Bay esian net w ork $K$h$kBg5,LO%G!<%?$N%b%G%k2=$K$D$$$F Mo deling with learge scale data by Bay esian net w orks K\B< M[0l Y oic hi Motom ura (motom ura@etl.go.jp, h ttp://www.etl.go.jp/~motom ura/) EE;R5;=QAm9g8&5f=j >pJs2J3XIt Information science division, Electrotec hnical Lab oratory 1 $O$8$a$K Bg5,LO$JE}7W%G!<%?$r%b%G%k2=$9$k>e$G%G!< %?$K4^$^$l$k 4QB,%N%$%:!"Nc 30$J$I$NIT3N <B@- $r07$&$?$a$K $O3NN(E*$JOH AH$,M-8z$G$" $k!#FC $K3F3NN(JQ?t$N 4V$K2?$i$+$N 0x2L4X78$,B8 :_$9 $k$H9M$($i$l $k>l9g!"$=$N0x 2L4X78$rLp0u $G7k $S$s$@M-8~%0 %i%U$K$h$C$F9= @.$7!"3FJQ?t $N0M B8@-$r>r7oIU$-3NN($H$7$FI=$7$? Bay esian net- w ork [1] $rMQ$$$F%b%G%k2=$9$k$3$H$,$G$-$k!# $3$l$K$h$C$FItJ,E*$K$7$+F@$i$l$J$$4QB,$+$i!" L$CN$NJQ?t$N CM$rM=B,$7$? $j!"?7$?$J4QB, 7k2L $r$=$NB>$N4Q B,$+$i8!Dj$9 $k$H$$$C$?$3$H $,2D G=$G$"$k!#K\ 9F$G$O!"Bg5, LO$JE}7W%G!<%?!< $r Ba y esian netw ork $K $h$C $F %b %G %j %s %0 $9 $k $? $a$N #2 $D $N 0[ $J $k %" %W %m!< %A ( %0 %i %U 9= B$ Cf ?4 $N3X =, $H >r 7o IU $- 3N N( Cf ?4$N 3X =, ) $H!" $= $l $K $^$D$o$k8&5fNc!"LdBjE@$d2]Bj$K$D$$$F=R$Y$k!# :G8e$KI.<T$i$N9T$J$C$?!">r7oIU$-3NN($r%K%e!< %i%k%M%C%H$G3X =,$9$kJ}K!$N 4JC1$J1~MQNc $H$7 $F!"5$>]D#$,8x 3+$7$F$$$kG/ 4V$N5$>]%G!< %?$r Ba y esian netw ork $K $h $j %b %G %k 2= $7!" 9_ 1+ M= B,$r9T$C$?7k2L$r>R2p$9$k!# 2 Ba y esian netw ork 2.1 %0%i%U9=B$$r;}$D3NN(%b%G%k 3F ;v>] $r%N!< %I$G I=$7 , $= $N4V $N0x 2L4X 78$r Lp0u$G7k$s$G$$ $/$H$"$kNN0h $K$D$$$F$N4X O"CN <1$rHs =[4D @-$NM- 8~%0 %i%U !J Directed Acyclic Graph:D A G !K$H$7$FI=$9$3$H$,$G$-$k!%!J X ! Y $K $*$$$F , X $r?F%N!< %I , Y $r ;R%N!<%I $H8F $V!K$3$N DA G $H>r 7oIU$- 3NN($K $h$j9= @.$5$l $k3N N(%b %G%k $, Bay esian netw ork $G $"$k !J65 2J=q$H$7$F [1, 2] $J$I$,$"$k ) !#%j%"%k%o!<%k%I %G!<%?$K$D$$$F $N1~MQ$b@9$s $G$"$jNc$( $P!"%m %\%C%H%J%S%2!<%7%g%s [3], %"%/%F%#%V%S%8%g%s [4] $J$I$,M-L>$G$"$k!# $5$F!"3NN(JQ?t$r X , Y $N$h$&$K=q$-$=$l$> $l$N<B8=CM$r x; y $H $9$k!#$3$N X $H Y $N4V $K 2?$i$+$N0x2L4X78$,$"$k>l9g , Nc$($P!V$b$7 X = x $J$i$P Y = y !W$H$$$& $h$&$K5-=R$9$k$3$H$, $G$- $k!#$7$+$7<B @$3&$NMM!9$J;v >]$r9M$($k$H 0x2L 4X78$O$H$F$b J#;($K9~$_F~$C $F$$$k$?