G>Fb>pJsI=8= $X$N >pJsM}O@E* %" %W %m!<%A :e8} K-!$3rEg >M2p y EE5$DL?.Bg3XBg3X1! >pJs %7 %9 %F%‘3X8&5f2J El5~9)6HBg3XBg3X1! Am9gM}9)3X8&5f2J y 1 $O$8 $a$K K\9F$G$O !$G>Fb$G$N >pJsI=8=$N3X=, 86M}$H$=$N<B 8= $K 4X$9$k8& 5f$NCf $G <g$K>p JsM}O@E*$J%" %W %m!<%A$K $D$$$F =R $Y$k!%G>Fb $G$N>pJs=hM}$NB?$/ $O !$F~NO $5 $l$? >pJs$r$= $l$H 0[$J$kI=8= $KJQ49 $7 <!$NAX $K=PNO$9$k $H$$ $&7A $r $H$C$F $$$k $H ;W $o $l $k!% $= $l$G$O !$ $=$NJQ49 $O $I $N$h $& $J86M} $K 4p $E$$$F$*$3$J$o $l$F $$$k$N $G$"$m $& $+!% $3$3$G $O !$FCD’ Cj=P:YK& $N<uMFLn $K4X$9$k7A >u!$ %H%] %m %8!<$dH/2PIQ EY $K4X$9$k%9 %Q!<%9 @- $H$$ $C $?463P Ln $K FCD’E* $J@-<A $K CeL\ $7 !$ @8M}3XE*CN8+$d>pJs$NJQ4986M}!$$^$?$= $l$r G>Fb $G <B8=$9$k$?$a$N@)Ls$H$N4XO"@-$H$$$C$?LdBj $K$D$$$F 5DO@$9$k!% 2 8EE5E* $J FCD’Cj=P:YK&<+8J7A@.$N%b %G %k !! 1970 G/Be $K$O !$;k3PLn $K 8+ $i$l $kFC D’Cj=P:YK& $, @88e$N 463PBN83$rDL $8 $F 7A@.$5 $l $k$3$H$r <(:6$9$k<B83Js 9p $, Aj<!$$ $@ !J Nc $( $P !$ Blak emore and Co op er[7]) !% $3$N$h $& $JJs9p $r <u $1$F !$ $3$N;~4| $K$O !$ $3$N8=>]$r@bL@$9$k $?$a $N?@7P2sO)%b %G%k$, $$ $/$D $+ Ds0F$5 $l$F$$ $k!% !! FCD’Cj=P:YK& $N<+8J7A@.$r@bL@$9$k3X=,%b %G%k$r ;O$a$FDs0F $7 $?$N$O !$ Malsburg[11] $G $"$k !%H‘ $O !$ Hebb 3X=,$H 2Y=E%Y%/ %H%k$N @55,2= !J 2Y=E$NAmOB0lDj !K $rAH$_9g $o$;$??@7P2sO) %b %G%k$r Ds0F $7 !$$= $l$K <o !9 $N@~J, $r LO $7 $? ;I7c $r7+$j JV $7 M? $( $k$H !$@~J,$N J}0L$r I=8=$9$k :YK& $, <+F0E*$K 7A@.$5$l $k$3$H$r ?t CM<B83$K$h $j <( $7 $? !% $J$* !$ Hebb 3X=,$H$O !$$"$k:YK& A $, 6=J3 $7 $F $$ $k$H$- !$ A $+$i $N ;I7c$r <u $1 <h$C$?JL$N:YK& B $, 6= J3$9 $l $P !$N><T$N$"$$ $@$N 7k9g2Y=E $, 6/2=$5 $l $k$H$$ $&3X=,B’ $G$"$j!$?4M}3X<T Hebb $, 1949 G/ $K$=$N 86M}$rDs0F $7 $?$b$N$G$" $k!% !! $=$N 8e!$ Malsburg $N%b %G %k$r JQ7A $7 $? MM !9 $J%b %G %k$, Ds0F$5 $l $?$, !$$3$3$G$O !$$=$NCf$G ?t3XE*$K%7%s %W %k$J 7A $G Dj<02=$5 $l $F$$ $k Amari and T ak euc hi [1] $r >R2p$9$k !% $3$N%b %G%k $G$O !$:YK& $O @~7AogCMAG;R$H $7 $F Dj<02=$5 $l !$ $=$N=PNO $O <!<0 $G M?$( $i$l $k!% y = 1 [ X j w j x j � w 0 x 0 ] (1) $3$3$G !$ x j $O :Y K&$X$N6=J3 @-F~NO !$ w j $O 2Y=E!$ x 0 $O M^@)@- F~NO!$ w 0 $O M^@)@-F~ NO $K BP$9$k 2Y=E $G$" $k !J M^ @)@-F~ NO $, DL>o$NogCM $K BP1~$9$kF/$-$r $7 $F$$ $k !K !% !! 0lJ}!$3X=,B’ $O <!<0 $G Dj5A$5 $l $k!% � @ w j @ t = � w i + c 1 y x j !! (2) � @ w 0 @ t = � w 0 + c 0 y x 0 (3) $3 $3 $G !$ � $O 2Y=E8: ?j $NB. $5 $rDj $a$k;~Dj ?t!$ c 0 , c 1 $O @5 $NDj?t $G$"$k!% $3$N<0 $NBh 1 9‘ $O2Y=E $, 0lDjB. EY $G8:?j$9$k $3$H$r I=$99‘$G$"$j!$Bh 2 9‘ $, Hebb 3X=,$rI=$9 9‘ !J F~NO x j $H =PNO y $, F1;~$K @5 $K$J $C$?$H$-$K A}2C !K $G$" $k!%$3 $N%b %G%k$G$O !$8: ?j9‘ $HM^@)@-F~NO $N3X=,$rF3F~$9$k $3$H $K$h$j!$ 3X=, $K$h$C$F6=J3@-F~NO $KBP$9$k2Y=E $, H/;6 $7 $F $7 $^ $& $N$rKI$$ $G$$ $k!% !! $3$N3X=,J}Dx<0 $N0BDjJ?9U2r $O !$ $=$N:YK& $r6=J3$5$;$k$h$& $JF~NO?.9f $NJ?6QCM $G$"$k!%$9 $J$o$A!$:YK& $O3X=, $K $h$jFCDj $N?.9f $N$_ $KH?1~$9$k $h$& $K$J$k!% 3F :YK& $N<uMF Ln $NBg $-$5 !J H?1~$9$k?. 9fNN0h $N9- $, $j !K $O !$ c 0 , c 1 , x 0 $N 1

CM $K 0MB8 $7 $F 7h$^$k$N$G!$ $3 $l$i$N CM $, 0[$J$kMM !9 $J:YK& $, B8:_$9$k $H 2>Dj$9 $l $P !$$$$m$$$m $JBg$-$J<uMFLn $r$b$C $?:YK& $, 7A@.$5 $l $k $3$H$K$J$k!%$^ $?!$ $3$N3X=,J}Dx<0 $K$O0BDjJ?9U2r $OB??tB8:_ $7 !$ $=$NCM $O2Y=E$N=i4|CM $HF~NO ?.9f$N=P8=$N;EJ}$K0MB8 $7 $F 7h$^$k !J B? 0BDj@- !K !% $7 $?$, $C$F !$?.9f8; $, Dj>o$G$"$j!$ $^$?!$2Y=E$N=i4|CM $, ==J, $K 9-$/J,I[ $7 $F$$$l $P !$?.9f6u4V$NMM !9 $JNN0h $K BP $7 $F$=$l $>$l FC0[E* $K H?1~$9$k:YK& $, 7A@.$5 $l $k$3$H $K$J $k!% !! $5 $F !$ Amari $i $N%b %G%k$O C10l $N:YK&$NF0:n $r 5,Dj$9$k $b$N $G$"$j !$ ?@ 7P:YK&=8CD $,%7 %9%F%‘ $H $7 $F $I $N $h $& $K $7 $F>pJs $rI=8=$9$k $+$H$$ $&E@ $K$D$$$F$O !J =i4|CM $d78?t$NJ,I[ $r=|$$$F !K ?( $l$i$l$F$$$J$$ !% $3$NE@ $K4X $7 $F !$@h $K =R$Y$? Malsburg $N%b %G%k$G$O !$J#?t$NFCD’Cj=P:YK&$N4V $K !$$= $l$i$N 5wN% $K 1~ $8 $F !$6a$$$b$NF1;N$N$"$$ $@$K$O 6= J3@-!$1s $$$b$NF1;N$N $"$$ $@$K$O M^@)@- $NAj8_7k9g !J $$$o$f $kB&J}M^@)7k9g !K $, F3F~$5 $l$F $*$j!$ :YK&4V $NAj8_:nMQ $N %a %+ %K%:%‘ $, AH$_9~$^ $l$F$$$? !% !! $3$N$h$& $JAj8_M^@)7k9g $O !$3X=, $r?J$a$k>e $G 0J2<$NFs$D $N8z2L $r$b$D !%0l $D $O !$M^@)@- $N7k9g $K$h$j!$ F1;~ $K 6= J3$9 $k:YK&$N ?t $, @)8B$5$l $k$H$$ $&8z2L$G$" $k !% $3$N 8z 2L $K $h$j!$F10l$N?.9f$r I=8=$9 $k:Y K&?t $, @)8B$5 $l $k$?$a !$ :YK&=8CD A4BN$H $7 $F MM !9 $J ?.9f$rI=8=$G$- $k$h $& $K$J $j!$ F1;~ $K !$0J2<$G5D O@$9$k sparse co ding $, <B8=$5 $l $k !%$b $&0l $D$N8z2L $O !$8_ $$ $K 6a$/ $K0LCV$9$k:YK& $O F1;~ $K3hF0$9$k$?$a $K !$3X =, $N7k2L!$ $= $l$i$O$h$/;w$??.9f $KBP $7 $F H?1~$9$k$h $& $K$J $k$H$$ $&8z2L $G$" $k !%<B:]!$ Malsburg $N ?tCM<B 83$N7k2L$r 8+$k$H !$8_$$ $K 6a$/$K 0LCV$9$kFC D’Cj =P:YK& $O$h $/;w $?;I7c $K BP $7 $F H?1~$9$k$h$& $K$J $k $H$$ $&@-<A $r<( $7 $F$$ $k!% $3$N$h $& $J@-<A $r0lHL $K %H%]%0 %i%U %# (top ography) $H$h$V !% %H%]%0 %i%U %# $O !$;k3PLn $K 8B $i$: B>$N463PLn $K$b IaJWE* $K 8+ $i$l $k9=B$ $G$" $k!% !! Malsburg $N <B 837k2L$+$i !$ Hebb 3X=,$H B&J}M^ @)7k9g$N AH9g$; $,%H %]%0 %i%U %#<+8J7A@.$N86 M} $G$" $k$H$$ $&5DO@ $, @8$^ $l $? !% Malsburg $O 5DO@ $r$3$NE@ $K 9J$C $?O@J8$r;D $7 $F$*$j [18] !$$^ $?!$ Amari [2] $O !$?@7P>l $N%b %G %k$K 4p $E $$$F$=$N@-<A $r?tM}E* $K2r@O $7 $F$$ $k!% $3$NM}O@ $O!$ top ographic map >e$NFCD’Cj=P:YK& $NJ,I[ $O!$F~NO?.9f $N=P8= IQEY $K HfNc$9$k $3$H $r <( $7 $F $*$j !$ $3$N$h $& $J3X=,%b %G%k$, !$IQHK $K =P8=$9$k;I7c $r:Y $+ $/I=8=$9$k5!9= $r:n$j=P$9 G=NO$r M- $7 $F $$$k$3$H$r <(:6 $7 $F$$ $k !