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ABSTRACT

Programslicingisatechniquetodecomposeprogramsdependingoncontrolflowanddataflow
amongstseverallinesofcodeinaprogram.Conditionedslicingisageneralizationofstaticslicing
anddynamicslicing.Avariable,thedesiredprogrampoint,andaconditionofinterestformaslicing
criterionforconditionedslicing.Thispaperproposesanapproachtocalculateconditionedslices
forprogramscontainingmultipleprocedures.TheapproachistermedNode-MarkingConditioned
Slicing (NMCS) algorithm. In this approach, first and foremost step is to build an intermediate
symbolizationofagivenprogramcodeandthenextstepistodevelopanalgorithmforfindingout
conditionedslices.Thedependencegraph, termedSystemDependenceGraph(SDG), isused to
symbolizeintermediatepresentation.AfterconstructingSDG,theNMCSalgorithmchoosesnodes
thatsatisfyagivenconditionbytheprocessofmarkingandunmarking.Thealgorithmalsofindsout
conditionedslicesforeveryvariableateverystatementduringtheprocess.NMCSalgorithmemploys
astacktosavecallcontextofamethod.FewedgesinSDGarelabeledtoidentifythestatementthat
callsamethod.Theproposedalgorithmisimplemented,anditsperformanceistestedwithseveral
casestudyprojects.
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Note: This is an extended version of the paper published in Proceedings of 3rd International 
Conference on Computational Intelligence in Data Mining (ICCIDM 2016),Bhubaneswar,2016
(Sahuetal.,2016).

1. INTRoDUCTIoN

Programslicingisadecompositiontechniqueutilizedtodecomposeprogramsdependingoncontrol
flowanddataflowamongstseverallinesofcodeinaprogramcode.Itisakindofprogramanalysis
technique.Ittakesoutstatementsrelatedtocomputationofavariable’svalueataspecifiedpointin
program.Thepulledoutstatements,containingassignmentandpredicatestatements,constitutea
programslice.Thesestatementsmayaffectorbeaffectedbyvalueofvariablevatprogramlocation
l.Asliceiscomputedbyemployingaslicingcriterion.Thetuple< l, v >isregardedasaslicing
criterion.Theslicemaybestaticordynamicaccordingtoinputtoprogramcode.Itissaidtobestatic
whenitextractsallstatementsfromaprogramcodew.r.t.aslicingcriterionregardlessinputtoprogram
(Weiser,1981).Ontheotherhand,itissaidtobedynamicwhenallstatementsfromaprogramare
extractedw.r.t.aslicingcriterionforaspecificinputtoprogramcode(Korel&Laski,1988).

Programslicesarecomputedintwosteps.Thefirstandforemoststepisconcernedwiththe
constructionofanintermediatesymbolizationofprogramcode.Innextstep,analgorithmisapplied
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tothatintermediaterepresentationtofindoutslices.Programslicinghasbeenemployedinmany
areasofsoftwareengineeringlikedebugging,softwaremaintenance,testing,functionalcohesion,
softwarerefactoring,softwarequalityassurance,etc.

Conditionedslicingisageneralizationofstaticslicinganddynamicslicing(Canforaetal.,1998).
Aconditionedsliceisintheformofatuple<Pr,lc,q>,wherePrisacondition,lcisarequiredstatement
inprogramcodeandtisavariable.Conditionedslicingputsawaythosechunksoforiginalprogram
thatcannotaffectvariablesatrequiredstatementuponsatisfactionofconditions.Aconditionedslice
iscomputedintwosteps:first,theprogramissimplifiedwithrespecttoconditionprovidedinslicing
criterion.Thus,statements,notsatisfyinggivencondition,areremoved.Then,asliceiscomputedon
thereducedprogram.Thereducedprogramisreferredtoasaconditionedprogram.Moredetailson
conditionedslicingcanbeobtainedin(Canforaetal.,1998;Chedaetal.,2008;Danicicetal.,2000;
(Danicicetal.,2004;Foxetal.,2004;Harmanetal.,2001;Hieronsetal.,2002).

Motivation
Staticslicingdoesnottakeintoaccounttheinformationaboutexecutionstateoftheprogramcode.
Thus,staticslicesareconstructedirrespectiveoftheinputtotheprogramcode.Dynamicslicing
utilizesthecompleteinformationaboutexecutionbehavioroftheprogram.Thus,dynamicslicesare
dependentoninputtoprogramcode.Theremustbeaslicingtechniquethatpreservestheexecution
behaviorof theprogramand is independentof input to theprogram.Conditioned slicing solves
thisproblembycomputingtheslicesataparticularprogrampointforavariablewithrespecttoa
condition.Nowadays,mostoftheprogramsareinterproceduralinnature.Thereishardlyanywork
doneonconditionedslicingofinterproceduralprograms.Thispaperdemonstratesatechniqueto
findoutconditionedslicesofprogramscontainingmultipleprocedures.

objectives
Theobjectiveofthisworkistoproposeanalgorithmtodetermineconditionedslicesofinterprocedural
programsusinganintermediaterepresentation,adependencegraph.Theauthorsalsoaimatcomputing
slicetimeforvariousprogramsofdifferentlinesofcode.

The structure of the rest of paper is done as per following ways. Section 2 delivers some
backgrounddetailsoftheproposedtechnique.InSection3,literaturesurveyisdiscussed.InSection4,
theproposedapproach,i.e.,Node-MarkingConditionedSlicing(NMCS)algorithmforinterprocedural
programsisdiscussed.Section5outlinescomplexityanalysisofNMCSalgorithm.InSection6,the
correctnessofNMCSalgorithmisestablished.Section7providestheimplementationandexperimental
resultsoftheproposedtechnique.Section8providesconclusionsandfutureworks.

2. BACKGRoUND

Thissectiondiscussessomebasicconceptsrequiredtounderstandtheproposedwork.

2.1. System Dependence Graph (SDG)
Severalresearchershavecontributedtowardstheareaofprogramslicing.Foragivenslicingcriterion,
aslicecanbedeterminedmanuallyforasimpleprogramwithlesscomplexity.But,withincreasing
sizeandcomplexityoftheprograms,automaticslicecomputationisof

greatestimportance.Currentautomatedslicingtechniquesrequirethattheinformationavailable
inaprogramsourcecodebefirsttransformedintosomeintermediaterepresentationandthenthe
slicingtechniquebeapplied.Thedifferenttypesofprogramrepresentationsincludecontrolflow
graph (CFG), program dependence graph (PDG), system dependence graph (SDG). Details of
programrepresentationscanbediscovered in (Binkley&Gallagher,1996;Horwitzetal.,1990;
Mohapatra,2005).
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