0l<!;k3PLn$NFCD’Cj=P@-$N7A@.%a%+%K%:%‘$H %K%e!<%m%s3hF0$NE}9g 9V;U!’:4F#9(F; %l%]!<%?!<!’2CF# Ao!&2CF# Aq;V J?@. 11 G/ 8 7n 23 F| $O$8$a$K M< $Y 3’ $5 $s $, O@ J8 $G G: $^ $5 $l $? Barlo w $O!" 80 2a $. $F $+ $i ;R 6! $r :n $j $^ $7 $?!# ?M 4V $8 $_ $? $H $$ $& $+!" ?M 4V N% $l $7 $?$H $$ $& $+!" $9 $4 $$ $J $H ;W $&$N $G $9 $,!" H‘ $b @N $O <B 83 $r$d$C $F $$ $F!" Journal of ph ysiology Ey $K O@ J8 $r =P $7 $F $$ $^ $7 $?!# @’ Hs!" 3’ $5 $s $K $b NI $$ %b %G %k $r :n$C $F!" Journal of neuroscience $d Cere- bral Cortex Ey$N!" Neurosicen tist A4BN$,L\$rDL$9$h$&$J=j$XO@J8$r=P$7$FD:$-$?$$$H;W$$$^$9!#$=$N$? $a $K $O!" $d $O $j ph ysiology $N ;v $r ?’!9 $H CN$C $F $* $$ $F M_ $7 $$ $H ;W $$ $^ $9 $N $G!" :# F| $O $+ $J $j in tro duc- tory $@$1$l$I$b!"$=$3$=$3FM$C9~$s$@OC$r$7$F$$$-$?$$$H;W$$$^$9!#$$$o$P!"8=>l$NOC$G$9!# %?%$ %H%k $O!V 1 <!;k 3PLn $NFCD’ Cj=P @-$N 7A@.%a %+%K %:%‘$H %K%e!<%m %s3hF0 $NE} 9g!W$G$9!# $^$:!" $3$3$K Ce $$ $F $+ $i G[$C $? %F %- %9 %H $N 3 %Z!< %8 $N >e $+ $i 4 9T L\ $N!" !VHi <A Fb $N H> 2u @- 6= J3 7P O) $K $h $k J} 0L %A%e!< %K%s%0$NA}6/%a%+%K%:%‘!W$N!VH>2u@-!W$H$$$&$N$O!"!VH?2s@-!J recurren t !K!W$N8m$j$G$9!# 1 ;k3P7OHi<A$N2rK63XE*9=B$ $3$l$O!"F|K\%6%k$NG>$r1&H>5e$N2#$+$i8+$?$b$N$G$9!#:8$,8e$m!"1&$,A0$G$9!#7n>u9B$H2<8eF,9B$K64 $^ $l $? $N$C $Z $j $H $7 $? NN 0h!" $3 $l $, 0l <! ;k 3P Ln !J V1 !K $G $9!# 7n >u 9B $N 8e JI $N =j $K ;k 3P 7O $N Hi <A $, $? $/ $5 $s$"$j$^$9!#$5$i$K$=$NA0$K0LCV$7$F$$$k STS >eB&F,9B$N8eJI$N=j$+$i8eJ}$b;k3P7OHi<A$G$9!# $3 $l $O CN$C $F $$ $k ?M $b B? $$ $G $7$g $& $,!" Da vid V an Essen $, 1990 G/ :" $K IA $$ $? 3( $G $9!# %5 %k $N G> $r 2# $+ $i8+ $F $* $j!"$3 $N ?’ $N IU$$ $F $$ $k=j A4 It $,;k 3P 4X O" Hi<A $G!" 32 $K :Y J,2= $5 $l $F $$$^ $9!# $= $N$7 $o $K 1h$C $FE8 3+$7 $? 0lHV 8e$m $N ;g$N ItJ, $, V1 $G $9!#$= $NA0 $N $A$g$C$H ?’$N Gv $$=j $, V2 $G$9!# $5 $i$K!" 7n>u 9B $NA0 JI $NIt J, $, V3 $K $J$j $^ $9!#$= $7 $F$= $N A0$K V4 $, $"$C $F!" $=$7 $F $3$N STS $K 1h$C $F STS $rE8 3+ $9 $k $H!" >e $N J} $+ $i 7A $H $+!" $" $k $$ $O MT !" MST Ey $, $" $j!" $= $N 8e $m B& $K IT Ln $, $" $k $H $$ $& $h $& $J 9=B$$K$J$C$F$$$^$9!# $3$l$OJL$N%5%k$NG>$r:88e$m$+$i8+$?$b$N$G$9$,!"$3$l$r8+$k$HHs>o$K V1 $OBg$-$$;v$,J,$+$j$^$9!# $3$l$OH?BPB&$+$i8+$?$b$N$G$9$,!"<B$O:#8+$F$?$3$l!JA0$N%9%i%$%I!K$OCf?4;k$K6a$$$H$3$m parafo v eal vision $r I= 8= $7 $F $$ $k $H $3 $m $G $9!# FC $K $3 $N 7n >u 9B $H 2< 8e F, 9B $N 0l HV 6a IU $/ $N $3 $N $" $? $j!" $3 $l $, ;k Ln $N $A$g $& $I Cf ?4 !J fo v ea !K$K BP 1~ $7 $^ $9!# $= $7 $F!" G> $N ?? Cf $K 6a IU $/ $[ $I ;k Ln $N 30 B& $K $J $j $^ $9!# $= $l $+ $i!"A0$K9T$/$[$I;kLn$N2<B&$K$J$j!"8e$m$K9T$/$[$I;kLn$N>eB&$K$J$k$H$$$&7A$K$J$C$F$^$9!# :#EY$OFbB&$+$i8+$??^$G$9$,!"$3$NFbB&LL$O$3$N$h$&$KD;5w9B!">e9B;^!"2<9B;^$H$$$&$b$N$,$"$C$F!" $=$3$K;kLn$N$+$J$j30B&$NItJ,$,I=8=$5$l$F$$$^$9!#>.>>@h@8$,LUE@BP1~It0L$H$$$&$3$H$r$*OC$5$l$F$^ 1

$9$,!"$=$l$KBP1~$9$k$N$,$3$l$N!"$A$g$&$I1|$NJ}$G$9!# $3 $l $O!" %K%C %9 %k @w ?’ $H $$ $& @w ?’ J} K! $G @w ?’ $7 $F @Z JR $r @Z$C $F 8+ $? $H $3 $m $G!" $3 $3 $N It J, $, 7n >u 9B $G $9!# $=$7 $F$3 $A$i $, A0$G $3$A $i$, 8e $m$K $J$j $^$9!# $=$l $G!" $3$N ItJ, $, V1 $G!"$3 $3 $+$i V2 $K $J$k $s$G $9$,!"$h$/8+$F$_$k$H!"$3$3$K$"$kB@$$G;C8$N@~$,$3$3$KMh$FFMA3>C$($F$7$^$&$N$,J,$+$j$^$9!#<B$O$3 $l $O Baillarger $N 30 @~ >r $H $+!" Gennari $N @~ >r $H $+ 8@ $$ $^ $7 $F!" 4 AX $K F~$C $F $/ $k M- ?q $N 5a ?4 @- @~ 0] $, $4$A$c$C$H9bL)EY$KB8:_$7$F$$$k>l=j$G$9!#$=$3$OL5@w?’$G$b8+$F<h$k$3$H$,$G$-!"<JLOMM$,8+$($k;v$+ $iM- @~Ln!"$"$k $$$O striate cortex $H $$$&8F$S J}$r$7 $^$9!#$3$3 $K%9%]%C%H $,$"$j $^$9$,!"$3 $l$O5-O? $7 $? >l =j $r ?’ AG $G %^!< %- %s %0 $7 $? $b $N $G $9!# $3 $3 $N Gv $$ $H $3 $m $O 4B AX!" G; $$ $H $3 $m $O 4C AX!" $= $N 2< $, 5 AX!"$= $7$F 6 AX $H$J$C $F$^ $9!#$G $9$+ $i!"$3 $N%K%e!< %m%s $O 3 AX!"$9 $J$o $A$A$g $&$I V1 $H V2 $N6- 3&$K $"$C$?%K%e!<%m%s$H$$$&$3$H$K$J$j$^$9!# 2 V1 :YK&$NFCD’Cj=P@-%a%+%K%:%‘ $3$l $O 1981 G/$K %N!<%Y %k>^ $r$b $i$C$? Hub el & Wiesel $,<B 83$7 $F$$ $k$H $3$m $N<L ??$G $9!#H‘$i $,!" ;k3P8&5f$P$+$j$G$O$J$/BgG>Hi<A8&5f$KBP$7$F!"5!G=9=C[!"$"$k$$$OFCD’Cj=P@-!"$=$l$+$i2DA:@-$H$$$C $? NN 0h $K BP $7 $F 5Z $\ $7 $? 1F 6A $H $$ $& $N $O!" 7W $j CN $l $J $$ $b $N $, $" $j $^ $9!# :# H‘ $i $, $3 $3 $G $d$C $F $$ $k $N $O!" Kc ?l $7 $? %M %3 $N 4c A0 $K CV $$ $? %9 %/ %j!< %s $K!" %W %m %8%’ %/ %?!< $G %9 %j%C %H $r Ej 1F $7 $F!" $= $7 $F <u MF Ln $N0LCV$d <uMFLnFC@-$r %-%c%i%/%?%i%$%: $7$F$$$k$H$3$m $G$9!#$3$&$d$C$F 0LCV$r7h$a$F!"$= $7$F orien ta- tion $r7h$a$F$$$k$H$3$m$N<L??$G$9!# 8= >l $N J7 0O 5$ $r L# $o$C $F D: $/ $N $K!" :# F| $O $3 $N %G %b MQ $N %= %U %H $r ;}$C $F $- $^ $7 $?!# $3 $l $O UC Berk e- ley $N Ohza w a $5 $s$,650i MQ$K:n$C $?$b$N$G!" %@%&%s%m!< %I$7$F ;}$C$FMh$k $3$H$,$G $-$^$9!# ;d$O:#F| $O 1i=,$O$d$j$^$;$s$,!"8e$[$I3’$5$s<+?H$G!"$3$N%=%U%H$r;H$C$F1i=,LdBj$H$7$F$d$C$F$_$F$/$@$5$$!# :#!"$3$3$KH"$,$"$C$F!"$3$3$KK@$,$"$j$^$9!#$3$NH"$+$i@iE@K@$r<h$C$F$-$^$9!#<B$O:#!"$3$NL\$NA0 $K%9%/%j!<%s$,$"$C$F!"Kc?l$5$l$?%M%3$,$3$N%9%/%j!<%s$r8+$F$$$^$9!#$3$N%M%3$O6ZCP4K:^$rCm<M$5$l $F!"4c5e$N1?F0$r;_$a$i$l$F$$$^$9!#$^$?!"EE2r<A$d%0%k%3!<%9!"$5$i$KKc?l:^$NF~$C$?M"1U$r;}B3CmF~ $5 $l!" ?4 Go ?t $O Bg BN 240(b eats/min) 0L!" D> D2 29 $O 38.5 EY $+ $i 39 EY 0L!" 8F 5$ Cf $N Fs ;@ 2= C: AG $O 4 !A 4.5 %Q!<%;%s%H0L$KJ]$?$l$F$$$^$9!# :#!" V1 $KEE 6K$r;I$7 $F%K%e!<%m%s 3hF0$r 5-O?$7$F $$$^$9!# 2?$+5-O? $5$l$?$J $i$P!"<! $K<uMFLn $N0LCV $r7h$a$F$_ $h$&$H$$$&$3$H$G!"$^$: orien tation $N selectivit y $r!"!J%+%j%+%j%+%j!K!" :#$N%+%j%+%j%+%j $H$$$&2;$,%K%e!<%m%s3hF0$G$9!#=D$N@~$KBP$7$F1~Ez$7$F$$$^$9!#$3$A$i8~$-$K$O$"$^$j=P$J$$$G$9$M!# $7 $+$7 $3 $A$i 8~ $-$K $O 3d$H NI$/ =P $k!#$@ $+ $i$3 $N JU$, 2? $+2x $7 $$!#:# EY $OJL $N orien tation $G$d$C $F$_ $^ $7$g$&!#<P$a!"$3$l$O=P$J$$!#$=$l$+$i?eJ?$N@~$b$d$C$F$_$^$7$g$&!#$3$l$bBLL\$G$9$M!#$G$O!"5U$N<P $a$r$d$C $F$_$^$7$g $&!#$3$l$bBL L\$J$s$G $9$M!#$I$&$b $d$O$j$3$C $A$,NI$$$h $&$G$9!#$H 8@$&;v$G!" ori- en tation preference $O=D$H$$$&$3$H$K$J$j$^$9!# :# $O <j $G $, $A$c $, $A$c F0 $+ $7 $F $$ $? $N $G $9 $,!" :# EY $O 3j $i $+ $J F0 $- $G $d$C $F $_ $^ $9!" !J$3 $N JU $+ $i $+ $J!K!" NI $/ H? 1~ $7 $^ $9 $M!# <! $K H? BP B& $K ;}$C $F $- $F!" $3$C $A $O =P $J $$ $G $9 $M!# $H $$ $& ;v $G!" $3 $N %K%e!< %m %s $K $O direction selectivit y $, $" $j $^ $9!# $G $O!" bar $N con trast $N p olarit y $r JQ $( $F $d$C $F $_ $^ $7$g $&!#:#EY$O dark bar $K$7$F$_$k$H!" B?>/%9%Q%$%/$,=P$^ $9!#$d$O$j brigh t bar $NJ}$,NI $$$G$9$M!#$G$O $3$l$G direction selectivit y $O3NDj$G$9!# >l=j$@$1@53N$K7h$a$F$*$-$^$7$g$&!#>e$O$^$:NI$$$G$9$M!#2<$O$3$NJU$G$9!#1&$N%(%C%8$O!"2?$+$3$N JU$G$9$M!#$=$7$F:8$OBgBN$3$NJU$G$9!# $=$&$7 $F$*$$$F:# EY$O6u4V<~ GH?t$rJQ$( $F!" grating $G$d$C$F$_$^ $9!#:G$b6u4V <~GH?t$NDc $$$b$N$+$i ;O $a $F!" $3$C $A $O non preferred direction $G $9 $M!# <! $K!" 6u 4V <~ GH ?t $r >/ $7 >e $2 $F $_ $^ $9!# 1& >e $K =P $F $$ $k $N $, H? 1~ $N curv e $K $J $j $^ $9!# $" $s $^ $j NI $/ $J $$ $G $9 $M!# $b$C $H >e $2 $F $_ $k $H!" 7k 9= 9b $$ $N $K NI $/ 2

H?1~$7$^$9!#6u4V<~GH?t$OHf3SE*9b$$$b$N$,NI$5$&$=$G$9!# :G 8e $K Ohza w a $5 $s $i $, $d$C $F $$ $k rev erse correlation $G!" $3 $N ;~ 4V %I %a %$ %s $r 4^ $a $? <u MF Ln $r %^%C %T%s %0$7 $F$_ $^$7$g $&!#$= $&$9 $k$H!" $3$l $O<B :]<B83 $r$d $k;~ $O!"Bg BN 20Hz $+$i 30Hz 0L $N%9 %T!<%I $G dark bar $" $k $$ $O brigh t bar $r =P $7 $F!" $= $l $K $h$C $F M6 H/ $5 $l $? %9 %Q %$ %/ $K BP $7 $F!" ;~ 4V E* $K 2? == %_ %j IC $" $k $$ $O I4?t == %_ %j IC AL$C $? %9 %Q %$ %/ $H$N correlation $r 7W ;; $7 $F!" brigh t bar $H dark bar $H $, $I $& $$ $& %? %$ %_ %s %0 $G M6 H/ $5 $l $? $+ $r 5a $a $^ $9!# :#!" :8 >e $K =P $F $$ $k $N $O <u MF Ln $J $N $G $9 $,!" <B :] $N <B 83 $G $O!" $3 $l $r 20 2s $b 30 2s $b 7+ $j JV $7 $F Hs >o $K @: L) $J %^%C %W $r :n $j $^ $9!# $3 $N ?^ $N =D <4 $O X $G 6u 4V!" 2# <4$O;~ 4V<4$G$9!# $3$N XT $N<uMF Ln!J;~4V%I %a%$%s<u MFLn!K$O!"@V $, dark $GH?1~$7 $?ItJ,!"NP$, brigh t $G H? 1~ $7 $? It J, $G $9!# $D $^ $j!" dark !" brigh t !" dark !" brigh t $H $J$C $F $$ $k $s $G $9 $M!# $= $7 $F!" $= $l $, ;~ 4V $H $H $b $K <P $a $N <u MF Ln 9= B$ $K $J$C $F $$ $^ $9!# $3 $N $h $& $J <u MF Ln $r ;} $D >l 9g $K $O!" $3 $l $K 9g $& $h $& $K grating $,F0$1$P!" on $H o� $N<~4|$,>o$K$3$l$K9g$C$F!"O"B3E*$K<u MFLn$r;I7c$9$k;v$K$J$C$FHs>o$KNI $/H?1~$,=P$^$9!#$1$l$I$b!"$3$l$r5U8~$-$KF0$+$9$H$$$&;v$O!"$3$&$$$&$U$&$KF0$+$9$H$$$&;v$@$+$i!" >o $K dark $H brigh t $N region $K 9g $o $J $$ grating $K $h$C $F ;I 7c $5 $l $k ;v $K $J $k $N $G!" H? 1~ $, =P $J $$!