%$5 $i$K !$ T ak euc hi and Amari [16] $G$O !$$"$k>r7o$N 2< $G$O !$F1 $8 3X=,J}Dx <0 $+$i %+%i%‘9=B$ $, 0BDj$J2r$H $7 $F F@ $i$l $k$3$H$r<( $7 $F$$ $k!% !! 0J>e$N8& 5f $G F@$i$l$?%H%]%0 %i%U %#7A@.$NK\<AE* ItJ,$r <h$j=P $7 !$9)3XE*$K <B8= $7 $d $9$$ 7A$G Dj<02= $7 $? $b$N$, !$ Kohonen [8] $K $h $k SOM(Self-Organizaing Map) $G $" $k !%H‘$O !$B&J} M^@)7k 9g$K$h $k ?@7PNO 3X$O !$:GBg F~NO$r <u $1 <h $C $?:Y K& $, <+J, $N<~JU $N:Y K& $r0z $-O" $l$F3hF0 $9 $k $H$$$& 7k2L $K@8$_=P $9 $3 $H $KCeL\ $7$? !% $9 $J $o$A!$ H‘ $O!$ J# ;( $J Hs@~7A %@ %$ %J%_%/%9 $NItJ, $r>JN, $7 !$ 7k 2L $G$"$k !V :GBgCM8!=P!W $NItJ, $@$1$r<h$j=P $7 $F%"%k %4 %j %:%‘ $rAH$_N) $F$?!% !! SOM $G$O !$ F~NO %Y%/ %H%k$r x !$ 3F:Y K& $N2Y=E %Y%/ %H%k$r w i $H $7 $?$H$-!$ jj x � w i jj 2 $, :G>.CM $r $H$k !J $D$^$j !$ F~ NO?.9f $H:G$b6a$$2Y=E%Y%/ %H%k $r$b$C$? !K :YK& $, 3hF0$9$k!% $^ $? !$3X =,B’ $O !$3hF0 $7 $? :YK& $H$=$N<~JU$N:YK& $K4X $7 $F!$2Y=E%Y%/ %H%k $r F~NO%Y%/ %H%k$K 6a $E$1 $k!$$H$$ $&7A $G M?$( $i$l $k!% � w i = c ( w i � x ) (4) $3$N3X=,B’ $K$h$j!$ %H%]%0 %i%U %#3X=, $NK\<AE*ItJ, $O <B8=$5 $l $k!% !! 0J>e!$ FCD’ Cj=P:YK& $N<+8JAH?%2= $K 4X$9$k8EE5E* $J%b %G%k$K$D$$$F354Q $7 $F$-$? !%0J >e $N5DO@ $+$i !$ $3 $l$i$N%b %G %k$N K\<A$O !$ Hebb 3X=,$HAj 8_M^@)7k9g$K$"$k$3$H$,$o$+ $k$G$"$m $& !% $3 $l$i$N @-<A$O !$8=BeE*$JDj<02=$N Cf $G$O $I $N$h $& $K $7 $F 8=$o $l$F $/$k$N $G$" $m $& $+!) <!>O0J2<$N5DO@$NCf $G !$$3$NLd$$ $K BP$9$kEz$($r8+$$ $@ $7 $F$[ $7 $$ !% 3 >pJsM}O@ $K 4p$E$/%b %G %k 2= %7%J %W %98zN($NJQ2= $K 4p $E$$$F 8=<B$NG>$KN‘;w $7 $? G>$N >pJsI=8=$rF3$/ Malsburg, Amari, Kohonen $J $I $N 8EE5 E*%b %G%k$O C1=c $G J, $+$j$d$9$$%b %G%k$G$O$"$k $, !$ $= $N5!G=E* $J0UL#$H$N4XO"@- $, 8+ $($K $/$$!% $= $3 $G :G6a $G$O$3 $l $i$N %\%H %‘%"%C %W E*$J%b %G%k 2=$KBP $7 !$>pJsI= 8= $K4X $7 $F K>$^ $7 $$ 5!G=$N7A@. $r3X=,$N86M} $K ?x $($F %H %C %W%@ %&%s E* $K 3X=,B’ $rF3$/%b %G%k 2= $, A} $($F$-$?!% $3$N$h $& $J%b %G%k 2= $O$H$b$9 $l $P 8=<B $NG>$H$NM7N% $, ?4G[$5 $l $k $, !$G> $N$h $& $K J#;($J %7 %9%F%‘$rM}2r$9$k$?$a $K$O M-8z $+$D I,MWIT2D7g$J%" %W %m !<%A $G$" $k!% 2

3.1 >iD9EY05=L86M} <+A3 3& $+ $i 46 3P 4o 41 $KF~ NO $5 $l$k >p Js $N $[ $H $s $I$O$" $k <o $N 5, B’ @- $r;} $C $F $$ $k !% $= $N $? $a !$ I= 8= $,>i D9 (redundan t) $G$" $k!%;k3P>pJs $rNc$H$9 $l $P !$@2 $l$? 6u $O 0lLL6u?’ $r $7 $F$*$j!$ LZ $NMU $O$[ $\ A4LLNP?’!$ %S%k $N JI$bIaDL $O0lLLF1 0l?’ $G EI$j$D$V$5 $l !$?M$NH)$bF10l?M<o $G$O$[ $\ F1 $8 $G $"$k !% $3 $l$O ;~4V<4$KBP$9$k %9 %J%C %W%7 %g %C %H $r$H$l $P LVKl >e$N9-HO $JNN0h$G $[ $\ F10l $J5,B’E*;I7c $, F~NO$5 $l $k$3 $H$r0UL#$9$k!%D03P>pJs $bA3$j !% 2f!9 $N2;@< $G$O%R %H $N D03P 7O $, J9$-J, $1 $i$l $k2;$NCf $N$[ $s$N 0lIt $7 $+ MQ$$ $i $l$F $*$i$:!$ 2; 3Z $N@{N’!$Cn $NLD$-@<$b2DG= $J2;$NG[Ns%Q%?!< %s $N $&$A8B $i$l$? 5,B’@-$r;}$D$b$N $7 $+ $J$$ !% $?$@ $7 !$303& $+$i$N >pJs $, 5,B’@-$r 4^ $s$G$$ $k$+ H] $+$H$$ $&LdBj $O$=$l$, I=8=$5$l$F$$ $kId 9f2=J}K! $K AjBP E*$J $b$N $G$"$k$3$H$KCm0U $7 $h $& !% $?$H$($H $7 $F !$0J2< $N$h $& $J%5 %$ %3%mERGn$r9M $($h $& !% D9H>ERGn $G$O =P $?%5 %$ %3%m$N L\ $K4X $7 $F$=$l $, 6v?t $+4q?t $+$N$_$N>pJs $, F@ $i $l$l $P NI$$!% $= $3$G!$ A $O ?t;z $NL\ $, 1( 4q?t ) !$ 2( 6v?t ) $N$_$G $+$D 3F !9 $NL\ $, Ey3NN($G =P8=$9$k @lMQ$N%5 %$ %3%m$r :n$C$?!%ERGn$r L\E*$H $7 D9H>$N7k 2L$N$_$K 6=L#$N$" $k B $O$3 $N%5 %$ %3%m $r 7+$jJV $7 ?6$C $FF@$i $l $kD9H>$N7ONs $O ==J,%i %s %@ %‘ $K 8+ $( $k $@$m $& !% 0lJ}!$ $= $l$, :Y9)$5 $l$?%5 %$ %3%m$G$"$k $H$OCN$i$:!$IaDL $N%5 %$ %3%m$NL\$H $7 $F G’<1$9 $k C $K $O 1 $" $k$$ $O 2 $N$_$, 7+$jJV$5$l $k7ONs$O Hs>o$K5, B’@- $, 9b $/46 $8 $k $G$"$m $& !% $D$^$j !$ <u $1 <j $, 9MN8 $7 $F$$ $k2DG=@- $K BP $7 $F 8=<B $K @8 $8 $k2DG=@- $, AjBPE* $K >/ $J$$$H$- $K >pJs 8; $K 5, B’@- $,$" $k$H ;W $( !$>pJs$NI= 8=J}K! (C $, D9H> @lMQ$N%5 %$ %3%m$r IaDL$N%5 %$ %3%m$N$h $& $K 8+$F$$$k$3$H ) $K >i D9EY $,$" $k$H46 $8 !$$=$NN"JV $7 $H $7 $F%5 %$ %3%m $, :Y9)$5 $l$F$$ $k$H$$ $&CN<1 $rF@$k$N $G$" $k!% >pJsM}O@E* $K8@ $( $P $3$l$O<!$N$h$& $KI=8==PMh$k [5] !% $"$k463P 4o41 ( $?$H $( $P LVKl ) $, =hM}2DG= $J>pJsNL $N8B3& $r C bits/sec $H $9 $k!% $3 $l$K BP $7 !$303& $+$i F~NO$5 $l $k>pJsNL $r H bits/sec $H $9 $l $P 0lHL $K H $O C $h$j$b >.$J$/ C � H (5) $@$1 >iD9 $G$"$j!$ $= $l$, Bg$-$$DxBP>] $K 4X $7 $F Bt;3$NCN<1 $, F@ $i$l $k$H8@$($k!% $H$3 $m$G !$BgNL$N>p Js $r =hM}=PMh$k 463P4o41$r;}$D$?$a$K$O Bg NL$N?@7P:YK& $, I,MW$H$J$j$= $l$K HfNc $7 $?%( %M%k %. !<$r MW$9$k!% 2> $K:YK&$NH/2P !&HsH/ 2P>uBV $r 1 %S %C %H$K 3d$jEv$F$k $H$9 $l $P !$>e $G=R$Y$F$$$k $3$H $O C10L;~4VEv $? $j H 8D$/ $i$$$N:YK&$NH/2P !& HsH/2P $G>pJs $, I=8==PMh$k $N $K$b4X$o $i$: 463P4o41 $G$O$= $l$h$j$b B?$$ C 8D$N:YK& $r ;H$C $F>pJsI=8= $r9T$J$C $F$$$k$3 $H$r0UL#$9$k!% $3$NI=8= $,$=$N$^$^0J9_$N>pJs=hM} $K EA $($i $l $k$N $G$" $l $P %(%M%k %. !<E* $K L5BL $, @8 $8 !$5?$$$J$/@8L?0];} $K ITMx $G$" $k!% $= $3$G!$ G> Fb $G$O>iD9EY $,$J$k $Y$/>/ $J$/ $J$k$h$& $K >pJs $, JQ49 $5 $l$F$$$k2D G=@- $, L‘ $b $i $7 $$!% $3 $l$r G>Fb >pJs I=8= $N7A@. $K 4X$9 $k4p K\86 M} $H$9$k2> @b $r >iD9EY 05=L (Redundancy Reduction) $H$$ $& !% Malsburg, Amari, Kohonen $J $I $N8EE5E*%b %G%k $bB?<!85$NF~NO?.9f $K Fb:_$9$k5,B’@- $rCj=P $7 !$ $= $l 0J30 $N@.J, $r=|5n$9$k%M%C %H %o!< %/ $, 9=@. $5 $l $k $H$$ $&0UL# $G>iD9EY05=L $K$+$J$C$?$b $N$G$"$k!%<B:]!" $3 $l$r 86M}$H $7 $F :NMQ $7 $?$H$3$m$G%b %G%k$K <l99?7 $7 $$B&LL $, IU $1 2C$o$kLu $G$b$J$$!%$‘ $7 $m !$ >iD9EY05=L $r=PH/E@$H$9$k8=BeE*M}O@ $NMxE@ $O I>2A4X?t $N:GBg!?:G>.2= $H $$ $&7A $GLdBj$rDj<02=$9$k $3$H $G 5DO@ $, @0M}$5 $l OC$N8+DL $7$, NI$/$J$k $3$H $K$" $k!$ $H9M $( $k$Y$- $G$"$m $& !% $b$A$m $s !$G> $N$h$& $K8&5fBP>] $, J#;( $K$J $l $P $J $k $[$H8+DL $7 $N NI$$Dj<02= $, %V%l !<%/%9 %k!<$rF@$k$? $a$NHs>o $K=EMW$JMW 0x $K$J $k!$$H$$ $& $3$H $O$3$3$G$"$i$?$a$F 6/D4$9$k$^ $G$b$J$$ !% 3.2 3NN(%b %G %k$H >pJsNL $3$l $^$G$N$H$3 $m !$9-$/<u $1 F~ $l$i$l $F$$ $k@b$G$O G>Fb$G$O 3F:YK&$N3hF0 EY$NAH$_9g$o$;$K$h $C$F>pJs $, I= 8=$5 $l$F$$ $k$H9M$( $i$l$F$$ $k (Rate co ding + J,;6I=8= ) !% $3$N @b$K=>$( $P G>Fb$N>pJs=hM}$H$OF~NOAXFb$G$NI=8= x = ( x 1 ; x 2 ; . . . ; x N ) (6) $r$= $l$, Ej<M$9$kFCD’Cj=PAX $G$N =PNO $K 4X$9$kI=8= y = ( y 1 ; y 2 ; . . . ; y M ) (7) 3

