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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 cliques
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.

Keywords: gapped clone, clone set, clique
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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 @0verride

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 @0verride

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 @override
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 @verride
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
(a) hashCode XV v F
(¢) Bt E 7=k s ) — 2
1 k7Y — 27 HEOH
Fig. 1 An example of maximal clique enumeration.
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Fig. 2 An overview of the proposed technique.
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Table 1 Target projects.

PASES/ I3y MID | T AVE | fTH
Eclipse.jdt.core 6958b52... 3,232 734,119
Guava ¢15¢d80... 1,818 407,870
JFreeChart d03e68a... 637 219,187
RxJava 166¢529... 850 174,085
Tomcat cc48d0d... 1,855 465,227
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x2 HEEnhizrzo—-rey M
Table 2 The number of detected clone sets.

(a) &rma—>tv b

7UYxs M4 | NiCAD _ REFE (%) i
Al Type-3 | Type-1 B & U Type-2
Eclipse.jdt.core | 1,036 | 1,510 1,283 (84.97%) 227 (15.03%)
Guava 1,206 | 1,306 402 (30.78%) 904 (69.22%)
JFreeChart 244 | 2,685 2,625 (97.77%) 60 ( 2.23%)
RxJava 314 478 382 (79.92%) 6 (20.08%)
Tomcat 399 477 396 (83.02%) 81 (16.98%)

(b) ZEEHH 3 D ko ru—r vy b

SBvs b4 | NiCAD fﬁu“ixbf:7fﬂ—‘/‘k‘y M (%) :
&t Type-3 | Type-1 3 XU Type-2
Eclipse.jdt.core 300 529 497 (93.95%) 2 (7.05%)
Guava 207 | 328 289 (88.11%) (11 89%)
JFreeChart 90 | 2,502 2,487 (99.40%) 5 (10.60%)
RxJava 118 | 234 223 (95.30%) 1 (4.70%)
Tomcat 99 131 121 (92.24%) 0 (7.76%)

Ny =T L CHBT AMBEDS LN, Frv v TEEE
B\ = RTBRLEIE S .

T72, REFEC>VTR, ifish/izrzo—rty b
B Type-3 L2 THWHDTHER L7z, £2(a) &b,
Srua—rry bEANRE LA, Guava < 4D
DT Y 7 MIBWT Type-3 7 2B — ¥ O @5 T
HBHZENG B, T2, £2(b) &0, BEEEI3 DL
Dra—rty FOBELELE, IRXTOTEY 27 MIB
W Type-3 7 H— 2ty NOEIEVIFEFICES Z->TH
D, 412 JFreeChart Tl Z D EE 25 99.40%12 b 72 > T\
LI EDGnh., ZORRELD, Type-1 B XU Type-2 D
su—rty MIWRT Type-3 D27 u0—rty FH%L
FAELTWD Z LG50 5

4.5 ETEBEEATVEFEHEOHEE

NiCAD L RETFErH/zrza—rvy MREB IO
iClones # W77 u—>r+t v MHOFETHRR & X €Y
FHEZRAL L. AEERER 3 IIRT. £3(a) &V
NiCAD |2 X% 71— Ofitid iClones D 7 U — ¥ O
HICHRTEVCEEZLEL LTWAZ LS hb. Ih
X, NiCAD "2 AE)MHBETr 0 — %179
FEHEDOTIEZLTWAEZOTH L. IREFHOETHRIZ
HAEPRKECEETHo THEMTH L. REFEDOET
B0 b, KEOBEETFEFA N7 7 A5 r0—>
NRTERZEFARAATIRICA TV 27 b & LTIHRET
LI TH Y, WAkY ) — 7 HIEICLETH - 727
DIEPHE IV TH -7,

# 3(b) 205, NiCAD O A€ HHEILHR D K E it
D4 (All projects) TH->THH T6MB TH 5 DI
% LT, iClones TIZZ? 100 5L LK) 9.7GB O X E )
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® 3 RETFIL iClone DFEATHEHE & A EVMHHE
Table 3 Execution time and memory usage of the proposed

technqiue and iClones.

