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Abstract: Many clone detection techniques have been proposed before now. There are two output formats
of clone detection results. One is the clone pair format, which is a pair of code fragments that are similar to
each other. The other is the clone set format, which is a set of code fragments that are similar to one another.
The clone pair format is better in some situations while the clone set format is better in other situations.
Hence, clone detection techniques should be able to output in both formats. However, most of the existing
clone detection techniques that are capable of detecting gapped clones, which contains some gaps such as in-
sertions and/or deletions of statements, can detect only clone pairs. In addition, in the case of the techniques
that can detect clone sets, there is another problem that their detection accuracy is low and their scalability
is poor. In this paper, we propose a new approach to obtain clone sets from detected clone pairs by using
the maximum clique enumeration algorithm. Our proposed approach constructs a graph whose vertices are
code fragments of the clone pairs and whose edges are clone pair relationships. Thereafter, maximal clique
in the graph are detected as clone sets. We applied our proposed approach to five open source software. We
gave the same clone pairs to the proposed approach and an existing one, which has an issue in detection
accuracy. The proposed approach detected more clone sets for all the target software, which means that the
clone sets detected by the existing approach were finely devided by the proposed approach. In addition, our
proposed approach could detect clone sets from clone pairs for each project in several seconds.
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tomcat/bdcp/bdcp2/datasources/PoolKeys.java

65 @0verride

66 public int hashCode() {
67 final int prime = 31;
68 int result = 1;

69 result = prime * result + ((dataSourceName == null) ? @ : dataSourceNam.
70 result = prime * result + ((userName == null) ? @ : userName.hashCode());
71  return result;

72 } A
tomcat/util/descriptor/web/TaglibDescriptorimpl.java

42 @0verride

43 public int hashCode() {

44  final int prime = 31;

45 int result = 1;

46  result = prime * result

47 + ((location == null) ? @ : location.hashCode());

48 result = prime * result + ((uri == null) ? @ : uri.hashCode());

49  return result;

50 } B
tomcat/util/descriptor/web/MessageDestinationRef java

94 @Override

95 public int hashCode() {

96 final int prime = 31;

97  int result = super.hashCode();

98 result = prime * result + ((link == null) ? @ : link.hashCode());

99  result = prime * result + ((usage == null) ? @ : usage.hashCode());

100 return result;

101 } C

tomcat/util/descriptor/web/ContextResourcelink java

84 @Override

85 public int hashCode() {

86 final int prime = 31;

87  int result = super.hashCode();

88 result = prime * result + ((factory == null) ? @ :
89 result = prime * result + ((global == null) ? @ :
90 return result;

factory.hashCode());
global.hashCode());

91 } D
tomcat/util/descriptor/web/ContextEbj.java

116 @0verride

117 public int hashCode() {

118 final int prime = 31;

119 int result = super.hashCode();

120 result = prime * result + ((home == null) ? @ : home.hashCode());

121 result = prime * result + ((link == null) ? @ : link.hashCode());

122 result = prime * result + ((remote == null) ? @ : remote.hashCode());

123 return result;

124 } E
tomcat/util/descriptor/web/ContextLocalEbj.java

114 @override

115 public int hashCode() {

116  final int prime = 31;

117  int result = super.hashCode();

118 result = prime * result + ((home == null) ? @ : home.hashCode());

119 result = prime * result + ((link == null) ? @ : link.hashCode());

120  result = prime * result + ((remote == null) ? @ : remote.hashCode());

121 return result;

122 } F
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Fig. 2 An overview of the proposed technique.
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Table 2 The number of detected clone sets.
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JFreeChart 244 | 2,685 2,625 (97.77%)
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Tomcat 399 a77 396 (83.02%) 81 (16.98%
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SMHINZI 0 -2 RT7 I equals() XV v RBZLE
FNTWEDTHS. equals() XYV v RIZ5IEDA T
S MPRBDIFALFHELWHOHBETIAY v R
THb. ZDDHT7 T AX > TIHENPERD | equals()
AV FDOZR—=YRTEF ¥y THEENTOIHEED
Z\W. —/T Guava 225 b % { D Type-1 B XU Type-2
rna—ry MO INZERE, HELER Ry F—
VI EZ L BFET 72D TH 5. Guava lk Java D717
FIVITHBELTHELNEZZ—T 4 VT 474 TV
T» 5. android »¢v 7 — I ¥ android /S v 77— LIS D
RNy =Y THETINENPZ VD, ¥yv T2EF
NI 0= RTHPERRH E 7z,

