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ABSTRACT

Inthisarticle,anewalgorithmtoselecttherelevantfeaturesisproposedforhandlingmicroarraydata
withthespecificaimofincreasingclassificationaccuracy.Inparticular,theoptimalgenesareextracted
usingfilterandwrapperfeatureselectionalgorithms.Here, theuseofnon-parametricregression
algorithmcalledMultivariateAdaptiveRegressionSpline(MARS)followedbyproposedRandom
ForestStatisticalTest (RFST) algorithmarebeing studied.The studyevaluates the comparative
performanceoftheresultsofRFSTandMARSwithexistingalgorithmsontenstandardmicroarray
datasets.Forperformanceanalysis,threeparametersaretakenintoconsideration,namely,thenumber
ofselectedfeatures,runtime,andclassificationaccuracy.Experimentalresultsindicatethatdifferent
featureselectionalgorithmsyielddifferentcandidategenesubset;therefore,aHybridapproachis
appliedtodeterminethebestcandidategenestoprovidemaximuminformationaboutthedisease.
ThefindingsforetellthattheRFSTisperformingbetteronsixoutoftendatasetswhereasMARSis
performingbetteronotherdatasets.
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1. INTRodUCTIoN

Profilingthegeneexpressionofcells toaidinthediagnosisofdiseasebeginslogicallywiththe
processofpreselectingthemostinformativegenesforclassification.Evenso,oneofthegreatest
challengewhenchoosingamongthegenesisthatthenumberofsamplescollectedareoftenvery
smallascompared to thenumberofgenes.Admittedly,microarraygeneexpressiondata suffers
fromthecurseofhighdimensionality.Thepreselectionprocessof identifyinginformativegenes
aimschieflytoremovetheirrelevantandredundantgenes.Todate,manygeneselectionmethods
havebeendeveloped,allofwhichusedifferentmathematicalcriteriatofilteroutand/orextractthe
subsetofrelevantgenes(e.g.,Alshamlanetal.,2015;Bolón-Canedoetal.,2014;Liuetal.,2010;
Yeh,2008;Sardanaetal.,2015).Arangeofdifferentevaluationcriteriaexistsforassessingamong
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thedifferentfeatureselectionapproaches.Asperthesecriteria,featureselectionapproachesmay
bebroadlyclassifiedintofourcategoriesasdiscussedinthenextsection:filterapproach,wrapper
approach,embeddedandhybridapproach.

Importantly, theapplicationoftheMARSalgorithm’srelativeimportancescoreisrelatively
newinthefieldoffeatureselectionforcancermicroarraydata.Hence,wewillattemptinthispaper
tobringintheuseofthevariableimportancescorefoundwhenapplyingtheMultivariateAdaptive
RegressionSpline(MARS)algorithmforgeneselection.Anotherkeyissuetobeaddressedinthe
paperisthedeterminationoftheoptimalandstablecandidategene,whichcanpredictthedisease
withmaximumaccuracy.Selectingjustafewfeaturesmaynotalwaysbethebestapproach,asthe
selectedsubsetofgenesmaynotrepresenttheentiredataset.InadditiontousingMARSalgorithm,
thispaperwillalsohighlightanalgorithmcalledRandomForestStatisticalTechnique(RFST)by
takingadvantageofthevariableimportancemeasurereturnedasanoutputfromtherandomforest.
Thisimportancevaluehasbeenusedtoassignweightagetoeachgene.InRFST,anewstatistical
testhasbeenproposedtocreateclustersofsimilargenes.Onerepresentativefromeachclusteris
selectedsoastogetthefinalreducedsubsetofgenes.

Aswell,wewillcompareRFSTandMARSwithexistingmodelsoffastcorrelation-basedfilter
or,FCBF(Yu&Liu,2003)andafastclustering-basedfeaturesubsetselectionalgorithmor,FAST
(Songetal.,2013)intermsofthenumberofgeneselected,runtimeandclassificationaccuracy.After
implementingRFST,MARS,FCBFandFASTfilterfeatureselectionalgorithmsonallcollected
datasets,itwasfoundthatdifferentalgorithmsselectdifferentcandidategenesubset.Tochoosethe
bestcandidategenes,whichcanpredictthedisease,whilereturningahighaccuracy,aHybridfeature
selectionapproachhasbeenappliedonallthefoursubsetsofgenesfoundusingRFST,MARS,FCBF
andFASTfilterselectionalgorithms.Classificationaccuracyisthecriterionusedinthewrapper
featureselection.Thesubsetthatmaximizestheaccuracyisselectedastheoptimalone.Inthiswork,
theapproachhasbeenappliedontenbinaryandmulticlassmicroarraydatasets.

Thestructureoftherestofthispaperisasfollows.Section2overviewsthepreprocessingfilter
featureselectionapproachesandhighlightsthefundamentalprincipleandpreliminariesusedtofind
genesubsetintheproposedalgorithm.Section3discussesthecompletemethodologywhilesection
4detailstheempiricalstudysetupanddatasets.Section5reportstheexperimentalresultsfoundon
thepubliclyavailablecancermicroarraydatasets.Finally,ourconclusionandanoutlookatfuture
workisgiveninsection6.

2. PReLIMINARIeS

Following an overview of the various feature selection approaches, this section introduces the
fundamentalprincipleanddefinitionsusedinthegenereductionalgorithms.Italsodiscussesthe
basisofMARSalgorithmalongwiththeproposedalgorithmRandomForestStatisticalTest(RFST).
RFSTisbasedontheconceptsderivedfromRFalgorithm.

2.1. Feature Selection Methods
Inatypicalfilterfeatureselectionapproach,featuresubsetisselectedasapreprocessingstepbefore
applying any learning and/or classification process. These preliminary processes then become
independentof the learning algorithm tobe applied.Currently,FCBFandFASTare twomajor
alternativefilterfeatureselectionalgorithms.Theseapproachesuseinformationtheoryconceptto
segregatefeatures;thatis,highlycorrelatedfeatureswiththeclassaresegregatedbasedonsymmetric
uncertainty.However,themaindisadvantageofFCBF/FASTisthenecessitytosetathresholdvalue
a priori.Thishastheriskofchoosingtoomanyor toofewfeatures.Moreover,FCBFconsiders
pairwisecorrelationamongthefeaturesratherthanjointcorrelation.
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