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ABSTRACT

WiththedevelopmentoftheInternetandthepopularityofBigData,recommendersystemshave
becomeanindispensablefieldduetoitsexcellentabilitytosolvetheproblemofinformationoverload.
Theexistingrecommendersystemmainlyusescollaborativefilteringtomakerecommendationby
miningtheinteractionrelationshipbetweenusersanditems.Inordertobetteranalyzetheinteraction
relationshipbetweenusersanditems,ahybridrecommendermethodbasedonmultipledimension
attentionanalysis isproposed.The idea is to fuse theembeddedvectorsofusersand items into
mappingvectors(ormatrices)ofdifferentshapesthroughdifferentmethods,andlearntheinteractive
relationshipbetweenusersanditemsthroughtheneuralnetworkmodelwithattentionmechanism.
Experimentalresultsshowthatcomparedwithtraditionalanalyticalmethods,multipledimension
analysiscanmorecomprehensivelyexploretheinteractionbetweenusersanditems,andtheattention
mechanismcangreatlyimprovetheanalyticalabilityofthemodel.
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1. INTRoDUCTIoN

TherapiddevelopmentofbigdataisfloodingtheInternetwithmassiveamountsofinformation.
Facedwithsuchalargeamountofinformation,itisalmostimpossibleforInternetuserstoobtain
thedata theyneed. Itmakessucha largeamountofdataunable tobeusedeffectively,and this
phenomenonknownasinformationoverload(Bobadilla,2013).Manymethodshavebeenstudiedto
solveinformationoverload,amongwhichrecommendationsystem(Bobadilla,2013)isoneofthe
mostpopularandwidelystudiedmethods.
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At present, many effective methods have appeared in the research process of recommender
system, among which collaborative filtering technology has been widely used and studied (Su,
2009).Collaborativefilteringistounderstandtherelationshipbetweenusersanditemsbasedon
the interaction information between users and projects. Since the Netflix Prize (Konstan, 2000)
competitionwasheld,matrixfactorization(MF)(Koren,2008;Zhang,2016;He,2017b)hasbecome
averypopularmethodincollaborativefilteringtechnology.Itusesthelatentvectortorepresentthe
featureoftheuserandtheprojectbymappingthemtoalatentspacerespectively,andfinallyuses
theinnerproduct(Rendle,2011)oflatentvectorstocalculatetheinteractiverelationshipbetween
usersanditems.

Theuseoftheinnerproducttocomputetheinteractionrelationshipbetweenlatentvectorsis
limited(He,2017b)becausetheinnerproductreducesthedimensionofthefeature.Thetraditional
matrixfactorizationmethodusestheinnerproducttocausethelossofinteractiveinformation,and
the innerproductbelongs to the linearmodel,whichmakes itdifficult todigout thenon-linear
relationshipbetweenimplicitfeatures(Burke,2002).Therefore,traditionalmatrixfactorizationis
difficulttofurtherimprovetheaccuracyofrecommendation.

Deeplearninghasbeenfoundtohavegoodeffectsinvariousfields,andithastheabilityto
approximateanycontinuousfunction(Hornic,1989),whichmakesmanyresearchesbegintofocuson
thecombinationofdeeplearningandrecommendersystem.Atpresent,mostrecommendersystems
basedondeeplearningapplydeeplearninginfeatureengineering,andcannotimproveperformance
frommodelkernel.Inthestudyoflearninginteractiverelationsfrombydeeplearning,mostare
basedondeepneuralnetwork(DNN).Forexample,Salakhutdinov(2007)usedtwo-layerRBMto
modeltheratingofusersanditems.Ouyang(2014)madeuseofthree-layerauto-encodertomodel
therating.Thismakestheapplicationofdeeplearninginrecommendersystemnotlimitedtofeature
engineering,butstarttostudythekernelofalgorithm.

Inrecentyears,alargenumberofstudieshavefocusedonextractingmoreinteractiveinformation
fromtheimplicitfeaturesofusersanditems.He(2017a)proposedaNeuralCollaborativeFiltering
(NCF),whichusedneuralnetworktogenerateembeddedvectors(i.e.,latentvectors)ofusersand
items, and constructed two nonlinear models to extend matrix factorization to nonlinear space.
Then,inordertoconsiderthecorrelationbetweenimplicitfeatures,anouterproduct-basedneural
collaborativefiltering(ONCF)(He,2018)wasproposed,whichprocessedembeddedvectorswith
outerproducttoobtainamoreexpressive2Dmappingmatrix,andusedconvolutionalneuralnetwork
(CNN)tolearnthehigh-ordercorrelationbetweenembeddedvectors.

Fromtheaboveresearch,itcanbefoundthatdiggingoutmoreinteractiveinformationfrom
theembeddedvectorsofusersanditemsisthekeytoimprovetherecommendationperformance.
However,thesinglemethodofprocessingembeddedvectorcanonlyprovidepartoftheinteractive
information,whichmakes thehybrid recommendermodel (Ghazanfar,2010)abetterchoice.At
thesametime,efficientuseofexistingfeaturesisalsorequiredforthemodel,becausethevalueof
featuresisdifferentwhenlearningtherelationshipbetweenusersanditems.

Inthiswork,weproposeahybridrecommendermethodbasedonmultipledimensionattention
analysis (MDAA), which uses multiple dimensions attention analysis methods to deal with the
embedded featuresofusersand items, soas toexploremore interactive relationsbetweenusers
anditems.Bysimplyconcatenatingembeddedvectorsinto1Dvector,whichcanretaintheoriginal
informationofembeddedvector,andusingaBi-directionallongshort-termmemorymodel(Bi-LSTM)
withattention(Mnih,2014)whichregardedtheembeddedvectorsascontext-relatedsequencesto
learntheinteractiverelationship.Itcanmorecomprehensivelyexploretheinteractiveinformation
containedin1Dvector(Bahdanau,2014).2Dmappingmatrixisobtainedbyouterproductoperation,
notonlycontainsthedimensioncorrelationsbetweenembeddedvectors,atthesametimethediagonal
elementscorrespondtotheinnerproductofthetraditionalmatrixfactorizationmethodasaresult
(He,2018).Outerproductprovidesthehigher-ordercorrelationforthemodel,and2Dmatrixformat,
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