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ABSTRACT

Stockmarketmovementsareaffectedbynumerousfactorsmakingitoneofthemostchallenging
problemsforforecasting.Thisarticleattemptstopredictthedirectionofmovementofstockandstock
indices.Thestudyusesthreeclassifiers-ArtificialNeuralNetwork,RandomForestandSupport
Vector Machine with four different representation of inputs. First representation uses raw data
(open,high,low,closeandvolume),Thesecondusestenfeaturesintheformoftechnicalindicators
generatedbyuseoftechnicalanalysis.Thethirdandfourthportrayalpresentstwodifferentwaysof
convertingtheindicatordataintodiscretetrenddata.Experimentalresultssuggestthatforrawdata
supportvectormachineprovidesthebestresults.Forotherrepresentations,thereisnoclearwinner
regardingmodelsapplied,butportrayalofdatabytheproposedapproachgavebestoverallresults
forallthemodelsandfinancialseries.Consistencyoftheresultshighlighttheimportanceoffeature
generationandrightrepresentationofdatasettomachinelearningtechniques.
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INTRoDUCTIoN

Financialdomainpresentsoneofthemostcomplexfieldswhichcanbeinfluencedbynumerous
factorsmakingitsusceptibletounexpectedchanges.Financialtimeseries,forexample,dailypricesof
security,indexorcurrency,presentsanexampleofhighdimensional,non-stationaryandnoisydata.
Duetoitspracticalimportance,theanalysisoffinancialmarketmovementshasbeenwidelystudied
inthefieldsoffinance,engineeringandmathematicsinthelastdecades(Yoo,Kim,&Jan,2007).

Addingontochallengesinherentindata,economistshavealsohighlightedtheunpredictability
offinancialmarkets.EfficientMarketHypothesis(Fama,1965)andRandomWalkTheory(Godfrey,
Granger,&Morgenstern,1964)bothsignifythatthemarketmovementsarerandomandunpredictable
thusridiculingutilityoftechnicalanalysis.(Lendasseetal.2001)referencestostatementbyCampbell
whichsays,“Recenteconometricadvancesandempiricalevidenceseemtosuggestthatfinancialasset
returnsarepredictabletosomedegree.”hence,stressingontheutilityoftechnologicaladvancements
forpredictionofmarket.

As successful prediction in this field can result into financial gains by guiding investment
decisions,themarketpredictionhasbeentheforerunnerintheadoptionoftechnology.Consequently,
forecastingwhichwasconsideredas forteof statisticians in the lastdecadehas seen substantial
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implementationofAI-basedtechniqueslikemachinelearning,evolutionarycomputationandfuzzy
logic.

Complex,chaoticandnoisynatureoffinancialdatapresentsthechallengesthatrequirenon-
parametricmethodswhichdonotuseastatisticalassumptionabout itsnature.Machinelearning
approachachievesthisasnoaprioriknowledgeaboutdataisrequired(Misra&Siddharth,2017).A
lotofeffortshasbeenmadetopredictthepriceormovementdirectionofthesecurity.Still,accurate
forecastofthestockprice,evenitsmovements,isnoteasytoachieve.

For short-term market predictions, technical analysis is widely employed as it provides a
frameworkfortakinginformedinvestmentdecisionsbyapplyingasupplyanddemandmethodologyto
marketprices.Fundamentalprinciplesofthestudyoftechnicalanalysisaregovernedbythechangesin
thesupplyanddemandoftradedsecuritiesaffecttheircurrentmarketprices(Scott,Carr,&Cremonie,
2016).RawtimeseriesdataintheformofOpen,High,Low,CloseandVolume(OHLCV)isutilized
tocomputetechnicalindicators(TI).Mathematicalnatureoftechnicalanalysisenablesitssmooth
blendingwithdata-driventechniqueswhichbringininsightsthatmaynotbeobviousinrawdata.

Attributeorfeaturegenerationandselectionrepresentacriticalaspectintheconstructionofthe
MLmodels.Agoodsetofattributesderivedfromthefinancialtimeserieswilleasetheprocessof
classification(Gerlein,McGinnity,Belatreche,&Coleman,2016).Anothervitalaspectafterselection
ofattributesistopresenttheselectedinputintheformatthatcanprovidetheinherentinformationin
aninterpretableformsuchthatmaximuminformationgaincanbeaccomplished.Thispaperprovides
empiricalevidenceonthesecondaspectwhichisdepictionoffeaturesintherightformatasperthe
predictiongoal.

Predictorsgeneratedbytheapplicationoftechnicalanalysiscanbeconsideredasproxiesforthe
truebutunobservablelatentfactors.Henceforthisstudy,wehypothesizethattheuseofTIsshould
assistinimprovedprediction.Theimprovementcanbeintheformofaccuraciesorstabilityofthe
predictedoutcomes.Moreover,trendinformationgeneratedfromTIsshouldbemoreappropriate
fortrendprediction.Hence,afterselectionoffeatures,theformatinwhichtheselectedinputsare
offeredtomachinelearningsystemmayalsoplayacrucialroleintheeffectivenessoftheoutcomes.

Accordingtoarecentstudy(Gerleinetal.,2016),theaverageaccuracyofmachinelearningmodels
forthetaskoftrendpredictionisaround48%to54%.Thoughinthisstudythemodelsusedwere
simpleroneslikeC4.5,K*,NaïveBayes(NB),JRip,OneR.Otherstudiestoohavereportedaccuracies
intherangeof50sand60slike(Kim,2003),(Qian&Rasheed,2007),(Lin,Guo,&Hu,2013).Even
afterdecadesofresearch,inherentchallengesinfinancialforecastingkeepsresearchcommunityalive
tolearntheintricaciesofmarketforecastingandimproveuponthepredictionaccuracy.

Literatureshowsthatforecastingthedirectionisenoughtoexecuteprofitabletradingstrategies
(Ballings,VanDenPoel,Hespeels,&Gryp,2015).Hence,theemphasisofthisstudyistopredict
thenextdaydirectionofmovementinsteadofabsoluteprice.Differenttechniqueshavebeenutilized
indirectionalpredictions.Abovepaperliststheresearchesfocusingondirectionalforecastwhich
indicatesANN,SVMtobepreferredmethods.Recently,ensembleslikeRFhavealsobeentried
withreasonableaccuracy.Thus, thispaperusessaidmodels fornextdaydirectional forecast for
threefinancialsecurities.

Thisstudycontributes toexisting literature in threeways:First, itproposesanapproachfor
directionalforecastwhichisindependentofinterpretationsfromthefinancedomain.Theproposed
approachstillprovidesresultsthatareatparwithanapproachwhichutilizesfinancialknowledgeto
interpretTIvaluesgeneratedbymathematicalformulations.Second,itextensivelycomparesfour
differentapproachestodatapresentationonthreedataseriesfornextdaydirectionalforecasting.
Third,extensiveexperimentation iscarriedout toevaluate theperformanceofmachine learning
modelsinconjunctionwithtechnicalanalysisforeachrepresentationofdatathushighlightingthe
utilityofMLtechniquesinthisfieldofforecasting.

Rest of paper is divided into four sections. Section 2 describes the experimental setup. It
providesdetailsofthegenerationoffourdatasetsusedinthispaperalongwithtestingstrategyof
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