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1(Science and Technology on Parallel and Distributed Processing Laboratory, National University of Defense Technology, Changsha 410073,
China)

Abstract: The application of code clone technology accelerates code search, improves code reuse efficiency, and assists in software quality
assessment and code vulnerability detection. However, the application of code clones also introduces software quality issues and increases
the cost of software maintenance. As an important research field in software engineering, code clone has been extensively explored and
studied by researchers, and related studies on various sub-research fields have emerged, including code clone detection, code clone evolution,
code clone analysis, etc. However, there lacks a comprehensive exploration of the entire field of code clone, as well as an analysis of the
trend of each sub-research field. This paper collects related work of code clones in the past ten years. In summary, the contributions of this
paper mainly include: (1) summarize and classify the sub-research fields of code clone, and explore the relative popularity and relation of
these sub-research fields; (2) analyze the overall research trend of code clone and each sub-research field; (3) compare and analyze the

« FEETH: BHEAIH 2030 B — AN L HEE ABH (2018AAA0102304); [ By R 50K 2 2 57 524 % IS0 H (6142110200401)
Foundation item: Science and Technology Innovation 2030 of China (2018 AAA0102304); Parallel and Distributed Processing
Laboratory (National University of Defense Technology) JT il 55 H (6142110200401)
WSCRR 7] : 0000-00-00; f& i []: 0000-00-00; K I [7]: 0000-00-00; jos 7 2% Hi i it ] : 0000-00-00
CNKI £ £k Hi i it [5]: 0000-00-00



2 Journal of Software #: {4524k

difference between academy and industry regarding code clone research; (4) construct a network of researchers, and excavate the major
contributors in code clone research field; (5) The list of popular conferences and journals was statistically analyzed. The popular research
directions in the future include clone visualization, clone management, etc. For the clone detection technique, researchers can optimize the
scalability and execution efficiency of the method, targeting particular clone detection tasks and contextual environments, or apply the
technology to other related research fields continuously.

Key words: code clone; systematic literature review; sub-research area classification; development trend analysis
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F R A7 7 K 5 T ARG o [ 0 2% AR, 32 B A 45 A QR o B A& I J7 v 0F e [4], [5]~ QA5 v i 4k 23 #r [6],
[7]. ACA5 5a BE T RRAL[8], [9]« AURY 7e e M9 [10], [11]%5 A1 0T bR BIF 52 1Al B IR L HY 7 KR SCik & (B IX e 23k
KT AE A Y v AT 72 7 [12] AXHE o B i AR [13] XA or e W AL [14]3X FE L rp B AN T HF 0 450, 1B
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FC A B TR 0F TR ) 2 A5 R DL ST T 3 B A2 B AT L R R 2 R R A A SRS 5E
WE AR SR FUREAT 23 I 9, 15 317 BT FU AR08 5 A 56 2 R, K ST 3 0 2R 45 R DUIT TBCEOR B2 10 7 30 A OF % Bl R
FEEDR TR BT R AR e B AT ) A 45, D7 8 1 e SR A e BE AT 9 AT e

] AR o R e Ak DA 2 % FE U B BT A R RS2

AR5 B i U T FT 28 1 A I ) (R4 Je iR e T RS A IR O S0t L 4RSI R 3R T OT R R
AN T7 T TR FUACRD B A A R 2% A B T AU A P 2 3 mT LS B s 0 e N O 4R A% U )
JEBUIR K AR e Fe i 55 HE T A B0 Pk T e Ja 80T 7T

TR B = Tl 575 2R 5 ARA T I B SR AR LA T X 5312
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MHIE T2 3 A1 B e, e 3 AR o I AU E T N O3 A 19X 4 R TG BRI FE N Ot o WF FC AT A P2 40 B AR RUAS [
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Fig.1 Pipeline of systematic literature review
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BT EIRPIER AT A EE TR T OB R i 07 %k, R R
(1) Sobrinho %5 N[34]1# Fl T % T H A5 2 BOU TR 2 177V (B AE SRR S BRBY B AR T R BLET 85 L
= IAE T 60 SR H B AT il
(2) M WIkiCFP1H FRATT AR I, AT SEHURL 7280 N i . 7 80T AT 23 33, B8l b A R0 35 H A 1 Tl 2
SEEL T T A AR A A AR TR
(3) X T FE T OGB48 FR A 75, FRAT AT LALREAH & AT rh A 25 S O% B 1 AR i 45 PO A R B P R A Ak
FRAT AL 2R SR
3.1.2 EXKERTHH
N T GRS R OB A ) B O FRAVIRER T A O AR P AT B A 5 RN R 2 PR FRATT AT BLR A R
FEEIF 7> NP E 5
(1) FEAE: ‘code’, ‘software’, ‘application’
(2) FW1E: “clone’, ‘cloning’, ‘copy’, ‘duplicate’, ‘duplication’, ‘similarity’, ‘sibling’
[R] bl FA 4 3 AR AN B A A i) OC B A 3R AT 405 91 F B (OR) B kAT 42 i W A T W T s IR AL B 2 4+
N
“code clone” OR “code cloning” OR “code copy” OR “code duplicate” OR “code duplication” OR “code
similarity” OR “code sibling” OR “software clone” OR “software cloning” OR “software copy” OR “software
duplicate” OR “software duplication” OR “software similarity” OR “software sibling” OR “application clone”
OR “application cloning” OR “application copy” OR “application duplicate” OR “application duplication” OR
“application similarity” OR “application sibling”

