:G E, $J %Y %$ %: <1 JL $N $? $a $N >u 67 0M B8 $N ;v A0 3N N( $N 3X =, K\ B< M[ 0l ( P Y ) ( motomura@etl.go.jp ) EE ;R 5; =Q Am 9g 8& 5f =j >p Js 2J 3X It Learning Situated Prior Probability for Optimum Ba y esian Discrimination Y oic hi Motom ura ( motomura@etl.go.jp ) Electrotec hnical Lab oratory Information Science Division ABSTRA CT: F or optimum Bay esian discrimination, w e hav e to obtain prop er prior probabilities, which sometimes depends on particular situation. These situated prior probabilities can b e mo deled by Bay esian netw orks. Esp ecially , Ba y esian netw ork on neural netw orks (BNNN) has some adv an tages for learning situated prior in the real world en vironmen t. As preliminary exp eriments, the learning situated prior probabilities from an English dictionary is shown. It can apply to handwriting character recognition using Bay esian discrimination. The result improv e recognition performance b etter than an ordinal neural netw ork classi�er. 1 $O $8 $a $K %Y %$ %: E* 0U ;V 7h Dj M} O@ $K $h $j ?M 4V $N 0U ;V 7h Dj 2a Dx $r 2r L@ $9 $k ;n $_ $, $" $k $, , <B :] E* $J >l LL $K $* $1 $k ?M 4V $N D> 4Q E* $J 2r $H $N P* N% $, ?4 M} 3X <B 83 $J $I $r DL $8 $F $7 $P $7 $P ;X E& $5 $l $F $- $? !# $7 $+ $7 , ;v A0 3N N( ( $* $h $S B; <: 4X ?t ) $O 0l Dj $J $b $N $G $" $k $N $G $O $J $/ >u 67 $d J8 L. $K 1~ $8 $F %@ %$ %J %_ %C %/ $K JQ 2= $9 $k $b $N $H 9M $( $k $3 $H $K $h $j $3 $N IT @0 9g $, 2r 7h $G $- $k $H $$ $& <g D% $b $5 $l $F $$ $k [1] !# %Q %? !< %s G’ <1 $K $* $$ $F $b %Y %$ %: ;v 8e 3N N( $K 4p $E $/ %Y %$ %: <1 JL $O M} O@ >e :G E, 2r $r M? $( $k $, , <B :] $K $O 3X =, ;~ $N >u 67 $H <1 JL ;~ $N >u 67 $H :9 0[ $, Cx $7 $$ >l 9g $K $O <1 JL 4o $, NI $/ 3X =, $5 $l $F $$ $? $H $7 $F $b 7k 2L $O K~ B- $9 $k $b $N $H $J $i $J $$ !# $3 $N >l 9g , <1 JL ;~ $N >u 67 8G M- $N %Q %? !< %s H/ @8 IQ EY $r >u 67 0M B8 $N ;v A0 3N N( $H $7 $F I= $7 , JL ES 3X =, $7 $? :G L‘ ?d Dj $K 4p $E $/ <1 JL 4o $N =P NO $H E} 9g $7 $? %Y %$ %: 2r $r 5a $a $l $P , 8G Dj $7 $? ;v A0 J, I[ $r MQ $$ $k $b $N $K Hf $Y $F @- G= $, 8~ >e $9 $k $H 4| BT $G $- $k !# $^ $? !" %R %H $, MQ $$ $F $$ $k @h 83 3N N( $r >p Js =h M} $K Mx MQ $9 $k $? $a $K ?d Dj $7 $h $& $H $$ $& ;n $_ [2] $, $" $k !# B? MM $J >u 67 $G %R %H $, <+ A3 $K ;H MQ $7 $F $$ $k @h 83 3N N( $N %b %G %k 2= $N $? $a $K $O J8 L. $d >u 67 ( BP >] 0J 30 $N 4Q B, %G !< %? ) $K 0M B8 $7 $? $b $N $K $9 $k $3 $H $, I, MW $@ $m $& !# $9 $J $o $A ;v A0 3N N( $O BP >] 0J 30 $N 4Q B, >p Js $+ $i F0 E* $K JQ 2= $9 $k 0l <o $N >r 7o IU $- 3N N( $G $" $k $H 9M $( $3 $l $r 3X =, $9 $k $3 $H $r 9M $( $k !