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Abstract:  Code clone refers to more than two duplicate or similar code fragments existing in a software system. Code clone is a common
phenomenon during software development which can facilitate development and has positive impacts on software system. However, research
shows that code clone will also do harm to the development and maintenance of software system, including but not limited to the decline of
stability, redundancy of source code repository and propagation of software defects. Code clone is one of the most active research areas in
software engineering. Therefore, various detection techniques are proposed to automatically detect code clone in software systems, which
help improve software quality. There are a lot of achievements in this area, and these techniques can be categorized to text-based, lexis-
based, syntax-based and semantic-based categories. Current techniques have obtained effective results in text-based clone detection, but still
challenges in detecting other types of code clone. More advanced and unified theoretic and technical guidelines are needed to improve code
clone detection techniques. Therefore, in this paper, we present a literature review for code detection especially from the perspective of
source code representation. In summary, the contributions of this paper are: (1) We conclude and classify current code clone detection
techniques from the perspective of code representation; (2) We conclude the model validation and performance measures in model evaluation;
and (3) We summarize the key issues of code clone research from three aspects: scientific, practical and technical difficulties. We elaborate
on the possible solutions to the problems and the future development of the research, focusing on data annotation, characteri zation methods,
model construction and engineering practice.

Key words: code clone, clone detection, code representation
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AT SO 4 1 77 30— 5 7 i S 2430,

JRARRS R ER
if(x 1= 0){
IR
z=ylx
}
else{
IERR2
z=x"y;
}
[ femazane
! ! ! !
FER— HE— ESiT Eidlu]
if(x 1= 0} iffa 1= 0){ if(x 1= 0){ switch(true){
IhER IFER case x !=0:
z=ylx c=b/a; z=ylx; IER
rmAR (! fempz|) femama| ZTE0 | fepmama| 27V
else{ else{ else{ case x == Q:
IiERE2 IFERE2 1iEFE2
z=x"y; c=a*b; z=x"y: z=x*y;
} } } }

Fig.1 Original code fragment and four clone types
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Fig.2 Research framework of code clone detection
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DU H SR AR b B A 5 14 R ;. CDSW i T Smith-Waterman FyEBSRAGIMARID 7e b, & 09HERH &
ZREER S, BABKKIMNES . XIAO {fH T CP-Miner ZRBNH AL 1 77 74£B4,  (H 2 MR 5 5
B GLINN T B8 22 (48 b BE 2 R 35 B AS IUAR AT v B, BB 0B ) 13 4k I 058 L e 75 J5 ()RR 3B 4T B B4 T 8k
1 & Ge v ) ACRE b B

AR T3 T SO AR B ARHE FRAE 7 sk i, B TRlVE A SR AE 7 2URE B8 VUL B 2 AR AERE 15 B . (H2
AR b, B T B ARRE R AE J FORT SCAR — B2 7 A ISR AE J5 i, R R ACRT f R R8P
F B WF U

(1) ET RN R AR 7 20 25 R RIS AT MIUT a0 SR ARHD 5w B B3 3 e 1, ARAS SE BRI A

S LE R
(2) T (AR T2 M Iy S0t T AN ESC T 4 5 1) TV L UK 22 5 TR K 2 400 2 30 0 R
GAC

(3)  ETF I AR AL SR AR VA 7 PR FEACIE 15 B, e & 2ms s IR AR () 45 048 2
3.3 EFEEARERFANHAR

F TR AR R AL 7 U 22 2% P& 3 7 YA TR RN, AT B o) e v 25 25 (045 2m AR AT« 2
TAEE A AR AL Ty 3K 3 B B T B 1 VA A TR AR T

IBIEIEN (AST) RFEAMRA 1 —FRIEA, g EIAR H —rhai R, URKEAas
TIAH A (S B o AEACRS se BRI o, 3 T8 1) 07 3 2 e DA A AT it R BV A AT ik — 20 i b B
IR, 7 EMEMR, B 3 R T — BOWREE A ERA A B 40 T R R il RIE A, EAR I A e
W, T DA F AR DG P 45 500 HEAT 4 9 LB, L PR S8 4 [ RO T AN Ry S SR 7 — AR w1 4 2R
BT R UIIAR AT B EAT — @ R B BT (140, ML 25 s TN T 5D 0 AR 0 45 R R AT LR AL,
28 1 A5 A A e L e % A DN 2
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ISR AR

}

}

}

while (b !=0)Y
if (a > bX
a=a-b;

else{
b=b-a;

| FE

MR 1 R

condltlon
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EHE ST PR ]

