%@%$%J%_%C%/$J%7%J%W%9$H?@7P2sO)5!G= | 8:?j%7%J%W%9!$HsBP>N L TP !& L TD $N<B83$H%b%G%k$+$i | 9V;U!’ ?<0f J~<y!JEl3$Bg3X!&9)!$ CREST !K %l%]!<%?!<!’2CG< ?50lO:!$>.NS ?-0l J?@. 11 G/ 8 7n 25 F| 1 $O$8$a$K 9b EY $G =@ Fp $J G> $N >p Js =h M} 5! G= $r ;Y $( $k =E MW $J Cl $N 0l $D $O 3X =, G= NO $G $" $m $&!% 3X =, $r 2D G= $K $7 $F $$ $k $b $N $O!$ %K%e!< %m %s $N 2s O) LV $, %7 %J %W %9 7k 9g $r 3h F0 >u 67 $K 1~ $8 $FJQ2=$5$;$kG=NO$G$"$k$H9-$/9M$($i$l$F$$$k!% Hebb $K $h $j!$ %7 %J %W %9 A0 $H%7 %J %W %9 8e %K%e!< %m %s 4V $N 7k9g $O 3h F0 4V $N Aj 4X $K 0M B8 $7 $F JQ 2= $9 $k $H $$ $&!$ $$ $o $f $k !V;H MQ EY 0M B8 $N %7 %J %W %9 2D A: @-!W $H $$ $& 9M $( $, Ds >’ $5 $l $F $+ $i $[ $\ H> @$ 5* $r 7P $?!% $3 $l $O %7 %J %W %9 A0 8e $N H/ 2P N( $r $= $l $> $l f pr e !$ f post $H$9$k$H!$7k9g8zN( w $, � w / f pr e � f post (1) $K =>$C $F 99 ?7 $5 $l $k $H $$ $& $b $N $G $" $k!% $3 $N Ds 0F $O $= $N 8e B? $/ $N <B 83 ;v <B $K $h $j ;Y ;} $5 $l $k $3 $H $H $J $j!$$^ $? $3 $N !V Hebb B’!W $K 4p $E $$ $? $5$^ $6 $^ $J @8 J* E*!$ 9) 3X E* ?@ 7P2sO)%b%G%k$,Ds=P$5$l!$$=$l$J$j$K@.8y$r<}$a$F$-$?!% $7 $+ $7 $J $, $i!$ %7 %J %W %9 7k 9g It 0L $G $N ?. 9f EA C# $d 2D A: @- $N ?@ 7P 5! 9= $K 4X $7 $F $O $^ $@ IT L@ $J E@ $, B? $/!$ $^ $? %7 %J %W %9 2D A: @- $, <B :] $N 9T F0 %l %Y %k $G $N 3X =, $K D> @\ E* $K 4X 78 $r ;} $D $+ $H $$ $& E@ $K 4X $7 $F $b $$ $m $$ $m $H 5D O@ $, $" $k!% :G 6a $O %7 %J %W %9 $N F0 :n $O $3 $l $^ $G 9M $( $i $l $F $$ $? $h $j $b $O $k $+ $K F0 E* $G $" $j!$ $3 $l $^ $G $N %7 %J %W %9 $N %$ %a!< %8 $rJQ$($J$1$l$P$J$i$J$$$N$G$O$J$$$+$H$$$o$l$k$h$&$K$J$C$F$-$?!% K\ 9V 5A $G $O $3 $l $i $r $U $^ $(!$ %7 %J %W %9 $K 4X $9 $k :G 6a $N OC Bj $+ $i 8: ?j %7 %J %W %9 !J de- pressing synapse !K!$HsBP>N L TP/L TD !J asymmetric long{term p oten tiation/depression !K $K $D $$ $F $r 35 @b $9 $k!% 8= :_ $^ $G $K Js 9p $5 $l $F $- $? $3 $l $i $N 8= >] $N <B 83 E* CN 8+ $H $= $N %b%G%k$r>R2p$7!$$=$N5!G=E*Lr3d$K$D$$$F5DO@$9$k!% 1

