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Predicting the Bug Fixing Time
based on the Bug Assignment Patterns

in Open Source Software*

Hitoshi Masaki

Abstract

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 prod-
ucts, since trying to resolve all the reported bugs until the next release is not
realistic. 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 mod-
ification, 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.

This thesis 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 relationship 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 project, the
thesis evaluates the prediction model. As a result, the thesis found that the bug

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1051098, February 2, 2012.
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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).

Keywords:

Bug Assignment Pattern, Bug Tracking System, Prediction Model, Bug Fixing
Time, Eclisep Platform

v



0 O

1.

gooo

1.1 DOO0O00000 .« .00 oo
1.2 000000 ..o 00 oo o

osSstbooboooooooboboo

21 000D0OO0OO0O0O0O0O0ODO © .00 0000
12252/ I I I A
23 0U00DOOOOOO0OODOO .00 oo

24 ODOobOOO0OOOOODOOOOODOOODOODOODODD

oboboboobooboobooboob

5 200 I I I 1
5 752/ I I I I

gboboboooobbobooodan

4.1 OO .o e

42 000000DO0ODOODODOODOO @000 ..
421 0O00D0O0OO0OOOODOOODOO0O ... ...
422 0O00000O00O0ODOOO0O0O @. .. 0.
423 0O000DODOOOOO ..o oo

43 000O0OO0ODOOOOODODOOOO0 « .o oo
4.3.1 O0000 .00
432 000000O00ODODOOO ... oo ..
433 0O000D0DOO0O0O ... oo

Ooogon

5.1 OO oo e

5.2 OODODOOO ... s
521 EclipseOODODOOO ... 0000000

e~

© oo ot ot W\,

11
11
13

16
16
16
16
18
18
19
20
20
20



6. DOUU

6.1 U00ODDOOOO0O0O0ObOOoOOogbooDoao
6.2 U0O0ODOOOO0O0OOODOOOOOobObOOoOooOooDoDn

7. 00O
71 DOOOoOgoobobodd
72 0O00OO00bOOo0oobooon

73 U0 oo

8 0OO0OOO

8.1 U0bObObOuoobbbbouoobbbooodn
82 UU0ODLDLODUOOOO0ODbDLDbOOOOO0

9. 0DOdg

00

gooo

vi

27
27
32

37
37
38
41

43
43
44

46

47

49



O 0O

© 0 N O Ot = W N

—_ = = = =
=~ W NN = O

© 00 N O Ot e W NN

—_
e}

00000 StatusO OO .« .. 000000
UOO0D0O0O0 .0
UOO0OD0O0O0 .0
UO00D00O0O00 ..o e
I 0
Eclipse 1O O0DO0OD0O0ODOODOOOOOODOODODODOOO
gobobooogooboboogogoboboooon oo o
I I I
I I
I O 8
OoooooboboooooooD QQobooog oo
gbooobooboooboooboooboog P10 0 0o oL
I I
I I I

[

BugzillaODO OO StatusO OO .. .. .00 00000
Bugzilla O OO Resolution OO . . . .. .. .. ... ...
PlatformO OO OOO0DOOOO0OOOODOOOODOOOODO

JDTOOOoOoobooooogoogooboooboooooog o
oobooobooboboooooooboboboooooog

OO00oOooOopDobooooooonog oo
I
OO000D00D0000O000 ... oo
Eclipse DO O0O0O0O0ODOODOOOOO0O .00
oooboboboooobooboboobooboboobobooo
OO

vil

o N N O

12
14



11
12
13
14
15
16
17
18

gobobooogoboboooobobooog oo
gbobboooobbbuoooobbbooobobboood
I
I I
gobobobbobooogoobooooobon oo oo
gobobooogoboboooobooboog oo
gbobbooodobobbbooodobbbboodaoboo
gbogbboobodgbuoobooboboobbobboon
0

viil



1. 00O

1.1 Jo0oooood

Android OSOOOCOOOOOOOOODOOODOOOOCOOODOOODOOD
000000 (OSS)J000oooooo0o00ooooooooooooooo
OO0O000bD0o0bOo0oboobobobOoobbOobobooooooDoOoD oSS
gboobogboboodbbuogboboobbuoooooobbuoooboboon
00000000 [1,200SS00000000000000O0O0O BJooo00
OO0000ooooobogoosSstogbooooooooooboooboooDn
gbobogbboodbbuooobboobuogoboobbuoobbooon
goooboboobobobboboobouogoogoooobobbbboboboobbDb
gboboboggobbboooobboboooobobuooon

ossoogoooooooobooobooboooooboboooooobooooooo
000000000000000 400000 ossoooooooooogd
gbbogbobdbodgbobooobbuooobboooboboobbooon
gbobogbobooobuoooboobbuooobbuoooboobbooon
goobobbbobobobbbibdddddoooooooooobobobooobobb
ApacheD LinuxOOODODOOO0ODO OSSOOOOOODOOOODOODOOOOOO
00000 B|0o00oooosSSso0oo0ooiooooooooooooog
OO00bo0ooboobobooobooboobobooobooooooooosson
gogbodbobooboboobuooboboobobooboboobon
DO0000bo0b0bobobuubdbLinx0 0000000000 Redhat
OO0000000000 LinuxO0OOODOOOODOOO Red Hat Enterprise Linux
(RHEL) '0000000000000000O000O0000O00O0O0O0O0O000
gbobuoogoobo

opboopogogosSSstboboboobooboooboobooboobobobooD
gbobogbobooobugobboobooobbooobbuoobbooon
OO000boOOooOOobooooSSsOooooooooboobooboobooDo

thttp:/ /www.redhat.com/products/enterprise-linux/

1



OO0O0D0O00O00O0b0O00bDEdpsed MozillaDOOOOOOOUOOoOOOoOoO
0000000000000000000D0 pJDOD0O0o0o0ooosSsooood
osstbouboboobodboobooboobooboobboobbouDbog
gbobogbbooodgbbuoogoboboobbuogoboobbuoobbooon
OOoO0OoooooSSsubobooubobooboooboooboooboooooobooDo
gboobogoobboboooon

e 0SSOODODOODOODOOOODDONOONDONDONDODOODOODOO
000000000000000000000000000000000
0o [7,38,9,10, 11]

0000000000000 000000000000000000000
000000000000000000000000000000 [6, 12,
13, 14, 15]

gbogbodbobooboobobuogbobuogbobboobobbo
000 (duplicate bug) 00000000000 OSSOOOOOOOOOO
0000000o0o0o0ooooooooooooogofe, 17,18, 19, 20]

gboboobobbobouooooobbbbbouooooobbobbbogoo
goboboobobboouooooooobboobbbobobboooooo
000000000000 [21, 22, 23, 24]

gboboobobbbouooogobbbbbuoooooobbobboooo
gbobobobuooooooobbbobbbodgoogobboobobbouoo
0000000000000 00000O00ooooon (25,26, 27, 28]

oSSO0 0bD0O0ODbO0OO0bbOUooboOobobOOobooOoboooSsoooooooo
ODoOOOoO0O0oDOoOoOoooobooooobooooOoooDooSsuooooooog
OOo0ooobo0oobooboooooboobooooooooogooDosson
OOob00ooboobooobooboooobooboooobooooobooDoOooss
OOoO00ooboobboobOoobooooooooooSSsoooboooboooDo



OO0000D0O00DbO00DO0ooooSSobooooboooboooooobooooo
gbbobooodgbobboooobbboodgbbbooan
oSSOofuopbooobooboooboooooobbooboobooooOooDo
gbobogboboobboooboobbboobboooboobbooon
gboogbobogbbogobbooobboobobooobbooobban
gboboodobbogbooboooobobooobbuoobbooobooobboon
gbbogbboodbbuobbobbbooobbooobbuoobbooab
gbboodgbbuoodobbobboobbuooobboobbuoooboboob
gbobogbobogbbuoobooobboobbuooobboobbooon
gbobodgbboooboboobbubbooobboobbuoooboboan
gooo
OoooboooooooooossoooooooooooobooooooDon
gbbodgbboodbbuoboboboobuooobbooobbobbooob
gbobogbboodbbogbooobboobbooobboobooon
0000000000 00000oooooooo [22,29,30,31,32) 00000
gbobobuoooobbbugdgtebbgogbbboooobbbuoooon
ODOoO00O00ooOooooooSsoogoboooSSsoboooooooobooobooo
gbobobooodgoboobod
gboboggbbdbboobbooobboobbooouooobboon
gbobogoboogbbooobbuooboooobbuooboooobbooon
gbobodgbbuogougobobogbbooobboobbuooobboon
000 [120000000040000000000000000000O0OOO
000000 [33,34)00000000000000000000O00OO0OO0O
gbbbuoooobbbuogobbbooobobbbouooobbbogo
gbobgobboogogogoooooooooooooboobobaban
OO00D000000000300000000000D0O0DOEclipse Platform
gboboobbogobobogbboooboboooboobboonoooon
gbboodbbooobbodobbuooboooobboobbuooobooob
gbuogbobogbuoodbbuooobbuooobbuoooboboobboob



gboodboogbbobboobogoboooboobboobuogoboogl
gbbodgbuogobbooobboodgbbuooobboobbuoobbooob
gboboobuoodgoboood

