=E >v %( %M %k %. !< 4X ?t $r MQ $$ $? := ;~ 7W 7? MLP $K $h $k Hs @~ 7A <g @. J, J, @O | E} 7W E* 4p =‘ $K $h $k Cf 4V AX AG ;R ?t $N A* Br K! $K $D $$ $F | 9b 66 N4 ;K y , FA 1J N4 <# z y C^ GH Bg 3X EE ;R !& >p Js 9) 3X 7O 3X ?6 FC JL 8& 5f 0w (PD) ") 305-8573 C^ GH Bg 3X EE ;R !& >p Js 9) 3X 7O %+ %* %9 8& 5f << e-mail : ume@c haos.is.tsukuba.ac.jp z C^ GH Bg 3X EE ;R !& >p Js 9) 3X 7O := ;~ 7W 7? B? AX %Q !< %; %W %H %m %s (MLP) $N 91 Ey <L A| 3X =, $r 1~ MQ $7 $? Hs @~ 7A <g @. J, J, @O $K $* $$ $F $O !" %\ %H %k %M %C %/ $H $J $k Cf 4V AX $N AG ;R ?t $r E, @Z $K A* Br $9 $k $3 $H $, =E MW $G $" $k !# $3 $N Ld Bj $K BP $9 $k 0l $D $N %" %W %m !< %A $H $7 $F !" I. <T $i $O $3 $l $^ $G $K !" Cf 4V AX AG ;R $, 4s M? =g $K JB $s $@ Fb It I= 8= $r <+ 8J AH ?% $9 $k =E >v %( %M %k %. !< 4X ?t $r Ds 0F $7 !" $3 $l $r MQ $$ $? MLP $G $O 3X =, 8e $K G$ 0U $N AG ;R ?t $N %G !< %? I= 8= $r Cj =P 2D G= $H $J $k $3 $H $r <( $7 $F $$ $k !# K\ O@ J8 $G $O !" $3 $N =E >v %( %M %k %. !< 4X ?t $r MQ $$ $? MLP $N Cf 4V AX AG ;R ?t A* Br $N $? $a $N ;X I8 $H $7 $F !" J? 2, !& 5H _7 $K $h $C $F Ds 0F $5 $l $? E} 7W 4p =‘ $r E, MQ $7 $? 7k 2L $r Js 9p $9 $k !# := ;~ 7W 7? MLP !" 91 Ey <L A| 3X =, !" <g @. J, J, @O !" <! 85 05 =L !" <! 85 ?t A* Br Nonlinear Principal Comp onen t Analysis b y MLP using Sup erp osed Energy | On estimation of the in trinsic dimensionalit y of data | T ak ashi T AKAHASHI y , Ryuji TOKUNA GA z y JSPS Researc h F ello w, Institute of Information Sciences and Electronics, Univ ersit y of Tsukuba, Ibaraki 305{8573, Japan e-mail : ume@c haos.is.tsukuba.ac.jp z Institute of Information Sciences and Electronics, Univ ersit y of Tsukuba In order to obtain go o d p erformance in the autoasso ciativ e learning of a sandglass-t yp e MLP , the dimensionalit y of its b ottlenec k-la y er m ust b e selected appropriately . This pap er rep orts that a simple energy function, called \sup erp osed energy ," is applicable to nonlinear principal comp onen t analysis, and that the in trinsic dimensionalit y of nonlinear data is successfully estimated b y applying the statistical criteria prop osed b y Hiraok a and Y oshiza w a. sandglass-typ e MLP, auto asso ciative le arning, princip al c omp onent analysis, dimensionality r e duction