2 8:?j%7%J%W%9 :G 6a Bg G> Hi <A $N ?m BN :Y K& 4V $N %7 %J %W %9 $N Cf $K!$ O" B3 E* $J %9 %Q %$ %/ F~ NO $K BP $7 $F EA C# 8z N( $r ;X ?t 4X ?t E* $K 8: ?j $5 $; $k $b $N $, $" $k $3 $H $, H/ 8+ $5 $l $? [1, 11] !% $^ $? $3 $N FC @- $r 8= >] O@ E* $K %b %G %k 2= $9 $k ;n $_ $b 9T $J $o $l $F $- $F $$ $k!% $5 $i $K :G 6a $G $O 8: ?j %7 %J %W %9 $N ?@ 7P 2s O) %l %Y %k $G $N 5! G= E* $J Lr 3d $K $D $$ $F 5D O@ $9 $k 6= L# ?< $$ Js 9p $b $5 $l $F $$ $k!% %7%J%W%98zN($NC;4|4V$G$N8:?j$K4X$7$F$O0JA0$K$bJs9p$,$J$+$C$?$o$1$G$O$J$$!% $7$+$76aG/$N8:?j%7%J%W%9$G$N?.9fEAC#$K4X$9$k0lO"$N8&5f$O!$ Markram $H Tso dyks [11] !$ Abb ott $i [1] $+ $i ;O $^$C $? $H 9M $( $F $h $$ $@ $m $&!% H‘ $i $N O@ J8 $K $h$C $F ?. 9f EA C# $N 8: ?j 2a Dx $K 4X $9 $k 4p K\ E* $J <B 83 ;v <B $H!$ $= $l $i $N <B 83 7k 2L $K 4p $E $/ %7 %J %W %9 $G $N?.9f=hM}$K4X$9$k?t3XE*%b%G%k$,O@$8$i$l$F$$$k [11, 16, 1] !% 2.1 8:?j%7%J%W%9$N?tM}%b%G%k (1) !’ 3 JQ?t%b%G%k Tso dyks $H Markram $O %7 %J %W %9 @\ 9g It $G $N ?@ 7P EA C# J* <A !J \Resources" !K $N $H $j F@ $k >u BV $r 3 <o N‘ $K J, N‘ $7!$ $= $N 2s <} %@ %$ %J %_ %/ %9 $+ $i 8: ?j %7 %J %W %9 $r %b %G %k 2= $7 $F <B 83 7k 2L $H Hf 3S $7 $? [16] !% $3 $l $O ?@ 7P EA C# J* <A $r M- 8z !J e�ectiv e !$Mx MQ 2D G= $J >u BV!K!$IT 3h@-!J inactiv e !$%l%;%W%?$KJa3M $5$l$?>uBV!K!$2s <}!J reco v ered !K$N 3 >u BV $KJ,$1!$$=$l$>$l$N3d9g$N4X78$r0J2<$N<0$GI=$7$?$b$N$G$"$k!% dR dt = I � r ec dE dt = � E � inact + U S E � R � � ( t � t AP ) I = 1 � R � E (2) $?$@$7!$ E ; I ; R $O M-8z!$IT3h@-!$2s<}$N3F>uBV$r$H$k?@7PEAC#J*<A$N3d9g$rI=$9!% � inact !$ � r ec $O $= $l $> $l IT 3h @-!$ 2s <} >u BV $N ;~ Dj ?t!$ t AP $O %7 %J %W %9 A0 3h F0 EE 0L $N %7 %J %W %9 $X $N E~ C# ;~ 9o $r I= $9!% $^ $? U S E $O 0 $+ $i 1 $^ $G $N CM $r $H $k %7 %J %W %9 8z N( $N Mx MQ %Q %i %a!< %? $G $" $j!$ $3 $N CM $, 1 $K 6a IU $/ $[ $I %7 %J %W %9 $N 8: ?j $, 82 Cx $H $J $k!