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Multiple-Fault Localization Based on Chameleon Clustering
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Abstract: There exist usually multiple faults in software systems. Mutual interference among them inhibits the ability
of fault localization. A multiple fault localization based on Chameleon clustering was proposed. First, the suspiciousness of
program elements is computed based on the combination of each failed program execution trace with all passed program exe-
cution traces. The most suspicious elements are selected as feature elements , which reduced the corresponding failed program
execution traces. Second, the reduced failed program execution traces are performed by clustering analysis, after that, each
failed cluster contains one fault. Third, each failed cluster merges passed cluster,and then the suspiciousness of program ele-
ments is computed. Finally, multiple faults are located simultaneously in terms of the descending suspiciousness of program
elements in each failed cluster in parallel debugging mode. Experimental results show that the approach located multiple

faults effectively.
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4.1 KX

ARSCF R T SE R gzip grep sed Fl flex
44~ CF2F", M SIR (Subject Infrastructure Repository)
( P4k ; http : //sir. unl. edu/portal/index. html) T 2. gzip
£33 5000 Z2ATACAS 2110 A D451, 5 B 1 4 0 i 1
AR R DIBE s grep £ 7 9000 247445 806 /> 1K H]
], S BRAEHE — SO 9 DE BC 45 5 B2 0 D fiE 5 sed (1%
76000 Z 4TS 360 ST 5], 52 B0 SR AL B )
fE s flex 40 & 1T 7 AT4CHS 567 AN 3 FH 451 , 52 30 3] 9 43
Hroie.

X DU B AR OAS , BEBIL 5 — A 58, 24K
R e R, IR IR A — DR A,
B L 10 AR A R RROAS , AT A i 1-,2-,
3-,4-,5-,6-,7-,8-,9-, Fl1 10-fault BYEE =LA, 0 1 By
7. RT3 S5 BB R 92 57 5 24 Ubuntu 12.
04.2, 4iFes N gce4.6.3 i gee B Geov H A FREUZ
B ZHEUE LI EIAE Eclipse -5 2B

F1 EFRHERNH

AERAL gzip grep sed flex

# of 1-Fault Versions 18 14 12 22
# of 2-Fault Versions 30 30 30 30
# of 3-Fault Versions 30 30 30 30
# of 4-Fault Versions 30 30 30 30
# of 5-Fault Versions 30 30 30 30
# of 6-Fault Versions 30 30 30 30
# of 7-Fault Versions 30 30 30 30
# of 8-Fault Versions 30 30 30 30
# of 9-Fault Versions 30 30 30 30
# of 10-Fault Versions 30 30 30 30
Total # Versions 288 284 282 292
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X (4) R,

Cost = Rank of faults

Number of executable statements
P E LA 1 SR ATE RN Cost, PRANAE 12
AR (n A) BRI E LA A (S) Prs.

Total = Z Cost, (5)
i=1

(3) KAt 4 (EXAM). 34 T 500 1 0L L A )
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(2) 58 AV B 4R 1R ) Al DR R T RCR AT

Kl 4 DB 53 5 /R T gzip (grep . sed (flex &
A7 AR AT R B R R 8 AR L, e, B AR B R
FEF TP AT R B, AR AR 3R 75 08 O 0 TR P 2 R A R
HE LA TE B & 4 v i 2R 22 I 87 H3 AT IR A =X
AL AR A R Y R LAY, R kA I 3R OR SR A
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398 H, + = R 2017 &
gzip grep
0.25 0.25
0.204 0.20
‘% 0.15 1 ‘:g) 0.15
b 3
% 0.10 *g:)bo 10
& 52 .
0.05 1 0.05
1" B P ) E é B -~ By
0.00 e e 0.00 *E’b;ﬁ;*g%%%
’ T T T T T T T T T T T T T T T T T T T T ’ T T T T T T T T T T T T T T T T T T T T
1-F2-F 3-F 4-F 5-F 6-F T-F 8-F 9-F10-F}1-F 2-F 3-F 4-F 5-F 6-F T-F 8-F 9-F 10-F 1-F2-F 3-F A-F 5-F 6-F T-F 8-F 9-F10-F1-F 2-F 3-F 4-F5-F 6-F 7-F 8-F 9-F 10-F
Sequential Cluster_parallel Sequential Cluster_parallel
(a) (b)
sed flex
0.25 0.25
0.20 0.20 _l x l
EO.IS— §0.15—T —
=} © 1 °
° & o
20,10 £ 0.10 I D
0 =20 A= -
] x E e
-
0.05 0.05 Eéﬂé
1 & b3 * o -T T
0'00_$ %$$@*+++$ﬁ=—§—=&=ﬁ=¢*+++ 0.004
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
LF2F 3 4-F 5 6-F TF8-F 9-F10-F1-F 2834 4-F 5-F 6-F T 8- 9-F 10 -F2-F 3-F 4-F 5-F 6-F T-F8-F 9-FI10-F 1-F 2-F 3-F 4-F 5-F 6-F T-F 8-F 9-F 10-F
Sequential Cluster_parallel