1.2 OJOogoggd

gbooboobobooboboooo20b00b0obo0oboboobo
gboboodgbbuogobboobbuooboobboobbuoooboboon
gbboboooosbuooogboobobuooogbbboooobbbuoooon
obobooboboobooboobo4booboobuoobooboobon
0000000000000 0000Db0bO0O0005000 Eclipse Platform
gbobobooboobooboobuoobooboobebo0obOoO0oDbOn
oboodvybooboboobboobboobogubboooboooboon
gbooogbbobuooobboogn



2. OSSOODODODOoOoooOoOoooo

goooooSSsoboboobobobobobooboooboobooogobo2100D
gbobboobogbodgbogobobb220bbo0bo0bogooobon
gob2300bbogobooodbobuogobboobooooobb24000
gbhobobobobobboboobooboobooboobooboobonon

21 Joooooboogod

oSSOUbiofobooboboobObo0obDU0oobDUOoOobOoO0bUObDUOoOobUOooDbOn
goooobboobbooobooobboobbooobbooobboon
ODoOO0oOoooooSsboooooooooooooooooooooooobooog
gbuogoboogbbooobbuoobbuoobobboobuoooboon
gboboobbouooobbogbbugoboogbbooobooboboon
gbobogoogobbooobbuooboogbogobooboobbooon
gobogobooobbooobbuoooboobbooobbooobobon
gbbobooodgbobboooobbboodgbbobooan

gobooboboobooobooboooooboogoStatus0Doooooogon
OO00o0O0boo0oboboooooobooboboobboUunDD statusO0D OO 10
OO000 StatusODOOOO 10000

22 JO00o0oobboooooobboooooon

oooogoosstboobobooboooooboboooooooooooooooDo
00000000000000000000000Bugzilla?0d Trac3dRedmine![
gogogbobgboboboboboboboboobobobobuoooobon

e OSSO0 OIDOOOODOOUDDOOOOOODOOODDOOO

http://www.bugzilla.org/
3http://trac.edgewall.org/
4http://www.redmine.org/



[ NEW ]—)[ ASSIGNED ]—)[ RESOLVED ]—)[ VERIFIED CLOSED

REOPENED l

O1 00000 Statusd OO

O 1 BugzillaDODOO Status 0 O O
Status O 00
NEW OO000D0DO0DOOooooog
ASSIGENED | 0000000000 D0OO0OO0O0O0OOd
RESOLVED |000000O0O0OD0OOOO
REOPENED | 000000D00ODOOODOOOODO
VERIFIED OO0000O0DO0000D0O0o0Ooogon
CLOSED OO0D0DO0D0DO0DOOooog

e OUO0OODDLODOUOODDLDOUOOODLDLDOOOO

e OSSOO0OO0O0OOOODOOOLOOLDODDOOOOOUOOLODDOOOOOOO

goboobobboogbbuooobodobbuooobbuooboboboon
goobobobooboobbbbddooooooooooooobbbooboobobDb
OO00000O0ODbOO0OooSSOb00b0ob0bob0O00bO BugzilaODO OO
gboobooooboboooonboo

ggbbbuoodobbboooobbbuooobbbooo1lbboooan
gbobodgbbuooobboobbuooboodoboobbuoooboboon
gbooooogz20b 30000

gboboobooobuooo Ibboobooobooboboobobooboobo
gboboobboogoboboobbuooobboobboooooobboon



AT
clipse
s S

Bugzilla - Bug 169346 nges. APL Last modified: 2007-02-07 05:15:52 EST.
Home | New | Search | [Search] [2] | Reports | My Requests | Preferences | Help | Log out oss.hitoshi@gmail.com | Terms of Use | Copyright Agent
Fist st ey Next  Thie bug i pot o vour loct search cosub

Bug 169346 1 in status API

Save Changes

‘Status: VERIFIED FIXED

2007-01-02 10:49 EST by Szymon Brandys ;

007-02-07 05:15 EST (History) A DE KA

V] Add me to CC list
1 user (edit)

Flags:
documentation
indigo
iplog

0 Juno

prme_approved

E & EEEE

Blocks: i
Show dependency tree

patch with API changes
et s s s, e, w7 &5 ot A ¥R AC SK D

Additional Comments:

(8,10 X8, poten) Jno mys[m 1 o]
A

‘Status:VERIFIED FIXED Save Changes)

Szymon Brandys  2007-01-02 10:49:02 EST Description [reply] [-] Collapse All Comments

Expand All Comments

Szymon Brandys  2007-01-02 10:49:54 EST Comment 1 [reply] [-]
Created attachsent 56261 [dtails]
patch witl ‘changes
Add Comment
First Last frev Next  This bug is not in your last search results. Eormat For Printing - XML - Clone This Bug - Top of page

020000000

P
eclipse (\*

Home | New | Search | Search] [2] | Reports | My Requests | Preferences | Log out oss.hitoshi@gmail.com | Terms of Use | Copyright Agent
s23e
Who ‘When ‘What Removed Added
eclipse@pookzilla.net 2007-01-02 11:01:45 EST |CC kim_home@ca.ibm.com 2Jis =
AF¥Xab®xna
Assignee Platform-Ul- Inbox@eclipse.org || Szymon.Brandys@pl.ibm.com
Summery Changes in status handlers' API | [ErrorHandling] Changes in status handlers’ AP
eclipse@pookzilla.net 2007-01-02 11:47:41 EST | Status NEW RESOLVED
Resolution e FIXED
Brandys@pl.ibr 2007-01-25 10:14:10 EST || Target Milestone | --- 3.3 M5
o 2007-02-07 05:15:52 EST |[Status RESOLVED VERIFIED
Home | New | Search | [Search] [2] | Reports | My Requests | Preferences | Log out oss.hitoshi@gmail.com | Terms of Use | Copyright Agent
My Bugs
Add[v] the named tag to bugs | .Commit.

U3 b0bogggn



BYsT

o) S
ﬂm O = J ! 5 TEARR

EHEE BEE s

VERIFIED [—>] cLOSED |

S8 op m

/

04 0000ooogo

gboodgbbuogobouogbbuooobboobbooobbuoobobooon
gboobogbobooobbooobbooobooobobooobbuoobobooaon
gboboboooobobbooooboon
gboboobooboooboboboobobuobooobobobobobo
gbobodbodgbbogbuobobuogboboobobooobobooon
gboobbooooobobboooobbobuoooobood
gbogbboodbuodgboogboobogbooboobbobbobbon

23 J0ooooboboooooon

oSSObOooboooboobboobboooboooSStObooboooooboooDo
OooooooSStoboobooobooooobboobooooobbboooobo
gbobogoboodgbobuogobbuoogbbuoooubb4000booon
obooboobooboobn

e IO

gogobbbbbuoooooobbbbboooooooobbbobo
goboooooboooboogosSsbooobbooobooobooogo
ggbobobuoooobbboooobobobooooboouooon



o (100

goboobobboboooooobbbobbbodooooobboobobbooga
ODOo00000O00oOO0oDbOo0ooO0ooboOobDoOoDOoOooOoooOoooss
gbbobuoogobbbuoooobbbuoooobo

o (10D

oogubbbodoboooobbooouobbobooooobbbbbooo
oSssoooooboooooogoo

e O

gobobobbbouoooobbbobbouooooobboobboogg
OO000000b00DbOOO0boooSSOu0boooboooooooooDo

gboboodgbbdobboobbooobboobbobbuooobbodob
gboudboboodgbuoogobogboobbouoobbobbooboobb
gbobogboboodgboboobbubbooobbooobbuoobooon
gbobogobbogobbooboboobbuogobbooobbobboon
goboodbbogoboboobbobbooobboobbuooobboon
Dbobolbooboobooboobobboboobooboon

24 JO00oobbooooobobbuooobobobbuooo

gOo0oSSOOobO0bobooOooobDOobOobobooboOoooobDobOoboo
gbobooobobobobobobobobooboboobobooboboon
OO oSstboboooooooboboboooooooooDn

gbobogobbuogbuooobboobuoobbooobbuooobboon
gbobogbobooodbbuogbobobobbuoooooobbuoobobooon
gbobogoboobdgoboogbbooobbuogobobuoobbooon
gbooboboobobobgoooboobobobobobobobobobon
OoSSOobobooooooooboboooooooboboboooooo



0 2 BugzillaO OO O Resolution O O O

Resolution [J 0o

FIXED OO0ooooogo

INVALID 0000000 DbOoDoDbOoD

WONTFIX OO000b0bOO0o0O0O0obO00oOobobooobooobogo

DUPLICATE gbobboooobobboooobbn
WORKFORME | 00000000000 0ODOODOOOOOOOOOoDOD

gbobogoboodbbooboobbuoobbuoobobooobboon
OO000000D000000000000D000D00 Assigneed 00000
OO00000000000 ResolutionDOODOO0DOOOOOODOOOODOO
OO00000b0ooobooboooboobbooboobobOobbd Resolution O
O20000000000000000000Resolutiont 00000FIXEDO
INVALIDOWONTFIXODUPLICATEOWORKSFORMEO O OOOOOOOO
gboboboooobboboboboooobbobuoooobbodao

