>r7oIU$-;vA0J,I[$K$h$kJ8L.!&>u67$K0MB8$9$k@h83CN<1$NE}9g%b%G%k In tegration mo del of context-speci�c and situated prior kno wledge b y conditional probabilit y distributions K\B< M[0l y Y oic hi Motomura y y EE;R5;=QAm9g8&5f=j y Electrotec hnical Lab, MITI. Abstract: In the real world, information is sometimes observed incompletely . Then, an intelligen t system working in the real environmen t has to combine observed information and prior knowledge of the environmen t. In order to realize this integration mec hanism, a mo del based on Bay esian decision theory is prop osed. In this framework, prior knowledge is represented as a conditional prior probability distribution, and integrated by Bay es’ theorem. F or optimum Bay esian decision theory based on a p osterior probability , we hav e to appro ximate prop er prior probabilities, which sometimes dep ends on particular situations. These situated prior probabilities can b e mo deled by Ba y esian netw orks. Esp ecially , Bay esian netw ork on neural net w orks (BNNN) has some adv an tages for learning situated prior in the real world environmen t. As the demonstration of the framework, learning situated prior probabilities from an English dictionary is shown. It can apply to handwriting character recognition using Ba y esian classi�er with a neural netw ork. The result improv es recognition p erformance b etter than an ordinal (maximum likelihoo d) classi�er. 1 $O$8$a$K <B4D6- $K $* $1$k >p Js =h M}$G $O 8B $i$l $? ;q 8; ( 7W ;; NL!& >p JsNL ) $N $b $H$G $b 4h7r $K F0 :n$9 $k $3$H $, 5a$a $i $l$k . Nc $( $P0lEY$K F@$i$l$k %Q%?!<%s $,==J, $J>pJs $r;}$C$F $$$J$$ $h $&$J >l9g $G $"$C$F $b , 2f!9?M 4V $O$= $N >u67 $d J8L. $K 1~$8 $? E,@Z$J2r $rF3$/ $3$H$, $G$- $k>l9g $,$"$k . $3$l $O$=$N 4D6- 8GM-$N@h8+ CN<1$r MQ$$$k $3$H$G 4QB,%G!< %?$@$1$+ $i$OF@ $i $l$J$$>p Js$rJd$C $F$$ $k$?$a $H9M$( $i$l$k . Nc $($P?M 4V$O $&$90E$,$j $NCf$G ==J,$J ;k3P>pJs $,F@$i $l$J$$;~ $G$b<+ J, $NIt20$H$$$C $?FCDj $N4D6- $G$"$l $P;vA0 $K3MF@$7 $F$$$k $* $*$^ $+$J 0LCV 4X 78$N 5- 21$r $b $H$K , L@ <( E*$J ;k 3P$K Mj $i$J $/$F$bC5 $7$b$N $r<1JL $9$k $3$H$, $G$-$k . $3$N MM$J@h 8+CN <1$H 4QB, >pJs $H $rE} 9g $9$k OH AH$H , $3 $& $7$? @h 8+CN <1 $r4D 6-$+$i3X=, $K$h$C$F 3MF@$9 $k%a%+ %K%:%‘ $,<B4D6- $K$*$1 $k 4h7r$JCN E*%7%9 %F%‘$N $?$a $K$O=E MW$G$" $k . K\ 8&5f$G $O$3 $N$h$&$JOH AH$N0l $D$NNc $H$7$F%Y %$%:$N ;v8e3NN( $K4p$E $/ E}9g%b%G%k$rDs0F$9$k . O"Mm@h : ") 305 $D$/$P;TG_1‘ 1-1-4 EE ;R5;=QAm9g8&5f =j >pJs2J 3XIt , K\B< M[0l , E-mail: motomura@etl.go.jp, T el: (0298)54-5836, F ax: (0298)54-5301, URL: http://www.etl.go.jp/ motomura/ 8E$/ $+$i%Y%$%:E* 0U;V7hDjM}O@ $K$7$?