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Commonlyusedas apreliminarydataminingpractice,datapreprocessing transforms thedata into
aformatthatwillbemoreeasilyandeffectivelyprocessedforthepurposeoftheusers.Therearea
numberofdatapreprocessingtechniques:datacleaning,dataintegration,datatransformationanddata
reduction.Theneedtoclusterlargequantitiesofmulti-dimensionaldataiswidelyrecognized.Cluster
analysisisusedtoidentifyhomogeneousandwell-separatedgroupsofobjectsindatabases.Itplaysan
importantroleinmanyfieldsofbusinessandscience.Existingclusteringalgorithmscanbebroadlyclas-
sifiedintofourtypes:partitioning,hierarchical,grid-based,anddensity-basedalgorithms.Partitioning
algorithmsstartwithaninitialpartitionandthenuseaniterativecontrolstrategytooptimizethequality
oftheclusteringresultsbymovingobjectsfromonegrouptoanother.Hierarchicalalgorithmscreate
ahierarchicaldecompositionofthegivendatasetofdataobjects.Grid-basedalgorithmsquantizethe
spaceintoafinitenumberofgridsandperformalloperationsonthisquantizedspace.Density-based
approachesaredesignedtodiscoverclustersofarbitraryshapes.Theseapproachesholdthat,foreach
pointwithinacluster,theneighborhoodofagivenradiusmustexceedadefinedthreshold.Eachofthe
existingclusteringalgorithmshasbothadvantagesanddisadvantages.Themostcommonproblemis
rapiddegenerationofperformancewithincreasingdimensions,particularlywithapproachesoriginally
designedforlow-dimensionaldata.Tosolvethehigh-dimensionalclusteringproblem,dimensionreduc-
tionmethodshavebeenproposedwhichassumethatclustersarelocatedinalow-dimensionalsubspace.
However,thisassumptiondoesnotholdformanyreal-worlddatasets.Thedifficultyofhigh-dimensional
clusteringisprimarilyduetothefollowingcharacteristicsofhigh-dimensionaldata:

• High-dimensionaldataoftencontainalargeamountofnoise(outliers).Theexistenceofnoise
resultsinclusterswhicharenotwell-separatedanddegradestheeffectivenessoftheclustering
algorithms.

• Clustersinhigh-dimensionalspacesarecommonlyofvariousdensities.Grid-basedordensity-
based algorithms therefore have difficulty choosing a proper cell size or neighborhood radius
whichcanfindallclusters.

• Clustersinhigh-dimensionalspacesrarelyhavewell-definedshapes,andsomealgorithmsassume
clustersofcertainshapes.

• Theeffectivenessofgrid-basedapproachessufferswhendatapointsareclusteredaroundavertex
ofthegridandareseparatedindifferentcells.
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Tosumup,theclassicaltechniqueslackinonewayorotherasregardstofaithfulanalysisandclus-
teringofmultidimensionaldataowingtoinherentuncertaintiesinassumptionsandheuristicchoices.
Itisinthisscenariothatthesoftcomputingparadigmcanbeeffectivelyusedtoarriveateffectiveand
productivethroughputs.

Thebookwouldsurelycometothebenefitsofseveralcategoriesofstudentsandresearchers.Atthe
students’level,thisbookcanserveasatreatise/referencebookforthespecialpapersatthemasterslevel
aimedatinspiringpossiblyfutureresearchers.NewlyinductedPhDaspirantswouldalsofindthecontents
ofthisbookusefulasfarastheircompulsorycourseworksareconcerned.Attheresearchers’level,those
interestedininterdisciplinaryresearchwouldalsobebenefitedfromthebook.Afterall,theenriched
interdisciplinarycontentsofthebookwouldalwaysbeasubjectofinteresttothefaculties,existingre-
searchcommunitiesandnewresearchaspirantsfromdiversedisciplinesoftheconcerneddepartments
ofpremierinstitutesacrosstheglobe.Thisisexpectedtobringdifferentresearchbackgrounds(duetoits
crossplatformcharacteristics)closetooneanothertoformeffectiveresearchgroupsallovertheworld.