10



. Uoouoouoouoooogooo

gbobogbuogboboooboboobboobbuoobobooobboon
gobobbbuooooooosiugooooobobooboooooooon
gobbobbbodgoooobs20uguuoboboobboooooooon
gooboooooood

3.1 Jooouobooogod

00 (33]00000000000ooo0o00ooooooooooooog
goboooobbooobbooooboobooobuooobboo400m
gbbogboodgbbbooobboobbobobboobobboobooob
gboooboooggsgbod

o [JOOON

gbobobobbbouoooobbbbbouoooooobbobobobboooo
gboboobbboooooooobobbbobbbodgoooouoo
gbooooooobobboooobboboooon

o OO ODN

gboboobbbouoooobbbbbbuogoooobboobbouoo
gboboobbbouooooobobbbbuooooobobobbbodgo
gooboooboboooobboododooooooboboobobbboooo
Dbooboobooboobooboobobb

o JOOODN

goboobbbouoooobbbobbbuoooooobobobboogoo
gobobobbboooooooobbbbooooooobobbooga
gbobobobbbuooodgbbbbbbuoooooobbbobboodao
gbobooodgbbbuoooobbbooodgbobobooon

11



— BECfERE - BIERFTR

WEE=—EHEE=ELEE iﬁ%%=%fi%‘¢FIE%
& 2 &@ >
HEE WEE

- IEEZEER - S EfRIREY

ﬁ%%#"éfi%_ﬁgﬁ% iﬁ‘:’?%‘i'%ii%ifﬁ‘ﬁ%

HEE HEE

05 0oggbobodgg

o [JOOON

gbogboobboobuoobuoobbobbobbobbobbobo
goobobobbboodooogoboboboboodooooobbooo
googoobbobobbbodooobodgooooooobboooboo
gboobooboobod

OO0 OSSOO0000ODDO Eclipse, Mozilla, LinuxDO OO O OOO0OOOO0DO0O
gbogobbogobbuooobbobobbooobbuoboobbooon
OO0Oob0O00obOOobobooboooboooboooboobobobobooooSsun
gbouoggboggbboogbbugobbuooobbuooobobooon
gboboobooboobooboboboboobooboobon

12



3.2 Jdouobuooooooobuoooogd

gbboooboodbboobbuoobobooobboobbuooboob
gbbodgbboogdbuoobobooobbuooobboobuoobbooon
OO000DOO00bO00b00b00bD00bO00bDO00b0D0dDEelipsed OO
OO0D0200000000PlatformOJDTOOODOOODOODOOOOODOODOO
gbebUbdbooobbbooobbooobbbooobbbooobon
gbboodgbboodbbuobobboobbboobboobuoobbooob
gbboodgbboodbbuoobboodobboobboobbobobooob
gboboodobbuogobbooobbuooboboogbbobbuooobboan
gbooobodd

Eclipse HOO0OO0OODOOOODODOOODODOOODODODOODODOOOOOD
Oo0O00003004D0000PlatformO0000000DOOOODOOODOOOO
oboboooboboboobuoo400b0oboobooboboobobon
gbboggbbooobbbobbooobbbooo1bbuooobbooon
OO00oo0oOJDTOOODOO0OO0DOO0O0OOOobOOO0bLOoOooDOoOnDDdPlatform
gboobuoogobobboooobobobuoooobood

Eclipse DO O0O00O000DOOO0OO0ODOOOOOOODODOOODOODOO
gbbogobbodobobbobboobobboodobbooobbooob
gbobogbbooodbbuooobogbbuoobooobbuoobbooon
gbobodgbbuooobboobbobbooobboobbuoooboboan
gbooboogogoobooan

13



Platform (5262{%)

BCfgRE
74944, 14%
HIEfRREY BERFTR
238014, 45% 38844, 8%
EIEZER
17454, 33%
JDT (1969
( ﬁ:) BCfERE
2464, 13%
BERFTR
ABRRE 2264, 11%
83844, 43%

EIEZER
65944, 33%

06 Eclipsel 00000000 O0OODO0ODOODOOOOOODOODO



O3 Platform OO DO O00000O00OD0OODOOOOOOOOO

goobooggn
ggoob bobood ooobb bobodo

goobod
goboobod
goboo
EEN
goobobog
goobod

1.03
23.88
69.06

4769.16
744.87
0.00

0.16
38.10
128.24
16444.36
1119.90
0.00

2.02 6.95
34.70 70.60
97.54 160.30

9513.37 25696.33
1204.96 1392.53
0.00 0.00

04 JDTOODOO0OODOO0OO0OOO0OOO0OO0O000000gn

gbobobooggn
ggoob b0Obood ooobb bobodo

gooobog
goboobog
gooo
HEN
goboobod
gobobog

0.71
18.56
66.86

4470.68
731.33
0.00

0.84
18.35
27.91

3353.10
664.91
0.00

0.85 3.06
20.99 43.19
70.91 119.00

2027.75 14161.91
817.92 1153.87
0.00 0.00

15



4. JO000oo0ooooooood

gboogoobooboooboobboobuoobboobooobb41D0O
obhoobooooboobbooboobbo4200b00bobo0oboon
gbooboogobboggobbog43dug3bbouooboboooonon

4.1 OO

gboboogoggbboobbooobboobboooboboobbon
goboodgbbogbboogobbooobbuoobbooobooobboon
goobobobuogobobooobooobbobobooobbuoonobboon
gbbogbodgbbuooobbduoobboobobodobbooobbooob
gbobooogoboon

gbooboobooboobobobooboroboblobboolooobon
1mgboogoboogbobogbobodgbbagsbggubroboooboo
gbobogobl1ogdgoboooobobooooboooobooobbooon
gbbogbuogobboobbooobbobbooobbuoobbooob
gbogbbogdgbbuooobbuoobobooobbooobuooboooon
gboboggbboogbbbogloodgblioobbologgbboogn
gbobooooboboooooo

42 JUO00O0O0OOO0O0OO0OOOOODOO0O

gboboogoggbboobbooobbuoobboooboobboon
gbobh30dbobbogobuoobbuoobbuooobboobboogn
gboboboooobbboooboboboooon

4.2.1 DOO0OO0O0OOOOO0OODOOD

goouobbbbiodoooouuobobobbbbbodoooouoboob
gboboobbouooobboobbuooobboobboobbuoooboboan

16



100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% L 0 Rt R i R R D L S e L O A e 5 A A R e R D BB D L I D S i A R L e R i R ARt N D 0 I
18 1AM 28R 38/ 178 24 A

2FREEICH5HZEE

g7 0000000000 bOO0bOoO0obOooboooDg

05 00000000000000000000000000
0ooo (@) 00 (0)

1000 2151 40.88
10000 3128 59.45
10gogdg 3942 74.91

gooooooooooooooonooooogoooooooooogn
goooooooodoooooooooonooooooooooooonoa
MockusO [35| 00 0000000000000 O0O0O0DOOOODOOOOOOO
000000000 0O00D0O000000OHerraizO [36) 000000000
goooooooodooodoooooogooogd
gooooooooooooooooooooooooooooogo
0000000000000 00000o0oboO0O0O0dComponentddOOO
O PriorityD0 0 000 ServerityD0 000000000000 DODOODOOOOOO
000000000 CommentCountODO OO0 O0OOODO OO CommentWords[TJ
gooooobbobbiboooooooouoooooboeoon

17



o6 bogggbooboogooobogdd

00 00 00
Component OO0 |0D000o0ooooooooood
Milestone OO0 | D00O000O00Ooogon
Priority od | oon
Serverity o0 |ooo
DependsOnCount |00 (OO00OO0OOO0OOOOOO
BlocksCount OO0 (0D00000000oooo
CCCount OO0 OD000000D00bOobO
DiscriptionWords |00 (00000000 O0OOOO
CommentsCount OO0 (oooood
CommentsWords OO0 |O0bOooooog
AttachmentsCount | OO | 00000000

4.2.2 DO0O0O00o0oOoOoOoodgn

gobogoboodbboobobuoooboogboobooobboon
gobogoboobogobbooobbooobbobbooobbooon
oboooobbooobbbuooobbooobooobbooobboobb
Anbalagan 0 [37]00000000000000O0O0OOOOOOOOOOOOO
gboboobuoogoobboooon

gbobogoboodbbooboobboobbooobooobboon
gbobodgbbuogobboobbuogoboobboobbuooobboon
Ovooon

423 DUOO0O0Ooooooon

gbobobodgbboodgbbubboobbodobuooobboobboob
gbboboboodgbbbooobbuoodobbooobboooboboodon
gbobogbboodbbuogboogooobbooobbuoobbooon

18



U7 000000000000000

00 00 00
AssignTime 00 |Doooboooooooogao
AssignedMonth OO0 |00D0O0o0booo
AssignedDay OO0 |00boooooo
AssignedWeekEnd | 00 |00 0000D0OOOCOOOOO0O

g8 bgdgooboggdgoood
g HRN HEN
Reporter | U0 | O00O0O0OOO0ODOOOO
Assignor |00 |O0000COODOOCOO
Fixer gb gboboboogdgooon
Pattern |00 |[O00OOO0OOOO

gbobodgbbuogougobobogbbooobboobbuoooboboon
gbodbobooboobobooboboobobobobobobbobon
gbboboodgbobboooobbodan
gbbogoboodbbooboobbuoobboobobooobboon
oobobodbooobooboobooboboobooboTbbog