$,$C$F?M 4V$N0U;V 7hDj 2a Dx$r @b L@$9 $k;n $_ $,$" $k $, , <B:] E* $J>l LL $K$* $1 $k ?M4V$N D>4QE*$J 2r$H$N P*N%$, ?4M}3X<B 83$J$I $rDL$8 $F$7$P $7$P ;XE& $5 $l$F $-$? . $7 $+$7 , :G6a $3 $l$O %Y%$ %:$N DjM} $N Cf$GMQ $$$i$l$k ;vA03N N($,8G DjE*$J$b $N$G$O $J$/>u 67$dJ8 L.$K 1~ $8$F %@ %$%J %_%C %/$K JQ 2=$9 $k $b$N $H 9M$( , $3$l $r Ci <B$K%b %G%k2=$9 $k$3$H $K$h$j $3$NIT@0 9g$,2r 7h$G$- $k$H$$ $&<gD%$,$"$k [1]. $^$?%Q%?!<%sG’<1$K$*$$$F%Y%$%:;v8e3N N($K 4p $E$/ %Y %$%: <1JL 4o $OM} O@ >e$N :G E,2r $rM? $( $k$, , ;v 8e3NN( $N7W;;Cf $KI,MW $H$J$k ;vA03NN( $rFCDj $9$k$3 $H$,MF 0W$G$J $$$3$H$+ $i$3$l $r0lMM J,I[$H$9 $k$3$H $,B?$/ 9T$J$o $l$F $$$k . $3 $N>l 9g , ;vA0 3NN( $ODj ?t $G$" $k$+ $iC1 =c$K L‘ EY$N :G Bg2= $r $7$F $$$k $3 $H$K $J $j , ??$N ;v 8e3N N( $r:G Bg $K $9$k $H$O 8B $i$J $$ . $= $3 $G , <1 JL;~ $N >u67 $d$= $NJ8 L.$K $* $1$k%Q %?!<%s$N =P$d$9 $5$H$$$C $?@h8+ CN<1$r %b%G%k2= $7$F ;vA0 3N N($r 6a ;wE* $K 7W;; $G $-$l $P , $3 $l $r;H$C $? ;v8e 3N N( :GBg2= $K$h$C$F =>Mh$NC1 =c$JL‘ EY:GBg 2=$KHf $Y$F@- G=$,8~ >e$9$k $H4|BT $G$- $k . $3 $N>l9g $K$O@h 8+CN<1 $H4Q B,>pJs $N E}9g$O%Y%$%:$NDjM}$K$h$C$F<+A3$K9T$J$o$l$k . $3$N $h$&$J@h8+CN<1 $r%Y%$%:$N;v A03NN($H$7$F I=8=$7<B 1

:]$N>u67$d J8L.$K 1~$8$F $I$N$h$& $K%b%G %k2=$9$k $+$,=E MW $J%] %$ %s %H $H $J $k . $= $3 $G $3 $N ;v A0 3N N( $r >u 67 $d J8 L. $K $h$C$FF0E*$K JQ2=$9 $k0l<o $N>r7o IU$-3N N($G$"$k $H9M$( $3 $l $r 4D 6- $+ $i $N 3X =, $K $h$C $F 5a $a $k $3 $H $r 9M $( $k . K\ 8& 5f$G$O$3$l $^$GI. <T$i$, Ds0F$7$F $$$k?@ 7P2sO)>e $N%Y%$ %8 %"%s %M%C%H (BNNN: Bay esian netw ork on Neural Net- w orks) $r$3$NLdBj$K1~ MQ$7$F , >u67$K 0MB8$7$?;vA03N N($N 3X=,$r9T$J$& . 0J >e $N OH AH $N M- 8z @- $r <( $9 $? $a $N 4J C1 $J Nc Bj $H $7 $F %" %k%U%!%Y%C%H 4V$NNY@\ 4X78$K $D$$$F $N@h8+ CN<1$r 1QC18l <- =q$K$" $k 4 K| 3 @i 8l$N %G!< %?$K $h $j3X =,$7 , $3 $l $HJ8 ;z %Q %?!<%s$N<1JL 4o$H$7$F JL$K3X=, $7$? 4 AX$N?@ 7P2sO)LV $HE} 9g$7$?%b %G%k$K$h$C $F<j=q $-J8;z G’<1$r 9T$J$C$? 7k2L$r <( $9 . 2 %Y%$%:E*0U;V7hDjM}O@ %Y%$%:E*$J 0U;V7h Dj$H$O A*Br C = f c 1 ; c 2 ; � � � ; g $K$D$$ $F$N =E $_$E $1 $r 3N N( P ( C )( P i P ( c i ) = 1) $K $h$j 9T $J $$ , >pJs x $r F@ $? 8e $G $N ;v 8e 3N N( , P ( C j x ) $N $b $H $G $N 4| BT 8z MQ , U = X i P ( c i j x ) U ( c i ) (1) $r:GBg$K$9$k$h$&$K7hDj$r9T$J$&<jK!$H$_$J$;$k . 2.1 %Y%$%:<1JL %Y%$%:E*0U;V7hDj$N4JC1 $JNc$H$7$F%Y %$%:<1JL4o$r 9M$( $k . $9$J$o $A , 8z MQ4X?t$N CM U ( c i ) $O$I$N %/%i%9 c i $K$D $$ $F$b$9 $Y$F Ey$7 $$ $+$i , $3 $N >l9g $O%Q %?!<%s x $r 4QB, $7$? ;~ $N ;v 8e 3N N( P ( c i j x ) $, :G Bg $H $J $k %/ %i %9 c i $K %Q %?!