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Automatic Fault Localization Approach Combining Test Case Reduction and Joint
Dependency Probabilistic Model
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Abstract: The current test case reduction methods can not improve the effectiveness of fault localization, and the current fault
localization approaches do not fully analyze the dependency of program elements. To solve these problems, this study proposes an
automatic fault localization approach combining test case reduction and joint dependency probabilistic model. Different from the usual
test case reduction approach, the failed test cases are fully considered in the proposed test cases reduction method based on execution path
in order to provide effective test cases for fast and accurate fault localization. This paper defines a novel statistical model—Joint
dependency probabilistic model. In this model, the control dependency and data dependency between program elements, the execution
states of each statement are analyzed. An automatic fault localization approach is presented based on joint dependency probabilistic model.
It ranks the suspicious statements by calculating the joint dependency suspicion level of the statement. Experimental results show that this
approach is more effective than current state-of-art fault-localization methods such as SBI, SOBER, Tarantula, and RankCP.

Key words: program analysis; fault localization; test case reduction; program slicing; statistical analysis
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Fig.1 Model of automatic fault localization approach combining test cases reduction

and joint dependency probabilistic model
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Fig.2 Model of test cases reduction approach oriented to fault localization requirement
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Fig.4 Model of test cases reduction based on statement coverage and fault localization requirement vector
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Fig.6 Establishment of joint dependency probabilistic model
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Fig.7 Fault localization approach based on joint dependency probabilistic model
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I (Y B A0 HAE 2 A 28 R B 44K R ) M
X 3(8), LA N AT B R

®)

suspicious _score(JD) =

I 81 A B DU SR 5 MR O R H A 1 AT RERE AR /D

(2) BRI I AR ZRAE IE A MK 81 o R H B, DO A2 BER o K 0 5 2% L 5 P T RE AR Wl K 0
T BERIIN 0 f97Y s, EAEIL 20 1 1R DR/ 20 1 JOK 2R W I 1 8 G AR A A 12 DI 491 v et B
(¥ K 2 WU, SEAT AT e A R

RT3 S R PR T 30 A BT SRS D FORMMBUINS PRI 5 MM 0% AR (14 R B 32, B

suspicious_score(JD|state=true)fl suspicious_score(JD|state=false).
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LE S 3k £ suspicious_score(JD|state=true)Fl suspicious _ score(JD|state=false) 1% K¥FAF N suspicious
score, AT HTIRH 4.

4 KRERSH

4.1 KIGEIE

AT SEU6 B AE ] T Siemens Suite! A spacet® ] BAK{E B WL 1.8 5 1 5 ANFERE L 2 51 6
ANFRJT XS B R A AN LB 3 4 0 R 5 rT AT ARRE AT 40,28 4 20 0 R8N T2 7 S AR 1l R 4 A 4, 28 5 %71
NRATEIF T REIA Siemens Suite 7 7 AL AR ThBEN) C B2 )/7, AP EL N TEAM I ed T
FEATR T B 1R AR 3 6 8 T T 8 MO v R — AT ARG SR N T ) T8 IR S BT 4 18 R
DIASEAUL S s A B BE A7 AE (R4 5% space BRI K JRI T &, 15 Siemens Suite #H b, space H. 45 5 £ AR 47 HF0
WHBAEX 170 ARRASFIER TR AR 21 AR, G 4E:(1) Jo8 3RS 1 :schedules2 (155 9 ANk
A replace 155 32 ANAS, space 5 1,2,3,12,32,34 MEIRRAS;(2) 1k 3045 5 print_tokens %45 4 F1%5 6
ANERRRAS; (3) FEP B it replace 58 27 ANNRA, print_token2 [FZE 10 AN A schedule 5 5,6,9 -
K space [1 5 25,26,30,35,36,38 MR A MIBE 21 N A S5, %) Siemens Suite 1] 123 AMRA R space 1] 26 S AS
HEAT T 52560

Table 1 Experimental subject programs

F1 KRB

Program No. Line Num Description
print_tokens 7 472 4130 Lexical analyzer
print_tokens2 10 399 4115 Lexical analyzer

replace 32 512 5542 Pattern replacement

schedule 9 292 2 650 Priority scheduler
schedule2 10 301 2710 Priority scheduler
tcas 41 141 1608 Altitude separation
tot_info 23 440 1052 Information measure
space 38 6218 13585 Array definition interpreter

42 LWERBH

4.2.1 WA A8 24 17 5 125 5 B 45 SR 4y dr

A3 Siemens Suite FEALK) 7 MRLUF I 100
123 MABR R AT space 2T 26 AN SRR
ARHEAT T S A T BT LR 2 A
Bl T34 7K1 F AR S R R AR S SO 1 S
AMFRFIEAE S5 /MBS S RE T a2
— AL BORIPY 4y 2 A S DY gy 2 — A E
DY 45 2 = R ¥k RS (0 B R B Al 20 B
R T PR A A R, N AN RO B R
g /M.

