=E>v%(%M%k%.!<4X?t$K$h$kB?AX%Q!<%;%W%H%m%s$N>iD9@-:o8: � 9b66 N4;K y FA1J N4<# z 1997 G/ 3 7n 35MW B? AX %Q!< %; %W %H %m %s $N 3X =, M} O@ $H $= $N 1~ MQ $K $* $$ $F!$ 7k 9g $d AG ;R $N >i D9 @- $,!$ HF 2= G= NO $N Dc 2< $r 0z $- 5/ $3 $7!$ Fb It I= 8= $r IT L@ 3N $K $7 $F $= $N 2r @O $r :$ Fq $K $9 $k $3 $H $, CN $i $l $F $$ $k!% K\ O@ J8 $G $O!$ =P NO 7W ;; $K MQ $$ $k Cf 4V AX AG ;R ?t $N 0[ $J $k 8m :9 4X ?t $r J# ?t 8D 2C ;; $7 $? 4J L@ $J %( %M %k %.!< 4X ?t ( =E >v %( %M %k %.!< 4X ?t ) $r 8! F$ $7!$ $3 $N %( %M %k %.!< 4X ?t $r MQ $$ $? 3X =, $K $h$C $F >i D9 @- $N Dc $$ %Q!< %; %W %H %m %s $, 9= @. $5 $l!$ Cf 4V AX AG ;R $, 4s M? =g $K JB $s $@ L@ 3N $J Fb It I= 8= $, F@ $i $l $k $3 $H $r Ds <( $9 $k!% $5 $i $K!$HF2=G=NO2~A1$K$*$1$kM-8z@-$K$D$$$FO@5D$9$k!% 1 $^$($,$- Rumelhart[1] $K $h $k 8m :9 5U EA HB 3X =, B’ $N Ds 0F 0J 9_!$ B? AX %Q!< %; %W %H %m %s $N 3X =, M} O@ $H $= $N 1~ MQ $, I} 9- $/ 8& 5f $5 $l $F $$ $k!% $= $N M} O@ E* B& LL $K $* $$ $F $O 3 AX %Q!< %; %W %H %m %s $N 6a ;w K| G= @- $, >Z L@ $5 $l $F $* $j!$ == J, $J ?t $N Cf 4V AX AG ;R $r M- $9 $k %Q!< %; %W %H %m %s $O G$ 0U $N 4X ?t $r 6a ;w$G$-$k$3$H $,CN$i$l$F$$ $k [2, 3, 4] !% $7$+$7!$<BMx E* B& LL $K $* $$ $F $O!$ Cf 4V AX AG ;R $N >i D9 @- $, L$ 3X =, %G!< %? $K BP $9 $k =h M} G= NO ( HF 2= G= NO ) $N Dc 2< $r 0z $- 5/ $3 $7!$ Fb It I= 8= $N 2r @O $r :$ Fq $K $9 $k $H $$ $& Ld Bj E@ $b ;X E& $5 $l $F $$ $k [5] !% $3 $N ;k E@ $K $* $$ $F B? AX %Q!< %; %W %H %m %s $N >i D9 @-$r:o8:$9$k<jK!$,8!F$$5$l$F$*$j!$ 1. 0[ $J $k AG ;R ?t $d 7k 9g ?t $G 9= @. $5 $l $? %Q!< %; %W %H %m %s$NCf$G:GE,$J$b$N$rA*Br$9$kJ}K! [6, 7] 2. == J, $J AG ;R $* $h $S 7k 9g $r M- $9 $k %Q!< %; %W %H %m %s $N 9=B$$rJQ2=$5$;>iD9@-$r:o8:$9$kJ}K! [8] (2-a) 8m :9 5U EA HB 3X =, Cf $" $k $$ $O 3X =, 8e $K!$ E, Ev $J4p =‘ $K =>$C $F IT MW$J AG ;R $H 7k 9g $r:o =| $9$kJ}<0 [9, 10] (2-b) <+ M3 EY $K 4X $9 $k @) Ls 9‘ $r IU 2C $7 $? %( %M %k %.!< 4X ?t $K$h$C $F >i D9 $J 7k 9g $r <+ N’ E*$K 8: <e$5$;$kJ}<0 [11, 12, 5] Ey$,Ds0F$5$l$F$$$k!% � EE;R>pJsDL?.3X2qOBJ8O@J8;o D-I I $K7G:\7hDj y C^GHBg3XBg3X1!Gn;N2]Dx9)3X8&5f2J ume@c haos.is.tsukuba.ac.jp z C^GHBg3XEE;R!&>pJs9)3X7O B> J}!$ I. <T $i [13] $O!$ 3 AX @~ 7A %Q!< %; %W %H %m %s $N 91 Ey <L A| 3X =, $K $* $$ $F!$ KL JQ 49 $K 0l CW $7 $? Fb It I= 8= $r 3MF@ $9 $k $? $a $N 4J L@$J %( %M %k %.!< 4X ?t ( =E >v %(%M %k %.!< 4X?t ) $r 8! F$ $7 $F $*$j!$ Cf 4V AX AG ;R$N 7k 9g $r 4s M?$N Bg $- $5 $K =>$C $F 6/ 2= $9 $k $3 $H $G >i D9 @- $N Dc $$ Fb It I= 8= $, 3M F@ $G $- $k $3 $H $r ;X E& $7 $F $$ $k!% FC $K!$ =E >v %( %M %k %.!< 4X ?t $K $O %Q!< %; %W %H %m %s $N 9= B$ >e $N @) Ls $O $J $$ $? $a!$ >e=R$N%+%F%4%j (2-b) $N 0lJ}<0$H$7$F 0lHL$N3X=,2]Bj $K E, MQ $G $- $k!% $= $3 $G K\ 8& 5f $G $O!$ 0l JQ ?t $N 4X ?t 6a ;w Ld Bj $* $h $S Fs <! 85 %Q %?!< %s J, N‘ Ld Bj $r Nc $K!