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Development of Change Management System
Using an IR-based Detection of Function Clones

MANAMU SANOY®)  NORIHIRO YOSHIDA? SHUSUKE HARUNA! KATSURO INOUE!

Abstract: Code clone has been known to be one of problems in software maintenance. It is a code fragment
that is identical or similar to other code fragments in source code. If a code fragment has a bug, it is possible
that other code clones have similar bugs. Therefore, developers must find all associated code clones to make
consistent changes as necessary. They should find not only code clones that are the same syntactically, but
also clones that are different syntactically and are implemented the same functionality. However, it is ineffi-
cient to do it manually whenever they make changes. In order to solve this problem, a change management
system of code clones has been developed. However, this system has a problem that it is unable to detect
code clones including syntactic differences. In this study, we developed a novel change management system
of code clones that can detect such code clones. In addition, we evaluated what code clones our system can
actually detect. Our evaluation shows that our system can actually detect code clones including syntactic
differences.
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1 void AscendingSort(int list[]) { 1 void DescendingSort(int list[]) {
2 int i, j, temp; 2 int i, j, temp;
3 for(i = @; i < n-1; i++) 3 for(i = @; i < n-1; i++)
4 for(j=n-1; j > i; j--) 4 for(j=n-1; j > i; j--)
5 if(list[§+1] > 1ist[§]) { ||5 if(list[§+1] < List[§]) {
6 temp = list[j]; 6 temp = list[j];
7 list[j] = list[j-1]; 7 list[j] = list[j-1];
8 list[j-1] = temp; 8 list[j-1] = temp;
9 9
8 } 18 }
- — /
e
1 void AscendingSort(int list[]) { 1 void DescendingSort(int list[]) {
2 int i, j, temp; 2 int i, j, temp;
3 for(i = 0; i < n-1; i++) 3 for(i = 0; i < n-1; i++)
4 for(j=n-1; j > i; j--) 4 for(j=n-1; j > i; j--)
5 if(list[j-1] > list[§1) { ||5 if(list[j-1] < List[§]) {
6 temp = list[j]; 6 temp = list[j];
7 list[j] = list[j-1]; 7 list[j] = list[j-1];
8 list[j-1] = temp; 8 list[j-1] = temp;
9 9
8 } 8 }
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Fig. 1 Example of consistent changes for type-3 code clones.
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Fig. 2 Notification process of CloneNotifier.

MU, 203 — K70 —2Iid 5 17HOLEEAE 7 82

L1-0RAT3a—Rru—VIiZpEINGE. ThDX,

CloneNotifier TIZZ D I— K7 o — V2 BRHETE RV, £

DJFE A, CCFinder X1 73, 43— K7 a— V%K

HTERWILIZERTS. a—Fouo— v OEHEEHIZ

BWTI, ®TOXA TEBRHEARER I — R 70— Vi

V= VEMHETEANEELVWEEZ LN,

2 1%, CloneNotifier iIZHBWT, BIESIN/za— K72
O— 2 2HREIBENTE2ETO T A2 RULENTH
.M a2k FEO LS BRFIETENI TN
(1) REHEY AT LPOoRHFOY —A2—-F2EET 5.

ZOB, UETON—=YavyDY —Aa3—RNE2BEL T
REd 5.

(2) BB LEBHFOY —Aa—R&, BRION—=Y 3 >0
V—Zd— K563 —RN7n—roltizEirs.

(3) a—FZ7u—vomEfEe, ZEERIZEDNT
I—RKoua—r27387 5. DHEIMBEINZ1ED
Oft, Fi-iza—Krzo—reLTENINnE, a—F
A =TGR Bol, b a—-—Nrerno—v
Yy bEBETS LI HIGELEEBINS.



BHRULEFMRERE
IPSJ SIG Technical Report

(4) a—F7u—rOoHEERZ MG ITENT 5. @A
FEFEFA =L (FFZAH) , CSV, html JERD 3
FEEIFET .

Tl EEDO2N=Va v ERBELZHKREAEETH D

WEOHRFERENSEBLEIN-70 - ry b ERIEIT 2

ZLLTARETHB.