(a) FEATRH (REFEOFFMNOBARIIMA 7 1) — & Bt e )

VAEES/A NICAD + JERT X iClones
NiCAD RET B
Eclipse.jdt.core 105.6s 4.9s (98 ms) 17.2s
Guava 48.9s 3.0s (61ms) 7.1s
JFreeChart 16.8s | 3.3s (130 ms) 2.2s
RxJava 22.4s 1.8s (48 ms) 2.7s
Tomcat 48.1s 1.8s (44 ms) 4.0s
All projects 256.8s | 7.7s (215ms) 34.1s
(b) A1) &

L NiCAD + #RFETH .
PA=RZEN/ NiCAD RETIL iClones
Eclipse.jdt.core | 74.1 MB 3,801.0 MB 4,155.3 MB
Guava 73.8 MB 938.7 MB 2,079.1 MB
JFreeChart 72.8 MB 1,292.6 MB 1,020.1 MB
RxJava 72.5MB 649.1 MB 1,252.1 MB
Tomcat 72.3MB 564.1 MB 1,891.9 MB
All projects 76.2MB 6,918.1 MB 9,719.7MB

ZRAL TS, iClones 1T E TR WHIRETED A F
VRAEIREL, SO RELZTud s bbb ru—y
Ly NERIBTAGEEIREED AT PLETHL., Z
DZEDNDL, Fyv TeELrsu— vy boRHIZiEw
FEAEYFARICOVWTORESH L E VL5,

WMETUT 27 NhOREINT T T TORRER 4
IR, ZDFEIY, JFreeChart D7 5 7 OV REH
B EHZTBY, oI XTOTUY =7 bOFERE
WALTTHDLI L EEETSHE, JFreeChart D7 T 7
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K4 WETOVLY INOTT THE
Table 4 Graph size of the target projects.

PARRZE/ TH R B | RRRE | CPERE
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

WMEDLDTETHLIENGHh L. K7 — 7 HIEIC
{& Makino-Uno 7 )V 1) X 4 [29] & Tomita 7 )V I X
L [24] D2 OWAFAET B MW RABES T 7 Th S5
BHZEOHDPEHETDH Y, MINARPE S 77 THLNGE
EBBEDOIEETH B L) Fx F0 [22]. ARFZET
{Z Makino-Uno 7V I X 4 % 9% L 72 MACE [22] & \»
9 —=IEFIH L7728, JFreeChart 2> 5 DK 7 1) — 2
BHEMASMoO O 7a Y27 N bEL oz E 2
5Nb. F72, Makino-Uno 70V I XL 7 5 7
ORI ) — 7 HIEPEE TRV &9 5, JFreeChart
x5 B2 RETFEO A £ ) HHEA iClones & ) K& <
LholzbEZHNA.

FRoEBY, |EFHRIIIRTOY 27 OB TR
G, RE7urz s Fhbithshizrsru—rR70
B, 70— RTPLIER I N7 T 7 DEE KL
T5., F0D, R TUY s FDBEFIRKREVEET
HoTOHIB SN 70— v RTDPD VWA IITIRET
FEMEL CEIET 225, WR70Y =7 FAVRS WG
THIEFICE LD u— o R7 P SN0, 7
FFRFERIFETICREVEMEZLEE T2, BIOAEY DK
WICLETHLH, LW EIFET A, 70— RT7»
SIS L7207 T 705 ThH DAL, AFETRIA L
Makino-Uno 7V TV XL Tid% <, BT 715 OMK
70— KD 7 Tomita 7V T) X2 %FIHT 52
& CHEITRMOEMR A ) HEHEOYEANT X 5 RN
5.

5. ZUMEANDERE

FRNGR | SR LM
FEEROMRIZIE 5 2O 7B Y 27 MW L TEEEIT-
7. Zoso07uY s MIREENL 70— 2 DR
fiicE{HwensTav s N CThHHY, ot —7>
V=AY T Ny 2 TREEDOTOY Ly M L TEEED
FERAC R B EIXR S v,
MRS AR LM
FERTIE NiCAD 2 L7227 0 — > X712k L TIRE
FEEBEM L7z, LA L NiCAD Aotz ciEsnr:
s —=rARTIFLTHERD 7 a =ty PHBELNS
EAEBRS 22,
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6. HENZ

ARIFFETIE, WK ) =BTV T) ALEHWE D
LTru—rRThb -ty FEREET AR
ZL7. BETEE, 20— v X7 ERETLEEONA
MO RA N 7at 2 LTHHTE 5. EBTIIHER
DA =TI —=AV 7 b2 TICHEHAL, TXTOHEY
TEI 2T BOF Yy TG 70—ty MO
WaEhs, F/, REFFEICLIL 70— X705 70—
vty N OMBRFRIER D RELNEY 7 b = TITx L
THBMTET TSI L bMERTE. 4HOBEE LT
X, IREFEIMB L2270 — 2%y b & NiCAD 259
Toru—rby FEARUEOSPSIET S LB
bhb. 72k 21E, FEHESPRFEFERL NiCAD & T
=T VAV T by T b= rEy N EREE
L, #20ozu—rty VEHBMERET LI LICLY, BIE
PRLELELNL - FRE RO, EBICBEZTWE
NETNV)7IZAMIEDVHEEEIZTA— N 7352
LI X BEHMII 2 MRS LTV 5.,

BEE OAWIZEIE, BB MBI AN (B) GRE
T 1 20H04166) OBIEL &8 Tirbh .
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