% $3 $N %b %G %k $O @8 M} <B 83 $N 7k 2L $r $h $/ @b L@ $7!$ %U%#%C %F%# %s %0 $N 7k 2L � inact = 2 !A 3ms !$ � r ec = 100 !A 700ms !$ U S E = 0.1 !A 0.95 $NCM$r$H$k!% $3 $N JQ ?t E $K Hf Nc $7 $? %7 %J %W %9 8e EE N. $, M6 H/ $5 $l $k!% %7 %J %W %9 $N :G Bg Mx MQ 2D G= $J 8z N( !J@d BP 8z N(!K $r A S E $H $9 $k $H!$ n HV L\ $N %7 %J %W %9 A0 F~ NO $K $h$C $F M6 H/ $5 $l $k 6= 2

J3@-%7%J%W%98eEEN. E P S C n $O E P S C n = A S E E (3) $H$J$k$H$9$k!% $3 $3 $G!$ <~ 4| E* $J F~ NO $, %7 %J %W %9 $K 0u 2C $5 $l $? >l 9g $r 9M $( $k!% %7 %J %W %9 A0 F~ NO $N <~4|$r � t !J � � inact !K$H$9$k$H!$ � inact $,L5;k$G$-$F E P S C n +1 = E P S C n (1 � U S E ) e � � t=� r ec + A S E � U S E (1 � e � � t=� r ec ) (4) $H$J$k$3$H$+$i!$$3$NDj>oCM E P S C st $O E P S C st = A S E � U S E (1 � e � 1 =r � r ec ) 1 � (1 � U S E ) e � 1 =f � r ec (5) $H$J$k!J f = 1 = � t $O%7%J%W%9A0F~NO<~GH?t!K!% f � r ec � 1 $N$H$-!$ E P S C st � A S E f � r ec (6) $H $J $k $3$H $+ $i!$ f $, 8B 3& <~GH ?t f l im ’ 1 =U S E � r ec $h $j Bg$- $$ >l 9g$K $O E P S C st $, F~ NO <~ GH ?t f $K H? Hf Nc $9 $k $3 $H $, $o $+ $k!% $3 $l $O 8: ?j %7 %J %W %9 $, Dj >o $J H/ 2P N( >p Js $r EA C# $7 $J $$ $3 $H $r 0U L# $9 $k =E MW $J 7k 2L $G $" $k $H ;W $o $l $k!% 0l J} f < f l im $N $H $- $O <~GH?t$,0UL#$r;}$A!$H/2PN($K4p$E$/>pJs=hM}$,2DG=$G$"$k!% $3$N8B3&<~GH?t f l im $O U S E $,Bg$-$$$[$I>.$5$/$J$k!%@8M}3XE*$K$O U S E $O0lH/$N 3h F0 EE 0L $, ?@ 7P EA C# J* <A $N J| =P $r 5/ $3 $9 3N N( $K $h$C $F 7h Dj $5 $l $k CM $G $" $k $? $a!$ %+ %k %7%&%‘G; EY [Ca 2+ ] $r JQ2=$5 $;$k$3 $H$K$h$C$F f lim $r@) 8f$G$- $k!%$3$l $i$+$i!$$b $7$+$7$?$i%K%e!<%m%s$OH/2PN(%3!<%G%#%s%0$H%F%s%]%i%k!&%3!<%G%#%s%0$r>u67$K1~ $8$F@ZBX$($F;H$C$F$$$k$N$+$bCN$l$J$$$H$$$&2>@b$b@.$jN)$D$N$G$O$J$$$@$m$&$+!% B> $K O@ J8 Cf $G $O!$ U S E $, Bg $- $$ >l 9g!$ B? ?t $N %7 %J %W %9 A0 F~ NO $N <~ GH ?t $N F1 4| E* JQ 2= $, @8 $8 $? >l 9g $K $N $_ 8e %7 %J %W %9 $K 3h F0 EE 0L $, @8 $8 $k $h $& $K $J $k $3 $H!$ %7 %J %W %9 A0 8e $N 3h F0 EE 0L $N AH $_ 9g $o $; $K $h$C $F $3 $N F1 4| E* JQ 2= $K BP $7 $F 1~ Ez $, IR 46 $K $J $k $3 $H $,<($5$l$F$$$k!% [Tso dyks and Markram 1997: Figure 1, Figure 2, Figure 3] 3