3. B/ O0—VRHEERVEZEREEEYRT
LDREF

ARFZETIX, 2.3 HiTHH L 72 CloneNotifier % N — |2
LT, a— K7 u— il % CCFinder 7 & I 5 D
V=)L (222 fiBlR) ITESMZ 2 CEB n— Vi
ERAWEEEEIHY AT A2 L. ILhS50Y — L%
MATHEIET, &1 70a—Rra—rOEHEZKRE,
BHIT A Z A AREIC e B L HifF T E B AT, BEX
U7 BHEEMY 2T LADFEBEIZDOWTHHT 5.

Ry ZF L@ 70 v A%, K 2125 L7z CloneNoti-
fier DFIMELIZL A ERETH D, FRED & 5 72 FIE T @A
NiTbns.

(1) EBY AT LAPSIRHDOY — A3 — RE2HET 5.
OB DEiON=YarynyY —A2a—RK2BE LT
RE9 5.

(2) B L=HHDY —Aa—Re, UEDOAA=Ya vo
V—Aa— Kol u— ol 175

(3) Bfo o — > O EREEIT.

(4)a—Fro—rvomdifRe, ZEERICEINT
I—K27a—V%2089 5. PEIMBEINZ2ED
Dy, Fr7-iza—Kro—-re UTCEMENAZ, a—F
U=V TEALRoTz, Beda—Freoru—v
Yty FEBKT LI oGEEEEINS.

(5) a—Fru—r oK R2REHIEMT 5. @A
HiEFEFA—=N (FFA M), CSV, html JERD 3
FEEDFHET 5.

FHARI 7283 1% CloneNotifier & [AAkTH 5728, KFED 2

N=VavERELZLEETETH 5.

AR5 TlE, CloneNotifier ® 3 — K27 10— U HE3 2
EHLTCWAS. f’t->T, FIH2. ®a— K7 o — BB
DIHEIZEI LU TiX, CloneNotifier ®Y — & 31— R %2 iHT
H5ZENAEETHS. a—Fro—HiZB L Tk, ff
M3 %Y —)L% CCFinder 75 [LUF S DY —)UIZ E & iz
B HENH 5. £72, CCFinder & 111 5D — )L Tl A
TR I N HERIPIE R D720, HOFIHOFELEE
HEBIEZMNZ 2 BERD 5.

AKYAFLADOHAERIZIE, 3— K2 0— DA EER
(BH4s - M T1TH/=, FIES) D& FH 5. CloneNotifier 12
BV TiE, CCFinder DMBFERIZTI—F 7o —r DA E
MIRAEEL T Wz, TOEREHANE Z LN TE /-,
UL, sy —VidBi#s v — v o2 hi

© 2015 Information Processing Society of Japan

Vol.2015-SE-190 No.4
2015/12/15

HELT 7 ANKITHEAT B, TOMMERBHRITHEI LRV,
FDED, Flzlza— K ro— v OMERETE %2175 ke

FETIBRENDH 7. ThbE, TIH2. OFEMBIZY
O—22lRoTWAEBKEZTNEEL T 71 VDGR,
SAENRERET 5. BRIIZIE, RSNz T7 710
MOEYT IEBOESHEREL, TOEHS OB N —
7y GEYEOR 77 AEHMiTEHE) #I—-RNro—>
DOBIENLE, T h—2 > [} 23— RFou0— 2O/ TAL
e UTREERTTD.

4. FHMEER

AWLETIE, FFE LI - Fo7n -V REEH I AT A
DA FIVEZ TS % 72D DFE 24T o 72, KHITIE, Ef
Ui BEDOWNA LR, I oBoNSELITDOVTEH
W9 5.

4.1 EBRRA

AREBRTI, IR L3 — N7 o —-VBFEEH Y AT L
OB RAMEICET 25 %47 5. BARIIZIE, FElix s e 7
L5V AT LDOBEORRBEREIIT U TEBIZRY AT L%
HMHT 22T, YOI BERVBBONINEFTET 3.

AR 2T LDFEREMIL, CloneNotifer TldMH T E %
WRA T3, RAT4Dru—rry bOBIEER RO
TILWEHDE. ZDLd>Rrsa—rEy bERETERT
N, RVATLPERATH S LIZE ARV, DRI, KE
BR T, CloneNotifer TldIITERVWIZu—2 €Y bO
BEIZEHL, ZTNOS B EORE, M TS TW\5H % 51
5.