Thepresenteditedvolumecomprises15well-versedchaptersspanningacrossvarieddomainsof
multidimensionaldataclusteringandanalysis.

Sincethehugevolumeofdatathatisgeneratedtoday,businessesneedtohavetoolstoefficiently
managesuchdata.MonetDBisacolumn-orienteddatabasemanagementsystemwhichhasshownto
havebetterqueryprocessingtimewithrespecttorow-orientedsystems.Chapter1proposesaphysical
designstrategythatimprovesqueryexecutiontimesinMonetDB.Theproposedphysicaldesignstrategy
wasempiricallystudiedfor18TPC-Hqueries.Theexperimentswereconductedonthebasisofcold
cache.Eachofthequerieswereexecutedfirstusingtheproposedphysicaldesignstrategyinthiswork
andthenwithoutanyphysicaldesign.Thereportedresultsshowthattheruntimesusingphysicaldesign
strategyarebetterforallquerieswithaminimumpercentageimprovementof29%.Also,theyshowed
thattheimprovementwasstatisticallysignificantbymeansofstatisticaltests.

InChapter2,thebasicsofdataclusteringandsomekindofitsapplicationsaregivenwithexamples
andarealdataset.Theexamplesshowdatatypesandhelptoexplainbasicclusteringalgorithms.The
realdatahelptoclassifycountriesintermsoftheircomputerandinternetproficiencylevels.Afterex-
aminingtheresultingclustersobtainedfromfourdifferentbasicmethodsaccordingtoeightcomputer
andinternetproficiencies,itisfoundthattheregionalclosenessofcountriesandbeingoutsideofaunion
arethemajordriversofthoseclusters’formation.Thisapplicationgivessomepossiblefutureresearch
areaextensionstoresearchersaboutclusteringthesameorothercountriesbydifferentproficiencies
andunions.

Clusteringcreatesmeaningfulandusefulclusterstoanalyzeanddescribetherealworldfordiscover-
inginterestingpatternsinareassuchas,informationretrieval,patternrecognitioninbiologicalsequence
data,etc.Existingclusteringapproachessufferfromrapiddegenerationofperformancewithincreasein
dimensions;particularlythosearedesignedforlow-dimensionaldataandduetoineffectiveclusterevalu-
ationandanalysisofmultidimensionaldataowingtoinherentuncertainties.ARMisausefultechnique
thatcanbeusedtoextractassociationrulesorsetsoffrequentpatterns.TheseARleadstopotential
knowledgetodetecttheregularitiesandpathinlargedatabasesfordesigningscalableassociation-rule
miningalgorithmsthatwillfindthenumberofrecordsinaclusterbutalsothenumberofdimensionsin
aclustertofocusonthedomains.Chapter3illustratesthefidelityandpropertiesoftheARMtechnique
withrecoursetoitsapplicationsindetail.
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Chapter4coversdataclusteringindetail,whichincludes;introductiontodataclusteringwithfig-
ures,dataclusteringprocess,basicclassificationofclusteringandapplicationsofclustering,describing
hardpartitionclusteringandfuzzyclustering.Somemostcommonlyusedclusteringmethodsarealso
explainedinthechapterwiththeirfeatures,advantages,anddisadvantages.AvariantofK-Meansand
extensionmethodofhierarchicalclusteringmethod,density-basedclusteringmethodandgrid-based
clusteringmethodarealsocovered.