2.2 8:?j%7%J%W%9$N?tM}%b%G%k (2) !’ 2 JQ?t%b%G%k 0lJ}!$ Abb ott $i$O$3$N8:?j%7 %J%W%9$NFC@-$r %7%J%W%9%3%s%@ %/%?%s%9 g $H78?t � $N 2 JQ ?t $G %b %G %k 2= $7 $? [1] !% g $O %7 %J %W %9 F~ NO $, $" $k $H � G\ $5 $l!$ $J $$ $H 0 $K ;~ Dj ?t 2ms Dx EY $G 8: ?j $9 $k!% $^ $? � $b %7 %J %W %9 F~ NO $, $"$C $? >l 9g $K f G\ $5 $l!$ $= $l 0J 30 $G$O � d� =dt = 1 � � $K=>$&!%$3$3$G f $ODj?t!J 0.65 !A 0.86 !K$G$"$k!% 8: ?j %7 %J %W %9 $K <~ GH ?t r Hz $N F~ NO $r 2C $( $k >l 9g $r 9M $( $k!% %7 %J %W %9 $K 8: ?j $, @8 $8 $kA0$N EPSC $r A $H$9$k$H!$$3$l$O 1 H/$N%7%J%W%9A0F~NO$K$h$j f A $K8:?j$9$k$,!$ $3 $N CM $O <! $N F~ NO $^ $G $N 4V $K 1 + ( f A � 1) exp( � 1 =r � ) $^ $G 2s I| $9 $k!% $3 $N <} B+ CM !JF~NO<~GH?t r Hz $K$*$1$k EPSC $NDj>oCM!K$r A ( r ) $H$9$k$H!$ A ( r ) = 1+( f A ( r ) � 1) exp( � 1 =r � ) $h $j A ( r ) = (1 � exp( � 1 =r � )) = (1 � f exp( � 1 =r � )) $H $J $k!% $3 $3 $G F~ NO <~ GH ?t r $, Bg $- $/!$ $+ $D f < 1 $G $" $k $H 2> Dj $9 $k $H!$ exp( � 1 =r � ) ’ 1 � 1 =r � $h $j A ( r ) ’ 1 = (1 � f ) r � $H$J $k!%5a?4 @-F~NO $, r Hz $N ;~$N%7 %J%W%9 %3%s%@ %/%?%s%9 $O r A ( r ) $KHf Nc$9$k $,!$A0 =R$N 7k2L$+ $i A ( r ) / 1 =r $J $N$G!$ 7k6I 8:?j%7 %J%W %9$K $h $jF~NO<~GH?t$X$N0MB8@-$,<:$J$o$l$k$3$H$K$J$k!% $3 $N>u67$G F~NO<~ GH?t r $, � r $@ $1JQ2=$7 $?$H$-!$ JQ2=8e$N <~GH?t $N>pJs$@ $1$,%7 %J %W %9 $r 2p $7 $F EA $( $i $l $k $N $G!$ %7 %J %W %9 %3 %s %@ %/ %? %s %9 $O � r A ( r ) $K Hf Nc $9 $k!% $3$N$H$-$b A ( r ) / 1 =r $,@.$jN)$C$F$$$k$N$G!$7k6I%7%J%W%9%3%s%@%/%?%s%9$O � r =r $KHfNc$9$k$3$H$K$J$k!%$3$l$O?4M}J*M}3XE*$J0lHLK!B’$H$7$FCN$i$l$k W eb er{F ec hner $NK!B’!J;I7cNL I $NA}J, � I $NJ[JL8B$, � I =I $KHfNc$9$k!K$HF10l$N4X78$G$"$k!% [Abb ott et al. 1997, Figure 1] 2.2.1 A}6/%7%J%W%9 $J $*!