# $3 $N$h$&$K$7$F direction selectivit y $,:n$i$l$k$H$$$&$o$1$G$9!# $3 $N %G %b %= %U %H $K $O 3 <o N‘ $N %K%e!< %m %s $N %G!< %? $, F~$C $F $$ $k $N $G $9 $,!" $3 $l $O <B :] $K Ohza w a $5 $s $?$A$,5-O?$7$?%K%e!<%m%s$N%G!<%?!J;~6u4V%G!<%?!K$,$=$N$^$^F~$C$F$$$^$9!#$3$l$O@8$N%G!<%?$G$9$+ $i!" <u MF Ln $N 0L CV $, $-$C $A $j 7h $^$C $F!" $= $l $+ $i!" 6u 4V <~ GH ?t!" $9 $J $o $A rev erse correlation $K MQ $$ $? bar $NI}$,$-$A$s$H9g$o$5$l$l$P!"$+$J$j$-$l$$$J%^%C%W$,=P$F$-$^$9!#2?$+<ALd$O$"$j$^$;$s$+!) !J<A Ld <T!K X $H T $N %0 %i %U $O!" $" $k E@ T=0 $H $$ $& $H $3 $m $G!" Nc $( $P Gr $$ bar $, Mh $F!" $= $N 2? %_ %j IC 8e$+$K$=$N>l=j$K9u$$ bar $,Mh$?$i$I$l$/$i$$H?1~$9$k$+$H$$$&$h$&$K<($5$l$F$$$k$N$G$9$+!) !J:4F#@h@8!K$$$d!"%9%Q%$%/$,H/@8$7$?;~4V$+$i2?%_%jICAL$C$?=j$K2?$,=P$F$?$+!"$H$$$&$3$H$G$9!# !J<ALd<T!K%P!<$,F0$$$F$$$k$H$$$&$N$OI,MW$J$s$G$9$+!#%K%e!<%m%s$O!"F0$$$F$$$k$b$N$KH?1~$9$k$s $G$9$+!) !J:4F#@h@8!K$(!<$H!"$=$l$O 1 K\$G=P$7$?;~$G$9$+!) !J<ALd<T!K$I$A$i$b:#$OF0$$$F$^$7$?$h$M!) !J:4 F# @h @8!K rev erse correlation $N ;~ $K $O stationary $J bar $,!" Nc $( $P 20 %_ %j IC $H $+!" $" $k $$ $O 40 %_ %j IC $H $+ $N ;~ 4V I} $G =P $F $$ $F!" %Q%C $H =P $F 7h $^ $j $^ $9!# $G $9 $+ $i!" F0 $$ $F $$ $k $o $1 $G $O $J $$ $N $G $9!# !JJdB-!’ BgDq$N V1 %K%e!<%m %s$O@E;_ ;I7c$h$j $bF0$$ $F$$$k;I 7c$KBP$7 $FNI$/ H?1~$7$^ $9!#%3%s%H %i%9%H $,JQ2=$9$k;v$,NI$$;I7c$K$J$j$^$9!K $3$l $O!" Hub el & Wiesel $N orien tation selectivit y $N %b%G%k $G$9!# 6=J3 @-F~NO $N<} B+%Q %?!<%s$G ori- en tation tuning !" $H 8@ $& $+ selectivit y $, =P Mh $k $H $$ $& $3 $H $G $9!# simple cell $K BP $7 $F!" 4 $D $N 30 B& I( >uBN $N%K%e!<%m%s $,$"$j!"$= $N$=$l $>$l$, on cen ter - o� surround $N<uMF Ln$r;}$C$F $$$^$9!# $=$&$9$k $H!"$= $l$i $,$"$k 79$-$r 7A@. $9$k$h $&$K align $7$F $$$l $P!"$3$N $h$&$J <P$a $N;I7c $,F~$C$F $-$? ;~$K$O $3 $l $, full $K driv e $5 $l $F!" $5 $i $K V1 $N :Y K& $r driv e $9 $k $1 $l $I $b!" 9g $o $J $$ 79 $- $N ;I 7c $G $O driv e $G $- $^$;$s!#$3$N$h$&$JFCD’Cj=P@-$NF~NO%a%+%K%:%‘$K4X$9$k%b%G%k$O4v$D$+$"$j$^$9!#$3$N?^$O%9%Q%$%/$N 1~ Ez $G $9 $,!" $" $k =j $K p eak $r ;}$C $? tuning $, $G $- $k GX 7J $K $O!" EPSP $H IPSP $, $I $N $h $& $K F~$C $F $- $F$$$k $+$H$$$&;v $,=EMW$G$9!# 0l$D$O!" EPSP $,9- $/ tuning $7$F$$$F!"$= $l$KBP$7$F IPSP $, !J2<8~$- $, IPSP $N tuning $G $9!K p eak $+ $i N% $l $? =j $K $O M^ @) $r $+ $1!" %T!< %/ $N =j $K $O M^ @) $, $+ $+ $i $J $$ $H $$ $& 2DG=@-$G$9!#$3$l$O cross-orien tation inhibition $N9M$(J}$G$9!# $= $&$G $O$J $/$F!" EPSP !" IPSP $H $b $K optimal $J=j $K tuning $7$F $$$k $H $$$& 9M$( J}$b $" $j$^ $9!#$3 $l$O!"$"$k>l=j$N%K%e!<%m%s$r9M$($?;~$K!"F1$8>l=j$K6=J3@-F~NO$bM^@)@-F~NO$bF~$C$F$-$F$$$k$H$$$& ;v $G$9!# $9$J $o$A!" 6=J3 @-F~ NO $r driv e $7 $F$$ $k$b $N $HM^ @)@- F~NO $r driv e $7$F $$$k $b$N $OF1 $8 $@$H $$$& ;v$G$9!#$3$N9M$(J}$O!"G>$N@_7W$H$7$F$OHs>o$KL5M}$,$J$$$b$N$G$9!# $b$&0l$D$N9M$(J}$O!" EPSP $O optimal $K tuning $7$F$$$k$,!"B>J}!" IPSP $O EPSP $HF1$8=j$K p eak 3

$r;}$D$N$@$1$l$I$b!"$=$l$h$j$b$b$C$H9-$$ tuning $r$7$F$$$k$H$$$&$b$N$G$9!# cross-orien tation inhibition $N 9M $( J}$r Hs >o $K6/ $/ 0u >]$E $1 $? $N$O!" Adam Sillito $H $$$& ?M $N <B83 $G $9!#$I$N$h$& $J<B83$+$H$$$&$H!"%M%3 $N 17 Ln$N complex cell $r5-O?$7$F$$ $^$9!#$3$N:YK&$O!"$"$k:G E, $J79$-$N;I7c$KBP$7$F$OH?1~$7$^$9$,!"$3$l$KD>8r$9$k$b$N$K$OH?1~$7$^$;$s!#$=$N:YK&$N3hF0$r5-O?$7 $J $, $i!" bicuculline $H $$$& GABA !JG> $N M^ @) @- EA C# J*<A $N Cf $G 0l HV ma jor $J %" %_ %N ;@!K <u MFBN $N YI 93 Lt$r!"5-O?EE6K$N2#$KD%$jIU$1$?%T%Z%C%H$+$i%$%*%s1KF0E*$KN.$7$F$d$j$^$9!#$=$&$9$k$H!":YK&$N<~0O $K bicuculline $, 3H ;6 $7 $F!" GABA $N <u MF BN $, %V %m%C %/ $5 $l $^ $9!# $3 $N A‘ :n $O!" M^ @) @- ?@ 7P EA C# $N $_ $r %V%m%C%/$7$F$$$k;v$K$J$j$^$9!#$9$k$H!"E,EvJ}0L$KBP$9$kH?1~$b!"ITE,EvJ}0L$KBP$9$kH?1~$bA}$($?$H $$$&$N$G$9!#$=$b$=$b2?$b=P$F$$$J$+$C$?$N$K!"$3$N$h$&$JH?1~$,=P$k$H$$$&;v$O!"$3$l$OET9g$N0-$$;I 7c $K BP $9 $k H? 1~ $r GABA M^ @) $, M^ $( $F $$ $k $H 2r <a $G $- $^ $9!# $9 $J $o $A!" @h $[ $I $N cross-orien tation in- hibition $N9M$(J}$r$+$J$j6/$/0u>]$E$1$?$b$N$G$9!#$7$+$7!":YK&Fb5-O?<B83$N7k2L$O cross-orien tation inhibition @b$rH]Dj$7$^$7$?!# !J<ALd<T!K:#$N2#<4$O;~4V$G$9$+!) !J:4F#@h@8!K$$$d!" orien tation !J;I7c$N79$-!K$G$9!# $3 $l $O!" %M%3 $N 17 Ln $N %K%e!< %m %s$r :Y K& Fb 5- O?$7 $F!" ;I 7c $K BP$9 $k Kl EE 0L 1~Ez $r D4 $Y $? $b$N $G $9!# $3 $l $O:G E, $J;I 7c $rMQ $$ $F;I 7c $7$F $$ $k$N $G $9$,!" $=$& $7 $J$, $i KlEE 0L 1~Ez $r 5-O? $7 $F!";I 7c $N trigger $N timing $K 9g $o $; $F 2C ;; J? 6Q $r $7 $^ $9!# 2# $K =q $$ $F $" $k ?t ;z $O!" $= $N ;~ $K :Y K& Fb $K Cm F~ $7 $F $$ $? EE N. CM $G $9!# %W %i %9 $N EE N. $K $h$C $F :Y K& Kl $r C& J, 6K $5 $; $k $H!" :Y K& Kl $O EPSP $N J? 9U EE 0L $K 6a IU $/ $? $a!" EPSP $O 8+ $( $J $/ $J $j $^ $9!# $7 $? $,$C $F!" $3 $N ?^ $G 8+ $( $F $$ $k $N $O IPSP $@ $1 $H $$ $& ;v $K $J $j $^ $9!# $3 $N ?^ $K [y!9 $, =P $F $$ $k $N $O!" %9 %Q %$ %/ $r J? 6Q 2C ;; $7 $? ;~ $K >. $5 $/ $J$C $? $b $N $, =P $F $$ $k $@ $1 $G $9 $N $G!" 5$ $K $7 $J$$$G2<$5$$!#$=$l$+$i%^%$%J%9$NEEN.$rF~$l$F$d$C$F!"KlEE0L$r:#EY$O%^%$%J%9B&$K?6$C$F$_$^$9!#$= $&$9$k$H:#EY$O!" IPSP $,J?9UEE0L$K6aIU$/$?$a!" IPSP $,>C$($^$9!# 7k6I!" $3$N$h $&$JJ} K!$G EPSP $H IPSP $r 3F!9 isolate $7$F8+ $k;v$, $G$-$k $o$1$G $9!#$=$& $9$k$H $3$N :GE,;I7c$O!"Hs>o$K$O$C$-$j$H$7$? EPSP $H IPSP $NN>J}$rM6H/$7$F$$$k$H$$$&;v$,J,$+$j$^$9!# !J<ALd<T!K$3$l$O!" in viv o $G in tra $rB,$j$J$,$i!";I7c$rM?$($F$$$k$s$G$9$+!) !J:4 F# @h @8!K $( $(!" ;I 7c $O 8w ;I 7c $N bar ;I 7c $r F0 $+ $7 $F 8+ $; $F $$ $F!" $= $N ;I 7c $, <u MF Ln $r DL 2a $7 $F $$ $k;~$KM6H/$5$l$?6=J3@-KlEE0L1~Ez$H!"M^@)@-$NKlEE0L1~Ez$r8+$F$$$^$9!#!J<ALd<T!K$H$$$&;v$O!"6=J3 @-$HM^@)@-N>J}$NEE0L$,=P$F$$$k!"$H$$$&;v$G$9$+!) !J:4F#@h@8!K$O$$!"$=$&$G$9!# $3 $l $O!" $A$g$C $H %9 %T!< %I $r JQ $( $? $N $G $9 $,!" :G E, ;I 7c $r =P $7 $? ;~ $N 2a J, 6K @- 1~ Ez !J IPSP !K $G $9!# Hs >o$K$O$C$-$j$7$?Bg$-$J$b$N$G$9!#$=$l$>$l!" a v erage $H single sw eep $N5-O?$G$9!# $3$l$O!":GE,;I7c$HD>8r$9$k79$-$N;I7c$r=P$7$?$H $3$m$G$9!#Hs>o$K>.$5$$ IPSP $7$+=P$J$$$H$$$&$o $1 $G $9!# 7k 6I $O!" :G E, ;I 7c $O :G Bg $N EPSP $H IPSP $N $I $A $i $b M6 H/ $9 $k $H $$ $& ;v $G!" 6= J3 @- $b M^ @) @- $b :G E, $N orien tation $K tuning $7 $F $$ $k $H $$ $& 7k 2L $G $9!# :# $N 9M $( J} $O!" $3 $l!" $b $7 $/ $O $3 $l!" $3 $l $+ $J $j bload $@$1$l$I$b$3$l$@$m$&$H$$$&;v$K$J$k$o$1$G$9!# !J<ALd<T!KCf4VE*$J 45 EY$/$i$$$G$O!"2?$+1~Ez$O$J$$$N$G$7$g$&$+!) !J:4F#@h@8!KCf4VE*$J orien tation $GB,$k$H!"Cf4VE*$J EPSP $H IPSP $,M6H/$5$l$^$9!#$?$@$7!"Hs>o $K tuning $, sharp $J %K%e!< %m %s $G $O!" 45 EY $b N% $l $F $7 $^ $& $H $[ $H $s $I 2? $b =P $J $$!" $H $$ $& $b $N $b $" $j $^ $9!# $7 $+ $7!" %M %3 $O!" %5 %k $h $j $b Hf 3S E* orien tation selectivit y $, 4E $$ $N $G!" 45 EY $G $b 2? $, $7 $+ $N Bg $-$5$N6=J3@-1~Ez$dM^@)@-1~Ez$O4Q;!$5$l$^$9!# !J<ALd<T!K$=$N?^$N#C$K$"$k$h$&$K!"6=J3@-1~Ez$O$J$$$1$l$I$bM^@)@-1~Ez$,=P$k$H$$$&;v$O$"$j$^$9 $+!) !J:4F#@h@8!K6=J3$J$7$GM^@)$,4Q;!$5$l$k!"$H$$$&$N$O8+$?;v$,$J$$$G$9$M!# !J<ALd<T!K$G$O!" C $G$O$J$/$F!" B $@$H$$$&$3$H$G$7$g$&$+!) 4

!J:4F# @h@8!K $=$N J}$, 9g$$ $=$&$J $s$G $9$,!" $?$@ $7 in viv o $N:Y K&Fb 5-O? $H$$ $&$N$O 7k9= Fq$7 $/$F!" @$ 3& Cf $G 5-O? $5 $l $? %G!< %? $O ?t$H $7 $F $O $5 $[ $I B?$/ $O $" $j $^ $; $s!# $G$9 $+ $i!" B $i $7 $$ $1 $l $I$b C $b $^ $@ H]Dj$O$G$-$J$$$H$$$&$N$,8=>u$G$9!#$?$@$7!"6=J3@-F~NO$,A4A3L5$$$N$KM^@)@-1~Ez$,$"$+$i$5$^$K4Q;! $5$l$k;v$O$J$$$N$G!"$d$O$j B $NJ}$,NI$$$H;W$$$^$9!# $? $@!" $= $N ;~ $K cross-orien tation inhibition $r <g D% $9 $k ?M $N Cf $G!" FC $K 4h 8G $J ?M $O!" !V$= $& $G $O $J $/ $F!"<B$O 8+$+$1>e $O$J$$$h $&$K8+$($k $1$l$I$b!" sh un ting inhibition $, cross-orien tation inhibition $K 8z $$ $F $$ $k $s$@!W $H <g D% $7 $^ $9!# $G $O!" sh un ting inhibition $K $D $$ $F >/$7 @b L@ $7 $^ $9!# <y >u FM 5/ $K$O 6= J3@-%7%J %W%9$"$k$$$OM^@) @-%7%J%W%9$,IU$- $^$9$,!"$=$N%7%J%W %9$,IU$/>l=j$K $O spine !J[yFM5/!K$H$$ $&9=B$$,$"$j$^$9!#$=$l$i$O<y>uFM5/$+$i%-%N%3$N$h$&$KBt;3@8$($F$$$F!"$=$N[yFM5/$K6=J3@-%7%J%W%9 $, IU $- $^ $9!# $= $7 $F!" $A$g $& $I spine $, dendrite $K IU $$ $F $$ $k :,$C $3 $N =j $, 5^ 7c $K :Y $/ $J$C $F $$ $^ $9!# :Y$/$J$k $H$$$&$3$H$O!"$3$N spine $K $*$1$kKlDq93$, Hs>o$KBg$-$/$J$k $H$$$&;v$G$9!#$7 $?$,$C$F!"EEN. $, N. $l $K $/ $/ $J$k!# $5 $i $K $3 $N spine $N It J, $K sh un ting synapse $H $$ $& M^ @) @- %7 %J%W %9 $, IU $$ $F $$ $F!" M^ @) @- $N conductance $r %P %3!