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ABSTRACT

Software change prediction (SCP) is used for the prediction of changes earlier in the software
developmentlifecycle.Itidentifiesthefilesthatarechangeprone.Softwaremaintenancecostscan
bereducedwiththehelpofaccuratepredictionofchange-pronefiles.MostoftheliteratureofSCP
dealswiththeidentificationofaclassaschangeproneornotchangeprone.Inthepresentwork,the
amountofchangeinawebprojectintermsoflineofcodeadded(loc_added),lineofcodedeleted
(loc_deleted),andlinesofcode(LOC)arepredictedusingtimeseriesforecastingmethodofmachine
learning. Data of web projects is obtained from GIT repository using Pydriller Python package
extractor.Theobtainedresult showed thatsupportvectormachine (SVM) isgoodforprediction
ofloc_addedandloc_removedwhiletherandomforestisgoodforthepredictionofLOC.Results
advocatetheusemachinelearningtechniquesforforecastingchangesamountinwebprojects.
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1. INTROdUCTION

Intoday’seraofautomationsoftwaredevelopmentprocesshasdrasticallychanged.NowadayDevOps
has improved the softwaredevelopmentprocess (Freeman,2019).DevOps reduces the software
developmentlifecyclebycombiningdevelopmentwithIToperationsanddeliversqualitysoftware.
DevOpsadvocatesuseofdifferenttoolsfordevelopmentofqualitysoftware.Differenttoolslike
Docker,Ansible,Git,Puppet,JenKinsetc.areverypopularamongDevOpsengineers.Gitstoresthe
codeduringprojectdevelopmentanditcanbeusedforsoftwarechangeprediction.Softwarechange
predictionisneededforcostreductionasithelpsinproperallocationofresourcesduringthetesting
andmaintenancephase.Earlierstudiesofsoftwarechangepredictionshaveconsideredtheproblem
asclassificationinwhichamoduleisclassifiedaschangeproneornot.Inthepresentworkquantity
ofsoftware,changesareforecastedusingmachinelearning-basedtimeseriesforecasting.Intime
seriesforecastingapredictionmodeliscreatedwhichisusedforpredictionoffutureeventsbased
onpastevents.Softwareevaluationisacontinuousprocessandchangeinsoftwarecomeswiththe
time,predictionofsoftwarechangesi.e.addition,deletion,orupdatinglineofcode.Predictionofthe
numbersoflinesthatwillbeadded,deleted,orupdatedinthefutureisusefulfortheallocationof
resourcesformaintenance.Malhotra&Khanna,(2019)haveevaluateddifferentmodelsofSoftware
changepredictiontheyhaveexploredsearch-basedtechniquesandmachinelearningtechniquefor
this.Malhotra&Khanna(2017)haveusedimbalanceddatasetwhereclassdistributionisunequalfor
changeproneclasses.Theypredictedchangeproneclassesusingsamplingmethodwithmetacost
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learners.Theauthorsadvocatedusingresamplemethodswiththereplacementforsoftwarechange
predictioninanimbalanceddataset.Malhotra&MeghaKhanna(2018)havepresentedaPSOensemble
techniqueforsoftwarechangeprediction.Theyhaveusedweightedvotingtechniquesforsoftware
changeprediction.Theproposedensembleiscomparedwithmachinelearningtechniques.Goulão
etal.(2012)haveusedARIMAtimeseriesforecastingmethodforeclipsechangerequesttracking.
