BERIEF =R EE Vol.57 No.2 681-693 (Feb. 2016)

L

I— N ua— v EDMERRIZHD < KRIGIRAMEROFEHE

Hil ERELY) HEORIESD R BN E b mHE ke mHE LD

Z{TH 201555R 180, #k$3H 2015F11A5H

WE:g—Fruo—viE, VA= FPICHFETLI— FFDI L, H—703 7 NNz ER5
EFHOLOERIEL, FEICHEEIT)IE—T Y FR=AMIL>TRAT S, a¥—7 Y FR—=ZAMIZ
EBa—=FROHAML, RGRADERE BN HHZ s, a—Fra—rHty — Vv aF)H
LTRMAZ R T ATFEIREEN TS, FNEDOTFTEDEL IZa— F 70— v NIRRT B R % x5t
HELTWAEY, I—Fru— IZRNTARMEI— N7 a— M2 IFET 5720, BEEIda—F
70— WO # BT 20BN H L, L L, 23— Fr7a—yNyikoa— FEIZBIT 25 RIGEAE
MOEBIIHSLI > TELT, 3= F7u0—HERIIHRET 2 FELEZEIN TV RWw, 22
TAMETIE, A—=T V=AYV 7 o 2T7ORBEREEZHNT, a—F70—WINIBIT 5 RIGERA
iM% 2— N a—Fr7u—yONUERICESSERMWICHTHE L. Zo/E, a— 7o — ik
DI — FRIZBWTREDE CRAT AEAAR S 7z,

¥—TJ—RK:a—Fru—r, VI N7 )R N)A VT, EFEHY 7 by o7 LY

Investigation into the Defect Occurrence Based on
Positional Relationship between Code Clone and Code Fragment
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Abstract: Code clone is a duplicate code fragment in the source code of software, and usually generated
when developer conducts copy-and-paste. Since reuse of code fragment by copy-and-paste is considered to
be a possible reason of introducing or spreading defects, methods of code review based on code clone analysis
have been proposed by several previous researches. Although most of them can detect only the defect within
cloned code fragment, it is necessary for developers to review both cloned and non-cloned code fragments be-
cause clone related defects might exist in non-cloned code fragment as well. However, there is no clarification
regarding the tendency of defect occurrence within cloned code fragment or non-cloned code fragment. More-
over, method of code review for efficiently detecting defects in non-cloned fragment has not been established
yet. For addressing these issues, this research quantitatively investigated the tendency of defect occurrence
within cloned code fragment or non-cloned code fragment based on the positional relationship between code
clone and code fragment by using development histories of open source software. The investigation result
shows that defects tend to be involved in code fragments neighboring code clones.
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void funcl (int nl, int n2){

=

void func2(int nl, int n2){

Y—-HiRHT D
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}
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Fig. 1 Example of clone related defects occurring within non-

cloned code fragment.
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Fig. 2 Overview of investigation method.
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Table 1 Investigated projects.

R bt

x5S

774V LOC
Gimp 1,539 870K
Evolution 753 499K
Nautilus 141 122K
httpd 291 235K
Gedit 95 65K

17,485

4,253 1997 45 11 ~2014 46 H
1998 41 J~2014 4 6 J1
4,408 1997 4 1 A~2014 4 6 A
2,317 1999 4 7 A ~2014 £ 6 A
2,065 1998 4F 4 H~2014 46 A

®2 AEMLTUY =7 O (DECKARD)
Table 2 Details of studied files within each project (DECKARD).

