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Abstract:

tion method is on the basis of detection of similar code segments, which brings difficulty for further clone analysis and refactoring.

Code clone detection is important for refactoring and extraction of reusable assets. The present code clone detec-

Aiming at this problem, this paper offers a method level clone detection method for object-oriented program based on similarity
measurement, which detects method level cloned code. Our method utilizes comments of the code, method signature and syntactic
similarity to measure the degree of the clone. Based on the method mentioned above, further refactoring can be realized by combin-
ing similar methods of sub-classes into one method and pulling it up into super-class. Our method’ s effectiveness has been verified
by analyzing the result of the experiment on the code of JDK. The initial experiment result shows that our method can help develop-

er detect method level code clone both accurately and effectively.
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//show me on the screen on p
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//display me on the screen on p

void show (Screen s, Position p) void display (Screen s, Position p)
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double computeSimilarComment(String ¢1, String ¢2)
{
String word;
Sl=; S2=9;
while( ¢l HIE A RALHL I T4 )
{
word = N — MRS BRI FAF H 5
if (word HFFRAFF)
continue;
else
PR word A ST 5 |
f
while (2 FFIAAT RBALHIYF4F)
{
word = F— B ZS A% S BRI T4 5
if (word MH AT 5)
continue;
else
PRE word LA S2 H15

|
|

sBottom = @; sTop= D;

sBottom= S1U S2;

sTop= S1 nS2;

if(sBottom A%% | | sTop H55)
return — 15 // — 1 R RIC

return sTop. count / sBottom. count;
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TIARLEE similarReturn = {0 ML M2
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BAR) S 1 I AR TN S AR I, FAT ] — A 2 i B R rh o
BER/NG X X F 45 € B AN T 44 NI =
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L WA . S1 = | ‘fight’ , “the’, ‘enemy’ 1,82 ={ ‘beat’,
‘the’, ‘enemy’ F,S1MNS2 = { “the’, ‘ enemy’ b, S1US2=
i ‘fight’ , “the’, ‘enemy’ , “beat’ |, N N1 F1 N2 B9AH{LL &
similarMethodName = 2/4 =0.5.
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S2 KA NS A

Kl 4 25 TR By i A AR similarMethod-
Name 1T .
double computeSimilarMethodName (String n1, String n2)
| String word;

B IR A ST, 825

while (n1 HH RPAEH I FFF)

jlvord = N TR REARRIY R
ZBR word WY EAMBRAT

¥ word JLA ST H1;

while (n2 FIEA R IL I FAF)

{

word = T —E F B RS FRH A B ;
8% word HUAY S SESMRRAT

F word LA S2 H1;

sBottom= @; sTop= @;
sBottom= S1U S2;
sTop= S1(1 S2;

return sTop. count / sBottom. count;
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similarType = {

F1 —4 typeFactor EEIHI B F

T1 2 typeFactor( T1, T2)
int long 0.5
int short 0.5
long short 0.2
float double 0.6
Cat Tiger 0.3
others others 0

FATAT LAAE R B2 Java 15 5 SEAR SR AHALL B,
Fean B A Y int A1 long . FRATTHL T IFE 2 Fh ek 5 2 2K
R ARRLEE , L ANE AP Y Cat Al Tiger. A FE typeFactor bR
B WA S SORHARLEE 8 oA 2K 3L ] A A ARLEE S 0.

TR E LSRR AL
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FROARABLEE Y 7 S 58 42—
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similarParameter = similarType * similarParameterName

fan AR P8 bk typeFactor pKj BB F, S5
‘Cat lazyBoy” 1 ‘ Tiger lazyGirl’ [¥) 2R 43 3] Ry ¢ Cat” A
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x2 SHEMNEER

ZHR(PL, P2) AL
(“Cat lasyBoy’ , ‘ Tiger lasyGirl" ) 0.3%0.33=0.1
(“Cat lasyBoy’, “int napHours’ ) 0%x0=0
(‘“int sleepHours’ , ‘Tiger lasyGirl”) 0%0=0
(“int sleepHours” , “int napHours” ) 1%0.33=0.33

THEFATLA L1: (Cat lasyBoy, int sleepHours) Fl L2:
( Tiger lasyGirl, int napHours) SRR U B B A2 50T A
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4.2.4 HEFEZZHBUE
EX 9 Jrik& A AR P T i M1 A

M2 HIZE 4557 5000 S1 R 82, 3R [I{E 2K R 4331 R1 il
R2, 57645 59 N1 N2, 28090 3543 50k L1 0
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similarMethodSignature = similarReturn( R1, R2)

* (nameFactor * similarMethodName( N1, N2)

+ parameterListFactor * similarParameterList( L1, 1.2))

/(nameFactor + parameter[istFactor)