1 $O $8 $a $K B? AX %Q !< %; %W %H %m %s (MLP) $N 91 Ey <L A| 3X =, $r MQ $$ $? <! 85 05 =L $K 4X $7 $F !" 3 AX %Q !< %; %W %H %m %s $, @~ 7A $N <g @. J, J, @O $H Ey 2A $G $" $k $3 $H [1] !" := ;~ 7W 7? MLP $K $h $C $F Hs @~ 7A $N <g @. J, J, @O $, <B 8= $G $- $k $3 $H [2, 3] $J $I $, CN $i $l $F $* $j !" M} O@ !& 1~ MQ $N N> LL $+ $i B? MM $J 8& 5f $, 9T $J $o $l $F $$ $k !# $3 $N $h $& $J MLP $G 8z N( $N NI $$ <! 85 05 =L $r <B 8= $9 $k $? $a $K $O !" %\ %H %k %M %C %/ $H $J $k Cf 4V AX $N AG ;R ?t ( Cf 4V <! 85 ?t ) $r E, @Z $K @_ Dj $9 $k $3 $H $, I, MW $G $" $k !# $3 $N Ld Bj $K BP $7 $F J? 2, !& 5H _7 [7] $O !" Cf 4V <! 85 ?t $N 0[ $J $k := ;~ 7W 7? MLP $N Cf $+ $i :G E, $J <! 85 ?t $N $b $N $r A* Br $9 $k $? $a $N 4p =‘ NL $r Ds 0F $7 $F $$ $k !# 0l J} $o $l $o $l $O !" $3 $N Ld Bj $K BP $9 $k JL $N %" %W %m !< %A $H $7 $F !" Cf 4V AX =P NO $K 4s M? =g $K JB $s $@ %G !< %? I= 8= $r <+ 8J AH ?% $9 $k $? $a $N %( %M %k %. !< 4X ?t ( =E >v %( %M %k %. !< [4, 5]) $r 8! F$ $7 !" $3 $l $r MQ $$ $? >l 9g $K $O 0l $D $N MLP $G 3X =, $r 9T $J $C $? 8e $K Cf 4V <! 85 ?t $r G$ 0U $K A* Br $G $- $k $3 $H $r <( $7 $F $$ $k !# K\ 8& 5f $G $O !" =E >v %( %M %k %. !< $r MQ $$ $? := ;~ 7W 7? MLP $K $h $k Hs @~ 7A <! 85 05 =L $K J? 2, !& 5H _7 $N 4p =‘ $r E, MQ $7 $? 7k 2L $r Js 9p $9 $k !# => Mh $N J} K! $G $O J# ?t $N MLP $G 3X =, $r 9T $J $$ :G E, $J <! 85 ?t $N $b $N $r A* Br $9 $k I, MW $, $" $k $N $K BP $7 $F !" =E >v %( %M %k %. !< $N >l 9g $K $O 0l EY $N 3X =, $G F@ $i $l $? %G !< %? I= 8= $+ $i :G E, $J <! 85 ?t $N @. J, $r Cj =P $G $- $k $3 $H $r <( $9 !# 2 MLP $K $h $k <! 85 05 =L $H Cf 4V <! 85 ?t A* Br 2.1 := ;~ 7W 7? MLP $K $h $k <! 85 05 =L ?^ 1 $K <( $9 $h $& $J !" Fs $D $N MLP $r D> Ns $K @\ B3 $7 $? 7A <0 $N MLP $r 9M $( $k !# F~ NO AX $H =P NO AX $N AG ;R $, F1 ?t N $G $" $j !" Cf 4V AX $N AG ;R ?t $, K < N $G $" $k >l 9g !" $3 $N MLP $O := ;~ 7W 7? $G $" $k $H $$ $& !# $3 $N := ;~ 7W 7? MLP $X $N F~ NO %G !< %? $H $7 $F T 8D $N N <! 85 %Y %/ %H %k $+ $i @. $k %G !< %? =8 9g � x t 2 R N T t =1 (1) $r M? $( $? >l 9g !" A0 CJ It J, (\enco der") $O 3F %G !< %? %Y %/ %H %k x t $r K <! 85 $N %G !< %? I= 8= $K JQ 49 $7 !" 8e CJ It J, (\deco der") $O $= $l $r $5 $i $K N <! 85 $K JQ 49 $7 =P ?^ 1: 5 AX := ;~ 7W 7? MLP NO $9 $k !" $H $$ $& A‘ :n $r 9T $& $3 $H $K $J $k !# x t $K BP $9 $k =P NO $r y t $H I= $9 $H $- !" 65 ;U ?. 9f $K F~ NO %G !< %? <+ ?H $r MQ $$ $F %( %M %k %. !< 4X ?t E = 1 T T X t =1 jj x t � y t jj 2 (2) $K BP $9 $k 3X =, $r 9T $( $P !" $3 $N MLP $N =P NO $O %G !< %? =8 9g $K BP $9 $k 91 Ey <L A| $r 6a ;w $7 $9 $k !# $7 $? $, $C $F !" 3X =, 8e $K K <! 85 $N %G !< %? I= 8= $9 $J $o $A Cf 4V AX =P NO $r <h $j =P $9 $3 $H $G !" %G !< %? $N <! 85 ?t $r N $+ $i K $K 8: $i $9 <! 85 05 =L $r <B 8= $9 $k $3 $H $, $G $- $k !# >e 5- $N >l 9g !" MLP $N =P NO y t $O !" F~ NO x t $r K <! 85 $N $" $k 6J LL S $K <M 1F $7 $F x t $r 6a ;w $7 $? $b $N $H $J $k !