$aJ# ;( $J Ld Bj $K BP $7 $F !V$b $7 X 1 = x 1 ; � � � ; X i = x i ; � � � $J $i $P Y = y !W $N $h$& $K 40 A4$K 5- =R $7 $h$& $H$9$k$H$d$, $FGKC>$r$-$? $9!#$=$3$G<g$? $k 0x2L 4X 78$@ $1$K Cm L\$7 , $5 $i$K IT 3N<B @-$r 5[ <} $9$k $?$a$K !V$b$7 X = x $N;~ , Y = y $H $J $k3NN($O P ( y j x ) !W$H$$$&3NN(2=$r9M$($k!#$3$N 3N N( $O X = x $H $J $k >u67 $N $b $H$G , 7+ $j JV $7 4Q B, $G $- $k ;v >] Y = y $N H/ @8 IQEY , $"$k $$ $O Y $, y $G$"$k$H;W$o$l$k<g4QE*$J3N?.EY (Degree of b elief ) $H$7$F2r<a$9$k$3$H$,$G$-$k!# X $H Y $N A4 >u BV $K $D$$ $F $N 0x 2L 4X 78 $O >r 7o IU$-3NN(J,I[ P ( Y j X ) $K$h$C$F5-=R$9$k$3$H$, $G$- $k!#$^$?NN0hFb $NA4$F$NAH9g $;E*$J4X78$r 5- =R$9 $k $N$G $J$/ , L@ <( E*$J 0x2L 4X 78$N $J$$ ;v >] 4V$O FH N)$G $"$k $H 2>Dj $7 , <gMW $J 0x2L 4X78 $@ $1$r Cj=P$7$?%0%i %U9=B$$rM?$( $k$3$H$K$h$j7W ;; NL , 5- =RNL $NGz H/ $rHr $1 $F$$ $k!#$3 $l $O$" $k <o $N6a;wE* $J%b%G%k $G$"$j , Nc $($P A � � � ; Z $N A4 >u BV$N Cf $G0x 2L 4X 78$, X ; Y $N 4V $K$@ $1 B8:_ $9$k >l9g$K$OA4$F $N;v>]$K$D$$ $F$NF1;~3NN(J, I[$,<!<01&JU$N$h$&$K4JC12=$5$l$k!# P ( A; � � � ; X ; Y ; Z ) = P ( A ) � � � P ( X j Y ) P ( Y ) P ( Z ) $3$NMM$K Bay esian netw ork $K$h$k3NN(J,I[ $NI=8=$O � D>4QE*$KB*$($i$l$?0x2L4X78$N4V$N9=B$!J;v >]4V$N>r7o$D$-FHN)@-!K$rMF0W$KI=8=$9$k $3$H$,$G$-$k!% � 3NN(E*CN<1%G!<%?$NItJ,E*$JI=8=$KE,$7$F $* $j , B>$N NN 0h , J8 L. $X E>MQ $9 $k:] $K $b%a %s%F%J%s%9$7$d$9$$!% � %k!<%k%Y!<%9$G5-=R$5$l$?8EE5E*$J%(%-%9 %Q!<%H%7%9%F%‘$KHf$Y$FD>4QE*$G$o$+$j$d $9 $/ , <B4D6- $G$N BPOC@- $KM%$l $k!%$^ $?6I =jE*$J7W;;$N$?$aJBNsJ,;62=$7$d$9$$!%5U 1

$K Neural netw ork $H Hf $Y$? >l 9g , 3X =,$K $h$C$F3MF@$7$?CN<1$OL@<(E*$KI=8=$5$l$k $N$G<h07$$0W$$!% $H$$$C$?FCD9$,$"$k!% 2.2 Ba y esian netw ork $N3X=, ?dO@$KMQ$$$k Bay esian net w ork $,;vA0$KB8 :_$9$k$3$H$O $^$l$G$"$j!"<B :]$K$O4QB,$K $h$j F@$i$l$?%G!<%? $K4p$E$$$F9= @.$7$F$$$/I, MW$, $"$k $3$H $,B? $$!#$3 $l$, Bay esian netw ork $N 3X=, $G$" $k!# Bay esian netw ork $N 3X=, $K$O <! $N#2$D$NMWAG$r7hDj$7$J$1$l$P$J$i$J$$!