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Guru \Z LA ABGREAT Iy POBRPLFIHINT
W5, LHULRWS, Commit Guru DAEEREAI I Y
rDERDEMT — X & UTCOEEMEIZIRIHTH 5.
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HBRATIY MEEFIETH S SZZT7NT) X LEHW
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ZTOMEREZE U, Commit Guru, BXFSZZ 70T
DALEAVEAREG T Iy MEEREROAERIZENT
MREE % 4T - 7245, Commit Guru D8 & D BN RE
£33y MEEOHEERL, EMTF—X& L TOAEE
WERTEDE RSN, TORFERII A THE LT
EAN A8

1 FL®IC

EE, VI N7 OEEHEEHIIIELODH 5.
ZD &S RBRIZEBEINZY 7 v 2 THFEDEILG T,
VI 8T 2 TIREAUVEREEZEIET 572D I KAR
Rl =7 4 — MDY TED, £-ZNIES TR
FBERTHE70([1], V7 b7 DFEZEWNK
WTHEDOZ ENEEHINT WS, LEW>T, D
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V7 b T TRICE T B HE TR OME TEEL S
H72HD& LT, Sliwerski, Zimmermann, Zeller IZ & -
TREINEZ, V—AI—=—FKPVRINIT—X%2H
WTAEGZBALZEHEINDGIIY b 2FRTS
SZZTNTY XL B BB, SZZ TN T X LIF/A—
VaVvEBY AT AMIBWTEAFHEREEZWY, ~FES
BALEIIY bERETS. ZDOSZZTILVITY XL
CFFEZHNOTNTY) ALTAESGIIY VERET
5V —=)LERABIZAFAREIZLZE DL LT, Commit
Guru [4] EVEFEHET 5.

Commit Guru 1, BE#HIN7ZGit YERY MVIZEIF5
ETOIAIY MTH U ZEITWY, 130X MY 2 2%
BL, FEGZEALZIIY MN2HESTS. /2, %
DorFER AR HE S ICHETRIEL TV,

Commit Guru (Z X B2 A EARAIIY b (B, FE
£33y b EIERR) ORI, FESOIZEICBEWTARES
DEMRT—RE UTHAINEZ DLW, LarLAaR
5, Commit Guru 2MEET A2 AEA T I v NS
FEEZHWTE D, Eff7T—2 L UTOEBEEIEIAIT
H5. I T, KiFFETIX Commit Guru 3 & OF SZZ 7V
IV AL%ZHAWT, SR OBEM % KL, Commit
Guru DEfET — 2 & UTOEFEMHIZ DO WTEREEZTS.
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W7z SZZ TN TV AL, NI I vFR TV AT A
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AEEIIY F2HELTEY, XTI vF LIV
7 22 L T Bugzilla & Apache’s JIRA issue tracker % {#
AU (F1).
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5. Wi EN =T — A BPAREAEDBEL FHIENEDT
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L7=Dh, BEEEMTH20HWiT2Z N TER.
O AyE—YDANRS HWEFHIT S Z & i13HkKS [5]
N, REAIZETAHLL K-, READAT—X
ARRPE DRI E N T WA REET — X 2fllAas b
5Z¢7T, AEGTFHIORER LZ2H5.