?^ 1: G>Fb$N>pJsJQ49 $K JQ49$9$k $3 $H$KB>$J $i$J$$ ( ?^#1 ) !% $3$NJQ49 $rC4 $& $N $, #2AX$r7k$V %7%J %W %97k9g $G$"$j$=$N2DA:@- $K$h$jB?MM$JJQ 49 $, 2DG= $H$J$k!% $3$3 $G !$3F!9 $N %Y%/ %H%k $N @.J, $O$"$k%? %$ %‘%9%1!< %k$G 7W$C $?3F:YK& $NJ?6QH/2PN($= $N$b$N!$ $"$k $$ $O$=$N J?6QCM $+$i$N$:$l$r I= $7 $F$$ $k$H9M$( $l $P $h$$ !% $?$@ $7 !$:YK& $N1~Ez $K$O IT3N $+$JMWAG $, B?$$$N $G F~NO x $, 7h$^$k$HI, $: 3NDjE* $K=PNO y $, 7h$^$kLu $G$O$J$$ !% $3 $N$h $& $J>u672< $G$N F~=PNO4X78 $O >r7oIU$-3NN( P ( y j x ) (8) $rMQ$$$k$HET9gNI$/I=8=$9$k$3$H $, =PMh$k!% 0J>e$N$h $& $J3NN(%b %G%k$K $h$k 5-=R$rMQ$$$k:G Bg$NMxE@$O>p JsM}O@$H$N?F OB@-$N9b$5$G$" $k!%$?$H$( $P !$>pJsM} O@ $K =>$( $P F~NOAX $K M?$( $i$l $k>pJsNL $O H ( X ) = � X x P ( x ) ln P ( x ) (9) $K$h$C$F?tNL2= $G$-$k!% $3 $l$H F~NOAX $G=hM}2DG= $J>pJsNL$N8B3&CM $H$N:9 $K$h$jF~NOAX $G$N>iD9EY $, 7W;;$5 $l $k!% $3 $3 $G !$ P ( x ) $O 303& $+$i$N;I7c $K$h$jF~NOAX $K%Q%?!< %s x $, @8 $8 $k3NN( $rI=$9 !% $5 $i$K !$ =PNOAX ( FCD’Cj=PAX ) $G$N >p JsNL$b5!3#E* $K H ( Y ) = � X y P ( y ) ln P ( y ) = � X y P ( y j x ) P ( x ) ln " X x P ( y j x ) P ( x ) # (10) $K$h$C$F5a$a $i$l !$ $= $l$r MQ$$ $FF~NOAX$HF1MM!$=PNOAX $G$N >iD9EY $r7W;;$9$k $3$H $, 2DG=$H$J$k!%$D$^ $j !$ >pJsM}O@ $rMQ$$$k $3$H $K$h$j>pJs=hM}$N2aDx $GI=8=$N>iD9EY $, G!2? $K JQ2=$9$k $N $+ !$ $H$$ $&Ld Bj $rDjNLE* $K07 $& $3 $H $, 2DG=$H $J$k$N $G$" $k!% 3.3 G’<1%b %G %k$H @8@.%b %G %k A0@a $G $O>p Js $NN. $l$H $7$FF~NO AX $+ $i=PNO AX $X $N=g J} 8~ E* $J $b $N $rNc $H $7 $F<h $j>e $2$? $,!$ G> Fb $K $O V1 $+$i LGN $X$N7k9g $J $I $N$h $& $K =PNOB& $+$i F~NOB& $X5UJ}8~ $N7k9g $, B8:_$9$k>l9g $b $"$k ( ?^#2 ) !% 3NN( %b %G%k$N 4QE@ $+$i$3 $l$i $N7k9g$NLr3d$r9M$($F$_$h $& !% $^$:!$ =gJ}8~ $N7k9g $O 4QB,2DG= $J %G !<%? ( F~NO ) x $r MQ$$$F1# $l$? JQ?t ( =PNO ) y $r 7W;;$9$kLr3d $r C4$C $F$$$k !% $3 $l$O $A$g$& $I Ds<($5 $l$? %G !<%?$r2r<a $"$k$$ $O G’<1$9$k %W %m%; %9 $rWGWJ $H$5$;$k$?$a $3$N$h $& $JLr3d$r9T $J $&3NN( %b %G%k$O 0lHL $K G’<1%b %G%k $H 8F $P$l $k!% $= $l$K BP $7 !$5UJ}8~$N 7k9g $O 1# $l $? JQ?t$NCM$rMQ$$$F 4QB,2DG=$J %G !<%?$r@8 @.$9$kLr3d$r ;}$D!%$3$N$h $& $J%b %G %k$O Nc $( $P !$ 303& $rLOJo $7 $? $j$"$k$$ $OM=B, $7 $?$j$9$k:] $K$O I, $:I,MW $G$"$j0lHL $K @8@.%b %G%k$H 8F $P$l $k!%G’<1 %b %G%k$, A0@a $GF3F~ $7 $? >r7oIU$-3NN( (8) $K $h$jI=$5 $l $k$N $KBP $7 !$ @8@. %b %G%k$O y $r M? $($?:] $K x $, F@$i $l$k>r7oIU $-3NN( P ( x j y ) $K $h$jI=8=$5 $l $k !% Bay es 8x<0 P ( x j y ) = P ( y j x ) P ( x ) P x P ( y j x ) P ( x ) (11) 4

?^ 2: G’<1%b %G%k$H @8@.%b %G%k P ( y j x ) = P ( x j y ) P ( y ) P y P ( x j y ) P ( y ) (12) $rMQ$$ $l $P !$@8@.%b %G%k !$G’<1%b %G %k$+$i $=$l $>$l $K BP1~$9$k \ FCJL$J " G’<1%b %G %k !$@8@.%b %G%k $r 5a$a$k$3$H$, =P Mh$k!% $b$A$m $s !$@8@. %b %G%k !$G’<1 %b %G%k$O ?t<0$N>e $G$OJL$NLr3d$rC4 $& $b$N $G$"$j8_$$ $K L54X78 $KB8:_ $7 $F 9= $o$J$$!% $? $@ $7 !$G> $r303& $+$i$N>pJs$rMQ$$ $F3X=, $K$h$j E,@Z $J1~Ez $r :n$j>e $2 $k3NN(%b %G%k$H $_$J$9$H!$3X=,B’ $N6I=j@- $J $I 9g M}E*$J @)Ls>r 7o$r K~$?$9$?$a$K$O 8x<0 (11) !$ (12) $r DL $7 $F$3$l$i $O L)@\$J 4X78$r ;}$?$J $/$F$O$J$i$J $$$3$H$, B?$$!% 3.4 :GBg!?:G>.2=86M} 3NN( %b %G%k$K$h$k5- =R $K=>$& $H>iD9 EY05 =L 86M} $rDjNLE* $K =q $-2< $9 $3 $H $, =PMh $k!$ $? $@ $7 !$ $3$N86 M} $O$"$/$^ $G$b Bg$^ $+$J;X?K$rM? $($k$b$N$G$"$j$=$N6qBNE*<B8= $K$OMM !9 $J %t%! %j%(!< %7%g %s $, 9M$( $i$l $k!% $I $N %t%! %j%(!< %7%g %s $rMQ$$$k $+$OLdBj@_Dj!$ %M%C %H %o!<%/9=B$ $H$NAj@-!$ 7W;; NL $J $I $K 6/$/0MB8 $9$k!% 0J2< $K!$ $$$/ $D $+$NNc$r>R2p$9 $k!% 3.4.1 MFNL:G>.2= 303& $+$i$N>pJs s $O F~NO x $r DL$C $F=PNO y $X JQ49$5 $l$k !% $? $@ $7 !$ 3FCJ 3, $G Aj2C@- $N%N%$ %: $, 2C $( $i$l$k$H$9$k!% =PNOAX $K $* $1 $kI=8=$N>iD9EY R $r R = 1 � I ( y ; s ) =C out ( y ) (13) $K$h$j Dj5A$9$k!%$3$3 $G !$ I ( y ; s ) $O 303& $+$i$N >pJs s $H =PNOAX $G$N I=8= y $H$N 4V$NAj8_>pJsNL I ( y ; s ) = X s ; y P ( y ; s ) ln � P ( y ; s ) P ( s ) P ( y ) � (14) $rI= $7 !$ $=$N=>B0@- $, 9b$$DxBg $- $JCM$r<h$k!% D> 4QE* $K$O s $, M? $($i $l$? :] $K y $K EA$o$k>pJs $NBg$- $5 $rI=$9$b$N $H 9M$($FNI$/!$ F~NO $+$i =PNO$X$N %7%J %W %97k9g$N4X?t$H$J$k !%$^$?!$ C out ( y ) $O =PNOAX$K$*$$$F =hM}2DG=$J>pJsNL$N8B 3&CM$rI=$9MFNL $G$" $k!%$3 $l$b !$ %7%J %W %97k9g$N4X?t $G$" $k!% <0 (14) $K $*$$$F @8J* $, 303&$N>p Js$rI,MW:G Dc8BF@$J$1$l $P $J$i $J$$$3$H $r 9M$($k$H Aj8_>p JsNL I ( y ; s ) $O $" $kDx EY$NCM $r J]$? $J$1 $l $P $J$i$J$$ !%$= $3$G !$<0 (13) $G I=$5 $l $k>iD9@-$r8: $i$9$?$a I ( y ; s ) $, $" $k0lDj$NCM $G94B+$5 $l $?>r7o2<$GMF NL C out ( y ) $r :G>. $K $9$k$h $& $K 7k9g $, 7h$a$k!%$3$N$h $& $J :G>.2=86M} $K 4p$E$1 $P !$ V1 $G 8+ $i$l $k6I:_ 2=$5 $l$? <uMFLn $,%b %G%k$K $h$j 7A@.$5 $l $k$3$H $, Js9p$5 $l$F$$ $k [4] !% 3.4.2 >pJsNL:GBg2= >i D9 EY 05 =L$N $? $a $N :G Bg !? :G >. 2= 86 M}$H $7 $F 9- $/ MQ$$$i$l $F $$ $k I> 2A 4p =‘$N 0l$D$K >p Js NL :G Bg 2= (Information Maximization, Infomax) $H$$ $& $b$N$b$"$k [9, 6] !% 5

