1998 G/>pJsO@E*3X=,M}O@%o!<%/%7%g %C %W 1998 W orkshop on Information-Based Induction Sciences (IBIS’98) Hakone, Japan, July 11-12, 1998. %K %e !< %i %k%M %C %H $K $h$j>r7oIU $-3NN( $r 3X=, $9 $k %Y %$ %8%" %s %M %C %H Ba y esian Net w ork that Learns Conditional Probabilities b y Neural Net w orks K\B< M[0l � Y oic hi Motomura Abstract: In this pap er, Bay esian net w ork that learns conditional probabilities by neural netw orks is introduced. Bay esian netw ork is a probabilistic mo del for probabilistic reasoning in the AI context. In order to apply this mo del to a real w orld problem which includes non-linear, multi-dimensional and contin uous random v ariable, we use neural netw orks as exible representations of conditional probabilities of Bay esian netw ork. The mo del is constructed and learnt from samples collected in the real environmen t. Learning conditional probability is realized by the back propagation algorithm. Ho w ev er, e�ective constructing graph structure of Ba y esian netw ork is still op en problem. F or exp erimental ev aluation of graph learning, we dev elop Bay esian netw ork softw are, "BA YONET". This simulator can connect to ma jor database soft w are, so practical large database can b e tractable. The latter half of this article explains this softw are for structure learning of Bay esian net w ork. 1 $^$( $, $- <B4D6- $K $* $1 $k%m %\ %C %H $J $I $N CNE*>pJs=hM} %7 %9%F %‘ $K K>$^ $7 $$ F0:n $r <B9T$5 $;$k$?$a $K , IT3NDjMWAG $r4^ $s $@3F<oJQ ?t $NCM $r?d Dj $7 $= $l$K4p $E$$ $F4|BT $5 $l$k8z MQ $r:GBg $H$9$k$h$& $J=PNO $rA*Br$9$kI, MW $,$"$k . $H $/ $KJ#;( $J%?%9%/ $r=hM} $9 $k $? $a $K $OB??t $NMW0x $+$i $J$k Hf 3S E*J# ;( $J4XO" @- $dB?MM $J>u 670M B8 @- $r07$& $3 $H $, I, MW $G$"$j , 0lMM$JJ,I[ %b %G%k$@$1$G$O BP>]$r5-=R $7 $- $l $J$$>l9g $,$" $k . $3 $& $7 $?>l9g $K%b %G%k$r J#;( $GHs0lMM $J$b $N $K3HD% $7 $F$=$N>e $G$N3N N(E* $J1i ;; $K$h $C $F>pJs =hM} $r9T $J $& $3 $H $, 9M $( $i $l $k . M-8~ %0 %i%U9=B$ $r;}$D 3NN( %b %G%k , Bay esian netw ork $b$=$N 0l$D $G$" $k . K\ 9F$G$O Bay esian netw ork $r <B 4D 6-$K $*$1 $k =@ Fp $J>pJs=hM} %7%9%F%‘ $KE,MQ$9$k$3 $H$rL\E*$H $7 $F , 3NN( JQ?t $NO"B3CM2= , >r7oIU $-3NN($NHs@~7A2= $r<B8=$9$k $? $a $K%K%e !