# $3 $N $h $& $J := ;~ 7W 7? MLP $N 91 Ey <L A| 3X =, $O !" !V %N %$ %: $r 4^ $‘ 4Q B, CM $+ $i ?? CM $N K~ $? $9 4X 78 $r ?d B, $7 !" 4Q B, CM $r Jd @5 $9 $k !W $H $$ $& Ld Bj $H 9M $( $k $3 $H $, $G $- !" 0J 2< $N $h $& $J ?d Dj Ld Bj $H Ey 2A $H $J $k [6] !# N <! 85 6u 4V Cf $K !" <! 85 ?t L $, L$ CN $N $" $k 6J LL S � $r 9M $( $k !# $3 $N $H $- !" S � >e $K %G !< %? =8 9g � z t 2 R N T t =1 (3) $, M? $( $i $l !" $= $l $K %N %$ %: $N 2C $o $C $? %G !< %? f x t = z t + n t g T t =1 (4) $, 4Q B, $5 $l $k !# $? $@ $7 !" n t $O @5 5, J, I[ N ( 0 ; � 2 I ) $K => $& %N %$ %: $H $9 $k !# 4Q B, CM f x t g $+ $i !" S � $H ?? $N CM f z t g $r ?d Dj $; $h !#

$3 $N >l 9g !" ?d Dj CM y $, ?? CM z $K 6a $1 $l $P NI $$ $o $1 $G $" $k $+ $i !" E � = E � jj y � z jj 2 � (5) $r ?d Dj $N NI $5 $N 4p =‘ $H $9 $k $3 $H $, $G $- $k !# ?? CM $N $N $C $? 6J LL S � $r E, Ev $J J} K! $G ?d Dj $7 $? 6J LL S $, NI $$ 6a ;w $H $J $C $F $$ $l $P !" E � $O >. $5 $/ $J $k !# $7 $? $, $C $F !" := ;~ 7W 7? MLP $K $h $k <! 85 05 =L $K $* $$ $F $O !" $$ $+ $K $7 $F E � $N >. $5 $$ MLP $r 9= @. $9 $k $+ $, Ld Bj $H $J $k !# FC $K !" S � $N <! 85 ?t L $, L$ CN $N >l 9g $K $O !" E � $, >. $5 $/ $J $k $h $& $K 6J LL S $N <! 85 $D $^ $j Cf 4V AX $N AG ;R ?t K $r A* Br $9 $k $3 $H $, I, MW $H $J $k !# 2.2 J? 2, !& 5H _7 $N 4p =‘ := ;~ 7W 7? MLP $K $* $$ $F :G E, $J Cf 4V <! 85 ?t $r 7h Dj $9 $k $H $$ $& Ld Bj $O 0l <o $N %b %G %k A* Br $N Ld Bj $G $" $k $+ $i !" AIC $d MDL $H $$ $C $? E} 7W 4p =‘ $r MQ $$ $k $3 $H $b 9M $( $i $l $k !# $7 $+ $7 !" J? 2, $i $O := ;~ 7W 7? MLP $K BP $7 $F $O $3 $l $i $N 4p =‘ $, IT E, @Z $G $" $k $3 $H $r ;X E& $7 !" >e 5- $N E � $N ?d Dj CM $r 5a $a $F $3 $l $r 4p =‘ $K <! 85 ?t $r A* Br $9 $k $H $$ $& ?7 $? $J J} K! $r Ds 0F $7 $F $$ $k [7] !# 0J 2< !" $= $N F3 =P 2a Dx $r 4J C1 $K <( $9 !# 0l HL $N Hs @~ 7A $N >l 9g $r 2r @O $9 $k $N $O :$ Fq $G $" $k $+ $i !" S $d S � $, J? LL $H $_ $J $; $k $b $N $H $7 $F @~ 7A $N >l 9g $r 9M $( !" ?? CM z $N 6& J, ;6 9T Ns $N 8G M- CM $r Bg $- $$ $b $N $+ $i =g $K � 1 � . . . � � L > � L +1 = � � � = � N = 0 (6) $H $* $/ !# $3 $N $H $- !" K � L $G S $, S � $r Jq 4^ $9 $k $J $i $P !" E = ( N � K ) � 2 (7) E � = K � 2 (8) $, @. $j N) $D !# 0l J} !" K < L $N >l 9g !" S $, S � $N >e 0L K 8D $N 8G M- %Y %/ %H %k $N D% $k It J, 6u 4V $K 0l CW $9 $k $J $i $P !" E = � K +1 + � � � � L + ( N � K ) � 2 (9) E � = � K +1 + � � � � L + K � 2 (10) $, @. $j N) $D !# $3 $l $i $N 4X 78 <0 $r $b $H $K !" E � $N ?d Dj CM $r 9= @. $9 $k !