Infomax $N 4pK\E*$J%" %$ %G %"$O F~NO x $H =PNO y $H$N 4V$NAj8_>pJsNL I ( Y ; X ) = H ( Y ) � H ( Y j X ) (15) $,$J$k$Y$/Bg $-$/ $J$k$h$& $K %7%J %W %97k9g $NCM $r7h$a$k $H$$$&$b $N $G$"$k!% Aj8_>p JsNL $O F~NO x $, M? $( $i $l$? :] $K =P NO y $K EA $o$k>pJsNL $NBg$-$5 $H9M $( $i $l $k $+$i =PNOAX $G$NMFNL $, 0lDj $H$9 $l $P $3$N CM $, Bg$-$$Dx=P NOAX $G$N>iD9EY $O 05=L$5 $l $k!%$D$^$j!" >iD9EY05=L $K$+$J $C$?I>2A4p=‘ $G$" $k!% $3$3$G !$$b $7 =PNO $, F~NO$H2D5U$J4X?t G ( x )( %7%J %W %97k9g $O G $N Cf$K%Q%i %a !<%? $H $7 $F 4^$^ $l$F $$$k ) $r MQ$$$F y = G ( x ) + � (16) $N$h $& $KM?$($i $l $k>l9g!$ H ( Y j X ) = H ( N ) $H$J $j<0 (15) $O %7%J %W %9$NCM $K$h$i$J$$ Dj?t$H$J$k$3$H $, CN $i$l$F $$ $k [12] !% $? $@ $7 !$ � $O JQ49$N:] $K2C $o$kAj2C@-$N%N %$ %:$G$"$k!% $D$^$j !$ $3$N>l9g Infomax $O =PNOAX $G$N>pJsNL:GBg 2=$HEy2A $K$J $k!% Infomax $O 8e $K =R$Y$k V1 $K $*$1 $k<uMFLn 7A@.$N%b %G %k $N Cf $G Linsker $K $h $C$F $O $8 $a$F Ds>’$5 $l$? :G Bg2=86M} $G$" $k [9] !%:G6a $G$O$3$l$r Hs @~7AAG;R $K 3HD% $7 0l HL$N2D5U$J N ! N <L A| $r BP>]$H$9$k$3$H$G !$$3$N86M}$OG>$N%b %G%k$K 8B $i$: Blind deconv olution 1 $J $I $N ?.9f=hM}$NLdBj $K 9-$/1~MQ=PMh$k$3 $H $, L@ $i$+$K$5 $l $F$$ $k [6, 3] !% 3.4.3 FHN)@.J,2r@O Infomax $H$OFHN) $J9M $(J} $+ $i=PH/ $7$F$$$k $, N‘;w $7 $?4p=‘ $H $7 $FFHN)@. J,2r @O (Indep endent Comp onen t Anal- ysis, ICA) $H$$ $& $b$N $,$" $k!% ICA $H$O =PNO y $K 4X$9$k3NN(J,I[ $K 4X $7 $F @.J,4V$N=>B0@- $, :G$b>.$5$/ $J$k$h $& $K !$8@ $$49 $( $l $P @.J,4V $NFHN) @- $, :G$bBg$-$/$J$k$h $& $JF~NO x $+$i =PNO y $X$N0l<!JQ49 M $r 5a$a$kLdBj $G$" $k [3] !% 7A<0 E* $K$O <!$N$h $& $J :G>.2=LdBj$r 9M $($l $P NI$$ !%F~NO x $N J,I[$H0l <!JQ49 M $K $h $C $F Dj$^$k=PNO y $N 3NN(J, I[$r P ( y ) = P ( y 1 ; . . . ; y N ); y = M x (17) $H$9$k !# $3 $l$r MQ$$ $k $H !" $=$NCf$N#1$D$NJQ?t y l ( l = 1 ; 2 ; . . . ; N ) $N$_$K CeL\ $7 B>$NJQ?t$N>pJs$OL5;k $7 $? J,I[ ( <~ JUJ,I[ ) $, P l ( y l ) = X y j 6 = l P ( y ) (18) $N$h $& $K 7W;; $G$- $k!%$3$N<~JUJ,I[ $+$i N Y l =1 P l ( y l ) (19) $H$$$& J, I[ $r:F9=@. $9 $k!% $3 $NJ,I[ $O#1$D $NJQ?t $K 4X $9$kE} 7W @- $K4X $7$F$O??$NJ, I[ (17) $H F1 $8 >pJs $r;} $C $F$$ $k $, !$ JQ?t4V$N0MB84X78 $K 4X $7 $F$O 40A4 $K FHN) $G$" $k!%$=$3 $G !$#2$D$NJ,I[ (17) $H (19) $N 4V $K 2? $i$+$N 5wN% D $r F3F~ $7 D P ( y ) ; N Y l =1 P l ( y l ) ! (20) $r:G>. $K $9$k$h $& $K 0l<!JQ49$r7h$a$k!% $3$l $,$J$< >iD9EY05=L86M} $K4XO"$9$k $+$r M}2r$9$k $? $a $K$O A0=R $N Infomax $H$N 4X78 $r9M;!$9 $l $P $h$$ !% <0 (20) $K $*$$$FJ,I[$N5wN% D $H $7 $F KL %@ %$ %P!< %8%’%s %9$r:NMQ$9$k$H D P ( y ) ; N Y l =1 P l ( y l ) ! = N X l =1 H ( y l ) � H ( y 1 ; y 2 ; . . . ; y N ) (21) 1 N 8D$N E}7WE*$KFHN)$J>pJs 8; $+$i @8@.$5 $l $??. 9f $, :.9g$5 $l$F 4QB,$5$l $k>l9g$K !$ N 8D$NFHN)$J 4QB,E@$+$iF@$i$l$k 4QB,>pJs$rMQ$$$F$=$l $r85$NFHN)$J>pJs$KJ,2r$9$kLdBj!% 6

?^ 3: Linsker %b %G %k $H$$ $&<0 $, F@ $i$l $k !%$D$^$j !$ $3$N>l9g ICA $O =PNO AX $K $* $1 $kAj 8_>pJsNL:G>.2=$K B>$J $i$J $$ !% $3$N <0$rJQ7A$9$k $H Infomax $G $N I>2A4X?t $G$" $k=PNOAX $G$N >pJsNL $, H ( y 1 ; y 2 ; . . . ; y N ) = N X l =1 H ( y l ) � D P ( y ) ; N Y l =1 P l ( y l ) ! (22) $H$$ $&7A $G I=$5 $l $k!%$3 $l$O Infomax $, =PNOAX$N$*$$ $F I) $J $k$Y$/8D!9 $N%f%K%C %H$, I=8=$9$k>pJsNL H ( y l ) $r Bg$- $/$9$k!$ I I) Aj8_>pJsNL D $r >.$5$/$9$k !$ $H$$ $&#2$D $NMW@A $+$i @.$jN)$C$F$$$k$3$H$r0UL# $7 $F$$ $k!% $b $7 2> $K !$ $3$N <0 $K $*$$$F I) $h $j$b I I) $N MW @A$N $[ $& $, $h$j Bg$-$J%&%’!< %H $r @j$a $k>l9g$K$O 7k2LE*$K ICA $H Infomax $H$[ $\ F1 $8 I>2A4p=‘ $rM? $($k$H9M$( $i $l !$ $=$N0UL# $G>pJsNL05=L $K$+$J$C$?4p=‘ $K$J$C$F$$$k [13, 5] !% $b$A $m $s !$ >u 67 $K$h$C $F $O I) $N$[ $& $, I I) $h$j$b=EMW $K$J$k>l9g $,$"$j!$ $=$N>l9g $ON><T$N7k2L $ODj@-E* $K0[ $J$C $?$b$N $K$J $k !# Blind deconv olution $N J8 L.$G $O F~ NO ?. 9f$N E} 7W @-$,%, %& %9 J, I[ $h $j $b Cf ?4$, 6/ D4 $5$l $+ $D ?~ Ln$, D9 $$ sup er- gaussian $G $" $k:] $K$O ICA $H Infomax $O Dj@-E* $K F1 $8 7k2L$rM?$( !$$=$N5U$N sub-gaussian >l9g$K$O Dj@-E* $K 0[$J $k7k2L $rM? $($k $H9M $( $i $l$F$$$k [6] !% $A $J$_ $K !$ 2; @<!$ 2;3Z $J $I $ND03P>pJs $d<+A3 2hA| $KBeI=$5 $l $k;k3P>p Js $J $I <+ A33&$K B8:_$9$k >pJs$NB? $/ $O sup er-gaussian J,I[$K =>$C$F$*$j!$ $=$N$h $& $JF~ NO $K BP $7 $F$O ICA !$ Infomax $N 4p =‘ $O Dj@-E* $K F1MM$J7k2L$rM?$($k$b$N$HM=A[$5 $l $k!% 4 >pJsM}O@ $K 4p$E $$$? V1 $K$* $1 $k<uMFLn7A@.$N%b %G %k A0@a$G$O !$3NN(%b %G%k $r MQ$$$? 5-=R$K$h$j!$>iD9EY05=L86M} $, 0l HLE*$J0UL#$G$N >pJs NL $K 4X$9$k :GBg!?:G>. 2=Ld Bj$H $7 $F Dj<02=$5 $l ?t3XE*5DO@ $, 2DG=$H$J$k $3$H$r=R$Y$?!% $=$NCf $G$b>/ $7 ?( $l$?$, !$K\@a $G$O$3$N$h $& $J9M$(J} $, <B:]$N8&5f $NCf $G $I $N $h $& $K 3h $+$5 $l$F$$$k$N $+$h$j >\ $7 $/>R2p$9$k $?$a!$<uMFLn7A @. $K 4X$9$kBeI=E* $J#3$D $N%b %G %k$r >\@b$9$k!% 4.1 Linsk er $N %b %G%k V1 $K$O Cf?4 $, L@$k$/$=$N <~$j $, 0E$$$h $& $JF~NO$K 6/$/ H?1~$9$k :YK& (center-surround cell) $d$" $k J}8~$r$b$C$? @~J, $K6/$/H?1~ $9$k:Y K& (orientation-selectiv e cell) $J $I FCD’E* $J7A>u $KH?1~$9$k :YK& $, ?tB?$/B8:_ $9$k!% B?$/ $N%b %G %k$G$O$3$l$O <+A33&$K B8:_$9$k;k3P ;I7c $K Fb:_$9 $k9=B$$r3X=, $7 $? 7k2L$G$" $k$H9M$($i $l$F $$$?$, !$ Linsk er (1986) $O B?AX $N feed-forward 7? $N>pJs=hM} 5!9= $K Hebb B’ $K4p $E$$$?4JC1 $J3X=, $r2>Dj$9 $l $P A4$/%i %s %@ %‘$J30It;I 7c $+$i $3$N$h $& $JFCD’E*$JH?1~FC@-$r;}$D:YK& $, 7A@.$5 $l $k$3$H$r<( $7 $? [9] !% H‘$N9M$($?%b %G %k$O ?^ 4.1 $K <($9$h $& $K A !$ B !$ C !$ D !$!D $H L>IU$1$i $l$? AX $, =gJ}8~ $K 7k9g$5 $l$? feed-forward 7?%K %e!< %i %k%M%C %H%o!< %/ %b %G%k$G$"$k!% 3FAX $N %K %e!<%m %s$O0l$DA0 $NAX$N8B $i $l$? 6aK5 ( <uMFLn ) $K 4^$^ $l $k:YK& $N 7

