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Abstract: Fault Localization (in short, FL) is a technique to automatically infer which lines of source code
are the root cause of a given bug. Spectrum-based FL is a technique that utilizes results and execution
paths of test cases. The basic idea of spectrum-based FL is that, program elements executed by failed test
cases are more suspicious while program elements executed by passed test cases are less suspicious. Existing
spetrum-based FL techniques look for suspicious code by executing test cases, so that program elements
outside the source code are out of scope of the FL targets. However, software systems often include other
program elements than the source code such as configuration files and databases. In this research, we try
to make an extension of spectrum-based FL techniques regarding property files, which are simple yet often
used configuration files in software systems. We also implemented a prototype tool based on the extended
FL technique. We conducted an experiment on both industrial systems and open source software systems.
As a result, we confirmed that: in the case that a bug is in a property file, our technique outperforms the
existing technique; in the case that a bug is in a Java source file, there is little to distinguish our technique
from the existing technique.
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Fig. 1 Ratio of commits where only Java files are changed on

each target project.
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NOT_DECREASING_NUMBER_OF_POINTS = les points {0} et {1} ne sont pas d¥u@@e9croissants ({2} < {3})

NOT_DECREASING_SEQUENCE = les points {3} et {2} ne sont pas d¥u@@e9croissants ({1} < {@})

NOT_ENOUGH_DATA_FOR_NUMBER_OF_PREDICTORS = pas assez de donn¥u@@e9es ({0} lignes) pour {1} pr¥u@@e9dicteurs
- NOT_ENOUGH_POINTS_IN_SPLINE_PARTITION = une partition spline n¥u@@e9cessite au moins {@} points, seuls {1} ont ¥u@@e9t¥u@ee9 fournis
+ NOT_ENOUGH_POINTS_IN_SPLINE_PARTITION = une partition spline n¥u@@e9cessite au moins {1} points, seuls {0} ont ¥u@@e9t¥ue@e9 fournis

NOT_INCREASING_NUMBER_OF_POINTS = les points {0} et {1} ne sont pas croissants ({2} > {3})

NOT_INCREASING_SEQUENCE = les points {3} et {2} ne sont pas croissants ({1} > {@})

NOT_MULTIPLICATION_COMPATIBLE_MATRICES = les dimensions {@}x{1} et {2}x{3} sont incompatibles pour la multiplication matricielle

2 FunsF 4774 L0—fl
Fig. 2 An example of property file.
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Table 1 Kinds of files that were changed in bug-fix commits

(Only top 10 are shown due to space limination).

RT- Juy s ML MARNE (FE)
xml 90 34,923 (12.39%)
RT% L 87 22,771 (8.08%)
md 80 8,688 (3.08%)
properties 71 8,674 (3.08%)
gradle 65 4,740 (1.68%)
gitignore 56 515 (0.18%)
png 52 23,701 (8.41%)
yml 51 1,963 (0.70%)
html 44 44,179 (15.67%)
txt 44 14,715 (5.22%)
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JHNTWEE, TRODIERIZ 2 e L CEHiiT 5.

2 OHORIEITFATIMCH 5. BfF P L RETh%,
ZNENDNTI3L 5 AT OETL, £ DOETRH DT
Balbi Lz, Shck ), EFEOEAICL) Lo
JERERMEDO B IR VI ASLE L 2 5 O EFEMT 5.

5.3 R

INT R KRERTORIE B X OCIEMICET 25 R2% 3 12
R S ZTHE LR, NTOERETD FL RO AL
(MARDONEIAFAEL72DH) 2K . &b, BFFETE
FL 3513 Java ¥ — A 23— RO AL DIk L TRETHT
i3 Java V= A I—=FBXO 70714774 NVTHAT
O, FL OFEZ H TSR 2 &7 BOME» R 7% 5.
DFNVMETECTEE2DEI N T LOMEOAEH D
W, REFHIESI N TILEEA DT LOEMEEZ V5.
£3()ICHEENLNTIE, TUNT 4 7 7 A VAR R E
FiChHLNTTHD., EBROKR, 3IEONT (#6, #7,
#8) 12DV, IETFHIZL VB AEE L, RETFE
W& > TR DB DT E L 72D DT, 34%0LENR o
72, — T, REFEIL o TROMEMIEAL L 7237 T,
1.3%DEALAR SNz, ZoEEIE, Fus574 774
DONT LR NF =BT ORNE TH DL F— &
LB xF > 72720 Th L. MEFEEAMAT L L
WX ONTEGBERDO WY — A= FNOTT T T L
DEEEAEDS, MEFEAFH LA ICERTEL RS2
LlE ot