' IR AA, WREZDR, B, X A7 R ERARISMI bk
RLEDEETY, KHRICBVTIEARBDAENRE LEANT STy
FUTVATLLUTHNTWS.
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MZBWTEEINZT7 7 AV L, N—=Ta VEH
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INZT—RPOALEEZRBEBALZETFHIEINEIIY
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WTC, Commit Guru TOREEREAT I, A RY T
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1512, Commit Guru X Hindle 5 DHZE [7] 12815
Iy FEDETHZODOF—T7—RY A METIZ, 3
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AT L PN i ARNVIZZ A RNY T ARYE
. o g N Bug ID REHIZHLT—RIZ5EA 515 ID
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i 3 G| BEEH A 2%
la EHEIZE o TEMNE NI — RI7E BMEND 3= RFEBZWVEEREED  I— RFHROMHEMR A MY 7 2 XK
BEALPT. EV2-MIZBVTHROEVERTH
d BHIC L THIRS N T— R HIRENE a— KM snEe fRan 2 50
BALRTW.
It AEFRTOM T — N7 RKEWT7ANVIEE, ZDT 7AIVADE  RKEVWT7ANVFERELEE2L < ET [10]
HIZAREAZBEBAL TWAAHEMEAE .
ns EHINIZY T VAT LI BELIEY TYAT LHNGVERIZY, AECBTL2AAAOMRIIY TV AT L
RABDLLZDPT. BAMR BIZONEL 25 [11]
nd EEINZT1 LT NV BIELZT 1 L2 MIBBLZVWEFHIZY, ZEHEINEZTaL 27 MN)OERLZVITY,
REENL LD PT . REEEZBEATIEIVZ 5 [11].
nf BEINLT 71V BT 27 7 A VDL WAFIZY, £AE  EVa—HADZ I ALYV —2KIZE
ENZ LD PT. 1} 5 REGHPBENP T WRETH 5 [12].
ndev BEINZT 7 ANVEEELLZIEY  I=FTA4VITHAVDEVDOBENS, T7A ML ABRLWVIEEL LD
H BN 77 A NVORFICED > AL WEEY FE&EZEATWS [13].
REAHPEALRTL.
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[ DT A & #2308 U 72 ¥ H AL D XRFW, IZF 59 % [14].
nuc BIEINZT 74NV 2ETEOM  PAROEATEZBEULTHRERH S7-0, nuc  BIELZT7 74 VOFEFANIEEE, B
F PREVIZFEREAEZEBALRTL. XD [15].
o 7= - HE T N N N W NERAY A= -
exp BHEEToZFAREDRI I Y M %ﬁmm&%%ﬁﬂitr,\m%{rb)\bk< TS5 ORI R B A OREEE % <
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rexp age IZ& o THAMITF I N exp BLEZD 7 74 MU KK EFHEIT2R-
TWBAEFD 7 74 MR LU TORER
WENEEZZSNDD, REAZEAL
1z <,
sexp BHEINEYTVATAINTEIN B TVATFAZODWTLLA>TWBAY
FTOEFD BAREGZBEALIZCW
entrophy ZAFENLL DT 7 AIVIZE->TITON 77 A VIZES>STHRLTWA L OEFE S UZATFREIAREEZ2BEBALPT VIS,
TWBIFEREL R BHE ERLETRELRD L7220, oy bha 16].
V— 2R OATEIAREAEN LR PT
A%
fix EENFAESEZBELRL»E S FELSBEIUMEECBIIIRMZ2ER TEAZBIELLEHIIFEELFEL -

#* (TRUE / FALSE)

TBd, TOATRMGHEET 5 W hE
PEASE .

EHEIDBEREGEZEALRTV([17,18].

PHISNTWBEDOD, FIEMD TIEMT — X DEWNIZ
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AIRFE TIFIRIT R F5EE M (Research Question) %
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D IRFEDFET B

32 ™oz v b
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Project Fng YRY MY URL

Log4j Java Dm ¥ 7Y — )b https://github.com/apache/log4j
OpenJPA  Java Persistance API (LD A — 7> ) — 2528k https://github.com/apache/openjpa.git
Camel Java R=ADA—T vV —A#E TV —L7—2  https://github.com/apache/camel

HBase FHGIH T — X R— A EH Y AT L https://github.com/apache/hbase.git

A4 HFHUERESET =X

Project Bug-tracking System  Resloved Resolution  Issue Type  status # of bugs
Log4j Bugzilla <2018-01-22 FIXED - RESOLVED, VERIFIED, CLOSED 305
OpenJPA <2018-01-17 1162
Camel JIRA <2018-01-22 - bug closed 1457
HBase <2018-01-29 5466
£5 BoNEX Y TF—X FTOMERERICES a3y M (2 F)
Project # of Total Data ~ Buggy rate  Date dumped Method Commit Guru
Logd] 3275 45.6% 2018/01/17 Classifyas  Buggy Clean
OpenJPA 4864 11.1% 2018/01/10 S77 Buggy DIFF,,,
Camel 30739 20.7% 2018/01/10 Clean DIFFgru ~ BOTHgiean
HBase 14745 31.9% 2018/01/23