< %s $H >e $2 $F $d $k $H!" 7k 2L $H $7 $F EE N. $O 3’ $= $3 $G %9 %3!< %s $H H4 $1 $F $7 $^ $$ $^$9!#$3$N$h$&$J%a%+%K%:%‘$,F/$$$F!"6=J3@-EE0L$,3’Mn$H$5$l$F$7$^$&$H$$$&$N$G$9!#$3$N$h$&$JEEN. $N JQ2= $O!" :Y K&BN $K $OA4 A3 EA $o$j $^ $;$s $+ $i!"$3 $N $h $&$J sh un ting synapse $, $" $k$N $+ $I$& $+ $H $$$& ;v $O!"DL>o$N:YK&Fb5-O?$r$7$F$$$F$bB,$l$J$$$@$m$&$H$$$&$o$1$G$9!# $3$N sh un ting synapse $N9M$(J}$O!"FC$KM}O@2H$N?MC#$K$H$C$F$OHs>o$KET9g$,NI$$;v$@$C$?$h$&$G$9!# $= $l $O!" spine1 8D 1 8D $r FH N) $N 7W ;; $N >l $H $9 $k ;v $, $G $- $k $? $a $K!" Hs >o $K nonlinear $J 7W ;; $, <y >u FM 5/ $N tree $N Cf $G 9T $J $( $k $+ $i $G $9!# $3 $N $h $& $J @8 M} 3X E* ;v <B $O!" M} O@ 2H $N ?M C# $O @’ Hs M_ $7 $$ $H $$ $& $3 $H $G $7 $? $,!" Ld Bj $O!" 2r K63X <T $G $3 $& $$ $& $U $& $J spine $N nec k $KIU $$ $F $$ $k M^ @) @- %7 %J %W %9 $r 8+ $? ?M$, $$ $J $$$H$$$&;v$G$7$?!# $= $3 $G!" Da vid F erster $O!" in viv o $N whole-cell recording $r $d$C $F!" sh un ting IPSP $r 5- O? $9 $k $3 $H $G!" sh un ting conductance $r D4 $Y $h $& $H $7 $^ $7 $?!# Ia DL $N sharp record $G $O!" :Y K& Fb $K EE 6K $r ;I $9 $? $a $K!" $I $& $7 $F $b EE 6K $H :Y K& $H $N seal $, 4E $/ $F EE N. $N leak $, 5/ $3 $j $^ $9!# $7 $? $,$C $F!" sh un ting IPSP $r7WB,$9$k;v$O$G$-$^$;$s!#$7$+$7!" whole-cell recording $G$O!":YK&Kl$rGK$C$FHs>o$K tigh t $G!" G !J%.%,!& %*!< %‘!K $H $$ $& seal $r :n$C $F $d$k $3 $H $G!" :Y K& >e $K N.$l $k EE N. $r A4 $F 5-O? $K H? 1G $5 $; $F $d $m $& $$ $& J} K! $G $9!# :Y $+ $$ OC $J $N $G $3 $& $$ $& $b $N $@ $H ;W$C $F J9 $$ $F M_ $7 $$ $N $G $9 $,!" $3 $l $, DL >o $N cur- ren t clamp K! $G Kl EE 0L $r 5- O? $7 $? $b $N $G $9!# $= $& $9 $k $H!" E, ;I 7c $K BP $7 $F $3 $N $h $& $J 79 $- $N ;I 7c $r!" $" $k J} 8~ $K!"$" $k $$ $O $= $l $H$O 5U 8~ $- $K F0 $+$7 $^ $9!# $3 $l $O %^%$ %J %9 $, o� $G %W %i%9 $, on $N <u MF Ln $N sub- region $G$9$,!" o� !" on !" o� !" on $H$$$&$h$&$K!" o� $NH?1~$H on $NH?1~$N timing $,F1D4$9$k$H!"Hs>o $K 6/ $$6= J3 $, 5/ $3$j $^ $9!# $7 $? $,$C$F!" $= $N timing $K 9g $o$; $F Hs >o $K6/ $$ C& J, 6K@- $N 1~ Ez $, 4Q;! $5 $l $^ $9!# 5U 8~ $- $K F0 $+ $9 $H!" :# EY $O $3 $3 $N o� !" on $H $$ $& $N $,!" $= $l $K 9g $o $; $F 0l ;3 $N Bg $- $J C& J, 6K $, =P $F $-$^$9!#$7$+$7!"<uMFLn$NE,EvJ}0L$KBP$7$FD>8r$9$k79$-$N;I7c$r=P$7$F$d$j$^$9$H!":#EY$OKlEE0L1~Ez $OA4A3=P$^$;$s!#>/$7C&J,6K$,$"$j$^$9$,!"Hs>o$K>.$5$$$b$N$G$9!# !J<ALd<T!K$3$l$O 1 8D$N%K%e!<%m%s$N1~Ez$G$9$+!) !J:4F#@h@8!K$O$$!" 1 8D$N%K%e!<%m%s$G$9!# !J<ALd<T!K$3$&$$$&$U$&$K 1 !" 2 !" 3 !" 4 !"%W%i%9!"%^%$%J%9$H$$$&$N$O!) !J:4 F# @h @8!K C1 =c 7? <u MF Ln $H $$ $& $N $O!" o� $N <u MF Ln !J8w $, >C $( $? ;~ $K H? 1~ $9 $k!K $H!" on $H $$ $& <u MF Ln!J8w$,Et $$$?;~$KH?1~ $9$k!K$H$N>l=j $,J,$+$l$F$$ $k$s$G$9$M!#$3 $N simple cell $O!">e $NJ}$+$i o� !" on !" o� !" on $H $$$& 4 $D $N sub region $,JB $s $G$$ $k <uMF Ln 9=B$ $r;}$C $F $$$^ $9!# ?^$N 2<$N $3 $l$O!" $3 $N :Y K& $K F~ NO $7 $F $$ $k 30 B& I( >u BN $N %K%e!< %m %s $K BP $9 $k EE 5$ ;I 7c $K $h$C $F M6 H/ $5 $l $?!" $3 $N :Y K& $N EE 0L 1~ Ez $J $s $G $9 $M!# $= $N Bg $- $5 $r test ;I 7c $H $7 $F B,$C $F $* $$ $F!" $" $k 7h $^$C $? frequency $G ;I 7c $r %] %s %] %s %] %s $H F~ $l $F!" $= $N :] $N Kl EE 0L 1~ Ez $r D4 $Y $^ $9!# $9 $k $H!" $b $7 %K%e!< %m %s $N Kl Dq 93 $, 0l Dj $G $" $l $P!" $= $l $O 7h $^$C $? Bg $- $5 $N F~ NO $H $7 $F F~$C $F $/ $k $s $G $9 $M!# $H $3 $m $,!" $b $7 ;I 7c $, F~$C $F $- $? ;~ $K sh un ting 5 conductance $N A} Bg $K $h $j Kl Dq 93 $, 2< $, $l $P!" $3 $N H? 1~ $O $:$C $H >. $5 $/ $J $k $O $: $@!" $H $$ $& $U $& $K 8+ $F 2<$5$$!#$=$&$9$k$H!"$3$3$G$O2?$NJQ2=$b$J$$$o$1$G$9$M!#$@$1$I!"E,EvJ}0L$G;I7c$7$?;~$K$O!"Hs>o$K $O$C$-$j$H$7$?KlDq93!JF~NODq93!K$N8:>/$,8+$i$l$^$9!#$3$l$O!"6=J3@-?@7PEAC#$K!J$"$k$$$OM^@)@-$G $bNI$$$N$G$9$,!K@8$8$k%J%H%j%&%‘$H$+%+%k%7%&%‘$H$+%+%j%&%‘$H$$$C$?6=J3@-?@7PEAC#$NA}Bg$+!"$"$k $$$OKlEE0L0MB8E*$K@8$8$F$$$k conductance $NA}Bg$K$h$k$b$N$@$H$$$&$o$1$G$9!# 7k 6I!" H‘ $i $, $$ $/ $D $+ %K%e!< %m %s $r 5- O? $7 $F 8+ $? Cf $G $O!" $d $O $j :G E, J} 0L $, conductance $N A} Bg $r 0z $-5/$3$7$F$*$j!"$7$+$b non preferred $N orien tation $, sh un ting conductance $H8+$i$l$k conductance $r0z$-5/$3$7$?Nc$H$$$&$N$OL5$+$C$?;v$+$i9M$($F!" sh un ting IPSP $H$$$&$b$N$OL5$$$H7kO@$5$l$^$9!# $7$?$,$C$F!">/$J$/$H$bHi<A$NM^@)$H$$$&$N$O!" sh un ting M^@)$G$O$J$/$F6=J3$H linear $K2C;;$5$l$k h y- p erp olarizing inhibition $G$"$k$H7kO@IU$1$?$o$1$G$9!# 3 V1 $K$*$1$k3,AX@-$HFCD’Cj=P@- :#$N$H$3$m$^$G$rM}2r$7$F$b$i$C$?$H$3$m$G!";d$,$7$P$i$/A0$K$d$C$F$$$?<B83$r8+$FD:$-$^$9!#Kc?l 2< $N %5 %k $G $N <B 83 $G $9!# 3’ $5 $s $O!" :Y K& Fb 5- O? $r $d $l $P $$ $$ $G $O $J $$ $+ $H 8@ $& $+ $b CN $l $^ $; $s $,!" :Y K& Fb 5- O? $H $$ $& $N $O 5; =Q E* $K Bg JQ $G!" 1 F, $G 1 8D $H $+ 2 8D $N %K%e!< %m %s $7 $+ 5- O? $G $- $^ $; $s!# $; $$ $< $$!" 1 F, $G 1 8D $H $l $l $P NI $$ J} $G $9!# $= $l $G $O $" $^ $j $K $b 8z N( $, 0- $$ $N $G!" Kc ?l 2< $N %5 %k $+ $i DL >o $N J} K! $G %K%e!<%m%s3hF0$r5-O?$7!" bicuculline $K$h$C$F GABA M^@)$r%V%m%C%/$9$k$H$$$&<B83$r9T$$$^$7$?!# $3$l$O%5%k$N 3 AX$N%K%e!<%m%s$+$i$N3hF05-O?$G!" orien tation tuning $N histgram $H!" tuning curv e $r <($7 $? $b$N $G $9!#>e $K <($7 $?$h $& $J79 $- $N orien tation $N ;I 7c$r =P $7$F $$$C $F!"M6 H/ $5$l $k %9%Q %$%/ 1~ Ez$r5- O?$7$^$9!#$5$i $K!" optimal $J orien tation $N;I 7c$r=P$7$F $*$$$F!" bicuculline $rN.$7$F GABA M^ @)$r %V %m%C%/ $7 $F$d $j $^$9!# $=$& $9 $k$H!" $3 $N$h $& $KH? 1~ $, orien tation $N ;I 7c$G $b 4Q;! $5 $l$k $h$& $K $J $j $^ $9!# tuning curv e Cf $N Gr4] $H E@ @~ $G <( $7$? It J, $, C& M^ @) Cf$N H? 1~ $G $9 $,!" M^ @)A0 $K Hf $Y $F $3 $N $h $& $K A4 BN E* $K %, %P%C $H >e $, $j $^ $9!# $? $@ $7!" optimal $N It J, $G $N A} Bg $, 0l HV Bg $- $/!" non-optimal $N =j $,0lHV>.$5$/$J$C$F$$$^$9!# %5 %k $N Hi <A Fb $K $* $1 $k >p Js $N N. $l $G $9 $,!" 30 B& I( >u BN $+ $i $N F~ NO $O 4c AX $K M? $( $i $l $^ $9 !J parv o cel- lular stream $H magno cellular stream $H $$ $& parallel $J 7O $, $" $k $N $G $9 $,!" $3 $N ?^ $O $4$C $A$c $K IA $$ $F$^$9!K!#$3$l$, �rst stage $G!"$=$l$+$i magno $N>pJs$H$$$&$N$O 4b AX$K9T$-!" magno !" parv o $H$b $K 2-3 AX $X >e $,$C $F!" in terblob $H $$ $& =j $X 9T $- $^ $9!# $= $7 $F blob !J%_ %H %3 %s %I %j %" $N EE ;R EA C# 7O $N 9Z AG $G $"$k %A %H %/ %m %‘;@ 2= 9Z AG $r!" 9ZAG AH ?% 2= 3X E*$K @w ?’ $9 $k $HCc ?’ $/ @w $^ $k9= B$ $r blob $H 8F $S $^$9!K $H $= $N in terblob $H $, 2-3 AX$K $* $$$F 6hJL $5 $l$k $o$1 $G$9!# $5 $i$K!" $=$N <! $K$I $&$9 $k$+ $H $$$& $H!"Hi <A $N Cf $G $O NI $/ =P $F $/ $k ?e J? 7k 9g $K $h$C $F!" 2-3 AX Fb $r <g $K 2# J} 8~ $K 3H ;6 $7 $^ $9!# $= $l $+ $i :# EY $O 2-3 AX $+ $i 5 AX!" 5 AX $+ $i 6 AX!" $= $7 $F Hi <A Fb $G :# EY $O 6 AX $+ $i $^ $? 4 AX $K BP $7 $F $b $& 0l EY 5"$C $F $- $^ $9!# $5$C $- $N OC $K $b $" $j $^ $7 $? $,!" 6 AX $+ $i $O 30 B& I( >u BN $K BP $7 $F $+ $J $j fo cus $N 9g$C $? feedbac k $, $" $j $^ $9!# fo cus $, 9g$C$F$$$k$H $$$&;v$O!" 30B&I(>uBN $+$i>e$,$C $F$$$/ target $N V1 $N<u MFLn$H!"$=$N :YK&$,30 B& I(>uBN$KLa$7$F$$$k feedbac k $r<u$1$k:YK&$N<uMFLn$H$$$&$N$,!"$+$J$j0lCW$7$F$$$k$H$$$&;v$G$9!# 4b $"$k$$$O 2-3 AX$+$i $O!";k3PA0Ln$KBP$7$F=PNO$, $"$j$^$9!#2?$G$3$s$J$b$N$r =P$7$?$+$H8@$&$H!"7k6I!" V1 $N Cf $G$$ $/ $D $+$N stage $, $"$C $F!" $=$N stage $r 7P $k $4$H $K orien tation $J $I$N tuning $H 8@ $& $N$O $@ $s$@$s dev elop $7$F$$$/!"JQ2=$7$F$$$/$H$$$&;v$G$9!# $3$l$, 2-3 AX!" 4a AX!" 4b AX!" 6 AX$H8@$& 4 $D$NAX$G!" orien tation selectiv e $J:YK&$N tuning $N prop- ert y $H!" $= $l $+ $i %S %/ %/ %j %s $r $+ $1 $F GABA M^ @) $r <h $j =| $$ $F $7 $^$C $? ;~ $N tuning $G $9!# $= $l $O 6= J3 @-F~NO$N tuning $rH?1G$7$?$b$N$H9M$($FNI$$$H;W$o$l$^$9$,!"$3$N$h$&$K 2-3 AX$G$O optimal $J=j$K p eak $r ;}$C $F $$ $F!" 180 EY 5U $N J} 8~ $K $b B? >/ $N %T!< %/ $, =P $k!" $H $$$C $? H? 1~ $, =P $^ $9!# C& M^ @) $7 $F $d $k $H!" 9g@.F~NO$N tuning $O$d$O$j bimo dal $J tuning $K$J$C$F$$$^$9!# 4a $bF1$8$h$&$J$b$N$G$9!#$=$l$+$i 4b 6