RIZ, NTRREFTD Java 7 7 AV THBNTIZ0T 5
FEBROKEREE 3 (D) IRT. £3(D) LD, wFhons
IZoWTh, EOREZEVIZRON G072, #10%°
HI3DONTTRETTIEH A0, BRETLIMAETECI
NTIHIFLFLT&Lhorz. ThuE, 7axs1 774
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xR 3 RETUEB LUBATLEEZ W FL OfR
Table 3 The results of fault localization with the extended

technique or the existing one.

(a) TUINTF 4 T 7 A NVONTIHT DR

o SRS R RES

N7 1D

EA%  ER BAZ% A
#1 0.034% 2 0.017% 1
#2 58.33% 28 57.45% 27
#3 58.33% 28 57.45% 27
#4 29.63% 16 28.30% 15
#5 0.078% 2 0.039% 1
#6 65.56% 118 100.0% 130
#7 5.00% 4 21.92% 16
#8 1.320% 4 3.239& 8

(b)Java ¥ — A I — FONTIIT B fER

o SRS RS

N7 1D - - - -

EfL%  MmERr % NEGE
#9 1.548% 5 1.498% 4
#10 18.75% 69 19.02% 58
#11 8.171% 21 8.911% 18
#12 8.571% 33 10.12% 33
#13 35.94% 46 35.65% 46

x4 RERTUEB L OBATROFETRR B)
Table 4 Execution time of the extended and existing

techniques (sec.).

N7 ID REFE MATE
#1 1,914.2  1,905.7
#2 15.89 15.61
#3 15.99 15.28
#4 9.07 8.82
#5 12.14 11.89
#6 523.0 519.1
#7 222.9 222.3
#8 553.8 545.8

NG ARG O Java I — NIINTHRH o722 L1 X
D, 7T A4 77 ANIIBVWTHARENZF—12DO0W
THEVEEMEDS N S ENTLE 2 LD BN TH 5.
KIZ, FAABIZOWTORERER 4 IIRT. WIho
INTNWZOWT Y, REFLLBATECTETREMICRE 2
IR SN o7z. —EFEICL LM OBEMA R b K
ENolNT T, FOWMIMEIZH 5 MW TH -7z, FETH
B 2o TV AEIGIIRAKTH 4.5%, /T 0.3%E
B, DFN, FUNT 4 T 7 A VI D EERMEON
A ELFREHIIEEROETRH D ) 5 O/NSVEIETH
bV A.

6. EE

ABETIE, RETHEICL D IACLATYEE L7275 L OH
EAEAL L 72N T IZDVTERERRD. %8, FHHEH
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FTAN TAK2 TAKR3
lang = ja || lang = hoge || lang = null
HATHiE HARFE HARFHE
{#h} {1} {error} EERAE
CHARACTER_CODE = UTF-81 A v v 1.0
ERROR_MESSAGE = error v 0.0
Localization.java
1: public List<String> localizedText(String lang) throws Exception {
2 List countries = Arrays.asList("en", "ja", "fr"); Vv v v 0.8
3 ResourceBundle bundle = ResourceBundle.getBundle("char"); v v v 0.8
4:
5: if(lang == null) v IV Vi 0.8
6 return Arrays.asList(bundle.getString(“ERROR_MESSAGE”)); v 0.0
7
8 if (countries.contains(lang)) { v v 1.0
9 String cs = bundle.getString(“CHARCTER_CODE™); Vv 0.7
10: Path path = Paths.get(“resource/localize_“ + lang + “.txt”); 0.7
11: return Files.readAllLines(path, Charset.forName(cs)); v 0.7
12: } else {
13: String cs = bundle.getString(“CHARCTER_CODE™); v 0.7
14: Path path = Paths.get("resource/localize_en.txt"); v 0.7
15: return Files.readAlllLines(path, Charset.forName(cs)); v 0.7
16: }
17: }
EDIE EDIE BB ‘
Exception Exception {error}
NG NG OK
(a) WEDY —Z2a—F
1: I
[ Localize ja.txt |
1: #A
[Localize_fr.txt |
1: je

(b) AI7 741

X 3

PERTFIEI & D IR AE L7261

Fig. 3 A simplified example where the extended technique worked well.