# $^ $: %N %$ %: $N J, ;6 � 2 $, 4{ CN $N >l 9g !" E � $N ?d Dj CM E k now n $O <! <0 $G M? $( $i $l $k !# E k now n = E + (2 K � N ) � 2 (11) ?^ 2: 5 AX := ;~ 7W 7? MLP $H It J, %Q !< %; %W %H %m %s <! $K !" � 2 $, L$ CN $N >l 9g !" <0 (7) $+ $i $3 $l $r ~ � 2 = 1 N � K E (12) $H ?d Dj $7 !" $3 $l $r <0 (11) $K Be F~ $9 $l $P E unk now n = K N � K E (13) $, F@ $i $l $k 1 !# $$ $: $l $N ?d Dj CM $b !" � 2 $N Bg $- $5 $K BP $9 $k BE Ev $J 2> Dj $N 2< $G !" K = L $K $* $$ $F :G >. CM $r $H $k $3 $H $, <( $5 $l $F $$ $k 2 !# $7 $? $, $C $F !" MM !9 $J Cf 4V <! 85 ?t $N MLP $G 3X =, $r 9T $$ !" $= $l $i $N E � $N ?d Dj CM $r 5a $a $F $d $l $P !" :G E, $J Cf 4V <! 85 ?t $r $b $D MLP $r A* Br $9 $k $3 $H $, $G $- $k !# 3 =E >v %( %M %k %. !< $X $N J? 2, !& 5H _7 $N 4p =‘ $N E, MQ =E >v %( %M %k %. !< $K $D $$ $F 35 @b $7 !" $3 $l $r MQ $$ $? := ;~ 7W 7? MLP $N 91 Ey <L A| 3X =, $K BP $9 $k J? 2, !& 5H _7 $N 4p =‘ $N E, MQ K! $r 8! F$ $9 $k !# 3.1 =E >v %( %M %k %. !< 1 � 2 $, L$ CN $N >l 9g $N E � $N ?d Dj K! $H $7 $F %b %s %F %+ %k %m K! $r MQ $$ $k J} K! $b 8! F$ $5 $l $F $$ $k [7] $, !" $3 $3 $G $O @b L@ $r >J N, $9 $k !# 2 $? $@ $7 !" E unk now n $O <0 (7) $N @. N) $r 2> Dj $7 $F F3 $+ $l $F $$ $k $? $a !" K < L $K $* $$ $F $O E � $H $N $: $l $, Bg $- $/ $J $k !# 3.2 @a $G $3 $N Ld Bj $K $D $$ $F 5D O@ $9 $k !#

=E >v %( %M %k %. !< $O !" MLP $N Cf 4V AX AG ;R $N $& $A 0l It $N $_ $r ;H MQ $7 $? $H $- $N MLP $N =P NO 8m :9 $r 9M $( !" MM !9 $J AG ;R ?t $G F@ $i $l $k 8m :9 $r 2C $( 9g $o $; $? $b $N $G $" $k !# ?^ 2 $N MLP $K $* $$ $F !" K 8D $N Cf 4V AX AG ;R $N $& $A 1 HV L\ $+ $i i HV L\ ( i = 1 ; 2 ; . . . ; K ) $^ $G $r MQ $$ $F 9= @. $5 $l $k It J, E* $J %Q !< %; %W %H %m %s $r Bh i It J, %Q !< %; %W %H %m %s $H 8F $V !# Bh i It J, %Q !< %; %W %H %m %s $K $h $k 91 Ey <L A| $N 6a ;w <L A| $r f i $H I= $7 !" F~ NO x $K BP $9 $k =P NO $r f i ( x ) $H I= 5- $9 $k !# $3 $N $H $- !" <0 (1) $N %G !< %? =8 9g $K BP $7 $F $9 $Y $F $N AG ;R $r MQ $$ $? $H $- $N MLP $N 8m :9 $, <0 (2) $G M? $( $i $l $k $N $H F1 MM $K !" 3F It J, %Q !< %; %W %H %m %s $K $D $$ $F $b J? 6Q Fs >h 8m :9 E i = 1 T T X t =1 jj x t � f i ( x t ) jj 2 (14) $r 9M $( $k $3 $H $, $G $- $k 3 !# =E >v %( %M %k %. !< F $O !" $3 $N E i $N =E $_ $D $- OB F = K X i =1 � i E i (15) $H $7 $F Dj 5A $5 $l $k !# $? $@ $7 !" � i $O E, Ev $J @5 $N 78 ?t $G $" $k !# =E >v %( %M %k %. !< $r MQ $$ $k $H !" %G !< %? $N 6a ;w $N :] $K =E MW $J @. J, $[ $I >e 0L $N Cf 4V AX AG ;R $N =P NO $K 8= $l $k $h $& $K $J $j !" 4s M? $N Bg $- $5 $N =g $K $J $i $s $@ %G !< %? I= 8= $, <+ 8J AH ?% $5 $l $k !