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ABSTRACT

Regression testing is one of the essential activities during the maintenance phase of software
projects.Itisexecutedtoensurethevalidityofanalteredsoftware.However,asthesoftwareevolves,
regressiontestingbecomesprohibitivelyexpensive.Inordertoreducethecostofregressiontesting,it
ismandatorytoreducethesizeofthetestsuitebyselectingthemostrepresentativetestcasesthatdo
notcompromisetheeffectivenessoftheregressiontestingintermsoffault-detectioncapability.This
problemisknownastestsuitereduction(TSR)problem,anditisknowntobeanNP-complete.The
paperproposesamulti-objectiveadaptedbinarybatalgorithm(ABBA)tosolvetheTSRproblem.
Theoriginalbinarybat(OBBA)algorithmwasadaptedtoenhanceitsexplorationcapabilitiesduring
thesearchforaPareto-optimalsurface.TheeffectivenessoftheABBAwasevaluatedusingsixJava
programswithdifferentsizes.Experimentalresultsshowedthatforthesamefaultdiscoveryrate,the
ABBAiscapableofreducingthetestsuitesizemorethantheOBBAandtheBPSO.
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INTROdUCTION

Assoftwaretestingisknowntobeanexpensiveprocess,open-sourcesoftwareisusuallyreleased
with several bugs; e.g., at the early releases of Mozilla and Eclipse, about 170 and 120 bugs
respectively were reported daily (Abeer Hamdy & El-Laithy, 2020; Abeer Hamdy & Ellaithy,
2020;AbeerHamdy&Ezzat,2020).Itisessentialtodesignacost-effectivetestplanthatdetectsas
manydefectsaspossiblebeforethereleaseoftheopen-sourcesoftwaretoensurethequalityofthe
deliveredsoftware.Especially,duringthemaintenancephase,enhancementsandmodificationsare
madetothesoftware,whichnecessitatesthedevelopmentandexecutionofnewtestcasestotestthe
modifications;inadditiontothere-executionoftheearliertestcases,totestthesoftwarestability
afterenhancements(Catal&Mishra,2013).Testingthebehaviorofthewholesystemundertest
(SUT)beforereleaseandaftereachmodificationiscalledregressiontesting(Leung&White,1989;
Rosero,Gómez,&Rodríguez,2016).Thecostofregressiontestingincreasesovertimeduetothe
increaseinthetestsuitesize.So,itisimportanttofindthesmallestrepresentativesubsetofthetest
suitewithoutcompromisingthefault-detectioncapabilityoftheoriginaltestsuite(Gotlieb&Marijan,
2014;Nadeem&Awais,2006).Thisproblemisknownastestsuitereductionproblem(TSR).One
waytoassessthecapabilitiesofthereducedtestsuite,indiscoveringbugs,isthroughtheutilization
ofafault-basedtestingtechniquecalledmutationtesting.Mutationtestingcalculatesascoreforthe
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testsuitewhichindicatesitscapabilitiesondiscoveringbugsintheSUT(Jia&Harman,2010).The
TSRproblemisknowntobeacombinationaloptimizationproblemthatcanbedescribedasaset
coveringproblemwhichisknowntobeNP-complete(Gary&Johnson,1979).Inpractice,thereis
noefficientsolutionforNP-completeproblems.However,suboptimalsolutionscouldbefoundusing
search-basedoptimization(SBO)algorithms(Chen&Lau,1998).Batalgorithm(BA)isarecentand
efficientSBOalgorithm,whichmimicstheecholocationbehaviorofbatstofindaglobaloptimal
solution(Yang,2010).TheperformanceoftheBAwasreportedintheliteraturetobesuperiorto
otherSBOalgorithmssuchastheparticleswarmoptimization(PSO)(Eberhart&Kennedy,1995;A
Hamdy&Mohamed,2019)andGeneticalgorithms(GA)(AbeerHamdy,2014),overthemajority
ofbenchmarkfunctionsandrealapplications.

Aims and Contributions
Theaimofthispaperistoreducethecostoftheregressiontesting,throughreducingthetestsuite
sizeusingtheBA.Ourcontributionstoaccomplishthisaimaresummarizedasfollows:

• ProposingmodificationstotheOriginalBinaryBatAlgorithm(OBBA)(Mirjalili,Mirjalili,&
Yang,2014)toenhanceitsexplorationandexploitationcapabilities;sotoreduceitsoccasionally
failuretoconvergetoglobaloptimumsolutions.

• FormulatingtheTSRproblemintermsoftwoobjectiveswhichare:thecostofthereducedtest
suiteandthemutationscore.Then,applyingthevariableweightedsummethod(Yang,2011)
toguidetheAdaptedbinaryBA(ABBA)searchforthenon-dominatedsolutionsthatforma
Pareto-optimalsurface.

