$33 % A4 it " HL =2 Eire Vol. 33 No. 4
2010 4 4 A CHINESE JOURNAL OF COMPUTERS Apr. 2010

DUCG : —# # B B 2S5 A58 7E E R AR RY R A A0 3 1
7‘75£<I) HQ ﬁ%:u\lﬁﬁﬁﬁmfﬂﬁﬂfﬂ; IE

K B

sz i R KR F I EALERE Jbat 100191

OE DI 4% (BND S E PR b A AT R Al B s DR R R I 2R A8 R BISE R SO b g - BV T A AR e 8 Dy
TORAS BN i A e A PR R 2 WA 22 40 A SRR T 0 T 3 ) SR TR0 R R R 3k R e B U 3 AE & R A1
B ANE . M3k BN A R B H e B, e iR T DUCG (Dynamical Uncertainty Causality Graph) 3 g #
R, DLEDE J5 2 I 2 35 R T D0 T B0 8 E BRR OC R L IF 38 T IR 48 A 147 B FURIT R 44, LAAS 2 7 ¢ i R e 1
T FAR B AR AL AP DUCG AP FIRRIB A SE & FOBB T BN BURHER. — D ARE M E R Gk
fit B DUCG FHig.

KR FRAL FINT MR HIR R A EM
hEiESES TP301 DOI 5. 10.3724/SP. J. 1016. 2010. 00625

A New Methodology to Deal with Dynamical Uncertain Causalities (1) .
The Static Discrete DAG Case

ZHANG Qin

(School of Computer Science s Beihang University, Beijing 100191)

Abstract  Bayesian Network (BN) is a prominent model to deal with knowledge representation
and inference in case of uncertain causalities. This paper discusses the essential difference be-
tween single-valued and multi-valued cases. It is pointed out that even a binary child variable can
be either single-valued or multi-valued, while the existing compact representations and the corre-
sponding inference algorithms applicable in single-valued cases cannot be simply applied in multi-
valued cases. To overcome this problem and others, a new model named as DUCG (Dynamical
Uncertain Causality Praph) is presented. By introducing a set of new concepts, DUCG is able to
compactly and graphically represent complex conditional probability distributions (CPDs) in dif-
ferent modules, irrespective of whether the cases of the modules are single-valued or multi-val-
ued. The simple connection among separately constructed modules composes a final DUCG. Once
the evidence is observed, the first inference step is to simplify the DUCG regardless of queries by
applying the 10 rules presented in this paper. The second step is to apply the event outspread al-
gorithm presented in this paper to calculate the updated probabilities of the queries still in concern
based on the simplified DUCG, regardless of whether the variables are singly or multiply connect-
ed. Sometimes, the qualitative solution can be found by only simplifying DUCG. Corresponding-
ly, the accuracy of parameters is less important in DUCG. Moreover, DUCG enables people to

represent the knowledge only in concern but not enough to represent CPDs. In other words,
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DUCG does not have to represent the joint probability distribution over a set of variables, al-

though it is able to. This incompleteness of representation and flexiable conditional causalities re-

presented in DUCG, in addition to that DUCG is able to deal with the directed cyclic graph

(DCG) to be addressed in next paper, etc, makes DUCG beyound BN. The example of an alarm

system detecting intruder illustrates the DUCG methodology.
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YES 3 A BB 00 B 1Y true AR X FE AR
K6, 3RATA

Pr{le ‘XHXZI} 0.6 ()]
PT{st‘XnXm}:O 8 (6)
PT‘ Xg,‘;‘XHX')l} 0.0 (7)

MR (DX FE X0 X 554 F ) CPT (Al &

=H
r{ X | X0 Xy }/ZPT{XM | X1 Xy} =
&

0.6/(0.64+0.8+0)=0.4286 (8)
X | X1 X0, }/ZPr{XM X0 Xo )=

0. 8/(0.64—0.8:—0):0.5714 (9
X | X0 X }/Epr{xgk | X X =

O/(O.6+O.8+(§):0.0 (10)

