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- OBS , .
AB “abnormal” ( ), ceCOMPS ,AB(C) . ~OK(") AB(").
2. (o)) {cy,cy,...,C} cCOMPS,
SDuUOBS{ ~AB(c,),~AB(Cy),...,~AB(C,)} , , O
, (MCyS).
3. C (set cluster, ).C (HS) Hc s cS SeC
HNS2J, [1. C (MHS) .
1. D(4,COMPS-4) (SD,COMPS,0BS) , A (SD,COMPS0BS)
1 , , .Reiter
HS , .Greiner HS-DAG
HS
HS (), () : L
1:CS={(2,4,5),(1,2,3)(1,3,5),(2,4,6),(2,4)(2,3,5),(1,6)} , CS :[1,2],[2,3,6],[2,5,6],[1,3,4],
[1,4,5],[3,4,6].
Reiter HS- 1 . , vV ,
)
1345
I L
. 1,35l _T..-u_r.:
(W S g 1.4 1 X 7 '] w, B
- - ", s
-~ e " "
1.5 0.8 sl g8l i1, B} 1,8} [1.81 2.3
g i ) ) | | W fi
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J \ -'... bt h I|I | 1 II §
o T ' % fLzab > < [ apE {5 A
L 2 .-"Il 4 .'I I"-.
! 1 _|' i
Fig.1 TheHS-treeof conflict sets {(2,4,5),(1,2,3),(1,3,5),(2,4,6),(2,4),(2,3,5),(1,6)}
1 {(2,4,5),(1,2,3),(1,3,5),(2,4,6),(2,4)(2,3,5),({1,6)} HS
2 BHS
4BHS ). MCS={C,,C,....,Co} BHS ,
] C H. C=MCSH={}. CH C.H.
(1) Cc<}, BHS ;
2 : ae G, C={CH{atlacC} H={a} C={ClagC} H=(}.
BHS- C {()H [[1- Cs , MCS,
1 BHS 2 . ,BHS- a, () C, [ H, Hx
!< > C=®v[ ] H=®v ae Ci-
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Fig.2 A BHS-treeof {(2,4,5),(1,2,3),(1,3,5).(2,4,6),(2,4),(2,3,5),(1,6)}
2 {{(245),(1,23),(1,35),(2,4,6),2,4)(2,3,5),(1,6)} BHS

MCS, 1 MHS.
1. BHS- MCS MHS.
BHS- , BHS M(
) ) ):
(1) BHS ®c ), BHS M=H;
@ ,
(2) BHS M={H{mummeM,meM}} H M , M,
M, .
(3) BHS M , ) M MHS.
2( 1): BHS , BHS 2 . BHS ,
oM e e M :
(1,210, 3, 4101, 4,5]
[z, 56102, 3,4,5 6)%[2,4,5 6]=
[2,3,&]03, 4,8][3, 55 B]#
RN
e g AT
[1102.5.6]1(3.8] L2103, 4104, 51
AN i
2. 81011 ¢ Il i
S S /f / “:\ _
B M5y [8] g 1B s "
/!
% A
(5] ) ’
Fig.3 Theminimal hitting sets computed by M recursively
3 M
BHS :[1,2],[2,3,6],[2,5,6],[1,3,4],[1,4,5],[3,4,6]. Reiter .
2. MCS={C.,Cy,...,.Cp}, 1 M MCS MHS.
. BHS k .
(1) k=1 , BHS =1, : , .
2 k=2 , : CS=(a), C=(a),H=[1, 1
C=().H=[a], C=().H=[1, M={H{aud}}={D {a}}={a},
3 k<n , k=n+1