<%i%k%M%C %H $r MQ$$$F Bay esian netw ork $r 9= @.$9 $k%b%G %k $r >R 2p $9 $k . $^$? MM !9 $J <B MQ E*$J Ld Bj NN 0h $K 1~ MQ$9 $k$? $a$K <B :]$K 4Q B, $5$l $? %5%s%W %k $N%G !< %?!<%Y !< %9 $+$i , ?dO@$K MQ$$ $k Bay esian netw ork $r 3X � EE;R5;=QAm9g8&5f=j , ") 3058568 0q>k8)$D$/ $P ;TG_1‘ 1-1-4 tel. 0298-55-3211, e-mail motomura@etl.go.jp, Electrotec hnical Lab oratories, AIST, MITI, 1-1-4 Umezono, T- sukuba, Ibaraki 3058568, Japan =,$9 $k OH AH $, =E MW$G$" $k . Bay esian netw ork $N 3X =,$K $D$$$F$N 2]Bj$H , $=$N$?$a$K 3+H/ $7 $? 8&5fMQ%=%U %H %&%’ %" BA YONET $K $D$$$F$b=R$Y$k . 2 Ba y esian net w ork 3F 3NN( JQ?t$r %N!< %I $G I= $7 , $= $N 4V$N 3N N(E* 0MB8 4X 78 $rLp0u $G7k $s$G$$$/ $H$"$k NN 0h $K$D $$ $F$N4X O" CN <1 $r Hs=[ 4D@- $NM- 8~ %0%i%U !J Directed Acyclic Graph:DA G !K $H $7$F ?^<( $9$k $3 $H $,$G$-$k!% $3$& $7 $F A4%N !< %I $N0MB8 4X78 $r<($9 DA G $H 3F;R%N !< %I $G $N6I=jE* $J0MB84X78 $r Dj NL E*$K I= $7 $? >r7o IU $- 3N N($N #2 $D$G Dj 5A$5$l $k 3N N( %b %G %k$, Bay esian netw ork $G$" $k [P earl 88, CGH 97, R W 96, NkLZ 94]. 3NN(JQ?t$r X , Y $N $h $& $K=q$-$= $l$>$l $N <B8=CM$r x; y $H $9 $k . $3 $N X $H Y $N 4V$K 2?$i $+ $N 0x 2L 4X 78 $, $" $j , Y $, X $K 0M B8 $7 $F $$ $k ;~ , Nc$($P!V I f X = x; T hen Y = y !W $H$$ $&$h$& $K 5-=R$9$k$3$H$,$G $- $k . <B 4D 6-$G @8 $8 $F $$ $k MM !9 $J ;v >]$r 9M$( $k$H 0M B8 4X 78$O J# ;($K$3 $_ F~$C$F $*$j , !V I f X 1 = x 1 ; � � � ; X i = x i ; � � � ; T hen Y = y !W $N$h $& $K C‘0l40A4 $K 5-=R $7 $h $& $H$9$k$H 5-=RNL $,KDBg $K$J$k . $=$3$G<g$?$k0MB8 4X78 $@ $1$KCmL\ $7 , $5$i$K IT3N<B @-$r 5[<}$9 $k$?$a$K !V $b $7 X = x $N

;~ , Y = y $H $J $k 3NN($O P ( Y = y j X = x ) !W $N$h $&$J 3NN(2=$r9M$( $k . $3$N 3N N(2=$O X = x $H $J $k >u67$N$b $H $G , 7+$jJV $7 4QB, $G$- $k;v>] Y = y $N H/@8IQEY , $"$k $$$O Y $, y $G $" $k$H ;W$o$l $k <g4Q E*$J 3N?. EY (Degree of b elief ) $J $I $H $7 $F $b 2r<a$9$k$3$H $,$G $- $k . $3 $N ;~ , X ! Y $H I= $7 , X $r ?F %N!< %I , Y $r ;R %N!< %I $H 8F$V . $3 $N$h$& $J3N N(E* 0M B8 4X78 $r;} $D%N !< %I 4V $r%"!< %/ $G7k $S %M %C %H %o!