77 AN AFvTvay bk KIGIBEIET I v M4 a—Fru— ¥
Conservative  Liberal  Conservative Liberal Conservative Liberal Conservative  Liberal
Gimp 1,104 1,156 138 138 627 653 72,529 107,272
Evolution 838 911 99 100 498 538 27,152 46,600
Nautilus 371 418 105 106 328 349 9,057 16,254
httpd 113 122 61 64 99 106 4,185 7,308
Gedit 75 90 42 48 62 76 4,998 7,206

W a — Frémwva— FRIZBW TR AT =D
HENEIPERETH., I— 70— v —
EEWI— FREXYITLEIE, ZRENROTHEDOEH 10
xF 90, 20 %+ 80, 30 %t 70, 40 K 60, 50 & 50 127 B £ 912
GEL7z. 2E 20, 3= FH% 104 90 124583 5 54,
a—FNr7u—rEOEEN 14725 10f7FTCoa— K
A= Fr7ua—rpbliva— Ry, a—Fr7u—rt0
PEEEAS 1147205 100f7F CHa— R/ za—-FKrao—>
MHENI—RFETE, ZOLHIZLTHRENSED T —
R &2ZE L7, a— 70— iEwvwa— Fime
I— PR ORBRABICHETNEBEZDS D L0 8 xR
BT A, B, TORETIII—Fra—ro s T
WZOWTHI A ICHEZAT) .

4. REFR

4.1 REHZR

AKBF7ETld, 3 BTRLZHAETEICE ST OSS &
HRELERNHEEIT 72, WFHOTa T =7 MY,
Gimp, Evolution, Nautilus, Apache httpd, Gedit ® 5 7’
OYx7 bCha. §XTHOTUY =7 MEC FBTHE
ENTBY, 209 B Gimp, Evolution, Nautilus, Apache
httpd ® 4 71 = 7 FE, Rahman & DTS & A4k
TH5 [13], [16]. T 1 ISHESRTT Y 27 PIZDOWT
FLHH, RI1LEIBITL77AVEBLIOLOC LI, £
NZEN204F6 HDAT =Y T AFyTray MIB
J5CYV—=2A774) JLRTH D7 74NV) O
BMBIORATEEZRLTBY, RAGHSEHIIG G I
Bugzilla THE SN7ZKMMEIEOHZ/RL T D, W5
i, 78327 PZBWTRMIIZC Y —AT 7 AN
TERLSNIZH2 S 201446 HETLT 5.

RWFFETIEY — AT — FOHBER Y — IV IZ X o TERK
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SNz 7 74N (LK, HEVER 7 7 A VET 5) 2t
EHOHI L7z, BARIICIE, &Y — AT — FOEEDS
100 47 H % TIZ ‘generated’ &\ HEEAFIET A7 7 4 )V
EIRTH L, Wi L72E2hEho 7 7 A VS HEAE R
T7ANTHBPE) & FERETHR L. ‘generated’
L) HEEOAE 2 R L 72BN, HEBER 7 7 1 VIS
‘/* This file is generated by ... */" L\ o722 X b
FIET 25 G120 Thb.

4.2 FAF1: 33— K7O—>RIMNIH T B REBEDHEE
3.2.1 HTRARZFFEIMEY, £70T 27 MIBWT
I—Frua— NN REEZ B L. ZOHRAETIE,
O— K7 0— By — VOBREDEND ARG 2
LB L KEEYT 5728, DECKARD D% %E % Conservative
& Liberal ® 23 THALZT-72. |2 1E, ThEho
RECB LRG0 Y 27 FOFEITH L. F 212
BUFE7 7 ANMEEE, RiaLa— 70— oot
TETA77ANMND) LHBIER 7 7 ANVERN L7 74
VOFERL TS, ZAFyFray Mkid, w77
ANVDPHERESTDAT =Y YT AFy Ty ay bOBREE
FL, RBIEaII Yy VEERBGAT -V VT AF T
Yay MOFIET A RBIETI v POBEERL T,
5 |3, DECKARD D&% % Conservative & L7234
Da—F 7= NNDRIERDOGAT R LT B, it
BREFEAZERELTBY, ZNENOMOTRIE 7oy = 7
NZEepa—Frua—rNIMIBIT A REEO G E R L
TWwa, M5 &0, &@7ayzr MiBwla—FFru—
YHOHRIHMEL Y b a— F 7 80— Y AOFRIED AT
AR SN, '3 1E, a— F7o—rHytohdElz
WRTEEAEDRH LN EI PR 7OV 27 PTEITHREL
7oAE R TH 5. Kolmogorov-Smirnov #7E (LR, K-S i
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B 5 Kl o 54 (DECKARD,
Fig. 5 Distribution of defect rate within cloned code fragment
and non-cloned code fragment (DECKARD, Conserva-

tive).