# � %0%i%U9=B$ � 3F3NN(JQ?t$K$D$$$F$N>r7oIU$-3NN( %0%i%U9=B$$r3MF@$9$k%"%k%4%j%:%‘$K$D$$$F $O K2- %"%k%4%j%:%‘ [7] B- %"%k%4%j%:%‘ [8], %Y %$%:E*3X=, [10] $d GA $NE, MQ [12], 0x2L4X78$r Cj=P$7$F$$$/J}K! [15] $J$IMM!9$J;n$_$,$J$5$l $F$$$k!#$^$?%M%C %H%o!<%/9=B$ $r7hDj$9$k LdBj $OE}7W3X$K$*$1$k%b%G%kA*Br$NLdBj$G$b$"$j , AIC $d MDL [13] $K$h$j4JC1$J%0%i%U$rA*Br$9$kJ} K!$bE,MQ$G$-$k!# >r7oIU$-3NN($N3X=,$ONc$+$i$N3NN(J,I[$N?d Dj$H$7$F9M$( $k$3$H$,$G$- $k!%FC$K3NN(JQ ?t$, N%;6FsCM$N>l9g $J$I$G$O>r7o IU$-3NN($O0l HLE* $K$O I=$G M? $($i $l$k $, , 3NN( JQ ?t$, O"B3 CM $G$" $k>l 9g$J $I $G$O J,I[ 7A $r2> Dj$7 , %Q %i%a %? ?dDj $r9T$J$&$3$H$G $h$j%3%s%Q%/ %H$JI=8=$K$9 $k$3 $H$,$G$-$k!%@~7AOB [1] Sigmoid 4X?t [5] $J$I$N C1=c $J%b %G %k$K $h$k 2r @O$d , $h $j0l HLE* $J >r7o IU$-3NN($r3X=, , 6a;w$9$kJ}K!$H$7$F Gaussian Mixture $d3,AX7?%K%e!<%i%k%M%C%H [17, 18, 19] $NE,MQ , $J$I$,$"$k!# 3 %0%i%U9=B$Cf?4$N3X=, %0%i%U9=B$ g $K$D$$$F%G!<%? D $KBP$9$k%U%#%C %F%#%s%0$NNI$5 p ( D j g ) $r Closed form $G2r$-!" %Y%$%:E*$J3X =,$r9T$J$&$? $a$K$O%Q%i %a!<%?!< $N;v8e3NN($r;v A03NN($HF1B2 $N3NN(J,I[$H $9$k $?$a$K6&Lr;v A0J,I[$G$J$/ $F$O$J$i$:!";v A0J, I[ $K $O Dirichlet J, I[ $r MQ $$ $k $3 $H $, 9T $J $o $l $F$$$k [6] !#$5$i $K Heck erman, Geiger $i$N%0 %k!<%W$O<g$K %M%C%H%o!<%/9= B$$r%G!<%?$K $h$C $F3X=,$9$k$N$K M-8z$J>r7o$K $D$$$F$N8!F$ $r9T $J$$!"0J2<$N$h$&$J>r7o$r$^$H$a$F$$$k!# [9, 10, 11] [ Dj5A 1]indep endence equiv alen t 3NN(JQ?t4V$N0x2L4X78$,Ey2A!#F10l$NL58~%0 %i%U9=B$$H F10l$N V-structure $r;} $D%Y%$%8 %" %s%M%C%H$O indep endence equiv alen t $G$"$j!" 3X=,;~$N%0%i%UA*Br$NI>2A4p=‘$O$3$N$h$&$J%M%C %H%o!<%/$K$?$$$7$F$OF1CM$G$J$1$l$P$J$i$J$$!# [ Dj5A 2]v-structure x , y $+$i$N%j%s%/$, z $K<}B+$7!"$+$D x $H y $N 4V$K%j%s%/ $,$J$$;~ ( f x ! z y g ) !"$3$l $r v-structure $H8@$&!# [ Dj5A 3]Grobal indep endence $"$k%N!<%I$K4XO"$9$k>r7oIU$-3NN($N%Q%i%a!< %?!<$O B>$N%N!<%I$K 4XO"$9$k%Q %i%a!<%?!<$H$O FHN)!# [ Dj5A 4]Lo cal indep endence $=$N%N!<%I$N?F%N!<%I$N6q8=CM ( x ) $K$?$$$9 $k >r 7o IU $- 3N N( p ( Y j x ) $O!" JL $N 6q 8= CM $K $? $$ $9$k>r7oIU$-3NN( p ( Y j x 0 ) $HFHN)!# 5R4QE*$JI>2A4p=‘$K$h$C$F%0%i%U9=B$$r7hDj $9$k$?