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ABSTRACT

Italwayshelps todetermineoptimalsolutionsforstochasticproblems therebymaintaininggood
balancebetween itskeyelements.Nature-inspiredalgorithmsaremeta-heuristics thatmimic the
naturalactivitiesforsolvingoptimizationissuesintheeraofcomputation.Inthepastdecades,several
researchworkshavebeenpresentedforoptimizationespeciallyinthefieldofdatamining.Thispaper
addressestheimplementationofbio-inspiredoptimizationtechniquesformachinelearning-based
dataminingclassificationbyfourdifferentoptimizationalgorithms.Thestochasticproblemsare
overcomebytrainingtheneuralnetworkmodelwithtechniquessuchasbarnaclesmating,blackwidow
optimization,cuckooalgorithm,andelephantherdoptimization.Theexperimentsareperformedon
fivedifferentdatasets,andtheoutcomesarecomparedwithexistingmethodswithrespecttoruntime,
meansquareerror,andclassificationrate.Fromtheexperimentalanalysis,theproposedbio-inspired
optimizationalgorithmsarefoundtobeeffectiveforclassificationwithneuralnetworktraining.
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INTRODUCTION

Natureisobviouslyaperfectexampleforoptimizationsinceitinevitablyfindsanoptimalwayto
solvecomplexrelationshipsamonglivingcreaturesrangingfrommicroorganismstofullyfledged
humansincludingecosystembalancing,diversitymaintenance,climateadaptationandsoon.Although
theconceptbehindnatureissimple,theoutcomesareremarkableandunbelievable.Natureisalso
thebestteacheranditspoliciesandcapabilitiesarehugethatresearchersareevenmimickingthe
behaviorofnatureintheirtechnology(Binitha&Sathya,2012).Numerousoptimizationalgorithms
arehenceforthdevelopedfromthebehaviorofsomeanimalsorinsectsinnaturelikeantcolonies,
beesswarm,andsoon.Thisisbecausethebiologicalactivitiesofbirdsandanimalsareresponsible
forspecificrolesbothindividuallyandasagroup,toachieveaspecifictaskintheirdailyroutine
or lifetime. Accordingly, they have received the attention of data analysers to resolve numerous
difficultiesinscienceandengineeringsector(Darwish,2018).Bio-inspiredoptimizationhasbeen
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emergingasaneweraincomputationthatsupportshugevarietyofapplicationscoveringalmostall
fieldslikerobotics,security,networks,medicine,datamining,controllers,powerdevices,production
unitsandsoon.Moreover,theimprovementsmadeinthesealgorithmsarefullyinspiredfromthe
entirebehaviorofnaturalactivities.Theseinspirationsexperiencedfromnaturepossessthecapability
todefineandresolvecomplexprocesseswithinherentlyeffectiveinitialfeaturesandstrategiesin
additiontolittleornoknowledgeaboutsearchdomain.

Theuseofbio-inspiredoptimizationinthefieldofdataminingisincreasingday-by-day.Data
miningistermedastheprocessofextractingvaluableinformationfromadatabaseordatasetand
developingapracticethatcanbeeffectivelyappliedtoidentifythestructureofdata.It isoneof
the fastest growing research areas in the information field nowadays because of the widespread
accessibilityofexcessamountofdataandtheimportancetoconvertthosedatatovaluableinformation
(Hanetal.,2011).Dataminingmethodshavebeenrecognizedasoneofthemostsuitablemeansto
extractusefulinformationfromhugedatabasesinknowledgediscoverydataprocess.Theextracteddata
canbeutilizedforwiderangeofapplicationsincludingpredictivemodelling,operationoptimization,
faultdetectionanddiagnosis,classificationandsoon(Zhaoetal.,2020).Ofthese,classification
is commonlyused inmany fields to classify a largedataset intopredefined classes, labelledby
differentattributes(Fayyadetal.,1996).Forexample,classificationisappliedinmedical image
diagnosistopredictthestatusofapatientwhetherhe/sheisillornormal.However,classification
mainlyuseslabelleddatafordevelopingitsmodeltotraintheclassifier.Thatis,everyobjectofthe
labelleddatasettakenfortraininghasbeenassignedtoexactlyoneindividualclass,whichreferstoa
particularattributetermedasclassattribute.Themodelsthataredesignedbasedonthisconsideration
canbeappliedtoclassifynewdatasets(withoutanyclasslabelattributes),extractrelevantpieceof
information,predictfuturetrends,validpatterns,etc.

Ontheotherhand,thereexistsanumberofmachinelearningmodelsfordataclassificationwhere
someareskilledinspecifickindsofdomainanddata(Mastrogiannisetal.,2009).Thus,machine
learningissaidtobetheheartofdataminingasitsupportsvastamountofdataprocessinganddata
managementtasks(e.g.,organizing,filtering,visualizationandsoon).Themostfrequentlyavailable
classificationmodelsinmachinelearningaredecisiontrees,associationrules,k-nearestneighborsand
artificialneuralnetworks(ANN).ANNisacompositemodellingstrategythatmimicstheactivities
ofhumanneuronsfordataclassification.Furthermore,itisconsistedofsimpleaswellasequivalent
functionalinterconnectedunits(artificialneurons)thatformsanetworktypicallycalledasneural
network.Theactionsperformedbytheseunitsattaintheclassificationorpredictionofoneormore
requiredtasksgivenasinput(Michelakosetal.,2011).Theclassificationorpredictionaccuracy
dependsupon thesizeofattributes selected for thepurposeofclassification.However,attribute
selectionisahardcombinatorialprobleminsomeapplicationsthatcontainmediumtolargescale
attributesinthedatasets.Therefore,thischallengenecessitatestheneedofdevelopinganeffective
heuristic solution that enhance the classification accuracy with optimal attributes and manages
thecomputationcomplexityaswell.Thismotivatesthedevelopmentofbio-inspiredoptimization
algorithmsformachinelearningbaseddataclassification.

Several bio-inspired algorithms for optimization are presented by numerous researchers all
overtheworld.Forinstance,AntColonyOptimization(ACO)mimicsthefoodsearchingroleof
antcolonies(Parpinellietal.,2002),ArtificialBeeColonyalgorithmimitatesthecooperativeact
ofbeecolonies(Karaboga,2005),GreyWolfOptimizer(GWO)emulatesthesocialguidanceand
hunting skillofgreywolves (Cuevaset al.,2015;Emaryet al.,2016), theKrillHerd technique
simulatesthematingprocessoffireflyinsects(Gandomi&Alavi,2012;Yang,2010),ParticleSwarm
Optimization(PSO)mimicsthebiologicalbehaviorofbirdflockingandfishschooling(Kennedy&
Eberhart,1995),WhaleOptimizationAlgorithm(WOA)followstheactivitiesofhumpbackwhales
(Mirjalili&Lewis,2016;Songetal.,2015),SocialSpiderOptimizationAlgorithmisinspiredfrom
thenatureofspiders(Yazdani&Jolai,2016),LionOptimizationAlgorithmimaginestheactionsof
lionsandtheirco-operationcharacteristics(Karaboga,2005)andsoon.Inmathematicalmodelling,
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