:= ;~ 7W 7? B? AX %Q !< %; %W %H %m %s $K $h $k Hs @~ 7A <! 85 05 =L $H <! 85 ?t A* Br Reduction and Selection of Nonlinear Dimensionalit y b y Multi-La y er P erceptron 9b 66 N4 ;K (PY) C^ GH Bg 3X EE ;R !& >p Js 9) 3X 7O 3X ?6 FC JL 8& 5f 0w T ak ashi T AKAHASHI JSPS Researc h F ello w, Univ. of Tsukuba email : T ak ashi@T ak ahashi.com FA 1J N4 <# C^ GH Bg 3X EE ;R !& >p Js 9) 3X 7O Ryuji TOKUNA GA Institute of Information Sciences and Electoronics, Univ. of Tsukuba Abstract In order to p erform e�cien t dimensionalit y reduction b y m ulti-la y er p erceptron, it is crucial to select the appropriate n um b er of units in the b ottlenec k-la y er. In this pap er, w e rep ort a simple energy function, called \sup erp osed energy ," is successfully applicable to nonlinear dimensionalit y reduction b y autoasso ciativ e learning to estimate the in trinsic dimensionalit y of nonlinear data. 1 $O $8 $a $K B? AX %Q !< %; %W %H %m %s (MLP) $K $h $k <! 85 05 =L $K 4X $7 $F !" Hs @~ 7A AG ;R $r 4^ $‘ 5 AX $J $I $N := ;~ 7W 7? MLP $N 91 Ey <L A| 3X =, $K $h $C $F Hs @~ 7A <g @. J, J, @O $, <B 8= $G $- $k $3 $H $, CN $i $l $F $$ $k !# $7 $+ $7 !" $3 $N $h $& $J MLP $G 8z N( $N NI $$ <! 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 [4] $O !" Cf 4V <! 85 ?t $N 0[ $J $k := ;~ 7W 7? MLP $N Cf $+ $i :G E, $J $b $N $r A* Br $9 $k $? $a $N 4p =‘ NL $r Ds 0F $7 $F $$ $k !# 0l J} $o $l $o $l $O !" Cf 4V AX =P NO $K 4s M? =g $K JB $s $@ %G !< %? I= 8= $r <+ 8J AH ?% $9 $k $? $a $N %( %M %k %. !< 4X ?t ( =E >v %( %M %k %. !< [2, 3]) $r 8! F$ $7 !" $3 $l $K $h $C $F 3X =, 8e $K Cf 4V <! 85 ?t $, G$ 0U $K A* Br 2D G= $H $J $k $3 $H $r <( $7 $F $$ $k !# K\ 9F $G $O !" =E >v %( %M %k %. !< $r MQ $$ $? := ;~ 7W 7? MLP $K J? 2, !& 5H _7 $N 4p =‘ $r E, MQ $7 $? 7k 2L $r Js 9p $9 $k !# 2 MLP $K $h $k <! 85 05 =L 2.1 := ;~ 7W 7? MLP $K $h $k <! 85 05 =L F~ NO AX $H =P NO AX $N AG ;R ?t $, N !" Cf 4V AX $N AG ;R ?t $, K < N $N := ;~ 7W 7? MLP $r 9M $( $k !# $3 $N MLP $N 91 Ey <L A| 3X =, $O !" !V %N %$ %: $r 4^ $‘ 4Q B, CM $+ $i ?? CM $N K~ $? $9 4X 78 $r ?d B, $7 !" 4Q B, CM $r Jd @5 $9 $k !W $H $$ $& Ld Bj $H 9M $( $k $3 $H $, $G $- !" 0J 2< $N $h $& $J ?d Dj Ld Bj $H Ey 2A $H $J $k [1] !’ !V N <! 85 6u 4V Cf $K !" <! 85 ?t L $, L$ CN $N $" $k 6J LL S � $r 9M $( $k !# S � >e $K %G !< %? =8 9g � z t 2 R N T t =1 (1) k eyw ords : m ulti-la y er p erceptron, dimensionalit y reduction $, M? $( $i $l !" $= $l $K %N %$ %: $N 2C $o $C $? %G !< %? f x t = z t + n t g T t =1 (2) $, 4Q B, $5 $l $k !# $? $@ $7 !" n t $O N <! 85 @5 5, J, I[ N ( 0 ; � 2 I ) $K => $& %N %$ %: $H $9 $k !# $3 $N $H $- !" 4Q B, CM f x t g $+ $i S � $H ?? $N CM f z t g $r ?d Dj $; $h !