$a$K!"I=8=$9$k0x2L4X78$,Ey2A (indep en- dence equiv alen t) $G$"$j$J$,$i!"0[$J$k DA G $K$D $$$F$OF1CM$H $J$k$h$&$J4p =‘$H$J$k$3$H$r MW @A $7!"$5 $i$K JX 59E* $J 3X=, , 3N N(EA GE $rMF 0W $K $9$k $?$a $K!">r7o IU$- 3NN( $,Dj 5A 3,4 $rK~$? $9$3 $H$rMW@A$9$k $H!"$=$N$h$&$J J,I[B2$ON%;6 $N>l9g$O Dirichlet, O"B3$N>l9g$K$O normal-Wishert J, I[$K8B$i $l$k$3 $H$,<( $5$l$k [11] !#$3$3 $G$O $3$N $h$&$K>r7oIU $-3NN($K$D$$ $F$N@)Ls$r@_$1 $F!"%0 %i%U9=B$$r M%@h$7$FC5:w $9$k%"%W%m!<%A $r%0%i%U9=B$Cf?4$N3X=,$H8F$V$3$H$K$9$k!# $3$3$G5s$2$?$h$&$J>r7o$K=>$&$?$a$K$ONc$( $PO" B3JQ?t$r%b%G %j%s%0$9$k>l 9g$K$O!"@~7A$J dep endency $r ;} $D%M%C %H %o!< %/$7 $+ 5v $5 $l$J $$$J $I<BLdBj$KE, MQ$9$k>e$G$O ITJX$J@)Ls$,@8 $8$F$7$^$&$3$H$,LdBj$K$J$k!# 4 >r7oIU$-3NN(Cf?4$N3X=, Bay esian netw ork $K $h $k %b %G%k 2= $O IT 3N <B @-$r 5[<}$9$k$?$a!" $=$NI=8=$r0l 0U$K7hDj$9$k $3 $H $O $G $- $J $$ ( $" $k %G!< %?$K BP $7 $F!" $= $l $r NI$/I=$9%b%G%k$K$OMM!9$JI=8=$,<h$jF@$k ) !# $3 $3$G $O@h$N%0%i%U 9=B$Cf?4$N3X =,$KBP$7$F!">r 7oIU $-3NN($r$h$j =@Fp$J$b$N$K $7$F$$$/$3$H$K $h$j %G!<%?$r%b%G %k2=$9$k%"%W %m!<%A$r>r7oIU $-3NN(Cf?4$N3X=,$H8F$V$3$H$K$9$k!# 4.1 %K%e!<%i%k%M%C%H$K$h$k>r7oIU$- 3NN($N3X=, ;0AX$N3,AX7?%K%e!<%i%k%M%C%H$OG$0U$NHs@~ 7A<L A|$r6a;w$9$k $3$H$,CN$i$l!"$^ $? BP K!$K $h$k 3X=,$OMM!9$J1~ MQNN0h$KBP$7 $F@.2L$r5s$2 2

$F$$$k!#$3$N %K%e!<%i%k%M%C%H $r3F3NN(JQ?t $N >r7oIU$-3NN($H$7$FMQ$$$k$3$H$,$G$-$k!# I.<T$i$O3NN(JQ?t$N<!85$K1~$8$?F~=PNOAG;R ?t$r MQ0U $7$? 0l AX$N 1#$l AX$r ;} $D<! $N$h $&$J 3 AX%K%e!< %i %k%M%C %H f ( x ) $r MQ$$ $F >r7o IU $-3N N($rI=8=$9$k%b%G%k , BNNN: Bay esian netw ork on neural netw orks ( %K%e!<%i%k %M%C%H$N>e $K <B8= $5 $l $? %Y %$ %8 %" %s %M%C %H ) $r Ds 0F $7 $F $$ $k [17]( ?^ 1) !#$3$l$K $h$j3NN(JQ?t$,N%;6 B?CM , O" B3CM$N>l9g$K $D$$$F$bE}0l E*$K<h07$(!"3X =,$b MF0W$K$J$k%a%j%C%H$,$"$k!# ?^ 1: Ba y esian netw ork on neural netw orks Y $,N%;6B?CM$N3NN(JQ?t Y = ( y 1 ; y 2 ; � � � ; y k ) $N>l9g!" k 8D$N%K%e!<%m%s ( %/%i%9%?!< ) $K$h$j Y $N3NN(%Y%/%H%k P ( Y = y 1 ) ; P ( Y = y 2 ) ; � � � ; P ( Y = y k ) $r I= $9!#3F 3N N( JQ ?t $KBP 1~ $7 $? %K%e!< %m %s %/%i %9%?!< $r F~NO AX , =PNO AX$H $7 $F 1 $D$N 1#$l AX $r ;} $D 3 AX %K%e!