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Review of Dynamic Fault Localization Approaches Based on Program Spectrum
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Abstract: Program spectrum based dynamic fault localization is an active research topic in the domain of software automatic debugging.
It aims to localize pontential faults in a faulty program based on a specific model which is constructed on execution behaviors and results
of test cases. This survey offers a systematic overview of existing research achievements of the domestic and foreign researchers in recent
years. First, some preliminary knowledge and basic assumptions are presented. Next, a research framework is proposed and important
influencing factors which can affect the effectiveness of fault localization are identified. These factors include program spectrum
construction, test suite maintenance and composition, number of faults, test case oracle, user feedback, and fault removal cost. In addition,
the evaluation metrics and subject objects used in previous empirical studies are analyzed. Furthermore, classical applications of fault
localization in some specific application domains are summarized. Finally a perspective of the future work in this research area is
discussed.
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A Aol A S 1 5 e 5 B 3 B IR AT 45 M 55 265 v L 9 It 2l 7 3 v i B 2 £ (fault localization) & #4411 %
HH AR Ry v B R — T S ). 24 IF RN B3 AR IR e A IR A W P A9 B AT 2 TN A% 8 SR B S 7 D7 v
T A R — SR IR 461, 88 5 K IR FE A ] 7T 8 15 ) Ak A P BRI e, R 120 P 46, O 55 2 T R Ak )
A UME, H A 4K B B0E B RE TE F) 8 15 AR X 2RI VAR B T 07 A AR A B s A . R Be 7 4R
T (R AT AT 9 FIRAT &5 S AN AL A Be 00, 1) A AMIF S0 N DA i RUCBR B 58 A0 7 R B T T ¥R N I IF 90 - HL
137 — E T 50 1 AR 2 75 75 P AT D0 3K P 481, T e B 5 A7 77 9 7 Sk A SR e 57 7 ¥ R ) 2 R B
P77 FL R AR I B R A AN R EEPRAT W 451, 3 R AR A A s, UK A R (R P A 5 A (491
WP RROBIC 2« B AROBOC AR BS T L o) BEAT 20 BT, LA 2 Bk e 15 AR AR DN 5 7 1) W] e S T Bl S Gk
BE4 5 57 34 ) 75 T2 03 7 4 S 2 0 (1) P 7 5 Ay, 49 2 UK 490 1 3RAT AT 0 R L 1 i B DL 1 s B B i 1)
TEAE IR 35 P9 10 R] B8 07 B, 0 246 28 e Bk B 5 A A1k 5 DA% B I e N 03 EAT B K e v 7 3 2 e B o 67 7
F I TR P AR 11 B 25 B I 22 A7 (spectrum based dynamic fault localization, [ FK SFL)& H aif —Fh = Hi w78 8
B M AL T ARG RIS i)
JE LA NALE 2011 455 B BB @ AL BEAT T R G010 0 5 1, AT LU LA 1 43 Sy Sk, K SR T AR
P A0 25 2 A IR S5 AT 9 A0SR, T ) B Bl A B 2 57 R 1K — AN B L7 1) (B SFL Il O HEAT T 8% 4TI ¥ 43
R B AR SC I 32 BE DT RR AT S A T
(1) SEHEIFRGHIIHT T SFL Ux Lo BT RIS e SR, 8 e 48 4R 920 BT 100 4% 75 1 A S B0 T A
23R R I AH DG SCHR, 48 Y SEL A7 90 HE B2 4R 50 H A B P (18 5% ) FR] 3%, 3K 26 5% i) [R] 3560, 68 18 e A%
BRI 7 20 MR EE A (test suite) FIAA RN 4EY . N AESRBE IS . MR AGIT S R E. B/ )k
TR B8 52 F R & AN R TR 31 BRAT R G20 A T WF 583 B A% Lo Il ORI AT TR ok U 52 55

(2) g5 T SFL SEUEMFFH & B 0 VT i A R UP- DU AR, 9 6E D00 2 5 16 458 FH B A AT T 204

(3) &S T SFL JyvAAE Ly e P i A5 v 1) 1S H 3 2 0k el 60, 465 O A K. Web 2 HT IR
B = ST N 2R G R[] )= 45

(4)  OWFHCSCHERIIT 51 H 2 2 SCR, FRATI DR 4 h 78 17 3 A ok 1B A AR IE 5 1 SR 40 0 4 o, HOR 36 AH S 1t
FUICHRIE 80 F.

AT 1A A AR EE A B2 2 TR SFL J7 VAT STHESE 28 3 FT M IRRHHEZE P () — R A5
IR BEATIRN M7 56 4 70 247 SFL SEUEAIT T A A AT VR, 3 i DG 28 1k Pl i A R SESIEATT 5T Hp A T 1)
PRSP 55 5 70 SFL 5 70— L8 s Wl 40 dal v () 5 FH 2R AT R 45 05 J s &85 4 S0, 0 2R SR B 45 G I ATE T
77 W HEAT R 22 R4

1 Fas& iR FEARRIK

1.1 MEFR

SFL 7 5E A7 n] B ¥ ) I, 75 S50 A T R 2 003 P 451 0 3 4 K J88 8 I3 T 490 ) R P AT AN P A T 8 IR 0 T o
IR 25 A5l A V) 70 B R TR 1) ) BB AL B AR T={t 1,0 1} I BRBETRT P MBS DR A, b 58 7 AN
BN 4 T — A X (00 s o, Fom R ] o i SEBREi N 0, o o BT A AR BE 6, S KT
19ty 5 b 8, 4 00 FE 481 1 52 B 6, 5 TR H o) DRARE— S50, B % D00k FH 4910 Ay ple 2 03 i ) (passed. test
case); 75 W, R0 8 FH 461 A 26 Wik 491 (failed test case). PRI, M 4 305 460 76 F5% P b BT 45 38, w) LAkl
B T RIS AES T, M T3, T, 8.5 Fr A seZh R F A, T, 60 3 B A 9 el ik Al 441
1.2 ERRE

H 7T, 34> SFL 5534 8 37 76 — 5 9B S SL A |- Steimann 25 AW DA IR A G5 MW 4 AN REAE 3P

o BV 1:BH A B4R IF i (coincidental correctness))m@ P, R, Gk W 5 1) BE AT A 4 1 2y ot ] 491 78 2% 39,4

] BE A S IR T 451 78 5 3.
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o B 20BN RN B ) 22 /b 2 7T 2 B 1 AN BRI ).

o B 3: DX D T S S TR BRI RE P P S 5 2 A1 PR 2 56 B BT DAAE B R S DS i M) i B A
SRAE T IT RN A BEAT BB E A

o B 458 SEHRPEATIN B B, B AE VP AL SFL 5 vEA RV I BRI A N D3 AEACHS B A I mT LA ffy ) 0 L
B T ) AT O R T ) O T AR S A OR BR  E.

2 FAREZR

TERN 53 AE 53 22 R e HH A B N AR AL s 740 003k P 480, 3 v — A kg e T DAk FH 481, 573 — A A 2 Sl 38
FR A8 FE AR 2 2 DA 90 1 i N A DL o, SR AT AT DA A0 1 v AR AL BTk, vy LAl 3o B 265 v 2 AT AT 4 Tl 1)
7 5 A U B R b S A6

Bt 7 Renieris 25 N PIE— 0 W B MRZEE T A G055 B AN RGN FA9) ¢ 0 22 AN il ok F 491 70, 18 %
M ps(0)Z7m WK 6] ¢ 23 55 0 AT A P B8 A ATT 1 Je 45 H P b 2R 1R O 5 &R B O (set union)EFIER &
A (set intersection)yks, HH HE A FHEv2 IR [F] 1 ] BE VG A EREE A ps(tf)—Utperp ps(t,), Ho SOZ IR P4 RGN ik
FH A9 2 55 005 R B B A AR IR R IR ] BE B R B AR R (ﬂlpdp ps(t,) = ps(t,))", e SOLIRIPIBEAEA BTk
FH A5 35 78 25 LA 4 2R U0t FH 4510 78 5 1) By Bl S R A B S A AT T3 U 45 4B (nearest neighbor)idk, B AR $5 8
S L 2 A DU (5 e D P )3 18 5 R UM X P 491 o PO R P A 8 s £ e Dl D P 491 £, T3 (] ] B 75 1)
AL ps(t,) = ps(t,). A8 138 T 45 A8 )8 D B A9 AS 2 R AT 80k B 0, B0, B AT 2% S 8 sl s L AT A SR IE

ARAE S B A DA 2 b B R A T b — R B R B I3 FH A9 AR 2K U 3 R 491 TR ks AR 22 A 0
N DS B Ge vF o0 BT U7 15, T TH SRR SE R IR R BT 2 (B3 A i B 1 0T e ) SRl B e B 5 . AR S i 4y
BT SFL B A IWF 708, 4 T i 1 Fros i ST AE 42,

Program
under test T T T 1
. | Collecting program Computin . I izati
g progi omputing Generating fault | ; Fault localization
spectrum and [— suspiciousness of [ . report
. o localization report | .
running result program entities I

Test suite

Influencing factors

|

| |

L p f - |

rogram spectrum Test suite composition

| e pe ), Fault number |l

| construction and maintenance I

| |
|

I Test case oracle User feedback Fault removal |

| cost

| |

Fig.1 Research framework of SFL
1 SFL W 5EHERE

AR I A 5 A7 i B A DU e P MR DR AT DI 1 w110 00D 81, 4 4 000 P A7) R R e 35 A
A7 &5 5B TR R R, v B %R P S AT PR 3 R S A PR B 3 B AN vy SR A T IR 1 O A2 ple e
SE LR B LT3 W bR PR, BRATTE — 20 RN O A 5 2 AN TS e 5 R R A AR D BRI SR TN R A
FEFPIE K3 7 A DR E R A ey . B RE e A AL 5 Ak B . I R 105 b de . T et B e
BRI ZIT AR e,
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o R A 3 T7 RGE TN RE P AT D e AL PR R AN () R A0 A0 32 77 3R 8 T AN [R] R R e S 4
FERL L BRI SEAR PR SBE A IR S B 52 05 SRR 3 T 4.

o DM AL RN 3% O S rP AR AR I A B ) A AU 1P A5 AR 00 P 9 A 5 0 e o 5 A
SRR .

o DM A 3% DG Y WL R 1 A 47 S (B P 810 DA 56 8 FE P 5« UK 481 2 ke g 12 A
R SR PrRr e VRN R DA AL

o BEDNRR Y P9 AL I I B DAL 5 T S P AN T I S 2 A i e R o e A AR PR S IR
FCOE T BT B B 2 TR A7 A5 1R TP B BT S5 o 5 1 8RR 5 T

o AR A5 TS A UK P 8 1 B A B S A 0 A2 TR B AT A B A OV PN T T 1 S e A K
TE AAFAEN 5T QT AT A7 R B 5 07 He G AE B Bl A2 A 8 900 T 481 v A O B e 2 i
SOOI e g 436 Y e 0 D00 P 481 A K P ) R s

o U RABEIE R S A 78 20 A T RN B R B A TR 20 56§18 A7 2801 2 L G U HE 2L,

o BRBEAE ST A DR 3R D 2 R i B A8 52 FK O A RN B B R 8 8RR VA TR I 20 B AT B B E AL T
E SR C Ry & Slip AN

3 ERAZMWMEAZRSHR

3.1 EFEmEAN

TR 7 AT R 2R W DA 280 IR TR A7 AR A8, i LA 98 N 03 )72 Tl B R 5 66k B4 58 7 Reps 55 A AE 31T
T4 BB I, 1 VR H R A (0 M & B J5  Harrold 25 A JE— 25 43 M T R e A0 1) 22 S5 5 0] U1 Gl 4 0 14 A4
AL AATT A I RS WU [ 0 e e 11 00 P 48], A G S S R B TR R R A A 7 S I AT B RO
WU AS SR AT ST AR P SRS R AT LU TE ) 43Sy oA B ) 45, L4 4 O snT DR AR S 4
R E R R R S A R AR G B R S AR AR BT A S PR AL

AR FE 7 A0S 1) ) 38 5 R DG IR SE AR 2R I AR SO0 A 3y 2o 3 28:(1) R E R P I i i
T3 % AR A A AL 3 PSR B e T DR 45 (0 AR S A R e 45 R . (2) TR R e A A i O SRS
A A By 2 R G R P 43 T D7 9, 300 I 23 T R S Ak 22 T (e o s B A OGRS I R R AR
A SN DR 3 53 2 AR . (3) FLADAR 7 A 43 g 3K g T SRR I AR A ity A TR i AR A
0 38 IR ) R BR AR 9 T DG 13 U 3 R P 91 BRE s Si8  F R A T I i) 838 s 7 (R ATE 0 e R ATV R AT R
IR -4 8 g R A A 3¢ 7 2 2 O, L O A R A g e g o (R IR A 3 T S R BT
3T A Stk LA R AT A4 7 S ST AT b b,
3.1 BREGR AR 2

A R R T A A0 3 T AR TR S A 48 0 R S AT R A B A R SR TR A L T ) Bl R 4
I AN U P9 AR P A0 TR AT 45 SR DR RE e SEAK s A SR (0 GE v B T — S DU TE AL N(9)=(nep(5),mer (5),
N (8), 1, ()RR TR LT 1y () My ()73 S0l 7 8 5 P27 S s (% B 00 P9 500 2R IO FH 481 480 ()
N,y (8) 53 G T8 AT 75 PR P SEAA s 1) Js Bk FH 481 450 2 il 38 P 491 6 AR 40 DU 6 4 N(s), B AR 4F T b i
BRI MR n,=n,,(s)+n,,,(s), 5T H KB BIE n=n,(s)+n,0(s), TG WX B n=n,+n, BE G HFFRN
GAE B MR BE R A NN SE T % DY G20, HL— T Wong 25 A 45 1 dn B B 3o

o B SREFE SE AR PR BE A 5 T2 SRl T 0 i A9 78 o 1) OB S B

o B 6T SE AR (1 PR BE 26 L i R S A g R MO R 481 7 5 1) R BB L B

o B TR SE AR PR BE e b AR I S A A e R IO T 49 7 i 1) R BB L

o i 8: A MBER A, N AZ N R 6 1 B 5w AL,

Jones %5 N 14 Uk ) Tarantula PR&E 528 SUSABATIA g AR T4 55 22 1 2y 00 3 FEI A0 78 o6 PO R e S 4K
Bl T 22 2R I 461 . i 10 R s, B A B B 1) AT e T o R R AR s, H AR
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n,(s)/n,
ng(s)/n,+n,(s)/n,

A AR BUETE R AT 0,1 Z I8 HUE A 1 R M5EA f i, HUE D 0 WIZOR PRBE A SR AR i 2 s A HE K
I 5 BT AR VAP B Tarantula V2 78 90 % B T A RR 17 52 0403 R B A 2y U3 P 490 7 6 30110 1 5.