4.3 D000 Ooooooboooboo

gbbogouogboboooobooobbuoobboobobooobboon
gbobogbbooodbbugbbooobuooobboobuoobobooon
gboboboooobobbbooooobbboooooboboooobbbon
gobogbobooodbboobboobbuogbooobbuooboboboon
O00000000000000000000 [22,31,38,39000000000
goooo

19



4.3.1 DO00godO

oboooooooboobDy0boooD kO0oooon ay,---,2z, 000000ODO
000 (1)00ooooooooo

y=Po+ iz + -+ Brag + € (1)

gooboboboboboobbbbootbouggoooooooooobboooobbDb
n00000000D00D00000000g(e=1,---,n)00000000OCO
goooo

4.3.2 DO00O0O0O0ooooon
gbgbbobbobobobo2uboooogoobobobobobobood
00000000 (2)0ooo00ooooo

1 4+ e (azittapzp+B) (2)

P (y|x1a Tt 7mp)

O000ye{001}02000000000000C00, 0000000000
O0P (yle,---,2,) 00000 2, 0000y0100000000000000
O0o0o000P (ylay,---,2,) 000 05000000000000y0 1000
gbobooodabobod

4.3.3 DOO0O0OO0OO0OO0OO00O

gbbodbobobuoobobboobuoobbuoobbooboob2o010
O Breiman 000000000 4000000000000 O0OCOOOOOOO
gbobogobbooooboobbuoobooobooobooboobbooon
gboobobooboboooboboboboobobooboboobobon
gbboboboboboobodgbuodgbuogboobooboobobobbobb
gboobuooobobboooobbbooobboboooobbbao

20



5. oo

gogobobbbouoooooobobbobbbooooooobsiooooon
gobobobboogoggs2uugooooboboobouooooooon
gobbobbooogogobobs3uuuguboboobbouoooooon
Jodoobbooogoobboooobboos4bioobonobobooo
gboboboodgobboooobbb

5.1 U0

goboooogobooobboobboobbooobbooobboon
gbbodgbuogobboobboodobbuabbooobbuoobbooob
gbbogobobboooobb2000bbuoodbbbooboobobooon
gboboogbbooobboobbuoobboogbbooobobooboon
gboobogboboobooobbooobboobbooobboooboon
goboboogooobooooboboooo

5.2 JUOUObon

O00O0O0OOEcipse0l 000000 0OOOOOOOOOOOOOOOOOOO
gboooboooobooboooooon

5.2.1 Eclipse0 00000

Eclipse 0 IBMI International Business Machines Corporationd00 OO0 0O O O
O000000D0OIDE: Integrated Development EnvironmentO O OO 0O 0 OO
000000199800 IBMODOOODOODOOOO0OO0OOODO200100 OSSO
O0000000DO0002040000000000 Eclipse Foundation O 0 O
OO00000600 Eclipse3.00 0000000000060 0O0OOOO0OOO
OO0D00DOO0DbOoOood

21



09 EclipselO0OO0OO0O0OOODOOOOO

Eclipse Platform
ooooo (O) 21322
0000000 (O) 15467
O000oo (O) 5262

OO00O0O0DEcipse00000000O0O0DODODODOOOO Eclipse Platform O
00000°000000000000000000Eclipse Platform 00000
gboboboboodgbbbooobbouboobboboobbooobbooon
gbooboooobboboooan

5.2.2 0J0O0OO

gobgobogz2eorbog2o0000b00boobooboobobooboobo
gboboboobodgbobdabuodgbobuoboboboboboobobob
0000000900000 000000OOOResolutiond FIXEDOINVALIDO
WONTFIXODUPLICATEO WORKSFORMEO O OO OOOOODOODOOOO
OooboobooboboboooborIXEDOOODOoOOooooooooooo
00 00INVALIDO WONTFIXO DUPLICATEOD WORKSFORMED O 0 0O O

gbobooboobboobboobos2e20b000oboooboobon
gbobobuooobbbuoobobbboooonooboobod

gbobobouogoobbobodaodan

gbobogobuogobooobooobooobboobbuoobboon
gbhobbogblibodbooboobodbuoobobooboobonobon
O000OAssignee 000000 00DOOOOOOODOOOODO

Shttp://www.eclipse.org/platform/

22



gbooboogooood

gobbodblibogobooboobbooobbuoooboobbooon
OO0D0000DbO0000b00000OOResolutiond 0000000 OOODOO
gbooooogn

gbooobuooggobbobooogon

gbboogboodbboobbuooboboodobbooboobboob
00000 (00OoML)OOOOOODOOOOOOOOOooOoooooooO
gbobogbbooobboobbooobbuooobboobuoobbooon
ooMLOODOODODODOODODOODOODO

gbooobooogooboood

gbogboobobgoobobobooboboobobbobobbobo
gbbodgbboodboobuoobobbooobbooobbuoobbooon
gbobbuoogobbbooooboboboooobbobuoooobbodao

gbooboooobboboooon

goboggboodbboobobuoooboooguooooooobboon
goobobobobooboboobobooboboboboobobobon
gbbodgbboodbbuoobbooobbobbooobbobbooob
gboogobboodgbboogbbooobboobbooboboboobbooon
gbobbuoooobbboooobooboooobobuooobboao

5.3 UOog

gbobogoboodbbuoobbuooobooobboobbobboon
gbobogbboodbbuooobooobbuoooboobbuoobbooon

23



0000000000000 0000000000 3)0ooooooooo
i (Wi — i)
i1 (Y — Ui)?
O000ooooljooo0os000000000O0O000OOOOOOOO
0000000 4000000000000 0000O0O0OOODOOO0O0O0
dododotuoooooooooooouoooooouoooooooon
Oddooooooooo0ddd0ooooobo NODDODOOoODooD kOoOoa
O00000000000D00000 4)oooooooooo
Yica(yi — 9)*/(N -k —1)
i1 (Wi — 5:)?/(N = 1)
gdooodoudooououoooouonooooouooouoouoo
O000000F1I0O 42000000000 Precision000000000000
gododoodoooooooodoooouoooooooouoooood
0000000000 (h)oooooooooo

R*=1- (3)

R?=1- (4)

.. ni
Precision =

(5)

N1 + N2
O000O0O00RecallDODO0OOODOOODOOOOOOOOOO0OOODOOOO
DDDDDDDDDDDDDDIODDDDDDDDDD(G)DDDDDDDDDD

ni

n11 + Mo

Recall = (6)

gboobobbuogobboobbooobbuoooboobbuoobbooon
oboooboobooboooboboobuooboobboobuoo F1DDOO
O00000000FI000 (7)booooooooo

1 2 x Precition x Recall (7)
— measure =
Precition + Recall

3o00o0o0oooooooOojo,ljooooo0o0Dooooooooooooo
gobobooooobobooogo

24



010 gdbbobodgggboboboggobbbdoodgobbboogoobon

g
goono o0ooogd
goo goon n11 N12
goodd Nay N2

54 0OO0O0O

400000000000 OODOODOOODOO0ObO0ObO0ODbO0ODbOn
gbbogboboodgbbuooobbuoobbuoobobooobboobon
gboobooogobobod

SteplU0 000000 O0OOO0ODOOOOODOOOOODOOODOOOODO
gbobbobbbuoooobobbbbbouooooobbobbboooo
gbobobobbouooooobbobobbuoooooobbobobbouoo
goboboos00bobboobbbodgoooobboobobboooogo
OO0000D00000000D00O VIFO Variance Inflation FactorD O O 0O O
wobooobooboobobboboobd

Step20 0000000 O0OODODOOOODODOODOOOODOODODO
gobobooobobooobboboodooooooobobobboooogo
00000000000O0O0O00 (100001000001 ooo)oo
gbbooodbobbiliooogbboboooobbboooonobbo

Step30 000000000 0O0O00000O0000000000 fity,---, fity
0100000000 test000000

Step40 0 0DO0OOOOOOODOODOO DOODOOODO fity,---, fiteO O 4.3
gboooboogoboboboooobboooobooboooobboao

StepbU 00 DO0OOOOOOODOODOOOO DOODODOtestdOOODO
gbooos3b0buoognooboooobobuoooon

25



Step60 0000000 Step3 00 Steph 0 100000 0DO0ODOOODOODOO
goooo

Step70 0000000 ODOODOOODOODOODOODOOOODOODODODO
O0O00000D00O0O0 Step200 Steps DO ODOOODOO

26



6. o

ggbbob200b00b000bobbooogbbbuoooobboooon
gobobbbodelbbbboooooooobbbobbboooooooon
gobbobe200000000O0O000000OLODLOODbOOOOUUUUOLO
gooogd

