnv
€MBuUuNTI KaTaoTaon.

Mpwta and OAa unoAoyioTnke .0 XPOVOC TeEpPHATIOWOU kaGBe B€aong Tou
€KAOTOTE KavaAioUu e Tnv BonBesia Tng diapkeiag (nedio duration). O UMNOAOYIOUOG
auTog €dwoe TNV duvaToTNTd va unoAoyioToUv Ta datetime AAENG kal €vap&ng Tng
€VaAAayNG kal va npokUWouv. Ta unix timestamp, yia Tnv nAnpoTNTA Kal TNV
opolopoppia Ye To EPG . nivaka.

ALTER TABLE ZPG ADD timeStop;
UPDATE ZPG

SET timeStop = addtime(timeStart,
SEC_TO_TIME(duration));

H'kdBe eyypa®n Tou nivaka nepIEXEl To KavaAl, TV dIdpKela Nou NapEPEIVE O
XPNOTNG 0 auTd KaBWG Kal TNV XPOVIKN OTIYMN €KKivNOoNG Kal Tov TEPUATIONoU TG
€KAOTOTE O€aonG. SUveENWG, NTAV anapaitnTo va JlanioTWOEI TO CGUYKEKPINEVO
npoypappa nou €naile To KavaAl ye Baon Tov nivaka EPG.

TNV OUVEXEID ATAV ANAPAiTNTO TO group TwV €NAvaAnnTIKOV evaAAaywv Kal
TOU UMnoAoyIoHOU Tou VvEou duration nou npokunTel. AnAadn otav €vag Xpnorng
napakoAouBoUoe &va CUYKEKPINEVO NPOYPAMKA, MMOPEI auTod TO NMpOoypdpua va To
aAAdEel via Aiyo kal va enavéABel. To anoTéEAeoua €ival va dnuioupynBei pia apyikn
gyypaoen oto 1° kavaAl yia To A npdypaupa, yia deUTepn gyypa®n yia To 2° kavai
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kal éva B npoypapua kar pia 3" gyypagn ndAl yia 1o idlo kavdaAl kai npoypaupa
(dnAadn 1° kavaAl A npdypappa). AuTo €xel WG Guveneld TNV dnuioupyia NoAAwv
idlwV EYYPAQWV WG NPOG TO NPOYPANKaA To KAvaAl Kal Tov XpnoTtn Tnv idia nuépa.
MeTa TNV anapaitnTn odadonoinon Twv Napanavw eyypapwyv UMOAOYIOTNKE €K VEOU
TO OUVOAIKO nAfov duration Tng kdBe O6£aong abpoioTikd. Me autov Tov TpPOMo
YVWPICoOUPE TOV OUVOAIKO XpOVO MOU KATavAAWOE 0 €KACTOTE XPAOTNC yia TO KABE
npOypaupa ouvoAlkd, aveEapTnTa and TIC EvAAAAYEC NOU €KAVE.

H ouykekpiyévn Baon Oedopévwyv Oev NEPIEIXE KAMOIOV APECO TPOMO
BaBuoAdynong Tou KABE MpPoypANPATOC. ZUVEN®G OTA MAQiold TOU OUCTHAHATOG
oUoTaonG Nou KATAOKEUAOTNKE €yIVE n napadoxn OTI o XpnotnG PBaduoAoyei /
a&lohoyei To kABe avTikeiyevo Baaoel Tou Adyou TnG dIAPKEIAC NMou NapakoAouBei eva
nPOypPAMKa npog TNV GUVOAIKN OIdpKeEId TOU MNpoypdpuaTtog. Me auTtdv TOV Tpono
EUMEDA €KPalEUTNKE n BabBuoAoyia (rating) Tou XproTn OTo €KACTOTE MpoypapEa. Ma
Toug Adyouc TnC napandavw napadoxXng, UMOAOYIOTNKE TOOO O OUVOAIKOG XPOVOC
JIApKEIAC ToU KABE npoypdapuaTog 600 Kal o Adyoc Tng didpkelac B£acng Npog auTtov
TOV OUVOAIKO XpOvo.

EninpooBeTa dnuioupyndnke €va nedio Pe TNV ovopadacia. status onou ixe dUo
KaTaoTdaoelg, idle kAl ok. TNV NEPINTWON MOU 0 XPNoTnG €iXe navw and 4,5 wpec va
npayuartonoincel pia evaiiayn (zapping) To status nTav. idle kai g O1aPOPETIKN
nepinTwon ok. Me auTtd Tov TpOno PnopoUoE va Yivel avTIANATO av KAnolog XpnorTng
nTav evepyog (ok) kal €BAens TnAeopaon n avevepyoc «(idle) kal evOEXOMEVWCG HE
Eexaopévo Tov STB yIa NOAAEG WPEG avoIxXTO XwpiGva BAENEL.

TeNog, unoloyioTnke MovadikdC apiOuoG  yia KABe  AVTIKEIUEVO TOU
OUOTAMATOG YIa TNV EUKOAIG TNG avagpopdg G€ auTo.

4.1.3. Nivakag VoD

O nivakag VoD nepiEXel TIG eYYPAPEC OAwV Twv avTikeldévwv VoD [Video on
Demand] nou emIAéXTnKav ano Toug XPnoOTeG KATAa Tnv OldpKela €vOG €Toug. To
OUVOAIKO NMARBOC TwV eyypapwv ival 105.166.

O doun Tou nivakag VoD €ivaln €&ng:

VoD (vodID, sublD, dateStart, timeStart, title, price, duration, year, month, week,
day, hour, catName)

VoD

vodID Mepiéxel Evav povadikd apiBud mrou Tpoadiopilel kaBe etmiAoyr) on demand
— TTEPIEXOPEVOU. ATTOTEAET TTPWTEUWV KAEISI TOU TTiVaKA.
sublD ATroteAei Tov povadiké apiBudg xprRoTn.
dateStart Huepounvia ekkivnong on Demand Trepiexopévou atrd Tov EKACTOTE XPHOTN.
timeStart ‘Qpa ekkivnong on Demand Trepiexopévou atd Tov eEKAGTOTE XProTn.
title ATroTeAei Tov TiTAo Tou on Demand Trepiexopévou Kai TTapdAAnAa 1o

QVTIKEIUEVO TOU OUCTHUATOG.
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price AvagépeTal n Tiur K6GToug Béaong.

duration AiGpkeia on Demand Trepiexopévou.

year To £10G TTOU TTPAYUATOTTOINBNKE N 800N TOU TTEPIEXOUEVOU.
month O unvag TTou TTPAyUaToTToINBNKE N B€a0N TOU TTEPIEXOUEVOU.
week H ¢Bdoudada Tou TTpayuaToTroiRBnKe n B€aon Tou TTEPIEXOUEVOU.
day H nuépa 1ToU TTpayuaTOTIOINBNKE N BEQCTN TOU TTEPIEXOMEVOU.
hour H wpa 110U TTPayuaToTroINBnkKe n B€acn Tou TTEPIEXOUEVOU.
catName H katnyopia Tou on Demand Trepiexopévou.

‘Eyive n petatponn Tou dateStart & timeStart o€ Unix timestamp woTe va
UNApXEl OJOIONOP@ia PE TOUC UNOAOINOUC MiVAKEC.

To nedio title eneEepydoTnke KATAAANAG ONwC To avTioToIXO Tou nivaka EPG.
AnAadn agaipednkav napevOeoelg, SINAG nNoAAanAd . keva, KOWuaTta, ypduupara kai
apiBpoi nou dnAwvav apiBpo6 oeldv r aplBuo eneicodiou, TITAOI Mou €ixav NpWTA ToO
0oUOIaoTIKO Kal JETA To ApBpo KAM.

A@aipebnke kABe eyypagn MKE aVTIKEIJEVA nou Oev unnpxav oTo linear
npoypappa yia Adyoug nAnpodTNTac.

TeAoG agalpednkav OAEG ol eyypa®eg nou eixav duration B6£aong Tou on
Demand NePIEXOUEVOU MOAU HIKPO,»TNEC TAEEWC KATW Tou 10% TOU GOUVOAIKOU
XPOVOoU, JIOTI BewpnONKe OTI OEV-EMIAEXONKE TO OUYKEKPIYEVO NpOypapua BeAnuéva
anod Tov XpnaoTn, YEYOVOC Nou anoTeAEl TNV €nIAoyn KN €ykupn.

4.1.4. Nivakag CTP

O nivakag CTP NePIEXEL TIC EYYPAPECG OAWV TwV AVTIKEINEVWY CTP [Catchup] nou
€MNIAEXTNKAV anO.TOUG XPHOTEC KATA TNV OJIAPKEIQ €VOC £TOUC. O XpNOTNG £XEl TNV
duvaTtoTnTa va. dcl éva Npoypaupa akoun kal 48 wpecg YeTA Tnv {wvTavi PETAd0ON
Tou. To ouvoAIKO MIANBOG TwV gyypapwyv eival 4.459.049

O dopun Tou nivakag CTP €ival n €ERG:

CTP (ctplID; sublD, dateStart, timeStart, title, price, duration, year, month, week,
day, hour, catName)

CTP
Mepiéxel Evav povadikd apiBuod TTou TTpoadiopilel KABe Aoy on demand
ctpID , , . . .
TTEPIEXOPEVOU. ATTOTEAET TTPWTEUWYV KAEISI TOU TTiVAKA.
subID ATroTteAei Tov povadiké apiBudg xpnoTn.
dateStart Huepopnvia ekkivnong on Demand trepiexopévou Ao Tov EKAOTOTE XPHOTN.
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timeStart Qpa ekkivnong on Demand Trepiexopévou atrd TOV EKACTOTE XPNOTN.
title ATToTeAei Tov TiTAO Tou on Demand Trepiexopévou Kal TTapdAAnAa To
QAVTIKEIMEVO TOU OUCTHUOTOG.
price AvagépeTal n TR k6oToug Béaong.
duration Aigpkeia on Demand Trepiexopévou.
year To £€10G TTOU TTPpAYHATOTTOIRONKE N B€aan TOU TTEPIEXOUEVOU.
month O pnvag TTou TTPAyUaToTToINONKE N B€00N TOU TTEPIEXOUEVOU.
week H eBdoudda TTou TTpayuaToTroinenke n B£aan Tou TTEPIEXOUEVOU.
day H nuépa 1Tou TTpayuaToTToINBNKE N B£A0n TOU TTEPIEXOMEVOU.
hour H wpa tTou TTpayuartotToIfenke n B€acn Tou TTEPIEXOMEVOU.
catName H katnyopia Tou on Demand TTepIEXOPEVOU!
4.2, Mopo@n Eic6odou Asdopuivwy

Ma Tnv TeEAIKR Hop®n Twv JedopévwyY avTioToixndnkav Ta IDs Twv XpnoTwv, TwV
AVTIKEIMEVWV Kdl TNG KaTtnyopiag oc povadikd alovra apiBuod, Eekivovtac navra
and 1o 1. Metd TNV OIQUOPPWON TwV JedoPEVWV MNpoékuwav 3 MiVAKEG nou
anoTeAoUoav kal Ta dedopéva €l00d0U TOU CUCTANATOC cUOTAoNC.

O1 nivakeg €ival ol €§AG;:

e ZPG_INPUT [Linear]
e CTP_INPUT [Catchup]
VOD_INPUT [Video on Demand]

4.2.1. NMivakag ZPG_INPUT [Linear]

H dopn.Tou nivaka eival : ZPG_INPUT (sublD_int, itemID_int, catlD_int, rating,
UnixTimestamp)

O nivakag ouvoAikd anoTeAgiTal ano 219.767.776 eyypagi.

ZPG_INPUT

Ovopa Tediou min MAX Meprypoery

O povadikég apiBuog

subID _int 1 57826 ,
xpnotn.
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itemID_int 1 15802

O povadikég apiBuog Tou
QVTIKEIMEVOU.

catlD_int 1 15

O povadikég apiBuog
KATnyopiag Tou
QVTIKEIYEVOU.

rating 0 1

ATroteAei Tnv BaBuoAoyia
TOU XpProTn TTPOG TO
EKOOTOTE QVTIKEIPEVO.

UnixTimestamp | 1056991201 1088526758

AtroteAei To Unix
timestamp TNG.xpoviKAg
OTIYUAG TTOUaTTOd00NKE N
BaBuoAoyia.

4.2.2. Mivakag CTP_INPUT [Catchup]

H Ooprl Tou nivaka eivar : CTP_INPUT (sublD int,
UnixTimestamp)

O nivakag ouvoAika anoTeAgiTal ano 4.459.049 eyypa@Eg.

itemID_int, catlD_int,

CTP_INPUT

Ovopa 1mediou | min MAX Meprypaon
sublD_int | 1 43343 O Hovadikog apiBpog
xenotn.
itemID _int | 1 7845 © povo@mog apIBHO Tou
- QVTIKEIMEVOU.
O povadikég apiBuog
catlD_int | 1 15 KATnyopiag Tou
QVTIKEINEVOU.
AtroteAei To Unix
UnixTimestamp | 1056991201 1088526758 timestamp Tng xpovikng
OTIYMAG TNG TTPOTIUNONG.

4.2.3. Nivakag VoD_INPUT [Video on Demand]

H OdopR Tou nivaka eival : VoD_INPUT (sublD_int,
UnixTimestamp)

O nivakag ouvoAika anoTeAeital and 4.459.049 eyypa@ég.

itemID_int, catlD_int,

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon

TeNida | 37



MeTamtuylakn AlaTpir

Zappng Aviwviog

CTP_INPUT

Ovopa mediou | min MAX Meprypaon
sublD_int | 1 13638 O povadikog apiBuog
xpnaotn.
itemID int | 1 401 0] uova6’|Kog apIBuo6g Tou
- QVTIKEIPEVOU.
O povadikég apiBuog
catlD_int | 1 15 Karnyopiag Tou
QVTIKEIPEVOU.
ATtroteAei To Unix
UnixTimestamp | 1056991201 1088526758 timestamp Tng XPOVIKNG
OTIYUAG TNG TTPOTIUNONG.
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5. Neprypapn YAomoinong

>To MPOVTEAO Mou €xel uAonoinBei kal napouocidleTal napakdaTw PacileTar oTov
aAyopiBpo SVD++ [12] pe evowpdTwon TNG NapaPeTpou Tou Xpovou. ETnoia, otov
BaoikO eKTIUNT TwV BABPOAOYI®WV TOU XPpNHOTN EVOWHATWVETAI N NAPAPETPOC TOU
XPOVOU HE TN XpNon €vog, KATa TUAKATA, CUVEXOUC MOVTEAOU KaTakeppaTidovTag yia
kGBe xproTn Tov a&ova Tou XpOVOU Ot &va NPokKadopIioPeVO apiBud onueiwv.

MNa va eniteuxBei autod n ypAuun Tou XpoOvou Twv aAAnAenidpdcewv Kabe
XProTN Mou KAAUMTEI TO GUVOAIKO XPOVIKO SIA0TNKHA [thin, tax] KATAVEUETAI OE £Evav
apiBud anod K, ioa diactiuaTa £T0l WOTE:

tr ty t e tku+1 sz
| 1 | |
t#lin b111 bﬁ b,lfu"-l t#lax
\ . J . J l_Y_J
At At, Atyy+a
'‘Onou |At1|=|At2|=...=|AtKu+1|:tLrJ”a‘xn;trunin Kal n, €ival gia napaPeTpog 81acTnUATog n

u

onoia Ba kabopioTei nelpapaTikd yia-kabe-xpnorn.

To BaAoIkO MOVTEAO XPNaTn BewpsiTe OTI €ival YPAPMIKO PE KABE XPOVIKO
dlaoTnUa va evTacoeTal o€ pia goppa AsiToupyiag nou Unopei va popgonoindei wg
€ENG:

k-1

by( = by +Atx > (b +by * (t—t,) €Y
k=1

(b3, by : k € [kyyq] ER)
Y10 t € [ti, ticeal
kKark el..ky +1]

MNa va ekTeEAEOTOUV KAAAITEPA KAl EUKOAOTEPA Ol UNMOAOYIOUOI £YIVE €l0aywyT| TWV
napakaTw NoooTHTWV:

devu(t) =t-ty, for t € [ty, tyy1] fOor ke [1..k, + 1] ()

(o)

bU=[ bl, b2... b&* 1 1010 DoTED € RRHL (3)

prev,(t) € RKu*! TéTOI0 WOTE:
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. 1, t>t
prev,(t) = [prevk(t)] onou prevk(t) = { 0 (xMLo':)(;rl ,Vk €[k,+1] (4

To prev,(t) €ival €va duadikd didvuoua Nou avaQEPETAl oTa Xpovika didoTnua nou
nponyouvTal TNG TpEXOUTAG XPOVIKAG oTIyun (t).

ku+1

curry(t) eR TETOIO WOTE :

1, QV € [t ti]

curry(t)=[currl(t)] énou currl(t)= {o aANIGG

Vv k e[k, +1]17 (5)

To curry(t) €ival €éva duadikd didvuoua nou  avagepeTal. OTO- XPOVIKO
OIA0TNHAa NoU EUNEPIEXEI TNV TPEXOUOA XPOVIKA aTiyun (t).

e autd TO nAgiclo o Bacikdg ekTiunTAG (baseline | predictor) yia Tnv
NPOTIUNON TOU XPNoTn Wnopei va diagoppwbei o €va diavuepa we [13,14,15]:

by (t)= b3 +At* (prev, (H)*b" ') +dev, (t)* (curry(t)*p™") (6)

To POVTEAO Mou neplypdgetal and Tnv eEiowon (6) pnopei va au&nBei
AauBavovtag undwn OUYKEKPIUEVEC XPOVIKEC | OTIYMEC MNOU OXETI(ETAl PE TNV
NPOTIUNON £TCI WOTE VA WMNOPOUNE va YPAWOUHE OTI:

by(t)= bS+At* (prev,()*b| ') #dev, * (curry()*b” ') +byy 7)

Ma Tnv wpa o Bacikdg eKTINNTAG NPOBAEWNG Ba npEnel va XpnoIUonolgi To
akoAouBo povTENO

bi(®=b;+b; ginet) +bi, pavey  (8)
onou b;, bj g« bi, pav) € R

‘ExovTac kata vou OTI TO Xpovodidypapua yia kKabe avTiKeiyevo ival To id1o
nou KAAUNTEl TO MNANPEC (GACHA TOU XPOVOU OAWV TwV aAANAEMIOPACEWV TWV
XPNOTWV,TE [tmin, tmax]

H e€iowon (8) unopei va au&nbei kata TETolo TPOMNO, WOTE VA CUUNEPIANPOEI
N NPOCOETN XPOVIKN MNEPIODO YIa OUYKEKPIUEVA YEYOVOTa, KaBw¢ enegepyaldpaocTe
€va oUoTnua ouoTAoEwV Yid TNAEOPAaON £TCI WOTE

bi(©)=b;+b; ginet) +bi, bav(t) + bi,season(t) + bi Tivezone()
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H yvwon Tou Xpovou pnopei eniong va sigaxbei evidg Twv dIavVUOUATIKWV
OUVTEAECOTWV a&loAOYNoNG Twv XpNoTwV HE Tov idio TpONo Nou €yIVE yid Tov BaAciko
EKTIUNTH  npoBAéwewv xpnotn. T[poKeIEVOU va npPokUWEl O OUVTEAECTNG
avTioToiXIoNG Kal unoBeTovTacg TNV idla XPOoVvIKA €NEKTAON YIA KAOE XprioTn HNOPOUME
va YPAWOUHE TNV napakdTtw e€iowon:

k-1
P,(t) = P2+ At* Z<P§*At+ P&‘*(t—tk)> (10)

n=0
(P2 ,PX € R)
via ke[ty, tysq] kar kel[k,+1]

MNa va ekTeAeoToUV 01 Bacikoi unoAoyigpoi kal va xpnoigonoeindei evag nio
OAOKANPWHEVOG OUMBOAIONOC €IGAYOUNE HIa ocIpd OEIKTWY E£TOI WOTE:

P(u,t): sival pia oeipd and OeikTeg XpovikoU dlaoTAUATOC NMou nponyouvTdl
TWV XPOVIK®V JIa0TNUATWY MOU NEPIEXOUV TNV CUYKEKPIMEVN XPOVIKA oTIyun (t) yia
Tov xpnotn (u). (11)

C(u,t): €ival o deiKTNG TOU XPOVIKOU JIaoTNNATOC NMou NEPIEXEI TNV TpEXouad
XPOVIKN aTiyun (t) yia Tov xpnotn (u). (12)

SUgpwva ME TOUuGg oplopoUc  (11),(12), n e€giowon (10) unopei va
Eavaypagei ye Tov akoAoubo Tpono:

RO = PO+ Z P+ At + Z P+ dev,(®) (13)

JEPy ¢ JECy ¢

EvVowuaTwvovTag Tov OTIVHIAIo XpOVo TwV EIDIKWOV NPOTIUACEWY N Napanavw
eEiowaon unopei va ypagsi:

RO = B+ Z Pl At Z B) + devy(t) + By (14)

JEPut JECut

To MOVTEAOD; €KTOC and TNV EVOWMNATWON TNG XPOVIKNG METABOANG Twv
NPOTIUACEWY TOU XPNOTN £VOWMNATWVEI kKal dUo TUMOUC €UPETNC avaTpo@odoTnong.
Ta avaTtpogpodoToUeEVA auTa OTOIXEiIa €ival Ta yeyovoTa catchup kal Ta ouppavra
VOD nou oxeTiCovTal Je TNV aAAnAenidpaon Tou XpRoTn Ke TNV TNAedpaon.

catch

'Eot® Ny~ To 0UVOAO TV QVTIKEIMEVWV nou gyivav catched up and evav

OUYKEKPIPMEVO XPNOTN Kal €0TW N‘(’S)d To oUVOAO TWV AVTIKEINEVWV Nou gyivav VOD
ano €vav OUYKEKPIUEVO XPNOTN.

