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Abstract The minimal conflict set cluster is constructed by all the minimal conflict sets. The minimal
hitting sets of all the minimal conflict sets are the faults of the system to be diagnosed. Therefore,
computing all the minimal hitting sets according to the minimal conflict set cluster is an important step
in model based diagnosis. In this paper, a new algorithm is proposed to obtain all the minimal hitting
sets by using dynamic maximum element coverage value. The algorithm processes elements in turn
according to the descending order of the element coverage value. The search space can be greatly
reduced by joining the corresponding heuristic strategy and pruning strategy in the process of solving
the hitting sets. Adjacency list is used to store the minimal conflict set cluster in the algorithm.
Among the basic storage structures, adjacency list has better space cost than matrix. Besides, the
adjacent pointer can quickly find the elements in the minimal conflict set cluster which can be covered
by an element. When a hitting set is obtained, the minimal hitting set is obtained by using the minimal
hitting set decision rule. Therefore, the algorithm can generate and only generate all the minimal
hitting sets. Experimental results show that the proposed algorithm has better computational

efficiency than other algorithms.
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] 3 I IR I FR AL B 5] Seq=[2.3.1.4],
ABPEBER Head BN 2 Ji 7R, 703 #3654
Cover=12,2,1,17], HittingSet 1 MinHittingSet
Ha A CS It RE & br ik SetFlag =[0.0,
0], BV 3580 AlreadyCover=10. LI HIRZAS I FE 1
M 2 Fra oK ILR 2 BNE] HittingSet Z 5 » 1
B ER R % R T2 2 R IR 3.

[ 00
[
1 GR—O
SR

Fig. 2 The corresponding adjacency list about

A

2

N

Seq in table 1
Bl 2 3 1 Seq X N7 R HERE R
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Table 1 Value of Each Variable at the Beginning
Rl VERETENEHYE

Seq Cover SetFlag HittingSet MinHittingSet AlreadyCover CanCover
2 2 0 {} {4 0 null
3 2 0
1 1 0
1 1
Table 2 Value of Each Variable When Adding 2 into HittingSet
®2 WBITE 2 M HittingSet it & 35 8 Xt iz B9 &
Seq Cover SetFlag HittingSet MinHittingSet AlreadyCover CanCover
3 1 1 {2} 0 2 1
4 1 1
0
Ab B2 O E 3 i, & B Alread yCover +
1 " Cover[3]1=3=Cap(CS), R FHHE 1 MK
g N container {ififi HittingSet FHIILE 2, F ¥ I0E 3
; —>M WEIM B container F, L) container VE 5% A4 FH
JudgeMHS, & 5 & ) JudgeMHS iR [7] true, K ¥
6 _—>|T|T| container I MinHittingSet. JGE 4 5I0& 3 A

Fig. 3 The corresponding adjacency list about
Seq in table 2
Bl 3 % 2 v Seq X IV By 4B a4 %

)L BT LS A E G ER AL 3 5E e i MinHittingSet W
W MEE(2,3) (2,4}, B3 | — 2T R
3, BE BT R ZE XS N F 3R 3 FIE 4.

Table 3 Value of Each Variable When Processing 3
£3 MEAEINZTEMNEHE

Seq Cover SetFlag HittingSet MinHittingSet AlreadyCover CanCover
1 1 0 {3} {2,3}7,{2,4} 2 1
1
1
1 4— " 1 A
2 A 2 A
3 A 3 &
4 I 4 —+—> 3 |~

Fig. 4 The corresponding adjacency list about

Seq in table 3
P4 33 Seq XTI SBHEEER

AR ITE 1 SAim AT R 3 f 4 24,
T LAAS J2 8 3R 45 BRI Min Hitting Set W43 8 4 /Nl
12,3 {2, 4y {3, 1), H3 F— 24T E 1.0t
A B R AS0 B T 4 R AL 5.

W ARZEILE 1 &k B AlreadyCover +

Fig. 5 The corresponding adjacency list about
Seq in table 4
5 4 W Seq XN AR EE R

CanCover<<Cap(CS) ,HMFE iz W —Z.HF
ARZERES 12, BT MHS DMECV #3258 i 1 %F

GG CS v BT A/ INGIE B (R SR A, BI) Min Hitting Set
AL 3 M HNREEE BT & {2.3) . (2.4} Al
{3,1}.
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Table 4 Value of Each Variable When Processing 1
x4 HETEIHETEXNMNE
Seq Cover SetFlag HittingSet MinHittingSet AlreadyCover CanCover
4 1 1 {1} {2,3},{2.4},{3,1} 1 1
0
0

4 KBWHH

A% MHS-DMECV 55035 19 1 A 47 52 56 73
B A2 S50 X LG 43 » 6 B H R R B9 A R AL AL
SEEUUE R LA 4. S B 0T - Windows 7 #
VE & 4t ,CPU Intel Core i7-3770 3. 4 GHz,8. 00 GB
RAM, Java.