< %s $rJ,N‘$9$k . $H$3$m$G$3$N>l9g;v8e3N N($rD>@\7W;; $9$k$3$H$,$G $-$J $$$N $G , %Y %$ %: $N Dj M} $r MQ $$ $F , %Q %?!< %s x L‘ EY P ( x j C ) $H%/%i%9$N;vA03NN( P ( C ) $r;H$C$F P ( c i j x ) = P ( x j c i ) P ( c i ) P i P ( x j c i ) P ( c i ) (2) $N$h $& $K 7W ;; $9 $k . L‘ EY $O 4Q B,F~ NO x $+ $i 7W ;; $G $- $k $, , ;vA03NN($K $D$$$F $O0lHL E*$KJP$j $r;}$? $J$$$h$& $KL5>p Js ;vA0J,I[ ( 0l MMJ,I[$J $I ) $r$H $k$3$H$, B?$/ , $3$N>l9g $K$O L‘EY$@$1$+$i7hDj$r9T$J$&:GL‘K!$HEy2A$H$J$k . $3$N%Y%$%:<1JL4o$OM}O@ >e$N8m$j3NN( $r:G>.$K$9$k 7hDj $G$" $j , %/%i %9 4VJ, ;6 $,%/ %i%9 Fb J,;6 $h $j$b Hf 3SE* Bg $-$$ >l9g$K$O ?^ 1 $N$h$& $K$J$k . 8m $jN($O Fs$D$N J,I[$, =E$J$j $"$& ItJ, $NLL @Q $KHf Nc $7$F $$ $F , $3$N >l 9g$K $O Hf3S E* >.$5 $/$J$C$F $$ $k . $7$+ $7 , %/ %i %94V J,;6 $, $=$l $[$I Bg$- $/ $J $$?^ 2 $N $h $& $J >l9g , J,I[ $N =E $J $j $, Hf3S E* Bg $- $/ , 8m $j N($b$=$l$KHfNc$7$F9b$/$J$k . ?^ 1: %/%i%94VJ,;6$,Bg$-$$>l9g ?^ 2: %/%i%94VJ,;6$,>.$5$$>l9g $3 $l$O $= $b$= $b%G!< %?<+ BN $,;w DL$C$F $$ $k$? $a , L‘ EY $N $_ $+ $i <1 JL $9 $k $3 $H $, L5 M} $J >l 9g $G $" $k . $H $3 $m $, $3 $l $O ;v A0 3N N( $, 0l MM $H 9M $( $? $3 $H $K $h $k Ld Bj $G $b $" $j , $b $7$b>u67!&J8L. $K0MB8$7$F 3F%/%i%9$NH/ @8IQEY ( ;v A03NN( ) $K82 Cx $J:9 $, $"$l $P , $h $j@: L) $J;v A03N N( $rMQ $$ $k$3 $H $K $h$C$F8m $jN( $r8:>/ $5$;$k $3$H$, 4|BT $G$-$k . Nc$( $P%/ %i %9 1 $H%/ %i%9 2 $N H/ @8IQ EY $K:9 $,$" $j , $=$l $r ;vA0 3NN( $H $7 $F MQ $$$l $P ?^ 2 $H F1 $8 %/ %i %9 4V J, ;6 $G $"$C $F $b ?^ 3, ?^ 4 $N$h$&$K8m$j3NN($r>.$5$/$9$k$3$H$,$G$-$k . ?^ 3: P ( C l ass 1) > P ( C l ass 2) $N>l9g 2.2 @h8+CN<1$H4QB,>pJs$H$NE}9g <B:] $K<1JL$r9T$J $&>l9g$N%Q%?!< %s$NH/@8IQEY $,;vA0J, I[ P ( C ) $H 40A4$K9g CW$7$F$$ $k;~$K%Y %$%:<1JL $OM}O@>e :G E,$J7k 2L$rM? $($k $O$:$G $"$k . $=$3$G 4D6-$K B8:_ $7$F$$ $k L@<( E* $K$O M? $($i $l$J $$ @h8+ CN <1$r %b %G%k 2=$7 , 3X=, $K $h $j;vA0 3NN($r 6a;w $9$kI, MW$,$" $k . <B :]$NJ# ;($J 4D6-$K $* 2

?^ 4: P ( C l ass 1) < P ( C lass 2) $N>l9g $$$F $O%Q %?!< %s$N H/ @8 2aDx $K MM!9$J I, A3 $,$"$C $F , $=$l $K $h$j;vA03N N($OMM!9 $J>u67 $dJ8L. $K1~$8 $F$"$kDx EYJP$j $, $"$k$3$H $,IaDL $G$" $k . $D $^$j<1 JL;~ $NMM!9$J >u67$d J8L. $rE,@Z$K@Z $jJ,$1 $F3X=, $9$k$3$H $G$h$j @:L)$J6a ;w$r9T $J $&$3$H$, $G$-$k . $=$3 $G;vA0 J,I[ $O>o$K 0BDj$7 $FB8:_ $7$F $$$k $b$N $G$G $O $J$/ , >u67 $dJ8 L. $K0M B8 $7$F 7h $^$k >r 7oIU $-3NN($G$" $k$H$7$F 9M$($k . Nc$($P $"$k%Q%? %s x $r%/%i%9 C $N$I $l$+ $KJ, N‘$9 $k;~ , <B:] $K$O %/%i %94V $NH/ @8IQ EY$, 4QB,;~$N>u 67$d%Q %?!<%s$, B8:_$7 $F$$$k >l=j$dA0 8e$NJ8 L. $K0M B8 $7 $F $$ $k $h $& $J >l 9g , ;v A0 J, I[ ( P ( C )) $O >u 67 ( S ) $K0MB8$7$?$b$N ( P ( C j S )) $K$J$C$F$$$k . $3 $N MM $J >u 67 $O M- L> $J Selfridge $N $" $$ $^ $$ $J J8 ;z Ns [2]( ?