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Software Fault Localization Based on Model-Based
Diagnosis Combined Craig Interpolant Analysis

XU Yong'?, WU Guo-ging' , YUAN Meng-ting'
(1. Computer School , Wuhan University , Wuhan , Hubei 430072 , China ;
2. School of Mathematics and Statistics , Zhaoging University , Zhaoqing , Guangdong 526061 , China)

Abstract. Model-based diagnosis,an intelligent diagnosis theory has been successfully applied in software fault locali-
zation with promising results. However , traditional MBD relies on the assumption that components in the system fail depend-
ently which makes the diagnoses with high false positives in software fault localization. In this paper,a component redundan-
cy analysis approach is presented. The approach not only uses Craig interpolant to filter redundant components, but also em-
ploys a fact that a branch predicate evaluates to either true or false to filter some branch condition components. Experimental
results show that the proposed approach effectively reduces the false positive rates of diagnoses,i. e. ,reducing the number of
diagnosis by 48.4% , and reducing the number of nodes of hitting set tree generated during diagnosis computation
by 47.6% .

Key words: model-based diagnosis (MBD) ; fault localization; redundancy analysis; Craig interpolant

1 5|8

B R E O B 5 — 25, AT 55 2 4R
AR 5 e A O R A R P 8 . AP A R Ao B
380 AFFE0F K A shel o B 3h B BOPF R e 6 05 15
—HAREAR TR R PSR

LA B SCRR BB 7, AR T B S0 iR
NIRRT TR IMRA MBS . X 2 h 5T T
PErp R EOAR T ik EE Ay VR L2 (1) & T

Wik H 39 :2015-11-03 ;& (8] H ] :2016-02-16 5 3¢ AE 2 M ER

PRI R A E AT ¥R 5 (2) FETF RS K (Model-
Based Diagnosis ) AR R 0 8 710 5 (3) S T4
G O7 BB R R . AR, A
' RS T B AR R 4y A7 4
IS P A A R 37 R AR SCOE T B2 45 T MBD (9 %%k
TR SE AL

Bt HL 8 T A o B K A2 T ), Retier™™” 2 1Y
MBD BHE RIS W7 7 . FL LA JBAE 2, 45 36 1 12
(A5 G — 2 26 ) g s 2R 5 (AT g 0485 ) A5 80 5 5t

T H  FRK HREF A5 4 (No. 91118003, No. 61003071 ) 5 FEIIN ik M 397 24 7=\l & i & T 7% 4> ( No. JCYJ20120616135936123 ) 5 H g i 4 FE AR

BHIRY 45 2 £ 301 %% 4 (No. 3101046, No. 201121102020006 )



% 10 & 55455 Craig fi{H T OVRAFEE B2 T 5 1k 2515

RGBT 5 RGBT 9 Z 18] (A — UK 4,
ST IR R D RE A T MR e TR S K T R
GLTARESH 2 W YT SO T o 5% 4 Bt 4R 1 ( Hit
Set Tree) P35 — 12 Wi 2 v 58 5 114 /)l 4.
NSRRI MBD HR ST, BT LK MBD
I AT AR S o R R R I T ) 22 (]
FEAEAT AR SO0 S i &, T Reiter 78 H: MBD
B B T RS0 B T IF 57 M AR ) RE
I, BT MBD BT (9 55 5= E A 1A% I8 T2
IRV AE BRI 5 5% 2% K 2 52 MR DR 12 W ) A 1, D A
BB W A7 AR (R

Birgit Hofer' ™' 45 A48 th I FH 1 U0 4K 45 1 /1) ]
A 2, HF 15 MBD AHES & #1212 I 45 58 10 o &
Jorg Weber' " 45 U] 45 H 38 1 G P4 961 56 28 458 7 o %
IRTCPEZ 18] ] B e A R Y 5% 28, AT S35 36 DG 4K
P I R Rk S A SRR A A2 . MBD Hp o 58 (9 A7 A
ARG LR SR R T RS 5L PR T o8 A
— 2, W2 YA AT L. Craig fH{EH2HE T —Fb
R AIE R R A AT L AR B Craig
SEAE, AT LA b 5 P B TR AE R GE AT O 2 B
EANET RO TR TR T Rl A
J3 R 26 P R 4 UM TE A 2 BRI T 25 — A B AR
KA, H AT RE AT R I B — R AR A 2R
H 2R PR A o PF JCIE R O BUBRUE, ARG AIEAT
R RLATSAS AT it A2, D) e W o 5 o 1) 2R AR ) T A
SRR A BT S| K AP RO AR ). F58 |
SCERH BEA I Craig 36 {ED 0 AN 1] 596 K2 119 12 48 2 Xk
AR ST i B R A R R G S AR R )
HUAH G R A TR I R T ke
KBATE MBD HEQL R AFAEREAT sh S SO A FH 20 B
i Al RETE.

