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Abstract  With the development of the computer and electronic information industry, computer
software’ s functions and scale have become increasingly complex and large, bringing unprecedented
challenges to software debugging. When defects occur in the software, developers need to spend
an incalculable workload to debug the software, and the first step in software debugging is to find
the location of the defect, that is, the fault localization. There has been a drastic growth of research
in Multiple Fault Localization (MFL) in the past few years. MFL attempts to automatically
identify multiple fault locations in a software program with multiple defects. Traditional fault
localization techniques generally assume that the software programs under test only contain one
single defect. But in reality, the software often contains multiple defects, so the MFL problem is
closer to the debugging scenarios. However, compared with the fault localization of programs
containing only a single defect, MFL research is much more difficult. When multiple defects in
the program under test, it is difficult to estimate the accurate number of defects in this scenario,

and the multiple faults may interfere with each other, which are the problems that will not be
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encountered in the process of single defect fault localization; hence the MFL problem is quite a
challenging problem. Studies have shown that the fault localization accuracy of techniques
designed for single-fault localization will be decreased when there are multiple defects in the software
programs under test. Therefore, it is necessary to improve the fault localization performance in
MFL problem. This survey takes the MFL research problem as the core and offers a systematic
overview of existing research achievements. In this survey, we firstly classified these MFL techniques
into three groups, which are Defect Interference Hypothesis based MFL (INF-MFL), Defect
Independence Hypothesis based MFL (IDP-MFL) , and None Hypothesis based MFL (NOH-MFL).
INF-MFL method only locates and repairs a single defect each time during debugging. When a single
defect is repaired, all test cases are re-executed to collect coverage information and execution results
until all defects are repaired. IDP-MFL method divides the MFL task into multiple single fault
localization subtasks so that different developers can perform parallel debugging on different
subtasks. NOH-MFL method attempts to locate multiple defects at the same time in a debugging
process. Then, we summarized the design ideas and detailed research results of each MFL
technique. Among them, the INF-MFL method is currently the most studied in MFL, and it is
widely used because of its simple implementation. We further analyzed the evaluation metrics,
statistical hypothesis test method, and subject programs used in MFL research. Specifically, In
MFL research, manual defects are often used to simulate real defect behavior. However, in
recent years, researchers believe that this kind of defect will impact the validity of empirical
research conclusions and cause the industry to question the practicability of fault localization
technology. Therefore, more and more researchers use real procedures with real defects to conduct
empirical research to ensure the validity of research conclusions. Finally, we discussed future
research directions of MFL, which include: Further study the granularity of fault localization,
optimize fault localization technology from the perspective of time cost, consider projects
implemented in more other programming languages, consider more software features, combine
MFL with defect prediction, and find more industrial application scenarios.
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FEF 1 L B R E 7 (Test Suite) 35407 6 AR
FIBI (12,13 14, 5. 16 ), R R 45 1 T 44> I 3l
191 F) iy A HBC(EL AR 22 o 17 0 A ERA T 45 2R 5 24T
2 FATTAE XA 78 B AR P o, LA Ochiai™ 24 50h
Pkt INF-MFL #1 IDP-MFL 3 i 75 % X )i 19
) B (RIS A SR 1 AT RED .

Sus (IDP-MFL)

) tl t2 t3 t4 5 6 Sus
def judge(year) 2019 | 2020 | 2000 | 1600 | 1900 | 1800 | (INF-MFL) cli:fer Cli:fer
1. flag=false [ ] [ ) o [ ] [ ) [ ] 0. 82 0.71 0.71
2: if year % 100==0. ) o ) ® ® ) 0.82 0.71 0.71
3: if year % 400==0. [ ) o [ ) [ ) 1.00 0.71 0.71
4 flag="false #i% N true [ ] [ ] 0.71 0.71 0.00
5. else: [ ) [ ] 0.71 0. 00 0.71
6 flag=true # % N false [ ] [ ) 0.71 0. 00 0.71
7. elif year % 4==0; [ ] [ ) 0. 00 0. 00 0. 00
8. flag=true [ ) 0. 00 0. 00 0. 00
9: print (flag) o [ ) o o [ J [ ) 0.82 0.71 0.71
Fail/Pass P P F F F F
@ R L R Ak IO I X 48
P R B BT, F 3R %00 6 0T 2%

Kl 8 MFL /5 f4i

A INF-MFL 8175 % . 07 & A\ 5L et
fi Ochiai 22 35 431 40 1 M8 B8 2 O % AR
5 J3 U AR B /MR RS, £, 1 28 0 o 1) 5 — A
B, xb T 18 8 Bz 78 AR e » T e N B3 o 2 5 —
ANBRIETE ) ER A 5 TR ). B A S0 IRk IR TR
AJJa S IT A N DY T g PR AR Y O ST 9K
L% 4R BT 5 05 B R IAT 45 R T RN BOR AR
Ochiai 23 2CH B 15 454> 15 4 19 R B8 2 . 4 T
JE WUE I BGE R A 3 510 34 AR UK 2 B3 TR 4 |
5 B AR B O .

A IDP-MFL 363 75 3% . I+ & A\ 0L Jo ks
Jov A 2R W 1 P 51 2 1R G AR () 2 8 i £ 80O &) o3

FPIA KA (Cluster) , B J5 73 5 5 T A KT
H AR L P PR B B2 IR AN [ 143 4 A TR B L X T
K 8 B/ (7 AR I A MER M 28 — SRR 2 BB
X B R 4L 5 A SRR T A X BRBE TR ) 6. i
Ja - AT U PASTT S N B3 73 3] e BEAS [R] B9 1 ) A5 1
B3 o LA SRR X A 5l B 78 ) 1) 347 A0

F#FH NOH-MFL ik, i 5 INF-MFL
D7 AL AR TR) Z A2 O e N B A 4 3] 25 — A ik
BT ) 2 )i e YR 2R A A T ) o 2 4R BB A ik
FiE ). R NOH-MFL J7 4 2515806 2 4 B ik
A ERHEALETE R A FF 81 2 B AT A AR 0T A N B AE R
UCIE A RE PR £ 51) 22 A~ Bk B 78 0. DLIEL 8 i /R 119
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INF-MFL J5 3 5 %€ B2 {8 0 #1] . 24 i i1 NOH-MFL
D75 BEAT BB RE LI L T e N B3 E 7 31 5 — > kI
AR T EAG AT 5 AT IR ). H Y B A S8R B B iR
AJJE S TT RN B 2 MR VR B JEE (A 25 A A P e 1 )
HERBNE AT O, P8 R R
BIFERF - R NOH-MFL J5 % #EA 7 ik [ 58 1 2 2 7
A 7 ATiEA.

3 ETRATFHRIZHZREEMT E

LT B T P0AR B RY 2 Bk B € AL R INF-MFL
J5 k2 B AT 2 R b E AL S P R e 2 ) — 2K
2, B 92 BT B9 R . AR R AR 2 A AR FRAT
W 53 F 5 INF-MFL J5 & A G BF 98 AR,
2019 4E & RINBCR I L Chy 14 55,2016 4EH1 2017 4E
W2 O35k 11 R 8 ). i B 7 1 2, 8 A 13
I3V SO 5 ¥R IT A B ) 22 BB S 07 ] R4 L A T
SR TS 18T & A 24 BB B PRI N 4. {H X sk
SCUEWF IR X MFL [0 #81) 5 S2 0 52 A0 A 18 5 2 %
e, P 2 Rt 2% i T X SR S

i T INF-MFL J5 # — I 5@ A — A B . (R
WY AL A BB I8 4 A INF-MFL Jy
T 2 AV 33K S gl o D e R AT P R L. B AR
W s 755 — A il B b INF-MFL J7 g8 2% 1
fr o — AN BB L Bl S T R E R B R B e —
ARG S INF-MFL J5 54 X8 52 58 45 — 4~ Bk a5
F18 R B BT PR T I 3 491 O e £ ke o 2 7 i o 22 11
58 H2ule 5 A6 g, AMER ), INF-MFL
J5 % B AE B R BB E A A5 R S TR B X R
J7 AT Bk B A8 52 0T 1B P U R ) 3 4 )
I8 52 1 R Y A0 0 T A B BA . BIF ST N B 22K
¥ INF-MFL J7 i 5 2 5 2 30 0 BB 0 S 8 R 45 5
i, 4o T R P 4% B 75 i (Spectrum-Based
Fault Localization, f& #f SBFL) 3£ T 481 1 J7 5 f0
BT LA F T Wik 4,
3.1 INF-MFL AR H 5
3011 BT R Ty vk

