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On Software Maintenance Process Improvement
Based on Code Clone Analysis

YosHikl Hico, YASUSHI UEDA, TOSHIHIRO KAMIYA,tt
SHINJI KusuMoTOt and KATSURO INOUE!

Maintaining software systems is getting more complex and difficult task. Code clone is one
of the factors that make software maintenance more difficult. A code clone is a code portion
in source files that is identical or similar to another. If some faults are found in a code clone,
it is necessary to correct the faults in its all code clones. We have developed a maintenance
support environment, Gemini, which provides the user with the useful functions to analyze
the code clones and modify them. However, through case studies, several problems were re-
ported. That is, the clones extracted by Gemini were not necessarily appropriate to merge
into one module. In this paper, we intend to extend the functionality of Gemini to cope with
the problems. Finally, we apply the extended Gemini to several software and evaluate the
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applicability of the new functions.
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Fig.1 Overview of Gemini.
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Fig.2 Scatter plot.
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Fig.3 Source code view.

code fragment Y
1 2 3 4 5 6 7 8 9 10 11 12

(alefcfe[rleo[c[r]ele]c]r]

1[a
2B
3| c
4| D
gs|C
% —
6D
20
g7|E
c 7]
=8

o|B
10| €
1| P
12| €

A.B,C, ... : character, token, line, statement or function, ... etc.

@@ : codeclone
04 0O0O0OO0OOOOOO
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tall = head;
for(i = 0; i < 10; i++)
{
tail->next = (struct List “)malloc(sizeof{List));
tail = (List *)tail->next;
tail>i =1;
tail->next = NULL;
}

- - for(§ = 0; $ < $; $++)
Code portion A
tail->next = (struct List *)malloc(sizeofiList));
tall = (List *)tail->next;

tail>$ = §;

tail->next = NULL;

tail = getTal(head); }
¢ =100,

for(i=0; | < c; j++) Merged portion
{

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

tail = (List *)tail->next;

tail->j = j;

tail->next = NULL;

}
tail = NULL;

Code portion B

05 00000000DO0O0OOOO0O0
Fig.5 Example of merging two code fragments.
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Table 1 Source code size.
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Fig.7 Result without Code Clone Shaper in ANTLR.
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public final void mOPEN_ELEMENT_OPTION(boolean _createToken)
throws RecognitionException, CharStreamException, TokenStreamException {
int _ttype;
Token _token=null;
int _begin=text.length();
ttype =OPEN_ELEMENT_OPTION;
int savelndex;

match('<');
if ( _createToken && _token==null && _ttype!=T oken.SKIP ) {
token = makeToken( ttype);
_token.setText(new String(text.getBuffer(), _begin, text.length()-_begin)):

_returnToken = _token;

}

May 2004

public final void mCLOSE ELEMENT OPTION(boolean createToken)
throws RecognitionE xception, CharStreamException, TokenStreamException {
int _ttype;
Token _token=null;
int _begin—text.length();
_ttype = CLOSE_ELEMENT OPTION;
int savelndex;

match(>");
if ( _createToken && _token==null &&_ttype!=T oken.SKIP ) {
_token = makeToken(_ttype);
_token.setText(new String(text.getBuffer(), _begin, ext.length()-_begin));

_returnToken = _token;

i

public final void MERGED METHOD(boolean createToken,int i,char c)
throws RecognitionE xception, CharStream Exception, TokenStreamException {
int _ttype;
Token _token=null;
int _begin=text.length();
_ttype =i
int savelndex;

match(c);
if ( _createToken && _token==null && _ttype!=Token.SKIP ) {
_token = makeT oken(_ttype);
_token.setText(new String(text.getBuffer(), _begin, text.length()-_begin));

_returnToken = _token;

i

public final void mRCURLY(boolean _createT oken)
throws RecognitionException, CharStreamException, TokenStreamException {
int ttype;
Token _token=null; int _begin=text.length();
_ttype = RCURLY;
int _savelndex;

match('}');
if ( createToken && token==null && ttype!=Token.SKIP ) {
_token = makeToken(_ttype);
token.setText(new String(text.getBuffer(), begin, text.length()- begin));

_returnToken = _token;

}

09 0U0O0 AUO0O0O0ODOUOOOOOOOOODOOUODOOOOODO
Fig.9 Merged clone sample in ANTLR.
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public void getAutoresponse(Commandline cmd) {
if (m_AutoResponse == null) {
cmd.createArgument().setValue(FLAG_ AUTORESPONSE_DEF);
} else if (m_AutoResponse.equalsignoreCase("Y")) {
cmd.createArgument().setValue(FLAG_ AUTORESPONSE_YES);
} else if (m_AutoResponse.equalsignoreCase("N")) {
cmd.createArgument().setValue(FLAG_ AUTORESPONSE_NO);
}else {
cmd.createArgument().setValue(FLAG_ AUTORESPONSE_DEF);
}// end of else

012 000 BOOOOODOOOOOOOOOO
Fig. 12 Entirely same clone in Ant.
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