AX $O!" orien tation selectiv e $G $" $k $H $H $b $K 180 EY N% $l $? =j!" $D $^ $j 5U J} 8~ $N F0 $- $K BP $7 $F $O H? 1~ $, =P $J $$$N $G!" direction selectivit y $b$O$C $-$j $7 $F$$ $^ $9!#$= $3 $G!"$3 $l $rC& M^@) $7 $F$d $j $^$9 $H optimal $J H?1~ $O =P$k $1 $l$I $b!" 5U8~ $- $NH? 1~ $b$= $3 $=$3 =P $k$h $&$K $J $j$^ $9!# $@$+ $i!" 4b AX $KBP $7 $F$N 6= J3@- F~NO $O$"$k$N $@$1$l $I$b!"M^ @)@-F~NO $,ogCM $r set $9$k$h$& $JF/$- J}$r$9 $k$?$a$K!" $=$N6= J3@-1~Ez $O$[ $H $s $I 4Q ;! $5 $l $J $$!" $H $$ $& $o $1 $G $9!# $3 $l $O 6 AX $G $9!# 6 AX $^ $G Mh $k $H!" $b $& <B :] $N %9 %Q %$ %/ 1~ Ez $N tuning $H!" 6= J3 @- F~ NO $N tuning $H $$ $& $N $O $* $= $i $/ F1 $8 $@ $H ;W $$ $^ $9!# $9 $J $o $A!" C& M^ @) $7 $F $b tun- ingcurv e $N3J9%<+BN$OA4A3JQ$o$i$J$$$H$$$&$o$1$G$9!# V1 $G5-O?$7$? 30 8D $/$i$$$N:YK&$9$Y$F $r p o ol $7$F!"6=J3 @-F~NO$N tuning $HM^@)@-F~NO $N tuning $r 9M $( $F $_ $^ $9!# excitation $H =q $$ $? <B @~ $N J} $O!" <B $O C& M^ @) Cf $N H? 1~ $N a v erage $G $9!# $= $l $+ $i inhibi- tion $H$$$&$N$O!" C&M^@)Cf$NH?1~$+ $i con trol $NH?1~ $r0z$$$?$b$N$G!"$= $l$rM^@)$,M^$($F $$$?J,$H$_$J $7$F!"M^@)$N tuning $H$7$^$7 $?!#$=$&$9$k$H!"$3$l$O optimal $J=j$K p eak $, $"$k$N$G$9$,!"$=$N opti- mal $J =j $K 4X $7 $F $O 6= J3 @- 1~ Ez $N range $, Hs >o $K Bg $- $/ $J$C $F $$ $^ $9!# $= $l $K BP $7 $F!" M^ @) $N J} $O >. $5 $/ $J$C $F $$ $^ $9!# $9 $J $o $A!" $3 $N resp onse $r spare $9 $k $h $& $J 7A $G $= $N <~ 0O $N H? 1~ $r Mn $7 $F $$ $k!" $H $$ $&$o$1$G$9!# <! $K direction selectivit y $G $9 $,!"$3 $l$O MT Ln $KD> @\=P NO$9 $k 4b AX $G$9 $1$l $I$b!" $3$3 $G$O Hs>o $K direction selectiv e $J :YK& $,B? $/4Q;! $5$l $^$9!# $3$N :YK&$O!" >e8~ $-$K F0$+ $7$?;~ $K$O NI$/ 1~Ez $7$F H?BP 8~$-$K$O$[$H$s$I%9%Q%$%/$r=P$5$J$$$N$G$9$,!"%S%/%/%j%s$r$+$1$F$d$k$H!"$3$&$$$&$U$&$KH?BP8~$-$N ;I7c$KBP$7$F$bH?1~$,=P$F$/$k$h$&$K$J$j$^$9!#$5$i$K$+$J$jBgNL$N%S%/%/%j%s$r$+$1$F$d$j$^$9$H!"8+ $+ $1 >e $[ $\ F1 $8 0L $N H? 1~!" $9 $J $o $A bidirectional $J H? 1~ $K $J $j $^ $9!# <B :] $K $3 $N %9 %Q %$ %/ ?t $r %+ %& %s %H $7$F$_$k$H!" 2 !’ 1 0L$K$J$j$^$9!# A $, :# $N :Y K& $N %G!< %? $J $N $G $9 $,!" $3 $N N> J} 8~ $N H? 1~ $K $D $$ $F!" preferred direction $K BP $9 $k %9 %Q %$ %/ ?t $H!" preferred direction $N 5U J} 8~ $K BP $9 $k %9 %Q %$ %/ ?t $r %W %m%C %H $7 $F $d $j $^ $9!# $3 $N Gr 4] $,!" %S %/ %/%j%s$r$5$^$6$^$NEjM?EEN.NL!JG;EY!K$GEjM?$7$?;~!"$9$J$o$A!"$5$^$6$^$JC&M^@)%l%Y%k$G5-O?$7$?;~ $N %9 %Q %$ %/ ?t $J $s $G $9 $,!" Hs >o $K linear $J 4X 78 $, =P $F $- $^ $9!# $9 $J $o $A!" $3 $N preferred direction $K $D $$ $F $N %9 %Q %$ %/ ?t $N ?- $S $H!" non-preferred direction $K $D $$ $F $N %9 %Q %$ %/ ?t $N ?- $S $H $O!" 0l Dj $N Hf N( $r ;}$C$F$$$^$9!# $3$N<B83$+$i!"$=$b$=$b preferred direction $H non preferred direction $KBP$9$k EPSP $,$"$C$F!"5! G= E* $K $O M^ @) $, MM!9 $J %l %Y %k $G threshold $r set $9 $k ;v $K $h$C $F!" MM!9 $J direction selectivit y $, =P $F $/ $k $H $$ $& 9M$( J} $, $G $- $^ $9!# !JJd B-!’ ?@7P @8 M} 3X $G $O direction selectivit y $r ;X $7 $F directionalit y $H$$ $&8l$,0lHLE*$KMQ$$$i$l$k!K !J<ALd<T!KAXKh$N0c$$$,8+$i$l$k$H$$$&$N$OHs>o$K6=L#?<$$$N$G$9$,!"$=$N;~%S%/%/%j%s$KM^$($i$l$F $$$k$N$O!"$=$N:YK&$N<~$j$J$N$+!"$=$l$H$bA4AX$K9-$,$k$/$i$$$KM^$($i$l$F$$$k$N$G$9$+!)$D$^$j!"%S %/%/%j%s$,$I$l$/$i$$$^$G9-$,$C$F$$$k$+$H$$$&$3$H$G$9$,!# !J:4 F# @h @8!K $= $l $O Hs >o $K =E MW $J Ld Bj $G!" $= $l $K 4X $7 $F @5 3N $J estimation $H $$ $& $N $O %S %/ %/ %j %s $K 4X $7 $F $O J,$+ $j $^ $; $s!# $?$@ ;d C# $N 0l 1~ $N estimation $H$7 $F $O!" :Y K& $rCf ?4 $H $7 $F 200 %_ %/ %m%s Dx EY $H 9M $($F$$$^$9!# uptak e mec hanism $N$J$$B>$NJ*<A$K RI $rIU$1$FD4$Y$F$_$k$H!"BgBN 200 %_%/%m%s0L$@$C $?$H$$$&Js9p$+$i$G$9!#4pK\E*$K$O!":YK&$KM?$($i$l$F$$$kM^@)@-%7%J%W%9$H$$$&$N$O!":YK&BN$G$"$k$H $+!" dendrite $N $+ $J $j :Y K& BN $K 6a $$ =j $K IU $$ $F $$ $^ $9!# $= $l $K BP $7 $F!" 6= J3 @- %7 %J %W %9 $O Hs >o $K 1s $$ =j $K $b IU $- $^ $9!# $= $& $9 $k $H!" :Y K& $r Cf ?4 $H $7 $F 200 %_ %/ %m %s Dx EY $@$C $? $i $[ $H $s $I $N M^ @) $O %V %m%C %/ $G $-$k$@$m$&$H8@$&$o$1$G$9!#$=$l$H$b$&0l$D$O!"$"$^$j$K6/$/6/Nu$KN.$7$F$7$^$&$H!"$V$o$C$H<+H/H/2P $N%l%Y%k$,>e$,$C$F$-$^$9!#$=$l$+$iEvA3!"6aK5$N%K%e!<%m%s$KBP$7$F$bC&M^@)$,5Z$V$s$G$9$M!#$=$&$9 $k $H!" <B $O C& M^ @) $r $d$C $? $D $b $j $, C& M^ @) $@ $1 $G $O $J $/ $F!" excitation $r $V $o$C $H >e $2 $F $7 $^$C $F $$ $k ;v $K $J $j $^ $9!# $3 $N <B 83 7k 2L $b $= $l $r 4^ $s $G $$ $k $@ $m $& $H $O ;W $$ $^ $9 $,!" >/ $J $/ $H $b $= $N bac k ground $NH/2P%l%Y%k$,!"$"$^$j>e$,$i$J$$HO0O$NEjM?NL$G$d$j$^$7$?!# 7

!J<ALd<T!K cortex $N8|$5$, 1 %_%j$/$i$$$G$9$+!) !J:4F# @h@8!K %5%k$N >l9g$O 2 %_ %j6a $/$"$j $^$9!#0l 1~$= $N la y er $r1[ $($J $$$h$& $K$9$k $H$+!" $=$&$$ $& con trol $O$A$g$C$H$G$-$^$;$s!#$G$9$+$i!"3N$+$K tec hnical $J8B3&$H$$$&$N$O$"$j$^$9!# !J<ALd<T!K$+$J$j sp eci�c $K$J$C$F$$$k$H$$$&$3$H$G$9$+!) !J:4 F# @h @8!K <B $O :Y K& $N Cf $+ $i blo c k $9 $k J} K! $H $+ $$ $m $$ $m $"$C $F!" $$ $m $s $J ;v $r $d$C $F $$ $k ?M $, $$ $^ $9!# <B $O $= $N OC $b LL Gr $$ $N $G $9 $,!" $= $l $r $d $k $H ;~ 4V $, $+ $+$C $F $7 $^ $& $N $G!" JL $N 5! 2q $K $5 $; $F 2< $5 $$!# 4 V1 $K$*$1$k blob $N?’;I7c$KBP$9$k1~EzFC@- :# EY $O ?’ $N OC $G $9!# $3 $l$O $5$C $- $A$g$C $H $* OC $7 $? blob $G $9 $M!# $" $^ $j $O$C $- $j 8+ $($J $$ $+ $b CN $l $^ $; $s $,!" Cc ?’ $N HC E@ >u $N $b $N $, 8+ $( $k $H ;W $$ $^ $9!# $3 $l $O!" %5 %k $N 2-3 AX $N!" G> $N I= LL $K J? 9T $J @Z JR $r :n$C $F!" $= $7$F %A %H %/ %m %‘ @w ?’$r $7 $? $b $N $G $9!# $=$& $9 $k $H $3 $& $$ $&$U $& $K blob $, =P $F $- $^ $9!#$3 $N Gr $$ 4]$O 7l4I $G$9!# 7l4I $H$$ $&$N $OG> $N Cf?4 $+$i I=LL $NJ} $K8~ $+$C$F ?bD> !J radial !K$K Av$C $F$$ $k$N $G!"I= LL$KJ?9T$J@ZJR$K$9$k$H!"$^$s4]$$7j$,%]%D%]%D$H6u$$$F$$$^$9!# blob $N:YK&$r5-O?$7$F%S%/%/%j%s$r$+$1$k$N$G$9$,!"?’;I7c$r%]%s$H<uMFLn$K=P$7$^$9!#$=$&$9$k$H!" $3$l$O@V$GHs>o$K;}B3E*$JH?1~$,=P$F$$$^$9!#$=$7$F2+?’$G$OA4A3=P$J$/$F!"NP!"@D$G$O$‘$7$m<+H/J|EE %l %Y %k $N 8: >/ $, 8+ $i $l $F $$ $^ $9!# $G $9 $+ $i M^ @) !J6= J3 $N 8: >/ $H 9M $( $F $b $$ $$ $+ $b CN $l $^ $; $s!K $, @8 $8 $F $$ $k $H 9M $( $i $l $^ $9!# $@ $1 $I :# EY $O sp ot $, >C $( $k $H $I $& $J $k $+ $H $$ $& $H!" @D $" $k $$ $O NP $K BP $7 $F o� H? 1~$,@8$8$^$9!#$7$+$7!"@V$G$O suppression $N$h$& $J>uBV$K$J$C$F$$$^$9!#$G$9$+$i$3$N:YK&$N<uMFLn$O red on - blue o� $H$$$&;v$K$J$j$^$9!# => Mh!" red on - green o� !" $" $k $$ $O green on - red o� $H $$ $& $N $O CN $i $l $F $$ $F!" red on - blue o� $H $$ $& $N $O L5 $$ $H $5 $l $F $- $? $N $G $9 $,!" <B $O @N $N ;E ;v $O $_ $s $J %b %N %/ %m $N �lter $G $d$C $F C1 GH D9 $N ;I 7c $r ;H$C $F $$ $? $N $G $9!# ;d C# $O %3 %s %T%e!< %? $N %G%# %9 %W %l %$ $G $d$C $F $$ $^ $9 $N $G!" green $N emission $H $$ $& $N $O!" <B$O %9 %Z %/ %H %k $, 9-$$ $? $a $K red cone $K $b5[ <} $5 $l $k $s $G $9!#$@ $+ $i!" red $N %a %+ %K %: %‘$H green $N %a %+ %K %: %‘ $, YI 93 $7 $? =j $G $O H? 1~ $, =P $J $$!# $@ $1 $I blue $N emission $O!" red cone $N 5[ 8w %9 %Z %/%H%k$H o v erlap $;$:!" green $H$O=E$J$j9g$&$?$a$K!" green $NH?1~$,=P$k$H$$$&$o$1$G$9!# $3$l$K bicuculline $r$+ $1$F$d$k$H!"$I $N?’$KBP$7$F $b on H?1~$,=P$k$7!" $I$N?’$KBP$7 $F$b o� H?1~$, =P $k!" $H $$ $& ;v $K $J $k $o $1 $G $9!# $3 $l $, C1 $K L@ $k $5 $N con trast $K BP $9 $k H? 1~ $G $J $$ $H $$ $& ;v $O!" white $G$d$C$?;~$NH?1~$H$O>/$J$/$H$bA4A30c$&$H$$$&;v$+$i>ZL@$5$l$^$9!#$G$9$+$i!"$d$O$j$3$3$G=P$F$$$k $N$O!"?’$N con v ergence $, V #1$N blob $N%K%e!<%m%s$K$*$$$F$"$k$H$$$&;v$@$H9M$($i$l$^$9!# $3 $l $O JL $N:Y K& $G $9 $1 $l $I $b!"$d $O $j F1 $8 $h $& $J:Y K& $G red on-blue o� $H $$ $& $h $& $K H?1~ $7 $^ $9!# $3 $l $K %S %/ %/ %j %s $r $+ $1 $F $d $k $H!" $d $O $j $I $N ?’ $K BP $7 $F $b on H? 1~ $H o� H? 1~ $, =P $^ $9!# $? $@ $7!" $3 $3 $G =P $F $- $F $$ $k H? 1~ $O $+ $J $j phasic $J $b $N $K $J$C $F $$ $^ $9!# $? $@ $7 on H? 1~ $K $D $$ $F $_ $k $J $i $P!" D9 GH D9 $N;I7c$[$I$h$jBg$-$J6=J3$rM6H/$7$F$$$^$9!# $=$l$KBP $7$F o� H?1~$O!"C;GHD98w $[$IH?1~$,Bg$-$$ $H$$$&798~$,8+ $i$l$^$9!#$H$$$&;v $O!"?’$N con- v ergence $,$" $k $H$O 8@$C $F $b!"$d $O $j$3 $N :YK& $N on H? 1~$G $O!" D9 GHD9 $K p eak $r ;} $D$h $& $J6= J3!" $=$7 $F o� H? 1~ $G $O C; GH D9 $K p eak $r ;} $D $h $& $J 6= J3 $G $" $k $H 9M $( $i $l $^ $9!# $? $@ $7!" $3 $N <B 83 $G $O!" $+ $J $j broad $J%9%Z%/%H%k$NF~NO$K$J$C$F$$$k2DG=@-$b9M$($i$l$^$9!# => Mh $N 9M $( J} $G $O!" %5 %k $G $O ?’ $N path w a y $H $$ $& $N $O $+ $J $j =i 4| $N!" LV Kl $N CJ 3, $+ $i parallel $K seg- regate $7 $F $/ $k$H $$ $& $3 $H $G $7 $?!#$= $7 $F >. >> @h @8$N OC $G $O!" ?’ $N 2C ;;@- $O!" cortex $K $J$C $F =P $F $/$k $H $$ $& $3 $H $K $J$C $F $$ $^ $9!# ;d C# $N 7k 2L $G $O V1 $N blob $N lev el $G!" 1 8D $N %K%e!< %m %s $K BP $7 $F $+ $J $j 9- $$ GH D9 0h $N F~ NO $, con v erge $7 $F $$ $k $3 $H $K $J $j $^ $9!# $9 $J $o $A!" on H? 1~ $G $b o� H? 1~ $K $D $$ $F $b!" con v erge $7 $F $$ $k $H $$ $& ;v $G $9!# $= $7 $F $* $= $i $/!" %M%C %H %o!< %/ $K $* $$ $F 6= J3 $H M^ @) $N F/ $/ %P %i %s %9 $H 8