ALK HFEE G T 8 IR P A fa R
(reduction rate)[¥] 43 Aii 17 &L, Wik 8 JiTR.

i 8 m LA L8 AR HIFE N K
i Y0 B LA AN, 22 W 4 a7 1 Dk P 451 % B
L& . schedule 85 AR HEIR K,z 2z i 25 T 48 2 11,3 2 IR 4 % T schedule FES 4 AMEIRRCAS,TE 2 650 4>
TR A8 v, D3 D03 FET 461 o il 857 Py 8% 42 35 A AH TR], 20408 B s A i D9 77 A 350 23 0 P 48, 3 28 AN 357 A

80

60

40 =

Reduction rate (%)

|
1

rint_tokens
tcas
tot_info
schedule
schedule2
replace
space

rint_tokens2

p

o
Fig.8 Distribution of percentage in test cases size reduction
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WA R 24 Al i DA B 45 B 42D B A BE S R AL RS JE R B Tarantula J5 & 3EAT 8 % 2 AL IN,
i AT 2 650 AR 81,48 e A HE 44 S 28 161 07, 14 F 205 J5 1) 357 /NI 491 At 0 o o 44 B2
FIEE 66 ., 21 28 (reduction rate)f# [ Yu 25 AU B9 A R (9)E47 51
A 1 Z"Jﬁ{ﬁ%‘!éﬁﬂ‘]?ﬁ)ﬂ?ﬂ’l\%ﬁ
DA ) A5
K FREF space,Yu 5 NUSIZERLSZBG i N TN T 20 AN IRARAS, 55 A SC 152 58 BRAS $ H AN AL I8 ik, A S
{# Siemens Suite (K455 Yu & NS HY J7 EHEAT LU, LR 2. 30 SA 56 T35 0 7 25 1A 0l P 461 40 155 7
15,VA g 5E T ) B R B 20161 7 vE B3R 2 WL H,SA Ui R A iR KINAT 5, AR O E S VA JiEg)
] ZR AR L.

x100% ©)

Table 2 Experimental results of mean reduction rate on Siemens Suite (%)
% 2 Siemens Suite MR 1125 £ 1 Z 546 45 (%)

Program  print tokens print tokens2 replace schedule schedule2 tcas tot info  average
SA 96.654 97.123 94.426 97.657 97.495 97.728  97.043 96.875
VA 24.330 28.006 25.939 54.678 35.702 95.100  68.241 47.428

A5 36.934 48.821 41.411 25.094 15.978 99.440  67.395 47.868

N T 5 Yu %5 AR 0 7 AT B AR SOH A 24 187 10 R P 451 R0 240 16 i (0 003 FH 481 £ 4 Tarantulal %N,
FFAC A s A &5 R 45 B WLER 3, 3L Y #E 1A R (ExpenseChange) /& XN
ExpenseChange = Unre(;;;c{i}!}glﬁc%g;gggRank %100 (10)
Hrp, UnreducedRank I8 AT A L0 1) 1D 491 155, T B8 18 A1) (1 HE 44 s ReducedRank A3 AT 21 I 1008 1 491 F
A SEE ) B HE 44 U :ExpenseChange 4 1EAE I, 2 7 24 187 J5 B3 FH 4810 ) DA v 6 2 08 A7 HRORS BES IR
ExpenseChange h SU{E IS, 2 7 24 1] Ji 30 X FH 491) P0G T 68 158 . A7 1) B

Table 3 Experimental results of mean ExpenseChange on Siemens Suite
% 3 Siemens Suite MREE T ExpenseChange FI{H 525 45

Program  print_tokens print tokens2 replace schedule schedule2 tcas tot_info  average
SA —4.934 —4.597 -4.747  -8.805 —6.081 -6.854  -4.895  -5.845
VA —0.062 0.408 -0.31 0.367 —-0.600 -0.019 1.075 0.123