2 UF S BN TP SE A R PR BE 2 5 O RN B3 AT LK A P S A e PR B 2 IR AN K BN HEAT HE 7 A I
B A AR BB R TE AU by b A AT IR T AR T AR s ()5 45 B (confidence) T, HLHUA

confidence(s)=max(n.[s)/nsn.y(s)/ny,) 2)

22 AP SE A BAT AR 1R PR S8 2 UGN 0K A 53T 8 Bl A 2 56 Oons IR UE R e S AR i) 0 — 2D HE .

Abreu Z5 A\ B J5 32 A AN 1O PR 58 2 1 55 2y R Jaccard F1 Ochiai. Hoif,

e Jaccard PREEZ T A 12 A BT TR Y i R LAY

Tarantula(s) =

0

Jaccard(s) = —i/(i)— 3)
n,+n,(s)
o Ochiai PRBER 2 1% 03 1 AW WS AT I8 & ST A Rk
n,.(s)
Ochiai(s) = El 4
chiag) \[nfx(an(s)+nﬁp(s)) @

FESEUERF T A ] & B0, 2R H Ochiai 23 20, L6k b 2 A7 R AL T Jaccard 22 2UF1 Tarantula 2 5.

A, Wong 55 Nt — 28 40 B 17 8 il 3 FH 48] 50T 5t o s 67 280 SR 000 g WA ATTUN Ay 18 ) 408 S 3K 49
UK 22 %8 1 78 5 YR BN PR BE 2R (1 DT R RS R kN R T A RS AR TR 3 4
PREER I H AT

Wong1(s)=n(s) (%)
Wong2(s)=nes(s)—nep(s) (6)
1, (8) =1, (s), ifn,,(s)=0,1,2
Wong3(s) =1n,(s) -2 —(n,(s)—2)x0.1, if2<n,(s)<10 7

n(s)—2.8-(n,(s)—-10)x0.001, ifn,(s)>10
Herp A N5 (5 1 T T8 AU R SO T 91 783 o RO R 80 2 3(6) 7] IS 2% 18 17 5 0 e 2t 1 P 451 R e 2 i )
91178 5 (R0 K 2 2 (7) WA 22 5(6) ) il L AR 4k 3 0 0k Ty 00 P 4610 28 5 ) BN [ e B3 B 3 AN XA JF:
3 IR AN [ R AL
Bt J5 , Wong 25 A\ 1 T DStar J5 3 Al A58 115 2 Kulezynski 225045 it 1 PR 5 5 5 24 oA
Dstar(s)=ne_/-(s)*/(ng,~(s)+nep(s)) (¥=2,2.5,..)) ()

TESEUERTE ST ABATT & IR, DStar 75 kA0 T~ HoAb 8 B 2 777 ¥4, 1 Tarantula F1 Ochai 5. 3B 2 A7 2801
B H ) A BRCAE A BT 1 D 4 v, A e BOBE B i 33 I, LU LR FEA .

CVAT BIBIF 9 FEC A B SIZIE AT 5T 2K B AN [R)BE 6 24 2R B B 8 A7 R A SEUE BT 9 T 19 45 18 32 B R H 11
PERFE bR PRI P DA R S 467 & 5 2 5 2055 K 3= 1) 5% ). 5] G Naish 55 A B B 10 23 A ke gk — 8 Lo A 33 A
AN [ PRBE 3 28 3, I R B RE 28 2 s A7 AR S 2 R AR AT DR O ¥ H — /1 167 BB B [ 2 1 BE Tf-Then-Else-2
(fRIFR ITE2), 7% 7 ) 70 3 AR EIL B e i A v 10 7 A T B 3 5t

(1) AAAr M7 R AE 585 R AT A 5AH S IR I AT A

(2) 5T, BRIEE ERAT DR AR A Akt 3],

HeF ITE2 FeJy AT R — A et 22 38 Op1 9F 3 AR W], HH A Kok

Opl(s) = {—1, n,,(s)>0

Bt e AR T VU ] 7 AF A space FE /7 (K SUEH I A AT A B 2% 24 2K R RE AL T A PR BE 3 28 5
BEAN M AT TS 55— A Fe L2 30 Op2, it S A 0

NER

(€))

n,,(s), otherwise
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Op2(s)=n(s)—nep(s)/ (n,+1) (10)

1% 23 ST 2 18 BT AT D 4 £, mT B T 2 i B R 1R R B S A7 I el A5 N [ e B e 0
K LA [ PR B 2T S A SR AR 5L ABATT A B 08 23 HTHE R BE T 4 AN A A D00k P 49 8% 0,55 003 P 491
H FEROBARI B W B AT & SRR AT E R U RE A 2 BT AT AT AT I LB S A K
BN e N T 1) PRBE 3 5 i B T AU MR BE R AT BUB IS BT i A0 R0 0 3 N K T 8RB i 1) PR BE 22 11 )
B Sp S5 T BRI E A PREE F TR FUAR Sp BN T 8RBT A PRBE R 10TE AU AR S, R, T FLAL Sp 9L 1 FU 2
SRS AN R PR BE A8 24 sCHEAT EU B AL 20 BT 30 DM PRBE A A 50T I T 2 AL 5 Mt a2 2 il
ARXWER T Naish 28 AR FA 8004 :URIA () F1 24 5(10)).

H 7, K 2 M 5E 28 28 2ok B FCABATF ST U8, 00 i dk 2 . AE S B 2E RS vh 24 56 Yoo W) 5y REER A%, i Bh gt 4%
Kl (genetic programing), 3+ Unix T HAEFETFH T 92 MM, AL N T TR ~#E 5 H 30 NMAFER
BTS2 AL S e 45 AT IX 30 AN [ 2 AT B8 00T, R T v 4 ANt 2 20

Wong 25 N H— P L F28 R I GE i J7i% Crosstab!'®) % 7 vk & T B AT R & LI Ze T2 W 5 k. 8 2,
5 A 00 P 49 1) 78 25 A5 R IAAT B8 R B S B B R A AT ORI o S MR B A B S K T AT R R
BEAR K BN N AT HE

A XA — M HI 20 2RIE B3 B TR ) o, AT R I 3E W3R 1.

Table 1 Cross table for statement s
F1 HXWER s WIEHEXE

Statement s is covered  Statement s is not covered Y

Successful executions Tep(S) () n,
Failed executions Ter () M (S) ne
Py Nep(8) e () Typ($) 1y () n

SET Fakse X, AT M HO, B B AT 4 S S T ) s R 3 B S e B R 7 Ge it (o)
KT B R A7 T B2 s) 8 i 52 A 00 (1 (2 35 1A e 2% ) 0 — 73 2 B 1
2
A s B R M (s) = ——Z O At o R col 4330575 4 RASRARAT RG] L (05 BE R,
\/(row —1)x(col-1)
Y D s HOPREE SR V150 A R

M(s), @o(s)>1
Crosstab(s) =10, o(s)=1 (11)
-M(s), p(s)<1
A (5= () (nep(5)/mp). 24 p(s)=1 I R4 s %8 FREA I FE 1 5 G FL 01 4 5 A 0, S 4 2
H 02 p(s)>1 I8 IR TE A s X 2 O I 491 1) BT R B8 DR, FEMRBE 3 MU(s). 2 ()<L I, R 18 A1) s X e ik
FHAGFE) Dk B, PR B8 5 O =M (s).

WATAT TN 538 3 W 4¢3 17 (predicate) 78 6 D 0 % FH 8 0 2 TR0 X FE 491 v MR AR ASE 2P e 1 00, 0 5 B 2
PrHEATHFFT.Liblit 45 AU SVER ob 35 8 I 00 45 B 0 512 o A T Sk R o 7 2 P A R B T AT B 28 45 oK
i 58 B R A S 4% 1 LA 40 B (segmentation fault), 3 1 T2 W7 SR B MR 5. 12 7 ¥k T LA 20038 S Py 308 0
BRRIAN AL, B G A B A ) S B o8 P 3 5% AEL AR i A 2 PR AR P J AT P R A A o 2% ) R, A B0 4 8 F) it L
R Al AT 7 905 e R e e AT AR T ) G 340 R L A A A B R R AT B s 3 AT B A i
FEBENL PR SE S 15 4 B AL AR AT 9, 1 2825 1 A BE XS AR R 7 20 3. e BOR IMME AN B S A& LT B
WRWFSE T AE, Liblit 25 AUSIBE 5 2 H CBI(cooperative bug isolation)y2: 3 R 51 HY 55 75 e Bl [ A1 5% B 18 i), B, 3 i 38
B A 18 LIy 00X A5 R0 2R Wl 3 P 481 o 308 ] (L 75 Oy TR T SV 1) (Y PR BE 2. 45 5€ 1 1 p, % Fr(p) R Sr(p) 5333
FORVF p L6 TAT SR MO H A8 vh AR Sy B0 DCBOCRIALE A7 1l 2 3K F 481 wh SRk B0 8T F(p) AT S(p)
53 7R TR ] p AT S AR ) 453 w5 1 IR 8ORT 48 J AT 1l 2 D00 P 460 2 5 1) 0880, DU 0] p IR PRBBE 3R TH B
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2
I . I (12)
F(p)  F(p) log(#(p))
E(p)+S:(p) F(p)+S(p) log(T, )

2R BE 22T 5520 T R A SRR ST 3 i, 32 BT T P48 5 A 7 10 A6 DR 38 10 1] PR R S 2 (specificity ) AT 1)
1) 2 B (sensitivity). 3 18 18 14 e 1 A 48 78 R T I3k 481 w18 1 9 A R TIO B A7 7 (R e Bf, R Bk 2 4R
T8 2 WO R 40 o 1 1 Bl 0 4 B ) b Arumuga S5 AN EE— 2B X% CBI #H4T A, R IR I T E A A K IE
(compound boolean predicate) 7 HE T I ¥ 22 AN 5 il B U 4 a5 2R A1 1) 41 A kS Sk . Chilimbi 45 A\ 4%
T HOLMES %P %07 it — 5 R Al 56 4 42 (full path) RAZSEFLFAT M FFHEABA A2 T — Bl AR L ik
B3 S 170 (1% 777 325 DA YRk A48 2 e it o PR AT IS ) R A7 i 4.

Liblit 25 A2 H 9 CBI J7 vEU ST B 48 1 18 1w 2 75 o D PR 910 A 7 380 Liw 28 A B A6 12 00 B o R A T 3k
T rp K8 3 V8 ) AT R 22 AT et P A TR AT LA AT HE T SOBER  J7vAP L% 05 1 i S i 4R 1H
Wl p TR AT HE A E KB n, () RV R BB IREL np(p), T 0155 VB R U R L2 n, (p)/(n, (p)+
ny(p)); B 5 B I A AT I A DU FE A, R A G5 S0 58 vt R A S S ok 4570 60 2 e 3 FE 48] v i 3R] p B R
EIREE f(p)F fr(p)s B, 45 il p R BE S5 A 2

SOBER(p)=—log(sim(f{(p) /;(P))) (13)
b sim BB VR £(p) A0 £ (p) AR BURR B2 SETEATF 5T 5 L 3% W] : SOBER Jy V2 i 44 48 18 1] 1) P04 T IR B 76—
SEPPIN R E IR B E AR BEOL T CBI J7 v AR A5 N JUJ3E ok 5 8 18 3] 110 4 W D, 8 1R — ol 2k TR I AT
J2 B (0 B 52 A7 7 YR A AT e B0 e 18 K TR A T A SR R A A A — S DRI R b 3k — 2D R T B s
AR B S ARAT R I T 5 b 3R T v v AR R AT AR L A A A B U A A A SR A A BE R 4 ) A )
FOL, 25 W1 55 i e A DI 1] 5 R 2R 802 T) 19 DG B B DAL bt At AT H — ol 1 3 NG o [ A7 T ¥k A T V2 aE I 4y
B FH A0 £ T8 3R AT 1 SR A AN 1B R B A I A IE IR SR AR DR SR 45 AR W v R R ) E
A7 25 R i e A,
3.1.2  HEEGFR PG T X

55 ] B 2 W3 FH 48] P R 3 S A4 B G A AN (R T SRR e A K 5 Bk — D ) W R S A D 1) 4 3
T 5 5 R, 35 A T R X A R S 2R E R FRAT I Aol D0 R 490 8 5 015 O, DA o I S R AHL X S
75 TTEH e e B 1 A7 205 S 14 (] B, A 7 A0 40 9 R T 22 (19 IF ) 1125 ] 4.