H A nameFactor, parameterListFactor HRT 0.
e LR E X H, nameFactor, parameterListFactor il
T 45 HIAER AL S 5050 R AL EE
T FRATLA M1 :public void sleepyCat( Cat lasyBoy, int
sleepHours) Fll M2 : public void sleepyTiger(Tiger lasyGirl, int
napHours ) 2y {91 4 156 B P A 07 125 48 44 AHALLBE 19 35 . i
TR AT 12 T3 1 44 NS B4 A — S AT R SR B
TR, BT AFRATT 8 T 44 AL EE. nameFactor = 50, 2
B R BYATE parameterListFactor = 50. T m1 AYiR [A]
EZSHIRT m2 BIR EHE T35 R void , W& AT 43R I
KA similarType = 1. % F 7 ¥ 2 ROAH L, Fo 41
7= sleepyCat ’ o sleepyTiger ’ oA el
similarMethodName = 1/3 ~0.33 . $R8 J5 &A1 15 1 2 A
J& [#{H thresholdParameter= 0.2, 7 F|fH#E 1 typeFactor
PREL I -, AT LASK 15 2 4051 3% (Cat lasyBoy, int sleep-
Hours) #11( Tiger lasyGirl, int napHours ) RUFHLEE A 0.5. %%
A BTSSR T LIS M1 R M2 105 R 4 AT
) similarMethodSignature = 1 * (0.33 % 50 + 0.5 % 50)/
(50 +50) =0.415.
4.3 EERNAERNBEHEUE
TESE SCPIAS T5 15 1 BEAR AR AL Z 1T, Je AT S
SCHAS T7 15 (81 TR AR 28 22 1) B AR R RS
TEX 10 PN T7 1 0 0 T T 45 24 11 P (R A )
HAPIANTTE ML M2, BB TER T 5 1 A0
C2, EMTMINEZ2 55 ST S2, BB AT TE BRI
58 2 AR AR AL Ny similarCommentSignature , A .
£ M1 A M2 /)3 BEAH B similarComment ( C1,
C2) % - 1, WHkJE C1 A C2 ¥R Rz, A
similarCommentSignature
= (factorComment * similarComment( C1, C2)
+ factorMethodSignature
* similarMethodSignature( S1, S2))
/ (factorComment + factorMethodSignature) .

F M1 M2 ) BEALE similarComment ( C1,
C2)= -1, Wt C1 f 2 Z0H 4Rz, WA
similarCommentSignature = similarMethodSignature( S1, S2) .

oA, factorComment > 0 N J7 ¥ i B 1Y AL &,
factorMethodSignature > 0N T EEZ L AL .

He NORFRATAE SR T5 12 1 S R RE AL BE

EX 11 P W R AL B 5 WA 7 1
M1 M2, BEAT I EAR 50 B1 A B2, BE AT
HBARFE A similarMethod , |45

(D# similarCommentSignature ( M1, M2) > threshold-
CommentSignature M similarMethod = 1 - percentC ( B1,
B2).

)% similarCommentSignature( M1, M2) < threshold-
CommentSignature T similarMethod = 0.

Hrp, thresholdCommentSignature € [0, 1| N FEEER
%4 % (AR 01 B2 1 {8, percentC( B1, B2) 4% B1 il
B2 43 BR8] Be e AT 18 1k 43 B ek bE T SR A5 1Y 18 )
ZERATIL.

FTRVE ), A X IR S v B 5 4 2 R I AR AL 2
KT BHE A 7 20 FATA 22 e B e ATRY 7 R A4 ]
AT Z w04 A BT R 0 T A B 22 S R 4 B 7
el SRS TR Z R T percentC, 15 5 J&
PHAS T R oA 22 S i ) B o S TR ) BRI
3 F AN T3k 1 AR B B8 TT DA Sy B A S RE
LA S E 2N XA ETiOE =g

R 5 28 4 RN R 1) R AR AL 32 R A5 00 20 1Y B
TESEA TSRy, PR A IS 26 58 4 o R 1 7 12k 1) O R N 2
4 BRI Y 2 e AR [ A T AR Bl s BE RGO T,
T v R 1) U5 v S Y 2 2L B RE , 28U L T
HORR A A I A2 3y, BT LA e AT J5 ik T B A
2824 BA— 8 BRI A — g B