A5 i 2.077 1.723 1.172 5.022 3.322 0.921 0.614 2.122

2 3 W LLE H:SA 7751 ExpenseChange 25 23 514,28 W SA 217 5 (390 38 FH 451 FRAR T 48 5 2 N 10 RS J
VA 75 1) ExpenseChange H 1A 5, Ut W] VA J7VE 21 e 9010 51, A SERRAS T DA S el 8 5 A7 A K 2, A 4
FEAS H AL T 0 5 7 (00K 2 110 A S L Atk 4810 249 17 75 702 1K). ExpenseChange #5243 1E AR, HLAB AR XS 80K, 13
WA ST H P IR P9 24 1 735 T A 2808 e i 10 R L PR RS L

F* 4 NARCTIEAE space PR A S0 45 .t F space I AT SAT ACAD AT B oK, IR o, R
ExpenseChange {EAAX /N, 2N 0.129, #3458 A 20(10), nT 8615 A HE 2~V 38 LT 8 A, v LA 80 48 F R N e A iRk
PR R R IR ).

Table 4 Experimental results of test cases reduction on space program
4 space MRS IR 491 &4 1) 52 56 45 )

Program Mean reduction rate Mean ExpenseChange
Space 23.025% 0.129

422 BEREALTT S 5 R
J T 5 CHEWIHAT R, A SR N T-scorel® 3172634 e i iR &k 358 s o7 (KRS B, I A (1)
Pw:
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RSB AR E AL A
BT ARRDAT 5
AT IS UEA SCHE A R e A VR A RO AR S5 v S SBI,SOBER, Tarantula,SF,RankCP 5 vk [ S 56 45
R 9 o, X Bl $R BV R A TR A VE ) I B A LY O D e AL R AR [ L 2R iE R fault_percent,
AR A2)FTR:

x100% (11)

fault _ percent = Ekyjﬁ/éi&%*ﬁﬁmzkﬁ x100% (12)

10—
100 4--4-
904
804~

70 H :
(T0p I—

[y : Our approach+whole test suite
50 i " —0—RankCP-best 1

fault_percent:
Percentage of fault located (%)

40 4 i~ —¢—RankCP-median
30] i —&—RankCP-worst
—o—SF
204 —<— Tarantula
10 .. —7—SOBER
0 i —p—SBI
-10 10 30 50 70 90 110

T-score: Percentage of code examined

Fig.9 Comparisons on the effectiveness of each fault localization technique

9 AR E LR LA

t Bl 9 RTLUF H AR 305 B A i v TR 158 78 VK P8 SBIT v i 1 1) 7 5 £ S T BT ) (1 T BE S e
I 2 P (1 2 FEA R ' I SR SE A AT O R R A 7 i 3, AN DU T 481 (9 AT 4 JEL.SOBER
SEE T SBL AT T AT IR 1 1A D BRI I BAT IR B R 11T, SBI T SOBER 5 v R g 5 A7 55 1 1A AH G IR 4%,
X T 5 5 3] TG DR I A R, 78 A R 88 722 Tarantula 7 v R AR AT B8 G0 (09 78 2545 B 0H B0 AT iE A 1 )
5 BE 1 5 A R E Y BAR Tarantula ] DL 7 T 45 R IE A HE RAH TR FET NS MENNE S
T I AR WTRR AT I (R R AR AR S AR AR I ] 1 BAROIRES SF AR AR S HAR AT B AR i Rl b T
7 76 25 ) 1) 42 A AR I OC R DL SRR $HUAT B 4% 76 38 0 B AR AT IR A& LR R & A7 K5 B2 1= T SBLLSOBER FI
Tarantula,{H 1% J7 7% I A 4 TR 7 70 3 18] 1A 088 A 045 . A 3L ¥R RankCP VA /3 AT T R 7 70 2% 18 1) 4
TR 5% R 3B 20 B T R I8 25 18] 110 B0 46 #9156 28 RankCP K 4K 1 9 4% 5 R8I 20 B M 45 4, 38 o R K ol
(PPDG), 4t 1 76 3 1) [ 4% A 0% R AR B ABE JIT A 15 1) B BRAT B AR 28 05 AH 55, 1T S B b R )3 AR BAT i e o g
BRI IAT IR 2R I AAH [, % T 49 3018 ARG IR 18 A, A RS GBI B BB AT IR S AN TR R K
RankCP J5 45 vk HUAL T — 4% 8 15 WA PR 90 80 A7 8 158 7 0, BRI e i 7 VR G T el SR LA ST B0 i i o 7 &5
R,5y 54 RankCP-best,RankCP-worst,RankCP-median. 45 SCHE HY T 5 A1 RE 284 7Y 32 B B ANAN i 20 #r A
5 SN FPIR S e PAT B2, 1T EL AT LR TE 1 s AE A AR AS T 5 FLHOH 108 51 ) PR TBG 45 A MBURE 26, 70 7R )7
AT B8 AR I JE A b 8 40 20 A T 2 AR S RN B AR B, e 6 I U 2 AT AR (R A R AT R RS T e T
B e AT BN B9 B LLFE A oA 24 7 £ ISR P 8, AR SC O VR AR R A A R AL T RankCP-best. fF
A7 A TR 4 H IR 3 1 ) B A S i R DA AV BE 25 B R WU AR IS AT AR 3L IR A 167 i 1 B B R A R )
50% I8, AR S ¥R LASE AV B A 1 ) iR