Masri A5 B A5 JLG 43 07 SR A Bl e 64 2 67 250455 S0 R0 40 AT e R 2 K T 1100 9 SR AT s A8, L o B el 5 L ¢
2 U R ST D14t Masri A (10 2 2545 B 20 W J8 T — P 5 R 1 23 At 77 4, % 16 AR 7 S AR ) () 443t
KAATE: A EEEHARB . 208 EEEER BRI 3 ok R 8] (1) 8) 2 48 0¢ &R BE J5 (b T 132 B T 3815 Bk
[} Tarantula 7775, 3¢ 55 T8 0) . 73 3CB0E U1 Tarantula 77358047 1 LUAS 45 SRR AR A OL T,
HET{5 BRI Tarantula 77 V52248 T oAt 75 v,

K 0 T A N I AT AR R SR AR P IR R B B 5 o R 1) 1 35k B T 0 R TR A AT 45 T DES(debugging
through evaluation sequences) /s 72:2*" 3% J5 72 5 5 20 M 17 6 8% S AR R SR AEL P 70 6 e o 52 A7 280 SR 14 5% Wi, 55
ANV VR HE 44 B v () BRI 04 D4 A% 08 1 B 44 SEUEBIF 9 25 R BH:DES 7 VETEA 75 46 9 3/ R A S M2 e T4
g AT AR i T U R 1 R B B R B G 5K AR NS TR AR I 2 S DG E A UL (key block chain,
fHi#R KBC) 2 KBC WAL & AT A8 8 1 LT SOE BRI AR AT T4 T — 2R 50 i 0 ).
T L )2 R XK 2 BB 2R A SR AT B T 2C Ak Ty ik il g ] ER B AS G BR AT TR T — A
f1 B o 5 A7 A 240 28291,

Rtz A,k i 524 NPOURSR T — R T BB B AT (0 CP BT S8 1K B i 5l B T IR AR ey 4
AL P, 0 S0l 290 -4 st P 4D a2 A ol 0 R 4 W0 P 4610 7 55 10 0 8010 T 93 B, I LA e TF S50 4% 0 VR PR 5T 28 B
S, IR PR L T R 4 5 I — A 2 5 3 ) O U SRR AN S AR P I PR B 28 e 4 AR T A5

CBI(p)=




A SR TAR R IR0 ) AR A AT T AR 397

BEA P 1R PR 5 5 B AR YOS 25 91 58 A B B 5 CP BRI AL, B L% NP IS T LOUPE BRI FH 22 Fh R S35 E
TS T 3 ok 2% RS S A B AOR O FR KA B P (0 S AT R AR PR BE Z A TH B B X S ARORSE 5 B 2 Y
I A4 LI B S T 4 ) S AT B B T SR CDBug Al DDBug, HFJH Ochiai 2 T8GR IR SE R 1%
YT ALE TRUSE A 0 R T B 40 B S R M 175 0 B A A 28 U 55 R TR PR 23R 11 e R ALY Dl 1208 ) 1 PR 6.

Baah %5 A\ i B ik 2 [ B A DU o 46 0 ] g 356 il 3 10 R SR R 7 MKl ]l PPDG(probabilistic program
dependence graph)t**!, i 38 8 42 0 3% FH 451 1 BAOAT A5 L, AT LT HH R S AR 1D () 4% R 0 T R G R ST
PPDG M Z5 6 FNGE T AR 5 0T LAFS s T 3 P A 60 2 el ik P 401 D £ 22 S 2 5 TR0 b 06 2 (9 BN SCf5 )
AT RN M e B R BT A S A AT A P AT SR B TR b TAR MR g .

&7 V) Fr (program slicing) & A5 43 7 (1 —Fp 8 22 15 Bt G RN 3R F2 7 V) v N 21 SFL BF5 .
Agrawal 25 N1 5G4 H T 3h & 90 H (dynamic slice) (148 & e ¥ 3 5 5% Bt A AT 35 H — i 3 T 447 U1
(execution slice) MK i (dicing) i BB 5 A7 77 1B, Wong 25 A\ I [ IS A5 Bl PRAT 11 P R ¥E: 1) ble 1) 1) 030 44 8 0 2R
SRR TR S 52 07 25k SR O30k 5 A R 3 8 2 U0 R R DGR R A A A8 Ak 42 HH AT 19 (pruning) 31 45 D)
F (e s A7 7 200 b AT 8 S S e A 0 R R S U T (i 38— 2D B H R s A B AT B B 1
tE

BRGNS0 4 W R (0 A 5 i U R R 5 AT U0 AT B B A R A 3 R () 3 A Bl
BUVR IR Gt 7 ik S A MR 2 30T 36 2 NI i SR AT ORI B s A DD IR )
A V8 ) AR A 0 2 Pl 7 5 PR I BI 2R T Tarantula 28 3CHE 8T PR S8 R0l 800 LB G A AT 38t — Rl 3L+
JZ R 0 R B AV T 5 % VB AR IR E AN DR RS 2 IR (B 28, D7 FIE ) B BT R N R A oG
B LA /NI B T ) 10 7 4R 50 L B S /0 MR T ST T R UU) Y A AR R RO () PR B SR VR
/RS UV RE T SRR 5 AT RO 10 8 28 U1 R CURR A= 01 A ), I 15 82 PR AT Il B 18 AT 910 R ) J R £
7 ) B 2 S 0 ] 5 N 0 B 3% o A HE SR U3 | 2t — Bl ) Jpe O PR 5 3631 5 22 38 HSS.

3.1.3  HABFR P AR 1E 7 5

A TN DA B FCA TR 32 AT A4) 36 g SR AT 5l B4 58 o7, 4910 01 2% LE T 1) 5 R R PR AR A« 003k 497 A A T
VF) B [7] ] 2% 18 22 P AN () R e A 45

Bt o T ) X % B Dallmeier 45 A MR 4 T 3 F 05 345 5 41 () Ample(analyzing method patterns to
locate errors) /7 V2 ARATTTA 2y AN HH B J Dy 3 FH 4510 5 2 Tl i P 4970 P 7 92 8 P =1 0 270 0 I A2 0 PR 6 5 ) 4 A
ik P BRI S 1 J708 FH BAR IR RE S A% A PR B AR SR U, 45 7€ — A28 C BL R — AN R MO 49 (% D7 v 18
FEH e AN —A R 91 16 5 8 FH 741 ¢ ST VE R F IR SIS BE BB R kU o B ¢, P2 AR IR 7 41
LR S(epF S(cy) SR J5 0T T B A [ I 7 P51 s, R BE2E wis) BB 1L, MBCE R 0,038 C 1HR5E
Fnl LU B A5 1T e SR PR BE S ) S B kAT TF LR
ZSESC w(s)

[ Scl 1
Hp,8=S(cpuS(c,). Ample J7E 0 A] L i 22 241 e Dyl 1ok o 55 S(c,.), 35 T PR Bt 28 0 5 78 SR 5 b Atk
VRN, 7 7 A E ke 1 AL £ 5% M 1) 52 s 5 57 205 ARAT T 1304 & PR AL R 5 7 5~10 2 [A) 4R 56 3055 N [ AE %
T THT i) R 5 R PP R I (f9) 2B L b 7 50 ) R 0 o 67 2850 SR PR e B HE T — Tl 45 5 2R T B R A UL T R 7 A
Jy i,

Yilmaz 2 A1) 55 R R A% A0 B 6T 100 40000 o 4l B e b a2 7, 9T B H T TWT(time will tell) 7 3 Al AT v 5644
AR 3T WU A8 R0 2 Tl P 48] PR B 1) 390 3% , O e Tl 0y 000 5 P 4670 P s 1) A0 3% 4y B 28 B 5, 7 i B L P Ay
SR IO FH ) R0 S 0 FH A6 T ) Tk ) 3033 222 S, RIT, 5 SR B T 7 VR A 2R TGO I 451 o 8 AT I T LA i 2
DA 481 e PR AT I [ B3, 12 7 V4R 7T R 5 R S B A O

Santelices % ANV0 M 1 R 3 S AA0ORE B 1) 152 T8 0 R B o 7 280 TR0 5% 0 L AR R B ABLATT % 18 T 3 AR ) (1 2
J SRR B T8 R 78 5 00 37 o A ST T LA T = 2 TR TR e B A 80K 4 R W I AN A se

Ample(C) =
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PRoRLRE , IL R B T8 A7 50 R R T LA SE AR B L IR 45 S A ATIER T — P AT R i) 25 58 2 AN TR e S AR
[ B S A7 5 92 2 VT B R B AN SR IR PR 58 26 0 T 43 S Bl SUASE R A Bl 3 4% KT, R DK 58 2 I A
WS FIAH DG I B0V ) b 70 S8 i IR B 5 B2 R T 3 B[R] 4 A Sl (R max-SBD,avg-SBD #il avg-BD), 5 %
VB A AN TR A IO AT 58 R SR ST 25 SR W B AR max-SBD SRS AN Lh il FH o — 78 55 R M U 88LE
avg-SBD I avg-BD Mg # B T8 — 4 55 804, H A 4ot B3 M AR o8 CARR I L2 G A 2 FhRE e
SEARA BT 3R B R e A7 AR [ #F H, Debroy Al Wong & I, ANAEAE — Fh Bl I 2 A7 77 46, E B VRINARE 7 1k e
A7 25 R 450 J2 Fpe At A AT T4 H — Tl 5 T 22 00 R 10 SR s, T LK 2 R0 AN [ e 4 7 7 9 A SR skt 3 AT 2 5 DO,
Perez %5 N R I -0 44 G2 WU FH 461 1) 82 00wtk B 500 402 000 722 1304748 ) O AR TS 48 B (code instrument) B
AFAE VST 8 K I e L. AT L A AT T 3% 1 — 8 4R 6D %8 25 (dynamic code coverage) /7 v, T DL AU 2 M AR
T AENE TS . L Java ZRFRIE T 00, AT S 20 KDL BE 200 (RITE 20 )R AR A Ak AT 4 b, 224 TR0 HH ] SBE AR PP sk
S, T3 SRR P RS A 20 T AR RE 25 0 (19 G P AR K BB S 2 R g vk A i) E AT AR A, B 3 e 4 A T Bt
5 15 P9 58 JE A 2 R AR RS B I A7 1 m] e v f) _E DY gl B W 1% 05 1k AT E I G 29% KB AT IR AT 77%
PR 5 B o A7 IR T AR
TSNP T SIQ J7 vk % 5 ke R w5 A SRR FH BB A T 4 SRS R o B A
PR (5 R 55 8 A I BRAT (5 5, 30 2 T 2 LR PR 58 20 1 B30 v (R0 o, BN T 4 v 5 7 5 280 SR ALAT T 11 ST IE
WA 45 R 5 T 715 AH b, S1Q J7 323 I H B8 L 1) i o e Ao 25 S A e e ke
3.2 R B RN 4P
320 WA R I 52 e
AT 2B G5 W DA A A KA SRt R B o A7 255 SR B S i, T AT A AR A P A8 ) s o o A AL 9 £
AR RRNER I & A (p- A
8 57 28 S 4 52 38 AR T Al 03 P 461 £ 5 0 MR Vooas 382 HE (¥ PTE AR 20 53V 1257 00 35 P9 flh 4 1 2
250, L ZHG A 3 AN L B A A
(1) WA A8 3R AT 21 35k B VB A
(2)  BRBATE AR HRAT G BB TR A IR A A
(3) BRI P TR A 8 e A% 15 BRI A
T 8 4R L8 00 P 4610 AN LR 375 A2 a6 T2 4% A (1) R (2), T 0 B 45 A (3) AN AL . Ay 2% A A1 % L e 0 3K ) 4410 % e
B3 5 A7 200 SR 1R 5 W) G T I 0 T 98 - 2, R AV TG ¥ 3 A Yt o o ) 7 A DR P ) R AR A R IR
PAITCE IR B T, bk it DR i e A SR 1E A 00 P 491
R A AR BT N D3 TS 00038 At R S 1) i o S AR e o X A e 87 24 R R X SR HE ok A1 4R L A
TR 491 ot e o 15 g £ 7 i LR D A AT A5 B 1R SO (context pattern) ik 1 14 2 2 45 S EAT S
o EEETRMBIEY R B S Tt 2k TG R P SR H E R T RS R IR gt e 1 )
Z PR B ARATY R TR 224 5t B T ) A AT FE 5 | R SR B B B AT TS ) Bl A R O T — R S R
B VTS, ABATIRR O bR SCsia.
o BHJG AT Bh F AR E URY R LIRS PR T 12 AN B SeB ax se i 0 nr F -1 VS AT L
M 13 R fE 2.
o fJi (5B Tarantula PRBEZTH 2 XU H TR PP SR IR PR ABE 26, 9 2% [ 35k 4 5 A 41 45
Masri %5 N4 H T 22 50 m] B 08 51 7, YR 500 H A6 4% T sl it P 461 14 )i 2 X007 915 R 2K 07 A7 4
— X PR ) R B A N (R A T A SR I A DA 401 40 1 70 £ AR SR B 0 1 280 R DALt A AT 192 T Muffler 7
A% T VA A P R 22 5 93 BT oA AR AU A8 4% 0 1 00 3 490 P40 6 ), 3 e 288 5 T ok B 2 o7 45 SR POL 5 A 1 AR A
bU, 12 77 V2 AN T B TS S0 T e 0 2 5 PN T e o S ARt S 5 S DA RS 0 0 P 480 v TR A AR s P 491 5K R
TR N FIRE R8T A3 AR LE A% 00 3 FH 90 oF e B o 6 280 SR PR i AL 55 B D 32 A [ A AT D 7 HAUA T Bl B 7 B S A
5 Dt 491 il Bl A 000 Sk 45 V) P PS5 0 57 B0 38 e 4 5 Dk 4970 1) 7 26 £ 6L SR P e e



M AR TAR R IR0 3) AR FA R AT T R R 399

PG, BN ) IS A L4 IR T & R S IS A ) PR BE 2R

A0 F 58 N A5 BT T RE AL S8 4970 ) Bk o 52 07 280 SR PR S i, 3 F 4 . SAFL 5 P8 B B g A e e m A
AT RAT A A AT S S I 9 P 2 55 A5 R PAT 5 R s AT HERE E=(ey), 2 e RoR AT § ANIAH
) A5 7 5 BN 5 ANV ey R S 1A DU TG (R AT 45 S B 5 AR s AT 0 B s A RR R F=(fy), He
W RN ER jASTE R AR i N DN 90 SR R AR RS B R 5 A TR A PR PR B 2 AT e s v AR AR R T
T2 FH R i A D FH A8 e ) SR g R 1) LU AELHEAT it e FE B R, 3 7S i 1) 5 A i B 1) T R B R T
Z:Zlmax({fik le; >0ne,,., =0nl<isn})

> max({f, |e; >0Al<i<n})

Wong &5 A TA Ay < Fif 25 W0 X FH 491 00 10 388 on, s 0 00 ik P 461 RO AL 2 4 e B0 /> AT B HE T 3 2B
43X Wong1,Wong2 1 Wong3!. 3 J5 ABATTIA g« 2 eIk FH 4810 40 A0 0t 197 12 43 B B 3 i sl 2 01, B0 55 ) 1) R
S 6 0 7 55 1V R 1) R U X A9 RS R 2 Rk 2 7 5 2 R ) B A 0 B 2 R SR AT L 4 AR R,
IO P T S W ) T A — s R b B R B S R B S AR T S AR N B — T a8 K 3 B A R SR AT R B
A7 B0 7 RT3 5 1K A IR P 481 £ 30 B B 5 N 8 PR B R e R v RISt R — R A, A R IR
FHAB (AL R 6 A %o 2% R ST A i 0 P 58 i 42 5
322 WRAE A4 77 ik 1 5