IR FATHE 6 50X (5) ~ (D IS ESUE N

Pri{X: | X, X, }=0.3 (1D
Pr{ng‘XHX'_)l}:O.ZL (12)
Pri{X [ X1 Xs}=0.0 (13
i D L F A A
T{XSI|X11X21}/2PV{XM‘X11X21}:
&
0.3/(0.340.440)=0. 4286 a4
V{Xzz|X11X21}/2P7{X3k‘X11X21}:
&
0.4/(0.3+0.4+0)=0.5714 (15

Pri{X |X11X21}/2P7{X3k‘XIIXZI}:
&
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0/(0.340.440)=0.0 (16)
WYL, X 7 X0 X0 2 I CPT (EfR R AR,
MERNKE BT PriXy | Xu X} Al PriXe|
X Xo BB, R o X, 2 W AH Y, TG 75 R
D,

WG 5.3 A0TH
PriX, | XX =PriX,| X ) PriXa| X X0t +
PriX,| X PriXe | XX+
PriX,| X PriXy | X Xo)
a7
WRHEE 6D, HATE
PriX,|X,)=0.7,
PriX,|Xs)=0.0,
PriXu|Xs}=0.0.
FR.AAD N
PriX,|XuXo ) =0.7Pr{ X, | X1 Xo1 ) (18)
XTI PriXa [ X Xo ) FATAH PIFD L%
— AR @ (10 F iy CPT {H. 753X Fh £ £
LRATA
PriX,| XX, ) =0.7x0.4286=0.3  (19)
PriX,|XoXo ) =1—PriX,| X X}
=1—0.3=0.7 (20)
(200 i F X2 G . 3 bk BRoR 4 B 5
e T4 CPT MfE. BEARAFI CPT H 52 i it
] Vit e 38 Oy AR s ok 1 H IR AT TS TR R T
iy ik e 1k 7 2R B U B AT k. AR L X R g R TR
TR,
kR R GH B D A E . R I —1k
2P A A 1A 7 e B 2R F 2K (5D I LA
K (19) . (20) 78 j
PriX,| XX} =0.7X0.6=0.42 (21)
PriX, | XouXo ) =1—PriX,| X, X}
=1-—0.42=0.58 (22)
MR QD B R (19) L (20) 78 J
PriX,| X, X.)=0.7xX0.3=0.21 (23)
PriX,|XuXn)=1—PriX,| XX}
=1—0.21=0.79 (24)
XHEEATEFED, L (19, 200,32 (21, (22) F =k
(23) . (24) (R {E A0 1 AN ). 36 40) 3% 356 B2 AR 3K (5) ~
(DA (1D ~ (13) Fr 7R 1 P& S 506 R [/ — A4~
CPT, {H 4 A HE S 25 R AN AR F552 b X i AS [\] 7]
A 1F A2 4005 TR 0 45 S [) 2 B0t A5 B i &R L R
HI 5 AHTE A CPT R 45 H AH ) 9 4 B 25 57 )

