


Preface



BigDataandManagementSciencehasbeendesignedanddonetosynthesizetheanalyticprincipleswith
businesspracticeandbigdata.Specifically,thebookprovidesaninterfacebetweenthemaindisciplines
ofengineering/technologyandtheorganizational,administrative,andplanningabilitiesofmanagement.
Itiscomplementarytoothersub-disciplinessuchaseconomics,finance,marketing,decisionandrisk
analysis,etc.

TheAdvancesinAnalyticsinBigDatasynthesizestheanalyticprincipleswithBigDataandprovides
aninterfacebetweenthemaindisciplinesofengineering/economicsandtheorganizational,administra-
tive,andplanningabilitiesofmanagement.Itisalsocomplementarytootherdisciplinessuchasfinance,
marketing,decisionandriskanalysis.InthisbookeachchapterdiscussesdifferenttopicsinAdvances
inBusinessAnalytics

Thisbookwillaimtoproviderelevanttheoreticalframeworksandthelatestempiricalresearchfindings
inthearea.Itwillbewrittenforprofessionalswhowanttoimprovetheirunderstandingofthestrategic
roleoftrustatdifferentlevelsoftheinformationandknowledgesociety,thatis,trustatthelevelofthe
globaleconomy,ofnetworksandorganizations,ofteamsandworkgroups,ofinformationsystemsand,
finally,trustatthelevelofindividualsasactorsinthenetworkedenvironments.

Thisbookisintendedforengineers,economistsandresearcherswhowishtodevelopnewskillsin
management,orwhoemploythemanagementdisciplineaspartoftheirwork.Theauthorsofthisvol-
umedescribetheiroriginalworkintheareaorprovidematerialforcasestudiessuccessfullyapplying
themanagementdisciplineinreallifecaseswhereisemployedBidData.

Bigdataconceptbecameachiefstrengthofinnovationacrossacademics,governmentsandcorpo-
rates.Bigdatacomprisesmassivesensordata,rawandsemi-structuredlogdataofITindustriesandthe
explodedquantityofdatafromsocialmedia.Bigdataneedbigstorageandthisvolumemakesoperations
suchasanalyticaloperations,processoperations,retrievaloperations,verydifficultandtimeconsuming.
Onewaytoovercomethesedifficultproblemsistohavebigdataclusteredinacompactformat.Thus,
Chapter1discussesthebackgroundofbigdataandclustering.Italsodiscussesthevariousapplication
ofbigdataindetail.Thevariousrelatedwork,researchchallengesofbigdataandthefuturedirection
wouldbeaddressedinthischapter.

Uncertaintyisexpressedasasituationinwhichmanydifferentoutcomesofanoptioncantakeplace
inthedecision-makingprocess,buttheprobabilitiesofthesedifferentoutcomesareunknown.When
uncertaintyisregardedasasurpriseandaneventintheminds,itcanbesaidthatindividualscanchange
thefutureview.Market,financial,operational,social,environmental,institutionalandhumanitarianrisks
anduncertaintiesaretheinherentrealitiesofthemodernworld.Lifeissuffusedwithrandomnessand
volatility;everythingmomentousthatoccursintheillustrioussweepofhistory,orinourindividuallives,
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isanoutcomeofuncertainty.Animportantimplicationofsuchuncertaintyisthefinancialinstability
engenderedtothevictimsofdifferentsortsofperils.Chapter2isintendedtoexplorebigdataanalytics
asacomprehensivetechniqueforprocessinglargeamountsofdatatouncoverinsights.Severaltech-
niquesbeforebigdataanalyticslikefinancialeconometricsandoptimizationmodelshavebeenused.
Therefore,initiallythesetechniquesarementioned.Then,howbigdataanalyticshasalteredthemethods
ofanalysisismentioned.Lastly,casespromotingbigdataanalyticsarementioned.

