KL JQ49$r<B8=$9$k 3 AX@~7A%Q!<%;%W%H%m%s$N3X=,B’ / Baldi !& Hornik $NDjM}$N3HD% � C^GHBg3XBg3X1!Gn;N2]Dx9)3X8&5f2J 9b66N4;K ume@viplab.is.tsukuba.ac.jp 1996 G/ 4 7n 17 F| 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 $, B? MM $K 8& 5f $5 $l $F $$ $k!# $= $N M} O@ E* B& LL $K $* $$ $F $O!" 4X ?t 6a ;w $X$NE,MQ$K4X $9$k6a;wK|G= @-$N>ZL@ [2, 3, 4] !":=;~7W 7? B? AX %Q!< %; %W %H %m %s $K $h $k 91 Ey <L A| 6a ;w $K 4X $9 $k M} O@ E*2r@O [5, 6, 7] Ey$,Js9p$5$l$F$$$k!#K\8&5f$G$O!":=;~ 7W7?B?AX%Q!<%;%W%H%m%s$K4X$9$k=t7k2L 1. 3 AX @~ 7A %Q!< %; %W %H %m %s $O 3X =, $K $h$C $F Karh unen- Lo � ev e(KL) JQ49$HEy2A$JJQ49$r<B8=$G$-$k [5, 6] 2. Cf 4V AX AG ;R $K %7 %0 %b %$ %I 4X ?t $r MQ $$ $? 3 AX Hs @~ 7A %Q!< %; %W %H %m %s $O @~ 7A %Q!< %; %W %H %m %s $N G= NO $r D6 $( $J $$ [7] 3. 5 AX 0J >e $N Hs @~ 7A %Q!< %; %W %H %m %s $O KL JQ 49 $N G= NO $r>e2s$k2DG=@-$,$"$k [8, 9, 10] $NCf$G!" Baldi $H Hornik $N7k2L [6] $KCm0U$rJ’$&!# Baldi !& Hornik $N Dj M} [6] $K $h $k $H!" DL >o $N Fs >h 8m :9 4X ?t $K 4p $E $/ @~ 7A %Q!< %; %W %H %m %s $N 3X =, $K $h$C $F!" =E $_ %Y %/ %H %k $N D% $k It J, 6u 4V $O KL 4p Dl $N $= $l $H 0l CW $7!" 91 Ey <L A| $N :G E, @~ 7A 6a ;w $r <B 8= $9 $k $3 $H $, M} 2r $5 $l $F $$ $k!# $7 $+ $7!" KL JQ 49 $G $O $= $N >p Js NL $K =>$C $F @. J, $N =g $, Dj $^ $j!" 6a ;w $K BP $9 $k 3F!9 $N 4s M? $r 7W ;; $G $- $k $N $K BP $7 $F!" %Q!< %; %W %H %m %s $N =E $_ $O KL 4p Dl $N @~ 7A 7k 9g $K <} B+ $7!" @. J, J, @O $O :$ Fq $G $" $k!# $= $3 $G K\ 8& 5f $G $O!" 3 AX @~ 7A %Q!< %; %W %H %m %s $K $* $$ $F KL JQ 49 $r <B 8= $9 $k 3X =, B’ $r 8! F$ $7!" $= $N G= NO $K BP $7 $F M} O@ E* J]>Z$rM?$($k$3$H$rL\E*$H$9$k!# 0J 9_!" 2 $K $* $$ $F 3 AX := ;~ 7W 7? @~ 7A %Q!< %; %W %H %m %s $N3X =, $K 4X $9 $k Baldi !& Hornik[6] $N Dj M} $H $= $N 0U 5A $r @b L@ $9 $k!# <! $K!" %( %M %k %.!< 4X ?t $r JQ 99 $9 $k $3 $H $K $h $j Fb It I= 8= $H $7 $F KL JQ 49 78 ?t $r <B 8= $9 $k 3X =, B’ $r M? $(!"$=$N BEEv @-$r M}O@E* $KL@ $i$+ $K$9 $k!# 3 $K$*$$ $F!" M? $( $i $l $? 3X =, B’ $N M- 8z @- $r ?t CM 7W ;; $K $h$C $F 8! >Z $9 $k!#:G8e$K!" 4 $K $*$$$FDs <($5$l$? 3X=,B’ $N 5 AX:=;~7W 7? Hs @~ 7A %Q!< %; %W %H %m %s $X $N 1~ MQ 2D G= @- $K $D $$ $F O@ 5D � 8=:_EE;R>pJsDL?.3X2qOBJ8O@J8;o$KEj9FCf $9$k!# 2 Baldi !& Hornik $NDjM}$H$=$N3HD% 2.1 =tDj5A Dj5A 1 3 AX@~7A%Q!<%;%W%H%m%s NN0h U ( � R n ) $*$h$SNN0h V ( � R p ) >e$NO"B3<LA| : V ! W ( $?$@$7 W � R m ) 0 : U ! V (1) $K$h$k U >e$N9g@.<LA| � 0 : U ! W (2) $r9M$($k!