2.3 ATIEHmH
I CO 2625053 53t 55 2 WRAE 728 & 1 BT A
RAS B AR X B L 22 MR (A5 o 19 5 — IR S B
BAE R — A BRI A A B0 1Y) true DR 250 A7 33k SR
22 WAL 728 119 JIT A R A 0 4 HR B (B A8 1t 1) true
RS 43 90 Uk B L FRLL s Xy X A X 1 T
TEE 6(a) ~ (o) H g 43 51 B B
SR ZE & 6 (o) rpr il B 1Y) X s 119 52 R AS G
B B Xos 7 X1 Xor = X Xoo. B0, BRAE X, F0
Xo B R, X AR RE & 4B, I X0 Xo M AN 2
DU B X0 30 X, A B0 10 2658 0 202 Xy = X0 X,
HAim it » X & Xo + X B AME. Hid, 70 %
HJFH(XOR). Flz,
PriXy | XX ) =1—Pri{X, | X1 X} —
PriX,| XX
WHTEE s RSN 2 — ST R U B R g
AT BT & W2 B . o b4, 25t
B Pr{ X | X0 Xoy b 2SR FIIE Pri{Xs | X X )
M PriXo | X Xo b HERE M (DO BEAHH—
I PriXo | Xu Xo ) Al Pri{Xa [ X1 Xo0 by BRAL I
FEHNIE PriX [ X Xo b, X BARET IEH.
H—AERTI Pri{Xs | X1 Xo A PriXs, | X1 X )
AR PriXa | X Xo b X2 R N # 8
KGHYFA ), FATH
PriXy | XonXo ) =1—PriX, | X, X0 ) —
PriX,|XuX.)
—=1-0.6—0.8
=—0.4 (25)
D — A A B (R B UL, S AT R R R X
(1) LT & 6 Cod AN KRG B 22 38wt X D ke 2.
2.4 FEBRIEMN
e B R AT QD R A2) 1
KA T (26)
PriXy | XuXn)=1—PriX,| XX —
PriX,|XnX)
=1—0.3—0.4
=0.3 (26)
oA AT Z . RN B T EE 251
RS AN R 22 T — AR A SR b 42 O i B i
SALS PRI S bR TG IR ERAE. B, dn SR
B X R X s B D R 43 0 U X+ X
X0+ X BRNE LU 2K (26) (31200 T ik B X 2
Ky
PriXo | XX =1—Pr{X, | X1 X} —
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PriXy | XoXa)
=1—0.3—Pr{X; | X1 X0 } s
PriXy | XoXo)t=1—Pri{X, | X, X0} —
PriXy | XoXa)
=1—0.3—Pr{Xy| X, X, ).

7 24 4 SR R A A OG0 BT SR TR A
o JEL R (BN X, X P ME—A 7 SO SR D i ke
HE R JE R IR 0. X 0T fE S 80 bR b TGk
W B R B DG TR IR S 1 SR X R B A T
AN BB A S RO B T L2 R Sy 40 3 T AR Ui AT
B A S A1 AN R0 3 4 ] B 300 B O A S e R
P18 I Sk T3 B D 336 S R 285 1) T A
2.5 &

W PR AEL I 0 T 3 P 1 5 37 2R 3 T R A AR
2% T B 3 A N X (D T T T 2 A 1 LR AN
W 2. X — 7 T RO BRI AR L 55— T
PR SEBR AR AE & AR & 3 R — B0 RS B A
AT HRAE N L.

22 WA BT 100 19 A JBT 02 « 17 1 3R 3K O =X 20 ik 2
— X P JE : () 2 78 25 RS R L e A O (b
Zi R SR I —) 5 (b) Z I 128 8 1 &R A
fh i R e ik 37 B . Cad Hp R DG 5 (b)) 1 2l ST
PP JE 1. SR Ca) D200 16 A2 (b))t J2: 15 T 4R 5K
PRk i, B TR D R XA 7 JEHA1E Y,
AT T HoF B fg e Jr %2, DUCG IE J& AR SCHE
) ik R 5 52

BTG A ST R T CST 4 5K fi B 22 It (B
1 G0 W 2 LD A7 A 1 T 80, {HL 3k 486 [i] R[] 9 A7 7
TR D B e e A B, ] 40 noisy-OR,
DCD %%,

[F] B 75 22 48 A2, SRR R 2 R (U S
AR A I I 5 AL AR TG O, LR A 178 Bt i AL AR
(TG BRI LA 24~ B/ 7 7R B 9 g — > SR
oL, A8 Xo A 3 A RE. X fl o — A &
XoHPIATERRS BT AR X8 1a — A RE
RS CRIRAED . 113 8 1) |8 2(a) T 7(a) 2 58
A AR BN & E AR R R R,

I\

X=z,| »le
@ (%) X,
&
i€{l, 2, 3} X, X, X,

(b)
SOAEBEE BROR S 2 T — A 1 LA L7 191

(a)
& 7

3 BATHEREBLH S-DUCG A

A E A4 DCD R, Koy e R T
DUCG # 2 iy B4 VAR (B2 L FE A 44 DCD Flde
DUCG ZHi, i L EE L —EFH T FIRR.

1£ DCD #1 DUCG o, K5 g CFBEUR L &
A /N B SRR 3R A Y ME S Al
M) R AR S s A 1 N AR DA IX 437228
L5 2 AN AR A A X 438 o RS (RIS ) . ot
UL 1A 2 A TF b 3 [ A I R AL TR
X —F .

