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A Technique to Recommend Appropriate Developers for
Reported Bugs Based on Term Similarity and Bug Resolution History

Park Seong Hun' - Kim Jung II"" - Lee Eun Joo™

ABSTRACT

During the development of the software, a variety of bugs are reported. Several bug tracking systems, such as, Bugzilla, MantisBT,
Trac, JIRA, are used to deal with reported bug information in many open source development projects. Bug reports in bug tracking
system would be triaged to manage bugs and determine developer who is responsible for resolving the bug report. As the size of the
software is increasingly growing and bug reports tend to be duplicated, bug triage becomes more and more complex and difficult. In
this paper, we present an approach to assign bug reports to appropriate developers, which is a main part of bug triage task. At first,
words which have been included the resolved bug reports are classified according to each developer. Second, words in newly bug
reports are selected. After first and second steps, vectors whose items are the selected words are generated. At the third step,
TF-IDF(Term frequency — Inverse document frequency) of the each selected words are computed, which is the weight value of each
vector item. Finally, the developers are recommended based on the similarity between the developer's word vector and the vector of
new bug report. We conducted an experiment on Eclipse JDT and CDT project to show the applicability of the proposed approach. We
also compared the proposed approach with an existing study which is based on machine learning. The experimental results show that

the proposed approach is superior to existing method.
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Bugzilla - Bug 1

Bug 1 - Usabiity issue with external editors (1GEGIRL)
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Fig. 1. Predefined bug information in a bug report
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Fig. 2. The title and description of bug
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Fig. 3. The life cycle of a bug report
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Table 1. The resolution status of bug report

Resolution Status Description
FIXED Fixed bug report
DUPLICATE Duplicated bug report
WORKSFORME Impossible to reproduce the bug report
INVALID Not a bug
WONTFIX Can't be fixed bug report
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The process of proposed approach
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2. The result of removing stop word

Original words

current line in debugger should start at center
of source editor you have probably had this pr
reported before but just in case

Removed |current line debugger start center source editor
stop-words probably pr reported before case
Table 3. The result of stemming algorithm
Remove |current line debugger start center source editor
stop-words probably pr reported before case
Words after | current line debugg start center sourc editor
stemming probabl pr report befor case
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Table 4. An example of BugWordSim among the bug report
(398383) and developers

Developer Similarity
snjeza_peco 0.943
samrat_dhillon 0.124
rgransbherger 0.093
tobias_widmer 0.090
manju_mathew 0.087
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Table 5. The TF-IDF value of Snjeza Peco

Term | TF-IDF | Term | TF-IDF | Term | TF-IDF

newwiza | 4.91998 issu 3.80666 packag 1.36827

attach 1.46040 java 0.53408 navig 4.21950
reprodu | 1.36827 call 2.54944
time 2.66258 view 177495
editor 2.92928 explor 3.09104
happen | 2.92928 more 2.54944
menu 3.09104 class 0.38136
patch 278309 | context | 2.92928
project 1.77495 leak 4.21950
step 1.50851 get 351154

Table 6. The TF-IDF value of bug report (398383)

Term TF-IDF | Term | TEF-IDF Term TF-IDF
newwiza | 4.91998 issu 3.80666 packag 1.36827
attach 2.92080 java 0.53408 navig 4.21950
reprodu 1.36827 call 5.09839
time 2.66258 view 3.54990
editor 5.85857 explor | 6.18208
happen 2.92928 more 2.54944
menu 6.18208 class 0.38136
patch 557618 | context | 5.85857
project 1.77495 leak 4.21950
step 1.50851 get 351154
4. M8 % Bt
41 AE dolg
Acele AW 84 dolur] AN HZe
W YEEVL Fold S uf Folxl M HREE Ast=
U A3 ARAE FAte 49S £9% Bast 9
aYEE B =RoAE T oY LFE A~ ZBEAHE ©
292 IDT.UBS o]F¥2 CDT.COREVE thie = 7