FEAM T S 12 1%, PostgreSQL* & MEIXN 5 C SFE TR
INETF—EZR—2FHY2AF AZMBHT S, WX
2005/01/01~2005/06/30 £TD 6 » A& U, 1 &AL
T4 26 WIFDBEZO—vvy b DKL Z17 5 7. Post-
greSQL % FEAfixd Sz U8R E LT, RV KRY M UR
AEINTE D, MEOHFKBELZAZICIEGTEZZ L
PEIFSN B, £72, PostgreSQL Ikt 7w a— Ko —v
HEECRHES N (7], [10], HEHREOREROI—RF 70— N
FHELUTWAZERHBHLTWAZ EEHATH S, W
VAT LZA=R a0 —VAERBFHELRP - EGE, R
FEERIIER AR S R\, HEREOI—-NI7O—U R
FHET INREEINT 20ER D - 7.

EBROFEMFIEIZIUATDOL ST D, 22T,
2005/01/01~2005/01/07 Dk % FlZ FiA 2475 .
(YARYATLZH#AT S22 N-YVar0y —2A3d—

FZ2AFT 5. 2005/01/01 KEDY — & 3 — N,
2005/01/01 D 0K 0 73 0 IR TOY —ZAa— R &
T2 Bk, ZhzEAN—Ya Yy eRy) | $42b5

*I http://www.postgresql.org/



BHRULEFMRERE
IPSJ SIG Technical Report

£ 1 KYVATLTHREINT: PostgreSQL DEIEZ7 -2ty b
D
Table 1 The number of modified clone sets in postgreSQL us-
ing the proposed system.
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VIZHTABIEIE—BUEBETHY, 2ThoidEHLR S
0=ty hD1DTHBHEWVRB.

F72, W 41ET—ZR=AY =D T %Y
H—>Th s, EIEI, 2005/04/30~2005/05/06 ORI
Ton=bDTH Y, 2 DOREBUIIIZ pg_ctl.c ITEEN
TW5. M40a— KL, 2 2008%0T S —UEIZES
54> Td B, do_restart DIEIERNIZEH T 5 10 {7H D
HUBBUZH 7225 2 — RA do_stop ITIHFIEL W28,
2ODBBIEEA T3DI-RIu -V THEL VA5,
UL U, X 4 DEIETIE, do_restart I L TDOA 74TH
(BIE#) O if XZBEMUTED, do_stop (ZI&Z DIEIEN
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Table 2 Classification of modified clone sets that CloneNotifier cannot detect.
consistent | inconsistent | comment and forming | Z DAt | &Ff
73 16 32 5 126
ar 4
- 1S IERT N BIE#® N
1 static void 1 static void
2 printtup(HeapTuple tuple, TupleDesc typeinfo, DestReceiver *self) 2 printtup(TupleTableSlot *slot, DestReceiver *self)
3 3
B k]
4 * 4 *
5 * send the attributes of this tuple 5 * send the attributes of this tuple
6 */ 6 */
7 for (1 = @; i < natts; ++1) 7 for (i = @; i < natts; ++i)
8 8 {
9 PrinttupAttrInfo *thisState = myState->myinfo + i; 9 PrinttupAttrInfo *thisState = myState->myinfo + i;
10 Datum origattr = myState->values[i], 10 Datum origattr = slot->tts_values[i],
11 attr; 11 attr;
12 if (myState->nulls[i] == 'n") 12 if (slot->tts_isnull[1])
13 { 13 {
14 pg_sendint(&uf, -1, 4); 14 pg_sendint(&uf, -1, 4);
15 continue; 15 continue;
16 } 16 }
g J - B
17} [ 17 3
1 static void 1 static void
2 printtup_internal_20(HeapTuple tuple, TupleDesc typeinfo, DestReceiver *self) 2 printtup_internal_20(TupleTableSlLot *slot, DestReceiver *self)
3 3 A
- HIBR HiBg
4 /* 4 /*
5 * send the attributes of this tuple 5 * send the attributes of this tuple
6 * 6 x/
7 for (1 = @; i < natts; ++1) 7 for (i = @; i < natts; ++i)
8 { 8 {
9 PrinttupAttrInfo *thisState = myState->myinfo + i; 9 PrinttupAttrInfo *thisState = myState->myinfo + ij;
10 Datum origattr = myState->values[i], 10 Datum origattr = slot->tts_values[i],
11 attr; 11 attr;
12 bytea *outputbytes; 12 bytea *outputbytes;
13 if (myState->nulls[i] == 'n") 13 if (slot->tts_isnull[i])
14 continue; 14 continue;
%% e
15} 15}

/0 J

3 ARERIIBIBZEHRIO— vy NOBBIER (X TVHAIZBET 70— )

Fig. 3 Example of usefull cloneset in our evaluation (clones on printing tuples).

