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Predicting the Bug Fixing Time based on the Bug
Assignment Patterns in OSS Development
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The number of reported bugs has been increasing especially in large-scale

open source software (OSS) projects. Project managers in the projects have
to decide which bugs should be resolved until they release the next version of
their products. However it is not easy to estimate the time to resolve each bug
due to the differences of the size of required modifications, the difficulty of each
modification, skill set of each developer, and so forth. To address this issue,
many studies have tried to predict the bug fixing time in OSS development.
In this paper we constructs a prediction model for the bug fixing time, using
the bug assignment patterns which have an impact on developer’s performance
of fixing bugs. The bug assignment patterns categorize the social relationships
among bug reporters, managers, and developers in assigning bug fixing tasks.
While most studies in the past only used the information extracted from bug
reports itself, taking the bug assignment patterns into account would lead to
prediction results with higher accuracy. Using data from the Eclipse Platform
and JDT projects, we evaluates the prediction model. As a result, we found
that the bug assignment patterns improved the prediction accuracy and help
OSS managers make sure if a target bug will be resolved in a specified period
(e.g., one week). We also found that our prediction model can contribute to
resolve more bugs until the specified release (about 16% in Platform and about
10% in JDT).
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# 1 Buggzilla (281} % Status OFiE
Table 1 Status in Bugzilla

Status % Ea
NEW REGOHED TN I RAE
ASSIGNED TE/\@WE ZAT 9 NDRIE LT R EE
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REOPENED | REAOFEENLIEI /- ik
VERIFIED BEIE S NIZREA ORFENFT Ok
CLOSED REE DR S kg
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(BTS: Bug Tracking System) 23 S TWw%. BTS I21%, Bugzilla*!, Trac*?, Red-
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*1 http://www.bugzilla.org/
*2 http://trac.edgewall.org/
*3 http://www.redmine.org/
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Table 3 Bug assignment patterns and relationships among participants
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Table 4 Metrics associated with a bug report

= RE FEA
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CCCount il | A=V 7Y R N OBRERFE
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CommentsCount el | =2 A ho¥K
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x5 WEHICEET DA MY 7 R

Table 5 Metrics associated with time

I JRE B
AssignTime el | AEIER OPE F TIHE L7 RFH
AssignedMonth Hfl | EEHENRE LA
AssignedDay e | AEIEEASRE LTz A
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x®6 ZMEICHET LAY 7R
Table 6 Metrics associated with participants
25 RE Gl
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AREFROBRNE, (1) REGEERRHZ TFRTL0ICEKbE LZEEET L& (2) TG
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*1 http://www.eclipse.org/platform/
*2 http://www.eclipse.org/jdt/
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Table 7 Number of bugs in Eclipse Plarform and JDT projects

Platform JDT
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Fig.6 Ratio of bug reports fixed within a certain period of time
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EN22. =L, BRGERROTHEEI 2 2106V, BEREIELE < 2 5 EmICH
5. T, RESUCIEARE L A SOOI LV IE Sz, B EFEE 2R E R
R M5, HEAHEZ N, sitERO¥kE k& Lzt &, HHEEREERREREITN
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REAEON, ELL THITEXAEAEOEIETH D, Rin U CHLlEE =R L HEIEROFF T
ThDFLEEFHMEREE LCHWD. FLEEFK B) oL icEHESND.

R*=1-
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OB HEEETS ER A RO TR 2% 8 IR T. Platform Yuv=2 F kv b, JDT
TaYzl NOHFREWEE CAREAEERMZ THITE D Z ENnnnsd. iEL, &
H O BREREIL 0.5 ZB2 T 6T, REAEERMOTRIZE L2 TRIET L AT
Rl E =R AR

5.1.2 FAHAETIBEICETIEHOEEE

SO A M) I ADEEBENET MR EORERS LTV A0 ENITT 57201,
BEBRORER D EE RO, 70X A7 5 VA MEERAWETHET VICEIT 5854845
DFEERAMEEZF 9 IR, FERAE L1, ALK EET AN B ZLicky,
EORETFRREME T T2 0% R7. DF0, BERBDESRKEWVE, T UBEICHS
LTWDZEaRT. £9 LY, Mi7Xmd=y MIBWT, aR—x2 |k (Components)
DELET /EICELS L TEY, KICARESGEIYS % — (Patterns) 2E7T MM E
HELTWSZ ERghotz.