# FC $K @~ 7A AG ;R $+ $i @. $k 3 AX MLP $N 91 Ey <L A| 3X =, $K E, MQ $7 $? >l 9g !" i HV L\ $N Cf 4V AX AG ;R $N =P NO $, %G !< %? =8 9g $N i HV L\ $N <g @. J, $K 0l CW $9 $k $3 $H $, >Z L@ $5 $l $F $$ $k [4] !# 3.2 J? 2, !& 5H _7 $N 4p =‘ $N E, MQ =E >v %( %M %k %. !< $r MQ $$ $? >l 9g !" $9 $Y $F $N E i $, >. $5 $/ $J $k $h $& $K 3X =, $, 9T $J $o $l $k !# $7 $? $, $C $F !" J? 2, !& 5H _7 $N 4p =‘ $r E, MQ $9 $k :G $b C1 =c $J %" %W %m !< %A $H $7 $F $O !" 3F It J, %Q !< %; %W %H %m %s $K BP $7 $F <0 (11) $" $k $$ $O (13) $r $= $N $^ $^ E, MQ $7 !" i = 1 ; 2 ; . . . ; K $N Cf $+ $i :G $b 4p =‘ NL $N CM $, >. $5 $/ $J $k Cf 4V <! 85 ?t $r A* Br $9 $k J} K! $, 9M $( $i $l $k !# $3 $N >l 9g !" Bh i It J, %Q !< %; %W %H %m %s $K BP $9 $k 4p =‘ NL $O E k now n ( i ) = E i + (2 i � N ) � 2 (16) E unk now n ( i ) = i N � i E i (17) 3 Bh K It J, %Q !< %; %W %H %m %s $O $b $H $N %Q !< %; %W %H %m %s A4 BN $K 0l CW $7 !" $= $N 8m :9 E K $, DL >o $N 8m :9 5U EA HB 3X =, $G MQ $$ $i $l $k %( %M %k %. !< 4X ?t $G $" $k !# $H I= $; $k !# %N %$ %: J, ;6 � 2 $, 4{ CN $G $" $j E k now n $r MQ $$ $k >l 9g $K $D $$ $F $O !" $3 $N J} K! $G $b NI 9% $J 7k 2L $, F@ $i $l $k !# $7 $+ $7 !" � 2 $, L$ CN $N >l 9g !" DL >o $N %( %M %k %. !< 4X ?t $r MQ $$ $k :] $H 6& DL $N 8= >] $H $7 $F !" i < L $K $* $$ $F E � $H E unk now n $H $N $: $l $, Bg $- $/ $J $k $H $$ $& Ld Bj $, $" $k !# $= $3 $G !" =E >v %( %M %k %. !< $r MQ $$ $F F@ $i $l $k %Q !< %; %W %H %m %s $N @- <A $r Mx MQ $7 $F E unk now n $r =$ @5 $9 $k !# >e =R $N E unk now n $N $: $l $O !" � 2 $r <! 85 ?t i $N Bg >. $K $+ $+ $o $i $: ~ � ( i ) = 1 N � i E i (18) $h $j ?d Dj $7 $F $$ $k $3 $H $K 5/ 0x $7 $F $$ $k !# $3 $N >l 9g !" 8m :9 E i $K 4X $7 $F $$ $: $l $N i $K $* $$ $F $b <0 (7) $, @. N) $9 $k $3 $H $r 2> Dj $7 $F $$ $k $, !" <B :] $K $O i < L $G $O <0 (9) $N $h $& $K $J $k !# $= $N $? $a !" ~ � 2 ( i ) $, � 2 $r Bg $- $/ 8+ @Q $b $j $9 $. $F E unk now n $N $: $l $, Bg $- $/ $J $k $H 9M $( $i $l $k !# E K $N $_ $r :G >. 2= $9 $k => Mh $N 3X =, $G $O $3 $N $h $& $J %N %$ %: J, ;6 $N 2a Bg I> 2A $r 2s Hr $9 $k $3 $H $O :$ Fq $G $" $k !# $7 $+ $7 !" =E >v %( %M %k %. !< 4X ?t $r MQ $$ $k >l 9g !" G$ 0U $N <! 85 ?t i $G It J, %Q !< %; %W %H %m %s $N ?? $N 8m :9 E � ( i ) $r ?d Dj $9 $k :] $K !" i = 1 ; 2 ; . . . ; K $N $9 $Y $F $N E i $N CM $r Mx MQ $9 $k $3 $H $, $G $- $k !# $= $3 $G !" (18) $K $+ $( $F � 2 $r <0 ~ � min = min i 1 N � i E i (19) $h $j ?d Dj $7 !" <0 (17) $r <! $N $h $& $K =$ @5 $9 $k !# E unk now n ( i ) = E i + (2 i � N ) ~ � 2 min (20) $3 $l $K $h $C $F %N %$ %: J, ;6 $, L$ CN $N >l 9g $N ?d Dj CM $, 2~ A1 $5 $l $k $3 $H $, 4| BT $G $- $k !