$ =E >v %( %M %k %.!< 4X ?t $K 4p $E $/ 3X =, B’ $K $h$C $F!$ >i D9 @- $N Dc $$ Fb It I= 8= $r ;} $D %Q!< %; %W %H %m %s $, 9= @. $G $- $k $3 $H $r Js 9p $9 $k!% 0J9_!$ 2 $K$*$$$F=E>v%(%M%k%.!<4X?t $K4p$E$/3X=,B’ $K$D$$ $F@b L@$7!$ 3 $K$* $$$F $=$NM- 8z@- $r?tCM <B83 $K$h $j<($9!% $5$i $K!$ 4 $K$*$$ $F>i D9@- $N:o8: $HHF 2=G= NO$H $N4XO" $K$D $$$F5D O@$7!$ 5 $K $*$$$F 7kO@ $H:#8e $N2] Bj$r =R$Y$k!% 2 =E>v%(%M%k%.!<4X?t$K4p$E$/3X=,B’ 2.1 =tDj5A =E >v %( %M %k %.!< 4X ?t $K 4p $E $/ 3X =, B’ $N F3 F~ $K :] $7 $F $$$/$D$+$NDj5A$r9T$&!% Dj5A 1 ItJ,%Q!<%;%W%H%m%s F~ NO AX AG ;R N 8D!$ Cf 4V AX AG ;R H 8D!$ =P NO AX AG ;R M 8D$+$i@.$k 3 AX%Q!<%;%W%H%m%s$K$*$$$F 1 !$F~NO x = T [ x 1 ; x 2 ; : : : ; x N ] (1) $,M?$($i$l$?$H$-$NCf4VAXAG;R$N=PNO$r u = T [ u 1 ; u 2 ; : : : ; u H ] (2) $H$9$k!% u h ( h = 1 ; 2 ; : : : ; H ) $O u h = � N X n =1 v h;n x n + v h; 0 ! (3) $G M? $( $i $l $k!% $? $@ $7!$ v h;n $O Cf 4V AX Bh h AG ;R $H F~ NO AXBh n AG ;R $N 7k 9g!$ v h; 0 $O$7 $- $$ CM $r I= $7!$ � ( � ) $OCf 1 0J9_ $N 5D O@ $O $9 $Y$F 3 AX %Q!< %; %W %H %m %s$r 2> Dj $9 $k $,!$ $h$j B? AX $N%Q!<%;%W%H%m%s$K4X$7$F$bMF0W$K3HD%2DG=$G$"$k!% 1

4V AX AG ;R $N =P NO 4X ?t $G $" $k!% 0l HL $N %Q!< %; %W %H %m %s $O u 1 $+ $i u H $^ $G A4 $F $N =P NO $r 9M N8 $9 $k $,!$ u 1 $+ $i u i $^ $G $r 9M N8 $7!$ ;D $j $N AG ;R $N =P NO u i +1 ; : : : ; u H $r 0 $G CV$-49$($FF@$i$l$k%Q!< %;%W%H%m%s$rBh i ItJ, %Q!<%;%W %H%m%s$H8F$V ( ?^ 1 ;2>H ) !% Bh i ItJ,%Q!<%;%W%H%m%s$N=PNO$O!$ y i = T [ y i 1 ; y i 2 ; : : : ; y i M ] ( i = 1 ; 2 ; : : : ; H ) (4) $?$@$7!$ y i m ( m = 1 ; 2 ; : : : ; M ) $O y i m = � i X h =1 w m;h u h + w m; 0 ! (5) $G M? $( $i $l $k!% $3 $3 $G!$ w m;h $O =P NO AX Bh m AG ;R $H Cf 4V AX Bh h AG ;R $N 7k 9g!$ w m; 0 $O $7 $- $$ CM $r I= $7!$ � ( � ) $O =P NO AX AG ;R $N =P NO 4X ?t $G $" $k!% FC $K!$ Bh H It J, %Q!< %; %W %H %m %s $N =P NO y H $O A4 $F $N Cf 4V AX AG ;R $r MQ $$ $k DL >o $N %Q!< %; %W %H %m %s $N =P NO $K 0l CW $9 $k $3 $H $K Cm 0U $9 $k!% Dj5A 2 ItJ,%(%M%k%.!<4X?t T 8D$NF~=PNO%G!<%?BP f ~ x t 2 R N ; ~ y t 2 R M g t =1 ; 2 ;:::;T (6) $G 65 ;U %G!< %? $r M? $( $k!% F~ NO ~ x t $K BP $9 $k Bh i It J, %Q!< %;%W%H%m%s$N=PNO$r y i t $H$9$k$H$-!$8m:94X?t E i = 1 2 T T X t =1 jj ~ y t � y i t jj 2 ( i = 1 ; 2 ; : : : ; H ) (7) $r Bh i It J, %( %M %k %.!< 4X ?t $H 8F $V!% $3 $N CM $O ( Bh H It J, ) %Q!< %; %W %H %m %s $, L\ I8 $N =P NO CM $r @8 @. $9 $k >e $G Bh i It J, %Q!< %; %W %H %m %s $, $I $l $@ $1 9W 8% $7 $F $$ $k $+ $r <( $9 ;XI8$H9M$($i$l$k!% Dj5A 3 =E>v%(%M%k%.!<4X?t ItJ,%(%M%k%.!<4X?t E i $N=E$_IU$-OB F = H X i =1 � i E i (8) $r =E >v $5 $l $? %( %M %k %.!< 4X ?t ( =E >v %( %M %k %.!< 4X ?t ) $H 8F $V!% � i $O @5 $N Dj ?t $G $" $k ( � i $N @_ Dj $K 4X $7 $F $O IU O? $GO@5D$9$k ) !% 2.2 =E>v%(%M%k%.!<4X?t$K$h$k3X=,B’ 0l HL $N 8m :9 5U EA HB 3X =, $N >l 9g!