5.2 HEIMIEEFRIOEERIER

5.2.1 FANEEDOLLE

Platform, XO'JDT 7r Y =7 MIBWT, FRIETLVORKE GEAGFE, BIE, Fl
8) , HWEEE AW TRIORKE G563, BHEE, FLME) , #WEEsE R0l
WX 2 FRET VDM ERERDIERE K 10 ITRT

Bl 2 D72 DTl &g, IR ESN AR EEOE S E LI LT, —EBRIN
WCAREBEAEENTE T T 520G 0E T 5 5ETHS. HlzxiE, Platform 7oy 7 T
IAREAEDOR 41% 7 1 BUNIEIEENTWS., 2 XD, BEEE 2 v nyillcid
WESNEZREAOK 41% 28 1 BLUNICEIES D & FRIT 525, FEEIC 1 BLNICEE
ENDREEGEZOTOR 41% TH2D L Liz (B4RMZef] & LT 100 R EER3H 54
A, 418 1 ALNIBIESN D EFHIT 528, FEBIC 1 AUNIBESN S REAIT 17
& (0.41%0.41=16.81) &725%.) . fOFHBHICIHNTS, FERICOEERITEESHZAE
BEORGERD, BFEEAW RO TRF R A RD T

W E TR & B2 E 2 20 FPHICB T, PHISIMEZ 1 A& LERA, Wi e
Vs bEBITEARTRECH ELTRY, BEELHEL W PRI 1R A
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® 8 THIETLORE
Table 8 Accuracy of the prediction model using Random Forest
Tuvxs b | RERE HBEREEIERE
Platform 0.309 0.296
JDT 0.402 0.379

®9 HEHUOEEE

Table 9 Importance of each independent value

ARY TR el i R P i
Platform  JDT
Components 90.34 51.45
Priority 4.86 1.34
Severity 4.84 1.06
Milestone 16.14 7.97
DescriptionWords 8.30 9.05
TEAE CommentsCount 10.58  12.08
CommentsWords 14.30 13.45
AttachmentsCount 8.43 6.92
DependsOnCount 2.93 1.54
BlocksCount 1.60 0.42
CCCount 11.06 8.58
AssignTime 19.84 13.74
IRE [ AssignedMonth 13.72  12.68
AssignedDay 10.15 7.13
Assigned WeekEnd 2.17 4.60
Reporter 49.02  15.57
A Assignor 29.44  34.70
Fixer 32.38 37.66
Patterns 76.63 51.34

R1rAE LSS, M7y =2 bEBITEARITHS, FHENRRE A EL TV,
%72, Platform r Y =7 MIBWT, #TFEZHOZ2OTFRIEY b F1EIZN 14% 2>
530% M ELTEY, IDT FYey=2 MIBWTH F1EIZN 10% 2068 36% M LT
Wi EBROMERL Y, BEEEE OO FRNCHES, A7 TETZA TN D 2 e
Drodz. B, TRIHIMAEWESO FLEOM ERRE L, BMEETNET V2 WD
ZETHBEEE VRO THIE Y b, FREICREAEERRZ THIT 5 2 0N FERICR S
LERD.
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& 10 TR O L
Table 10 Comparison of prediction accuracy

gl Platform JDT

] WG FELR F1 & WE RIS F1 &
VAN 1A 65.82 45.24 53.62 68.24 54.51 60.61
T+ VA 1 J8fH 68.81 75.71 72.10 73.23 86.80 79.44
Mk 17 A 77.37 93.61 84.72 83.64 98.19 90.33
i 1H 41.22 41.22 41.22 44.66 44.66 44.66
g LAYAS 1 JEfH 59.45 59.45 59.45 66.40 66.40 66.40
W 17 H 74.25 74.25 74.25 82.47 82.47 82.47
1H 59.68% 9.73% 30.08% 52.81% 22.07% 35.72%
) b 1 J6fH 15.75% 27.36% 21.27% 10.29% 30.73% 19.64%
17 A 4.21% 26.07% 14.11% 1.42% 19.07 9.54%

KFETHREEOR EER RS @V lEGF, BB, FLIEOMHE.