#Fs$D$N<LA|$,6&$K@~7A!"B($A : u 7! A p u ( u 2 V ) 0 : x 7! B p x ( x 2 U ) (3) $?$@$7!" A p = [ a 1 j a 2 j � � � j a p ] B p = T [ b 1 j b 2 j � � � j b p ] a i $O m <!85Ns%Y%/%H%k b i $O n <!85Ns%Y%/%H%k (4) $G$"$k>l9g!"9g@.<LA| � 0 : x 7! A p B p x (5) $r@~7A%Q!<%;%W%H%m%s$H8F$V!# ?@ 7P 2s O) LV $N =R 8l $K $* $$ $F!" a i $O =P NO AX $H Cf 4V AX Bh i AG ;R 4V $N =E $_ %Y %/ %H %k!" b i $O F~ NO AX $H Cf 4V AX Bh i AG ;R 4V $N =E $_ %Y %/ %H %k $H 8F $P $l $k 1 ( ?^ 1 ;2 >H ) !# $^ $?!" $" $k F~ NO CM x 2 U $K BP $9 $k Cf 4V AX AG ;R $N CM u = B p x 2 V $O F~ NO x $K BP $9 $k 3 AX %Q!< %; %W %H %m %s $N Fb It I= 8= $H 8F$P$l$k!# 1 ?@7P 2s O) LV $N 0lHL E* $J =R 8l$G $O!" Cf 4V AX { =P NOAX 4V $N =E $_ %Y%/ %H %k $O 3F Cf 4V AX AG ;R $+ $i $" $k =P NO AG ;R $X $N EA C# 7P O) $N =E $_ CM $K $h $j Dj 5A $9$k$,!"K\O@J8 $G$O Baldi $H Hornik[6] $K=>$$!">e=R $N$h$&$KDj5A $9 $k!# 1

Dj5A 2 :=;~7W7?@~7A%Q!<%;%W%H%m%s <0 (5) $KBP$7$F!">r7o n = m � p > 0 (6) $, @. N) $9 $k >l 9g!" @~ 7A %Q!< %; %W %H %m %s $N 9= B$ $O := ;~ 7W 7?$G$"$k$H8F$V!# Dj5A 3 91Ey<LA|$N3X=, U >e$NNmJ?6Q n <!85%Y%/%H%kCM$N=89g ( %G!<%?=89g ) f x � 2 U g � =1 ; 2 ;:::;N (7) $KBP$7$F!"%(%M%k%.!<4X?t ( J?6QFs>h8m:9 ) E p ( A p ; B p ) = 1 N N X � =1 jj x � � A p B p x � jj 2 (8) $rDj 5A$9 $k!# <0 (8) $KBP $7 $F8{ G[ K!$r E,MQ $7 $F E p $N:G >.CM $r M?$( $k =E$_ 9T Ns $NAH f ~ A p ; ~ B p g $r5a $a $k 2aDx $r 3X =,$H8F$V!#$^$?F@$i$l$?%Q!<%;%W%H%m%s$O!" E p ( ~ A p ; ~ B p ) $r8m:9$H$9$k U >e$N91Ey<LA| � : x � 7! x � ( � = 1 ; 2 ; : : : ; N ) (9) $N6a;w$rM?$($k!# Dj5A 4 Karhunen-L o � eve(KL) JQ49 %G!<%?=89g (7) $KBP$9$k6&J,;69TNs � = 1 N N X � =1 x � T x � (10) $O!" 1. %U%k%i%s%/$G$"$k 2. Aj0[$J$k8GM-CM � 1 > � � � > � n > 0 $r$b$D $H 2> Dj $9 $k!# $3 $N $H $-!" � i $K BP 1~ $9 $k @5 5, 2= $5 $l $? 8G M- ( Ns ) %Y%/%H%k u i $K$h$C$F9=@.$5$l$k n � p 9TNs U p = [ u 1 j u 2 j : : : j u p ] (11) $O!" p <!85 KL 5UJQ49$rM?$($k!#$^$?!" p � n 9TNs T U p = 2 6 6 6 6 4 T u 1 T u 2 . . . T u p 3 7 7 7 7 5 (12) $O!" p <!85 KL JQ49$rM?$($k!# 9g @. JQ 49 U p T U p $O!" n <! 85 F~ NO $r $h $j >/ $J $$ p <! 85 @~ 7A 6u 4V $X <L A| $7!" 5U JQ 49 $G 85 $N n <! 85 @~ 7A 6u 4V $K La $9 91 Ey <L A| $N 6a ;w $r <B 8= $9 $k!# KL JQ 49!& KL 5U JQ 49 $O p 8D $N 4p Dl %Y %/ %H %k $r MQ $$ $? 91 Ey <L A| $N @~ 7A 6a ;w $K $* $$ $F!" J? 6Q Fs >h 8m :9 (8) $r :G >. 2= $9 $k $H $$ $& 0U L# $G :G E, $J JQ 49 $G $" $k $3 $H $, CN $i $l $F $$ $k!# $^ $?!" 