£ 3 T 70— Y PSNIBY B RKEEDEO B
(DECKARD, Conservative)
Table 3 Statistical significance between defect rates within
cloned code fragment and non-cloned code fragment
(DECKARD, Conservative).

ok () i (O)) p fE
Gimp 0.00141 0.00549 4.71e-06
Evolution 0 0.00475 < 2.20e-16
Nautilus 0 0.00420 < 2.20e-16
httpd 0 0.00269 < 2.20e-16
Gedit 0.00126 0.00427 1.84e-01

ELT D) 2ATo 4R, a— F7u— SO RIERD
AT IER DTS SN h o 2720, HEEOWEIZIE
Wilcoxon DA AIME Z 72, £ 3 12B8WT p EAH
N4 hERTWwWAE 7Y 2 i, Wilcoxon D
ﬁuﬂﬁmfﬂdmﬁﬁﬁﬁ% SNz Ta Y s FThH

5 (DBECRIHEREORICBWCLFAKTH ). £ 3
&V, Gimp, Evolution, Nautilus, Apache httpd ® 4 7
OY 7 MIBWTHENRIE G THEIA BEEDPHER S
N7z, 2F 1, DECKARD D&% )" Conservative D4,
Zo47aY ey NI Ky a— Ao REENS T —
Fro—HNORBHRERLIDSENEVZ S,

X 6 |2, DECKARD ®i%% % Liberal 12 L7284 0 2 —
Fo7u— RO RO A RT. K6 12BnTh,
7Oy MBwTa—Frzao—rHohiRfild
ba— Frua— Ao IED A E A S 7.
Z2T, a—Fzu—rANORIMEICHKEE BEED» S
LEWEIDERELIHREER 4 1TRT. K-SHEDH
R, T—F70— Y NHORIGEED 540 | IEBEATFED &
N dro7-7-8, HEZEOKEIZIE Wilcoxon DR FIM
EExHW/, £4 XD, _TOTE Y27 PZBWT

BKME 5% CRETINAE BRI N, LA - T,

© 2016 Information Processing Society of Japan

1
© onmm]

: :
g o
g i §

s

L
S—Y

VGES
000 002 004 006 008 0.10

L

oo ommanmo @ asoscm o om0 o we

£l

Qé@Llig

m oS4 W oS R S R
Gimp Evolution Nautilus httpd Gedit

s
;
8
g
i
§

i

-

6 a—F7uo—rPNhkz
Liberal)
Fig. 6 Distribution of defect rate within cloned code fragment
and non-cloned code fragment (DECKARD, Liberal).

B2 KIEER D554 (DECKARD,

F4a4 a—Fru—rINIHIBT B RIEEDZEDHER
(DECKARD, Liberal)
Table 4 Statistical significance between defect rates within
cloned code fragment and non-cloned code fragment
(DECKARD, Liberal).

Huefi () il (A1) p &
Gimp 0.00358 0.00558 2.35e-03
Evolution 0 0.00495 < 2.2e-16
Nautilus 0 0.00437 < 2.2e-16
httpd 0 0.00283 3.43e-14
Gedit 0 0.00593 3.05e-02

DECKARD D% Liberal ¥4, £740 227 M T
I—Fr7u—UHOREENT— F7a— 2 NORKEE L
DHEWVEWZ 5,
%’ a— Fra— B Y — IV OEW DT RIS
BB E MG A /2%, CCFinder % Hl\W TR D FA:
%ﬁot.%mﬁ% DECKARD #% v 7:354 & kLS
ETUY s b CaA—-Fr7u—YNOFIELD S T
K27 u— U ORIED AW EIAA R S, ARk
5% CHEIMAEA DR SN/, 2%, CCFinder % H
WAL ETa Y 2y b Ta— K70 — YO RIEERMS
I—Fr7a—CHORBELYDIENEVZ L. B, &
EAERICRIT B3R 2 7 — 7 IL3CHR [20] 2SI S N7z,