F7e, BETFHECOVWUE, REh/izZ7o—r+y b
2 Type-3 £ £ TRVWHDTHEEZ Lz, £2() &b,
eru—rrty bENRE L25E, Guava 2R 400
Yzl MIBWT Type-3 70— > OEPIELETH
2Zehbhd. ¥z, £20b) kb, BREEL I LD
ra—ry FOEBERE, 2To7ud 2 MBWT
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Type-3 Z7u—>rt vy FOEIENIFHICERoTHEY, K
IZ JFreeChart TiZZ OEIGH 99.40%I12 b > TNWB Z &
Whhd. ZORRID, Type-l BXU Type-2 D71 —
vty MZHART Type3 D7 ua—rty bBELFEEL
TWBZedhbhb.

4.5 RIEBEATVERAEOHAE
NiCAD YRR FEEHWE7u0—rey MREB LU
iClones # W27 n—rty FMEHOETERE X €Y

& 3 BEFILL iClone DFETHH X EVHHE
Table 3 Execution time and memory usage of the proposed

technqgiue and iClones

(a) FATHE (REBEFEOFEIMAORUEIIHRK 2 Y — 27 BHIRFE)

NiCAD + R&ETF& ,
AT NICAD R iClones
Eclipse.jdt.core 105.6s 4.9s (98ms) 17.2s
Guava, 48.9s 3.0s (61ms) 7.1s
JFreeChart 16.8s | 3.3s (130ms) 2.2s
RxJava 22.4s 1.8s (48ms) 2.7s
Tomcat 48.1s 1.8s (44ms) 4.0s
All projects 256.8s | 7.7s (215ms) 34.1s

(b) X E ViR
— NiCAD | RETE .

7RYE7T TNicAD || RETE Clones
Eclipse.jdt.core | 74.1MB 3801.0MB 4155.3MB
Guava 73.8MB 938.7MB 2079.1MB
JFreeChart 72.8MB 1292.6MB 1020.1MB
RxJava 72.5MB 649.1MB 1252.1MB
Tomcat 72.3MB 564.1MB 1891.9MB
All projects 76.2MB 6918.1MB 9719.7MB

5
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FHEZFAE L. AEMEREER I IWORT. R3() &),
NiCAD 2 &k 37 u—>DfiHiZ iClones D7 1 — > D%
HICHARTREVWRBZHEE LTWR I bbb, Zh
¥, NiCAD B RVWAXEVMHAE T a—rBil%E1TS
REDOTRELTWE2DTHS. IRETFIEOEITRRENI
HREPKREVWGETH-oTHIEMNTH 2. EFEOET
D55, KFEOREIEZTFA N7 A b —>
R7EREHARAAXEVACE T =7 b L TRE
THUETHD, MKT UV —TFIZHETDH - 7= REENE
BABEI VM TH- 7.

7 3(b) 205, NiCAD @ XV AR RD KE V5
DA (All projects) TH o THH 76MB TH 2 DITH L
T, iClones TliXZ ® 100 L LD#1 9.7GB D X €V %2 ff
FALTW3. iClones IZ¥ TIERVWHIRETIED XEVff
HAENIKEL, X R&ERhIoadzrvhorn—riy
FEBRHT 2G5 ERBREDOXTUNRDETHS. ZDZ
Yhe, Fryv FEEIu—rky FOBHIZIEARE X
TVHHRICOWTORERDHZ VR 5.