8G M- %Y%/%H%k u i $K$h$k KL JQ4978?t u i � x (13) $N J, ;6 $O BP 1~ $9 $k 8G M- CM � i $K Ey $7 $/!" Bg $- $J 8G M- CM $K BP 1~ $9 $k JQ 49 78 ?t $[ $I 8m :9 8: >/ $X $N 4s M? $, Bg $- $/ $J $k!# 2.2 Baldi !& Hornik $NDjM}$H$=$N0U5A [Baldi !& Hornik $NDjM} ] %U%k%i%s%/9TNs ~ A p !" ~ B p $, E p ( A p ; B p ) $N:G >. CM $r M? $( $k $J $i $P!" @5 B’ $J p � p 9T Ns C p $,B8:_$7$F!" ~ A p = U p C p ~ B p = C � 1 p T U p (14) $,@.N)$9$k!#$^$?!"$=$N5U$,@.N)$9$k!# <0 (8) $G M? $( $i $l $k %( %M %k %.!< 4X ?t $O Fs <! 7A <0 $G $" $k $? $a!" 3X =, $K $h$C $F =E $_ 9T Ns f A p ; B p g $O <0 (14) $r K~B-$9$k9TNs f ~ A p ; ~ B p g $K<}B+$9$k!#$3$N$H$-!" ~ A p ~ B p = U p T U p (15) $h $j!" ~ A p ~ B p $O KL JQ 49 $H Ey 2A $J 9g @. JQ 49 $r <B 8= $7 $F $$ $k!# $7 $+ $7!" =E $_ 9T Ns f ~ A p ; ~ B p g $H f U p ; T U p g $O @5 B’9TNs f C p ; C � 1 p g $K$h$C$F3F!9BP1~IU$1$5$l$k$?$a$K!" I,$:$7$b a i = = u i ; b i = = u i ( i = 1 ; 2 ; : : : ; p ) (16) $,@.N)$;$:!"0lHL$KFbItI=8=$O KL JQ4978?t$H0[$J$k!# $3 $3 $G!" !V91 Ey <L A| $N 6a ;w $K 4X $9 $k 4s M? $N Bg $- $5 $K =>$C $F 3F 4p Dl $N =g $, Dj $^ $k $3 $H!W $, KL JQ 49 $N M- 8z @- $G $" $k $3 $H $K Cm 0U $9 $k!# $3 $N @- <A $K $h$C $F!" KL JQ 49 $G $O Cj =P $5 $l $? FC D’ $N =E MW @- $, I> 2A 2D G= $H $J $j!" >p Js 05 =L!& FC D’ Cj =P $K $* $$ $F 8z NO $r H/ 4x $9 $k!# 0J >e $N 0U L# $K $* $$ $F Baldi !& Hornik $N Dj M} $K $O 3H D% $N I, MW @- $, $" $k$H9M$($i$l$k!# 2.3 KL JQ49$r<B8=$9$k3X=,B’ K\ @a $G $O KL JQ 49 78 ?t $H 0l CW $9 $k Fb It I= 8= $r <B 8= $9 $k $? $a $N 3X =, B’ $r Ds 0F $7!" $= $N BE Ev @- $r M} O@ E* $K J] >Z $9$k!# 2.3.1 3X=,B’$N35N, Cf 4V AX $K p 8D $N AG ;R $r $b $D := ;~ 7W 7? @~ 7A %Q!< %; %W %H %m %s $r 9M N8 $9 $k!# $= $l $> $l $N Cf 4V AX AG ;R $r G$ 0U $K HV 9f 2

IU $1 $7!" Cf 4V AX Bh k AG ;R $^ $G 9M N8 $7 $? %Q!< %; %W %H %m %s $N=E$_9TNs$r A k = [ a 1 j a 2 j � � � j a k ] B k = T [ b 1 j b 2 j � � � j b k ] (17) $GM?$($k!#$^$?!"<0 (17) $KBP1~$9$k=PNO y k = A k B k x (18) $rMQ$$$F8m:94X?t E k = 1 N N X � =1 jj x � � A k B k x � jj 2 (19) $rDj5A $9$k!#0l HL$N3X =,$G $O E p $N $_$rMQ $$$k $,!"8m:9 E k $NOB ~ E p = p X k =1 E k (20) $G %( %M %k %.!< 4X ?t $r M? $( $? >l 9g $N 3X =, $N 8z 2L $K $D $$ $F 9M$($F$_$k!# Nc $( $P!" p = 2 $N >l 9g!" Cf 4V AX Bh 2 AG ;R $r MQ $$ $? $3$H$K 5/0x $9$k=E $_=$ @5NL$O E 2 $N$_ $G7h Dj$5$l $k$,!" Bh 1 AG ;R $K 4X $9 $k =E $_ =$ @5 NL $O ~ E 2 $G 7h $^ $j!" ~ E 2 $K 4p $E$$$F 3X=, $r9T$& %Q!