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Abstract Code clones have been well studied because the presence of clones is regarded as a bad smell for soft-
ware maintenance. On the other hand, creating code clones has a positive aspect that reusing existing code by
copy-and-paste operations can realize rapid development of software systems. Thus, it is not realistic to rid software
systems of clones. That is to say, an efficient clone management is required. Based on this background, many
researchers have studied on clone appearances or clone evolution. However, there is no research that reveals how
clones were gone. To reveal why clones were gone or what characteristics disappeared clones have could promote the
efficient clone management. This paper proposes an investigation method for clone disappearances, and conducted
an empirical study on open source software systems. Our experimental results showed that clone disappearances
occur many times. Moreover, it was found that disappeared clones tend to consist of less code fragments and be
less complex than non-disappeared ones.
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public void delete (int n) {
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1: public void quicksort(int[] array, int left, int right){
2: if (left <= right) {

3: int p = array[(left+right) / 2];
4: int | = left:

5: int r = right:

6: while(l <= r) {

7 while(array[I] < p) {

8: I++;

9: }

10: while(array[r] > p){
11: r-—:

12: }

13: if (1< |

14: int tmp = array[l];
15: array[l] = array[r];
16: array[r] = tmp;

17: I++;

18: r-—;

19: 1

20:

21: quickSort (array, left, r);
22: quickSort (array, I, right):
23: }

24: }
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Fig.2 Intuitive example how hash values are measured from source code
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Table 1 Overview of Target Software

Software  Start revision (date) End revision (date) # of target revisions LOC of start revision LOC of end revision
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Table 2 Timing information (execution with 8 threads)

Hash ge- Disappearance identification
Software
neration total max. min. ave.
ArgoUML 79 mins. 25 mins. 10.5 secs. 1.8 secs. 5.4 secs.
Ant 87 mins. 48 mins. 89.0 secs. 0.5 secs. 4.5 secs.

265 Hashtable ret = new Hashtable();

266 for (Enumeration e = System.getProperties().propertyNames();
267 e.hasMoreElements();) {

268 String name = (String) e.nextElement();

269 ret.put(name, System.getProperties().getProperty(name));
270 }

271 return ret;

(a) org/apache/tools/ant/types/PropertySet.java, revision 669,848

139 sys = System.getProperties();

140 Properties p = new Properties();

141 for (Enumeration e = sys.propertyNames(); e.hasMoreElements();) {
142 String name = (String) e.nextElement();

143 p.put(name, sys.getProperty(name));

144 }

145 P putAII(mergePropertySets()) \ revision 671,018

String value = sys.getProperty(name); L
if (hame = null && value '= null) {
p.put(name, value);

(b) org/apache/tools/ant/types/CommandLineJava.java, revision
669,848
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Fig.5 Actual code where an unintended inconsistency occured
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Table 3 Reasons why clones were gone

Software Refactoring Different evolution Unintended inconsistency Unneeded code deletion Shrinking CRD limitation Total
ArgoUML 18 (5) 17 11 58 3 6 115
Ant 31 (3) 14 13 13 0 37 107
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