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A CRD-based Analysis on Survival Periods and
Modifications of Code Clones
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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 ahas 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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int method(int a, int b) {
int ¢ = 0; int ¢ = 0;

if (a == 0) { STEP IF (a == 0)

int method(int a, int b) {

- - - 10
int method(int $, int $) {

int $ = §;
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) { (b == 0) {
return a + b + c¢; c=c+ 1; c=c+ 2;

iE (5 == 0) { |[if (5 == 0) {
S =5+ 5; $ -5+ 5
! 20 |l 20

B1 =2—F7e— R FEolE
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’

(a) EFE

public class DeleteManager {
public void delete(int n) {
for (int i = 0; i < delete.size(); i++) {

if (delete.get(i) instanceof ElementNode) {
// some code

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

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

(b) #i

B 2 CRD DiEF &
Fig. 2 Definition and Example of CRD
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®1 MBI =T
Table 1 Target Software Systems

VIO =T ARA R BlsgY B ¥ a v (AfY) “rTUEeYay (Bf) VEeYa 5K (e ek
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
100 100 2000 100 500 100
80 80 1500 80 400 80
60 60 60 300 60
40 40 1000 40 200 40
20 20 500 20 100 20
oggssssssgsssgsss 0 0 0 0
NIOoDg838R93358]yy 0 1 2 3 4 5- 0 1 2 3 4 5-
(a) Ant (b) DNSJava (a) ArgoUML (b) JabRef

4 EfFR%
Fig. 4 Alive Days

o RVBABMIMZAL CRY, FELFHAshTnD
V7 =T ThHDHT (Ant, ArgoUML).

o EEOLNHE LY T MU= THY, FEMRIHTD
AIHET&H 5728 (CloneTracker).

o MEFHATHNLONTVNDEZY 7 hy =T THhDHTD
(Carol, DNSJava, JabRef).
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ZORERNS, RQLIZIE Yes LEIET L ENTED.
6.2 RQ2: ‘BHEBEINDII—FIO—2EDHELY

EVWSHERE CRD 2AWVBETHLRIT HH

512 ArgoUML K O JabRef (231 % Rt D& IEE L
EARY. 7T 70O x WNHEEREEES T 7 I HEE R
x O TH D RO ER LT\ D (fElh). F 7Pk
77 73 BEERDOE R ER L TWD ().

5L0, ZEAEDRENE TS BESINARWVNL
F7ZFEIESNDDOWNWTNNTHDL Z ENRbNnD. o
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Fig. 5 The Number of Modifications
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(b) Carol

K 6 4RikoEIEREK
Fig. 6 The Number of Modifications on Individual Genealogies

7 b T b EEROBMICH 7.
L7e3o T, RQ2IZxIT 2MIZEIE Yes £ 725,

6.3 RQ3: a—FK/o—rnEFHRORSEa—FKD
O—2IZMA SN AEERBOMICIEDHEEXH S,

X 6 (2 Ant KO Carol 1281 5 DK Rk Z L OEIER
BErT. 7770 x BidA R e AFEE (Y eYa v
) ORIEICIE~7=b D Th Y, AN EAEFHROR W
Rk LR %.

F 7, AT SAEIEREOBICHBEIR & 2 0 E g A
v7 < DA FERRREE A CTHE L (R 2). 20
FE5:, Ant, CloneTracker, DNSJava {Z DWW CITAEKYE
5% CHRN A BN 5 7275, ArgoUML, Carol, JabRef
WIZOWTIHHEERA LN, 72720, MHERALNZ 3D
DY 7 FY=TIZONTH, ERAZIZELSERHY, »n
OIRVABITIE e hr o 72

ZORERMS, RQ3IZIE No LHETHIENTES.

