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Abstract: Traditional token-based clone detection methods utilize the serialization characteristics of code strings to

quickly detect clones in large code repositories. However, compared with the methods based on the abstract syntax tree
(AST) and program dependency graph (PDG), traditional methods can hardly detect code clones with large text
differences due to the lack of syntax and semantic information. Therefore, this study proposes a token-based clone
detection method with semantic information. First, AST is analyzed, and the semantic information of tokens located at the
leaf nodes is abstracted using the AST path. Then, a low-cost index is established on the tokens for function names and
type roles to quickly filter valid candidate clone fragments. Finally, the similarity between code blocks is judged using the
tokens with semantic, information. The experimental results on the public large-scale dataset BigCloneBench reveal that
this method significantly outperforms the mainstream methods, including NiCad, Deckard, and CCAligner in Moderately
Type-3 and Weakly Type-3/Type-4 clones with low text similarity while requiring less detection time on large code
repositories.
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1 public static String load (File file, String encoding) throws IOException {

2 FilelnputStream fis=new FileInputStream (file);

3 InputStreamReader reader=new InputStreamReader (fis, encoding);

4 StringBuffer strBuf=new StringBuffer ();

5 char [] buffer=new char [4096];

6 inti=0;

7
8

try {
while ((i=reader. read (buffer)) \= —1) strBuf. append (buffer, 0, i),

A=l

} finally {
10 fis. close ();

12 return strBuf. toString ();
13 }
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N S, S, are vector collection of varlables\ for block B, and B,,
respectively. # is decreasing ratio.
HH: VR is the the s1m11ar1ty between Siand 52

1 sim_sum = 0; // s’hm of matched vectors

2 initialize array M, to size |S;| with default value 0;
3 initialize array M, to size |S,| with default value 0;
4 for =1.0 to 0.0 step # do

5 for =0 to |S;| do

6 if M,[i]==1 then continue;

7 for j=0 to |S,| do

8 if M,[j]==1 then continue;

9 s=cosine(S,[7], S,[/]);

10 if s=¢ then

11 sim_sum=sim_sum-+s;
12 M[il=1, Mo[j1=1;

13 end if

15 end for

16  end for

17 end for

18 return sim_sum/max(|Sy|, |S,]);
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(ST3, WBEXFAHLE AT 0.7-0.9). Moderately Type-3
(MT3, 52 BT AR AT 0.5-0.7) F1 Weakly Type-3/
Type-4 (WT3/T4, veBEXT A ALE AT 0-0.5) 3£ 6 2.

TEVEAL 5 R U T 2L RS B 2R BT, b T o B A
SRR K (Filn & AN S BEXT), M LURAN SR AIE 7
B XoF [ BB . AR SR F SR F T2 A8 F (¥ 791 ),
T M 445 SR e AL i 4004 SERERY, Fh 3 kit
6 FEImMFEL L0 HIBE FEFN TIGUETE P X i B O, MR 56
VB £ S S e R L R
23 WM FEBRM SR AR RS

R TR B AR S R Ty R A 2, AR 2
PEECHRIK 5 2K J79, A5 3T Token 75 5: NiCad!''!
SourcererCC'"", CCAligner'” fl LVMapper'”, DI}z 3
T AST IR J7 5 Deckard!™. 3@ 35 % B A 8460 T
H.AE BigCloneBench 4 45 b RS ff 2 A0 44 [m] SR 56 E
TIERA R, 45 Rk 2 fis.

S 25 AR, AR SO ) T R RS W 7 R AE A
27 T AT BT IR IN R, TE 2 91%, R BRI H i 7
BEXT I A AR How . EH IR 5, A T1. T2 2%
) o o A I OA B B2 100% B RCE, BEAR T
NiCad. CCAligner 1 LVMapper, 7E J5 225 87 # K30,
EHIER) 100% HIJE K2 Javalang T EL7E fEHT 8 4-IR
SCHERT R 1R, oA E i SR VER, B80S
AR T A DG I b B X TRV R . 7E VST3 A ST3 2%
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R e b, ARSCH 7RISR T NiCad J73E, AT
B
# 2  A[FJTIELE BigCloneBench | o &AM