$ $9 $Y $F $N AG ;R $r MQ $$ $F F@ $i $l $k 8m :9 E H $N $_ $, 8: >/ $9 $k $h $& $K 3X =, $, ?J 9T $9 $k!% $7 $+ $7!$ =E >v %( %M %k %.!< 4X ?t $r MQ $$ $? 3X =, $G $O!$Bh i Cf4VAXAG;R$K4XM?$9$k7k9g$N=$@5NL$O E i ; : : : ; E H $h$j7W ;;$5 $l$k$,!$ Bh i � 1 AG ;R$N 7k9g $K$D$$ $F$O!$ $3 $l$i$K2C$($F i HVL\0J2<$NAG ;R$rMQ$$$J$$$GF@$i $l$k8m :9 E i � 1 $b 8:>/ $5$; $k$h $&$K =$@5 $5$l $k!%B( $A!$HV 9f$N >. $5 $J AG ;R $K 4X $9 $k 7k 9g $[ $I!$ >/ $J $$ AG ;R ?t $G L\ I8 =P NO $r @8 @. $9 $k $h $& $K 3X =, $, ?J 9T $9 $k!% 0J >e $h $j!$ >e 0L $N AG ;R $[ $I A4 BN $N 8m :9 E H $N 8: >/ $K BP $7 $F Bg $- $/ 4s M? $7!$ AG ;R $N HV 9f =g $K =E MW $J FC D’ $, Cj =P $5 $l $k $H 9M $( $i $l$k!% <0 (8) $G M? $( $i $l $k =E >v %( %M %k %.!< 4X ?t $K 4p $E $/ 3X =,B’$rF3=P$9$k!%Nc$($P!$ =PNOAXAG;R$N7k9g w m;h $N=$ @5 NL � w m;h $r 9M N8 $9 $k $H!$ F $K 4X $9 $k :G 5^ 9_ 2< K! $h $jD>$A$K � w m;h = � � @ F @ w m;h = � � H X i =1 � i @ E i @ w m;h (9) $, F3 $+ $l $k!% $? $@ $7 � $O 3X =, Dj ?t $G $" $k!% i < h $N $H $- @ E i @ w m;h = 0 (10) $G$"$k$+$i!$<0 (9) $O � w m;h = � � H X i = h � i @ E i @ w m;h (11) $H$J $k!%=>$C $F!$ � w m;h $O BP1~ $9$k 3F ItJ, %Q!<%; %W%H %m %s $K DL >o $N 8m :9 5U EA HB 3X =, B’ $r E, MQ $7 $? $H $- $N 7k 9g =$ @5 NL $N OB $G M? $( $i $l $k!% F~ NO AX B& $N 7k 9g v h;n $* $h $S $7 $- $$ CM v h; 0 $K $D $$ $F $b F1 MM $G $" $k!% 0l J}!$ $7 $- $$ CM w m; 0 $O $9 $Y $F $N It J, %Q!< %; %W %H %m %s $K $* $$ $F 9M N8 $5 $l $k$?$a!$$=$N3X=,B’$O � w m; 0 = � � H X i =1 � i @ E i @ w m; 0 (12) $GM?$($i$l$k!% 3 ?tCM<B83 =E >v %( %M %k %.!< 4X ?t $N 8z 2L $r <( $9 $? $a $K $$ $/ $D $+ $N ?tCM<B83$r9T$&!% 3.1 <B83 1 0lJQ?t4X?t6a;wLdBj 3X=,BP>]$H$7$FO"B34X?t [14] f : x 7! ( x � 2)(2 x + 1) x 2 + 1 (13) $r 9M N8 $9 $k!% F~ NO %G!< %? ~ x t $O 6h 4V [ � 8 ; 8] $K $* $$ $F 9o $_ I} 0 : 3 $G Ey 4V 3V $K A* Br $7!$ 65 ;U %G!< %? ~ y t $O f ( ~ x t ) $K J?6Q 0 !$ J, ;6 0 : 1 $N %, %& %7 %"%s %N %$ %: $r 2C $($? $b $N $H $9 $k ( ?^ 2 ;2>H ) !%<B83$K$O ( N ; H ; M ) = (1 ; 12 ; 1) (14) $N 3 AX %Q!< %; %W %H %m %s $r MQ $$ $k!% $^ $?!$ Cf 4V AX $N =P NO 4X?t$O%7%0%b%$%I4X?t � ( x ) = tanh( x ) (15) 2

$H$7!$ w m; 0 � 0( m = 1) $N $b$H$G =PNOAX $N=P NO4X?t $O @~7A � ( x ) = x (16) $H$9$k!%3X=,$KMQ$$$k=t%Q%i%a!<%?$rI= 1 $K<($9!% ?^ 3(a) $O!$ =E >v %( %M %k %.!< 4X ?t $r MQ $$ $F 9= @. $5 $l $? 7k 9g $N =i 4| CM $N 0[ $J $k 10 8D $N %Q!< %; %W %H %m %s $N It J, %( %M%k %.!< 4X ?t E i $r <( $7 $F $$ $k!% =i 4| CM $K 0M B8$9 $k $3 $H $J $/!$ It J, %( %M %k %.!< 4X ?t $O Cf 4V AX AG ;R ?t $K BP $7 $F $[ $\ C1 D4 8: >/ $7!$ 7 HV L\ $N Cf 4V AX AG ;R $G <} B+ $7 $F $$ $k!% B( $A!$ 8 $+ $i 12 HV L\ $N Cf 4V AX AG ;R $O 4X ?t (13) $N 6a ;w Ld Bj $K $* $$ $F >i D9 $G $" $k $H 9M $( $i $l $k!% <! $K!$ $3 $N 7k 2L $, =E >v %( %M %k %.!