5 MR TR A JFVETE space MBS H (¥ S50 X L g5 4L, 3L rh HE 2 W8 & RankChange & XA
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PreRank — OurRank
PP AT AT AL
Howfr PreRank Jy i w7 A\ J7 ¥ (4 SOBER, Tarantula,SF,RankCP-best) s i & 11 (1 HE 44, OurRank g 4§ F A< 3C 5 ¥2:
R R) B HEA e T LA H:RankChange R 1E 38 W 51T N J7 VA0 L, AR SCT7 AT DL v i e 58 7 (R0 RS B I
Z,RankChange h 11 .38 W1 5 0T N J5 VAR EG, AR SC U7 VR BRAIG T 5358 78 A I RS S8 s Rank Change (AR ROK 2 B 567
TTVEAR L A% 30 T7 0 i 1 S 67 R B TR 3 SR B B 2

RankChange = 100 (13)

Table 5 Experimental results of fault localization on space program
5 space MR AR TR 1R 5T A SR 45

Program RankChange
& A J51uSBL A1 SOBER AUy Tarantula A J7¥L:SF A7 V/:RankCP-best
Space 0.2412 0.193 0 0.209 1 0.160 8 0.080 4

4.2.3  /NIAREE IR A R B

FE DL AR DL UK P 8 8 A AR A 30, DR b, AN SCHRSE 77 A 8 5 Ul P 9] 8 85 20 e ) 8 % 5 o7
FEB 10 235 A AE ] 1,3,5 LUK A R R R 0 K A9 T 0 5 308 5 8K A A0 i 3l A9 4 4 AR ST VR 2 i I
(32 481 B 45 3R 6 %k Siemens Suite £ /7 4. RankCP J7 VA B Uk HUBE AT T 1 4% 85 B A9 2R AT #5822 A7,
1A S 75325 5 A DU 491> 5 B . 11 10 3 B [P D 1 2 B R K 9, AR ST 3 PR 0 A 6 5 PR v
T RankCP-best; bt 4 £ 1 I % H 91 £ H 10938 22 A SO RAT ST et PR R 8 A R L

% 110 [ S S R A B A

o 100 S S N S NP S S S
h . !E75 O SRR

S ~ S I
=< 90 /%’%’0 e
s - S

§g SOy

~F 70 ¥ —no— Total failed test cases |
§ 2 60 —o— 5 failed test cases

N —+— 3 failed test cases

S 2 .

5 & 50 g —— 1 failed test cases

3 40 —{— RankCP-best

< 3

-10 10 30 50 70 90 110
T-score: Percentage of code examined

Fig.10 Effect of the number of failed test cases on fault localization

P10 R0 R o) 0 X 438 R A () 5
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B FE teas IUER 8 AN RRASHEAT SEB B T N IR J7 2N 58 9 MR IR RN B3R 8 A RCA b AR 4 2 4
FER TR, T LAV 2 A T-score {H.JE UK L8 T-score M f NABAE A 55t 24 1) T-score. 3l ik SE 56 & I, 1 [79) 22 AN iR
[0 I 5 SR ) SR B T A 2 A ), A TS T 0 A R 40 R X st 22 AL K R 24 1 D R A9 A L, 4 7 S
TR AT SR T DA v B 1 58 AL RS L

5 HRIE

ASSOA NG B 24 ] 5 PR R (8 D — AN A 3R M T 4 I 4 24 T 5 TR R AU R S B
AR B B B LT VE 8 AR SCTE a1 TR R UK B 06 i 5 AN (1 T SRR AR B R 6 I 7 3K
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