Table 2 Search keywords or string in related papers
R 2 FHR AR Ak R OCHE U] Bl 4% e
pa: KRB AR FRH

[17] clone; software; code

code clone; code clone tools; code clone prevention; code clone prevention mechanism;
code clone management

((‘code’ OR ‘software” OR ‘application’) AND (‘clone’ OR ‘cloning’ OR ‘copy’ OR
[13] ‘duplicate OR ‘duplication” OR ‘similarity’) AND (‘change’ OR ‘evolution’ OR
‘genealogy’ OR ‘maintenance’ OR ‘management’ OR ‘tracking’))

[22]

[38] code; software; clone; clones; duplication

code clone detection; text-based techniques; tree-based techniques; metric based techniques;

[30] PDG based techniques; hybrid technigues; machine learning techniques

[25] ((‘code cloning” OR ‘software code cloning” OR ‘code cloning tool”) AND (‘code copy’ OR
‘duplicate code’ OR ‘duplication’ OR ‘code similarity’))
code siblings; copy-and-paste; duplicate code; near-miss clones

34 de sibl d-paste; duplicate cod |

3.1.3 LR REEE

L5ty WO AR oo A 22 00 2 P4 2% 51 S (03 B [17], [38), [351], [39], 4% 3 Hh A 2% 11 s JiE 4 45 ACM,
IEEExplore, Scopus of Elsevier, Springer, Web of Science, Google Scholar, Wiley Online Library.
314 MERILAMINE

N T PR AE R R RS (R 2 L RUR, FRATE A T 2 R Bh T X ACM, Springer 1 Web of Science, FAl]

1 http://www.wikicfp.com/cfp/
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5T GitHub FJFJ8 Chrome % #sf&¢F lit-automation/chrome-plugin.:%tF Google Scholar, B A 11$H T
Publish or Perish[40].%}F- IEEExplore, Wiley Online Library f Scopus, &A1 N T# & 1 )7 R AE B J7 Wk
HREWFHH.
%f ¥ Google Scholar, IEEExplore U4 Scopus, A AiT#87 5 KA R 748 8 K BE I BR ), L RATTEAS R = 7F
BT B PR 2 A AR
(1) FH& 1: “code clone” OR “code cloning” OR “code copy” OR “code duplicate” OR “code duplication”
OR “code similarity” OR “code sibling” OR “software clone” OR “software cloning” OR “software copy”
OR “software duplicate” OR “sofiware duplication”.
(2) T 2: “software similarity” OR “software sibling” OR “application clone” OR “application cloning” OR
“application copy” OR “application duplicate” OR “application duplication” OR “application similarity”
OR “application sibling”.

X+ Google Scholar f{f 28, — ik £ &[] 1000 /45 2R [41], [42],09 1 T LA o B A5 AR 5 S0 2, 3RAT T4 T AE A7y
Xt B AR REAT IR 4 CRAESE IR R 45 R0 T 1000, 0 RAR AR AN B /2 B2 5Kk, A4k B R R 27 R b AT 4R 40 B
B335 2 B SR A L () e A 7 AR 1 #2020 4E Google Scholar 45 5 (1) B 53R [0l 45 S it 7 1000, B 34114
TH LR RT 2 DT E).

