620

RAI=TA] 22EY ] B & A 40 A A 10 £(2013.10)

E Alolsd] A% AWGES

o] &3k 3¥AHE AY AXFAE 71

(FEAST: An Enhanced Fault Localization Technique using
Probability of Test Cases Executing Faults)
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Abstract Fault-localization is a very expensive step of the whole debugging process, because it
usually requires human developers to reason about the differences between passed runs and failed runs
step-by-step. Thus, there have been active researches regarding automated fault localization based on
test coverage. One main difficulty for precise fault localization is due to the coincidentally correct test
cases (CCTs), which are passed test cases that execute a faulty statement. In this paper, to overcome
this limitation, we propose Fault-wEight bASed localization Technique (FEAST), which can reduce
the negative effects of CCTs by considering fault weights on test cases, which indicate "likelihood”
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of the statements executed by the test cases to be faulty statements. To evaluate the accuracy of the
fault weight metric and the precision and stability of the suspiciousness metric of FEAST, we have
performed a series of experiments by applying both FEAST and a representative fault localization

technique called Tarantula on the 10 SIR benchmark programs. From the experiments, we confirm that
the fault weight metric can recognize CCT accurately and the precision and stability of FEAST are
higher than Tarantula. For example, FEAST identifies a fault after examining 14.62% of the target

program code on average, which is 26.55% more precise result compared to Tarantula.
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Fig. 1 Example of coverage-based fault localization
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8838 2= 9uh
FEAST 7| #84& 3743t7] 9Isf 243 91
AT AEE izt &S 8] FEASTS Tarantula
7192 SIR benchmark[9]e] 107) =23 s 3
gate] AFS FIsIATE v Felxe AP A
2 g8 ol sl ARtk
4.1 AF oAt

A8S s AFgE Z233S SIR benchmark]
10709) ZRIaHGE Dolw, 2 F T Z2ade
SIEMENS  benchmark <] AEolH, e ==

aWLe AA AFSAR o3 /‘]'%5]% £ A71(9000 &
ol4hel Zzao|tHflex 2.4.7, grep 2.2, space). SIR

149 0y Z273y
Table 1 Experiment objects

Target program LOC # of faulty ver. used # of test cases Description
print_tokens 472 7 4130 lexical analyzer
print_tokens2 399 9 4115 lexical analyzer

replace 512 30 5542 pattern replacement
schedulel 292 5 2650 priority scheduler
schedule2 301 9 2710 priority scheduler
tcas 141 41 1608 altitude separation
tot_info 440 23 1052 information measure
flex 13273 16 567 lexical analyzer generator
grep 14659 3 805 pattern matcher
space 9564 28 13585 ADL interpreter
Average 4005.3 17.1 3676.4
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Table 2 Fault weights of test cases for the target programs