< %/ $r 9=@. $7 $? $b$N $, Bay esian netw ork $K $J$k . $3$3$G NN0hFb$NA4$F$NAH9g$;E*$J4X78 $r 5-=R$9$k$N $G$J $/ , L@<(E*$J0x2L4X78 $N$J$$;v>]4V $O FHN) $G$"$k$H 2>Dj $7 , <gMW$J0x2L4X78 $@$1$K 8BDj $7 $F %0 %i%U 9=B$ $r9= @.$9 $k$3$H $K $h $j 7W ;; NL , 5- =R NL$N Gz H/$, Hr$1$i$l $k . $D$^ $j $3 $l $OBP>] $r8z N(E* $K5-=R $7 6a;w $9 $k3N N( %b %G%k $K$J$C $F$$$F , Nc$( $P A � � � ; Z $N A4>uBV $NCf $G0x2L4X78 $, X ; Y $N 4V $K$@ $1 B8:_$9$k>l9g $K$OA4$F$N;v>] $K$D$$ $F $NF1;~ 3N N( J,I[ $,<!<01& JU $N$h$& $K4JC1 2= $5 $l$k $3 $H $K$J$k ( P ( X j Y ) $K$D$$$F $N>r7o IU $-3N N( $@$1 $r9MN8 $7 , B> $NJQ?t $O FHN)$J$b$N$H $7 $F 3NN(7W;; $, 4JC1 $K$J $k ). P ( A; � � � ; X ; Y ; Z ) = P ( A ) � � � P ( X j Y ) P ( Y ) P ( Z ) $3$N MM $K Bay esian netw ork $K$h$k 3N N( J, I[ $N I= 8= $O � D>4QE* $K B* $($i $l$? 0MB84X78$N4V$N9=B$ !J ;v>]4V $N >r7o$D$-FHN)@- !K $r %0 %i%U %#%+ %k$K I=8=$9$k!% � 3NN(E*CN<1 %G !<%?$N6I=jE*$JI=8=$NAH $"$o$; $+$i @.$j , B> $NNN0h , J8L. $XE> MQ $9$k:] $K %a %s%F %J %s %9 $, MF0W $G$" $k!% � %k !<%k%Y!< %9 $G5-=R$5 $l$? 8EE5E* $J%(%- %9 %Q!< %H %7 %9%F%‘$K Hf$Y$F D>4Q E*$G$o$+ $j$d $9 $/ , <B4D 6- $G $N BPOC@- $KM% $l $k!%$^ $?6I=jE*$J7W;;$N$?$aJB NsJ,;62= $7 $d$9$$ !% $H$$ $C$? FC D9$, $" $k !%:G 6a$G$O <B 4D 6-$K $*$1 $k >p Js =h M} $K $D $$$F $N 1~MQ$b @9$s$G $" $j [HMW 95] Nc$( $P , %m %\%C %F%# %/ %9 [Dean 91, F orbes 95], %"%/ %F%# %V %S%8%g %s [Rimey 94] $J $I $N 1~MQNc $, $" $k . 3 Ba y esian net w ork $N 3X=, Bay esian net w ork $N3X=, $O$*$*$^ $+$K0J2< $N 2 $D$N %9 %F%C %W $K J, $1$i$l $k . � JQ?t4V$N0MB84X78$rCj=P $7 $F , %0 %i%U$r 9=C[$9$k , � JQ?t4V$N0MB84X78 $rFCD’ $E$1$k 3F>r7oIU $-3NN( $r E}7W %G !<%?$J $I $+$i 3X=,$9$k , 3.1 %K%e !< %i %k%M %C %H $K$h $k>r7oIU 3NN( $N3X =, 8e<T$N>r7oIU$-3NN($N3X=, $O Nc $+$i$N 3NN(J,I[$N?d Dj $H $7 $F9M $($k $3 $H $,$G$-$k!% =>Mh %( %-%9 %Q!< %H%7 %9 %F %‘$J $I $X$N 1~MQ$H $7 $F NI$/ ;H$o$l $k Bay esian netw ork $O FC $K3NN(JQ?t $O N%;6JQ?t $K 8BDj $7 , >r7oIU$-3NN( $rI= $G M? $($k $3$H $, B?$$ . $^$?O"B3JQ ?t $N>l9g $O @~7A $N0MB8 4X78 $N $_ $r9M $($?B? <! 85@5 5, J, I[ $H $7 $F9M $($k $3 $H $, B? $$ [GH 94]. $7 $+$7 , <B 4D6-$G F0:n$9 $k%m %\ %C %H$, BP>] $H$9$k$h$& $J3NN(JQ?t $r9M $($k$H . $3 $l$i$O Hs@~7A $J0M B8 4X78$r ;}$D$3 $H $b >/$J $/$J $/ , B?