$$ $& $N $O >o $K 0l Dj $G $O $J $/ $F!" F~ NO >u 67 $K 1~ $8 $F %P %i %s %9 $, JQ 2= $7!" $= $N %P %i %s %9 $K 1~ $8 $F ?’ $N tuning $bJQ2=$7$F$$$k$N$G$O$J$$$+!"$H$$$&$h$&$K9M$($F$$$^$9!# $3 $l $O Somp olinsky $i $K $h $k $^ $H $a $G $9!# orien tation $K 8B $i $: B> $N FC D’ Cj =P @- $K 4X $7 $F $b $* $= $i $/ F1$8;v$,8@$($k$H;W$&$N$G$9$,!" EPSP $b IPSP $b$=$l$>$l optimal $K tuning $7$F$$$^$9!#$?$@$7 EPSP $H 8@ $& $N $O!" a�eren t $K $h$C $F $b $? $i $5 $l $k :G =i $N EPSP $H!" cortex $N Cf $G $N recurren t $J excitation $K $h$C $F @8 $8 $k EPSP $H $N net $N EPSP $r ;X $7 $^ $9!# EPSP $H IPSP $H $, in teraction $7!" @~ 7A 2C ;; $5 $l$? 7k2L!" optimal $+ $D sharp $K tuning $5$l$? H?1~$, =P$F $/$k$H $$$&$o $1$G $9!#$3$l $,8=:_!" 9-$/ <u$1 F~ $l $i $l $F $$ $k 6= J3 $H M^ @) $H $N 4X 78 $G $7$g $&!# cortex $N recurren t excitation $N OC $O!" $_ $s $J $= $l $O $= $&$@$m$&$H;W$C$F$$$?$N$@$1$l$I$b!"$=$l$rHs>o$K$O$C$-$j>ZL@$7$?$N$O Ringac h $d Shapley $G$9!# @h $[ $I $N $h $& $J rev erse correlation K! $r ;H$C $F!" V1 $N %K%e!< %m %s $N orien tation tuning $, ;~ 4V $H $H $b $KJQ 2= $9 $k@- <A $,$" $k $N $G$9 $,!" $=$l $O K\ Ev$O =i 4| F~NO $G $O$J $/ $F!" Hi<A $N Cf$G recurren t $J connec- tion $K$h$j@8$8$?F~NO$K$h$C$F!" tuning $, sharp $K$J$k%a%+%K%:%‘$,8z$$$F$k$s$@!"$H$$$&OC$,85$H$J$C $F$$$^$9!# $3 $l $O 8+ $? ;v $, $" $k $+ $H ;W $$ $^ $9 $,!" :# $N =j $+ $i $d$C $Q $j 0l Jb ?J $s $@ FC D’ Cj =P @- $b 9M $( $F $_ $? $$ $H 8@ $&OC$r$7$^$9!#$3$NAkOH$N$h$&$J@~$,$"$C$F!"$3$N@~$O$3$NAkOH$r9=@.$7$F$$$k@~$@$H$O$C$-$j8@$($k$N $G $9 $,!" $3$C $A $K $J$C $F $7 $^ $& $H!" $b $& strip e pattern $r 9= @. $9 $k @~ $H $7 $F 8+ $( $F $7 $^$C $F!" $= $l $O $3 $N Ak OH $N @~ $N 0l K\ $H $7 $F $O 8+ $( $J $$ $s $G $9 $M!# >! <j $K $= $& $J$C $F $7 $^ $& $3 $H $+ $i!" c hannel $H $7 $F $= $& $J$C$F$$$k $N$@$m$&$H9M$( $i$l$^$9!#$=$l $b7A$N c hannel $H!"$=$l$+$iI=LL $H8@$&$+ texture pattern $K BP$9$k c hannel $H8@$&$N$,$I$3$+$N lev el $G$"$k$@$m$&!"$H8@$&;v$J$s$G$9!# $3$l$O Blasdel $N optical recording $N;E;v$G$9$,!"%5%k$G optical recording $r$d$C$F orien tation map $r :n$C $F $$ $^ $9!# >e $N map $H 2< $N map $O F1 $8 $b $N $J $s $G $9 $,!" 0c $& $N $O Gr $$ @~ $H 9u $$ @~ $, 0z $$ $F $" $k $3$H $G$9!# o cular dominance column !J4cM% 0L@- %+%i %‘!K$H 8@$& $N$, $"$j $^$9 $,!"$3 $l$O 1&L\ $NF~ NO$r <u$1$F$$$k$+!":8L\$NF~NO$r<u$1$F$$$k$+$NHi<A>e$N6u4V %Q%?!<%s$N$3$H$G$9!#$=$7$F$=$N o cular dom- inance column $N Cf 1{ It J, $K $O blob $, $" $k $N $G $9 $,!" $= $N blob $r $D $J $$ $@ $N $, $3 $N Gr $$ @~ $G $9!# $3 $N 3F ?’ $, 3F orien tation $K BP 1~ $7 $F $$ $k $N $G $9 $1 $l $I $b!" 5w N% $N JQ 2= $H $H $b $K =g!9 $K O" B3 E* $K orien tation $, JQ 2= $7 $F $$ $k $3 $H $, $o $+ $j $^ $9!# $3 $l $O!" $= $N JU $K $" $k :Y K& $H 8@ $& $N $O D> 7B 200-300 %_ %/ %m %s $N <y >u FM 5/$H $$ $&!"%K%e!< %m %s $K$H$C $F $N%" %s %F%J $r D%$j $^ $9$+ $i!" Hf 3SE* :9 $N$J $$ orien tation $NF~ NO $7$+ <u $1$J$$$o$1$G$9!#$G$9$+$i!"$=$l$OFCDj$N79$-!"$9$J$o$AJ*$N7A$G$9$M!"6-3&@~$r8!=P$9$k$3$H$KM-Mx$K F/$-$^$9!# $= $l $K BP $7 $F!" o cular dominance column $N 6- 3& @~ $r 0z$C D%$C $? $N $,!" $3 $N 9u $$ @~ !J B !K $G $9!# $3 $l $r$d$C$F$_$k$H singularit y $,$$$C$Q$$=P$F$-$^$9!#$"$kE@$rCf?4$K$7$F!" 180 EY$NJ}0L%I%a%$%s$,$0$k$C $H Iw <V >u $K JB $s $G $7 $^ $$ $^ $9!# $= $& $9 $k $H!" $3 $& $$ $& =j $K $" $k :Y K& $H 8@ $& $N $O!" D> 7B 200-300 %_ %/ %m %s $N <y >u FM 5/ $r D%$C $? $i!" MM!9 $J orien tation $N F~ NO $r <u $1 $k $? $a!" 7h $7 $F C1 0l $N orien tation $K H? 1~ $9 $k $h$&$K$O$J$j$^$;$s!#$G$9$+$i!"$"$k>l=j$K$"$k:YK&$O!"B>$N>l=j$N:YK&$H$OJL$N5!G=$,$"$k$@$m$&$H9M $( $i$l $k$o $1$G $9 $M!#$D $^$j!" $" $k>l =j$N :YK& $O texture $H $+?’ $H$+ surface $N >pJs =h M}$r $7$F $$ $F!"JL $N>l =j$N:Y K&$O 7A$G$O $J$/$F!" surface $_ $?$$$J >pJs=h M}$r $d$C$F$$ $k$N$G $O$J$$ $+$H8@ $&$U $&$K9M $($i $l$^$9!# $?$@$7$3$N5!G=$K4X$7$F$O!"$^$@$"$^$j>Z5r$,$"$j$^$;$s$7!"8&5f$b?J$s$G$$$^$;$s!#$D$$:G6a Gilb ert $,O@J8$r=P$7$F$$$^$9$,!"$^$@$I$&I>2A$7$F8@$$$N$+J,$+$i$J$$$H8@$C$?>u67$G$9!#$G$9$+$i!"%b%G%k$H $7 $F $b orien tation $" $k $$ $O o cular dominance column $H 8@ $& $N $r!" $3 $& $$ $& 7A $G F~ $l $? $b $N $O 7k 9= $" $k $N $G$9 $,!" pin wheel !" $" $k $$ $O linear zone $H pin wheel $r F~ $l$F 5! G= $r 9M $($? %b %G %k $O!"8+ $? $3 $H $, $"$j $^$; $s!#$b $&0l EY@b L@$9 $k$H!" $3$s $J$U $&$K linear zone $H 8@$& $N$O $3$3 $NOC $G!" pin wheel $,$" $k=j$H8@$&$N$O$3$3$@!"$H8@$&;v$G$9$M!# 9

5 V1 :YK&$NFCD’Cj=P@-$KBP$9$k con textual mo dulation con textual mo dulation $N OC$K0\$j $^$9!#:#$^ $G$NOC$O V1 $N :YK&$N<uMF Ln$NCf$N OC$@$C$?$N $G$9$,!" $3$3$+$i$O<uMFLn$H$= $N<~0O$H$N4X78$K$D$$$F$G$9!# Hub el & Wiesel $N story $H$$$&$N$O!"4pK\E*$K$O <u MF Ln$N Cf $N OC$G!" $= $l $K 7hCe $r IU $1$k $? $a $K 40 G/$/ $i $$ 7P$C $?$o $1 $G $9!#$b $A $m $s <uMF Ln $H $=$N <~ 0O $H$N4X78$K$D$$$F9M$($F$-$??MC#$,$$$J$$$o$1$G$O$J$+$C$?$N$G$9$,!"$h$&$d$/<uMFLn$NCf$NOC$KBgBN$+ $?$,$D$$$?$N$G!"$5$F$=$l$G$O<uMFLn$N<~0O$H$N4X78$K$D$$$FD4$Y$h$&$H$$$&$3$H$K$J$C$?$N$G$9!#$=$l $+$i$b$&0l$D$O!"%3%s%T%e!<%?!&%0%i%U%#%/%9$N5;=Q$,?J$_!"MM!9$J;I7c$,MF0W$K:n$l$k$h$&$K$J$C$?$N $G!"<uMFLn$H<~0O$H$N4X78$K$D$$$FD4$Y$k$?$a$N;I7c<B83$,$d$j$d$9$/$J$C$?$3$H$,5s$2$i$l$^$9!#$3$3 $KMh$F!"$h$&$d$/?4M}3X$NOC$K$^$G7R$,$k$h$&$K$J$C$?$o$1$G$9!# $3 $N ?^ $O!" 0l MM $J orien tation $N Cf $K 0l 8D 0c$C $? orien tation $r ;} $D $b $N $, $" $k!" $" $k $$ $O 0c $& orien- tation $G :n$C $? ;M 3Q $, B8 :_ $7 $? $j $9 $k $b $N $G $9!# $3 $l $O $9 $0 $K H= $k $o $1 $G $9!# $3 $l $, $b $7 F1 $8 orien ta- tion $G $"$C $? $J $i $P!" $3 $N @~ J, $r 0U <1 $9 $k $3 $H $O $J $$ $G $7$g $&!# 7k 6I!" $3 $3 $K 0c $& $b $N $, $" $k $H $$ $&!" >pJs=hM}$N7P:Q@-$H$$$&$+8zN(2=$NLdBj!"$"$k$$$O%]%C%W%"%&%H!"$"$k$$$O?^COJ,2=$H$b8@$o$l$^$9$,!" $3 $l $N correlate $H $J $k $h $& $J 8= >] $, V1 $G $b 8+ $i $l $^ $9!# $= $N $h $& $J 8= >] $, 8+ $i $l $k!" $H $$ $& $3 $H $h $j $O!"$‘$7$m$=$N$h$&$J8=>]$N;}$D@-<A$O!"G>$,$I$N$h$&$K$K9=B$2=$5$l$F$$$k$N$+$rM}2r$9$k>e$G!"Hs>o $KNI$$:‘NA$K$J$j$^$9!#$=$&$$$&M}M3$+$i!";d$?$A$O$3$3$N=j$rD4$Y$F$$$^$9!# $3$l $O 1965 G/$N Hub el & Wiesel $NO@ J8$N?^ $G$9 $,!"$3 $l$K $O<uMF Ln$N 30B& $K=P$7 $?;I 7c$, <uMFLn $N Cf$N;I7c$KBP$9$k%91~$r Mo dulate $9$k$H$$$&$3$H$,=P$F$$$^$9!# $3 $l $O %M %3 $N 19 Ln $N :Y K& $K BP $9 $k <B 83 $G!" E@ @~ $, <u MF Ln $G $9!# $3 $N $h $& $K optimal $J orien tation $N ;I7c$rF0$+$7$F$d$k$H!"%9%Q%$%/$,%]%]%]%]%]$H=P$k$o$1$G$9!#$7$+$7!"F1$8$3$H$r$7$J$,$i30B&$KJL$N %P!<$r=P$7$F$d$k$H!"H?1~$O8+;v$K;_$^$C$F$7$^$&!#$7$+$7!"$=$N5wN%$rN%$7$F$$$/$H!"$^$?H?1~$,=P$F $- $^ $9!# H‘ $i $O!" $3 $l $r 19 Ln $N :Y K& $N end stop inhibition !" $9 $J $o $A D9 $5 $K BP $9 $k tuning $H $$ $& $3 $H $G @b L@$7 $F $$ $F!" 19 Ln$K $O $= $& $$$& :Y K& $,$$$C $Q $$ $"$k $3 $H $r ;XE& $7 $^ $7$?!# $3 $& $$ $&$N $r $- $A$s $H ?^ $K$7$F=P$7$F$$$k$H$3$m$O!"$5$9$,$@$H;W$$$^$9!#H‘$i$,!"7k6I0lHV:G=i$K$3$&$$$&$3$H$rJs9p$7$?$3$H $K$J$k$o$1$G$9!# ;d$?$A $N<B83$G$O!" Kc?lHsF02= $7$?%M%3$N 4cA0$K%b%K %?$rCV$$$F!" <uMFLn$K grating $N;I7c $r=P$7$F$= $l$KBP $9$kH?1~$r 5-O?$7$F$$ $^$9!#$5$i $K!"<~0O$KMM!9 $J%Q%i%a!<%? $N grating $rDs<($7$F!" $=$l$K$h$k mo dulation $rD4$Y$^$7$?!# $3 $l $O 5- O? Nc $G $9 $1 $l $I $b!" J? 6Q E* $J L@ $k $5 $N grating $N Cf $K circular patc h $r =P $7 $F!" optimal $J orien tation $r 8+ $; $^ $9!# ;I 7c $O <B :] $O F0 $+ $9 $o $1 $G $9 $,!" $= $& $9 $k $H ;I 7c $N L@ 0E $N <~ 4| $K 1~ $8 $F %P%C!" %P%C!"%P%C$H$$$&$U$&$KH?1~$,=P$^$9!#$7$+$7$=$N<~0O$K!"F1$8 con trast $G!"F1$8 orien tation $N;I7c$r =P $7 $F $d $k $H!" H? 1~ $O $T $?$C $H ;_ $^$C $F $7 $^ $& $o $1 $G $9!# $3 $N <B 83 $@ $1 $G $O!" <u MF Ln $N cen ter $N ;I 7c $H surround $N ;I7c $H $N4V $K$" $k!" %3%s %H %i%9 %H$N hard edge $, L5 $/$J$C $F $7$^ $$!"0l MM $N%Q %?!< %s$G <u MF Ln$,;I7c$5$l$?$?$a$KH?1~$,>C<:$7$?$H$$$&2DG=@-$b$"$k$N$G!"H><~4|$:$i$7$?;I7c$G<B83$7$?$H$3$m!" $d $O$j $[ $H$s $I M^@) $5 $l$k!" $D $^$j H? 1~$, ;_ $^$C$F $7 $^$& $o $1$G $9!# $5$i $K!" GX7J $N orien tation $r$@ $s $@ $sJQ $($F $$ $/$H $^ $?H? 1~$O La$C $F$- $^$9!# $= $7$F D>8r $9 $k Cross orien tation $N GX7J $G $O!"$[ $H$s $I M^ @) @- $N mo dulation $, $+ $+ $i $J $/ $J$C $F $7 $^ $$ $^ $9!# $G $9 $+ $i!" $3 $N mo dulation $K $O orien tation $K $D $$$F$b0MB8@-$,$"$k$H8@$($^$9!# !J<ALd<T!K$=$N?^$N2#<4$O!";~4V$G$9$+!) !J:4 F# @h @8!K p ost stim ulus time histogram $N 2# <4 $O;~ 4V $G $9!# ;I 7c $O!" $3$N JU $j $+ $i F0 $-=P $7 $F $$ $^$9!#$3$N4V$O@E;_$7$F$$$^$9!# !J<ALd<T!K0lHV>e$N>l9g!";I7c$,<~4|E*$K=P$F$-$F$$$k$h$&$K8+$($^$9$1$l$I$b!# !J:4F#@h@8!K$O$$!"$=$l$O grating $, cicular patc h $NCf$GF0$$$F$$$k$N$G$9!# 10