RN (%)
Jiik R
TI T2 VST3 ST3 MT3 _ WT3/T4 s

ALTE 99 98 98 88 43 23(176,712) 91
NiCad 100 100 100 95 1 0(12) 94
SourcererCC 100 98 93 61 5 0(1, 892) 98
CCAligner 100 99 97 70 10  0.2(12,540) 77
LVMapper 100 99 98 82 19  0.3(23,923) 87
Deckard 60 58 58 31 12 1.0(77,293) 35
VE: T S AN 5 A E WT3/TAR A [ 410, fE35 5 Hifiid
BigCloneEval 4 15 Hhiar th 9 s B x B, A& Fh 7 iR ORI 22 57

F4h, M T NiCad. SourcererCC. CCAligner.
LVMapper Fl Deckard /7%, A3 AEREIILMT3 I
WT3/T4 KA e b A S il ROR, fEMT3 2K
M 14 (8l 3 GK E) 43%, [AES K 2] 176 712 % WT3/T4
FA T fE. X SR ¥ NiCad. ‘SourcererCC. CCAligner
F1 LVMapper X B ) 3 T Token 7735 2 MR I
SCARMBEM R, AT TE T1. T2 SAFLEE AR
Ft (Wdd N R AAE BsE ) 1 TR B R IR R AL
S, AE SRR TAB AT 322 ) 1) v B X (A& MT3
A WT3/T4 SelE), X L6772t B IAS 2 f ] . 17 32
T AST 1757% Deckard, i1 T H M AST R ILEC £

FE AT, X AST BEARSE /A AL RE A 2, /£ MT3
WT3/T4 X2 R BRI LB ARG AR SCT7 7%
M AST 8% 4% I 23 #T Token HIIE X A5 &, [FII % fE 70
Bt i i AR A AN K 1) R B4 TR T 42 A €4 1) Token, 76
RTINS A 22 S R 1 v B xS b S LR A M e
2.4 BYEMEEERYSEIGEE R R

B A DIRE M &, a2
WG K B A, v A I 5 v A R B ARAD 6 A )
N A] & — T 75 2 B fOOGTE (4R AR, AR SEEK 5 NiCad.
SourcererCC CCAligner 1 LVMapper J71:%F H, %iit
ARIFIFEAE 1 My 10 Ms 20 Ms 30 M. 250 M A7 A A
iﬂlﬁ%iﬁ‘]‘@ﬁﬁﬂ‘l‘ﬁﬂ, PR AR R T R ) 2=
5. T Deckard Js I AT 1E 10 M LOC $# 42,
T RAS S FCHEAT o, Fofh v 4 RN 3 .

MR 3 HRT DUE B, AR SCHE H ) v B R DU VA AE
1 M. 10 M. 30 M #1250 M LOC HJ#H #5534 b
A/ BRI R ) Gk B e 4 Rl 9 R MR AR, AE
20 M LOC #(#5 £ | 0& 2 T LVMapper J7i%. fef
TAURS WU P 5 DR T, — T T 2 E E 6 T R R
oA ) B 5 4 e ARD HRAT B A7 AE v BE ) g 1k GRS B
e HLd K A R JE B B 3 80 o Dy (3 7 — 7
THI 2 75 56 UE M B A AR AL LU 7 2, B T I TR &2

RE.

®3 AFTRAE RS EEE S b v AIRER X EL \

ik 1M 10M 20M 30 M .~ 250M
A T7: 34s 5min 10s 27 min40s 1 h2 min™ 25 h 43 min
NiCad 4min 10 s 10 h 36 min — \ . — —
SourcererCC Smin40s 27 min 52's 1 h 2 min 1'h 32 min 56 h 41 min
CCAligner Imin8s 48 min 36 s \‘ —4 — —
LVMapper 38s 7 min44 s 19 min 24 s 1 h 35 min 52 h 25 min

3 divERYE -
R GE Token SEBERTIN 78 PE SCA ek 22 57
) 5 e _E (KA DI RE 3, A SCHR H—Fd 9 Token I T 15
SO B HE T ORBR G B 1 07 . %07 i AR R I
i RABER F 50 HT Token [IE UAE B, FEMIE A
EL# Token HARALIME . 764G I 5t 7% ol i 4 2 2% 5
o BN, I IEANIGUE IR, 1K B/ KBRS G R
ARSI ) H . S 25 R, AH EE T H At v B A T
% (NiCad, Deckard, CCAligner %%), i 715 3 f] Token
A LA B bR AR XUE B, WS E MT3 wfE i)
T IBCR 5 [RIIF, AR 7 VEAE KRR G 28 I L B i %
W TR PR AR AR R S S, AT RLEE— P4k
Javalang 2E B3 RAEVEM FIE AR, 3 T1. T2 287
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