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ABSTRACT

Miningsoftwarerepositoriesinacollaborativeenvironmentduringsoftwareevolutionormaintenance
faceschallengesduetocreationoflargerthannecessaryslicesorunnecessarysplittingofrevision
historyanddetectionofedgelevelchanges.Duetotheselimitations,GITandDiffandMergeTools
donotaccuratelydetectthesimilaritiesandchangesbetweenversionsduetorenamingorshifting.
Detection of these similarities accurately helps to detect code clones and change patterns that
improvesunderstandability,knowledgetransfer,andtrackingchanges.Therefore,theauthorsproposed
fuzzy-basedhybridtechniquetodetectthesimilarities/changesbetweenversionsconsideringRSby
enrichingtherevisionhistoryatthreegranularities:file,class,andmethodlevel.Thirtypercentmore
entitieshavebeenfoundsimilar/changebyderivingclassificationmodelwithf-scoreandROCarea
morethan0.985and0.994respectivelyforallapplications.Hence,theproposedtechniqueimproves
productivity,reusability,andmaintainabilitywithrespecttoVCA.
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INTROdUCTION

MiningSoftwareRepositories(MSR)iswidelyusedduringthesoftwareevolutionandmaintenance
phase forVersion-ControlledApplications (VCA).During theevolutionofcodebasewith time,
SoftwareRepositories(SR)recordsthehistorical informationinrespectofversions/revisionsfor
VCA(Agrawaletal.,2020).AnalysisoftheseSRfordifferentversionshelpsinidentificationof
codeclones(Royetal.,2007)andchangepatternsthatfurtherenhancesunderstandability,knowledge
transferandtrackingsimilarities/changesincollaborativework.GIT,OpenSourceDistributedVersion
ControlSystem(OSDVCS)isthemostfrequentlyusedtoolforcollaborativework(GIT,n.d.).There
arethreechallengesthatrestricttheseMSRapproachesinusingSR-
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• Low performance for larger than necessary slices of Revision History:SRincorporatesthe
changesinartifactsofsoftwarecodesharedamongmultipledevelopers.Usually,thesechanges
arepushed/pulledusingthediffandmergetechniquesto/fromremoterepositorythatmayclutter
theSR.Thesechangesarerecordedatcoarsegranularity(atfilelevel)resultinginlargerthan
necessaryslicesofRevisionHistory(RH)(Zhuetal.,2020).Example-Inordertoextractchanges
atfinergranularities(classandmethodlevel),itrequirespreprocessingforHistorySlicingusing
developerscriptsthatmaybecumbersomeanderror-prone(Higoetal.,2020).

• Restructuring may lead to unnecessary splitting of RH esp. where similarity index is low 
between the entities:Thesequenceofchangesmayinvolvemajororminorrefactoringalongwith
recordingofchange-typesuchasrenaming,movingorsplittingbutrestrictedwithlimitationsof
defaultsimilarity(Higoetal.,2020).Example-Ifsimilaritypercentageofanentitybeforeandafter
revisionfallsbelow50%thenGITacceptthechangeascreationofentityinSuccessiveVersion
(SV)andremovalofentityfromprecedingVersion(PV).Duetothis,itleadstounnecessary
splittingofRHforthatentitywhichmakestheentityun-trackableforpreviousversions.

• Textual similarity lacks in identification of changes at edge level:GITiscontentaddressable
(Git-Internals-Git-Objects, n.d.), thus offers textual similarity in software code. However,
existingapproachestreatssoftwarecodeasgraphswherechangesmayoccurbothatnodeand
edgelevel(Störrle,2015).Duetothis,changeinanyreferencetoaparticularobjectorhierarchy
of interrelatedobjectorchange innumberofcalls toanobjectordependenciesetc.arenot
recordedinRH.

Therefore, changes in artifacts are missing at finer granularities and edge level leading to
incompleteRH(Tangetal.,2022).Moreover,inaccuracyarisesfromthesplittingofRHthatbreaks
thelinkforchangesinallPVbytreatingthemasnewentitieswithfreshRH.Duetothisincomplete
orinaccurateRH,itisverydifficulttotracktheseentitiesforMSRapproaches(Agrawaletal.,2020)
makingitunreliableandtime-consuming(Grundetal.,n.d.).Inordertoovercomethesechallenges,
theauthorsproposedSBHDetector,atechniquewithfuzzybasedhybridapproachforthedetection
ofsimilarities/changesbetweentheversions.Itclassifiesthesimilarities/changesincoarse&finer
granularitiesevenatedgelevelaccountingbothrenamingandshiftingofentitieswhenempirically
validatedusingeightSubjectSystems(SS).Theclassificationmodelhasbeenbuiltwithhighprecision
andrecallinallthecasestoidentifysimilarities/changeswhereRandomForestoutperformsinmajority
SS.Thus, itproves thegeneralizabilityofproposedapproachandhelps to improveproductivity,
reusabilityandmaintainabilitywithrespecttoVCA.

Comparing proposed technique with Understand provides 30% more similarities/changes at
entitylevelwhereUnderstandfailstocapturerenamingandshifting.WhereascomparingitwithGIT
reportsincreaseinnumberofsimilar/changedentitiesatfilelevelbyidentifyingthoseentitiesalso,
whereGITsplitstheRHduetolesssimilarity,andpreservethelinkinginRHwithPV.Therefore,
theproposedtechniqueprovidesbetteraccuracyandcompletenessinRHfortrackingofsimilarity/
changeanalysisamongentitiesduringsoftwareevolution.Improvementintrackingofentitiesfurther
improvestheprocessofchangemanagementandoriginanalysis.

Theorganizationforrestofthepaperisasunderwheresection2discussestherelatedworkand
motivationforthefuzzybasedhybridapproach.Section3representsthefuzzybasedhybridtechnique
alongwith theblockdiagramused inSBHDetector.Section4dealswith results anddiscussion
correspondingtotheevaluationofproposedtechnique.Itfollowssection5asriskstovalidityfor
proposedapproachandsection6briefstheconclusionandfuturework.

ReLATed wORK ANd MOTIVATION

Differentresearchesfocusedonidentificationofthesimilaritiesorchangesatfile,methodandclass
level forMSRapproaches.Theauthors targeted techniques thatusesDiff&Mergeoperation in
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