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ABSTRACT

Collaborativefiltering(CF)-basedratingpredictionwouldgreatlybenefitbyincorporatingadditional
user associations andbehavioral similarity.This article focuseson infusing such additional side
information in three common techniques used for building CF-based systems. First, multi-view
clusteringisusedoverneighborhood-basedratingpredictions.Secondly,additionaluserbehavior
knowledgediscoveredbymininguser reviewsare infused intonon-negativematrix factorization
(NMF)techniques.Finally,thearticleexploreshowtoinfusesuchadditionalbehavioralknowledge
intoaDeepNeuralNetwork(DNN)basedDFarchitecture.Thearticlealsoexploresusing term
frequency-inversedocumentfrequency(TF-IDF)vectorsastheinputtoDNN.SinceTF-IDFdoes
notdirectlycapturetheconceptualcontentsofthetextorthebehavioralaspectsofthewriter,the
articlealsoproposesanovelschemecalledtopicproportions-inverseentityfrequency(TP-IEF)that
usestopicsdiscoveredfromreviewsinsteadofwordstobettercapturesemanticassociationsbetween
usersanditems.
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INTRoDUCTIoN

Withtremendousgrowthofe-commerceandinformationovertheInternet,recommendationand
ratingpredictionsystemshavebecomeanintegralpartofalmosteveryonlinesystem.Collaborative
Filtering(CF)isatypeofsystemwhichexploitspastuserbehaviorandpreferencestorecommend
newitemslikedbyuserswithsimilarbehaviorandpreferences.Thisarticlefocusesondiscovering
hiddenassociationsbetweenusers and their similaritiesbasedon theirbehavior toenhanceCF-
based techniques.Discovereduserassociationsandbehavioral informationareprimarily infused
inNeighborhooddiscovery,Non-NegativeMatrixFactorization(NMF)andDeepNeuralNetwork
(DNN)basedCFtechniquesanddemonstratehowsuchsystemscanbeimproved.

The article first explains some effort to improve CF-based rating prediction by improving
neighborhooddiscovery.Thissectionelaborateshowmulti-viewclusteringcanbeusedtodiscover
betteruseranditemclusters.Multi-viewclusteringreferstotheclusteringprocesswheremultiple
modalitieswillbeusedcollectivelytomaketheneighborhoodsearchmoreeffectiveandaccurate.
Theaccuracyofcluster-basedCFisexpectedtoimprovebyimprovingtheuseranditemclustering.

ThenthearticlefocusesonenhancingNMFbyincorporatinguserbehavioralknowledge.Different
usersexpresstheirconcernsregardingdifferentaspectslikecost,proximity,location,time,cleanliness,
etc.intheirreviews.Suchconcernsandinterestsexpressedintheuserreviewsarereferredtoasuser
concerns(UC)inthiswork.Thissectionpresentshowuserconcernsandinterestscanbeextracted
fromuserreviewsandsubsequentlyrepresentedwithauserconcernvector(UC-Vector).Thearticle
thenshowshowcanbeusedasanadditionalsideinformationtoimprovethepredictionaccuracyof
NMF-basedratingpredictionmodel.

DNNshaveachievedsignificantsuccessinpredictingusersentimentsandratingsovervarious
rangeofitems.Severalneuralmodelsprojecttheinitialuseranditemvectorsintosemanticspaces
beforepredictinghowmuchtheuserlikestheitems(Huang,He,Gao,Deng,Acero&Heck,2013;
Le,2015).Tofurtherimprovetheratingpredictionaccuracy,thenextexplainshowtheextracted
UC-vectorsare incorporated intoDNNbasedarchitectures.Theauthorexperimentswithadeep
architecturewhichisreferredtoasDeepSemanticProjectionbasedRatingPredictor(DSPRP)and
whichconsistoftwoparallelbranchestolearnuseranditemlatentvectors.Avectorrepresentation
ofratingsgivenbyuserandreceivedbyitems(ratingvectors)areusedasaninputtoDSPRPto
learnthelatentuseranditemrepresentations.Thedotproductofthelearneduseranditemlatent
vectorsthenlearnstogivesthecorrespondinguser-itemratingvalues.Later,UC-Vectorsarefedinto
suchDeepArchitecturestoregulatethelearningoflatentuservectorsandenhancetheDNN-based
ratingprediction.InadditiontousingonlyratingvectorsastheinitialinputtotheDNNmodel,the
authoralsoexploredusingonlyTermFrequency-InverseDocumentFrequency(TF-IDF)vectorsas
analternativeinput.However,itisbasedonstatisticallearningaloneanddoesn’tdirectlycapture
theconceptualcontentsofthetextorthebehavioralaspectsofthewriter.Hence,inthenextsection
theauthorexplainsanoveltechniquetoextractrelativelylowdimensionaluserbehavioralvectors
fromthesametext,fromwhichTF-IDFvectorsareextracted,andusedthesebehavioralvectorsto
enrichtheperformanceofTF-IDFtotrainadeepratingpredictionmodel.Experimentsshowthat
addingsuchconceptualknowledgetoTF-IDFvectorscansignificantlyenhancetheperformanceof
TF-IDFvectorsbyonlyaddingverylittlecomplexity.

Theworkpresentedinpaperareevaluatedusinguser-restaurantreviewdatasetfromtheYelp
challenge dataset (Yelp Dataset Challenge, 2014) and user-hotel review dataset crawled from
TripAdvisor (Wang, Lu & Zhai, 2011). The proposed approaches for making rating predictions
arecomparedandevaluatedwithratingpredictionssystemsmadebyusingseveralstate-of-the-art
techniquesonneighborhooddiscovery,NMFandDNNs.
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