Chapter5proposesacontentbasedimageretrievalmethoddealingwithhigherdimensionalfeature
ofimages.Thekernelprincipalcomponentanalysis(KPCA)isdoneonMPEG-7ColorStructureDe-
scriptor(CSD)(64-bins)tocomputelow-dimensionalnonlinear-subspace.AlsothePartitioningAround
Medoids (PAM)algorithm isused to squeeze search space againwhere thenumberof clusters are
countedbyoptimumaveragesilhouettewidth.Torefinetheseclustersfurther,theoutliersfromquery
image’sbelongingclusterareexcludedbySupportVectorClustering(SVC).ThenOne-ClassSupport
VectorMachine(OCSVM)isusedforthepredictionofrelevantimagesfromqueryimage’sbelonging
clusterandtheinitialretrievalresultsbasedonthesimilaritymeasurementisfeedtoOCSVMfortrain-
ing.Imagesarerankedfromthepositivelylabeledimages.Thismethodgivesmorethan95%precision
beforerecallreachesat0.5forconceptuallymeaningfulquerycategories.Alsocomparativeresultsare
obtainedfrom(1)MPEG-7CSDfeaturesdirectlyand(2)otherdimensionalityreductiontechniques.

Datamininghasgreatcontributionstothehealthcaresuchassupportforeffectivetreatment,health-
caremanagement,customerrelationmanagement,fraudandabusedetectionanddecisionmaking.The
commondataminingmethodsusedinhealthcareareArtificialNeuralNetwork,Decisiontrees,Genetic
Algorithms,Nearestneighbormethod,Logisticregression,Fuzzylogic,FuzzybasedNeuralNetworks,
BayesianNetworksandSupportVectorMachines.Themostusedtaskisclassification.Becauseofthe
complexityandtoughnessofmedicaldomain,dataminingisnotaneasytasktoaccomplish.Inaddition,
privacyandsecurityofpatientdataisabigissuetodealwithbecauseofthesensitivityofhealthcaredata.
Thereexistadditionalseriouschallenges.TheobjectiveofChapter6istoprovideadescriptivestudy
aimedtoprovideanacquaintancetodatamininganditsusageandapplicationsinhealthcaredomain.
Theuseofdatamininginhealthcareinformaticsandchallengesisalsoexamined.

CADisarelativelyyounginterdisciplinarytechnology,whichhasatremendousimpactonmedical
diagnosis,specificallycancerdetection.TheaccuracyofCADtodetectabnormalitiesonmedicalimage
analysisrequiresarobustsegmentationalgorithm.Toachieveaccuratesegmentation,anefficientedge-
detectionalgorithmisessential.MedicalimageslikeUSG,X-Ray,CTandMRIexhibitdiverseimage
characteristicsbutareessentiallycollectionofintensityvariationsfromwhichspecificabnormalitiesare
neededtobeisolated.InChapter7,arobustmedicalimageenhancementandedgedetectionalgorithm
isproposed,usingtree-basedadaptivethresholdingtechnique.Ithasbeencomparedwithdifferentclas-
sicaledge-detectiontechniquesusingonesampletwotailt-testtoexaminewhetherthenullhypothesis
canbesupported.Theproposededge-detectionalgorithmshows0.07p-valuesand2.411t-statwhere
a=0.025.Moreover,theproposededgeissinglepixeledandconnectedwhichisverysignificantfor
medicaledgedetection.
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Differentgraphtheoreticapproachesareprevalentinthefieldofimageanalysis.Graphsprovidea
naturalrepresentationofimagepixelsexploringtheirpairwiseinteractionsamongthemselves.Graph
theoreticapproacheshavebeenusedforproblemlikeimagesegmentation,objectrepresentation,match-
ingfordifferentkindsofdata.Chapter8mainlyaimsathighlightingtheapplicabilityofgraphclustering
techniquesforthepurposeofimagesegmentation.Differentspectralclusteringtechniqueslikeminimum
spanningtreebaseddataclustering,MarkovRandomField(MRF)modelforimagesegmentationare
discussedinthisrespect.

Datamininghasbeenapopulartechniqueinmanyapplications.InChapter9,theauthorsfocuson
utilizingarchitecturefeaturesandapplydataminingtechniquesforcomputerdesign.Sincedatamining
requireslotofcollecteddataforbuildingmodels,therelevantdataneedstobeproperlygenerated.The
authorsdemonstratetheapplicationsandtheirmethodologystartingfromdatasetgeneration,feature
extraction,modelingandevaluations.Importantcharacteristicsofthearchitectureareconsideredfor
datasetgenerationandfeatureextractions:particularly,theinstructionset,andmemoryaccesspattern
features.Thechapterutilizesthesefeaturesgivenwithobservationsforbuildingthemodelsforcache
prediction,branchprediction,andmalwaredetection.

