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ABSTRACT

Thisarticlepresentstheempiricalstudyofmulti-criteriatestcaseprioritization.Inthisarticle,atest
caseprioritizationproblemwithtimeconstraintsisbeingsolvedbyusingtheantcolonyoptimization
(ACO)approach.TheACOisameta-heuristicandnature-inspiredapproachthathasbeenapplied
forthestatementofacoverage-basedtestcaseprioritizationproblem.Theproposedapproachranks
testcasesusingstatementcoverageasafitnesscriteriaandtheexecutiontimeasaconstraint.The
proposedapproachisimplementedinMatLabandvalidatedonwidelyusedbenchmarkdataset,freely
availableontheSoftwareInfrastructureRepository(SIR).Theresultsofexperimentalstudyshowthat
theproposedACObasedapproachprovidesnearoptimalsolutiontotestcaseprioritizationproblem.
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1. INTRodUCTIoN

Softwaretestingisaninvestigationconductedtoprovidestakeholderswithinformationaboutthe
qualityoftheproductorserviceundertest.Softwaretestingdemonstratesthebusinessviewand
helpsinidentifyingtherisksgeneratedduringsoftwaredevelopment(Kumaretal.,2013;Kumaret
al.,2014).Theprominentobjectivesofsoftwaretestingaretomeettherequirementsthatguidedits
designanddevelopment,workasexpectedbyclient,andsatisfytheneedsofstakeholders.Testingis
donetoensurecodeanddataflowcoverageabilityoftheprogram.Thecodecoverageabilityincludes
thestatement,branch,loop,andpathcoverageability.Testingteamhastoensurethatallprogram
elementsareexecutedatleastonce(Kumaretal.,2014;Epitropakisetal.,2015;Lietal.,2007).

Inregressiontesting,executionoftheselectedtestcasesonSUT(SoftwareUnderTest)enhances
theconfidence,reliabilityandqualityofsoftwareproduct(Lietal.,2007).Theregressiontesting
processisconcernedtomaintenancephase.Inregressiontesting,thereisaneedofrerunningthe
alreadyexecutedtestsuiteonsoftwareundertest(SUT)aftermodificationcarriedoutinoriginal
software.Inregressiontesting,testcaseprioritizationisrequiredtoexposethefaultsinSUTatthe
earlyhours.Re-executingthecompletetestsuite isnotpracticalandnotcosteffective.Software
industryrequirescosteffectiveapproachfortestingthesoftwareproductadequatelyduetolacking
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timeandresourceconstraint.Thetestcaseprioritizationapproacheswillmeettherequirementof
softwareindustry(Islametal.,2012;Sunetal.,2013).

For testing a program, a test case is an input value for determining the failure and pass of
program.It isused toensure thevalidationofproductandverificationofprocess.The testcase
optimizationisprocessofidentifyingtheminimalcardinalitysubsetoftestcasesfromthelargepool
oftestcases.Thetestcaseoptimizationiscommonlyconcernwithtestcaseminimization,selection,
prioritization,filtrationandclassification.Thetestcaseoptimizationreducestheefforts;duration
andcostoftestingasitprovidesoptimalsubsetoftestcasesforaudit(Kumaretal.,2011a;Kumar
etal.,2011b;Kumaretal.,2011c).

Testcaseminimizationistheprocessofidentifyingandremovingtheredundanttestcasesfrom
largepoolaccordingtotheobjectivesoftesting.Thissubsetoftestcasesisusedtoaudittheprogram.
Thissubsetattainsthesamevalueofobjectiveastheentirepooldoes.Theidentificationofminimal
cardinalitysubsetoftestcasesfromthelargepooloftestcaseiscalledthetestcaseselection.The
testcaseminimizationreducesthesetpermanentlybyremovingredundantandobsoletetestcasein
thesetwhiletestcaseselectiontemporarilychoosesoptimalorthebestfittestcasesfromthelarge
poolaccordingthetestfitnesscriterion(Kumaretal.,2012;Kumar2015).

Forattainingtheoptimalvalueoftestingobjectivesasearlyaspossible,theranking/ordering/
schedulingoftestcasesisknownastestcaseprioritization.Testcasefiltrationistochunkoutsubset
ofcloselyrelatedtestcasestooptimizetheobjectivesoftesting(Tyagi&Malhotra,2014).Testcase
prioritizationisacriticalproblemofsoftwaretesting.Sinceseveralfactorsmaybeconsideredin
ordertofindthebestorderfortestcases,severalsearch-basedtechniqueshavebeenappliedtofind
solutionsfortestcaseprioritizationproblem(Lietal.,2007;He&Bai,2015).

Geneticalgorithmsareusedtoreordertestcasesinatestsuiteusingexecutiontimeasaconstraint
hadshownthatprioritizationtechniqueisappropriateformanualregressiontestingenvironmentand
explainshowthebaselineapproachcanbeextendedtooperateinadditionaltimeconstrainedtesting
circumstances.Mostof the researchershadexploredgeneticalgorithm,antcolonyoptimization,
linearprogrammingetc.basedapproachestofindoutthesubsetoftestcasesfromalargepoolof
testcasesbutmulti-facetedtestcaseprioritizationhasnotbeenexploredandevaluatedthoroughly
(Sabharwaletal.,2011).

Literaturestudyistheevidencethatmostoftheresearchershaveexploredandappliedthegreedy
algorithmsfortestcaseprioritization.Thesealgorithmsprovidethesuboptimalsolutionsbyidentifying
thelocaloptimalsolutioninsearchspace.Foridentificationoftheglobaloptimalsolutionoftestcase
optimizationproblem,natureinspired,andevolutionaryalgorithmsaremostsuitableandhelpful(Li
etal.,2007;Kumaretal.,2011;Walcottetal.,2006).Someoftheseworksapplyantcolony-based
algorithm,buttheStatementCoveragealongwithtimeconstraintwasnotconsidered.Onthebasisof
faultdetectingcapabilitymanyinterestingresultshavebeenreceivedbutthetestcaseprioritization
basedonstatementcoveragewithtimeconstraintusingAntColonyOptimizationtechniquehasnot
beenexplored.So,thereisstillspacefortheresearcherstoexperimentandvalidatetheantcolony
optimization-basedapproachtofindouttheorderoftestcasesonthebasisofstatementcoverageability
(Singhetal.,2010;Suri&Singhal2011).Inthisstudy,multi-objectivetestcaseprioritizationis
exploredbyapplyingAntColonyOptimizationapproachtomeetindustrydemand.

Antcolonyoptimization(ACO)isnature-inspiredandsearchspacedrivenapproach.Itisbest
suitable for findingsolutionsofCombinatorialOptimizationProblems (COP’s). It alsoprovides
optimalsolutionsofseveralNPhardproblems.Severalreal-lifeproblemssuchasvehiclerouting,
quadraticassignment,scheduling,sequentialordering,routingininternetandothercombinatorial
problemsaresolvedefficientlybyemployingartificialants’systems(Dorigoetal.,1996;Colorniet
al.,1991;Dorigo&Socha2007).

Inthisarticle,ACO,ameta-heuristicandnatureinspiredapproachhasbeenappliedforstatement
coverage-based test case prioritization problem. The proposed approach ranks test cases using
statementcoverageasfitnesscriteriaandexecutiontimeasconstraint.Inthisstudy,multi-objective
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