Ta avTioToixa diavUuopaTa TwV OXETIKWV OToIXEiwv Ba eival:

YR vyl e R (15)
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'EXOVTAC KATA Vou OAOUG TOUC NponyoUUEVOUC OpIOHOUC, 0 GUVTEAECTNC TOU
OUVOAIKOU YVWOTOU XPOVOU TOU WOVTEAOU napdayel yia ektipnon fu,i(t) oluyewva pe
TNV akoAouBn e€icwon:

1 1
Fut() = o+ by(®) + B () + @ Pue+ [NGER T2 Y yrehg [WESP[2 " yoPt (16)

i-nycatch i-nycatch
JEN () JEN ()

AlgTunwvovTag Tn ouvdapTnon KOOTOUG EAAXICTONOIWVTAC TIC ANAITAOEIG NPENEl va
ehaxioTonoinBei anaitei Tov kaBopiopd Twv KATAAANAWY 0pwV KAVOVIKOMNOINGNG Yid
KGBe napdaueTpo, 6NweG

2
(bg) 1 0 OpOC NMou OXETICETAl JE TNV NPOTIUNGCN TOU XPNOTN
||b_r||2 : yia To didvuoua NPoTiunong Tou XpHoTn

bﬁ,t : 0 OpPOG NOU €ival CUCXETIOPEVOC YE TNV OTIYHIdia NpoTiunan &vog
OUYKEKPIMEVOU XPNoTN.

biz : yla Tov OpOo MpoTiKNONG OTOIXEIWV

bf BIN(t) : O OPOG MOU Eival CUOXETIOPEVOG HE EVA OUYKEKPIMEVO XPOVIKO d1a0Tnua
(oTov agova Xpovou OAWV TWV AVTIKEINEVWV)

bﬁ DAY(t) - O OPOG NOU Eival CUOXETIOUEVOG HUE HIA OUYKEKPIYEVN PEPA TNG EBdoNAdag
||P8||2 : 0 OPOC MNOU OXETI(ETAIJIE TO-OTABEPO dIAVUOHA TOU XPHOTH.

.2 .2 . . ' '
YicranllBlll xat jecanllP!|l-.: Tia To diGvuopa xpnoTn, 6pog nou oxeTI(eTal He TOV
E0WTEPIKO XPOVO.

||Pu,t||2 : Opoc yia To diavuopa XproTn nou oXeTi(ETal KE TOV OPO TOU OTIYHIAioU
XpOvou.

EAayioTonoiwvTag TNV cuvaptnon oQAaAuaTog EXOUE:

1 o 2
E= ) 5 (w®— fu®
(u,i,t)ek

+

N>

~ 2
bd® + ||hr||2 +bi +bf + biz,BIN(t) + biz,DAY(t) + ot ||P8|| + Z ”X‘CatChHZ

: catch
JEN @

.2 .2
£ R e TR+ D IR | a7

;e VOD j j
]EN(u) JEP(u,t) jeC(ut)
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b =prev (t)+curr (t)Ob" ue ® element wise
—u

‘Onou To k anoBnkevel OAegc TIGC TPIAdEG vyia TIC OMOIEC UNAPXOUV YVWOTEG
a&loAoynosic.

AauBavovTtag undéwn auto n e€iowaon (17) unopei va ypagpTei Eavd wg:

E= Z Euit (18) «xoau
(uit)ek

euitzrui(t) - i'\ui (t) (19)

M: €ival n ouvoAIkr péon TIMR TNG Babuoloyiag [oTaBepa] (20)

H eAaxioTonoinon Tou A€IToupyikoU KOOoToug oTnv e€iowon (18) pnopei va disEaxOei
MEOWw TNG aglonoinong Tou aAyopibuou stochastic gradient descent. MNa To Adyw
auTo XpelalOPaoTe va UNOAOYICOUHE TIC NAPAKATW NApAywYouG.

OV boEuit OV b'Euit OV by, (Euit v (u,i,Hek

oV b,EUlt OV bi,BIN ® OV bi,DAY(t) O)% BUOEUit oV Bu,tEUIt

¥ JEP(,y 1 V P Euit (ug, j* 0)

¥ JeC(y,y : V P Euit (he, j# 0 kai |(u,§)[=1)

v jefol‘)tCh Y chatChEuit

Vv JEN{SP : v YYOPEuit

5.1. YToAoyIOHOI TTapaywywv

AauBavovtag undéwn OTI N ouVAPTNON KAvoVIKONoinong nou avagEpeTal oTn
napAaueTpo o€ OXECN WE TNV NAPANETPO

by

. 0y _ 024 A

gival Rbo(bu) =b, *z+C.o (21)
u 2 bU

MnopoUue va ypAYWouuE OTI:

2
E=30u®— fu®)’+ b *3+Cpo  (22)
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'‘Onou pag divel oOTI:

o .. _ 0 1 . 2, 02, A
Vbl =I5 0w~ @)+ b 5 +C 1 =

ad
V boEuit = (ry(t) — Fu(®)—5 (0~ Fu(®)+ Abg =
ab,

\Y bSEuit = -e,it+ )\b8 (23)

H ouvdpTnon Kavovikonoinong os ox&on We Tn diavuopaTikr napduetpo b sivar:
AR ro o ~r T r

Ry(2) =5 [[B]" +Cy =Ry (0) =3B B'+Cy

H onoia divel:

a 1 AN T
v QrEuit =W[E(rm(t)_ Fui(t))z-l_ E(Qr)Tb" +C2r ] =

. " 0 o ~
VDEUIt = (ry(® = Fu(®) 57 rui(® = i)+ AR"  (24)
AAAG €xoupe OTI:

O [ry(®)-F .(t) ] =- % [At* D*b" | +dev (t)* ty*p" '] =
a_br ui\tJ= Ty =" B_Qr prevu() ) ﬂu() CUI"I"U() 2 ]—
—At+prev () - devy(®)*curry(t) (25)
SuvdualovTag TIC eEICWOEIC (24), (25) EXOUME :
V b'Euit = -e i *[At *prev, (D+ @u(t)*curru(t)] +N*(prev, D+ curry(t) )Ob"  (26)
H ouvapTtnon kavovikonoinong o€ 0XE0N PE TNV NApAPETPoO by, ¢ Eival

~ h2 %A
Rbu,t(bu,t) N bu,t P + Cbu,t @7)
'ETOI yNnopoUlE va YpAWOoUE OTI
1 ~ 2 A2

Euie=5 (rui(®- F;(0) + 3by+Cy,,  (28)

Enopévwg naipvoupe oOTI:

V b, Euit =

1 A
5 (rui® = Fa(©)” +5b5,+ Gy, [ =

9by . 2
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V by +Euit

. ) .
(rui(t)' rui(t))Wt [(rui(t)' rui(t))+)\bu,t]=>

V b, Euit =-e,;+Ab,:  (29)

Epapudlovtag Tnv idia Aoyikr) NnpoKUNTOUV Ol NapakaTw £EICWOEIC:
V b;Euit = -e 1 +Ab;  (30)

Vbiemwnt = -€utt+Abiging  (31)

V bipavty = -€uit+Abipayry  (32)

>UvOEoVTAG TNV NAPANETPO P_S MMOpPOUNE va YPAWOULE :

A

Euit (PY)= 2 (ru®- 7,0) + 2 ||PS

4 Coo  (33)
onou:

Pui (P, t)=a] P_8+CP_8 (34)

To onoio divel

0
Py

. d (1 . 20 A 2

Ty EUt = (ry(O- Fui(t»%[(rum- ()] +AP=

PO i

G, ~
Vo Euit = 'euitﬁ [qT P8+CP0] +)\P8:>
u 2 _

VPS

Euit, = -ey *&+)\P_8 (35)

Epapudlovtacg Tnv idia Aoyikr napdyovTal ol napakdaTw £EI0WOEIC:
VM Euit = -eg; *&+)\M (36)

Kai

V jEP .y V E];Euit HnopoUvV va napaxBouUv ol NapakaTw £EICWOEIC:
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v, Euit = -y *A* gH+APL  (37)

VPJ-u Euit = -e,; * dev,(®) *&H\i (38)

MNa Ta oxeTika diavuopaTta TnG EYPECNG avadpaonc MNopoUpE va YPAWoUHE OTI:
1

v IENGT 1 v YRt =- NG| P* eye* g AT (39)

1
v JENYSP 1 V YYOPEUit = - [Ng"| 2

Y% (a0

* euit>'< qi +A

To YovTéAO pac Ba npEnel va GUYKPIOEi HE TO apXIKO YPAUMIKO HOVTEAO. Yia-Tov
Baoikd eKTIUNTA XPROTH, CUNPWVA KE TO OMNOI0 £XOUME OTI

b,(O=by,+ a, *dev,(D+b,: 41

B
‘Onou: by, a, and by eR kar dev,(t)= sign (t- t,)*|t t,| "~ (42)

min_ ,max
-ty

Me t, = (43)

>e auTo To nAaiolo ol e€lowoeig (22), (26), (29) Ba avTikatacTaBouv ano TIG
akoAouBeg eElIoWOEIC:

V byEuit = -e,t+Ab,  (44) (n onoia.oThVv ouacia €ivail n idia)
V a Euit = -e ¢ *+ devy(t) + Aa, (45)
v bu,tEUit = -€uit + )\bu,t (46)

H BeATioTonoinen Tng ouvapTnong o@AAUaAToG Aaupavovrac unown  TIG
XPOVIKEG NAPAMETPOUC, TOU MOVTEAOU Ba €KTEAECTH WE Tn €@ApHoyn Tou stochastic
Gradient Descent aAyopiBpuou.

5.2. MepiAnwn aAyopiOupou

e EnaveélaBe pexpl va GUYKAIVEl:
e Ta kabe (u,i,t) € K:
e YNOAOYIOE TO OQAAMA: ey« Ty, (t) — 7y (8)
e Evnuépwoe: X« X-yVyEuit
e VJjEPyy :
Evnuépwoe Y« Y-yVyEuit
e VJeCy,y :
Evnuepwoe Y'« Y'-yVy, Euit
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. tch
.V jENZIN .
Evnuépwoe Z« Z-yV,Euit
o VieNGP:

Evnuépwoe Z'— Z'-yVy, Euit

5.2.1. Stochastic Gradient Descent Algorithm

EnavélaBe PEXPI va OUYKAIVEL:
Ma kae (u,i,t) € K [MONTEAO IJ:

e YNoAdyioe: ey « 1,,(t) — 7, (&) (TpEXOV opAApa npoBAewnc) .(47)
o Evnuépwoe: bS « bl+y (e -Ab°) (48)
e Evnuépwos:
b" < b'+y (eui*[At* prev,(®+ devy(t)* curry(t)]-A * [(prev, @ +curry(t))Ob" 1) (49)

Evnuepwoe: byt « byt+y (€uit - Abyt) (50)
Evnuepwoe: b; « bi+y (eyi-Ab;) (51)

EvNHEPWOE: b pinety < bimety +Y (Euit-Abipine ) (52)
EvNpEPWOE: b pay(ry < bipavr) +Y (€uit=Abipavy ) (53)
Evnuépwoe: Eg “ E3+Y (euit*q]')\Eg) (54)

Evnugpwoe: P < P +Y (eit*q-AR, ) (55)
eV jEP(,t) (GUVOAO TV MPONYOUPEVWY XPOVIKWV 3IACTNHATWV):
Evnpépwoe: P, « Pl +y (e At*q-AP])  (56)
oV jeC,t) (OUVOAO BEIKTWV TOU TPEXOVTOG XPOVOU):
Evnugpwoe: P« P +y (ey*dev,(D*q-AP))  (57)

catch

e VjeNg (OUVOAO JEIKTWV TWV OTOIXEIwV catch up)

EVF]IJép(DO’E: chatch<_ chatch + Y(lN(c;f)tchl 2 X euit*qi_)\chatch ) (58)

e Vv jeN}{SD ¢ (oUVOAO JEIKTWV TWV OTOIXEIWV vod )

1
Evnpepwoes Y}« YyOP+y(IN{SP| 2 * eyie*a,-AYY® ) (59)

2TNV NEPINTWONn Mou TO apXIKO YPAMHIKO HOVTEAO TOU BACIKOU EKTIMNTN
xpnoTn xpnoigonoinBei, o1 e€iowoeig (48), (49) npénel va avTikataotabouv anod
[MONTEAO II]:

Evnuépwoe: by «by+y (e - Ab,) (60)

Evnuépwoe: ay<ay+y (eyi xdev,(t) - Aa,) (61)

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon Sehida | 47



MeTamtuylakn AlaTpir Zappng Aviwviog

Mpoooxn 1o dev,(t) eival Twpa d1apopeTIKN NocoOTNTA

oo

[P1]:

5.2.2. AAyopIOUIKA TAPAYOVTES

MpoadiopileTal OTI TO XPOVIKO dldoTnUa Twv aAAnAemdpdoewy yia kabe
XPNoTn: {tyn, thax}, V UEU

MpoadiopIouOC Tou apiBPo TwV EVOIGUECWY ONUEIWY EAEYXOU KATA HNKOG TOU
agova Tou Xpovou aAAnAemidpdacswv Tou KaBe xproTtn K. 'Evac apiBpog (Ky)
TWV eVOIAUECWY ONUEIWV EAEYXOU MPOKAAEI €vav GUVOAIKO apifpo- (K, + 2)
XPOVIKA Onueia katd prAkoc Tou agova xpovou (ouunepidapBavouévou Tou
start / stop onueiou {t“min, thmax}) Kal évac apiBpoc (K, +/1) TenoBsTouvTal o€
ioa xpovika diaoTthpaTta. O apiBudc Twv enayoueEvwY XPOovika d1aoTnUaTwyv
gival eniong ico Ye Tov apiBud Twv Eiélavuopdva nou-xpnaigonolouvTai yia

TN PovTeAonoinon Tou XpOvou diakupavon Twv 'J1IavuopaTwy XprnoTn Kai Tou
dlavuopaTtog bY. Q¢ ek ToUTOU, I0XUEI OTI:

(Aedopevou OTI |Cy 1yl =1, TOTE EXOUUE IP(u,t)l < Kp)

KaBopiopdg Tou WECOU @nueiou yia KaBe xpnoTn: tﬁ@ otnv
neEPINTWON NouU TO APXIKO YPAUMIKO HOVTEAO XPNOILONOIEITAl

KaBopiopog Tou-nAndouc Twv OlacTnUATwyV OTO onoio 6a JdlauepioTel o
OUVOAIKOC d&ovag.Tou Xpovou vyia OAad Ta avTIKEINeEVA, HEOW Tou
npoadlopICOU TNG €AAXIOTNG KAl TNG MEYIOTNG XPOVIKA OTIYMNAG Yyia KABe
BaBuoAoyia.

KaBopiopgog Twv napapéTpwy nou AdpBavovTal unoywn oTo GUVOAIKO JOVTEAO
Apxikonoinon (Tuxaia) g KABeg pia ano TIC E0WTEPIKEC NAPAPETPOUG.
Epappoyn aAyopiBuwyv (MODEL 1 ) kal (MODEL I1) vyia Tnv €AaxioTonoinon
TNG ouvaptnong AdBouc ot €va oUvoAo  eknaideuon kal &va oUVoAo
€KTIHNONG Kal doKIur RMSE.

Mpiv e@apuooTei To BANG 7 €va NAGvo KATATUnNonGg TOUu GUVOAIKOU TwV
onueiwv xpeldleTal npokeigévou va AABoupe mnio akpifry anoTeAEouaTa

EKTIMNONG.

5.2.3. AioTa mMapapgéTpwyv

bg € R (Wa yia kabe xpnotn u € U)
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[P2]: bY € RKu*1 (¢va Siavuopa yia kaBe xproTn u € U)
[P3]: byt € R (MIa yia KGBe xpAOTN Kal @VTIOTOIXO GTIYMIOTUMNO XPOVOU)
[P4]: b; € R (Mia yia kaBe avTikeipevo i € 1)

[P5]: b gin(t) (MIa yia KGBE QVTIKEIMEVO Kal avTioToixo diacTnua Xpovou oTov agova
XPOVOU OAWV TWV AVTIKEIMEVWY )

[P6]1: bi pay(t) (Mia yia KGBE OTOIXEIO Kal YIa TNV AVTICTOIXEI XPOVIKN OTIYUR TNG
nUEPAc)

[P7]: B? € Rf (éva didvuopa yia kaBe xprRoTn u € U)
[P8]: B, € Rf (€va diavuopa yia KABE XprOTN KAl TNV aVTIOTOIXN XPOVIKN OTIYUR)

[PO]: Ej € Rf (éva didvuopa via kaBe xproTn Kal Tov avTioTolKo SEIKTN XPOVIKOU
dlaoTruaTtog (napeAdov))

[P10]: Bj € Rf (éva didvuopa yia Kabe xproTn Kail T0.avTioToIXo (TPEXOV) XPOVIKO
diaoTnua)

[P11]: Y2*" € Rf (pia yia ka6e oToixeio catch-up)

[P12]: Y°P € R (pia yia kaBe oToixeio vod)

[P13]: b, € R (Mia yia kaBe xpriotn u € U) [*n P13 €ival idia pe Tnv P1 ]
[P14]: a, € R (uaywx kdBe xprjom one u € U)

ZnUEIWVETAl Kal NAaAl OTI o) napdauperpor [P1], [P2] kar [P13], [P14] ceival
GUMNANPWHATIKOI.
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6. Zupnepaopara & MeAAovTikég Evépyeleg

H neipapaTikn Oladikacia vyia Tov €AEyX0 TnNG akpiBela Tou MPOTEIVOUEVOU
aAyopifuou napouacialeTal NApAKATW.