6.1 oo oooooooboooog
goodoobooobobbbooooo

gboboooobobobolioboboobobobooo2000b000b0
gbobogobbuodgbobboobuoogbuoooboooboobbooon
gbobogoboboobboobbooobboobuooobboobooon
gbobobugoobbbuogobobboooobbooooobbogg

goboboooboboobbuooobboogbboobbooobboon
oboobodboubbobobobobbooboobuoobobboboobon
gbobooboogbbbooobobboobbooobbooobbooon
OO0DO0bO0oO000obo0ob0obooooo QQuboboo wwoooobooo
OO000Db0000 QQUOO0O0OD noboouobooooobobooo
gobogbbogdbbogobuooobbooobooooboobooon
gbobboodgobobooodabbon

oboobon

gbobogoboogbbobboobbuoobbooobooobboon
goodbog1ngoobobooboobbooboogbboobuoobogn
gobobobogobboobooobboobbooobboobbooon
gboboobobboboob 2300b0000b0o0oboboboob 32000
gbbogobobdobboobbduoobbuoobooobboobboob

27



¥

o 4

80

70

60

50

40

30

FAIfE

s obobboboobooboobon

o

E£1

-0.4 -0.2 0.0 0.2 0.4 0.6

-0.6

FRIfE

U9 uooogboboooobobod

28



Normal Q-Q Plot

o O
[e4
o
s ®
g é
§

8 V4
s
:
2
g
o
o g |
- g
E
e
1%}

.|

0 O
T T T
-4 -2 0 2 4

Theoretical Quantiles

010 bOo0O0o0o0ooooooboboooooD QQoooo

Normal Q-Q Plot

o
< <}
~ -

@

-

oy

€

S

S °

L

o

£

s

P
o~
1
<+
i

o ©
T T T
-4 -2 0 2 4

Theoretical Quantiles

011 OO0000000O00DOb00000 QQoood

29



011 d0obogggoobooggoobogdd

oboooo oboob bOobbOoboobd
oooon 0.202 0.135
oboobobobon 0.264 0.201

obogoboos0b00b0o0o0boobooboobobobobobbobbon
gbobooboodgobood

gbboooogbbobuoobon

gbobogoboodboobboobboobbooobooobboon
gbobodgbbogobboobbobbooobboobbuoooboboon
Dobooboobbboobobooboboobobouboboobobon
obooobooobooobboobboobboobboo 1200000
gbobodgbbuooouoobboobbuoooboboobbuoooboboon
gbobogbbooodboobbooobbuooobooobboooooon
gboobogboboodbbuogoboogbboobbooobuoooboooon
gboboobobbooboobobbobooboboobboobbon
gbbbuoogbobbboodobbbuoooobbobagn

gbobobobobobobobobPatternDO0OO00O00OO0OOOODOO
OO0O00O000oO0oo0ooooooobboobDOobbn Componentd 00O 0O
OO00o00ooooooooboooooobobogbdPatterndO00OO00On
gbobooobooboobobooobboobobboobobbooobbooon
gbbobuoooobbbooaobob

30



012 J0bogbgoobgoogbboobooboobogbgd

goooo 0on ogoooo goooooooon
gooooood goooo

Component -0.07 47.98

Priority 0.03 2.48

Severity 0.02 3.46

Milestone -0.05 2.09

DescriptionWords 0.02 5.47

ooon CommentsCount -0.17 7.93

CommentsWords -0.17 7.93

AttachmentsCount 0.05 5.02

DependsOnCount 0.02 0.71

BlocksCount 0.01 1.20

CCCount 0.06 7.50

AssignTime 0.04 11.13

00 AssignedMonth 0.06 7.63

AssignedDay 0.01 3.84

Assigned WeekEnd -0.01 0.02

Reporter -0.08 16.32

O Assignor 0.02 22.36

Resolver -0.06 28.65

Pattern -0.43 34.12

31



6.2 JUUUUObooouoobuooooobogn
gogoooog

gbooboobooboboobooobooboooboobriooboobbon
gboudgbbogobodgboogbbooobdo 1sgoboobodbi1gbogn
goobobobogobbooobbuoooboobbooobbooobobon
oboob10b0b 1ooobobooboboboboobobooboobooob
oooooooooboboboboobriboboooooooooooon
gbooboodoob igubboboooon

gbobobooobobobooboboooooorioooboboboo
goodgboboobuodboobbooob 4o0b0oobuod 1goboon
oboboboobooboobobooobuoobobooboooobob 100
b 1oboboddooooobbbboobbbbbbbodooooooonn
oobooobobooobooriobooobooobboobboobboon
o0 mbogoooboooon

gbooboooboo rFigobobo 120b000b0o0obo 1bobooobo
gboboobobobbobooboobooboboobooboobon
gbobobooboobooboobooboobbboobbovoobbrFIon
1200000000000 10000 1000000 ObO0O0ObObObOO0bOo
gbobboodgobbbooggbobuoooobbbuoobbbooogn

gobobodgbogboodgbbuooobboobobooobbuoobboon
gbobooboboobobooboboboobol1boboobobon
gbbobbbuoobbbuooobobbuooobbboooobbboooob
gooo

gbobooogbbobuoooobon

goboggboodboobbogbboobbuooobooobboon
gobobooobbbooobobbuooobobobobbboooobbboooon
gbbogbooodgbboobbooobboodgbboooboobboob

32



013 00bobuboboggooood

gogog | boo god F10O

10 68.14 38.22 48.97
gboogooboobd 100 67.90 76.66 72.02
100 76.67 98.77 86.33

10 66.680 -6.500 19.800

gobboobooodgbbodd 100 14220 28950 21.140

100 2350 31.860 15.240

014 0000000000oggog

godgog | boo god F10O

10 68.22 45.63 54.68
gboooboobon 100 66.78 77.96 71.94
100 78.06 95.75 86.01

10 66.870 11.620 33.76 U

gobboobooogbbodd 100 12330 31.140 21.010

100 4210 27820 14810

100

90 -
80
70—

60
50

F1f&

40 -
30
20 -
10 +

B AP ATV BIRSHT
IV F LIFLARE

wIVHE L

18 1R 178

012 J0booooboooboobuoobg F1o

33



googboboboboogbboooboobobooboobboooboonon
gbbogboboodbbooobbuooboobboobobboobbooob
gboodgbobodbboobodgbbbuooobbuoobbbooobbuooon
gboooooon

gobbobogobbooobbooobobbooobbihbbobolion
OO0 10000b00b0oboobo0boobo0oboobOoUbUd Patternd
gobobobobobobobolboooooooobobobobobon
OO0O000D0O0Component OO OODOOOO0OO0ODOOOOODOOOOODOO
OO000O0PatternOD 000000000 0OOOOO0OOOO0OODOOOOOOO
gbooggboggboodgbbilebudulggbboobbuoobboan
OO00000D00000Component 0000000000 DOOODOOOODOO
OO0b00b00000Pattern0 00 0000001000000 10000000
OO000000000ooboobOoboodDdComponenttd OO OO Resolver[dO
DoooobobdfOPatternD 0D 000D0O0ODOODOOOODOODOOODOODOOO
gboboodobbogbbooobooobboobbuooobooobboon
gboobooogon

34



015 Jdboogoobobbooboobooobggn

ooogo ooo ooogo

10 100 100

Component 263.06 177.64 132.95

Priority 9.22 5.98 1.41

Severity 1.38 3.70 3.88
Milestone 6.31 5.04 4.96
DescriptionWords 0.42 1.67 2.54

gooo CommentsCount 3.39 11.84 16.32
CommentsWords 4.56 1.52 1.17
AttachmentsCount 3.84 0.04 0.99
DependsOnCount 6.26 2.72 0.67
BlocksCount 0.70 0.61 1.40
CCCount 12.08 8.33 5.04
AssignTime 4.71  11.54 11.48
00 AssignedMonth 9.87 9.08 2223
AssignedDay 0.61 1.90 0.05
Assigned WeekEnd 0.10 0.09 1.75
Reporter 723  14.63  22.22
O Assignor 8.60 7.60 9.65
Resolver 76.26  72.27  53.10
Pattern 154.49 123.81 89.50

35



016 J000obgoogbobooboobooog

ooooo ooo ooogo
10 100 100
Component 129.97 83.67 62.15
Priority 4.22 3.26  1.96
Severity 6.11 8.57  T.87
Milestone 10.70  11.03 13.45
DescriptionWords 17.77 1347 14.86
gooo CommentsCount 23.65 12.45 13.88
CommentsWords 21.57 10.59 12.37
AttachmentsCount | 11.47  10.35 10.92
DependsOnCount 1.93 3.34  -1.37
BlocksCount 3.41 1.94  5.60
CCCount 17.38 11.62 19.93
AssignTime 27.24 2495 30.08
gd AssignedMonth 20.05 20.74 23.71
AssignedDay 14.20 11.81 10.11
Assigned WeekEnd 0.38 3.08  5.34
Reporter 45.79  23.36 22.28
0 Assignor 59.48  41.74 43.72
Resolver 81.94 67.89 59.29
Pattern 83.51 63.72 58.29

36



7. OO

gobgbebO00oooboobobooboobobobobooboooDoora
gboboodgbbogbbooobooobboobbuooobooobboan
gor200000doobbooobbobodg20b0bbbooddoooooon
gogr7r3togopoobooonoboboooon