2 ET MBD B HEIREM

2.1 MBD gyEARENX™

EX 1 —AN2W A% DS J& =54l (SD, CMP,
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PR T A 1 oeE S CMP = 10,1,2,4,5,61 50 1,
4 JE 55 EAY AL TR TR R A R A E. RS,
WS PATRE wli | r] (R DR AB={x
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C, I, LASEREILSE , W AE B BT 4 8 43 2 AN
2505 e A B A8 TR I Rt AR A (IR 2 P ). il
R LS S =2 (1) HIV FRERES A, BN
TR —2W; (2) ) x ARIiC 45 5500 BY R 45 55
(3) PIEBEE S KR — A~ 2R,

1. int max (int x,int y){

2. intres=x; //c,

3. ifo>x) /e,

4. res=x; //res=y;c,

5. return res;

6. }

7. int max3(int x, int y, int z) {
8. int res;

9. int two=max (x,y); //c,
10. if (two>z) /e,

11. res=two; e

12. else

13. res=z; 1 cg

14.  assert(res>=x && res>=y && res>=z);
15. return res;

16. }
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So7 1 y>x
So8 2 x
500 1513 3 max(x,y)
$10 5514 4 two >z
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[RES]Diagnoses:

[RES]Id 2 Line 4:"x"

[RES]Id 3 Line 9:"max(x,y)”

[RES]Id 6 Line 13:"z"

[RES]Id 0 Line 2:"x” and Id 1 Line 3:"y>x"
[RES]Id 4 Line 10:"two>z" and Id 5 Line 11:"two”
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[RES] Diagnoses:
[RES] Id 2 Line 7:"x"
[RES] Id 6 Line 17:"z"
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(1) T35 Craig 48 5 51 46 M 2H

HE—ANRWEmA bR wli || r], FH] Compu-
telnterMatrix pREYITE Craig i {H 7 VM6 . HHEEE
Vs AT X o7 1) A R 51 L [ A 3 Crraig 48 (E Y
SRR, InoA s 1 R,

Hik1 3 Craig BEFEBEHA

HIA:C=teq,ep, e,y b =g HA LA 4 C
J={ing ,ing e yin, g b oD ASE S B M A KL |
wli || r] FRP A IRAT AR, S PR S A PASS |
it : Craig {5751 RO AE 42 G
I. for s =0;s < IJlI;s ++do
2. G[s] « ComputelnterMatrix(w[i || r],C,in;)
3. end for

(2) TSR AT RS BT 5

XFRE LR B> Craig 3 (75108 19, 4
i1 ComputeNEPath pR 5 H HE PUAT B A2 55 F 4 NE (K,
c). X NE H [ 848 A5 PFHE AT 25 R A2 S5 AT Sat BRI
BEATIRUETCIE ¢ X T 4 Al 2% Wi AR 75 J8 T oA 6 4%
PFE R TTIE. B A 2 W e A BT X IO 1) T8 AR 5% 2% 11 1
AITTIF S i T LS 8 09 2% PR IR A TR, AR
I 2.

Hix2 THEXEFHEATHHITERAE

firth : Removable « A T B A 2% Ui A BOASAR G S AF IR ) DT AR4R.
1 Removable «— ¢

2 for 1 =057 < IJl;1 ++ do

3 Removed «—¢

4 NE(K,c;) < ComputeNEPath(G[i],C) // ¢;eC

5. ¥ NE iy ml k] (ke K) SBT3 o' [ k)
6 if sat(ki\Kw'[kJ ,C,in;) =false then
7 Removed «— Removed U ¢;
8 end if
9

if Removable = ¢ then

10. Removable «— Removed

11. else

12. Removable «— Removable N Removed
13. end if

14.  end for
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(3) S9N Crai 3 (L 7E PFA03:008 77 £6 Forensic 55 PA BIFERIILR
B 518 ] Computelnductivelnterp B4 % )3 40 4 Forensic J5 AT
(AR, 5 22 A AN A R TP A4 Craig ARSI 6 P | S oo s Tt Lot | sz |eioeft | sontt
AR AR AR IR X 10 HIBER & s pixe | Wil | LW | | 08| DI | B
@E@ﬁ1¢%ﬂ:%é§ﬁ1¢’/ﬁ\:$ IsStartC @ﬁ*ﬁg@%ﬁﬁ: sl 75 91 3 3 0 2 2 0
RR TR AGIE (T 3 R, T T T TS T s 515
9. Craig HH{E, WIBEE 3 MR AERR. TIBH3E  Tos Tor 5 T3 o 5 5 1 o
RS F A2 0 OCIPASS | C I JD) R URYE T T T 3 T .
AN SR TS F i
MR S B Ve | 75 | 91 | 6 2 4 3 2 1
H3%3 HTFIRM Craig BT HAEIES % A S . A . O O O O B B
V38 75 188 6 2 4 2 1 1
i i 58 U DEARAEFS . Vo | 75 92 3 3 0 2 2 0
1 for i =050 < IJl;i++ do vio | 75 84 1 1 0 1 1 0
2 M [i] < Computelnductivelnterp( G[i]) Vi1 73 76 6 5 4 3 2 1
3 nd for
¢ ¢ . . . Vi2 75 76 14 3 11 6 3 3
4 for i =0;i < IJl;i++ do
5. for each I=Interps(C,w[k]) eM [i] Vi3 | 75 86 13 9 7 4 3
6 for2=0;z2<1Cl =132+ + do Vid | 75 89 1 1 0 1 1 0
7 if I, =NULL and IsStartC( C[z]) = false then V15 74 89 10 5 5 5 3 2
8 Removable «<— Removable U C[ z] Vie!| 75 312 5 5 3 5 ) 1
?0 Cr;df ! vi7 | 75 | 84 | 5 1 4 | 2 1 1
. enda Ior
1. end for V18 75 96 5 1 4 1 1 0
12 end for V19| 75 | 188 | 5 1 4 2 2 0
13.  return  C-Removable V20 75 92 7 7 0 3 3 0
V21 74 96 5 5 0 4 4 0
6 ;gﬁ%% V22 74 96 1 1 0 1 1 0
X . R N . va3 | 74 | 96 | 1 1 0 1 1 0
R T BRUEA SO (L PA) AR, 7E Forensic H voe | 72 1o | 3 S o . N 5
ST PA L. SR Teas (38 DHEBRIUA (Teas 7 41—
MEFRMUAS B HAD LA RRAS Forensic Joik T8 H 2T ) e 7 (e 10 3 ) p 3 ;
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