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Abstract

Copyrights for software source codes are given to developers. Korea Copyright Commission utilizes a
clone-detection tool, exEyes, to find code clones that can be used to assess software plagiarism. This
paper evaluates the recall of exEyes using Bellon Reference Corpus as a benchmark. Four open
sources(cook and weltab in C, eclipse-ant and netbean-javadoc in Java) in Bellon Reference Corpus are
selected as the benchmark. Among 10,055 clones in the corpus, exEyes’ recall rate is 100% in clone type
1, 63% in clone type 2, and 34% in cone type 3. False negatives turn out to be mainly caused by
ignoring the meaning of tokens when the comparison is made, and by setting the comparison be made
line-by-line.
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o 20%% AAFTH2] 1A FHALA L) Table 1. Example -~ code A
qAE AxFee] R} £ oRE A 1: void sumProd(int n) {
e 2SS w71 el AA T e a=F 20 float sum = 0.0; // FA¥Yr}
E BA ZRIR] exByes[3]E ARk glTk 3. float prod = 1.0;
o] =wo A exByes? Ad&(recal)S ¥ 4 for(int i = 1; i<=n; i++)
Zheth Q@ gold AEER YAETIF FES 5 { sum = sum + i
AAZ dep wAdgle] 2EA dEFE HER 6 prod = prod * i;
wEg 2 Ykt M2 a2 73 2(Bellon 7 foo(sum, prod); }}
Reference Corpus)[4]E = 22 €2 =39
Ades B7hel7] A3 HHoR Hopbyd 28 2 ofd - 2= B
Agtolt}, 200230 AL WHEE o AE7A = Table 2. Example — code B
= 28 A ZEIa9Y Ads 7 At 1: void sumProd(int n) {
A e ARgska gloh 20 float sum = 0.0; // th2 FA YL
e e B e = B e e R = 3. float prod = 1.0; // Al F4 Yt
o B BiE Aolstal, 3N o] =il 4. for(int i = 1; i<=n; i++) {
A MRt A R AbEeE WE Yeds 2R AE 5 sum = sum + i;
2N g} 4o exByese] 28 ©A A4 6 prod = prod * i;
# &4 dugss Adysta, 5FoAE 7 foo(sum, prod); }}
exByes®] A&&S H7letal, 6%l mhiafgh
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of gt} 18la 5 6, TH FAAe dEE & FE DoA= AT 28 o] 9 22
of o] AQYHATE o= BT EHY 1 S F7h A, WA wie] 2= A% = D B
ARstE FAIShE Q40 BRE A5 A9 F& o 1, B9 2 F82 ofAN By 3 FEol
BE By 1 E&8oga & + Aok BRI g
it oA - ZE= — —
Table 33 Ej!ainle - ooge C 3. 9E BEEL IHA
1t void sumProd(int n) { E5 4= ymaiA agA 2X0| AlRS 22
20 int sum = 0; // FAYYTh EX =
3. float p = 1.0 Table 5. Bellon Reference Corpus tool
4. for(int i = 1, i<=n; i++) Pk Eg] 7|9 A2 7] u
) { sum = sum + (i*); Duploc CloneDR CLAN
6 prod = prod * (i*i); EZ7|d Q)&= 7| vk
7 foo(sum, p); }} Dup, CCFinder Duplix
¥ 39 3= CE 3= A9 vludirzal Z= 6 UE A IHA 7LHof| AI2E
Col 2 FoME 8% A5 Eglo] A5 .
2 uhEglT 3} 7 Zo|Ajm MimolEo] p Table 6. Bellon Reference Corpus open source
2w aelm sy, 6l FlME egm Aol LEL2 OF #4271
FAA e AR "AHAY o] B¢ B, W Cook 2.8MB
o]2, ®a2o] tjEuz 3= A¢ 3= (2 c | Weltab HOKB
Q1 2Eolgn @ 4 PAW Unx pre snns ooMB
gorz v 2 #ecldn @ F A bestgrsd) 10D
eclipse—ant 1.5MB
netbeans—javadoc 7T09KB
4 08 -2=D Java eclipse—jdtcore 7.2MB
Table 4. Example - code D j2sdkl.4.0-javax—swing 3.8VB
> void sumProd(int n) {
float sum = 00; // FH A, AE  #sds I3 2(Bellon  Reference

1

2

3. float prod = 1.0;