^ 5) $N >l 9g $K $b 8+ $F $H $l $k . 2 J8 ;z L\ $O $= $l <+ BN $@ $1$G$O $b $O$d ’A’ $J$N $+ ’H’ $O H=JL $,$D $+ $J$$ $, , 1 J8;z L\ $H 3 J8;z L\$NG’ <17k2L$H 2f!9$,L\$K $9$k$3$H $NB?$$C1 8l$K $h$kJ8;z$N JB$S$N $b$C$H$b $i$7$5 $NE}9g $N7k2L$H $7$F>e CJ $O ’H’, 2<CJ$O ’A’ $H7kO@$E$1$i$l$k . ?^ 5: Am biguous characters $3$N>l9g$K$ONY@\$7$? 1 J8;zL\$H 3 J8;zL\$N%Q%?!<%s$r >u67 ( $" $k $$ $O J8 L. ) S $H $7 $F , 2 J8 ;z L\ $N %Q %?!< %s $N <1 JL $O S $K 0M B8 $7 $? @h 8+ CN <1 $H E} 9g $5 $l $k $3 $H $G ’A’ $+ ’H’ $+ $,7hDj$5 $l$F$$ $k . $^$?$3 $N@h8+ CN<1 $OJ8;z %Q%?!<%s $H$O L@$i $+$K JL $N%l %Y %k$G Cj >]2= $5$l $F $*$j , J8 ;z%Q %?!<%s $, >.J8;z$G $"$C$?$jI. 5-BN$G $"$C$?$H $7$F$b F1$8MM $K:nMQ $9 $k$H9M$( $i$l$k . $= $3$G@h 8+CN<1 $N%b %G%k2= $O%Q%?!< %s$N =hM}$H$O FHN)$K BPEy $K9T$J $& . DL >o$N %Q%?!<%s <1JL4o $OL‘ EY P ( x j c i ) $r I=$9 $h $& $K 9=@. $5 $l $k $, , $3 $l $H $O JL$K @h 8+ CN<1$r>r 7oIU$-3N N( P ( c i j S ) $H$7 $F<B:]$N 3F>u67$G $NH/@8 IQEY$+$i3X=,$9$k . $3 $NN><T $rE}9g $7$? <0 (3) $r:GBg $H$9$k %/%i %9$r<1 JL7k 2L$H$9 $k$3$H $G2f!9$, <+A3$K 9T$J$C$F $$$kG’ <12aDx$, <B8= $G$-$k . P ( c i j x; S ) = P ( x j c i ) P ( c i j S ) P i P ( x j c i ) P ( C i j S ) (3) $3 $3 $G J, ;R Bh 0l 9‘ $N P ( x j c i ) $, 4Q B, >p Js $K 4X $9 $k =h M} $G , Bh Fs 9‘ P ( c i j S ) $,>u 67!& J8 L.$K 0M B8$9 $k @h8+ CN <1$G $" $k . $3 $l$i$O %Y%$%: $NDj M}$NCf $N@Q1i ;;$H$7 $F<+ A3$KE} 9g $5$l$F$$$k . 3 %Y %$ %8 %" %s %M%C %H $K $h $k @h 8+ CN <1 $N %b %G %k 2= A0>O $G=R$Y$?>u67$K 0MB8$7$?@h8+ CN<1$rI=$9>r 7oIU$-;v A03N N( $r$I $N $h$& $KI= 8= $7 , $I $N$h $&$K 3X =,$9 $k $+$, $3 $N OHAH$r %b%G%k 2=$9 $k>e$G $N%]%$ %s%H$H $J$k . K\>O 0J9_$G $O J#;($J 0MB84X78 $r;}$D >r7oIU $-3NN($r %0%i%U 9=B$$G 5-=R$9 $k3N N( %b%G %k , %Y %$%8 %" %s %M%C%H $K $h$C$F 4D 6-Fb $N >u 67!& J8L.$K0MB8$7$?@h8+CN<1$r3X=,$9$kJ}K!$r8!F$$9$k . 3.1 %0%i%U9=B$$r;}$D3NN(%b%G%k 3F ;v>] $r%N!< %I $GI= $7 , $= $N4V $N 0MB8 4X78 $rLp 0u$G 7k $s $G$$$/ $H$"$kNN 0h$K$D $$$F$N 4XO"CN<1 $rHs=[ 4D@-$N M-8~%0 %i%U!J Directed Acyclic Graph:DA G !K$H$7$FI=$9$3 $H$, $G$- $k!%!J X ! Y $K$* $$$F , X $r ?F%N!< %I , Y $r;R %N!< %I$H 8F$V!K $3$N DA G $H>r 7oIU $-3NN( $K$h $j9= @.$5 $l$k 3N N(%b%G %k$, <!$K>R 2p$9$k %Y%$%8 %"%s %M%C%H$G $"$k . 3NN( JQ ?t $r X , Y $N $h $& $K =q $- $= $l $> $l $N <B 8= CM $r x; y $H $9 $k . $3 $N X $H Y $N 4V $K 2? $i $+ $N 0M B8 4X 78 $, $" $k>l 9g , Nc $( $P !V$b $7 X = x $J $i $P Y = y !W $H $$ $& $h $& $K 5- =R $9 $k $3 $H$,$G $-$k . $7$+ $7<B@$ 3&$N MM!9$J;v >]$r9M $($k$H 0MB8 4X 78$O$H $F$bJ# ;($K9~$_ F~$C$F$$ $k$?