. X, R ERS hn R X, LERTE
X M5 A RE. X, R B0 — AN, B4R &
X TR kAN 2 =Pri{ X, ). 228 X, 55
X Z 22504 F X A A TR SRXE
(A5 A 8 19 i R AR O i A et bR S sl I 518 1)
Rk XA HEE L —E 7P e .

] B UL, BR 2 B T AR S AN AR Y T A AR
o TR AR L P N B A s kR
ZWRAHE LT AN S .

3.1 DCDHWHEENZA

AT R A 43 DCD () 3 A & B A% DCD )
FEARME & AR H EE L [H o DUCG & M DCD % J& i
Kl M F L E M, AT RAHE noisy-OR Al
CSI X} Ee i 97 23k A 48 DCD. K45 DCD 1y 42 H He
CSI R 4F , {3 22 R B % DCD Jf A 24 Z& , X noisy-
OR H1 CSI #1420, Fr LA = 3 47 fA] SR X LE A
B F 3 E g DCD. 75 2 Uk B 19 02, 48 SCAS 4T 5%
SH TR FO X RS R TAER K,
WL T AR SCRYTE L

22 R BT noisy-OR A] F I 8 Ce) 1 75 il 13
B2 B 5 SCR6 T i T 4. 20 R4 B RS 1 AR
F true IR RAE 2 A3 false RAE. HilH . PriX, |
X11X22}:O~ S’PV{XSI ‘X12X21 } =0. G(EW:EE{XE
FRARLAR B0 B 7).

Xy X
X, X,,[ 0.72 0.28
X, X,,| 030 0.70
X, X, | 0.60 0.40
X,X,,| 0 1.00 @

(a)
% 8 noisy-OR 75 i

M4 noisy-OR, [& 8(b) Wiy CPT ] 4 % 15 1
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Kl 8Ca) flran. Horr,
PriXy | X, X, )=
1—(—PriXy | X X0 DA—Pr{Xy | X1 X)) =
1—(1—0.3)(1—0.7)=0.72.

A H, noisy-OR R G5 % 2 4~ % % (0.3 M
0. )t KLk CPT iy 8 34k

SR X T & 9Ca) TR 1 CPT, noisy-OR TG
BERM I X Xo B IE R s e R B 9
(b) 7Rl CST Wik )y %8 Horp 2 3 L (RS 1
(true R . 43 LR FRDE 2(Halse JRED.

X,
XX, | 03 0.7
XX, | 03 0.7 0.3 X,
X, X, | 06 04
X, X,,| 0.2 0.8

0.6 0.2

(a) [©))
& 9 CSIRH
A, CST R T 3 4~24100.3,0.6,0. 2) 3k

FIET CPT Hy 8 A8 SR M. X T Bl 10 Ca) i
RE) CPT, B4R CSI R Hs I (] 2 4 2% 35 0 10
(b) 7 o (L8] 3 A% B2 AN 8, PR oA eV A 52 B 1
HA—A24:0. 3. F DCD., A< f5i] o] % 58 7 5 Hb 3%
KA 11 ) . B 11 () FLM M A T X, 5
Xo 5 LA AT LAS R Xy . HIAEZR, 0. 3.
XIESEE 10Ca) iy CPT SZpr b4 YRR, 25
L8 R 9 Y SRR A DCD 43 i 3% 56
B 1) Ao i s, 4% BSCHk 13 ] b iy S0, B/ 11
(b X F1 Xo R R KB EL(OR).

0.3 0
(a) (b)
Bl 10 55—~ CSI/R#

U: OR @

G, =X, UX,, 0.3 0.6

El 11 DCD 7~ i

x 3 BEIERBWDGS)

J Gij

1 FERBEA 1
2 FERBA 2
m FERIBA m

Bl 11O Z 2R G Rk, U
A XM X, Z M ERNEZH LR AFH,G, 2
X B — MR A A 3 AN EFRIIRE G LG
G X 3 MRE G Xo MHEZ 2718 0.3.0.6
0.2 A xSk [22 ] 42 i B9 DCD /9 & Jig , A
SCHE AR AR] DCD (932 #1713 0] 3% 3 Sk 36 B H %
WA XD RPN ZHTTH] LGS(Logic Gate
Specification).