< %i %k %M%C %H $r MQ $$ $F X = x $N $b $H $G$N >r 7o IU $- 3N N( P ( Y j X = x ) $r <! $N$h$&$KI=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 $,O"B3CM$N3NN(JQ?t$N>l9g!"$3$l$N3NN(J, I[$r �; � $G%Q%i%a%?%i%$%:$7$?%,%&%9J,I[$H9M $($F<!$N$h$&$KI=$9!# f � ( x ) = X j v j g X i w ij x i + b j ! + b � ; ( f � $bF1MM ) P ( y j x ) = 1 p 2 � f � ( x ) exp � � ( y � f � ( x )) 2 2 f � ( x ) 2 � E}7WE*$K3MF@$7$? x , y $N%G!<%?!<%;%C%H$+$i Dj$^$k>r7oIU$- 3NN($r65;U?. 9f$H$7$FM?$( $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!# 4.2 BA YONET I.<T$i$O%K%e!<%i%k%M%C%H$rMQ$$$? Bay esian netw ork 3X =,%7%9%F%‘!" BA YONET $r3+ H/$7 $F$$$k!#$3$l$O;v>pDL%m%\%C%H [14] $NCN<13MF@!" ?dO@ 5!G=$N$?$a$K $b;HMQ$5$l$k!# <g$JFCD9$H$7 $F JA V A $G=q$+$l$F$$$k $3$H$K$h$j , 1. %^%k%A %9%l%C%I$K$h$kJBNs7W;; , 2.JDBC(Jav a DataBase Connectivity) $K $h $k <g MW $J >& MQ %G!< %? %Y!< %9 %=%U %H$H@\B3$9 $k$3$H$K$h$k Bg5,LO%G!<%?%Y!< %9$NMxMQ!"$J$I$,$"$k!# ?^ 2: BA YONET 5 5$>]4QB,%G!<%?%Y!<%9$+$i$N3X=, 5$>]D#4F=$$NJ?@. 7 G/ 5$>]D#G/Js CD-ROM $K3J G<$5$l$F$$ $k5$>]4QB,%G!< %?!"0lG/4V$N3F 4QB,COE@$K$*$1$kKh;~9o$N9_?eNL$K4p$E$$$F Bay esian net $r3X=, $7$F!"<! $NM=B, %?%9%/ [19] $r <B9T$9 $kNc$r<($9!# [ %?%9%/ ] @>J}$NCOE@$N9_1+3+;O;~9o$+$iElJ}$NCOE@$N 9_1+3+;O;~9o$r0J2<$N<0$N$h$&$KM=B,$9$k!# P ( T X j T B 1 ; T B 2 ; T B 3 ) = Z A 1 ;A 2 P ( T X j T A 1 ; T A 2 ) 2 Y i =1 P ( T A i j T B i ; T B i +1 ) dP ( T A 1 ) dP ( T A 2 ) : ( T X 4QB,COE@ X $K$*$1$k9_1+3+;O;~9o ) 3X=,>r7o!"<j=g$O0J2<$NDL$j!# [ 3X=,>r7o ] � 1995 G/ F| K\ 3F CO 5$ >] 4Q B, CO E@ $N Kh ;~ 9_ ?e NL (8760/ COE@ ) � 9_1+3+;O;~9o : 9_?eNL 1.0mm L$K~$+$i 1.0mm 0J>e$X$NJQ2= 3

� NY @\CO E@ $N 24 ;~ 4V0J Fb $N 9_ 1+3+ ;O ;~ 9o$N $_M-8z [ 3X=,<j=g ] � A45$>]%G!<%? (CD-ROM) $r Oracle %G!<%? %Y!<%9$K3JG<!# � <B83%7%9%F%‘ (JA V A %W%m%0%i%‘ ) $+$i JDBC $G%"%/%;%9!# � 3:Ev%G!<%?$r%K%e!<%i%k%M%C%H$N65;U?.9f $H$7$FCj=P!# � 1#$lAG;R 10 8D$N NN $G3X=,2s?t 10,000 2s $N BP 3X=,$r9T$J$&!# %K%e!<%i%k%M%C%H$N3X=,$,<}B+$9$l$PJQ?t4V $N4X78$N%b%G%k 2=$,@.8y$7$? $HH=Dj$9$k$3 $H$, $G$-$k!