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Abstract: Many researchers analyzed evolution of code clones based on clone tracking. However, clone
tracking used in previous research has an issue that it might miss links of clones among revisions if a large
modification was applied to them. In addition, there are some characteristics that the previous research did
not reveal. This research revisits findings of previous research with a clone tracking technique that has a
good change-tolerance, named CRD. Our experimental results support findings of previous research, includ-
ing ‘most of clones are short-lived’, and ‘there are a few clones that are modified multiple times’. In addition,
the results showed that about 3.3% of clones are long-lived and modified multiple times. Moreover, we found

that there is no obvious trends on the timing when clones are modified.
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ethod (int a, int b) { int method (int a, int b) { int method(int $, int $) {
int ¢ = 0; int ¢ = 0; int $ = $§;
if (a == 0) { STEP IF (a == 0) STEP IF (a == 0)
c=c+ 1; 1&2 IF (b == 0) 38485 IF (b == 0)
} return a + b + c; return $ + $ + $;
if (b == 1) { } }
c=c+ 2;
} if (a == 0) { if (b == 0) { if ($ == 0) { if ($ == 0) {
return a + b + c; c=c+ 1; c=c+ 2; S =8 + 8 S =S5+ S;
) ) } ! 20 | 20
1 a—Fru— U RiFlomsE

Fig. 1 An overview of the clone detection method.
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<CRD> ::= <file> <class> <CM> [<method>]

<method> ::= <signature> <block>*

<block> ::= <btype> <anchor> <CM>

<btype> ::= ‘for’ | ‘while’ | ‘do’ | ‘if’ | ‘else’ | ‘switch’
| “try’ | ‘catch’ | “finally’ | ‘synchronized’
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public class DeleteManager ({
é;glic void delete(int n) {
%5; (int i = 0; i < delete.size(); i++) {
ié-(delete.get(i) instanceof ElementNode) {
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}

CRD | v
packagename.DeleteManager.java,DeleteManager,5
delete(int),5

for,delete.size(),4
if,delete.get(i) instanceof ElementNode, 2

(b) I
2 CRD D53 &l
Fig. 2 Definition and example of CRD.
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Fig. 3 An example of clone tracking.

BESNT-
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5. REDESE

5.1 REFENEE

RIFFETIE, 4 ECTHRRAEFHEF R EE LY —
)V CloneTracker % F\ Tl %479 . CloneTracker (&
Java TRLBSNTEY, 3 ETHRA/zT— F 71— Uk
FEZNE&E L TWwA. CloneTracker ($HAD & Z 5, Java T
SR ENTBY, o= 3 VEH D AT L4 Subversion
EHWTEHINTWE Y 7 by =27 OR % RITHHET
B, FAEIT, B L OREIUENTICIE Java Development
Tools (JDT) &AL T35, it,:@i% I Lr—
YaFNT =S N=Z N THEHLTEY, 7T—F -
AEH Y AT L121E SQLite # W TwW 5,

WMHEE L L) 5o 572012, CloneTracker (3430912
AT AT O WEREE A LT\ b, 22T, WO R &
VEYa VTBESMA SN T 7 A VDR EH I
AT L, BIEDRD > 727 7 4 WIZDTILLLE O AT
RETHT 2 LW xfy. Znicky, v—2
O— NOBITIZLEL L2 AFRE IR M2 RS E TS

5.2 HAEXR
KHFETIE, 6 O2DF—FT >V —AV T by 27 x4
W EIT o7, FNEFNOY T b2 7T OMEER 112
AT RPO Y a Y 3T RE R o7 EY g
YO, ThbbY—AT 7 A VIZEENMZ LN E
TarvoRERLTWAS, T AT IR TIEY 3 v
BIF5, FANEUTOY — 23— FOFBEE2ELTWS
INHIETRT Java TRtk SN2V 7 b7 27 THY,
Subversion # W TEIINTWS, TNHDY T bz
PEIRL-HHEIULTOEBY TH 5.
o%wﬁﬂﬂﬁ%ﬁtfbb TS TR S
V7 by 2T THAH® (Ant, ArgoUML).
o FEEHEOLVHELEY I N T THY, FEMZLOHH
THETH 5728 (CloneTracker).
e Kim 5OW%E (10 THWHNRTWAY 7 F 7 =7 Tdh
5 7:8% (Carol, DNSJava).
e Gode H DL [11] THWHNTWEY 7 F 7 27T
57290 (JabRef).

®£1 WLV IV =T
Table 1 Target software systems.

VI b= T LERSES Mgy ¥oay (Af) #Hrvevysy (A vevasry¥ i RiEok
Ant /ant/core/trunk/src/main/ 268,623  (2001/2/9) 909,962  (2010/2/14) 5,154 211,958 715
ArgoUML  /trunk/src/ 1 (1998/1/27) 19,893  (2012/7/10) 3,918 362,783 2,760
CloneTracker / 1 (2012/6/19) 419 (2013/5/3) 152 22,872 66
Carol /trunk/carol /src/ 9  (2002/8/6) 1,335 (2007/10/22) 250 17,251 258
DNSJava  /trunk/org/xbill/DNS/ 2 (1998/9/6) 1,670 (2012/10/26) 1,285 22,512 406
JabRef /trunk/jabref/src/java/net/ 6 (2003/10/17) 3,718 (2011/11/11) 1,489 113,277 703
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Fig. 5 The number of modifications.
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Fig. 7 Timing of modifications.
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® 3 BERBICHET S X2 e
Table 3 x2-test for timing of modifications.

v7 b7 wit %BmE x> p-value
Ant 155 101 5.3407 0.02083
ArgoUML 540 305 32.7572 1.044 x 10~8
CloneTracker 15 6 1.2228 0.2688
Carol 71 54 0.9042 0.3417
DNSJava 169 115 4.804 0.02839
JabRef 133 98 2.3707 0.1236
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=4 MO LEELL, POEBEEIE SN TW S RiEDE
Table 4 The number of long-lived genealogies which are mod-

ified multiple times.

N HEAT A & A5 1E [ %

V7 b7 AFE BIERY (T 1 2 HI )
Ant 223 98 52 (7.27%)
ArgoUML 336 490 48 (1.74%)
CloneTracker 18 4 4 (6.06%)
Carol 54 59 30 (11.63%)
DNSJava 9 127 4 (0.99%)
JabRef 102 92 23 (3.27%)

i 742 870 161 (3.28%)
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Fig. 8 Scatter plots between the number of modifications and alive days.

9: public class FinallyBlockInfo extends BlockInfo {

15: public Finally=lockInfo{String cors, List<String> types) {

16: super (BloskTyoe , FINALLY, zcre);

17: tais.types = new Links izt<String>();

18: tais.typas.addrll (types):

19: Stringkuilder kullder — new StringBuilder();
20: for (itring type : typss) |

21: builder.apoeaditype = © ) ;

22: }

23: tais.cencatenatedlypes — builder.toString();
24: tais.crdElamant = new BlockCRD(kIype) ;

25: }

40: }

9 EFHHAFE, POBIEREISVa— 7 a—r o]
Fig. 9 An example of long-lived clone which is modified mul-

tiple times.
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