# !W F~ NO x t $K BP $9 $k := ;~ 7W 7? MLP $N =P NO $r y t $H I= $9 $H !" $3 $N MLP $O %( %M %k %. !< 4X ?t E = 1 T T X t =1 jj x t � y t jj 2 (3) $r :G >. 2= $9 $k $h $& $K 3X =, $r 9T $& !# $= $N 7k 2L !" =P NO y t $O x t $r K <! 85 $N $" $k 6J LL S $G %U %# %C %F %# %s %0 $7 $F 6a ;w $7 $? $b $N $H $J $k !# <0 (3) $N CM $r >. $5 $/ $9 $k $? $a $K $O !" MLP $N Cf 4V <! 85 ?t K $r Bg $- $/ $H $l $P $h $$ !# $7 $+ $7 !" ?? $K :G >. 2= $7 $? $$ $N $O ?? CM z $K BP $9 $k ?d Dj CM y $N 8m :9 E � = E � jj y � z jj 2 � (4) $G $" $j !" $3 $N CM $O !" Cf 4V <! 85 ?t K $, L$ CN $N <! 85 ?t L $K 0l CW $7 $F S $, S � $N NI $$ 6a ;w $H $J $C $? $H $- $K >. $5 $/ $J $k !# $7 $? $, $C $F !" Cf 4V <! 85 ?t K $r E, @Z $K A* Br $9 $k $3 $H $, I, MW $H $J $k !# 2.2 Cf 4V <! 85 ?t $N A* Br 4p =‘ J? 2, $i $O !" := ;~ 7W 7? MLP $K $* $1 $k Cf 4V <! 85 ?t K $N A* Br 4p =‘ $H $7 $F !" ?? $N 6J LL S � $d MLP $N 6J LL S $, J? LL $G 6a ;w $G $- $k $H $$ $& 2> Dj $N $b $H $G ?? $N 8m :9 E � $N ?d Dj CM $r F3 $$ $F $$ $k [4] !# %N %$ %: $N J, ;6 � 2 $, 4{ CN $N >l 9g $N ?d Dj CM E k now n $O E k now n = E + (2 K � N ) � 2 (5)

$G M? $( $i $l $k !# 0l J} � 2 $, L$ CN $N >l 9g !" $3 $l $r ?d Dj $7 $F <0 (5) $K Be F~ $9 $k $3 $H $G E unk now n = K N � K E (6) $, F3 $+ $l $k !# $$ $: $l $N CM $b K = L $K $* $$ $F :G >. CM $r $H $k $3 $H $+ $i !" MM !9 $J Cf 4V <! 85 ?t $N MLP $G <0 (5) $" $k $$ $O (6) $N CM $r Hf 3S $9 $l $P !" :G E, $J Cf 4V <! 85 ?t $N MLP $r A* Br $9 $k $3 $H $, 2D G= $H $J $k !# 2.3 =E >v %( %M %k %. !< <0 (3) $r %( %M %k %. !< 4X ?t $H $9 $k => Mh $N 91 Ey <L A| 3X =, $G $O !" MM !9 $J Cf 4V <! 85 ?t $N MLP $G 3X =, $r 9T $$ !" $= $N $J $+ $+ $i :G E, $J Cf 4V <! 85 ?t $N $b $N $r A* Br $9 $k I, MW $, $" $k !# $3 $l $K BP $7 $F !" =E >v %( %M %k %. !< [2, 3] $r MQ $$ $k $H !" 0l $D $N MLP $N 3X =, $G Cf 4V <! 85 ?t $r G$ 0U $K A* Br 2D G= $J Fb It I= 8= $r <+ 8J AH ?% $9 $k $3 $H $, $G $- $k !# =E >v %( %M %k %. !< $O !" 0l It $N Cf 4V AX AG ;R $@ $1 $r MQ $$ $? $H $- $N =P NO 8m :9 $r 9M $( !" $5 $^ $6 $^ $J AG ;R ?t $G $N 8m :9 $r 2C $( 9g $o $; $? $b $N $G $" $k !# K 8D $N Cf 4V AX AG ;R $N $& $A 1 HV L\ $+ $i i HV L\ ( i = 1 ; 2 ; . . . ; K ) $^ $G $r MQ $$ $F F@ $i $l $k 91 Ey <L A| $N 6a ;w <L A| $r f i $H I= $9 !# $3 $N $H $- !" F~ NO x $K BP $9 $k =P NO f i ( x ) $N J? 6Q Fs >h 8m :9 $O E i = 1 T T X t =1 jj x t � f i ( x t ) jj 2 (7) $H $J $k !# =E >v %( %M %k %. !< $O !" $3 $N E i $N =E $_ $D $- OB F = K X i =1 � i E i (8) $G M? $( $i $l $k !# $? $@ $7 !" � i $O E, Ev $J @5 $N 78 ?t $G $" $k !# $3 $N %( %M %k %. !< $r MQ $$ $k $H Cf 4V AX AG ;R $, 4s M? =g $K $J $i $V $? $a !" 3X =, 8e $K $= $l $> $l $N Cf 4V <! 