$ 8: ?j %7 %J %W %9 $H 5U $N FC @- $r ;} $D %7 %J %W %9 $N B8 :_ $r <( $9 Js 9p $b $" $k!% $3 $l $O 8:?j%7%J%W%9$KBP$7$FA}6/%7%J%W%9!J facilitating synapse !K$H8F$P$l$F$$$k!% Markram $i $O!$ @h $K >R 2p $7 $? H‘ $i $N %b %G %k [16] $r 3H D% $7!$ A} 6/ %7 %J %W %9 $r 0J 2< $N $h$&$K%b%G%k2=$7$? [13] !% du dt = U � u � f acil + U (1 � u ) � ( t � t AP ) ~ u n = u n + (1 � u n ) U < 1 if U < 1 U n +1 = u n e � � t=� f acil + U (1 � e � � t=� f acil ) (7) 4

@h $HF1MM$K!$ <~4| � t $NDj >oF~NO$r 0u2C$7$? >l9g$r 9M$($k!% n HVL\ $NF~NO $KBP$9$k %7 %J%W%9$NMxMQ2DG=$J8zN($H$=$NMxMQ%Q%i%a!<%?!$$*$h$S EPSP $r$=$l$>$l R n !$ u n !$ E P S P n $H$9$k$H!$ R n +1 = R n (1 � u n +1 ) e � � t=� r ec + 1 � e � � t=� r ec u n +1 = u n e � � t=� f acil + U (1 � u n e � � t=� f acil ) E P S P n = AR n u n (8) $G I= $5 $l $k!% 0J A0 $N %b %G %k $H 0[ $J $k $N $O!$ Dj ?t $H $7 $F 07 $o $l $F $$ $? %7 %J %W %9 Mx MQ %Q %i %a!< %? U S E $r JQ ?t u $H $7 $F 07$C $? $H $3 $m $K $" $k!% $3 $N %b %G %k $G 8: ?j %7 %J %W %9 $r @b L@$9$k:]$O!$ � f acil ’ 0 !$ u n = U $H$9$l$P$h$$!% 8: ?j %7 %J %W %9!$ A} 6/ %7 %J %W %9 $r 9g $o $; $F!$ $3 $N $h $& $J FC @- $r ;} $D %7 %J %W %9 $O F0 E* %7%J%W%9!J dynamic synapse !K$HAm>N$5$l$k [17] !% [Markram et al. 1998, Figure 4A] 2.3 8:?j%7%J%W%9$N5!G=E*Lr3d 6a G/!$ ;k 3P 7O $d D0 3P 7O $G $N 5a ?4 @- F~ NO $N >p Js =h M} $K $* $1 $k 8: ?j %7 %J %W %9 $N 5! G= E* Lr3d$rO@$8$k6=L#?<$$Js9p$,$J$5$l$F$-$?!% Senn $i $O 8: ?j %7 %J %W %9 $N FC @- $r MQ $$ $k $3 $H $G!$ %9 %Q %$ %/ $N F1 ;~ @- $K 4p $E $$ $F Id 9f 2= $5$l$?>p Js$rI|9f 2=$G$- $k2DG=@- $r?tCM%7 %_%e%l!<%7%g %s$K$h$j <($7$? [15] !%%5 %k $N D0 3P 0l <! Ln $K $* $$ $F %9 %Q %$ %/ 3h F0 $N %? %$ %_ %s %0 $H Aj 4X $, =E MW $J >p Js $r ;}$C $F $$ $k $3 $H $r <( :6 $9 $k <B 83 E* CN 8+ [5] $r 0z MQ $7!$ $3 $l $i $N >p Js $r I| 9f 2= $9 $k %a %+ %K %: %‘ $K $D $$ $F 5D O@$r 9T $J$C $F$$ $k!