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Abstract: The presence of code clones is one of the factors that makes software maintenance more difficult.
Understanding the number of code clones and their distribution is helpful for developers. Before now, various
kinds of code clone detection techniques and tools have been proposed and developed. Existing techniques
detect code clones with a single granularity such as file, method, or code fragment. Coarser granularity
detection requires shorter time, but it finds the smaller number of code clones. In this paper, we propose a
multi-grained clone detection technique, which detects a larger number of code clones with short time. In
the proposed technique, firstly coarse grained detection is performed. Detected coarse-grained code clones
are eliminated from the target of finer-grained clone detections. Such a multi-grained detection is effective to
shorten detection time and detects a large number of code clones as well as fine-grained detection techniques.
The proposed technique has been implemented by a tool, Decrescendo. Decrescendo has been applied to
a large set of open source software to compare it with existing detection techniques. As a result, the pro-
posed technique finished detection 10~ times shorter than fine-grained techniques. The proposed technique
detected code clones 10~30 times more than coarse-grained techniques. The number of code clones detected
by the proposed technique is approximately the same as fine-grained techniques.
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Fig. 1 Characteristics of each detection technique.
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Fig. 2 Clustering based on file hash.
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Fig. 3 Relatioship between this research and existing ones.
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EARYA
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RFEATLI. a— FHEAOKE %179 %4, Suffix-Tree
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L7200 T — & N— A3 C SSD _FIZELE L7z,
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®1 MRV I7b77
Table 1 Target software.

V7 b T 84
77 AV 66,724
Ay R 628,219

LOC 11,545,556

5.4 EERWR

RLICHEY 7 vy 7OBEEZRT. RV 7 b
7 1% Apache Software Foundation ® 1) R k1) *37 5 Hf5
L722013/10/31 KD 84 HD Y 7 b =7 T A, /¥—
ParvPERLLE—V T b2 THMSO 20— Yk
BT A 72D trunk LT 7 7 A VO A EEXTG LT
H, INLDOV T NI 2T ENGE LIZHHIEE, FE5D
FATZE 5] KBV TR Sz 7 =5ty b THY, T
A Na—REHBART— RPN RPN THwE7-0TH
b. 7TAMI—FEABART— FIZEHOFECERD
V7MY 2 TS AISEEL D T 4 75 )ALk LT
WEERTHRL, 7a—rE LTHRIBT 208D 2w,

5.5 IEE 1 OFEE

21270 OBMERERT. BRED o IZZ Dk
oA b2 L 2R T, Bl ID X, KEOLIET
EOBHIZOWTER L TWEDODEHRICET 20D
FThA. ST BLUSW IZZFN-ZF Suffix-Tree 7V T)
A L, Smith-Waterman 7V T AL %31, 7B, Suffix-
Tree 7V T AL % W24 & Smith-Waterman % W
A CRBOMEMSE S 20T, 2 2 Tl Suffix-Tree
TIVTY) AL CTGEDRE RS,

T 7 ANVHAL, Ay FHEALCTHM L7246 (it A,
Kilh B) &R ETHRE LSS Rl H) 2T 2
&, GREECHM LA RHE AR - 72 (7.3 8,
328 —3,004.6 1), T/, a— FHEATHE L
A (it C) LR CTHRM LSS (BB H) % ItEd
B L, AR TR L2 A 3 A RIE I R L
72 (62,569.0 # —3,094.6 #). 3T 3 IFWBICT L 7251
ZNT . AR TR LA E, STEP-5 205 STEP-7
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WOIFEHTREE, STEP-10 (Z— KA 71— o)
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w5 (62,508.9 F —2,980.0 #). &REETHIH L72BEIC
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*3  http://svn.apache.org/viewvc/
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F& 2 70— rOBREER
Table 2 Clone detection results.