$a J#;($J LdBj$K BP$7$F !V$b$7 X 1 = x 1 ; � � � ; X i = x i ; � � � $J$i$P Y = y !W $N$h$& $J7hDj O@E*$J5- =R$r40 A4$K9T $J$*$&$H $9$k$H 5-=RNL $,KDBg $K$J$j $d$,$F GKC> $r$-$? $9 . $= $3$G<g $?$k0M B84X 78$@$1 $K CmL\$7 , $5$i$K IT3N<B$J;v>] $r$b07$&$?$a $K!V$b$7 X = x $N;~ , Y = y $H $J$k 3N N( $O P ( y j x ) !W $H $$ $&3N N( 2= $r F3F~ $9$k . $3$N3NN($O X = x $H$J$k>u67$N$b $H$G , 7+$jJV $74Q B,$G $-$k ;v >] Y = y $N H/@8 IQEY , $"$k $$ $O Y $, y $G $"$k $H;W $o$l$k <g4Q E*$J 3N?. EY (Degree of b elief ) $H$7 $F2r <a $5$l$k . X $H Y $N A4 >u BV $N 5/ $3 $j F@$k >u BV $N H/ @8 IQ EY $O >r 7o IU $- 3N N( J, I[ P ( Y j X ) $K $h$C $F 5- =R $9 $k $3 $H $, $G $- $k . NN 0hFb $N A4$F $N AH9g $;E* $J 4X78 $r 5-=R $9 $k$N $G$J $/ , L@ <( E* 3

$J0M B84X 78$N $J $$;v >] 4V$O FH N)$G $"$k $H 2>Dj $7 , <g MW $J0M B84X78$@$1 $rCj=P $7$?%0 %i%U9=B$ $rM?$( $k$3$H$K $h$j7W ;; NL , 5-=R NL $NGz H/$, Hr$1 $i $l$k . $3$l $O $"$k <o$N 6a;w E* $J %b%G%k$G $"$j , Nc$( $P A � � � ; Z $N A4>u BV$NCf $G<g$? $k0M B8 4X78 $, X ; Y $N 4V$K $@ $1B8 :_ $9 $k$h $& $J >l9g $K $OA4 $F $N ;v >]$K$D$$$F $NF1;~ 3NN(J, I[$,<!<0 1&JU$N $h$&$K4J C12=$5 $l $k . P ( A; � � � ; X ; Y ; Z ) = P ( A ) � � � P ( X j Y ) P ( Y ) P ( Z ) $3$NMM$K %Y%$%8%"%s%M%C%H $K$h$k3NN(J,I[$NI=8=$O � D> 4QE*$KB*$($i$l$?0x2L4X78$N4V$N9=B$!J;v>]4V$N>r 7o$D$-FHN)@-!K$rMF0W$KI=8=$9$k$3$H$,$G$-$k!% � 3N N(E* CN<1 %G!<%? $NIt J,E* $JI=8= $KE, $7$F $*$j , B>$N NN0h , J8L.$XE>MQ$9$k:]$K$b%a%s%F%J%s%9$7$d$9$$!% � %k!< %k%Y!<%9$G5-=R$5$l$?8EE5E*$J%(%-%9%Q!<%H%7%9 %F %‘$K Hf$Y$F D>4Q E*$G $o$+ $j$d$9 $/ , <B 4D6- $G$N BPOC @-$KM%$l$k!%$^$?6I=jE*$J7W;; $N$?$aJBNsJ,;62=$7$d $9 $$!% 5U $K 3N N( E* $J %K%e!< %i %k %M%C %H $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$$$C$?FCD9$,$"$k!% 3.2 ?@7P2sO)>e$N%Y%$%8%"%s%M%C%H A0 5- $N >r 7o IU $- 3N N( P ( C j S ) $r I= $9 $? $a $K %Y %$ %8 %" %s %M%C%H $rMQ $$ $k$H , J#;( $J 0MB8 4X 78$K $" $k3N N( JQ?t $N4V $N 4X78$rM-8~ %0%i%U $GM?$( $k$3$H $GMM!9$J >u67$K1~ $8$?>r 7o IU$-3NN( $r%b%G %k2=$9 $k$3 $H$,$G $-$k . FC$K>r 7oIU$- 3NN( $r?@ 7P 2sO) LV $G 3X =,$9 $k BNNN $rMQ $$ $k $H O"B3 CM , B?<! 85%Y%/%H%k $r4^$‘ $h$&$J B?MM$J3N N(JQ?t $N<h07$$ $,MF0W $K $J$k%a%j%C%H$,$"$k 1#$lAX$r;}$DB?AX$N3, AX7?%K%e!<%i%k %M%C%H$OG$0U$N Hs @~7A <LA| $r6a ;w $9$k $3 $H$, CN $i$l , $^ $? $=$l $K BP$9 $k 3X=, K! $G $" $k BP K! $H 9g $o $; $F MM!9 $J NN 0h $G 1~ MQ $5 $l $F $$ $k . $3$l$r$r3F 3NN(JQ ?t$N>r 7oIU$-3N N($N<B 8=$KMQ$$ $k$3$H $r 9M$($k . I. <T $i $O 3N N( JQ ?t $N <! 85 $K 1~ $8 $? F~ =P NO AG ;R ?t $r MQ 0U $7 $? 0l AX $N 1# $l AX $r ;} $D <! $N $h $& $J 3 AX %K%e!< %i %k %M%C %H f ( x ) $rMQ $$$F>r 7oIU$-3N N($rI= 8=$9$k %b%G%k , BNNN: Ba y esian net w ork on neural netw orks ( ?