BigDataisacriticalconceptthatintegratesallkindsofdataandplaysanimportantroleforstrategic
intelligenceforanymoderncompany.Theimportanceofbigdatadoesnotrevolvearoundhowmuchdata
youhave,butwhatyoudowithit.Bigdataisnowthekeyforcompetitionandgrowthfornewstartups,
mediumandbigenterprises.Scientificresearchisnowonboomusingbigdata.Fortheastronomers,
SloanDigitalSkySurveyhasbecomeacentralresource.Bigdatahasthepotential torevolutionize
researchandeducationaswell.TheaimofChapter3istodiscussthetechnologieswhicharepertinent
andessentialforthebigdata.

Chapter4presentsanoutlineofclusteringandBayesianschemesusedindatamining,machinelearn-
ingcommunities.Standardizedataintosensiblegroupsispreeminentmodesofunderstandingaswellas
learning.Aclusterconstitutessetregardingentitieswhicharealikeandentitiesfromdifferentclusters
arenotalike.Representingdatabyfewerclustersinevitablylosescertainfineimportantinformationbut
achievesbettersimplification.Basically,thereisnotrainingstageinclustering;mostlyitisusedwhen
theclassesarenotwell-knowninprior.Bayesiannetworkisoneofthebestclassificationmethodwhich
isfrequentlyused.Generally,Bayesiannetworkisaformofgraphicalprobabilisticrepresentationmodel
consistasetofinterconnectednodes,whereeachnoderepresentsavariableandinter-linkconnection
representsacausalrelationshipofthosevariables.Beliefnetworksaregraphsymbolizemodelsthat
successfullymodelfamiliarityestateviatransmitprobabilisticinformationtoavarietyofassumption.

Socialmediabecomesverypopularineverydaylife.Hence,asaresult,thedatabasebecomeshuge.
Therefore,manyenterprisesareshiftingtheiranalyticaldatabasestowardscloudinsteadofhigh-end
proprietarymachinesandmovingtowardsacheapersolution.Hence,theconceptofMapReducecomes
intoconsiderationthatprovidesbetterscalability,faulttolerance,andflexibilityinhandlingunstructured
analyticaldata.

Chapter5showstheimportanceofGSA,itshybridizationandapplicationsinsolvingclusteringand
classificationproblems.Inclustering,GSAishybridizedwithotheroptimizationalgorithmstoover-
comethedrawbackssuchascurseofdimensionality,trappinginlocaloptimaandlimitedsearchspace
ofconventionaldataclusteringalgorithms.GSAisalsoappliedtoclassificationproblemsforpattern
recognition,featureextraction,andincreasingclassificationaccuracy.

Withtheimportanceofforecastinginbusinesses,awidevarietyofmethodsandtoolshasbeende-
velopedovertheyearstoautomatetheprocessofforecasting.However,anunintendedconsequenceof
thistremendousadvancementisthatforecastinghasbecomemoreandmorelikeablackboxfunction.
Thus,aprimarygoalofChapter6istoprovideaclearunderstandingofforecastinginanyapplication
contextswithasystematicprocedureforpracticalforecastingthroughstep-by-stepexamples.Several
methodsarepresentedandtheauthorscompareresultstowhatwerethetypicalforecastingmethods
includingregressionandtimeseriesindifferentsoftwaretechnologies.Threecasestudiesarepresented:
simplesupplyforecasting,homicideforecasting,anddemandforecastingforsalesfromWalmart.

Machinelearning,bigdata,andhighdimensionaldataarethetopicswehearaboutfrequentlythese
daysandsomeevencallthemthewaveofthefuture.Therefore,itisimportanttouseappropriatestatistical
models,whichhavebeenestablishedformanyyearsandtheirefficiencyhavealreadybeenevaluated,to
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contributeintoadvancingmachinelearning,whichisarelativelynewerfieldofstudy.Differentalgo-
rithmsthatcanbeusedwithinmachinelearning,dependingonthenatureofthevariables,arediscussed
andappropriatestatisticaltechniquesformodelingthemarepresentedinChapter7.