% Senn $i $O @8M} <B 83 $N7k 2L $H F1MM $N E} 7WE* @- <A $N$" $k %9 %Q %$%/Ns$r?M9)E*$K@8@.$7!$$=$l$r?@7P:YK&%b%G%k$KF~NO$7$?:]$N=PNO$r$_$?$H$3$m!$ 8: ?j %7 %J %W %9 $N FC @- $r ;} $D >l 9g $K $N $_ F1 4| $N %? %$ %_ %s %0 $r 8! =P $G $- $k $3 $H $, <( $5 $l $?!% $3 $l $O Dj >o E* $J F~ NO $K $h $j %7 %J %W %9 8z N( $, 8: ?j $9 $k 7k 2L!$ B? $/ $N %9 %Q %$ %/ $, F1 4| $7 $F F~ NO $5 $l $? >l 9g $G $J $1 $l $P H/ 2P $, @8 $8 $J $$ $H $$ $& @- <A $K $h $k $b $N $G $" $k!% $3 $N $h $& $J Id 9f 2= $, $J $5 $l $? ?. 9f $r 8! =P $9 $k %a %+ %K %: %‘ $H $7 $F $O 8: ?j %7 %J %W %9 $O M# 0l $N $b $N $H $O $$ $( $J $$ $,!$ 8: ?j %7 %J %W %9 $N FC @- $r MQ $$ $l $P 0B Dj $7 $? I| 9f 2= %7 %9 %F %‘ $r 9= C[ $G $- $k $H ;W $o $l $k!% :G 6a %9 %Q %$ %/ Ns $N %? %$ %_ %s %0 $d Aj 4X $, G> $N >p Js =h M} $K $* $$ $F =E MW $J Lr 3d $r 2L $? $7 $F $$ $k $3 $H $, Cm L\ $5 $l $F $$ $k $,!$ $3 $N 7k 2L $O $= $N 0U L# $G $b Hs >o$K6=L#?<$$$H;W$o$l$k!% 5

$^ $? Chance $i $O ;k 3P 0l <! Ln !J V1 !K C1 =c 7? :Y K& $N 1~ Ez $K 8+ $i $l $k ;~ 4V E* Hs @~ 7A @- $r 8: ?j %7 %J %W %9 $N FC @- $r MQ $$ $F @b L@ $7 $?!% $3 $N 8& 5f $G $O %7 %J %W %9 %b %G %k $K ;~ Dj ?t $N 0[ $J $k 2 <o N‘ $N 8: ?j %7 %J %W %9 $r MQ $$ $F $* $j!$ Hi <A %K%e!< %m %s $N 2a EO E* F~ NO $K BP $9 $k 1~ Ez ?6 I} $N >e >:!$ %+%C %H %* %U <~ GH ?t $N >e >: $N N> <T $r @b L@ $G $- $k!% $3 $N %b %G %k $r MQ $$ $F30B&I(>uBN!J LGN !K |V1 $N4JC1$J%b%G%k$r9=@.$7!$ V1 C1=c7?:YK&$N1~Ez$r%7%_%e %l!< %H $7 $?!% LGN $K ?6 F0 $9 $k G; C8 %Q %?!< %s $r F~ NO $7 $? >l 9g!$ V1 %K%e!< %m %s Kl EE 0L $N 0L Aj %7 %U %H $, @8 $8 $? !J0L Aj %7 %U %H FC @-!K!% $3 $l $O %7 %J %W %9 8: ?j $, F~ NO ?6 I} $N A} 2C $9 $k 0L Aj $G :n F0 $9 $k $? $a $K %T!< %/ ;~ 4V $, Aa $^ $k $? $a $G $" $k!% $^ $? 0[ $J $k 0L Aj %7 %U %H FC @- $r AH $_ 9g $o $; $k $3 $H $G!$ <u MF Ln Cf $N ;I 7c $N 0\ F0 J} 8~ $N 8! =P !JJ} 8~ A* Br @-!K $b 2D G=$G$"$k$3$H$,<($5$l$?!% [Senn et al. 1996 !$ Figure] [Chance et al. 1998 !