40 forint i = 1; i<=n; i++)
5 { if(i/2) sum += i

6 foo(sum, prod, n); }}

Corpus)l4l= ZE=EE BAEFY AAdE&S H
7vet7] gk wixjupzolth, AldEold HAl =

29 ouh} Wo F=AE Uehyrs Ax
WRgE FARG AL AN AsME
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AL FHAE A2 e IEEE AR ¢l & = Stk
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Zo] ARl gt T A AA ZEe] digk FE% §A 5
sl FE38l9th 23 d exByest 45 FA
4. exEyes aHA @i s=of] E3hete] 't
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A5 7AW g o7 fusl IEEE B8 ©
Tolth, dARAow mEIargdofe] FHglol exByes®] = F& ©A 9 Ad&S WE
Hlae = glom i Axm=e] Ad 9 3 Hids IAH2A HXuAE V)For ot
4 A wet tFsiAl A4 ghs AA ] ' 2E ®BX 23E wiEow HF 9] #A
A9 AUEE 24 F vk at7] wito] ME HHws AR A A Ao AL
H ZAhs & FollA vaA FE7F AL C
E 7. exByes MH #t Ado]  7Hke]  cook¥  weltab, JavaZ]uhel
Table 7. exEyes initialize eclipse-ant®} netbeans—javadoc®| ddojd=z F
A3 35 o4 A & Vs doew desitt
FE Y/ EE Ha A7) = 2 894 A4 g 2E gyds 3929
AR Y FY EES vE 9% BE 28 T AY AL FE9 A7V 5Folgt
axlglel 4 Ha gas 7 A FE FY/MA B AV gE BTE AAS)
PUNEPSE——— ol RaL, YA AA g 7 2 fgoz 4}
2Rl B4 Y EZ g Hl&S 0%, ARl
Eaeld A o O/X | 94 as =2 5t 49 24 20 &
2 HlE "= 33t

exByest fFAME-E & T2 A5, 1)
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5.1 &4 HA

_34_



20154 6&

grets] ==X H1dE M=

HE Yeds Zyse FAS FASL F A& AA| vlaste] g Uil e FE22 F
A3 F2olth. ¢ exByest T4E ¥ 1L A eth gbd W2 YHHs ZH s B
glate] FES BAERE, AP AAFT A o I Y EAste 82 AdE Hte
FHE 25 AASL exEyesS A3 Bol|l A A9l skt

E 8 2 ZE FAMIA EH REQ o E 10. exByese| ~AH/EIH MYHE

Table 8. Original and comment delete code Table 10. exEyes reproduce rate

948 3= FHAA 8 2= ox
1 1] o] = B
Ol: lﬂt a-= 10, 01 lrlt a= 10, _/_,\’/_\_ ﬂ'?ﬂl E}%Z E]']:IS [¢] ?:l
02: //this is comment 03: char b = ‘b ) ) ) ]
03 char b = b /el 06: float ¢ = 10: 100% | 56% 29% 56%
04: /xthis is codk (1,454) (3,605) ( 611 ) (5,670)
05 comment */ 1,454 6,483 2,118 10,055
06: float ¢ = 1.0;
100% 81% 43% 72%
weltzh (@) (1,825) ( 524 ) (2,922)

T 87} o] FAL QB mroa BT A7 573 2,246 1,226 4,045

st 719 & JRE FAs] fte 71E]
0) 0, 0, [0}
QR zro] = AnE F7ate] BN 2 ocipre 100% 78% 13% 79%
34 101 1 136
A& exByes 5Bk Al A ek = G| | % | R
_ 1002 49 449 85%

era Bl ol el v

exEyes?] AMAEL WE fyHsr 3y 29
22 T exByes7h TAGE W gfus S 100% | 63% | 34% | 62%
207 t}e 2oz AAalksit}, % (2,134) (5,733) (1,144) ( 9,011 )