© HHEREBAAIGUT http:/ www. jos. org. cn



2270 Journal of Software 2002,13(12)
BHS C={Cy,Cy....Co},  M={H{mum|meM;meM:}},(m,m M, M, ;
M ).
ae (G, C 1,1
11={ CilaeCi} ./7={Ci|lag Ci} .
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Fig.4 The BHS-treeof {(1,2,3)(1,3,4)}, the results are minimalized, “*” stands for deleted
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4 {{1,23%134)} BHS ,
MCS n , {CLC,,....C}, i
m, =max(m), BHS :
1. BHS- (depth)<| CiJ+1,i=1,2,... G J
G a, 1 BHS , ,
| GllI Cl<l G-,  BHS <l G+
2. BHS <n+m;,+1.
C 1 C 1,
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1 2 3.
3.BHS <min(] Gi[+1,n+m;,+1).
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HS
1, . =n.
5. BHS <2x(Z|Ci|)-n+1=2myn—n+1=(2m;—1)n+1.
BHS- C a, , a )
a . , , ( n ). ,BHS-
<2x(Z|Ci[)-n+1=(2m,—1)n+1.
, , BHS o(nm), HS
o(m". , )
BHS
, , (probe), !
BHS- : BHS- : BRS- ,
2. Di(i=1,2,...,n) BHS BHS
D 1 D;, BHS C={D,,D,,...,Dy};
2 1 BHS- M. BHS , BHS ,
BHS 1 BHS- M .
4( 3): (5,6). BHS- 5
BHS £ C.[] H, aec C.
6 , (5,6) :[1,2,5],[1,4,5],[2,5,6],[1,2,6],[2,3,6],[3,4,6].
-l] -
%, 0 I.-r 20, W, A0 8 ;_:l.--.--__i 2,850 a8 ]
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| 5 1-*.1_':-;] ,:.-E'a;_:.,.- [1
LY gl ] '[u BH] :li:_." F:__"-I
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(] Rl Ha] £ o
el £ 5] 4 #[4]
Fig.5 The BHS-tree after inserted (5,6)
5 (5,6) BHS
3. DS={D}(i=1,2,...) BHS M, CS={C}(=1,2,...)
BHS M, M={ mum|meM,m.eM, } DS CS {Cs,DS}
2,M DS M CS , ,  BHS ,BHS
. 2

C={DSCS} H=g M={mum, [meM,meM, } {DSCS}
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I3, 29160, 2,85k, & 51 [ = e]iz. 2.9, a)[1 & 5 6]
[3,2,2000L, 2 801 &5 B]afe = alafz, 28103 & 6]
I R e SO
e e [ 2DL, 3, 410, 4,51
" LE 5. BT LE, 3 4, 5, B1=0Z, 4,560
[SI0RIL 1 AR A Bl A 58]
fe1 =] e i -r;l o]
] 251011 iel (kb2 4114, 51
2t w1 =131 iz
51 ich] [ LH]
|
Fig.6 The hitting sets after inserted (5,6). “*” stands for deleted,[] stands for M
6 <5,6> kN ,[‘] M
4
(1) BHS- N | GRL | G | Cilsnm (n
m ), BHS <nnm+1 , , BHS
BHS- HS  (BHS O(nm),HS-
o(m")).
2 BHS- , ,
(3) , “ ” , ,
n=9, (1,2,....m¥2,3,....m+1),...(n,n+1,....n+ m-1)(Intel Celeron 667M,128M ,

Windows98,Borland C++ Builder 5.5). 1

7.

Tablel Run-Time comparison between BHS-tree and HS-tree methods
1 BHS

HS

Number of Element number of Node number Running time of Node number Running time of

conflict sets (n) each conflict set (m) of BHS-tree BHS-tree (s) of HS-tree HS-tree (s)
9 3 36 <0.01 531 0.60
9 4 45 0.05 896 0.87
9 5 54 0.22 1220 1.26
9 6 63 0.27 1512 1.92
9 7 72 0.32 1785 2.63
9 8 81 0.39 2048 3.46
9 9 90 0.43 2304 4.44

(n), (m), BHS
BHS- (), HS , HS ().
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Fig.7 Run-Time comparison between BHS-tree and HS-tree methods
7 BHS HS
(1) ; . BHS- HS ,
n=9,m=8 , 8 4 ) )
/ BHS 8177, 0.39/0.22 ;HS-
2048/7880, 3.46/4.28.
2 , : :
BHS-
©) , BHS-
4 HS : BHS- 3
, HS 2 .
Franz Wotawa® HST- HS- HST- ,
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Abstract: In the model-based diagnosis, a key step is to compute the minimal hitting sets from the minimal
conflict sets, because the minimal hitting sets of al the conflict sets are the faults of an investigated system. In
Reiter's method, HS-tree is used for computing the minimal hitting sets. However, it will need a heavy work, and
will result in the fact that the correct hitting sets are probably pruned away. In this paper, a new method is put
forword for computing minimal hitting sets by the “binary hitting set tree”, in brief, BHS-tree. This method will
improve Reiter’s approaches in the aspects as follows. (1) The number of BHS-tree nodes is apparently less than
that of HS-tree; (2) As aresult of being pruned, the loss of the minimal hitting sets will not produce; (3) When the
new conflict sets are inserted, it is unnecessary to rebuild BHS-tree, instead, just adding the new branches to the
BHS-tree. This property is extraordinarily useful for the actual diagnosis. Thus, the BHS-tree method is analyzed
and verified in theory and the given programs are tested.

Key words: model-based diagnosis; minimal conflict set; minimal hitting set; binary HS-tree
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