NETay =7 b oBREINT 7 7OHRBER 412
RY. ZDORED, JFreeChart D75 7 DEERED 25
ZHZTED, o ToFuy =2 s OFEEGREH 4 LT
TH3IruERTS L, JFreeChart DT 7 hitsh T
TH3Zehbhrsd. KTV —2IF2I213 Makino-Uno
7Y X4 [29] & Tomita 743V X 4 [24] D 2 D
3%, BMENRYBT S 7 TdH 255 EHE DD EHE
THY, BMENRNE TS 7 ThH 255 EEBED D ERE
TH 50V FHEZFED [22]. AW TIE Makino-Uno 7
N X LEFEEL MACE[22] b WS Y — LRI L
72728, JFreeChart 2> 5 DK 7 ) — 7 MR A3 D
royuyz b EDbES ko EIONDG. Fiz,
Makino-Uno 7L 3V X LIZER T T 706Dk 1) —
THNIENERE TRV 55, JFreeChart 12X 3§ 2 RETF
FEOXEVEHED iClones & D dRKELRo2EZS
na.

LRy, EFEEINETeY =7 PO TR
, WRTudzr bhroBidnizre—-—rR70¥
R, JR—=VYRT7PLERINZT T 7 OEEITHKTFT
5. ZD1D, MRz PBIEFICRKEWEET
HoThBMHEINEZT B — Y R7ZBDHEVESICITIERTE

K4 NETavr vy 5 7R
Table 4 Graph size of the target projects

A= PEST A THRE R | BRXEL | IR
Eclipse.jdt.core 3,738 | 19,060 90 3.71
Guava 3,265 5,991 26 2.90
JFreeChart 1,004 9,949 59 25.24
RxJava 1,159 3,004 24 3.70
Tomcat 1,169 1,810 15 2.77
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FIFHER CEET 223, NRTuY =7 FAVNIWEE
THIEWIZZ L Dy u—rR7 PRI EINEEEIE, 12
BFRFEIFETICREVREEZLEL T3, BIXUXEYDRK
BICDETH S, LVWOIHEDFET S, Z7a—rR7»
LR L7277 7D TH BIGEIE, RFFE TR L
Makino-Uno 73V XL TIE# <L, 77 705 DMK
7 a— VH|EBREE L Tomita 7 L3V ALARFHT S 2
L CHEATRHEOEMEP X TV HHBEOSED T & % AlREM:
NH5.

5. ZYUMUANDER

TEANT R AU YN
FEHEBOMRIZIZ 52D B 27 M L TERRZIT-
7. ZO5-50Fuy ey MIBHENE e — 2 DFT
fliick<HWHNARZTa 27 FTHED, ot —F>
V=AY 7 v z7REBEDOTOY =7 MR L THRED
TERICI 2 IR & 2.

RS C AV E M

EERA Tl NiCAD 2 L7227 1 — 2 R7IH L TRE
FERMBEHA L. Ly L NiCAD LtomHdcl sz
IR —=VRTZINLTHEED 7 a—ry IR0 5
IR 5720,

6. HEHE

AWZETIE, K7V —=2FETLITY X LZ2HWS T
rTeru—rR7hsru—rry FEBRET 3 FERE
K7 BEFER, re—vR72MET 20208 E
MHBMDOERZA N a2 LTHIHTE 3. FEBRTIEEK
DA—F VY=V 7 Y7 IHEAL, £ TONEY 7
P 2T LERDOFX vy TEELIu— 2ty MO
XN 7, BERETFHECI3Z7u—vR7hs 70—
ty FOMHREIERD KELRWNRY 7 b7 2 7R LT
HBRTRT T2 DIERTE. SH%oFEL LTS,
HEFFEIRE L2270 —2% v b & NiCAD 2§ %
ra—rty NVERERBOSELSHET 2 Z BTN
5. BlZX, FESHIREEFIESL NICAD zHwTA—-T
VV—RY T b xT7hbrzu—riy FEBHL, 20
ra—rry FEHBERT S ZICKD, BEIKREY
Bbhzda—FRrERDY, HEBRIBERZTWERE L
VI RAMIEDBHREEIZZ 4 — NN FT2522I12L5
T2 AT LTV B,

BEE ARWSRIE, REETSRE MBI RS (B) GRERE
5 1 20H04166) OB ER{TITbN 7.
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