@ 7P 2sO) $N>e $K <B8=$5 $l$? %Y%$ %8%" %s%M%C %H ) $r Ds0F $7$F $$$k [9, 10]. $3 $l$K $h$j 3NN( JQ ?t$, N% ;6B? CM , O" B3CM $N >l9g $K $D$$ $F $bE} 0lE*$K<h07$( , 3X=,$bMF0W$K$J$k%a%j%C%H$,$"$k . Y $, N% ;6 B? CM $N 3N N( JQ ?t Y = ( y 1 ; y 2 ; � � � ; y k ) $N >l 9g , k 8D $N %K%e!< %m %s ( %/ %i %9 %?!< ) $K $h $j Y $N 3N N( %Y %/ %H %k P ( Y = y 1 ) ; P ( Y = y 2 ) ; � � � ; P ( Y = y k ) $r I= $9 . 3F3N N(JQ ?t $KBP 1~ $7 $?%K%e!< %m %s%/ %i %9 %?!<$r F~ NOAX , =P NO AX $H$7$F 1 $D$N 1#$lAX$r;} $D 3 AX%K%e!<%i%k %M%C%H$rMQ$$ $F X = x $N$b$H$G $N>r7oIU $-3NN( 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* $K3M F@$7$? x , y $N%G!< %?!<%;%C%H $+$i Dj$^$k >r7o IU $-3N N( $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 . $3$N%b%G %k$O 3 AX$N?@7P2sO)$rB?CJ $K@\B3$7$?3,AX7??@ 7P2sO) LV$N>e $K2>A[E* $K%Y%$ %8%"%s %M%C%H$, I=8=$5 $l$?$b $N$K$J$C$F$$$k . Nc$($P3NN(JQ?t A; B ; C; D $NF1;~3NN($, P ( A; B ; C ; D ) = P ( D j C ) P ( C j A; B ) P ( B ) P ( A ) $N$h$&$J4X78$GI= $;$k>l9g , ?^ ?? $N:8 B&$N$h$&$J%0%i%U $G %b%G %k 2=$7 , 3F JQ ?t$N >r 7oIU $- 3NN( $r3X =, $7$? F1 ?^1& B& $N %K%e!<%i%k%M%C%H$K$h$j<B8=$G$-$k . ?^ 6: Bay esian netw ork on neural net w orks >u 67 $K 0M B8 $9 $k ;v A0 3N N( $O >u 67 S $r $$ $/ $D $+ $N 3N N( JQ ?t$NAH $G5-=R $7$?>r7o IU$-3N N($r%Y %$%8%" %s%M%C%H $G5-=R $G$-$l$P , ==J,$J<B%G!<%?$rMQ$$$F3X=,$G$-$k . 4

4 1~MQ 4.1 <j=q$-J8;zG’<1$N$?$a$NE}9g%7%9%F%‘ $3$3$G$OJ8L.!&>u67$K0MB8 $9$k;vA03NN( $N3X=,$HM- 8z@- $r<($9$?$a $NHf3S E*4JC1 $JNcBj$H $7$F<j =q$-J8;z G’<1$r 9M $($k . G’<1%b%8%e!< %k$H$7$F 20x20 $N%I%C%H%^ %H%j%/%9>e $K%^%&%9$G=q$$$?<j=q$-1Q;z 10 J8;z f A,B,C,D,E,H,I,J,K,T g $r 2x2 $N <u MF Ln $r ;} $D F~ NO AG ;R ( <u MF Ln Cf $N G; EY $K $h $j 0 � � � 4 $N CM $r$H $k ) $, 100 8D , Cf4V AG ;R$, 10 8D $N 1#$l AX 2 AX , =PNOAG;R$, 10 8D$N7W 4 AX$N%K%e!<%i%k%M%C%H , g ( x ) $r MQ$$ $F ?^ 7 $N>e Fs CJ $N 10 %Q %?!< %s$r J? 6Q Fs >h8m :9 $, 0.01 0J2<$K$J $k$^$G 3X=, $7$F<1 JL4o $r9=@. $7$? . $3$N %K%e!<%i %k%M%C%H$N =PNO$r J8;z %Q%?%s x $r M?$($? ;~$N J8;z i $KBP 1~ $9$k6a;wL‘EY f i ( x ) $H=q$/ . 0l J} , >u 67 $K 0M B8 $9 $k ;v A0 3N N( $H $7 $F , NY @\ $9 $k 1Q ;z C n � 1 , C n +1 $,M? $( $i$l $? ;~$N 4V $K64 $^ $l$? 1Q ;z C n $K 4X $9$k>r7oIU$-3NN( (10 <!853NN(%Y%/%H%k ) P ( C n j C n � 1 ; C n +1 ) $r 9M $( , 4 K| 3 @i 8l $+ $i $J $k 1Q C1 8l <- =q $N %G!< %? $r 65 ;U ?.9f $H$7 $F BNNN( $3$N >l 9g , 54-10-10 $N %K%e!< %i%k %M%C %H ) $r 3X =, $7 $? . $3 $N S = ( C n � 1 ; C n +1 ) $r M? $( $? ;~ $N P ( C n j S ) $N 3N N( %Y %/ %H %k $N $& $A J8 ;z i $K BP 1~ $9 $k $b $N $r g i ( S ) $H=q$/ . ?^ 7: >eFsCJ : 3X=,%Q%?!