3) http://projects.eclipse.org/projects/eclipse jdt.ui
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. FH Age Pt o]FdWs DT CDTe
Bugzillag °]&3te] Z2AEC] waEs #Hsta glom,
W1 e XE wloldol o3 A ATECN 4 dolH
2 AFE AbgE) gri2, 18, 24] B =¥olME 7 ==
¥3E W YEXEE /bed STATUSY
RESOLUTION Z = gto] CLOSED®I¥A FIXEDS! W1
HAXESTS AFE AT dolHE st ole
3L1EAA AFE dolH A4 EAE A 9
sAelch AnH oz A9 9814 JDT.UI%H CDT.CORE
ZRAEqA FZH W1 YEEEY FE 77 87587,
34087} & <Table 7>3} 7t}

Ao

)

H~l

Table 7. Number of bug reports in JDT.Ul & CDT.CORE by year

Year | # bug reports (JDT UI) |# bug reports (CDT Core)
2002 2141 17
2003 1275 260
2004 1098 381
2005 1205 206
2006 851 91
2007 736 530
2008 400 436
2009 317 1195
2010 278 137
2011 181 59
2012 138 39
2013 138 61
Total 8758 3408

Table 8. Number of developers in year

Year JDT_UIL CDT_Core
2002 23 4
2003 20 17
2004 18 19
2005 26 14
2006 15 12
2007 13 21
2008 13 26
2009 18 47
2010 11 20
2011 9 13
2012 12 14
2013 19 12

4) http://projects.eclipse.org/projects/tools.cdt
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Table 9. Confusion matrix for evaluation

Actual Fixer

Classified

Developer Developer Other

TP, ., FP,

o—d

(True Positive) (False Positive)

F]vdﬂo m"
Other o . oo
(False Negative) (True Negative)

Developer
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S FE AY FHE R vas AAR A A FP, ;02 Aaast si24d A Aea d2 25
o] Y A5 (TPt 1 whdle]l A9 (FP)7} EAskH, A5
WI1E §dstd G AMRE Fe A9 (FHE et FN,,, @ Wz a7t sdg 28 be Az 25
WIE AR A G AFY A9 (TN)9F 2 Wi 7o
45 (FN)))7F SAgd. aeez, A4 3 Ao oigh TN, ., : o2 A7) 48 AL Adsl Bqe 4%

_?_
958, AFE, AHE G okt FHo% 24T + 9

3|4 (Recall) :

TP, .4 29y wwd dark 9o [19, 2]9A4% Naive Bayes,
R(d)= (4
TPy .i+FN,,, SVM, 274 Eg] 7|dte] £57] (Classifier) & ©]&3td A

29 Wa YEES dAse o 438 AihE g

A%E (Precision) : WS 2t W g EEY A Ao A duyFE
Hgste] W g XE™ A WE (Feature vector)E 44
TP, ., 3 5 AdE B HEHE JWtes EHVIE A
PUd)= o~ p G sxw mEole Zzdsd gelss Ands FA A
29 M YrEd AHs) diEojof H= NUAE EF
A 8= (Accuracy) : sk
2 Ago = JDT.UISE CDT.CORENA A=W 7=}
FHE FIs 74 Z2AE disiA 7] BHI ARE
Ald)= she WHom A% AW 2AE $45, 2 Axol o
TPaat TN, 2o ®) A o B Az QYT A= H W
TP, . 1 FP, ., FN, . + TN, . A A 3eg, A5E, A9s 2945 vugt) <Table
10>9} <Table 11>°A= JDT.UI®} CDT.CORE®IA 7 #
dHoR AFe A9E HAFEr
A71A, Agrete el the wE B B I44, ATE,
d: P PEES HA ARE e e AL F ZeAEA BF g,
o: WM YXEE sAastA & ML=} (other) E3], IDT.UIIAM & Aloksks Wz of2 Wi Ede] Ha
TP, ., MNEA d7t i dst 28 QaepA E/73 45 S| &, ATE, AFTmrt 47 HAa 57%, 49%, 6% o] 7f
Table 10. The experiment result of JDT.UI
SVM Naive Bayes C45 Proposed approach
Year R P A R P A R P A R P A
2002 0.08 0.62 0.82 0.15 0.15 0.94 0.18 0.39 09 0.48 0.98 0.93
2003 0.06 0.4 0.76 02 0.18 093 021 0.32 091 062 1 094
2004 0.07 0.55 0.82 0.19 0.19 0.92 0.25 0.32 0.91 0.68 0.99 0.94
2005 0.06 0.66 0.79 0.14 0.15 0.94 0.17 0.3 0.93 0.57 0.96 0.93
2006 0.12 0.39 0.78 0.13 0.16 0.9 0.13 0.24 0.85 0.66 0.98 0.94
2007 0.13 0.71 0.77 0.22 0.2 0.9 0.25 0.32 0.88 0.68 1 0.93
2008 0.07 0.23 0.51 0.12 0.21 0.8 0.1 0.17 0.82 0.69 0.93 0.94
2009 0.07 0.69 0.74 0.11 0.17 0.87 0.12 0.26 0.88 0.83 1 0.95
2010 0.09 0.39 0.74 0.15 0.27 0.85 0.1 0.22 0.76 0.82 1 0.94
2011 0.13 0.48 0.59 0.21 0.39 0.8 0.13 0.23 0.76 0.88 1 0.95
2012 0.08 0.54 0.54 0.12 0.23 0.78 0.08 0.12 0.86 0.87 1 0.93
2013 0.06 0.33 0.67 0.18 0.32 0.89 0.12 0.17 09 093 1 0.99
Average | 0085 050 071 0.16 0.22 0.88 0.15 0.255 0.86 0.73 0.99 094
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Table 11. The experiment result of CDT.CORE