WAL 2720, EBONTZFDOL D% HWTELETHLDT
37 <, FEBEONT DR SVER L 728N 7 % T
4T ) .

6.1 REFEICIVIBEPHELNYT

REFF L VIEMLATSE L-BIAR 3 1SRT. X3 (a)
DAYy N, FHEUCSREOHZILY, €O FEICHI
L7277 ANVDHEZRERT XYy FTHALH., KFiElAn
T277A402iE, K 3(b)IRLAZLI IS, ZOFFEIC
BUFE B #EWRT LHESKEMEINTWE., 2ol
I&, “char.properties” IZFEFN TV 5 F—, “CHARAC-
TER_CODE” 7"A%1% “UTF-8” TdH 5 X Z727%, “UTF-
817 1275 T\ b, LWINTPEENTNE., ZD720,
“CHARACTER_CODE” # W T, A7 74V ZE5Hd )
EFTBHTAMLETAP2PERKEL TS, 7AM1ITIEY
THT, 7 A b 2T 1347H T “CHARACTER_CODE”
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MWiAAFNTNE
X)Ly, KMTFTA N —ADARTEITEN TS
FTLLTH->ThH, FOTOT T AL EFET LR VLT
AN = ZLAFFEL TV B L BERMEAME T § 5 2 & 2%
5. D72, “CHARACTER.CODE” % itk iAA TV
59THB L IBITHORREIL, 7TA M1 BLUT A
M2 THETENESITHEID OELS ZoTLED. 20—
KT, REFETE, ITHBIP BITHOELLTY
“CHARACTER_CODE” % #iAAA T WA, NI %
GEUF-PROISVEREE L L. 20X, NTOE
HWEFTE o TV D 78T 17 7 A VD F — K E T
Tt AR EN TGS, —EFEIC LY IEEZOUENR
b7,
6.2 REFEICLVIBLAIBIEL ZNT
RETHICL VAN SE L L7261 % B 4 12779, X 4 (a)
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TAK TAK2
path = in.txt lang = hoge
HATFE B
char.properties {Hello World} {} S¥E(E
u
CHARACTER_CODE = UTF-81 HJE v 1.0
’FlleIO propertles‘
1: public L15t<Str‘1ng> read(Path path) throws Exception {
2: ResourceBundle bundle = ResourceBundle.getBundle("char"); v v 0.7
3: if (!Files.exists(path)) { v v 0.7
4: return Collections.EMPTY_LIST; v 0.0
5: }
6: String cs = bundle.getString("CHARACTER_CODE"); v 1.0
7: return Files.readAllLines(path, Charset.forName(cs)); v 1.0
8: }
BOME 'O E
Exception {
NG OK

(a) NRDY —2a—F

1: Hello World

(b) A17 740

4 RFEFHE LV IEGATEA L 7261
Fig. 4 A simplified example where the extended technique did not work well.

DAYy R, Path #5150U2& 0, ZONRZADT 7 4 )%

HIET DAL, ZO7 7 ANVOREERL, 15 L%\
B, BOVA L ZRT AV Y FTHAH. Md(a) DT AL
1 THAMAENT VD, “intxt” OHFEEE 4(b) I2RT.
o, 6.1 8 & FAEIZ, “char.properties” @ “CHAR-
Mﬁmummw#n7ﬁl G Chb. ZOfITIE
“CHARACTER_CODE” % GtAAA TS 70T T L3
iﬁﬁﬁ@&f%é ZFD72%, “CHARACTER_CODE”

M ArhEINDB ML, “CHARACTER.CODE” % 3 &
AL 7077 ALOFETRES KT S, Lizdo T,
“CHARACTER_CODE” &, “CHARACTER_CODE” %
Gt 70 7T WHSE U SRR, WEMZ IR D, 5.2 6
THkAR72 & 912, F—MEAAEEIRN AT S T WiGE,
ZOMER IR DBEL 25 LI IFHET 2. 207D 4 O
&9 B BITIZNERL ASEAL L 72,