F 6. HEERFIZH DO T Iy M (1 FiK)

Classify as
Method Buggy Clean
SzzZ BUGq,, CLEAN,,
Commit Guru ~ BUGguy ~ CLEANgyy

5.

4 R

SZZ 7TV X LDFEITHERZ K 8 ITRT. SZZ TV
T ZXLE 12033y M ULERD BUG X 7' %A
I} %728, Buggyrate & LT BUG X 7 2MFF 65z
Ty bE, a3y MIDOWEBUG X 7 TEATIT
UL7za3Iy MO 2228 HE L.

5 ER

51 RQ1: Commit Guru & SZZ 7J)L.IJ3"Y) XALICE W
T, TNETNDOFEGRAII Y MEEDIERIC
EED &S BEFEAEET 5D

TEETIIY NIBRASHPDOIETAELGZEALTWL
WAy bEDOBIZENELTWEEEZONS. W
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% 8.SZZ 7N TV XL oo iEHR

Project BUG tags (commits)  Buggy rate (Weighting)
Log4j 531 (296) 9.0% (16.2%)
OpenJPA 3156 (1301) 26.8% (64.9%)
Camel 4473 (2171) 7.1% (14.6%)
HBase 4257 (2408) 16.5% (28.9%)

2T, ARG Iy MEEFIRIZBWTS, HEINZA
BEaIvheZENDADTI Y MZIEEPELDTWS
LEbND. ZZTlE, CommitGuru, BV SZZ 7L
TV ZLDRES Iy b OHEERE, 37205 BUG,,
BUGgun IZBWT, T05 ZHIRU ZBIZ & D & 5 72k
WHESNEDIZONWTEERT S,

EBXARNY I ZDIER Commit Guru iZ & - THIE X 1
72ARNY AR, R2IZBWTRLULZED, TOa3y
FNOAREETII Y b5 ) A7 ORFAERF 721340
HREEZSNTWD. ZITlE, CFy,, CPRyn 280V
T, Clean & N7z Iy b DHRAEIZNT 5 Buggy 72
I3y FOKNEABREEZEA N ZAZ2IZA Y XEHW
THHML, A MY 2Z AN 27 OREADER, BINER
DL LE LU THEALD 20 %58 L7z,

ZDRER, Ay XZFDHLDDEIZEZEHDHLDD, 1F
EAEDA RN 7 ZZX Ui FE% 8 U CHERO @ & A
o, FNIL Buggy LHEE I N3 Iy MW UHIRE
INBHBEDTH -7~
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# 9. AAERRH DR

method
project LOF  isolationForest oneClassSVM
# of commits 29 33 42
BUGgun 0.40% 0.70% 0.64%
Log4j BUGq,, 0.18% 0.34% 0.24%
DIFFgyry 0.21% 0.37% 0.40%
DIFF,, 0.00% 0.00% 0.00%
# of commits 41 49 50
BUGgun 0.29% 0.56% 0.29%
OpenJPA  BUGgy,, 0.35% 0.66% 0.43%
DIFFgyry 0.062% 0.041% 0.021%
DIFF,, 0.12% 0.14% 0.16%
# of commits 271 308 309
BUGgun 0.09% 0.27% 0.28%
Camel BUG,, 0.07% 0.16% 0.19%
DIFFgyry 0.06% 0.14% 0.12%
DIFF,, 0.04% 0.03% 0.03%
# of commits 128 148 151
BUGgun 0.27% 0.75% 0.49%
HBase BUGg,, 0.11% 0.38% 0.27%
DIFFgyry 0.20% 0.38% 0.24%
DIFF,, 0.03% 0.01% 0.02%

ANE Sk L7z@E0, ARG Iy MIRASHPDR
TARAEGZEBEALTVRNI Iy M EORIZENELDTY
BrEZo6NBT-80, 1277 ASVM (One Class SVM), 7
14V b—>3 74 L A (Isolation Forest), LOF (Local
Outlier Factor) ® 3 Fik% W TANEME 2175 7=.