$ Figure 1, Figure 2, Figure 3] 3 HsBP>N L TP/L TD %7 %J %W %9 A0 9b IQ EY ;I 7c !J tetan us !K $H %7 %J %W %9 8e EE 0L $N C& J, 6K $, %7 %J %W %9 JQ 2= $r $b $? $i$9 $3$H $O0JA0 $+$i CN$i $l$F $$$k!% $7$+ $7!$%7%J %W%9 $N8z N(JQ 2=$O NMD A 7? %0%k %? %_ %s ;@ <u MF BN$d AMP A 7? %0 %k %? %_ %s ;@<u MF BN $K $h$C $F @) 8f 2DG= $G $" $k $3 $H $, H/8+ $5$l$?!% Bi $H P o o $O %7 %J %W %9 A0 :Y K& $H %7 %J %W %9 8e :Y K& $N %9 %Q %$ %/ $N %? %$ %_ %s %0 $K 0M B8 $7 $F EPSC $, 6/ 2= $5 $l $? $j 8: ?j $7 $? $j $9 $k $3 $H $r Js 9p $7 $? [3] !% %7 %J %W %9 A0 $, %7 %J %W %9 8e $K Hf $Y $F Ls 30ms @h 9T $9 $k >l 9g $K $O EPSC $N ?6 I} $, Bg $- $/ $J $j!$ H? BP $K %7 %J %W %9 A0 $,%7%J%W%98e$KHf$Y$FLs 30ms CY$l$k>l9g$K$O5U$K EPSC $N?6I}$,>.$5$/$J$k!%!J:Y K& BN $+ $i %7 %J %W %9 $X $N 5U EA HB $N ;~ 4V $O $* $h $= 3ms $J $N $G!$ 5U EA GE $N 7k 2L $K $h$C $F $b $?$i$5$l$kJQ2=$H$O9M$($K$/$$!%!K$D$^$j!$Hs>o$KC;$$;~4VAkFb$N%?%$%_%s%0$K$h$C $F%7%J%W%98zN($N6/2=$H8:?j$,@Z$jBX$o$k$N$G$"$k!% $3 $N $h $& $J %a %+ %K %: %‘ $r $b $D %7 %J %W %9 $O!$ %7 %J %W %9 A0 $H %7 %J %W %9 8e $N %9 %Q %$ %/ $N %? %$ %_ %s %0 $N 0c $$ $G 7k 2L $H $7 $F Hs BP >N $K 7A @. $5 $l $k $O $: $G $" $k!% Hs >o $K 6= L# ?< $$ $3 $H $K!$ Hs BP >N %7 %J %W %9 $O G> Fb $N 2a Dx $K $* $$ $F!$ => Mh 9M $( $i $l $F $$ $k BP >N %7 %J %W %9 $H $O0[$J$k@-<A$d5!G=E*Lr3d$,<(:6$5$l$F$$$k!%0J2<$K$=$N0lNc$r5s$2$k!% 6

� Gerstner $i$OD03P=hM}$r9T$&Hi<A:YK&$X$NF~NO$K 200 !A 240 � s $NCY1d$r$b$?$;!$ :Y K& $N %9 %Q %$ %/ $HF~ NO $H $N %? %$ %_ %s %0 $K 0M B8 $7$F %7 %J %W %9 $r 6/ 2= $^ $? $O 8: ?j$5 $; $k %a %+ %K %: %‘ $r MQ $$ $F 3X =,$r 9T $$!$ :G E, $J CY 1d $r $b $D %7 %J %W %9 $, A* Br $5 $l$k $3$H$r%7%_%e%l!<%H$7$? [8] !%$3$N%7%J%W%9$N7k9g8zN($O!$?.9fEAC#$K7+$jJV$7 ;22C $7$?%7%J%W %972Fb$G @55,2=$, 9T$o$l$k!J self{renormalization !K!% H‘$i$OHs >o $K B. $$ =h M} $, 9T $o $l $k D0 3P=h M} $K Cm L\ $7!$ :G E, $J CY 1d FC @- $r $b $D 7P O) $N %7%J %W%92DA:@-$K$h$kA*Br$K$h$C$F@:EY$N9b$$7W;;$,2DG=$G$"$k$3$H<($7$F$$$k!