<%; %W%H%m %s$O E 2 $r8: $i$9$H F1;~ $K!" E 1 $r8: $i$9 $h$& $K3X =,$, ?J9T $9$k!#$= $N7k 2L!"Cf 4V AX Bh 1 AG ;R $O :G $b =E MW $J FC D’ $r!" Cf 4V AX Bh 2 AG ;R $O $3 $l $r Jd $& FC D’ $r =P NO $9 $k $H 9M $( $i $l $k!# $h$C $F!" 0l HL $K Cf 4V AX AG ;R $N HV 9f =g $K 4s M? $N Bg $- $J FC D’ $r Cj =P $9 $k$h$&$K3X=,$,?J9T$9$k$H4|BT$G$-$k!# 2.3.2 Baldi !& Hornik $NDjM}$N3HD% [ DjM} ] %U %k %i %s %/ 9T Ns ~ A p !" ~ B p $, ~ E p $N :G >. CM $r M? $( $k$J $i $P!"@5 B’ $J p � p BP 3Q9T Ns D p $, B8:_$7$F!" ~ A p = U p D p ~ B p = D � 1 p T U p (21) $,@.N)$9$k!#$^$?!"$=$N5U$,@.N)$9$k!# DjM}$N>ZL@$N$?$a$KJdBj$r=‘Hw$9$k!# [ JdBj ] D> 8r $9 $k @5 5, Ns %Y %/ %H %k f u i 2 R n g i =1 ; 2 ;:::;k (1 � k � n ) $+$i@.$k9TNs U k = [ u 1 j : : : j u k ] (22) 5Z $S!" Hs Nm $N Dj ?t f d i g i =1 ; 2 ;:::;k $r BP 3Q MW AG $H $9 $k k <! BP3Q9TNs D k = diag ( d 1 ; : : : ; d k ) (23) $r9M$($k!# $3$l$i$r MQ$$$F n � k 9T Ns A k $* $h$S k � n 9TNs B k $r A k = U k D k B k = D � 1 k T U k (24) $H Dj 5A $7!" $3 $l $i $K G$ 0U $N n <! 85 %Y %/ %H %k a k +1 ; b k +1 $r IU 2C $7 $F :n$C $? n � ( k + 1) 9T Ns A k +1 $* $h $S ( k + 1) � n 9TNs B k +1 $r A k +1 = [ A k j a k +1 ] B k +1 = " B k T b k +1 # (25) $H$9$k!#$3$N$H$-!" A k +1 = U k +1 D k +1 B k +1 = D � 1 k +1 T U k +1 (26) $r K~ B- $9 $k ( k + 1) <! @5 B’ 9T Ns D k +1 $, B8 :_ $9 $k $J $i $P!" D k +1 $OBP3Q9TNs$G$"$k!# [ JdBj$N>ZL@ ] IUO?;2>H [ Dj M} $N >Z L@ ] ~ A p $N Bh 1 Ns $+ $i Bh k Ns ( k = 1 ; : : : ; p ) $^ $G $N =E $_ %Y %/ %H %k $G 9= @. $5 $l $? n � k 9T Ns $r ~ A k !" ~ B p $N Bh 1 9T$+ $i Bh k 9T $^ $G $N=E $_ %Y %/%H %k $G 9=@. $5 $l $? k � n 9TNs$r ~ B k $H$*$/!# f ~ A p , ~ B p g $,<0 (21) $rK~B- $9 $k $J $i $P!" Baldi !& Hornik $N Dj M} $h $j!" $9 $Y $F $N k $K $D $$ $F ~ A k !" ~ B k $, E k $N :G >. CM $r M? $( $k!# $7 $? $,$C $F!" <0 (21) $r K~ B- $9 $k f ~ A p ; ~ B p g $O ~ E p $N :G >. CM $r M? $($k!#5U$K!" $9$Y$F$N E k $, F1;~$K:G >.CM$r$H $k$h$&$J f ~ A p ; ~ B p g $,B8:_$9$l$P!"$=$N f ~ A p ; ~ B p g $KBP$7$F ~ E p $b :G >. CM $r $H $k!# k = 1 ; : : : ; p $K $D $$ $F Baldi !& Hornik $N Dj M} $r 9M N8 $9 $k $H!" @5 B’ $J p <! @5 J} 9T Ns ~ D p $, B8 :_ $7$+$D$=$N k <!$N<g:B>.9TNs ~ D k $9$Y$F$,@5B’$G!" ~ A k = U k ~ D k ~ B k = ~ D � 1 k T U k (27) $,@.$jN) $D>l9g$K!"$9 $Y$F$N E k $, :G>.CM$r$H $k$3$H$, <( $5 $l $k!# k = 1 $G <0 (27) $, @. $j N) $F $P!" Jd Bj $h $j k = 2 $G <0 (27) $, @. $j N) $D $? $a $K $O ~ D 2 $O BP 3Q 9T Ns $G $J $1 $l $P $J $i $J $$!