< 4X ?t $K 8G M- $N 8z 2L $K $h $k $3 $H $r <( $9 $? $a!$ DL >o $N %( %M %k %.!< 4X ?t $K 4p $E $/ 7k 2L $H Hf 3S $9 $k!% A0 <T F1 MM $K 10 8D $N 0[ $J $k %Q!< %; %W %H %m %s $r 9= @. $7!$3X=,8e$K i = H ; H � 1 ; : : : ; 2 $H$7$FA‘:n !V 1 HV L\ $+ $i i HV L\ $N Cf 4V AX AG ;R $N $& $A!$ 0l $D :o =| $7 $? $H $- $K E i $K BP $9 $k 8m :9 $N A} 2C $, :G $b >/ $J $$$b $N $r A* Br $7 $F!$$= $N AG ;R $r ?7 $? $K i HVL\$H$9$k!%!W $r 7+ $j JV $7 $F 9W 8% EY $N =g $K AG ;R $N CV 49 $r 9T $&!% ?^ 3(b) $O!$ $3 $N A‘ :n $K $h$C $F F@ $i $l $k It J, %( %M %k %.!< 4X ?t E i $r<( $7 $F $$ $k!% Cf 4V AX AG;R ?t $N A} 2C $K H< $$ E i $, 8:>/ $9 $k 79 8~ $O 8+ $i $l $k $,!$ i = 1 ; 2 ; : : : ; H � 1 $N It J, %Q!< %; %W %H %m %s $G $O 8m :9 $N <} B+ $O 3N G’ $G $- $J $$!% B( $A Fb It I=8=$O>iD9$JJ,;6I=8=$H$J$C$F$$$k$H9M$($i$l$k!% N> <T $N Fb It I= 8= $N 0c $$ $r 8! >Z $9 $k $? $a!$ It J, %Q!< %; %W %H %m %s $N =P NO y i $r ?^ 4 $K <( $9!% =E >v %( %M %k %.!< 4X ?t $K $h $k %Q!< %; %W %H %m %s $G $O >/ ?t $N Cf 4V AX AG ;R $G 35 7A $, I= 8= $5 $l!$ AG ;R $N DI 2C $K =>$C $F =y!9 $K :Y It $, 6a ;w $5 $l $k $,!$ DL >o $N %( %M %k %.!< 4X ?t $K $h $k %Q!< %; %W %H %m %s $G $O >/ ?t $N Cf 4V AX AG ;R $G $N 6a ;w @: EY $O 0- $/!$ $= $l $> $l $N Lr3d$,ITL@NF$G$"$k!% 3.2 <B83 2 Fs<!85%Q%?!<%sJ,N‘LdBj <! $K!$ Fs <! 85 $N $i $; $s >e $N E@ $K %N %$ %: $r 2C $( $F @8 @. $5 $l $k 65 ;U %G!< %? ( ?^ 5 ;2 >H ) $r MQ $$ $? Fs $D $N %/ %i %9 $N %Q %?!< %s J, N‘ Ld Bj $r 9M N8 $9 $k!% %Q!< %; %W %H %m %s $N 9= @. $O ( N ; H ; M ) = (2 ; 10 ; 2) (17) $H $7!$ Cf 4V AX $* $h $S =P NO AX $N =P NO 4X ?t $O %7 %0 %b %$ %I 4X ?t � ( x ) = � ( x ) = 1 1 + exp( � x ) (18) $H $7 $?!% $^ $?!$ =P NO $N 65 ;U %G!< %? $O f 0 ; 1 g $N Be $o $j $K f 0 : 1 ; 0 : 9 g $r A* Br $7!$ I= 2 $K <( $5 $l $? =t %Q %i %a!< %? $r Mx MQ $7 $?!% =E >v %( %M %k %.!< 4X ?t $r MQ $$ $F 7k 9g =i 4| CM $N 0[ $J $k 10 8D $N %Q!< %; %W %H %m %s $r 9= @. $7!$ $= $l $> $l $N It J, %Q!< %; %W %H %m %s $K $D $$ $F %F %9 %H %G!< %? $K BP $9 $k G’ <1 N( $r 5a $a $k!% %F %9 %H %G!< %? $O 3F E@ $N :B I8 CM $K 2C $( $k %N %$ %: $N CM $r JQ 99 $7 $F @8 @. $7!$ G’ <1 N( $O!$ Fs $D $N =P NO AG ;R $N $& $A Bg $- $J CM $N AG ;R $N <( $9 %/ %i %9 $, @5 $7 $$ %/ %i %9 $K 0l CW $7 $? 3d 9g $H $7 $F ;; =P $9 $k ( ?^ 6(a) ;2 >H ) !% G’ <1 N( $O 7 HV L\ $N Cf 4V AX AG ;R $G $[ $\ <} B+ $7 $F $* $j!$ 8 $+ $i 10 HV L\$^$G$NCf4VAXAG;R$O>iD9$J$b$N$H9M$($i$l$k!% 7k 2L $N Hf 3S $N $? $a!$ DL >o $N %( %M %k %.!< 4X ?t $r MQ $$ $F F1 MM $K 10 8D $N %Q!< %; %W %H %m %s $r 9= @. $9 $k ( I= 2 ;2 >H ) !% $? $@ $7!$ 50,000 2s $N H? I| 7W ;; $G $O 3X =, $, Dd BZ $7 $F == J, $J @- G= $N %Q!< %; %W %H %m %s $, 9= @. $G $- $J $+$C $? $? $a!$ H? I| 2s ?t $r 100,000 2s $H $7 $?!% <B 83 1 $H F1 MM $K Cf 4V AX AG ;R $N CV 49 $r 9T$C $F!$ It J, %Q!< %; %W %H %m %s $N G’ <1 N( $r 7W ;; $9 $k ( ?