LT U BY (Y J7 125 38 0 K 22 B oL ) 8
e Ry 0 AR Y ) 5K A [m) 0, AF 5% N O3 Ao B ERURE P
rp SRR BE ORLBE A] DL B o R 7 AL 0F R T 25 L R
BB ) S AR L I 2R A 3 2 R A
(] A A0 A T RASE 78, DT 7 3000 4 5 40 v %o A [ s
182 P Gk B AT P31,

T T SE AR 1 0F T8 b A WE S8 N GRS i B s oz ik

R — DB A2 0] 8L, I 22 1l fet ] 2 o) R0 R A Y
SRARIZIR] . 3K 7 vk AT DL BRI 0 A AT BE T )
T 18— 2H 249 AR A B A DG R XL 32 DG E 25 2R
A AR R e A ot e Cln 2 e g 00 5K P 491 R
AR e T ) ) o B Ry i R B A T8 G R R (i 5
FR 0 3R 8] I ) AR DD

24 DT C 45 2R DA Y A B ik B o AR UL Rz
SRty L LU AT RE e B RO E o B R R b ol B A £
B AT R OB BN, Dean 58 A F
LR AL HL R RY R 22 e B s Ao Tm) AL A Sy A 4R B /)
B T A 2R WD 3 1) ) v ) B S TRD L, A AT A
Tarantula 223 5& SCH & 70 BTk o #8E 2 K K
I 9] B S L A B e 0 R 91 B S 0 3 )
BB A SRR AT BEME R BRI 1 R IR R X S8 )
LGN H bR A 2 S5 HEAT SR AT 7E £
T2 B 4 G B g AR T R IT T SRR 5L 4
SRR R )y B AE 8 L 2 AN B B B AMPLESY
Fl Tarantula 55 77 444 045 B R B 2 A0 8504, 2011
4, Artho 3£ F Zeller % N7 1 TAE A2 TEH X £
B 2 7 B B FE € L 5 3% IDD (Iterative Delta
Debugging) ™" % J7 1% 1 56 i I 2% Wiy ) i P 81 4
AR 1 7 5 RS DT 4 21 458 75 3 2 3 35 F 497] 3
1f AR PP MUAS » 2 )5 3 ok B B> i R AS 0 Ty s R AR
Z IR 25 S AT B A E AL YRR T R AETE 2 A B
L Bt I E A T I A8 A5 D00 3P 810 7 5 | A — Bk i =22 i
AR R PP RRUAS AR K T 1k AT 38 3 I 32 5 ¥ R 2x 3%
AR 1w 5 I s i RROAS R A7 3B W . A A AR
bR RE B 5 . Birch 28 APU4R I T —Fb 3 T4
S AT 2 BB A 5 vk AT A B AL B AR E Ry AT
15 B X A7 4R TE 1 I ) A 18 R D
T BRI S AT T RS TE 2 B E AR T B S
B 2 SRR B Ll A% 5 v T LAY S804 /0N T BE Bk B 7
BRI B A B 0 B G ALBOR. 2019 4,
Ma % ANV T — Fp ) i LA VTM (Vector
Table Model) , Fl T £ 4t 73 # #1 LU 8 A [/ 19 SBFL
L BT AT T ARG A
HEZ, L[] i 2% p 5 ke g A e A 22 Bl B R e sl il 7
SUAS TR 7 1) BB 5 35 7 VT M F 9% e 56 24 780 1) 450
SR W] LA R G843 A R E AN [ B E A B R
AT R AT Y 52 36 25 SRR W FE BB B AL T
MEESE T 2 3 Ochiai B P BE 2 T Dstar, 1 7&
Z R B LT 5 Ochiai (9 3 € P£ 24 T Dstar. Liu
G T — P 3L Simulink 88 () 2 BB
BLJ7 ¥ %5k n] DO i 0 547 2R 26, LAY Bl
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| Simulink #5651 rp i Z2 A4~ BB L A8 5 AR 408 4 A 28 7%
DA R0 3 451 3 B R S 2 T A FSCAH I ) 5 ) A
S8 HE AR PP 51 2% d i MR Al AL AT i HE A0 DAl o DU i
HAT A ke o 2 A5 8RS HE P 97 3R T B 2 AL
A X R 5 v o 2R 0 1K ) kAT 3R 2 {H AT AR
J& T INF-MFL J5 i , Bl 4 U 3 AR A E £ B8 A ik
IHor B T E .

M VC A5 R ATE G R B AR MNHZ AR
BT BE S B Bk B Lk B T i TEOCEL TR R R
PAS i T & N D A Bk B 1 R ) a1 Wang 4§
NP R MR 8 ] SBEFL AR 8 i 15 )
MBEJE b AT — S HE 2 55 R A R O R A
I Bk b E ALK EEA . b T — 4R R SBFL
TR A RO S A AT 5 1 ol 3 A% 4% 455 80 RIP
(Reachability, Infection, Propagation) 3¢ iR 5] fIf L&
TEVRBE B 51) 2% v HE 44 B 1Y OE 0 1 A O i 2
B a2 1 ) ok 32wk B O ) B9 R 44 A AT R T
Siemens ¥4 5 HEAT T S UEWF 5, 5200 45 R K WA
TR 52 49 77 3 AT LA 85 T SBFL B8R TE 2 Bk B
e b Bk b 5 AP BE.

RGN G T 205 T 00 A0 A BL i 5
2 AH R T AR AL BROR UL PP I o IR Dy O v AR B
18 5 12 52 24 B2 JC 8 TR OHG 2 A7 I (] 485 K 7 i) R
N T fRPEX A ] 8, Aribi 5 R T 4 R 2 3R
TR R M BE B TR A K R T — OB i O HK
Z R B BT SCRY 24 OB R R R R 97 i I B B B
FR RS T 1) n] LA R fifk TR ik B 22 18] 7 52 2% 4K At
KAEPE By ). S5 45 R LB, 55 Tarantula,
Ochiai F Jaccard 4 1% 4t 6 i & £ 7 1 A0 L . % 7
EAEZ B A € AL I B PEBE A W AR TE. A,
IR 2 T — Bl 3 F 2 4 1 )2 43 BT (Analytic
Hierarchy Process, fij # AHP) #) J5 . AHP J5 &
W e B o7 ) A0 A A Dy 22 o D) e 3R () 8 ( Multi-
Criteria Decision Making Problem) , 3 #] F A £k
PR PO A [] B2 5 48 AR 8 B — JEE AR A L R AE
N R VR BE L Y HE R ARG TR 2 A
ARG AR B EAT T SSIERESY R B AHP U5 i
H i LAY SBFL J #: (U0 Tarantula, Ochiai 46)7H &
B i A R S LA

B Peng % NPT W) — R SE T A 3h 4 i
MGk fE € 7 7 it ABFL (Auto-encoder Based Fault
Localization). 3% J7 I A 45 DU A 25 B8, 73 ) /2 4 B 4
YIZh R AE B2 I HF 24 B8 i 1 25 R i ) A Ty 9 36 i)
AL B SRR IC A R R ) LAY R 4 i s I R 5E

TG ) St B i ] A Ry A ) G B S — A T K RE Y
FRIEZR R, SR B B A 42 B e ik 27 A 21 HE
2> (Learning to Rank) 8y, LI ZrHE 4 LAY, %
J& « ABFL JE T 24 8081 AR Bk ) VR 5BE B Iy 9 4% A
Defectsd] Bfli 5 b9 SL B0 45 R KRB, ABFL J7 ik 1E
Z kB I AL ROCR ZE0 T BOR 19 14 Ff SBFL 5
2 (i 4n DStar ,GP13,GP19 %§).