• EvaluatingtheperformanceoftheABBAagainsteachoftheOBBAandtheBinaryParticle
SwarmOptimizationBPSO(Bansaletal.,2011)insolvingthemulti-objectivesTSRproblem
oversixJavaprogramsofdifferenttestsuitesizesanddifferentnumberofmutants.

Therestofthepaperisorganizedasfollows:Section2introducessomeimportantpreliminaries
for thiswork.Section3discusses theprevious studies that tackled theTSRproblem.Section4
presentsthemulti-objectiveadaptedbinarybatalgorithmforsolvingtheTSRproblem.Section5
discussestheexperimentsandresults.Finally,Section6concludesthepaperandintroducespossible
extensionstothiswork.

BACKGROUNd

TestSuiteReductionProblem

Given:AtestsuiteTS  whichincludesd testcases,andasetofn mutants mu mu
n1

, ,…{ } ,that
shouldbekilledtoprovideanadequatetestingoftheSUT.Eachtestcase tc

j
cankilloneor

moremutantsmu
i
.

Problem:FindanadequatesubsetT S TS
'

⊆ thatcankillasmanyaspossiblenumberofmutants
andincludesasfewaspossiblenumberoftestcases.Thesetwoobjectivesarecontradictory;
thisisthereasonweformulatedtheTSRproblemasamulti-objectiveoptimizationproblem.

Pareto Optimal Concepts
Inmulti-objectiveoptimizationproblems,thereisnosinglesolutionbutasetofmultipletrade-off
solutions(Ngatchou,Zarei,&El-Sharkawi,2005).Thevectorofdecisionvariablesthatoptimizes
theconsideredobjectivefunctionsandsatisfytheproblemconstrainsiscalledaParetofront.Thus,



 

 

18 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/search-based-regression-testing-

optimization/280095

Related Content

Minimization of Energy in Smart Phone Application Development Using Code

Analysis
K. G. Srinivasa, Srinidhi Hiriyannaiahand G. M. Siddesh (2018). International Journal

of Open Source Software and Processes (pp. 48-60).

www.irma-international.org/article/minimization-of-energy-in-smart-phone-application-

development-using-code-analysis/217414

Graph Mining Approaches to Study Volunteer Relationships in

Sourceforge.net
 (2018). Free and Open Source Software in Modern Data Science and Business

Intelligence: Emerging Research and Opportunities  (pp. 117-139).

www.irma-international.org/chapter/graph-mining-approaches-to-study-volunteer-relationships-

in-sourceforgenet/193461

A Multi-Step Process Towards Integrating Free and Open Source Software

in Engineering Education
 (2018). Free and Open Source Software in Modern Data Science and Business

Intelligence: Emerging Research and Opportunities  (pp. 140-150).

www.irma-international.org/chapter/a-multi-step-process-towards-integrating-free-and-open-

source-software-in-engineering-education/193462

Micro Studies of FOSS Ecology
 (2018). Free and Open Source Software in Modern Data Science and Business

Intelligence: Emerging Research and Opportunities  (pp. 67-80).

www.irma-international.org/chapter/micro-studies-of-foss-ecology/193457

Lessons from Constructivist Theories, Open Source Technology, and

Student Learning
Gladys Palma de Schrynemakers (2011). Free and Open Source Software for E-

Learning: Issues, Successes and Challenges  (pp. 39-54).

www.irma-international.org/chapter/lessons-constructivist-theories-open-source/46306

http://www.igi-global.com/article/search-based-regression-testing-optimization/280095
http://www.igi-global.com/article/search-based-regression-testing-optimization/280095
http://www.igi-global.com/article/search-based-regression-testing-optimization/280095
http://www.irma-international.org/article/minimization-of-energy-in-smart-phone-application-development-using-code-analysis/217414
http://www.irma-international.org/article/minimization-of-energy-in-smart-phone-application-development-using-code-analysis/217414
http://www.irma-international.org/chapter/graph-mining-approaches-to-study-volunteer-relationships-in-sourceforgenet/193461
http://www.irma-international.org/chapter/graph-mining-approaches-to-study-volunteer-relationships-in-sourceforgenet/193461
http://www.irma-international.org/chapter/a-multi-step-process-towards-integrating-free-and-open-source-software-in-engineering-education/193462
http://www.irma-international.org/chapter/a-multi-step-process-towards-integrating-free-and-open-source-software-in-engineering-education/193462
http://www.irma-international.org/chapter/micro-studies-of-foss-ecology/193457
http://www.irma-international.org/chapter/lessons-constructivist-theories-open-source/46306