LoL, EBEALL7ZI2d b b T, IRRFUENE
HTHrHEEZONLBAOH 7. ZOFIEE 5 IR,
M50xvy NiE, 5IUCEZE LY, ZOEICBITS
CCARBIT RERTAHFEEEZRT AV Yy FThE. Z
DFITIE, F— “USA” 25Kk L “Hello” THHRE L Z
Y, “Hell 127> TWh, EWVWANTHREINTVDS
F— “USA” &, 6 fTHZITHAAENTNSE., 2D
O, AR OHEETF — “USA” &, 6 17H O5EE, NEM
H—HLTWwaE, L2L, 647HIE, 51T 26N
FHEF—LLTTONT 4 77 ANV EHEARAAATWS T
B, 6 fTHNZIRNE R L g S GEaTh, Fux
FA4TFANDEDF—DEDN T TERE T T d 5B A B%E
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BiEbro v, REFETIE, “USA” L) F—% N7
ARG E L CHEE T A 720, BASE I N T REE AL
CTHAEDPHMEI DD, TOLHIZ, TaxT 1T 7A
WV ERARG X =B TH - 726, REFHICLVIE
RASEALLCTH, REFEPEHTHLLEZOLNS.

6.3 EITAFHE
FATRLIZEDIZ, BT LB L TREFEOR
BOBINE T3NSR b DTH o 72, RETFHEOFITH:
% S OIHMET 2 IOV TELZEZfTo T, &b
F =Ny RPREDRSTNTH#3 % 5 [AFET LT, 18f
FHEOK TR LS 2 FE TR EZRHE L2, T 5 IZZOH
RERT.

£5 X0, RETEOETHEMO XLV FEF Ak
WKLo THDODONTWEZENG0h. F7z, SRIORFE
FHETHEINENZTIETH L, V—Aa—FomLs, 7
/X7 4 77 A VDFLIFEEIT6%TH-72. LoTC, &
BREFLEOFATRMEZ L $T5720121F, REFILETE
MENTRERTIEZ L, U RET RN OMEHDHH)H
BTHDLEZZONL. T A MNETRMOE T L LT,
INA M= FOREILVEHIFTHENE, /N4 b T— RO
{EDWFFE L LT Raja 12 & %5 SOOT [15] %, Pominville |2
E53D N3] BdHAH. ZH oy —LEHVTNA b
OJ— FORBLZITH) 28T, METHEOT A N ETRR
EEMECELEEZOND.
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TAN TAK2
Country = USA (| country = foo
HARHE HARHE
(1) O s

FRENCH = Bonjour 0.0
ITALY = Ciao 0.0
USA = Hell JP v 10
1: Public String localizedHello(String country) {
2 List countries = Arrays.asList("FRENCH", "ITALY", "USA"); v v 0.7
3 ResourceBundle bundle = ResourceBundle.getBundle("hello"); v
4
5 if(countries.contains(country)) V4 v 0.7
6: return bundle.getString(country); v 1
7 else
8 return ""; v 0.0
9: } D& B D8

{Hell} {}

NG OK

5 REFEIHH LB
Fig. 5 A simplifiled example where the extended techngiue is better than the exiting

technique.

x5 FATREBONGR

Table 5 Breakdown of execution time.

WL ZS HE
SN 53%
7 A b FELT 32%
Y —A32—F®DFL 9%
V—Ad— FONIL 5%

TN T 477 ANVD FL 1%

6.4 TONTF4 774D ELLEAMADEWVIEE

TUNT 4 T 7 AUBELLGARDBVEGE (774
VEDLDHBFAEL B, 77ANVHAD T 5 —< v bHSIE
LLBRWE) X, 7uNXT 14 774 NVDHARALT — &
b, FORH, TOAT, IRETELMAETEIC FL
DEETT DF=NL T v,

7. FEEMZE

Zhang H51ZV 7 b7 = 7 OMALIZ L b R VWETE TR X H
ETT7ANDF—ZHBWICHEET A2 FEZREL TV
5 [17. COFETE, HIHOV 7 by = 7 OFEITRE %
BT L128), ZORKICEELG 2 TnbL 7 anN
TATTANDF—FEEEL TS, F72, Rabkin 5 b,
NWNTDFRHE > TWBHRET 7 ANVOF— % HEIHIZ
g 2 PHEAIREL T 5 [14]. Zhang & O T35
70— fEHZFH L TWwW5BDIZx LT, Rabkin 50T
=y 7a - ERH L CwD, IS TEE T8
FATTFANDRENGE LTWADIIH LT, RETE
Y —Z2a—Fe7anss1 774 VDOEELEL L RHRE L
TWBEW) ITHERL S,