AT TGy AT LIRS A 2 47 5 v %o Bk B 67 280 A 1) 5 o, e A I R 4 000 S R g ik T 41
A B VR FTRES A i VE 5

IR AL /6 2 HE 7 (test case prioritization, & A% TCP) i % 52 4 w2 HE 7 H IS 90 4 33847 HE e, ARG
AL PAT U7, o, — P e RO 4K H A 2 e XA TR £ 1 L TS B R D B8 7. AT, B BT R AR B4R
HHAERANTT )

(1) SN A B TCP J7 20 B 58 17 305 1) 52

(2)  LIAR sk B 7 BCR RAL H FR R S0 F 0 0 HE

BEXTES 1 ANESETT W, 22 WA N B EE T TCP J7 vV 1) P TR 52 1 D] 38568 5t B 0 07 280 SR 1R 8 i), B 5 2 1)
DRI 25 B0 G HE P SR . 23 S AR 88 1A S R S I i) 5 SR

(1) I TR A B IS, TCP J7 925 2 4 B B B 78 A7 1 — M 38007 75

(2)  FESEICAR I HE 3 J5 A AT BRI 3 FH A 508 20>, DUt 85 B 5 67 2850 SR 1) R I R K

(3)  7ECPAT I FH 4] v 5 5 ) 2R B k3 22, DU B 4 v e B 8 0 R

(4)  FEH B HE R S b BE ML IR s AR I U, Additonal SRS AN 38 8 AL 5 B VR, Total SR I # 2%

(5) R P 51 BAAT I8 ) R S AR o e o 67 25k SR ) B i S i 2161031,

B, S A5 N HE— 2D 0 AT 7 AR 78 43 P v U3 — DR 28t e o o7 280 SR 1) S i OS5 A7 R B . MY
DC 78 a5 1 JU) FR) IR A 10 455 B g 7 2000 S 2 T 2 788 i M T, T i A 8 ) 2 i 4 T 1 0 22 41 D P4 5 280
Rk 5y

EFXIEE 2 AMFSUJT 10 ,Gonzalez-Sanchez %5 A4 Hi —Ffr il £ iy il B 58 A7 BRI L T8 B 73 1) TCP J5 ik,
A EAETE W F A

(1) 0T ) 2 BOBUE 5 ZERS A 5

(2) FEEAE iR

(3)  RHAIAE Lk Jy 2\ 58 I H ) 1 HE e, BRI TR 328 H — AN D03 4800 ek, 75 2 0 20 32 3 D00 3k P 4610 P 4RAT 25

HLI66.67]

H T ARG LR 0] R ARATTER T RAPTOR 75925 4% 7 A0 0 WU A9 AT HE P I, 2% 18 T 56 AR AL ) AT B
AT Yoo 25 NONUSA hy TCP 75 3 A0k B s 7 ] LA B by b 78 AT 1 7 4 1 3 AR R 4 3 e AT
WA 51, 20 G0 2 75 AN PN AE BB A 1l B IS 18 1% B B S 4k 9 e AT 4 T WA A 4, L B3RS I B R — A

SAFL(j)= (15)
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BB Ay o A R IEAR L RE ARATT AR T BB 7 A 58 B (fault localization prioritization) [l #, B 7F & T i [
S AR DU A G e i S e DG 1 SR, LA g AR L ST R B A M 68 7 ARAT I B A R A5 R IR £ FLINT J7
R AZITEAAT LIS 8 A REAT HE e, T L3 ] DO 48 1247 HE

A5 28 1 W FH A8 A2 38 7 V2 9 LA e KA AR 7 56 236 O s 1T T 1) R g e A6 PR 38 P 4810 A2 s 7 3tk 9 )
DA i 5 B 5 0 R0 R B AR, I B AR e 2B 1l 1 0 RASE 5 5k B 5 A7 280 SR TR A 7 B 47 b i) Baudry 4%
70038 3t 43 7 A 250tk B o A7 BT 9 P05 6,42 HH Bl AR AT g B RO ME 2, 5 2 T 8h A L A TE A e 42 1 T 1) AR
1330 (test-for-diagnosis) ¥ W, 15 245 H (1A ¥ 7 28 W A5 35K 2 A W k5 A JIASCRT S5l B4 52 o7 2880 R AL AE A 1R 9T o i)
1% 5 Z LA B A AR A B B S H R I DR AR B Atz S AU S 4 22 i R A A
ABLAE oA ), A R B 7 A S0 5 R 48] ) AT AR OE R AL 5 B 4 1 A B 8 A 5 1) P 4] A B v R AR S 2R
TC U FH 48] FA AT A A AR AR P DA R 491 S AT 50 45 S5 B 28T Ochiai PR BE 26 24 A ARG T~ DU R A AT 48 75
FNAT T 0] 7V, B T AR 20 W (path constraint) FHABL 14 #E T K97 - 1) 5 ¥k, 70 A8 1 PR 008 2 A1 JRASE R 44 32 1 )
¥ EA B RS Campos 25 A FRIFEIA A, E 45 SFL 5 ¥ [ 6 B 7 o7 2550 SR B e e 268 ISk 2 2 ) BRI 5 11
W90 1 22 B P ARATT 2 T4 0 e 48 3 UK FH 461 00 A2 e 88 Y ENTBUG 7572, 1% 5 v Rl 266 T 48 22 1 K
FEA 2B R 7 2%, TR) R B8 475 S0 A i 52 38 7 L i 5O 38 A B9 i 1 sz U2,

TR 14 Yok (test suite reduction, i AR TSR)FE i AL X Fi 72 M3 75 =K 1 28 75 A0 42 T8 U0 IR BT A il
910 SR FAAR 08 T4 R0 345 N AE S — 48 SFL J5 (Bl 41 Dice P Tarantula 35781 & B0, 00R 2 1
AELE R TUAR M ) 7T e 25 BRI IX 28 SFL J7 2 1 ik B 58 0 280 . DR b A5 00 LR PAA T 35k BF4 58 A0 A TSR 7 1%
SRS F AT AL BB IS Yo 258 A — S0 RN HT T DR 0 45 9ot B8 B 52 A 280 R (g s i U Bk T AR
ML TR TSR SRIE MATTIE B4 25 8 T 38T [m 2 (BRI, I8 AT 7)1 TSR SRS SIUET 9T 45 2R 0
TESAT HE T35 AJ 11 TSR SIS A, 08 22 1 TS R e 564 7 A7 2680 S 1) A7 76 47 o B0 4. B0, R4 DR ik 7 T 1
FIASE A 2% W0 3 B AR SR P o A SR T AR PAT S T s 19 TSR SR W BT, 003X A WA %) 4 ek P2 3 B AR e/ (EL
XoF SR B4 T A8 RIS 153 T 1T L 2 AN T L 2R I S I AR
3.3 REBHE

T8 SEBR A 1 R AN dr B2 b, b AR 7 & G 2 A sk B, O M EER A (11 Tarantula 55)7E
TH R P S PR B 26 I 3518 TR0 Lt B - Ta) LA e B — SR80 7= A AN 5 — AN R R A DG AR I A T AR
J§AT. Jones 2 NUVE 56 43 W1 T ok B s 7 200 5 B B 30 1) 56 2R AT T 00 250 R B, e B o7 2R 5 e o 5 e L
K F B )5, DiGiuseppe 55 ANTE SRR ST AL T 3 MR A2 B 13 000 A~ 2 8 FERR AR, I I _E 38 45 18 AN BH 5 o,
BRI Sk 2 S Sk B 2 A7 280 R P S T LA 2 A T

Debroy 25 AR NS08 7 i B 1] T PR B U6 B e it U FE e A BB A 5 B b 1 AL o AT TR % B 5 40 93 o
Pk

(1) MEMET 0 £ B SAETE, WIS F ] ¢ AN 25 il R AR 2 28047y R0 s TR A7, DU X 46

¢ Sl AR
() WEAETYLRLAE £ 8 f AR/, MR B ¢ 23 ol AR RBAT i Ay [RD I A A, Ul 81
AN il R AT R

DiGiuseppe %5 AALIRA S HF T ST TP I T ARATTAE ST 354 A T 3P I 5 () K e A7 8. R
RER K (failure cluster) s — B AT 4 UM %I 5 1K) 5 125, JEAZ 400 R AEURE e R IOk P 1) 1B AT 2R 2R AR A5 1R] — 3R
25 Y IR AR 91 5 ] — e W 7 0 Liblit 25 A7 SR 5 T AE BEAt L, Zheng 5 AR IR, 22 i b4 1] 52 3118 1] 11
M AL R P AN TR ] [ (1 5 T B2 P P S M) AT T3 T ORI BEIE, 3 ) — Pl n] IS AR K SR AR B ZE B, e xR I
T J U7 L 25 AR I, 55 1) — (e B4 T D 10 SR 0 358 P 491 10 R P G 1T 3 2 S P AR A AT T 42 s — o
T R SR N A8 R B AP J3E 0 48 s, B0 45 7 SR 5 A7 7 4%, 4 PR A R I 3 P90 ) e A 2 T80 38 AR AL ke s 5
AT 2R TR Ay 36 7 A S I Y ARALS7) Tomes 45 A AR B JFAT V5 10y SRR il /)~ e s 5 57 8 - 2 0
J A A 5 22 AN B I A AT 50 o 2 DG FH 481 i 8 Ry e B AT 2R 2 43T B S A K 45 S SR 2B 9 1R 2R I



A SR TAR IR0 3) AR IE AT T R AR 401

IR0 55 BT AT B R 8 2L RS 1R K A 1, O e 4 AN TR K O e N B, DA SR T I O A 2 A
BP0t 7 Servant S5 N — 4 i B 4R AZ 45 AR G OF R A EAT i 52101

HE TR (R K BOAE 2 7 W7 12 A 0GR, TR A — A RIS G 52 AT A5 R T AR 4 B A L 1
AT T DIORE 1 52 37 21t 48 Dt DA, (EL st R A R, T A B B 22 B R SO EOR AT A Bl Abreu. 45 AH 2
TR R B SFL Jrik Al 45 A 3t — Pl DU ST 2 5 320K At v 22 9 5 67 1 3. 1%y 325 mT LA HE B
A B T P S A e A 55 e e PR B 3, AT DA T e N B it T = R AR L (2T VA A B AT IR B R T,
SR D VST AT B Pl R 50 vk, AT LA PR A 8 A S B A IR R s A S0 G A NG R
PP O BERFE T B 1 2 AR SRAT U0 1% (0 2 5 3 1 A7 5 ik I 7 AR AN [ 1) U5 3 4 A1 AT 00 2 doe 2%
BEAR 1™ DRI AS [ e 6 5 RS 19 R JCIZ AT (19 288 52 .
3.4 MARBITME

DA HI 1 1305 (test case oracle)it i 412 (M I I 491 (4 P 307 45 SR 15 SIZ B &85 SR 118056 B AL Sk ) i 000 38 P 4670 P A
AT 45 B2 I iE 2 SR M. A 1 SFL J7 v 3 e A AN F 4 B 5 A 100 35 AR 2 AR e 7 — S8 2 5 (491 2o 4 128 248
FRF . DLEE% o Bk U7 AR P &) BARME O A X SRR v, 0 43 Ak FH 49 75 228 B 7 T 0 xSk A 3 ik
IS, B A& AR Bk a1 B
Wi AZ 93 (metamorphic testing) 2 # 73 fif Pl 32 FH A9 T 55 Tn) A — b A 255 7 v ol ok AT 4 0 R R AL, 7T
SRAF— 4L A K R (metamorphic relationship); £F 207 W 451 1) J it L, KR 47 0064 G 28 A2 1 — 2137 (1) AH G Pk
FHA; AT 3 03 FH 491, A 23000 3K FH 4] P i s 55 2 D003k 481 ) i o 75 1 A A A O R L I el 5 N %
T AR PR A FE P U0 H 32 T WA 1) F (metamorphic slice) 8 &, 38 i #4845 0338 FH 51 A0 e A8 41) 1 9% 43 B i A%
5% F IR 5175 Do ok Al 8 ke B e 07 1% 8O0, TR, T e 0 2 N U7V A AT HR 1) 358 0 170 D70 A 10 8 kB o 02 7
IV R T 48 ) ) A (metamorphic backward slice) FARE . IR AIFSY A4 1 W7 #B 2 it v ik
BT AAEAE I ) L
— BRI 5L U N G — AN A BE R S W ] T ) A AT ) A T EAR A B — 28 18 Bl FE A AR R
AT LA AR RR S2  F  AH A P 0 75 BT A I B 1 B A T T CRAIE S B T 7 ROR I AT B R 3% /D
1 TR 3R A AT D T A R U AR AR T — kT 2 R A2k e KAk I (diversity  maximization
speedup) ) 5 I, T 3 25348 H T 4 gt 26300 5aR, PR 451 U880 2 N 0 82 77 £ — AN R IMC Rk P 3 A A 7 FE 4 52 A B
A ) I A I 49 ) 2 A RS R 3 R A [ )0 3 P 497 32 436 SR I SR H T 6 i R S 481 4 SR R X
3 b SR W 1] LUATEAS 2 35 58 M B o A SR BT B R AT ik Hh AR 2D B (T 10%) B FH 491 1 2 003 P 497 T
=[89]
3.5 APRRIR
FEG T TRy 2l I S P rT BEE ) X L T . SR A O UM, i 2% A e B 1 ), L T
W5 TT e N B IR G B R R 3 AR 88 D) AR OG0 48 1A% 8 T T YRR 7 92200 8 A - 25 4R it = it A 24 000
(1) T O BB AL 735, KO TF RN BAERE — AT BEE R, JT RN 53 B G A5 B R 7 0 B
%] BE ) ST A R T R A AN SR SRR T ) D) Ak 2 ) R B ) O R 58 TR R BT B S
T BB R HE B, 12 HE ST SRR (PR BE 2R Ak 7 BT 0 T BEVE ).
(2)  EFRFTF RN DT B 23 X T S8 VE A A IR S 5B AR R A B U s, T A TR ATE 2L AR R IS
43 18R B IF Bk B TE ).
() A b, 7t = 2 N A 3 M — A T S 6 A S PR A A S N AN TS SR T R N D3 ) T S 1) o i
) AT e TR PAT, AN 5 B % 8 25 R bR i A B A B0 B b B S, R A s R BT TR A T
(AN Ul
3.6 REAIEEFH