Regressionmodelisanimportanttoolformodelingandanalyzingdata.InChapter8,theproposed
modelcomprisesofthreephases.Firstphaseconcentratesonsamplingtechniquestogetbestsamplefor
buildingtheregressionmodel.SecondphaseistopredicttheresidualofLogisticRegression(LR)model
usingtimeseriesanalysismethod-Autoregressive.ThirdphaseistodevelopEnhancedLogisticRegres-
sion(ELR)modelbycombiningthebothLRmodelandResidualPrediction(RP)Model.Theempirical
studyiscarriedouttothestudytheperformanceoftheELRmodelusinglargediabeticdataset.The
resultsshowthatELRmodelhashigherlevelofaccuracythanthetraditionalLogisticRegressionmodel.

Theaimofparametricregressionmodelslikelinearregressionandnonlinearregressionaretoproduce
areasonablerelationshipbetweenresponseandindependentvariablesbasedontheassumptionoflinearity
andpredeterminednonlinearityintheregressionparametersbyfinitesetofparameters.Nonparametric
regressiontechniquesarewidely-usedstatisticaltechniquesandtheyarenotonlyrelaxtheassumption
oflinearityintheregressionparameters,buttheyalsodonotneedapredeterminedfunctionalformas
nonlinearityfortherelationshipbetweenresponseandindependentvariables.Itcapableofhandling
higherdimensionalproblemandsizesofsamplethanregressionthatconsidersparametricmodelsbecause
thedatashouldprovideboththemodelbuildingandthemodelestimates.Forthispurpose,inChapter
9,firstly,PRSSproblemsforMARS,ADMsandCRwillbeconstructed.Secondly,thesolutionofthe
generatedproblemswillbeobtainedwithCQP,oneofthefamousmethodsofconvexoptimization,and
thesesolutionswillbecalledCMARS,CADMsandCKRrespectively.

Theexpeditiousincreaseintheadoptionofsocialmediaoverthelastdecade,determiningandana-
lyzingtheattitudeandopinionofmassesrelatedtoaparticularentityhasgainedquiteanimportance.
WiththelandingoftheWeb(2.0),manyinternetproductslikeBlogs,CommunityChatrooms,Forums,
Microblogareservingasaplatformforpeopletoexpressthemselves.Suchopinionisfoundintheform
ofmessages,user-comments,newsarticles,personalblogs,tweets,surveys,statusupdatesetc.With
sentimentanalysis,itispossibletoeliminatetheneedtomanuallygoingthrougheachandeveryuser
commentbyfocusingonthecontextualpolarityofthetext.Analyzingthesentimentscouldservea
numberofapplicationslikeadvertisements,recommendations,qualityanalysis,monetizationprovided
ontheWebservices,real-timeanalysisofdata,analyzingnotionsrelatedtocandidatesduringelection
campaign,etc.ThisisanalysedinChapter10.

Chapter11 examines theperformanceof liquidity-adjusted riskmodeling inobtainingoptimum
andcoherenteconomic-capitalstructures,subjecttomeaningfuloperationalandfinancialconstraints
asspecifiedbytheportfoliomanager.Specifically,thechapterproposesarobustapproachtooptimum
economic-capitalallocation,inaLiquidity-AdjustedValueatRisk(L-VaR)framework.Thischapter
expandspreviousapproachesbyexplicitlymodelingtheliquidationoftradingportfolios,overtheholding
period,withtheaidofanappropriatescalingofthemultiple-assets’L-VaRmatrixalongwithGARCH-
Mtechniquetoforecastconditionalvolatilityandexpectedreturn.Moreover,inthischapter,theauthors
developadynamicnonlinearportfolioselectionmodelandanoptimizationalgorithm,whichallocates
botheconomic-capitalandtradingassetsbyminimizingL-VaRobjectivefunction.Theempiricalresults
stronglyconfirmtheimportanceofenforcingfinanciallyandoperationallymeaningfulnonlinearand
dynamicconstraints,whentheyareavailable,ontheL-VaRoptimizationprocedure.