3.1.2 JETRFUIAMITIE

BT U) R 1Y 07 B — ol o A AR R A R
25 /)Nl g 5 L B TR ) 3R SR L AR R B R S O 3L
AR RN R T 2R A SR 4
Bty MEL J7 32, Sl 1 22 B b i A0S 2. R 7 00
AL B S Y R S AU R WIS, sh YD Rl
2ok 73 A D 3K P 491 ) G A S RA T 4 SR A AR U B
A T 2SO0 A0 3 2 1 7 e DR AR R A5 U0
E

S o DR R R R o A Or ik
E 2500 7 J8 23 R ] B AR I R e 4R M
DIKS B0 2 o7 30 Bk B Bl 7 02 5. Oy 1 i ok b ok ]
Zhang S AR T — R AL TS EF U A7
¥ PRIOSLICE . 3% J7 1 #5728 1 o S50 40t g 3¢
R, Ry Y] R b B — S T A TS S L0 1R AL
#H, AR IZ G )& T U0 i n] REME  d5c e MK IR AL
HOO AU N B A AT DR S SRR L X R HE
S5 R = WS U) R I ME A B L DA 3k B B2 5 B
SENLRCR B H Y. 525 45 )RR W] PRIOSLICE J7 %
Fo A Y i 25 D) e O ¥ R BE A AR T 2 Bk B E
RWOR.

HE AU R A 3 00t AT ok R O B g
HABW A2 H A 7y 58 /N HO R o, SO A A
NP5 5 codecover T EL ISR T 3o 491 1) 1 ) 581
AP AR B R T — R T AT D R i
(Conditioned Execution Slicing Spectrum) [ £
B E LB AR AR FE 53 4 28 (1) THR B FE AR
REAFPAT Y R 47N Gk B 48 R0 L5 (2) M 36 271
PAT VIR 1S AR I 5 (3) MU 25 AR AT U0 i T
FASRZRAT AT Y e WA JC R M BEBE 5 (4) MR 48 18
8 T /NI UE 67 72 e o 9 B B L I A 0P BE B A
A TE 3 AT M X R AR ¥ (Tetris, SimpleJavaApp F
JHSA) |- 1y 52 55 45 5 & WZ He R L TR 7 1% 1
Tarantula 3 A 3L T )TV A 19 Intersection 3 AR
1 Union A S5 HA B &5 1Y 22 8RB i (0K B2

¥ SBEL HAR 5 HA £ AR 255, al UL B P Feb
BB o B I 38 5 4 L Sy — T m] A Y 5 ok
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B8 R O vk, LA DR R WL ff SBFL 5
Y i fiy vp £ 1124 (Slicing Hitting Set Computation)
PRMEE G 1 Sendys J7 12 H AT BUF 1 81 E 128K
P25 Tu %AW IR R Ochiai 235
50 R fim th AT 45 5 € AL )7 Sendys 5 i
117 4001, 9F 42t Sendys J5 7k 19 24> B0l UAS 1%
T3 1 HA A% B B8 S8 L R IR 2 B g E AL B R
A U E AR Parsa 28 AN B EEACS 5 2k
T P 18] i b ) RS S R AR B M R AR T — b
454 INF-MFL 381 J5 3 R v ) £ AR 19 J7 i
Stat-Slice. % J5 % B8 98 £ 8 3| 07 2 2 A Y B g,
AR 35 T a5 B Sk S SR B (A Sk S v a5 s 1Y)
FATA) A AE grep Ml gzip B2 R SLHR A5 R KW
Stat-Slice J5 ¥ RE A R0 b B B & A 1) T84 I 78 €
A7 9 A 155 g A =1 ol o I A B 4 1) S 6 RCR
3.1.3 LT REE BT A 2k i

SBFL F1HE 748 5 1 ik [ 7€ i (Mutation-Based
Fault Localization, MBFL) £ A [F H 45 4 i9 Bk [ €

PR ARG S B 23 J. SBFL Al MBFL

TR B0 T2 V0 58 B2 (R T 330 23 5 AR T A% 48 1Y 8 S
B8 N R (Tarantula, Ochiai, Jaccard 48) 3 4 &t
X 2 BB 0] BT AR Ak R & T SBFL il MBFL
MBE BE T3 20 AR Y Ty v 3 R O Rk B 1 R
BE R THE A X BB B i PR B B B 2 T 4
o Bk o 2 SR

B OXF b 3 ], — 0 2 98 N 1 a8 e A
G EF T WA G 1 M B BE RS AT B0 A1)
i, Abreu & NAEAL G2 1Y I 491 23 55 90 15 B (1R
O SRR T O A A A 3 PR T B A b i —
BT BT A RAT RS BT O R T
Zoltar-C Jy . 1% J5 1 [A) B 25 & 3 F2 ) 15 ) 19 R AT
BT A DL N R o ) BT R B O 25 A AT
X B QR BCHE DU T O L IR 3T O AR R )
) e AR At AT 58 A B A AT SR T Zoltar-C Jy
R i 22 B A AL ROR . (H SR ST I 45 R R
B Zoltar-C J5 ik 78 2 Bk b3 7€ 0 A5 B E 48 THROR A
P Lee % AUV 3T 52 UE0F 58 & B 55 £ BRI 0 U
1 I8 Fie BRAT 14 18 ) BSOS i 5 R 1 i ] 481
JITERAT 15 ) A T e A PR BE B TR O At AT 4R LR —
AL By I 32X P 481 3 28 5 ¥ R 2 T 22 Wi B s 6 RS B
S 25 R R ROINAL 7 5 R % A AR = 2 B
SE LA . Zhang 55 NN 48— Fi e o 14 B
FLER PRFL %07 38 3 i F] PageRank 553 5 1
SRIA B SBFL $AR. HART 5 PREL AR 48 4 )

W A4 5T MR AR ] PageRank 55032 % J5t 45
J7 088 Wi A5 B AT AL, SR 5 1 A1 4% 52 1) SBFL 4
AR 5T R S BE R (R LA S BB A R ik
B RE 7. 7F Defectsd] & ¢ £ 87 A~ GitHub I H
i) 22 B B WA | 0 SE 30 25 SR R B, PRFL 19 6k i &
A7 R 2 A T 4 ) SBFL 4% R (Tarantula,
Ochiai 28). Zou 2 N 41 %F K B Defects4] 3P F2
Jr 46 1 EL SR PP R B L R S8 LB T A () e B 5 A6 T
2GR TG 5 I TR ITE R T U R
T5 55 1) 22 B 5 A A8OCR . TE Defectsd] B RYS2 5
SR RW] L SBEL {7 AL BOR JE B i 1Y IR0 T
MBFL. [A] At 52 th — Ff 2 & 07 07 3 - 45 R R W
R A 7R B A T A B ) T s

bR TS C AR AL WA R A
G2 T A T N R R RRAE AR R B
— S A T M BE TR A S B, Wong S A%
Kulezynski 456 2 4 SEAT 5, 72 00 56 6l 1 42 0H
T AR B U ) MR BE A 9 11 5 D7 % Dstar, 52
e KRN, 5 H Al 38 Bk B 2 AL 2 SUAH EE  Dstar
TE LB B 7 R 22 B P AR e T B BE A B 4 1) R
AR I ) BB 5 2 i B A 2k T 3P 491 5 B
T FL R 1 2R WO 3 9] Naish &5 A0 3 F 33kt
& 4 #2 (Genetic Programming) , $& t} — g7 1) 11 5E
JE Ay s, B XU & (Hyperbolic Metric). X ##
JE A 7 2B IR B AR e 22 B B AL B A S W E Ll i
BLAS 7 > MU 25 B30 v 3R IR o 22 g 1) e i 2
#1. 7F Siemens Fl Unix Z(4 45 L SL 5025 K32,
5 Ochiai, Tarantula #1 GP13 55 % H W4 5E )& i &
JiEAH B A AT 52 H 0 Rl B T T 2 R AR Y
AL E ALRCR.