7.1 JOo0ooooooobon

goboggboodbboobobuoooboooguoooboooobboon
goobobooooooobobooooooboboboooooo 1vybboob b a7
gbdbuogobbodgbboodobbuooobboobobboobbooob
gbbogbobooobooobobdobbuooobbooobboobbooon
gbobodgbbuooobbooboobbuooobboobbuoooboboan
gbooboogoooboooobooan

gobogoboodbboobbuooobooobbooboobboon
obooboboobbooboooboooboobboobboob 1800
golgbboboooobobbbuooogbbbbuooobbobbuooob
goodboogbboobuooboobboobuoboooboooboogn
2000000000000 oobbobbbbouoooobobobobbogo
lgboobogoobobooooobboooobboboooooboobobooo
oboblgboobooboobuooboobooboobooboobob
gobbbboboudgogooooliobbb 1ibboddooooooobn
gboboggbbooobboodobboobboboobobbuooobboon
gboogdgbgbbuogobbuooobboobobboobbuooobooon
gbol1gdoooooogoobobbobobbbbobooulooon oo
Dooboobobooboboobobobbobooboboobobon
gboooogn

gobooobboobobooobooo400bboooboboobboon
goooboboooobbbuodddogooooooobbbobobobooobobbDb

37



017 ggbggbgoobgobgboogbooooooogo

oboooo oboob bOobbOoboobd
oooon 18.07 0 26.28 O
oboobobobon 12.96 U 14510

gbboboboodgbbbooobboodobobboodobboodobbooab
gbbodgbboodbbuoboooobbuooobboobbooobbob
gbobodgbbuooobboobbuooobboogbbooobooobboon
gbobogogbbogdgbboobbodobbooobobbo200bboogn
gbooboooobbbdogoobobbooooboboboooobboboooon
gbogbodoboboobobobobobboboob110oboboobobo
gbi1oboobooobooboobuoobuoobuoobooboobooobon
gboboobbuooobboobbuooboobboobbuoooboboon
gbobogbbooobboobuoobbooobbooobbuoobobooon
goudbogbbogobougbougboobboobuoobooboonon
gooboboobooboboobobobooboboboboobobon
gobobobbbbbbbboddddudoooooooooooooobobobb
gbobodboobbugobboobbooobboobbuoooboboon
gboogooodgbbuooboboobbbooobboobboobbooon
gouodbogbboogoobougbuogbuoobboboboobooboonon
goobooobooobbuooobboobbooboboobbuoobobboon
gboodbodgbuaoobodgbodgbuodgboobooboobboobbobb

72 JUU00oOooooooobon

gobogoboogbobobboobboobobooobboobboon
gbbodgbbodgbodbbuooobboobbooobbuoobbooob
gboudgbobouboobbbuodgboogbbuodoboobbobobuooboobb
gooouoobbobobiodoouobbbobiodoooooooououoooon

38



U183 000o0dobogggboboodgobbobodgdbboboogon

gboogog gogo | oogo ooOgd F10

10 -1.810 23420 14.350

Dooboboobon 100 2790 -4160 -0470
100 0370 -0400 0.030

10 5470 10.590 8.54 0

goboboogdn 100 0.620 0.44 0 0.54 0
100 0400 -0.580 -0.040

0292 00000000000 bbu0bbooooobobuooobbooon
gbobogboboodboogbbuooobogbbuooobbooboboan
gbobodgbobooodbbuooobboobbooboobbuoobobobooon
gbbobooodbobbuooobobbooodab
gbobuogobogdbbobboobbuoobboooboboobboon
Oo0oodb 1300 400000000 b0o0obooboobboobuogeend
oboo4b00000boobobooobuobi1oboobuooboboobon
gboodbogbogoboobboobuodgbiigbooilcooobooboon
gbobooedobOo4b00b0obbo0boobOoboobobbobon
gbobodgbuoggbbuoobobooobbuooobbobbuoobbooob
gboudbuogbogboobboobboobuodgbuodgbo1bdd 10000
gbobogobbuoggbboobboobbooobbuooobboooon
gbobogobogdbbugoboogbboogbooboonobooon
gbooboboobobobodbooobobobobooboboobobon
gbbbouoobbbboooobbbooobbboooobbbao
lggoobobobbotodgooooobbobbooobbbodooooon
ooooboobobobobouoooorioooboooboobobobouonon
gb1oboggoobodugobbooobbog20bbbuogobobuooon
gooboboooobbooboboooobbuoooobbboooobbbooon
gbbogboboobbuooobbuoobobboobbooboobbooob

39



EillfE

EiE

-2

-3

-4

-2

-3

-4

14

oo o

o 00¢

o
(b@

(e}
?
%oo o6 Oogé @%%

o
o ° °
o %o o o Q0
0o e} Q o
S, % R Fr @ ob
o o
&r 0%
B Qg o

o0
Q’ 0 O
, g o' ey oo o
o % qﬁgf@@é’“‘g}o OOQ) R0 © o
o

8 0 QY @ CBRY 800 S0

G o

013 0b00oobooboobon

o
o8 000%00 o
o o
1 o o4 90 S @@é@, ooa?o 800
o
° o o 0, 800 ° oo
°° 00805783, ° S
= o © 890 00 ©° 80 ° 8% o
09 o4& R
o o o %go CDo8 o o Ooooo
o
7 ° o e 8o Oo ° o
00 & o
()
o vl 0%8 % ° e
o oo
* oc® © %@o%&g °
° ° OOB %o g o o
> " 8
o g0 o %
T o
T T T T T
-1.0 -0.5 0.0 0.5 1.0
FilE

ggbboobooobbbooooboo

40



gboboboooobbbooooboboboooobobooooon
1b0bobooboboboobobobriobo3gbobonobonbo
gbubodlogbboobdudboobbouloobboobuooboon
gbobogobobobooggsogubbuoobb20bbooobboogn
goobobboboboboobbbootododogoooooobbobobooboobbDb
1goboobogooboboooooboboooobbobooooboobobogoo
obobooboboobobobobgo1l1bobooboboobobbobon
gbobuoodgoboood
lbdboboooooboboobooobobboobob oD 10bODbo
ooooooooooooboobol1oooooooooooobon wsoon
gbobogobooodbbobbooobbuoobooobbuoobbooon
gbobbobooboobolbooboobgooboobooboobon
gboboodgobobod
mogboobobooboobobooboriboo3gboonboono
gbobogbbooobobiloogobboboobobobooobbas»sboogn
gbobodgbogbbugobbogbbooobboobbuoooboboon
goobbobooboboboobossbUlboboboobobobon
gbodbb liuoooobbbbuoooobbbbuoooobbbbuooob
gbboboooobbboooobbobuoooobood
gobboooboooogbbuooobboobbooobbuoooboon
gbooodbbogbbogobboobbuogbbuooobooobboon
goboboooobbbooolobogoobboboooobbboooon
gbbboogbobbbooodbbbooaob

7.3 04

0000000000 OSSOOb0b00O00 10000 Eclipsed 000000
gboodbboobboooboodobboobboobobooobboab
OOob00o0ooboooboooboobbooboooobobooboooooosson

41



googobogoboobooobobooobbooobboobbooobboon
gbbobuooobbbuoodobobbbooodobobbod
gbobuogobuogobooobooobboobboobbuoobboob
gbobogbbuooouoobboobbooobboobbuoooboboon
gbooboogooood
goboggboodbbooboboooboobooobooobboon
gboboobobooboboobobobooboboobsbbobon
gbbodgbboodbbobbobobbooobbooobbuoobbooon
gbobogbbuooobboobbobbuooobboobbuoooboboon
gboooogooboboooobooboad

42



8. o

ggbbbuoobbboooobboboooobboooon

81 b ooobouobuobbooboobod
goooooooon

gbobogobuogobooobboooboboobboobbuoobboon
22,24]00000000000000000C00OOO0OOOOOOOOOOOO
obhoooboboooboboobboobboobobooobobooobboobn
gbbodgbboodbooboobobooobbooobbuoobbooob
gboodbbuogobbooobboogbbuogoboobbuoobbooon
0000000000 [43)0

goboggbbuodgoboooboobbuoobbooobboobobon
gooboobbooobboobbuoobooobboobbooobboon
00000 [24]00000Just0 23|000000000000000O07000
gbbobuoooobbbuoooobboooobbobooooboon

gboboooobo

goboogbbogooobbogobboobbooobobobboon
gboogbuodbogboogbooboobboobooboobboobbonon
gbboobbogdgbbodgbboobbboobboobboabboodob
0000000000000 0000000000 [4]00000o0oogd
gboobodgbbouooobboobbuooobboogbbooobobooboon
gbobooboogoooboooobbooogn

goboggboodbbooboboooboobooobooobboon
O00000000000000 [8,12,45|00000Jeong0 [12]0000000
gbboodgbbuooobboobbuooobooobbobbuooobooab
gboobogg