4.3 AE2:2-KyO0-EDEBHMICE I RMBREA
£ () ek

3.2.2 TR FEITHE, a— FROXRGIEAK %
I—Fru—r Lo LIRE L. RENRIE, R
41 T DECKARD ?Di%%E % Conservative & L7235 D
BHLT 7 AV (£2) ITFETHI—Fr70—rD9H) b,
ZO P EZE TSRS 52— Fru—rTdh
b, B, a—Frza—ro L THIZOWTIZENRE
WAl CRAEZ T-72. B 712, 3= Fr2u—r LD

687



BERIEF =R EE Vol.57 No.2 681-693 (Feb. 2016)

£5 I—Fr7u—r2biivna— N &

W\ T — R

B B RIGIRABOZDHER R

Table 5 Statistical significance between defects’ occurring within code fragment near

code clone and far from code clone.

A (p fH) T (p 1H)
10 : 90 20 : 80 30 :70 40 : 60 50 : 50 10 : 90 20 . 80 30 .70 40 : 60 50 : 50
Gimp 1.31e-03  9.69e-08 8.99¢-12 6.79¢-16 2.04e-15 | 8.88¢-06 1.07e-07 1.02e-10 3.44e-12  3.10e-13
Evolution | 3.53e-02 3.43e-04 7.51e-04 1.01e-02 1.53e-05 | 4.41e-05 4.29e-03  9.82e-04 1.99e-04 1.07e-02
Nautilus 3.29e-05 1.52e-09 1.47e-13  4.25e-13 1.95e-09 1.10e-03  9.66e-07  7.08e-09 1.38e-08 1.31e-09
httpd 247e-01  1.24e-01  6.75e-01  6.956-01 6.75e-01 | 4.70e-02  5.90e-01 7.74e-01  7.29e-01  9.50e-01
Gedit 7.07e-01 3.41e-01 6.67e-02  3.88e-03 1.41e-03 | 8.72e-03 1.37e-01 6.12e-01 5.23e-01 7.65e-01
i Gimp i Evolution K2 O—ybinag— FR LR — FRI5E 3 5
:A — o & — I, ZRENOFEOA 10 590, 20 & 80, 30 4t 70, 40
ﬁgij 2 160, 50450 1245 k) I25E L, ZRERDEETH
£, W”Wﬂ%ﬂ. e EERATo 72, 725 ZATHEILA 10 1 90 O¥hy, I— F2
] / | aj\/ J\W& M WM“ . RS PN o P
. A1 H\ «me O— Y EOFEEN 1T 10f7TEFTOa— N E 11472
g N 5100 11 TO I — M ISHAINE LD B 5 5 L) %
o TERISEEATSN RELL. WERRTES AT, 5 ORMERESS
Nautilus Apache httpd 5 pEERLTEY, METHAEEEPFAET HHE 3
i \ i : — BTN T FENTWAE, F£5 LD, Gimp, Evolution,
= : T Nautilus ® 3 70 = 7 MIBWTHETIAE BAESHERR S
g g | | Nis. BRI, CO370Y2s ho EHE THOT
. <1 ‘/ /,M WNW JW. NTOFH Y — BV Ta— F7 0= 2 iifea— §
. OMTJ“\‘UWN\% Fr 0 R A BT T — 1 O KRR AR E D b <
PhmEmk o @B R0 0w EBeR o GRS L7, $ 72 Gedit TIX, FHIO 40 1
Gedit 60, 50 %F 50 B X OFEID 10 3§ 90 DFEI X5 — L IZB W
’ CHAHOHEEAAEL, T— F70— Y hbfina— )
5 © FrOTHEN T — FH“JZ IR WN YN G Y ]
8 Apache httpd TI, (ZIZTRTOHESY — Y I2BWT
X ﬁ%%ﬁ%iﬁﬁﬁb&#ot
= 5. B
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- FoR—-EDiEkE

7 a—Fro—r&oWEcHED CRIGIR AT D 554
Fig. 7 Distribution of defects’ occurring within in non-cloned

code fragment based on its distance to the code clone.

