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ABSTRACT

Clusteringisemployedinvariousfields.However,theconventionalmethoddoesnotconsiderchanging
data.Therefore,ifthedataischanged,theentiredatasetmustbere-clustered.Thisarticleproposesa
clusteringmethodtoupdatetheclusteringresultobtainedbyahierarchicalclusteringmethodwithout
re-clusteringwhenapointisinserted.Thisarticledefinesthecenterandtheradiusofaclusterand
determinetheclustertobeinserted.Theinsertionlocationisdeterminedbysimilaritybasedonthe
conventionalclusteringmethod.thisresearchintroducestheconceptofoutliersandconsidercreating
aclustercausedbytheinsertion.Byexaminingthemultimodalityofacluster,theclusterisdivided.
Inaddition,whenthenumberofclustersincreases,datapointspreviouslyinsertedareupdatedby
re-insertion.Comparedwiththeconventionalmethod,theexperimentalresultsdemonstratethatthe
executiontimeoftheproposedmethodissignificantlysmallerandclusteringaccuracyiscomparable
forsomedata.
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INTRoDUCTIoN

Advancesincomputerandnetworktechnologiesallowustoobtainvariousinformationandservices
viatheInternet,e.g.,cloudcomputing(Agrawal,Das,&ElAbbadi,2011).Cloudcomputingisnot
dependenton fixed terminals, and isexpected toenablehandlingofconsiderabledataeasily. In
addition,theInternetofThings(IoT)technology,whichcanbeusedtocontrolandobtaindatafrom
differentdevices,isexpectedtodrivechange(Gubbi,Buyya,Marusic,&Palaniswami,2013;Lee&
Lee,2015).Forexample,IoTischangingmanufacturingindustries.Incloudmanufacturing(He&
Xu,2015),manufacturingequipmentisconnectedandcontrolledviatheInternet,andaconsiderable
amountofdataistransmittedovertheInternet(Agrawal,Das,&ElAbbadi,2011;Lee&Lee,2015).
Machinelearningcanbeemployedtoderiveusefulinformationfromsuchlargeamountsofdata
(Marsland,2009;Zumel&Mount,2014).
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Machinelearningcanbeclassifiedassupervisedandunsupervised(Marsland,2009;Zumel
&Mount,2014).Supervisedlearninginvolveslabeledinput-outputpairs.Asupervisedlearning
algorithm produces an inferring function to estimate an output from an input. In contrast,
unsupervisedlearningattemptstofindtheunderlyingstructureinasetofdatapoints.Notethat
labeleddataarenotrequiredforunsupervisedlearning;thus,unsupervisedlearningisusefulwhen
labeledtrainingdataareunavailable.Inthispaper,wefocusonclustering,whichisanimportant
unsupervisedlearningtechnique.

Clustering,whichisusedfortheanalysisandclassificationofvariousdata,involvesgenerating
groups,i.e.,clusters,thathavesimilarcharacteristics.However,theconventionalclusteringmethod
doesnotconsiderchangesinthedata.Therefore,whennewdataareinserted,alldatamustbere-
clustered,whichiscrucial indynamicenvironments.Whentheamountofupdatingissmall, the
classificationresultdoesnotchangesignificantly.However,re-clusteringrequiresconsiderabletime;
therefore,amethodtopartiallychangeclusterswithoutre-clusteringwhenonlyasmallamountof
dataisinsertedisrequired.

Several incremental clustering methods have been proposed previously (Can, 1993;
Charikar,Chekuri,Feder,&Motwani,2004;Ester,Kriegel,Sander,Wimmer,&Xu,1998;
Gupta&Ujjwal,2013),whichattempttoupdateasingleclusterorafewclusterslocallywhen
adatapointisinserted,andsuchmethodsattempttostoretheinserteddatapointinacluster
thathasmaximumsimilaritytoit.Althoughthesemethodshaveachievedgoodperformance,
theyarebasedonnon-hierarchicalclusteringmethodsandtheirapplicationisquitelimited.
Ribert et al. (1999) proposed an incremental hierarchical clustering method that attempts
tofindthebestinsertionpointforanewdataitem.Withthismethod,memorycostisvery
low; however, the number of computation of distances between clusters does not decrease
significantly.Thus, amethod that involves the computationof fewerdistances is required.
Gurrutxaga et al. (2009) proposed another incremental hierarchical method. This method
reducedtimecomplexity,butaccuracyisworsethantheconventionalmethodinsomecases.
Therefore,improvingclusteringaccuracyisrequired.

Inaprevious study,weproposedan incrementalhierarchical clusteringmethod (Narita,
Hochin,&Nomiya,2018).Toavoidre-clusteringoftheentiredatawhenanewpointisinserted,
theincrementalhierarchicalclusteringmethodonlyupdatessomeofthedatapointsinanexisting
clusteringresult.Here,wedefinetwofeatures,thecenterandtheradiusofthecluster,anduse
thesefeaturestodeterminetheclusterintowhichnewdatawillbeinserted.Thelocationpoint
isdeterminedbycalculatingthesimilaritybasedontheoriginalhierarchicalclusteringmethod.
Inaddition,thispreviousmethodemploystheconceptofoutliersandconsidersthecreationofa
newclusterduetodatainsertion.However,theconcordanceratedegradesduetothedifference
inthenumberofclusters.

Inthisstudy,toaddressthisproblem,weattempttoimprovethepreviousincremental
clusteringmethod(Narita,Hochin,Hayashi,&Nomiya,2019).Intheimprovedmethod,we
movesomepointsinagivenclustertoadifferentclusterbydeterminingifthegivencluster
ismultimodal.Inaddition,whenthenumberofclustersincreases,thepreviouslyinserted
points are updated by re-insertion. We compare the proposed and conventional methods
usingsevendatasetsincludingfiverealdatasets.Theexperimentalresultsdemonstratethat,
compared to the existing method’s re-clustering time, the proposed method can classify
pointsfasterwheninsertingnewpoints.

Theremainderofthepaperisorganizedasfollows.Section2describesworkrelatedtoincremental
clustering methods. Section 3 proposes an improved incremental clustering method. Section 4
comparestheproposedmethodwithWard’smethod(Ward,1963)relativetotheexecutiontime,
concordancerate,andoverallaccuracy.Section5discussestheresult.Finally,Section6provides
theconclusionsandsuggestionsforfuturework.
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