5.2.2 £FAETILICETI2EHOEERE

STED A N 7 ADBEENE T NMERIC EOBREEL LTV NENTT 572012,
ZNENOREMMNI T 5B E ORI E % k7.

Platform, X IJDT m Y= MIBITD2EEROREERMELZE 11 12833, IBEY
Mz1BELETHITE, WM7ay=s bebiiarR—x2 b (Components) 23 b E
TAEEIZTFLG L TEY, WKICARESGEY X% — > (Patterns) 8% 5 LT\ iz, FEEHIH
Z1HEMEOR 1AL L=TICBWTY, Platform 7uy =2 S CiX A2 34, JDT 7
Y=y FTIEEEN 4 HFUNICREGERY 2 — B Ao Tz, Zhi D, REAERY
H— IR E TRIE T VOREICERTH D Z L3 oz,

6. & =

ARETIE, b BETITo ARG EERMOTREROEREZFEICBERZEZITS.

6.1 FRAETILBEICHFESDALIIZR

522K Y, REAZRX Y 7 2D Components, AA kU 2 A®D Patterns, Reporter,
Assignor, Fixer BNETWEEICFTFGTHZ ENom o7z, LITIL, FRENOX MY 7 A
IZDWT, BET L.

Platform, JDT (23} % Components DR EAH & HIA %K 12 12777 Components
OFGENRbE»T-HE L LT, REAEEOEILE, Components DEHEE N NE
N2 2 LN B AREASEFEIZL IR Components (2 X > THfEIZ R/ 5 2 & 23
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® 11 SEKOBEHE

Table 11 Importance of each variable

Platform JDT
ANY 7R el s EE I i T BE DA

1H 1 JHfH 1+ H 1H 1 JEfH 1+ A

Components 68.85 57.61 52.43 | 43.64 37.38 24.21

Priority 2.14 2.31 2.79 2.38 0.47 2.24

Severity 1.97 2.40 4.69 1.32 0.52 1.01

Milestone 15.10 13.55 12.68 8.64 5.43 3.39

DescriptionWords 6.17 6.34 8.27 6.64 5.10 4.24

FRAEZE CommentsCount 12.75 8.72 6.92 10.49 9.12 6.02

CommentsWords 13.37 9.31 8.37 9.39 7.76 6.21

AttachmentsCount 6.37 5.93 7.72 6.07 3.71 3.69
DependsOnCount 3.45 0.30 0.18 0.89 1.14 0.96 X

BlocksCount 1.80 1.89 0.95 0.33 0.33 0.28

CCCount 5.67 7.35 9.92 6.38 5.20 3.59

AssignTime 15.85 17.00 21.17 9.69 12.07 12.82

IRef AssignedMonth 10.85 14.03 18.62 7.03 15.94 11.68

AssignedDay 9.73 9.17 9.99 7.10 6.82 5.59

AssignedWeekEnd 2.68 1.77 1.92 7.75 2.21 3.93

Reporter 39.16 29.03 14.18 | 13.39 13.78 11.33

A Assignor 23.94 30.23 32.01 | 30.40 31.11 26.48

Fixer 31.62 31.75 29.54 | 31.18 36.94 34.77

Patterns 56.68 44.62 30.02 | 34.27 24.09 15.72

FIRAREHHTFRET VL OP TROEEED R LA 5 DO,

NThdeEZXLND. BlziE, Platform @ Debug %, JDT @ Debug » 5% 5 Eclipse
Debug 7BV =7 M & LTEENMTOATEY, fhio7my=y MIbRETLZ LD,
%< N 1 R LINIIEIE N T Tz, —J5 T, Platform ® SWT 72y =7 MIYV—
¥y hO—RETHHZ LMD, OTrYxr MIT BN IRV, £<IE1HE
ML EHN TIEIER T T .