$_ $+$i F~NO V j $r <u$1 O = a + K X j =1 w j V j (23) $K =>$C $F<!$NAX $K =PNO $rEA$($k!% $3$3$G!$ w j $O%7%J %W %97k9g!$ a $O %Q%i %a !< %? !$ j = 1 ; . . . ; K $O CeL\ $7 $? :YK&$N<uMF Ln $K 4^$^ $l $k:YK&$rI=$9 !% Linsker $O 3X=,B’ h �w i i = � [ h V O i + b h V i + c h O i + d ] = � 2 4 X j C ij w j + � 0 @ � � X j w j 1 A 3 5 (24) $K =>$C $F7k9g w i $O JQ2=$9$k $H2>Dj $7 $? !% $? $@ $7 !$ $3$3 $G h� � �i $O F~NO $K 4X$9$kE}7WE*J?6Q $rI= $7 a � d $, 3X=,B’$N>\ :Y $r7h$a$k%Q%i %a !<%? !$ C ij $O F~NO?.9f $K4X$9$k K � K $N 6&J,;69T Ns!$ � $O$O $8 $a$N 7A $rJQ7A $7 $F F@ $i $l $k a � d $N @~7A7k9g$r$^$H$a$F=q$$$?$b$N!$ � $O 3X=,N($rI=$9!% $5$F !$3X=,B’ (24) $O 0J2<$N%3 %9 %H 4X?t E = � 1 2 w T C w + � 2 0 @ � � X j w j 1 A 2 (25) $N:G>.2=>r7o $+$i F@$i $l $k$3$H$KCm 0U $7 $h $& !% $3$N <0$NBh#19‘ w T C w $O =PNO$K4X$9$k J,;6 $r I= $7 !$ $3 $l$r >.$5$/$9 $k$3 $H $, >iD9EY05=L $KBP1~ $7 $F$$$k !$ $? $@ $7 !" $= $l$K 2C $($FF~NO?.9f$N%* %U%;%C %H$,%<%m$G$J$$$3$H $+$i @8 $8 $k%Z%J %k%F %#!<9‘ $, Bh#29‘L\ $K B8:_$9$k!%$^$?!$$3$N$^$^ $G$O 7k9g%Q%i %a !<%? $O H/;6 $7 $F $7 $^ $& $?$aF1;~ $K w � � w i � w + (26) $H$$$&94B+ >r7o $rF3F~ $7 !$ $3$NHO0O $r1[ $($?>l9g $K $O%Q%i %a !<%? $NCM $r6/@)E* $K >e2<8BCM w + ; w � $K La$9 $3$H $K$9$k!% H‘$O 0J >e%"%k %4 %j%: %‘$K =>$$ !$$^$:!$ A "* B $N 7k9g$r 3X =, $7 $? 8e !$$= $l$r MQ$$$F B "* C $N 7k9g$r 3X =, $7 !$$= $N 8e C "* D !D$H $$ $&<j=g$G 7W ;;5! <B83$r 9T$J $C$? !%H‘$N Js9p$K $h$l $P ?^#3$K <($9$h $& $K$3 $N%" %k %4 %j %: %‘$K =>$( $P F~ NOAX A $K $O %f%K %C %H 4V$G L5 Aj4X$J ;I7c$N$_$, F~ NO$5 $l $?$K $b 4X$o$i$: cen ter-surround cell $, C AX$K bilob ed orientational-selectiv e sell $, G AX $K 4Q;!$5 $l$? !% $3$3$K =R$Y$?%* %j %8%J%k $N Linsker %b %G%k$O %"%k %4 %j %: %‘$NHs@~7A @- $, 6/$/2r@O$O Fq $7 $$ !%$= $l$G $b !$K\<AE*$J E@$r;D $7 !$ $h$j4JC12= $7 $?%b %G%k$K 4X $7 $F$O M}O@E*2r@O $, 2DG= $GFCD’Cj=P:YK&7A@. $N %a %+ %K %:%‘$bL@ $i$+$K$5 $l$F$$ $k [10, 17] !%H‘$N%b %G%k$O 4JC1$J %a %+%K %: %‘$GFC D’E*$J<u MFLn$N7A @.$r@bL@ $7 $? E@$G 35G0%b %G%k $H $7 $F 2h4|E*$G$"$C $?!% $7 $+ $7 $J$,$i !$7k9g7A@.$N%" %k %4 %j %: %‘ $K 4"$j9~$_%k!<%k$d 6%9g 3X=,5!9=$r \ <j $G$$$l $k " $J $I @8M} 3XE*BEEv@- $H$$ $&4QE@ $G$O 2]Bj $, B?$$!% ?^ 4: Linsker %b %G%k $G 4Q;!$5 $l $? FCD’E*$J @5Ii 7k9g$NG[ CV!% (A) C AX$G4Q ;!$5 $l$? $b$N$G <~ 0O$NF~ NO $, Ii$G Cf?4$N F~NO $, @5 $N$H$-H/2P$9$k center-surround cell $r (B) $O G AX $G4Q;!$5 $l $?$b$N $G :8<P$a $K79$$$?@~J, $K6/$/H?1~$9$k orientation-selectiv e cell !% 8

4.2 Olshausen and Field $N%b %G %k 9- $/CN $i$l$F$$ $k V1 $N FCD’Cj=P:Y K&$NFCD’$H $7 $F i) 6I=j@- (lo calized) !$ ii) J}0L A*Br@- (oriented) !$ iii) %9%1!< %k A*Br@- (bandpass) $H$$ $&@-<A $,$"$k!%$^ $?!$ V1 $K $* $1$k>pJs $O:YK&$N3hF0EY $, Dc$/ $J$k$h$& $K$$$o$f$k%9%Q!<%9 %3!< %G %# %s%0 (sparse co ding) $G I=8=$5$l$F $$$k$H$$ $&;v<B$b4Q ;!$5 $l$F $$ $k !% $3 $l$i $N 4Q ;!;v<B$r >pJsM}O@ E*$J%b %G%k 2= $K$h $C$FAj8_ $K 4XO"IU $1$h $& $H $7 $?$N$, Olshausen and Field (1996) $K $h$k8&5f$G$"$k [14] !% H‘$i$N %b %G %k$G $O LGN $K BP1~ $7 $? ;k3P >pJs$K 4X$9 $kF~ NOAX$H V1 $K BP 1~ $7 $? =PNO AX ( FC D’Cj =PAX ) $r 2> Dj$9$k !% $3$N%b %G%k $N FCD’ $O !" Linsk er Ey$N B>$NB?$/$N%b %G%k$H$O 0[$J$j=gJ} 8~7k9g ( G’<1%b %G%k ) $G$O$J $/ !$5UJ}K!7k9g ( @8 @.%b %G%k ) $N 3X=, $r <4 $K5DO@$rE83+ $7 $F$$ $k$H $3$m$G$"$k!%6qBNE* $K$O LGN $K $* $1 $kA|>pJs $O V1 $G$N 3hF0EY a i $r MQ$$$F I ( x; y ) = X i a i � i ( x; y ) (27) $N$h $& $KI= 8=$5 $l $k$H2>Dj$9$k !% $3$3$G !$ I ( x; y ) $O LGN $G $N :BI8 ( x; y ) $K $*$1 $k:YK&$N3h@-EY !$ � i ( x; y ) $O V1 $G $N:YK& i $, H/2P $7 $? :] $K LGN $N :B I8:BI8 ( x; y ) $K M6H/$5 $l $k 3hF0EY $G V1 $+$i LGN $X$N 7k9g$rI=8= $7 $F $$$k$H ;W $( $P NI$$!%$A $J$_ $K 2rK63XE*4QB,;v<B $K$h $l $P V1 $+$i LGN $X$N 5U8~$-$N7k9g $O LGN $+$i V1 $X$N =gJ}8~7k9g $K Hf$Y$F 5 � 10 G\B?$$ $H Js9p$5 $l $F$$ $k!% >iD9 EY05=L$N86M}$K =>$$!$H‘ $i$O V1 $G$O >pJs $O Dc$$%( %s%H %m %T !<$GId9f 2=$5 $l$F $$$k$H 9M $($? !%99$K !$$=$NI= 8=7A BV $, %9%Q!<%9%3!< %G %# %s%0 (sparse co ding) $G$" $k!$$H$$ $&$N $, H‘$i$N <gD%$G$" $k !% $H$3 $m $, !$0lJ}$G$= $l$O 30 3& $+$i F~NO$5 $l $k2hA|>pJs $r $&$^$/ :F9=@.!$ 8@ $$BX $($k$HM=B,=PMh$k$b $N $G$J $/ $F$O$J $i$J$$ !% $= $3$G !$H‘ $i$O0J2< $N%3%9 %H 4X?t E = � [preserved information] � � [sparseness of a i ] (28) $K 4X$9$k:G>.2=LdBj$r9M$($?!%$3$3 $G !$Bh0l9‘ $O <+A32hA|$H@8@.%b %G%k$K $h$j :F9=@.$5 $l$? 2hA|$H$N<+>h8m:9 [preserved information] = � X x;y " I ( x; y ) � X i a i � i ( x; y ) # 2 (29) $rI= $7 !$BhFs9‘ $O V1 $G $N Id9f2= $, %9%Q!<%9 %3!< %G %# %s%0$K$J $k$h $& $K F3F~$5 $l $? @5B’2=9‘ [sparseness of a i ] = � X i S � a i � � (30) $G$" $j S ( a i � ) $O a i = 0 $G :G>.$H$J$j$= $l$+$i � DxEY $:$l $k$HCM $, 5^A}$9$kC1Jv@-$N4X?t$G$"$k!%$^$? !$ � $O 3X=,B’ $X$N$=$N1F6A$NEY9g$rD4@0$9$k%Q%i %a !<%? $G$" $k!% $3$N :G>.2=LdBj$O P ( I j a; � ) � exp[ � (preserved information)] (31) P ( a ) � exp[ � (sparseness of a i )] (32) $rF3F~$9 $l $P 852hA| I $+$i @8@. %b %G%k$r MQ$$ $F V1 $G$N 3hF0EY a i $r ?dDj$9$kE} 7WE*?d DjLdBj $H9M $($k$3$H$b $G$-$k!