# F1 MM $K $7 $F!" 5" G< K! $K $h $j k = 3 ; : : : ; p $K $D $$ $F $b ~ D k $O BP 3Q 9T Ns $H $J $k!# 8N$K!" $9 $Y $F $N E k $, :G >. CM $r $H $k f ~ A p ; ~ B p g $, B8 :_ $7!" ~ D p $O BP 3Q9TNs$H$J$k!# ( >ZL@=*$j ) >ZL@2aDx$+$iL@$i$+$J$h$&$K!"G$0U$N@5Dj?t f � i g i =1 ; 2 ;:::;p $K$h$C$F=E$_IU$1$5$l$?%(%M%k%.!<4X?t ~ E 0 p = p X k =1 � k E k (28) $K$D$$$F$bF1MM$NDjM}$,@.$jN)$D!# [ 7O ] 3

%U %k %i %s %/ 9T Ns ~ A p !" ~ B p $, G$ 0U $N @5 Dj ?t =8 9g f � k g k =1 ; 2 ;:::;p $K BP $7 $F!" ~ E 0 p $N :G >. CM $r M? $( $k $J $i $P!" @5 B’ $J p � p BP 3Q 9T Ns D p $, B8:_$7$F!" ~ A p = U p D p ~ B p = D � 1 p T U p (29) $,@.N)$9$k!#$^$?!"$=$N5U$,@.N)$9$k!# %( %M %k %.!< 4X ?t ~ E p $b $7 $/ $O ~ E 0 p $N :G >. CM $r M? $( $k =P NO AX { Bh k Cf 4V AX AG ;R 4V $N =E $_ %Y %/ %H %k $r ~ a k !" Bh k Cf 4V AX AG ;R { F~ NO AX 4V $N =E $_ %Y %/ %H %k $r ~ b k $H $* $-!" D p = diag ( d 1 ; : : : ; d p ) $H I= $9 $H!" <0 (11) $H <0 (21) $h $j!" ~ a i = d i u i ~ b i = 1 d i u i (30) $H$J$k!#8N$K!" a i = = u i ; b i = = u i ( i = 1 ; 2 ; : : : ; p ) (31) $, %( %M %k %.!< 4X ?t :G >. 2= $N I, MW == J, >r 7o $H $J $k $3 $H $, DjM}$K$h$C$FJ]>Z$5$l$?!# 3 ?tCM<B83$K$h$k8!>Z 2 $K$* $$ $F Ds 0F $7 $? 3X =, B’ $N 8z 2L$r ?t CM <B 83 $K $h $j 3N G’$9$k!#<B83$K$O n = m = p = 3 (32) $J$k@~7A%Q!<%;%W%H%m%s$rMQ$$!"%G!<%?=89g f x � 2 R 3 g � =1 ; 2 ;:::; 1000 (33) $K BP $7 $F 91 Ey <L A| 3X =, $r 9T$C $?!# %G!< %? =8 9g $O 3 <! 85 Nm J? 6Q %, %& %9 J, I[ $K => $& %Y %/ %H %k CM $G $" $j!" 3X =, 2s ?t 5Z $S 3X =, Dj ?t $O $= $l $> $l 1000 2s!" 1 : 0 $H A* Br $7 $F ~ E p $KBP$9$k:G5^9_2<K!$rE,MQ$7$?!# ?^ 2 $O!" 3X =, 2s ?t $K BP $9 $k Fs >h 8m :9 f E i g i =1 ; 2 ; 3 $r Ds <( $7 $F $$ $k!# ?^ Cf $N 2# @~ $O %G!< %? =8 9g $K BP $7 $F 1 <! 85 $* $h $S 2 <! 85 $N KL JQ 49!& KL 5U JQ 49 $r E, MQ $7 $? >l 9g $NFs>h 8m:9 $r<( $7$F$$ $k!#0l J}!"?^ 3 $O %G!<%? =89g$K =E $M $F =E $_ %Y %/ %H %k f ~ b i g i =1 ; 2 ; 3 $r I= <( $7 $F $$ $k!# KL 4p Dl F1 MM $K!" ~ b 1 $, %G!< %? =8 9g $N :G $b J, ;6 $N Bg $- $J J} 8~ $r 8~ $-!" ~ b 2 $, $= $l $H D> 8r $7 $? J? LL Fb $G J, ;6 $N Bg $- $J J} 8~ $r!" ~ b 3 $, N> <T $K D> 8r $7 $? J} 8~ $r 8~ $$ $F $$ $k $3 $H $, M} 2r $5 $l $k!# $h $j >\ $7 $/ KL 4p Dl $H Hf 3S $9 $k $? $a!" $3 $l $i =E $_ %Y %/ %H %k $H %G!< %? =8 9g $N KL 4p Dl f u i g i =1 ; 2 ; 3 $H $N J}8~M>89 $r5a$a $k!#I= 1 $h$j 3F=E$_ %Y%/%H %k$, KL 4pDl $K J? 9T $K $J$C $F $$ $k $3 $H $, $o $+ $k!# F1 0l >r 7o 2< $G DL >o $N8m:9 5UEA HB3X=, $r9T$C $?