InChapter10,asaliencyandphasecongruencybaseddigitalimagewatermarkingschemehasbeen
projected.Theplannedtechniqueimplantsdataatleastsignificantbits(LSBs)bymeansofadaptive
replacement.Heremoreinformationisembeddedintolessperceptiveareaswithintheoriginalimage
determinedbyacombinationofspectralresidualsaliencymapandphasecongruencymap.Theposition
ofpixelswithlessperceptibilitydenotesthemostunimportantregionfordatahidingfromthepointof
visibilitywithinanimage.Therefore,anymodificationwithintheseregionswillbelessperceptibleto
oneobserver.Themodelgivesaconceptoftheareaswhichhasexcellentdatahidingcapacitywithin
animage.Superiorityofthealgorithmistestedthroughimperceptibility,robustness,alongwithdata
hidingcapacity.

Inthemedicalfielddiagnosisofadiseaseatanearlystageisveryimportant.Nowadayssoftcom-
putingtechniquessuchasfuzzylogic,artificialneuralnetworkandNeuro-fuzzynetworksarewidely
usedforthediagnosisofvariousdiseasesatdifferentlevels.InChapter11,ahybridneuralnetworkis
designedtoclassifytheheartdiseasedatasetthehybridneuralnetworkconsistoftwotypesofneural
networkmultilayerperceptron(MLP)andfuzzyminmax(FMM)neuralnetworkarrangedinahierarchi-
calmanner.Thehybridsystemisdesignedforthedatasetwhichcontainthecombinationofcontinuous
andnon-continuousattributevalues.Inthesystemtheattributeswithcontinuousvaluesareclassified
usingtheFMMneuralnetworksandattributeswithnon-continuousvalueareclassifiedbyusingthe
MLPneuralnetworkandtosynthesizetheresulttheoutputofboththenetworkisfedintothesecond
MLPneuralnetworktogeneratethefinalresult.

Duetomicroarrayexperimentimperfection,spotswithvariousartifactsareoftenfoundinmicroar-
rayimage.Amorerigorousspotrecognitionapproachinensuringsuccessfulimageanalysisiscrucial.
Chapter12proposesanovelhybridalgorithmforthispurpose.Awaveletapproachisapplied,along
withanintensity-basedshapedetectionsimultaneouslytolocatethecontourofthemicroarrayspots.The
proposedalgorithmisabletosegmentalltheimperfectspotsaccurately.Performanceassessmentwith
theclassicalmethods,i.e.,thefixedcircle,adaptivecircle,adaptiveshapeandhistogramsegmentation
showsthattheproposedhybridapproachoutperformsthesemethods.
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Enhancingtheenergyefficiencyandmaximizingthenetworkinglifetimearethemajorchallenges
inWirelessSensorNetworks(WSN).SwarmIntelligencebasedalgorithmsareveryefficientinsolving
nonlineardesignproblemswithreal-worldapplications.InChapter13,aSwarmbasedFruitFlyOpti-
mizationAlgorithm(FFOA)withtheconceptofK-Medoidclusteringandswappingisimplementedto
increasetheenergyefficiencyandlifetimeofWSN.Acomparativeanalysisisperformedintermsof
clustercompactness,clustererrorandconvergence.MATLABSimulationresultsshowthatK-Medoid
SwappingandBunchingFruitFlyoptimization(KMSB-FFOA)outperformsFFOAandK-MedoidFruit
FlyOptimizationAlgorithm(KM-FFOA).