Achangerequestmaybeduetothepresenceofthedefect.TheARIMAgivesseasonalpatternsand
validationisdonebyforecastingchangefornextmonths.Changesinsoftwaremayoccuratanystage
ofthedevelopmentcycle.Sometimeschangesdoneatoneplacedon’tfittorestofthesystem.Impact
ofchangemustbehandleproperlytomaintainconsistencyandintegrityofthesoftwaresystem.For
maintainingintegrityofthesystemstakeholdersanddevelopersmustfocusonhowchangecanaffect
restofthesystemandwhatshouldbemodifiedtomaintainconsistencyofthesoftware.Change
impactanalysisisperformedtomeasuretheeffectsofsoftwarechanges.LindvallandSan(1998)have
discussedRequirements-drivenimpactanalysis(RDIA)thatidentifiessetofentitiesthatneedtobe
changeduetochangesinrequirements.Anumberofrequirementsandexistingsystemisgivenas
inputandouputissetofentitiesthatneedtobechanged.OutputofthisRDIAishelpfulforproject
planningandcostestimationofprojectduetochangevolumeofsoftware.Catolino&Ferrucci(2019)
haveappliedensembletechniquesfortheSoftwarechangeprediction.Ensemblemodelsarecreated
basedonthedifferentmetricsanddifferenttypesofmachinelearningtechniquesareused.Ensemble
techniqueshaveusedvarious standardmachine learningclassifiersasbaseclassifiers.Tenopen
sourcesystemsandtheir33differentreleasesareusedforexperimentalpurposes.Theresultsfind
RandomforestasthebesttechniqueforsoftwarechangepredictionintermsofF-measure.Yongxin
Geetal.(2018)havecreatedamodelofcross-projectbasedsoftwarechangeprediction.DeepMetric
Learningmodelisproposedfortheclassificationofthefileaschangepredictionornot.Anover-
samplingmethodisusedtotrainthemodelforanimbalanceddataset.Severalchangeprediction
datasetswereusedforshowingtheeffectivenessofchangeprediction.MalhotraandKhanna(2019)
havegivenanoveldynamicfitnessfunctionbasedsoftwarechangepredictionmodel.Anadaptive
fitnessfunctionselectionschemeisproposedfordynamicallyselectionoffitnessfunctionofparticle
selectionalgorithmforobtainingbetterprediction.Theirmodelshowedbetterresultscomparedto
singlefitness-basedmodels.EfeandDemirors(2019)haveproposedachangemanagementmodel
forsoftwareprojects,reworkformaintenance,andcostrequiredtomonitorthechanges.Inrecent
yearsTimeseriesforecastingbasedmachinelearningmethodsareappliedindifferentdomainslike
cryptocurrencypriceforecasting(ChowdhuryR.etal.,2020),novelCovid-19forecasting(Zeroual
A.etal.,2020)twittersentimentbasedcryptocurrencypriceforecasting(Kraaijeveld &Smedt,2020)
etc.Hegde,B.etal.(2019)haveusedRecurrentneuralnetwork(RNN)forlungcancerdetection.
Jagannathaetal.(2018)havecomputeddifferentperformancemetricsofsoftwaresystem.Timeseries
forecastingisalsoappliedinsoftwareengineeringresearchliketechnicaldebtofsoftwareproject
forecasting(Tsoukalasetal.,2020),Forecastingofcommitactivityingitrepositorybasedsoftware
projects(Decanetal,2020),softwarevulnerabilityforecasting(Yasasinetal.,2020).Ataxonomy
ofchangesisgivenby(JimBuckleyetal.,2005)anddifferentchangesaffectingfactorsaretimeof
changes,changestypes,changehistory,changefrequencyetc.PeterandRamanna(2003)haveused
two roughsetmethods forobtainingsoftwarechange rules toeffectivelyallocationof resources
duringsoftwaredevelopmentandduringmaintenance.RoughSetExplorationSystem(RSES)has
providedroughsetbasedclassifiersforsoftwarechangepredictionandcomparedtoclassification
algorithms inWekasoftwareusingcross-validation.Fuetal. (2014)haveusedSemi-supervised
LDAtechniqueforautomaticallychangemessageclassification.Domainknowledgeisusedtolabel
samplesandvalidationofproposedtechniqueisperformedonthreeopensourceprojects.Classification
accuracywasfound85%andapproachisapplicabletocross-projectchangeclassification.Change
managementischallenginginsoftwareindustry(Johnes,1996)butinearlierdayschangemanagement
wasmerelyforcodeandtoolswerepoorincodemanagementhoweverotherdocumentsliketext,
planningdocuments,costestimationdocumentsandbugmanagementwerepoorlymanagedand
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