# 9_1+3+;O;~9oM=B,%Y%$%8%"%s%M%C%H $"$k4QB,COE@$N9_1+3+;O;~9o$O$=$l$h$j@>J} $NCOE@$N9_1+3+ ;O;~9o$H0MB8 4X78$,$"$k$H 2>Dj $7$F?^ (5) $N$h$&$J%0%i%U9=B$$r9M$($k!# ?^ 3: Bay esian netw ork for rainfall prediction � J!0f , 4tIl , L>8E20 ( B 1 ; B 2 ; B 3 ) ! >>K\!"HSED ( A 1 ; A 2 ) � >>K\ , HSED ( A 1 ; A 2 ) ! El5~ ( X ) >e5-$N3F4QB,COE@$rA*$s$G!"$3$l$i$K4X$9$k 4QB,%G!<%?$r%G!< %?%Y!<%9$+$i <h$j=P$7>r 7oIU $-3NN($r%K%e!< %i%k%M%C%H$K $h$j3X=,$7$?!# JQ ?t$O9_1+3+;O;~9o (0 ; � � � ; 23[ h ]) $G!"%K%e!<%i%k %M%C%H $OO" B3 JQ?t , %, %& %97? $N>r 7o IU$- 3N N(J, I[$H$7$FI=8=$7$?!# 8D!9$N>r7oIU$-3NN($N3X=,$OJ?6QFs>h8m:9 0.02 0J2<$G$$$:$l $b<}B+$7$?!#$3 $N$3$H$+$i@h $N%0 %i%U 9= B$ $N $b $H $G BNNN $K $h $k%b %G %k 2= $, @. 8y$7$?$3$H$,$o$+$k!# <!$KM=B,%?%9%/$N@-G=I>2A$rC10l$N;0AX%K%e!< %i%k%M%C%H$HHf3S$7$?!# J! 0f , 4t Il , L> 8E 20 $N#3 CO E@ $N4Q B, $r F@ $?;~ $NEl 5~$K$*$1$k9_ 1+3+;O;~9o$N M=B,$rA05-$N5$ >] 4Q B, %G!< %? $r 4p $K 9T $J$C $? =j!" BNNN $N >l 9g$NJ?6QFs>h8m:9 (m.s.e) $O 0.013, ;0AX%K%e!< %i%k%M%C%H$N>l9g$NJ?6QFs>h8m:9$O 0.023 $H$J $j!" BNNN $rMQ$$$?%b%G%k2=$K$h$jC1=c$J%K%e!< %i%k%M%C%H$h$j$bM=B,@:EY$O8~>e$7$?!# 6 5DO@ Bay esian net $G $O =@Fp $J %b %G %k2= $, 2D G= $G $"$k 0lJ}!"$=$l$f$( 0l0U$K%b%G%k I=8=$r7hDj$9 $k$3 $H$O:$Fq$G$" $k!#$=$l$f$(%0 %i%U9=B$$r<g $K%G!< %?$X$N%U%#%C%F%# %s%0$r9T$J $&%0%i%U9= B$Cf ?4$N3X=,$H!">r 7oIU$-3NN($r Hs@~7A2=$9$k $J$I $9$k>r7oIU$- 3NN(Cf?4$N3X =,$H$$$&#2$D$N 0[$J $k%"%W%m!<%A $,$"$k!#$7$+ $7!"A0<T$NCf$G %0%i %U9=B$$r7hDj $9$k$?$a$K5R 4QE*$JI>2A4p=‘ $rF3F~$9$k$3$H$K$OMM!9$JM}O@E*$J@)8B$,H<$$!" 8=:_ $N$H$3$m<BLd Bj$KE,MQ$9$k $?$a$K$OITET9g $JE@ $bB?$$!#$3$l$H $OJL$K7W;;8z N($d%?%9%/$N ?k9T $KET9g$NNI$$ <g4QE*$J4QE@ $K$h$j%0%i%U9= B$$r @_Dj$7!">r7oIU $-3NN($r=@Fp $K3X=,$5$;$k $3$H $K$h$j%b%G%k 2=$r9T$J$&>r 7oIU$-3NN(Cf?4 $N3X =,$N%"%W%m!< %A$G$O!"<B@$3& $NHs@~7A@-$r 4^$‘4X78$rHf3SE*NI$/6a;w$9$k$3$H$,$G$-$k!# $3$l$O>r7oIU$-3NN($K@)Ls$rCV$$$?%0%i%U9= B$Cf ?4$N%b%G%k 2=$OHf3SE*!V9E $$!W%7%s%\%k4s $j%b %G%k2=$G$"$k $N$KBP$7!">r7o IU$-3NN(Cf?4 $N3X =,$K$h$k%b %G%k2=$NJ}$, $h$j!V=@Fp$J!W%Q %?!<%s 4s$j$N%b%G %k2=$K$J$C$F$$ $k$?$a$H9M$( $k $3 $H $, $G $- $k!