B, %7 T 5 RPN 5k, T AR A T i
I BEAR LR similarComment = 7/11 ~0.64 . 1% € T E 44
HIA FE nameFactor = 50, %431 & 1AL & parameterList-
Factor= 50, AJ LATH5 H B AT 7 1548 44 A9 AH LB simi-
larMethodSignature 4 0.67 . 1 F 7 E R AH LB A S5 F 1,
LSR5 A4S 7 ¥ 10 0 vk T R N 28 44 R RE A% 30 T A
MRS TR R T RE AN S MRS, AT O R TR
1) L T factorComment 1 & N 50, 75 ¥ % 44 19 AL H
factorMethodSignature . B2 5 24 50, 3% A, FATHE AT LA 5
7 5% 4 R R 1) B A BLRE 2 < (0.64 % 50 + 0.67
* 50)/100 ~ 0.66. W R & ] B¢ % thresholdCom-
mentSignature = 0.2 A 77 15 1 B8 5 25 44 # AR A0 LR 1)
B, D330 T3 32 00 A0 R A8 3 O 32 . 0 5 FRAT 0 L 1%
IRIEATIETE S A0 e, BT DATH 5 A 7 iR R ) 25 5
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BR1-0.2=0.8.
Fk:

/ * the little cat plays with toy for some minutes * /

public void catPlay(Toy toy, int minutes)
{

inti=0;

for(i=031 < minutes;i+ + )

{

playOneMinute( toy)

|
i

!
Tk 2:
/ * the baby tiger plays with toy for some minutes * /
public void tigerPlay(Toy toy, int minutes)
{
inti=0;
for(i=0;i < minutes;i+ + )
{

playOneMinute(toy) ;
|

§

goToSleep( ) ;

S5 A Java ik
TR T7 iR B AR AL OO AR RS A ] 6 7 . R
ANTT IR I AR DL i 2835 19 B O T AL IS AR IS TH BR
Z /b AR, X 4L T4 J5 BB 5 TH R Y v B R A
B AR it ATHE A L2 TR T EAL
b B LR AT B — A kR A L R (A
thresholdMethod € [0, 1], F A AR L A0 b1 2o 35 A B {H
B0, BATTART AR FHERA 1) J5E B A 4 R
FAY R — NIRRT E A LA
double similarMethod (Method 1, Method m2)
|

if (similarComment(ml . comment, m2.comment)! = —1)

{

if ((factorComment * similarComment ( m1. comment, m2.
comment) + factorMethodSignature * similarMethodSignature
(ml. signature, m2. signature ))/( factorComment + fac-
torMethodSignature) > thresholdCommentSignature )
{return 1 — percentC( m1.block, m2.block) ; |
else
return O
J
else
{
if ( similarMethodSignature ( m1. signature, m2. signature) >
thresholdCommentSignature )
{return 1 — percentC(m1.block, m2.block) ; }
else
return 0

|

B 6 TP A AU similarMethod (D81
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istFactor: factorComment:
Methodt Method2 simdarCS
StPlay(Toy toy,int minutes) PlaToy toy, int minutes) e
treshoidethoct | 04
Methodt Method2 sirioeM
atPlay(Toy toy., int minutes) igerPlay(Toy toy, int minutes) 20
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5.2 X5:JDKI1.5

Sun 2\ A $EALRY Java FF &AL JDK1.5 HAEAE K& 1Y)
AR LI T JDKL.5 R & F 2K T 7988, T
T LA — > S2 55 25 R ) DA Ui B 723X 7 o v, 3 B
java. math {3, H 1Y) BigDecimal.java il Biglnteger. java iX
A SCHEAE R4 A . BigDecimal 28 FH >R R AT RS E 10 A
T2 17 50, Biglnteger 28 3R 26 7 AT BORS BE AR %0, HL
XA ZEIIAR K F Number 25 .t T JDK1.5 19I5 0S5
SRR R A HL 5 44 MS 504 o 24 LTS A AR, BT A
WESEHLE B A thresholdParameter = 0.2, 3 F1] Fi &
3 7R 1Y typeFactor BRI EIOK T S MO AU, JF
BERE J7 124 AL nameFactor = 50, 25051 3 B AL E pa-
rameterListFactor = 50, J7 1 7 B i AL HL factorComment =
50, 7 152 2 BIALE factorMethodSignature = 50, 71 B 5 %%
K4 BARA) B B {E thresholdCommentSignature = 0.3, J5 7%
HARFZE B thresholdMethod = 0.3

BigDecimal FILF 28 U7k, BigInteger HKiH 44
ATk AR, A 9 DUrEXT I TER 5 &
AW AARLEE R F 0.3, 413k 4 s . Al I, JE 4 1 B
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28 R R AR EE B T BRI 3, R Rk b T
HEAT TR AT A0 B 1) 6 i 850k B L 3% 9 AN
Xt 5 AR BE , JLAG AN Ty i X 1 A A AL
KF 0.3, W55 FrR.