T2, VIMNYLTICEoTRZFDOHRET 7ANVDIEL
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EERFrv I TLHEAY VP ELELTVEEEDH 5.
7o & 21, nginx Tl “nginx -t XE7 7 A V& La~v
FEEFTTLHILICEY, FET77ANVOLFEDIEL S %
REHIENTEL., REFHEEZZD L) 2HEHOY —
WEFRLRD, Juns 1 774 VEFFLTWEY 7 b
T TIZBWCLLFHATE, BRIWISE> T A EIT %
FLTX5%.

8. REFEHIUVERNOZAMEICONT
BEINER

8.1 BMULAETXMy—2X

KRIFFE T, REFET 2O EDO AT L L 24
DF =TI =AYV T b= TITRHLTHET L. 20k
2, NZEBERE LTERET A N = ADFE L RN T
Wdhotz. TIVolNTITR LT, NTI2E > THMT
AMr—ADEMELT > TIREFEEZEH L. 207
B, BIMLET AN — AR EPNTZHRA LD D
CIERR L. BEBEOER LT A Mr— A% v THEER
AT o720, R ARV HONL RSN D 5.

8.2 7ONTF 4 I77AINDNTIINT 2BEFEFEDFL
D/

KEERTIE, 70874 774 NVDONTIZONTIE, BE
HFFETENRT 4 T 74 VDI — % 5mAAA TV D ET
N OFERAERE L CRHMiZiT>72. L2 L, 5D 6
THO X2, AL S =BT 25518, V-
A= RNIZBWTTENRT 4 T 7 ANDF =235 H”IAAT
WA T AR N DR RERE L TR OEART5TH 5.
LaL, 7On74 774 VOTRCF—2 N 52kt +
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LIOIHELERITE LCEFET 2010, I—RETHICH
FNH X T XD H DL EEZLIIEL-D, TDL
I R EE 2 4T o 72,

8.3 TRXIy—ZXNETT

42 H TR L) IS, MEFETRETA M — A
WHNCFEITEND, ZDD, HERIETRTOT AN —
ADFATHNS —FETETFATEN T @ %% 7 4 — IV P4
BOMLDS, IREFETIIET A M — A DOFELTRIAT
PNBZ LD, LoT, TAMN —ADIERIZEL VY
HR, BN T 4 =)V REBOWIALASHE R % 25 %
LD LA, REFELHEHTLI12H720) RV FERH
ELERETDIEELH) ) b.

8.4 EBRMR

KWFFE T, REFEZ 2HORED T AT L L 214D
F =TV =AYV T b =TI LCGER L, ok
DIYATFLR, =TI =AYV 7 My =78t LCHE A
L72a, BRSO N2 helr S 5.

8.5 REFFHEVIMNIITHREIIBWISZTIMNIRED
HAnt

TUNT 4 T 7 AN, FATREIKA T 5 e iR
I—HFPRHAYIAXTELLHIITOT T LD ESR
LB EDS Sk NG, FIEOBAIZE, V7 by T
BIZEICBUT 57 A NREE EARFERE DR 5612138 %
LTUNT A T 7 ANVEHNLZ EZRLDT, 7 A ML
BOAFREEICBIU L 08T 4 7 7 4L VISNTHAEFE L
TWTHHRDIFAEZEIETE R,

9. BHYIC

AT, BEFO FL Fhx 7uX7 4 774V ET
PR L-FEERFE L. REFETE, d& 70774
LEDTAMAA IR ANELTEZBLZET, V—XA
I—=FNOK{ETOTITLLETUNRT 4T 74 VDEKF—~
SERMEEFR T 5.

BEFEY, REDVATLONTEF—T ) — AV
T TONTI L CEAL, MEFEEIEKL
FORER, 3HEONTICOWTEATE L Y ER OkEDS
"oz, F72, EANPUEE L7237 Th, EHE
RETHEOFTPENRTHDL EEZLNDLNT LIFIE L.
FATHERNE, K 45%DIINTdH o 7245, B L 7z 1%
TN E BB DTH o 7.

AROMY A E LT, WRET LT 7 A VO Z
LTV EDHITONL. KOBELLTE, KbE
COYVRY P THBIEEN TV XML 77 4 VST 5
ns.
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