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Abstract

Recently, code clone has been regarded as one of factors that make software maintenance more difficult.
A code clone is a code fragment in a source code that is identical or similar to another. For example, if
we modify a code fragment which has code clones, it is necessary to consider whether we have to modify
each of its code clones. It is generally said that code clone is one of bad-smells to be refactored. There
are two ways of maintenance support for code clones. One is to comprehend and manage code clones, and
the other is to remove them. For the former support, we have developed code clone analysis environment
Gemini. For the latter support, several methods have been proposed. But, it is difficult to apply them to
large software because of various reasons such as high time complexity. In this paper, we propose a method
that detects refactoring-oriented code clone in practical use time. And, we develop a characterization of
code clones by some metrics, which suggests how to remove them. Then, we develop refactoring support

environment Aries. We expect Aries can support software maintenance more effectively.
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tail = head;
for(i = 0; i < 10; i++)

tail->next = (struct List *)malloc(sizeof(List));
tail = (List *)tail->next;

tail->i = ;

tail->next = NULL;

) .
a=i

Code fragment A

l

tail->next = (struct List *)malloc(sizeof(List));
tail = (List *)tail->next;

tail->$ = §;

tail->next = NULL;

for($=0; $ < §; $++)
{

Merged fragment

l

tail = getTail(head);
c=100;
for(j=0; j <c; j++)

tail->next = (struct List *)malloc(sizeof(List));
tail = (List *)tail->next;

tail->j = j;

tail->next = NULL;

}
tail = NULL;

Code fragment B
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Fig.1 Example of merging two code fragments
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private void getCommentFileCommand(Commandline cmd) {
if (getCommentFile() != null) {

/* Had to make two separate commands here because
if a space is inserted between the flag and the
value, it is treated as a Windows filename with
a space and it is enclosed in double quotes (").
This breaks clearcase.

*/

cmd.createArgument () . setValue (FLAG_COMMENTFILE) ;

cmd. createArgument () . setValue (getCommentFile());

04 (PG2)000000O0D0OOOOOODODO
Fig.4 Example of Pull Up Method in (PG2)
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public void execute() throws BuildException {
Commandline commandLine = new Commandline();
Project aProj = getProject();

int result = 0;

// Default the viewpath to basedir if it is not specified

if (getViewPath() == null) {
setViewPath(aProj.getBaseDir().getPath());

}

// build the command line from what we got. the format is
// cleartool checkin [options...] [viewpath ...]

// as specified in the CLEARTOOL.EXE help
commandLine.setExecutable(getClearToolCommand()) ;

commandLine.createArgument () . setValue (COMMAND_CHECKIN) ;

checkOptions (commandLine) ;

result = run(commandLine);
if (Execute.isFailure(result)) {
String msg = "Failed executing: " +
commandLine.toString() ;

throw new BuildException(msg, getLocation());

public void verifySettings() {
if (targetdir == null) {
setError("The targetdir attribute is required.");
}
if (mapperElement == null) {
map = new IdentityMapper();
} else {
map = mapperElement.getImplementation();
}
if (map == null) {
setError("Could not set <mapper> element.");

}
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Fig.5 Example of Pull Up Method in (PG3)
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Fig.6 Example of Pull Up Method in (PG4)
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if (lisChecked()) {
// make sure we don’t have a circular reference here
Stack stk = new Stack();
stk.push(this);

dieOnCircularReference(stk, getProject());
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Fig.7 Example of Extract Method in (EG1)
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if (javacopts != null &% !javacopts.equals("")) {
genicTask.createArg() .setValue("-javacopts");
genicTask.createArg() .setLine(javacopts) ;

}
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Fig.8 Example of Extract Method in (EG2)
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if (iSaveMenuItem == null) {
try {
iSaveMenuItem = new Menultem();
iSaveMenultem.setLabel("Save BuildInfo To Repository");
} catch (Throwable iExc) {
handleException(iExc) ;

}
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Fig.9 Example of Extract Method in (EG3)
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if (name == null) {
if (other.name != null) {
return false;
}
} else if (!name.equals(other.name)) {

return false;

}

010 (EG4) 000D000000OODOODOO
Fig.10 Example of Extract Method in (EG4)

70000000000 (EG4H)0D0DDOOOOO
ooo0o0o0000000000000000000O0
retcurn 00 0000000COOOOCCOOOOOO
goooooooooooooboOooooooboo
gooooooood

6. 0 O0OODO

Komondoor O [11] 0 Krinke 0 [12] 000000
goooooooooooooboOooooooboo
goocooooobOoooooboooboooooobooo
poboooobooooooobboooooboobbo
pobooooooboboboooooobooooboobboo
0000000000000 Oreordered 00000

interwined 0 00 0000000000000000
000000000000000000000000
000000000000000000000000
0000000000 O(®?) 000°’*"000000
000000000000000000000000
0000000000000000000000000
00000000000000000000000
0000000000000000J2SDK Standard
Edition 0000000 (0 12700)0000 Aries
0000000004020 00000000000
0000000000t

00 Balazinska 0 [3] 00000000000 [14]
002100000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000 [1¥B00000000000000000000
000000000000000000000000
00000000000 0Balazinska 0000000
000000000000000000000000
0ooooooooo