3.15 R RER
I IR R SR RATILIEAE RN T 35,945 e S0 (Fa Z B IF] 4:2020-09-13), 7 1 Google Scholar (28,803),
ACM (1,978), IEEExplore (644), Web of Science (741), Scopus (1,730), Springer (1,440), Wiley Online Library (609).
3.2 XEfHE
AT IRATT VB T S 0 AL R 25 BRI AR S S N T A 7 2O0S SR AT O k. X BLIRATT IR B
F DU TG 125 PR R
(1) HE AR KRG EER R B T RS R R B — % 0CE, X B IRATE SR 505 8 H M B 2
(7,901 & SCEHMIER);
(2) MFRASAH OGS 7 FRATE: T3 bR, M. OB A R4 30f3 B i N L 2 i) 07 sUMBR 1 5 ARG
e [ T K 1 3L 5 (24,982 5 ST A I BR);
(3) MIkRAEH . HESCC B (523 i SC R LM ER);
(4) MERAE 2 ARBT T8 S0 ARAMXAREE T AR 5K LAE B T HanE R ¥R W4T & LIE
(1,101 & SC= MM ER);
(5) MR o4 B A i) AR D8 1 )5 B r At T, JRATI R 1 Joi& 48 304 S0 AR (51 i SR B I BR);
(6) PRE 1 2011-2020 4 2 8] () T A% A SCALA BT AU 50 B 30+ 48 10 K R DL (346 i ST M BR).
ML kD R Pk, JE PR R 1,041 R OCE.
3.3 ERIREK
H T2 T SR B A B A R T VA A TR A TR A R IS A AR T AE 1) () SR R R R, O TR R A ) R, AT
FI A5 ARTR T3 BRI 75 A AR 9% SCEE 2 25 SCHR h A R 25 2R AR SR ST [371.4H B T AR AR T Bk 0J7 15 [43],1% 77
V2R DASRAS B 22 1R 5% SC B AT AL 38 S 2 2 SR i) A
AR T BRI AP B E AR PA IR
(1) EBhE S ek X LA F CERMINE[44] T B [ 3hh B S & 195 % Sk B 3%
(2) MR 3.2 5 S SCE G H U R S A G
BT BRI 2 5 YGRS A BT BIAR 9GS0 E I A R AR S0 SR IUR R 15 L n R 3 P,

1 https://github.com/lit-automation/chrome-plugin
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3.4 REWNH

TERSCHE—FEVEE 5 TAAM AN LR E TE RS T E R RERERRFERHE AN B
Ok TR, RAEE YRR 5 FLL L TR L E L, FH HAE N TS R 5o AR5 v B i 36 458 L&
A % SC IR 25 1R YE B HEAT T IR R 4 MR T SR AIE AN AR 3 7R SC 3 0 3k T AR v 0 O v 4 T — B0 FRATT R R
WA 5% (Kappa) (1 7 ¥ 3EAT 7 20 BT AT 2Bk T =B CE ERENLE R 7 100 S0 BERMAEFH %R 3.2 &
R S EE 3 BN 4 R ) SC F A TR BZAR B, 2 S5 TR P ALAE R — B R (1) [45). 45 F 3K W W ALAE
T L 0 3 B B PR AN i i B IR 58 95 1 — B (ke = 0.928)[46].

Table 3 The selection of papers for each stage during recursive snowballing
R 3 AR T ERINVER Y BOC R A B

M
1 2 3 4 5 Bt
HWBOCERE() | 21797 4461 535 41 6 26840
EEXEHE() | 15289 3100 339 26 5 18759
TAEESCER(-) | 5217 1112 166 7 0 6502
e, T EH(H) 20 1 0 0 0 21
FEFA RIS SCCER(-) 45 10 0 0 0 55
FEREECEH() 74 9 1 0 0 84
2011 FZ BT ERLER(-) 928 203 27 7 1 1166
FILAALTLE 224 26 2 1 0 253
S e Fon MR
(-)F R M S

RSB 5, BATIRIL T 253 55 & 456 2 A0 ) 303 LR L B ARRD 78 B AH O S0 & 1294 75,
3.5 HIEIMEL

DB JE S0 T B TR S RE T AL A AR TR U M DL AR AR R
AT 0 S AT B S SCR AN AR AT RAEAT 1 S SRR B AR A R

(1) XEERSBUNTIARR. KRR, bRl 2. RhEi

() FEERARE WA CEREN PR ANL CEARMNPTEER . SRR 7.

4 REBREFHRMEIESGE

Table 4 Classification of sub research areas of code clone in related work
R 4 IR TAEH AR5 b T 008 R R
XE FHEARGSE
[17] AT T 2 V5 A A QRS o B 0 AT A D o o ot 842 I ) s 0 ol v 4 AR e o A
AR T o AF 6 4003 T ) 7 T 4 A P 1 AR o o A )
[18] ARAD 5 [ 43 b 5 AR o B A 0 A o e 5 B AR S B T B VA
ARG T o A 2 AR o A U A o o T A4 A ) o i 2 A AR e A 38 B SR TG

L1 o s e g it T 5 5 8 5 B
D 7 1 RO i 5 P B i VT P i e P 2 W 15 s P
o) | EEESTRLALE R U 5 R FOR 51 (R S I D