>l9g!" I= 2 $,<( $9$h $&$K3F =E $_ %Y %/ %H %k $O KL 4p Dl $H D> @\ BP 1~ $7 $J $$ $3 $H $K Cm 0U $r B%$9!# 4 5DO@ 0l HL $K!" := ;~ 7W 7? %Q!< %; %W %H %m %s $N 91 Ey <L A| 3X =, $r >p Js 05 =L $d FC D’ Cj =P $K E, MQ $9 $k >l 9g!" KL JQ 49 $r >e 2s $k 8z 2L $r 4| BT $7 $F!" 5 AX 0J >e $N Hs @~ 7A %Q!< %; %W %H %m %s $, Mx MQ $5 $l $k [8, 9, 10] !# 2 $K $* $$ $F Ds 0F $7 $? 3X =, B’ $O!" 3 AX := ;~ 7W 7? %Q!< %; %W %H %m %s $K 8B $i $:!" $h $j B? AX $N := ;~ 7W 7? %Q!< %; %W %H %m %s 2 !" $5 $i $K G$ 0U $N B? AX %Q!< %; %W %H %m %s $N 3X =, $K E, MQ 2D G= $G $" $k!# $3 $l $r Ds <( $9 $k $? $a!" >p Js 05 =L $N $? $a $K Hs @~ 7A @- $, I, MW $H $J $k 4J C1 $J Ld Bj $K BP $7 $F!" 5 AX := ;~ 7W 7? Hs @~ 7A %Q!< %; %W %H %m %s ( ?^ 4 ;2>H ) $K$*$1$kDs0F<jK!$rE,MQ$9$k!# <B 83 $K $O F~ NO AX $+ $i =g $K 3{10{3{10{3 $N AG ;R $r G[ CV $7 $? 5 AX %Q!< %; %W %H %m %s $r MQ $$!" Bh 2 AX $H Bh 4 AX $N AG ;R $N =P NO 4X ?t $O %7 %0 %b %$ %I 4X ?t $H $7 $?!# %G!< %? =8 9g f x � 2 R 3 g � =1 ; 2 ;:::; 100 $O H> 5e LL >e $N E@ $H $7!" 3X =, 2s ?t!" 3X =, Dj ?t $O $= $l $> $l 15000 2s!" 0.05 $H $7 $F Dj ?t 0.9 $N47@-9‘$rIU2C$7$F3X=,$r9T$C$?!# ?^ 5(a) $O Ds 0F $7 $? 3X =, B’ $K $h $k 3X =, 8e $N %Q!< %; %W %H %m %s $N =P NO $r %G!< %? =8 9g $K =E $M $F %W %m%C %H $7 $? $b $N $G $" $k!# =P NO $O <B @~ $G!" %G!< %? =8 9g $O GK @~ $G <( $5 $l!" $= $l $> $l $N CM $O 3J ;R E@ >e $K B8 :_ $9 $k!# $^ $?!" ?^ 5(b) $O Cf 4V AX Bh 2 AG ;R $^ $G $r MQ $$ $F 7W ;; $5 $l $k =P NO $r <( $7 $F $$ $k!# Bh 3 AG ;R $^ $G MQ $$ $? (a) $H Hf 3S $9 $k $H H> 5e LL $N E7 D: It J, $G <c 43 8m :9 $, Bg $- $/ $J $k $,!" 3X =, B’ $N 8z 2L $K $h $j Bh 2 AG ;R $^ $G $N Fs <! 85 $N Fb It I= 8= $G $[ $\ $= $N 7A >u $r 6a;w$7$F$$$k;v$,M}2r$5$l$k!# <! $K!" 3M F@ $5 $l $? Fb It I= 8= $r 2r @O $7!" DL >o $N 8m :9 5U EA HB 3X =, $H $N Hf 3S $r 9T $&!# ?^ 5(c) $O Ds 0F 3X =, B’ $K $h $k 3X =, 8e $N %Q!< %; %W %H %m %s $G 3 $D $N Cf 4V AX AG ;R $N $& $A 0l $D $@ $1 $r MQ $$ $F =P NO $r 7W ;; $7 $? 7k 2L $r <( $9!# Cf 4V AX Bh 1 $* $h $S Bh 2 AG ;R $, Hs @~ 7A $J 6J @~ :B I8 $r @. $7!" $3 $l $i Fs <! 85 $N Fb It I= 8= $G $[ $\ H> 5e LL $, I| 85 $5 $l $F $$ $k!# $^ $?!" Bh 3 AG ;R $N =P NO $O JQ 0[ $, >. $5 $/!" H> 5e LL :F 9= @. $X $N 4s M? $b >. $5 $$!# 0l J}!" DL >o $N 8m :9 5U EA HB 3X =, $r E, MQ $9 $k >l 9g!" $" $i $+ $8 $a Cf 4V AX AG ;R ?t $r 2 $H $7 $F 3X =, $r 9T $( $P!" H> 5e LL $N Fs <! 