85 ?t i $G <0 (5) $* $h $S (6) $N CM $r 7W ;; $7 !" :G E, $J <! 85 ?t $r A* Br $9 $k $3 $H $, 2D G= $H $J $k !# $3 $N $H $- !" %N %$ %: $N J, ;6 $, L$ CN $N >l 9g $K $D $$ $F $O !" <0 (6) $r =$ @5 $7 $F E unk now n $N ?d Dj @: EY $r 8~ >e $5 $; $k $3 $H !" $* $h $S $3 $N CM $r Mx MQ $7 $F <0 (8) $N � i $r E, 1~ E* $K JQ 99 $9 $k $3 $H $, $G $- $k [5] $, !" $3 $l $i $K $D $$ $F $O ;f LL $N ET 9g >e >J N, $9 $k !# 3 <B 83 %+ %* %9 E* ;~ 7O Ns %G !< %? $N 2r @O $K MQ $$ $? Nc $r <( $9 !# L$ CN $N NO 3X 7O $+ $i 4Q B, %N %$ %: $r 4^ $‘ 0l <! 85 ;~ 7O Ns %G !< %? $, F@ $i $l $k $b $N $H $7 $F !" $3 $N ;~ 7O Ns $+ $i %" %H %i %/ %? $N :F 9= @. $K I, MW $J :G >. $N Kd $a 9~ $_ <! 85 ?t $r ?d Dj $9 $k !# BP >] $O R� ossler J} Dx <0 $H $7 $? !# $^ $? !" MLP $X $N F~ NO $O >e 5- ;~ 7O Ns $r 8 <! 85 $N CY 1d :B I8 7O $K Kd $a 9~ $s $@ N = 8 <! 85 $N %G !< %? $H $7 !" Cf 4V <! 85 ?t $r K = 7 $H $7 $F =E >v %( %M %k %. !< $K $h $k 91 Ey <L A| 3X =, $r 9T $C $? !# ?^ 1 $K !" %N %$ %: $r 4^ $^ $J $$ ?? $N ;~ 7O Ns %G !< %? $K BP $9 $k 8m :9 $= $N ?d Dj CM E unk now n $N CM $r <( $9 !# Hf 3S $N ?^ 1: %+ %* %9 E* ;~ 7O Ns %G !< %? $N Kd $a 9~ $_ <! 85 ?d Dj !’ 2# <4 !( <! 85 ?t i !" =D <4 !( ?? $N 8m :9 $H $= $N ?d Dj CM $? $a !" <g @. J, J, @O $G F1 MM $N <! 85 05 =L $r 9T $C $? >l 9g $N 8m :9 $b <( $7 $F $$ $k !# @~ 7A $N <g @. J, J, @O $G $O <! 85 05 =L $, IT 2D G= $G $" $k $, !" MLP $G $O 8m :9 $N >. $5 $$ :G E, $J <! 85 ?t $N A* Br $, 2D G= $H $J $C $F $$ $k $3 $H $, $o $+ $k !# 4 $‘ $9 $S := ;~ 7W 7? MLP $K $h $k <! 85 05 =L $K $* $$ $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 $$ $k 3X =, $O => Mh $N MLP $N 3X =, $H Hf 3S $7 $F 7W ;; %3 %9 %H $, Bg $- $/ $J $k !# => Mh $N MLP $H F1 Ey $" $k $$ $O $= $l $h $j $b >/ $J $$ %3 %9 %H $G 7W ;; 2D G= $J <j K! $r 8! F$ $9 $k $3 $H $, :# 8e $N 2] Bj $H $J $k !# K\ 8& 5f $N 0l It $O !" J8 It >J 2J 3X 8& 5f Hq ( FC JL 8& 5f 0w >) Ne Hq ) $N Jd =u $N $b $H $K 9T $o $l $? $b $N $G $" $k !# ;2 9M J8 8% [1] J? 2, OB 9, , 5H _7 =$ <# , \ %G !< %? Jd @5 $N 65 ;U L5 $7 3X =, ," ?. 3X 5; Js , NC97-4, 1997. [2] 9b 66 N4 ;K , FA 1J N4 <# , \KL JQ 49 $r <B 8= $9 $k 3 AX @~ 7A %Q !< %; %W %H %m %s $N 65 ;U IU $- 3X =, B’ ," ?. 3X O@ , v ol.J80{D{I I, no.5, pp.1267{1275, 1997. [3] 9b 66 N4 ;K , FA 1J N4 <# , \ =E >v %( %M %k %. !< 4X ?t $K $h $k B? AX %Q !< %; %W %H %m %s $N >i D9 @- :o 8: ," ?. 3X O@ , v ol.J80-D-I I, no.9, pp.2532{2540, 1997. [4] J? 2, OB 9, , 5H _7 =$ <# , \ := ;~ 7W 7? %M %C %H $N Cf 4V <! 85 ?t A* Br $K $D $$ $F ," ?. 3X 5; Js , NC97-139, 1998. [5] 9b 66 N4 ;K , FA 1J N4 <# , \ =E >v %( %M %k %. !< 4X ?t $r MQ $$ $? := ;~ 7W 7? MLP $K $h $k Hs @~ 7A <g @. J, J, @O ," ?. 3X 5; Js , NC99-27, 1999.