B11Ca) . LGS, W Gy = X, U Xu1. X B,
GRREMZSTT.IFHRA - ERRE. HE
K 11, GoA 3 MHERIRE.

RIKAFZH RN ZETTOEESF S AUEAH
0. AT G — 19 B 455 () AR AE 1
] R R 3 8 X LGS K i B H g AN [R]
W CR. B, TR ¢ HRAX AN [a] ()38 48 1] A8 &
DA R g A

WAL 11(h) 5 (o) &M . /8 11(h) 4
PRERATH I . X0 A X, 0] 4l 57 s 3k ) e 51 2 X, s
K 4% B DCD A i ik 45 5 s X L X X X0 2
WY % &, 7E DCD [/ 11 (b) 4 £ 1 15 R
PriX [ XXy il PriXy | X0 Xo ) 8EF B2
MST W) FEBE A Poyon M Payoy R A SR J

PriXy | XoXo ) =PriPy. ) =po s

PriXo | X0 Xo ) =Pr{Pay )= poo.

SEBR B AT PriXs | X Xoo BT AAT]
A XA X BT RERAR A =
PR X, AFELE. X T PriXo | X Xo ) R UG, 1 60t
R, XA X0 A X, 38 5 AL A ) %) 45 45
B0 s 7 kb R S A AR Re T S HR 2l DT ik K
{HHE T 5¢ A B sk . AATTAR XEHE AT 45 A

k2 T8 T4y ) 2 R X R LR AT 12 3k
HE— 5 fift %

B 12 XTI 11(b) By fig B

B b X BEAT DA X 51 ) LA g X 51,
X U8 X0 5B X —HAFIE N Xorn s X (U8 Xo
FIEX —FHICH X X B X Z—KAEK
[ S A 518 X A4 fE X M X, Ge (1,
2P ZIAAFAE — A A B E B AR RTPLEE. 45 € X, K
A XA LB AR T Xy B4R 5 XD HLBEA
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AAVE B X0 A KA. 78 DCD 33X AN A o 1Y
YEFALEE B A Paro KRR, Poya PTRCBEAR R - 76
Xy RAERFMT X, 508 Xoa M E1HE X XA
—NHEHLEM. Paa MRAESHRIET X, 51&
Xoia NI H1E X 09 A 8 M. R AT g5 1 Rk XY
%‘%iﬂj:xﬂ;il :P3l;il X;1- ;E\:':P9p3l;il *ﬂ Xilﬁﬂ:igiﬂ
SRR T Paase B R ERAER . B T
T R AT Py 2 — 0057 1 B AL 1.

DCD #l DUCG iy — S0 5 A AR 1 (19 2 L

XRERESRBSCRF S, |y R, B
[F] B P DA Jit R e s

B R FRILAR AR (root) H F o 48 & , il Ky A JE.
BB ST R

G REREHTTF A oL 5

PRRFERF A, Ko, P, AR F
B[ Paa Puawe *** Paonl.

] 13 J2 5 26 A5 i fp Y s . 13 Cad i
NP NP Py o000 o A AR e & X,
By M G, B F A X0 Z 18 A ) 5. AR S S A8
X, AR — AR X BN X, AR,
XA —MERRE X, BoA —MERRE B .G,
BZNWERRE. X2 Wt 2 EHEFEAN P
P oo FUEEFAFFERE Py, A0 080 B s AL Sy
B WL s Py« Pt P PSSR 2 38 3 904 1.
T 13 Ca) 38 i g 15 13(b).