Feii ID g s hizra— 7Y e R [s]
TrAN  AVvy R I=FKFST I—=FFSW | 7740 XYy ¥ I—=Fk EF
A o - 11,029 - - 11,029 7.3
B - o - 49,446 - 49,446 32.8
C - - o - - 1,637,597 1,637,597 62,569.0
D - - o - - 446,442 446,442 130,367.1
E o o 11,029 44,168 - 55,197 32.3
F o - o 11,029 - 1,632,319 1,644,348 46,183.2
G - o o - 49,446 1,588,151 1,637,597 1,885.7
H o o o 11,029 44,168 1,588,151 1,643,348 3,094.6
I o - o 11,029 - 441,164 452,193 109,717.1
J - o o - 49,446 396,996 446,442 13,013.6
K o o o 11,029 44,168 396,996 452,193 13,036.7

*® 3 KWAZEL KR (Suffix-Tree 7V T A L)
Table 3 Detection time (Suffix-Tree algorithm).

gl SR [s] 22— Fh 3]
STEP-1 7*% STEP-3 6.7 6.4
STEP-4 4.0
STEP-5 7*5 STEP-7 24.0 31.7
STEP-8 # & ¥ STEP-9 1.2
STEP-10 2,980.0 62,508.9
STEP-11 68.5 16.6

xRy F v SEICET L R A L, R
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STEP-11 (22 L 7z & Wi & Joie 3 2 &, @fifE TRt
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MTH5.
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HF) ek ol L7aga (i) 2liid s &, x
Vy Rrzua—rERANLTa— Frrzu— ot a47)
CEDERTH D EDH D (46,183.2 1 —3,094.6 1)

%k, F£30a— FFoyicid, STEP-1 %5 STEP-3
B L O STEP-5 %5 STEP-7 DWW TOETHMO & TN
TWah, TNHOMMIZIE, I— FEHMCO 70— Ukl
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D& BRI E T TV DA, MM fIcd L TIn
5 OB ERIFRIIIER ICE W20, MEIE W e
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BB 1 DiEsh

SN DFERD S LREE 2 B T MR 2 i ih ik
L) bR ARVWE V) fam e sz, L L, MIkEE
BT L LT, SRE LRI TFESEEIC s 0 —
CEBMETELILERL. KBEL Y — 20— Fodk
Gl LTru— Uitz T %6, ZEO7 74 - X
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—1,643,348 ) .
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THIEImEHIZBWORE SN2 -0 R7E% LD D
B, TOBEIE, 4 BICBWTERKRLTWSEI— A
BALO7 0 — BB OFEEFTHIZEILZbDTHL, a—F
FHALD 70— 3% 2y FHTOAHEEI YT bR
L, FORM, EZEHLTCWAI-FTHENEED
Ay RO/ — Y EXD /RS WEEICIE, 2R
R E v, —FTERETORBDOEEL, 20X
ABRAY Y RTHoTh, TNarEGe 7 7 A VEEKPEH
LTwhidza—reLTllfians., COHBEIZLD,
SR & DM EBASHIR I X 2 L D %% b
BEPFIET 5.

BB 2 Ot

HURLEE 7o bt H o7 & Ul L C R e Ml s i3 2
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771l
i ek : |7E|—> 2 s s
33 public final class ExchangeBind extends Method { 33 public final class ExchangeBound extends Method {
210 210
211 Xywk |21
212 s0— 212
4=
230 230
232 232
233 AywR |233
234 20 234
==
252 252
254 254
JA—r
PR Ao E—
277 277
280 } 280 }

(a) BEDAY Yy Fo7u—v% 1207 74V 7u—r & LTHRH LA

34 public class ControlDsc extends InstDescr {

44
45
46
47

51
52
53

6 )

7740
IOD—‘J . :
33 public class StyleFamilyDsc extends InstDescr {

XYy R
y0-—>
TRV

XYy
sa—-y
TR

48 XYy R
49 va—v
50 TREW

43
44
45_
46
47
48
49_

50
51
52

76 }

39 public class DatabaseSelectAction extends
DatabaseAction {

125
126
127
128
137

177 '}

35 public class DatabaseDeleteAction extends
DatabaseAction {

59
60
61
62

71

142}

(©) 77 ANHD DAY v FDRERAY v Fra—y & LTHi L 7

E 8 4 L d iR o6
Fig. 8 Example of preferable clones.
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B L7l a LTI 3 DR,
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NG 22007 7 ADEEPHBEINLZO, VT 775))
Y DSERED & D ORIWT ISR F B 5. SR R
FHETIE, AV y FRAOMBEIIZ 7 7 4 VIO &
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