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HUHTEI'PAIIUA BU3YAJIBHBIX ITPU3HAKOB B I'HBPU/IHBIE
PEKOMEHIATEJIBHBIE CUCTEMBI JIJ11 CTPUMHUHI'OBBIX
IHJIAT®OPM

Annomauyun. Aemomamuszayus ynpasieHus noaib308ameabCKuM ONnbimom
8 BeUAMENbHBIX U CIPUMUH2OBLIX CEPBUCAX — MO KPUMUUECKU BANCHOE OJifl
coxpanenusi noavzoeameneu. Aemop paccmampueaem cnocobd yeearuyeHus
MOYHOCMU NPeOCKA3aHUs UHMEPeco8 Noab308amens nymem KOMOUHayuu
Mmemooos collaborative filtering ¢ enybookumu ueupouuviMu cemsamu. Axyenm
oenaemcsi HA NOJYYEHUE BblCOKOYPOBHEBLIX IMOEOOUH208 U300PANCEHUN U3
8UOC0 U U3YUEHUU GNUAHUS IMOEOOUH208 HA pAchpedeleHUe PeKOMeHOayull 8
kameeopuu “‘/[nunnviti xeocm”’ kamanoza. CpaéneHue npocmou MampuyHou
Gdaxmopuzayuu ¢ NpPeooNCEHHOU 2UOPUOHOL MYIbMUMOOAILHOU Cemblo NO
mempuxe paudxcupoganus AUC nokazvlieaem yayuuieHue nNocieoOHe20 Memood.
Pezynomamur uccredoeanus nozeonsiom coerams 6bl600 O HE0OX0OUMOCHU
NPUMEHEHUs MYIbMUMOOAIbHbIX Memo008 00opbObl ¢  cucmemMamuidecKkumu

OUUOKAMU PEKOMEHOAMEIbHBIX CUCTEM.
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Kniwouesvlie cnosa: My]lbmuMOC)dJleble cemu, pekomendameﬂbele
cucmemul, 2]1_)/’601('06 06_)/1{87-!1/!8, KomMnsvlromepHoe 3perHue, paHaicupoeanue

KOHmeHma, CmMewiernue nonyiAaApHocmu.

DEVELOPMENT AND ANALYSIS OF A HYBRID MULTIMODAL
RECOMMENDER SYSTEM FOR STREAMING PLATFORMS

Abstract. Automating user experience management in broadcast and
streaming services is critical to user retention. The author considers a way to
increase the accuracy of predicting user interests by combining collaborative
filtering methods with deep neural networks. The emphasis is on obtaining high-
level embeddings of images from videos and studying the influence of
embeddings on the distribution of recommendations in the “Long tail” category
of the catalog. A comparison of simple matrix factorization with the proposed
hybrid multimodal network using the AUC ranking metric shows an
improvement in the latter method. The results of the study allow us to conclude
that it is necessary to use multimodal methods to combat systematic errors in

recommendation systems.

Keywords: multimodal recommender systems, deep learning, computer

vision, content ranking, popularity bias, long tail.
BBenenue

CoBpeMeHHass MHIYCTpUs HU(PPOBOro BUACOBEUIaHUS (QYHKIIMOHUPYET B
YCIOBHSIX JKEeCTodaiiied OOppObl 3a yAep)KaHWE BHUMAHUA MNOTPEOUTENS.
CormacHo TpodUIBHBIM HCCIENOBAaHUSAM pBIHKA, MONABJIAIONIAs YacTb
MOJI30BaTEIbCKUX MNpocMOTpoB (10 80% Ha KIOUEBBIX [IOOATBHBIX
miaropmax) reHepupyeTcsl aBTOMATUYECKUMHU PEKOMEHIATEIbHBIMU OJIOKAMH.
OTO0 npeBpaniacT alropuTMbl PaHXUPOBAaHUS KOHTEHTA B INIABHBIA MHCTPYMEHT

CHUKXCHHA OTTOKA ayIUTOPHUHU.
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Tem He MeHee TPaAWITMOHHBIC TMOIXOMBI YacTO CTpamarT oT 3ddekra
«Imy3bIpsi  (UIBTPOB», 3allUKJIMBAas  TOJB30BaTENsl HA  y3KOM  KpyTe
MEMHCTPUMHBIX To3ulMK. Hacrodmee wuccinenoBaHue  HapaBiIeHO Ha
pa3pabOTKy ¥ BaJIMAALMIO MOJEIH, CHOCOOHON 3(P(EKTUBHO OCBaMBATH
«MHHBIA  XBocT» (Long Tail) moctymHOro Meauakaranora IOCpPEACTBOM
IyOOKOTO  aHajiu3a BU3YaJIbHOM M CTWJIMCTHYECKONM  COCTaBIISIFOLIEH