<! 85%Y %/ %H %k , f N% ;6 , O"B3 g f @~7A , Hs@~ 7A g $N 6hJL $J$/E}0l E* $K<h07 $($k $h $& $J>r7oIU$-3NN(I=8= $G$" $k$3$H $, K>$^ $7 $$ . $=$3$G I.<T $i$O 3NN(JQ?t$N<!85 $K 1~ $8 $? F~=PNOAG;R ?t $rMQ0U $7 $?0lAX $N1# $lAX$r;} $D<! $N$h$& $J 3 AX%K %e !< %i%k%M%C %H f ( x ) $r MQ$$ $F >r7oIU $-3NN($rI=8=$9$k %b %G %k ( ?^ 1) $r 9M $(<o!9 $N%5 %s %W%k %G !<%? $K$D$$ $F$N3X =, $J $I $r 9T$J$C$F$$$k [ K\B< 97][Motoura 97]. ?^ 1: %K %e !< %i %k %M %C %H>e $KI= 8= $5 $l$k Bay esian netw ork Y $, N%;6 B? CM$N 3N N( JQ?t Y = ( y 1 ; y 2 ; � � � ; y k ) $N >l 9g , k 8D$N %K %e !< %m %s ( %/ %i%9 %? !< ) $K $h$j Y $N3NN( %Y%/ %H %k P ( Y = y 1 ) ; P ( Y = y 2 ) ; � � � ; P ( Y = y k ) $r I=$9 . 3F 3NN(JQ?t $KBP1~ $7 $?%K%e!<%m %s %/%i%9%?!< $rF~NOAX , =P NOAX $H $7$F 1 $D$N1# $l AX $r;} $D 3 AX%K %e!< %i %k%M%C %H$r MQ$$$F X = x $N$b$H$G$N>r7oIU$-3NN( P ( Y j X = x ) $r <!$N$h $& $K I=8=$9$k . f k ( x ) = g 0 @ X j v j k g X i w ij x i + b j ! + b k 1 A g ( x ) = 1 1 + exp( � x ) P ( y k j x ) = f k ( x ) = X k f k ( x ) Y $, O"B3 CM $N3N N( JQ ?t $N >l 9g , $3 $l$N3N N( J, I[ $r �; � $G %Q %i %a %?%i %$ %: $7 $?%, %& %9J, I[$H 9M$( $F <!$N $h $& $K I=$9 . f � ( x ) = X j v j g X i w ij x i + b j ! + b � ; ( f � $bF1MM )

P ( y j x ) = 1 p 2 � f � ( x ) exp � � ( y � f � ( x )) 2 2 f � ( x ) 2 � E}7WE*$K 3MF@ $7 $? x , y $N %G !<%?!<%;%C %H$+$i Dj$^$k >r7oIU $-3NN($r 65;U?.9f$H $7 $F M?$($k$3$H$G , x $r F~NO $7 $? ;~$K P ( Y j x ) $, F@$i$l $k$h $& $K%K%e !<%i%k %M%C %H , f ( x ) $r BP K!$K$h$j3X=,$9$k . 3.2 %0 %i%U 9=B$$N3X=, %0 %i%U 9=B$$N3X=, $K$D$$$F$O %0 %i%U$r C5:w$9$k%" %k %4 %j%: %‘ [CH 92, ?"Ln 96] $d @8 @. $7 $?%0 %i%U $r Hf 3S$9 $k:]$N MDL $N E, MQ [Suzuki 93] $J $I $N 8&5f $, $" $k . $7 $+ $7 Bay esian netw ork $N>l9g , C5:w6u 4V $, 3 n ( n � 1) = 2 $H Hf3SE* Bg$-$/ $J$k$3 $H , <B:] $K$OBP>]$H$J$kLdBj $K$D$$ $F?? $N %b %G%k$r2>Dj $9 $k $3$H $,MF0W $G$J$$ $3 $H $+$i$= $N I>2A J}K! $b4^ $a $F$J$*8&5f2] Bj $OB?$/;D$5 $l$F$$$k . Bg 6IE* $JC5:w$OKDBg $G$"$k$3$H $+$i , 6I=jE*$J9=B$A*Br $K $h$k <+8J AH ?% E* $J %0%i%U9=B$ $N3MF@ <j K! $N8&5f $,=EMW $G $"$k . $3 $& $7 $? <j K!$N <B83 I> 2A$r 8zN( NI $/9T $& $?