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Abstract: Bug localization is a technique that has been proposed to support the process of identifying the
locations of bugs specified in a bug report. For example, information retrieval (IR)-based bug localization
approaches suggest potential locations of the bug based on the similarity between the bug description and the
source code. However, while many approaches have been proposed to improve the accuracy, the likelihood of
each module having a bug is often overlooked or they are treated equally, whereas this may not be the case.
For example, modules having code smells have been found to be more prone to changes and bugs. Therefore,
in this paper, we propose a technique to leverage code smells to improve bug localization. By combining the
code smell severity with the textual similarity from IR-based bug localization, we can identify the modules
that are not only similar to the bug description but also have a higher likelihood of containing bugs. Our case
study on four open source projects shows that our technique can improve the baseline IR-based approach by
22% and 137% on average for class and method levels, respectively. In addition, we conducted investigations
concerning the effect of code smell on bug localization.
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Table 1 Application example of IR-based bug localization.

gt 77 24 7% A M HEE
1 ActionSaveProject 0.179
2 AbstractFilePersister 0.174
3 ZipFilePersister 0.150
4 XmiFilePersister 0.150
5  UmlFilePersister 0.142
6  ProjectFilePersister 0.128
7  FileConstants 0.123
8 ActionSaveProjectAs 0.122
9  ActionOpenProject 0.121
10  ProjectBrowser 0.121

*I http://argouml.tigris.org/issues/show_bug.cgi?id=3790
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Fig. 1 Overview of proposed technique.
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£ 2 ArgoUML (25§ % 5 JH 51
Table 2 Application example to ArgoUML.

(a) IR Fi (a=0)

EfL. 77 A% nSim  nSev  BLI
1  ActionSaveProject 1 0 1
2 AbstractFilePersister 0.971 0 0.971
3 ZipFilePersister 0.842 0 0.842
4 XmiFilePersister 0.841 0 0.841
5  UmlFilePersister 0.795 0 0.795
6  ProjectFilePersister 0.715 0 0.715
7  FileConstants 0.691 0 0.691
8 ActionSaveProjectAs  0.683 0 0.683
9  ActionOpenProject 0.679 0 0.679
10  ProjectBrowser 0.679 0.667 0.679
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(b) #2%EF: (o =0.42)

AL 7T A% nSim  nSev  BLI
1  ProjectBrowser 0.679 0.667 0.674
2 ActionSaveProject 1 0 0.580
3  AbstractFilePersister  0.971 0 0.563
4  ZipFilePersister 0.843 0 0.489
5 XmiFilePersister 0.842 0 0.488
6  Modeller 0.222  0.833 0.479
7  UmlFilePersister 0.794 0 0.461
8 Import 0.430  0.500 0.460
9  ParserDisplay 0.051 1 0.449

10  StylePanel 0.586  0.250 0.445
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*2 http://www.intooitus.com/products/infusion
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Table 3 Projects used.

AERZE S/ N=ay NIFTLR=ME 2792% AVy PR 77A0RVWE XV vy FORWEK
ArgoUML 0.20-0.24 74 1,476 12,131 61 411
JabRef 2.0-2.6 36 374 2,947 37 60
jEdit 4.2-4.3 86 406 5,276 51 185
muCommander  0.8.0-0.8.5 81 529 3,916 41 44
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=OIZh, REE o ROTBLLIEREETH .
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FErFHT 5. BRWICIE, #EOBF 7027 MO a
DI HEBEABMTH LR EHEL, FEn7uy s b
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R4 o ORfH
Table 4 Most appropriate a values.

PA=NES A 7IALN) AV y FLANJL
ArgoUML 0.42 0.43
JabRef 0.25 0.44
jEdit 0.37 0.47
muCommander 0.46 0.41

I, JabRef TIZ7 7 A L NIVOARTE 7 BV OB EAE
0y z7 hOHmTROD %L, RERRW %@#%%<
ooz felrH 5. Lo L, muCommander & D
BB OZETDOT N4 THY, S50 T AT LA
H B OB OE AL ArgoUML A5 b A7z
El@%ﬁ_iibﬁﬁ&%ﬁﬁﬁﬁf%é.hMM@
7 FGALNVTORRERE, o OFREEIR 0.40 10 4E
FLTBY, ZOMERBRMIMo7aY =7 MO
TELMEEMENH L LEEZD.

WENOBITIZBWTDH, 7F A MEME, RELRREV
OMERZ BEIHAG DL (7T ALV TIE
a € [0.25,0.46], XV v LNV T a € 0.41,0.47])
IZ MAP M ic ke o7z
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£5 RQ, THW a Offi

Table 5 « values used in answering RQ.

AN/ 77 A LX) Ay FLA)L
ArgoUML 0.36 0.44
JabRef 0.42 0.44
jEdit 0.38 0.43
muCommander 0.35 0.45

54 RQ,:BEFEOIR FELEN, REFEEIELTOL
5h7
5.4.1 HREAE

RQ, DIEREH VT o 2 EBICED, —REFHEEEH
T5., ZZTlE, A7V 7 M THITLEICE, il
D3I TUT Ll N o DRBIEDOFE 27z, 728 2

i, Mg 70y 7 b2Y ArgoUML O¥546121%, JabRef,

jEdit, muCommander ® 3 2D 71 =7 F® RQ, TK
D72 a ORBHEOTFE % o & LTED CTIRETF L HH
L7z, 2, BHEOBMET O Y =7 PO o OREMEAEE
HTHLIRMTHR TV 27 PO a 2EFDOLGEEEE
LTwa, EBICHWZZ a DfERR 5 IIRT. Z0LH
IZLT MAP 2k, REFEVPBRAO IR FiE (a=0)
ICHARTENL TV L2 ERGEET 5.

1045



[EHRNIBFERIEE Vol.60 No.4 1040-1050 (Apr. 2019)

0.2

MAP

0.05

ArgoUML
JabRef
jEdit

muCommander

(a) 25 AL~

0.06

0.04

MAP

0.02

L]
L]
L]

ArgoUML +
JabRef
jEdit

muCommander

(b) AV v KL~L

COIR Pk wm R T |

B 3 MAP OfEo I
Fig. 3 Comparison of MAP values.
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K6 AELRVEGLEY 2 - VOEHE

Table 6 Ratios of modules having a code smell.
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PAEES/ SR SR* SR SR*
ArgoUML 21.43%  4.11% 7.10%  3.99%
JabRef 36.07% 9.03% 11.11% 2.77%
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RT7 AELGRVWEEGET 2 LOHES (FBHEIL)

Table 7 Ratios of modules having a code smell per type.

BE ARE RO SRy SRy
God Class 25.59%  3.09%

? Blob Class 7.04%  0.72%
A Schizophrenic Class 4.23%  0.96%
‘ré Refused Parent Bequest 0.70%  0.12%
D) Tradition Breaker 0.23% 0.37%
Data Class 0.23%  1.31%

Blob Operation 7.00% 1.06%

N Intensive Coupling 2.51% 0.64%
¢ Internal Duplication 0.36%  0.84%
> Sibling Duplication 0.36% 0.37%
N Feature Envy 0.36%  0.10%
;: Data Clumps 0.00%  0.44%
External Duplication 0.00%  0.32%
Shotgun Surgery 0.00%  0.01%
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Fig. 4 Delta of AP for each bug report of ArgoUML.
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%= A1 inFusion |2 X )R SN AHEH 2B
Table A-1 Code smells detected by inFusion.
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