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ABSTRACT

Softwareclonedetection isawidely researchedareaover the last twodecades.Codeclonesare
fragmentsofcodejudgedsimilarbysomemetricofsimilarity.Thispaperproposesanapproach
forcodeclonedetectionusingdynamictimewarpingtechnique(i.e.,DTW).DTWisawell-known
algorithmforaligningandmeasuringsimilarityof timeseriesandithasbeenfoundeffectivein
manydomainswheresimilarityplaysanimportantrolesuchasspeechandgesturerecognition.The
proposedapproachfindsclonesinthreesteps.Firstsoftwaremodulesareextracted.Then,theextracted
modulesareturnedtotimeseries.Finally,thetimeseriesarecomparedusingtheDTWalgorithm
tofindclones.Theresultsoftheexperimentconductedonawell-knownBenchmarkshowthatthe
approachcandetectcloneseffectivelyinsoftwaresystems.
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INTRoDUCTIoN

Softwareclonedetectionisawidelyresearchedareaoverthelasttwodecades(Rattanetal.2013;
Sainietal.2018;Wangetal.2018;Farmahinifarahanietal.2019).Codeclonesaregenerallythe
resultofacopy-pastepracticethatconsistsofcopyingacodefragmentfromsomeplaceinasource
codeandtheninsertingitas-isoraftermakingsomemodificationsinanotherplaceinthesource
code.Thisapproachiswidelypracticedbyprogrammerstoreuseandadaptexistingcode.Previous
studiesindicatethat9%to17%ofthesourcecodeofsoftwaresystemsareclones(Riegeretal.2004).
Thestudiesshowalsothatinsomesoftware50%ofthecodeiscloned(Zibran,2011).

while cloning increases productivity of programmers, it leads to software code with many
duplicatedcodefragments(i.e.,codeclones)whichharmthequalityoftheproducedsoftwareand
increasethemaintenancecosts(Kapser&Godfrey,2006).Themaintenanceactivityisacostlyactivity
insoftwareengineeringlifecycleandthepresenceofcloneswillmakeitverycostly.Forexample,if
bugisfoundandfixedinsomefragment,itisnecessarytovisitallitsclonestofixthebug.

Therefore, it is important to detect clones in order to effectively manage them. A typical
managementprocessencapsulatesactivities thataimatdetecting,avoidingand removingclones
(Giesecke,2007).
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Despitethattheliteratureproposedmanyapproachestodetectclonesinsoftwaresystems,they
werefoundineffectiveandtheclonedetectionproblemstillachallengingtask(Bellonetal.2007;
Uddinetal.2011;Murakamietal.2013;Wangetal.2018;Farmahinifarahanietal.2019).

Codeclonesarefragmentsofcodejudgedsimilarbysomemetricofsimilarity(Baxteretal.
1998).Whileresearchcommunitiesproposedavarietyofsimilaritymetricsindifferentfield,only
afewofthemareevaluatedindetectingclones(Rattanetal.2013).

DTW(Berndt&Clifford,1994)isawell-knownalgorithmforaligningandmeasuringsimilarityof
datasequences.DTWhasbeenfoundeffectiveinmanydomainssuchasspeechandgesturerecognition
(Berndt&Clifford,1994;Keogh&Pazzani,2000;Bellman&Kalaba,1959;Salvador&Chan,2004).

Thus,itisimportanttoevaluatetheperformanceoftheDTWalgorithmforclonedetectionin
softwaresystems.

Thispaperproposesanapproachforcodeclonedetectionusingdynamictimewarping.The
proposedapproachisaprocessofthreesteps.Thefirstactivityextractsandpre-processallmodules
(i.e.,methods,functions...)existinginthesoftwaresystem,thesecondactivityturnsmodulestotimes
series(i.e.,datasequences)andthethirdonefindsclonepairsusingtheDTWalgorithm.

AnexperimentisdonetoassesstheperformanceoftheDTWalgorithmindetectingclonestype
I,typeIIandtypeIII.Theresultsoftheexperimentareencouragingandshowthattheproposed
approachhasthepotentialtodetectcloneseffectively.

Therestofthepaperisorganisedasfollows:sectionIIpresentsgeneraltermsanddefinition.
Section III presents the related work, section IV presents the concept of time series, section V
introducestheDTWalgorithm,sectionVIdetailstheproposedapproach,sectionVIIpresentsthe
experimentation and the results, sectionVIII describes threats tovalidity and finally section IX
concludeandoutlinethefuturework.

ReLATeD WoRKS

Manymethods,techniquesandtoolshavebeenproposedforsoftwareclonedetection.
Lingxiaoetal(2005)proposedanefficientalgorithmfordetectingsimilarsubtreesfromthe

treerepresentingthesourcecode.First,Thealgorithmmapssubtreestonumericalvectors.Thena
clusteringalgorithmpartitionsthesevectorsintoasetofclusterswhereeachclustercontainssimilar
subtrees.TheexperimentationdoneusingtheDECKARDtoolshowedthattheapproachisscalable
andaccurate.

Baxter&Yahin(1998)proposedanapproachfordetectingexactandnearmissclonesusing
abstractsyntaxtree.Threealgorithmsareusedtofindclones.thefirstalgorithm,calledtheBasic
algorithm,findssub-treeclones.Thesecondone,namedthesequencedetectionalgorithm,finds
variable-sizesequencesofsub-treeclones.Thethirdalgorithmdetectscomplexnear-missclonesby
generalizingthecombinationsofotherclones.

Cordy&Chanchal(2011)developedtheNICAD(AutomatedDetectionofNear-MissIntentional
Clones)approach.Theapproachworksasfollow.Firstanactivitycalledagileparsingisexecutedto
removenoise,normalizeandsplitprogramstatementsintopartsinordertodetectchangesbyline
wisedifferences.Second,islandgrammarsandagileparsingareusedtoextractcandidateclones.
thirdtheLongestCommonSubsequence(LCS)algorithmwithanumberofstrategiesareusedto
detectclonepairsandtoacceleratetheclonedetectionprocess.

Ducasseetal(1999)proposedanapproachfordetectingcloneswithoutparsingwhichmake
itlanguageindependent.Theproposedprocesstransformssourcecodetolines,pre-processlines
by removingcomments andwhitespaces anddetect clonesby the string-basedDynamicPattern
Matching(DPM)algorithm.Theprocessisacceleratedusinganoptimizationtechniquethatuses
hasfunctionforstring.

JensKrinke (JensKrinke,2001)presented theDUPLIX technique todetect similar code in
programs. the proposed technique detects similar subgraphs in the program dependency graphs
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