!J<ALd<T!K>e$K9T$C$?$j!"2<$K9T$C$?$j$7$F$$$k$H$$$&$3$H$G$9$+!) !J:4F#@h@8!K$$$d!"0lJ}8~$G$9$1$l$I$b!# !J<ALd<T!K0LAj$K1~$8$F$G$7$g$&$+!) !J:4F#@h@8!K$O$$!"$=$&$G$9!# !J<ALd<T!KGX7J$NJ}$bF0$$$F$$$k$N$G$9$+!) !J:4 F# @h @8!K GX 7J $b F0 $$ $F $$ $^ $9!# $3 $N >l 9g $K $O F1 $8 J} 8~ $G $9!# $G $b!" 5U J} 8~ $K F0 $+ $7 $? ;~ $K!" F1 $8 $h $& $K M^ @) $, =P $k $b $N $b $" $k $7!" $A$g$C $H M^ @) $, <e $/ $J $k $H $$ $& $b $N $b $" $j $^ $9!# $= $N JU $j $O direction selectivit y $H $N 4X O" $b $" $j $^ $9!# $3 $N >l 9g $K $O F1 $8 J} 8~ $K!" $" $k $$ $O $3 $& $$ $& $h $& $J >l 9g $O J} 8~ $O $b $A $m$s0c$C$F$-$^$9!# grating $N%9%H%i%$%W$HD>8r$9$kJ}8~$K grating $OF0$$$F$$$^$9!# GX 7J ;I 7c $N orien tation $H $= $N H? 1~ $H $N 4X 78 $G $9 $,!" 180 EY $N $H $3 $m $, cen ter ;I 7c!" $9 $J $o $A <u MF Ln ;I 7c $N optimal $J orien tation $G $9!# GX 7J $r IU $1 $: $K!" $3 $N 180 EY $N cen ter patc h $@ $1 $r =P $7 $? $N $,!" $3 $N%0 %l!<$N H?1~ %l%Y %k$G $9!#$7 $+$7 surround $N ;I7c $rIU $1$F $d$k $H!"H? 1~ $NM^ @)$, 5/$3$C $F$$ $^$9!# FC $K!" $3 $N 180 EY!" $9 $J $o $A F1 $8 orien tation $G F1 $8 J} 8~ $K surround $N ;I 7c $r F0 $+ $7 $? ;~ $K Hs >o $K 6/ $/ H? 1~ $, M^ @) $5 $l $^ $9!# $= $l $+ $i!" orien tation $O 0l =o $@ $1 $l $I $b 5U J} 8~ $K F0 $+ $7 $F $d$C $? ;~!" $9 $J $o $A 0 EY$N=j$G$bH?1~$O40A4$KM^@)$5$l$F$$$^$9!#$?$@$7!"GX7J$N orien tation $H$N$:$l$,Bg$-$/$J$C$F$$$/$H!" $3 $NM^ @) $O<e $^$C $F$$ $- $^$9!# $3$N $h $&$K!" GX 7J;I 7c $K$h $k =$>~ :n MQ$K $O orien tation $K4X $9 $k0M B8@- $, $" $j!" $3$N $h $& $J =$ >~:n MQ $O!" F1 $8 orien tation $K preference $r ;} $D neuron domain $r GX 7J $H $7$F $$ $k $N$G$O$J$$$+!"$H$$$&$3$H$,<(:6$5$l$k$o$1$G$9!# !J<A Ld <T!K 90 EY 0L $N ;~ $H $$ $& $N $O!" grating $N <~ 4| $dB. EY $K 0M $i $J $$ H? 1~ $, =P $k $N $G $9 $+!)!" 180 EY $N;~$O$$$m$$$mJQ2=$5$;$F$$$^$9$1$I!# !J:4 F# @h@8!K 4p K\ E* $K $O!"<~ 4| $" $k $$$O B. EY $r JQ$( $F $b!" 90 EY $N =j $H$$ $& $N $O =$>~ :n MQ $, <e $$$s $G $9 $M!#$‘$7$m!"F1$8$H$3$m$NJ}$,6/$$$s$G$9!#$=$&$G$O$J$$%K%e!<%m%s$b$"$k$H$$$&!"B>$N?M$NJs9p$b$"$j $^$9!# ;d C# $N<B 83 $G $O!" Hs>o $K high con trast $N ;I 7c$r MQ $$ $F $$ $^$9!# high con trast $J ;I 7c $r;H $& $H!" GX 7J $+ $i <u MF Ln ;I 7c $K BP $9 $k M^ @) :n MQ $, Hs >o $K 82 Cx $K 8= $l $^ $9!# <B $O!" con trast $r JQ $( $k $3 $H $K $h$C $F =$ >~ :nMQ$, 6=J3@-$K$J$C$? $j$9$k$H$$ $&$N$O!":rF| $N Somers $NO@J8$NCf$K $b=P$F$-$^ $7$?$,!"GX7J;I 7c$N%3 %s %H %i %9 %H $K 1~ $8 $F <u MF Ln ;I 7c $K BP $9 $k H? 1~ $N con trast-resp onse curv e $N gain $, JQ 2= $9 $k $H $$ $& $3 $H $G!" $3 $l $O $+ $J $j 0J A0 $+ $i CN $i $l $F $$ $^ $9!# $1 sb %L $b!" ;d C# $N <B 83 $G $O con trast $r high con trast $K 8G Dj$7$F$d$C$F<B83$r$7$F$$$k$N$G!"OC$,C1=c$K$J$C$F$$$^$9!#$=$N>l9g$K$OM^@)@-$N=$>~$,%a%$%s$G!"$7 $+$bF1$8 orien tation $N;~$K:G$b6/$$M^@)@-$N8z2L$,=P$k$3$H$,B?$$$H$$$&$3$H$G$9!# :# EY $O!" 6u 4V <~ GH ?t $K $D $$ $F $N 4X 78 $r 8+ $F $$ $- $^ $9!# $3 $l $O JL $N :Y K& $G $9 $,!" $3 $N $h $& $J orien tation $, optimal $G!" 6u 4V <~ GH ?t $r MM!9 $K JQ $( $F $d $j $^ $9!# $9 $k $H!" 0.1 !" 0.2 !" 0.3Hz 0L $N =j $G!" Hs >o $K $O$C $- $j $H $7 $? H? 1~ $, =P $F $- $^ $9!# 0.6Hz 0J >e $K $J $k $H!" A4 A3 H? 1~ $, =P $J $/ $J $j $^ $9!# $3 $N $h $& $J %K%e!< %m %s$K $D$$ $F!"<uMF Ln;I7c $N6u 4V<~GH ?t$r 0.2Hz !" $D$^$j optimal $K 8GDj $7$F$* $$$F!" surround $N6u 4V<~ GH ?t $r F1 $8 orien tation $K JQ $( $F $d $j $^ $9!# $9 $k $H!" $3 $N $h $& $K 0.1 !" 0.15 !" 0.2Hz !" 0.3Hz !" $9 $J $o $A $3$N:YK&$K$H$C$F:GE,$J;I7c$H$J$k$h$&$J6u4V<~GH?t$G$O!"$O$C$-$j$H$7$?M^@)8z2L$,=P$k$N$G$9$,!"$3 $N :Y K& $, $= $b $= $b H? 1~ $7 $J $$ $h $& $J!" 0.4 $H $+ 0.6Hz 0J >e $N ;I 7c $K $J $k $H!" M^ @) @- $N 8z 2L $, =P $J $/ $J$C $F $7 $^$C$F $$ $^ $9!# $H $$$& $3 $H $G!" @h $[$I =$ >~ :n MQ $O orien tation domain 4V$N ?@ 7P 7k 9g $,GX 7J $K $" $k $H 8@ $$ $^ $7 $? $,!" 6u 4V <~ GH ?t $K BP $9 $k 0M B8 @- $b $" $j $^ $9!# MW $9 $k $K!" ;I 7c %Q %i %a!< %? $, ;w $? $h $& $J $b $N $, cen ter $H surround $K$"$k;~ $K!"$3$3$G $O6/$$M^ @)$,=P$F $$$^$9!#$@$+ $i!"Hs>o$K ET9g$h$/ 2r<a$9$l $P!" $=$3$,0lMM$G$"$l$P=PNO$rMn$H$9$H$$$&%a%+%K%:%‘$,!"J}0LA*Br@-$"$k$$$O6u4V<~GH?tA*Br@-$J$I$r3F!9 6&DL$H$9$k$h$&$J?@7P7k9g$rA0Ds$H$7$FB8:_$7$F$$$k$N$G$O$J$$$+!"$H$$$&$3$H$,8@$($^$9!# !J<ALd<T!K6u4V<~GH?t$H$$$&$N$O$I$N$h$&$KDj5A$7$F$$$k$N$G$9$+!) !J:4F#@h@8!K6u4V<~GH?t$O!";k3P#1EY$K#1<~4|$"$l$P#1 Hz $H$7$F$$$^$9!# 11

!J<ALd<T!K!J;d$O!K%K%e!<%i%k!&%M%C%H%o!<%/$KM>$j>\$7$/$J$$$N$G$9$1$l$I$b!"$=$&$$$&Iw$J>u67$, $I $N$h $&$K :n $i$l $k $+$H $$$& $N $r9M $($F $_ $k$H!" D9 $5$d orien tation $J$I $$ $m$$ $m $J$b $N$K BP $9$k <uMF Ln $,$" $k$H ;W$&$N $G$9 $1$l $I$b!"$= $NCf $GF1$8 <~GH ?t$NF1 $8J} 8~$N$b $N$K BP$7 $FF1$8 la y er Fb$G M^@)$, F/$/ $H $$$& $3 $H$O!" 7k 6I!"$O $8 $a$K $"$k 0l Dj$N <~ GH?t $N $"$k 0l Dj$N orien tation $r N.$7 $? ;~$K!" $= $N;~ $K$N $_ H/ C# $9 $k $b $N F1 ;V $,!" An ti-Hebb B’ $G $* 8_ $$ $K M^ @) $7 $"$C $F $$ $k $3 $H $K $h$C $F!" $= $N $h $& $J ?@ 7P 7k 9g $, 7A@.$5$l$k$H9M$($FNI$$$N$G$7$g$&$+!) !J:4F#@h@8!K%K%e!<%m%s$N3hF0Aj4X$r8+$k$H!"F1$8FCD’$KBP$7$FA*Br@-$r;}$D$b$NF1;N$N7k9g$,!"6=J3 @-$G$"$l!"M^@)@-$G$"$l6/$$$H$$$($^$9!#=>$C$F!"4pK\E*$K$O!"6&DL$NF~NO$r<u$1$FH/C#$7$?6I=j?@7P2s O)$O6/$$6=J3@-7k9g$HM^@)@-7k9g$NN><T$,7A@.$5$l$F$*$j!"$=$l$,F~NO>u67$K1~$8$F0[$J$k6=J3$HM^@)$N %P%i%s%9$N=PNO$r$9$k$h$&$K$J$C$F$$$k$N$@$H9M$($F$$$^$9!# :rHU!"3’ $5$s$,FI$s $@ Somers $NO@J8!"$3$l $OI,FIJ88% $K$b$J$C$F$$$^ $9$,!"$"$l$G $bA0Ds$H$7 $F$$$k $N $O!" 6= J3 @- $N %M%C %H %o!< %/ $H!" $" $k $$ $O M^ @) @- $N %M%C %H %o!< %/ $H!" $3 $l $i $r JL!9 $K J, $1 $k $3 $H $O $G $- $J $$ $1 $l $I$b!" 6= J3 $N F0 :n FC @-$H M^ @) $N F0 :n FC @- $H$O 0c $$ $, $" $j $^ $9!#F~ NO !JF~ NO $H $$ $& $N$O ;I 7c $N in- tensit y $H$$$&$+ con trast $H9M$($F$b$$ $$$1$l$I$b!K$KBP $9$k activit y $O!" 6=J3@-$NJ}$G$Oog CM$ODc$$$, gain $, >. $5$/!" $= $7 $F $"$k =j $^ $G9T$C $? $i saturate $9 $k $$$& @- <A $r ;}$C$F $$ $^ $9!# $=$l $K BP $7 $FM^ @) @- $N J} $O!" og CM $O 9b $$ $N $@ $1 $l $I $b gain $, Bg $- $/ $F!" con trast $, >e $,$C $F $b saturate $7 $J $$!" $9 $J $o $A con trast $NF0$-$KBP$7$F$+$J$j linear $J1~Ez$r<($7$^$9!#$=$&$9$k$H!"Dc con trast $N;~$K$O6=J3$, dom- inan t $J>uBV$, =P$k$1$l $I$b!" high con trast $K$J$C$? ;~$K$O6= J3@-$NJ} $, saturate $7$F$7$^$C $FM^@)@- $NJ}$O$^$@F/$$$F$$$k$h$&$J>uBV$,=P$F$-$^$9!#$3$N$h$&$J4X78$,!"<B$O=EMW$J$N$G$O$J$$$+$H9M$($F$$ $k$o$1$G$9!#$"$k6=J3$KBP$7$F!"$3$l$r>e2s$kM^@)$J$s$F3N$+$KI,MW$J$$$H8@$($P$J$$$N$G$9$,!">/$J$/ $H $b I, MW $J =j $b $" $k $G $7$g $&!# $D $^ $j!" con trast $N range $H $$ $& $+!" 6/ $5 $K 0M B8 $7 $F 6= J3 $H M^ @) $H $N %P %i%s%9$,JQ$o$C$F$/$k!"$H$$$&$3$H$,GX7J$K$"$k$H$$$&;v$r8@$$$?$$$o$1$G$9!#:#$+$i4v$D$+$N@bL@$r$7 $J$,$i!"$=$N$"$?$j$r9M$($?$$$H;W$$$^$9!# 0lHVL\$H$7$F!"<uMFLn;I7c$K$h$kH?1~=$>~$NFCD’$H$7$F$O!";I7cFC0[@-$,$"$j$^$9!#$3$l$OFCD’Cj=P@- domain 4V$N ?@7P 7k9g $r2p$7 $F$$ $k$b $N$G $O$J$$ $+$H $$$& $3$H$G $9!#$= $l$+ $i<! $K!"9-$$ HO0O $KJ, I[$9$k %K%e!< %m %s 3h F0 $r H? 1G $7 $F $$ $k $b $N $, $" $j $^ $9!# $3 $l $K $O ?e J? 7k 9g $J $I!" lateral connection $r 9M $( $? $$!#$3$l$O!"<uMFLn;I7c$r$I$s$I$sBg$-$/$7$F$$$/$H!"H?1~$H$7$F$O$@$s$@$sBg$-$/$J$C$F9T$-!"$"$k$H $3 $m $G :G Bg $N H? 1~ $r $7 $? 8e!" $^ $? H? 1~ $O >. $5 $/ $J$C $F $$ $/!# $3 $l $O F1 $8 orien tation $N �eld $, 9- $,$C $F $$ $/ $N $G!" M^ @) @- $N mo dulation $, @8 $8 $F $/ $k $o $1 $J $N $@ $1 $l $I $b!" $= $l $, full $N 8z 2L $r $b $D $N $K $O 15 EY $/$i $$ $^ $G9- $2 $F$d $i $J$$ $H $$ $1$^ $; $s!#$= $& $9$k $H!" D> 7B 15 EY$H $$ $&$H H> 7B $K$7 $F $b 7 EY$/ $i $$$G $9$+$i!" %M%3$NHi<A>e $N5wN%$K$7 $FC1=c$K$$$& $J$i$P 6 !A 7mm $/$i$$ $G$9!#$7$?$,$C $F!"Hs>o$K9-$$ 5w N%$r4,$-9~$s$G5/$3$C$F$$$k8=>]$G$O$J$$$+$H9M$($i$l$k$o$1$G$9!# F1$8%K%e!<%m%s$G!":#EY$OA4BN$r0lMM$J grating pattern $K$7$F!"$?$@$7$=$N<uMFLn$N cen ter patc h $N <~0O$K gra y $N ann ulus $rCV$-!"$= $7$F$=$N ann ulus $N7B$r $I$s$I$sBg $-$/$7$F$$$C $F!"$=$N<uMF Ln$N<~ 0O$r mask $7$F$d$j$^$9!# $3 $l $O!" $I $l $@ $1 $N HO 0O $r mask $7 $? $i!" $3 $N M^ @) $, 2r =| $5 $l $k $+ $H $$ $& <B 83 $G $9!# $= $& $9 $k $H 1 EY I}$/$i$$$^$G$OA4A3M^@)$O>C$($J$$$N$G$9$,!"$@$s$@$s<e$^$C$F$$$C$F!" 7 EY$/$i$$$^$GI}$r9-$2$F$d$C $? ;~ $K!" 40 A4 $G $O $J $$ $1 $l $I $b $+ $J $j M^ @) $, <h $l $F $$ $^ $9!