DRHB I3 T T A AE PP Al ok 563 2 A7 280 SR I DA 28 28 0 AR 80y P A7 A s i 1y B A5 18 2 D 0 e, 6 (L
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FEBARR, 2% 7~ e BF 5 7 200 R BR A AF R VI i A S T 5 3 S AR WU AR 8 A BRI D T R N B TR B = 50 ] B 1 )
TR SO SR AR 0 8 Sy A, RIURT A BT ) A A R B ) R AT A R AR B AH Parnin 55 A R IR
X TE RN S K U, SR Al 5 B B B B 1 TR AT S B o 52 2 [ P Al A ) R B 7 S5 B B AR Tl F5 v, B Bl
B 5 07 7 7 (K B R IR — S A T AR B0 T TR 7 7R

F2I7 B 3SR By e A8 SO ) AT DL 58 et — 28 m] B8 7 1) 18 52, IRk, vT UM Bl SFL 7 ¥k 4 15
R BERR BRCENRE —HIEN TS R NCP(number of candidate patches), i [FIFE 55 &2 L Fe i,
753K B RO TR A R0 i3 0k b T 8, JE B ARG, 36 7 SR 1K) SFL JvETE R A8 52 0 78 v 1) R SR e Al
1145 GenProg T HIMILRl 2% 18 T 15 FOR[F A SFL J5 ik, 6 SEUE BT 5% vh A B 75 22 o 25 AR A 4 /b 1) SFL 7
T2, AN 52 AT DAEA QRS A6 A2 5k e o A 4 i i SR,

Debroy %5 Al B 248 57 73 A (mutation analysis), A 75 A 0T 5T L B 3 58 BB B 12 52 ARAT T 1 S0 A B R
SE [ SFL J5 VR K 8 R4 5 A Sk BA IR o] Re PR EAT HE 5 Bl 5 3% P AR 8 ) B BT AR B4 . AR il e, L BIAR
A2 A AR AR A 1 S IR AT 9 45 SR 3 - B A AT TSR P I 8 b7 S 85 F (mutation  operator), iJ BLIE A 12 &
e 20.7% M8 BE f5, e 115087 7 Tarantula A1 Ochiai 1% P4 Fh AR 58 28 1 8 28 OBl B A& R 1 52 ), R 30
Ochiai 2 3Bk T H A 01 IR 5 B T8 457 R LLAR ZEARATT BT 42 Hh 1 U7 v vl 5 B s IR B A8 2808 1 )5, e
ST T AR S BT B B A BRI R, RIS S R BRI E AR RIS E AR R T
LA 4 AR ol B 18 S A0 R 0L

4 BHEXIERARST

AR Naish 25 AU e 25 A D3V Bl B30 43 BT R BB 58 A7 R BEAT T 4007 AB B8 40 W — FR e ST 7 —
FROVR Tl L, 3o S A A S B 1 3 A AR P A — 52 3l A2 IR I, 248 KRB 0 9T N B SR SRR 9T 140
SRR T HE H A vk T B8 1A 25k % I R A VR 5 SR T 5T R SR P DI A R R FE D DR
4.1 JENIEFR

RS AN (7] PR AR B 5 SR 0N D3 B T B TR P I P PR DF I 4R B T-Score AL T8 A HF 7 (1 07 I 45
#r Score Il Expense.

5 B 52 A AR A5 AR [ T BETE R AR RN TFUN G148 L T2 7 4K 86 €l (program dependence graph, &
PDG) ¥ VT MFHR T-Scorel™ A2 3 4 A ] mT [r) I i s 722 13 Py 110 42 S 4 A0 S0 MG SR A R ) m, 2 2 L &
M DSi(n). 2 A WHETE T 0 R R T BEAE 56 19 2w, By 10) s 1) 3 D) AR, HLPT A B2 0 & fA35
FIHE ARV DS+(R) A A 75 i B 1 0 0 o /N MR, WA P I i e 1) o B 28 XA

1-|DS«(R)/|PDG] (16)
JEH,|[PDGIR [P 0] I 4R P PN 6035 R BT A 90 e 5, E DB 1,370 0 A RO B S B 0,0
HoR BN R

s — A7 SRR B R (9 PDG WL 2 B s, Ho b e AR B 05 ) [A) IS A2 78 3 AN B B SE AR 2, 23 30l 2 Ri={es,
es},Ry={er} ,Ra={ e} JUARGE VFI AR b v 5320 50(16), 7T 73 ) TH S Y DS«(R))={e1,e2.e3,e4,e5}, LRI E AT IR 5 Ry HY
PR3 K 0.375;:DSx(Ry)=1{ey.ex.e3,ea}, LR BEE ARG Ry IIVEIN 530 0.5;:DS«(R3) L7 PDG H B A7 1 1), JL e b
SEALAR T Ry HIVFI 73 A 0. PRt JRAT T AT LA Ay it I 2 02 41 5 ) 2 B2 ROCR - Ro>R >R

FEHE T8 AR A PP I 5 A o 0F 50N 55 K T P S A4 20 P 58 24 1) JC(EL AN v BIMIREEAT R e AR IR o A, B 3
BB TE A) AR WBITR T P={ey,ea,....ex}, SRBETE T SEAR N ep,— T HR 2 3R [k BERE PP SEAK e A1 FF 7 51 D
JT AL B (R rank 18). A7 TE m(m>0)/MFE P SE RS G BERE T SEAK e (1 PR BE A HUE AR S8 N, B 558 W A 7 200t
B rank AP0 (BB MRBE R BUI 0 T e IORR 3 SEAR KON 1,00

(1) 7201 F BRI O, U0 R S B FE P SEAR 1K) Rank {8 Rank(e) W B A Hm+1.

(2) TR 2 RPN B B ¥ BB TR S AR (K Rank (. Rank(e) BEE A I+(m+1)/2.40 75 3% 2 AT BEA7 (6T

E(-4LIPLI
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Fig.2 Program dependence graph of a faulty program
P2 B R I AR R P

WA TN G TSR B RE P SEAR I Rank A, AN 23 BE R AR B2 LR R di IR B AN B PE ISR AR Score A1

Expense[go],,ﬁ\ Hr,
o Score VFIEHFRIR [HIAS 75 22 01 2 (AR PP S O BT A R 7 S AR 1 B 4 L LB A 500

Score=(1-Rank(ey)/k)x100% 17)
o Expense YFFEBR(LEAT (1 SCHR PR K EXAM F8FRUTN) IR [0 45 4% BB W4 8 ) e 1T 2 2005 2 10 FL )T
SEAR o A AR SR T2y B ST SRE A 5 0k
Expense=(Rank(es)/k)x100% (18)
4.2 FMREF
TG B S8 RLAIT TP AT FUN 5% — A B S5 = B U5 304 A 1 U7 R e AT BE . A 10 18 3 rp SR D 1 U7
DR P EAT TIC R IR S A AT H B 1 ki) T PRI R 7 e A S5 LR 2.3 2 KRB 40 T R 4 9K
FEFF R REFF D RERA o IO I 1D S8 A0 O 8088 v KA QRS AT 2L 100 000 A7 R RE 7 FR 4 KR
BERE P A5 AR AT HLAE 1000 47~10 000 4722 [ (A% ¥ B A v FUBEAE e A AR AT £/ T2 1000 47 HORE 7 A A /)
FURRE R A ol 3 2 FATT o) Sl :space FEFP & T T AR RUBTRE 7, 1 AT IR 1) 24 2002 4F, 48 13 H Ay 4 1k, 2
VAT R ECh 31 Wk, 3L R 43 S SR AT S0 SR FH 1R 552 50 X 5 243 ] LA P AT Bz 900 K 22K 43 82 (University of
Nebraska-Lincoln)(¥] SIR & P AEZ 2 o FRA TR VPR 55 44 Ji 2208 P W B v B 0047 HE 5.

Table 2 Subjects used in previous empirical studies

F2 CASUENRI P A VEIRL

Name Size Description First used Cumulative number
Siemens suite Small Small programs developed by Siemens 2003 65
space Medium An interpreter for an array definition language 2002 33
grep Large Searches input files for a pattern 2006 28
gzip Medium Data compression/decompression 2009 25
sed Large Text processor 2009 24
flex Large A lexical analyzer generator 2009 18
nanoXML Medium A small XML parser for Java 2005 8
ant Large A Java-based build tool 2008 8
XMLsecurity Large Implements security standards for XML 2008 8
Unix utity Small Unix utities 2008 6
make Large Build manager for C programming language 2010 5
Jtopas Medium Facilitates users to tokenize and parse arbitrary text data 2011 5
Jmeter Large Performance testing tool 2011 5
BC Large A calculator program that accepts scripts written in the bc language 2006 4
DC Medium Desk calculator 2005 2
TCC Large Tiny C compiler 2005 2
Jaligner Medium An algorithm for biological local pair-wise sequence alignment 2010 2
seqmap Medium A bioinformatics tool in C++ 2011 2
SimpleJavaApp  Small A displaying and editing book listing application 2012 2
Tetris Medium Teris game 2012 2
JHSA Large A JAVA hierarchical slicing tool 2012 2
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PATTARE 2 2 XS VEIAR P ) A8 R A AT 20 A 15 R 4518

(1) P TF & (Siemens suite) @A 5T G5 AW AT PR FE e B 80% Wik LR TR 1] F - 1 FE
JPAE N VP INAR 7 00 1) F R 4G 7 AN N C 1 5 25, 2L P teas J2 B 1T 20 2% 25 AR B R 48, schedule
F1 schedule2 A 5620 5 2% tot_info &l Xt 45 & M Fr A\ B8 £ i 4t v {5 5., print_tokens F print_tokens2 J& 1] 2
Gr B replace #2775 A5 2 UG T50 R R 483X SO A% e WL UA 40 18 10— 091 5 6 P T 0 5 42 St R 0040 v 2 5 1A U )
BB I i %,

) HVUTTTEAPAREE 7 ANFRFHZ /NIRRT, RS R T i N 5 2K M DRI S B T Ao
T eP IR R A R B L SRR A R A DR SR BT 5 1) 45 18 B AT — IR 48 R A U B3 S B4 SR FH — L rp S5 RS L
AU I R, L SR F R P B HE space F2)7 R Unix T H 2P (BLHE grep,gzip,sed Fl flex). HH space F2
> 9 RIGH AL R R T K R & 5+ B4 52 Ui 5 (array definition language, 7% ADL)IF)—/AMERE 28, & L5 6 000 £
ATATHATACRS . 1 T 2 AN B 38 A Bl B RROAS A5 A Gl B3 RRAS K 15T 30 1) 5 B R Ik R TR b 3
Bebr g HAT— 2 AR AE Unix T HFEFHh,grep B PS8BT 46— SCF A IURCHE 2 B, B8 9 000 %
ATARHS L 809 AN F 1\ 17 SRR B RRAS s gzip F/3 SE TR T H0H 19 1 4 R 40, e 0 2 5000 2474005, 217
AT 55 A FRERBAR AN sed F2)7 SEIL T SCARAL B, ERS T 9 000 24748 370 NI B 17 AN
B RRA flex FLFSEHL T VAT AL, C S T 1 T2, 567 ARG 21 AN g i A B0 4%
M B C 155 AR LI PRI R 5 24T SRR 5T I, 24 K8 /0 N A B geov 1B 58 J AR T () e A7 R 00 3K
FH 17 75 A SR8 4R

(3) Bt I [0 S 3 A H 25385 22 DL T Java BIAH SGTF IR T B (A W 8 I (9 an #2743 TR Soot il
WALA %5 AR 7 76 R 48 45 T H EclEmma,Cobertura fl codecover 25, il F #5 2E i 1. F. Randoop F1 EvoSUITE
)N A IEHAE SLIE U SR A Java 15 5 SEBLAPEINAR P, BL NanoXML,Ant,XML-security,Jtopas
F Jmeter AR ., NanoXML SCHL T — M EH XML #HT 45,8 % 29 8 000 47X ; Ant 54T T —AN3E T Java
PR R 8 T H D 5E2R AL T Unix #:1F 240 1) make L H;Jmeter SEHL T —A Java 100 W HRE 7, T 3047
PERE A, XML-security SE3L T XML o1 (122 4 18I Topas SEHL T —ANF T BT SCRBARE 1) Java 285 4 4
FEITHAETE 2 000 17~80 000 4T 2 [, HFE SIR FEHAHC A T K31 Junit JUCAE 22 10038 FH 461). Bk stk 2 4,
TR HB 43 PRI Sk 1 A A b BT U5 AL X491 2, Abreu 25 AR T — MR AR R 280, Jones 28 AR H
T AN ) 7 1 FORE 42 Aspect B ABATTIE 5T 4290 Aspectd BIACHE 7 s 42 RS JLER IS 10 454 A FRAS, Ho b B8R4SR
ASEBL A% 1 585 NI A 441

5 HFTEN RSB RYBRBEE LG AT R

HAIF,0F 5l [ 58 A TR 5T 28 IAA: 8 110 Atk 00 i A i 380 381 A [ o P 49U, B 45 R AR 7 . Wb J3
JI~ SQL Hcdla J7E N . Web g5 i A R GEA m] ik &%

WEEZ % CPU ERIIFR RAE GGG M E 42 T 8 Pk ik Park 45 A X 2 72 ] 15 £ U7 in) 42 X
(data- access pattern)AH ¢ [IERBATEAT T ¥R ANBIFIT, FEFF K Hi Falcon T H . H AR UL 1 56, % 26 F2 (0] 18 9 A7 V7 ] /7
FIREAT B0 B 5 48 B DA 491 7 5 0 300 U5 In) A RT3 7 AT 45 R 5 )5 26 T Tarantula PRBEZA X HH
BANHR U 1) B2 B P e 20000 B S ABATTTT A ) Unicorn T 2% T HC AT DLR 51 1 3 B 3T o BB B0 T S5 WA A7)
fi) 5% B3 MR 58 3 RN AT O,

Artzi 55 NEFXGE Web N IT & Apollo T H 1% T H A, {114 Tarantula,Ochiai f1 Jaccard %% P&t K115
AN E] PHP HiFRTE T SCHLN Web N RIS 35 B 7 22 A R0 0t 481 A= i 356 s LA B2 v e B 8 o7 2%
HLUTL102.103] g JE S 4 A kg $iE v R F ) 7 ST (graphical user interface, fRj R GUI)H AT B8R o8 A RO J2 7 —
ol BRI 0 A i v B SR U ABATT BT 4 BT RUR S TR O GUT SR A 481 o 7 = )
AT AR 44, LA O R AR P 451 1O,

Clark 25 NSO 508 72 N P i) SQL AH DG B b 1 s 7 3047 7 F 52 %L 3 F R )45 B SQL(structured query
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language), A] LA 58 O B85 1 28l TEOBr . SR B . SQL iy 4 AN A3 PA 308 E 15 s i) 40t R 450 i A4 o, g _EL I
AT &5 B2 5 W RE 7 B G IR U B 45 SR AN PAT B A2 ARAT T3 R 1 D7 vk m] DO S B 5 1K SQL w2 AT 1EAT 1t
5,3 58 O SQL iy & Fl @ MR BE R 1) 1T 5.