BHJICOMATEPHUATIOB.
IIpenodpadoTka TaHHBIX U W3BJIEYEeHUE PU3HAKOB

OKcriepyMeHTallbHast 0a3a  HCCIIEIOBaHUSl TOCTPOEHA Ha OCHOBE
pacimupeHHoro Habopa naHHbIXx MovieLens 20M, B KOTOpbId  ObUIH
VHTETPUPOBAHbl  JIONOJHUTEIIBHBIE  METAaJIaHHBIE (>kaHpOBBIE ~ TETH,
XPOHOJIOTUYECKUE MapKephl) W MYIbTUMEIUNHBIE KOMIIOHEHTBI (TOCTEPHI

(GUIBMOB U X O0(ULIUATIBHBIE TPEUIIEPHI).

[Ipyu QopmupoBaHMM TNPU3HAKOBOTO TMPOCTPAHCTBA  YUUTHIBAIUCH

CJIEYIOIINE KPUTHIECKUE (DAKTOPHI:

. Jlor moJib30BaTeILCKUX B3auMoneicTBuii: BexropusoBaHHas

UCTOpHS OLIEHOK U pocMOTpoB (User-Item Interactions).

. Nuaexke mnomyJspHOCTH KOHTeHTa: YacTOTHBIM IOKa3aresb
MIPOCMOTPOB, KOTOPHIN, C OJJHOW CTOPOHBI, YKa3bIBAET HA OOIIHE TPEHIBI, HO C

JpyTroil — HEraTWBHO BIUSET HA METPUKY HOBU3HBI (Novelty) Bbiaun.

. MyabTHMOAAIBHBbIE AEeCKPUNTOPbI KOHTEHTA: Ha6op
BHYTPEHHHX TIPU3HAKOB (BU3yaJIbHBIX M 3BYKOBBIX), XapaKTEePU3YIOIINX
ACTETUYECKYIO0 U aTMOC(hEpHYIO crenudUKy MpOu3BeeHUs HE3aBUCUMO OT €T0

M3BECTHOCTH IIUPOKOU IMyOIHKe.

Metononorust Feature Extraction: [[ns u3BiIe4YeHUsS CEMaHTHUYECKUX
BEKTOPOB M3 BUJEOPsa TPEUSIEPOB MPUMEHSIACH MPEIBAPUTEIIBHO O0ydeHHAas!

cBeprouHas HeiipoceTb ResNet-50. DToT monxoa mo3Boiui onudpoBarh Takue
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HCOUCBUAHLIC JJIsI TCKCTOBBLIX TCTOB XAPAKTCPHUCTUKH, KaK HBCTOBAs ITAJIMTpA,

cnienurKa OCBEIICHNUS U TUHAMUKA MOHTaXHBIX CKIICEK.
AHAJIN3 CUCTEMHBIX OIIIMOOK 0A30BOr0 aJIrOPMTMA

[lepBuuHass oOuLeHka KayecTBa pabOThl KJIACCHUYECKOTO  allfOpUTMa
MaTpuuHOi (akropuzauuu (Matrix Factorization) BbISIBUJIAa YCTOMYUBBIE

MaTTCPHBI HCOIITUMAJIBHOT'O PACIIPCACIICHUS peKOMCHI[aHI/If/'Ii

1. JloxHooTpuiarensubie cpabareiBanus (False Negatives): Cuctema
CHUCTEMaTUYeCKH WTHOPUpPOBaja PEAKUE, aBTOPCKHE WM HUIICBBIC KapTHUHBI,
KOTOpPBIE HJICaTbHO COOTBETCTBOBAIA ICTETHUYECKUM BKyCaM IOJIH30BATEIIsI, HO

HE UMEJH IUIOTHOU CETKH MPOCMOTPOB B OOIIIEH MaTpHIIE.