# 0l J} 8e <T $N %" %W %m!< %A $G $" $k BNNN $K $h$j5$>]%G!<%? $N3X=,!"M=B,$r 9T $J$C$? Nc$G$OC1=c $J%K%e!<%i%k%M%C %H$K$h$k%b %G%k2=$HHf3S$7$FM=B,@:EY$O$d$d>e2s$C$F$$$?!# $3$l $OC1=c$JF~NO $H=PNO$N%Q%?!< %s$N$_$K$h$k %b%G %k2=$h$j$b$" $kDxEY$NL@3N $J%0%i%U9=B$$r M?$( $?$3$H$K$h$j JQ?t4V$N4X78 $,$h$j@:L)$K%b %G%k2=$G$-$?$?$a$H2r<a$G$-$k!# $h$jM-8z$J%b%G%k2=$N%]%$%s%H$OE,@Z$J%0%i %U9= B$$r$I$N$h$& $K<B8=$9$k$+ $G$"$j!"Nc$($P %K%e!<%i %k%M%C%H$N3X =,$N<}B+$O M?$($?9=B$$N BEEv @-$NH=Dj4p=‘ $H$7$FMQ$$$k $3$H$,$G$-$k!# 2>@b $H$7$FM?$($k %0%i%U9=B$$K $D$$$F$O%?%9%/ $d4D 6-$KKd$a9~$^ $l$?<g4QE*$J 4QE@$+$iA*Br$9 $kI, MW$,$"$k$? $a!"%f!<%6!<$,$3 $l$rHf3SE*MF 0W$K 9T$J$($k$h$& $JBPOCE*$J3X =,;Y1g$N<B8=$, K\%"%W%m!<%A$K$h$k=EMW$J2]Bj$G$"$k!# $5$i$K3X=,!&?dO@%7%9%F%‘$N3+H/2]Bj$H$7$F $O0J2<$r8!F$$7$F$$$k!# � %b%G%k$NB?MM@-$r07$&$?$a$N%^%k%A%0%i%U 9=B$$N%5%]!<%H � %^%k%A%0%i%U$N>l9g$N3NN(7W;;%"%k%4%j%: %‘ 4

� <g4QI>2A$r1_3j$K9T$J$& I/F (Data Minig) � Bg5,LO2=$N$?$a$N6a;w7W;;$N@)8f <U<- K\8&5f $O Real W orld Computing Program $N0l4D$H$7$F 9T$o$l$^$7$?!# EEAm8&BgDECN G=>p JsIt D9 , Kc @8 3X =, E} 9g 4pAC %i %\ %j!< %@!< , >> 0f ;v>p DL%m %\%C%H %i%\ %j!<%@!< , Bay onet $N6& F1 3+H/<T$G$"$k 868&5f0w!"$J$i $S$K%W%m%8%’ %/%H %a%s%P!<$NJ}!9$K46<U$7$^$9!# ;29MJ88% [1] J.Pearl: Probabilistic Reasoning in In- telligent Systems, Morgan Kaufmann Pub- lishers, (1988). [2] E.Castillo, J.Gutierrez, and A. Hadi: \Ex- p ert systems and Probabilistic netw ork mo dels", Springer-V erlag N.Y., (1997). [3] T.Dean and M.W ellman: \Planning un- der uncertaint y , Plannin g and Control", Morgan Kaufmann, CA(1991). [4] L.Rimey and C.Bro wn: \Con trol of Se- lective Perception Using Bay es Nets and Decision Theory", In ternational Journal of Computer Vision, 12:2/3, pp.173{207, (1994) [5] R.Neal: \Connectionist Learning of Be- lief Netw orks", Arti�cial Intelligence, 56, pp.71{113, (1992). [6] D.Spiegelhalter, L.Lauritzen, P .Da wid, and R.Cow ell: \Bay esian analysis in Ex- p ert Systems", Statistical Science, 8(3), pp.219{247(1993). [7] G.Co op er: \The Computational Com- plexity of Probabilistic Inference