Platform, JDT 1281} %4 Patterns DR EA¥ & ElE %% 13 12777, Platform, JDT
WBWT, ZMEFROIATIa=r—varaia=ls—yard— " —~y FHFERK
2LV, SHEERINIZE OMOREASE LY 2 — AT, REAEERMNPELS DT &
BALPCENTVDY . 7Y =r hEBIC, HEMRELIRAAEY S — 2 Diff:
BEEDTEY, REARYE Y — 3 pHERAINE T R 5 2 LT, REABEID
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% 12 Components Ot (/£ : Platform, 47 :JDT)
Table 12 Statistic of Components

REE% EG
Ul 7105 3254 %
SWT 6135 28.10 %
Team 1477 6.76 %
Debug 1136 5.20 %
Releng 917 4.20 %
Z DA 5065 23.20 %
&t 21835  100.00 %

% 13 Patterns Ot
Table 13 Statistic of Patterns

Platform JDT
REE# EE REA# H G
B S figpAl 1896 8.68 % 792 7.14 %
EIEZRTR 2320 10.63 % 1029 9.28 %
fEIESEFER! 5558 25.45 % 2708 24.42 %
Sy iR 12061 55.24 % 6559 59.15 %
At 21835  100.00 % 11088  100.00 %

RERIDM 2 B A MBI TE B72, THIET L OREIC Patterns N &5 L7 L EZ 5
nb.

Platform, JDT [Z81F 2#EH (Reporter) , EEEH (Assignor) , EEH (Fixer) @
—ERNBERI4IRT. Wi7aY=s b, MEEFZEOAPToTHDIR, &
HERMEEE ZH>TWDDEIMoNZ —EHOATHD. NTE->T, BIEEICHETRH
FEE w BN T DRSO, REASOBEICLERFEHTCHFRICEZR D D7D, EOANDHR
FNENOERNEH ST LT, REAEERMIIRE S ZL 5720, FRIET VO
#E1Z Reporter, Assignor, Fixer NZ5- L7z EXHND.

— 5T, REGEERMIZKE S EET B L5 2 57 Priority & Severity D% 5-FE 1
Kool Zhik, 15, £ 16 020002 L 212, FEAEOKRZSHDBVIHMERE (P3,
normal) THoLI ENFRETHD EEZEZOLND.

6.2 FRHIETIBEICETLITEEGEUNI—VOHRE

FAZEHE LTRESEEARZ =2 0S5 L (HOWRWEEIZHAT) , RESEIER
MTHET VOREN EORER LT 2N 0 TEmT 5.
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® 14 WEH, FHE, BEETO—ERAK

Table 14 Unique users of Reporter, Assignor and Fixer

Platform JDT
HEE R 3495 1862
EEE R 132 59
BEIEE# 213 87

% 15 Priority OffiitH&
Table 15 Statistic of Priority

Platform JDT
REAH He REAHK G
P1 172 0.79 % 100 0.90 %
P2 371 1.70 % 209 1.88 %
P3 21225 97.21 % 10748 96.93 %
P4 20 0.09 % 26 0.23 %
P5 47 0.22 % 5 0.05 %
aat 21835 100.00 % 11088 100.00 %

# 16 Severity OffFHE
Table 16 Statistic of Severity

Platform JDT
RHA EE REAH e
blocker 80 0.37 % 16 0.14 %
critical 224 1.03 % 74 0.67 %
major 352 1.61 % 131 1.18 %
normal 21043 96.37 % 10776 97.19 %
minor 85 0.39 % 73 0.66 %
trivial 51 0.23 % 18 0.16 %
&t 21835  100.00 % 11088  100.00 %

AETHICEB W TRESBIY AN Y — U 2 AEBIC AN Z LI L2 THIET L OREE
M ERAEFK 17 177, Platform v ¥ =27 b CTHBERSFRERBIIN 12% m LT
BV, JDT 7uy=y MIBWTH HHEFHERERBIIN 4% m ELTwez, Zhl
EREAEY NG — N BT HAREAEERMICENENGRRENRDH D Z L0 b, T/\u
BEIEREH %2 T35 ETREGEIY ASZ — BDERABRBRALERE 2o TN D72 ThD EH
Abhb.