To nAnRpeg oUvolo Jdedopeévwv OlauepIoTNKE ME Tuxaio Tpoéno o 57
unoouvoAad Twv 1000 XpnOTWV. ZUYKEKPINEVA TO MPWTO UMNOCUVOAO nePIEAGUBaAve
1000 xpnortec kai 15.535 avTikeigeva npoypdppaTtoc. a TO OUYKEKPIUEVO
unooUvoAo Oedopevwv nTav Olabéoiyeg 1.495.727 TiNEG PBabpoAoynong nou
avTioToixouv ot sparsity = 1495727/1000*15535=0,0963. lNa TO OUYKEKPIUEVO
npoBAnua 1o NARBoOC Twv dIaBEaIPwY a&loAoynoswy dIQUEPIOTNKE PE TuXAio TPOMO
xpnoidonoiwvtag To 80% via training kal 20% vyia testing. H Ta&ivounTikn akpipeia
kaTtd Tnv didpkeia TnG eknaideuong nrav 1,1436 evw kaTtd Tn OIdpKEIa TOU. EAEYXOU
nTav 1,1572.

To OeUTepo unNoouUvoAo nepieAaupBave 1000 xproTeg kal 15.554 avTikeiyeva
npoypaupaToc. A TO OUYKEKPIYMEVO UMOCUVOAO Oedopevwy NTav  OlaBECIHEG
1.578.688 Tiyéc BaBuoAoynong nou avTioTolxouv o€ sparsity==0,1015. MNa TO
OUYKEKPINEVO NPOBANUA To NANBOC Twv JIaBECINWY A&loAOYNOEWY JIQUEPIOTNKE ME
Tuxaio Tpomo xpnoldonoiwvtag To 80% vyia training kal 20% vyia testing. H
Ta&ivounTikh akpifeia kata Tnv didpKela TNG eknaideuong ntav 1,1698 evw kaTta T
didpkela Tou eAéyxou nTav 1,1826.

Mapakdtw napoucidleTal o nivakag WPe OAd  Ta nelipduyata nou
npaypartonoinénkav.

A/A . AvTIKEigeva.| AIAOECINEG Sparsity Mae Mae
neipaparog a&loAoynoeig Train Test
1 1000 15.535 1.495.727 0,0963 1,1436 | 1,1572
2 1000 15.554 1.578.688 0,1015 1,1698 | 1,1826
3 1000 15.530 1.579.175 0,1017 1,2023 | 1,2114
4 1000 15.517 1.474.633 0,0950 1,3194 | 1,3323
5 1000 15.550 1.522.013 0,0979 1,2500 | 1,2510
6 1000 15.568 1.528.249 0,0982 1,1799 | 1,1900
7 1000 15.552 1.527.791 0,0982 1,1938 | 1,2050
8 1000 15.560 1.509.797 0,0970 1,2592 | 1,2693
9 1000 15.554 1.569.589 0,1009 1,1692 | 1,1825
10 1000 15.565 1.506.780 0,0968 1,1912 | 1,1997
11 1000 15.548 1.525.358 0,0981 1,1744 | 1,1844
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12 1000 15.553 1.525.997 0,0981 1,1714 | 1,1816
13 1000 15.533 1.412.923 0,0910 1,2916 | 1,2995
14 1000 15.554 1.508.024 0,0970 1,1845 | 1,1951
15 1000 15.550 1.578.593 0,1015 1,2389 | 1,2422
16 1000 15.536 1.507.474 0,0970 1,1832 | 1,1897
17 1000 15.542 1.500.452 0,0965 1,1952 | 1,2050
18 1000 15.549 1.546.007 0,0994 1,1902 [.1,2068
19 1000 15.543 1.553.075 0,0999 1,1842 | 1,1952
20 1000 15.536 1.510.161 0,0972 1,1895 | 1,2010
21 1000 15.542 1.422.480 0,0915 1,2759 | 1,2886
22 1000 15.530 1.561.346 0,1005 1,1521 | 1,1533
23 1000 15.536 1.506.624 0,0970 1,2490 | 1,2531
24 1000 15.553 1.544.242 0,0993 1,1552 | 1,1567
25 1000 15.535 1.544.037 0,0994 1,1864 | 1,1872
26 1000 15.553 1.538.270 0,0989 1,1908 | 1,2078
27 1000 15.547 1.521.228 0,0978 1,1619 | 1,1645
28 1000 15.558 1.579.525 0,1015 1,1927 | 1,2029
29 1000 15.547 1.563.824 0,1006 1,1889 | 1,1995
30 1000 15.539 1.550.034 0,0998 1,1895 | 1,1965
31 1000 15.539 1.535.616 0,0988 1,1864 | 1,2010
32 1000 15.564 1.520.805 0,0977 1,2666 | 1,2740
33 1000 15.540 1.538.283 0,0990 1,1756 | 1,1861
34 1000 15.539 1.498.875 0,0965 1,1702 | 1,1861
35 1000 15.555 1.508.667 0,0970 1,1878 | 1,2019
36 1000 15.545 1.507.822 0,0970 1,1717 | 1,1823
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37 1000 15.536 1.446.842 0,0931 1,1864 | 1,1972
38 1000 15.555 1.514.566 0,0974 1,2521 | 1,2592
39 1000 15.567 1.516.740 0,0974 1,1879 | 1,1884
40 1000 15.539 1.522.656 0,0980 1,1609 | 1,1694
41 1000 15.561 1.552.685 0,0998 1,1956 | 1,2057
42 1000 15.546 1.575.605 0,1014 1,1912 | 1,2017
43 1000 15.546 1.446.123 0,0930 1,1831 [1,1893
44 1000 15.554 1.499.335 0,0964 1,1871 | 1,2010
45 1000 15.563 1.542.418 0,0991 1,1593 | 1,1800
46 1000 15.536 1.572.235 0,1012 1,1543 | 1,1641
47 1000 15.540 1.511.690 0,0973 1,1521 | 1,1810
48 1000 15.569 1.547.443 0,0994 1,2227 | 1,2807
49 1000 15.543 1.558.990 0,1003 1,1540 | 1,1596
50 1000 15.531 1.540.656 0,0992 1,1728 | 1,1930
51 1000 15.572 1.563.781 0,1004 1,1961 | 1,2020
52 1000 15.564 1.453.761 0,0934 1,1757 | 1,1966
53 1000 15.548 1.558.042 0,1002 1,1860 | 1,2019
54 1000 15.561 1.577.195 0,1014 1,1971 | 1,1975
55 1000 15.563 1.526.411 0,0981 1,2485 | 1,2575
56 1000 15.577 1.513.708 0,0972 1,1987 | 1,1992
57 1000 15.546 1.529.970 0,0984 1,1916 | 1,1926

H napaperpog y Tou aAyopiBpou ATav 10° kar A=1. MNa Ta diavuouaTa Twv
XPNOTWV KAl TWV AVTIKEIJEVWV MOU €KTINABNKav n diagTacn TwV XapakTnpIoTIKWV
Toug ATav ion pe 10.

To endpevo neipapa nou npaypartonomenke nATav and To oUVOAO Twv
XpNOTWV va eniAeyouyv ol 50, 100, 250, 500 kai 1000 XpriOTEC UE TIC NEPICCOTEPEG
a&lohoynoeic Ta anoteAéopaTa napouoialovTal NapakaTw:
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A/A Ap. AvTikeigeva Ala@écipgég | Sparsity | Mae Mae
neipagarog XpnorTwmv a&loAoynOoEIg Train Test
1 50 15.224 272.674 0,358 0,7308 | 0,7345
2 100 15.543 531.070 0.342 0,7502 | 0,7526
3 250 15.709 1.235.982 0,314 0,8238 | 0,8249
4 500 15.758 2.346.688 0,298 0,8450 | 0,8476
5 1000 15.780 4.360.718 0,276 0,8576 | 0,8578

MNa TO0 neipapa Twv 50 YXpnoTwv OXeDIAOTNKAV Ol KAMMUAEC pABNONG Kai
napouocialovral NapakaTw.

MAEtrain 50 xpnotec

1.00E+01
9.00E+00
8.00E+00
7.00E+00
6.00E+00
5.00E+00
4.00E+00
3.00E+00
2.00E+00
1.00E+00
0.00E+00

MAEtrain

63
125
187
249
311
373
435
497
559
621
683
745
807
869
931
993

1055
1117
1179
1241
1303

Eikova 7: KapnUAn exnaidsuong MAEtrain
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MAEtest 50 xprnoteg

1.00E+01
9.00E+00
8.00E+00
7.00E+00
6.00E+00

5.00E+00
4.00E+00 e MAEtest

3.00E+00 \\
2.00E+00
1.00E+00 S~

0.00E+00

63
125
187
249
311
373
435
497
559
621
683
745
807
869
931
993

1117
1179
1241
1303

1055

Eikova 8: KapnuAn eAéyxou MAEtest

H OJiadikaoia eAéyxou TNG &eykupOTNTAG TOU MPOTEIVOUEVOU aAyopibuou
KaTEDEIEE NPWTIOTWG TNV AMOTEAECHATIKOTNTA TOU. Yia To nNpOBAnUa TnG ouoTtaong
NOAUMECIK®WV QAVTIKEIMEVWYV HECA OTO €UPUTEPO MAAICIO TNG €EATOMIKEUONG TWV
unnpeoiwv IPTV. SUYKEKPINEVA, TA MEIPAPATIKA ANOTEAEOHATA MOU OCUAAEXONKav
aQopouv 0e€ €&va OUVOAO OOKIHWV Of. JIAQOPETIKA unooUvoAa XpnoTwvV Kdl
AVTIKEINEVWV WE dlaPopeTIKA enineda apaiotnrag dedopevwy (sparsity). Ta v Adyw
anoTeAéopaTta unodeikvUouV onuavTikn PBeATiwon TNG TIWAC Tou HECOU andAuTou
o@aAuatog (MAE) TO00 KaTta Tnv (diadikacia Tng €knaideuong 000 Kdl KATa Tnv
d1adikaoia ToU E€AEyXOU OE OXEONWME TNV avTioToixn MEYIOTN TIUAR Tou nou 6a
NPOEKUNTE aAMO €vav eK@UAIOUEVO .aAyopiBuo cuoTaong Baoilopevo otnv kabapn
TUXN. EminAéov ol TINEC Tou HECOU anoAuTou o@AAPATOG KATa Tnv dladikaagia Tng
€Knaideuong kal katd Tnv. 01adikagia Tou €AEyXOU yia TO GUVOAO TWV MEIPAPATWV
nou Jdievepyndbnkav ~TauTiovrtar We akpifsia npwtou dekadikoU  yngiou
anodeikvuovTag Tnv 1kavoTnTa YEVIKEUONC Kal TNV oTadepdTnTa TOU MPOTEIVOUEVOU
HovTEAOU. MAAIOTd, n BEATIWON O OXEON WE TNV MEYIOTN TIUA TOU PECOOU andAuTou
opaAuaTtog (MAX MAE‘= 2.5) yia Ta KaAUTEpA anoTeEAEOPATA NOU GUAAEXONKav NTav
NG Ta&ng Tou 1.75 otnv avTtioToixn kAigaka Tou MAE via TIHEG rating oTo dIaKpITO
diaotnua {1,2,3,4,5}.
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'Eva onuavTikd CUNNEPAONA Nou MPOKUNTEI and Tov MEIPANATIKO EAEYXO TOU
aAyopifuou cuaTaong €xel va KAVel JE TNV axeon HETAEU TNG akpifeiag ocuoTaong kai
TNG NUKVOTNTAG TwV JIaBE0INwY agloAoynoswy yia KAaBs unogUvoAo JeJONEVWVY MOU
xpnoigonombnke katd Tnv diadikacia Tou MEIpAPATIONOU.  SUYKEKPIYEVA,
npaypartonoindnke Hia akoAoubia neipapdtwv pe au&avopevo NARBoG XpnoTwv Kal
JIaBE0INWY TINWV rating NMou avTIoTOIXOUOE OPWG OFE MEIOUNEVO BaBuo apaidoTnTacg
d0edopévwy. Ta anoTeAéopata nou npogkuwav and aut Tnv diadikaacia
UNodeIKVUOUV OXETIKI aAu&nTIKr TAOon OTIC TIWEG TOU WEGOU aAMOAUTOU OPAAUATOG
Kabwg peiwvovTal ol TIMEC TNG apaldoTNTag Twv OedouEVWY, KaBIoTwvTag
OUOKOAOTEPO TO aVTIOTOIXO NPOoBANua Ta&ivounong.

0.88

0.86

0.84

0.82

MAE

08 Train

0.78 Test

0.76

0.74 S

0.72

0.25 0.27 0.29 0.31 0.33 0.35 0.37
Sparsity

Eikova 9: Zx&on Ta&IvolIKNnG akpiBeiag kal sparsity

QoT000, N Ta&ivounTikh- akpifela Tou aAyopiBuou eEakolouBei va Kiveital og
IKavonoINTIKA €nineda  akOPa yia akpdaia HIKPECG TIMEC apaldoTNTAaG OedOMEVWV.
MaAioTa, a&ilel va onuelwBei nwc yia Eva eUpog TIHwvV apaldéTnTag oto diaotnua 0.09
€wG 0.35 ol avTioToIXeEC TIMEC TOU MEOOU aAMOAUTOU O@AAPATOG KivoUvTal OTo
diaotnua 1.2 £wg "‘0.75, anodeikvUovTag Tnv oTaBepOTNTa TOU aAyopiBuou o€
aKkpaieg ouvONKeG.EANEIYNG DEDOHEVWV.

OAOKANPWVOVTAC TNV avAaAucon TV OCUPMNEPACUATWV OXETIKA ME TNV
OUMMEPIPOPA TOU MPOTEIVOMEVOU aAyopiBuou 6a npénel va avagepBei n
AVEKTIKOTNTA TOU OTIG EVTOVEC oOUVONKec Ta&kAG avicopponiac nou OIENEl TNV
KATAavoun Twv TIHWV TOoU rating yid To oUvoAo Twv OIdBECIHWY XPNOTWV O KABE
UNooUVoAO OedOlEVWV MOU XPpNOIPOMoINONKeE KATA TOV MNEIPAMATIKO EAEYXO TOU
aAyopiBuou. JUuyKekpIPMEVA, AauBAavovTac unowiv To Yeyovog Nwc n Katavoun Twv
TIMOV TOU rating yid TO avTioTolxo KAaBe @opd oUvoAo OedouEVwV Mou
Xpnoigonoinenkav yia eknaideucn OUYKEVTPWVEI TO HEYAAUTEPO NOCoaTO TNG Kalag
NG otnv TIiuf 1, 6a avéueve Kaveic Yia Napouola cuunepIpopd yia TIC EKTIHWOHPEVEC
TINEG rating nou npokUNTouv and Tnv dpdacn Tou aAyopiBuou. QoTdO00, HIa TETOIOU
€idouc oupnepipopd Oev NApPATNPNONKE HE TIG EKTIMWHEVEG TIMEG TOU rating va
KaTavéuovTal Kavovika yUupw and Tnv HEON TIMR Tou rating yia To oUVOAO Twv
dedopEVWY €kNAideuanC.
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3STIC MEAANOVTIKEC €MEKTACEIC TNG napoUodC €pyaciac OUYKATAAEYETal n
oUYKpION TOU MNPOTEIVOUEVOU aAyopiBuou Pe AAAa povTéAa cuoTaong HeE Xpovo-
€niyvwaon nou undpxouv oTnv Tpéxouad BiBAloypagia Twv cuoTnudTwyv cuoTtaong. H
OUYKEKPIMEVN NPAKTIKN KPIVETAl I1ID1QITEPA ONUAVTIKN KAOWG N owoTh YovTEAONoinaon
TNG XPOVIKAG HETABOANG TWV MPOTIUACEWY TwV XPNOTWV E£ival TO BACIKOTEPO
XapakTnNpIoTIKO 0 £€va cuoTnua oloTaong nou agopd unnpecieg IPTV. H dievépyeia
nePICOOTEPWV MEIPAPATWV KAl n npoondabeia TauTdoxpovng MNPOypPAPHATIOTIKAG
dlaxeipiong peyaAUTepou Oykou JedopEVWY aAnoTeAOUV MPOKANCEIC nou kadioTouv
avaykaia Tnv geAAovTIKR napaAAnAonoinon Tou aAyopiBuou. H eniAuon Twv v AOYyw
NPOoBANUATWY WMOpEl va odnyrnoesl aTnv uAonoinan €EATOUIKEUNEVWV CUCTNHATWV
oUOoTaoNG yia Ta ornoia undapxel TO CUYKPITIKO MAEOVEKTNKA NMOU OXETICETAI UE TNV KN
avaykaidtnta unap&ng pntwv a&loAoynoswv anod Tnv TNAEUpd TOU ~XPNoTn.
ZuvoyilovTtag, Hia and TIGC nio a&ldAoyeg €peuvNTIKA dUVATOTNTEG EMEKTAONG. TNG
napouoag epyaciag €ivar n diaTuNWon HOVTEAWV KAl avTioToIXwV aAyopiOuwv yia
TNV JovTeAonoinon opddwv xpnoTwv (group modelling).
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MAPAPTHMA 1l Ovoépara peTraBfAnTwyv

1. UsersNumber: |U|, o apiOuog Twv Jovadik®wVv XpnoTwv

ItemsNumber: |I|, 0 apIBUOG TWV HOVADIKWV AVTIKEIMEVWV.

3. TimelntervalsNumber: 'Eva [1x UsersNumber] didvuoua nou anoBnkeuel Tov
apiBud Twv Xpovikwv d1acTNUATWY nou AapBaveral undéyn yia kabe xpnoTn.

4. ControlPointsNumber: éva [1x UsersNumber] diavuoua anoBrkeuong Tou
apiBuol Twv XPovIKwV OlaoTNUATWY MNou npénel va €EETAOTEl yia KABE

XpnoTn.

N

[H peraBAntn TimelntervalsNumber xpeialeral va opioTei npiv TNV HETABANTN
ControlPointsNumber  a@ou  ioxuel  OTI: ControlPointsNumber(u)=
TimelntervalsNumber(u)+1]

5. StartingPoints: €va [1xUsersNumber] diGvuopa nou anoBnKeUsl TNV XPOVIKN
OTIYHN TNG Evapénc aAAnAenidpaong evoc OUYKEKPIMEVOU XPHOTN.

6. EndingPoints: €éva [1xUsersNumber] diGvuopa nou anoBnkeUusl TNV XPOVIKN
OTIYUN TOU TEPHATIONOU TNG aAANAENIdOPAONC.EVAC OUYKEKPIUEVOU XPNOTN.

7. ControlPoints: €évac (numpy) nivakag <ano . ypdupes UsersNumber nou
anobnkelel Ta onueia eAéyxou KaTd MAKOGC Tou daGfova XpoOvou Twv
aAAnAenmidpdoewyv yia KABe XpnoTtn. ZnNUEIWVETAl OTI KABe popeag
nepIAappavel To onpeia Evap&ng kar TEAoUg kabwg kai 0TI OAa Ta diavuopaTa
dev €ival anapaitnTa T0 id10 NNKOC.

8. UsersRatingNumber: 'Eva [1xUsersNumber] diGvuopa nou anoBnkeuel Tov
apiBud Twv a&loAoynoewv eVOG .OUYKEKPINEVOU XPpAOTN. AUTOC 0 aplBuoC sival
npopavwe i0o¢ JE ToV apiBuo TwV XPOVIK@WV dilaoTnudaTwy dAAnAenidpaong
€VOG OUYKEKPIUEVOU XPNOTN. yia napddeiypa TIG aAAnAenidpAacelg Tou
OUYKEKPINEVOU XpHoTn.

