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Abstract  Model-based diagnosis is an important research direction in the field of artificial
intelligence, and solving the MCS (minimal conflict set) is an important step to solve the diagnosis
problem. The MCS-SFFO(minimal conflict set-structural feature of fault output) method searches the
set enumeration tree (SE-Tree) by a reverse depth-first way and then prunes the combination of fault
output-independent components. Based on the MCS-SFFO method, a further pruning method for
solving the minimal conflict set MCS-FLR (minimal conflict set-fault logic relationship) is proposed
based on the fault logic relationship of the circuit. The non-conflict theorem of the single-component is
proposed, which prunes the single component, to avoid the solution-free space. Secondly, the non-
minimum conflict set theorem is proposed, that is, the supersets of the fault output related is all
conflict sets, and the non-minimum conflict set can be further pruned in the solution space. Based on
the MCS-SFFO method, the MCS-FLR method further prunes both the solution space as well as the
solution-free space, which reduces the number of times the solution space and part of the solution-free
space call SAT solver, saving the solution times. The experimental results show that compared with

the MCS-SFFO method, the efficiency of the MCS-FLR method is significantly improved.

Key words model-based diagnosis; non-minimum conflict; set enumeration tree (SE-Tree); fault

output related components; pruning in solution space
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Fig. 4 SE-Tree after pruning by MCS-FLR method
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Table 1 Average Number of Calls to SAT Solver and its Difference Ratio
F 1 FHiEMA SAT KRR R H ik bt

Average Number of SAT Call

Instance Difference Number Difference Ratio /%
MCS-SFFO MCS-FLR

C17 419.5 323.5 96 22.8844
Fulladder_1 70.5 46.5 24 34.042 6
Fulladder_2 1893.33 1712 181.33 9.5775
Polybox_5 610 118 192 31.4754
Polybox_9 10362.5 9338.5 1024.5 9.8818
Fulladder_3 4438 4011.3333 426.666 7 9.6139
Fulladder_4 589315 583683 5632 0.9557
Fulladder_5 358039.75 357 289.75 750 0.2095

# 2 J& MCS-SFFO J#:5 MCS-FLR F ik
i A /0 b 2 B 1) IR ) 6T B 45 R 8 1 R S 4 B
5 2 Sy AR v 4B, B (B A YR 8 Bkt F C17
FL R U, AT 5 AN A L AT 2°, 2 32 4R

(B T PRUE I B B o 03 Uk B0 A e A S8
i B A AT L B0 FullAdd_5 HL B%vh  ay A Si
I 10 A BRI A 20, 363 1024 41RA(H , 278
A BsF (] 3t AT DA — 3 4 5 A Sy LA 1 A

Table 2 Running Time and its Difference Ratio

®2 KENEREEEMEL

Running Time /s

Instance Number of Tests Speedup Ratio Difference Ratio/ %
MCS-SFFO MCS-FLR

C17 32 0.195 0 100
Fulladder_1 8 0.01 0 100
Fulladder_2 32 0.04 0.0233 1.714 3 41.666 7
Polybox_5 64 0.01 0.005 2 50
Polybox_9 256 0.11 0.05 2.2 54.5455
Fulladder_3 64 0.066 7 0.043 3 1.5385 35
Fulladder_4 512 15.5125 12.5475 1.236 3 19.1136
Fulladder_5 50 102.875 70.87 1.4516 31.1106
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Tl B R B 505 %1 3,4 439 5 MCS-SFFO
J5 ¥ Ke MCS-FLR J5 2 1% 3K fife i [6] , A S i A i
YO E 4 Bi/NEGH 5 o MCS-SFFO Jrik 5 MCS-
FLR 7535 W N b, 251 3 SR fig i 18] 5 37 4 R fif it
V] P9 LD o 32 L kA 13, B S (1] 280 36 42 w3 i %2 5 31 6
g2 A8 Ik e, B MCS -FLR 7 ¥ 2> T
MCS-SFFO J5 i i Bf ] 5 MCS-SFFO J7 3% BB [R]
(4 B B AN 7E Full Add_2 6, MCS-FLR J5 ¥ 0
/BT MCS-SFFO 71 41.666 7 % B B[] 4 1. 9%
A SR A A UBURR Z2 0% FH 48] 7 0 R 1L A A
MCS-FLR J7 3 3R fift 1% /)s vh 28 42 9 0 Rl 5. (H
WAEAEFF IR BB, L A0 AE Polybox_9 I v, 354 Y
SR AR RS UCBCE 43 e 9.881 8% o {H 45 45 I 1a) 7 43 He
HIm ik 54.5455% X S Ry SAT 3K i 45 X ot A~
B 22 1 4 A 1T FL R A5 0 B 2 TN FE B

5 ZRiE

e /I it 5 45 [ (02 455 AR 2 W ) 0 v ) 2 4y
X .MCS-SFFO J5 52 H iR i i /s w5 52 380 32 38
U0 77 95 AR SCHEE R AR 5E 43 B MCS-SFFO J5 15 T8
fif% BY A T W I Al b 45 G R 1Y 22 6 R L FE SE-
Tree A0 — 25 1 JC ff 2 18] LA S K A i 25 18] 19
B A B 0 BT X B ST A R AT TG A B A DA R ) I B
AR G T AR Y B B R AT A A% B9 AR MCS-FLR
T AR e B T BT A AR b 58 S e L M UE
Hh AT A B B Y A R AR PR A AN
A7 T U S W, 22 S s B R R D s B B R
0 5 A R DG T 1 S 8 AR AT R v R A, HL L EL
FEAE AR AR M /I v 58 L AR 4% 1 s HHDRE R i A 6T
PRSI A B AL, B I A sh g 45 v /b K SR
it 2 VL FH UK, B AV T B30 3% T EF [ R 2 0 25 2 3%
W« 7 i i 3 AH S TR o5 DT S B R B B BLIR
B RO — AR SAT SR g4 B E B
Pl /D A R A R DG T T A SRR B d N
FORENBIR L A 23 0 B BRI 2 o SR i 25 30
FXF 5 MCS-SFFO Jik 8 THiE 1/3, ik a0k 42
e W T H 7R R RS H % b L A R B R T A
BRI B4 T, MCS-FLR J5 3545 5 4 ) 59 B sk 2R
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