=3 typeFactor R

T1 T2 typeFactor( 71, T2)
int long 0.5
int short 0.5
long short 0.4
float double 0.6
BigInteger BigDecimal 0.3
others others 0

R4 FREREER

s 1( BigDecimal 1) Tk 2( BigInteger i) lhreshold—“
CommentSignature

public int compareTo public int compareTo 0.85
(BigDecimal val) (Biglnteger val) :

public boolean equals public boolean equals 0.75
(Object x) (Object x) ’

public int hashCode( ) public int hashCode( ) 0.70
public int intValue( ) public int intValue() 0.90

public long longValue() | public long longValue() 0.88

public int signum( ) public int signum() 0.95

public String toString() | public String toString( ) 0.55

public double doubleValug public double doubleValue
O O

public float floatValue( )

0.93

public float floatValue() 0.93
R5 FIRIFRER

J7¥: 1(BigDecimal H) 751 2(Biglnteger H1)

public double doubleValue( )| public double doubleValue() | 0.67

thresholdMethod

public float floatValue() public float floatValue() 0.67

28 AT 4 A A A &% B Number 28 H g LT
intValue( ) ,longValue( ) , doubleValue( ) Fl floatValue( ) iX P4
S 55, BigDecimal 25 Fl Biglnteger R H S T X P4
NI BigDecimal By Biglnteger K intValue () F
longValue( ) 1 5Z 3 J X34 1R K 22 5, 1M doubleValue ()
H floatValue () 1Y 5 BLIE H A A8 Jr 22 55 Al 400 F ik
Wi~ doubleValue( ) F1 floatValue () H 148 HS v [ 2
AU b RSS2 R T .
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6.1 FENMNEMRE

6, TR 08 0y v 25 44 B ARARLIRE (Y I e, 5
R BEE WA : J7 15 44 AU nameFactor IS5 4
KU parameterListFactor, 3% 9 A H 14 3¢ € WLk € 1 A
T A S HINFX T 7 B 24 U 5 3 A

AT S ARG TETT 7 8 2 24 RO R 1 AR A
FERIHE , N RBE T 5 E R ALE factorComment F
TEZ N E factorMethodSignature . iX P OVE iR
FERRYEE T 0T B RR TR A X TR 4
RERARRIEE AT B 3 S AR, W R
A7 SEREATIN 1Y) 28 v 0 O 8 0T RS A2 SE A I, T T
R 24 LA S 2% > 2 B0 i 44 B0 TT T R A I 12, IR
LT LUK 25 AR B I DA A (R, 2R 72
H A D7 R I TE RN 2 44 1 i 44 T 0 2 2 A8 58, AR
MELLZE 8 A 3d AL TERX AR AL T, HRB IR R 24K
07 1k BT RN 28 24 1 DL 45 7€ — 1> KRR A
6.2 SF—RIHERRE

AR SO TR N2 42 1 B A ARARLJBE A O 5 — F i 2k
AOBRUE , NI A0 T e 2 AT J7 A4 N 38 o 125 40 i
XF G 8 7 B R A5 . [R)I, S AEAL oR — ATAK
INE AR 5 A 1 Ty 1% T T R R 4 44 R R i 44 R AT
B4, R0 0 P 1 e 2 ) 0 1 R B AR AH ] 14, At
TR T3 1244 LA S S 880 02 30 DA ) iy o 2R 6 g A
BT TR 1 AN [ 1 07 2Okl Ak J7 i 10 T g
NS R2 BAT 8 T R vl A SR AR 5 A T RE 2
AARK A . ()3, 2 SR PR A S 8 114 5 1 1 7 1 44
MSEBEME I T — 2 T L F R & 7 E A A,
2PN SERETT R 1 T 1k 44 M S B4 A — 2 BA A
IV AP B0 T, TS Y O 1R 2 44 AR R,
SCRAE AR PR BE .
6.3 FERIFIERIRAE

AR SR T v B R 45 44 1) AR AEARL R 3 4 7 1
(ELAR 7 Y08 AT 38 3 0 B RORE L, DATT SR AR 5 7 1
PRARBLEE . 5 12 A B AR DL 1) 5 SO B B A T 1
HATEME, BE FRE IHER 2 va AU . AT 7
I HE A AR EE A h 50 %8 U 30 1 AR , 3X 58 42 02 il
TEJS AT REH A R SO R A 1Y £ B2 25 08 SR T, S A 2 —
NI R, TGN TR R B A BT &
F e , AV 2 IR T 2% &, MR IH R 2 D ITR
e AR RO Hh iy — R

7 BEMRE

BT T 1 X SR AR AR Gt 3l A7 A AR v B
G RSCHR T — b TR AL JEE AR A T 1) 0 R AR Y
TIEGRERE TN B, Il DR AT 4 245 258 A1) 2 A
H BB BRGS0 728 g e B U vk i
FAPETH N AL P AR S 7 ikl i R
PAAN TR AL , 25 48 I AR BLE | A BT e AN 45
FAREEARARABLBE | 30 B 1 O 1R 3 A P A 1 125 23
BrAIX e ARG %05 1l ad 5 225 O — RR T 1 U
RSB 5 5 B AR RLBE , JE— A5 i 2 1 3 5 AT EE A
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