. Passed test cases
Target Failed test cases CoT NonCCT Total test cases used
program Avg. # of | Avg. fault | Avg. # of | Avg. fault | Avg. # of | Avg. fault | Avg. # of | Avg. fault
test cases weight test cases weight test cases weight test cases weight
print_tokens 69.14 0.88 1960.14 0.66 2100.71 0.50 4130.00 0.58
print_tokens2 229.33 0.90 1187.89 0.64 2697.78 0.74 4115.00 0.72
replace 100.63 0.90 2218.83 0.81 3222.53 0.57 5542.00 0.67
schedulel 142.80 0.98 1431.20 0.95 1069.00 0.63 2643.00 0.82
schedule2 29.00 0.96 2518.89 0.90 153.56 0.21 2701.44 0.86
tcas 39.66 0.98 845.56 0.90 722.78 0.49 1608.00 0.71
tot_info 83.74 0.89 680.13 0.81 288.13 0.34 1052.00 0.69
flex 207.44 0.90 108.25 0.64 229.69 0.42 545.38 0.65
grep 318.00 0.88 46.33 0.28 386.67 0.46 751.00 0.63
space 1954.21 0.91 2302.14 0.79 9328.64 0.63 13585.00 0.70
Average 317.40 0.92 1329.94 0.74 2019.95 0.50 3667.28 0.70
benchmark®] T2 I1#EL 1 E&o] w} UlF 23 E Ao]2z9 3 AWIRAE 7153 FdS G4 T
of M2 thg W ol W T2y % A WA | HAE Aozt of@ RS AYHAEAS U
wet EAske 2 R TRV AR g2ed A3 Bie HolE(2¥ DS AT 7 HZE Ao]x9
AR JEel AL ZAAY AP BUR AY AW AT EE AhHE FAT H2E AsE
A73E Y 5 AUt Asgte] gle HAdA A3 & 238 5 Je A
® 12 A3l AHSE ZEOS 4 22O 4 Aol AR oE s A, 2& A A=
& WA F g HZE Aolxe £ Uitk 479 71529t 2 ARdAe AP Z2a4 HXE
A HAEL & Mo AFEE o] FERre] Ao Alo]z=Eel o3 AA| APE FEET 1, A
A= WA g2 A) T g 23E ) TE o)A ®H TESulo] FEASTS Tarantula 7%l &8 zk=}
of Agel gt WaT BE e AT dek ARE AN JUEE A Boh AYE TRES U=
© 8 A7ASel Sl 2eagel dol Aesl, A b FEER Se e G 8E 43 Debian
g TES Adste HAE Aol gAY A9 HZ~ 6.05 =FA A9} Intel i5 3.6Ghz, 8GB WEEE gt
E Aolzrt fle A HAEL 2 =79 AFA st=so] BN A = Aok
A st B Ao M= SIR benchmark’} A|-&3} 4.3 &89 EtZ 0 LSt /IF 22!
£ RE HAE Aol2E AgSlgon, g HAE A Sel 489 Buwd U g 2 994 9Y o
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HIAE 70|20 S0i= 2&

317.40

1:1.5(= 20958 o]}, wE@k 3 2¢] whA ol veht 9l

o] CCTY ZF 7F&A %w(0.74)& non-CCT9 ?"a
3 7R #0500 BT £i1, A HZE Aol
A 7tEA B 092 Hihe &

a9 2€ 3 19 3HA Eel JEd Jde F 171409
A3 WA(faulty version) S04 AHEE BH|ZE Ao]x
59 A% 7tFA el @2 CCT9 non-CCTY Hl&
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15 S0, 09914 1AL]((2" 2) 7F2359) 0.95)9 2
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CCTela 12.3%%E non-CCTolth. Z, 090013 A%
NEAE 7HAE H2E Aolxd 23S 08779 FE=
coincidentally correct test case(CCT)Q1 ®WHA, 0.5914
0.6 Atelo] AZ 7t E 7HAE 4F HIEE Aol
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(CCT)Th

a3 3& 2 715l wE CCT non-CCT
A HES Yepdth a9 3o Yehd e uke} o)
55%9] CCT7} 0.801%49 7HEAE 7HA1 Ae W9,

% oe A% PFES 27 904 AFeIH e €
2E Ao|2Ed Uigt FAE Yehdch A3 HX2E A
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Fig. 2 Ratios of CCTs and non-CCTs for different fault
weights
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Fig. 3 Accumulated ratios of CCTs and non-CCTs for
different fault weights

Accumulated % of CCTs and
~

18%29] non-CCTRro] 0.80]1744<] 7HEXE 713 Qlth
Qo] AR ZRE B =FoA At A%
210] CCT$ non-CCTE F#3] FR3Th= A

=

5.2 RQ20|l CHst & FEASTS| HEHN

X 38 B AP AR 1070 o =2 a3
3] FEASTS} Tarantula® 43 2345 Yephdth
3914 FEAST71®¥o] Tarantuladl Hls| o &3k A
A & Uiy AHEeA 2 FE AAE F
e Ve BeA 2 228 A HEO L), FEAST
£ replace®} schedulel ZTEI1HE A3 TE ZE
aPoA A 79 X5 TarantulakRth o &8s}
A FA%T) G2 So] 3WA B9 print_tokens2¢lA]