#IIy MHZBWT, Rt iz & ORE
BATVWDD, ZTOFRRERIITRT. EFRIZBVT,
BUGgun P75 BUGy, & D &AMV Il S za Iy
NE&ATW .

DEHATTY AEREIIY VORI T IV OB
75, Commit Guru & SZZ 73D AALIZED LS4
fErm23d 20 %08 U7z, FERE2ER 10K

T DFER, BUG, 1¥'Merge’ 2SI NIy b
EEERP oI LI L, BUGy 3D TN TIEH S
A, Merge’ IZQHEI NIy NEEATWE. £z,
BUGq,, & BUGyyy 12137 Corrective” (238 E N7z Iy

Mz U CEEE 2 MR & N7z, DIFF,,, 123\ T Feature
Addition IZHI NI v FOEEDVELS R->TWVWD
Tavz I VEEFEETED, THEZHOLEE5aIY b

WEDEEIES 120, T II2BWTHET 12135
DRHD TS .
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52 RQ2: Commit Guru & SZZ 7). 3 XLIZHE W
T, FEARADI Y MEEMREDEILX EDIRED.

£2a23Iv M, RTOLIIZHEINS. FEED
Iy MEERHRED A2 FARNS 720, Z 2 TIXFIERMTHE
TERER DI D 3 I b DIFFyy 8 & O DIFF, O
2iTo7. 72, Tk BT Clean EHEEI NI Y
MEEIZ ENTZITED R VDR T 5720, BOTHuean
(2% U T, CLEANgy, CLEAN,, D %17 7z,

A N1 Y ZOEME DIFF,,,, DIFF,, &%, RQl &
DHIWr T N7z Buggy EHEESI N3 Iy MTIfFT
HMEMIZK LT, BB LZEhoHAzR>TW\Wi., &
7z, Buggy L H#EE X N3 Iy M I B IEAENIC &
DEWERZ S D3 I v ML DIFF,, Th - 7-.

B2 BOTHgean 125 U T, CLEANgy, CLEAN,, %
NFhz<y -S4y b=—D UMEEZHWTERL
7-#&5H, Logdj, Camel, HBase (& CLEANy, OpenJPA 1
CLEAN, DHNRE D% DA MY 2 AIZBWTHEX.
PIEEL P o7z,

ANE 2FECBEVT, A ifiEIhzazy
F%& XD EATWSDIX Logdj, Camel, HBase 1285\ T
1% DIFFgyy, OpenJPA IZ$5 T DIFF,, TH 7.

F72, MO %MHWT DIFF,,, DIFFy, X85
BAPMVIAZ DDA L-2E (K1),
DIFFy DT SMUED 52222 <, B—IUD AL, 5
ZESMLEDOEINKE S FINT VWS Z &30 h 5. Buggy
EHEEINASII Y M, Clean &HEEINEIIV L
Wigd 2 & fa] 5 DO EELREPHbNSE L EZ 5N5.
XD, WM E L X0 HH 5 DIFF,, 1& DIFFy,, £
Db Buggy TH2 I I v PG ENTWVS ATREMEI R W
EEZONG. ZITRERR=VEOBFBIY, 23Iv b
DTN Logdj DAZ R UTZHS, I 3w MR
LMo 7Y 7 MZBWTH FEOFENE SN,