85 Fb It I= 8= $r 3X =, $9 $k $3 $H $, $G $- $k [10] $,!" AG ;R ?t $r 3 $H $7 $F >e =R $N <B 83 $H F1 0l >r 7o $G 3X =, $r 9T $& $H!" $= $N Fb It I= 8= $O ?^ 5(d) $K <( $9 $h $& $K C1 $J $k @~ 7A D> 8r :B I8 $K BP 1~ $7 $? $b $N $H $J $k!# $^ $?!" $3 $N >l 9g Cf 4V AX $G 2? $i $N FC D’ Cj =P $b $5 $l $F $* $i $:!" Fb It I= 8= $K KL JQ 49 $r E, MQ $7 $F $b $3 $N %G!< %? =8 9g $, K\ <A E* $K Fs <! 85 $G $" $k $3 $H $r ?d Dj $G $- $J $$ $3 $H $K Cm 0U $r B% $9!# 0l HL $K!" >p Js 05 =L!& FC D’ Cj =P Ld Bj $K $* $$ $F $O 91 Ey <L A| 6a ;w $K I, MW $J %Q %i %a!< %? ?t $O IT L@ $G $" $j!" B? AX %Q!< %; %W %H %m %s $N Mx MQ $K :] $7 $F 3X =, A0 $K :G E, $J Cf 4V AX AG ;R ?t $r ?d Dj $9 $k $N $O :$ Fq $G $" $k!# $7 $+ $7 K\ 8& 5f $G Ds 0F $7 $? 3X =, B’ $O Hs @~ 7A %Q!< %; %W %H %m %s $K $h $k >p Js 05 =L $K $b 2 G$ 0U $N B? AX %Q!< %; %W %H %m %s $K $* $$ $F $b!"F~ NO AX $H =P NO AX $N AG ;R ?t $r n $* $h $S m $H $7!" $= $l 0J 30 $N Cf 4V AX $N AG ;R ?t $N :G >. CM $r p $H $7 $? $H$-!"<0 (6) $,@.N)$9$k%Q!<%;%W%H%m%s$r:=;~7W7?$HDj5A$9$k!# 4

M- 8z $G!" 3X =, $K $h$C $F >i D9 @- $N Dc $$ Fb It I= 8= $r <+ F0 E* $K3MF@$G$-$k$H9M$($i$l$k!# ;29MJ88% [1] D.E.Rumelhart, G.E.Hin ton and R.J.Williams, Learning in ternal represen tations b y error prop- agation, in P arallel Distributed Pro cessing v ol.1, J.L.McCleland, D.E.Rumelhart, and The PDP Researc h group, MIT Press, 1986. [2] K.F unahashi, On the appro ximate realization of con tin uous mappings b y neural net w orks, Neu- ral Net w orks, v ol.2, pp.183{192, 1989. [3] K.Hornik, M.Stinc hcom b e and H.White, Mul- tila y er feedforw ard net w orks are univ ersal ap- pro ximators, Neural Net w orks, v ol.2, pp.359{ 366, 1989. [4] G.Cyb enk o, Appro ximation b y sup erp ositions of a sigmoidal function, Math.Con t.Sig.Sys. v ol.2, no.4, pp.303{314, 1989. [5] H.Bourlard and Y.Kamp, Auto-asso ciation b y m ultila y er p erceptrons and singular v alue de- comp osition, Biol.Cyb ern., 1988. [6] P .Baldi and K.Hornik, Neural net w orks and prin- cipal comp onen t analysis: Learning from ex- amples without lo cal minima, Neural Net w orks, v ol.2, pp.53{58, 1989. [7] A% 66 8-0l , 3 AX %K%e!< %i%k %M%C %H%o!< %/ $K$h $k91 Ey <LA|$N6a;wE*<B8=$K$D$$$F$NM}O@E*9M;! , IEICE T rans, v ol.J73-A, no.1, 1990. [8] S.Usui, S.Nak auc hi and M.Nak ano, In ternal color represen tation acquired b y a �v e-la y er neural net w ork, ICANN, pp.867{872, 1991. [9] D.DeMers and G.Cottrell, Non-linear dimension- alit y reduction, NIPS 5, pp.580{587, 1993. [10] F~ 9> J8 J? , @n ?M 8w CK , B? AX %Q!