$a$K , 6I=jE* $J9=B$$r2>@b $H $7 $F J#?tJ];} $7 , $3$l$i$N<+F0A* Br $, 2DG=$J ;EAH$_$rF3F~ $7 $? Bay esian net w ork %7 %_%e %l !< %? (BA YONET)[ K\B< 98] $, 3+ H/$5$l $F $* $j , $3$l $K$D$$$F <!>O $G >R2p$9$k . 4 BA YONET Ld Bj$K 1~ $8 $F E,@Z$J%b%G %k 2=$r 9T $&$?$a$K , %G !< %? $+$iCi<B $K%Y %$ %8%" %s%M%C %H$r 9=@. $9 $k $3 $H $, =EMW $G$" $k . $=$3$G <B:]E*$J Bg5,LO %G !<%?%Y!< %9 $K @\B3 $7 , E, @Z $J %0 %i%U9=B$$r5a$a , >r7oIU$-3NN( $r3X=,$9$k$? $a$N%7 %9 %F%‘$H $7 $F BA YONET $r 3+H/ $7 $? ( ?^ 2.). K\%7 %9%F%‘$O , 30It$N %W %m%0 %i %‘$H $N @\ B3@-$d 3H D% @- $rMxMQ $7 $F3NN(M} O@ $K4p $E$/%b %G%kA*Br %" %k %4 %j %:%‘ $NI> 2A <B 83 $dEE Am 8& $G3+H/ Cf $N ;v >p DL %m %\%C %H [ >>0f 97] $N=@$i$+ $J CN <1I=8=$J $I $N 8& 5fMQ ES $K MQ$$$i$l $F $$ $k . Ba y esian netw ork $r A‘:n $9 $k%*%Z%l !<%7%g%s$O 8@ 8l$H $7 $F$bDs6! $5 $l , %U %!%$ %k$d TCP/IP $r DL $8 $F <B9T $9$k $3 $H $GB> $N %7%9 %F%‘ $N $?$a $N?d O@ %( %s %8 %s$H $7 $F$b5!G= $9$k . K\%7 %9 %F%‘ $O 4{ $K <B:] $K MxMQ$5 $l$F$$ $k$h $& $J Bg5, LO $J %G !<%?%Y!<%9 $+$i$N3X=,$rMF0W $K$9$k$?$a , B?$/$N 0lHL$N %G !< %?%Y !< %9%=%U %H $X $N @\ B3$r2D G=$K $7 $F $$ $k . $^ $? GUI $K$h$k 3X =, $N>r 7o $N JQ 99 $d6a ;w 8m :9 $N %b %K %? !< 5!G= $J $I $K $h$C $F3X=,7k2L $N2r@O $r;Y1g$9$k . $3$l$K$h $j GUI $K $h $kBPOCE*$JA‘ :n $H 3X=,$N7+$jJV $7 $K $h$j :G E, $J9=B$ $NC5:w$r9T$$ , %G !<%?%Y!<%9 $+$i$N CN<1H/8+ $r ;Y1g$9$k $3$H $,$G$- $k . ?^ 2: BA YONET K\%7 %9 %F%‘$N:G?7$N>pJs$d %W %m %0 %i %‘$O http://www.etl.go.jp/~motom ura/BN/ $G $b 8x3+$5 $l$F$$ $k . 4.1 %0 %i%U 9=B$$NC5:w $H F0E*$JJQ99 >r 7o IU $- 3N N($N I= 8= G= NO$N 3H Bg ( Hs @~ 7A 2= ) $K $h $j %G !<%?$X$N %b %G%k%U %# %C %F%# %s %0$, MF0W $K$J$jE,MQHO0O $N 3HBg $H$H$b $K , $H $j$($k %0 %i%U9=B$$N2r6u4V $, 9-$/$J $k . $7 $+ $7 %Y %$ %8 %"%s%M %C %H $N 9= B$3X=, $K $D$$$F$O , 8= :_ $bMM !9 $J<j K! $,Ds0F $5 $l$D $D $" $j 8& 5f $,3hH/ $G $"$k $, , C5:w 6u4V $,9-Bg $G$"$k $?$a $K:GE, $J9=B$ $r40A4 $K<+F0E* $K F@$k$3$H $O$J $*MF0W $G$O$J$$ . $=$3$G%f !<%6!< $, 6=L#$"$k3NN(JQ?t $r @0M}$9$k $3$H $G$H $j$($k6I=j9=B$ $r@)Ls $7 , $= $l$i$r B?MM $J 4p=‘ $GHf 3S , A*Br $G$- $k $h$& $J;E AH $_ $,I, MW $G $" $k . Nc $( $P%K %e !