[ 13

B AR AR

BT Pk JRATT AT LUK 11 Ch) iy PR 2R 56
RENFMRZ A ERIBRK
X=X, UXs,00=Pu,n X1 UPs0 Xor (27)
TE X0 Xo 51T RRATA
X | X011 X0 =Py, UPsy 1.
LA 1 28 5 I Bl « BEAR E A AT
PriXy| X X0 =Pr{Py,n UPy.0 )
=Pr{Ps.11} +Pr{Ps .5} —Pr{Ps, } Pr{Ps .5 )
= Paon T Parizt — Parn Paien
=0.3+0.6—0.3X0.6=0.72,
%
PriX, | Xy X0 ) =Pr{Xy | X1 Xor )
=1—Pr{Xy | Xu Xo}

=1—Pr{Py,u X1 UPs1,0 Xo | X1 X1}
=1—Pr{Py, UP; .}
=1—Pr{Py.Psa )

=1—Pr{Py.1,} Pr{Ps 1}
=1—(1—0.3)(1—0.6)

=0.72.

J5i # 1E & noisy-OR 5 Jf FATHY. 7E noisy-OR
Hs L= Py =Pri P R U 8 (o) i 25
{4 Cinhibitor) I, ) & A4 5.

FATAT LUK X 0 X AR AT F 4 4k 22
M D RIT Xo 7 A8 KR IF A F ARz
ML 7E DAG BT XA # ] A —H
FREER B &Y AR 5 1 45 oK. 53X A i e R g 2 A g
b AT AT 2 s AT AT 32 4856 28 4B 1Y) 55 1 119 4 5
AT DL A 7 ORI O S B2 A ek L A8
RSB eR L iR A S Al SR AN SN AN TN
7 PCRNSE SR HR AT LS. 40 B AT )
“PriH, |E} =77 Hrft H, ARG E R s F1F
BFERBA W Hy =By, . Hy =X, . Hp, = X,
H; =X, B3 . Hyy =X, B, 55%) . E fﬁ%‘:ﬁggﬂﬁﬂ:ﬁ
B KRR ST H AR A S FRAT T

PT{ijE}
Pr{E}

AT LK Hy E LE 530 5 & IF A P
B 2T 14 S0 21 A0 BR 2 R R R 3k 5l i
A ESNC N EEE SN A PN NG CTIENAF ER S
B RS FRE (P 8 B KRR S 0F) e /NG
TR Cp 8o KBS HO L RIR S PriH,E}fl Pr
(EV A fEL 2R A X (28) B il Pri{H,, | E} A9 {E. X
BT R ARITE  F R R A AR R R Z
R ik 2 SRS e B TR Sk 20 AT
A LA SR R A 3 GRE WLSC#k[22 )

CUCUUC,=C+C C+CCCy+ o+

PrH, |E} = (28)

C,C,+C, ,C, (29)
:‘71,] +V1_/1 ‘72]2 +V111 VZ./'Z ‘73/3 et
Vi, =V, | V””m o

Hd . VE(X.P.G.B),C=V,, V,, =V, . j %
i VARRRAS T AR+ 70 BUR sUE A C R BRR
NI Ccutset) AR [F] e Ty B 44 19 B
SR 28) A (29) , [ B pi FH = 44 1 b iR B 3R
BRI AR B i P A B 2SRV 7 R 20 i iy B
O APy U1 B3 7= W T (=Pl w2 = B == LTS 2
(1) 3l 3 A e T ARt P A0 B 28 R g5 4R 20 B )
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HFRZ S RE G (2 /NG SR e
IR P AL B RS B AT RO 5. AL AT
o255 120 R AT 45 B HE 22, a0 - 7 — 2L 2 B2k
[ rp, AT 5 1 B kB Hy E#40, H, ,E=0.
X0 ERE R H, RER Hy AbB T e ml
REMR . T2 AT AUEAE 5 B AN H; J2 45 € Uk
i E ZZA/F T RME— AT REM 2 W45 R, MR S 800
M AELUT £ i BT S F 05 Fh 2 45 741
8 L R 1) 2 325 0 4 39 5 T 1) - AL

TEZSH A28 DCD Z Hif » w4546 . DCD REf £
IR T I R B AN o TRR OC 2 L 1 A H 5T AR T &
14~21 JiR.