% a i $K $D$$$F$N :G>.2= $O%3 %9 %H (28) $K 4X$9$k:G5^9_2< ( HyJ,CM $r MQ$$ $F%3 %9 %H 4X?t $, >.$5$/$J$kJ}8~ $K >uBV $r JQ2= $5$;$k%" %k %4 %j%:%‘ ) $r I=$9 %@ %$ %J%_%/%9 _ a i = b i � X j C ij a j � � � S 0 � a i � � (33) $K $h$j 9T$J $& $3$H$,$G $-$k !%$? $@ $7 !$ b i = P x;y � i ( x; y ) I ( x; y ) !$ C ij = P x;y � i ( x; y ) � j ( x; y ) $G $" $k !% $3 $l$O 2hA| $, F~NO$5 $l$? :]$NC;$$%? %$%‘%9 %1!< %k ( � 100 ms ) $G $N :YK&$N;~4V1~Ez $r I=$9$b$N $H 9M $($i $l $k !% 0lJ} !$H‘ $i$O 7k9g$r I=$9 � i ( x; y ) $N ;~4VJQ2=$b$3$N :G>.2= LdBj $K $h$j5- =R$5 $l $k$H 9M $( $k 2 !%6qBNE*$K$O � i ( x; y ) $NJQ2= $K4X$9$k;~4V%9 %1!< %k$O:YK&1~Ez$N;~4V%9 %1!< %k$HHf3S $7 $F ==J,D9$/B??t $N2hA| $NDs<( $K$h$j0z$-5/ $3$5 $l $k $H2>Dj $7 � i ( x m ; y n ) = � D a i h I ( x m ; y n ) � ^ I ( x m ; y n ) iE (34) 2 $h$j @53N $K 8@ $( $P %(%M%k %. !< (28) $+$i F@$i $l $k<+M3%(%M%k %. !<$K4X$9$k:G>.2=!% 9

$r � i ( x; y ) $K 4X$9$k3X=,B’ $H$9$k$N$G$"$k !% $3$3 $G !$ ^ I $O 3X=,2hA| I $r Ds<($5 $l$? :]$KC;$$%? %$ %‘%9%1!< %k$G$N %@ %$ %J%_%/%9 (33) $K $h$j :F9=@.$5 $l$? 2hA| ^ I = P i ^ a i � i ( x m ; y n ) !$ � $O 3X=,N( $rI= $7 !$ h� � �i $O B??t$N3X=,2hA| $K 4X$9$kJ? 6Q$r0UL#$9$k!%<0 (34) $O%7 %J %W %97k9g $K 4X$9$k Hebb 3X=,B’ $K B> $J$i$J$$$3$H$K Cm0U $7 $h $& !% Olshausen and Field $O <+A32hA| $rF~NO $H $7 $F 0J>e $N%" %k %4 %j %:%‘ $K=>$$%b %G%k$N3X=, $r9T$J$C $?!% $= $N7k2LF@ $i $l$? <uMF Ln $K $D$$$F KA F, $K =R$Y$? i) 6I=j @- (lo calized) !$ ii) J}0L A*Br@- (oriented) !$ iii) %9%1!<%k A* Br@- (bandpass) $H$$ $&@-<A $r:F8= $G$-$?$H$$ $& $N $, H‘ $i$N <g$J7kO@ $G$" $k!% O@J8$N Cf $G$O ?( $l$i$l $F$$$J $$ $, H‘ $i$N Js9p$O 0J2<$NE@ $K 4X $7 $F 6=L#?<$$5? LdE@$r;D $7 $F $$ $k!%H‘ $i$O @8@.%b %G %k$K4X$9$k %3%9 %H :G>.2=86 M} ( >iD9@-05 =L ) $N$_ $K4p $E$$$F!$ C; $$%?%$ %‘%9 %1!< %k$G$N:YK&1~Ez $N %@ %$ %J%_%/%9!$ D9 $$ %? %$ %‘%9 %1!< %k$G$N %7%J %W %97k 9g $N3X=,B’ $rF3=P $7 $F$$$k!% $H$3$m $, !$ <0 (33) $r 8+ $l $P $o$+$k$h$& $K$3$N %@ %$ %J%_%/ %9!$3X=,B’$O=gJ}8~$N7k 9g ( G’<1%b %G%k ) $r F1;~$KF3F~ $7 $J $/ $F$O 6I=jE*$J7W;; $G 9T$J $& $3$H$OIT2D G= $G$" $k!%$^$?!$ <uMFLn $H$$ $& $N $O IaDL!$ FCD’Cj=PAX $N $"$k:YK& $KEj<M $7 $F$$$kF~NOAX$N:YK& $NHO0O $r<($9$b$N $G$"$jDL>o $O@8@.%b %G %k$G$O$J $/G’<1 %b %G%k$K IU?o$9$k35G0 $G$"$k!%<B $N$H$3$m!$ %K %e!<%i %k%M%C %H %o!< %/E* $JI=8=$r$9 $l $P !$H‘ $i$O@8@. %b %G%k$rI=$95UJ}8~ $N7k9g $K 4X $7 $FI, $:F1 $8 CM $N=gJ}8~7k 9g $, B8:_ $7 $F$$$k$3 $H$r !V 0E $K !W A0 Ds $H $7 $F$$$k$N $G$"$k!% $7 $+ $7 $J$,$i !$@8M}3XE* $K$O #2AX4V$N7k9g $, BP>N $G$" $kI,A3@- $O$J$$ !% 0J>e$NE@ $K4X $7 $F !$ Olshausenan and Field $N%b %G%k$N8=<BE*BE Ev@- $r8!>Z$9 $k0l $D $NJ}:v $O6I=j7W;;@- $rK~B- $5 $;$k $?$a@8@. %b %G%k$H$H$b$KG’<1%b %G%k$b F3F~ $7 W ak e-Sleep %"%k %4 %j %:%‘ ( CSED@h@8 $N9V5A;2>H ) $J $I $G APJ}8~ $N7k 9g $K 4X$9$k3X=, $rF1;~ $K9T$J$o$; $F$_$k$3$H $G$"$k!%;v<B!$ @~7A $G 4JC1 $J%M%C %H %o!<%/ $K 4X $7 $F$O G’<1%b %G%k$N 7k9g $O @8@.%b %G%k$N 7k9g $r5U8~$- $K $7 $? $b$N $K$J$k$3$H $O 3NG’$5 $l$F$$ $k!% $? $@ $7 !$ $3 $l$O$" $/$^ $G$bHs>o $K C1=c2= $7 $? >l9g$N7k2L $G$"$j >/$J$/$H$b %7 %_%e %l !< %7%g%s %l %Y%k$G$N 8!>Z $O I,MW $G$" $m $& !% 4.3 Rao and Ballard $N%b %G %k !! 6aG/!$;k3P7O$N?@7P:YK&$N3hF0 $, !$=>Mh$N0UL#$G$N <uMFLn (classical receptive �eld) $N <~0O$KDs <($5 $l$? ;I7c$N1F 6A$r<u $1 $k$3$H (contextual mo dulation $H $$ $& !%>\ $7 $/ $O :4F#@h@8$N9V5A $r ;2>H ) $, B?$/$N8&5f<T $K$h$C$FJs9p$5 $l $F$$$k!% $3$N$h$& $J?@7P3hF0 $O !$ %F%/%9 %A%cJ,N%!$1# JC4X78 $d<g4QE*NX3T $H$$$C $?CN3PBN@)2= $K;H$o $l$F$$$k$H$$ $& @b $,$"$k $, !$ $3$N8=>] $, G>$NMM!9 $JItJ, $G 5/$- $F$$$k$N $G$" $l $P !$ 8=>] %Y!<%9$N2r<a $G $O$=$N0UL#$rE}0lE* $KM}2r$9 $k$3 $H $,$G$-$J$$ !% $=$3 $G !$7W;; O@E* $J%b %G%k$K 4p $E$$$F$=$N0UL#$rM}2r $7 $h $& $H $7 $?$N $, !$ $3$3$G>R2p$9$k %b %G%k [15] $G $" $k!% !! H‘ $i$N4pK\E*%9%? %s %9 $O !$3,AXE*9= B$ $r$b$D%b %G%k$r MQ$$$F !V >e0LAX $KI=8=$5 $l$? FbIt%b %G%k$K $h$j2hA| $rI=8=$9 $k !W $H$$ $& %b %G%k%Y !<%9 !J $D$^$j@8@.%b %G%k !K $N9M$(J} $G$"$k !% $= $7 $F !$M= B, $H2hA|$N$"$$ $@$K0c$$$N$"$kItJ, $,$" $l $P !$ $= $3 $K $O FbIt %b %G%k $, $b$C $F$$$J$$?7 $? $J>pJs $, 4^$^ $l$F$$$k$H9M $($F!$ $= $l$r2<0LAX $N3hF0 $H $7 $F I=8=$9 $k!% 5U$K !$2hA| $, M=B, $7 $?$H $*$j$G$"$l $P !$$= $l$G 2hA| $, 40A4$K I=8=$5$l$F $$ $k$3$H$K$J $k$N$G !$2<0LAX$O 3hF0 $7 $J $$ !% 0lJ}!$2<0LAX $G8!=P$5 $l $?8m:9>pJs $O>e0LAX $K Aw $i $l !$ >e0LAX $G I=8=$5 $l$F$$ $kFbIt %b %G%k$O $=$N8m:9>pJs $K4p $E$$ $F=$@5$5 $l $k !%>e0L AX $O !$ $5 $i$K$=$N>e0LAX $H$N$"$$ $@$G F1MM$N=hM} $r$9$k$h$& $K$J$C$F$*$j !$ $3 $l$K$h$j3,AXE*$J %M%C %H %o !<%/$NCf$rAPJ}8~ $K >pJs $, 9T$-Mh$9$k$h $& $K$J $k!% !! 0J>e $NA‘:n $r7+$jJV$9$3 $H$K$h$j!$ %b %G%k $NFbIt$K $O F~NO2hA| $KBP$9$k3,AXE*$JI=8= $, <!Bh $K 7A@.$5 $l$F $$ $/ !% H‘ $i$O !$$3$N$h $& $J APJ} 8~7?3, AXE*%b %G %k$K $h$C$F F~NO$r I=8=$9 $kJ} K!$r predictive co ding $H 8F $s$G $$ $k !%APJ} 8~7? 3,AXE*%b %G%k$r 9M $( $kM}M3 $O !$;k3P 7O $G $O LGN, V1, V2 $J $I $N4V $K APJ}8~@-$N7k9g $, IaJWE* $K8+$i $l $k $+$i$G$"$j!$ H‘ $i$O!$ >e 0LAX $+ $i 2<0LAX $X $NO"Mm $OM=B, $r !$ 2<0L AX $+$i>e0LAX $X$NO"Mm $OM=B,8m:9 $rEA $($F$$$k $H9M $($?$N $G$"$k!% $J$* !$ $3$N co ding $K $*$$$F$O !$2<0LAX$N3h F0 $, 2hA|$N 6I=jE*$JFC D’$rD>@\ I=8=$9$k$N$K BP $7 !$>e0LAX$N3hF0$O 2hA| A4BN $K$o$?$kBg0hE* $JFCD’!$$5 $i$K$O2hA| $K 1# $l $?K\<AE*%Q%i %a !<%? $rI=8= $7 $F$$ $k$b$N $H9M$( $i $l $k !J 1# $l >uBV$N ?dDj $K 4X $7 $F$O !$CSED@h@8$N9V5A$r;2>H !K !% !! %b %G%k $N F0:n $K$D$$$F 3 AX9=B$$N%M%C %H %o !<%/ !J ?^ 5) $r Nc $K$H $C$F@bL@$9$k!% !! $$$^!$ 2hA| I $, !$ 4pDl %Y%/ %H%k U j $N2Y=EOB $KHs@~7AJQ49 f $r 2C$($?$b $N $K !$%N%$ %: n $, 2C$o$C $?$b $N $G$"$k$H2> 10