A data-driven stochastic program for bi-level network design with hazardous material (hazmat)
transportationisproposedinChapter12.Inordertoregulatetheriskassociatedwithhazmattranspor-
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tationandminimizetotaltravelcostoninterestedareaunderstochasticity,amulti-objectivestochastic
optimizationmodelispresentedtodeterminegeneralizedtravelcostforhazmatcarriers.Sincethebi-
levelprogramisgenerallynon-convex,adata-drivenbundlemethodispresentedtostabilizesolutions
oftheproposedmodelandreducerelativegapsbetweeniterations.Numericalcomparisonsaremade
withexistingrisk-aversemodels.Theresultsindicatethattheproposeddata-drivenstochasticmodel
becomesmoreresilientthanothersinminimizingtotaltravelcostandmitigatingriskexposure.More-
over,thetrade-offsamongmaximumriskexposure,generalizedtravelcostsandmaximumequitable
riskspreadingoverlinksareempiricallyinvestigatedinthischapter.

Chapter13uses“MobileKukanToukei™”(mobilespatialstatistics)tocollectthelocationdataof
mobilephoneusersinordertocountthenumberofvisitorsatspecifictouristdestinationsandexamine
their characteristics.MobileKukanToukei is statistical populationdata createdby amobilephone
network.Itispossibletoestimatethepopulationstructureofaregionbygender,age,andresidence
usingthisserviceofthecompany.Thelocationsandcharacteristicsoftheindividualsobtainedherein
arederivedthroughanon-identificationprocess,aggregationprocessing,andconcealmentprocessing.
Therefore,itisimpossibletoidentifyspecificindividuals.Thischapterattemptstoidentifythenumber
ofvisitorsindifferentperiodsandtheircharacteristicsbasedonthelocationdataofmobilephoneus-
erscollectedbythemobilephonecompany.Inaddition,italsoattemptstodemonstrateanalternative
methodtomoreaccuratelyinferthenumberofvisitorsinspecificareas.

Theunprecedentedgrowthintheamountandvarietyofdataitcanbestoredaboutthebehaviour
ofcustomershasbeenparalleltothepopularizationanddevelopmentofmachinelearningalgorithms.
This confluenceof factorshas created theopportunityofunderstandingcustomer’sbehaviours and
preferencesinwaysthatwereundreamtofinthepast.Chapter14,theauthorsstudythepossibilitiesof
differentstate-of-the-artmachinelearningalgorithmsforretailandsmarttourismapplications,which
aredomainsthatsharecommoncharacteristics,suchascontextualdependenceandthekindofdatathat
canbeusedtounderstandcustomers.Theyexplorehowsupervised,unsupervisedandrecommender
systemscanbeusedtoprofile,segmentandcreatevalueforcustomers.

Industrialroboticsisconstantlyevolving,withinstallationforecastofabout2millionnewrobotsin
2020.Itisnecessarytobemoreefficientintheprocesses,producingmoreinlesstime,whichimplies
reducingthetimeofpenalizingbreakdownsoftheplants.Thepredictivemaintenancefocusedonin-
dustrialrobotsisbeginningtobeappliedmore,butitspossibilitieshavenotyetbeenfullyexploited.
Chapter15focusesontheapplicationsofferedbyinertialsensors in thefieldof industrialrobotics,
specificallythepossibilityofmeasuringthe“real”rotationangleofaroboticarmandcomparingitwith
itsownsystemofmeasure.Thiscoulddeterminatetheneedtomakeactionsplanstoextendthelifeof
industrialrobotsandavoidunwantedstopsofproductionprocesses,whichcouldonlybesolvedthrough
correctiveactions.Thestudywillfocusonthemeasurementofthebacklashexistinginthegearboxof
theaxisofarobot.DatareceivedfromthesensorwillbeanalysedusingtheWaveletTransform,and
themechanicalstateofthesystemcouldbedetermined.Theintroductionofthissensingsystemissafe,
dynamicandnon-destructive,anditallowstoperformthemeasurementremotely,intheowninstalla-
tionoftherobotandinworkingconditions.Thedataofthesensorcanbestoredtodeterminepatternof
movementsandcomparetheminthefuturewiththecurrentvalues.Allthesefeaturesallowtousethe
deviceindifferentpredictivefunctions.