9. FeaturesDimensionality: H 0idoTtaon di1avuoudTwV Twv XPNOTOV KAl TWV
oToIXEiwV Nou Npénel va BewpnBei (eowTeEPIKA NapapeTpog f ).

10. UsersBaselinelnitialTerm: 'Eva [1xUsersNumber] didvuoua nou anoBnkeuel
TNV apxikn.diapkeia Tou BacikoU eKTIUNTH yia KGBe xpAoTn.

11. UsersBaselineTimelnternalTerms: ‘Evac (numpy) nivakag UsersNumber
YPAHHWV- NIou anobnkelel og kABe ypauun Ta Bapn (e0wTepIKOi NAPAUETPOI
dIavVUOHATWV g” ) nou ouvdEovTal UE KABe Xpoviko OdidoTnua. H u-oTn
YPAMMN €Xxel €va apiBuo ano TimelntervalsNumber(u) oToixeia.

12. UsersBaselineTimelnstanceTerm: 'Evac (numpy) nivakag ano UsersNumber
YPAuMEC Nou anoBbnkelouv o KABE ypauun Toug OPOUC NMOU avTIOTOIXOUV OTd
XPOVIKA OTIYHIOTUNA TwV BACIK®WV EKTIUNTOV TOU XPNOTN (E0WTEPIKEC
napauperpor  by). H u-oTn  ypappn  Exel  evav  apiBud  anod
UsersRatingsNumber(u) oToixeia.

13. ItemsBaselinelnitialTerm: 'Eva [1xltemsNumber] didvuopa nou anoBnkeuel
TOUC apXIkoUG OpouUC ToU BACIKOU EKTIMNTA YIa KABE AVTIKEIPEVO.
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14.BinsNumber: To nAfBoc¢ Twv dlacTnudaTtwyv nou Oa npéenel va JIAPEPIOTEI O
afovag Tou XpOvou yid TO OUVOAO Twv avTiKEINEVwY. H enidoyn Tng
NnapapeTpou €EapTdatal and TO OUVOAIKO Xpovikd JldoTnua oTo Oroio
kivoUvTal ol BaBuoAoyiec. AUuTr N NApANETPOC €ival CUYKEKPILEVO OTOIXEIO Kal
8a pnopoloe va €ival o apiBuog Twv PNVOV Nou KAAUNTOUV TO MARPEG
Xpovodiaypapua r kanoio npokabopioyevo apiBud eBOopdadwy.

15. DaysNumber: O apiOuoGg Twv NUEPWV YEoA o€ Pia Rdopada.

16. UsersVectorslinitialTerm: 'Evag (numpy) nivakag peyédoug [UsersNumber x
FeaturesDimensionality]. AuTOG o0 nivakag €xel akpiBwg UsersNumber
YpauuéC anod FeaturesDimensionality oToixeiwv. Kabe ogipd anobnkevel Tnv
apxikn diapkeia Tou dlavlopaTog yia To didvuopa TnG YVWOTHG WPag Tou
XxpnoTtn (ecwTepikn napapstpog P2).

o
¢ |
I (20 array)
o |
|

17.UsersVectorTimelntervalTerm: Eival yia AioTa Tn¢ python and UsersNumber
oToixeia. To u-OTO OTOIXEI0O AUTAG TNG AioTAG €ivalr &vag OUYKEKPIUEVOG
(numpy) nivakag Heyedoug [TimelntervalsNumber(u)x
FeaturesDimensionality]. KdaBe ‘nivakag oTtn Aiota anoBnkevel K,+1 =
TimelntervalsNumber(u) dilavuopara ano FeaturesDimensionality oToixeia.
AuTa Ta SiavlopaTa avrioTolXoUV 0TV ECWTEPIKA NapdpeTpo P) € Rf).

Il l M

| == | —= |
pinterval — H : I o : “ (3D array)

(| I (|

| 1l

lI:I Pt |
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lrlr: P ] I

o N TP | I
Ettmemstance | | | | . I I
= I I ' Il
Il | [l

Il ] I

I
{I:I: Plul, 1kqup!
f

» Enegnynon Twv akpiBwv OiaoTdcswv Twv MPeTaBAnTwv 18, 19, 20 nou
npogpxovTal and To apxiko opIoHO TNG yVWONG ToUu XPOVOoU TwV JIavUoHATWYV
xpAoTn nou divetal ano Tnv e€iocwan

P,(t) = E_uj + Z At P + z dev,(t) *P) + EUJ
initial term  jeP(ut) jeC(ut) time—instance specific terms

time—interval specific terms

PY € Rf: éva ava xprotn

B& € Rf: (K +1) fj TimelntervalsNumber(u) ava xpnoTn ano

|IP(u,t)|+]C(u,t)|= K,+1= TimelntervalsNumber(u)

18. UsersCatchupNumber: 'Eva.[1x UsersNumber] didvuoua nou anobnkelel Tov
apiBud Twv oToIXEiWV catchup.avd xpnorn.

19. UsersVodNumber: 'Eva [1x UsersNumber] diGvucopa nou anoBnkeuel Tov
apiBuoc Twv vod oToIXEIWV ava XpnoTn.

20. CatchupNumber: O apiBudcg Twv oToIxEiwV catchup.

21.VodNumber: O api®uog Twv oToIXEiwv vod.

22.UsersCatchupindires: pia  Aiota Tng python nou nepiéxel  oToIXEia
UsersNumber:” KdBe (u) oToixeio eivar évag nivakag NumPy diavuopdatwyv
UsersCatchupNumber(u) TI4OV nou anoBnkeUel Toug OJOe&iKTEC TWV
AVTIKEIMEVWV Nou €xouv yivel catched up and Ttov xpnotn (u).

23.UsersVodlndires: Mia AioTa TnG python nou nepiExel oToixeia UsersNumber.
To wu oroixeio eivar €vac nivakac (NumPy) diavuopaTwV  UE
UsersVodNumber(u) nou ol TIMEG nou anoBnkevel eivalr dsikTeg and Ta
oToIxXEia vod nou ayopdoTnkav ano Tov Xprnorn (u).

» CODING SAMPLES:
‘Evag nmivakag numpy pnopei va anobnkeucel 220.000.000 TiWEG Kal va
eKTEAEDEl TNV Aeimroupyia avalitnong os auTtov. MNa napddeiyua Pnopei va
YPAQEi TO NAPAKATW:
Eiocaywynn numpy HEXPI
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X=np.random.randint(1,10,size=(220.000.000,1))

#Bpec OAec TIC 15° NepINTWOEIC OTO X

I1=np.where(x==1)

QoT000, dEV UNOPEI TAUTOXPOVA VA EKTEAEDTEI N anobrikeuon Tou X kai 10
nivakwyv Tunou 11, 12, ..., 110.11, 12, ..., 110

24. CatchupltemsVectors: 'Evag nivakag (numpy) He peyedog [CatchupNumber
x FeaturesDimensionality] nou anobnkelel Ta diavUoPaTa OTOIXEIWV Yia OAa
Ta oToIxEia nNou €xouv yivel catched up

[ E—
(E—

1
|
CatchupItemsVectors = | : I
|

| .
catch
|l|:1: YCatchupNumber
f

25.VodltemsVectors: 'Evag nivakag (numpy) Me MPEyeBog [VodNumber X
FeaturesDimensionality] nou anoBnkevel Ta diavU@uATa TWV OTOIXEIWV Yia
O0Aa Ta vod aTolxeia.

| — i
(E—

1
|
VodItemsVectors = | . I
|

| .
VOD
ll:l: YvodNumber
f

26. UsersVectors: (numpy) [UsersNumber x FeaturesDimensionality].
27. ItemsVectors: (numpy) [ItemsNumber x FeaturesDimensionality].

Oplouoi BoNBNTIKWY CUVOAWV

U: ZUvoAo povadikwv xpnoTwv, |U| = 57826
I: gUvoAo Hovadikwv avTiKEIEVWY, |I| = 16725
|K| ~223.000.000

K={(uit) € UXIXT: r,{t) #0} AuTd €ival To cUvoAo OAwv Twv TPIAdwV (u,i,t) yia
Ta onoia ival yvwoTtn n Babuoloyia

K(u®)={(u,i,t)eK: u=u™* } To oUvolo Twv TpIAdWV MOU avTIoTOIXOUV OTnV
a&loAdynon evOC CUYKEKPILMEVOU XpnaoTn

K(i*)={(u,i,t)eK: i=i } To oUvoAo OAwV TwV TPIAdWV HE YVWOTEC BaBuoAoyieg nou
AVTIOTOIXEI OE £va OUYKEKPIYEVO QVTIKEIPEVO.
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T(uH= {t} ,t5, ..., trK(u*)|} = {teK: u=u"}  To oUVOAO TWV XPOVIKOV OTIYH®OV
OAWV TV YVWOT®V a&loAoynoswv Tou XpnoTn u . To oUvolo T(u”) diatdoosTal og
XPOVOAOYIKN O£Ipa €701 WOTE : t§ = t;;, Kal t|u|<(u*)| = thax-

T )= {t, th, ..., ti;(‘*) } = {teK: i=i } TOo OUVOAO TWV XPOVIKGOV BIaoTARATOV
OAWV TWV YVWOTOV aSIOAOYAOEWY TWV AVTIKEIHEVWY i . To aguvoAlo T(i") diatacosral

OE XPOVOAOYIKR OeIpd £T01 GOTE © -t = to. Kkal tiK(i*)| =t .

QoT600, Ol avTioToIXeG METABANTEG nNou e€ival €EapTwHevec and Tov Xpovo, Oev
XpelaleTal va TagivounboUv o€ XpOVOAOYIKN OEIpd

[UIII]- IK]

DENSITY = VT

= DENSITY =76.94%

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon Yehida | 62



MeTamtuylakn AlaTpir Zappng Aviwviog

MAPAPTHMA Il Nnyaiog kwdikag

# This Python class manages all fundamental operations concerning the manipulation of
the Tv data set.

# Our primary objective is to extend the original linear model for the users' baseline
predictors proposed in

# [Handbook of Recommender Systems] by utilizing a partially linear model for each
user. In this way we introduce

# a more flexible baseline predictor for each user in order to incorporate time=awareness
within the recommendation process.

# Our aim is to compare the proposed model with the original linear one in.terms of
RMSE.

from __ future__ import division
import os
import os.path as path
import logging
import pprint
import numpy as np
import scipy.io as spi
import math
import csv
import datetime
class Recommender(object):
def _init__ (self,ratings_csv,catchup_csv,vod_csv,rated_items_csv):
self.RatingsCsv = ratings_csv
self.CatchupCsv = catchup_csv
self.VodCsv = vod_csv
print "Data source related parameters were successfully set”
def quantize_rating_value(self,rating_value):
if(0O<=rating_value and rating_value<0.2):

quantized_rating_value = 1
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elif(0.2<=rating_value and rating_value<0.4):
quantized_rating_value = 2
elif(0.4<=rating_value and rating_value<0.6):
quantized_rating_value = 3
elif(0.6<=rating_value and rating_value<0.8):
quantized_rating_value = 4
elif(0.8<=rating_value and rating_value<=1.0):
quantized_rating_value =5
return quantized_rating_value

def load_rated_items_ids(self):
rated_items =[]
fp = open(self.RatedltemsCsv,'rb")
reader = csv.reader( fp, delimiter=",", quotechar="", escapechar="\\")

for row in reader:

self.Ratedltems = rated_items

fp.close()

# Do the printing only for testing reasons.
#pprint.pprint(self.Rateditems)

def
set_internal_parameters(self,ratings_number,columns_number,users_number,catchup_num
ber,vod_number,catchup_records _number,vod_records _number):

# INPORTANT!!!

# All.items within the final_zappings.csv file are identified by an integer number which
is the id of the item.

# However the series of ids is not an arithmetic sequence with unit step. Therefore, we
cannot use these ids

# as internal indices pointing to the corresponding variables. For this reason we need
to construct a map, that is

# a dictionary in python so that will be the link between a given item id and the real
internal item index utilized
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# by the program. In this setting, ItemIndex[item_id] will be returning the real
internal index of the item id appearing

# within the final_zappinds csv file.

self.RatingsNumber = ratings_number

# Columns number is the number of columns within the complete ratings file.
self.ColumnsNumber = columns_number

#Before setting any of the internal parameters load unique rated items.
self.load_rated_items_ids()

# Create a dictionary map connecting the values stored within the Ratedltems list with
the corresponding indices matrix I.

self.ltemsNumber = len(self.Ratedltems)

I = range(0,self.IltemsNumber,1)
self.ltemIndex = dict(zip(self.Ratedltems,l))
self.UsersNumber = users_number

self.CatchupRecordsNumber = catchup_records_number

self.VodRecordsNumber = vod_records._.number
print "Internal parameters were successfully set”
def
set_ratings_memmap_files_parameters(self,users_file,items_file,categories_file,ratings_file,t
imestamps_file):

# This method sets.all memmap related files names that are required in order to store
the vast volume of

# rating data.

self:UsersFile = users_file

self.ltemsFile = items_file

self.CategoriesFile = categories_file

self.TimestampsFile = timestamps_file

print "Memmap files related parameters were successfully set"

def
set_users_baseline_time_instance_terms_memmap_files parameters(self,baseline_terms_d
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ata_directory):
self.BaselineTermsDataDirectory = baseline_terms_data_directory
self.UsersBaselineTimelnstanceTermsFiles = []
for current_user_index in range(0,self.UsersNumber):

filename = baseline_terms_data_directory + ‘user__
__baseline_time_instance_terms.dat’

+ str(current_user_index+1) +

self.UsersBaselineTimelnstanceTermsFiles.append(filename)
#print self.UsersBaselineTimelnstanceTermFiles

def
set_users_vectors_time_instance_terms_memmap_files_parameters(self,users_vectors_ter
ms_data_directory):

self.UsersVectorsTermsDataDirectory = users_vectors_terms_data_directory
self.UsersVectorsTimelnstanceTermskFiles = []
for current_user_index in range(0,self.UsersNumber):

filename = users_vectors_terms_data_directory + 'user_' + str(current_user_index+1)
+ ' vectors_time_instance_terms.dat’

self.UsersVectorsTimelnstanceTermskFiles.append(filename)
#print self.UsersVectorsTimelnstanceTermsFiles
def set_users_indices_memmap_ files. parameters(self,users_data_directory):
# This method sets the relative paths for all user-indices related memmap files.

# Calling this method-is essential since it provide access to the user-indices related
data

# by retrieving ‘the contents of the corresponding files.

self.UsersPataDirectory = users_data_directory

current. user_index_file
+ ' _indices.dat'

self.UsersDataDirectory + 'user_' + str(current_user_index)

self.UsersindicesFiles.append(current_user_index_file)
#print self.UserslIndicesFiles

def
set_cross_validation_memmap_files _parameters(self,cross_validation_data_ directory):
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self.CrossValidationDataDirectory = cross_validation_data_directory
self.UsersTrainingIndicesFiles = []

self.UsersTestinglndicesFiles = []

for current_user_index in range(0,self.UsersNumber):

#empty _matrix = []

empty_matrix = np.array([],dtype="'|S9")
self.UsersTrainingIndicesFiles.append(empty_matrix)

for current_fold_index in range(0,self.FoldsNumber):

training_filename = cross_validation_data_directory + 'user_' +
str(current_user_index+1) + ' fold_' + str(current_fold_index+1) +_'. train_indices.dat’

testing_filename = cross_validation_data_directory + 'user' +
str(current_user_index+1) + ' fold_' + str(current_fold_index+1) + "' test indices.dat'

self.UsersTrainingIndicesFiles[current_user_index] =
np.hstack((self.UsersTrainingIndicesFiles[current_user_index],training_filename))

self.UsersTestinglIndicesFiles[current_user_index].=
np.hstack((self.UsersTestingIndicesFiles[current (user_index],testing_filename))

#print self.UsersTrainingIndicesFiles
#print self.UsersTestingIndicesFiles
def set_users_indices_memmap_ variables(self):
# This method sets the contents of the users-indices related memmap objects.

# The purpose of thissmethod is to be called only once in order to save the related user
indices

# information within.the corresponding .dat file. Therefore, it should appear
commented within‘the

# future versions of the main() method code.

self.UsersFilePointer = np.memmap(self.UsersFile, dtype='int', mode="r",
shape=(1,self.RatingsNumber))

self.Userslds = self.UsersFilePointer[:]
for current_user_index in range(1,self.UsersNumber+1):
#print 'current_user_index: %d"' %current_user_index

current_user_indices = np.where(self.Userslds==current_user_index)
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#pprint.pprint(current_user_indices)

current_user_indices = current_user_indices[1]
#Hpprint.pprint(current_user_indices)

current_user_indices_num = np.size(current_user_indices)

#print 'current_user_indices_num: %d' %current_user_indices_num

print ‘current_user_indices_file: %s' %self.UsersIndicesFiles[current_user_index-1]

user_indices_file_pointer = np.memmap(self.UsersindicesFiles[current_user_index-
1].dtype='int',mode="w+',shape=(1,current_user_indices_num))

user_indices_file_pointer[0,:] = current_user_indices
del self.UsersFilePointer

self.Userslds = None

def
set_algorithm_parameters(self,users_ratings_percentage,features_dimensionality,items_rati
ngs_percentage,folds_number):

# This method sets algorithm related parameters.

# UsersRatingsPercentage: is the percentage of user's ratings that must fall within
each time interval.

# TimelntervalsNumber: is the corresponding number of time intervals that should be
considered.

# Keep in mind that TimelntervalsNumber = round(1 / UsersRatingsPercentage).
#H In case the pre-rounded number is not an integer the percentage residuals from
#H the (TimelntervalsNumber-1) intervals will be added to the last interval during

the formation

H of the UsersControlPoints variable. That is the last interval will take all
remaining values.

# UsersControlPointsNumber: is the number of control points within the time-line of
interaction for each user including

#H the starting and ending point of each time interval. Keep in mind that:

H usersControlPoitnsNumber = TimelntervalsNumber + 1 and that the number
of control

#H points is equal for all users.

# FeaturesDimensionality: is the dimensionality of each user user- or item- related
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vector.

# ItemsRatingsPercentage: is the percentage of items' rating (in fact all ratings) that
fall within each bin.

# BinsNumber: is the number of bins to be considered along the time-line of all
interactions stored within the

#  complete ratings file. Keep in mind that BinsNumber = round(1 /
ItemsRatingsPercentage).

# In case the pre-rounded number is not an integer the percentage residuals from
the (BinsNumber-1) bins

#  will be added to the last interval during the formation of the ItemsControlPoints
variable. That is the

# last interval will take all remaining values.

# ItemsControlPointsNumber: is the number of control points within the complete
time-line of interaction for all rating

# records available. Keep in mind that:
# ItemsControlPointsNumber = BinsNumber .+ 1

# FoldsNumber: is the data-set splitting parameter to be used by the cross validation
scheme in order to partition the

H complete data-set into training ‘and testing subsets.

# TrainingPercentage: is the percentage of user's rating instances to be used as
training patterns in each time interval.

#H It is very important 'to ensure that each time interval is equally represented
within the training

H and testing.data so that the corresponding model parameters can be sufficiently
determined.