THONTVWARW. - T, ZOFEFITIX, do_stop IR LT
FRD—BE UZBEZMABZRNENE S PRI RETH
reEZOND. BW2IZ, ZOEKB IO — iz d BEBIE
I, BAG 70—y MRBFEFIO 1 DTHD L VWA S.

4.3 ZHMUADEE

AREFRTIL, FEHA S & U T PostgreSQL D€ D HH
Z3ERU 0, G U TIrb N A IBIED & FEFIL 2
BB, o T, BB MIM A BN K, REBR L ITEA
LRERPEONDWREMENEZE X SN D, F 7z, it RIC
BBV AT LAERBRUEZGAES, FRRICE LR 2R 2E
SNBHREMELRH L. EHLLDEEE, X4 T3DI—F
IR —=VIZHTBEBENEGENDIHBEIE, BIZETONY
CloneNotifier (ZIZMHTERWMEEZ O—2 v v 2
TEBEEZOND. LD, R4 T3DaI—RFKra—iZ
KT BEENTIELRWVIEE, AV AT LW CloneNotifier
IOVEHTH DL VABERBB[BONRNESS.

F7z, RERTIX, R20BIEZa—VYy NOKEET
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FEETEMBLTVS. /o T, pFIZL 2= VT T—0E
FhLAEEEETETERV. B LEYBDNIE, RFEER
DFERITELBEDIZRBEEZONS. UL, 70—
vy MITONEBER—BLZEDTH S 050 %Y
Wi g 212 id, BRI AR I — R2ER LRI LR
57, BeLEHIB LT LY. o T, EMRiER2557-
DITIE, & D Z < OMFEE R, FHI R DOHFEE DI 215
T, PEAEMT 2BENH L5, LrL, KVAT L
M, X 3, ® 4 &£\ 7z CloneNotifier IZ IZMHETE 2\ &
A7 3DEBEI/O—VEy MERHTE S Z &1, R
BERSHOLTH S, DT, AV AT LD CloneNotifier
SOEHBRER DI LIIMETHELEZONS.

5. ¥&HESERDRE

AR TIE, BEINEZa—RDa—RKru—r%2H
B - BT A3 - N0 -V AEEFHY AT A
CloneNotifier 2 RXR— 212, 2O 31— K7 o — V%
CCFinder 225U S DY —VIZEEWMZ LI LT, &4
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- S IR N 1BE# ~N
1 static void 1 static void
2 do_stop(void) 2 do_stop(void)
3 { 3
- a o
4 else if (pid < @) 4 else if (pid < @)
5 { 5 {
6 pid = -pid; 6 pid = -pid;
7 write_stderr(_("%s: cannot stop postmaster; " 7 write_stderr(_("%s: cannot stop postmaster; "
8 "postgres is running (PID: %1d)\n"), 8 "postgres is running (PID: %1d)\n"),
9 progname, pid); 9 progname, pid);
10 exit(1); 10 exit(1);
11 } 11
C e s
12 } \ 12}
1 static void [ /11 static void
2 do_restart(void) Y 2 do_restart(void)
3 { g 3
HiBE - HIBE
4 else if (pid < @) 4 else if (pid < @)
5 { 5
6 pid = -pid; 6 pid = -pid;
7 write_stderr(_("%s: cannot restart postmaster; " 7 if (postmaster_is_alive((pid_t) pid))
8 "postgres is running (PID: %1d)\n"), 8
9 progname, pid); 7 write_stderr(_("%s: cannot restart postmaster; "
10 write_stderr(_("Please terminate postgres and try again.\n")); 8 "postgres is running (PID: %1d)\n"),
11 exit(1); 9 progname, pid);
12 } 10 write_stderr(_("Please terminate postgres and try again.\n"));
. 11 exit(1);
%R 12
. 13 }
13 ) R
- J b
— /

M4 AERCBEZEMRZO—VEy kORI (F— X N— 2AHEIZET 227 0—2)