Sequential Cluster_parallel

(d)

W F ) : Chameleon 27T 5 14 2 L2 AU B 2K
T AT IR A A R AL . N, T 4 (a)
gzip FEIF , BRATIRIAA e A 2 A5 IR I P 2 5 1R e
MR 7.29% 5 1 RS HT ) AL 2 B R T 2 5
AN 3. 58% RCRIETHIR B}y 50.89% . K 4(b) ~
(d) i E I AH A R . Sk b R A W R AR T
E A TRAS TR IR E AL A

(3) 53CHRLS 17X L

22 R A SO S Sk (5 ] O i v B 4
BRES TR A S B25 5 R TREP AL 1 ~ 10 MR
B, % I 4 SRR )F, SCHR (S ] Hr 5 ik FAS SO i
FE 7 A R 10 A R AR AR 2
A LA BT AR SO 15 W A DR 8 AR AN IR T SCRR 5 ]
DR R DAY O R SCHR (5 ] 5 i 2R G
GEE R Z R IS, 76 B W% AR A A 2 R AR S A
BRI A3 BB T, IR A2 AR A A A 5 T R 43 ok
J& TN, JCIRIRES , 10K 52 i SR 203 45 SR 1) E
NI AL e DA €
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gzip grep
0.5 0.5
0.4 0.4
2031 ) & ] M- 2037
=] =]
% = =Ran H
5 0.2 5 0.2
& E « & Eé
| Q o 1.~ ; chdhy
0.1—§ ? 0.1 EEE
C
00 L T T T T T T T T T T T T T T T T T T T T 00 _ T T T T T T T T T Q% T T T T T T T
LF2F 38 4-F 5F 6-F T 8-F 9-F10-F1-F 2-F 3-F 4-F 5-F 6-F T-F 8-F 9-F 10-F 1-F2-F 3-F 4-F 5-F 6-F 7-F 8-F 9-F10-F \-F 2-F 3-F 4-F 5-F 6-F 7-F 8-F 9-F 10-F
Sequential Cluster_parallel Sequential Cluster_parallel
@) (b)
sed flex
0.5 0.5
0.4 0.4 E =
_ A
i i
%03+ % 037 - . <
3 Z o
S} 1) i o Cd
S &
g 02+ 5 027 é
=
0.1 0.1 =
el T
* * ==
OO_T-?-E%% T T T T T T f?%%% T ='f==?= T T 00_ T T T T T T T T T T T T T T T T T T T T
VF2-F 3-F 4-F 5-F 6-F T-F 8-F 9-F10-F'1-F 2-F 3-F 4-F 5-F 6-F 7-F 8-F 9-F 10-F |-F2-F 3-F 4-F 5-F 6-F T-F 8-F 9-F10-F 1-F 2-F 34 4-F 5-F 6-F T-F 8-F 9-F 10-F
Sequential Cluster_parallel Sequential Cluster_parallel
(c) (d)
B4 BRI A TR E At R 0 R AR AN R
FR2 AXFEMIE[S] FEEMLMBERKMNITEE
(g PN iR/ 1-F 2-F 3-F 4-F 5-F 6-F 7-F 8-F 9-F 10-F
) SCHR[S] 3.65% 6.20% 7.35% 12.09% 15.21% 27.48% 25.36% 29.81% 30.20% 30.85%
gz1p
Cluster _ parallel 3.47% 3.58% 4.75% 9.43% 12.99% 24.90% 22.33% 26.13% 27.32% 28.52%
CHR[S] 3.52% 3.62% 6.34% 7.29% 7.24% 11.21% 14.62% 15.31% 16.16% 17.81%
grep
Cluster _ parallel 3.49% 2.79% 4.33% 4.87% 4.96% 9.52% 10.85% 12.84% 13.61% 14.08%
R[5 ] 1.05% 1.11% 1.22% 2.23% 3.10% 3.98% 3.98% 4.29% 4.65% 4.72%
sed
Cluster _ parallel 1.02% 0.60% 0.68% 1.54% 1.79% 2.22% 2.45% 2.49% 2.51% 2.73%
SCHR[S] 13.31% 17.24% 23.49% 31.38% 33.87% 35.32% 36.13% 41.24% 41.32% 41.45%
flex
Cluster _ parallel | 13.15% 13.64% 16.39% 22.93% 25.08% 26.60% 28.03% 31.41% 32.03% 32.95%