[l , Laghari 48 A" 8ok T4£ 4009 SBFL Jr ik
BT — 3 T K A S (Patterned Spectrum)
1 e B 2 A3 v 5 A% Ge i SBEL Jy v 3= 2 fiff F
] A A A5 B AN TR] kA5 A A 3 1Y Bk B E
7 77 v 5 A S AR e o Y R SO DG &R RN BIOR 1)
T R — OB B AR A S 6 45 R R W T s AR
4¢ SBFL J5 kA B 4 1 25 Gk B 72 2 ROR.

BRI 2 Ah L A P 48— ik A0 3K Bh
(Iterative User-Driven) W2 B 3 $t [F & L 77 15
Swift. %77 75 5 T oh BORLBE L A B G2 31 8k b6 o 0 7
TR AU T BE AR e B K AR S N X 2 R B IE
PR AR BURE B B A5 90) B 5 45 A T RN DI RS B
Ok iR B B SE 45 . SRR AL 45 R R Swilt 78
Z kB AR Y IR B X T K A RE A — o R Y A
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1y o AT AT A 75 e ke B ST 5 1949 6] ] 5 5F 4 e 9 18
3. 1.4 FETFMNLE F et i 7 ik

TE R BE 2 AL Y o A R B TN AR A O R
PASD s AT I3 P P 1 00 3t P 0 e 2 7 A R Y
ISP 1) O DRI s 05 P 1) 99 AT R T LU A
RO o B L Y 5 3L T I A O Y T vk
AL A1 30 o A M e A O P 091 A L T A L
A 5T Py 25 5 A e 0 3P 091 ) i A A5 R DA
1T 452 #8522 B B S A 1 ROR MR RAE T IE AN TR
T I P O B T 3 T A3 530 0 ) 4R A
(9 = A~ B BedE A7 4 Ak GRAT AT AT R R AT J5) . 78
AT I3 AT S TR N B3 AT LA 38 49) a0 A7 3
SR K 3 gk 2L 45 X 8 7 3k A Dk A X 491 2 1
S8CHR o T2 S 0 3P 51 ) AT O R AR R E SR AT
I3 v T e N AT AR 3 48] 1) 2R AT HE
a3 1) 4 B B AR R 4R R HRAT AR TE
PAT IS I e N 53388 o e AR 3 19 0 £
R T8 491 X 5k o A O 19 70 TR 52 Wi A 2 i okt I3 140
PERCR.

0T A9 194 32 BEOR: 5 N O W 1R P 4
I 91 2 5 B PR B ol W T e N B e R B R
X ke B A (L1 00 X 51 9 I B3k 0 A% 9 0 3K
A o DT S5 B4R 1 0 B A 2 2880 3 AN I A B B
PR BE. s D 1 DA I 1 P P 3 B 22 1] 1Y
e F, Gong 55 K T 5k I X491 1 B 5 kK
X 491 4 i 2 R O A 1 S R e
A LI R BRI . A AT
HET T P B o i AR AT 1L ) SBFL 2R
P4 5k 563 A7 2880 R B {ELAE S B Y R B 7 2 P 2R I
P 91 g e AT T e 3 B
Pt X Bk B S A R I3 i A S A ) A
Zhang S5 N\ 2 8 28 R - A [7) CRIDJ g  sX
P e 22 /N T30 e 00 3P ) 4 i) | 5 TR LA
] 2% i 328 0 DA TG B 58 S I 3 81 R
SBFL J5 % 7 0K BE #9520 AT /4 IF 5 2 B X 2k
DI P {51 19 2 BEAT S8R T 22 BB E R RICR . BR
BEZ Ak 5 H A B SBFL SR e MBFL £2A (1 i
[ JF 4 5K MBF L 3l 3k A% 53t 19 07 35 4 AN T Bk B
RAFAD LS (AR 7 5l 3 5 I 3l 1 TR = 1] 9 A
RLBE SR HEAT BB 22 7 MBF L & —FiRg Ji2 458 v 11
B e LB A SR T % B T B0 38 4 AT 2 5 4 A
7 A R A 8 S AR ] I X A8 S R PR AT i A 1Y
IR 491 JFG s ) O B AR R PR AR D B T B R

FH. X3 A 6] 8, de Oliveira 28 A5 58 3 X 48 S
A L BRAT 2 0 K 497 T 72, gk 3 ok 0 4 497 oA U
AR S RAT T 8. B2 T Defectsd] | ) S 45 R 5=
B R pAT 5w T LA 2D 29 90 06 B AT JF A L L
2 BB R A BE RO A B 2

20 4 I3 (Combinatorial Testing) i 4 56 13 %6
53 ZRRN A A B 5 R 0/ 75 A R i T 4
557 FH S 4 D0 3 48] 0 AS () ) A e A5 e ik A 9 L T
LA 048 1 e 28 R AT 19 00 2K ] 491 it . Ghandehari
SE NSV R AL A I AR T — R B
25 BEN. 215 M3 4] v A ] 485 e A ) 1 0
B84 BEN J5 ¥ 18 Je i v] RE AT ok g iy i i
BI2H A o SR 5 AR AR ST (R e o g 00 o 0 i 3K 1 491 £
G AT HET s DO B4R A 1 HE e 45 2R rh ik
FEHE 22 S D03 9] B B T Bk B E L. 30T 15
TEFR R A 7R 7 F0 22 R A AR Y B X BEAT T P BE VR A,
5 Tarantula F1 Ochiai 75 % 40 H , BEN BE A 2% Hi 2
AL F Bl B BT TR A . BRI Z A DF 5 AN L R 24 &
3R] DA S0 8 78 R R R GE AT B R R Z R Y
AAEAE BT 5 6 A ot B o AT 4 1 T o /D8 2 0t )
Ity MFS(Minimal Failure-Causing Schema) i
LA B3 BB Jat PR R R Z 808 7E U MEFS 1
VL AR vh T Ak BRI R e 8 B A BB TR O G
By i n] BE W 2 B R T R I R B R VB I O T
U WA 2 L 1 K . 4 G Niu %5 A7 42
BT RO R MES BLR, 28 25 08 T £ Hi a0
00 233 ) A BB 0 72 o 1 B A B L B AT
BB AR R B R TR AN 3 G T AE KB
P g B8 2R ) I 3P 1. i S HC A A [] a5 )
120 4 BB 2B B A 3 P 9 4. BRIk L 32 T
PATEA 2 SRFARVE T 40RO B0 B 15 TAE.