# $3 $N ;~ , ;v A0 3N N( $N I= 8= J} K! ( %b %G %k ) $H $= $l $r 6q BN E* $K <B 8= $9 $k 3X =, J} K! $, %] %$ %s %H $H $J $k !# $3 $3 $G $O , I. <T $i $, Ds 0F $7 $F $$ $k ?@ 7P 2s O) >e $N %Y %$ %8 %" %s %M %C %H (BNNN: Ba y esian netw ork on Neural Net- w orks) $r MQ $$ $F >u 67 $K 0M B8 $7 $? ;v A0 3N N( $N %b %G %k 2= $r 9T $J $& !# $3 $l $K $h $j L@ <( E* $J JQ ?t %l %Y %k $G 0M B8 4X 78 $r %0 %i %U 9= B$ $G I= 8= $7 BP K! $G 3X =, $r 9T $& !# 4J C1 $J 1~ MQ Nc $H $7 $F 1Q C1 8l <- =q $K $h $j J8 ;z $N ;v A0 3N N( $r 3X =, $7 , $3 $l $H 3F %Q %? %s $r 8D JL $K 3X =, $7 $? 4 AX $N ?@ 7P 2s O) LV $H E} 9g $7 $F 1Q ;z G’ <1 $r 9T $J $C $? 7k 2L $r <( $9 !# 2 >u 67 0M B8 $N ;v A0 3N N( $r MQ $$ $k %Y %$ %: <1 JL %i %Y %k C $r ;} $D %Q %? !< %s x %5 %s %W %k %; %C %H $r 3X =, $7 $F <1 JL ( J, N‘ ) 4o $r 9= @. $9 $k !# $3 $3 $G <1 JL 4o $H $7 $F B? AX %K %e !< %i %k %M %C %H $r MQ $$ , BP K! $G 3X =, $9 $k J} K! $, NI $/ CN $i $l $F $$ $k !# M} A[ E* $J 3X =, 8e $N <1 JL 4o $O 6a ;w E* $K <0 (1) $N ;v 8e 3N N( $r :G Bg $K $9 $k %Y %$ %: <1 JL $r 9T $J $& $b $N $H $_ $J $; $k [3] ( 3F %/ %i %9 $N %Q %? %s ?t $r F1 0l $K $9 $k $J $I $7 $F ;v A0 J, I[ $r 0l MM J, I[ $H $7 $? >l 9g $O :G L‘ ?d Dj $H Ey 2A $H $J $k ) !# P ( C i j x ) = P ( x j C i ) P ( C i ) P i P ( x j C i ) P ( C i ) (1) Key W ords : >p Js E} 9g , %Y %$ %: <1 JL , 3N N( ?d O@ <B :] $K <1 JL $r 9T $J $& >l 9g $N %Q %? !< %s $N H/ @8 IQ EY $, ;v A0 J, I[ P ( C i ) $H 9g CW $7 $F $$ $k >l 9g $K $O $3 $N %Y %$ %: <1 JL $O M} O@ >e :G E, $G $" $k $, , <B :] $K $O <1 JL ;~ $N >u 67 $, 3X =, ;~ $N >u 67 $H 0l CW $7 $J $$ 2D G= @- $, @8 $8 $k !# Nc $( $P $" $k %Q %? %s x $r %/ %i %9 C i $N $I $l $+ $K J, N‘ $9 $k ;~ , <B :] $K $O %/ %i %9 4V $N H/ @8 IQ EY $, 4Q B, ;~ 4V $d 4Q B, >l =j $K 0M B8 $7 $F $$ $k $h $& $J >l 9g , ;v A0 J, I[ ( P ( C i )) $O >u 67 ( S ) $K 0M B8 $7 $? $b $N $K $J $C $F $$ $k !# $= $3 $G $3 $l $r >r 7o IU $- 3N N( P ( C i j S ) $H $7 $F 9M $( , JL $N 3N N( %b %G %k $r MQ $$ $F 3X =, $9 $k !# $3 $l $H DL >o $N :G L‘ 2r $r 3X =, $7 $? <1 JL 4o $+ $i F@ $i $l $k L‘ EY P ( x j C i ) $H $r E} 9g $7 $? <0 (2) $r :G Bg $H $9 $k %/ %i %9 $r <1 JL 7k 2L $H $9 $k !# P ( C i j x; S ) = P ( x j C i ) P ( C i j S ) P i P ( x j C i ) P ( C i j S ) (2) 3 %Y %$ %8 %" %s %M %C %H A0 5- $N >r 7o IU $- 3N N( P ( C i j S ) $r I= $9 $? $a $K %Y %$ %8 %" %s %M %C %H $r MQ $$ $k $H , J# ;( $J 0M B8 4X 78 $K $" $k 3N N( JQ ?t $N 4V $N 4X 78 $r M- 8~ %0 %i %U $G M? $( $k $3 $H $G MM !9 $J >u 67 $K 1~ $8 $? >r 7o IU $- 3N N( $r %b %G %k 2= $9 $k $3 $H $, $G $- $k !# FC $K >r 7o IU $- 3N N( $r ?