Chapter14aimstostudytheuseofHybridizationofintelligenttechniquesintheareasofbioinformat-
icsandcomputationalmolecularbiology.Theseareashaverisenfromtheneedsofbiologiststoutilize
andhelpinterpretthevastamountsofdatathatareconstantlybeinggatheredingenomicresearch.It
alsodescribesthekindofmethodswhichweredevelopedbytheresearchcommunityinordertosearch,
classifyandminedifferentavailablebiologicaldatabasesandsimulatebiologicalexperiments.This
chapteralsopresentsthehybridizationofintelligentsystemsinvolvingneuralnetworks,fuzzysystems,
neuro-fuzzysystem,roughsettheory,swamintelligenceandgeneticalgorithm.Thekeyideawasto
demonstratetheevolutionofintelligenceinbioinformatics.Thedevelopedhybridizationofintelligent
techniqueswasappliedtotherealworldapplications.Thehybridizationofintelligentsystemsperforms
betterthantheindividualapproaches.Hencetheseapproachesmightbeextremelyusefulforhardware
implementations.

Withtheincreasingvolumeofdata,developingtechniquestohandleithasbecometheneedofthe
hour.Onesuchefficienttechniqueisclustering.Dataclusteringisundervigorousdevelopment.The
goalofclusteringistodeterminetheintrinsicgroupinginasetofunlabeleddata.Severaldatacluster-
ingalgorithmshavebeendevelopedinthisregard.Dataisuncertainandvague.Henceuncertainand
hybridbasedclusteringalgorithmslikefuzzycmeans,intuitionisticfuzzycmeans,roughcmeans,rough
intuitionisticfuzzycmeansarebeingused.However,withtheapplicationandnatureofdata,cluster-
ingalgorithmswhichadapttotheneedarebeingused.Thesearenothingbutthevariationsinexisting
techniquestomatchaparticularscenario.Theareaofadaptiveclusteringalgorithmsisunexploredto
averylargeextentandhencehasalargescopeofresearch.Adaptiveclusteringalgorithmsareuseful
inareaswherethesituationskeeponchanging.Chapter15detailssomeoftheadaptivefuzzycmeans
clusteringalgorithmswhicharewidelyusedinavarietyofapplicationsespeciallyimageprocessing.

Theprimaryobjectiveofthepresentendeavoristobringabroadspectrumofmultidimensionaldata
clusteringanddataanalysisapplicationsunderthepurviewofhybridintelligencesothatitisableto
triggerfurtherinspirationamongvariousresearchcommunitiestocontributeintheirrespectivefields
ofapplications therebyorienting theseapplication fields towards intelligence.Once thepurpose,as
statedabove,isachievedalargernumberofresearchcommunitiesmaybebroughtunderoneumbrella
toventilatetheirideasinamorestructuredmanner.Inthatcase,thepresentendeavormaybeseenas
thebeginningofsuchaneffortinbringingvariousresearchapplicationsclosetooneanother.Byaca-
demicallycomingclosertooneanother,researchcommunitiesworkingindiversifiedapplicationareas
involvingmultidimensionaldataviz.truecolorimages,videos,bigdata,wouldbemoreencouragedto
formgroupsamongthemselvespavingwayforinterdisciplinaryresearch.Speakingfromthescholastic
view,thisisaformidableachievementinwhichthepresentendeavormaybethoughtofasthemaiden
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facilitator.Itmayhoweverbenotedthattherearegoodamountsofcontributionsoftheapplicationof
hybridsoftcomputinginvariousfields.However,anysuchpreviousefforthasremainedapplication
specific,thatis,aimedatidentifyingaspecificapplicationdomainwheretheingredientsofhybridsoft
computinghavebeenappliedquiteeffectively.But,tothebestofourknowledge,effortstobringin
multipledomainsofmultidimensionaldatawithinoneframeworkarenotveryfrequent.Inthatsense,
thisappearstobethefirstsuchefforttoaccommodatecrossplatformapplicationsofhybridsoftcom-
puting.Moreover,effortsofhybridizationareverymeagerintheliterature.Oncesuccessful,thiswill
becomeanencouragementtowardsfurtherresearchofinterdisciplinarynaturebyprovidingscopeto
variousresearchcommunitiestocometogetherthroughsuchaneffort.
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