Top level

N

variable:
a

vanable constant | branch |
condition if-body else-body.
varlable | |varlable varlable | |operatlon | varlable | |operatlon |
a b

|var|ab|e | |varlahle | | variable: |

| variable: |

Fig.3 Represent source code with Abstract Syntax Tree

3 f Al GUEE S R AL A

. —BOURARED A R AR B AN AT

Bz, TEHES

), IXEEIRFRE

— B AR RAE X BURACHE o BRI, FEACRE SEREAS N, J T 480 0 7 i d B H AR RS B (Y 48 45 FE
RAEX BUFACKS, ARG HEATELBE, AR I H AR AD 5 F
£ 3 AR THTIBERN RN AR R B AR 4 3TN A %A Baxter S AIRHT
CloneDRESIFI Jiang %5 A& Hi 1) Deckardd4E . T HE A7 R BEAT A0S 5 B AG I 1) 77 260 5 Mayrand %5 A B8

T {/EF Kontogiannis

SENBATAR, BT P ORISR, SRR 3047 BT SRS A e b
Table 3. Characteristics of syntax-based clone detection approaches

3. BT AR AR T AR U (14 AR RFALE

ROTE/EH | BAEAY | WREREARX | R TR | AEXE | GREN
CloneDRUS | R4 ALl Rl | A e WILRHA BEMIE | ou_ | RN
Wahler® | i AL AR | R AT TERIE | o [ e
‘ \ o ET
R AR 24 , T 2] I el I
Deckard!“ b1 it Q WEMES | K- | SRR
SRR b 7% (LSH) T m= g
o
covnen | SHBEEEL | gy |FFIIORE) g coarsen | Jons | e
A
Fo
v 51 5 (45 1 § )=
white @B | gpherns | im0 CTEORIEE e | T s
A
(R IDT BT ETRAREERES | e [mkeeR
Hotta 45 A< ptA A AT po FEMNE | oy L
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Fm=
- o ) Fom—
4 =] 75 e =54
K“mﬁ%PS%>m%ﬁﬁwﬁ%m B ﬂﬁgﬁﬁgiﬁﬁ ﬁg%ﬁﬁﬁﬁm i%i o et
e | BRI, SR o mEmmE R | R |
Kodhai & A B T 1 b 3 EER TR UCES AN S A L TR o — 5
—El1-Hafi S 4 B oK q ) K
Abdu BV e g | b ﬁﬁ@gg;@“” WSS | Jog o | SUEEX
o N km— | =mn
Raheja ZA™ *ﬁ“ggmhﬁ MR | SASEmLEE|  EEGEE | K- | EXCEL %
- HM= i

CloneDR i Fll 7 3 FiE LR (17745, AR I 2 58 4 A LF M R IACRS 5 B, I HLAE A il G VR ok
BEATARRY A4 . 7E CloneDR J7vErh, TEURAISHEMEAT Bt ZAEVEM 2 J5, BRI T =A R BT
UG T FEATIN 35— A SV B 5 A W AR rh ) AR R T R, A I A O VRO T 4 AR PRI e T
By 8 NSRRI TR R AR K TR TR, S S AN SRS A T AR R I Dy kR B £ (AR T .
CloneDR HLAAMEFH T Wi R IBIART, A8 05 A I 21 5 T SCAR 50 1T TEy2A0 0 20 AR AR 5e B, (ELR: S REAS I 3
VB SCREARL AR A 5 B

Deckard {f i T 5 T W 11 77 2 A BR U BE B AR AR, BI M R BB BRI R . 2 208 F — A8 i A AT 38K JRAR
T AT AR AR, SR AR B0 0 P O A Bl — A Tl R FH TR SRR T B R I 45 M0 (5 ., e X s ) Bl R
TR A SVEEAT TR, T AT LR — AN R IR, ISR AR A AL R I B (AR RS
50 % . Decard BE W% R 21 5 AE 7 B ARAD B B A S FE AR AR 5 B o T AR AT % 1R A [ A LU 35 AR AR AL
i, Deckard HE W5 i 3 — & FL B (015 S o7 . H2E Decard (i LLHCHE BT LLALIE, & HIMNT I FE th 2 W AEIE
GEZ IR

Mayrand 2 NF AR TR R 2R B, R REHIRA I ORISR bR &, R A e
A FRACLIR), 3 A R B0 A A A AR 5 B o A AT 190 T A 5 IR T s 6 K AL o 507 R AR AR S B, H R TR B
SEAEOUR, A ARAD B B B s Al AL R SO BUIR IR £

Kontogiannis 25 A TAEF T B4 25 BORAG IARAD 5w BEAIALRE : 58— AN Dy i 1 JRARED b 1 48 A
B, SRS R I EUE LU . S AN TR T B AR SRR, R T s/ I g P B R R AR
T BRI ALLRE o IXAN 5 1 R RE 8 025 B4 51, T P 5 B 9 AT B AT 0 — 25 0 N A 2 ke 1 e £ RS e e ) I
i .