TE AT D3 451 A o 2 o, O 2 KT X
T AT HE Y o B0 I ) i T 1 2 S B AR M
A B2 A AT 2 5 I 2 DA IR0
T N GG 2 A A g D 3 T 480 a6 AT HE T S 23
FEIAT Rk B 2 AL A A 00 TR 1 O 4 S AT
FeA M A ). i an S BEAIR INF-MFEL 3 3 i 4%
Fu 88 A5 MO ) #f B L 3 F 7% )7 oo R M &8
(B AR 2t — b i 0 O S Gk s T ik 5
5 485 SR R W% O 15 AT DA 88008 0 3 B oA T &
N B 5 R A 3P 1] 1 A i I A o A i
R 2 5 R 32 T AT ROR. B, Perez 48 NP7 42
H—Fh 3 B 2509 75 1 DCC (Dynamic Code
Coverage) s 1% J7 ¥4 23 3l 25 2 A8 3k 28 14 % ok 0 A )
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18 2 W T+ 5 T D B B S L3 A A PR T T 8.
DCC J5 ¥ 15 56 230 Fr il ik F 1) 51 %0 4 0 72 P vh &R 52
AT CF R ) 98 56 B AR L AR J5 DA SRR B2 I i i
Frig L anfl . B 238 B0 A 0. 28 45 R R W A
bt SBFL Jrik, DCC RERS T RIFFAR 27 00 1) 2 BRI
BLFFES. Yu % AW FE 2015 4Ry —Fh 43 2 0 1
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T 20 B RIS IOR B B N BN A%
G BRI IEAT T 00k Horp i — i SRS 4
HB S ARt 3P 491 B RE £ 7 k. 914N Gao
Wong 4 AN#& 7 —Fr 47 & A 2 A Bl B 18 1) 19 7
7 MSeer™" % 7 3T — FP i dE (19 £-medoids 5
0] 2R e X P 4] AT SR 26 L AR T R 2R S Ry
W F JE A7 B B 2 . 5250 45 R K W] . MSeer [
INF-MFL J5 ¥l Jones 4§ N B J5 ¥ 78 Bk B3 22 o &4
RAHR RIS E L. Zakari 25 N i 73
Fih %A JE (edge-betweenness) f R 2 A 2k & &
Ty i ) CED Y 80 ST 1 BE B8, O 48 s — 09 45 4L
DSR2 BR BRI 3 T i R 3 & 2 2R
e A R A R R XS A BB SR 4 R R
T, X 28 4 DX SR 28 380 3k T DL AT 280 b K A [ g ik B 43
25 LGk BE Sy bl 1 A ) 6 5% . H 2, Zakari 45
SN Ry BRAT 1) 5 2 B 1k T v AT R0 K R T
I g | R A ik B R AT A 80K 43 o 3O R B RE 6 A
TESTE . BES AT S 3 2R 5% vh i 1B 4R 1Y)
i 18 /) A A RE A 2 A [ 1 ke B 7 5L AR I 45 L
X 88 2% (Divisive Network Community Clustering)
5 5 v 5 M) B3 R 0L R A Y S Ik L LA E — 2B Ry TR
Ko, UG LE R FLW] . 5 MSeer FJE IH )7 A0 L . A
742 1 1y ek Iy 2 B ST Y 22 i B 6 R0CR

F 2 AE TN Ay 5 R E B TG 0% Y % 0
B SBFL J5 ¥ 8k B i A A RCPERE R Y 5 25
L Al T4 T — R TR C XY R R S
(Fuzzy C-Means Clustering) 1 £ Bkt [4 & 1 J7 %
FCMFL. %07k i il i Bl C (0 2K 0 2k
DI 2 H 451 45 A [] ke B ) 7 SR i o6 & 18- 31 5 g4
Bk 8 S IR 11 2R D 2 T 491 o 9K I AR i SR J R A A AR
5 2R ) 1 PR BE B B A A SR A N —
MEA AT, DL 5 7 & N 5 AT R 7 R k. g
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T 6 4> Siemens & J5 H1 6 4~ SIR JE A 1) 12 7 (19 52 5
2z W KB . 5 Tarantula, Ochiai, Naish fll Wong %
Jr M b FCMEFL J5 3% AT AR IR £ 6 B 0 SBFL
J5 v W ST S e DA 9 /8 SBEL J7 325 119 Bkt 63 2 of
HG BE .

BT 253k DFSE N D3 DA AN [ £ B 5
B IDP-MFL. il i, Jeffrey 28 AN 3 th— Fh 3 (8
e (Value Replacement) [ 6t fi & 1V J7 1. 1% 07 12
fE INF-MFL 3 #2 v a] DL e &2 08 elc g A7 72 5 /9 4R
AGE S RBT ST AT B0 IS Y AR
)R E A BB T AL H R R R RS 2
(R A R v S S Al 112 o I v I 1
B AT IR T LA B R 4 5 v v s DA b 2 for
22 A BRI T s PG TR T AR SEER S SRR WL T AT
T 1 RS 48 D7 5 A A A B RRAR HR 1 BT AT R A
7 B0 DRI AT A S8 2 Bk A A 57 1 B ) T £
Sun % A$EH T —Fh TR A8 )7 i IPSETFUL,
JH 308 5 5 A 80 P U 1 TPSETFUL J i3
TSGR I AT 4 R AR AR R i A & R (Concept
Lattice of Program Spectrum, f&j 8 CLPS) , 3 ¥ &
P8 ) R 43 R fa s BRI e A = AN Bl S T R
N GRS 2 A B 3] 1 o /) DK T 2 A5 & BB AR
J& JIPSETFUL 3 #5843 I 12 1 461) 1 5 75 I A ek
8 A) AT — YR A A= OB 1 CLPS, B 31 ir 7
300 o ) kAR kL SRR 25 2R R W] IPSETFUL
T3 25 1 R L ROCR A T — 26 4% 48 SBFL J7 125 (49 4
Jaccard,Ochiai, Tarantula).

AT CA B IDP-MFL A OGI8 SCH#EAT T 43 28
Giit R AGT AT RN 4 PR, NR 4 LA,
R T EHIAT IR 5 PR AR T 2R 5k
A Z IR A E AT 55 10 0 S 2 A AT 45 Horp ik
TREMRN T EW R 2. R TRENZ
Bk B8 2 57 7 12 2 B AT 2R v I K A R R 2
AR B — A RN Y 2 I 3 T 91 34 [
— ARG S B B 2 A IT KON AT RO AT b feE
A Z A0 o300 i 0 B B2 P b B 4 — A R B Lk
TREMZEFEE O T IER S RAEE 5 RER
B AR 3 1 A OGP B Ot 3 43 miF 9 T A O
P 10 O R Y R Uy ik R 2 B
PLRCR 4T

* 4 IDP-MFL AiEHEXIEXFEITER

LES 3 Bt
BG4y B [8,20,90,91,92,93,94,95,96,97] 10
oAt Iy 7% [98,99,100] 3

4.2 %$txt IDP-MFL 77 £ B SSIE#F 52

B 74 AT IR 3 5T 2 B E L 18 7
2 WE5E N Bk EE X IDP-MFL J7 ¥ 1 A %P i JF
T SEUEWEAE.

T M IDP-MFL £ B 1 56 41E 2 fol B3 X ik B o
N 75 A7 AE BT S L L2 Yk &2 B B R ) oE
17 7 SEUEREFE. 5 28 AN [RDKg B2 7Y 3R 2R 45 2R X 2 Bk b
531 I ) Bk B A L RSO Y S 0SSR 2 R R L B
TENLROR 5 R TE N BB RORE AW 7 K
TR R ROR B 22 , HoE A RIOCR 22 . R &) 4y
FHE R BE X T Jm 22 40 ROk U % OC 2. Huang 5§
PO ST e A e BB A3 B EAT T SRR 5Y
AT 20 B 7 6 Bk B 5 AL 75 % (Naish2, Jaccard,
Tarantula, Wong2, Wongl 1 Rogotl) 11 7% Fifr 38 25
J5 ik (1 K-means 2 28 A1 JZ U0 28D X Bk B 73 9 &%
Whrosem. 25 F 20, Wongl #E 52 B & - 19 1[G €
PR s K-means JEZR 52k B s 70 B9 B 20 T2 IR
BB, Zakari S5 N0V 58 1 A5 L AT A B .
el FH 2 7 2 D T 491 %) AR AP 5 B R i
Ry R AE IR A B 3. AT A 7 IR 47K
J5E B A R SE il i K-means JEEE N =
A T AR 0 B g R 2 R TP A B B o L A 2K
R F I ABATT BT SR BT 1 IR AT U7 ¥ MSeer
I INF-MFL 8138 75 125 1 e B o 10 350 2R 9 i 2 2R
W] 2 BE T O 2 ] 9] SR AT % A AH AL BE 1) SR 2R
BT AN G T B b 0 i (6] I A SRR S B
i 2 BB 2 AL A ROR

KT o T ER A3 LR R R B RO B 2E Y
.Debroy % AN %t 2 B jE B2 ¥ P9 (1 B 5 AH
S DLEAT T ST B Al AT TIA S S R & A
Z AR S Al GEH 0 Bk B 22 18] 2 A7 AR AH B0, E
T 0T 22 Gk 63 2 A 80R 7 A — 0 1Y S THT S ). B % B
R I5) 1, DiGiuseppe % A4 BRG] (1 T HE B4 5
RS UL 2.2 95 AEAB AT AR FE b L BREE TR VR 2
RO AFTER —Fh LR R Z B E 2 RS
WHoE.