# $3 $N <B 83 $+ $i $b!" $d $O $j H> 7B $K $7 $F 7 EY $/ $i$$$KAjEv$9$kHi<A$N activit y $r4,$-9~$s$G$$$k$N$G$O$J$$$+$H9M$($i$l$^$9!# <! $K!" GX 7J $, cross-orien tation $N ;~ $K $O $I $& $+ $H $$ $& $H!" 85!9 $= $& $$$C $? M^ @) $O <e $$ $N $G $9 $,!" 1 EY $^$G$O$d$O $j2r=|$5$l$F$$$^$; $s!#$7$+$7 1.5 EY$GM^@)$,2r =|$5$l;O$a!" 2 EY$G$O40 A4$K2r=|$5$l$F$7$^ $$ $^ $9!#$D $^ $j!" cross-orien taion $N surround $OB? >/ $N M^@) 8z 2L $r ;}$D $b $N $N!"$= $N M^ @) 8z2L $O 6u 4V E* $K8B6I $7$F69$$ HO0O$G@8 $8$F$$$^$9!# $G$9$,!" orien tation preference $N0c$$ $H$N4X78 $G!"7k9g$N 9-$5$O 0[$J$j$^$9$,!"D>@\E*!&4V@\E*$K lateral exciation $"$k$$$O lateral inhibition $r driv e $9$k lateral con- 12 nection $, $"$k $N$O 3N $+$G $9!#$G $9 $+$i!" $=$N $h $&$J lateral connection $, 8z$$ $F$$ $k $N$G $O$J $$ $+$H $$ $&;v$G$9!# $= $l $+ $i!" con trast $K BP $9 $k 0M B8 @- $, $" $j $^ $9!#$3 $l $O $5$C $- $N OC $H 4X O" $9 $k$N $G $9 $,!" Blak emore $i$NO@J8$+$i$N0zMQ$G!"%F%-%9%H$K$b7G:\$7$F$$$^$9!#$3$l$O con trast resp onse function $J$N$G$9$,!" $3 $& $$ $& $U $& $K cen ter $N patc h $r =P $7 $? ;~ $K!" $3 $N cen ter $N patc h $N con trast $r $@ $s $@ $s JQ 2= $5 $; $F $$ $- $^ $9!# $= $& $7 $? ;~ $N H? 1~ $O A $N $h $& $J sigmoid $N curv e $K $J $k $o $1 $G $9 $,!" B $" $k $$ $O C $G $O GX 7J ;I7c $r IU$1 $F $*$j!" B $O lo w con trast $NGX 7J ;I7c $G!" C $O high con trast $N;I 7c $G$9!# $3 $A$i $OGX 7J $N;I7c$N con trast $r8GDj$7$F$$$^$9!#$=$7$FF1$8$h$&$K$3$N cen ter patc h $N con trast $N resp onse func- tion $r D4 $Y $F $_ $k $H!" $3 $& $$ $& $U $& $K $J $j $^ $9!# $$ $: $l $K $7 $F $b!" lo w con trast $N J} $G $O H? 1~ $N facili- tation $,$"$C $F!" high con trast $NJ} $K$*$$ $F$OH? 1~$N suppression $,$" $j!"H?1~ $,<e$/ $J$C$F$$$^ $9!# 5!G=E*$K$O!" gain con trast $rMn$H$7$F!"9-$$HO0O$N con trast 0h$KF1$8$h$&$J=PNO$r=P$5$;$k$H8@$C$?5! G=$,$"$k!#$=$l$O!"@bL@$,Fq$7$$$N$G$9$,!"6=J3@-:YK&$HM^@)@-:YK&$H$N%P%i%s%9$,$"$k$N$G$O$J$$$+$H $$$&$3$H$G$9!# 7k 6I!" M^ @) @- :Y K& $H 6= J3 @- :Y K& $H $O!" F~ NO $K BP $9 $k 1~ Ez @- $, 0c $& $H $$ $& $3 $H $, $" $j $^ $9!# $^ $?!" GX 7J ;I7c$K$h$k mo dulation $OHyL/$J $H$3$m$,$"$C$F!"$3$l$, lo w con trast $N;~$K$O35$7$F facilitatory $J8z 2L $r ;} $A $^ $9 $,!" con trast $, 9b $/ $J$C $F $/ $k $H M^ @) $, 6/ $/ $J$C $F $- $F!" 30 B& $+ $i $+ $+$C $F $/ $k 6= J3 @- $N :nMQ$K$h$C$F!"5U$K%P%i%s%9$,:#EY$OM^@)$NJ}$K79$$$F$7$^$C$F!"$o$:$+$JM^@)$,@8$8$F$/$k!#$@$1$I!" $3 $A $i $N J} $G $O!" lo w con trast $N ;~ $K $O 2? $+ facilitatory $J 8z 2L $, 6/ $/ =P $k $1 $l $I $b!" $= $l $, $o $: $+ $G $b cen ter $N con trast $r 1[ $( $k $H!" in teraction $N 7k 2L $H $7 $F!" 6/ $$ M^ @) $K E> $8 $F $7 $^ $&!# $3 $l $O 2r <a $, Av$j$9$.$F$$$k$N$G!"%&%=$@$H;W$C$FJ9$$$F$b$i$C$F$bNI$$$G$9!# 6 V1 :YK&$K$*$1$kH/2PFC@-$N adaptation $H$=$N;I7cFC0[@- :#EY$O!";I7cFC0[E*$K adaptation $r@8$8$k$H$$$&8=>]$K$D$$$F$NOC$G$9!#$3$l$O>/$78E$$$N$G$9$, 1979 G/$N Mo vshon & Lennie $N O@J8 $+$i $N0z MQ$G $9!# V1 $+$i %K%e!<%m %s$r 5-O? $7$F $*$$ $F!" con trast $r $@ $s $@ $s >e $2 $F $$ $- $^ $9!# $= $7 $F grating $r F0 $+ $7 $F H? 1~ $r 5- O? $9 $k $N $G $9 $,!" A $G $O $@ $s $@ $s H? 1~ $, 6/ $/ $J$C $F $$ $- $^ $9!# $= $7 $F!" B $G $O 2? $r $d$C $? $+ $H $$ $& $H!" FC Dj $N 6u 4V <~ GH ?t $N orien tation $N grating ;I7c $r;k Ln$N A4LL $K=P $7$F!" 120 IC 4V$N adaptation $r $5$;$F $d$j $^$9!# $=$& $7$F!" $=$N 8e$G ;I7c$r =P$7 $F $d $k $H!" $3 $& $$ $& $U $&$K H? 1~ $, >. $5 $/ $J$C $F $7 $^ $&!# og CM $N A} Bg $, 5/$3 $j!" $7 $+ $b resp onse $b >.$5 $/ $J$C $F $7 $^ $& $H $$ $& $3 $H $G!" $3 $l $O adaptation $, @8 $8 $F $$ $k $H 9M $( $i $l $^ $9!# $7 $+ $b $3 $N adaptation $O orien tation $KFC0[E*$G$9!# adaptation $, 5/ $- $F $$ $k ;~ $K 2? $r 9M $( $l $P NI $$ $+ $H $$ $& $H!" Nc $( $P @Q 6K E* $K M^ @) $, F/ $$ $F $$ $k!" $" $k $$ $O %+ %j %& %‘ $N conductance $, A} Bg $7 $F $$ $k 2D G= @- $b $" $k $N $G $9 $,!" 0l HV 9M $( $d $9 $$ $N $O!" %M%C %H %o!< %/ A4 BN $N 6= J3 @- $, Mn $A $F $$ $k $H $$ $& $3 $H $G $9!# $3 $l $O F erster $N <B 83 $G $9 $1 $l $I $b!" $b $& ;~ 4V $, 2! $7 $F $- $F$$ $k$N $G>\ $7$$ @bL@ $O$7 $^$; $s$,!" $3$& $$$& $U$& $K lo w con trast $J ;I7c $K$h $k adaptation !"$= $l $+ $i high con trast $J ;I7c $G adaptation $5$; $?;~ $NH? 1~$G $9!#2# <4$O;I 7c$N con trast $G $9!#KlEE 0L1~ Ez$G $= $N DC @. J, $r D4 $Y $F $_ $k $H!" high con trast $G ;I 7c $7 $? ;~ $K $O 2a J, 6K $, 5/ $3$C $F $$ $^ $9!# $D $^ $j DC- shift $, 5/ $3$C$F $$ $k!# $H$$ $& $3 $H$O!" $d $O $j 2?$, $7 $+ $NA4 HL E* $J6= J3 @- F~ NO$, net w ork A4BN $H $7 $F Mn$A $F$$ $k$H $$$& $3$H $G$9!# $?$@$7!" $3$N F1 @. J,$r 8+$F $_$k $H!"F~ NO$N<~ 4|$K 1~$8 $FJQ 2=$9 $kKlEE 0L1~ Ez$O Bg $7 $F 0c$C $F $$ $J $$!# D> @\ F~$C $F $/ $k $= $N 6= J3 @- $N driv e $h $j $b!" $= $N base $N lev el $G M? $( $i $l $F $$ $k 6=J3$,Mn$A$F$$$k$H$$$&$3$H$G$9!# !J<ALd<T!K$=$l$O<B838e!"85$KLa$k$N$G$7$g$&$+!) !J:4 F# @h @8!K85 $K La $j $^ $9!#$@ $+ $i!" 5- O? $9$k ;~ $K $O!" ;I 7c$r Av $i $; $k D>A0 $K H‘ $i $N >l9g $O 20 IC $[ $I $N adaptation $r $d$C $F $+ $i ;I 7c $r F0 $+ $7!" $^ $? La$C $F $7 $^ $& $+ $i $^ $? adaptation $5 $; $F F0 $+ $7!" $H $$ 13

$&$U$&$G$9!# !J<ALd<T!K$G$O!"$9$4$/Aa$$0l2a@-$N$b$N$H$$$&$o$1$G$9$M!# !J:4 F# @h @8!K $= $& $G $9!# $3 $3 $G $b F1 $8 DC-shift $, 5/ $3$C $F $7 $^$C $F $$ $k!# $G!" $= $l $r 9M $( $? $H $- $K!" @h $[ $I $N O@ J8 $G $9 $,!" $3 $l $O %M %: %_ $N 3 AX $N ?m BN :Y K& $G $9!# ?m BN :Y K& $K IU $$ $F $$ $k 6= J3 @- %7 %J %W %9 $H M^ @) @- %7 %J %W %9 $H $$ $& $N $O!" 9b IQ EY F~ NO $K BP $7 $F 0[ $J $k depression $r <( $7 $^ $9!# $= $7 $F!" 6= J3 @- %7 %J %W %9 $NJ} $, depression $r@8 $8$d $9$$ 20Hz $H $$$& ;I7c$G $b$C$F!" v oltage clamp K!$G EPSC $H IPSC $H $$$& $N $r 5- O? $7 $F!" $= $N EPSC $H IPSC $r =E $M =q $- $7 $F $$ $^ $9!# $3 $l $O J, $+ $j Fq $$ $1 $l $I $b!" $3 $A $i $N 8: ?j $, M^ @) @- %7 %J %W %9 EE N.!" IPSC $G $9 $M!# $= $l $G EPSC $N J} $O $[ $H $s $I L5 $$ $/ $i $$ $K 8: ?j $7 $F $7 $^$C $F $$ $k!# $3 $l $O $? $+ $@ $+ 1 IC $/ $i $$ $N 4V $K $3 $& $J$C $F $7 $^ $& $N $G!" Hs >o $K Aa $/ 5/ $3 $k adaptation !" $H $$ $& $+ depression $J $o $1 $G $9!# $= $l $O ;I 7c $N 7+ $j JV $7 IQ EY $, 9b $/ $J $k $[ $I P* N% $, L@ $i $+ $G!" 6= J3 @- %7 %J %W %9 $K 6/ $$ depression $r @8 $8 $F $$ $k!# $H $$ $& $3 $H $O!" 6/ $$ F~ NO $, F~$C $F $- $? ;~ $K $O Hs >o $K Aa $$ ;~ 4V $G 6= J3 @- %7 %J%W%9$N depression $,@8$8$k$3$H$r<(:6$9$k$o$1$G$9!# $3 $l $O $" $^ $j $O$C $- $j $H 8+ $( $J $$ $G $9 $1 $l $I $b!" %M %3 $N 2-3 AX $N ?m BN :Y K& $K I8 <1 $r $7 $F $$ $^ $9!# $3 $l $, B> $N NN Ln $X =P NO $9 $k <4 :w $G $9!# ES Cf $+ $i ?e J? <4 :w B& ;^ $, ;^ J, $+ $l $7 $F horizon tal connection $, $:$C $H 1d $S $F 9T $-!" NY $N :Y K& $N distal dendrite $K IU $$ $F $$ $k $H $$ $& 3( $G $9!# $3 $N ?e J? 7k 9g $K $O!" <B $O 2 H/ ;I 7c $G!" $9 $J $o $A train $G F~ NO $, F~$C $F $- $? ;~ $K depression $r 5/ $3 $9 $H $$ $& @- <A $, 82 Cx $G $9!# $3 $l $O $" $k %K%e!< %m %s $N 5- O? Nc $G $9 $1 $l $I $b!" 1 8D $N ?m BN :Y K& $r 5- O? $7 $F $$ $F!" 6a $$ $H $3 $m $O 100 %_ %/ %m %s 0J Fb $G $9!" 1s$$ $H$3 $m $K$J $k$H 350 %_ %/ %m%s 0J>e N% $l$? =j$N!" 2 $D $N horizon tal input $N source $H $J $k single cell $rDO$^$($F!"$=$N single ItJ,$N horizon tal input $r5-O?$7$F$d$j$^$9!#$=$l$r 2 H/;I7c$7$?;~$K!" 1 H/ L\ $N H? 1~ $O $3 $s $J $K Bg $- $$ $N $G $9 $,!" 2 H/ L\ $O $[ $H $s $I 8+ J, $1 $i $l $J $$ $/ $i $$ $K L5 $/ $J$C $F $7 $^$C $F $$$^$9!# a v erage $G$bF1MM$G$9!# 2 H/;I7c$N4V3V$O 100msec $G$9!#$3$l$O paired pulse depression $H8@ $$ $^ $9 $,!" $3 $N $h $& $K Hs >o $K depression $r 5/ $3 $7 $d $9 $$ $3 $H $, $" $2 $i $l $^ $9!# $3 $l $O JL $N :Y K& $G $9 $1 $l $I $b!"$d $O$j F1$8 $h$& $KL@ $i$+ $J depression $,@8 $8$F $$$^ $9!# short distance $G$b!" $d$O $j depression $O 2 H/ L\ $K @8 $8 $F $$ $^ $9!# $3 $l $K BP $7 $F!" 4 AX $+ $i $N =D J} 8~ $N single input $K $D $$ $F 8+ $F $_ $k $H!" :# EY $O facilitation $"$k$$$O depression $,5/$3$C$?$j$7$F$$$^$9!# 7 $^$H$a $3 $l $O :# $^$G $N $^ $H $a $G $9 $,!"4] $, $= $l $> $l $N :Y K&$K BP 1~ $7 $F $$ $^ $9!# horizon tal depression $K $D $$ $F 8@ $& $H!" 2 H/ ;I 7c $N ;~ $K $O!" $[ $H $s $I $N :Y K& $G 2 H/ L\ $N EPSP $, >. $5 $/ $J $k!# $= $l $K BP $7 $F!" =D J} 8~ $N %$ %s %? %i %/ %7%g %s $O facilitation $r 5/ $3 $7 $? $j!" depression $r 5/ $3 $7 $? $j!" $I $A $i $b $" $k!# $D $^ $j $3 $3$G8@$$$?$$$3$H$O!" horizon tal connection $NJ}$O depression $,5/$3$j$d$9$$$H$$$&$3$H$G$9!# $=$l$G2?$,8@$$$?$$$+$H$$$&$H!"$3$&$$$&$U$&$J a�eren t $,F~$C$FMh$?