Wei %5 A\ (¥ CDLHBOME FH 1% 5 2% 2] 43 75 15k 2 >0 ARG 5 e AR AIE « CDLH 4 AR A ol B AG I 1] R 44, Ay
S ST URARAD (A 75 FRAE (G I B 2 ), B B N =8 B IR AR F it SAB A R A 2 5
A RO HEAT G, R 5 K G A J () 5 i N — S O I B R R 2 W 2% 2 rh AT IR, dJa IR 3
AEREATARAD 5 B AR . CDLH AT LUK I 21 28 84— 228 84 U AR AD 5 B, i FLANCE 7 SR s B0 A e 58 A0 4 [l
N

PRtz Ah, BT 752084 Wahler 48 NI TAEDT, s GBim A XML B kAT T #5985 AT
FeB SR, AER L REAS I ) 28 2 — RS A T ARRG S e . R TR T IRIE A Kodhail®l% A TAE, 1H
L REAS U 28 7 — R8T —[ARRD R . Abdul-El-Hafiz 25 A f T /EBLUE B 7 S04 32 98 b T S 28 i B3,
E A BARPORS I B A B2, SRR I S AL DU [ 4RAS 5w . Raheja %6 A TAECARIH T F 5 ik 47
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R, 328 T e s YRR o, e AT DU I B — 3 23 PO 1 ORI BA PR JEEACRS , R0 75 S 4 R 88 HEAT 9 6, 08 AR
AR, HAX — il 5 A 2. White % A ARSI TRFE T 398 AN SO AT 480 A T5 7528 0l i v F
XHEUIZRREA, A5 IR e o e SCRIM IS5 4, SR AT AR 2 M 2% HEAT U 45, B T2 20 B R AGE
MAS 5T -

FeF VA M ACRS RAL J5 3CRE 05 25 FE BIEACHS B0 a5 M ReE , M X5 2 ORI I BE N 78 73, AR B SCAC AR
LR RN BT — AR BRI G 22 e SN ASBBURK, 6 T 48 e A A RS o 1 the mT CLASCRAG I
B AE EM R B A il ok 7 — 25, BT IEIR AU VA A W R M Bk A

(1) ZET W T A B IR B AR RN SCAE A AN

() ETWETED T 7 EENM, I LR,

(3) T IRFRITT IR AEPRIDURE R 15 A I 75 22 AP s 3 o 1 M it PR A

(4)  FETARFRIOTT i LAORAE R o (RS A, B2 Y AR P B B Fia bR 2 A IR 1D, I 7 BEACAS th A7 ]

BEAANFH AL -

3.4 BETENFKEFRANHAR

FTAE AR RAETT 2, A 8 T IR L, BRI IGE UE R, o, i UE R IRRENE &
B—BURIS DI RE M5 2, EE AR i 2 ) AN B VR o 75 ACRY o B AU ) T, 11 SCRAE VAR D (4 AR
R ULR T B BORRR S BAR M.

EFAREE
Eyﬁ{-ﬁﬁgh‘-ﬁﬁ ENTRY  |rroerermomeernisnnsiissnsssenssenss s > output(i)
int main() { I
inta=0; _
inti=0; . ‘ R
while (| < 10){ a:=0 i:=0 L | whilei < 10 :I output(a)
a=a+i F=AE :
i=zi+1; :
} Yo
printf (“%d”, a); [ am=a+1 [ i=i+1
printf (“%d”, i); T .............................. -
it
} _—
BOER

Fig.4 Represent source code with Program Dependency Graph

P 4 A5 R P M P R AR IR AR

T PRI RS U 5 A Y e R P A 0 e 7 PR R 2 7 P R AL IR PP AR (PDIG) > B At AR R 1 i
ARG B I FE ), AR AR T IRACRD T2 AR L ), AT AL s R e R B AN O 2 TR K, I 3RAE
T BUEARS RE E S T EMUN, B 4 JRo 7 A U R A O 0 R AR B R AR YA
ffl5, Ko, AW AR - MEREE WS, - SRR BRI (SR BB R IR (RO -
KU B 5 GG AL, R BB B BLEE , REWE KT il LA A A A AR AL B PR 1 8, e 22 A 0 38 XA o
I
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B TR B BRI T BEAS I AS 2 B — BRI A A 2 Al BRI TR A RIS BTE SRR H . Bt
Y, T DUM I3 T SO 75 R G5 A T IR AR EE R AT VA S R RAE — BURIS, AR AS [ ) 4 2 220 Ry
ik, AT BE 5 75 2 I SRS Al ) 1 SRR AR,