@ 7P 2s O) LV $G 3X =, $9 $k BNNN $r MQ $$ $k $H O" B3 CM , B? <! 85 %Y %/ %H %k $r 4^ $‘ $h $& $J B? MM $J 3N N( JQ ?t $N <h 07 $$ $, MF 0W $K $J $k %a %j %C %H $, $" $k [8, 9] !# $3 $N %b %G %k $O 3 AX $N ?@ 7P 2s O) $r B? CJ $K @\ B3 $7 $? 3, AX 7? ?@ 7P 2s O) LV $N >e $K 2> A[ E* $K %Y %$ %8 %" %s %M %C %H $, I= 8= $5 $l $? $b $N $K $J $C $F $$ $k !# Nc $( $P 3N N( JQ ?t A; B ; C ; D $N F1 ;~ 3N N( $, P ( A; B ; C ; D ) = P ( D j C ) P ( C j A; B ) P ( B ) P ( A ) $N $h $& $J 4X 78 $G I= $; $k >l 9g , ?^ 1 $N :8 B& $N $h $& $J %0 %i %U $G %b %G %k 2= $7 , 3F JQ ?t $N >r 7o IU $- 3N N( $r 3X =, $7 $? F1 ?^ 1& B& $N %K %e !< %i %k %M %C %H $K $h $j <B 8= $G $- $k !# >u 67 $K 0M B8 $9 $k ;v A0 3N N( $O >u 67 S $r $$ $/ $D $+ $N 3N N( JQ ?t $N AH $G 5- =R $7 $? >r 7o IU $- 3N N( $r %Y %$ %8 %" %s %M %C %H $G 5- =R $G $- $l $P , == J, $J <B %G !< %? $r MQ $$ $F 3X =, $G $- $k !# Fig. 1: ?@ 7P 2s O) >e $N %Y %$ %8 %" %s %M %C %H (BNNN)

4 %7 %_ %e %l !< %7 %g %s $3 $3 $G $O >u 67 $K 0M B8 $9 $k ;v A0 3N N( $N 3X =, $H M- 8z @- $r <( $9 $? $a $N Hf 3S E* 4J C1 $J Nc Bj $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 $$ $? <j =q $- 1Q ;z 10 J8 ;z f A,B,C,D,E,H,I,J,K,T g $r 2x2 $N <u MF Ln $r ;} $D F~ NO AG ;R 100 8D , Cf 4V AG ;R 10 8D $N 1# $l AX 2 AX , =P NO AG ;R 10 8D $N 4 AX $N ?@ 7P 2s O) LV , g ( x ) $r MQ $$ $F J? 6Q Fs >h 8m :9 $, 0.01 0J 2< $K $J $k $^ $G 3X =, $7 $? !# $3 $N =P NO $r J8 ;z %Q %? %s x $r M? $( $? ;~ $N J8 ;z i $K BP 1~ $9 $k 6a ;w L‘ 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 � 1 , C +1 $, M? $( $i $l $? ;~ $N 4V $K 64 $^ $l $? 1Q ;z C 0 $K 4X $9 $k >r 7o IU $- 3N N( (26 <! 85 3N N( %Y %/ %H %k ) P ( C 0 j C � 1 ; C +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 , 54-10-26 $N ?@ 7P 2s O) LV ) $r 3X =, $7 $? !# S = ( C � 1 ; C +1 ) $r M? $( $? ;~ $N C 0 $N 26 <! 85 3N N( %Y %/ %H %k $N $& $A J8 ;z i $K BP 1~ $9 $k $b $N $r g i ( S ) $H =q $/ !# Fig. 2: <B 83 %7 %9 %F %‘ 35 MW Fig. 3: >e Fs CJ : 3X =, %Q %? %s , 2< 0l CJ : %F %9 %H %Q %? %s 3X =, 8e $K H= FI $N :$ Fq $J G’ <1 BP >] ( ?^ 4 $N :G 2< CJ ) $r M? $( , <! $N I.( :G L‘ 2r ),I I.( <0 (2) $K 4p $E $/ %Y %$ %: 2r ) $N Fs <T $N Hf 3S $r 9T $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 +1 =’T’ $H G’ <1 $7 $? ;~ $N 2 J8 ;z L\ $K 4X $9 $k I., I I. $N ?d Dj 7k 2L $r 2< I= ( C1 0L :%) $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 II 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 $$ $? 2 J8 ;z L\ $N H= FI :$ Fq $J J8 ;z $, , I I. $G $O ‘A’ $H G’ <1 $G $- $F $$ $k !