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ABSTRACT

Gravitationalclusteringalgorithm(Gravc) isanovelandexcellentdynamicclusteringalgorithm
thatcanaccuratelyclustercomplexdatasetwitharbitrary shapeanddistribution.However,high
timecomplexityisakeychallengetothegravitationalclusteringalgorithm.Tosolvethisproblem,
animprovedgravitationalclusteringalgorithmbasedonthelocaldensityisproposedinthispaper,
calledFastGravc.Themaincontributionsofthispaperareasfollows.Firstofall,alocaldensity-
baseddatacompressionstrategyisdesignedtoreducethenumberofdataobjectsandthenumber
ofneighborsofeachobjectparticipating in thegravitational clusteringalgorithm.Secondly, the
traditionalgravitymodelisoptimizedtoadapttothequalitydifferencesofdifferentobjectscaused
bydatacompressionstrategy.Andthen,theimprovedgravitationalclusteringalgorithmFastGravc
isproposedbyintegratingtheaboveoptimizationstrategies.Finally,extensiveexperimentalresults
onsyntheticandreal-worlddatasetsverifytheeffectivenessandefficiencyofFastGravcalgorithm.
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INTRoDUCTIoN

Clusteringisanindispensableandveryimportantmethodforminingcomplexreal-worlddata.Ituses
anunsupervisedwaytorevealthehiddenrulesandpatternsofhumansociety.Inthepast20years,a
largenumberofexcellentclusteringalgorithmshavebeenproposed,applied,improvedandfurther
optimized.Overall,thesealgorithmscanbesimplydividedintothefollowingcategories:partitioned
clustering,hierarchicalclustering,densityclustering,anddynamicclustering(SaxenaAetal.,2017).
(1)Thepartitionedclusteringandhierarchicalclusteringisthemostcommonlyandmostwidely
usedalgorithms,K-MeansandBIRCHarethetypicalcases.Thisalgorithmcanobtainexcellent
clusteringaccuracyonregular,noise-freedatasetlikeacircleorellipse,andthetimeefficiencyis
veryhigh(StevanNetal.,2014).But,onirregularandnon-uniformdatasetslikenon-circular,the
clusteringaccuracyofthisalgorithmisnotsatisfactory.(2)Thedensityclusteringandgraphclustering
arealsocommonlyusedexcellentclusteringalgorithm,DbScanandSpectralClusteringaretypical
casesrespectively.Thesetwokindsofalgorithmsaresuitableforvariousdatasets,andcanachieve
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excellentclusteringperformanceonirregularandunevendatasets.However,thesealgorithmsrequire
longerclusteringtimeandcannotaccuratelyidentifythenoiseinthedataset.(3)Dynamicclustering
algorithmisanovelandoutstandingclusteringalgorithm(BaeJetal.,2020),Gravcisatypicalcase.
Thebasicideaofthisalgorithmistoextractadynamicprocessfromnaturalphenomenasuchas
gravitation,synchronization,andevolution,anduseittoclustercomplexdataset.Thisalgorithmcan
achievegoodclusteringaccuracyonirregularandunevendataset,andcanaccuratelyidentifynoise
andabnormaldatainthedataset(ChenLetal.,2017).But,duetothedynamicclusteringprocess,
thetimecomplexityofthisalgorithmisveryhigh.

Withthecomingoftheeraofbigdata,moreandmorecomplexdatahaveemerged,suchas
thewirelessandmobilemultimedianetwork(AjayKetal.,2019),transportation,weather,wireless
sensornetwork(SurenderSetal.,2011),etc.Thesecomplexnewdatabringsomenewchallenges
tothetraditionalclusteringalgorithmfromtheclusteringaccuracyandtimeefficiency(FahadAet
al.,2014).Fortheclusteringaccuracyaspect,complexdataintheeraofbigdatapresentsomenew
featuressuchas irregularity,unevennessandhighnoise.Thesefeatureswillcause theclustering
accuracyoftraditionalclusteringalgorithmstoseriouslydeteriorate(ShirkhorshidiASetal.,2014).
Forthetimeefficiency,theincreasingscaleofcomplexdataputsforwardhigherdemandonthetime
efficiencyoftraditionalclusteringalgorithm(MohebiAetal.,2016).

Basedontheabovechallenges,itisnotdifficulttofindthat,thegravitationaldynamicclustering
algorithmisverysuitable for theclusteringneedsofcomplexdata in theeraofbigdata. Itcan
accuratelyclustercomplexdatasetofanyshape,densityanddistribution,andcanflexiblyandcorrectly
findnoise and abnormalpoints in thedataset.However, the timeefficiencyof thegravitational
clusteringalgorithmneedstobefurtheroptimizedtoadapttotheclusteringneedsofcomplexdata
intheeraofbigdata.Tosolvethisproblem,animprovedgravityclusteringalgorithmbasedonlocal
densityisproposedinthispaper,calledFastGravc.ThebasicideaofFastGravcalgorithmisasfollows.
Firstly,alocaldensity-baseddatacompressionisdesignedtomergemultipledensedatapointsinto
a“big”pointwithgreaterquality.Basedonthisstrategy,thenumberofdataobjectsparticipating
inthegravitationalclusteringalgorithmandthenumberofneighborsofeachobjectwillbegreatly
reduced,therebyimprovingthetimeefficiencyofthealgorithm.Secondly,differentdataobjectswill
havedifferentqualitiesafterdatacompression.Forthisreason,thegravitymodelisenhancedtodeal
withdifferencesinthequalityofdataobjects.Finally,basedontheaboveoptimizationstrategyand
improvedmodel,adynamicinteractionprocessisstartedtogetthefinalclusteringresult.Figure 1
showsthebaseideaoflocaldensity-baseddatacompressionstrategy.Inthefigure,thedatadistribution
ofasyntheticdatasetcontainingtwoclustersispresentedasshowninFigure 1(a),wheredatapoints
ofthesamecolorbelongtothesamecluster.Itisnotdifficulttofindthat,thisdatasethasmultiple
denseareasboundedbybluesolidinFigure 1(a).Eachdenseareacontainsalargenumberofdata
points,andthesedatapointsmustbelongtothesamecluster.Thatistosay,alldatapointsinadense
areacanbecompressedintoa“big”datapointwithhigher-quality,asshownbyP1,P2,P3inFigure 
1(b).Whenthedenseareaiscompressed,thenumberofdatapointsinthedatasetwillbegreatly
reduced,andthenumberofobjectsparticipatinginthegravitationalclusteringalgorithmwillalso
begreatlyreduced,therebyeffectivelyimprovingthetimeefficiencyofthealgorithm.

Insummary,themaincontributionsofthispaperareasfollows:

• Alocaldensity-baseddatacompressionstrategyisdesignedtocompresseachdenseareaintoa
“big”datapointwithhigher-quality,therebyreducingthenumberofobjectsparticipatinginthe
gravitationalclusteringalgorithmandimprovingthetimeefficiencyofthealgorithm.

• Thetraditionalgravitymodelisenhancedtosolvethedifferenceinthequalityofdatapoints
causedbydatacompressionstrategy.

• Integratingtheabovetwooptimizations,animprovedgravitationalclusteringalgorithmcalled
FastGravcisproposedtouseadynamicinteractiveprocesstogetthefinalclusteringofcomplex
dataset.
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