<%s , 2<CJ : %F%9%H%Q%?!<%s 3X=,8e $K H= FI $N :$ Fq$J G’ <1 BP >] ( ?^ 7 $N 2< 0l CJ ) $r M? $( , <! $N I.( :G L‘ 2r ),I I.( <0 (3) $K 4p $E $/ %Y %$ %: 2r ) $N Fs <T $N Hf 3S$r9T$J$& . I. P ( x j c i ) = f i ( x ) = P i f i ( x ) II. P ( c i j x; S ) = P ( x j c i ) � g i ( S ) = P i ( P ( x j c i ) � g i ( S )) C 1 =’C’, C 3 =’T’ $H G’ <1$7 $? ;~$N 2 J8 ;z L\ C 2 $K $D $$ ?^ 8: 3X=,$N35MW ?^ 9: <B83%7%9%F%‘35MW $F$N I., I I. $N?dDj7k2L$r2<I= ( C10L :%) $K<($9 . A B C D E H I J K T I 15.6 3.3 17.9 9.1 7.5 22.1 8.6 3.8 9.8 2.1 I I 75.2 0.0 0.4 0.0 3.3 4.7 12.7 0.0 3.8 0.0 $3 $l $K $h $j I. $G $O 8m G’ <1 $5 $l $F $$ $? 2 J8 ;z L\ $N H= FI :$ Fq $J J8 ;z $, , I I. $G $O 75.2% $N 9b $$ 3N ?. EY $G ‘A’ $H G’ <1 $G $- $F $$ $k . 0l J} , C 1 =’T’, C 3 =’E’ $N >l 9g $K $O C 2 =’H’ $H $J $k ?d Dj 7k 2L $O I. $G $O 22.1% $@$C $? $b $N $, , I I. $G $O 88.5% $G$"$C $? . 0J >e $N<B 83$+ $iJ8 L.!&>u 67$K 0M B8$9$k @h8+CN<1 $rE}9g $7$?%b %G%k$K$h $j$h$j <+A3$J G’<17k 2L$,F@$i$l$k$3$H$,$o$+$k . 5 5DO@ 5.1 <1 JL 2a Dx $K $* $1 $k @h 8+ CN <1 $H 4Q B, $H $N Aj 8_:nMQ A* Br E* Cm 0U 5! 9=$N %b %G %k [6] $G $O G’ <1 %b %8%e!< %k $H9b <! >pJs$N @)8f2sO) $,Aj8_ $K$h$j L)@\$K4X $o$k$3 $H$G<1 JL2aDx $N %@ %$ %J %_ %/ %9 $, <B 8= $5 $l $F $$ $k . K\ O@ J8 , A0 >O $G $O 1 J8;zL\$H 3 J8 ;zL\$N<1 JL$,4{$K 3NDj$7$F $$$k>l9g $r9M$($? 5

$, , <1JL2aDx$,F0E*$K?J$‘>l9g$O 1 J8;z L\ , 3 J8;zL\$N<1JL 7k2L$r3NDj $;$:%Y %$%:;v 8e3NN($K $h$k3N ?.EY$rF@ $k$3$H $K BP1~$7$F$$$k . $3$N;~ 1 J8;zL\ , 3 J8;zL\$N<1JL$K$D$$$F$O $=$N;~E@$G $NFsJ8 ;zL\$N <1JL7k2L $,1F6A $9$k$H9M $($l$P $h $$ . <1 JL2aDx $N t %9%F%C %WL\ $N7k 2L ( 3N ?.EY ) $r C t $GI= $9 $H , 3F %9 %F%C %W Kh $K 3F J8 ;z $N <1 JL 7k 2L C t i $, 8r 8_ $K 99 ?7 $5 $l$F $$ $/$3 $H $K $J $k . $7 $?$,$C $F ?^ 10 $N MM $J;~ 4V H/ E8 $r 4^$‘%Y %$%8 %"%s %M%C%H (T emp oral Dynamic Netw ork) $r MQ$$$FA0>O$HF1MM$NE}9g%b%G%k$r9=@.$9$k$3$H$,$G$-$k . ?^ 10: G’<12aDx$K$*$1$k;~4VH/E8$r4^$‘%Y%$%8%"%s%M%C%H 5.2 4XO"8&5f A0 8e $N 0M B8 4X 78 $r 9M N8 $7 $F 3X =, $9 $k G’ <1 %b %G %k $H $7 $F HMM(Hidden Marko v Mo del) $, $" $j , <j =q $- G’ <1 $X $b E,MQ $5 $l $F $$ $k [5] $, , HMM $G $O <1 JL $9 $k C1 8l Kh $K %b %G %k2= $9$k $N$K BP $7 , K\ <jK! $G$O J8 ;z4V $N J8L. 0M B8@- $H J8;z JL4o$N3X=, $rFHN) $K9T$J $$:G=*E* $KE}9g $9$kE@$, Bg$-$/ 0[ $J$C$F$$ $k . <B:] , 2f!9 $N@h 8+ CN<1 $OJ8 ;z %Q%?!< %s$H $O L@ $i$+ $KJL $N %l%Y %k $GCj >] 2=$5 $l$F $* $j , J8 ;z %Q%?!< %s$, >. J8;z$G$"$C $?$jI.5- BN$G$"$C $?$H$7 $F$bF1 $8MM$K :nMQ$9 $k $H9M$($i$l $k$3$H $+$i@h 8+CN<1 $N%b%G %k2=$r%Q %?!<%s$N =h M}$H$OFHN) $KBPEy $K9T$J $&K\<j K!$NJ} $,<+A3$J 9=@.$K $J$C $F$$$k$H ;W$o$l $k . $^ $?