Bt e o Xue 55 AN & B, 8 1 ) % 52 (10 AR 7 1
T AR BREE TG (I Fh B 5 0 Bk B 2 o7
PEBE A2 7] LA Z W AN 1. DiGiuseppe 45 A M Gl
B J8 e e o 2 Y R R I A a7 5 0 A O TR T TR
FRAE SRR 5. At AT % S 30 45 SR 3% T ke o 50 o %o i
B3 R AL A TR 52 ) L TRD I AU AT e BB B 2R A
R 8 AT PR 22 ] AN A7 7E AR DG Pk %I 5 45 2R X 5k
PEFF R S e N LR SR N B B — iR 5
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BRI Z A . Yan 2 WSS Tk B Bk or 5 7003
(19 e B3 1 27 % R MO Al T B T 14 A KRR
TFIRRE R HEAT T VPAl L 250 25 SRR A8 2 kI
S 0 Ut B R O O 7 A BT R T LR AN TR 9
B 2 07 AR 1Y) B 1 52 W) J3E 9 AN AL ).

5 AETEMRIZHSHRIEEMTIE

ANFETAE A R B 1 2 8B 7 1) NOH-MFL
J5 ¥ 5 INF-MFL J5 ¥ Al IDP-MFL J5 3 AR A L % —
2875 ¥ 38 3 RGOk 8 A 2 A G TR AT BN
LB RE AT 55 3E AT PR 43, NOH-MFL J7 8k 46 08 T
HoAty INF-MFL Jy ¥ 75 % 22 WK Jn 1540 00 350 H R0 0T
W 5 91 e ™= 2 1) BsF ) 4, ELORE S T SRR BATE ™
AN A L RN R S 0k B AT BB AR 1 SRR A R A
YERG A ) 8. BLAT ) NOH-MFL J5 3000107 3 4 il
FHO R B s ML 5 2 20 19 7 6 ok U B i P 1 A 98 R
L RR DA N TR R A FR B e i o LRI R
W5 B br. A SCHE PR B I & B, R R R B 2R O Tk
NOH-MFL J5 38/ 52 B BF 58N 5L 633 . 7 e il
12 A A 10 G AH OGS R 3R 31X 2848 SCAR 418 A
L BB ] A A (1) 2 A6 B i ) HE
GIFE R — AN B A TP R (2) 5 B bL#s % > 5
T 5 L 22 B B T D ) — IR E A

55— 07 1 5 A% Ge bk B E L R AR AR AL AN [ Y
ST N UE B e R BE B T i S R T
I 22 A il B o ) #8 HE 8 A )3 510 3% 0 E A, DA
PRI &N DL RT DL e A B 2 A4S Bk [ 15 A). Abreu
at \[108) 46 7 SBFL 757 #: fl MBD ( Model-Based
Diagnosis) Jy g4 i 1 — ik 4 € 137 J5 % BARINEL.
T 7 1 3 1 I3 A9 1) A A %o k) Ay AT A
B2 B 5 3T Ochiai 233203 8 45> B 86 B 3 A7 Bk
B O AE 2. A o 20 8 43 19 MBD J ik 3 2 5 Xt
22 B 58 57 1) AR 4 MBD 7 1 1 S MR 3 13
P AR 7 15 A LA B8 5 R T DU B E B (Bayesian
Reasoning) 11 & A [F 72 5 18 1) 41 & W) H 45 1% %,
S A HELERT 5 (9 A2 )7 0 ) 4L A 0N R A 2 B G
). BARINEL J5 % 78 43 R 1 78 3 B33 B 40 & 19
ISR A S S Ea PR s i R AN
Siemens FUHE4E I AU L5645 L B . BARINEL J5ik
TE 2 B AL RE B 20T SBFL J5 % (Ochiai #l
Tarantula) F1AX {8 A DL - 37 #E J8 49 5 ¥, Abreu %
OO SRR Y — 3 T 3 A B A B RE L ik
Zoltar-M. % Jy {8 T2 718 A A0 Sk 4144, >R D3 3

T3 ¥ 3 N TSR 2H A Ok i s 2 TR e T e ) AR
B IR T N TR P A 1E 1 ) TH IR R A A R B S R R
HH A HE S 1 R /N AT [ R AL SR A R R B
Zoltar-M J5 ik 7E 2 BB & AL ROR 220 T Ochiai
il Tarantula 55 1% 5 Bl F 1 57 7 .

Lamraoui il Nakajima™" 3% ] 4 i 688 i
A3 (Full Flow-Sensitive Trace Formula) Xt 72 J§
HEAT S i, T DLSE Sy A R0k R ) AR Y R L
AT R D7 125 46 5 B T A R A 2 3 i B R Bk
THREARL A2 Wy 2R e . N UL Be 8 AL AR T b 2 Gk
B, SR, AT A J7 B ALAE Siemens 300 &y o —
ASHIXF BN R E (B Teas) b E4T T B3E. B4k,
Xf T B 22 i B A DR RS AR P o 0 A ATT A9 O 1%
TE 5 5 28 L IS 2 B8 1 38 5k D3 R 1 i oK 25 s R
T 32 A5 i 2k M0 K 9 7R 2 A 1) MFL #F 5
rpb1o N e 22 il L Zakari 2 N 3R T 4
WO 2% BIE L $ T — Fh ik B 2 o2 75 ¥k FLCN. FLCN
J7 ¥R E P 0 M (Degree Centrality) 5 45 44 17
(Structural Hole) 3k 2 4% Hkt f3 #H 5¢ 15 /). FLCN J7
12 B S 7E — YT 32 X o [] I 2 2 2 S BB S 3
g5 R RN FLCON J7 sk 200 T A 1Y Bk B i 167 07 ¥
(40 Tarantula,Ochiai 2).