2,134 9,100 3,371 14,604
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=] o) Zz o 5.0 0
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skt
= xEyes?| E}Y 2 22 AdEo] F& olf=
53 exEyesQI xee exEyes®| EY = &0 u 1+
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WE YHA DHAS JEORexEyesd MBS B}
= exByese] ©Ao] B tE o]} exEyest 22 B4 4908 @ W s23=
B 3 289 AREe] WA tot oft  del¥s v A% TEAS NFoz B2
exByes7} 2329 72 E= s Ad 1 Adsta, Ad EFS 7 felEE #A
deld gonz g Avteld sAw A¥  =E AMwt 2dd B2 BRA E29 £
ol A9 Ex A" 2289 49 exEyes? & A8 FEekA 71wl o] Aok o]
23E WEoz PAstel FEOR YA AFd At BRE FsAe B4t A9 A
A7k e FE Ak o A% EIsH AuATL AolsAw P27} o
Az faetn 2 5 Qi oAz gl
5.4 oxEyesol O|Et o 5 gl §9 Efo] AAst ko] U4
7% U ol ARAom WA
exByes< B 19 S84 A-¢ shdstA A
aguh A% B 2 FEst gy 3 2o ¢ ML 2 ENE
M AW %G exbyesrt megw 3 THE ediseant s =E S
oA Rat 22 uiroz sl Az g copy.java®} movejavaol A= FE| dHE 7
F38 AU veat go) A Az pRg T S HAE el
F gt

o E ke
o WA/ AA WA
F9 1: EFE oguE uefdtA 45
=& exBEyes7t A Fehe S8 Wt

ol Aldglolt}. eclipse-ant®] javac.java®} rmic.
3= FE)M exEyes7t 2HA] %3}
AHE 2 g Aol

321: public String getTarget() {

3220 return targer; }

222: public Vector getFileList() {
23 retum conplielist; }

208: if (count > 0) {

299:  log("Copied ” + count +

300: " empty director” +

301: (count==1?"y":"ies") +

302: " to " + destDir.getAbsolutePath()); } } } }

133: if (count > 0) {
134: log("Moved ” + count + " empty directories
o " + destDir.getAbsolutePath()); } }

copy.javall EWs
THE ouAoR
move.java2 %ﬂi 13449
T exEyes+= 3
7] wioll BrAEkA]

593 5%

AL/ A/ 8 A
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S cook A FE FTolA flageot 17 FILE +fileid; {
runcell 9l 29 A¥E A7 A 2% 18 int trimlen;
Aoldt 19: if (trace) fprintf(stderr,”> cprint\n”);
[N 20 report[80] = "\0';
21: trimlen = itrim(80,report);
2311 scp = sub_context_new(); 2: /% printf("trimlen = %d\n” trirlen); */
232 sub_var_set(scp, "Name”, "%S", name); 23 report[trimlen] = "\0';
233: sub_var_set(scp, "Guess”, "%S", other); A fprintf(fileid,"26s\n" report);
93 th nositi 25 blkbuf (80,report);
. error_with_position %: retum; }
2% (
0 » 237 char bufll; {
237: - char bullh
. P ) 233 int trimlen;
238: 118n("flag \"$name\” not understood, closest is 79: if (trace) forintf(stderr”> Thprinf\a');
the \"$guess\" flag”) 240: bufl130] = "\0';
29 % 241: trimlen = itrim(130,buf);
240:  sub_context_delete(scp); % bﬁ[ p@ﬁ(/jm\eor}.: %d\n” trimlen); */
. . . trimlen| = y
241: /* DO NOT str_free guess */ U fpnntf(ﬁleld,ﬁo/OS\n//,buf),
242.  goto set_it; } A5 return; }
25 sep = sub_context_new(); HAE FEol 44 7l olstelr] wiEd
290, sub_var_set(scp, "File Namre”, "%S", targetl); exByes7} €48k Aoz melt}
2% error_with_position
2 ( 3
28 &grp—>1p—>108, 55 784 n|E &
20 SCp,
200 i18n("\'$filenamme\’ is out of date because the I 11, exByese | o|gt s
ingredients changed (reason)”) Table 11. exEyes detection error
21 ) 5=
62 sub_context_delete(scp); ) } P 81| f¥2 | #33 | A
cook 2,609 269 1,507 4,385
o] F EES XY ¥ 4 AZ tE FiEo
QA AA AT GAF BOES SAme I weltab | 346 75 702 | 1,123
olgtz & '}l:_ 9\)\%- YA By 39 %%O]?’. eclipse o 5 ; %
a2y o] FEe FES exBEyestE EWI -ant
9 7R ] A& AYstas 2A Eu r—liszzzi 3 6 10 49
ZE ¥9) 39 28 ZolA exByest 2o 2 ]
2o Fz Bg Aoy AHL B4 2o B AA | 3014 | 33 | 226 | 559
of WA dojt 2(weltab®] wellib.c
RGO ° u B & 54% | 6% | 40% | 100%
weltab.c)¥} 22 F&o|t},
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