B LT — FRORMIRASEZRT. %77 7 OfihlE
I—Fru—r Lok, fIKRREAKEELTBY
FWSI708a—-Kra—ro i, kwr g 7hpa—R
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YO OEMEAT 1007 EBR AT - FHICa—Frza—>
R B REGAEAET 2RI e FE 2, a—F7
00— 205 OHEEDS 100 7T DNO 2 — R 2 fRA G & L
7z. 7 Tl&, Gimp, Evolution, Nautilus, Gedit ® 4 7
OYz7 MIBWT, a—F7u—ry N KE LR

WO TRIGIRABDSRA T @B RSN, 22T
I—R 70— rpbiivnwa— FREEWI— FRIZBWT
KGR AR E B0 5 20 &9 #° % Wilcoxon O
NERAIRRSE & VW CHSE L7z, R0 a— N+ a—
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51 ABTHR1: 23— K7O0-RHHIE T ZREERD
§od: 5
AL ORER, $XTCOTE Vs MliBWTa—F
U= VHNOREENTI—F 70— YNORBFELIY G
{, #D9 H Gimp, Evolution, Nautilus, Apache httpd
D4TUT 27 MIBWHREIEBEESFE L2, £,
DECKARD D% % Liberal 12 L 7234 & CCFinder %
W 72354613 Gedit 1BV T HMETA EAEHFAEL 72,
L7zhoT, a—Frzua—ryPhtcida—-rFro—- 4o
FHRRKEHESIEL, TOEMIEa— 7 o= Uy -
DFENRZFDREDFENIZLLTHAETLEEZLND.
a— N7 ua— Y NYLOREEEE % I L 72 Sajnani 5 O
%ﬁﬁ%uquﬁmf§ﬁﬁ@@ﬁﬁ%%énfm5:&
, “IREIICT—-Fr7u—rHNEhba—-Fro— b
®ﬁ#k%?# WEMICH DL LEZ HND., FOHHE
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BRSNS E R Ty I L ThHH I ENEL, FOkk
L L Ca— Fru— Y NORMZEISET LMD D
Fonsb, Fiz, HEENPIE-T Y FR—=ZX L7701
FINEACDTUT T LDOEEE L DDIZT—

Fra— OB EHREL, FOMERTTICREARA L
Ta— 27— UHORBENEL Lo fEEDEZ S
nas.

PIELY, RQLIZOWT, a—FZ7u— P4 Clda—
Ko u— ol RIGERIEER DS D, BFFEE
J—-Fruo—VIZEHLCa—-Fru—2 4oy —Aa—
R 2 EEmICHMET 5 2 & TRIRMICRIBE B2 5 5
EEZONDL. 2L, Gedit DL HIZa—Fro—r N
MO RBGFRISHFHNE BEDFIE L w7 a Yy = 7 b bAf
T 50, $XTOTOY 27 MIBWTRROKE %
RBALTE D LTV R B,