2. JloxxnononoxutenbHble cpadbarpiBanus (False Positives): Anroputm
HaBsI3bIBAJl MACCOBBIE BBICOKOOKOIXKETHBIEC OJIOKOACTEpPhl TOJIL30BATENISIM €
BBIPAKEHHON CKJIOHHOCTBIO K KaMEpHOMY KuHeMmarorpady, 4yto oOyCIIOBICHO

BCTPOCHHBIM UCKaXXEHHEM nonyisipHocTH (Popularity Bias).

Jns  MuUHMMH3aUUU  JaHHBIX  JeekToB  ObUIM  pa3paboTaHbl

CIICOAaIM3UPOBAHHBIC CHHTCTUYCCKUC IIPU3HAKHA!

. Visual Style Vector:  IlnoTHberii  >MOeqawHT,  KOTUPYIOIIWAN
BU3YaJIbHYIO0 TOHAJbHOCTb U KAHPOBYIO 3CTETUKY (HampuMmep, Hyap, HEOHOBbIE
NaJUuTpbl KUOEpIaHKa WM TMacTeIbHblE TOHA aprxayca). OJTO MO3BOJUIO

HAXOJUTbh CKPBITBIE CBSI3U MEXAY (PHUIIbMaMH pa3HbIX KaTErOpU.

. Atmosphere Match Score: MeTpuka CKaJIIpHOTO CXOJICTBA MEKIY
TEKyIIUM BHU3yaJbHbIM BEKTOPOM (HiibMa U COBOKYMHBIM MpoQuiiem
MpEeANOYTEHU TOJIb30BaTeNs, CHOPMUPOBAHHBIM HA OCHOBE HCTOPUH €r0

IIPOCMOTPOB.
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ApXHMTEKTYpa uccieyeMbIX MojaesIel

B pamMkax »sKclepuMEHTalbHOM NPOBEPKH OBUIM COINOCTaBIEHbI JBa

KOHIICTITYaJIbHO PA3HBIX ITOKOJCHUA PCKOMCHIATCIbHBIX CUCTCM!

. Mogens 1 (Matrix Factorization / Neural CF): bazoBoe pemienue
(Baseline), onuparomieecsi Ha HEHPOCETEBYIO KOUIA0OPATUBHYIO (PUIIBTPALIUIO.
JlaHHBIA TOAXOM IEMOHCTPHPYET BBICOKYIO TOYHOCTH TPH aHAJU3€ SIBHBIX
CUTHAJIOB (KJIMKOB, JIAMKOB), OJHAKO MOJHOCTHIO M30JIMPOBAaH OT CEMAaHTHUKHU U

COACPpIKaHUA CaMOI'O KOHTCHTA.

. Mogenrs 2 (Hybrid Multimodal Network): IIpemmaraemas
KOMIUICKCHAsl apXHTEKTypa, codveTalIas B cebe COBMECTHOE OOydeHHe

KOJIJTA0OpaTUBHOTO OJI0KA M KOHTEHTHOM BETBU IITyOOKOTO aHaIu3a BUACOPSIA.

Banmupamust cuctem npoBoausiach MO JABYM KJIFOYEBBIM OCSIM: TOYHOCTH
pamkupoBanus (metpuka AUC) wu creneHW AuBEepCUPUKAIMKA — BbIIAYH

(Diversity).
Pe3yabTaThl 3KCIEPUMEHTOB U 00CYK/IeHHE

TectupoBanue Monenell Ha  OTIOKEHHOW  BBIOOPKE  IOKAa3alio
CYIIIECTBEHHOE MPEUMYIIIECTBO MYIBFTUMOAAIBHOTO MTOIX0/1a MPHU OIIEHKE 001Ien

CIIOCOOHOCTH aJITOPUTMa K KOPPEKTHOMY PaHKUPOBAHUIO OOBEKTOB.
CpaBHHMTEJbHbIH AHAJIN3 TOYHOCTH PAHKUPOBAHUS

B Ta6nuiie 1 3aduxcupoBanbl UTOTOBBIC MOKa3aTenu miotiaau moa ROC-

kpuBoit (AUC) st 06eux apXuTeKTyp.

Tabnuna 1. CpaBHeHUE KadecTBa pabOThl MOJIEEH

APpXMTEKTYpPHOE pelieHue AUC (Area under the curve)
Matrix Factorization 0.745
Hybrid Multimodal Network 0.812
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CymectBennsiii mpupoct metpuku AUC mo 0.8120 y rubpuaHoil cetu
OOBSICHSIETCS TEeM, YTO HMHTETpalus BU3YAJIbHBIX MPU3HAKOB KOMIICHCHUPYET
HEJIOCTAaTOK HMH(OpMalMM B YCJIOBHUSX «XOJOIHOTO CTapTa» sl HOBBIX WIIU

MaJIOU3BECTHBIX (PUIIBMOB.