SVM Naive Bayes C45 Proposed approach
Year R P A R P A R P A R P A
2002 021 019 047 0.32 04 0.67 0.35 05 0.71 1 1 1
2003 0.09 0.65 0.74 02 025 092 0.18 0.33 0.89 0.64 0.83 0.93
2004 0.06 0.82 0.73 0.19 0.18 0.9 0.14 0.23 0.9 0.54 0.77 0.93
2005 0.07 0.31 0.71 0.25 0.29 0.89 0.14 023 09 0.58 0.78 093
2006 0.08 0.28 0.51 0.15 0.3 0.82 0.08 0.16 0.78 0.62 0.8 0.88
2007 0.05 047 0.63 0.16 0.21 0.92 0.12 023 09 0.58 0.81 092
2008 0.04 0.66 0.65 015 0.28 0.92 0.14 021 094 0.63 086 093
2009 0.04 0.66 0.65 011 01 0.96 0.06 0.1 0.96 0.59 0.79 095
2010 0.04 0.66 0.65 01 02 0.88 0.1 0.25 0.87 0.67 0.74 0.96
2011 0.08 0.22 0.22 0.12 0.19 0.85 0.07 0.09 0.83 0.71 0.76 091
2012 0.07 0.2 05 0.03 0.03 0.79 0.07 0.1 0.86 05 055 0.79
2013 0.08 0.25 0.25 0.08 01 0.84 017 017 083 055 062 0.89
Average | 0.08 0.45 0.56 016 0.21 0.86 014 022 0.86 0.63 0.78 0.92
e AL & 93, CDT.CORECIAM & 47%, 33%, 6% =} 5. ZE Y &5 o3
o7t v A & & Stk
7 ZRAES Ao 7]E WY 42 & Has Z2ade AL 2 fARF G uws)
o] AF gl wal vig e FAE 75 7|20 A dAEH, o] M B §FARF FAE Adss F
2 3Fed A% g Abelo] #HA Egol= 0x 7 Q2 Yoot} wEA], RV F ZZAENAN = HIE
AZF AgatAst, Efol= ox aEgral e AAX oz #e87] sl M1 Ae e W1 EH
gl v v ghs 7HAAL H, ol [2]e1A N2zES &8 o5 Fgato] HANE MIaE A7)
Aueh Al Fdstrh olglgk A2 s AL WH Ao sy, AT, W EdH Axde] 3]
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el Z1E wWyEY #3i I4E, HAFE, A=t

IDT.UINA &= 57%, 49%, 6%, CDT.CORECIA= 47%
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