^ 6(b) ;2 >H ) !% 3 8D $N %Q!< %; %W %H %m %s $G $O 100,000 2s$NH? I|$G$b== J,$JG’ <1N($O F@$i$l $J$+$C$?!% $= $l 0J 30 $K $D $$ $F $b i = 1 ; 2 ; : : : ; H � 1 $G $N G’ <1 N( $N <} B+ $O 8+ $i $l $:!$ Fb It I= 8= $O $d $O $j >i D9 $G $" $k $H 9M $( $i$l$k!% ?^ 8 $O!$=E>v%(%M%k%.!<4X?t$*$h$SDL >o$N%(%M%k%.!< 4X ?t $G 9= @. $5 $l $? %Q!< %; %W %H %m %s $K $D $$ $F!$ It J, %Q!< %; %W %H %m %s $r MQ $$ $F F~ NO J? LL $N NN 0h J, 3d $r 9T$C $? 7k 2L $r <( $9!% Gr 4] $N 65 ;U %G!< %? $r %/ %i %9 1 !$ 9u 4] $r %/ %i %9 2 $H$7$F BP1~ $9$kIt J,%Q!< %;%W %H%m%s =PNO $r y i 1 $*$h$S y i 2 $HDj$a$k$H$-!$?^Cf$N<B@~$O y i 1 = y i 2 (19) $rK~$?$9Fs$D$N%/%i%9$N6-3&$r<($9 2 !%$^$?!$>r7o Gr?’ y i 1 > y i 2 $+$D y i 1 � 0 : 75 G;?’ y i 1 < y i 2 $+$D y i 2 � 0 : 75 C8?’ >e5-0J30 $K =>$C $F NN 0h $r J, 3d $7!$ EI J, $1 $r 9T$C $?!% $5 $i $K!$ ?^ Cf$NGK@~$O3FCf4VAXAG;R$N<1JL@~ l h = f ( x 1 ; x 2 ) j u h = 0 : 5 g = ( ( x 1 ; x 2 ) � � � � � � 2 X n =1 v h;n x n + v h; 0 ! = 0 : 5 ) = f ( x 1 ; x 2 ) j v h; 1 x 1 + v h; 2 x 2 + v h; 0 = 0 g (20) $r <( $7 $F $$ $k!% =E >v %( %M %k %.!< 4X ?t $N >l 9g!$ >e 0L 4 $D $N Cf 4V AX AG ;R $G Bg $^ $+ $J J, N‘ $r 9T $$ ( ?^ 8(a)) !$ $5 $i $K 2 AG ;R $N DI 2C $G <g $K Cf ?4 NN 0h $N J, N‘ $, =$ @5 $5 $l $F 35 7A $, 40 @. $7 ( F1 (b)) !$ ;D $j $N AG ;R $O :Y It $N =$ @5 $r 9T$C $F $$ $k ( F1 (c)) !% 0l J} DL >o$N %( %M %k %.!< 4X ?t $N >l 9g!$ >e 0L $N Cf 4V AX AG ;R $N $_ $G 9= @. $5 $l $? It J, %Q!< %; %W %H %m %s $G $O 35 7A $O F@ $i $l $: ( ?^ 8(d),(e)) !$ 3F Cf 4V AX AG ;R $N Lr 3d $,L@3N$K$J$i$J$$!%$^ $?!$ l 5 $H l 7 $N<1JL@~ ( F1 (e),(f )) $, $[ $\ J? 9T $G $" $j!$ L@ $i $+ $K >i D9 $J AG ;R $, B8 :_ $9 $k $3 $H$,M}2r$5$l$k!% 2 87 L) $K $O!$ <0 (19) $r K~ $? $9 F~ NO ( x 1 ; x 2 ) $N =8 9g $O NN 0h $H $J $k!% $7 $+ $7 K\ <B 83 $N >l 9g!$ ?^ $K <( $9 %9 %1!< %k $G $O $= $N $h $& $J NN 0h $r 3N G’ $G $-$J$$$?$a!$6-3&NN0h$r6J@~$H$7$F07$&!% 3

4 5DO@ =E >v %( %M %k %.!< 4X ?t $K 4p $E $/ 3X =, $G $O!$ >i D9 @- $N Dc $$ Fb It I= 8= $, <+ 8J AH ?% $5 $l!$ HF 2= G= NO $, NI 9% $K J] ;} $5 $l $k 2D G= @- $, $" $k!% $3 $l $r D4 $Y $k $? $a!$ <B 83 1 $G 9= @. $7 $? %Q!< %; %W %H %m %s $r MQ $$!$ ?? $N 4X ?t CM (13) $K BP $9 $k 8m :9 $r ;X I8 $H $7 $F HF 2= G= NO $r I> 2A $9 $k!% $J $*!$ %F %9 %H %G!< %? $O 6h 4V [ � 10 ; 10] $K $* $$ $F $- $6 $_ I} 0 : 1 $G Ey 4V 3V $KA*Br$7$?!% =E >v %( %M %k %.!< 4X ?t $* $h $S DL >o $N %( %M %k %.!< 4X ?t $K $h $j 9= @. $5 $l $? %Q!< %; %W %H %m %s $N 8m :9 $r ?^ 7(a) $* $h $S (b) $K $= $l $> $l <( $9!% =E >v %( %M %k %.!< 4X ?t $N >l 9g!$ ?^ 3(a) $H F1 MM $K %F %9 %H %G!< %? $K BP $9 $k 8m :9 $b 7 8D Dx EY $N Cf 4V AX AG ;R ?t $G <} B+ $7 $F $$ $k!% FC $K!$ 10 8D $N Bh 12 It J, %Q!< %; %W %H %m %s $N J? 6Q 8m :9 ( ?^ Cf GK @~ ) $O 0 : 0107 $H $J$C $F $* $j!$ DL >o $N %( %M %k %.!