HIBHBEETHICBWTRES

HRY Y — AR AN S LA THIET LD

TR R Vol. 54 No. 2 1234-1246 (Feb. 2013)

£ 17 BETFUICET 2 TRET L ORFER LR
Table 17 Improvement rate of the model for predicting required days to resolve a bug
TuYxs b | PEREC AR ERE
Platform 11.40% 12.24%
JDT 4.01% 3.81%

& 18 HIMHEE THICHT 2 THlET L Ok R Lk

Table 18 Improvement rate of the model for predicting whether a bug is resolved in a specified

period
Tuvzs N THMIE | EEE  FHEE FlE
1H 1.79% 4.83% 3.59%
Platform 1 JEfH] 0.87% -1.45% -0.24%
1+ H -0.03% -0.40% -0.20%
1A 2.78% 6.40% 4.79%
JDT 1 1.23% -0.38% 0.49%
17 A -0.27% -0.10% -0.19%

FERET LR AR 18 IR d. PHIBIMEZ 1 BE LAETHITHE, Wryeycs M blcRES
FPYE = EFALEICAWS Z T, THIETAO FLEEM ELTWe, 2L, &
AR 2 [ < REABY SZ — 2BV T, 1 BURNICBEESh D REA LEES A
WAREEDEENIZEFE —CTHo7oZ &b, 1 HURNIEES NS GO B L
T, TEAREIY A= NEHThoTmmoThosEEZLND. —F, TRWEEZ 18
MEXR1r AL LEZFPHITHE, M7aY=zs b bICRESE Y — 2 2 FHA I AV
Th, FHET VO FLER EICER Lo Tc. 2, REAEN X —r 0N, AL
R, AEIEZFEN, BRI T 1AM A Rl U7z B Gl o R B S AMEIE ST

D, FBEHBNICRESMEE SN DNENOHBIREAEL LT, REAEY RZ— g
AThhrolzizdbThdEEZLNS. :h%@%*%'r%ct@ REAFERY S H — 13 e e
ZEMM QRBARRE & L2PHTCIARATH L, BEHMEZENH (EMUE) &
L7eTRITIFEHTRVWES 2 5.

6.3 TEEBERMTRETIOERME

FNENO TR OBLE A b IR E TRIE T LV OERMEICOWTGERRT 5. TRIEIRH
Z1HELETHITHE, WMXeyey e IS 2 R rllicke, ELL 7
WLEAREGOBIIEML, o TTH LIAREASOEITHD LTB Y, THIRENKIFIZ
LTz, 2L, 1 BURNIZEBEESNS & TRILIEZRESDEIEIX, Platform 7' &

(© 2013 Information Processing Society of Japan
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Tl h TR 28%, JDT 7uv=Z h TR 36% &tx &\, BIEIZ/T #0203 RH 723

EA@&ﬁ%#?é&wé@mwg TRWIMAZ 1 A& Lz THET A2 TOSS 7'm
Ul NMEBENPAREGOEBEFM AV CHZ LIIREETHH EHE 2D,

TR Z 13 ﬁ&bt%m 1EBLUNIEESNS & THIL-REEGOHIE,
Platform 72> =7 M3 65%, JDT 7uy =7 b3 79% TH -7, WER RS
Ba AWK 59% (Platform) &4 66% (JDT) (2, ATHEIET LTI 69%
(Platform) &#9 73% (JDT) LEinizs, RESEIEDOIESE LA EEA TRIET 5 BRI,
TRIWMEZ 1 HEBE LETRET VIZEITHL EEX NS,

TR A 17 A L LIETRIET VORE FLHE) X, 3 2O TRHIMOB T b &Er-o
2. i, FEBEIZ 1y AUNIEBEESN S AREAEN Platform v =7 h TREDK
4%, JDT 7Yz hTRIEOK 82% & Hd B Z Lhh, —EDHEHREHERF LN D
EVHBRE LB T A Z ENARERTZD TH S, LiL, 1y AUNIBIES S & FHIL
T REEDEIEL, Platform v Y =7 TR I0%, JDT Yuv=27 TK I7% L)
THEL, REFOAREAGIZ 1, AUNIEESNA E TRILTLE S 720, THIMINEZ 17
AL LEETHETAVOEREIIERNESZ 2 bND.