6.4 RQ4: O— F/O0—2IFAFHRORIFEICEBESA
PIUMERIZH HH

712 Ant KO ArgoUML 225\, FRFETIZ 5N

FIEEOR 2R, 7770 x iRk esE£LTEY,
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B 7 {EEDORH
Fig. 7 Timing of Modifications

B 6 & FERRICAEFFIF ORI b Tng, 77 7
DE BT 1 H>OEBEEEZELTEY, yEizhEhoEE
DIMZ SN ZER L TWS. y 3% Rtk o A E B
MN1001272 B LS ICERE LI E 72> TEY, 01TV
MBI RBFET D4, ARg T CIEEanzZ L
ERLTWS., £ 7 7HMOEEE, £ ORIz
LNIEENERICEDDEIE (BHHE) 2R LTEBY, i
ZIE—%& T OKIE (Ant DBA, 28.9%) IZAEREHR ) 54
TEHRE O 20% 03889 5 £ TORICIZ SR TEIEDEIE
ERLTWD. 2B, ZZCiAEFNMORT TN LR
TEEORZ 0T 22 L2 HBE LTV D0, MK
IZBb A IETEILBE L T,

AEFEHB O/ B2 SN BERBICER S D
NEPE P REEFROCTHE Lz, ZO/REER 317
. 3O G OFNTEFMM O 50% 3 RiEBT B E T
DN, “&47 OFNTAFHF O 50% 38808 L7=&12nx
ONTEEDOREEZZNENRLTND. WTFhoY 7 |+
T = TIZOWTHAPEOFN% L0 bIEERENR S L
WoRER e o7z, F72, Ant, ArgoUML, KU DNSJava
WKCOWTIHABEKE SR THEREL ST

PlEXY, RQ41ZIT Yes LHIEFETHZ ENTEX 5.

= 2 BERMEAEGFHRICHT 2 2 87 < v ONENAERER K

Table 2 Spearman’s Rank Correction Coefficients

V7 hyxT p p-value
Ant —0.004515 0.9117
ArgoUML —0.4130 2.2 x 10716
CloneTracker —0.05487 0.6617
Carol 0.3320 4.736 x 10~8
DNSJava 0.08566 0.08473
JabRef —0.1393 0.0002124

& 3 BERMICET L X2 BE
Table 3 x2-test for Timing of Modifications

V7 o=T miE % X2 p-value
Ant 155 101 5.3407 0.02083
ArgoUML 540 305 32.7572 1.044 x 108
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

©2013 Information Processing Society of Japan

9: public class FinallyBlockInfo extends BlockInfo {

15: public FinallyBlockInfo(String core, List<String> types) {

16: super (BlockType.FINALLY, core);

17: this.types = new LinkedList<String>();

18: this.types.addAll (types);

19: StringBuilder builder = new StringBuilder ();
20: for (String type : types) {

21: builder.append (type + ™ “);

22: }

23: this.concatenatedTypes = builder.toString();
24: this.crdElement = new BlockCRD (bType);

25: }

s0:

B 8 AEFWIHNEL, »OBERBNRL N a— K7 a—rof]
Fig. 8 An Example of Long-Lived Clone which is Modified
Multiple Times

7. ER

7.1 AFHMEMSRL, BERHEMNAZVI—FI/O—2

1 T~z L5, AFHHENREL, 2 oEESDE
Bona—Kra—AIEATDHZ LN, SRR a—
KIma—r~OxfaEHT 5 L CEETHDH. I T,
TDEI7a— K7 a—rREORETET DO %S
L7z, ZORERER 4177, 22T, EFHENE
VY NEDOHIBIEERE L LT, Kim B ORFZE [5) THW S
TWDEHE L FIRRIS, IOl EAEFL TW D
MEIW EHN., R4 X0, EFEHENRELS, »o#l
BEMEESND L) 7ma— 7 a— 320 3.3%F
LTV, LEBR-ST, §R_XToa—kKr7a—izxftlL
TP ATT 5 T L3RR LT VEES, v 2
a— K7 a—UEREEICERTILERH D LV D.