BPEL(business process execution language)& —Ff iz Al I (1] Web IR %5 414518 5, A S 45 A 1B VA FIE
SCANE B S AT Tarantula PRBEFR 2 3042 H W RIHESY, 1T 47 25008 47 BPEL Hh (9 42 il dol s A0 A8 e 000,

BRI AN R G, Azzeddine 55 A4 HH T AH B (1 B 58 A7 5 15 9T B2 B CoMET "L HE A AT {5 B) While £
A5 H RN R G P LR I PR AR 2k, AT 2 R G — ORI AT S A While #5284 FP A5 2R 1) 22 IR
AT, 06 B S5 — IR BT LA e OB AT , AT A4 4 Y While 455780 o 7 B 44 ¥ 2 2 000 338 17 F1) A Tarantula 1 Ochiai
AN S /N W - WL B NN RN S SR NI IS S Sl

DA BRARHK A BAT N FE BN PE . wT T PR AR B R, 22 A 58 I 2B S, T R4 ™ AR e N T MU IS o
fish 5 BRI R 280 Jin A AN FRIR R RN #8285 R R (field failure). F8 28 J SR 280 Al LS AN = B ARy 0, AT 0 At
148 H — P03 U 77 72 BugREDUX. 1% 77 15 W] RAAE P 0 ) R0 300 348 285 5 2k 20, HLAS 75 2 FH P A R A0 48, 9
AT RO R AU P B AL SR RS TR (ISR L 13— 254 B FP(fault localization for field failures)
JivER B AL IX BB A% AT BLo(1) AR B2 AN 5 3 IS 2 sSORH AR IR 2R I 490 R e Th A 49105(2) v A
A7 25 Hb il B AT (e B o A7 5 3 90,

TERARTT R AN B L AR b B BRI W FEGR I . 563% CF DhRe . IS E M EEE S T R 3 S AT AR
T A8 o LRl VR A ] T O UE AT S0P L 8 P, O 2 S AR A S0y I A 5 R ™= A 1) iV B L %6 A [
DA AR, i PR ) 46 5T G 3 P 5 LN BRI B B K A [l UL 5B A T T 4 Deellta Debugiging Jy i2:U MU T 1 1] )9 e
SE A I R SCRBEAT T VPAL, A5 R TR 8 AL ME 2/3 B[RV R B B3 T Delta Debugging J7 25 R 25 H ARG AT
LA Ay fil B 5 37 5 (3t 1T 42 B0 M) 22 1 7 i 2 % 5 0 7 S8 /1 F At [ U1 Al g o, D)7 B 120 HR PR ARG I 22 SR R A O O
) 1) U2 B S AT 45 A 7 R A HT A Delta Debugging J7 9235 M — Tl B 59 05 5k, T A 200 b 2 L 5 BRI A % f
ARG A8 e U gk 4 w4 A $R T FaultTracer J71%,1% J7 v K AR RS 18 00 — &R 81 74X 5 48 24 (atomic
change), %% & SFL J5 V2 FE 250 5% W 43 1T (change impact analysis) /7 72, % B 1 AC RS 16 50 % PR SBE R UM 334 T HE 7.
25 SRR WA T o 7 D DA A SR A sy 8 el b v ) U S) B IS ZE FaultTracer 510 AOFERE 1, fb AT 45 B
A5 S 3 W SRE — 20 i v e 4 o 2 SR 6L

6 KEKWHRRBE

MR 3 53 Wt ml LA <R R e G (1 30 A e o 5 A i) Al 2 0 45 ) 2 R R Tk J 1)) 2 R O F A
TREEFTRSR A SO A FIWFFTEAT B 45, IR Pt T2 T RE e Sk (0 50 2 B I 52 L0 FUHE S8 0 HE SR P9 1) 52
WA DR ZE L SEUEBEST AR PP RAR PRI e LA i e 5 0 A5 45 72 DUk U o 1) B I EAT T R e 1 B 4
73 B AR ST Je 45 7P T LA H s SFL TR 1 X ) AN T 0 0 e, LA = PR B 7 (R0 1 I it
JEHA N R U 2 4Rk, [/ AN D R BBIE ST T (B 0 BRI R i E R e s o s [ B R
PR ACHUAR IR K5 W RS R R K A 55 ) B 6 42 ) L AR 5+ 203 R 6 1 A A AL 34 1) A 2 13
ERR T KEDIUSCR, IS B E S A AT KA

{Hg H AT AOF S BR 20 BT R BRI SN U213 150 B B8 43 M R Y T — BB R PR 8 5 2 LT
PRI AL T 2 A B A B AR S P T S8 B RS S 2 B TR I, — S80I ST N 5 A SR AT 5 vt A B, FF AN A7
FE—7F SFL J5 v, 1T LATE BT A VP IR L () 5 7 A0 85 18 B e 10 I LA AT 98 75 B 0N DA 7E A AR 4k 48 e
TR NI, I35 50 A3 25K B AU ek 7 58 BRAT T i U A7 A8 G ARG E AP T S0 1, 3 A 4

(1) S REras

FEVEA e 8 5 A7 77 3247 RCPE I, K 20 B0F TN 5 34 5R T 7 5 58 e gl AL 8¢ AR (BRI F AN 13 B B, A
(R B R A7 R 5 06T TR N B3 PR S B 1 T B B AT R A TR SFIL IF 5 B SR S 4 i ) T 4 3 1 1) S B K,
FTLAABLR 3 R TR 50 1 56, BT AT LUK B b s A 5 vk 55 F B A (K i P A8 52 0 17 ISR AT & s 3R A Bl
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AT TG B A, T8 43 BT 15 1T B8 VB ) 1R) A7 70458 ) BUECHE AR 0% 2R 1) LA A AR IR R AT A O, nT R B T RN R
T R] B T R AT A T, A T A R B TR U, A W DU B T RN DR R B B AT B B d i B B A
43 HT(formal concept analysis), 7] DL I3 H 1] 1R 3 4000 A4 28 AF 07 AL 3 %, LA 2 R &5 ) o s v ) R AR vz
AR A6 DG R, T 8 O A N 0 5 B T S %) B A8 A T D) K RSS20 2 I, S RO A 1) T S T A 0K,
— P RIAT T AR 43 3 AR EAT R 40, S A 2 R IR AR A s B S L X T B R 2R A TV R IR MR
K 35t i 5K AT B 7 i R S A B 1 R J2 UK R s I A B PTBETE A

(2) BT 4 &

AR E N AMIER N A QAR AT T RR, RAITER 5 W C @B I RS ER AT T B 45,1
B I PR BB 1 67 VAT AT AN BA TR P s 4k A R R IR NBIE S 1 S, W) LAE — 2B A B & o i o3 A B 7 D)
v WE 5 A0l H A5 PR o T A S SR RS At AR ) HR 5 AR A SO A 428 A B A O AR W3 ) 2, AR/ ARG
P 1 TF A 020 W er 0k A 1R 425 A AT A 2800 A LU Bl 37 s R B B S 7, R [RDRE(E A3 063 H A, R
SIIF T AR Y 5 G O R e 11 2 I A (R AT AR A UG 43 36 A S 1438 40 Ak P 491 D608 T
16 UG R 0 X S I ) 75 B B B S5 AT 8 2 R ) A S AR T8 etk £ 7 A 1R It 75 SR, TR e, e
BEATABE T 1R I 2 810K 5 b he 2 4 0 1 SR PR

(3) B HR BT IT VL BEAT H A

Tt s TN 8 Tk 4 AT 7 S T R AR T A R A K 3 40 AR T, I FH A2 AR 2R SR U % N FE e S A ) R B
A6 ) A 0 R R FR AR EL ARG AR AU . SRR R A T RN BRI S A% 8 A5 T B TOU, TT LR — R A
B BT 1] P vy P R P 52 A 0 T ISR o ST A4, 1 T8 R B 0 /6 7 ¥ B 8¢ O vy PR L

(4) FHB I 5

L5 5 143 B BT LU H R B E A7 7 1k S WD B N T OE A Web B FH IR Hod 28 3 P R
J7 W00 S5 AR S AN, I AR T — 0 PRI S R SR R T A T X R s IR A 1) R B E 8 T R A 8 JR TR N
W LAAE, AT 38 75 BEAR AR - £ AT LA ik B4 78 57 51 I 2 280 R 1 37 X Ak, 1) 2t 2= v 35 &5 R 16 ) T 1
S R I A AU 1 17 SRR AIE, 3 7 4 R B S T A 1 A A SRR A B T AR o TR R R T R

(5) WA T A3 30T B BRI 58 AL T EIE S

A AT UK 2 51 RH% R8T A T3 1 B FH R 0 FRAT TR 56 4 345 1R 23 B R B I8 1 v IR 7
—JEER T M. space FEFA Unix 1 H R 4800, B35 BIACTE 5 BIIRAT RUERAETT & 07 35 00 500, IR
TIHWMEhZEAARID . HT Web IRF5 11 SOA N« FE THIIY 1) BT I 56 5 81 TE 25 B3R A O R 3 o 3R AT T b B2
TT At S5 G IS B 2 T B B 5 A2 00T 98, 3 A AH G VP IR ).

(6) ¥ AU R LB AT R AR T B4 &

H AT, 2 K35 43 T 57 340 K FH 6 i 52565 (controlled  experiment) J5 34T A 250k B A, 5% FH B U1 300 R P AR 4
NI — AR T T B R e, B LA B 10 85 10 AN HL AT — MRk HE LU T A P R R B R A 7 L TR
JITTT 5t e B i A6 TR I 2R 78 20 S Al B AT R T TR R IR AR S s A L AR . P A
M AL 5 IDE T H AR i DL R T HL 5 P A et

A BT F IR 1) AR A R U T 58, UL it — 20 HE 3% U ) T S R, I DR 5 4 v Al P ) U
T FH R 285 e, DA T 8 A 2t 00 3 A A R AR B A 7 i o JO e R SR TR R i

BOSH OO0 R L AR IS SR L.

References:
[11 Yu K, Lin MX. Advances in automatic fault localization techniques. Chinese Journal of Computers, 2011,34(8):1411-1423 (in
Chinese with English abstract). [doi: 10.3724/SP.J.1016.2011.01411]
[2] Steimann F, Frenkel M, Abreu R. Threats to the validity and value of empirical assessments of the accuracy of coverage-based

fault locators. In: Proc. of the Int’l Symp. on Software Testing and Analysis. 2013. 314-324. [doi: 10.1145/2483760.2483767]



A SR TAR IR0 3) AR IE AT T R AR 407

(3]

(3]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Renieris M, Reiss SP. Fault localization with nearest neighbor queries. In: Proc. of the Int’l Conf. on Automated Software
Engineering. 2003. 30-39. [doi: 10.1109/ASE.2003.1240292]

Reps T, Ball T, Das M, Larus J. The use of program profiling for software maintenance with applications to the year 2000
problem. In: Proc. of the European Software Engineering Conf. on Held Jointly with the Int’l Symp. on Foundations of Software
Engineering. 1997. 432-449. [doi: 10.1007/3-540-63531-9 29]

Harrold MJ, Rothermel G, Sayre K, Wu R, Yi L. An empirical investigation of the relationship between spectra differences and
regression faults. Software Testing, Verification and Reliability, 2000,10(3):171-194. [doi: 10.1002/1099-1689(200009)10:3<
171::AID-STVR209>3.0.CO; 2-J]

Wong WE, Debroy V, Gao RZ, Li YH. The DStar method for effective software fault localization. IEEE Trans. on Reliability,
2013,62(4):1-19. [doi: 10.1109/TR.2013.2285319]

Jones JA, Harrold MJ, Stasko J. Visualization of test information to assist fault localization. In: Proc. of the Int’l Conf. on
Software Engineering. 2002. 467-477. [doi: 10.1145/581339.581397]

Jones JA, Harrold MJ. Empirical evaluation of the tarantula automatic fault-localization technique. In: Proc. of the Int’l Conf. on
Automated Software Engineering. 2005. 273-282. [doi: 10.1145/1101908.1101949]

Abreu R, Zoeteweij P, Gemund AJCV. An evaluation of similarity coefficients for software fault localization. In: Proc. of the
Pacific Rim Int’l Symp. on Dependable Computing. 2006. 39-46. [doi: 10.1109/PRDC.2006.18]

Abreu R, Zoeteweij P, Gemund AJCV. On the accuracy of spectrum-based fault localization. In: Proc. of the Testing: Academic
and Industrial Conf. on Practice and Research Techniques. 2007. 89-98. [doi: 10.1109/TAIC.PART.2007.13]

Wong WE, Qi Y, Zhao L, Cai KY. Effective fault localization using code coverage. In: Proc. of the Annual Int’l Computer
Software and Applications Conf. 2007. 449-456. [doi: 10.1109/COMPSAC.2007.109]

Naish L, Lee HJ, Ramamohanarao K. A model for spectra-based software diagnosis. ACM Trans. on Software Engineering and
Methodology, 2011,20(3):1-32. [doi: 10.1145/2000791.2000795]