5.2 AEFER2: - KF7O0->EDERICED L kB
BAEBOD S

P 2 OF5E, Gimp, Evolution, Nautilus, Gedit @ 4
TuY Ly MMIBWTI—=Fr70—iZiwa— KD
KBGIRAE A T — FRORRGIRAK LD &<, #at
BAEEENEELZ. Thbb, 20470y 227 Tl
I—Fru— 08w a— IR % SFEL, a—
R 70— h 5@ &5 I DN TRIGIR AN 518
255 &z A, $512 Gimp, Evolution, Nautilus @ 3
Uy s FTHE, TRTOGENY — 2 TRIGREATLC
VRt AEEESHAE L2720, SOMEmISHnEE 2 bh
5. Gedit TIE, Bk 370y 27 FOXHITTRTD
EDSY — R EAEPGAET A 2 L3 e o 728,
MGHFAE BB L FRFIHET L8 — BTk
A EEPEIE LT, O— K70 —UnbEsSnrb
WO TRIGRABBP L TwbEEZS5NAL, Gedit
D—ERDFEISY — 2BV TR A EAEDFE L 7%
Mol e LT, AENRoa— Fra—rErio 7
0T x MIRTELLAD W ERBIToNL., OF
D, I—=F7u—2hoEEh D IZ DN TRIFEALA R
LI BT 225, WENROT— Fru— i
7  RIGR AT A BADBIN 2 D o 72T REWA D
5. Wz, b L Gedit IZ2BWT EHAIB X OTHENZREEAS
FAESTHI—F70—rOEREBEICHIGET 52 LTS
X, Gimp, Evolution, Nautilus & [RIEEICHRIIYA B
WHER SN AW REMEN H B &2 b5 D, — T, Apache
httpd TIERIED & 9 LHFIEEZIIHFLELT, —FHD
GEINY - Tlda—-Fru—rhb@mnva— Ko
REGRABAD G MER SRS NIz L7 >T, a—F
70— — R IZBWTRIED S CRAT A1EM
X, TRTOTOY 27 MIBWT—HUICRONE LD
TEHEWVWEWR A,
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PDEX D, RQ2IZoWT, a—Frua—hfoa— Rk
Tlda—Fru—riZEwa— FR TR CIRAT S
720, BSEIIT—- N u— 0w a— FR 2 BRI
BAE S5 2 ECTRIEMICRIBERET S L TEDLERD
N5, 72720, COEMOAMRITOY 27 MILo TR
%Az, EHEITITHREO 70 Y 27 Mk L TR
7e & AAR IS R BRI AE R & X, R 2SHERR S NG5 0
A, TOBRORBTHMTAZI LN TELEEZLND,

5.3 OA—KyO—->W-3d—Ko7O0—20E- 200
Jad: 5
o N S AV e el N/ A w eV e P NVO A o e VAT e
2BV Ta— N7 u— il s iEUINo 1T - 72
2, A—=Fr7u—ryHN--a—Kra— Vi - 200kt
BIE T-oTWwiwv, 26 3FHITH L TRBRD LK%
fiol- iR azw 6, |7, X 8 IIRT. TNEFNOHEFD
ERIIUTOEBYTH 5.
d—Ky7A—->A a—Fro—rr L THtEhiza—
IAR2E oy

O—KJB—fE a2—-F7u—rBEBTo 117
P EMd. fTHECOa-FAFBLIPa—-Fro—
VHRTATO T 1ATH2S Tl d. fTHETCOa—F
IAX2L Ty

Z0Ofth V—RAI— F»5 LR 2 DFBRWIEGDOES

%6, 7, 8 Tl&, Dot d,, 117H7-0) ORI H
i, Wilcoxon ONENAHIE DR Z T, 147H720) D
KO REIZOVWTIE, 23— Fz7a—y - a3— K7
00— VG - ZOMIZ oW TENRZENGHI L 72, Wilcoxon
DI FIREIZ DWW TIE, (Z—FZ7u—rAN, 23— F7
o= i), (2—Frua—ryN, 2oft), (2—Fr7ua—
ViEEE, o) IZonTENRENER L, A EKESRT
WMl EADPHR I NG 3HB TN, 714 P efro
7z. Gimp, Evolution, Nautilus % 3R L 7B L, FRA
1, 2BV THEINEEEDEOND ZENEho7oh b
TH5b.

%6, 7, 805, I—F/7u—YHNETRTOEHAILE
WTHHRENT0 TH Y, 1 FEALDLEIIBWTBD 2%
L OMICHFIEBEZMERTE . ZofFRIE, A1
DFERETHFL L EEZLND.