K 15 NOT ['I7m 4

17 NOT-AND [ ]/

18 NOT-XOR [

X0 X0 Xy
X X0 X5
X X0, Xy
XX, X5
PSRy

X, X, | 0.72 0.28
X, X,,| 030 0.70
X, X, |0 1.00
X, X, 0 1.00
20 FEERZIEAL G R0
=0.3
]l |XH st )j())g
1]X,X,,]03 0.7 =0.1
2| X, X,,| 06 0.4 .
3 X,X,, 102 08 (TH:X“XN
T2 A
4X,X,,| 01 09 XX
G =X Xy

K 21 4628116

TEFE 21 vy AR AR B RIR S A BRIE |
AT CPT R AT LI & 21 Fros i DCD /) 2 4H 5 2
BWITRES. B 2HGEZHTTFEMT CPT. X 2
IR IE O K R W 4 2 G 2 1T S8 bR IR AR
PAFHRIBE ERYRIEE. R, 2 G Z BRI R T
DCD HA & Al RE ] 17 b 3% 38 A 4] AN 1 5 TR G &R
4 fiE

LU, — BT LS — 12
IR AL 7, 2B 8] a] DU R — 728 8 i AC
AR AR ] R DL T AR A R (A 20
JIe 70 . PR SR R T) B 2 TR T 2 0k 7 4 ) 4% &
A AT E PR G &R — Pl AT ) g T H.

724 45 . SO (25 ] 32 Ay AR g Sr AR R
(Causal Independence Model, CIM) H i #a & 1
%% (Deterministic Interaction Function) f (I, -
LO)SEET] GARMZAE. AE CIM H LT, 12
FARRE X, FHACAR 4 Ve, V, 2 J0] ) P A 75 i
Prif, o, I |1+, 1,} 5 Pr{G,|SCPV,,; 2k
ol AfESE T 1 8 0. Horp . SCPV, UK Z ] G,
M AR X, A ERS ] PREAS.
FL e 1) 5 GR BT (D Gy A% T X,
B fCy s L) T X () Wi Pril [V
Fe BRI LA E P A2 Vi VL i ST
J B i A S B AT A OG5 (3D XL TF S (Lys oo
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IDW Ve VB F AR AR HEET]
(1 4 S AT D AR R R ER Ay AL AR i, LB
A DU R e A5 T T AR

HNNRBETTERG — T AT ZHE R
FEIE H L I BB 3R 38 H B & T AR 8 4 ¢ R
) CPT [ RIBEE I, I A5 € 51 AZBE TN E
SCABAN R E B R T EA W CPT Jril A i i
I 87 3 IR T RE 3K Bl 5 8 S L T = SE, g
AZBEITHEEZNE XA AETHSET DCD
HERE AR GRS R IT R g A X A
DCD A fig4b H DAG (A 15 JG 3 & » i H. fE 4b #
DCG (A g ¥R & 1 WL SCHk[22 ).
3.2 % DCD it — % % & :S-DUCG

S-DUCG((Single-valued DUCG) 7E DCD [y 3
filt 340 T P T SR % e A A F A
3.2.1 RMbiEfEM

FERE 20 W AR B X B X W) B & A 5
X RS 0. 72 T AS A& 0. 6,10 0. 6 £ A fig )&
AT AR B Gk Y. B 20 FF R 9 HOULAR ik
YA X RAER. X MR EMER 0.3; 4
XuXo KW, Xo B 2 AME N 0.6. R, BT
Py Al Pay o A F B E E R X0 X 51 Xo 1)
MEZ M 0. 6 BEHNF] T 0. 72, T X I A B AT E L
TR0 Ay sl G K R N WA TR 20 ORI 22,
- Bl SCR SR I S

Pan=

Fl 22

A R B

P W Z 00N Zoyo = X0 = Xon. BIL 2

Xy NEFERE s Poy oy FE4E BN Py AELE. X HL,
Py B8 T Zon» HH AR RN P Zoa =
Poon Xoo. —WOR UL, 5 B A Py B A
R E P R BE R Z s M Z i s
HESAFI Py FUP e TS N R N P o Z iy I
P Z,.. Horb e RS LR & BRI T 72 i Y T
RZS. LI 22 Rl on=3 k=1, F 1%k K