(4) PR ICUHEO
%3 R T R BL R IR
BRI, W grip  grep . sed Fil flex f )ik 2% 18 ¥ L.
IR 2 A 0 25 1 152 2 P VB AR o
SRS RECR I 3 44 2 4T BT R (all” $5 A0 E
4 AERFE). B IRAT R G (6 % W it ik £
W 3 5 3 ~ 6 47T . M R T I« 24

Je A 1Al 2 AR R I, 47 1A U 3G I ik
RRBN 1, ER P P 3 ~ 10 BRI, I 47 1A
BRI R AR B 1.1 ~ 2.3 3k, AR X A I
TIGE AR T 1, (ER IR/ T R 47 9 0 5K
8 I3k AR, AT FEAR T 98 AU, X T & 2
AR TR AR R R UL, A3 AT 9 G o L i 5% B R AR

HEEMIMIRON
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ik F&JF |1-F [2-F |3-F |4-F |5-F |6-F | 7-F |8-F | 9-F | 10-F

Sequential all 1123|4567 |8|9]|10

gzip | 1 | 1 |1.1]1.2]1.4(1.9]2.1(2.2|2.3(2.3

Cluster . | grep | 1 | 1 [1.1]1.2]1.4|1.7[2.1]2.2]2.3|2.3

parallel sed | 1|1 [1.2|1.3]1.5]1.8{ 2 | 2 [2.1]2.1

flex | 1 |1 |1 |1.2|1.3(1.8]|1.9(2.1(2.2|2.2

IR 2 56 25 T S, i Wilcoxon £3F 5k Al
R0 5K 36 UE A SC 5 ¥k 5 % b O ¥R I RCR IR T S
=R E K o =0.05. Wilcoxon £ 5 Bk IS 5 B
Wilcoxon F 1945 42t , F T Eb 3 WA~ 4E 1B 2 SRR
AHY B, B ARG R B A RS B
BEREIR 730 , B TRE OL AR 1 B0 i FE T R AE. B 0E 40
TR AR S IR S T IR I B R E AR R B
#2259, Wilcoxon £F 5 Bk AL 56 118t p (/N T
0. 05, FE4n i ik, BRI, A N AR SO i Lo X b O i
BRI .

5 M

15 =H

20 BRI RE A TR B 3 1 ) — A SRR AR
SCHRH T 2ET Chameleon BT Y 248 iR e 1 ik
3 BRI T B R R AT LI A5 B R
AL — A R, I E LR oh i 24 R 1 5k,
BB — IR AT B30 0 i A7 B IR AT Ui & 9F 3
HRBE S, 10 I T B 0 3O6h A I 2% BCER AT I3 2t
Fr 2ty s FU, THIAT T PIAS JR WEC R 1A AR G 328 2 AR
XA BE AR 265 2 B R 45 I 1 8 A IR IO AT Lot
AR B 2835 s PR UK, 3 B S WL PR 08 78 BT A S
FTUE & o — AR, A I 5 7 i i VR BE O
A R R A Y ) s B i, 1 A IR T R A A A E A
P AR LAY R SR T AT IR AR O E A R ) 2
AR SRR A 2 DR IR AR P E oL 2
1 ANBER B A TR DRI, AR ST 3k LU Hp AT 9 i U R
TENLRCRA W T, I BRIk A T R R
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