# 3.3 78 ?t � i $N @_ Dj <! $K !" >e 5- $N 4p =‘ NL $r <0 (15) $N 78 ?t � i $r E, @Z $K @_ Dj $9 $k $? $a $N ;X ?K $H $7 $F Mx MQ $9 $k $3 $H $r 9M $( $k !# @~ 7A MLP $N 91 Ey <L A| 3X =, $N >l 9g !" � i $O @5 $N Dj ?t $G $" $l $P <g @. J, J, @O $H F1 0l $N 7k 2L $, F@ $i $l $k $3 $H $, M} O@ E* $K J] >Z $5 $l $k [4] !# $7 $+ $7 !" Hs @~ 7A AG ;R $r 4^ $‘ MLP $N >l 9g !" I, MW $J 3X =, 2s ?t $J $I $N 3X =, 8z N( $, � i $K :8 1& $5 $l $k !# K\ O@ J8 $G $O !" � i $N CM $r 3X =, ;~ $K E, 1~ E* $K JQ 99 $9 $k $3 $H $r ;n $_ $k !# M= Hw E* $J <B 83 $N 7k 2L !" ?? $N <! 85 ?t L 0J >e $N Cf 4V <! 85 ?t $r $b $D It J, %Q !< %; %W %H %m %s $N 78 ?t � i $K 4X $7

$F $O !" $3 $l $i $r $9 $Y $F F1 0l $N CM $H $7 $F $b 3X =, 8z N( $K 1F 6A $N $J $$ $3 $H $, 3N G’ $G $- $? !# $= $3 $G !" <0 (8) $* $h $S (10) $r 9M N8 $7 !" <! $N $h $& $J � i $N @_ Dj K! $r 9M $( $k !# � E � ( i ) $, i� 2 $K 6a $$ >l 9g $3 $N $h $& $J It J, %Q !< %; %W %H %m %s $G $O <0 (8) $N 4X 78 $, @. N) $7 $F $$ $k !" $9 $J $o $A i � L $G $" $k $H 9M $( !" $= $l $i $N � i $N CM $r F1 0l $K @_ Dj $9 $k � E � ( i ) $, i� 2 $K Hf $Y $F Bg $- $$ >l 9g <0 (10) $N 4X 78 $, @. N) $7 $F $$ $k !" $9 $J $o $A i < L $H 9M $( !" � i $r >e 5- $N CM $h $j >. $5 $/ $9 $k $3 $l $r <B 8= $9 $k $? $a $K $O !" Nc $( $P � i / i=E � ( i ) (21) $H $9 $l $P $h $$ !# <B :] $K $O !" E � $r E, Ev $J ?d Dj CM $G CV $- 49 $( $k $3 $H $K $J $k !# 0J 9_ $N 7W ;; 5! <B 83 $K $* $$ $F $O !" � i / i=E unk now n ( i ) (22) $* $h $S K X i � i = 1 (23) $r K~ B- $9 $k $h $& $K � i $r @_ Dj $9 $k $b $N $H $7 $? !# 4 <B 83 DL >o $N %( %M %k %. !< 4X ?t $r MQ $$ $? >l 9g ( => Mh 7? $H 8F $V ) $H =E >v %( %M %k %. !< $r MQ $$ $? >l 9g ( =E >v 7? $H 8F $V ) $K $D $$ $F !" 7W ;; 5! <B 83 $r 9T $J $C $? 7k 2L $r <( $9 !# 4.1 <B 83 >r 7o <B 83 $K $O !" J8 8% [7] $H F1 $8 $/ %^ %K %T %e %l !< %? $N ;Q @* $r I= $9 %G !< %? $r MQ $$ $? !# I= 1 $K <( $9 $h $& $K !" %G !< %? $N <! 85 ?t N = 4 !" ?? $N <! 85 ?t L $O 1 ; 2 ; 3 $N ;0 DL $j $G $" $k !# $3 $l $r $b $H $K � 1 ; � 2 ; � 3 $N CM $r 0l MM Mp ?t $H $7 $F z t $r @8 @. $7 !" $5 $i $K � 2 = 0 : 0025 $N @5 5, Mp ?t $r 2C $( $F x t $r :n $k !# %G !< %? ?t T = 1000 $H $7 !" f x t g T t =1 $r 5 AX := ;~ 7W 7? MLP $K M? $( $F 91 Ey <L A| 3X =, $r 9T $& !# MLP $N AG ;R ?t $O F~ NO AX $+ $i =g $K N � 16 � K � 16 � N I= 1: <B 83 MQ %G !