?^ 5: Rao and Ballard $N%b %G %k Dj$9$k!% I = f ( X j r j U j ) + n = f ( U r ) + n (35) 2hA| $r<u$1<h$kAX $rBh 1 AX $H9M$($k $H !$ $3$3$G$N4pDl %Y%/ %H%k$O Bh 2 AX$N3FAG;R $, I=8=$9$kFCD’ NL $K !$ 2Y=E $O 3FAG;R $N3hF0EY $KBP1~$9$k!% $7 $? $, $C $F!$ >e $N<0 $NBh 1 9‘ $O !$ Bh 2 AX $K$* $1$kFbItI=8= !J 3FAG;R $N3hF0 !K $K4p $E $/M=B, $N9‘!$ Bh 2 9‘ $OM=B,$G $O 5-=R $G$-$J$$8m:9$N9‘ $K BP1~$9$k $3$H $K$J $k!% $J$*!$ U $O 4pDl%Y%/ %H %k$r JB$Y$F $G$-$k9TNs!$ r $O r j $r JB$Y$F$G$-$kNs%Y%/ %H %k$G$" $k!% !! F1MM $K $7 $F !$Bh 2 AX$N3hF0EY r $O !$Bh 3 AX $+$iM=B,$5 $l $k@.J, r td $H M=B, $G$O@bL@ $G$-$J$$@.J, n td $N OB $K J,2r$5 $l $k!%>e$N<0$HF1MM$K !$>e0LAX $+$i$N M=B,J, r td $O !$>e0LAX$N4pDl%Y%/ %H %k$N 2Y=EOB f ( U h r h ) $G M?$( $i$l $k !J r h $O Bh 3 AX$N3hF0EY $G$" $k !K !% !! $$$^!$M=B,$H<B %G !<%?$H$N:9$rI>2A$9$k%3%9 %H 4X?t$H $7 $F !$ E 1 = 1 � 2 jj I � f ( U r ) jj 2 + 1 � 2 td jj r � r td jj 2 (36) $r9M $($k!% $3 $3 $G !$ Bh 1 9‘ $O Bh 1 AX $K$* $1$k8m:9!$ Bh 2 9‘ $O Bh 2 AX $K$* $1$k8m:9 $G$"$k!% A4 BN $N %3%9 %H 4X?t $H $7 $F$O!$ $3 $l$K 3hF0EY$N@-<A$rI=$9;vA03NN($rH?1G$5$;$?9‘$r2C$($?$b$N E = E 1 + g ( r ) + h ( U ) (37) $r9M $($k!% $3$3 $G !$ g ( r ), h ( U ) $O $= $l $>$l r , U $N;vA0J,I[ $NBP?t L‘EY $NId9f $rH?E> $7 $?$b$N $G$"$k!% r $NJ,I[ $H $7 $F %, %& %9J,I[ $r2>Dj$9 $l $P !$ g ( r ) = � P i r 2 i $H$J $k!%$^ $?!$FbIt $N3hF0EY $, %9%Q!<%9 $K$J $k$h$& $J>u67$r9M $($k$N $G$" $l $P !$ g ( r ) = � P i log (1 + r 2 i ) $H $9 $l $P $h$$ !% E $N :GBg2=$OFbIt%b %G%k 6u4V$G$N%( %s %H %m %T !<:GBg2=$HEy2A$G$"$k !% !! 0J>e$N=‘Hw$N2<$G !$Bh 2 AXAG;R$N F0:nB’$rF3=P$9$k !% Olshausen and Field $H F1MM$K !$>e$N%3%9 %H 4X?t$N :G5^9_2< K! $K$h$j 3hF0EY r $N 99?7B’$rF@$k$3$H $,$G $-$k !% d r dt = � k 1 2 @ E @ r = k 1 � 2 U T @ f @ x T ( I � f ( U r )) + k 1 � 2 td ( r td � r ) + k 1 2 g 0 ( r ) (38) $3$N<0 $NBh 1 9‘ $O !$Bh 1 AX $G8!=P$5 $l$? 8m:9%Y%/ %H %k$K 3FAG;R $N2Y=E %Y%/ %H%k U T j $r$+$1$?$b$N !J Fb@Q !K $G$"$k!%0l J}!$Bh 2 9‘$OBh 3 AX $+$i$N M=B, r td $H Bh 2 AX$N<B:] $N3hF0EY r $H$N :9 $r I=$99‘ $G$"$k!%Bh 3 9‘ $O 3hF0EY $N;vA0J,I[ $r H?1G $7 $? 9‘$G$"$k !% $3$N7W;;$O 6I=jE* $J%"%k %4 %j%:%‘ $K$h $C$F<B8=$G$-$k !% $J$* !$FC<l$N>l9g $H $7 $F f ( x ) = x $G $" $k$H$- $K$O !$Hs@~7A@- $,$J $/$J$k$?$a!$F1 $8 F0:n$rC10lAX9=B$$N%M%C %H %o !<%/ $G <B8= $G$- $k!% !! 3X =,B’ $bF1MM $K $7 $F !$ U j $K 4X$9$k:G 5^9_2< K! $K$h$jF@ $i $l $k !J 3F<+F3 $5 $l$? $7 !K !% Bh 3 AX$NF0:nB’!$ 3X=, B’ $bF1MM $G$" $k!%7k2L $O !$0l<o$N Hebb 3X=, $K$J $k!% !! 0J>e $N %b %G%k$r4p $E$- !$ Rao and Ballard $O end-stop neuron $N7A@. $H contextual mo dulation FC@- $NH/ 8= $r?tCM <B 83 $K$h$j <( $7 $F$$ $k!% end-stop neuron $H$O !$@~J,!$ %(%C %8 !$ grating !J <JLOMM !K $J $I $K BP $7 $F H?1~$9$k$b$N$N!$$= $l $,$"$kDxEY $ND9 $5 $r$b$C $F$$$k $H3hF0 $, <e$^$j !$ $= $l $, $4 $/C; $$ $dESCf $G@#CG $5 $l$F$$$k>l9g !J $D$^$j!$ C<E@ $d $+ $I !K $K BP $7 $F6/$/H?1~ $9$k:YK& $G$"$k!% $3$N$h$& $J:YK& $O!$ 6-3& ItJ, $r8!=P$9$k $?$aF/ $-$rC4 $C $F$$$k $H9M $($i $l$F$$$k!% 11

!! end-stop cell $N%b %G%k$G$O !$ 2hA| %G !<%?$K %, %&%7%" %s%U %# %k%? !J #2<!85 %, %& %9J,I[$N7A $r $7 $?6u4V%U %# %k%? !$ 852h A| $r $\$+ $98z2L $,$" $k !K $r $+$1$?$b$N $rBh 1 AX$X$NF~NO $H $7 $F M? $($F$$$k!% Bh 2 AX $O !$ 32 AG;R $+$i$J$k %f%K%C %H ;0$D $K$h$C$F9=@.$5 $l !$3F %f%K%C %H $N<uMFLn $O 8_$$ $K0lDj$N2hAG?tJ, $@$1$: $l$F$$$k !% Bh 3 AX $O 128 AG;R $N%f%K%C %H 0l$D $+$i$J$k !% $7 $? $, $C $F !$3FAG ;R $N<uMFLn0LCV $d !$ 3,AX $H$H$b $K <uMFLn $, Bg$-$/ $J$k9=B$ $O$"$i$+ $8 $a Kd$a9~$^ $l$F$$ $k$3$H $K$J $k!%$J$*!$=PNO4X?t $O f ( x ) = x $H $7 $F $$$k !% !! $3 $N %b %G%k $K<+A3 2h A| $rM? $( $F3X =, $r9T $J $C $?8e !$ Bh 2 !$ 3 AXAG ;R $N2Y =E %Y%/ %H%k U j $rD4$Y $k $H!$ Bh 2 AX $K $O Gab or %U %# %k%?E*$J9=B$ $, !$Bh 3 AX $K$O$= $l$rAH$_9g$o$;$?$h$& $J9=B$ $, 7A@.$5 $l $k!%3X=, 8e $N%b %G%k$K 0lDj$ND9$5$N@~J, $rDs<( $7 $?$H$3$m!$ Bh 2 AX$N $"$kAG;R $O !$ <+J, $N<uMF LnFb $@$1$GJD $8 $F$$$kC;$$@~J, $KBP $7 $F 6/$/H? 1~ $7 $?$N $KBP $7 !$ <uMFLn $r1[ $($?D9$5 $r$b$D@~J, $K BP $7 $F$O$"$^$jH?1~ $7 $J$+ $C $? !J $D$^$j !$ end-stop $N 8z2L $, 8= $o $l$?$3$H $K$J$k !K !% $^$?!$@~J,$ND9$5$r2#<4 !$AG;R $N3hF0EY$r=D<4$K$H$C$? %0 %i%U$rIA $/ $H !$$=$NAG;R$N3hF0EY $O !$ V1 $N 2, 3 AX $K 8+ $i $l $k:YK&$N3hF0JQ2=$H$h$/;w$?H?1~$r<($9$3$H $,$o$+ $C$?!% !! $3$N$h$& $J%b %G%k $N ?6Iq$$ $O !$<+A32hA| $K$O$"$kDxEY$ND9$5 $r$b$C$?@~J, $, B?$/4^$^ $l$F $*$j !$ 3X=, $K$h$j Bh 3 AX AG;R $, $=$N$h $& $JD9$$@~J, $NFCD’ $rI=8=$9$k$h$& $K$J$C$?$?$a $K @8 $8 $?$H 9M $($i $l $k!%$9 $J$o$A!$C; $$@~J, $O Bh 3 AX AG;R $, I=8= $G$-$kFbIt%b %G%k$@$1$G$O5-=R $G$-$:!$ $=$NFbIt %b %G%k$+$i $N8m:9J, $, Bh 2 AX$N3hF0 $H $7 $F @8 $8 $?$N$G$" $k !%<B:] !$Bh 3 AX $+$i $N feedback F~ NO$r<W CG$9$k$H Bh 2 AXAG ;R $K 8+$i$l $k end-stop $N @- <A$O <:$o $l $k$, !$ $3 $l$O !$ V2 $N 3hF0$r;_$a$?$H$-$N V1 Bh 6 AX:YK&$N3hF0$HId9g$9$k!% !! 0lJ}!$ con textual mo dulation $N%b %G%k$G$O !$2hA| %G !<%?$r D>@\M? $( !$ sparse co ding $K BP1~$9$k3NN(J,I[$r2>Dj $7 $F3X=, $r9T$J$C $F$$$k!% Bh 2 AX $O !$ 8_ $$ $K 0lDj $NNN0h $@$1=E$J$C $?