IIpu stom cratuctudecku 3Hadumoe ynyumieHue (AAUC = +0.067, p <
0.01 mo t-tecty) CBUIETEIBCTBYET O POOACTHOCTH THOPUIHOTO TMOAXOAA K
pa3peKEHHBIM JaHHBIM IOJIb30BATEIILCKUX  B3aUMOJCUCTBUU. OTO HA€T
OCHOBaHHMS peKOMeHA0BaTh multimodal-apxutekTypy Kak TPUOPUTETHOE
pelIeHNEe IS TPOMAKITH-Pa3BEPTHIBAHUS, OCOOCHHO B CIICHAPUSAX C BBICOKOM

JI0JIEH HOBBIX TOBApOB B KaTaJIOTE.
Onrumu3anus nopora ysepennoctu (Confidence Threshold)

JIns MpakTU4eCcKkoro BHEIPEHUsT MOJEIN B IPOJAKIIH-CPENY KPUTHUYECKU
BAXHO HalTH OajaHC MEXIy TOYHOCTHIO PEKOMEHJAlMi W pazHooOpaszueM
KaTajora, MOCKOJIbKY M30BITOUYHBINA cllaM MOMYJISPHbIMU (UIbMaMHU BbI3BIBAET
BbIrOpaHue nosb3oBareisi. B Tabnuie 2 npeacTraBieHbl pe3ylIbTaTbl CUMYIISILUH

pa6OTBI CUCTEMBI IIPU PA3JIMYHBIX 3HAYCHUAX ITOPOTra OTCCUCHHUA BEPOATHOCTH.

Tabnuna 2. BausHue nopora yBepeHHOCTH Ha OM3HEC-METPUKHU CUCTEMBbI

IMopor ToyHOCTH Pa3znoo0Opa3zue IHoxkpbiTHE
Karagora

0.5 0.62 Bricokoe 85%

0.6 0.68 Cpennee 60%

0.7 0.75 Huskoe 35%

Ha ocHOBe mNoylydeHHBIX IaHHBIX B KadecTBe palbouero ObLI BBIOpaH
auHamuueckuii mopor 0.60. /lanHas xoH(Urypalys Mo3BOJISIET rapaHTUPOBATh,
gyro 68%  mpemiokeHHbIX  (UIBMOB  OyAyT peJeBaHTHBI HHTEpecam

MOJIB30BATENSA, HO IPU ITOM CHCTeMa coxpaHser poctyn k 60% Bcero
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MEauakaralora, YCIICIIHO BBbIBOJA H3 «TCHHN» CKPBITBIC HUIIICBBIC

TIPOM3BEICHUS.
3aKkiaoueHue

[IpumeHeHrne MeTonoB ITyOOKOro OOydeHHsT M KOMITBIOTEPHOTO 3PEHMS
OTKpPBIBAE€T HOBBIE BO3MOXKHOCTH JUIsl aBTOMAaTW4Y€CKOM MepCOHAIN3aluu
MeauakoHTeHTa. IIpoekTupoBaHue BU3yaldbHBIX NpuU3HAKOB (Visual Feature
Engineering) Ha 0a3e NIyOOKMX CBEPTOYHBIX CETEH MO3BOJWIIO MPEOIOJIETh

KJIFOYEBbIE OTPAHUYEHHUS KIACCUUECKON KOJTa0OpaTuBHOU (DUIIBTpALIUH.

['mbpunHas MYJIBTUMOJIATbHAS CeTh MIPOJAEMOHCTPHUPOBAIIA
npeBocxoactBo (AUC 0.8120), moarBepAuMB TUMNOTE3y O TOM, YTO YYeT
BHYTPCHHEH CTUIUCTUKA M aTMochepbl BHICO 3HAYUTEIBHO YITydIIaeT
OoOHapyXuBaeMoCTh  (discovery)  CJIOXHOTO  KOHTEHTa W  TOBBIIIAET

AO0JITOCPOYHYIO BOBJICUCHHOCTD MOJIb30BATEIICH.
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