43



goobodd

oSSObobooobboobbouoboooooboooboboobbooboboUoDo
gbobodgbbuooobboobbobbooobboobbuoooboboan
043,460 0000000000000000000000O000O0O000O0
gbobogobbuogobbuooobbobobbuoboobbuooobboon
O000000000000000 [47, 48|0

gbbogogboodbbuoobbuoobooobboobobooobboon
00000000 [49,50,51,52]0 0000000 [51]000000D00COO
gboobodgbboobbuogobboobboooboboobbuoooboboan
gboboboooobobbooooboon

gboobogg

goboggboobouogoboogbboobbooobooobboon
gb2000000000000000000000000DO00DO0ODODO
gboodbbuogobbooobbooobbobbooobbuoobbooob
gbobooogbobobuooobobbooogn

82 JUUULLOLObUOOOOLLbLOO

ggouoobobobobooboboboobbooboboooooboooooooooog
0000000000000 ooooo (22,29, 30, 31, 32000 0 O Weiss O
290 0000000000000 000O000ODO0O0DUODOOOObODOOOO
JBossUUOUOUOOODODOOUOUOODOOUOOUOLDDODbOOOOoOobbbooobobo
O000000COHewettD 310 00000000COOODOOCOOODOCOO
oo bobbbbddddddddoouoouoouooo
goooogog

ggbogboguboobobogbbogbbooboobooboonbog
O0000000000000000 [38, 39,53, 54, 55|00 0 O O Bhattacharya O
[55]0 5000000 OSSO0 00O 0O Eclipsed Mozilla Firefox Thunderbird

44



Seamonkeyd ChromeJ 0 0000000000 0ODOOO0OODOODOODOOODO
O0000000000000000MarksO [38]0 200000 OSSOOOOO
OO0 MozillaO Eclipse0l D00 O0OO0OO00OD0O30001003000000000
oooboooobooboboboobobobuoobobooboboooo
ooobobooobbobobooooboboobobooobuoboboobon
Ooogd
gbobobooboboboooboobobobooboboboobobo
goobobobobooobobooboboobobuoboboobobobon
ooboobobobobooooooboobobobobooooobobobon
ooobdboboobobooboboobobooobobuoobobOon
ooooboooboobooboooobobooboboboboboboboboboo

45



9. o

oobooboooooooooboobbooboooSSstooooonoogon
gbobodgbbouooouoobboobbooobboobbuoooboboon
OO00000Eclipse Platform OO0 00000000 DO0ODOOOOOOOOOO
goobooooon

e OO UOOOOODOOLDOOUOOLOOOODLDODLODOOUOOOODD
gbobobobbbuooogoobbbbboooooobbbobbboouoo
gbobooobbodbboodobbooobbobooobboooboo
gb1l1gogoobbboobbbodoooooobbbobbboooo
goobooooboobooooboboooon

e UUIDDOODOODLIODDOODLUODLDLOODLDDOODLDOUODLOON
gobooobbboooobbuoggobbuooobboooliboga 1o
Dbooboobbooboobboobooboobbooboobn
gbbbbboooooobbbbbbotbodoooooobbbbbooogo
gboboobobobobouoooobobbbbbuooooobbobbodoo
gboboooooboboooobboboooon

gobogoboodbboobbooboobbooobooobboon
gboobooooboobooooooon

gbobobobooobboobbuooboboodobbodobuooobboob
gooo

46



00O

gobbogbobboouobbodobbuoooboobbboobboon
gbooboooobbooago

gogobobobbbtbdd ggoooob bbb bbb bodoooooo
gboobogoboooobobooobbooobbooobboobbooon
gbbogbudgbbooobuooobbuooobbobbooobbooob
gboboodgbbuoobugobboobbuooobbooobbuoooboboon
gbobogogbbuogobbuoobbooobooboooobboogon
gboobuoggobbooago

goggoboboobbbtodd gooooob bbb bbb bodoooooo
gbboguboboodobbooobboobbooobboobbooob
gbbogbooggbbuooobbubbooobbuoooboobbooon
god

gogobobobbobtbdd gooooob bbb bbb bodoooooo
gbobogboboboodgobooobboobobbooobboobbooon
gbbodgbbodbbuoooboobbbooobboodobbooobbab
gboboobouoooobon

goggobbobbbtbodud goooobb b bbb bouoooooo
gbobogbobooobboobboodgbbuogoboobbuooboboogon
gboodbbuogobboobbooobbuooobboobuoonobooon
gboboboooobobooboboboboobbobooboboobon
gbbogobbuogobbbooobuooobbooobbuooobboob
gbobogbbooobooobbooobbuoobboobbuobobooon
goooodo

ggbobobuoooobobobod obbobooog b ob oo bboogooo
gboboobobobobbooboooobobooboboobobobon
gbobodgbbuooobboobbuoboboobboobbuoooboboab
gbobobuoooobbbouoooobbodan

goggobobbobobbbood gooooboboobobbbo 0o doug oooooo

47



gbobogboboodbbuooobboobuooobooobboooboon
gbooobooodaod

goggobbbobbbbuod goooobbobbbbo o oo ooooo
gbobogobooobboobboobobbobobboobboobbooon
goodboogbbooboobogbogbboobuoobooboooon
gbobogobbodgobboobobboobobooobooobboobon
gboboooodd

ggbbbuoooobbbuoooobbbooo bbb oobbbooaon
gbobbooooboboboooobbbuooobobobooooboboan

gbogboboobodgbo ooboouogbooboobboobobon
gbobogboboodboobobooobbuooobbooobboooboon
obobooboobooboobobobobbooboobooboobond

gobodbbuooobboobbuooobbbuooobboobbooon
gbobobooggobboboggo

48



oo

[1]

2]

[10]

C. Dibona, D. Cooper, and M. Stone, Open sources 2.0, O’Reilly Media,
Gravenstein Highway North, SE, Oct. 2005.

S. Weber, The Success of Open Source, Harvard University Press, Cam-
bridge, MA, Apr. 2004.

Open Source Initiative, “http://www.opensource.org/docs/osd”.

J. Sandred, Managing open source projects: A wiley tech brief, John Wiley
& Sons, Hoboken, NJ, 2001.

E.S. Raymond, The Cathedral and the Bazaar: Musings on Linux and Open
Source by an Accidental Revolutionary, O’Reilly Media, Gravenstein High-
way North, SE, Oct. 1999.

P.J. Guo, T. Zimmermann, N. Nagappan, and B. Murphy, “Characteriz-
ing and predicting which bugs get fixed: An empirical study of microsoft
windows,” Proceedings of the 32nd ACM /IEEE International Conference on
Software Engineering (ICSE’10), pp.495-504, 2010.

A. Zeller, Why programs fail: A guide to systematic debugging, Morgan
Kaufmann, Waltham, MA, Oct. 2005.

J. Anvik, L. Hiew, and G.C. Murphy, “Who should fix this bug?,” Proceed-
ings of the 28th International Conference on Software Engineering (ICSE
'06), pp.361-370, 2006.

G. Canfora and L. Cerulo, “Supporting change request assignment in open
source development,” Proceedings of the 21st ACM Symposium on Applied
Computing (SAC’06), pp.1767-1772, 2006.

Z. Lin, F. Shu, Y. Yang, C. Hu, and Q. Wang, “An empirical study on

bug assignment automation using chinese bug data,” Proceedings of the 3rd

49



[11]

[12]

[13]

[15]

[16]

International Symposium on Empirical Software Engineering and Measure-
ment (ESEM’09), pp.451-455, 2009.

S. Rastkar, G.C. Murphy, and G. Murray, “Summarizing software artifacts:
A case study of bug reports,” Proceedings of the 32nd ACM/IEEE Interna-
tional Conference on Software Engineering (ICSE’10), pp.505-514, 2010.

G. Jeong, S. Kin, and T. Zimmermann, “Improving bug triage with bug
tossing graphs,” Proceedings of the 7th Joint Meeting of the European Soft-
ware Engineering Conference and the ACM SIGSOFT Symposium on the
Foundations of Software Engineering (ESEC/FSE’09), pp.111-120, 2009.

E. Shihab, A. Thara, Y. Kamei, W.M. Ibrahim, M. Ohira, B. Adams, A.E.
Hassan, and K.-i. Matsumoto, “Predicting re-opened bugs: A case study on
the eclipse project,” Proceedings of the 17th Working Conference on Reverse

Engineering (WCRE’10), pp.249-258, 2010.

P. Bhattacharya and I. Neamtiu, “Fine-grained incremental learning and
multi-feature tossing graphs to improve bug triaging,” Proceedings of the
2010 IEEE International Conference on Software Maintenance (ICSM’10),
pp-1-10, 2010.

1313

P.J. Guo, T. Zimmermann, N. Nagappan, and B. Murphy, ““not my bug”

)

and other reasons for software bug report reassignments,” Proceedings
of the 2011 ACM Conference on Computer Supported Cooperative Work

(CSCW’11), pp.395-404, 2011.

X. Wang, L. Zhang, T. Xie, J. Anvik, and J. Sun, “An approach to detecting
duplicate bug reports using natural language and execution information,”

Proceedings of the 30th International Conference on Software Engineering
(ICSE’08), pp.461-470, 2008.