A S 51 O B AL B 5 T A A e AR B
BEBLEE & AL LA i A S B G U R DB m Gn 3R
AEG UM EGHERR n D ATTRE -1
B REICE BRI HER p. 78 [ — AN B BT
AILEW p EME NILESE T BN TR E
TCEMPEANET mp. S FIORENEN 4 A
s 3 il A 9 H] MAN3 KR,

A SCHI P BEDLER & 5 A s R T 4 200K
5, 43 #) k5 M15N200, M20N200, M25N200 L) K&
MB0N200. H e &5 0 i 42 5 10X 17 A~ F 4]
B 200 3 ) S A 43l 10 AL 2% /N34 p B
{B 0. 15~0. 94 19 17 03 HI ). Fie A3 3000 3 1] 461 v

BRERRY N 200, 78 10 26 32 451 b X6 BROH [
WEAR p 1 10 A3 51 A7 52 36, BOH P K AT g
(] A oAy S5 6 45 2R

&l 6 iR 1 AR I H )y MI5N200 B A /R 4R

Y5 MHS-DMECV Bk iy PERE X LI, & 5

40 800
| —= Boolean
—e— MHS-DMECV
2 30F -~ MHS 1600 2
2 S
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E -
[ ] 15}
5 20 400 =
g S
& £
2 Z
& 10} 200
Bl 1 O
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Fig. 6 Performance comparison of Boolean and
MHS-DMECV under M15N200
& 6 MI15N200 F Boolean 5 MHS-DMECV 4 fig %t 1t &

Je 5K 6 XY SE G g it A R 1 6 R Rl R R T
R 1 DMERE TR P BB ps 4 MLk
XL S ) 4 A /N B 4R K. 2% 5 Number of
MHSs R 7E 10 4L 51 b X5 i p BUE 0. 15~
0. 94 IR} ) F- 35 B /I 4lf 5 4> %05 Speedup Ratio /& i
IR 1 5 MHS-DMECV 553k °F 4 4z 47 5} [5]
OFS B 21 PP B4 HE AR - BRI LE.

Table 5 Experimental Statistical Results of Boolean and

MHS-DMECYV Under M15N200
#& 5 MI15N200 T Boolean 5 MHS-DMECV 3238 % it &£ R

Number of  Boolean- MHS-DMECV- Speedup

b MHSs  Time/ms Time/ms Ratio
0.15 1 0.003 0.122 0.03
0. 20 1 0.003 0.125 0.03
0.25 6 0.014 0. 357 0. 04
0. 30 17 0. 556 0. 830 0.67
0. 34 78 3. 950 1. 150 3.43
0. 40 185 11. 391 2.273 5.01
0. 44 317 18.762 4.067 4.61
0. 50 525 32.798 5.580 5. 88
0.55 545 34.929 5.977 5. 84
0. 60 616 39. 270 6.222 6.31
0. 64 622 37.435 5.721 6. 54
0. 69 529 32.333 4,904 6.59
0.75 457 27.083 3. 886 6.97
0. 80 356 21.774 2.942 7.40
0. 85 260 16. 009 2.696 5.94
0. 89 241 14.372 1. 487 9.66
0. 94 87 5.750 1. 906 3.02

i P 6 A 5 n] T AR AR /)N Bl 5 A RO A i A
IRABCE R T MHS-DMECV 83k . X 2 [H
3 MHS-DMECV 5k 75 % il [T 48 £ 4% 3 L b %
Ak B8 3 R A 0 3R HE R L X PR 45 A B R ] o R A
e /N B A~ B A0 If 25 AR X 58 Y L (HLIBE 36 B /) A R
A 3T K MHS-DMECV 8095 11 45 % i i B i
KIETTE BB R p=0.5 K. MHS-DMECV &
5P 2 H A R AR I R 5~6 7%
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P 7 A1 6 65 B 61 M20N200 FH5 L.