BRI EEE IR TR Ok
R T R 25 A SR S R 42 L 0K 5 il a2 2] BB
RN LA B A B E. Wong 28 ANV 854 &
P28 B B T — i R T AR ) R BRI 22 B B
PLJ7 5. 3% T3 AR I 1 T ] 4 B 55 A 0 O R ALE 1]
S, R I I B AT 45 2R CR Sl / 2% O 7 S
25 O 2% 1 i 1 B RS O B — A R R I ) R i R
P 5 B AR VR A I R B . e rp A A R 40U 35 % 42
R S BT — A TE R T Rl I 2 1 R TR
B IVRBE BEAE. B a0, A5 5 AT IR AR R R A A
3 AT TR ) b a R AU BT o B AR U AR 0 001007 R
T2 HOL B A A D R U [ i ARl 28 0 2% A s (e R
R 3 ATIE R Y PR BE BE (. SEG 25 SRR % iR
Z G E LR AL T @ A Crosstab 8 Tarantula
SR S S vk A IR A N INF-MFL
A1 IDP-MFL J5 3% (9 %CR #8 A % AR, D S
TR B 2 11 1) 52 A 0% 2R Al 2 Bk 8 A7 1] REUAR A5 1 3
SR TR S 38 2ok R A 43 T B8 g3 ] A9 AiE JEAH DG A7 L
THE A 2% R B 1Y SRR BE i A 3 S Y
P2 ) 48 R R 2 ) g N SR BA A B R R &
W 28 I R 58 B o B A 1 A 4 3 — > K 4800 3
VE S © VI G5 S 0 i 2 T 265 10 A o Pl 28 T 2% 114 i o
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25 B0 Ry 3% 8 ) 1Y PR BE BE (R 1% 07 s Y R 2% A R
B— 2 %k A R i & M 4% (Probabilistic Neural
Network, & PNND . 1 ] i fi A X 4 Bk B3 1) 5
R BE 50 2 8 A% 1) B ek B0 L R T RBE (19 3 Ji
AE ) T3 A1 ) Oy R B 1 ) A, SRS AR A
FP o3 O B 2 58 I 22 B B 5 s SR 45 SRR« Al AT ]
(77 2 ORI T BUA 9 RBE-FL™ 1 PARA-FL™
k. AR NP R — kT A5 S Y 2
EN B GAMFal. GAMFal J5 340§ = 4 4 5 .
T SERT 2 Gl A R A o) U AT A ) gk A BV
RIAERNRE 5 SR B 23 A 10 G € 0 G 11 7 =X 2k
SE I8 Y I W BRI KR 5 B gt A B vk A i S )
T R A e A 2 R B S AT TE T 2
21k S R ] i ik R R 5 O S MO B O ik R R
Xif AR 7 SEAAHE R di T e N B AT AR IR A A 7R T
ST E 22 A B bE B B AR AL S BT Siemens 2
PRI 7 AR Unix BFETH 3 ADEF
(gzip.grep Al sed) fE A PF I X 42 . GAMFal J5 i 1k
HEAE 7 R0 T A T At 28 Y R B E 7 1k
(Tarantula,Improved Tarantula }% Ochiai) , H 75 3%
BARN T3 H. BRI Z b, GAMFal (1) $447 i 8]
76 Al 45 52 B BBl 22 . Zheng 25 AN 2 T — Fib
BTt ek FSMEL Jrik. FSMFL J5 34 fr A
W) 4 MRS S A R B g A g R )
“0100100000” KR — 4~ 10 AU ¥ 56 2 17
NG 5 AT AR A5 R B e P 48 1 BR T (4] G ik
AC SO AR RE L BN AR Y 3 1 BE eR R0 F
U 00 1A o i AR N O 17 1 o /) BRI SR Bk B T
AL SRR R R W] FSMEFL 7 2 ik i 7€ 07 19 RCR 1
K1 b e 4e ) SBFL J7 3% (Tarantula, Ochiai,
DStar %) #5 5 A 545 1) 58 A7 85U . Wang 48 A 42
Hh T — Rl a3 A e B A R B 5 O W S R B Y T
125 ok B 1% 47 105 2 48 I 3 P 491 PRAT B B 1 ) 2 0
AR PP S IR A LT R I T o 0 S B
RV T Wt R At AT 0 i e ] R
FR 78 P 22 18] 0 AT AR S M A5 #1822 55
K€ AT BE T m) L G 3 (B R A A5 A I SR AT
SEH. 53 A AT LA A AR 2 A 0 A 1R Y 5 .
SE IR LW 07 ¥R T LUA R E 7 ) BE I
FETEA R 7 ) A% 7 A B0 R AT DL s 1B 2
S fEH B

AFTXF NOH-MFL #5677 2 647 1 73 285831
GErHER N 5 Pis. N3R5 el LIE ), NOH-MFL
AT RSy R PR A i A R B 1 R AE

VR BE B HE Py 51 2 P9 HE 24 5 /iR A7 B X — SR AE
T A A R B 18 ) HE 44 22 P B EE 1 51 3% 14 5 L
L I TT e N 5 TR AR T BE 2 HE I 91 AR UK £
TE AN L BEAE B ) IR [R] A 4 2 22 A i B 3 )L ol
R R R — R U R 7 0 B A ke e — A
HAB AL 10 SRS B T A 38t A% 5 1 A T g e s Ui
WP B & R 25 A B AR 2 ) Bk — PR U
16 S e e v ) R B 7 )

®& 5 NOH-MFL FiEHEXx8EX&it&ER

e (298 [ig s
AN Bl B TE 5 E B -
AR LA R [107.108.109.110.111] 5
BLAR 5 29 IR — WCHEIR o os 106,112,113 5

U S EON

6 PEREWEMIEER T

X FATR MFL B 5% rp 285 {67 FH 09 90 45
PRdEAT 14028 R Gt 1O [ AR By 20 AR
ZiRANE 6 s, R AH TR AR T 1K
I PEREFI 48 Br. IR P Al DLA tH, Exam Score 48
P B U 2 R EGR B T 20 L H
WA 52 Expense Score $§ 41 #1 Wasted effort §§
B 400 19 IR 12 Wk, AR 4 AS [ 9 AR 0 o 2 23R
W A SCKE R 6 H B BE PRI R A 2 S S REE T
A B DI F5 B A1 L T4 B2 00 TF DU 45 A5 AS (6] 19 2F
D F8 bR aE F A [) 00 o a8 =X 428 R SR B Rk A
X P AR I 255 5] 56

R 6 MEETNIERERIBRITER

FRAR 5 TR 24 TR St A
EXAM score 20
Expense score 19
5 Wasted effort 12
ﬁ;}ggm Average/Cumulative n'umbcr 1

of statements examined

T-score 5
Efficiency 3
FET RN Top-N 8
P F b Proportion of bugs localized 2

6.1 EFHRMByENIEHR

FL T AU B PRI A8 AR 38 GE T N 5L
HE R Y L S G B o7 B T ) B ) BAS SR DA B
FENERA ROPE. H UL R T AN 0 PE I S bR A
EXAM score K HAH AR bR A6 25 1 A1) SR B 34 (.
6.1.1 EXAM score & HAHKFE R

EXAM score Ji Bt 1 17 ifF 5% 5 d5c 5 1 FH 1) 12F
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WU s 22— o700 00100 M SR — i B T 1 ) A B R
HEFY BOVEH 1 b5 BIF TSN 530 R I S5 1A 45 P 58 5
(EL AN IR BEA T HE S O RO A5 L 2 R 2k B 1
). EXAM score i bp i 5T % N 5% K BLER — A~ ik
WA 37 ) T 5 A 2 AR 1 A B R AU

EXAM score — rank of the faulty entity

number of the executable entities

Q)
FE3 (1) o 73 72 e B 18 ) 72 VR 58 2 HE I 910 3k
WAL B L B (B Rank {8 43 BF & 8 #0470 72 %
VB BB A TE 2 2518 R BV B R IR 45 B
& AR 2 rank (HAFICHEH E. HATA =F0J7 0] 2
TR XA rank (8. B BCAFAE B BE TE 4] o) o V1 5E
FEWUE R T e, W IE B T6 M RO A IR BEEIUE S
e, A [F) A 1E A 1 ) B0 B
(D) B 16 B, 1A A BT A VR 58 B2 (8 15 Bk 15
) e AR IR) RO ) IS S TF 2 N B35S — AN A A 110 g 7
B ey BT % N B RE S DL d5c PR Y 3 B 7 37 B0 52 3 i
BRI EAL L BEE rank (TR AN
rank(e;) =A+1 (2)
(2) FIREOL. 5 Bl I B0 A S - e A 45 T A
B8 LA SR B TR A1) e A TR B35 A I RN B i
JG— KA R A e, BIJF RN BT BEAE 2 e 2 1Y)
I ) 7 o7 Bk B 1 0] G rank (AT 08
rank(e;) =A+DB (3)
) F I BL. A FRAF A 0L 5 T R DL Z ]
BRIV A N B 2 A A — 3 0 P B B2 AL 55 R B i ) e
HA ] 4 TE A 15 0] AH AN B RS DL IR 4 2% i
rank fHI AN

rank(e,) = (A+1>42r(A+B) "