Fig. 4 Example of usefull cloneset in our evaluation (clones on database control).
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b bBLEZOLND. B TIX, CloneNotifier 23 H
TET, R LZVATLAPRKTESa—-Nru—r%

BUZOARTHY, TOWHIZ, BEAFKUZY AT LK
TZF, CloneNotifier DAMNMHTE S I - Koo —r»
FIET A REMED HD. 72, BEBERBMEIT D 12D,
ERNRFEMLBEDH L LEZTVDS. ZOM, KT
LDONEEDILRD BELHE X 51 5. CloneNotifier 1
Java ¥ C, COBOL ® C#R L DTur733Iv 73
FBIZRHIELTWB D, KRV AT LTI, D55 Java & C
WU LU TWARWY, 2k, &403FHT a3 —RK2
O — Y —VONIGEFEICER L TW5S. 72720, W
FSDY—LTHWSNTWS O ERELDHE
BEIZID < 7 — VR FRIZ T 7T I V7 E3EICIE
CACIRIFETEMTE S, T2, P ZICET
HZWME0OHB T T IVIIETHNE, RISIXED L
EZohb.
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BEZIF-HDTT.

© 2015 Information Processing Society of Japan

SEXH

[1]

2]

3]

[4]

[5]

(6]

[7]

[9]

[10]

Baker, B. S.: Finding Clones with Dup: Analysis of an
Experiment, IEEE Transactions on Software Engineer-
ing, Vol. 33, No. 9, pp. 608-621 (2007).

Baxter, I. D., Yahin, A., Moura, L., Sant’Anna, M. and
Bier, L.: Clone detection using abstract syntax trees, pp.
368-377 (1998).

MERI5E, MAR=, HEwif: a—-Fro—-riitie 2
DESHEEA, T ERBEERRES, Vol. J91-D, No. 6,
pp. 1465-1481 (2008).

fEEET5H, AR : 07 MEEFES 7 7 2HWZa—
oo — Uitk o o & i, WA 25 GE,
Vol. 51, No. 12, pp. 2149-2168 (2010).

Jiang, L., Misherghi, G., Su, Z. and Glondu, S.:
DECKARD: Scalable and accurate tree-based detection
of code clones.

Kamiya, T., Kusumoto, S. and Inoue, K.: CCFinder: A
multilinguistic token-based code clone detection system
for large scale source code, IEEE Transactions on Soft-
ware Engineering, Vol. 28, No. 1, pp. 654-670 (2002).
JIOER, WF @, HER: REES 27 L% Hwv
e u— VRSN FEORE, BT EREEFRMmX
7%, Vol. J89-D, No. 10, pp. 2279-2287 (2006).

Kim, H., Jung, Y., Kim, S. and Yi, K.: MeCC: memory
comparison-based clone detector, pp. 301-310 (2011).
Lagué, B., Proulx, D., Mayrand, J., Merlo, E. M. and
Hudepohl, J.: Assessing the Benefits of Incorporating
Function Clone Detection in a Development Process, pp.
314-321 (1997).

Li, Z., Lu, S., Myagmar, S. and Zhou, Y.: CP-Miner:
Finding copy-paste and related bugs in large-scale soft-
ware code, IEEE Transactions on Software Engineer-
ing, Vol. 32, No. 3, pp. 176-192 (2006).



BHRULEFMRERE
IPSJ SIG Technical Report

(11] FIHEBEA, EBE—, MREE, MARE—: a—-Fro—
VIEEDSK VLAY =Y T MY 2 T OREDHHT, HRIL
HRAEAECEE, Vol. 44, No. 8, pp. 2178-2188 (2003).

[12] Roy, C. K., Cordy, J. R. and Koschke, R.: Compari-
son and evaluation of code clone detection techniques
and tools: a qualitative approach, Science of Computer
Programmiang, Vol. 74, No. 7, pp. 470-495 (2009).

(13] rbatel, e RUE, EHHRA, H LIRS, EEPERT
I—-Rou—VAREERY AT LORKLFE T Ay =
MDA, EERLEY S EE, Vol. 54, No. 2, pp.
883-893 (2013).

(14] rbratel, B R, EHHAR, M LsafR o R sREAf
RO BB s v — Uk, EEILEE AR SR,
Vol. 55, No. 10, pp. 2245-2255 (2014).

© 2015 Information Processing Society of Japan

Vol.2015-SE-190 No.4
2015/12/15