HIE 7 A2 6 F] A £ B/ ill 4 D BOR B BT
AN MHS-DMECV 58 3% $h AT I 1) 82 A3 7R A K58
0 FEAG . X Fe M15N200 1 52 56 45 5 7] LA
TEREHLE B0 T M /N R £ A K05 D0 R B m S IEAR R
(. 9 T R R MUBL B R 2 R BIE PR 2E 7
Bl 8 Rk 7 4y i M25N200 1/ BT B P4 BEXT HE 141 Al
YT A R,

40

160 —-=— Boolean i
\ —e— MHS-DMECV ©“
A 30 §
E 120 b
H 6
20 o
2 sof £
g Z
2 [ x
40 10 ‘I’o

F N
0 0.2 0.4 0.6 0.8 1.0

Fig. 8 Performance comparison of Boolean and
MHS-DMECV under M25N200
K18 M25N200 F Boolean 15 MHS-DMECV 1 fig % Lt 4]

Table 7 Experimental Statistical Results of Boolean and
MHS-DMECY Under M25N200
% 7 M25N200 T Boolean 5 MHS-DMECV 48 % it 45 R

1.5 7
-=— Boolean

—e— MHS-DMECV1 6
1.2¢ %]
g ° 3
g 0.9} 14 @
= 2
g gl 18 §
g g
& 12 X
0.3Ff o

11

& 0

0 0.2 0.4 0.6 0.8 1.0

p
Fig. 7 Performance comparison of Boolean and

MHS-DMECV under M20N200
B 7 M20N200 F Boolean 5 MHS-DMECV 4 Rg %} kb &l

Table 6 Experimental Statistical Results of Boolean and
MHS-DMECYV Under M20N200
#& 6 M20N200 T Boolean 5 MHS-DMECV 3238 % it &£ R

Number of  Boolean- MHS-DMECV- Speedup

MHSs  Time/ms Time/ms Ratio
0.15 4 0. 054 0.499 0.11
0. 20 41 2.452 2.236 1. 10
0. 25 215 20. 096 3.969 5.06
0. 30 902 116. 596 13.015 8.96
0. 34 2071 419. 887 29.426 14.27
0. 40 3295 884. 805 40. 337 21.94
0. 44 4602 1471.299 55.018 26.74
0. 50 4700 1345.692 55. 844 24.10
0.55 4806 1340. 954 52.468 25.56
0. 60 3934 940. 625 40. 869 23.02
0. 64 3221 587.225 31.595 18.59
0. 69 2238 399. 317 21.790 18. 33
0.75 1719 235. 683 14. 496 16. 26
0. 80 1198 129. 707 9.096 14. 26
0. 85 698 77.087 5.165 14.92
0. 89 573 60. 355 3.656 16.51
0. 94 179 21. 220 1.094 19. 40

Number of Boolean- MHS-DMECV-  Speedup
MHSs Time/s Time/s Ratio

0.15 46 0.001766 0.002114 0. 84
0. 20 670 0.054 107 0.012829 4.22
0. 25 5114 2.508194 0.076174 32.93
0. 30 17 456 29. 893360 0.227184 131. 58
0. 34 34052 117.499 843 0.388214 302. 67
0. 40 37747 164. 318 207 0.406 870 403. 86
0. 44 34917 105. 598795 0. 368531 286. 54
0. 50 31386 75.730647 0.318316 237.91
0.55 23201 36.295324 0.237121 153. 07
0. 60 16496 16. 544 366 0.179769 92.03
0. 64 11413 6.821990 0.111420 61.23
0. 69 7105 2.744902 0.070021 39. 20
0.75 4873 1.199593 0.042079 28.51
0. 80 3013 0.499 788 0.024 810 20. 14
0. 85 1506 0. 157540 0.011739 13.42
0. 89 1161 0.086 486 0.006 882 12.57
0.94 300 0.016 331 0.002032 8. 04

M8 FIZE 7 w1, A /N GlE S A BRI
FONeE A RREBE SR HEIL T E LA AR
S A BINRE 4R ST MHS-DMECV 8.9k 76 % 45
JLEP N AR 3] T 45 . e E p=0. 5 i, MHS-
DMECV B3k WA R ACB S 1 e 200 15 22 4. e
Xt bt 1 4 B RS O B A L B MIBONI200 53X 28
MBI, B9 & 8 45 i M30N200 1§ &L F i1 1%
RE X H & 52 56 4 1145
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Fig. 9 Performance comparison of Boolean and
MHS-DMECV under M30N200
9 MB30N200 F Boolean 15 MHS-DMECV {4 fig % Lt 4]