{145 EXAM score 1£ P 5L F A A5 15 A 5 43 b
(R DAY 2% 2 BB B A 400 3 0 I VR A vk
A 4+ i MFL A 56 8 3C 7, Expense Score,
Wasted effort, T-score Fil Efficiency fJit5 A5
EXAM score B 11520 X (X (1) 58 A1 [H B #FEAl
1 N 7 58 4 — 2

XF T BB R P 2 AL, EXAM score {H B/
BT & N D1 FU A6 A A /0 19 1 /) gl BE 4R 31 L OE
18 fke g3 1 ) o U)K IOE 1 S B E A6 5 1 AT B A Y R
B RE AL SOR . (H & EXAM score 458 R A BE E Al B4~
BRI B S A N (] SCAS A BE 56 #& 48 1 IDP-MFL #
NOH-MFL i3 F2 7= A= 1) i A4 B 18] B A4S 5 B G A% 45 1
EXAM score 5 3d ] T 5E T sk b T 40 R B 1) 2 6k B

FE LA B PEI.

F T f EXAM score g% V1l 5 22 25 50 44 B [
FEALT B BESE N GO A 1 EXAM score PF- Il 4
FrifdT 7. il .

(1) Gao 58 NP FE AT BF 58 1A b 41 % IDP-
MFL #5328 T T-EXAM P8 #5. T-EXAM
W TR T AT AR 55 b E AL A SR BE T ) ) EXAM
score fH B SR ITAl 22 8RB 1 137 7 15 B A%

(2) Zheng % N 78 Al AT (4 BF 5 1A v & X
NOH-MFL iR 4 H T EXAM;: fil EXAM, 1
M6 R, EXAM; 1 EXAM, 2355 % 1% 8 0k A% b i
AL 55— A ol B AR i S — > R i s A A A R R TR
CIFEPSY g G BNER s
6. 1.2 B a) e A K BE

EXAM score Kz HAH A6 bR BF XS 2 B A BRI I
A DA B SR o VLB TR RS B I =2 A S B AR N DL i R
T AT XS 2 A B RRCAS B F I 8 B - G A T ) SR
(Cumulative Number of Statements Examined, CNSE)
FIKG 2% 15 1) {8 ( Average Number of Statements
Examined, ANSE).

CNSE P $8 b0 J& 38 % T 45 52 0 Bl 0 72 %
n R RRAS I B M ORI N 3R 95 R AN (8] 1) i
B E ML AR MGO AN N(DF8 25 it M N 77
BB SE LS S TESR ¢ AR RSUAS S8 AL BT A ik B ) BT
o A T A 1 L Elaﬁtﬁl%u,ﬁn%ZMUK

j}wm,mu M I N B Ak HG 9 CNSE {8 5 1k
P U 1 B WG B4 K. ANSE V45 B 5
DM >IN

CNSE 3l 5 br A o1, 0 —— << I
M . N B A% Al CNSE #l ANSE 8454031 T
A Bk B WSUAS 14 JIT A 0 4 1 ) 1 2 S B ) A S BT
PLIX A48 b ad T 58 Bk e 0 22 Bk B 2 A 1], HL
[F] B 38 T = AN ] 22 e g 1 i =X
6.2 ETFTREWTENIER

BE TR BE 0 P00 48 A5 L 38 3 G T 4 A BB E A
FOARAE I 2 J5 78 3 B — O RE S SR TR Y A 5K
I, AT PP Gk 63 2 7 2 AR A R
6.2.1 TOP-N

TOP-N $F-I 48 7 [7] B 3E F = B i 5 A 22 b
SE AV [0] L. A B BB B L ) B, Top-N 2 4
TF RN ATER A HE 44 0T N DR P LR (AN v i
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) BRECE S Y HE R R IR B 0 R Y R AR
ZARARAE R 43 SCHR B AR A ace@n. Top-N {H # 5
FeTR TF R N GULE RS A5 R [R]85 19 15 ) AT 5 R N 19 fk
B 5 AL 52 A BEAS: TN 381 dfe 563 R A 80 kB 22, R DV 1
B 58 LB AR AT A B 5 1Y 5 R . AT X 2 R E
ALla) i, Top-N S Hi N A S 44 A R Sl A ) 21 31 552 ik
B 1 ChE L [R) B8, Top- N BB = 2 W AR I 79 4R RE
VIR AR

P Kochhar 2 A" HIBF 52 4841, R ZHO0T &
N GUTE AT BB 2 A6 I AL 23 A6 A P BE B2 HE 7 41 2
SERTRY — SRR P SR, Hop 9. 430 T R B LG
P — R SR, T 73. 58 % YT &N B Ak A
HII 5 AR SRR L B2 T 98 Yo I I & N B2 IA A K A iy
10 AFEJF 2O 80 & #Y. HiE TOP-1, TOP-5
A TOP-10 3% =M bn B A7 5209 5L
6.2.2 ENLGRFE LA

B LBk FE H 2R (Proportion of bugs localized) i
DA B B e 2 BOE B T 3, IR R E T R N 5L A Bk
B E AL AR b O B A 4 E R R e
BEXE A He AT 58 RE 8 W o 19 72 P Bk 1) B
PR FEAR [A] FE 3T L BB A2 1 137 21 58 22 78 e ) ik
B 7 oL g AR KR B

Sun 5 WS AE A ATT 9 WF 5T b A BT TR 43 B
L2 FCRE TS AT B 4 B I R AL S8CR Y SR L AT
952 B 2% 5 W], Tarantula Fl Ochiai 28 3 76 AUK:
#1000 1Y R 7 J0 K I AT LLE 6 3920 F1 45 %6 1) ik
F. Klosgen 1 Added Value 2y AH H 7] L) & {37 88
Z R BREA o351 R ATV 4804,

7T FIHEEZMESN

40 1R & K 56 (Statistical hypothesis test) & A
R FIWAEA GREA FEA 5 B 1 22 53 2 b A 5
T I R A J5T 22 93] ik R 8 T A IR O k. LR AR it
B SE 0 A A Y R AE A R R B L R S Al o il
FERE ST A GE T B, O b AR 152 32 #2080 2 4% %2
A H HE T BB 30 7T 43 O TE 25 03 A A 3 T 25 R
BIME 3 AR 56 AR S B0 50 =28 25 3 BB o AL 9
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projects, and even some defects will interfere with each
other. Therefore, although some defect locating methods can
better locate defects on single defect programs, their locating
effects will be significantly reduced on multiple defect
programs.

This survey focuses on the software multiple fault locali-
zation (MFL) problem, which is more challenging than the
traditional software single fault localization problem. Therefore,
MFL has gradually become a hot issue in software automatic
fault localization and has attracted researchers’ widespread
attention.

This survey takes the research problem of multi-fault
localization as the core and systematically sorts out the related

research results. Firstly, the existing multi-fault localization
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technology is subdivided into three categories, namely, Defect
Interference Hypothesis based MFL (INF-MFL), Defect
Independence Hypothesis based MFL (IDP-MFL), and None
Hypothesis based MFL (NOH-MFL). The main design
ideas and related techniques of each type of method are then
summarized in turn, followed by the analysis of the evaluation
indicators and evaluation objects frequently used in multi-defect
positioning research. Finally, we put forward a prospect for
the future research direction of multi-fault localization,
including expanding the range of programming languages to

be evaluated, considering more software programs, and

discovering more industrial application scenarios.

Besides, we analyzed 87 papers from 2009 to 2020 and
conducted a systematic literature review of multiple fault
localization research. Our analysis shows that the field is
developing rapidly while becoming more and more mature.
At the same time, there are a series of challenges for future
research.
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