# It is clear-that the number of training and testing patterns for each user will not
be the same.

# Keep in mind that: TrainingPercentage = 1 - (1 / FoldsNumber)
# DaysNumber: is the number of days within the week.
self.UsersRatingsPercentage = users_ratings_percentage
self.TimelntervalsNumber = int(round(1 / self.UsersRatingsPercentage))
self.UsersControlPointsNumber = self. TimelntervalsNumber + 1

self.FeaturesDimensionality = features_dimensionality
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self.ltemsRatingsPercentage = items_ratings_percentage
self.BinsNumber = int(round(1 / self.ltemsRatingsPercentage))
self.ItemsControlPointsNumber = self.BinsNumber + 1
self.FoldsNumber = folds_number
self.TrainingPercentage = 1 - (1/self.FoldsNumber)
self.TestingPercentage = 1 - self.TrainingPercentage
self.DaysNumber = 7
print "Algorithm related parameters were successfully set”

def set_catchup_data(self):
self.CatchupData = np.empty(shape=(self.CatchupRecordsNumber;3),dtype='int")
fp = open(self.CatchupCsv,'rb")

reader = csv.reader(fp, delimiter=',",quotechar="",escapechar="\\")
row_index = 0

for row in reader:

self.CatchupData[row_index,0] = catchup_user_id
self.CatchupData[row_index,1]'= catchup_item_id
self.CatchupData[row_index,2] = catchup_category_id
row_index +=1
fp.close()
catchup_items_ids = self.CatchupData[:,1]
catchup_items=unique_ids = np.unique(catchup_items_ids)
catchup_items_unique_ids_number = np.size(catchup_items_unique_ids)
catchup_items_real indices = range(0O,catchup_items_unique_ids_number)
self.Catchupltemindex = dict(zip(catchup_items_ids,catchup_items_real indices))
print "Contents of catchup related csv data were succesfully loaded"

def set_vod_data(self):

self.VodData = np.empty(shape=(self.VodRecordsNumber,3),dtype="int")
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fp = open(self.vVodCsv,'rb")

reader = csv.reader(fp, delimiter=',",quotechar="",escapechar="\\")
row_index = 0

for row in reader:

vod_user_id = int(row[0])

vod_item_id = int(row[1])

vod_category_id = int(row[2])
self.VodData[row_index,0] = vod_user_.id
self.VodData[row_index,1] = vod_item_id
self.VodData[row_index,2] = vod_category_id
row_index +=1

fp.close()

vod_items_ids = self.VodData[:,1]
vod_items_unique_ids = np.unique(vod_items, ids)

vod_items_unique_ids_number = np.size(vod~items_unique_ids)

self.VodltemIndex = dict(zip(vod_items. ids,vod_items_real indices))
print "Contents of vod related.csv data were succesfully loaded"
def get_user_catchup_items_ids(self,current_user_index):

# current_user_index argument should be within the [1..UsersNumber] interval.

current_user_indices = np.where(users_indices==current_user_index+1)
current_user_catchup_items_ids = self.CatchupData[current_user_indices,1]

current_user_catchup_items_ids =
self.get_real catchup_items_ids(current_user_catchup_items_ids)

return current_user_catchup_items_ids
def get_user_catchup_items_vectors(self,user_catchup_items_ids):
catchup_items_number = np.size(user_catchup_items_ids)

if(catchup_items_number==0):
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user_catchup_items_vectors = np.random.randn(0,0)
else:
user_catchup_items_vectors = self.CatchupltemsVectors[user_catchup_items_ids,:]

return user_catchup_items_vectors

def set_user_catchup_items_vectors(self,user_catchup_items_ids,Ycatch):

if(catchup_items_num!=0):
self.CatchupltemsVectors[user_catchup_items_ids,:] = Ycatch

def set_user_vod_items_vectors(self,user_vod_items_ids,Yvod):

if(vod_items_num):
self.VodltemsVectors[user_vod_items_ids,:] = Yvod
def get_user_vod_items_ids(self,current_user=index):
# current_user_index argument should be within the [1..UsersNumber] interval.
users_indices = self.VodData[:,0]

current_user_indices = np.where(users: indices==current_user_index+1)

current_user_vod_items_ids = self.VodData[current_user_indices,1]

current_user_vod_items_ids =
self.get_real vod_items_ids(current_user_vod_items_ids)

return current_user_vod_items_ids

def get_user_vod items_vectors(self,user_vod_items_ids):
vod_items_number = np.size(user_vod_items_ids)
if(vod_.items_number==0):

user_vod_items_vectors = np.random.randn(0,0)

else:
user_vod_items_vectors = self.VodltemsVectors[user_vod_items_ids,:]
return user_vod_items_vectors

def initialize_memmap_variables(self):
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# This method initializes the memmap related file pointer variable for reading.

# Keep in mind that when file memmap file pointers are set with writing mode the
contents of

# corresponding variables are initialized with zeros.

self.UsersFilePointer = np.memmap(self.UsersFile, dtype='int’, mode="w+"',
shape=(1,self.RatingsNumber))

self.ltemsFilePointer = np.memmap(self.ltemsFile, dtype='int', mode="'w+"',
shape=(1,self.RatingsNumber))

self.CategoriesFilePointer = np.memmap(self.CategoriesFile, dtype='int', mode="w+",
shape=(1,self.RatingsNumber))

self.TimestampsFilePointer = np.memmap(self.TimestampsFile, dtype='int64',
mode='w+', shape=(1,self.RatingsNumber))

print "File pointers to memmap files were successfully set”

def set_memmap_variables(self):

# This method loads the contents of ratings csv file'into the corresponding memmap-
related variable files.

# Keep in mind that for this method to‘work.properly it is necessary to previously call
the

# "initialize_memmap_variables'" method.

# File pointers are deleted at.the end of this method. Therefore, future reading
operations require

# additional initialization by enforcing the reading mode of operation.

# Keep also in mind that this method is intended to run only once. Therefore, it should
appear commented

# in future versions of the main() method code.

fp = open(self.RatingsCsv,'rb")

reader = csv.reader( fp, delimiter=",", quotechar="", escapechar="\\")
row_index =0

for row in reader:

user_id = int(row[0])

int(row[1])

item_id
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category_id = int(row[2])

rating = float(row[3])

timestamp = long(row[4])

self.UsersFilePointer[0,row_index] = user_id

self.ltemsFilePointer[0,row_index] = item_.id

self.TimestampsFilePointer[0,row_index] = timestamp

row_index +=1

fp.close()

del self.UsersFilePointer

del self.ltemsFilePointer

del self.CategoriesFilePointer

del self.RatingsFilePointer

del self. TimestampsFilePointer

print "Contents of memmap objects-related.variables were successfully set”
def check_memmap_variables(self):

# This method tests whether the contents of the ratings csv file have been successfully
loaded.

# The process consists in thefollowing steps:

# Each memmap file is loaded in a corresponding numpy array stored in memory.
# Each array is subsequently printed.

# Each file pointeris deleted.

# Each numpy array is set to None so that the corresponding memory space is
deallocated.

self.UsersFilePointer = np.memmap(self.UsersFile, dtype='int’, mode="r",
shape=(1,self.RatingsNumber))

self.Userslds = self.UsersFilePointer[0,:]
pprint.pprint(self.Userslds)

del self.UsersFilePointer

self.Userslds = None

self.ltemsFilePointer = np.memmap(self.ltemsFile, dtype='int', mode="r",
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shape=(1,self.RatingsNumber))
self.ltemslds = self.ItemsFilePointer[0,:]
pprint.pprint(self.Itemsids)
del self.ltemsFilePointer
self.ltemslds = None

self.CategoriesFilePointer = np.memmap(self.CategoriesFile, dtype='int', mode="r",
shape=(1,self.RatingsNumber))

self.Categorieslds = self.CategoriesFilePointer[O0,:]
pprint.pprint(self.Categorieslds)

del self.CategoriesFilePointer

self.Categorieslds = None

self.RatingsFilePointer = np.memmap(self.RatingsFile, dtype='float32', mode="r",
shape=(1,self.RatingsNumber))

self.Ratings = self.RatingsFilePointer[0,:]
pprint.pprint(self.Ratings)
self.Ratings = None

self.TimestampsFilePointer = np.memmap(self.TimestampskFile, dtype="'int64',
mode="r", shape=(1,self.RatingsNumber))

self.Timestamps = self.TimestampsFilePointer[O,:]

pprint.pprint(self.Timestamps)

del self. TimestampsFilePointer

self.Timestamps.= None

print "Contents of memmap objects-related variable were successfuly loaded"
def check user_indices_memmap_variables(self):

# This method checks the contents of the user-indices related memmap files.

# Keep in mind that before retrieving the contents of the variables the corresponding
file pointers

# must be set with reading mode. When reading mode is on it is not mandatory to set
the shape of

# the corresponding array.
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for current_user_index in range(1,self.UsersNumber+1):

user_indices_file_pointer = np.memmap(self.UsersindicesFiles[current_user_index-
1],dtype='int',mode="'r")

current_user_indices = user_indices_file_pointer[:]

print ‘'user_indices[%d]:' Y%current_user_index

del user_indices_file_pointer

def
get_control_point_position(self,control_point_index,ratings_number,ratings_per_interval):

# This function returns the position of a control point within the time-line of a
particular user

# given the corresponding index and the number of ratings per interval.

# The time-line of a particular user is the chronologically sorted collection of time-
stamps when

# ratings of that particular user were given.
# The position corresponds to the actual array position starting counting from 0.
# Always keep in mind that the number of.ratings are the same for all interval within

# the time-line of a particular user-with.a potential exception regarding the last one
which

# might be the larger in the‘case:when UsersRatingsNumber(u) cannot be divided into
equal partitions

# of size UsersRatingsNumber(u) * UsersRatingsPercentage.

# Also mind that/the variable control_point_index takes values within the interval
[O0..ControlPointsNumber-1].

# Moreover, it is critical to understand that there exist two kinds of control points. The
first kind

# involves the control points coinciding with the values of the starting and ending
positions of the time-line

# of a particular user. The second kind of control points are the internal control points
within a user's time-line

# storing the time-stamp value of the last time-instance in a particular interval.
if(control_point_index==0):

control_point_position = 0

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon >ehida | 76




MeTamtuylakn AlaTpir Zappng Aviwviog

elif(control_point_index==self.UsersControlPointsNumber-1):
control_point_position = ratings_number - 1
else:
control_point_position = (control_point_index * ratings_per_interval) - 1
return control_point_position
def
get_time_interval_start_position(self,time_interval_index,ratings_number,ratings_per_interv

al):

# This function returns the starting position of a given time_interval_index within the
time-line of a given user.

# Mind that the variable time_interval index takes values in the-interval
[1..TimelntervalNumber].

# The starting position of a given interval, designated by the variable
time_interval_index, can be determined

# relatively to the position of the control_point<{index previous to the current
time_interval_index. This particular

# control_point_index is called starting_control._point_index. In this setting, the
starting position of the given

# time_interval_index is the next position relatively to the position of the
starting_control_point_index. The exception

# concerns the first time interval (time_interval_index == ending_control_point_index
== 1) when the starting position

# of the interval coincides with the position of the starting_control_point_index.

starting_control_point.index = time_interval_index - 1

ending_control_point_index = time__interval_index

if(ending_ccontrol _point_index==1):

time_interval_start_position =
self.get_control_point_position(starting_control_point_index,ratings_number,ratings_per_int
erval)

else:

time_interval_start_position =

self.get_control_point_position(starting_control_point_index,ratings_number,ratings_per_int
erval)+1
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def
get_time_interval _end_position(self,time_interval_index,ratings_number,ratings_per_interv
al):

# This function returns the starting position of a given time_interval_index within the
time-line of a given user.

# Mind that the variable time_interval_index takes values in the interval
[1..TimelntervalNumber].

# The ending position of a given time interval. designated by the variable
time_interval_index, can be determined by

# locating the position of the control_point_index which is equal to the .current
time_interval_index. This particular

# control_point_index is called ending_control_point_index.

ending_control_point_index = time_interval_index

time_interval_end_position =
self.get_control_point_position(ending_control_point_index;ratings -number,ratings_per_inte

rval)

return time_interval_end_position

# This function initializes two place holders (lists), namely TrainElements and
TestElements, storing the user time-stamps

# indices that are used for training and. testing respectively in each fold. These lists are
to be incrementally populated

# by processing the time line of each user time-interval by interval. That is, the cross
validation process involves splitting

# each time interyal into corresponding training and testing partitions. In this setting
TrainElements and TestElements

# will be formed by the aggregation of the training and testing elements of all time
intervals within the time-line of a

# particular user.

self. TrainElements = []

self.TestElements = []

for current_fold_index in range(0,self.FoldsNumber):
#empty _matrix = []

empty_matrix = np.array([],dtype='int")
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self.TrainElements.append(empty_matrix)
self.TestElements.append(empty_matrix)
def update_interval_train_elements(self,interval_values,time_interval_index):

interval_size = np.size(interval_values)
testing_size = round(self.TestingPercentage * interval_size)
interval_indices = np.array(range(O,interval_size))
#print ‘interval_indices:’
#print interval_indices
for current_fold_index in range(0,self.FoldsNumber):
#print 'current_fold_index: %d"' %(current_fold_index+1)
start_testing_position = current_fold_index * testing_size
end_testing_position = ((current_fold_index+1)*testing size-1)
if(current_fold_index!=self.FoldsNumber-1):

testing_indices = interval_indices[start_testing_position:end_testing_position+1]
else:

testing_indices = interval_indices[start_testing_position:]
training_indices = np.setdiffld(interval indices,testing_indices)
train_elements = interval_values|[training_indices]
#print "train elements size: . %d" %np.size(train_elements)

self. TrainElements[current_fold_index] =
np.hstack((self.TrainElements[current_fold_index],train_elements))

#print 'TrainElements current length: %d’
%len(self.TrainElements[current_fold_index])

if(time_interval_index==1 and current_fold_index==0):
print type(training_indices)
print "training_indices:"
print training_indices
print "Current Train Elements from temporary variables:"

print train_elements
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print "Current Train Elements:"

print self.TrainElements[current_fold_index]
train_elements = None

def update_interval_test_elements(self,interval_values,time_interval_index):

interval_size = np.size(interval_values)
testing_size = round(self.TestingPercentage * interval_size)
interval_indices = np.array(range(0,interval_size))
print “interval size: %d" %np.size(interval_indices)
#print 'interval_indices:'
#print interval_indices
for current_fold_index in range(0,self.FoldsNumber):
#print 'current_fold_index: %d" %(current_fold_index+1)
start_testing_position = current_fold_index * testing_size
end_testing_position = ((current_fold_index+1)*testing_size-1)
if(current_fold_index!=self.FoldsNumber-1):

testing_indices = interval_indices[start_testing_position:end_testing_position+1]
else:

testing_indices = interval’ indices[start_testing_position:]
#print "test elements size %d" %np.size(test_elements)

self.TestElements[current_fold_index] =
np.hstack((self.TestElements[current_fold _index],test_elements))

#print 'TestElements current length: %d" %len(self.TestElements[current_fold_index])
if(time_interval_index==1 and current_fold_index==0):

print type(testing_indices)

print "testing_indices"

print testing_indices

print "Current Test Elements from temporary variables:"

print test_elements

print "Current Test Elements:"
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print self. TestElements[current_fold_index]

test_elements = None
def update_interval _train_test_elements(self,interval values,time_interval_index):

interval_size = np.size(interval_values)
testing_size = round(self.TestingPercentage * interval_size)
interval_indices = np.array(range(O,interval_size))
print "interval size: %d" %np.size(interval_indices)
#print ‘interval_indices:*
#print interval_indices
for current_fold_index in range(0,self.FoldsNumber):
#print 'current_fold_index: %d" %(current_fold_index+1)
start_testing_position = current_fold_index * testing( size
end_testing position = ((current_fold_index+1)*testing _size-1)
if(current_fold_index!=self.FoldsNumber-1):

testing_indices = interval_indices[start_testing_position:end_testing_position+1]
else:

testing_indices = interval_indices|[start_testing_position:]
training_indices = np.setdiffld(interval_indices,testing_indices)
train_elements = interval .values[training_indices]
test_elements = interval_values[testing_indices]
#print "train elements size: %d" %np.size(train_elements)
#print."test elements size %d" %np.size(test_elements)
#self. XXX[current_fold_index].append(train_elements)

#self.YYY[current_fold_index].append(test_elements)

self.TestElements[current_fold_index].append(test_elements)

#print 'TrainElements current length: %d’
%len(self.TrainElements[current_fold_index])

#print 'TestElements current length: %d' %len(self.TestElements[current_fold_index])
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if(time_interval_index==1 and current_fold_index==0):
print "training_indices:"
print training_indices
print "testing_indices"
print testing_indices

print "Current Train Elements from temporary variables:"

print "Current Test Elements from temporary variables:"

print test_elements

print self. TrainElements[current_fold_index]
print "Current Test Elements:"
print self.TestElements[current_fold_index]
def concatenate_train_test_elements(self):
#self.report_train_test_elements_components_sizes()
for current_fold_index in range(0,self.FoldsNumber):

self.TrainElements[current_fold”index] =
sum(self.TrainElements[current_fold_index],[])

self.TestElements[current_fold index] =
sum(self.TestElements[current fold_index],[])

def set_cross_validation_memmap_variables(self):
# Thissmethod sets the training and testing indices per fold and user.