<uMFLn $r$b$D 3 x 3=9 8D$N %f%K%C %H$+$i$J $C $F$$ $k$[$+$O !$ end-stop cell $N%b %G %k$H$[$H$s $I F1 $8 $G $"$k !%3X=,$N7k2L !$Bh 2 AX $K$O !$ Olshausen and Field $G 8+ $i$l $k$h $& $J 6I=jE* Gab or 7?$N<uMF Ln $, 7A@.$5 $l $? !% Gab or 7?$H$O !$<uMFLn$NFC@- $,%, %& %9J,I[$N7A$K;0 3Q4X?t$r3]$1 9g$o$;$?7A!$$9$J$o$A!$ G ( x; y ) = exp( � x 2 + y 2 2 � 2 ) cos( ! ( x cos � + y sin � )) (39) $^$? $O !$ G ( x; y ) = exp( � x 2 + y 2 2 � 2 ) sin( ! ( x cos � + y sin � )) (40) $G I=$5 $l $k$b$N $G$"$k !% $3$3$G !$ � $O <uMFLn$N9- $,$j$r Dj$a$kDj?t!$ � $H ! $O $= $l $>$l J}0L$H6u4V<~GH?t$rI=$9Dj?t $G$" $k!% !! 3X =,8e $K !$ 1) 0lDjNN0h $GJD $8 $? grating !J 0lDj$NJ}0L $r$b$C $?<JLOMM !K !$ 2) NN0hA4BN $rJ$ $& grating !$ 3) Cf?4 $H<~JU $G D>8r$9$k J}0L $r$b$D grating !$ 4) <~JUIt $@$1$N grating $r$=$l $>$l Ds<($9$k$H!$Bh 2 AXAG;R$N3hF0$O !$ 2) $N >l9g$K Bg$-$/M^@) $5 $l $k$3 $H !$ 3) $N>l9g $K$O 1) $h$j$bBg$-$/ $J$k $3$H!$ 4) $G$O 2) $H F1MM $KM^@)$5 $l $k $3$H $,$o$+$C$?!% $3 $l$i$N 7k2L $O !$ contextual mo dulation $N E57?E*$J<B83 %G !<%?$H 0lCW$9$k!% !! 0J>e $N7k2L $O !$2hA| $, $b$D0lHLE* $J9=B$ $, Bh 3 AX $GI=8=$5 $l !$ $= $l$+$i 0oC& $7 $?ItJ, $, 8m:9@.J, $H $7 $F Bh 2 AX $GI= 8=$5 $l $k$?$a $K @8 $8 $?$b$N$G$"$k!% %F%/%9%A %c$N %]%C %W %"%& %H 8=>] !J <~0O $H0[$J$k%F%/%9 %A%c$r$b$C $?ItJ, $, $Q $C$H Ib$->e $, $C$F8+ $($k8=>] !K $bF1MM $K $7 $F @bL@ $G$-$k$3$H $O MF0W $KA[A| $G$-$h $& !J <~0O $+$i$N M=B, $G@bL@ $G$-$J$$ItJ, $rI=8=$9$kItJ, $, Bh 2 AX$N3hF0$H $7 $F Cj=P$G$-$k $+$i$G$" $k !K !% $J$*!$H‘ $i$O !$ %, %&%7%" %s%U %# %k%?$N >l9g$b sparse co ding $r 2>Dj $7 $? >l9g $b $[ $\ F1 $8 7k2L $, F@ $i $l$?$3 $H $+$i !$ $3$N $h$& $J>pJsI= 8=5! 9= $N7A@. $K sparseness $O FC $KI,MW $G$O$J$$$H =R$Y$F$$$k!% !! $3$NO@J8 $G $O !$ predictiv e co ding $, G>Fb=hM} $NMM!9 $J>lLL $K8=$o $l $k6&DL86M} $G$"$k$H<gD% $7 $F$$ $k $, !$ $3$N9M$( J}<+BN $O$H$j$?$F$F?7 $7 $$$b$N $G$O$J$$!%BP>] $r%b %G%k %Y!< %9 $JJ}K! $GI=8=$9$kOHAH$_ $O<o !9 $NJ,Ln !J Nc$( $P !$2hA| 2r@O!$>pJs05=L $J $I !K $G 9-$/MQ$$ $i $l$F $*$j !$ $=$3 $G$O !$BP>] $r $G$-$k $@$1 $&$^$/@bL@ $G$-$k%Q%i %a !<%? $r?dDj $7 $? >e$G !$8m:9ItJ,$@$1$r JL$K I=8=$9$k$H$$ $&9M $( J} $, 0lHLE*$G$" $k !%$^$?!$ contextual mo dulation $N 0UL#$r !V <~ JU $+ $i$N M=B, $K1h$o$J$$ItJ, $r<h$j=P$9 !W $3$H $K 5a$a$k9M $(J}$b!$ $3$N8=>] $, H/8+$5 $l$? Ev=i$h$j>’ $( $i$l$F$-$?$b$N $G $"$k!% $7 $? $, $C$F!$H‘ $i$N8&5f$N0U5A $O !$ %b %G%k%Y !<%9$N9M $(J}$r=i4|;k3P $N<+8J7A@.$N>l $K;}$A9~$_!$C1 $K !V $3$N $h $& $J2r<a $, 2DG= $@ !W $H$$ $& $@$1$G$J$/ !$ @8M}3X %G !<%?$H$D$-$"$o$; $i $l $k$h $& $J6qBNE* $J7k2L$r<( $7 $F $_$;$?E@ $K $"$k$H$$$C$F$h$$ $@ $m $& !% 12

5 $*$o $j$K G>Fb>pJsI=8= $N<B8= $K4X $7 $F$3 $l $^$G>pJsM}O@ $rMQ$$ $F $I $N$h $& $J%" %W %m !<%A $,$H$i$l$F Mh $?$N $+ !$ $H$$ $& $3$H $K >G E@$r9J$j $[ $\ ;~4V=g=xE* $K%b %G%k $NJQA+$r35@b $7 $? !% $3$NJQA+ $r8+$k$H!$>iD9EY05 =L $H$$ $&E} 0lE* $J;kE@ $KN)$D$3$H $G%b %G%k $N8+DL $7 $, NI$/ $J$j!$ 8= <B $NG>$N9=B$ $KB’ $7 $?$h$j J#;( $J%b %G%k 2= $r 9T$& $3$H $, 2DG= $K$J$C$FMh$? $3$H $, J, $+ $k!% $b$A$m $s !$ $3 $l$O C1 $K$b$N$N8+J}$NJQ2= $K$h$k $@$1$G$O$J$/$3$N4V7W;;5! $N@-G= $, HtLvE* $K 8~>e $7 $?$?$a !$ $" $kDxEYJ#;( $J%b %G%k$K 4X$9$k<B83 $, 2DG= $K$J$C$?$H$$$&5;=Q3W?7 $N1F6A $, Bg$-$$!%$^ $?!$>iD9 EY05=L $d3NN(%b %G%k$K $h$k5-=R $H$$$C $?2>@b$dI=8=<+BN $K 4X $7 $F$b$= $l$,$O$? $7 $F 8=<B$NG> $r 5-=R$9$k $N $K $I $l$[ $I BEEv $J$b$N $+5?$o $7 $$ $H$$ $&0[O@$b B?$$ !% $7 $+$7 $J$,$i !$$d$_ $/$b$K J#;($J %b%G%k 2=$r 9T$$$=$l $+$i 0UL#$N$" $k 7k2L$r F3$/$3$H$O $[ $H$s $I @dK>E* $KFq $7 $$$3$H$b;v<B $G$"$k !%=E MW $J$3$H $O !$ $H$j$" $($:$"$k$b$N$N8+J} $r $7 $F $_$?>e $G !$ $=$NJ}?K $G $I $3 $^ $G 8=<B$NHs<+L@ $J8=>] $r @bL@ $G$-$k$N $+$H$3$H $s D4$Y?T$/$9 $3$H$G$"$m $& !% $= $& $$$C $?0UL# $G !$ $3$3 $G >R2p $7 $?%" %W %m!<%A$b Olshausen and Field !$ Rao and Ballard $i $N 8& 5f $G$h $& $d $/<B83 $K $h$k 8!>Z $, 2DG=$J CJ3, $K C# $7 $F $-$?$H $$ $& $H$3$m $G$O$J$$$@ $m $& $+ !%:#8e$NE83+ $K CmL\ $7 $?$$ !% ;29MJ88% [1] Amari S and T ak euc hi A(1978). Biolo gic al Cyb ernetics 29 , 127{136. [2] Amari S (1980). Bul lutin of Mathematic al Biolo gy 42 , 339{364. [3] Amari S and Cardoso JF (1997). IEEE T r an. on Signal Pr o c essing 45 , 2692. [4] A tic k JJ and Redlich AN (1990). Neur al Computation 2 , 308. [5] Barlo w HB (1989). Neur al Computation 1 , 295. [6] Bell AJ and Sejnowski TJ (1995). Neur al Computation 7 , 1129. [7] Blak emore C and Co op er GF (1970). Natur e 228 477{478. [8] Kohonen T (1982). Biolo gic al Cyb ernetics 43 59{69; 44 , 135{140. [9] Linsk er R (1986). Pr o c. of National A c ademy of Scienc e, USA 83 , 7508; (1988) Computer Marc h 1988, 105. [10] MacKay DJC and Miller KD (1990). Neur al Computation 2 , 173. [11] von der Malsburg C (1990). Kib ernetik 14 , 85{100. [12] Nadal JP and Parga N (1995). Network 5 , 565. [13] Obradovic D and Deco G (1998). Neur al Computation 10 , 2085. [14] Olshausen BA and Field DJ (1996). Natur e 381 , 607.;(1997). Vision R ese ar ch 37 , 3311. [15] Rao RPN and Ballard DH (1999). Natur e Neur oscienc e 2 , 79{87; (1997) Neur al Computation 9 , 721{763. [16] T ak euc hi A and Amari S (1979). Biolo gic al Cyb ernetics 35 , 63{72. [17] Y uille AL, Kammen DM and Cohen DS (1989). Bio gic al Cyb ernetics 61 , 326. [18] Willshaw DJ and von der Malsburg C (1976). Pr o c e e dings of the R oyal So ciety of L ondon B 194 , 431. 13