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ABSTRACT

This paperdescribes maintenancsupporttools, CCFinder
and JAAT, for Java programs. CCFinderidentifies code
clonesin Java program. JAAT executesalias analysisfor
JAVA program.

1 Introduction

Maintaining (fixing reportederrors, changingthe software
to somenew ervironmentetc.) large and comple software
systemsrequiresa lot of effort sinceit is very difficult to

understandhe whole of the software andidentify the parts
that shouldbe modified. It is difficult to find up-to-datefig-

uresfor therelative effort devotedto thesedifferenttypesof

maintenance[[7 So,it is necessarjo developthesupporting
methodto eachof the actiity.

Programslicing has been proposedto efficiently localize
faultsin the program[§. By definition, slicing is a tech-
nigue which extractsall statementghat affect someset of
variablesin the program.The setof all extractedstatements
is calleda slice. In orderto extractthe slice, aliasanalysis
is oneof the mostimportantproblems.Whenan expression
refersto a memorylocationwhich is referredto by another
expressionthereis an aliasrelation betweenthoseexpres-
sions.Alias analysisj.e. extractionmethodof suchrelations
is an essentiatechniqueto efficiently extractingslice from
object-orienteghrograms However, themethodhasnotbeen
established.

Ontheotherhandsit is pointedthat codeclonesmakesthe
sourcefiles very hardto modify consistentlymodify. A code
cloneis oneof a codeportionsin sourcefiles thatis identi-
calor similarto eachanother Clonesareintroducedbecause
of variousreasonssuchasreusingcodeby 'cut-and-paste’
or intentionally repeatinga code portion for performance
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enhancement]3 For example,assumeéhat a software sys-
temhasseveralclonesubsystemsreatedy duplicationwith
slightmodification.Whenafaultis foundin onesubsystem,
the engineerhasto carefully modify all other subsystems.
For a large and comple system,thereare mary engineers
who take careof eachsubsystemandmodificationbecomes
very difficult. Variousclone detectiontools have beenpro-
posedandimplemented?2][3] anda numberof algorithms
for finding cloneshave beenusedfor them,suchasline-by-
line matchingfor anabstractedourceprogram,andsimilar
ity detectionfor metricsvaluesof functionbodies.However,
we considetthereareseveral problemsto be solved. For ex-
ample,our pilot experimenthasrevealedthat certaintypes
of clonesseemdifficult to berewritten asa sharedcodeeven
if they arefoundasclones.

This paper describes the maintenance support tools,
CCFinderand JAAT, for Java programs. CCFinder effi-
ciently identifiescode clonesand JAAT executesthe alias
analysidfor largescaleJava programs.

2 Codeclone detection tool: CCFinder

We have devised a clone detectionalgorithm and imple-
menteda tool namedCCFinder The underlyingconcepts
for designingt wasasfollows.

(1) CCFindershouldhave industrial-sizestrength,and be
applicableto million-line sizesystemwithin affordable
computatiortime.

(2) The languagedependenpart of CCFindershould be
limited to small parts, and the tool hasto be easily
adaptableo mary otherlanguages.

(3) CCFinder should detect clones of practical interest
clones. Not only syntactically same portions, but
alsosimilar portionswhich areconsideredo be actual
cloneshave to be effectively extracted.

We have useda simplified sufiix-tree[4] to find clonesprac-
tically andeffectively. Variousoptimizationtechniquesvere
alsohuilt into thetool. Thetool wasinitially developedfor



C and C++, andthen successfullyextendedto Java by two

persondays. Thetool transformsa sourcecodewith trans-
formationrulessothatportionsof interest(but syntactically
not exactly identicalstructuresyanbe detectecanduninter

estingportions(evenwhenthey structurallysimilar) arenot
detected.The uninterestingclone portionsdo not contritute
to reductionof total size of codesincethey are hardto be
megedinto singleportions. It performsan abstractiorof a
tokensequencealledparametereplacemenbeforeexecut-
ing the token-by-tolenmatchingalgorithm. This parameter
replacemenis apre-processf parameterized-matcHj2and
is very effective for cloneswith namesubstitution. Also,

token-by-tolen matchingalgorithmsare ableto find clones
with modifiedline structureswhich cannotbe detectedby

line-by-line algorithm. Token-by-tolen matchingis much
more expensve than line-by-line matchingin computing
compleity. However, we proposeseveraloptimizationtech-
niguesespeciallyfor thetoken-by-tokenmatchingalgorithm,
which enableghealgorithmpracticallyusefulfor large soft-

ware.

We have appliedCCFinderonmillion-lines codesrom JDK,
Qt, Linux, andFreeBSD to evaluateits effectivenesgjuan-
titatively and qualitatvely. The similarity of Linux and
FreeBSD aswell asnatureof JDK, hasalsobeenexplored.
Thetool hasdetectedclonesthataresmallin sizeby them-
selvesbut mary linescanberemovedby rewriting themus-
ing asharedoutine.

3 Aliasanalysistool: JAAT

Alias analysiswas first proposedfor traditional procedu-
ral languagesuchasC andPascal[§. Recentlyprevalent
object-oriented(OOlanguagesuchasC++ and JAvA have
usednew conceptsuchasclass inheritance dynamicbind-
ing and polymorphism Alias analysismethodshave been
proposedior OO programs[§ however, thosedo not con-
sider reuseof analysisresultspreviously obtained,and so
we wereunableto expectefficient aliasanalysisfor OO pro-
gramsin which reusabilityis essential.

In orderto decreasee-computationcosts, modularizethe
alias analysisresultsand computeinner alias relationsand
outeraliasrelations,we proposehe following two steppro-
cedure:

1. Alias flow graph(AFG)construction

2. Alias computatiorusingAFG.

An alias flow graph(AFG) is an undirectedgraph, from
which we can extract FS alias relations. In this section,
we will describethe AFG basedalias analysisalgorithm
for reference-typexpressionssuchasreferencevariables,
classinstancecreationexpressionsand methodinvocations
in JAVA ; however, we can easily adaptthesealgorithms
to computingaliasesgeneratedby pointervariablesof other
languagessuchasC andC++.

We have implementedhe proposednethodasa Java alias
analysistool called JAAT. Using this system,we have exe-
cutedvariousprogramsandobtainedseveral metricsvalues.

This systemconsistsof two subsystemsthe analysissub-
system{ava Alias Analysis Libraries) and the userinter-
face(Ul)subsystemJava Alias Representatiomool).

Theanalysissubsystenwaswritten in C++, andconsistsof
threelibraries, libANTLR(lexical andsyntaxanalyses), lib-
javamm(semantianalysis)andlibAFG(aliasanalysis).Us-
ing theselibraries, we cangeneratehe syntaxtree, the se-
mantictree, AFGs,andMFGsfor eachsourceprogram.

TheUl subsystemvasalsowrittenin C++,andusedGtk——
tool kit. This subsystenmastwo mainfunctions;editingpro-
gramsand visualizing aliaseswith Text Window and Alias
TreeWindow. Oncethe userindicatesan expressionasan
aliascriterion,theUl subsystensendghequeryto the Anal-
ysis subsystemand displaysanalysisresultson the Text
Window andthe Alias TreeWindow.
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LIANTLR[1] is alexer andparsergeneratar