Chapter16discussedthephenomenonofcallmasking,andotherrelatedinfractionshaveassumed
frighteningdimensioninNigeria.Apartfromdeprivingthegovernmentandtelecomscompaniesof
hugerevenue,thesharppracticesalsoconstitutesecuritythreattothenation.Inabidtocurbthemen-
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ace,theNigerianCommunicationsCommission,theindustryregulator,hadtosuspendsixinterconnect
exchangelicensesinFebruary2018andbar750,000linesbelongingto13operatorsfromthenational
networksuspectedtohavebeeninvolvedinthecriminalact.However,inspiteofthemeasurestakenby
NCC,thesharppracticeshavecontinuedunabated.Itisagainstthisbackdropthatthischapterproffers
solutionsandrecommendswaystoniptheinfractionsinthebudandsavethetelecomsindustryfrom
imminentcollapse.

Chapter17focusesonDiscreteFireflyOptimizationAlgorithm(FA)basedMicroarrayDatawhich
isameta-heuristic,bio-inspired,optimizationalgorithmbasedontheflashingbehaviouroffireflies,or
lightingbugs.Itsprimaryadvantageistheglobalcommunicationamongthefireflies,andasaresult,it
seemsmoreeffectivefortriclusteringproblem.Thischapteraimstorenderacleardescriptionofanew
FireflyAlgorithm(FA)foroptimizationoftriclusterapplications.thisresearchworkproposesDiscrete
FireflyOptimizationbasedTriclusteringmodelfirsttimetofindthehighlycorrelatedtriclusterfrom
microarraydata.Thismodelisreliableandrobusttriclusteringmodelbecauseofefficientglobalcom-
municationamongtheswarmingparticlescalledfireflies.

InChapter18,machinelearningtechniquesareappliedtoexamineconsumerfoodchoices,specifically
purchasingpatternsinrelationtofreshfruitandvegetables.Thisproductcategorycontributessomeof
thehighestprofitmarginsforsupermarkets,makingunderstandingconsumerchoicesinthatcategory
importantnotjustforhealth,butalsoforeconomicreasons.Severalunsupervisedandsupervisedmachine
learningtechniques,includinghierarchicalclustering,latentclassanalysis,linearregression,artificial
neuralnetworks,anddeeplearningneuralnetworksareillustratedusingtheNielsenConsumerPanel
Dataset,alargeandhigh-qualitysourceofinformationonconsumerpurchasesintheUnitedStates.
Themainfindingfromtheclusteringanalysisisthathouseholdsthatbuylessfreshproducearethose
withchildren–animportantinsightwithsignificantpublichealthimplications.Themainoutcomefrom
predictivemodellingofspendingonfreshfruitandvegetablesisthatcontrarytoexpectations,neural
networksfailedtooutperformlinearregressionmodels.

Finally,Chapter19studiestheurbanspatialdataasthesourceofinformationinanalysingrisksdue
tonaturaldisaster,evacuationplanning,riskmappingandassessmentsetc.GlobalPositioningSystem
(GPS)isasatellitebasedtechnologywhichisusedtonavigateonearth.Itenablestrackingofstation-
ary andnon-stationaryobjects in realworld.Geographical InformationSystem (GIS) is a software
systemthatfacilitatessoftwareservicestomankindinvariousapplicationdomainssuchasagriculture,
ecology,forestry,geomorphologyanalysisinearthquakeandlandslides,layingofundergroundwater
pipeconnectionanddemographicstudieslikepopulationmigration,urbansettlementsetc.Spatialand
temporalanalysisofsuchhumanactivitiesinvolvesaggregationofspatialandtemporalfactors.Further,
thesefactorsactasprimeelementsindecisionmakingonhumanactivitieswhentheyarerelated.Thus,
spatialandtemporalrelationsofrealtimeactivitiescanbeanalysedtopredictthefutureactivitieslike
predictingplacesofinterest.Timeanalysisofsuchactivitieshelpsinpersonalisationofactivitiesor
developmentofrecommendationsystemswhichcouldsuggestplacesofinterest.Thus,GPSmapping
withdataanalyticsusingGISwouldpavewayforcommercialandbusinessdevelopmentinlargescale.
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