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ABSTRACT

Clustering,oneofthemostattractivedataanalysisconceptsindatamining,arefrequentlyusedby
manyresearchersforanalysingdataofvarietyofreal-worldapplications.Itisstatedintheliterature
thattraditionalclusteringmethodsaretrappedinlocaloptimaandfailtoobtainoptimalclusters.
Thisresearchworkgivesthedesignanddevelopmentofanadvancedoptimumclusteringmethod
forunmaskingabnormalentriesintheclinicaldataset.ThebasisistheNOA,arecentlyproposed
algorithm,drivenbymimickingthemigrationpatternofNorthernBaldIbis(Threskiornithidae)birds.
First,wedevelopedthevariantofthestandardNOAbyreplacingC1andC2parametersofNOAwith
chaoticmapsturningitintotheVNOA.Later,weutilizedtheVNOAinthedesignofanewand
advancedclusteringmethod.VNOAisfirstbenchmarkedona7unimodal(F1–F7)and6multimodal
(F8–F13)mathematical functions. We tested the numerical complexity of proposed VNOA-based
clusteringmethodsonaclinicaldataset.Wethencomparedtheobtainedgraphicalandstatistical
resultswithwell-knownalgorithms.Thesuperiorityofthepresentedclusteringmethodisevidenced
fromthesimulationsandcomparisons.

KeywORdS
Chaotic Maps, Clinical Dataset, Clustering Problems, Nature Inspired Metaheuristics, NOA, NP Hard Problems, 
Unmasking Outlier

1. INTROdUCTION ANd BACKGROUNd

Dataminingisasubfieldofcomputersciencewhichfindsthevaluablehiddeninformationinthedata.
Itistheinvestigationsofdataforhiddeninformationandtheuseofsoftwaretechniquesfordiscovering
patterns,regularitiesandrelationshipsindatasets.Itinvolvesmethodsattheintersectionofdatabase
systemsandmathematics(Aggarwal,2014).Partitioningtheinputdatasetintomeaningfulgroupsis
oneofthefundamentaldataanalysisconceptsofunderstandingandlearningthevaluableinformation.
Clusteringandclassificationarethetwoimportantconceptsindataanalysistoextracttheuseful
coveredinformationfromthedataset.Clusteringisoneoftheunsupervisedmachinelearningtechnique
anditisdefinedastheprocessofidentifyingthesimilargroupsofdataofadataset.Whengroups
areformedinclusteringprocess,itshouldbeexternallyisolatedandinternallyinterconnected(i.e.)
degreeofhomogeneitywithinclustersshouldbehighanddegreeofheterogeneitybetweenclusters
alsoshouldbehigh(Hanetal.,2011;Kharatetal.,2018;Wittenetal.,2016).Thekeychallengein
thedataanalysisistocategorizepatternsorusefulhiddenknowledgeintoasetofmeaningfulgroups
withouttheknowledgeofclasslabels(Larose&Larose,2014).Sincethedecades,clusteranalysis
hascontributedavitalroleinnumerousfieldssuchincludeArtificialIntelligence,MachineVision
andMachineLearning,patternRecognition,ImageProcessingetc.(Aggarwal,2014;Celebi,2014;



International Journal of Software Science and Computational Intelligence
Volume 12 • Issue 1 • January-March 2020

16

Celebi&Aydin,2016).Unmaskingoutliersinaparticulardatasetareapertinentprobleminthedata
miningarea.Outlierminingistheprocessofdistinguishingambientevents,irregularordivergent
elements,suddenchangesinsystemgenerateddataandexceptions(Camposetal.,2016;Roopaetal.,
2020).Outlieranalysisisanimportantdataminingissueinknowledgeextraction.Clusteringbased
outlierunmaskingisoneofthebestapproachestodetectandeliminatingsuchirregularordivergent
dataelements(Hodge&Austin,2004).Classicalclusteringtechniquesarefoundinaccuratewhendata
sizeincreases(Nikbakht&Mirvaziri,2015).Manyresearchersstatedthattheclusteringperformance
oftheclassicalclusteringtechniquescanbeincreasedwiththehelpofnatureinspiredMetaheuristics.