Xie XY, Chen TY, Kuo FC, Xu BW. A theoretical analysis of the risk evaluation formulas for spectrum-based fault localization.
ACM Trans. on Software Engineering and Methodology, 2013,22(4):31:1-31:40. [doi: 10.1145/2522920.2522924]

Yoo S. Evolving human competitive spectra-based fault localisation techniques. In: Proc. of the Int’l Conf. on Search Based
Software Engineering. 2012. 244-258. [doi: 10.1007/978-3-642-33119-0_18]

Xie XY, Kuo FC, Chen TY, Yoo S, Harman M. Provably optimal and human-competitive results in SBSE for spectrum based
fault localization. In: Proc. of the Int’l Conf. on Search Based Software Engineering. 2013. 224-238. [doi: 10.1007/978-3-642-
39742-4_17]

Wong E, Wei TT, Qi Y, Zhao L. A crosstab-based statistical method for effective fault localization. In: Proc. of the Int’l Conf. on
Software Testing, Verification, and Validation. 2008. 42-51. [doi: 10.1109/ICST.2008.65]

Liblit B, Aiken A, Zheng AX, Jordan MI. Bug isolation via remote program sampling. In: Proc. of the Conf. on Programming
Language Design and Implementation. 2003. 141-154. [doi: 10.1145/780822.781148]

Liblit B, Naik M, Zheng AX, Aiken A, Jordan MI. Scalable statistical bug isolation. In: Proc. of the Conf. on Programming
Language Design and Implementation. 2005. 15-26. [doi: 10.1145/1064978]

Nainar PA, Chen T, Rosin J, Liblit B. Statistical debugging using compound boolean predicates. In: Proc. of the Int’l Symp. on
Software Testing and Analysis. 2007. 5-15. [doi: 10.1145/1273463.1273467]

Chilimbi TM, Liblit B, Mehra K, Nori AV, Vaswani K. HOLMES: Effective statistical debugging via efficient path profiling. In:
Proc. of the Int’l Conf. on Software Engineering. 2009. 34—44. [doi: 10.1109/ICSE.2009.5070506]

Liu C, Yan X, Fei L, Han JW, Midkiff SP. SOBER: Statistical model-based bug localization. In: Proc. of the European Software
Engineering Conf. on Held Jointly with Int’l Symp. on Foundations of Software Engineering. 2005. 286—-295. [doi: 10.1145/
1081706.1081753]

Liu C, Fei L, Yan X, Han JW, Midkiff SP. Statistical debugging: A hypothesis testing-based approach. IEEE Trans. on Software
Engineering, 2006,32(10):831-848. [doi: 10.1109/TSE.2006.105]

Li W, Zheng Z, Hao P, Gao YC, Rao PF, Gong C. Predicate execution-sequence based fault localization algorithm. Chinese
Journal of Computers, 2013,36(12):2406—-2419 (in Chinese with English abstract). [doi: 10.3724/SP.J.1016.2013.02406]



408

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Journal of Sofiware A%k Vol.26, No.2, February 2015

Hao P, Zheng Z, Zhang ZY, Gao YC, Gong C, Xue YZ. Self-Adaptive fault localization algorithm based on predicate execution
information analysis. Chinese Journal of Computers, 2014,37(3):500-511 (in Chinese with English abstract). [doi: 10.3724/SP.J.
1016.2013.00500]

Masri W. Fault localization based on information flow coverage. Software Testing, Verification and Reliability, 2010,20(2):
121-147. [doi: 10.1002/stvr.409]

Zhang ZY, Jiang B, Chan WK, Tse TH. Debugging through evaluation sequences: A controlled experimental study. In: Proc. of
the Annual Int’l Computer Software and Applications Conf. 2008. 128—135. [doi: 10.1109/COMPSAC.2008.207]

Zhang ZY, Jiang B, Chan WK, Tse TH, Wang X. Fault localization through evaluation sequences. Journal of Systems and
Software, 2010,83(2):174—-187. [doi: 10.1016/].jss.2009.09.041]

Xu J, Zhang ZY, Chan WK, Tse TH, Li SP. A general noise-reduction framework for fault localization of Java programs.
Information and Software Technology, 2013,55(5):880-896. [doi: 10.1016/].infsof.2012.08.006]

Xu J, Chan WK, Zhang ZY, Tse TH, Li SP. A dynamic fault localization technique with noise reduction for Java programs. In:
Proc. of the Int’l Conf. on Quality Software. 2011. 11-20. [doi: 10.1109/QSIC.2011.32]

Zhang ZY, Chan WK, Tse TH, Jiang B, Wang XM. Capturing propagation of infected program states. In: Proc. of the Joint
Meeting of the European Software Engineering Conf. and the Symp. on The Foundations of Software Engineering. 2009.
43-52. [doi: 10.1145/1595696.1595705]

Yu K, Lin MX, Gao Q, Zhang H, Zhang XY. Locating faults using multiple spectra-specific models. In: Proc. of the Symp. on
Applied Computing. 2011. 1404—-1410. [doi: 10.1145/1982185.1982490]

Baah GK, Podgurski A, Harrold MJ. The probabilistic program dependence graph and its application to fault diagnosis. In: Proc.
of the Int’l Symp. on Software Testing and Analysis. 2008. 189-200. [doi: 10.1145/1390630.1390654]

Baah GK, Podgurski A, Harrold MJ. Causal inference for statistical fault localization. In: Proc. of the Int’l Symp. on Software
Testing and Analysis. 2010. 73—84. [doi: 10.1145/1831708.1831717]

Baah GK, Podgurski A, Harrold MJ. Mitigating the confounding effects of program dependences for effective fault localization.
In: Proc. of the Joint Meeting of the European Software Engineering Conf. and the Symp. on the Foundations of Software
Engineering. 2011. 146—156. [doi: 10.1145/2025113.2025136]

Agrawal H, Horgan JR. Dynamic program slicing. In: Proc. of the Conf. on Programming Language Design and Implementation.
1990. 246-256. [doi: 10.1145/93542.93576]

Agrawal H, Horgan JR, London S, Wong WE. Fault localization using execution slices and dataflow tests. In: Proc. of the Int’l
Symp. on Software Reliability Engineering. 1995. 143—151. [doi: 10.1109/ISSRE.1995.497652]

Wong WE, Qi Y. An execution slice and inter-block data dependency-based approach for fault localization. In: Proc. of the Asia-
Pacific Software Engineering Conf. 2004. 366—-373. [doi: 10.1109/APSEC.2004.26]

Wong WE, Qi Y. Effective program debugging based on execution slices and inter-block data dependency. Journal of Systems
and Software, 2006,79(7):891-903. [doi: 10.1016/j.jss.2005.06.045]

Zhang XY, Gupta N, Gupta R. Pruning dynamic slices with confidence. In: Proc. of the Conf. on Programming Language Design
and Implementatio. 2006. 169—180. [doi: 10.1145/1133981.1134002]

Zhang XY, Tallam S, Gupta N, Gupta R. Towards locating execution omission errors. In: Proc. of the Conf. on Programming
Language Design and Implementation. 2007. 415-424. [doi: 10.1145/1250734.1250782]

Lei Y, Mao XG, Dai ZY, Wang CS. Effective statistical fault localization using program slices. In: Proc. of the Annual Int’l
Computer Software and Applications Conf. 2012. 1-10. [doi: 10.1109/COMPSAC.2012.9]

Mao XG, Lei Y, Dai ZY, Qi YH, Wang CS. Slice-Based statistical fault localization. Journal of Systems and Software, 2014,89:
51-62. [doi: 10.1016/j.js5.2013.08.031]

Wen WZ, Li BX, Sun XB, Li J. Program slicing spectrum-based software fault localization. In: Proc. of the Int’l Conf. on
Software Engineering and Knowledge Engineering. 2011. 213-218. [doi: 10.1109/ICSE.2012.6227049]

Wen WZ, Li BX, Sun XB, Liu CC. Technique of software fault localization based on hierarchical slicing spectrum. Ruan Jian
Xue Bao/Journal of Software, 2013,24(5):977-992 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4342.
htm [doi: 10.3724/SP.J.1001.2013.04342]



A SR TAR IR0 3) AR IE AT T R AR 409

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Ju XL, Jiang SJ, Chen X, Wang X, Zhang Y, Cao H. Hsfal: Effective fault localization using hybrid spectrum of full slices and
execution slices. Journal of Systems and Software, 2014,90:3—17. [doi: 10.1016/j.jss.2013.11.1109]

Dallmeier V, Lindig C, Zeller A. Lightweight defect localization for Java. In: Proc. of the European Conf. on Object-Oriented
Programming. 2005. 528-550. [doi: 10.1007/11531142_23]

Tu JX, Chen L, Xu L, Lu HM, Xu BW. Fault localization of object-oriented programs with considering class feature. Chinese
Journal of Computers, 2013,36(12):2420-2428 (in Chinese with English abstract). [doi: 10.3724/SP.J.1016.2013.02420]

Yilmaz C, Paradkar A, Williams C. Time will tell: Fault localization using time spectra. In: Proc. of the Int’l Conf. on Software
Engineering. 2008. 81-90. [doi: 10.1145/1368088.1368100]

Santelices R, Jones JA, Yu Y, Harrold MJ. Lightweight fault-localization using multiple coverage types. In: Proc. of the Int’l
Conf. on Software Engineering. 2009. 56—66. [doi: 10.1109/ICSE.2009.5070508]

Debroy V, Wong WE. A consensus-based strategy to improve the quality of fault localization. Software: Practice and Experience,
2013,43(8):989-1011. [doi: 10.1002/spe.1146]

Perez A, Abreu R, Riboira A. A dynamic code coverage approach to maximize fault localization efficiency. Journal of Systems
and Software, 2014,90:18-28. [doi: 10.1016/j.jss.2013.12.036]

Ding H, Chen L, Qian J, Xu L, Xu BW. Fault localization method using information quantity. Ruan Jian Xue Bao/Journal of
Software, 2013,24(7):1484-1494 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4294 htm [doi: 10.3724/SP.
J.1001.2013.04294]

Voas JM. PIE: A dynamic failure-based technique. IEEE Trans. on Software Engineering, 1992,18(8):717-727. [doi: 10.1109/32.
153381]

Wang XM, Cheung SC, Chan WK, Zhang ZY. Taming coincidental correctness: Coverage refinement with context patterns to
improve fault localization. In: Proc. of the Int’l Conf. on Software Engineering. 2009. 45-55. [doi: 10.1109/ICSE.2009.5070507]
Masri W, Assi RA. Cleansing test suites from coincidental correctness to enhance fault-localization. In: Proc. of the Int’l Conf. on
Software Testing, Verification and Validation. 2010. 165—174. [doi: 10.1109/ICST.2010.22]

He T, Wang XM, Zhou XC, Li WJ, Zhang ZY, Cheung SC. A software fault localization technique based on program mutations.
Chinese Journal of Computers, 2013,36(11):2236—2244 (in Chinese with English abstract). [doi: 10.3724/SP.J.1016.2013.02236]
Zhang ZY, Chan WK, Tse TH. Fault localization based only on failed runs. IEEE Computer, 2012,45(6):64-71. [doi: 10.1109/MC.
2012.185]

Hao D, Zhang L, Pan Y, Mei H, Sun JS. On similarity-awareness in testing-based fault localization. Automated Software
Engineering, 2008,15(2):207-249. [doi: 10.1007/s10515-008-0025-9]

Wong WE, Debroy V, Choi B. A family of code coverage-based heuristics for effective fault localization. Journal of Systems and
Software, 2010,83(2):188-208. [doi: 10.1016/].jss.2009.09.037]

Tan DG, Chen L, Wang ZY, Ding H, Zhou YM, Xu BW. Spectra-Based fault localization by increasing marginal weight. Chinese
Jounal of Computers, 2010,33(12):2335-2342 (in Chinese with English abstract). [doi: 10.3724/SP.J.1016.2010.02335]

Jiang B, Zhang ZY, Tse TH, Chen T. How well do test case prioritization techniques support statistical fault localization. In: Proc.
of Annual Int’l Computers Software and Applications Conf. 2009. 99-106. [doi: 10.1109/COMPSAC.2009.23]

Jiang B, Chan WK. On the integration of test adequacy, test case prioritization, and statistical fault localization. In: Proc. of the
Int’l Conf. on Quality Software. 2010. 377-384. [doi: 10.1109/QSIC.2010.64]

Jiang B, Zhang ZY, Chan WK, Tse TH, Chen TY. How well does test case prioritization integrate with statistical fault
localization? Information and Software Technology, 2012,54(7):739-758. [doi: 10.1016/j.infsof.2012.01.006]

Jiang B, Chan WK, Tse TH. On practical adequate test suites for integrated test case prioritization and fault localization. In: Proc.
of the Int’l Conf. on Quality Software. 2011. 21-30. [doi: 10.1109/QSIC.2011.37]

Jiang B, Zhai K, Chan WK, Tse TH, Zhang ZY. On the adoption of MC/DC and control-flow adequacy for a tight integration of
program testing and statistical fault localization. Information and Software Technology, 2013,55(5):897-917. [doi: 10.1016/j.
infsof.2012.10.001]

Gonzalez-Sanchez A, Piel E, Gross HG, Gemund AJCV. Prioritizing tests for software fault localization. In: Proc. of the Int’l

Conf. on Quality Software. 2010. 42—51. [doi: 10.1109/QSIC.2010.28]



410

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Journal of Sofiware A%k Vol.26, No.2, February 2015

Gonzalez-Sanchez A, Piel E, Abreu R, Gross HG, Gemund AJCV. Prioritizing tests for software fault diagnosis. Software:
Practice and Experience, 2011,41(10):1105-1129. [doi: 10.1002/spe.1065]

Gonzalez-Sanchez A, Abreu R, Gross HG, Gemund AJCV. Prioritizing tests for fault localization through ambiguity group
reduction. In: Proc. of the Int’l Conf. on Automated Software Engineering. 2011. 83-92. [doi: 10.1109/ASE.2011.6100153]

Yoo S, Harman M, Clark D. Fault localization prioritization: Comparing information theoretic and coverage based approaches.
ACM Trans. on Software Engineering and Methodology, 2013, 22(3):19:1-19:29. [doi: 10.1145/2491509.2491513]

