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ABSTRACT

Software exists invarious control systems, suchas security-critical systemsand soon.Existing
programclusteringmethodsarelimitedinidentifyingfunctionalequivalentprogramswithdifferent
syntacticrepresentations.Tosolvethisproblem,firstly,aclusteringmethodbasedonstructuredmetric
vectorswasproposedtoquicklyidentifystructurallysimilarprogramsfromalargenumberofexisting
programs.Next,aclusteringmethodbasedonsimilarexecutionvaluesequenceswasproposed,to
accuratelyidentifythefunctionalequivalentprogramswithcodevariations.Thisapproachhasbeen
applied inautomaticprogram repair, to identify sampleprograms froma largepoolof template
programs.Theaveragepurityvalueis0.95576andtheaverageentropyis0.15497.Thismeansthat
theclusteringpartitionisconsistentwiththeexpectedpartition.
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INTRoDUCTIoN

Clusteringisawidelyuseddataminingtechnology.Aclustergeneratedbyaclusteringalgorithmisa
setofdataobjects,whicharesimilartotheobjectsinthesamecluster,butdifferentfromtheobjects
inotherclusters.Manyclusteringmethodshavebeenproposed,suchashierarchicalclustering,fuzzy
clustering,K-Meansclusteringetc.

Programclusteringreferstotheclusteringtechnologyappliedtothesoftwarefield.Itidentifies
andgroupsprogramswith similarattributes. It iswidelyused inprogramanalysisandsoftware
maintenance,suchascomprehensioncomplexsoftwaresystems(Mahmoud&Niu,2013;Timothy
&Nicolas,2002),optimizingsoftwarearchitecture(Lungetal.2006;Demme&Sethumadhavan,
2012),predictingsoftwaredefects(Seliya&Khoshgoftaar,2007),softwareevolution(Scanniello
&Marcus,2011), to improve thequalityofsoftware.Becausesoftwareexists invariouscontrol
systems,suchasfuzzysystems,security-criticalsystemsandsoon,programclusteringalgorithm
hasreceivedextensiveattention.
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Wetriedtoapplyprogramclusteringinautomaticrepairofstudentprograms.Withthedevelopment
ofMOOCsandonlineeducations,howtoprovidestudentswithautomaticfeedbackandassistance
hasbecomeanurgentproblemtobesolved.Especiallyforthepracticalprogrammingcourses,the
problemismoreurgent.Intheprocessofprogrammingpractice,studentsoftenencountervarious
errorsthatmaketheirprogramsunabletoruncorrectly.However,thecurrenton-lineprogramming
systemcannotpromptstudentsthespecificlocationoferrorsorthefixingscheme.Therefore,itis
ofgreatvaluetoanalyzestudentprogramsautomaticallyandprovidesuggestionsforfixingbugs.

Correct template programs written by teachers can provide useful guidance for bug fixing.
However,writing templates increases theworkloadof teachers, and the templatesprovidedmay
notbecomprehensive.Intheprocessofprogrammingexercisesorexamination,alargenumberof
studentprogramscanbeobtained.Manyoftheseprogramsarecorrectandcanbeusedaspotential
templateprograms.But studentprograms that implement the sameprogramming taskmayhave
similarimplementationformsormaybeimplementedindifferentways.Thisrequiresanalysisof
thesepotential templates, removing redundant similarprograms,and retainingmultipledifferent
implementationsastemplates.Inaddition,intheprocessoffixingbugs,thetemplateprogramsimilar
tothatofthebuggyprogram,canprovidebetterreferencefortherevisionofthebuggyprogram,
andavoidunnecessarymodifications.Thetemplateprogramsidentificationproblemcanbesolved
byprogramclustering.

Mostoftheexistingprogramclusteringmethodsonlyanalyzethestaticpropertiesofprograms
but lack theconsiderationofexecution information.This limits thesemethods in identifying the
functionalequivalentprogramswithcodevariations.Therefore,thepurposeofthispaperistosolve
thisproblemandapplyprogramclusteringinautomaticrepairingofprograms.

Thecontributionsareasfollows.Aprogramclusteringmethodconsideringboththestructural
metricsandexecutionvaluesequencesisproposed.Notonlytheprogramswithsimilarstructurecan
beidentified,butalsotheprogramswithsimilarexecutionbehaviorcanberecognized.Bydoing
this,whethertwofunctionalequivalentprogramsadoptthesamealgorithmcanbejudgedbythe
similarityofexecutionsequences.

RELATED WoRK

State of the Art of Automatic Program Repair
Atpresent,themainresearchobjectofexistingprogramrepairingmethodsisindustrialsoftware
(Gazzolaetal.,2017).Themethodscanbedividedintothefollowingtypes:formalspecification
basedmethodse.g.AutoFix(Peietal.,2014);stochasticevolutionmethodse.g.GenProg(Goueset
al.,2012),AE(Weimeretal.,2013),RSRepair(Qietal.,2014),CapGen(Wenetal.,2018);template-
basedmethodse.g.Prophet(Long&Rinard,2016);constraintsolvingandprogrammingsynthesis,
suchasAngelix(Mechtaev&Roychoudhury,2017),ACS(Xiongetal.,2017),S3(Leetal.,2017),
SemGraft(Mechtaevetal.,2018).However,mostofthesemethodsarebasedontheassumptionof
“sophisticatedprogrammers”,i.e.thereareusuallyafewofsimplebugsinsoftware.However,there
maybeseveralcomplexbugsinastudentprogram.

Yietal.studiedtheperformanceofcurrentpopularindustrialsoftwarerepairtoolsinrepairing
studentprograms(Yietal.,2017).Fourtoolsi.e.GenProg,AE,Prophet,Angelixwereanalyzed.
Theresultsshowedthattherepairrateofthesetoolsislow.Thereasonisthatthetypesofdefects
consideredbythesetoolsarelimited.Thesetoolstypicallymodifyoneerrorata time;however,
studentprogramsoftenhavemoreerrorsintheirprograms,requiringmorecomplexmodifications.
Inaddition,thetestonlytakesintoaccounttheexecutionresultsoftheprogram,withoutconsidering
thebehavioroftheprogramandtheprogrammingspecification,sothatthegeneratedpatchesare
likelytosacrificeotherimportantrequirements.Therefore,thesetoolsarenotsuitableforapplication
instudentprogramrepair.
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