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ABSTRACT

Longshort-termmemory(LSTM)isaspecialtypeofrecurrentneuralnetwork(RNN)architecturethat
wasdesignedoversimpleRNNsformodelingtemporalsequencesandtheirlong-rangedependencies
moreaccurately. In thisarticle, theauthorsworkwithdifferent typesofLSTMarchitectures for
sentimentanalysisofmoviereviews.IthasbeenshowedthatLSTMRNNsaremoreeffectivethan
deepneuralnetworksandconventionalRNNsforsentimentanalysis.Here,theauthorsexploredifferent
architecturesassociatedwithLSTMmodelstostudytheirrelativeperformanceonsentimentanalysis.
AsimpleLSTMisfirstconstructedanditsperformanceisstudied.Onsubsequentstages,theLSTM
layerisstackedoneuponanotherwhichshowsanincreaseinaccuracy.LatertheLSTMlayerswere
madebidirectionaltoconveydatabothforwardandbackwardinthenetwork.Theauthorshereby
showthatalayereddeepLSTMwithbidirectionalconnectionshasbetterperformanceintermsof
accuracycomparedtothesimplerversionsofLSTMusedhere.
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1. INTRodUCTIoN

Sentimentanalysisisacomputationalmethodofidentifyingorcategorizingopinionsexpressedin
atext,whichisalsooneoftheveryactivefieldsofresearch(Manningetal.,2008).Textobtained
fromdifferentsources likeuser reviewsandmicroblogsexpressuser’svieworattitude towards
theparticularproductoreventetc.Sentimentanalysisofsmalltextischallengingbecausetheyare
contextuallylimited.Decisionsaretakenonthebasisoflimitednumberofwordsusedbytheuser.
WedealwithSentimentAnalysisasasupervisedlearningprocesswhereeachdataelement(text
reviews)arelabeledaseither‘positive’or‘negative’(Pang,Lee,&Vaithyanathan,2002).Machine
learningmodelsaretrainedwithwordembeddingsonthesedatasetsandtheiraccuracyismeasured
onthebasisoftheirperformance.

Artificialneuronnetwork,acomputationalmodeldevelopedonthebasisofthestructureand
functionsofbiological neural networks, has achievedhuge successoverothermachine learning
techniquesinsentimentanalysis(Yoon,2014;Socher,Pennington,Huang,Ng,&Manning,2011;
Xiong,Zhong,&Socher,2002).Deepneuralnetworks(DNNs)haverecentlyachievedsignificant
performance gains in a variety of NLP tasks such as language modeling (Bengio, Ducharme,
Vincent,&Jauvin,2003),sentimentanalysis(Socheretal.,2013),syntacticparsing(Collobert&
Weston,2008),andmachinetranslation(Lee,Cho,&Hofmann,2016).Arecurrentneuralnetwork
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(RNN)isaspecialtypeofneuralnetwork,whereconnectionsaremadebetweenunitswhichform
adirectedcycle,whichallowsittoexhibitadynamictemporalbehaviorforthemodel.AnRNN
hasanInputlayer,variablenumberofhiddenlayersandfinallyoneoutputlayer.BasicRNNsare
anetworkofneuron-likenodes,eachwithadirected(one-way)connectiontoeveryothernodein
whichallconnection(synapse)hasamodifiablereal-valuedweight.Theseweightsareconstantly
updatedthroughsuccessiveiterationsoftheneuralnetwork.RNNaremostlyusedinhandwriting
recognitionandspeechrecognition.FortextclassificationpurposeRNNiscertainlymoreeffective
thananyothervariationsofneuralnetworksinpractice.

AspecialvariationofRNN,longshorttermmemory(LSTM)networksisdiscussed.LSTM
showedastrikingaccuracyinlanguagemodelingandspeechrecognition.Wewillbevaryingdifferent
formsofLSTMforourtextclassificationpurpose.ALSTMnetworkcontainsLSTMunitsalong
withtheinputandoutputnetworklayerunits.ALSTMunitiscapableofrememberingvaluesfor
eitherlongorshorttimeperiods(Hochreiter&Schmidhuber,1997)anditusesnoactivationfunction
withinitsrecurrentcomponents.Thestoredvalueisnotiterativelysquashedovertime,thussolving
thevanishinggradientproblem.LSTMblockscontainthreeorfour“gates”thatcontrolinformation
flow,implementedusingthelogisticfunctiontocomputeavaluebetween0and1.An“input”gate
controlstheextenttowhichanewvalueflowsintothememory,a“forget”gatecontrolstheextent
towhichavalueremainsinmemory,andan“output”gatecontrolstheextenttowhichthevaluein
memoryisusedtocomputetheoutputactivationoftheblock.

StackedLSTMisaparticularmodelwhereoneLSTMlayerisstackeduponanothertoforma
stackofLSTMsinthenetwork.WepreferredtoformastackofthreeLSTMlayerstoformadeep
RNN.ThedetailedstructureoftheLSTMmodelswillbedescribedfurther.Weinourstudydiscuss
theperformanceofvarioustypesofRNNandLSTMsonalargetheIMDBdatasetofreviews.

2. RELATEd woRKS

SentimentAnalysishasbeenafavoritechapterforresearcherforquitealongtime.Wediscusssome
oftheimportantrelatedworksinthiscontext.

InSocheretal.(2013b),theauthorsproposetheRecursiveNeuralTensorNetwork(RNTN)
architecture,whichrepresentsaphrasethroughwordvectorswithaparsetreeandthencompute
vectorsforhighernodesinthetreeusingthesamefunction,whentrainedonthenewtree-bank,this
modeloutperformedallpreviousmethodsonseveralmetrics.

Santosetal.(n.d.)proposeanewdeepconvolutionneuralnetworkthatexploitsfromcharacter-to
sentence-levelinformationtoperformsentimentanalysisofshorttexts.Theirapproachfortwocorpora
oftwodifferentdomains:theStanfordSentimentTree-bank(SSTb),whichcontainssentences,from
moviereviews;andtheStanfordTwitterSentimentcorpus(STS),whichcontainsTwittermessages.

Mihalceaetal.(2007)makeuseofEnglishcorporatotrainsentence-levelsubjectivityclassifiers
inRomanianlanguageusingtwoapproaches,whichtheyclaimedcanbeappliedtoanylanguage,
andnotonlyRomanian.Inthefirstapproach,theyuseabilingualdictionarytotranslateanexisting
English lexicon tobuilda target languagesubjectivity lexicon. In theotherone, theygeneratea
subjectivity-annotatedcorpusinatargetlanguagebyprojectingannotationsfromanautomatically-
annotatedEnglishcorpus.InZhouetal.(2016)theauthorsproposeanattention-basedLSTMnetwork
tolearnthedocumentpresentationsofreviewsinEnglishandChineseexploringwordvectorsas
textrepresentation.

HochrieterandSchmidhuber(1997)pointedoutthatrecurrentbackpropagationorsimpleneural
networksareextremelyinefficientorfailmiserablytolearninformationthatislargelyextendedover
time.longshorttermmemorynetworks–usuallyjustcalled“LSTMs”aspecialkindofRNN,capable
oflearninglong-termdependencies,wasproposedbythem.LSTMsworktremendouslywellona
largevarietyofproblems,andarenowwidelyused.
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