< 4X ?t $N J? 6Q 0 : 0221 $N H> J, Dx EY $H $J$C $F $$ $k!% =>$C $F!$ =E >v %( %M %k %.!< 4X ?t $r MQ $$ $k $H!$ Fb It I= 8= $N >i D9 @- :o 8: $H 6& $K HF 2= G= NO $, 8~ >e$9$k$H9M$($i$l$k!% $3 $N 7k 2L $r B> $N HF 2= G= NO 2~ A1 <j K! $H Hf 3S $9 $k $? $a!$ @5B’2=9‘ ( K:5Q9‘ ) $rIU2C$7$?%(%M%k%.!<4X?t [15, 16] G = E H + 2 H X h =1 N X n =0 v 2 h;n + M X m =1 H X h =0 w 2 m;h ! (21) $r MQ $$ $F DI <B 83 $r 9T $&!% ?^ 7(c) $O!% <B 83 1 $H F1 MM $N >r 7o $G 10 8D $N %Q!< %; %W %H %m %s $r 9= @. $7!$ Cf 4V AX AG ;R $N CV 49 8e $K %F %9 %H %G!< %? $K BP $7 $F 5a $a $i $l $? 8m :9 $r <( $7 $F $$ $k 3 !% Bh 12 It J, %Q!< %; %W %H %m %s $N J? 6Q 8m :9 $G $O =E >v %( %M %k %.!< 4X ?t $H F1 Dx EY $N @- G= $, F@ $i $l $F $$ $k!% $7 $+ $7!$ ?^ 7(b) $H F1 (c) $r Hf 3S $9 $k $H!$ @5 B’ 2= 9‘ $r IU 2C $7 $? >l 9g!$ DL >o $N %( %M %k %.!< 4X ?t $h $j $b Cf 4V AX AG ;R $N Mx MQ $K JP $j $, >/ $J $/!$ J, ;6 I= 8= $, 6/ $^$C $F $$ $k $3 $H $, M} 2r $G $- $k!% =>$C $F!$ =E >v %( %M %k %.!< 4X ?t $K $h $k 3X =, $H DL >o $N %( %M %k %.!< 4X ?t $K @5 B’ 2= 9‘ $r J; MQ $9 $k 3X =, $G $O!$ A4 $/ 0[ $J $k Fb It I= 8= $K $h$C $F HF 2= G= NO $, 8~ >e $5 $l $F $$ $k!% 5 $‘$9$S =E >v %( %M %k %.!< 4X ?t $K 4p $E $/ 3X =, $K $h$C $F!$ >i D9 @- $N Dc $$ %Q!< %; %W %H %m %s $, <+ 8J AH ?% $5 $l $k $3 $H $r <( $7 $?!% F@ $i $l $k Fb It I= 8= $O >/ ?t $N Cf 4V AX AG ;R $K =8 Cf $7!$ 4s M? =g $K JB $s $@ L@ 3N $J $b $N $H $J $k!% $= $N $? $a!$ 3F AG ;R $K $D $$ $F $N 9W 8% EY $N I> 2A $, 2D G= $G $" $j!$ %Q!< %; %W %H %m %s $N 2r @O $, MF 0W $H $J $k!% $^ $?!$ >i D9 @- :o 8: $N 8z 2L $K $h$C $F HF 2= G= NO $N M% $l $? %Q!< %; %W %H %m %s $, 9= @. $5 $l $k 2DG=@-$r;XE&$7$?!% =E >v %( %M %k %.!< 4X ?t $r MQ $$ $? >i D9 @- :o 8: J} <0 $O!$ %( %M %k %.!< 4X ?t $N JQ 99 $K $h $k $b $N $G $" $j!$ => Mh Ds 0F $5 $l 3 78 ?t $K $D $$ $F $O!$ MM!9 $J CM $r MQ $$ $F ;n 9T :x 8m $r 9T $$!$ %F %9 %H %G!<%?$KBP$9$k8m:9$,:G>.$H$J$kCM = 0 : 32 $rA*Br$7$? $F $$ $k >i D9 @- :o 8: <j K! $H $N J; MQ $, 2D G= $G $" $k!% $3 $N 4Q E@ $+ $i!$ $h $j @- G= $N 9b $$ %Q!< %; %W %H %m %s $N 9= C[ K! $r 8! F$ $9 $k $3 $H $, 0l $D $N 2] Bj $H $J $k!% $^ $?!$ � i $N A* Br $, 3X =, @- G= $d Fb It I= 8= $K M? $( $k 1F 6A $K $D $$ $F $b :# 8e 8! F$ $N I, MW $, $" $k $H 9M $( $i $l $k!% B> J}!$ HF 2= G= NO $N 8~ >e $K $D $$$F $O!$ E}7W E* <jK! [6, 16, 7] $H $N Hf3S $r 4^$a $F $h$j >\ :Y $J 9M ;! $, I, MW $G $" $j!$ =>$C $F =E >v %( %M %k %.!< 4X ?t $N 3X=,@-G=$K4X$7$?M}O@E*8!F$$b:#8e$N2]Bj$H$9$k!