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On a Reasoning Model and Method for Uncertainty

MAKOTO SUZUKI,t TOSHIYASU MATSUSHIMAT
and SHIGEICHI HIRASAWAT

In the field of Artificial Intelligence (AI), the framework of belief networks (BN) was pro-
posed by J.Pearl in the 1980s. BN has become popular within the probability and uncertainty
community of AI. The knowledge representation of BN facilitates intuitive understanding of
knowledge. However, in the Pearl’s BN framework, reasoning methods are discussed without
clarifying the underlying mathematical models such as “Why does uncertainty emerge?” and
“What uncertainty does BN deal with?”. Accordingly, the meaning of the results using their
methods is not clear. In this paper, we will propose a new reasoning method which are more
general than the previous methods. Moreover, we will show that the subject of deductive
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reasoning with uncertainty is a calculation of conditional probabilities.

1. 0000

000D0AIDDDOOOOOOODDOOO0O0
00001980000 Belief Network 0 Pearld O O
00000000000 000000000000D
000000000000 Belief Network O O
0000000000000 00000000000
Bayesian Network[OProbabilistic Causal Network [J
000000000000000000000000
00 O Belief Networkd BNOO OOODOOOOOO
O0Pearl0000000000O000D0O BN'0O
00 BNOOOODODOD OPearld BNOOOOBN
0000000000000000000000000
00000000 D000000000000000
000000000000000000000000

fooooooooo
School of Science and Engineering, Waseda University

BNOODOOOOOOOOOOOOOOoOoOoooOo
00000000000000000 Expert System
OESOOCOCOOO0OOOOOOOOOOOoooOoon
000000000 PearlD BNOOOOODOOO
00000000o0o0o0ooooooooooooon
000000000000 0D0ODOO0O0O0000 BNO
000oooooooooooooo

00000 Lauwritzen0 000000000000
00000 Graphical Modeling®-*V0000000
00000000 Lauritzen OO0 OPearl 00000
ooo0oooOoOoooooooooOoOoOooOoood
O0000o0oooooooooooooooooogo
0000O000oooooooooogooooog
00Oo0O00OO0OO0oO0oooooooo®o

ooo0o0ooooOo0ooOooOOooOooooooog
0o00ooO0oO0oDoOoOooOoooooDoooooooo
000000000000 0000000DO0000
O0OO0O0O0OHeckerman 0O O0O0O0OO0OOOOOO



2 goooooooo

000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000Y000000
0000000000000 00000000000
00000000D000D0000000000000
00000000000 0000000000000
00000000000000000

00 O0Matsushima 00000000000 000
000000000000000000000000
0000000000000 O00 PWL: Probabilistic
World Logic00 D OO0 O0PWLOOOOOOO
000000000000 000000000000
000000000000000000000000
0000000000 000000000000000
000000 PWLOOOOOOOOOODOOOOO
ODoo0Oo'o000 BNOOODOODOOOOOO
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 00000%oooooo
000000000000000000000000
00000000000 D0o00O00

0000000 O0OBNOODOOODODOOOOODOO
0000000000000000 PWLOOOOO
000000000000000000000000
000000000000000000000000
000000000 0oO0ooon

000000000000 00000000000
01000000000 EBSOOO0OOOOOOOOO
000000000000000000000000
000000000000 200000000000
000000000000000030000000
00000000 00000D0D0000000000
000000000000000000000000
0000000000 40000000000000
oooooooooo

0000000000000000000 1000
00000000 EBSOO0O0O0DOOOODOOOO
000000000 ()0000oo0o0oooooog
(2)000000D000000 2000000000
000000000 200000000000000
00000000000000D00D0D00D00000

Jan. 2000

gobobooooooodoo3scoouooobooo
00000 ESOO0OO0OOOOOOOOOOOoOO
goobooboooooobooocoOoboooooobooo
oboboooooooooooobooobooooboooo
gooooooooooooobooboooooooon
goooiSspO00O0O0O0OOOO0OCOOOOOO
goooooooobooboooooooboooboo
gobooobooooooobooboooooooood
goooobooooooooobooooo

2. O O

2.1 00000
00100 00000000
000000000000000 w; (j=1,2,---,n)
0000D000000000000 Q= {wy,ws,---,
we,} 00 0000000000000QO000000
¢ 000000000000 POODOODOOOO
00000000000 O
00000QO000D000000D0000000
0 we (ce{1,2,---,n}) 000000
0020000000
00000000000 w; 01000 A;() 000
0000 A(w;) 0000000000000000
Ai(w;) 0000000000 A, 00000000
0000000 k00000000 A={A;,As,---,
A}0000 O
0030000000000000
100000 A(w;) 0000000000 Ai(w;) 0
000000000000 W(w;) 0OODOD00
00000 W(w,) 0000 T(W(w;)) 0D (1)00
oooo

1, Ww,)000ooo

0, Ww;)0000O M

TWW%D={
00000000 woooo T(W(w,)d QOO0
{1,0}00000000000000000 m

00400000000
0000 QU0DO0000 POOOOOOOOOO
woooooooooo m
000000000000000000 Ai(w;) 00
00 T(Ai(w;)) 0000000 X; 00000 o0

Ypooon0éi=1,2,---,k0j=1,2,---,n 00000000
000000000000 00000000000

Y poooO0OO0O000 X; 00000000 2; 0000000
0000000000X; =; (z; € {1,0}) 0000



Vol. 41 No. 1

. THEEMEQ) : =

HEERBUED S

FAL Ko (B A
FINT S I (1R ERIE)
=
()
S EARBECG . . ) (O T3

[EENS =5

Agles ) A NIE

= mhw NI EmRE =

. FEEEE): ¥
i HEOBEIZHT S FHREE

oooooooooooooooboooooooooo 3

kAT ERBRSSD
HEETFIL
R
() dEERESE
5 Qoo § 111

Bl

() emEfSEe -
qi. 9

=i
() As{w )?

HESE R

() iTEISEE - Plgg,

01 000O00oO0oooOoOooboo0oooooooboon
Fig.1 Mechanism of how uncertainty emerges and system configuration.
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Fig.2 Formulation of uncertainty in observation process.
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