< %? $N ?? $N 4X 78 z = [ z 1 ; z 2 ; z 3 ; z 4 ] T L = 1 8 > > > > < > > > > : z 1 = 0 : 4 cos � 1 z 2 = 0 : 4 sin � 1 z 3 = z 1 + 0 : 4 cos( � 1 + � 1 ) z 4 = z 2 + 0 : 4 sin( � 1 + � 1 ) L = 2 8 > > > > < > > > > : z 1 = 0 : 4 cos � 1 z 2 = 0 : 4 sin � 1 z 3 = z 1 + 0 : 4 cos( � 1 + � 2 ) z 4 = z 2 + 0 : 4 sin( � 1 + � 2 ) L = 3 8 > > > > < > > > > : z 1 = 0 : 3 cos � 1 + 0 : 3 cos( � 1 + � 2 ) z 2 = 0 : 3 sin � 1 + 0 : 3 sin( � 1 + � 2 ) z 3 = z 1 + 0 : 3 cos( � 1 + � 2 + � 3 ) z 4 = z 2 + 0 : 3 sin( � 1 + � 2 + � 3 ) $? $@ $7 � 1 ; � 2 ; � 3 2 [0 ; � ) $H $7 !" Bh 2 AX $H Bh 4 AX $K $O %7 %0 %b %$ %I 7? $N Hs @~ 7A AG ;R $r !" $= $N B> $N AX $K $O @~ 7A AG ;R $r MQ $$ $? !# =E >v 7? $N <B 83 $G $O !" 3X =, 8e $K :G E, $J Cf 4V <! 85 ?t $r A* Br $G $- $k $3 $H $r 3N G’ $9 $k $? $a !" Cf 4V <! 85 ?t $O L $K $h $i $: $9 $Y $F K = 3 $H $7 $? !# 0l J} => Mh 7? $N >l 9g !" ;0 <o $N L $N $= $l $> $l $K BP $7 $F K = 1 ; 2 ; 3 $G <B 83 $r 9T $C $? !# $= $N B> $N <B 83 >r 7o $O N> <T $G F1 0l $G $" $k !# 3X =, 2s ?t $O 5,000 2s ( L = 1 ; 2) $* $h $S 20,000 2s ( L = 3) $H $7 $? !# $^ $? !" =E >v 7? $N 78 ?t � i $K $D $$ $F $O !" :G =i $N 500 2s $N 3X =, $N 4V $O $9 $Y $F F1 0l $N CM � i = 1 K $K 8G Dj $7 !" 0J 9_ 100 2s Kh $K <0 (22) $* $h $S (23) $r E, MQ $7 $F JQ 99 $9 $k $b $N $H $7 $? !# 4.2 <B 83 7k 2L 0J >e $N >r 7o $G !" L = 1 ; 2 ; 3 $N ;0 DL $j $G F~ NO %G !< %? $K 2C $( $k %N %$ %: $N CM $* $h $S MLP $N =E $_ $N =i 4| CM $r JQ $( $J $, $i 10 ;n 9T ( => Mh 7? $G $O K = 1 ; 2 ; 3 $N $= $l $> $l $G 10 ;n 9T $E $D 7W 30 ;n 9T ) $N 3X =, $r 9T $C $? !# 3X =, 8e $N MLP $r MQ $$ $F 7W ;; $7 $? ?? $N 8m :9 E � $* $h $S $= $N ?d Dj CM $N 10 ;n 9T $N J? 6Q $r ?^ 3 $* $h $S 4 $K <( $9 !# $? $@ $7 !" 8m :9 E � $N 7W ;; $N :] $K $O !" 3X =, $K MQ $$ $? %G !< %? $H $O JL $K ?? CM $N =8 9g f ^ z t g T t =1 $* $h $S %G !< %?

I= 2: 3X =, =* N; ;~ $N � i $N CM L � 1 � 2 � 3 1 0.334527 0.356336 0.309138 2 0.021528 0.505350 0.473122 3 0.041326 0.358627 0.600048 =8 9g f ^ x t g T t =1 $r MQ 0U $7 !" ^ x t $r F~ NO $7 $? $H $- $N MLP =P NO ^ y t $H ^ z t $H $N 8m :9 $+ $i E � = 1 T T X t =1 jj ^ x t � ^ y t jj 2 (24) $H $7 $? !# $^ $? !" =E >v 7? $N E unk now n $O <0 (20) $h $j ;; =P $7 $? CM $r <( $9 !# $5 $i $K !" E M C $O J8 8% [7] $K <( $5 $l $? %b %s %F %+ %k %m K! $K $h $k ?d Dj CM $r I= $9 !# =E >v 7? $N >l 9g !" K = 3 $G 3X =, $r 9T $C $? $K $b $+ $+ $o $i $: ;0 <o $N 4p =‘ NL E k now n ( i ), E unk now n ( i ), E M C ( i ) $O $$ $: $l $b i = L $G :G >. $H $J $C $F $* $j !" ?? $N <! 85 ?t L $N ?d Dj $K @. 8y $7 $F $$ $k 4 !# $3 $N 7k 2L $O !" => Mh 7? $G $O K $r JQ $( $J $, $i J# ?t $N MLP $G 3X =, $r 9T $J $& I, MW $, $" $k $N $K BP $7 $F !" =E >v 7? $G $O 0l EY $N 3X =, 7k 2L $+ $i :G E, $J Cf 4V <! 85 ?t $r A* Br $G $- $k $3 $H $r <( $7 $F $$ $k !