R4 DL T H T AR SCHOAT I T ik DAL BORRFHE . K044 B T I A U £ R Komondoor Al Horwitz
A5 L M) Y T A 2 e AR ) 7 070 P SR A U 5 B 1) T VA B4R Kerinkee 55 A4 H ¥ DuplixBele S 44 ) RO & BOR
W4 Hummel 58 A2 B9 ConQATEST5 3%, EF M 145 S AR RIG 75 56 77 ik, 4 73— 2 IR )2 Ik
AR AR 1 SCRAE R HEAT AR e A o

Komondoor 5 Nt (77 A A 1 FE R U1 A ok SR IR O R PP MO B 1) 7 B, U0 B s e A 0 B0 5 7
NEAP R EE SRR P U P T R B R AR R 26, AEREAN S, RPN G A B
B, REERERT AP EE R HA T, XRAS A RN S S T S E AR R, R e R R
XEAT R G4 R SR

Krink #i¢ t () Duplix 77908 F & 8L T4l G 10 A0 A% SRR 7 (AT, BRI, e B R e 4t
T A AR TR LA, WA T B IIL . Duplix BIRINTJT %5 Komondoor %5 A [ TAE KL,
EATIEAGE I d KR AU 3 4K 50 P L A 17 2 o AR 0 R 4 [l <

Hummel 58 A2 1) ConQAT il T —Fil & 5 iR A AR se e . B =B8R B e I ik
ITTALER, SR AR NAT S8, BT 45 5 8 B BB — A A B v, SR 78 5 210 AR o SR TE
H e, A T B R SR SO b SRS 7k . £ ConQAT 1, FHIMLHITT
AL T MDS BORS A5 HIE (48], AR RIS A5 (B A 7 S A 9 R A R A AR SE XS

Table 4. Characteristics of semantic-based clone detection approaches

R4 BT AR SCHACR v A I (Y BOARRFAIE

RWFEAEE | BRAEFE | BRERESR| ARG HEE TR TEEAT | GRED
Duplix® || A REIE | K-length patch FEEHT A i%@ ke
A o —
{# Fi§ CodeSurfer £ o FERFEFRE TR e n
GPLAGI®] T P e TR VLA 7 HEER TR i%z i [ %
Higo ALY | SEle e omiE | B | il | BESRTE | KW= |t
A TR R —
Komondoor & A |[1#H CodeSurfer 4= o . - iasd s - R = | R AT
do e | e ;ﬁﬁmﬁgggmm BT | o |
I 4 H
W, BRIEERS en [EFR@RAETE| Lo | sm— | ok
ConQAT BN |y s, mgir| 19 Ak | RTTREEE ) e e
Y
KB kb
Agrawal BAE | LGS we RIS R | RS Oexer| 3T i
KM=
T O B o
Funaro AL | B3R SILINGIE | HRiEEK Sk H R (parser) | EM—  |mmsrm
e Fom =
HHE 28 MEFRIE | o e e o | SRRRE B W76 W gm— |, N
saini GAC |, apprimais | ST e, S| e | ogme |PREAR
4l - AN BRI H e 3 K=

T K7k GPLAGHE,

A TR R R OB B TR e RS, BB AN B AR
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AHEREIBE, HRMEESIRENER, TR S RE0E K Higo % A I TGS A 1 & 4k (1 77
25, REMSAG I AEAR AR MR TR X, e bl R B0 3 T AR RO B T

IS TIRE TR TAEA Saini £ NIR AT Oreol™, Oreo j&— MU st AR I FIMELE, 1FE
PP, T 5 TR B A R E A B o R b HE AT T B IRk 5 0 21, ARG HE— 25 MR 30 b
BUE X, AT RT3 07— B0k, Aetp 28R — 28R — (AR Te B BH AT B IF (0 o, TE TS
BB JE N T IR FE 2 2T i, 327 7 0 28 = RS e B R U Bk 77 . FLvh, i N B8 LAY (pair) (7 236
N SEARHS 5 BEAG I 1 — AR 5, Oreo TETRFE 2 1 S5 ) b 48 FH (9 Siamese 45 K2R 4 i figt vk 1 AQHS e
WK FRYE R, BI(CF1,CF2) 5 (CF2,CF)TE/E AN R0, HEMRE.