PAEED, HiEa Iy MIDZ X IZE D 5T, Buggy
RSN Iy MRS AP B L Eih-o
THY, ANz & b &ATWS DIFFE, OB AES
a3y MEERRIIBWTENTWSAEEZX NS, £
7z, Clean &H#tEZIN/za3I vy MEIZIFEA YD OV
JMIBVWTHEBRENGFHELEP 722 925, Clean
CHEEINZII Y MEIDAFRELES>TWVWD EE X
S5N5. ZDD, TOHIZEA TS Buggy & H#E
INBda3Iy MDA WEEZONS. DlEXD, R
HBHEIIY M THBHBEMEIPEVEDZ LDHEETE

SEA



. I
s
5 o
Za o o
s I\
2 i
L =
S S
data
)
{
8 o
!
6 8
= e
=
8
2 rl\
0 | L
S Sr
data

(d) entrophy

10000
s
°
8000
6000 .l
. 3
g °
4000 o
°
2000
0 ) E
OIFF 52z DIFF guru
data
(2) rexp
2500
[]
2000 E
1500
- °
1000
500
o L =
OIFF 52z DIFF guru
data
s
5000
o
4000
. 3000
2 o
2000
o
1000 o
0 = :JL:

DIFF_szz DIFF_guru
data

(m) nuc

60000

50000

40000

© 30000

20000

10000

ndev

2018 in

5
°
o
=2
OIFF 522 OIFF gquru
data
(b) nd
5
°
o
£ i
OIFF 522 OIFF guru
data
(e)la
)
o
o
-]
8
]
é =
OIFF 522 OIFF gquru
data
(h) age
°
o
OIFF 522 OIFF quru

data

(k) ndev

1000

800

600

5000

4000

3000

sexp

2000

1000

60000
50000
40000

o 30000
20000
10000

0

s000
7000
6000
5000
% a000
3000
2000

1000

)
{
i
—0 i
data
(c) nf
= T
data
(f) sexp
)
5
. i
data
() 1d

data

() exp

1. SZZ 73V XA & CommitGuru DI TNATHEDFERNERZEDIZEITE A M) 7 ZEDHA D

i (Logdj 7u¥ =2 )

44

SEA



2018 in

F10. £33y MBI T IV OElG

project commits group  # of commits None  Feature Addition  Corrective ~ Non Functional =~ Preventative  Perfective ~ Merge
BUGgum 1495  29.70% 23.08% 34.45% 6.76% 4.62% 1.40%  0.00%
Logdi BUG,, 297  28.62% 25.93% 30.64% 6.73% 7.41% 0.67%  0.00%
&%) DIFFgury 1218  29.72% 22.82% 35.06% 6.90% 3.94% 1.56%  0.00%
DIFFy,, 20  15.00% 50.00% 15.00% 15.00% 5.00% 0.00%  0.00%
BUGguu 540  58.89% 15.19% 14.63% 1.11% 7.96% 2.22%  0.00%
OpnelPA BUGy,, 1301  62.18% 14.60% 11.84% 4.53% 5.30% 1.54%  0.00%
P DIFFgury 216  50.93% 12.96% 23.15% 1.39% 10.65% 0.93%  0.00%
DIFF,,, 977 61.51% 13.92% 12.79% 5.73% 5.02% 1.02%  0.00%
BUGgumu 6360 57.89% 19.47% 16.84% 1.18% 3.57% 1.02%  0.03%
Camel BUG;,, 2171 61.72% 20.68% 12.76% 1.01% 2.49% 1.34%  0.00%
DIFFgyry 4970  57.32% 18.71% 17.85% 1.27% 3.86% 0.95%  0.04%

g
DIFFy,, 781  64.92% 18.05% 11.91% 1.28% 2.43% 1.41%  0.00%
BUGguru 4698  56.85% 15.11% 18.69% 1.60% 5.26% 2.38% 0.11%
HBase BUGg,, 2408  60.09% 15.49% 15.49% 2.12% 4.44% 2.37%  0.00%
DIFFgyry 3072 54.33% 15.66% 20.21% 1.43% 5.86% 2.34%  0.16%
DIFF;,, 782 56.91% 18.41% 14.83% 2.56% 5.12% 2.17%  0.00%
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