
DOI: 10.4018/IJOSSP.2019010102

International Journal of Open Source Software and Processes
Volume 10 • Issue 1 • January-March 2019


Copyright©2019,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



16

Using Design of Experiments to 
Analyze Open Source Software Metrics 
for Change Impact Estimation
Miloud Dahane, Université Oran1, Oran, Algeria

Mustapha Kamel Abdi, Université Oran1, Oran, Algeria

Mourad Bouneffa, Université du Littoral Côte d’Opale, Dunkirk, France

Adeel Ahmad, Laboratoire d’Informatique Signal et Image de la Côte d’Opale, Calais, France

Henri Basson, Université du Littoral Côte d’Opale, Dunkirk, France

ABSTRACT

Softwareevolutioncontrolmostlyreliesonthebetterstructureoftheinherentsoftwareartifactsand
theevaluationofdifferentqualitativefactorslikemaintainability.Theattributesofchangeabilityare
commonlyusedtomeasurethecapabilityofthesoftwaretochangewithminimalsideeffects.This
articledescribestheuseofthedesignofexperimentsmethodtoevaluatetheinfluenceofvariations
ofsoftwaremetricsonthechangeimpactindevelopedsoftware.Thecouplingmetricsareconsidered
toanalyzetheirdegreeofcontributiontocauseachangeimpact.Thedatafromparticipantsoftware
metrics are expressed in the form of mathematical models. These models are then validated on
differentversionsofsoftwaretoestimatethecorrelationofcouplingmetricswiththechangeimpact.
Theproposedapproachisevaluatedwiththehelpofasetofexperienceswhichareconductedusing
statisticalanalysistools.Itmayserveasameasurementtooltoqualifythesignificantindicatorsthat
canbeincludedinaSoftwareMaintenancedashboard.
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1. INTRODUCTION

Thesoftwaremaintenanceorevolutionisanessentialstepinthesoftwarelifecycle.Severalworks
have,formanyyears,highlightedtheimportanceofmaintenanceand/orevolutionofthesoftwareand
haveestablishedseveraltaxonomies(Gasmallahetal.,2016).Theoldesthaveallowedtoconsider
threekindsofmaintenance(Swanson,1976):correctivemaintenanceleadingtoremovetheresidual
errorsorfaults;adaptivemaintenancethatconsistsofadaptingthesoftwaretochangesaffectingboth
itstechnicalormanagerialenvironmentsliketheevolutionofthedeploymentinfrastructuresorthe
changeofsomeregulationpolicies,etc.Theperfectivemaintenanceincludeschangesintendedto
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improvethesoftwarebyintroducingnewfeaturesorimprovingsomequalitycriteria,etc.In(Chapin,
2000),theauthorintroducesanewmaintenancetypecalledpreventivemaintenanceasthechanges
leadingtomakethesoftwaremoreabletoevolveandthentochange.Inotherwords,thechanges
inducedbythislastkindofmaintenancemakesitpossibletoimprovethemaintainabilitycriterion
ofthesoftwarewithoutaffectingthefunctionalitiesorperformanceofsuchasoftware.

Inthiswork,wedonotintentionallymakeanydifferencebetweenmaintenanceandevolution,
althoughthesetwoconceptshavebeensubjectstonumerouscomparisons.Maintenanceisoftenseen
asanengineeringprocessinwhichacademicresearchhasdelineatedandcharacterizedthestages,
theactivitiestobecarriedout,theactorsandresourcestobeimplemented,etc.Inotherwords,the
conceptofmaintenanceistheresultofakindofmorphismbetweentheindustrialworldandthe
softwaredevelopmentactivity.Thetermsoftwareevolutionistheresultofworks(Lehman&Ramil,
2002.)aimedatunderstandingthephenomenonofchangeaffectingthesoftwareartifacts.Forexample,
Lehmann’slawsofevolutionattempttoexplainhowthesoftwareevolvesduringmanyyearsuntil
becomingobsolete.Theselawsaretheresultofempiricalstudiesconductedoverseveralyearson
softwareusedontherealworld.Inthesameway,BenettandRajlichdrewup(Benett&Rajlich,
2000)asoftwarelifecycledesignednotasameanstodevelopthesoftwarebutasanexplanationof
howsoftwareisproduced,evolved,maintained,andeventuallyremovedfromtheinformationsystem.

Asfarasweareconcerned,weindifferentlyusethetermsmaintenanceorevolution.Whatwe
areparticularlyinterestedin,isthenotionofthesoftwarechangeandmorespecificallytheChange
ImpactAnalysis(Abdietal.,2009;Sunetal.,2012).Itisclearthatoneofthemajorconcernsof
thesoftwaredevelopmentstakeholdersistobestcontrolthechangeprocessandthenthesoftware
maintenance/evolutionone.Infact,anuncontrolledchangecanquicklyleadtoaslippageinterms
ofproject’scostandtime.Duringmorethanfourdecades,manyworkshaveaddressedthisproblem
makingthemaintenancethemostimportantcostfactorofallthesoftwaredevelopmentprocess(Folmer
&Bosch,2008;Guptaetal.,2008).Inaddition,accordingtoISO250010Model(ISO,2011)(José
etal.,2014),maintainabilityorscalabilityisoneofthemaincomponentsofthesoftwarequality.

In this work, we are interested in estimating the impact of the software change but from a
quantitativepointofview.Inotherwords,wetrytoproduceamodelbasedonmathematicalequations
allowingustoestimate,inaway,thecostofthechangeofagivensoftware.Itreflectstheimpactof
changeintermsofthelinesofcodetobefurthermodified,asaneffortrequiredtoadaptthechange.
Indeed,amodification inasoftwaredevelopment results inchangesmade in thesourcecode in
ordertoimproveorcorrectitsoperation.Thesechangesincludeanychangeaffectinganyelement
ofthesoftware(variable,method,orclass).Thiscanbe,forexample,deletingavariable,changing
thescopeofamethod,ormovingthelinkbetweenaclassanditssuperclass,etc.Achangecanhave
dramaticandunexpectedeffectsontherestofthesystem.Thedangerofmodifyingasoftwareelement
consistsoftheoccurringofundesirablesideeffects.Toavoidthesesituations,itwouldbeinteresting
toestimatethechangeimpactbeforemakingthechange.Thequestionthatarisesatthisstageisthe
choiceoftheknowledgetobeusedtomakethisestimate.AccordingtoChidamberandKemerer
(Santosetal.,2017),acodeischaracterizedbyanumberofmeasuresreflatingitsstructure.Thisis
aninterestingbaseforestimatingtheeffectofchanges.Forthis,weproposeinthisworktostudy
thefeasibilityofestimatingthechangeimpactthroughthesemetrics.Inotherwords,weproposeto
modeltherelationshipbetweenthechangeimpactandtheso-calledcouplingmetrics.

Intherestofthearticle,insection2weshowtheworksconcerningthechangeimpactestimation
approaches.Thesection3isdedicatedtorecallsomefacetstomeasurethecouplingmetricbetween
classes.Insection4wedescribetheresearchmethodologywefollowtoquantifythechangeimpact
byconsideringtheevolutionofcouplingmeasurementsormetricsonseveralversionsofthesoftware.
Theexperimentationofthismethodaswellastherobustnesstesttowhichtheproposedmodelwas
submittedarepresentedinsections5and6.Insection7,ananalysisofthefactorsinfluenceismade
whilecitingstudiesthatconvergedtothesameresults.Lateron,insection8,weconcludethiswork
byshowingthelimitsofitsuseandoutlineitsperspectives.
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