# $^ $? !" i < L $K $* $$ $F $b E unk now n ( i ) $O E � ( i ) $N NI $$ ?d Dj $H $J $C $F $* $j !" <0 (19) $* $h $S (20) $r MQ $$ $? $3 $H $K $h $k E unk now n $N 2~ A1 $N 8z 2L $, 8+ $i $l $k !# 0l J} !" I= 2 $O =E >v 7? $N 3X =, =* N; ;~ E@ $K $* $1 $k � i $N CM $N 10 ;n 9T $N J? 6Q $r <( $7 $F $$ $k !# E � ( i ) $N Bg $- $5 $K BP 1~ $7 $F !" $= $l $> $l $N >r 7o $K E, $7 $? 78 ?t CM $, F@ $i $l $F $$ $k $3 $H $, $o $+ $k !# 5 $‘ $9 $S K\ O@ J8 $G $O !" := ;~ 7W 7? MLP $N 91 Ey <L A| 3X =, $K $h $k <! 85 05 =L $K $* $$ $F :G E, $J Cf 4V <! 85 ?t $r A* Br $9 $k $H $$ $& Ld Bj $K BP $7 $F !" =E >v %( %M %k %. !< 4X ?t $H J? 2, !& 5H _7 $N 4p =‘ $r MQ $$ $k <j K! $r 8! F$ $7 !" 7W ;; 5! <B 83 $K $h $C $F $= $N M- 8z @- $r <( $7 $? !# $7 $+ $7 !" =E >v %( %M %k %. !< $r MQ $$ $k 3X =, $O => Mh $N MLP $N 3X =, $H Hf 3S $7 $F 7W ;; %3 %9 %H $, Bg $- $/ $J $k !# $3 $N E@ $r 2~ A1 $7 !" $h 4 L = 2 $N <B 83 $G $O Cf 4V <! 85 ?t $, 2 $N >l 9g $H 3 $N >l 9g $H $G E � $d 4p =‘ NL $N :9 $, >. $5 $/ 8+ $( $k $, !" ;n 9T Kh $N CM $N $P $i $D $- $, >. $5 $$ $? $a <B :] $K $O == J, $J :9 $, F@ $i $l $F $$ $k $j 7W ;; NL $N >/ $J $$ <j K! $r 8! F$ $9 $k $3 $H $, :# 8e $N 2] Bj $H $J $k !# <U <- K\ 8& 5f $N ?k 9T $K $" $? $j ?t !9 $N M- 1W $J =u 8@ $r D: $$ $? :k 6L Bg 3X $N J? 2, OB 9, ;a $K 46 <U CW $7 $^ $9 !# ;2 9M J8 8% [1] Baldi, P . and Hornik, K., \Neural net w orks and principal comp onen t analysis," Neural Net w orks, v ol.2, pp.53{58, 1989. [2] Usui, S., Nak auc hi, S. and Nak ano, M., \In- ternal color represen tation acquired b y a �v e-la y er neural net w ork," Pro c. In t. Con- f. Arti�cial Neural Net w orks, v ol.1, pp.867{ 872, 1991. [3] DeMers, D. and Cottrell, G., \Non-linear dimensionalit y reduction," Adv ances in Neural Information Pro cessing Systems 5, pp.580{587, 1993. [4] 9b 66 N4 ;K , FA 1J N4 <# , \KL JQ 49 $r <B 8= $9 $k 3 AX @~ 7A %Q !< %; %W %H %m %s $N 65 ;U IU $- 3X =, B’ ," ?. 3X O@ , v ol.J80{D{I I, no.5, pp.1267{1275, 1997. [5] 9b 66 N4 ;K , FA 1J N4 <# , \ =E >v %( %M %k %. !< 4X ?t $K $h $k B? AX %Q !< %; %W %H %m %s $N >i D9 @- :o 8: ," ?. 3X O@ , v ol.J80-D-I I, no.9, pp.2532{2540, 1997. [6] J? 2, OB 9, , 5H _7 =$ <# , \ %G !< %? Jd @5 $N 65 ;U L5 $7 3X =, ," ?. 3X 5; Js , NC97-4, 1997. [7] J? 2, OB 9, , 5H _7 =$ <# , \ := ;~ 7W 7? %M %C %H $N Cf 4V <! 85 ?t A* Br $K $D $$ $F ," ?. 3X 5; Js , NC97-139, 1998.

(a) =E >v 7? (b) => Mh 7? ?^ 3: ?? $N 8m :9 E � $* $h $S $= $N ?d Dj CM

(a) =E >v 7? (b) => Mh 7? ?^ 4: ?? $N 8m :9 E � $* $h $S $= $N ?d Dj CM ( ?^ 3 $N L = 2 ; 3 $N %0 %i %U $r 3H Bg $7 $? $b $N )