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ABSTRACT

Systemmodelinginsoftwareengineeringdescribestheprocedureofcreatingademonstrationofa
realsysteminaconceptualwaytoknowthesystembehavior.Thesoftwaretestingpromotesreusing
themodelforthefunctionoftesting,andthisacceleratestestcasegenerationdevelopment.Thetest
casegenerationverifiesthereliabilityofsystemthroughenhancedtestcoverage.Testcasesarethe
setofvariablesorconditionsthatdefinethequalityofproductandlevelofcorrectness.Thisresearch
aimstodevelopamethodnamedspidermonkeyparticleswarmoptimization(SMPSO)algorithmto
generatetestcaseusingUMLdiagram.Accordingly,theproposedalgorithmeffectivelygeneratesthe
optimaltestcasebyUMLdiagramthroughtheconstructionofcontrolgraph.Theproposedmethod
achievedthecoverageas76andgeneratesthenumberoftestcasesas82413.
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Particle Swarm Optimization (PSO), Software Engineering, Software Testing, Test Case Generation, Unified 
Modeling Language (UML Diagram)

1. INTROdUCTION

Inthesoftwaredevelopmentstrategy,thetestcasescanbegeneratedwithUMLdiagrams.Based
onthefunctionality,theproblemsandthebugsareidentifiedearliertosavetime.Thetestcasesare
generatedsuch that irrelevant testcasesarereducedusing theframeworkofobjectsandclasses.
Varioustraditionalmethodsareusedonvariousapplications,likeJava,wherethetestsareeffectively
generatedandexecuted(Dhir,2012).Testingistheprocedureofperformingthesourcecodebyvarying
inputsunderdifferentscenariosandisvariouscontextstoensurewhethertheactualperformanceof
thesystemmettheexpectedbehaviorinallthescenariosandcontexts(Zamani&Hemmati,2021).
Softwaretestingisthecommonandwidelyusedmethodforverifyingthesoftwaresystemandis
generallyusedinrecentdecadesinvariousapplications(SavyanavarandGhorpade,2019;Thakur,
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2018;Kumar,etal.,2020).However,softwaretestingisacomplexactivity(Bertolino,2007;Paiva
et al.,2020).Thesoftwarebecomesmorecomplexandsotestingtheactualbehaviormanuallyisnot
feasibleinthesystem(Moreiraet al.,2017;Paivaet al.,2020).Hence,automaticsoftwaretestisthe
solutiontohandletherestrictionoftimeandthecomputationalcomplexity.However,differentsoftware
testingtoolsareavailablesuchthattheyareclassifiedbasedontheircriteria(Poston&Sexton,1992).
Withregardstothedegreeofautomation,mostofthetoolsonlyautomatetestexecution,whereas
theothersautomatethegenerationofthetestcase,whicharenotrequiredtobeprintedbythetesters
manually,buttheyarestillneededtoexecuteitphysically(Paivaet al.,2020).

TheUMLtestingofferstheconceptsthatconsiderbothsystematicandpragmaticdevelopment
oftheconcisetestmodelsandtestspecifications(Bakeret al.,2004).Variousconceptsareutilizedin
theUMLincludingtestarchitecture,testingtime,andtestbehavior.Thetestarchitectureshowsthe
structuralpropertiesoftestsystemsuchthatitincludestestcontext,thesystemundertest,components
ofthetestandthescheduler.Accordingly,thebehavioroftestshowstheevaluationandactionsthat
arerequiredtodefinethegoaloftest.Thebehaviorsapproachesareutilizedtoindicatethebehavior
ofthescheme.Someinstancesofthebehaviordiagramsisstatemachines,interactiondiagrams,and
activitydiagramssuchthattheyareusedtodefinetestcontrol,teststimuli,actionsandcoordinations.
Thetesttimeconceptisusedtocompletetheconceptrequiredformodelingthetestandthetiming
conceptscontaintimersandtimezonesinUMLforcontrollingandmanipulatingthebehaviorofthe
testandtointegratethecomponentswithinthedistributedsystem(Dhir,2012).Inthepastdecades,
UMLbasedtestingmodelfacessomechallengesinthecomplexandlargesoftwareindustrysystem.
However, the integrationofUMLspecification in thesoftwaredevelopmentsystemchanged the
developmentwayandalsoitchangesthetestingprocess.Moreover,itcausesshorteningerrorsin
thedesignphase.Ingeneral,executingtheobject-orientedprogramcanstartwiththeinstantiation
ofthingsandthereaftermessageispassedtooneoftheobjectsoritselftoprocessthecalculation.
However,messagesareusedtospecifythedynamicobservationofstructureintheUMLbehavioral
model.Withtestingperspective,theUMLtransitionsequencefromvariousartifactsoffersessential
informationregardingthemessages,likereceiverorsenderobject,guardconditionsandassociated
parameters(Shirole&Kumar,2013).

To automatically generate the test cases, the tools utilize the software models and certain
coverage factors forguiding them(Jena,etal.,2014; Jena,etal.,2015a; Jena,etal.,2015b). In
mostthetime,suchschemesdonotexistandmaybeoutdatedanditismorecomplextoreviseor
constructthem.However,inthiscase,generatingatestcasecanresorttosomeexternalartifacts
(Paivaet al.,2020).Varioussolutionsaredevelopedinrecentdecadesforautomatingthetestcase
generationprocessamongwhichthesearchbasemethodismoreeffectiveindifferentdomainsand
systems(Aliet al.,2009;Harman&Jones,2001;McMinn,2004;Zamani&Hemmati,2021).Onthe
otherhand,variouspubliclyavailabletools,likeEvoSuiteareconsideredtestingtheJavaprograms
suchthattheyareregularlymaintainedandincreased(Fraser&Arcuri,2011;Zamani&Hemmati,
2021).Thegenerationof thetestcase(Jena,etal.,2015c;Panigrahi,etal.,2018)hasgainedan
importantroleinthetestingmechanism.Theprocessoftestingmanuallyexhausts40to70%oftime
aswellascostinthedevelopmentofsoftwareprocess(Maragathavalli,2011).Differentautomatic
methods(PanigrahiandJena,2020;Panigrahi,etal.,2021;PanigrahiandJena,2021)aredesigned
forgeneratingtestcasestosolvetheissuesoftimeexpenditureinthephysicaltestingprocedure.The
search-basedtesting(SBT)isthemethodemployedtocreatetestcaseswithouthumanintervention.
Thesoftwaretestingbymetaheuristicorsearchingmethodsiscalledsearch-basedtesting(McMinn,
2011).Differentmetaheuristicmethods,namelyPSO,Tabusearch,geneticalgorithm(GA)(Swamy,
etal.,2013;George,etal.,2012),cuckoosearch,antcolonyoptimization,simulatedannealingand
hillclimbingaresuccessfullyusedinthegenerationoftestcases(kulkarni&Senthil,2019;Srinivas
&Santhirani,2020;Sahoo&Ray,2020).

ThisresearchisdesignedtomodelanewoptimizationalgorithmnamedSMPSOalgorithmto
createoptimaltestcasesfromthePetriNetMarkupLanguage(PNML)data.Theproposedmethods
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