FEASTY Tarantulas] B8} 81.28% ( %) 9 4

3lt}. AT replace9}t schedulel] el Tarantula
7} FEASTRY o gkt

P
o o l:l:l =



628 BRI} =EA AZEY] B & A 40 d A 10 5(2013.10)

=51

348 i ZEaddx A PRS2y 95
AARIOE Bk ARE TR BT UIE00)
Table 3 % of code examined to localize a fault in the

target programs

T % of code examined Relative
arget program |7, an. FEAST | Imprv.(%)
print_tokens 28.09 11.83 57.87
print_tokens2 12.88 2.41 81.28

replace 9.19 12.08 -31.37
schedulel 5.95 10.32 -73.59
schedule2 52.85 45.87 13.21

tcas 27.81 26.89 3.28
tot_info 27.30 15.92 41.67
flex 28.18 15.47 45.12
grep 28.54 1.48 94.83
space 5.86 3.91 33.22
Average 22.67 14.62 26.55
15 g L
14 1 1
13 ! !
1 1
ﬁ ! 1 O Tarantula
M 1
10 ! 1 FEAST
9 | !
8 |
#of 7 1 |
versions6 : !
5 1
4 :
31 1
2 ! 1
1 !
0 - LA

05 15 25 35 45 55 65 75 85 95
% of statements examined

Fig. 4 # of versions for which fault localization is very
precise
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HE9 %A} Tarantulaol ¥®ls] FEASTZE o ®7]
wjFolty 28 49 et 9+ vle} Zo] Tarantula
7ol A 5% wiRte] AYH FTERES FAIFGoZA Z

2) schedulele] w8l FEAST 7ol t] w& HE ol olffe
schedule19] TH A widaA g 7o) A3 72 27] 18] FEAST=
40.79%%°] A3E T Aok sk WA, Tarantula 0.66%2] 2
g P Aok ab] Weltt. ol diF Ag wAld o2 sle 2
3ol 971 WEQlEl (5.3 A #%), Tarantula 719 o]g-38le] A3 7+
o RS AMetH A FEE APste AT HAE Ao F7b
v Aol A o] Wt £ JHES /M
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Table 4 # of versions where a fault is localized more

precisely
# of versions where a fault
Target is localized more precisely
program Taran. | FEAST Tie
print_tokens 0 5 2
print_tokens2 1 5 3
replace 12 12 6
schedulel 2 3 0
schedule2 1 7 1
tcas 7 26 8
tot_info 0 18 5
flex 1 15 0
grep 0 3 0
space 2 18 8
Average 2.6 11.2 3.3

g FES 28 5 AE 2T WAse 44 171 M

©
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Table 6 Reasons for the imprecise fault-localization results

o,
Reasons for Ave. % Avg. susp
. . L # of ver.| of code
imprecise localization . of fault
examined
Multiple faults 6.00 52.710 0.875
' Neglible difference 700 61.150 0.949
in the top susp. score
Fault in a large .
basic block 7.00 71.210 0.904
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Table 7 Differences between the suspiciousness scores of
the faulty statements and high-rank non-faulty
statements DIFFERENCES

Target | Ver- || % of code | Highest | Susp. Of | Diff-
program | sions || examined susp. fault rence
flex 6 52.75 0.984 0.939 0.045

2 61.30 0.977 0.941 0.036

3 73.50 0.980 0.943 0.037

schedule2 | 7 61.59 0.970 0.940 0.030
8 65.20 0.969 0.938 0.031

10 50.40 0.968 0.942 0.026

tcas 14 43.75 0.981 0.980 0.001
Average 58.36 0.975 0.946 0.029

blockel 1A (771 MA): UmA 771 HHE
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Nl FEEZ TFAE doH, o]& teasolA A 7}
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