# Mind that these sets of indices are subsets of the corresponding sets of indices for
each user.

self.TimestampsFilePointer =
np.memmap(self.TimestampsFile,dtype='int64',mode="'r',shape=(1,self.RatingsNumber))

self.Timestamps = self.TimestampsFilePointer[:]
for current_user_index in range(1,self.UsersNumber+1):

#print 'current_user_index: %d' %current_user_index
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user_indices_file_pointer = np.memmap(self.UsersindicesFiles[current_user_index-
1].dtype='int',mode="r")

current_user_indices = user_indices_file_pointer[:]
current_user_timestamps = self.Timestamps[O0,current_user_indices]
sorted_timestamps_indices = np.argsort(current_user_timestamps)
sorted_current_user_indices = current_user_indices[sorted_timestamps_indices]
ratings_number = np.size(sorted_current_user_indices)
print ‘ratings_number: %d"' %ratings_number
ratings_per_interval = math.floor(ratings_number*self.UsersRatingsPercentage)
print ‘intervals_number: %d" %self.TimelntervalsNumber
self.initialize_train_test_elements()
print self.TrainElements
print self.TestElements
#self.report_train_test_elements_components_sizes()
for time_interval_index in range(1,self.TimelntervalsNumber+1):
print 'time_interval_index: %d' %time interval_index
time_interval_start_position =
self.get_time_interval_start_position(time_interval_index,ratings_number,ratings_per_interv
al)
time_interval_end_position. =
self.get_time_interval_end.position(time_interval_index,ratings_number,ratings_per_interv
al)

print 'time_interval /start_position: %d' %time_interval_start_position

time_interval _user_indices =
sorted_current_user_indices[time_interval_start position:time_interval _end_position+1]

self.update_interval_train_elements(time_interval _user_indices,time_interval_index)

self.update_interval_test _elements(time_interval_user_indices,time_interval_index)

#self.update_interval train_test elements(time_interval_user_indices,time_interval_index)

self.report_train_test_elements_components_sizes()

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon >ehida | 83




MeTamtuylakn AlaTpir Zappng Aviwviog

#self.concatenate_train_test_elements()

for current_fold_index in range(0,self.FoldsNumber):
current_fold_train_indices = self.TrainElements[current_fold_index]
current_fold_train_indices_num = np.size(current_fold_train_indices)
current_fold_test_indices = self.TestElements[current_fold_index]

current_fold_test_indices_num = np.size(current_fold_test indices)

print self.UsersTestingIndicesFiles[current_user_index-1][current_fold index]

current_user_fold_train_indices_file_pointer =
np.memmap(self.UsersTrainingIndicesFiles[current_user_index-
1][current_fold_index],dtype='int',mode="w+',shape=(1,current_fold_train_indices_num))

current_user_fold_test_indices_file_pointer =
np.memmap(self.UsersTestingIndicesFiles[current_user_index-
1][current_fold_index],dtype='int',mode='w+',shape=(1,current_fold_test_indices_num))

current_user_fold_train_indices_file_pointer[0,:] = current_fold_train_indices
current_user_fold_test_indices_file_pointer[0;:] = current_fold_test_indices
del current_user_fold_train_indices_file pointer
del current_user_fold_test_indices. file-pointer

del user_indices_file_pointer

del self.TimestampsFilePointer

self.Timestamps = None

def report_train_test. elements_components_sizes(self):
print "Training.elements components report:"
for current_fold_index in range(0,self.FoldsNumber):

print "ELEMENTS IN FOLD %d = %d"
%(current_fold_index+1,np.size(self. TrainElements[current_fold_index]))

#element_index = 1
#for element in self.TrainElements[current_fold_index]:
#Hprint "ELEMENT %d SIZE = %d" %(element_index,np.size(element))

#element_index += 1
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print "Testing elements components report:"
for current_fold_index in range(0,self.FoldsNumber):

print "ELEMENTS IN FOLD %d = %.d"
%(current_fold_index+1,np.size(self.TestElements[current_fold_index]))

#element_index = 1
#for element in self.TestElements[current_fold_index]:
#Hprint "ELEMENT %d SIZE = %d" %(element_index,np.size(element))

#Helement_index +=1

UsersFoldsTrainingNumber =
np.empty(shape=(self.UsersNumber,self.FoldsNumber),dtype='int")

UsersFoldsTestingNumber =
np.empty(shape=(self.UsersNumber,self.FoldsNumber),dtype='int")

for current_user_index in range(1,self.UsersNumber+1):
for current_fold_index in range(0,self.FoldsNumber):

current_user_fold_train_file = self.UsersTraininglIndicesFiles[current_user_index-
1][current_fold_index]

current_user_fold_test_file = self:UsersTestinglIndicesFiles[current_user_index-
1][current_fold_index]

current_user_fold_train_indices -file_pointer =
np.memmap(current_user_fold_(train_file,dtype="int',mode="r")

current_user_fold_test_indices_file_pointer =
np.memmap(current_user fold_ test file,dtype='"int',mode="r")

current_user_fold_train_indices = current_user_fold_train_indices_file_pointer[:]
current_user_fold_test_indices = current_user_fold_test_indices_file_pointer[:]
current_user_fold_train_indices_num = np.size(current_user_fold_train_indices)
current_user_fold_test_indices_num = np.size(current_user_fold_test_indices)

UsersFoldsTrainingNumber[current_user_index-1,current_fold_index] =
current_user_fold_train_indices_num

UsersFoldsTestingNumber[current_user_index-1,current_fold_index] =
current_user_fold_test _indices_num

print current_user_fold_train_indices
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print current_user_fold_test_indices

del current_user_fold_train_indices_file_pointer

del current_user_fold_test_indices_file_pointer
for current_user_index in range(1,self.UsersNumber+1):
for current_fold_index in range(0,self.FoldsNumber):

print 'user: %.d fold: %d train instances: %d’
%(current_user_index,current_fold_index+1,UsersFoldsTrainingNumber[current_user_index
-1,current_fold_index])

print 'user: %d fold: %d test instances: %.d’
%(current_user_index,current_fold_index+1,UsersFoldsTestingNumber[current_user_index-
1,current_fold_index])

def allocate algorithm_variables(self):

# This method allocates all variables required by the program but not the learning
algorithm oer se.

self.UsersRatingsNumber = np.empty(shape=(1,self.UsersNumber),dtype='int")
self.UsersStartingPoints = np.empty(shape=(1,self.UsersNumber),dtype="int64")
self.UsersEndingPoints = np.empty(shape=(1,self.UsersNumber),dtype="int64")

self.UsersControlPoints =
np.empty(shape=(self.UsersNumber,self.UsersControlPointsNumber),dtype="int64")

self.ltemsControlPoints =
np.empty(shape=(1,self.ItemsControlPointsNumber),dtype="int64")

self.UsersFoldsTrainingNumber =
np.empty(shape=(self.UsersNumber,self.FoldsNumber),dtype="int")

self.UsersFoldsTestingNumber =
np.empty(shape=(self.UsersNumber,self.FoldsNumber),dtype="int")

print "Algorithm variables were successfully allocated"
def set_users_starting_ending_points(self):
# This method sets the starting and ending point time-stamp for each user.

#self.UsersFilePointer = np.memmap(self.UsersFile, dtype='int', mode="r",
shape=(1,self.RatingsNumber))

self.TimestampsFilePointer = np.memmap(self.TimestampsFile, dtype="'int64',
mode="r", shape=(1,self.RatingsNumber))

#self.Userslds = self.UsersFilePointer[:]
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self.Timestamps = self.TimestampsFilePointer[:]
for current_user_index in range(1,self.UsersNumber+1):
#print 'current_user_index = %d" %current_user_index

user_indices_file_pointer = np.memmap(self.UsersindicesFiles[current_user_index-
1].dtype='int',mode="r")

current_user_indices = user_indices_file_pointer[:]
#current_user_indices = np.where(self.Userslds==current_user_index)
#current_user_indices = current_user_indices[1]
#print "current_user_indices [size=%d]:" %np.size(current_user_indices)
#print 'shape[current_user_indices] = %d)' %np.shape(current. user: indices)
#print current_user_indices
#for c_u_i in current_user_indices:
#printc_u_i
#position_indices = current_user_indices
#print position_indices
current_user_timestamps = self.Timestamps[O,current_user_indices]
self.UsersStartingPoints[0,current._user_index-1] = current_user_timestamps.min()
self.UsersendingPoints[0,current.user_index-1] = current_user_timestamps.max()
del user_indices_file_pointer
print self.UsersStartingPoints
#del self.UsersFilePointer
#self.Userslds = None
del self.TimestampsFilePointer
self.Timestamps = None
print "Starting and Ending points timestamps were succesfully set.”
def set_users_control_points(self):
# This method sets the exact control points within the time-line of each user.

#self.UsersFilePointer = np.memmap(self.UsersFile, dtype='int', mode="r",
shape=(1,self.RatingsNumber))
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self.TimestampsFilePointer = np.memmap(self.TimestampsFile, dtype='int64',

mode="r", shape=(1,self.RatingsNumber))

#self.Userslds = self.UsersFilePointer|[:]

self. Timestamps = self.TimestampsFilePointer[:]

for current_user_index in range(1,self.UsersNumber+1):
#print 'current_user_index = %d"' %current_user_index

user_indices_file_pointer = np.memmap(self.UsersindicesFiles[current_user_index-

1],dtype='int',mode="r")

current_user_indices = user_indices_file_pointer[:]

current_user_indices_num = np.size(current_user_indices)
self.UsersRatingsNumber[0,current_user_index-1] = current_user_indices_num
#current_user_indices = np.where(self.Userslds==current_user_index)
#current_user_indices = current_user_indices[1]

current_user_timestamps = self.Timestamps[0,current_user_indices]

#print 'size[current_user_timestamps] = %d" %np.size(current_user_timestamps)

#print 'shape[current_user_timestamps] = (%d,%d)’

% (np.shape(current_user_timestamps)[0];np.shape(current_user_timestamps)[1])

#print 'size[sorted_timestamps] = %d’ %np.size(sorted_timestamps)

#print 'shape[sorted_timestamps]} = (%d,%d)’

%(np.shape(sorted_timestamps)[0],np.shape(sorted_timestamps)[1])

ratings_number = np:size(sorted_timestamps)

ratings_per_interval = math.floor(ratings_number * self.UsersRatingsPercentage)

internal_control points = 0

for control_point_index in range(0,self.UsersControlPointsNumber):
if(control_point_index==0):

self.UsersControlPoints[current_user_index-1,control_point_index] =

self.UsersStartingPoints[0,current_user_index-1]

elif(control_point_index==self.UsersControlPointsNumber-1):

self.UsersControlPoints[current_user_index-1,control_point_index] =

self.UserseEndingPoints[0,current_user_index-1]

else:
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internal_control_points += 1
control_point_position = (internal_control_points * ratings_per_interval) - 1
#print 'control_point_position = %d' %control_point_position

self.UsersControlPoints[current_user_index-1,control_point_index] =

sorted_timestamps[control_point_position]

del user_indices_file pointer

#del self.UsersFilePointer

#self.Userslds = None

del self.TimestampsFilePointer

self.Timestamps = None

print "Users control points were successfully set"
def set_items_control_points(self):

self.TimestampsFilePointer = np.memmap(self.TimestampskFile, dtype='int64',

mode="r", shape=(1,self.RatingsNumber))

self. Timestamps = self.TimestampsFilePointer[:]

self.ItemsStartingPoint = self. Timestamps.min()

self.ltemsEndingPoint = self.Timestamps.max()

self.ltemsDuration = self.ltemsEndingPoint - self.ltemsStartingPoint

print 'ltemsStartingPoint = %d" %self.ItemsStartingPoint

print 'IltemsEndingPoint = %d" %oself.ltemsEndingPoint

sorted_timestamps = np.sort(self.Timestamps)

ratings_per_bin = math.floor(self.RatingsNumber * self.ltemsRatingsPercentage)

internal_control_points = 0

for control® point_index in range(0,self.ltemsControlPointsNumber):

#print 'control_point_index = %d"' %control_point_index

if(control_point_index==0):
self.ltemsControlPoints[0,control_point_index] = self.ltemsStartingPoint

elif(control_point_index==self.ltemsControlPointsNumber-1):

self.ItemsControlPoints[0,control_point_index] = self.ltemsEndingPoint
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else:
internal_control_points += 1
control_point_position = (internal_control_points * ratings_per_bin) - 1

self.ltemsControlPoints[0,control_point_index] =
sorted_timestamps[O,control_point_position]

del self.TimestampsFilePointer
self.Timestamps = None
print self.ltemsControlPoints
print “Items control points were successfully set™
def get_user_time_interval_index(self,user_index,timestamp):

# This method returns the time interval index correspondingto the user and time
instance that are

# indicated by the method's input arguments.

# Mind that for the purposes of this method user. index is a zero-based index as well

as the returning time interval index.

if(self.UsersControlPoints[user_index,0] <= timestamp and timestamp <=
self.UsersControlPoints[user_index,1]):

time_interval_index = 0O
else:
for control_point_index in range(2,self.UsersControlPointsNumber):

if(self.UsersControlPointsfuser_index,control_point_index-1] < timestamp and
timestamp <= self.UsersControlPoints[user_index,control_point_index]):

time_interval. . index = control_point_index - 1

break

def get_bin_index(self,timestamp):

# This method returns the bin index corresponding to the time instance indicated by

the method's input arguments.
# Mind that for the purposes of this method the returning bin index is zero-based.

if(self.ItemsControlPoints[0,0] <= timestamp and timestamp <=
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self.ltemsControlPoints[0,1]):
bin_index =0
else:
for control_point_index in range(2,self.ltemsControlPointsNumber):

if(self.ltemsControlPoints[0,control_point_index-1] < timestamp and timestamp <=
self.ltemsControlPoints[0,control_point_index]):

bin_index = control_point_index - 1
break

return bin_index
def get_user_previous_vector(self,user_index,timestamp):

# This method constructs the prev_u(t) time indicator vectorwhich is a binary vector
of TimelntervalsNumber

# length that fires only on the positions of the time intervals that precede the current
time interval.

#print "Input timestamp:%d" %timestamp

#print "Current user starting point: %d" %6self.UsersStartingPoints[0,user_index]
#print "Current user ending point: %d" %self.UsersEndingPoints[0,user_index]
current_time_interval = self.get_wuser_.time_interval_index(user_index,timestamp) + 1
previous_vector = np.zeros(shape=(1,self.TimelntervalsNumber),dtype='int")

# IMPORTANT: For the previous_vector indexing [0,0:current_time_interval-1] the
second argument

# O:current_time interval-1 specifies number of elements, therefore number of time
intervals, where

# we need-'to point until the previous time interval of the current one.
previous vector[0,0:current_time_interval-1] = 1

return previous_vector

def get_user_current_vector(self,user_index,timestamp):

# This method constructs the curr_u(t) time indicator vector which is a binary vector of
TimelntervalsNumber

# length that fires only on the position of current time interval that contains the given
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timestamp.

current_time_interval_index =
self.get_user_time_interval_index(user_index,timestamp)

current_vector = np.zeros(shape=(1,self. TimelntervalsNumber),dtype="int")

# IMPORTANT: For the current_vector indexing [0,current_time_interval_index] the
second argument

# O:current_time_interval_index specifies the index of the current time interval which
it is required

# to be set to 1.
current_vector[O,current_time_interval_index] = 1
return current_vector

def set_users_time_intervals_duration(self):

# This method constructs the variable UsersTimelntervalsDuration that stores for each
user and time interval the

# corresponding time duration in days, that is 86400 seconds.

self.UsersTimelntervalsDuration =
np.empty(shape=(self.UsersNumber,self.TimelntervalsNumber),dtype="float64")

for user_index in range(0,self.UsersNumber):

for control_point_index in range(1,self.UsersControlPointsNumber):
current_control_point = self.UsersControlPoints[user_index,control_point_index]
previous_control_point'= self.UsersControlPoints[user_index,control_point_index-1]
time_interval_index .= control_point_index - 1

self.UsersTimelntervalsDuration[user_index,time_interval_index] =
time_interval_duration

print_self.UsersTimelntervalsDuration
def get. current_timestamp_within_interval duration(self,user_index,timestamp):

# This method returns the time duration in days that have elapsed between the
starting time instance of

# the current time interval and the given timestamp.
# This is the dev_u(t) parameter of the main learning algorithm.
# Mind that both user_index and time_interval_index are zero-based.

# Variable control_point_index stores the control point index which is closest from the
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left from the
# current timestamp.
time_interval_index = self.get_user_time_interval_index(user_index, timestamp)
control_point_index = time_interval_index
control_point = self.UsersControlPoints[user_index,control_point_index]

within_interval_duration = (timestamp-control_point) / 86400

def set_users_folds_training_instances_numbers(self):
for current_user_index in range(1,self.UsersNumber+1):
for current_fold_index in range(0,self.FoldsNumber):

current_user_fold_train_file = self.UsersTrainingIndicesFiles[current_user_index-
1][current_fold_index]

current_user_fold_test_file = self.UsersTestinglndicesFiles[current_user_index-
1][current_fold_index]

current_user_fold_train_indices_file pointer =
np.memmap(current_user_fold_train_file,dtype='int’,;mode="r")

current_user_fold_test_indices_file .pointer =
np.memmap(current_user_fold_test_file;dtype='int',mode="r")

current_user_fold_train_indices = current_user_fold_train_indices_file pointer[:]
current_user_fold_test_indices = current_user_fold_test indices_file_pointer[:]
current_user_fold_train_indices_num = np.size(current_user_fold_train_indices)
current_user_fold_test_indices_num = np.size(current_user_fold_test_indices)

self.UsersFoldsTrainingNumber[current_user_index-1,current_fold _index] =
current_user_fold train_indices_num

self.UsersFoldsTestingNumber[current_user_index-1,current_fold_index] =
current_user_fold_test_indices_num

del current_user_fold_train_indices_file_pointer

def set_mean_rating(self):

self.RatingsFilePointer =
np.memmap(self.RatingsFile,dtype="'float32',mode="r',shape=(1,self.RatingsNumber))
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self.Ratings = self.RatingsFilePointer[O,:]
self.MeanRating = np.mean(self.Ratings)
print "MeanRating: %f" %self.MeanRating
del self.RatingsFilePointer

self.Ratings = None

def set_algorithm_variables(self):
self.set_mean_rating()
self.set_users_starting_ending_points()
self.set_users_control_points()

self.set_items_control_points()

self.set_users_folds_training_instances numbers()
print "Algorithm variables were successfully set"
def allocate learning_algorithm_variables(self):
self.ltemsVectors = np.random.randn(self.ltemsNumber,self.FeaturesDimensionality)

self.CatchupltemsVectors =
np.random.randn(self.CatchupNumber,self.FeaturesDimensionality)

self.VodltemsVectors = np.random.randn(self.VodNumber,self.FeaturesDimensionality)
self.ltemsBaselinelnitialTerm = np.random.randn(1,self.ltemsNumber)

self.ItemsBaselineBinTerms = np.random.randn(self.ltemsNumber,self.BinsNumber)

self.UsersBaselinelnitialTerm = np.random.randn(1,self.UsersNumber)

self.UsersBaselineTimelntervalTerms =
np.random.randn(self.UsersNumber,self.TimelntervalsNumber)

self.UsersVectorsinitialTerm =
np.random.randn(self.UsersNumber,self.FeaturesDimensionality)

self.UsersVectorsTimelntervalTerms =
np.random.randn(self.UsersNumber,self. TimelntervalsNumber,self.FeaturesDimensionality)

print "Learning algorithm variables were successfully allocated”
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def allocate learning_algorithm_fold_dependent_variables(self,current_fold_index):
self.allocate_users_baseline_time_instance_terms(current_fold_index)
self.allocate_users_vectors_time_instance_terms(current_fold_index)

def deallocate_learning_algorithm_fold_dependet_variables(self):

self.deallocate_users_baseline_time_instance_terms()

def allocate_users_vectors_time_instance_terms(self,current_fold_index):
for current_user_index in range(0,self.UsersNumber):

current_user_vectors_time_instance_terms_file =
self.UsersVectorsTimelnstanceTermsFiles[current_user_index]

current_user_vectors_time_instance_terms_num =
self.UsersFoldsTrainingNumber[current_user_index,current_fold_index]

current_user_vectors_time_instance_terms_file_pointer =
np.memmap(current_user_vectors_time_instance_terms_file,dtype="'float64',mode="w+',sh
ape=(current_user_vectors_time_instance_terms_num,self.FeaturesDimensionality))

current_user_vectors_time_instance_terms =
np.random.randn(current_user_vectors_time_instance_terms_num,self.FeaturesDimensional
ity)

current_user_vectors_time_instance. terms_file_pointer[:,:] =
current_user_vectors_time_instance_terms

del current_user_vectors_time_instance_terms_file_pointer
def allocate users_baseline_time_instance_terms(self,current_fold_index):
for current_user_index in range(0,self.UsersNumber):

current_user_baseline_time_instance_terms_file =
self.UsersBaselineTimelnstanceTermsFiles[current_user_index]

current. user_baseline_time_instance_terms_num =
self.UsersFoldsTrainingNumber[current_user_index,current_fold_index]

current_user_baseline_time_instance_terms_file_pointer =
np.memmap(current_user_baseline_time_instance_terms_file,dtype="float64',mode="w+',sh
ape=(1,current_user_baseline_time_instance_terms_num))

current_user_baseline_time_instance_terms =
np.random.randn(1,current_user_baseline_time_instance_terms_num)

del current_user_baseline_time_instance_terms_file_pointer
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def check_learning_algorithm_variables_allocation_dealloacation(self):
self.allocate_learning_algorithm_variables()
for current_fold_index in range(0,self.FoldsNumber):
self.allocate_learning_algorithm_fold_dependent_variables(current_fold_index)
self.deallocate_learning_algorithm_fold dependet_variables()

print "Testing of allocation and dealloaction of learning algorithm variables was
successful”

def deallocate_users_baseline_time_instance_terms(self):
for current_user_index in range(0,self.UsersNumber):

current_user_baseline_time_instance_terms_file =
self.UsersBaselineTimelnstanceTermsFiles[current_user_index]

if(os.path.exists(current_user_baseline_time_instance_terms_file)):
os.remove(current_user_baseline_time_instance_terms_file)
def deallocate users_vectors_time_instance .terms(self):
for current_user_index in range(0,self.UsersNumber):

current_user_vectors_time_instance_terms_file =
self.UsersVectorsTimelnstanceTermsFiles[current_user_index]

if(os.path.exists(current_user vectors_time_instance_terms_file)):
os.remove(current_user_vectors_time_instance_terms_file)
def load_user_fold_training _indices(self,current_user_index,current_fold_index):

# This function«returns the subset of user indices that correspond to the training
instances

# of the current user for the current fold. Current user training indices are retrieved
from

# the corresponding .dat file where they are stored as memmap objects.
# Mind that both current_user_index and current_fold_index are zero based.

current_user_fold_train_indices_file_pointer =
np.memmap(self.UsersTrainingIndicesFiles[current_user_index][current_fold_index],dtype="
int',mode="r")

current_user_fold_train_indices = current_user_fold_train_indices_file_pointer[:]
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del current_user_fold_train_indices_file_pointer
return current_user_fold_train_indices
def load_user_fold_timestamps(self,current_user_fold_indices):

# This function loads from the corresponding timestamps .dat file the time instances
that are associated

# with the current training instances that are passed as input arguments to the
method.

self.TimestampsFilePointer = np.memmap(self.TimestampsFile,dtype="'int64',mode="r")
self. Timestamps = self.TimestampsFilePointer[:]
current_user_fold_timestamps = self.Timestamps[current_user_fold_indices]
self.Timestamps = None
return current_user_fold_timestamps

def load_user_fold_ratings(self,current_user_fold_indices):

# This function loads from the corresponding ratings .dat file the ratings instances that
are associated

# with the current training instances that are passed as input arguments to the
method.

self.RatingsFilePointer = np.memmap(self.RatingsFile,dtype="float32',mode="r")
self.Ratings = self.RatingsFilePointer[:]
current_user_fold_ratings = self.Ratings[current_user_fold_indices]
del self.RatingsFilePointer
self.Ratings = None
return current.user_fold_ratings
def load . user_fold_items_ids(self,current_user_indices):

# This function loads from the corresponding items ids .dat file the ratings instances
that are associated

# with the current training instances that are passed as input arguments to the
method.

self.ltemsFilePointer = np.memmap(self.ltemsFile,dtype='int',mode="r")

current_user_fold_items_ids = self.ltemslds[current_user_indices]
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del self.ltemsFilePointer

self.Itemslds = None

return current_user_fold_items_ids
def get_real items_ids(self,items_ids):

# This function returns the real items indices that correspond to the ones given as

input arguments.

