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ABSTRACT

Supportvectormachine(SVM)isasupervisedclassificationtechniquethatusestheregularization
parameterandKernelfunctionindecidingthebesthyperplanetoclassifythedata.SVMissensitive
tooutliers,anditmakesthemodelweak.Toovercometheissue,thefuzzysupportvectormachine
(FSVM)introducesfuzzymembershipweightintoitsobjectivefunction,whichfocusesongrouping
thefuzzydatapointsaccurately.KnowingtheimportanceofthemembershipweightsinFSVM,the
authorshaveintroducedfournewexpressionstocomputetheFSVMmembershipweightsinthis
study.TheyaredeterminedfromthefuzzyC-meansalgorithm’smembershipvalues(FCM).The
performancesofFSVMwiththreedifferentkernelsareassessedintermsofaccuracy.Theexperiments
areconductedforvariouscombinationsofFSVMparameters,andthebestcombinationsforeach
kernelarehighlighted.SixbenchmarkdatasetsareusedtodemonstratetheperformanceofFSVM,
andtheproposedmodels’performancesarecomparedwiththeexistingmodelsinrecentliterature.
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1. INTRodUCTIoN

TheideaofSupportVectorMachine(SVM)tookanoteworthypartinregionsofclassificationof
databecauseofexpandedaccentuationincomputerizedupheavalandMachinelearningdevelopments.
Machinelearningisascientificbranch,emergedfromartificialintelligenceandtriestolearnfrom
thedatatoexploremodelsoralgorithmsusingsupervisedorunsupervised,orreinforcedlearning
algorithms.SVMhasshowngoodgeneralizationperformancethanothertraditionalclassifierslike
decision tree, k-Nearest Neighbor, Bayesian classifier, Neural Network, and different statistical
classifiers(Hanetal.,2012).SVMbuildsanidealhyperplaneinahigherdimensionalspaceforbetter
classificationofdata.Thealgorithmistoincreasethedistancebetweenthehyperplanemarginsand
decreasethemisclassificationerror.SVMservesasoneofthebest-supervisedclassificationsfor
bothdistinctlyseparableandnon-distinctlyseparabledata(CCortes&Vapnik,1995).SVMadopts
characteristics like avoiding overfitting problems and obtaining global optimal, unlike artificial
intelligence-basedtechniques.Fordatasetsthatarenotdistinctlyseparable,thepenaltyfunctionis
introducedinthemodelwithobligefortheprogressionsthatoccurbecauseofthechangesthathappen
duetotheviolationoflinearseparability.Toreducethecomputationalcomplexity,itisreplacedwith
kernelfunctionk x x

i j
,( ) ,whichhelpsinvisualizingtheinformationinhigherdimensionalspace(C

Cortes&Vapnik,1995).
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SinceSVMissensitivetooutliersornoisesandleadstomisclassificationofdata,analternative
methodcalledtheFuzzySupportVectorMachine(FSVM)isproposed(Lin&Wang,2002).TheFSVM
hasbeenfoundtoshowbetterperformanceinnumerousreal-timeapplicationslikeCategorization
of text pattern (T. Y. Wang & Chiang, 2007), leukemia disease diagnosis, Electro Cardiogram
arrhythmiadetection(Özcan&Gürgen,2010),Evaluationofcreditrisk(Shi&Xu,2016;G.Wang
&Ma,2012;Yu,2014).

Asthemodelrequiresmembershipweightsassignedtodatapoints,thisstudyhasincorporated
theFuzzyC-means(FCM)clusteringalgorithmforthegenerationofmembershipvaluetoshowthe
attitudeofdatapointstowardsoneparticularclass.Thecurrentstudy’scontributionsarethenew
expressionstocreatethemembershipweightofeachdatapointfromthemembershipvaluesobtained
throughFCM.Theproposedmodeliscomparedwiththerecentliterature(Sridevietal.,2017),and
theperformancecomparisonismadeintermsofaccuracy.

Thepaperhasbeenorganizedasfollows.AbriefintroductiontodifferenttypesofSVMhas
beendiscussedinSectionII.ThenewmethodologyhasbeenproposedinSectionIII.Theresultsand
discussionhavebeenwritteninSectionIV.ConcludingremarkshavebeentalkedaboutinSectionV.

2. ReLATed WoRKS

AdetailedexplanationofSVMandFSVMmodelsisgivenintheupcomingsection.Thissection
presentstheliteraturerelatedtothecurrentstudy.Therecentliteratureonfuzzy-basedclustering
algorithmsandsubsequentlyFSVMrelatedworkshavebeendiscussedhere.

Clustering is an imperative unsupervised machine learning approach employed to identify
someinherentstructureinasetofpatternsorobjects.Clusteranalysisaimstosplitasetofobjects,
commonlyvectorsinamulti-dimensionalspace,aregroupedintosubsetssothattheobjectsinthe
samesubsetaresimilarinsomeperceptionandobjectsindifferentclustersaredissimilarinthesame
perception. The different selection of measured data or features, proximity measures, clustering
criteria,andclusteringalgorithmsmayleadtototallydifferentclusteringresults(Karlekaretal.,
2019).ThetypesofclusteringbasedondifferentwayscanbeclassifiedasHierarchical,Partitional,
Fuzzy-based,density-based,structure-basedclusteringalgorithms.Thecurrentstudyrevolvesaround
theconceptoffuzzy,andthusfuzzy-basedapproachesarestudied.

Thestudiesthathavebeenaroundinmeasuringthefuzzinessoffuzzysetsindifferentdomains
byusingdifferentmeansarelistedasfollows:(a)thenovelgeneralizedexponentialintuitionisticfuzzy
entropy(GIFE)andgeneralizedexponentialintervalvaluedintuitionisticfuzzyentropy(GIVIFE)
withintervalarea(Weietal.,2019)andtheapplicationofthisstudycanbeseenin(Weietal,2020),
(b)similartothepreviousresearch,thedecisionmakingintheneutrosophicenvironmentwasmade
using(α,β,γ)basedcutsetbasedapproach(Bhaumiketal.,2020)andneutrosophichesitantfuzzy
generalizedhybridweightedaveragemethod(Lietal.,2020),(c) triangularfuzzynumberbased
approachesusedincooperativegamesapplication(Ye&Li,2020).Thesestudiesgiveinsightinto
thefuzzinessmeasurementsindifferentfuzzyenvironments.

Comingtofuzzybasedapproachestoclustering,somerecentstudiesfoundtobeinformative
arelistedbelow.

Thedatainreal-lifecasesaresometimesuncertain,andtheyarenotreliable.Handlingthose
datasets isverydifficultas likefuzzydata.Somerecentstudiesaddress this issuewithdifferent
perceptions. For instance, (Sharma & Seal, 2021a) proposed a multi-view spectral clustering
algorithm tomakeconclusionsonuncertainobjects.Similar to (Sharma&Seal,2019), another
multi-viewclusteringaddressesuncertaindatawithanadditionaladvantageoveroutliers.Inthis
study,S-divergenceandanewsimilarityfunctionhavebeenusedtotackletheuncertaindata.In
another study from (Sharma&Seal,2021b),S-distance is coupledwithEuclideandistanceand
producedanewk-meansalgorithmtoclustertheuncertaindata.Inarecentstudy,theS-distanceis
combinedwithspectralclusteringandproposedanewclusteringalgorithm.Itisthenusedtotreat
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