N. Bettenburg, R. Premraj, T. Zimmermann, and S. Kim, “Duplicate bug
reports considered harmful ... really?,” Proceedings of the 24th IEEE In-

50



[18]

[19]

[21]

[22]

[23]

[24]

ternational Conference on Software Maintenance (ICSM ’08), pp.337-345,
2008.

A. Schroter, N. Bettenburg, and R. Premraj, “Do stacktraces help develop-
ers fix bugs?.,” Proceedings of the 8th International Working Conference on

Mining Software Repositories (MSR’10), pp.118-122, 2010.

C. Sun, D. Lo, X. Wang, J. Jiang, and S.-C. Khoo, “A discriminative
model approach for accurate duplicate bug report retrieval,” Proceedings
of the 32nd ACM/IEEE International Conference on Software Engineering
(ICSE’10), pp.45-54, 2010.

A.J. Ko and P.K. Chilana, “How power users help and hinder open bug re-
porting,” Proceedings of the 28th International Conference on Human Fac-

tors in Computing Systems (CHI'10), pp.1665-1674, 2010.

A.J. Ko, B.A. Myers, and D.H. Chau, “A linguistic analysis of how peo-
ple describe software problems,” Proceedings of the Visual Languages and

Human-Centric Computing (VL/HCC’06), pp.127-134, 2006.

P. Hooimeijer and W. Weime, “Modeling bug report quality,” Proceedings
of the 22nd IEEE/ACM International Conference on Automated Software
Engineering (ASE’07), pp.34-43, 2007.

S. Just, R. Premraj, and T. Zimmermann, “Towards the next generation of
bug tracking systems,” Proceedings of the 2008 IEEE Symposium on Visual
Languages and Human-Centric Computing (VL/HCC’08), pp.82-85, 2008.

N. Bettenburg, S. Just, A. Schréter, C. Weiss, R. Premraj, and T. Zim-
mermann, “What makes a good bug report?,” Proceedings of the 16th ACM
SIGSOFT International Symposium on Foundations of Software Engineering
(FSE’08), pp.308-318, 2008.

51



[25]

[27]

28]

[29]

[30]

[31]

[32]

D.M. German, “Mining cvs repositories, the softchange experience,” Pro-
ceedings of the 1st International Workshop on Mining Software Repositories

(MSR’04), pp.17-21, 2004.

B. Shibuya and T. Tamai, “Understanding the process of participating in
open source communities,” Proceedings of the 2009 ICSE Workshop on
Emerging Trends in Free/Libre/Open Source Software Research and De-
velopment (FLOSS’09), pp.1-6, 2009.

E. Shihab, N. Bettenburg, B. Adams, and A.E. Hassan, “On the central role
of mailing lists in open source projects: An exploratory study,” Proceed-
ings of of the 3rd International Workshop on Knowledge Collaboration in

Software Development (KCSD’09), pp.34-48, 2009.

R. Tang, A.E. Hassan, and Y. Zou, “A case study on the impact of global
participation on mailing lists communications of open source projects,” Pro-
ceedings of the 3rd International Workshop on Knowledge Collaboration in

Software Development (KCSD’09), pp.63-76, 2009.

C. Weiss, R. Premraj, T. Zimmermann, and A. Zeller, “How long will it take
to fix this bug?,” Proceedings of the 4th International Workshop on Mining
Software Repositories (MSR’07), pp.1-8, 2007.

L.D. Panjer, “Predicting eclipse bug lifetimes,” Proceedings of the 4th Inter-
national Workshop on Mining Software Repositories (MSR’07), p.29, 2007.

R. Hewett and P. Kijsanayothin, “On modeling software defect repair time,”

Empirical Software Engineering (ESE’09), vol.14, no.2, pp.165-186, 2009.

G. Bougie, C. Treude, D.M. German, and M.-A. Storey, “A comparative
exploration of freebsd bug lifetimes,” Proceedings of the 7th International

Workshop on Mining Software Repositories (MSR’10), pp.106-109, 2010.

52



[33]

[34]

[36]

[37]

[40]

oOooooD“oSSOObO0b0obo0oobooboobooboboboooboonDo
D00 00DO0OO00O00bDOO00DOoOnOONAIST-IS-MT09510210
20110

OooooooooobooooooooooooooswbobobonDo
OO0b00boobooboobobooooooobooboooogXvInLoog
OO0O0O000D00 FOSE20110 pp.237-2420 20110

A. Mockus, R.T. Fielding, and J.D. Herbsleb, “Two case studies of open
source software development: Apache and moxilla,” ACM Transactions on
Software Engineering and Methodology (TOSEM’02), vol.11, no.3, pp.309—
346, 2002.

I. Herraiz, D.M. German, J.M. Gonzales-Barahona, and G. Robles, “Towards
a simplification of the bug report form in eclipse,” Proceedings of the 5th In-
ternational Working Conference on Mining Software Repositories (MSR’08),
pp-145-148, 2008.

P. Anbalagan and M. Vouk, ““days of the week” effect in predicting the
time taken to fix defects,” Proceedings of the 2nd International Workshop
on Defects in Large Software Systems (DEFECTS’09), pp.29-30, 2009.

L. Marks, Y. Zou, and A.E. Hassan, “Studying the fix-time for bugs in large
open source projects,” Proceedings of the 7th International Conference on

Predictive Models in Software Engineering (PROMISE’11), no.11, 2011.

N. Duc Anh, D.S. Cruzes, R. Conradi, and C. Ayal, “Empirical validation
of human factors in predicting issue lead time in open source projects,”
Proceedings of the 7th International Conference on Predictive Models in

Software Engineering (PROMISE’11), no.13, 2011.

L. Breiman, “Random forests,” Machine Learning, vol.45, pp.5-32, 2001.

33



[41]

[42]

[43]

[46]

[47]

oobooboobobooboobooboobobobooboboboobooonJan.
20010

J.L. Herlocker, J.A. Konstan, L.G. Terveen, and J.T. Riedl, “Evaluating
collaborative filtering recommender systems,” ACM Transactions on Infor-

mation Systems (TOIS’04), vol.22, no.1, pp.5-53, 2004.

S. Breu, R. Premraj, J. Sillito, and T. Zimmermann, “Information needs
in bug reports: Improving cooperation between developers and users,” Pro-
ceedings of the 2010 ACM Conference on Computer Supported Cooperative
Work (CSCW’10), pp.301-310, 2010.

A. Chou, J. Yang, B. Chelf, S. Hallem, and D. Engler, “An empirical study
of operating systems errors,” Proceedings of the 18th ACM Symposium on
Operating Systems Principles (SOSP’09), pp.73-88, 2001.

D. Cubranic and G.C. Murphy, “Automatic bug triage using text catego-
rization,” Proceedings of the 16th International Conference on Software En-

gineering and Knowledge Engineering (SEKE’04), pp.92-97, 2004.

K. Fogel, Producing open source software: How to run a successful free soft-

ware project, O’Reilly Media, Gravenstein Highway North, SE, Oct. 2005.

J.D. Herbsleb, T.A. Mockus, Audris Finholt, and R.E. Grinter, “An empiri-
cal study of global software development: Distance and speed,” Proceedings
of the 23rd International Conference on Software Engineering (ICSE’01),
pp-81-90, 2001.

M. Cataldo and S. Nambiar, “On the relationship between process matu-
rity and geographic distribution: An empirical analysis of their impact on
software quality,” Proceedings of the the 7th joint meeting of the European
Software Engineering Conference and the ACM SIGSOFT Symposium on the
Foundations of Software Engineering (ESEC/FSE’09), pp.101-110, 2009.

o4



[49]

[50]

[53]

[54]

E. Carmel, Global Software Teams: Colloborating Across Borders and Time

Zones, Prentice Hall, Upper Saddle River, NJ, Jan. 1999.

C. Bird, N. Nagappan, P. Devanbu, H. Gall, and B. Murphy, “Does dis-
tributed development affect software quality? an empirical case study of
windows vista,” Proceedings of the 31st International Conference on Soft-

ware Engineering (ICSE’09), pp.518-528, 20009.

000000000000000000000MO0O0D0O00000O0O0O0
Oo“0obobooooooooosstboogooboooooobooooono
OO000D00O00Ovol.60 no.20 pp.13-300 20110

J. Anvik and G.C. Murphy, “Reducing the effort of bug report triage: Rec-
ommenders for development-oriented decisions,” ACM Transactions on Soft-
ware Engineering and Methodology (TOSEM’11), vol.20, no.3, p.Article 10
(35 pages), 2011.

P. Anbatagan and M. Vouk, “On predicting the time taken to correct bug
reports in open source projects,” Proceedings of the 2nd international Work-
shop on Recommendation Systems for Software Engineering (RSSE’10),
pp-523-526, 2009.

E. Giger, M. Pinzger, and H. Gall, “Predicting the fix time of bugs,” Pro-
ceedings of the 2nd International Workshop on Recommendation Systems

for Software Engineering (RSSE’10), pp.52-56, 2010.

P. Bhattacharya and I. Neamtiu, “Bug-fix time prediction models: Can we do
better?,” Proceedings of the 8th International Workshop on Mining Software
Repositories (MSR’11), pp.207-210, 2011.

35