FROBLLRAP B A A 7 T 170 77 T8 0 P B o 2 AR S BV B AR e B 2
A A5 B AR oAb
[21] e RGN ; T i o M, e B 47 5 B SR M T L VP
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X T AR B B T AL A I AT R DG TARAR T ORI 4 2845 L A0SR 4 B TR o R — B0 1) /R AR
SCTELEA T 3T T AR IR 58 A TH 00 AR 5 B AH DG B AR A I B AL b RV R O TR E A R T —— R
FV[4T], [48] 44 AXRT T b - FF 70 AU HE AT U 40 88 20, o0 4 0 AT 0 R D B SRR R G R ABR AR I
TR KA F GitLink 7 &1

ARSCFET R R oy 207 AL T 7 0F 0 AT oy R E A FE I R LN B R

(1) & TAE AT ALAE 3L RIRI AR F 0 KR D) TAE ARA T o e iR AR SCE AR S8 HEE R
BB O — RS ERINFE R R BI0E BT DUARTEIT & & 250 5 565 B B AT R4 e ig
3 HL AT 0 B ARAD 5 B A 0% 32 8, 48 B LR P A0 40 1 3 A B ST 44 R HR SO IR E B (fE
T B AR 3 R, N 5 S CE A ).

(2) FRAE R DEFIEEEGHM,— MRS AT RS0 50— 8, 5 — R s iR I | &
2E[49]. AR T J5 — 77 16 43 255 T vh sk 40 05t 47 58 18 I 3 i — B [50], 3% 77 v 7T LA Bk g e 49
BN, S BTN RN FETE B — B 45 18 X L ERAT TS A T 42507 U (open coding approach)[48],7E
53 2 i o e A R AR AT AE AT IR R A R 0 R R IR S R D% R A IR R A 403 S AR AT A 1)
F) R AT $E 5 (140 “license violation detection”iX AN 3= KB IR <RI FH 7o B AR I %ok i sz T YRR W]
UE AT N EEAT A0, “bug localization” X A~ T MR A Sy < FI F AR o B 2 AR ARG o (19 885 1% HE 4T
7 3K B A 37 ) Sy AR A A 00 B AR T A AT 88K 1 B DR iR AT B 9, 3 FH IR 7 “other fields based
on clone detection technique” Q& i 3545 B I B A — 2~ v BT A W 0 403k, 1 64 2 19 BT B W1 46
R BV Z B AT 1 T .

5 RS

A BB SR B SR IEAT o> M AR B8, B 5 2 T S A 5 NBIE S ) L
5.1 jE]RE—: A5 5 b 7 A P L T BT 5 U

5.1.1  FHF 7T AR B AR R A B

W R R R BAE R T WK 5 FRM o d8es I b A0 2 B B 2R T — = 42500 AR 4 Bharti
GNBLMA A ARG RS TR ER R AT AR Te R FE R, AR 5 R fe 4 & A
AT DR M A SCAE HEAT o3 S K B T I B A SCHE AL M O SC A B T O B Y R TR T
JE SRR T BRAT R B T O HE TR 1% 28 0] 5 Fo At 2 A AE 22 4R B 22 4 1A AFAE 6 L 3 TR J@ T Ak it
T4

MF 5 HERATR LUE AR SRR I TE T 10 4F (19 5415 30 R B 2 e #4171 R 70 4038, 1 2 R g % A
At P 7 ATk P R i, 4 AR T B 43 AT, AR T o A S5 R R T B T AR T B R I R B R AR o P A
AR 8T K P 6 I 040 B AR 36 31 7 v AEURE T Sk 1 A i B 4 A AR A T B A4 A R AN BT A R A D%
SCE /D KB T B A I BV I TR T A TR] (0 DRSS B A R0 56 I VR R T AR T B A B R AR T
KB4 M I8 AR R T e o Ak 5 3 o A T A 3 S AR, 3 AR 3 B 43 T AR AR R e B A A X R
JEE (¥ i . [ B B ATT AT LA R B AR D 8 B A I B AR 12 08 ) T K B A AR A DS, T 90 R T AR IR T
T T B AR I A 1) F AR T AT 1 A DS AL

1 https://www.gitlink.org.cn/Nigel/jos_code_clone_trend_future/
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Table 5 Classification of sub research areas of code clone

& 5 A e e T BT L0 7y R4 R

eyl XEHE BEXERHR
1C#9 5 fE 5 clone detection technique) 749 FH ST 22 W T T I o R A 3
AH 9 3 2 ) T B AG N 92 B X ARG o
1LY 57 k% 7 #r(clone analysis) 183 B A AT T SEIER AL O B T TEE X
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Fig.2 Intersection plot of different sub research fields
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Fig.3 Related topics of other fields based on clone detection technique
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3 https://www.gitlink.org.cn/Nigel/jos_code_clone_trend_future/tree/master/sub-fields_hotness_change_trend.html
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Table 6 Proportion of authors from research institutions of different countries and analysis of co-author networks
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