< %i%k %M%C %H$K $h $k>r 7oIU$- 3NN($N 3X=,$N <}B+ ( @.8y ) $O M? $($?9=B$$NBEEv@-$NH=Dj4p=‘ $K$J$k$N$G , BPOCE* $J %0 %i%U9= B$ $N=$ @5 , >r7o IU $- 3NN( $N3X =, , $N7+ $jJV $7$K$h$C $F$h$jE,@Z $J %0 %i%U9=B$ $rC5:w $9$k . $^$? %G !<%?!<$X $N %U %# %F%# %s %0$@$1$G$J$/ %Q %i %a !< %??t $r9MN8 $7 $?MM!9 $J >pJs NL4p =‘ $NE,MQ $d $5 $i $KB> $N@)Ls >r 7o $rF3F~ $7 $?A*Br 4p=‘ $K$h$j %0 %i%U 9=B$$r7hDj$9$k$3$H $, 9M $($i$l $k . $3$N $h$& $JE, @Z $J9= B$ $NC5 :w $r;Y 1g $9 $k $? $a , ;R%N !< %I Kh $K6I=jE* $JLZ9= B$ ( 3F;R%N !< %I $H ( J#?t $N ) ?F%N !< %I 4V$N LZ9=B$ ) $H >r7o IU$-3N N($rJ# ?tJ];} $7 , MF 0W $K @Z$j BX $($k 5! 9= $, K\ %7%9 %F%‘ $OF3F~ $5 $l$F $$$k . $3 $l$K$h $j , MM!9 $J%Y%$ %8%" %s%M%C %H$N9=B$3X =, %" %k %4 %j %:%‘ $N@-G= I>2A $K MxMQ $G$- $k . $^$? BP >]$H $9$k Ld Bj $K $* $$$F , JQ?t 4V$N 0MB8 @- $, 4Q B,7k 2L $d>u 67 $K1~ $8 $FJQ2= $9$k >l9g $K $O@EE* $JC1 0l $N9= B$ $r;} $D3N N( %M %C %H%o!<%/ $G$OBP1~ $7 $- $l$J$$ $3 $H $,$"

$k $, , $3$N $h $& $J>l9g $K$bF0E*$J%Y %$ %8%"%s%M%C %H$N 9= B$ $NJQ 99 [GH 93] $r<B8= $9 $k $? $a $K3NN( ?d O@ ;~ $N?F%N !< %I $N CM $K$h$C $F6I=j 9= B$ $r@Z$jBX $($k %" %k %4 %j %:%‘ $rAH $_9~$a$k $N$G , =>Mh$N@EE* $G C10l $J9=B$$G $O I=8= $G$-$J $$J#;($JLdBj$b07 $& $3$H $,$G$- $k . 5 $^$H$a Bay esian net w ork $O J#;( $J0MB8 4X78 $r;}$DB? ?t $N3N N(JQ?t $+$i9=@.$5 $l $k%7 %9 %F%‘$N6a;w%b %G%k$G $"$j , $3 $l$K $h $C$F=@ Fp$J CNE*%7 %9%F%‘$X$N 1~MQ $, 4| BT$G$- $k . K\ 9F $G $O Bay esian netw ork $rO"B3 , Hs@~ 7A $JNN 0h $KE,MQ $9 $k $? $a$N %K %e!< %i %k%M %C %H %o!<%/ $K$h$j>r 7oIU $-3NN( $rI=8= $9$k %b %G%k$K$D$$$F=R $Y$? . $^$?<B@$3& $KB8:_$9 $k B? <oB? MM $J %G!<%? $r3JG< $7 $?Bg5,LO $J %G!<%? %Y!<%9 $+ $i %G !<%?4V $N0MB8 9= B$ $d>r7o IU $-3N N( $r3M F@ $7 $FM=B, $d ?dO@ $r9T$& $?$a$N %7 %9 %F%‘ $r>R2p $7 $? . $H $/ $KE,@Z $J %0 %i %U9=B$ $r9= C[ $9$k $? $a$N6I =j 9=B$ $NA* Br $N $? $a $N;EAH $_ $, <BAu$5 $l$F $*$j , $3$l$K$h $k>pJsO@E* $J4QE@ $+$i$N %b %G%k A*Br4p=‘$NDs0F$H<B83I>2A $, :#8e$N2]Bj $G$" $k . ;29MJ88% [CGH 97] Castillo,E., Gutierrez,J. and Hadi,A. (1997). Exp ert Systems and Probabilis- tic Netw ork Mo dels, Springer. [CH 92] Co op er,G. and Hersko vits,E. (1992). A Bay esian Metho d for