< %; %W %H %m %s $K $h $k Fb ItI= 8=$N 3MF@ , IEICE T rans., v ol.J73-D-I I, no.8, pp.1173{1178, 1990. [ JdBj$N>ZL@ ] D k +1 = T U k +1 A k +1 $h$j!" D k +1 = 2 6 6 4 T u 1 . . . T u k +1 3 7 7 5 h d 1 u 1 : : : d k u k a k +1 i = 2 6 6 6 6 4 � 1 D k . . . � k 0 � k +1 3 7 7 7 7 5 (34) $?$@$7!" � i = T u i a k +1 $^$?!" D � 1 k +1 = B k +1 U k +1 $h$j!" D � 1 k +1 = 2 6 6 6 6 4 1 d 1 u 1 . . . 1 d k u k T b k +1 3 7 7 7 7 5 h u 1 : : : u k +1 i = 2 6 6 6 4 D � 1 k 0 � 1 : : : � k � k +1 3 7 7 7 5 (35) $?$@$7!" � i = T b k +1 u i $3$l$i$h$j!" D k +1 D � 1 k +1 = 2 6 6 6 6 4 1 + � 1 � 1 � � � � 1 � k � 1 � k +1 . . . . . . . . . . . . � k � 1 � � � 1 + � k � k � k � k +1 � k +1 � 1 � � � � k +1 � k � k +1 � k +1 3 7 7 7 7 5 (36) $H$J$k!#2>Dj$+$i!" D k +1 $O@5B’$G$"$j!"$^$? � k +1 ; � k +1 6 = 0 $G $" $k $3 $H $K Cm 0U $9 $k $H!" � 1 ; � � � ; � k ; � 1 ; � � � ; � k $O $9 $Y $F 0 $G $J $1 $l $P $J $i $J $$!# $f $( $K D k +1 $O BP 3Q 9T Ns$H$J$k!# ( JdBj$N>ZL@=*$j ) 5

?^ 1: 3 AX@~7A%Q!<%;%W%H%m%s 6

?^ 2: Ds 0F3X=, B’$rMQ $$$?@~ 7A%Q!< %;%W%H %m%s$H KL JQ 49!& KL 5U JQ 49 $N Fs >h 8m :9 $N Hf 3S!’ 2# <4 $O %Q!< %; %W %H %m %s $N 3X =, 2s ?t $r I= $7!" ?^ Cf $N E@ @~ $O %G!< %? =8 9g $K BP $7 $F 1 <! 85 $* $h $S 2 <! 85 $N KL JQ 49!& KL 5U JQ 49 $r E, MQ$7$?>l9g$NFs>h8m:9$rI=$9!# I= 1: Ds 0F 3X =, B’ $K $* $1 $k Cf 4V AX AG ;R $N =E $_ %Y %/ %H %k f ~ b i g i =1 ; 2 ; 3 $H %G!< %? =8 9g $N KL 4p Dl f u g i =1 ; 2 ; 3 $N J} 8~M>89!# ~ b 1 ~ b 2 ~ b 3 u 1 1.0000 0.0005 -0.0001 u 2 -0.0006 0.9996 -0.0060 u 3 0.0009 0.0271 1.0000 ?^ 3: %G!<%? =89g$K =E$M $FI=<( $7$? 3X=,8e $N=E $_%Y%/ %H %k!# GK @~ $N 4] $O F~ NO %G!< %? $r I= $7!" Lp @~ $O Cf 4V AX AG ;R $N=E$_%Y%/%H%k f ~ b i g i =1 ; 2 ; 3 $rI=$9!# I= 2: DL>o $N8m:9 5UEAHB 3X=, $K$*$1 $kCf 4VAX$N =E$_%Y %/ %H%k$H KL 4pDl$NJ}8~M>89!# ~ b 1 ~ b 2 ~ b 3 u 1 0.2455 -0.5134 -0.7807 u 2 -0.5730 0.5292 -0.5681 u 3 -0.7819 -0.6755 0.2603 ?^ 4: 5 AX:=;~7W7?Hs@~7A%Q!<%;%W%H%m%s 7

(a) (b) (c) (d) ?^ 5: Cf4V AX $K 3 $D $NAG ;R $r MQ$$ $? 5 AX Hs@~ 7A %Q!< %;%W %H %m %s$K $h $k H>5e LL $N91 Ey <L A|3X =,!’ (a) Ds0F 3X =, B’$r E, MQ $7$?%Q!<%;%W%H%m%s$N=PNO!# (b) F10l$N%Q!<%;%W%H%m%s$GCf4VAXBh 2 AG;R$^$G$rMQ$$$FF@$i$l$k=PNO!# (c) Cf4VAXAG ;R$= $l $> $l 0l $D $@ $1 $r MQ $$ $F 7W ;; $5 $l $k =P NO!# (d) DL >o $N 8m :9 5U EA HB 3X =, $r E, MQ $7 $? >l 9g!# ( =P NO $N 7W ;; $O (c) $H F1 MM ) 8