Xy =Py Zun X UPa10 Gy

=Py X0 X1+ Py X0 X0 s
PriX, ) =Pr{Pu. Xos X0+ Poroi X010 Xo )
=Pr{Py. .} PriX, X. )+

Pr{Ps ., PriX, Xy}
=0.3Pr{ X, Xy} +0.6Pri{X, X, }.
PriX | X X0 ) =Pr{(Py, 1, X0 X1+
P X0 Xo) | X0 Xon )
=Pr{Ps,,)=0.3,
PriX, | X, X, ) =Pr{(Ps,, X X1+
Py X X)) | X0 X0}
=Pr{Ps ., }=0.6.

BRI ERFE T T2 B
DCD 123588 77 7] A5 B A% K 4 . DL SCHR L6 ]
73 B R G ) 2R T (X0 R R (X))
i 3 A [ A P AL (AR 1) 5 1R B R (X0 . Fef T n]
LI 23 T dE & 18 ok ik R 56 &, Hop,
Zy =X =Xy,

Al 09 01

X, 109 0.1

X
X, | 08 02
X
X, |00 1.0

K 23 HERERG R

Bl 23 Y TG b 7R 1)L #s5 7 AE AR 3 X
AR A 2 G R B AR R R Bl
L 3 5 BT A AR Bl 1 75 5 B 4R Bl O AS RE 1 i
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4.3 M-DUCG HHIE&HI1EREH
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DUCG, T KA A2 22 ) DUCG # it ) R 42 45 9
R AR, 7 Y DUCG AR 7] fig 25t 3
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DAG 2549, T 246 )&, IE & th T DUCG #i% g
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—/~ DAG Z5# 1 DUCG 475 i i &l 39 775
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FIE e 5 2 A TR 1 Jit A i A o 3 S JiE TR AT i A R
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X, F X JE 6. al L A DUCG X F i R ik
— AR (B, s By By s X0 s Xs o X0 ) W BE A 40 28 40 A
VLA 5 & Y. F L L AR B 39 R 40 1)
DUCG KHSHICEA HE 41 Wi CPT, bRk
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WL —MEHL Y DUCG faj ik ik nl fig A K3k T %
By CPD &40 N 25, AR 2 & A RiXA T &
L) DUCG Fr A58 4 DUCG. T — 15 KA 1H
TEH e A 72 % 1 DUCG.

6 A5ETHE DUCG

JI iR o8 f A kL AR R RIS R K T 48 E S
KRN R A Xk i B A CPT sl CPD. e 1 il
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Background

The knowledge representation and reasoning dealing
with uncertain causalities are crucial for intelligent systems.
Many models have been developed such as Certainty Fac-
tort”, Evidence Reasoning™, PROSPECTORY,

Logict"!, Bayesian Network (BN)P 21, etc.

Fuzzy
Among them,
BN is becoming increasingly prominent'’*"'*J, The compact
knowledge representations and efficient inference algorithms
are usually the core issues in the research of BN. It is well
known that the typical representation of conditional probabil-
ity distribution in BN is the conditional probability table
(CPT). However, it is also noted that there are too many
parameters to specify in a CPT. In order to provide compact

representations, many efforts have been made, such as noisy-

OR'), context-specific independence (CSD'", dynamic cau-

[28] Zhang Navin Lianwen, Poole David. A simple approach to
Bayesian network computation//Proceedings of the 10th Bi-

ennial Canadian Artificial Intelligence Conference, 1994

sality diagram (DCD)™*), etc. However, it is noted that
they are presented for or illustrated with the binary varia-
bles, while these cases are actually single-valued instead of
multi-valued. In this paper, it is pointed out that the single-
valued cases are essentially different from the multi-valued
cases, which means that the compact representations and the
corresponding inference algorithms applicable in single-valued
cases are not applicable in multi-valued cases. There is a need
to develop a new model to overcome this problem. Moreover,
the incompleteness of knowledge representation and the com-
pact representation and inference algorithm for various com-
plex logic relations among variables are also problems to be
solved. DUCG (dynamical uncertainty causality graph) pres-

ented in this paper is such a solution to all these problems.