% ;29MJ88% [1] D. E. Rumelhart, G. E. Hin ton and R. J. Williams, \Learning in ternal represen tations b y error prop- agation," in P arallel Distributed Pro cessing v ol.1, eds. J. L. McCleland, D. E. Rumelhart, and The PDP Researc h group, c hap.8, MIT Press, Cam- bridge, 1986. [2] K. F unahashi, \On the appro ximate realization of con tin uous mappings b y neural net w orks," Neural Net w orks, v ol.2, pp.183{192, 1989. [3] K. Hornik, M. Stinc hcom b e and H. White, \Mul- tila y er feedforw ard net w orks are univ ersal ap- pro ximators," Neural Net w orks, v ol.2, pp.359{ 366, 1989. [4] G. Cyb enk o, \Appro ximation b y sup erp ositions of a sigmoidal function," Mathematics of Con- trol, Signals, and Systems, v ol.2, no.4, pp.303{ 314, 1989. [5] M. Ishik a w a, \Structural learning with forget- ting," Neural Net w orks, v ol.9, no.3, pp.509{521, 1996. [6] 7*EDB?4nIW , \ >pJsNL4p=‘$K$h$k 3 AX%K%e!<%i%k%M%C %H$N1#$l AX$N%f%K%C%H?t$N7hDjK! ," ?.3XO@ (D-I I), v ol.J73-D-I I, no.8, pp.1872{1878, 1990. [7] N. Murata, S. Y oshiza w a and S. Amari, \Net- w ork information criterion | Determining the n um b er of hidden units for an arti�cial neu- ral net w ork mo del," IEEE T rans. on NN, v ol.5, no.6, pp.865{872, 1994. [8] R. Reed, \Pruning algorithms | A surv ey ," IEEE T rans. on NN, v ol.4, no.5, pp.740{747, 1993. [9] Y. Le Cun, J. S. Denk er and S. A. Solla, \Opti- mal brain damage," in Adv ances in neural infor- mation pro cessing systems 2, pp.598{605, 1990. [10] Gk86>-J8 , \ EqBA5!G=$rM-$9$k%P%C%/%W%m%Q%2!<%7%g %s | 3X=,2s?t$NDc8:$HCf4VAX%f%K%C%H$N:o8:K! | ," ?.3XO@ (D-I I), v ol.J74-D-I I, no.6, pp.812{818, 1991. 4

[11] S. J. Hanson and L. Y. Pratt, \Comparing bi- ases for minimal net w ork construction with bac k- propagation," in Adv ances in neural information pro cessing systems 1, pp.177{185, 1989. [12] Y. Chauvin, \A bac k-propagation algorithm with optimal use of hidden units," in Adv ances in neural information pro cessing systems 1, pp.519{ 526, 1989. [13] 9b 66N4 ;K , FA 1JN4 <# , J? 0fM- ;0 , \KL JQ49 $r <B8= $9 $k 3 AX@~7A%Q!<%;%W%H%m%s$N65;UIU$-3X=,B’ / Baldi- Hornik $NDjM}$N3HD% ," ?.3XO@ (D-I I), 7G:\7hDj . [14] M. H. Hassoun, \F undamen tals of arti�cial neu- ral net w orks," MIT Press, pp.221{226, 1995. [15] A. Krogh and J. A. Hertz, \A simple w eigh t de- ca y can impro v e generalization," in Adv ances in neural information pro cessing systems 4, pp.951{ 957, 1992. [16] D. J. C. MacKa y , \Ba y esian metho ds for adap- tiv e mo dels," Ph. D. Thesis, California Institute of T ec hnology , 1992. 78?t � i $NA*Br @~ 7A %Q!< %; %W %H %m %s $N 91 Ey <L A| 3X =, $K =E >v %( %M %k %.!< 4X ?t $r E, MQ $9 $k >l 9g!$ M} O@ >e $O @5 Dj ?t � i $r G$ 0U $K A* Br $G $- $k [13] !% $7 $+ $7!$ <B :] $K @~ 7A $* $h $S Hs @~ 7A $N B? AX %Q!< %; %W %H %m %s $K E, MQ $9 $k :] $K $O 3X =, 8z N( $, 78 ?t � i $K 0M B8 $7 $F JQ 2= $9 $k!% FC $K!$ � i $O P H i =1 � i = 1 $H $7 $F $b 0l HL @- $r <: $o $J $$ $? $a!$ 0J 9_ $G $O $3 $l $r 2> Dj $7 $F5DO@$9$k!% w m;h $rNc $K!$ $9 $Y$F $N It J,%( %M %k %.!< 4X?t $K 4X $9$k $3 $N 7k 9g $N =$ @5 NL $, $[ $\ Ey $7 $$ >l 9g $r 9M N8 $9 $k!