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ABSTRACT

Thispaperproposesagranularframeworkforexaminingthedynamicsofstockindexesthatexhibit
nonparametricandhighlyvolatilebehavior,andsubsequentlycarriesoutthepredictiveanalyticstask
byintegratingdetrendedfluctuationanalysis(DFA),maximaloverlapdiscretewavelettransformation
(MODWT),andmachinelearningalgorithms.DFAtestascertainsthekeytemporalcharacteristics
ofthedailyclosingprices.MODWTdecomposesthetimeseriesintogranularcomponents.Four
patternrecognitionalgorithms—adaptiveneurofuzzyinferencesystem(ANFIS),dynamicevolving
neural-fuzzyinferencesystem(DENFIS),bagginganddeepbeliefnetwork(DBN)—arethenused
onthedecomposedcomponentstoobtaingranularlevelforecasts.Theentireexerciseisperformed
ondailyclosingpricesofDowJonesIndustrialAverage(DJIA),NationalStockExchangeofIndia
(NIFTY),KarachiStockExchange(KSE),TaiwanStockExchange(TWSE),FinancialTimesStock
Exchange (FTSE), andGermanStockExchange (DAX).MODWT-Bagging andMODWT-DBN
appearassuperiorforecastingmodels.
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1. INTRoDUCTIoN

Comprehendingthekeycharacteristicsandconductingpredictiveanalyticsoffinancialmarketsare
extremelyarduousduetotheirnonparametric,nonlinearandchaoticnatureoftemporalmovements
(Zhangetal.2015;Ghoshetal.2017;Jammazietal.2017;Tiwarietal.2018a,b;Janaetal.2019).
Researcherscriticallyexaminethebehavioralaspectsanddevelopforecastingframeworksforvarious
practicalimplications(Cipollinietal.2015,Sharifetal.2017).Comprehendingthepropertiesof
temporalevolutionarypatternbeforehandisarduousforsubsequentpredictivemodelingtasks(Ghosh
etal.2019,Ghoshetal.2020)asthesaidexerciseassistsinidentifyingexplanatoryfeatures.

Plenteousstudiesreporttheuseoftraditionaleconometricandstatisticalapproachesforforecasting
futuremovementsof the financial time series (Granger1992,Liu andPan2019).However, the
shortcomingsofthesetechniquesbecomeprominentwhenthetimeseriesdemonstratesnonparametric,
nonstationaryandnonlinearpatterns.Machinelearning,deeplearningandcomputationalintelligence
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algorithmsprevailandproducesuperiorforecastsforsuchtimeseries(Wangetal.2011,Kaoetal.
2013,Hsuetal.2016,Zhaoetal.2017).Onesetofmachinelearningandrelatedmodelsworkin
aunivariateframeworkusingimmediatepasthistoricalpriceinformationofstockmarketsasinput
features,whiletheothermodelsworkinamultivariateframework.Themajorityofthesecondcategory
modelseitheremployasetof technical indicatorsorconductafundamentalanalysis toestimate
futuremovements(ZhangDanetal.2016,NiPingetal.2011).Fundamentalanalysisconsiders
severalfinancialratiosestimatedannually,biannually,andquarterlyforassessingfinancialhealth
oforganizationsandemploythemtodeterminethesharepriceatsametimeintervals.Fundamental
analysiscannotbeutilizedforpredictingdailystockpricesdirectly.Technicalindicatorsorunivariate
forecastingstructuresareappliedfordailypriceforecasting.

Literaturereportsvariouspredictivemodellingframeworksforstockmarketpredictionbyutilizing
awiderangeofintelligentmethodslikeartificialneuralnetwork(ANN),radialbasisfunctionneural
network (RBFNN), particle swarm optimization (PSO), genetic algorithm (GA), support vector
machine(SVM),ANFIS,DENFIS,Jordonneuralnetwork(JNN),andrandomforest(RF)(Dutta
etal.2006;Shenetal.2011;Karazmodehetal.2013;Ghoshetal.2017;Fanetal.2019).Usage
ofthesemodelshavebeenfoundtobeextremelyefficientinotherdisciplinesaswell(Chakraborty
et al. 2017, Chakraborty et al. 2019). Ghosh et al. (2019) developed maximal overlap discrete
wavelettransformation(MODWT)driventimeseriesdecompositiondrivenforecastingframework
incorporating seven advanced predictive modeling techniques namely, support vector regression
(SVR), elastic net (EN), random forest, extreme randomized trees (ERT), boosting, deep neural
network(DNN),longshort-termmemorynetwork(LSTM)ofmachineanddeeplearningcategories
forpredictivemodelingoffouremergingstockmarketsinAsia.DNNandboostingemergedtobethe
toptwomodelsintermsofqualityofpredictions.Longetal.(2020)proposeddeeplearningbased
paradigmfordirectionalpredictivemodelingofChinesestockmarketemployingconvolutionalneural
network(CNN)andbi-directionalLSTM.Resultsdemonstratetheefficacyoftheframework.Work
ofGhoshetal.(2020)designedanintegrateddecompositionbasedpredictivemodelincorporating
ensemble empirical model decomposition (EEMD) and singular spectrum analysis (SSA) in
conjunctionwithbagging,randomforest,andextremelearningmachineforpreciseforecastingof
commoditymarket.Zhouetal.(2020)developedasupportvectormachine(SVM)basedframework
forpredictivemodelingChinesestockmarketatdifferenttimehorizonsusingdatafromdifferent
informationsource.Predictiveperformancedulyrationalizedtheframework.Extensivereviewwork
ofBustosandQuimbaya(2020)summarizetheexistingprominentworkinthefieldofstockmarket
forecasting.Theseframeworksprimarilyuseensemblemodedecomposition(EMD),discretewavelet
transformation(DWT),andtheirvariantsasthetimevaryingdecompositionmethods,andthenuse
patternminingtechniquestodiscovertheinherentpatternsforestimatingforecastsatthegranular
level(Wangetal.2011;Zhangetal.2015;Septiarinietal.2016).Thusbasedonexistingprevious
research,itcanbeconcludedthatthechallengingtaskofstockmarketforecastingowingtohigh
degreeofvolatilityandexternalshockshasbeenwelladdressedbyresearchersthroughdevelopment
advancedmodelseitheronmultivariateframeworkortimeseriesdecompositiondrivenunivariate
frameworks.Technicalindicatorsarepredominantlyusedinmultivariateframeworks.Thisresearch
endeavorstocontributetotheexistingliteratureofstockmarketpredictiveanalyticsliteratureby
combing technical indicators in time series decomposition driven multivariate frameworks for
preciseestimationofglobal stockmarkets.Moreover,adedicated featureselectionstructurehas
beenincorporatedinthisresearchtosystematicallyidentifythefeatureswithsignificantexplanatory
capability.Hall’s(1998)correlationbasedfeatureevaluationarchitectureusingdedicatedsearching
algorithmshasbeenconsideredinthispaperasfeatureselectionprocess.

Granular computing enables processingof a largenumberof complexdatasets into smaller
granulesrepresentedinclasses,clusters,subsets,andintervals(Zadeh1997).Ingranularcomputing
paradigm,acollectionofindistinguishableobjectscreatesinformationgranulebasedonsimilarity
andfunctionality.Itcaneffectivelymodelhighvolatiletimeseriesbyeliminatinglinearandnonlinear
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