7. 0 O O

goooooboboobooooooobooboood
goooooobobobobooooooooboood
000000000 Aries0000000O0O Aries O
0ooooooooobooooooooooogod
ooooOooOoOoooOoOoOoOoOoOooooooooo
o0doo0oOooUUooooOoOoooOoOooooooo
00000000O0O0O0O0O0ODOOOOD0ODOO Aries O
000000000000 0000000D0O0 AntO
goooooOoopDoOoOOoOoOoooooog “Pull Up
Method” O “Extract Method” 000000000
0ooooooooobooood

goodoooboboboooooooboboooo
0oooobOoooooobooooooooooboa
oooOooOooUoooooOoooooooooooo
ooo0oooooUoooooooUooooooooon
ooooO0oOooUooooooOoOooOoooooooo
ooooO0oO0oOooOoooooooooOooooooo
00o0o0o0o0ooooooooooooooooon

0b20-~00000000000000
0030 Aries 00000 : OS FreeBSD4.90CPU Xeon 2.8GHzO0O
00 4GB



0000D00D0D0OD xxxx/xx Vol. Jxx—X No. xx

000000000

00 000000000D0000000O0000
0000O0eSociety 0000000000000000
0000000000000 (BY(OODOO: 15700031)
0oooo0ooooo

(10]

(11]

(12]

(13]

10

a O

Ant, http://ant.apache.org, 2003.
B.S. Baker,
algorithms and an application to software mainte-
nance, SIAM Journal on Computing, vol.26, no.5
pp.1343-1362, 1997.

M. Balazinska, E. Merlo, M. Dagenais, B. Lague and
K. Kontogiannis,

Parameterized duplication in strings:

“Advanced clone-analysis to sup-
Proc. the
Tth Working Conference on Reverse Engineering,
pp98-107, Brisbane, Australia, Nov. 2000.

I.D. Baxter, A. Yahin, L. Moura, M.S. Anna, and L.
Bier, Clone Detection Using Abstract Syntax Trees,

port object-oriented system refactoring”,

Proc. International Conference on Software Main-
tenance 98, pp368-377, Bethesda, Maryland, Mar.
1998.

S. Ducasse, M. Rieger, and S. Demeyer, A Lan-
guage Independent Approach for Detecting Dupli-
cated Code, Proc. International Conference on Soft-
ware Maintenance 99, pp109-118, Oxford, England,
Aug. 1999.

M. Fowler, Refactoring:
existing code, Addison Wesley, 1999.

Y. Higo, Y. Ueda, T. Kamiya, S. Kusumoto and K.

Inoue,

improving the design of

On software maintenance process improve-
Proc. 4th In-
ternational Conference on Product Focused Software

ment based on code clone analysis,

Process Improvement, pp.185-197, Rovaniemi, Fin-
land, Dec. 2002.

oo oo,0o0 oo,00 0oO0,00 00,
gooooooooooooooooooor,
000000 Vol4s, No.5,ppl357-1366.
gooo,0000,0000, “cO00b0oooooor,
00000oooooooO, vol.18, no.5, pp.47-54, Sep.
2001.

T. Kamiya, S. Kusumoto, and K. Inoue, CCFinder:

“Obooo
oooo

A multi-linguistic token-based code clone detection
system for large scale source code IEEE Transac-
tions on Software Engineering, vol.28, no.7, pp.654-
670, Jul. 2002.

R. Komondoor and S. Horwitz, Using slicing to iden-
Proc. the 8th In-
ternational Symposium on Static Analysis, pp.40-56,
Paris, France, Jul. 2001.

J. Krinke, Identifying similar code with program de-
pendence graphs, Proc. the 8th Working Conference

tify duplication in source code,

on Reverse Engineering, pp.301-309, Suttgart, Ger-
many, Oct. 2001.

J. Mayland, C. Leblanc, and E.M. Merlo Experiment
on the automatic detection of function clones in a
software system wusing metrics, Proc. International
Conference on Software Maintenance 96, pp.244-253,
Monterey, California, Nov. 1996.

(14]

(15]

[16]

T.J. McCabe, C.W. Butler design complexity mea-
surement and testing, Communication of the ACM
32, ppl415-1425, Dec. 1989.

M. Rieger, S. Ducasse, Visual detection of duplicated
code, Proceedings ECOOP Workshop on Experiences
in Object-Oriented Re-Engineering, pp.75-76, Brus-
sels, Belgium, Jul. 1998.
gooo,0o00o,000o,0o0o0 “goooooo
goooooooooooooor», ooooooooo
00 D-I, Vol.86-D-1, No.12, pp.863-871, Jun. 2003.

oo0o00o00000o0000n

oo oo

014 0000000000000 16
gooooooooooboooboooooo
gooooooo 10000000000
goooOOoocooooooooooo

oo oo oooo

0s8oOoooOooo0bo0000D0 130
go0000000000o0O0DO00o00
00 00o0o0oooooo (ob)o oo
ooooO0oooooooOoooooooa
(boooooOoooooOoo)yooooo
0o0o0o0o0ooo0ooooooooo

OO0O0IEEEDOOOO

oo 00 oOoOoog

Oesd0O00000O0O0OOO0O 300
gobooooooooooooooooo
oobooo sbooooono 11oood
000 14000000000000000
0oOooo0oooo0 (oo)ooooooo
goooooooooooooboooooo

0o0o0o0o0oooO00o0oO000000000IEEEDJFPUGH
pPpMOOOO

g0 oo oooo

054000000000000 590
goooobOoooooooboooooooon
ooooooosob0e1r0O0OOOOO
goboooooooooobi100000
goooooooo sooooooooo 7
goooooooo (00)oo 140000

gobobooooooooOooooooboOoOoboooOoboOon
0000000 00000000000O0000IEEEODACMO
oooo