using Bay esian Belief Netw orks" , Arti�cial In- telligence, 42, pp.393{405(1990). [8] W.Buntine: \Theory Re�nement on Bay esian netw orks", Unc ertainty in Ar- ti�cial Intel ligenc e ’91 , pp.52{60, (1991). [9] Geiger, D. and Heck erman, D.: Learn- ing Gaussian Net w orks, Unc ertainty in Arti�cial Intel ligenc e ’94 , pp.235{243, (1994). [10] Heck erman, D. and Geiger, D.: \Learn- ing Ba y esian Netw orks: A Uni�cation for Discrete and Gaussian Domain" , Unc ertainty in Arti�cial Intel ligenc e’95 , pp.274{284, (1995). [11] Dan Geiger and David Heck erman: \A Characterization of the Dirichlet Distri- bution with Application to Learning Bay esian Net w ork", Maximum En trop y and Bay esian Metho ds, pp.61{68, (1996). [12] P .Larra~ naga, M.Poza, Y.Y urramendi, R.Murfa, and C.Kujip ers: \Structure Learning of Ba y esian Netw orks by Genetic Algorit hms: A Performance Analysis of Con- trol Parameters" , IEEE T rans. on P AMI, v ol.18, no9,pp.912{926(1996). [13] J.Suzuki: \A Construction of Ba y esian Net w orks from Databases Based on an MDL Principle", Uncertaint y in Ai, 9, pp.266{273(1993). [14] H.Asoh, Y.Motomura, I.Hara, S.Ak aho, S.Ha y amizu, and T.Matsui: \Combin- ing probabilistic map and dialog for ro- bust life-long o�ce navigation, Pr o c. of IROS’96 , (1996). [15] ?"Ln???C : \ 0U;V7hDj%"%W%m!<%A$K$h$k Bay esian Net w ork $N 0x2L %b %G%k 9= C[ ", ?M9) CN G= 3X 2q;o , vol.11(5),pp.725{734(1996). [16] Kc @8 1Q <y , @V Jf>< B@ O:!" K\ B< M[ 0l : \ E} 7W E*?d O@ $H AI $N ?dO@ " , ?M9) CN G= 3X 2qO@ J8 ;o , V ol.12, No.2, pp.196-203, (1997). [17] K\B< M[0l , B?AX %Q!<%;%W%H %m%s$r MQ$$$?%Y %$%8%"%s %M%C%H$K $h$k3NN( E*?dO@ , ?@ 7P2s O)3X2qA49qBg2q9V1iO@J8=8 (1996). [18] K\B< , Kc@8 86 , @VJf , >>0f : \ ;v>pDL%m%\%C %H$K$*$1$k%K%e!<%i%k%Y%$%8%"%s%M%C%H$N 3X =, ", ?M 9) CN G= 3X 2q Bh 0l 2s >p Js E} 9g 8& 5f 2q , http://www.etl.go.jp/~motom ura/pap er/ (1996). [19] Y.Motomura, I.hara, H.Asoh, T.Matsui: \Ba y esian Netw ork that Learns Condi- tional Probabilities by Neural Netw orks" , International Conference of Neural In- formation Pro cessing, (1997). 5