% $9 $J $o$A!$ @ E h @ w m;h � @ E h +1 @ w m;h � � � � � @ E H @ w m;h (22) $r2>Dj $9$k ( $? $@$7 h = 1 ; 2 ; : : : ; H $G $"$k!% ) !% $3$N $H $-!$<0 (11) $h$j � w m;h � � � H X i = h � i ! @ E H @ w m;h (23) $G$"$k$+$i!$ w m;h $N3X=,Dj?t$O<B<AE*$K w m; 1 $N P H i = h � i ( � P H i =1 � i = 1) G\ $H $J $k!% B> $N 7k 9g $K $D $$ $F $b F1 MM $N 5D O@ $, @. $j N) $D!% $f $( $K!$ Nc $( $P � i $r i $K $h $i $: 0l Dj $H $9 $k $H!$ 2< 0L $N Cf 4V AX AG ;R $N 7k 9g =$ @5 NL $, >e 0L $N $b $N $K Hf $Y $F Hs >o $K >. $5 $/ $J $k!% $= $N 7k 2L!$ 3F It J, %( %M %k %.!< 4X ?t $N 4V $N :9 $, Bg $- $/ $J $i $:!$ 3F AG ;R $N 4s M? $, JP $j $K $/ $/ $J $k!% $3 $l $r 2s Hr $9 $k $? $a $K $O!$ f � i g i =1 ; 2 ;:::;H $K C1 D4 A} 2C @- $r 2> Dj $7!$ <B <A E* $J 3X =, Dj ?t$N:9$r7Z8:$9$k$3$H$,I,MW$H$J$k!% FC$K!$K\8&5f$G$O7P83E*$K � i $r � i = i 2 P H j =1 j 2 = 6 i 2 H ( H + 1)(2 H + 1) (24) $H@_Dj$7$?!% I= 1: 4X?t6a;wLdBj$N<B83>r7o initial w eigh t uniform random n um b er o v er [ � 0 : 1 ; 0 : 1] learning constan t 0 : 01 momen tum 0 iteration 50,000 ep o c h I= 2: %Q%?!<%sJ,N‘LdBj$N<B83>r7o sup erp osed con v en tional initial w eigh t uniform random n um b er o v er [ � 0 : 1 ; 0 : 1] learning constan t 0 : 5 momen tum 0 : 9 iteration 50,000 ep o c h 100,000 ep o c h 5

?^ 1: %Q!< %;%W %H%m %s$* $h$S ItJ, %Q!<%; %W%H %m%s : <B @~ $OBh i ItJ,%Q!<%;%W%H%m%s $r<($7!$GK@~$r4^$a $F%Q!<%; %W%H%m%sA4BN$r<($7$F$$$k!% ?^ 2: 4X ?t (13) $H 65 ;U %G!< %? ( <B @~ : 4X ?t (13) !$ E@ : %N %$%:$NIU2C$5$l$?65;U%G!<%? ) ?^ 3: 4X?t6a;wLdBj$K$*$1$kItJ,%(%M%k%.!<4X?t ((a) =E >v %( %M %k %.!< 4X ?t!$ (b) DL >o $N %( %M %k %.!< 4X ?t!$ 2# <4 : Cf4VAXAG;R?t i !$=D<4 : Bh i ItJ,%(%M%k%.!<4X?t E i ) ?^ 4: 4X ?t 6a ;w Ld Bj $K $* $1 $k It J, %Q!< %; %W %H %m %s $N =P NO ((a) =E >v %( %M %k %.!< 4X ?t!$ (b) DL >o $N %( %M %k %.!< 4X ?t!$ <B @~ : ?? $N 4X ?t 6J @~!$ GK @~ : Bh i It J, %Q!< %; %W %H %m %s$N=PNO y i ( i = 2 ; 4 ; 6 ; 8 ; 10 ; 12)) 6

?^ 5: %Q%?!<%sJ,N‘LdBj$N65;U%G!<%? ( Gr4]$*$h$S9u4] : Fs$D$N%/%i%9!$:BI8 ( x 1 ; x 2 ) : F~NOCM ) ?^ 6: %Q %?!< %s J, N‘ Ld Bj $K $* $1 $k It J, %Q!< %; %W %H %m %s $N G’ <1 N( ((a) =E >v %( %M %k %.!< 4X ?t!$ (b) DL >o $N %( %M %k %.!<4X?t!$2#<4 : Cf4VAX AG;R?t i !$=D<4 : Bh i ItJ,%Q!<%; %W%H%m%s$NG’<1N( ) ?^ 7: %F%9%H%G!<%?$KBP$9$k8m:9 ((a) =E>v%(%M%k%.!<4X ?t!$ (b) DL>o $N%( %M%k %.!< 4X?t!$ (c) @5 B’2= 9‘ $rIU M?$7 $? DL >o $N %( %M %k %.!< 4X ?t!$ 2# <4 : Cf 4V AX AG ;R ?t i !$ =D <4 : Bh i It J, %Q!< %; %W %H %m %s $N 8m :9!$ E@ @~!’ Bh 12 It J, %Q!< %;%W%H%m%s$NJ?6QCM!% 7

?^ 8: It J, %Q!< %; %W %H %m %s $K $h $k F~ NO J? LL $N NN 0h J, 3d ((a){(c): =E >v %( %M %k %.!< 4X ?t!$ (d){(f ): DL >o $N %( %M %k %.!< 4X ?t!$ (a),(d) i = 4 !$ (b),(e) i = 6 !$ (c),(f ) i = 10 $N ItJ, %Q!<%; %W %H%m %s $KBP 1~!%<B @~ : J, N‘6- 3&!$GK @~ : <1 JL@~ l h !% ) 8