# The returned indices are the real continuous item indices that correspond to the

internal variables

# of the algorithm.

# IMPORTANT: This method must discriminate between the possible shapes of the

input numpy array, so that

# traversing of items_ids should be done by items_ids[p] if shape==1 or

items_ids[0,p] if shape==

items_ids_shape = np.shape(items_ids)
shape_length = len(items_ids_shape)
if(shape_length==1):
real_items_ids = [self.ltemIndex[items. ids[p]] for p in range(0,np.size(items_ids))]
else:
real_items_ids = [self.ltemIndex[items_ids[O0,p]] for p in range(0,np.size(items_ids))]
return np.array(real_items_ ids)
def get_real catchup_items ids(self,catchup_items_ids):

catchup_items_ids_shape = np.shape(catchup_items_ids)

if(shape_length==1):

real_catchup_items_ids = [self.CatchupltemIndex[catchup_items_ids[p]] for p in

range(0,np.size(catchup_items_ids))]

else:

real_catchup_items_ids = [self.CatchupltemIndex[catchup_items_ids[0,p]] for p in

range(0,np.size(catchup_items_ids))]

return np.array(real_catchup_items_ids)

def get_real vod_items_ids(self,vod_items_ids):
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vod_items_ids_shape = np.shape(vod_items_ids)
shape_length = len(vod_items_ids_shape)
if(shape_length==1):

real_vod_items_ids = [self.VodltemIndex[vod_items_ids[p]] for p in
range(0,np.size(vod_items_ids))]

else:

real_vod_items_ids = [self.VodltemIndex|[vod_items_ids[O,p]] for p in
range(0,np.size(vod_items_ids))]

return np.array(real_vod_items_ids)
def load_user_baseline_time_instance_terms(self,current_user_index):

# This function retrieves the user baseline time instance specific terms for the current
user passed as input

# argument to the method. Mind that this function return the user's baseline terms for
all the training time

# instances of the given user. Therefore, the particular time instance related user
baseline terms must

# be subsequently retrieved.

current_user_baseline_time_instance. terms_file =
self.UsersBaselineTimelnstanceTermsFiles[current_user_index]

current_user_baseline_time_instance_terms_file_pointer =
np.memmap(current_user_baseline_time_instance_terms_file,dtype="float64',mode="'r+")

current_user_baseline _time “instance_terms =
current_user_baseline_time instance_terms_file_pointer[:]

del current_user (baseline_time_instance_terms_file_pointer
return current "user_baseline_time_instance_terms

def
load_user. vectors_time_instance_terms(self,current_user_index,current_fold_index):

# This function retrieves the user vectors time instance specific terms for the current
user passed as input

# argument to the method. Mind that this function return the user's vectors terms for
all the training time

# instances of the given user. Therefore, the particular time instance related user
baseline terms must

# be subsequently retrieved.
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current_user_vectors_time_instance_terms_file =
self.UsersVectorsTimelnstanceTermsFiles[current_user_index]

current_user_vectors_time_instance_terms_num =
self.UsersFoldsTrainingNumber[current_user_index,current_fold_index]

current_user_vectors_time_instance_terms_file_pointer =
np.memmap(current_user_vectors_time_instance_terms_file,dtype="float64',mode="r+',sha
pe=(current_user_vectors_time_instance_terms_num,self.FeaturesDimensionality))

current_user_vectors_time_instance_terms =
current_user_vectors_time_instance_terms_file_pointer[:]

del current_user_vectors_time_instance_terms_file_pointer

return current_user_vectors_time_instance_terms

def
store_user_vectors_time_instance_terms(self,current_user_index,current_fold_index,current
_user_vectors_time_instance_terms):

# This function stores the user vectors time instance specific terms for the current user
and fold passed as

# input arguments to the method in the corresponding .dat file. Mind that this function
stores the user's

# vectors terms for all training time instances of the given user. Therefore, the
individual time instance

# specific terms for the current user and fold must be first appropriately aggregated in
a temporary variable.

current_user_vectors_time_instance_terms_file =
self.UsersVectorsTimelnstanceTermsFiles[current_user_index]

current_user_vectors: time_instance_terms_num =
self.UsersFoldsTrainingNumber[current_user_index,current_fold_index]

current_user_vectors_time_instance_terms_file_pointer =
np.memmap(current_user_vectors_time_instance_terms_file,dtype="float64',mode="w+’',sh
ape =(current_user_vectors_time_instance_terms_num,self.FeaturesDimensionality))

current_user_vectors_time_instance_terms_file_pointer[:] =
current_user_vectors_time_instance_terms

del current_user_vectors_time_instance_terms_file pointer

def
store_user_baseline_time_instance_terms(self,current_user_index,current_fold_index,curre
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nt_user_baseline_time_instance_terms):

# This function stores the user baseline time instance specific terms for the current
user and fold passed as

# input arguments to the method in the corresponding .dat file. Mind that this function
stores the user's

# baseline terms for all training time instances of the given user. Therefore, the
individual time instance

# specific terms for the current user and fold must be first appropriately aggregated in
a temporary variable.

current_user_baseline_time_instance_terms_file =
self.UsersBaselineTimelnstanceTermsFiles[current_user_index]

current_user_baseline_time_instance_terms_file_pointer =
np.memmap(current_user_baseline_time_instance_terms_file,dtype='float64',mode="w+',sh
ape=(1,self.UsersFoldsTrainingNumber[current_user_index,current_fold_index]))

current_user_baseline_time_instance_terms_file_pointer[:]'=
current_user_baseline_time_instance_terms

del current_user_baseline_time_instance_terms_file_pointer

def
print_user_vectors_time_instance_tersm(self,current_user_vectors_time_instance_terms,ti
me_instances_num):

for time_index in range(O,time_instances_num):
for feature_index in range(0,self.FeaturesDimensionality):
print current_user_vectors_time_instance_terms[time_index,feature_index]

def
compute_user_baseline estimator(self,user_baseline_initial_term,user_baseline_time_interv
al_terms,user_baseline “time_instance_term,user_time_intervals_durations,user_previous_v
ector,user_current.vector,within_interval_duration):

# This\function’computes the value of the user baseline estimator for the current user,
item and_timestamp.

# User, item and time instance related information is incorporated within the input
arguments.

Bo = user_baseline_initial_term
Bt = user_baseline_time_instance_term
DT = user_time_intervals_durations

PREV = user_previous_vector
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CURR = user_current_vector

DEV = within_interval_duration

#user_baseline_estimator = Bo + np.dot(PREV*DT,B) + DEV * np.dot(CURR,B) + Bt
#user_baseline_estimator = Bo + np.dot(PREV*DT,B) + np.dot(DEV*CURR,B) + Bt
SB = np.shape(B)

if (LSB==1):

user_baseline_estimator = Bo + np.dot(PREV*DT+DEV*CURR,B) + Bt

else:

user_baseline_estimator = Bo + np.dot(PREV*DT+DEV*CURR,B[0]) + Bt

return user_baseline_estimator

def
compute_item_baseline_estimator(self,item_baseline_initial.term;item_baseline_bin_term,it
em_baseline_day_term):

# This function computes the value of the item baseline estimator for the current user,
item and timestamp.

# User, item and time instance related information is incorporated within the input
arguments.

Bi = item_baseline_initial _term

Bi_bin = item_baseline_bin_term

Bi_day = item_baseline_day term
item_baseline_estimator =-Bi + Bi_bin + Bi_day
return item_baseline_estimator

def
compute_user_yvector_slow(self,user_vectors_initial_term,user_vectors_time_interval_terms
,user_vectors_time_instance_term,user_previous_vector,user_current_vector,user_time_int
ervals_durations,within_interval duration):

# This function computes user vector for the current user, item and timestamp.

# User, item and time instance related information is incorporated within the input
arguments.

Po = user_vectors_initial term # 1 - Dimensional

Pt = user_vectors_time_instance_term # 1 - Dimensional
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PREV = user_previous_vector
CURR = user_current_vector
DT = user_time_intervals_durations
user_vector = Po + Pt
for interval_index in range(0,self.TimelntervalsNumber):
if(PREV[O,interval_index]==1):
user_vector += P[interval_index,:] * DT[interval_index]
if(CURR[O,interval_index]==1):
user_vector += P[interval_index,:] * DEV
if(PREV[O,interval_index]==0 and CURR[O,interval_index]==0):
break
return user_vector

def
compute_user_vector(self,user_vectors_initial_term,user_vectors_time_interval_terms,user
_vectors_time_instance_term,user_previous_vector,user_current_vector,user_time_interval
s_durations,within_interval_duration):

# This function computes user vector. for the current user, item and timestamp.

# User, item and time instance related information is incorporated within the input
arguments.

Po = user_vectors_initial_term # 1 - Dimensional

Pint = user_vectors_time_interval_terms # 2 - Dimensional
Pt = user_vectors_time_instance_term # 1 - Dimensional
PREV = user<previous_vector

CURR/= user_current_vector

DT =.user_time_intervals_durations

user_vector = Po + Pt

DT_PREV = DT * PREV

DEV_CURR = DEV * CURR

DT_DEV = DT_PREV + DEV_CURR

R = Pint * DT_DEV
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user_vector += np.sum(R,axis=0)

return user_vector

def compute_user_item_estimator(self,user_vector,item_vector):

# This function computes the user-item estimator based on the corresponding input
arguments.

user_item_estimator = np.dot(user_vector,item_vector)
return user_item_estimator
def compute_item_catchup_items_estimator(self,item_vector,catchup_items_vectors):

# This function computes the item - catchup items estimator based on the
corresponding input arguments.

catchup_items_vectors _num = np.size(catchup_items_vectors,axis=0)
if(catchup_items_vectors_num==0):

item_catchup_items_estimator = 0

else:

Ncatch = 1 / math.sqrt(catchup_items_vectors_num)

item_catchup_items_estimator =
np.dot(item_vector,np.sum(catchup_items_vectors,axis=0))

item_catchup_items_estimator *= Ncatch
return item_catchup_items_estimator

def compute_item_vod._items_estimator(self,item_vector,vod_items_vectors):
vod_items_vectors _num = np.size(vod_items_vectors,axis=0)
if(vod_items_vectors_num==0):
item__vod. items_estimator = 0
else:
Nvod = 1 / math.sqrt(vod_items_vectors_num)
item_vod_items_estimator = np.dot(item_vector,np.sum(vod_items_vectors,axis=0))
item_vod_items_estimator *= Nvod

return item_vod_items_estimator
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def
compute_rating_estimator(self,user_baseline_estimator,item_baseline_estimator,user_item__
estimator,item_catchup_items_estimator,item_vod_items_estimator):

rating_estimator = user_baseline_estimator + item_baseline_estimator +
user_item_estimator + item_catchup_items_estimator + item_vod_items_estimator +
self.quantize_rating_value(self.MeanRating)

return rating_estimator
def compute_current_training_error(self,rating,estimated_rating):

# This function computes the training error associated with a particular training
instance.

# These values will be aggregated in order to compute the overall training error.
current_training_error = rating - estimated_rating
return current_training_error

def initialize_training_error(self):
# This function initializes the computation of the overall training error in terms of the
# Mean Absulute Error.
self.TrainingError = 0

def
update_user_baseline_initial _term(self,user_baseline_initial term,current_training_error):

Bo = user_baseline_initial _term
Gamma = self.Gamma
e = current_training_error
Bo = Bo + Gamma * (e - Lambda * Bo)
return Bo
def
update_user baseline_time_interval_terms(self,user_baseline_time_interval_terms,user_tim

e_intervals_durations,user_previous_vector,user_current_vector,within_interval_duration,cu
rrent_training_error):

Bint = user_baseline_time_interval_terms
DT = user_time_intervals_durations

PREV = user_previous_vector
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CURR = user_current_vector
DEV = within_interval_duration
e = current_training_error
Lambda = self.Lambda

Bint = Bint + Gamma * (e * (DT * PREV + DEV * CURR) - Lambda * ((PREV +
CURR)*Bint))

return Bint

def
update_user_baseline_time_instance_term(self,user_baseline_time_instance_term,current_t
raining_error):

Bt = user_baseline_time_instance_term
Gamma = self.Gamma

Lambda = self.Lambda

e = current_training_error

Bt = Bt + Gamma * (e - Lambda * Bt)
return Bt

def
update_item_baseline_initial_term(self,item_baseline_initial_term,current_training_error):

Bi = item_baseline_initial_term
Gamma = self.Gamma

Lambda = self.Lambda

e = current_training_error

Bi = Bi + Gamma * (e - Lambda * Bi)
return'Bi

def
update_item baseline_bin_term(self,item_baseline_bin_term,current_training_error):

Bi_bin = item_baseline_bin_term
Gamma = self.Gamma
Lambda = self.Lambda

e = current_training_error
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Bi_bin = Bi_bin + Gamma * (e - Lambda * Bi_bin)
return Bi_bin

def
update_item_baseline_day_term(self,item_baseline_day_term,current_training_error):

Bi_day = item_baseline_day_term

Gamma = self.Gamma

Lambda = self.Lambda

e = current_training_error

Bi_day = Bi_day + Gamma * (e - Lambda * Bi_day)
return Bi_day

def
update_user_vectors_initial_term(self,user_vectors_initial_term,item_vector,current_trainin
g_error):

Po = user_vectors_initial_term

Q = item_vector

Gamma = self.Gamma

Lambda = self.Lambda

Po = Po + Gamma * (e * Q - Lambda * Po)
return Po

def
update user_vectors_time_interval terms(self,user_vectors_time_interval_terms,user_time
_intervals_durations,user. previous_vector,user_current_vector,within_interval_duration,ite
m_vector,current_training_error):

Pint = user_vectors_time_interval_terms
q = item_vector

DT =wuser_time_intervals_durations
PREV = user_previous_vector

CURR = user_current_vector

DEV = within_interval_duration

e = current_training_error

Gamma = self.Gamma
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Lambda = self.Lambda

DT_PREV = DT * PREV
DEV_CURR = DEV * CURR
DT_DEV = DT_PREV + DEV_CURR

| =
np.ones(shape=(self.TimelntervalsNumber,self.FeaturesDimensionality),dtype="'float64")

Q=qg=*l
Pint = Pint + Gamma * (e * (DT_DEV*Q) -Lambda * Pint)
return Pint

def

update_user_vectors_time_instance_term(self,user_vectors_time_instance_term,item_vecto
r,current_training_error):

Pt = user_vectors_time_instance_term

Q = item_vector

Gamma = self.Gamma

Lambda = self.Lambda

e = current_training_error

Pt = Pt + Gamma * (e * Q - Lambda * Pt)
return Pt

def
update catchup_items_vectors(self,catchup_items_vectors,item_vector,current_training_err
or):

catchup_items_vectors_num = np.size(catchup_items_vectors,axis=0)
if(catchupitems_vectors_num==0):

Ycatch =.catchup_items_vectors

else:

q = item_vector

Ncatch = 1 / math.sqrt(catchup_items_vectors_num)

e = current_training_error
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Lambda = self.Lambda
Gamma = self.Gamma

| =
np.ones(shape=(catchup_items_vectors_num,self.FeaturesDimensionality),dtype="'float64")

Q=qg*l
Ycatch = Ycatch + Gamma * (Ncatch * e * Q - Lambda * Ycatch)
return Ycatch

def
update_vod_items_vectors(self,vod_items_vectors,item_vector,current_training_error):

vod_items_vectors_num = np.size(vod_items_vectors,axis=0)
if(vod_items_vectors_num==0):

Yvod = vod_items_vectors

else:

q = item_vector

Yvod = vod_items_vectors

Nvod = 1 / math.sqrt(vod_items_vectors num)

e = current_training_error

Lambda = self.Lambda

np.ones(shape=(vod_items_vectors_num,self.FeaturesDimensionality),dtype="'float64")
Q=qg*I
Yvod = Yvod + Gamma * (Nvod * e * Q - Lambda * Yvod)
return Yvod

def
update_item_vector(self,item_vector,user_vector,catchup_items_vectors,vod_items_vectors

,current_training_error):
e = current_training_error
Gamma = self.Gamma

Lambda = self.Lambda
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Q = item_vector

P = user_vector

Ycatch = catchup_items_vectors
Yvod = vod_items_vectors

# Compute catchup factor: (keeping in mind that catchup_items_vectors may be
empty([1))

catchup_items_vectors_num = np.size(Ycatch,axis=0)
if(catchup_items_vectors_num==0):

catchup_factor =0

else:

Ncatch = 1 / math.sqrt(catchup_items_vectors_num)
catchup_factor = Ncatch * np.sum(Ycatch,axis=0)

# Compute vod factor: (keeping in mind that vod_items-vectors may be empty([]))
vod_items_vectors_num = np.size(Yvod,axis=0)
if(vod_items_vectors_num==0):

vod_factor =0

else:

Nvod = 1 / math.sqrt(vod_items. vectors_num)

# Update item vector:
Q =Q + Gamma * (e* (P + catchup_factor + vod_factor) - Lambda * Q)
return Q

def update_training_error(self,current_ratings_number,current_training_error):
# This function updates the estimation of the overall training error in terms of MAE
# by taking into consideration the current training error and the current number of
# ratings that have been processed.

self.TrainingError = (((current_ratings_number-1)*self.TrainingError) +
abs(current_training_error))/current_ratings_number

def update_convergence_status(self):
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# This function computes whether the execution of the learning algorithm should be
stopped.