$H$7$F!" 4 AX$N:YK&$,$"$C$F!" 2-3 AX$N?mBN:YK&$,$"$k$H$7$^$9!# 2-3 AX$N?mBN:YK&$O!"6&DL$N;I7cFCD’$K preference $r;}$D:YK&F1;N$, lateral connection $G $D$J$,$C$F $$$^$9!#$= $N$h$& $J>u67$G!" $3$N cen ter $H surround $N NN0h$N ;kLn$,;I 7c$5$l$?$H$9$k$H!" cen ter $@$1$G$O9-$$HO0O$K6/$$6=J3$O@8$8$J$/$F!" lateral excitation $bHf3SE* sat- urate $7 $J $$ >u BV $G $" $k $o $1 $G $9!# $@ $1 $I Hs >o $K 9- $$ HO 0O $, ;I 7c $5 $l $k $H!" 9- $$ >l $K 6/ $$ 6= J3 $, @8 $8 $F $7 $^$C $F!" $I $& $b $= $l $K $h$C $F horizon tal connection $, 8_ $$ $K recurren t $G 6= J3 $r 6/ $a 9g $& $H!" $9 $0 $K depression $K $D $J $,$C $F $7 $^ $&!# $7 $+ $b!" horizon tal It J, $N excitation $, F~$C $F $/ $k $3 $H $K $h$C $F!" =D J} 8~ $N 6= J3 @- %7 %J %W %9 $b depression $r 5/ $3 $7 $F $7 $^ $&!# ;d $? $A $, 4Q ;! $7 $? $h $& $J high con trast $N ;I 7c $r$7$?;~$K$O!"$=$&$$$&$3$H$,Hs>o$KC;;~4V$K5/$3$C$F$$$k$N$G$O$J$$$+!"$H$$$&$o$1$G$9!# $9$J$o$A!"F1$8 orien tation $K preference $r;}$D5!G= domain $K sp eci�c $J depression !"$"$k$$$O mo d- ulation $, @8 $8 $F $$$k!# A4 BN $N con trast $, Dc $1$l $P!" $= $l $O facilitatory $J 8z 2L $r $b$D $3 $H $b $" $k $+ _b %* $l $J $$!# $?$@!" :r F| $N OC $G $7$? $G $7$g $& $+!" LV Kl%l %Y %k $G $b adaptation $, $" $j!" F~NO NL $r a v eraging $7 14

$F!"$=$3 $+$i$N deviation $r?.9f $H$7$FF1Dj $7$?$j$9$k $h$&$J@- <A$,$"$k!#$D $^$j!"$$$m$s $JL@$k$5$N %l %Y %k $K adaptation $7 $F!" 0l HV NI $$ It J, $G ;I 7c Cj =P $N dynamic range $r 9- $2 $F $d $k $H $$ $& %a %+ %K %: %‘ $, LV Kl %l %Y %k $G $b $" $k $o $1 $G $9!# $@ $1 $l $I $b!" $= $l $O Hi <A $N %l %Y %k $G $b!" $3 $N $h $& $J 5! G= domain 4V $N ?@ 7P 7k 9g $r GX 7J $H $7 $? net w ork %l %Y %k $G $b!" ;w $? $h $& $J $3 $H $O 9M $( $i $l $k $N $G $O $J $$ $+ $H $$ $& ;v $G $9!# $3 $l$O!"L@ $k$5$@$1$G $O$J$/$F!"0l MM$J con trast pattern $,B8:_$7$F $$$k;~$K$b F1$8$h$&$J adaptation $N %a%+%K%:%‘$,$"$C$F!"$=$l$H0c$&$b$N$,$"$k$H$$$&$3$H$r8!=P$7$d$9$/$9$k$N$G$O$J$$$+!"$H$$$&$3$H$, 9M$($i$l$^$9!# pattern $KBP$9$k adaptation $H$$$&$3$H$G$9!# $3 $l $O Somers $N %b %G %k $G $9 $,!" :# $^ $G $K H=$C $F $$ $k @8 M} 3X E*!& 2r K6 3X E* %G!< %? $r @9 $j 9~ $s $@ $b $N $G $9!# $3$l $O!" lo cal $K $b Hs >o$K >e <j $/?6 $k Iq$& $7!" :# $N$h $& $J cen ter-surround $N ;I 7c $rF~ $l $F$d$C $? ;~ $K $b ph ysiology $N %G!< %? $K 9g $& $h $& $J 7k 2L $r =P $7 $^ $9!# $@ $1 $I!" a�eren t $, F~$C $F $- $F!" $= $l $r <u $1 <h $k 1 $D $N AX $7 $+ $J $$ $7!" 2# J} 8~ $N 7k 9g $7 $+ 9M $( $F $$ $^ $; $s!# $? $@ $7!" $= $3 $K 6= J3 $H M^ @) $N F0 :n FC @- $r @9 $j 9~ $s$G $$ $^ $9!# $5 $i$K!" 6= J3 $H M^ @)$N 7k 9g Hf $d!" $"$k $$ $O orien tation domain 4V $N 7k 9g6/ EY $H $$ $& $N $r <h $j F~ $l $F $$ $^ $9!# $7 $+ $7!" @h $[ $I $N 6u 4V <~ GH ?t domain $H $$ $& OC $O A4 A3 F~$C $F $$ $J $$ $7!" singular- it y $J $I $H $$$C$? $b $N $b F~$C $F $$ $J $$ $G $9 $M!# $G $9 $+ $i!" $5 $i $K $= $&$$ $& $b $N $, F~$C $F $$$C $? ;~ $K 2? $, =P $F $/ $k $N $+ Hs >o $K 6= L# ?< $$ $G $9!# 3N $+ $J ;v $O!" $3 $N %b %G %k $O >/ $J $/ $H $b 2f!9 $, 8+ $D $1 $F $- $? $3 $H $r @0 M} $9 $k $N $K $O Hs >o $K NI $$ $7!" $I $l $/ $i $$ $N %Q %i %a!< %? $r F~ $l $? $H $- $K K\ Ev $i $7 $/ ?6 Iq $& $+ $H $$ $& $3 $H $b ;2 9M$K$J $k!#$G$9$+$i!" $3$l$O$3$l $G!" Ho dgkin-Huxley 7?$N%b %G%k$K adaptaion $N cunductance $H$+!" after h yp er conductance $H$+ $rF~ $l$?4J C1$J$b $N$r85 $K!"Hs>o $K$$ $m$$$m $J>r7o $d%Q%i %a!<%?$r @9$j 9~ $s$G$$$F!"2f!9$K$H$C$F$OHs>o$K$"$j$,$?$$$J$H;W$&$o$1$G$9!# $?$@!"$3$l$r3’$5$s$,<+J,$GA4ItJY6/$7$F!"$3$&$$$&$U$&$J$b$N@9$j9~$s$G$d$m$&$H$9$k$H!"$H$s$G$b $J$/BgJQ$J$3$H$K$J$j$^$9!#$‘$7$m!"@8M}20!"$"$k$$$O2rK63X<T$HAH$s$G!"%A!<%‘$r:n$C$F$d$k$H$$$&$N $,K>$^$7 $$;Q$@$H;W$&$7!" Somers C#$N =j$G$b Nelson $r0lHV$N leader $H$7$F!" %A!<%‘$r:n$C$F$d$C$F$$ $k$s$G$9$M!#$G$9$+$i!"$3$N$h$&$J5!2q$,!"F|K\$N?@7P2J3X<T$N%M%C%H%o!<%/$r:n$k>l$H$7$FBgJQNI$$$H ;W$$$^$9!# 0J>e$G$9!# !J<A Ld <T!K ;w $? <T F1 ;V $K M^ @) $, $" $j $= $& $@ $H $N $3 $H $G $7 $? $,!" AX Fb $G $N ?e J? 7k 9g $G $d$C $F $$ $k $N $+!" $=$l$H$b$"$k$$$O!"$$$C$?$s>e$K9T$C$FLa$C$FMh$k$h$&$J!"NNLn$r1[$($?7A$GM^@)$,5/$3$C$F$$$k$N$+$H $$$C$?$3$H$K$D$$$F2?$+$*9M$($O$"$j$^$9$+!) !J:4F#@h@8!K$=$l$O!" geniculate $r2p$7$?$b$N$G$O$J$$$@$m$&$H$$$&OC$O$"$k$s$G$9$M!#$H$$$&$N$O!" geniculate $N %K%e!<%m %s $G$O saturation $, @8 $8 $J$$ $h $&$J con trast %l %Y%k $G $d$C $F$b!" :# 8+$? $h $&$J Hi <A %l %Y %k $G $N saturation $H $+ adaptation $O @8 $8 $k $+ $i $G $9!# $3 $l $O >/ $J $/ $H $b!" $^ $" geniculate $, Hs >o$K high con trast $J ItJ,$K 4XM?$7 $F$$$J $$$H $&$3$H $O8@$( $^$;$s $1$l $I$b!"$‘ $7$mHi <AFb$+ >e0L $r2p$7 $?$b$N$+$b$7$l$^ $;$s!#$?$@$7!">e0L$r2p$7$?%a%+%K %:%‘$H$$$C$F$b!" top do wn $N%a%+%K%:%‘$O$^$?JL $K $" $k $@ $m $& $H!# $G!" ;d $, :# F| >R 2p $7 $? $N $O A4 $F Kc ?l 2< $N F0 J* $N 7k 2L $G $9!# $G $9 $+ $i!" $= $& $$ $& 0U L# $G $O top do wn $H$$$&$N$OA4$/F/$+$J$$ $H$$$&$3$H$G$O$J$$$G$9$1$l$I$b!" $"$^$j8z$$$F$$$J$$$@$m$&$H;W $$$^ $9!#$= $l$+ $i:# $N Somers C#$N %b%G %k$r 8+$F $b!" V1 $@$1 $G:n $l$k $H$$ $&$3 $H$G $9$+ $i!">/ $J$/ $H$b V1 $G $*$= $i $/ :#$N $h $& $J@- <A $r=P $9 $h $&$J %M%C %H %o!<%/ $, $" $k$@ $m $&$H!# $? $@ $7!"$b $A $m $s$= $l $@$1 $G $O$J$/$F!"$$$m$$$m$J%l%Y%k$GF1$8$h$&$J$3$H$r<B8=$7$F$$$k$H$$$&$N$,G>$N;EAH$_$@$m$&$H;W$$$^$9$N $G!" top do wn $J@- <A$r ;H$C$F$b $G$- $k$7!"$= $l$O 8+J} $rJQ$( $l$P atten tion $H$$ $&8@$$ J}$r $7$?$j $9$k $N$@$m$&$H;W$$$^$9!# !J<ALd<T!K;w $?<TF1;V$,M^ @)$7$"$&$H$$ $&0u>]$r<u$1$? $N$G$9$1$l$I $b!"2?$,!J6qBNE* $K$O!" orien ta- tion $^ $? $O <~ GH ?t!K ;w $F $$ $k $N $G $7$g $& $+!) $= $l $O N> J} $H $b F1 $8 $G $J $$ $H M^ @) $7 $J $$ $N $+!" $b $7 $/ $O JR J}$@$1$G$bM^@)$9$k$N$G$7$g$&$+!) !J:4F# @h@8!K orien taion $r 90 EYJQ$( $F$7$^ $&$H!"<~ GH?t $K$h$k M^@)$b =P$J$/ $J$C$F$7 $^$$$^ $9!#$G$9 15

$+ $i!" orien tation $r B7 $( $F $* $$ $F 6u 4V <~ GH ?t $X $N 0M B8 @- $r 8+ $F $d $k $H!" orien tation $N J} $, 6/ $/ $+ $D $h $j sp eci�c $K$J$C$F$$$^$9!# !J<A Ld<T!K <~ GH ?t$r JQ $($F $* $$ $F!" orien tation $r JQ $($? ;~ $K$O $I $& $G$9 $+!) $D$^ $j!" <~ GH?t $G $$$& $H A4A3M^@)$79g$o$J$$$H$3$m$G!" orien tation $rJQ$($?$H$$$&$3$H$G$9$,!# !J:4 F# @h@8!K orien tation $, $, $i$C$H 0c$C $F $7$^ $& $H!" 6u 4V<~ GH ?t $, 0c$C$F $F $b B7$C$F $F $b!" 4X 78$J $/ $J$j$^$9!# !J<A Ld <T!K ?e J? 7k 9g $G $D $J $,$C $F $$ $k %K%e!< %m %s F1 ;V $N H? 1~ FC @- $H $$ $& $N $O!" $I $N $h $& $K 0c $& $N $G $9 $+!) !J:4 F# @h @8!K 6& DL $7 $? $b $N $, B? $$ $G $9!# $= $l $K 4X $7 $F 4v $D $+ <B 83 $, $" $j $^ $9 $1 $l $I $b!" cross corre- lation $N <B 83 $J $I $G!" $+ $J $j N% $l $? $H $3 $m $N %K%e!< %m %s $r 5- O? $7 $F $* $$ $F!" $I $& $$ $& $U $& $J %K%e!< %m %s 4V $G$I $N $h$& $J 3h F0Aj 4X $,=P $k $+$H $$ $& $H!"L@ $i $+$K 6& DL$N orien tation preference !" $" $k$$ $O 6& DL$N ?’ A* Br @- $r <( $9 $b $N $K Aj 4X $, =P $^ $9!# $D $^ $j!" 6a $/ $N 7k 9g $H $$ $& $N $O 85!9 F1 $8 $h $& $J functional domain $N :Y K& $, 6a $/ $K =8 $^$C $F $$ $k $+ $i!" $+ $J $j sp eci�cit y $r ;}$C $F $$ $^ $9!# $= $l $K BP $7 $F!" 300 %_ %/ %m %s 0J >e N% $l $? $H $3 $m $K $"$k $h $& $J 6= J3 @- 7k 9g $H $$ $& $N $O!" sp eci�cit y $, 7k 9= $O$C$- $j $7 $F $$ $F!" F1 $8 prefer- ence $r ;}$C $? $b $N F1 ;V $, $D $J $,$C $F $$ $k $H $$ $& $3 $H $G $9!# $b $A $m $s!" A4 $/ F1 $8 $b $N F1 ;V $7 $+ 7R $,$C $F $$ $J$$$H$$$&$3$H$G$O$J$/$F!"A4$/F1$8$b$N$r%T!<%/$K$7$F!"$=$l$+$iN%$l$F$$$/$4$H$K$=$l$i$N7k9g6/EY $,Mn$A$F$$$/$H$$$&$3$H$G$9$,!# !JF<C+@h@8!K$=$m$=$m;~4V$G$9$N$G!"8e$N5DO@$O%l%9%H%i%s$G$H$$$&$3$H$G$h$m$7$$$G$7$g$&$+!) :G 8e $K 0l 8@ 2C $( $? $+$C $? $N $G $9 $,!" 4 AX 0J 2< $N :Y K& $H $$ $& $N $O $" $s $^ $j 8+ $F $$ $J $$ $G $9!# >. >> @h @8 $, $* OC $K $J $i $l $k $H ;W $$ $^ $9 $,!" %5 %k $N 4 AX 0J 2< $G $O $‘ $7 $m LL $K 1~ Ez $9 $k!" $9 $J $o $A <u MF Ln $h $j $b Bg $- $$ ;I7c$KBP$7$FA4$/H?1~$,Mn$A$J$$$h$&$J$b$N$,=P$F$-$^$9!#$=$l$O$*$=$i$/!"JL$N5!G=$K4XM?$7$F$$$k$N $G$O$J$$$+$H9M$($i$l$^$9!# $= $l $H!" $" $" $$ $& $U $& $K adaptation $, @8 $8 $F $7 $^ $& $H grating $, 8+ $( $J $/ $J$C $F $7 $^ $& $G $O $J $$ $+ $H ;W $o $l $k $+ $b $7 $l $^ $; $s $,!" $= $& $G $O $J $/ $F!" $" $k p opulation $K adaptation $, @8 $8 $F $$ $k $H $- $K $O!" JL $N %A%c %M %k $, F/ $$ $F $$ $k $N $+ $b $7 $l $^ $; $s!# $" $k $$ $O!" $= $l $O $R$g$C $H $7 $? $i 4 AX 0J 2< $N %K%e!< %m %s $H 6/ $$ Aj 4X $r ;}$C $F F/ $$ $F $$ $k $+ $b $7 $l $^ $; $s!# $= $& $$ $& $U $& $K M} 2r $7 $F $/ $@ $5 $$!# <J LO MM $, 8+ $( $J $/ $J$C$F$7$^$C$F$O:$$j$^$9$+$i!J>P!K!# 16