Thetermoptimummeanstheultimateidealorthebest.Hence,optimizationdenotestofindthe
bestsolutionforthereal-worldNPhardproblems.Optimizationisrepetitiveproceduretoobtain
thedesiredoutcometotheformulatedproblembysatisfyingallitsconstraintorboundedconditions
(Mirjalilietal.,2017).Naturehasalwaysbeenakeysourcefortheresearcherstogetinspiredfor
developingmanyalgorithmstosolvethereal-worldcomplexproblems.Thealgorithmsdeveloped
bytakinginspirationfromthenature,canmimiccertainphenomenafromnature(Mirjalilietal.,
2018),referredasNatureInspiredMetaheuristics.Overthepastfewdecades,naturehaspavedthe
pathtodesignanddevelopnumerousefficientalgorithmstosolvecomplexoptimizationproblems.
RecentlymanyMetaheuristicalgorithmshavegaintheresearchersattentionfromthefieldofpattern
recognitionandclustering.ManyNature-inspiredMetaheuristicshavebeendevelopedrecentlyand
successfullyappliedforsolvingcomplexproblemsforinstancerecentlyinventedalgorithmsWhale
OptimizationAlgorithm(WOA)(Mirjalili&Lewis,2016),Tornadogenesisoptimizationalgorithm
(TOA)(Saidala&Devarakonda,2017a),Newclasstopperoptimizationalgorithm(NCTOA)(Das
etal.,2018),etc.,andnewversionsofthesealgorithmshavealsobeenappliedinsolvingmanyreal-
worldapplicationproblems(Moein,2014;Esminetal.,2015;Saidala&Devarakonda,2017b;Saidala
&Devarakonda,2017c;Lietal.,2015;Saidala&Devarakonda,2018a;Saidala&Devarakonda,
2019;Linetal.,2018;Saidala&Devarakonda,2018b;Saidala&Devarakonda,2018c;Saidalaet
al.,2018e;Saidalaetal.,2018f).Themostpopulartheorem,i.e.,nofreelunchtheorem(Wolpert
&Macready,1997)justifiesthatthenumberofnewoptimizationalgorithmsneededtocomeinto
existencetosolvecomplexproblemswithlowsolutioncost.

Outlierunmaskingcanbedoneintwodifferentways.Theyaredistancebasedoutlierunmasking
(Radovanovićetal.,2015)andanglebasedoutlierunmasking(Zhangetal.,2015).Authorsof(Alam
etal.,2010)proposedoutlierdetectionusingPSO(ParticleSwarmOptimization)basedclustering
method. Authors of (İnkaya et al., 2015) have developed ant colony algorithm-based clustering
methodforsolvingoutlierunmaskingproblem.Authorsof(Saidala&Devarakonda,2018b)have
proposedimprovedversionofWOAfordesigningoptimalclusteringmethodanduseditforunmasking
outlierinclinicaldatasetwhichhavedifferentclinicalattributesofpregnantwomanforinstanceHb,
HCT,WBCs,RBCs,Platelets,Trimester,etc.Asfarasweinvestigatednumerousresearcharticles
regarding clustering-based outlier unmasking methods, Optimization algorithm-based clustering
methods,stillthereisaroomfordesigningoptimalclusteringmethodforoutlierunmasking.Inthis
work,anewoutlierunmaskingapproachusingNatureinspiredMetaheuristicoptimizationalgorithm-
basedclusteringmethodisproposed.

Thestructuralorganizationoftheremainingpaperisframedasfollows.Theexistingapproach
ispresentedinSectionII.SectionIIIpresentstheproposedapproachwherethestandardNorthern
BaldIbisAlgorithmandchaoticmapsarepresented.Theexperimentsandresultanalysishavebeen
furnishedinSectionIVandthelastsectionconcludesthewholepaper.
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