print "MAE TRAINING: %f" %self.TrainingError
if(self.TrainingError > self.TargetTrainingError):
return False
else:
return True
def set_learning_algorithm_parameters(self,Gamma,Lambda,TargetTrainingError):
# This function sets the learning algorithm parameters, that is Gamma and Lambda.

self.Gamma = Gamma

self.TargetTrainingError = 0.01

def train_learing_algorithm(self):

# This routine performs the actual training 'of the parameters induced by our model.

# IMPORTANT NOTE: FOR THE/MOMENT IT IS ONLY A SKETS OF THE FINAL CODE FOR
TESTING PURPOSES.

# ADDITION VARIABLES . SHOULD BE SET WITHIN THE SELF OBJECT CONTROL THE
EXECUTION OF THE LEARNING PROCESS.

# CONSIDER A FUNCTION SUCH AS: "set_learning_algorithm_parameters(...)"

print "EXECUTING LEARNING ALGORITHM TRAINING PROCESS:"

# PREALLOCATE INTERNAL NON_FOLD DEPENDENT LEARNING ALGORITHM
PARAMETERS:

self.allocate_learning_algorithm_variables()
# TRAVERSE THRUGH THE VARIOUS FOLDS: (Mind that the fold index is zero-based!)
for current_fold_index in range(0,self.FoldsNumber):

print "TRAVERSING FOLD:%d" %(current_fold_index+1)
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# PREALLOCATE INTERNAL FOLD DEPENDENT LEARNING ALGORITHM PARAMETERS:
self.allocate_learning_algorithm_fold_dependent_variables(current_fold_index)

# INITIALIZE CONVERGENCE STATUS TO FALSE AND INITIALIZE OVERALL TRAINING
ERROR:

converged = False
self.initialize_training_error()

# REPEAT UNTIL CONVERGENCE:
while(not converged):

# INITIALIZE COUNTER KEEPING TRACK OF THE OVERALL NUMBER OR RATINGS
PROCESSED.

overall_ratings_processed = 1

# TRAVERSE THROUGH THE VARIOUS USERS: (Mind that the user index is zero-
based!)

for current_user_index in range(0,self.UsersNumber):
#print "TRAVERSING USER:%d" %(current_user. index+1)
# Load user-fold specific training indices, timestamps and ratings:

current_user_fold_train_indices =
self.load_user_fold_training_indices(current user_index, current_fold_index)

current_user_fold_timestamps =
self.load_user_fold_timestamps(current’_user_fold_train_indices)

current_user_fold_ratings-=
self.load_user_fold_ratings(current_user_fold_train_indices)

current_user_fold_items_ids =
self.load_user_fold_items.ids(current_user_fold_train_indices)

current. user_fold_items_ids =
self.get_real items_ids(current_user_fold_items_ids)

# Load user-specific baseline and vectors time instance terms.

current_user_baseline_time_instance_terms =
self.load_user_baseline_time_instance_terms(current_user_index)

current_user_vectors_time_instance_terms =
self.load_user_vectors_time_instance_terms(current_user_index,current_fold_index)

# Load user-specific time intervals durations.

user_time_intervals_durations =
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self.UsersTimelntervalsDuration[current_user_index,:]
# GET USER CATCHUP AND VOD INDICES:

# SET THESE INDICES TO [] WHEN DEACTIVATING THE INFLUENCE OF CATCHUP
AND VOD ITEMS

#user_fold_catchup_indices = np.random.randn(0,0)

#user_fold_vod_indices = np.random.randn(0,0)

user_fold_catchup_indices = self.get_user_catchup_items_ids(current_user_index)
user_fold_vod_indices = self.get_user_vod_items_ids(current_user_index)

# GET USER CATCHUP AND VOD ITEMS VECTORS:

user_fold_catchup_items_vectors =
self.get_user_catchup_items_vectors(user_fold_catchup_indices)

user_fold_vod_items_vectors =
self.get_user_vod_items_vectors(user_fold_vod_indices)

# TRAVERSE THROUGH THE VARIOUS USER-SPECIFIC / TIME INSTANCE-SPECIFIC
RATED ITEMS AND CORRESPONDING

# TIME INSTANCES USED FOR TRAINING: (also initialize a required internal index)
internal_index =0

for
(current_user_fold_train_index,current_user. fold_timestamp,current_user_fold_rating,curre

nt_user_fold_item_id) in
zip(current_user_fold_train_indices,current_user_fold_timestamps,current_user_fold_ratings
,current_user_fold_items_ids):

# NEXT 2 LINEs TO BE REMOVED IN THE NEAR FUTURE

if(current_user_fold rating>1):

current cuser_fold_rating = 1

# THIS LINE OF CODE QUANTIZES RATINGS WITHIN {1,2,3,4,5}. OMMIT IF NO
QUANTIZATION.SHOULD HAPPEN.

current_user_fold_rating = self.quantize_rating_value(current_user_fold_rating)
#print "TRAVERSING INTERNAL TIME INSTANCE:%d" %/(internal_index+1)

# GET USER BASELINE ESTIMATOR REQUIRED VARIABLES:
user_baseline_initial_term = self.UsersBaselinelnitialTerm[O,current_user_index]

user_baseline_time_interval _terms =
self.UsersBaselineTimelntervalTerms[current_user_index,:]

‘Eva Movtélo ZuoTtaong yia YTnpeoieg IPTV pe Xpovo-Etriyvwon eAida | 113




MeTamtuylakn AlaTpir Zappng Aviwviog

user_baseline_time_instance_term =
current_user_baseline_time_instance_terms[internal_index]

user_previous_vector =
self.get_user_previous_vector(current_user_index,current_user_fold_timestamp)

user_current_vector =
self.get_user_current_vector(current_user_index,current_user_fold_timestamp)

within_interval_duration =
self.get_current_timestamp_within_interval duration(current_user_index,current_user_fold__
timestamp)

# GET USER VECTORS REQUIRED VARIABLES:
user_vectors_initial_term = self.UsersVectorsinitialTerm[current user-index,:]

user_vectors_time_interval_terms =
self.UsersVectorsTimelntervalTerms[current_user_index,:,:]

user_vectors_time_instance_term =
current_user_vectors_time_instance_terms[internal_index,:]

# GET ITEM VECTOR:
item_vector = self.ItemsVectors[current_user_fold_item_id,:]
# GET ITEM BASELINE ESTIMATOR REQURED VARIABLES:

item_baseline_initial_term =
self.ltemsBaselinelnitialTerm[0O,current fuser_fold_item_id]

day_index =
datetime.datetime.fromtimestamp(current_user_fold_timestamp).weekday()

item_baseline_bin_term =
self.ItemsBaselineBinTerms[current_user_fold_item_id,bin_index]

item_baseline ‘day, term =
self.ltemsBaselineDayTerms[current_user_fold_item_id,day_index]

# COMPUTE-USER BASELINE ESTIMATOR:

user_baseline_estimator =
self.compute.user_baseline_estimator(user_baseline_initial_term,
user_baseline_time_interval_terms, user_baseline_time_instance_term,
user_time_intervals_durations, user_previous_vector, user_current_vector,
within_interval_duration)

#print "user baseline estimator = %f" %user_baseline_estimator

item_baseline_estimator =
self.compute_item_baseline_estimator(item_baseline_initial_term, item_baseline_bin_term,
item_baseline_day_term)
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#print "item baseline estimator = %f" %item_baseline_estimator
# COMPUTE USER VECTOR:

user_vector = self.compute_user_vector(user_vectors_initial_term,
user_vectors_time_interval_terms, user_vectors_time_instance_term,
user_previous_vector, user_current_vector, user_time_intervals_durations,
within_interval_duration)

#print user_vector

# COMPUTE USER_ITEM ESTIMATOR:

user_item_estimator = self.compute_user_item_estimator(user_vector,item_vector)

#print "user_item_estimator: %f" %user_item_estimator
# COMPUTE ITEM - CATCHUP ITEMS ESTIMATOR:

item_catchup_items_estimator =

self.compute_item_catchup_items_estimator(item_vector,user_fold. catchup_items_vectors)

#print "item_catchup_items_estimator: %f" %item-catchup_items_estimator
# COMPUTE ITEM - VOD ITEMS ESTIMATOR:

item_vod_items_estimator =
self.compute_item_vod_items_estimator(item_.vector,user_fold_vod_items_vectors)

#print "item vod items estimator: of" %item_vod_items_estimator

rating_estimator = self.compute_rating_estimator(user_baseline_estimator,
item_baseline_estimator, user_item’ estimator, item_catchup_items_estimator,
item_vod_items_estimator)

#print "rating estimator: %d" %rating_estimator

#COMPUTE CURRENT (FOLD-USER-ITEM/TIME INSTANCE-SPECIFIC) TRAINING
ERROR:

current_training_error =
self.compute_current_training_error(current_user_fold_rating,rating_estimator)

#print "current_training_error: %f" %current_training_error
# GRADIENT DESCENT - BASED UPDATE OF USER BASELINE INITIAL TERM:

Bo = self.update_user_baseline_initial_term(user_baseline_initial_term,
current_training_error)

#print "Bo: %f" %Bo

# GRADIENT DESCENT - BASED UPDATE OF USER BASELINE TIME INTERVAL
TERMS:

Bint =
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self.update_user_baseline_time_interval_terms(user_baseline_time_interval_terms,
user_time_intervals_durations, user_previous_vector, user_current_vector,
within_interval_duration, current_training_error)

#print "Bint: "

# GRADIENT DECENT - BASED UPDATE OF USER BASELINE TIME INSTANCE TERM:

Bt =
self.update_user_baseline_time_instance_term(user_baseline_time_instance_term,
current_training_error)

#print "Bt: "

#print Bt

# GRADIENT DECENT - BASED UPDATE OF ITEM BASELINE INITIAL-TERM:

Bi = self.update_item_baseline_initial_term(item_baseline_linitial_term,
current_training_error)

#print "Bi: "
#print Bi
# GRADIENT DECENT - BASED UPDATE OF ITEM'BASELINE BIN TERM:

Bi_bin = self.update_item_baseline_bin_term(item_baseline_bin_term,
current_training_error)

#print "Bi_bin:"
#print Bi_bin
# GRADIENT DECENT - BASED UPDATE OF ITEM BASELINE DAY TERM:

Bi_day = self.update_item_baseline_day term(item_baseline_day_ term,
current_training_error)

#print "Bi_day:"
#print Bi_day
# GRADIENT DESCENT - BASED UPDATE OF USER VECTOR INITIAL TERM:

Po ='self.update _user_vectors_initial_term(user_vectors_initial_term, item_vector,
current_training_error)

#print "Po:"
#print Po
# GRADIENT DESCENT - BASED UPDATE OF USER VECTOR TIME INTERVAL TERMS:

Pint =
self.update user vectors time_interval terms(user vectors time interval terms,
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user_time_intervals_durations, user_previous_vector, user_current_vector,
within_interval _duration, item_vector, current_training_error)

#print "Pint"

#print Pint

# GRADIENT DESCENT - BASED UPDATE OF USER VECTOR TIME INSTANCE TERM:

Pt =
self.update_user_vectors_time_instance_term(user_vectors_time_instance_term,
item_vector, current_training_error)

#print "Pt:"

#print Pt

# COMPUTE THE NEW VERSION OF THE USER VECTOR BASED ON‘THE UPDATE
VERSIONS OF THE CORRESPONDING PARAMETERS:

P = self.compute_user_vector(Po, Pint, Pt, user_previous._vector,
user_current_vector, user_time_intervals_durations, withinZinterval _duration)

#print "P:"
#print P
# GRADIENT DESCENT - BASED UPDATE CATCHUP ITEMS VECTORS:

Ycatch = self.update_catchup_.items_vectors(user_fold_catchup_items_vectors,
item_vector, current_training_error)

#print "Ycatch:"
#print Ycatch
# GRADIENT DESCENT -'BASED UPDATE VOD ITEMS VECTORS:

Yvod = self.update_vod_items_vectors(user_fold_vod_items_vectors,item_vector,
current_training_error)

#print "Yvod:"
#print Yvod
# GRADIENT DESCENT - BASED UPDATE ITEMS VECTOR:

Q = self.update_item_vector(item_vector, user_vector,
user_fold_catchup_items_vectors, user_fold_vod_items_vectors, current_training_error)

#Hprint "Q:"
#print Q

# COMPUTE UPDATED ESTIMATORS: (BASED ON THE UPDATED VERSIONS OF THE
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INTERNAL PARAMETERS)

updated_user_baseline_estimator =
self.compute_user_baseline_estimator(Bo,Bint,Bt,user_time_intervals_durations,user_previo
us_vector,user_current_vector,within_interval_duration)

updated_item_baseline_estimator =
self.compute_item_baseline_estimator(Bi,Bi_bin,Bi_day)

updated_user_item_estimator = self.compute_user_item_estimator(P,Q)

updated_item_catchup_items_estimator =
self.compute_item_catchup_items_estimator(Q,Ycatch)

updated_rating_estimator =
self.compute_rating_estimator(updated_user_baseline_estimator,updated. item_baseline_es
timator,updated_user_item_estimator,updated_item_catchup_items_estimator,updated_ite
m_vod_items_estimator)

# COMPUTE UPDATED CURRENT TRAINING ERROR:

updated_current_training_error =
self.compute_current_training_error(current_user_fold_ rating,updated_rating_estimator)

#print "current_training error = %f updated_current_training_error = %of"
%(current_training_error,updated_current_training. error)

#if(abs(current_training_error)>abs(updated_current training_error)):
#print "OK"

#Helse:
#print "NOT OK"

# COMPUTE UPDATED OVERALL TRAINING ERROR:

self.update_training_error(overall_ratings_processed,updated_current_training_error)
#print "TRAINING ERROR: %f" %self.TrainingError
# STORE.BACK UPDATED VERSIONS OF INTERNAL PARAMETERS:
self.UsersBaselinelnitialTerm[0,current_user_index] = Bo #1
self.UsersBaselineTimelntervalTerms[current_user_index,:] = Bint #2
self.UsersVectorsTimelntervalTerms[current_user_index,:,:] = Pint #5
current_user_vectors_time_instance_terms[internal_index,:] = Pt #6
self.ltemsBaselinelnitialTerm[0,current_user_fold_item_id] = Bi #7

self.ltemsBaselineBinTerms[current_user_fold_item_id,bin_index] = Bi_bin #8
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self.ltemsBaselineDayTerms[current_user_fold_item_id,day_index] = Bi_day #9
self.ltemsVectors[current_user_fold_item_id,:] = Q #10
self.set_user_catchup_items_vectors(user_fold_catchup_indices, Ycatch) #11
self.set_user_vod_items_vectors(user_fold_vod_indices, Yvod) #12

# UPDATE INTERNAL AND EXTERNAL COUNTER VARIABLES:

internal_index +=1

overall_ratings_processed += 1

# IMPORTANT!!T ONLY FOR CURRENT USE SO THAT THE CORRESPONDING .DAT
FILES CAN BE DELETED.

# THIS IS WHERE ADDTIONAL STORSAGE OPERATIONS SHOULD BE DONE:
current_user_baseline_time_instance_terms = None
current_user_vectors_time_instance_terms = None
user_vectors_time_instance_term = None
#self.Gamma *= 2
self.deallocate_learning_algorithm_fold_dependet_variables()

print "LEARNING ALGORITHM EXECUTION COMPLETED"

def main():

# File test_new.csv is only a portion of the complete ratings matrix. It is only used for
testing purposes.

# The complete file'that.should be used is the final_zappings.csv.
ratings_csv = ‘recommendation_data/final_zappings_50_ best.csv'

catchup. csv = ‘recommendation_data/final_catchup.csv'

# IMPORTANT!!!
# Keep in mind that not all items ids appear within the final_zappings csv file.
# Therefore, we need an additional index list that stores the indices of all items

# that actually appear within the ratings record. This list is saved in file
items_on_Zappings.csv.
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rated_items_csv = 'recommendation_data/items_on_Zappings.csv'

# Set external parameters

recommender = Recommender(ratings_csv,catchup_csv,vod_csv,rated_items_csv)
# Set internal parameters.

# WARNING!!! INTERNAL PARAMETER VALUES ARE USER DEFINED!!! MAKE SURE THAT
THE CORRECT VALUES ARE GIVEN!!!

# The complete number of ratings is 222906207. However, when testing on a portion of
the complete ratings record

# only a number of 241437 ratings.
# ratings_number = 222906207
#ratings_number = 237977
ratings_number = 1359831
columns_number = 5
#users_number = 57826
users_number = 50
catchup_number = 7845
vod_number = 401

vod_records_number = 105166

recommender.set_internal_parameters(ratings_number,columns_number,users_number,
catchup_number, vod_number,catchup_records _number,vod_records_number)

# Set algorithm related parameters.

# These parameters are very important since the final results will be highly dependent
on them.

# A good set of parameters should be experimentally determined.
users_ratings_percentage = 1.0

features_dimensionality = 5

items_ratings_percentage = 1.0

folds_number =5

recommender.set_algorithm_parameters(users_ratings_percentage,
features_dimensionality, items_ratings_percentage,folds_number)
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# Set memmap related files parameters.
# Mind that this list is yet to be completed.
users_file = 'recommendation_data/users.dat’

items_file = 'recommendation_data/items.dat’

ratings_file = 'recommendation_data/ratings.dat’

timestamps_file = 'recommendation_data/timestamps.dat’
recommender.set_ratings_memmap_files_parameters(users_file,items_file,categories_file,ra
tings_file,timestamps_file)

# Initialize memmap related variables. [NOT REQUIRED WHEN CORRESPONDING DAT
FILES ALREADY EXIST!I]

# recommender.initialize_memmap_variables()

# Set memmap related variables. [NOT REQUIRED WHEN"CORRESPONDING DAT FILES
ALREADY EXIST!!]

# recommender.set_memmap_variables()

recommender.set_catchup_data()

recommender.set_vod_data()

# Check memmap related variables.

recommender.check_memmap_variables()

# Set the directory that stores the user indices related data.
users_data_directory. = ‘user_data/

# Set the directory that stores the user training and testing indices related data.
cross_validation_data_directory = 'cross_validation_data/

# Initialize the names of the .dat files that will be storing the user related indices.

recommender.set_users_indices_memmap_files_parameters(users_data_directory)

recommender.set_cross_validation_memmap_files _parameters(cross_validation_data direct
ory)

# recommender.set_users_indices_memmap_Vvariables()

# recommender.check_user_indices_memmap_variables()
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#recommender.set_cross_validation_memmap_variables()

# recommender.check_cross_validation_memmap_variables()

# Set the directory that stores the user baseline time instance term variables.
baseline_terms_data_directory = ‘baseline_terms_data/*

# Initialize the names of the .dat files that will be storing the fold-dependent user-
related baseline time instance specific term variables.

recommender.set_users_baseline_time_instance_terms_memmap_files _parameters(baselin
e_terms_data_directory)

# Set the directory that stores the user vectors time instance term variables.
users_vectors_terms_data_directory = 'users_vectors_terms_data/*

# Initialize the names of the .dat files that will be storing the fold-dependent user-
related vectors time instance specific term variables.

recommender.set_users_vectors_time_instance _terms_memmap_files_parameters(users_ve
ctors_terms_data_directory)

# Allocate memory for internal algorithm variables

recommender.allocate algorithm_variables()

# Set the contents of the internal algorithm variables.
recommender.set_algorithm_variables()

# recommender.check_learning_ algorithm_variables_allocation_dealloacation()

# Set internal learning algorithm paramaters and proceed with the training process.
Gamma = 0.000001 # BEST GAMMA

#Gamma = 0.00001

Lambda = 1.0
recommender.set_learning_algorithm_parameters(Gamma,Lambda,TargetTrainingError)
recommender.train_learing_algorithm()

if  name_ == main__":

main()
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