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ABSTRACT

Changes in software systems are inevitable. Identification of change-prone modules can help
developers to focus efforts and resources on them. In this article, the authors conduct various
intra-projectandcross-projectchangepredictions.Theauthorsusedistributionalcharacteristicsof
datasettogenerateruleswhichcanbeusedforsuccessfulchangeprediction.Theauthorsanalyzethe
effectivenessofmeta-heuristicdecisiontreesingeneratingrulesforsuccessfulcross-projectchange
prediction.Theemployedmeta-heuristicalgorithmsarehybriddecisiontreegeneticalgorithmsand
obliquedecisiontreeswithevolutionarylearning.Theauthorscomparetheperformanceofthese
meta-heuristicalgorithmswithC4.5decisiontreemodel.Theauthorsobservethattheaccuracyof
C4.5decisiontreeis73.33%,whereastheaccuracyofthehybriddecisiontreegeneticalgorithmand
obliquedecisiontreeare75.00%and75.56%,respectively.Thesevaluesindicatethatdistributional
characteristicsarehelpfulinidentifyingsuitabletrainingsetforcross-projectchangeprediction.
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1. INTRodUCTIoN

Change-proneness is the likelihood that a particular class will be changed in future versions of
software(Tsantalis,2005).Duetotheincreasingsize,complexity,changingdemandsofcustomer
etc.,thechangesinsoftwareareunavoidable.Incorporatingthesechangesisessentialbutatthesame
time,requireshugeamountofresources.Additionally,changesinoneclassmayalsofurtherlead
tochangesintheotherclasses.Thelargestpercentageofthesoftwaredevelopmenteffortisspent
onreworkandmaintenance(Brooks,1974).Duetheavailabilityoflimitedresources,itisusefulto
identifysomeclasseswhichmaybemorepronetochangesinfutureascomparedtotheotherclasses.
Duringtheinitialphasesofsoftwaredevelopmentlifecycle,weidentifythechangeproneclasses
withthehelpofsoftwaremetrics.Identificationofsuchclasseswillallowthedevelopersandtesters
topayfocusedattentiononthem,thus,leadingtojudiciousallocationoflimitedresourcesinterms
oftime,moneyandmanpower.

Buildingapredictionmodelrequirestrainingdata.Incaseofchangeprediction,thetraining
dataisthelargeamountofhistoricaldataoftheproject.Intra-projectchangepredictionmodelsuse
historicaldataofthesameprojecttopredictchange-proneclasses.Butsometimes,thehistoricaldata
mightnotbeavailablelikeinthecaseoffirstversionofsoftware.Cross-projectchangeprediction
referstopredictingchange-proneclassesfromtrainingdataofotherprojects.Itisimportanttofind
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suitabletrainingdataforpredictingchange-proneclasses.Oncethetrainingdataisidentified,the
modelscanbeconstructedandthosemodelscanbeusedtopredictchangeproneclassesofsome
otherdata/project.Thishasmotivatedtheauthorstoconductintra-projectandcross-projectprediction,
followedbygeneratingrulesforsuccessfulselectionoftrainingdata.Althoughworkhasbeendonein
cross-projectdefectprediction,butverylessworkhasbeendoneoncross-projectchangeprediction.

In this work, the authors have performed intra-project and cross-project change prediction
using ensemble learners, viz. Adaboost, Bagging, Logitboost and Random Forest. For selecting
suitabletrainingdata, theauthorshaveusedthesimilarmethodologyasthatusedbyHe(2012).
He(2012)useddistributionalcharacteristicsoftrainingdatasetandtestingdatasettocreaterules
forcross-projectdefectprediction.Forgeneratingrules,theauthorshaveconstructedmodelsusing
evolutionaryalgorithms.

Evolutionaryalgorithmsareatypeofmeta-heuristicoptimizationalgorithmsthatsearchspace
ofcandidatesolutions.Evolutionaryalgorithmsneedverylittledomainspecificknowledge.Such
algorithms are inspired by the principle of evolution and natural selection. They make use of a
qualityfunctiontocreateasetofcandidatesolutions.Thequalityorfitnessfunctionrepresentsa
heuristicestimateofsolutionquality.Apopulationofthesecandidatesolutionsischosentoseed
thenextgenerationbyapplyingvariousoperatorslikereproduction,recombinationandmutation.
Theseoperatorsoptimizethefitnessofsolutionovergenerationsuntilafixednumberofiterations
oruntilagoodenoughsolutionhasbeenfound(Harman,2010).Theyarebestsuitedtobeapplied
ontheprojectwithvaryingcharacteristicsastheyarerobust,flexibleandcanhandleimbalancedand
noisydata.Despitethestatedadvantagesofevolutionaryalgorithms,theyhavenotbeenappliedin
thedomainofcross-projectchangepredictiontothebestofauthors’knowledge.Thus,theauthors
haveusedevolutionaryalgorithmsforgeneratingrulesforsuccessfulcross-projectchangeprediction
becauseofthefollowingreasons:1)Incross-projectchangeprediction,thepredictionmodelcreated
fromaprojectareappliedtodifferentprojectshavingdifferentcharacteristics.2)Thedatagathered
fortheexperimentsfromtheopensourcesoftwarerepositoriescontainsnoisyandimbalanceddata.
3)Duetotheself-optimizingnatureofevolutionaryalgorithms,theymayproducegoodclassification
rulesforcross-projectchangeprediction.

Inthiswork,theauthorshaveuseddecisiontreetechniquestogeneraterules.Thedecisiontree
techniquesareusedasthereproducedordiscoveredknowledgeneedstobeexpressedintheformof
rules.Thiswayofrepresentingtheknowledgeiseasilycomprehensiblebythereadersandthus,is
preferredoverotherknowledgerepresentationmethods.Therulescanbeeasilyreadandanalyzed
inatree-structuredmodel.Inadditiontothis,theconstructionofdecisiontreeclassifiersdoesnot
requireanydomainknowledge, thus it isappropriateforexploratoryknowledgediscovery.Once
therules(If-thentype)areformed,thensuitabletrainingdatacanbeselectedtocreateamodelthat
predictsthechangeproneclassesoftheunseeninstancesofsomeotherdata.

TheevolutionarytreebasedalgorithmstheauthorshaveusedareHybriddecisiontreegenetic
algorithm(Carvalho,2004)andObliquedecisiontreewithevolutionarylearning(Cantu-Paz,2003).
Inadditiontoevolutionaryalgorithms,authorshavealsousedaMachineLearning(ML)decision
treetechnique,C4.5whichwasusedbyHe(2012)forgeneratingrulesindefectpredictionstudies.
Thus,thiswillallowustoexploreandcomparetheperformanceoftraditionaldecisiontreetechnique
withevolutionarydecisiontreetechniques.

Theresearchquestionsaddressedinthispaperare:

1. Doesintra-projectchangepredictionworkbetterthancross-projectchangeprediction?
2. Candistributionalcharacteristicsbeusedforselectingsuitabletrainingsetforpredictingchange-

proneclasses?
3. Can evolutionarydecision tree algorithmsgive comparableor better results than traditional

decisiontreeforselectingsuitabletrainingset?
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