# 5 5D O@ 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) $, $" $j , <j =q $- G’ <1 $X $b E, MQ $5 $l $F $$ $k [4] $, , HMM $G $O <1 JL $9 $k C1 8l Kh $K %b %G %k 2= $9 $k $N $K BP $7 , K\ <j K! $G $O J8 L. 0M B8 @- $H 8D JL $N :G L‘ <1 JL 3X =, $r FH N) $K 3X =, $7 , <1 JL ;~ $K E} 9g $9 $k E@ $, Bg $- $/ 0[ $J $C $F $$ $k !# 0l J} , A* Br E* Cm 0U 5! 9= $N %b %G %k [5] $G $O G’ <1 %b %8 %e !< %k $H 9b <! >p Js $N @) 8f 2s O) $, Aj 8_ $K $h $j L) @\ $K 4X $o $C $F $* $j , $3 $N $h $& $J G’ <1 2a Dx $N %@ %$ %J %_ %/ %9 $K $* $1 $k ;v A0 CN <1 $N Mx MQ $K $D $$ $F $b 0z B3 $- 8! F$ $r 9T $J $$ $? $$ !# $^ $? 5- 9f $H %Q %? !< %s $N E} 9g [6, 7] $H $$ $& 4Q E@ $G $O , BNNN $O G$ 0U $N 3N N( JQ ?t $N Aj 8_ 4X 78 $K $D $$ $F $O $h $j Cj >] EY $N 9b $$ %0 %i %U 9= B$ $G I= 8= $9 $k FC D9 $, $" $k !# :# 8e $O 2f !9 $, ?H 6a $K @\ $7 $F $$ $k $h $j 9- HO $J Ld Bj $K $D $$ $F , J8 L. 0M B8 4X 78 $r <+ A3 $K %b %G %k 2= $7 G’ CN E* $K $b $h $j ?M 4V $K 6a $$ ?6 Iq $r <B 8= $9 $k $3 $H $, 2] Bj $G $" $k !# 6 <U <- %[ !< %‘ %Z !< %8 $N %" %W %l %C %H $r ;2 9M $K $5 $; $F $$ $? $@ $$ $? 7D 1~ Bg 3X @. ED ;a $K 46 <U $$ $? $7 $^ $9 !# ;2 9M J8 8% [1] HK Kq : \ 0U ;V 7h Dj $N G’ CN E} 7W 3X ", D+ AR =q E9 , (1995). [2] >e :d , ;3 4_ , Ln Bt : \ 3X =, $K $* $1 $k %R %H $N M= Hw CN <1 $K $D $$ $F ", ?@ 7P 2s O) 3X 2q Bh 6 2s A4 9q Bg 2q O@ J8 =8 , p.243{ 244, (1995). [3] Bg DE : \ %Q %? !< %s G’ <1 $H 3X =, $N 4p AC M} O@ ", %K %e !< %m %3 %s %T %e !< %F %# %s %0 $H $= $N <~ JU , G> $H %3 %s %T %e !< %? , 2, G] Iw 4[ , (1995). [4] Se-Chang Oh, Jin-Y oung Ha and Jin-H.Kim: \Con- text Dep endent Search in In terconnected Hidden Marko v Mo del for Unconstrained Hand W riting Recog- nition", Pattern R e c o gnition , V ol.28, No.11, pp.1693{ 1704, (1995). [5] >1 Ln , J! Eg : \ A* Br E* Cm 0U 5! 9= $r MQ $$ $? 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). [6] @P @n , >> Hx : \ ;k 3P G’ CN $K $* $1 $k %3 %s %F %/ %9 %H 0M B8 @- $N E} 9g E* %b %G %k 2= $N ;n $_ ", 5- 9f $H %Q %? !< %s $N E} 9g =h M} %o !< %/ %7 %g %C %W O@ J8 =8 , pp.9{14, (1994). [7] @> , Bg 4X , :y 0f , Bg ?9 : \ 5- 9f $H %Q %? !< %s $N E} 9g $K $h $k 2h A| M} 2r $N $? $a $N 0l J} <0 ", 7W B, <+ F0 @) 8f 3X 2q O@ J8 ;o , vol.30, No.11, pp.1368{1377, (1994). [8] Y,Motom ura, I.Hara, H.Asoh, and T.Matsui: \Bay esian Netw ork that Learns Conditional Probabilities by Neural Netw orks" , Pr o c. of International Confer- enc e on Neur al Information Pr o c essing ’97 ,(1997). [9] K\ B< \ B? AX %Q !< %; %W %H %m %s $r MQ $$ $? %Y %$ %8 %" %s %M %C %H $K $h $k 3N N( ?d O@ ", ?@ 7P 2s O) 3X 2q Bh 7 2s A4 9q Bg 2q O@ J8 =8 , p.243{244, (1996).