Inductionof Probabilistic Netw ork from Data, Machine Learning, 9,309-347. [Dean 91] Dean,T.L. and W ellman,M.P . (1991) .Plan- ning and Control, Morgan Kaufmann. [F orb es 95] F orbes,J., Huang,T., Kanazaw a,K., Rus- sell,S. (1995). The BA Tmobile: T o w ards a Bay esian Automated T axi, Pro c. of IJCAI’95, 1878-1885. [GH 93] D.Geiger, D.Heck erman (1993). Inference Al- gorithms for Similarit y Netw orks, Uncertaint y in AI,9, 326-334. [GH 94] Geiger,D. and Heck erman,D. (1994). Learn- ing Gaussian Netw orks, Uncertaint y AI,10,235- 243. [HMW 95] Hec k erman,D., Mamdani,A., and W ell- man,M. (1995). Real W orld Applications of Bay esian Netw orks, Communications of the ACM. [Motoura 97] Motom ura,Y., Hara,I., Asoh,H. and Matsui,T.(1997). Bay esian Netw ork that Learn- s Conditional Probabilities by Neural Netw orks. Pr o c. of ICONIP’97 V ol. 1. pp.584-587. [Pearl 88] Pearl,J. (1988). Probabilistic Reasoning in Intelligen t Systems, Morgan Kaufmann Publish- ers. [Rimey 94] Rimey ,L.D. and Brown,C.M. (1994). Con- trol of selective p erception using Bay es nets and decision theory , International Journal of Comput- er Vision , 12, 173-207. [R W 96] Russel,S and Norvig,P . (1995). Arti�cial In- telligence { A Mo dern Approach {, Prentice Hall. [Suzuki 93] Suzuki,J.(1993).A Construction of Bay esian Netw orks from Databases Based on an MDL Principle, Uncertaint y in AI,9,266-273. [ Kc@8 97] Kc@8 , @VJf , K\ B< (1997). E}7W E*?d O@$H AI $N ?dO@ , ?M9)CNG=3X2qO@J8;o , V ol.12,2, pp.196-203. [ ?"Ln 96] ?"Ln ???C (1996). 0U ;V7h Dj%" %W %m!<%A$K $h $k Bay esian Netw ork $N 0x2L%b%G%k 9=C[ , ?M 9)CN G= 3X 2q;o , 11, 725-734. [ NkLZ 94] Nk LZ >y (1994). 3N N( %M%C %H %o !< %/ , AI Gr =q , 113-117, %3%s %T %e !<%?%(!< %8 <R . [ >>0f 97] >> 0f =S 9@ (1997). $* $; $C $+$$ %m %\%C %H$H$b8F $P $l $k;v >p DL %m %\%C %H$N7W 2h , bit,V ol.29, 12, pp.4-11. [ K\B< 97] K\B< (1997). Ba y esian netw ork $K $h $kBg5, LO %G !<%? $N %b %G%k2= $K$D $$ $F , ?M9) CN G= 3X 2q Bh 4 2s>p JsE}9g8&5f2q T ec hnical Rep ort SIG-CI I-9707-04. [ K\B< 98] K\B< , 86 (1998). %G !<%?!< %Y!<%9 $+$i$N3X=, 5! G=$r ;}$D 3N N( ?dO@%7 %9%F %‘ :BA YONET, ?M9) CN G= 3X2q Bh 12 2s A49qBg2q .