IRA HEIEH Funaro 28 N TAEW, 428 73T XUARM B IERFES I, Re MBI 8 = K
Rl Agrawall®12E A TAESEE T 2 T SURRR AR S 1 U776, (H2 HBER I C QRS 5 B

gi LRTR, B FAE T VE BRI TE RN R 2 UOR] PR AR AR5 8., ATTTAS W AR 5 B, IX 6 77 v 70 49
T EAVS A [F T — i B ARAE B ORI, RIS T S, DU LRSS EREETR S R, thRERE IR —
SEFEFE IR UAS B . (EREH W T MH L.

(1) ETEMBA T E AR B E s . o T AR RS S S A AR .

(2) ETEMEITRAMBA, TEIFHEIER K.

(3) HETIRAHARFMBFIGIE SCDBEL, LIS

4 mEREWRMNITETE

AN JERRAL TS A % B MRFIE S Uk, Bt 75 ZERL 2 R G 7 R0 AT e A VR A . O 13
fEACHD SEREXT B AF R GERIRE M, AR RO T R, 5 B AR I 2 (ARG T A B AR S ) L g 22373751,
XA B SEUERT TR N Ja SRR FU SR RS SO 4%, R B . AESR s AR I DT iR R R, O T IRAIE RS A
RIZOR, WHIUE T E A AR R AT S I 30 Ferh, VRO FiE bR b B B AR i AT £ [ 2 75 B R T B XX
FERSRI0 RN, BRI, 0 W R R0 2 8w LA S 3R A5 AR TE B HE A B o 1Al AR 0 B ARSI (1) S A2 (i £
TWA R S e B AR, DRI, W AT A P s b v T 3 R 2 77 1 R AR o S 36 R R DAV Al A5

o,
41 FEBIEWESE

— LB S E AR U7V 2 B SR S T ARG FE 087678 R R G, B e AN TR B S AR
RABFCRE, JEH T4 B SRR LR, SR A A R G A A [R] RUASE RN 25 40 45, 3R (1 e s 2 A CRE J2 A
AR, AT G — RIIT il e Oy T AR IR IXFER A, Svajlenko %5 A$2H T BigCloneBench®.
BigCloneBench & —4~ JAVA fRAG4E, B T AR —BZRB P KE N TARNER BEX, B8+
E, FEE T 8 NEF 216 /NI FRIE 600 T30 ACHS ST FEA 26 Fixf FikEA . AR 2 RS0 AR T XA i 4R
WA EANT B S 7 iEEess2, HEgk 7RSSR T 78 . (R IX AR A ARG S —ERAE T
A8, RO EHSIWRERAMIE 0 58 XA SRR M E B R T B AR RN BN TARE, Bk
AR EFAEEE Bk IR 7 ACRS ve B A

42 TEBIRE R T E

FEACRE T BEAS I T, 4 [0 2 5 2 CLRUAR A 2R G v 1 P A A QRS e [, R T Il BAAE & — N (P R St v
KHL. Roy S8 AAFSEHAFIAR P 22 5 0K, bl 1 — i AR 5 il N AR AR e (1 5 98, AR
FE— B N — BEN TACES , WA A il 3G AN [R] R 2 A AR se e xt LI ATE D Ik S 208 17 1A AR s e
Rl TR RCR o IXRE BB A T iR RE S A AR A Bl =, Hedn, Wang 58 AFETEfl CCAligner £ K[H]
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FEARAAD LR R M I 5 3R/18 T R EMF 738 G, BUS TROKHERE, (R R AFTE — L8 457 AR 4R 1) 5% 5 )
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R BB e AR, RIS AR IR . B2, REEESNMTHELE, W5ERE R
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522 LROIELIRE R, M ESH A 2 RIS R AT
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CDLH HH 7 WA il S TEE G5 R0, Oreo $1 HY IR L 27 STHESRSA ke 1 ACRD SE B A IR AR IR 2, JFREAE
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Fe B TR AR SR AR S BRI 1 10 L, i an 42 AT Bigelonebench,  RUbRiE T HANIRERIARS TR, A2
LU R B SR/ oR o B HUE FOIRBE 22 SRR, — 7T, KB AR AR Sl BRI T et (A 5
TR 5 = VT RT DUAE RO (0 I R (A 3 S v 0 ) A v AR g th i AN vl sl ) o 3 — D5 i, AR R AL
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