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Abstract: Code clone is one of the major problems for software maintenance. A code clone is a code frag-
ment that has identical or similar portion in source code. In order to manage code clones, software developers
should consider consistent modification of clone sets (i.e., a set of code clones identical or similar to each
other) and merging clone set into a single function. In this study, we developed a code clone change man-
agement system for clone maintenance. Moreover, we confirmed the usefulness of the developed system by

applying to industrial software development.
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Fig. 1 Parent-child relationship of code clones.
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Fig. 2 Example of categorization of code clones and clone sets.
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Fig. 4 Example of text-based visualization.
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Fig. 3 Process of code clone change management system.
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101+ } else {

(b) V=AT 7 A R=
5 72— WA2FTr—ADY|

Fig. 5 Example of web-based user interface.
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WEMNEND.
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THEod, AEAEL2ELTREND L. 2L 21T,
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#9350, T8I 12 5 CTHAH. a— Fro— v EHEER
AT L% 2011/12/18 205 2012/01/31 OF 40 H 5
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K1 BHEEONGEE o0 —v kY b

Table 1 Clone sets that required additional maintenance.

Mt H PRAFIEREH | 4% | Q1 Q2 RAD(S) LEN(S) RNR(S) NIF(S) POP(S) DFL(S)
1 | ’11/12/28 | ’12/01/05 | New | NO 3] 0 141 78 1 2 141
2 | ’'11/12/28 | '12/01/05 | New | NO L) 1 36 83 2 2 36
3 | '12/01/13 - New | NO 4R 1 48 95 7 7 288
4 | ’12/01/13 - New | NO  friE kot 3 54 90 2 2 54
5 | ’12/01/13 - New | NO S 0 52 61 1 2 52
6 | ’12/01/13 | ’12/01/17 | New | NO 4Ry 0 57 94 1 2 57
7 | '12/01/13 - New | NO 3] 0 32 93 1 2 32
8 | '12/01/16 - New | NO 3] 0 37 83 1 2 37
9 | '12/01/16 - New | NO 4y 2 32 84 2 3 64
10 | '12/01/18 - New | NO 44y 0 53 90 1 2 53
11 | '12/01/24 - New | NO 48y 0 72 86 1 3 144

LD, Tyr— b aFERLZ. Trr— hogHs,
Java SiEOREN 10D Fo7uy 27 v~ 4x2 =TV v T
HY, K7y r McBwTa— Fra— 22 54
FUEEDLEMEDOHM 2 iT> TWb, ELT v 7r—FNE
ZLUFITRT.
Q1 RFE(ON R E L ofza— R0 — Y OfFEE T

TIZH > Tz
Q2 LX) nRFEETAT o 72

o £

o [AFEIE

o I HHRDFLHE

o TNl

KEBTIE, 75— FORNRETHAIT A=V ¥
I—F 70—V EFEEH I AT 202 HWT, £40a—F
70— ORI L TIRTHERED L EE & 72 B DS h DH)
Wrzd79. €L T, FEBEIZHEE IS L TRFIEEOTRR
T,
51.2 EREER

FEERORER, 77— bPARETH LA —TV vIE, I—
Foa—yBEERY 2T A O TRTFEEDON R L %
L1EO -ty A ERTHEIENTELI LN
Girolz. T/ 1EMRIL, BIEEORRE R ST AD S
O—rty MxT 57 77— bOREKEZRLTVWSE,
QLI T BMEIZTRT “NO” THH, Ihobnra—
Yy NIRRTV AT AERHCCHZICERT A LTS
725D THAh.

K62, K7 »r—bFCTHEHOHNRE o727 0=
ty FOBRRTS, ru—rky ML, IrFUUD
BoptkiE (a—Fro—r1) La¥—#g (a—Fro—

TS oOEAERTIE, AN CENTL200T A FREN
EHWF SN, RFEEPEREN o/ a -ty
MYEET A, RTERB SRR SN TWEwvwsa—rey b
1%, ’12/01/31 FER CIRSFEEDERE N TV R Wb D EFIR L
Twa,

S OREITHE, BEERIEEDZOEY OV — A3 — FIT L TER
HOEER EOBEEEL T 5.
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Y2 ®2o0a—Fru—rhrblERENTWS., Th
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YTV ERYAMGEBMTAHE (2 -Fra—-r1) &
=R ESNTaT T Y %) A MIBINT 5 H%RE
(a—Frm—r2) ®2o0a—Fra—rrbiERIn

TWh, INb60a—Fru— i, BERADARPELR -
TWB. SOLIRIFOHT AV o K40 EHL O B AR
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THEVEDS DY), RO RE L EEZOND, T2, £
BT 532 MDPRECIGEIIMEBROLEDSLETH S
EEZHND [4].