® 8 ICATFHMNEL, BERKOZVa— K7 a—
Y DOFlZRT. ZOFI% CloneTracker I[ZfFEET D 2 — R
sa—rThY, VeV a v 3 TERSHTLRE, &K
EYa vETHEEFELTWE. Zoa— K7 a—2 033 6 [F
BEISNTEY, BEENNALNEZY EYa 0317, 19,
24, 121, 234, KN244 L7po>Tn D, ZOa—Kra—
T DEERIVIGFEL T RN b DD, 2Dk
INAEFHFNE S EEREOZ W2 — K7 v —I3EE
RN OER &5 fEREnNEy. Bk ) a—FR
70— ~ORIEITH Z LT, BERNEZ DR <
TEMRTEDLLEEZLND.

x4 EHIMOESLLEAEFL, DOBEEIEE STV D RGO
Table 4 The Number of Long-Lived Genealogies which are
Modified Multiple Times

7 hy=T Rk BRI EDDEIE

Ant 52 7.27%
ArgoUML 48 1.74%
CloneTracker 4 6.06%
Carol 30 11.63%
DNSJava 4 0.99%
JabRef 23 3.27%

it 161 3.28%
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7.2 HEROEHM

A/NEITIE, RFREOEROZLUMEEE N TBZNLOH
BERIZHOWNTIRAS,

HMNEVI YT

AEOMAE T, Java TRk &4 —7 v ) =2V 7
P T DRERNRE LTINS, FOH, MOEETE
WENFZY 7 b =TREAY 7 by =T ExgE LTH
EEIToTHE, AR THE LIRS TR BN
WD ATREMEN B B

aA— Ko O—2CDBHEAZE

ARFFE I, FEICET DM A F 2 KRBT 5720
2, 7ey JHOa— Ry a— Ui FEEE RN TS,
D, MOBHFEEZHOCTHEZITo 258, A
L BIDHERPBONDFREERH S, F AR TH
Wra— K7 a— PRI 7 7 e v 7 S84 e L
DEHLEIT>TWE. ERLOFEEELTHZ LT
TEAE RN BR L SFREER S 5.

d— Ko a—20EH

AW TlEa— R v —r 0BEBIC CRD 2 Hwvi-.
CRD 1Y —A 2 — FIZHT DEECH VT — 7 a—
B FETHEA, CRD #HVWEHATH, 22— KA
BDT7 7 A NMIBE LTcGa7R s, MEFRIEDD LD
REENMTONTGE, 22— K7 a— 2 @icacs
WA B D, FTo, ABHETHWBRTEL, $#
FENIBHTHRIND ZEEBREL WA, T2b6, &
ba—Krzu—rRN—HHEB L%, BEHILLZEA,
HIATZ ORI ENENIORE L LTHbnb.

8. HEME

AT, =2— F27 o— BT CRD 2fnCa—
K7 v— OELDOREZ ST LT, 2@ L, ZhE
TORETHESNLTWS, ‘a—Fr7e—ro0% 34EF
WA EYY, KRN EHEEBEShD a— 7 e—i3d
U EWOHANRY NS EESD TR T D EED
2, a—R7a—rOLEFHRORES SEEREICHBERN
HOENRNZ L, RO a— N7 a— 3 EFHR ORI
BWTEESNSLTVEBICH D Z E2HLMNC L. £
7=, AFHEANREL, OEESNDIEHOZ\a— 7
0= NEKROK 33%THDHZ EERLT.

ASHOEERMELE LT, AFEHEREL, »oBES
nNaHEHEDENa—RKrun—r2TPHT5Z 2% T 50
5. AW EBEL TENTREa— R a—r0EERE
KINWZ ERRALMNC T2, Thbb, $RMIZY 7 b
U= TRSFAAT O T OIIT T D a— R n— v 2 {HE
WICBIRTZ2MERSD EVZ D, BfFTa—Fra—r
DERELSAEFET DO, FTEHBEBESNEIONET
W 2ZET, M R&Ea— K7 a—rOBNEHET
LHILEINTED.

©2013 Information Processing Society of Japan

B ORIFRIE, BAREITIRBLS R A T A B i
BFZE (S) (FREEZE 5 : 25220003), PRERAOHHIERFIE GRER 5 :
24650011), FERIlAFsE B ERhE (FRET 5 1 25 1382), SCHRE
FAR P A IS T (A) GREE S : 24680002),
B ORNTATBOE NG LB HEE RS IR AT Y 7 b =7
Rl X — 3 EhE Lz [20124EE Y 7 by =7 1%
Sy OSEEIZE R OB NS K & 5% TT
bni-.
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