<BMQ 2=$5 $l$F$$ $kJ8;z G’<1$N Cf$K $OC1 8l<- =q$r MQ $$$k $b $N$b 4{ $KB? $/$" $k $, , K\ 8&5f $G $O<- =q$+$i$O3N N(E*$J J8;z$N NY@\4X78 $N$_$r @h8+CN<1 $H$7$F Cj =P$7 $F$$ $k$? $a MxMQ $7 $F$$ $k >pJs , %7 %9 %F%‘ $N @-<A $, K\<A E*$K0[$J$k . 5.3 :#8e$N2]Bj 5-9f$H%Q%?!<%s$NE}9g [7, 8] $H$$$& 4QE@$G$O , BNNN $O G$0U$N3NN( JQ?t$N Aj8_4X 78$K$D$$ $F$O$h $jCj>]EY $N9b$$ %0 %i%U9=B$ $GI=8= $G$-$k FCD9 $,$"$k . $=$l $rMxMQ $7$F:# 8e$O 2f!9$, ?H 6a$K @\ $7$F $$ $k $h$j 9- HO$J Ld Bj$K $D $$$F , MM!9 $J J8L.0M B84X78$r %0%i%U 9=B$$G 5-=R$7G’ CNE*$K $b$h$j ?M4V$H F1MM$N @h8+CN<1 $r3X=, $K$h$j 3MF@$7$F $$$/$3 $H$,=E MW$J2] Bj$G$" $k . FC $K:#2s <($7 $?OHAH $O$h$j 9-HO$J %Y%$ %:7hDj $N 1~MQ Ld Bj$K $b E,MQ $G$- $k $?$a , :#8e $O%+ %a %i2h A| $+$i $N J* BNG’<1$K$D$$$F$N<B83I>2A$J$I$b9T$J$&M=Dj$G$"$k . 6 <U<- M- 1W $J 8f 5D O@ $r $$ $? $@ $$ $? EE Am 8& Kc @8 1Q <y <g G$ 8& 5f 41 ( 3X =, E} 9g 4p AC %i %\ %j!< %@!< ) $K 46 <U $$ $? $7 $^ $9 . %[!< %‘ %Z!<%8$N %"%W%l%C %H$r;2 9M$K$5 $;$F$$ $?$@$$ $?7D1~Bg 3X@. ED;a$K?<<U$$$?$7$^$9 . ;2 9M J8 8% [1] HKKq : \ 0U;V7hDj$NG’CNE}7W3X ", D+AR=qE9 , (1995). [2] Rumelhart,D.E., Hinton,G.E., and Williams,R.J.: \Learn- ing internal represenations by error propagation," in Par al lel Distribute d Pr o c essing V olume 1, J.L.McCleland, D.E.Rumelhard, and The PDP Ressearch group, MIT Press., (1986). [3] BgDE : \ %Q%?!<%sG’<1$H3X=,$N4pACM}O@ ", %K%e!<%m%3%s%T%e!< %F%#%s%0$H$=$N<~JU , G>$H%3%s%T%e!<%? , 2, G]Iw4[ , (1995). [4] H.Asoh: \So cially embedded learning of the o�ce- conv er rob ot Jijo-2", Pro c. of the 15th IJCAI, pp.880- 885, (1997). [5] Se-Chang Oh, Jin-Y oung Ha and Jin-H.Kim: \Context Dep endent Search in Interconnected Hidden Marko v Mo del for Unconstrained Hand W riting Recognition", Pattern R e c o gnition , V ol.28, No.11, pp.1693{1704, (1995). [6] >1 Ln , J! Eg : \ A* Br E* Cm 0U 5! 9= $r MQ $$ $? 1Q J8 I. 5- BN J8 ;z Ns G’ <1 ", ?@ 7P 2s O) 3X 2q Bh 6 2s A4 9q Bg 2q O@ J8 =8 , p.272{273, (1995). [7] @P @n , >> Hx : \ ;k3PG’ CN$K$* $1$k%3 %s%F%/ %9%H0M B8@-$NE} 9gE* %b%G%k 2=$N;n $_ ", 5-9f$H%Q %?!<%s$NE} 9g=hM}%o!< %/%7%g%C%W O@J8=8 , pp.9{14, (1994). [8] @> , Bg4X , :y0f , Bg?9 : \ 5-9f$H%Q%?!<%s$NE}9g$K$h$k2hA|M}2r $N $?$a $N 0lJ} <0 ", 7W B,<+ F0 @)8f 3X 2qO@ J8;o , vol.30, No.11, pp.1368{1377, (1994). [9] Y.Motomura, I.Hara, H.Asoh, and T.Matsui: \Bay esian Netw ork that Learns Conditional Probabilities by Neu- ral Netw orks" , Pr o c. of International Confer enc e on Neur al Information Pr o c essing ’97 ,(1997). [10] K\B< \ B?AX%Q!<%;%W%H%m%s$rMQ$$$?%Y%$%8%"%s%M%C%H$K$h$k 3NN( ?d O@ ", ?@ 7P2s O)3X 2qBh 7 2s A49q Bg2q O@J8 =8 , p.243{244, (1996). 6