M 6 IEFEBICEHI TNz 22o0 70—V 1y D
THLY, ioro—rty MIDOWThH, 74— Ky
7Hb, MO XYy REREBADAR DR > TnD
72, SRFERASIESLE L 7 LW REMED S 5 LIl s 1L
TWwh. LEN->T, vA—=VvIilLo THBEBRTFEEIC
BWUEREL RITT LR SN0, £8, BIU
METEROFLEROT R & o 7.

Tl L7k 91, BEEEIRY AT LA E2HWT 11D
PREEEDO MR E oz 7u—v vy PaFERT LI LN
T&7. B—=N=Varpy—2a—FixLCTa—FK7
O— AT %E, £EN0PRETH -, EEEL
FIZE W EOBRMP S EI TN o7z a—
Ly PO ENS [7]. L72A->C, DRz d it sh,
TCIRTIEEDS L EL AP SN za— Fra— v
MWL EENLTREMED DA, B 71F, AERICBIT LD
IHZE D 7u—rty NEOBR L, ZNZFho s u—
Yy NOSEBERLTVWS, ZO-PL D, EEICE
Hhhotzzu—rty MIRRKTOEED 8I%TH Y,
K228 Stable Clone Set (233 SN TWAE Z &N 0 5.
Stable Clone Set (27 SN2 u0—>r+ty M LTH
OCRTAEEDDLEDR B2 NFTHE T4 2 L 1I3TUEIC
%, IEEWTHLLEEZOND., T o7 — MEEMPS
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RFEEREI/O—2t v

a—Fy0—21: AV TUYOB B

a—Kya—22  avFoYOIAE—#EE

Ifor (inti =0; i < contents.size(); i++) {
try {
Content contentl = contents.get(i);
Content content2 = (Content) contentl.clone();
content2.setTitle(StringU l.concatPath(toPath, contentl.getName()), true);
if (contentl instanceof Page) {
movePage((Page) content1,(Page) content2);
} else if (content1 instanceof File) {
moveFile((File) content1,(File) content2);
} else if (content1 instanceof Category) {
moveCategory((Category) content1,(Category) content2);
}
} catch (Excep one) {
if (!(e instanceof AccessDeniedExcep on))
throw e;

ifor (inti =0; i < contents.size(); i++) {

try {
Content contentl = contents.get(i);
Content content2 = (Content) contentl.clone();
content2.setTitle(StringU l.concatPath(toPath, contentl.getName()), true);
if (contentl instanceof Page) {
copyPage((Page) content1,(Page) content2);
} else if (content1 instanceof File) {
copyFile((File) content1,(File) content2);
} else if (content1 instanceof Category) {
copyCategory((Category) content1,(Category) content2);
}
} catch (Excep one){
if (!(e instanceof AccessDeniedExcep on))
throw e;

RFEEREIO—tvh2

a—Fy0—r1: JESREINFAVTUYOYRNEMN

a—Ry0—22  A—HTHEESA IOV TUYDY RMEM

if ((recentContent != null) &&(recentContent.size() >0)) {
Element element = new Element("div");
JDOMUtil.setAttribute(element, "class", ID.PLUGIN_RECENT);
recentElement.addContent(recentContent);
contents.add(recentElement);

if ((htmIContent = null) &&(htmlContent.size() >0)) {

Element element = new Element("div");
JDOMUtil.setAttribute(element, "class", ID.PLUGIN_RECENT);
recentElement.addContent(htmlContent);
contents.add(recentElement);

} i
M6 HEHoELro/zru—rty bl
Fig. 6 Example of a clone set that needs merging.
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Fig. 7 Categorization of clone sets.
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K2 VUMY b UBEOKHE
Table 2 Result of Mann-Whitney U test.
RAD(S) LEN(S) RNR(S) NIF(S) POP(S) DFL(S)
p fH 0.5106 0.2419 0.0368 0.5955 0.2793 0.2283
Jit AR PRIR IR ZH) PRIR IR IR
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8 RNR (S) 2 MU v 7 Dlix
Fig. 8 Comparison of RNR (S) metric.
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