INHORRELY, PHHMZ 1EME L PHET MIEBOBATRSGI B TR E
AEREnEEx b5, BIRMICE, TRIEMZ 1EME LieTller vaHnWs 2 L
T, FYBNICEETREE RE LN TEADOHIE, Platform vy =2 T 16% (1%
R AW T TR 5854, 1 RUANIC 8491 tHEIEShD. —F T, THRIET L
EAVD L 1EMIC 9,828 fHEESNS. LiEXY, 15.74= 2828 _100), JDT 7m ¥ =
7 N THI10% (BEWFEE 2 V2 W T Tl 2354, 1 EBLINIC 5,794 HEIES NS, —
HT, FHETAENND & 1ERIC 6390 fHEIESNS. LIEXY, 10.28 = £33 —100)
Wind sz kicies. £, PHBIMEZ 1B & LZFHET VT Platform 7aYx 2 b
THI60%, JDT Fuv=y kTR 3% %< ODREAZIEIEFTRE &I ATEEIC /e 572, 1
RO 1@EMEZ TR E T2 TRIETSAE0HT22L T, LY EDMMRRESEE
FHEONLREMNATREIC 22 5.

6.4 #l #

AFWICTIE, KEMEZ OSS 7’m Y= 7 TS Eclipse Platform XN JDT 7my =2
MZOWT, RESGBIESRY—  2EB LT Z L7+ VA MEORIAICL DA HAE
ERTEET AVORFAMEZ R L. 2720, TRETAO—BIEICOWTIEHA LML
TELT, 4% 0SS 7/ rv=y NOEHAMOT RE LTI LITRIET 2 LERH D, FF

TR A EE Vol 54 No. 2 1234-1246 (Feb. 2013)

12, 0SS 7mv=/ MZko T, BAIRBBSCHBEENRE S R0, Thiho
Tavz/ MIE L THET VERBET AZNERS D EBEZLND.

¥, KiaSLCTHWEABRIEDOA MY 7 Z0HIZIE, EFEOA—LT FLAD XS IT
ZHEOEB ZFHOBRPFET 2720, WEBEEOEW EAL 5 SOmEE % 4 I —E28KICE
LTS, avF—R FOEITENENDF I —EEPET UBEEIZHELS FEH5LTW
DEBUT, ¥ I —BEICERT ZHEE ORA T 2 & TR ORI B ArREMEAN
b, SHIVHELLERDD.

7. EhHh Y IC

AL TIE, Hx OREGOEEZETHHA REL 2L EOHD 0SS 7r = FOE
HEEZXNRLE LT, FEGEIY Y — U EHOWEAREASEERMOTRET L EMHE L.
250 Eclipse 712 Y= 7 k (Platform, JDT) %% RICEREIToIMER, LU FIORTH
RAAfEoni.

o FEAEERMOTHICENT, BEE T 2 FETIIA R THET LV EEET 5
ZEIITERD oD, IMEZIEET A HIETIET VX L7 4+ VA MEEZRHWTER
THETNEELET L2 ENRTEI2, FFlZ, THIHIME 1 BRO 1T #EBE Lz TRl
BT, EMEOEWTRET VAL T D ZLAWETHD.

o FEAFYARE— 2D Z&T, THIHMSEHM 1 BEERR OBs, THlE
T/I/O)Jrﬁxu WCHFHET D Enmholz. L, THHBAESM 1 @#LL)

, PHET VOREER EICHFS LW &R ahoT.

. ﬂg{ﬁlhﬁfﬁ'ﬁ%} 1M E LeFRET VEHWD Z LT, FMBENICEETRE AL
HAREAOHIL, Platform vy =2 b TK 16%, JDT uy =7 N TH 10% #Ein
FTHZERN ol £, THHM L BOTHETAVENHTHI LT, L XD
DR R B G EEHBOSRZNRRICZR 5 L HIFFCE 5.

Lt21%, 0SS 7 vz s FOEHESL LEEREZITODTFHET VO L0 FHo—ikik

l/‘“ﬂ‘ﬁ?ETé LEblL, THETADILRLKEEN L4 RS L TREGEIC aihé%

FTEMOSHT (ED X REmPRRNWREAEEICERNR D, L) #2175 TETHD.

BEE AR O—IIL, SCHRFARIEEMiBIE (G (B): 23300009) ¥ LY (G
(C): 24500041) |2 X 5Bz 21 7.
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