75 M3ON200 2B fls %) L b . 5 5 & A2 /)
ill 2 A~ 2R B UL AT B9 RS A R ARk A Al
AW A B 2R3 W MHS-DMECV 532, |J
i B /Nl AR A RO B LA 5 B ALEE . MHS-DMECV
HALRETE LM Z NS 45 2R, fEAE R p=0.5 I},
MHS-DMECV 3% H A /AR 15t 2 000 f5 2247
Table 8 The Experimental Statistical Results of Boolean and

MHS-DMECYV Under M30N200
#& 8 M30N200 T Boolean 5 MHS-DMECV 3238 % it &£ R

Number of Boolean- MHS-DMECV-  Speedup
D
F MHSs Time/s Time/s Ratio
0.15 2575 1.220751 0.051 354 23.77
0. 20 21172 50. 248502 0.361026 139.18

0. 25 109 402 3190. 370604 1.533166 2080. 90

0. 30 248207  15551.148400 3.189440 4875. 82
0. 34 277390  19100.517690 3.375260 5658. 98
0. 40 234817  12559.294920 2.654243 4731.78
0. 44 170883 5739.942604 1.741878 3295.26
0. 50 126 061 2845.279210 1.227208 2318.50

0.55 77818 853.838424 0.723070 1180. 85

0. 60 47205 238.677822 0.461778 516. 87
0. 64 30358 65. 765575 0.287653 228.63
0.69 17894 16. 344 207 0.168364 97.08
0.75 10507 4. 466864 0.095731 46. 66
0. 80 6208 1. 394066 0. 050244 27.75
0.85 2787 0.295333 0.023831 12.39
0. 89 2049 0. 098390 0.011976 8.22
0. 94 489 0.007429 0.003 210 2.31

ML TH A 4 SRR R AT L B AR AR S S
ol b A IR AR o A0 B {EL R 2 80 LA 1Y
R MHS-DMECV 573 H A 3E % 1 R/ 7 B

RS, 54k H . MHS DMECYV 8 vk #5450 /R A 5 vk
FEELAT S AR T I 4 T AR R 1 — S /N AR
KA 5 MHS-DMECV 83 1) [ #4.

H T b 58 A 45 7 A /DN 4 SR g ) AL NP e
7] R, PRk E R P A i Bk R O 3 IR O G I
R R, AN T — 1A ENhRES
BRI E &M Lt RS IR
JL— /Nl S BB VR AN 7 A F ). DMDSE-
TREE 58327 ) FH AR A f = k3 o A /Nl 42 1
48 %, {HJ& DMDSE-TREE 835 & A 51 A H A
BT 1) BY A TR W R I Ak R I A B KR . MHS
DMECV S5k B T F sh 254 Kot 3 7 a5 (5 B0 36 4w
KT H AN RZ 5] AT Ja & 5K g Al
B R R W 1E— 25 45 /N8 2R 25 [a]. CSP-MH S ik
e /INTilE B SR fige 1) 850 4% 66 Sy 24 SR AT il A2 ) L 9 )
R P 2R A 2 oK Aot A /N G 46 % BB TR B B A 1 B
R AR AR 40 1 2o B rh 25 5 Ok — ] DU M i
JINTIE SR A AR A S, B ik CSP-MHSS 537 fig
T 1 7% e 1) 551, {H 2 CSP-MHS 8 3 76 3% % A BF
R k.

5 HFRiE

AR SO FE T B A R T R A 55 (A SR IO A
/Nl ) MHS-DMECV 88 3, 3K i 280 % 3 .
MHS-DMECV k5] AR ERE T T ZW TR HE
wfEEAE KAGFR PSR RE R T R R
o515 B 58 B /N il 4 19 5K ff. MHS-DMECV 57k
M FEEZAR A 4 AT

D) ffi AR5 RAAME R RAE N E M &
T SR B R AN AT PR 4R A L PRI AR AR
L= S O S

2) B RS T e R A N 2R
I 4 BRI A 328 B 00 22 DR I Ol 20 N o T (1 44

3) MHS-DMECV B3L i3I0 T Ja & =X 5K s Fi 5y
AR & N FER YT

4) FRHEERESE HS B # A JudgeMHS 5534 )
H'S J2& 45 J2& /il 45 o PR I 530 3 405 o s /8 DR IE A5 3]
JIT A A /)Nl R

Sy gk B ] MHS-DMECV 2 PEfe i B
Xof A /Nl B SR Ao T A v 1) R 8 %R
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FALRY ()32 W AR A1 18 AT LK L # A N 2E



AR B A R T Sl A A R T BB 1 A0 /N IE R SR A B 0

801

A 1) R\ BE AL 0 A R v A g R A T
SRR ST R BT D AR I I AR SR 3 L AR E R L
YA o AT A ROCR.
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