Baudry B, Fleurey F, Traon YL. Improving test suites for efficient fault localization. In: Proc. of the Int’l Conf. on Software
Engineering. 2006. 82-91. [doi: 10.1145/1134285.1134299]

Artzi S, Dolby J, Tip F, Pistoia M. Directed test generation for effective fault localization. In: Proc. of the Int’l Symp. on
Software Testing and Analysis. 2010. 49-60. [doi: 10.1145/1831708.1831715]

Campos J, Abreu R, Fraser G, d’Amorim M. Entropy-Based test generation for improved fault localization. In: Proc. of the Int’l
Conf. on Automated Software Engineering. 2013. 257-267. [doi: 10.1109/ASE.2013.6693085]

Hao D, Zhang L, Zhong H, Mei H, Sun JS. Eliminating harmful redundancy for testing-based fault localization using test suite
reduction: An experimental study. In: Proc. of the Int’l Conf. on Software Maintenance. 2005. 683—686. [doi: 10.1109/ICSM.2005.
43]

Yu YB, Jones JA, Harrold MJ. An empirical study of the effects of test-suite reduction on fault localization. In: Proc. of the Int’l
Conf. on Software Engineering. 2008. 201-210. [doi: 10.1145/1368088.1368116]

DiGiuseppe N, Jones JA. On the influence of multiple faults on coverage-based fault localization. In: Proc. of the Int’l Symp. on
Software Testing and Analysis. 2011. 210-220. [doi: 10.1145/2001420.2001446]

Debroy V, Wong WE. Insights on fault interference for programs with multiple bugs. In: Proc. of the Int’l Symp. on Software
Reliability Engineering. 2009. 165—174. [doi: 10.1109/ISSRE.2009.14]

Zheng AX, Jordan MI, Liblit B, Naik M, Aiken A. Statistical debugging: Simultaneous identification of multiple bugs. In: Proc.
of the Int’l Conf. on Machine Learning. 2006. 1105—1112. [doi: 10.1145/1143844.1143983]

Liu C, Han JW. Failure proximity: A fault localization-based approach. In: Proc. of the Int’l Symp. on Foundations of Software
Engineering. 2006. 46—56. [doi: 10.1145/1181775.1181782]

Liu C, Zhang XY, Han JW. A systematic study of failure proximity. IEEE Trans. on Software Engineering, 2008,34(6):826—
843. [doi: 10.1109/TSE.2008.66]

Jones JA, Bowring JF, Harrold MJ. Debugging in parallel. In: Proc. of the Int’l Symp. on Software Testing and Analysis. 2007.
16-26. [doi: 10.1145/1273463.1273468]

Servant F, Jones JA. Whosefault: Automatic developer-to-fault assignment through fault localization. In: Proc. of the Int’l Conf.
on Software Engineering. 2012. 36-46. [doi: 10.1109/ICSE.2012.6227208]

Abreu R, Zoeteweij P, Gemund AJCV. Spectrum-Based multiple fault localization. In: Proc. of the Int’l Conf. on Automated
Software Engineering. 2009. 88-99. [doi: 10.1109/ASE.2009.25]

Abreu R, Zoeteweij P, Gemund AJCV. Simultaneous debugging of software faults. Journal of Systems and Software, 2011,84(4):
573-586. [doi: 10.1016/j.js5.2010.11.915]

Wen WZ, Li BX, Sun XB, Qi SS. A technique of multiple fault localization based on conditional execution slicing spectrum.
Journal of Computer Research and Development, 2013,50(5):1030-1043 (in Chinese with English abstract).

Xie XY, Wong WE, Chen TY, Xu BW. Spectrum-Based fault localization: Testing oracles are no longer mandatory. In: Proc. of
the Int’1 Conf. on Quality Software. 2011. 1-10. [doi: 10.1109/QSIC.2011.20]

Xie XY, Wong WE, Chen TY, Xu BW. Metamorphic Slice: An application in spectrum-based fault localization. Information and
Software Technology, 2013,55(5):866—879. [doi: 10.1016/j.infsof.2012.08.008]

Lei Y, Mao XG, Chen TY. Backward-Slice-Based statistical fault localization without test oracles. In: Proc. of the Int’l Conf. on
Quality Software. 2013. 212—221. [doi: 10.1109/QSIC.2013.45]

Gong L, Lo D, Jiang LX, Zhang HY. Diversity maximization speedup for fault localization. In: Proc. of the Int’l Conf. on
Automated Software Engineering. 2012. 30-39. [doi: 10.1145/2351676.2351682]



A SR TAR IR0 3) AR IE AT T R AR 411

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

Hao D, Xie T, Zhang L, Wang XY, Sun JS, Mei H. Test input reduction for result inspection to facilitate fault localization.
Automated Software Engineering, 2010,17(1):5-31. [doi: 10.1007/s10515-009-0056-x]

Hao D, Zhang L, Xie T, Mei H, Sun JS. Interactive fault localization using test information. Journal of Computer Science and
Technology, 2009,24(5):962-974. [doi: 10.1007/s11390-009-9270-z]

Gong L, Zhang HY, Jiang LX, Lo D. Interactive fault localization leveraging simple user feedback. In: Proc. of the Int’l Conf. on
Software Maintenance. 2012. 67-76. [doi: 10.1109/ICSM.2012.6405255]

Parnin C, Orso A. Are automated debugging techniques actually helping programmers? In: Proc. of the Int’l Symp. on Software
Testing and Analysis. 2011. 199-209. [doi: 10.1145/2001420.2001445]

Le Goues C, Dewey-Vogt M, Forrest S, Weimer W. A systematic study of automated program repair: Fixing 55 out of 105 bugs
for $8 each. In: Proc. of the Int’l Conf. on Software Engineering. 2012. 3—13. [doi: 10.1109/ICSE.2012.6227211]

Qi YH, Mao XG, Lei Y, Wang CS. Using automated program repair for evaluating the effectiveness of fault localization
techniques. In: Proc. of the Int’l Symp. on Software Testing and Analysis. 2013. 191-201. [doi: 10.1145/2483760.2483785]
Debroy V, Wong WE. Combining mutation and fault localization for automated program debugging. Journal of Systems and
Software, 2014,90:45-60. [doi: 10.1016/j.js5.2013.10.042]

Ali S, Andrews JH, Dhandapani T, Wang WT. Evaluating the accuracy of fault localization techniques. In: Proc. of the Int’l Conf.
on Automated Software Engineering. 2009. 76—87. [doi: 10.1109/ASE.2009.89]

Do H, Elbaum S, Rothermel G. Supporting controlled experimentation with testing techniques: An infrastructure and its potential
impact. Empirical Software Engineering, 2005,10(4):405-435. [doi: 10.1007/s10664-005-3861-2]

Hutchins M, Foster H, Goradia T, Ostrand T. Experiments of the effectiveness of dataflow- and controlflow-based test adequacy
criteria. In: Proc. of the Int’l Conf. on Software Engineering. 1994. 191-200. [doi: 10.1109/ICSE.1994.296778]

Abreu R, Zoeteweij P, Golsteijn R, Gemund AJCV. A practical evaluation of spectrum-based fault localization. Journal of
Systems and Software, 2009,82(11):1780—-1792. [doi: 10.1016/j.jss.2009.06.035]

Park S, Vuduc RW, Harrold MJ. FALCON: Fault localization in concurrent programs. In: Proc. of the Int’l Conf. on Software
Engineering. 2010. 245-254. [doi: 10.1145/1806799.1806838]

Park S, Vuduc R, Harrold MJ. A unified approach for localizing non-deadlock concurrency bugs. In: Proc. of the Int’l Conf. on
Software Testing, Verification and Validation. 2012. 51-60. [doi: 10.1109/ICST.2012.85]

Artzi S, Dolby J, Tip F, Pistoia M. Practical fault localization for dynamic Web applications. In: Proc. of the Int’l Conf. on
Software Engineering. 2010. 265-274. [doi: 10.1145/1806799.1806840]

Artzi S, Dolby J, Tip F, Pistoia M. Fault localization for dynamic Web Applications. IEEE Trans. on Software Engineering, 2012,
38(2):314-335. [doi: 10.1109/TSE.2011.76]

Yu ZX, Bai CG, Cai KY. Mutation-Oriented test data augmentation for GUI software fault localization. Information and Software
Technology, 2013,55(12):2076-2098. [doi: 10.1016/j.infsof.2013.07.004]

Clark SR, Cobb J, Kapthammer GM, Jones JA, Harrold MJ. Localizing SQL faults in database applications. In: Proc. of the Int’l
Conf. on Automated Software Engineering. 2011. 213-222. [doi: 10.1109/ASE.2011.6100056]

Sun CA, Zhai YM, Shang Y, Zhang ZY. BPEL debugger: An effective BPEL-specific fault localization framework. Information
and Software Technology, 2013,55(12):2140-2153. [doi: 10.1016/j.infs0f.2013.07.009]

Azzeddine A, Mickael D, Ylies F, Lydie B. Fault localization in embedded software based on a single cyclic trace. In: Proc. of
Int’l Symp. on Software Reliability Engineering. 2013. 148—157. [doi: 10.1109/ISSRE.2013.6698914]

Jin W, Orso A. Bugredux: Reproducing field failures for in-house debugging. In: Proc. of the Int’l Conf. on Software Engineering.
2012. 474-484. [doi: 10.1109/ICSE.2012.6227168]

Jin W, Orso A. F3: Fault localization for field failures. In: Proc. of the Int’l Symp. on Software Testing and Analysis. 2013.
213-223. [doi: 10.1145/2483760.2483763]

Zeller A. Yesterday, my program worked. Today, it does not. Why? In: Proc. of the European Software Engineering Conf. on
Held Jointly with the Int’l Symp. on Foundations of Software Engineering. 1999. 253-267. [doi: 10.1145/318774.318946]

Zeller A, Hildebrandt R. Simplifying and isolating failure-inducing input. IEEE Trans. on Software Engineering, 2002,28(2):
183-200. [doi: 10.1109/32.988498]



412 Journal of Sofiware A%k Vol.26, No.2, February 2015

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Yu K, Lin MX, Chen J, Zhang XY. Towards automated debugging in software evolution: evaluating delta debugging on real
regression bugs from the developers’ perspectives. Journal of Systems and Software, 2012,85(10):2305-2317. [doi: 10.1016/j.jss.
2011.10.016]

Yu K, Lin MX, Chen J, Zhang XY. Practical isolation of failure-inducing changes for debugging regression faults. In: Proc. of the
Int’l Conf. on Automated Software Engineering. 2012. 20-29. [doi: 10.1145/2351676.2351681]

Zhang LM, Kim M, Khurshid S. Localizing failure-inducing program edits based on spectrum information. In: Proc. of the Int’l
Conf. on Software Maintenance. 2011. 23-32. [doi: 10.1109/ICSM.2011.6080769]

Zhang LM, Kim M, Khurshid S. FaultTracer: A spectrum-based approach to localizing failure-inducing program edits. Journal of
Software: Evolution and Process, 2013,25(12):1357-1383. [doi: 10.1002/smr.1634]

Zhang LM, Zhang L, Khurshid S. Injecting mechanical faults to localize developer faults for evolving software. In: Proc. of the
Int’l Conf. on Object Oriented Programming Systems Languages & Applications. 2013. 765-784. [doi: 10.1145/2509136.
2509551]

Jeffrey D, Feng M, Gupta N, Gupta R. Bugfix: A learning-based tool to assist developers in fixing bugs. In: Proc. of Int’l Conf. on
Program Comprehension. 2009. 70-79. [doi: 10.1109/ICPC.2009.5090029]

Weimer W, Nguyen T, Goues CL, Forrest S. Automatically finding patches using genetic programming. In: Proc. of the Int’l Conf.
on Software Engineering. 2009. 364—374. [doi: 10.1109/ICSE.2009.5070536]

Mt 325 8 STk

(1
[23]

[24]

[44]

[47]

[52]

[56]

[60]

[84]

B AR A T B S AR R A BRI 9 T S P24 3R,2011,34(08):1411-1422. [doi: 10.3724/SP.J.1016.2011.01411]

2 AL MG, ve 08 B U B B T T T AT 0 6 A B A B TE B HL 2 ,2013,36(12):2406-2419. [doi:
10.3724/SP.1.1016.2013.02406]

RIS AL, 5 7 5, v £ 8, B 3G, s 6 e T U ] AT A5 R A3 T I 18 N e A 5 A7 BV T SEHL % 4R,2014,37(3):500-511. [doi:
10.3724/SP.J.1016.2013.00500]

ST T PN T R AR R — T 2 D) R 1 1R A 5 N B R 2441 ,2013,24(5):977-992. http://www.jos.org.cn/
1000-9825/4342 htm [doi: 10.3724/SP.J.1001.2013.04342]

AR WA VR 5 LA R 3.2 R SRR 1 T 6 S R S A B2 4, ,2013,36(12):2420-2428. [doi: 10.3724/SP.J.
1016.2013.02420]

TR ARER L VR AR S S0 — P R T B R I B E A 7 VE R 4R ,2013,24(7):1484-1494. http://www.jos.org.cn/1000-
9825/4294.htm [doi: 10.3724/SP.J.1001.2013.04294]

BRRE, T RH, JE DE TR 2 S0 Ak R TR A PP R TR AR S 1 AR A R A R TS AE9R,2013,36(11):2236-2244. [doi:
10.3724/SP.J.1016.2013.02236]

AR S BR AR, e, T, R R AR S T O B A A R e T A I B A T L2 R,2010,33(12):
2335-2342. [doi: 10.3724/SP.1.1016.2010.02335]

SCIT G AR A PN 52 S I T 4 AT D) 1 1% 9 2 R B A T AL AT 5 R € ,2013,50(5):1030-1043.

R4 $3(1980 —), %3,V 75 g 18, 1 1 |l 2%
2,CCF 4% B, 2 0 9% ATk Ay e g 2 7,
[ =130 R, B T, 445 K

XA R (1982—), B 1 A Bk, 3 AT 5
AT Ay S5 B 52 A7

#HNR1976 —), B 42 JEITL,CCF &
B, 3 BERJF 5T AT IR g e b 5 A

R (1972 —), T, 1 4, 032, 1 L 4 i,
CCF @igf4s A, ORI b 1 5
PRk, 3 A ST





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