I— N7 00— ifE, FOMoltiEs 51, Gimp, Evo-
lution [Z2OWTIETRTD 4, IZOWTI— K7 a— i
BEDRIGEOHIMED E S L A0 5. Nautilus 12290
T, d. 70U EDE EIZT— F7 00— ViEO KGR
DOHIJEDS, FOME Y EroTe, T— Ko a— UiifE,
FOMOMERHRIIESD2ENHY, HT Y —BH LR
FEONL o, L OEHICa—Fru—rifED)
DRIGFREOHRIED E N & V) JIZDOWTIE, 4 2 Off
BETHLTWLILEEZOND.
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£6 I—Fru—rvN, a—Frua—riifE, Zofioa— FEMOXRFEEORE (Gimp)

Table 6 Comparison of defect rates between cloned, its neighborhood and other code

fragments (Gimp).

Tyl HoERR (p H)

HiEEd. | 7u—CAN  so— ik ZFofl | ra—rR-ra—= it sua—-rR-2of 7 u— YifE-2ofh
50 0 0.00119  0.000464 4.30e-02 1.28e-01 4.87e-01
60 0 0.00329 0.00168 5.46e-07 4.57e-05 2.53e-01
70 0 0.00399 0.00229 3.46e-12 4.47e-10 4.50e-01
80 0 0.00442 0.00230 1.54e-15 1.99e-11 2.54e-01
90 0 0.00474 0.00219 < 2.20e-16 8.19e-12 9.64e-02

100 0 0.00520 0.00218 < 2.20e-16 9.22e-12 4.49e-02
®T J—bFro—rWN, - Fro— 2, Cofloa— FREOXEERO LE (Evolution)
Table 7 Comparison of defect rates between cloned, its neighborhood and other code
fragments (Evolution).
HhLfi HoEiA (p H)

Wi d, | 7o—YN s0— ik ZoM | ru—rHN-ru—YiEkE su—YHN-ZOM 7 a— Y- of
50 0 0.00272 0.00176 < 2.20e-16 < 2.20e-16 2.30e-01
60 0 0.00334 0.00126 < 2.20e-16 < 2.20e-16 8.74e-03
70 0 0.00326 0.00108 < 2.20e-16 < 2.20e-16 1.10e-04
80 0 0.00321  0.000899 < 2.20e-16 < 2.20e-16 3.59e-05
90 0 0.00319 0 < 2.20e-16 5.15e-13 2.06e-10

100 0 0.00310 0 < 2.20e-16 4.34e-12 8.80e-10
R8 a—Fru—r@, a—-Fru—ViEfh, 2ofoa— NRIZET 5 KO L
(Nautilus)
Table 8 Comparison of defect rates between cloned, its neighborhood and other code
fragments (Nautilus).
HYLfE HoEfid (p fii)

WEEd, | 7u—YN su— i Zoft | yu—rHN-HEEEd. DN s a— Y=ol 70— YilfE-2 ol
50 0 0.00209  0.00310 1.59¢-13 < 2.20e-16 2.12e-03
60 0 0.00238  0.00286 3.86e-15 < 2.20e-16 3.78e-02
70 0 0.00261  0.00229 < 2.20e-16 < 2.20e-16 7.23e-01
80 0 0.00252  0.00201 < 2.20e-16 < 2.20e-16 7.36e-01
90 0 0.00290  0.00142 < 2.20e-16 < 2.20e-16 2.29e-01

100 0 0.00280 0.00132 < 2.20e-16 < 2.20e-16 1.18e-01

5.4 ZUMANDER
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FNRORMEEBIEL7ZZD DL LTH->TWAE, WwRIZ,
FTRTORMEENGE L CRBIRAE KT 5 L, &K
FaIEIE 2 3 v MICBIT A IEIEREFT OO I
5225 EEZONDOREHEREOAIER L. Ly
L, KR TREAT =V T AF vy Fay M LTH
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Fig. 8 Distance from code clone and ratio of logic and non-logic

(upper side of code clone).
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Fig. 9 Distance from code clone and ratio of logic and non-logic

(lower side of code clone).
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