% � Gerstner $H Abb ott $O 3$ GO $N>l =j :Y K& $N <+ 8JAH ?% 2= $N %b %G %k2= $r 9T $$!$ !V<! $K K,$l$k$Y$->l=j$NM=A[!W$r6u4VE*$KHsBP>N$J%M%C%H%o!<%/>e$KI=8=$7$? [9] !%$3 $N I= 8= $+ $i @8 $^ $l $k 3h F0 $N ;~4V E* $J N. $l $r L\ E* CO $X $N M= A[ $H $7 $F MQ $$!$ L\ I8CO E@$X$N%J%S%2!<%7%g%s5!G=$r<B8=$7$F$$$k!% [Gerstner et al. 1996 Figure 2] 0J >e $N $h $& $K!$ Hs BP >N @- %7 %J %W %9 $O 3h F0 $N ;~ 4V E* $J JQ 2= $r @Q 6K E* $K MQ $$ $F 0x 2L 4X 78 $r 5- =R $G $- $k!% $5 $i $K E, Ev $J CY 1d %7 %J %W %9 $N A* Br $N 7k 2L!$ $= $N 2s O) $O ;~ 4V E* 2r A| EY$N9b$$%?%$%_%s%0=hM}$r<B8=$7$F$$$k2DG=@-$,$"$k!% 4 ?@7P2sO)$NF14|H/2P8=>]$K$*$1$k8:?j%7%J%W%9$HHsBP>N L TP/LPD $NLr3d F uk ai $H Kanem ura $O8:?j$9$k@-<A$r%7%J%W%9$KIU2C$9$k$3$H$GHi<A$N?mBN:YK&72 $r%b%G%k2=$7!$%M%C%H%o!<%/$NF14|E*$JH/2P8=>]$K5Z$\$98z2L$K$D$$$FD4$Y$?!% [6] 4.1 %b%G%k9=@. 6=J3@-!&M^@)@-$N 2 <oN‘$N@QJ,!=H/2P7?$N%K%e!<%m%sAG;R$rMQ$$$F!J F uk ai and Kane- m ura xx Figure 1 !K$N$h$&$K%j%+%l%s%H%M%C%H%o!<%/$r9=@.$9$k!%6=J3@-%K%e!<%m%s 4V $I $& $7 $O $= $l $> $l Aj 8_ 7k 9g!$ M^ @) @- %K%e!< %m %s $O $9 $Y $F $N 6= J3 @- %K%e!< %m %s $+ $i F~ NO $r <u $1 <h $j :F $S 6= J3 @- %K%e!< %m %s $X %U%#!< %I %P%C %/ $5 $l $k!% %@ %$ %J %_ %/ %9 $O 0J 2<$N$h$&$KDj<02=$5$l$k!% � m dV i dt = � ( V i � V r est ) � 1 N R c X j 6 = i c ij g ee ij ( V i � V sy n ) 7

� g ei ( V i � V cl ) + E i (9) � e dE i dt = � E i + E 0 � ( t � t inp i ) i = 1 ; :::; N (10) � 0 m dV dt = � ( V � V r est ) � g ie ( V � V sy n ) (11) [F uk ai and Kanem ura xx Figure 1] V i !$ V $O$= $l$> $l6= J3@-!$M^ @)@- %K%e!<%m %s$NKl EE0L $G$" $j!$ E i $O30 It$+ $i$NF~ NO $K $h$C $F @8 @. $5 $l $? EPSP $G $" $k!% g ie !$ g ei $O $= $l $> $l!$ Hi <A $N ?m BN :Y K& 4V $N Hs 8: ?j %7 %J %W %9 $N 6= J3 @- %K%e!< %m %s $+ $i M^ @) @- %K%e!< %m %s $X $N %3 %s %@ %/ %? %s %9!$ M^ @) @- %K%e!< %m %s $+ $i 6= J3 @- %K%e!< %m %s $X $N %3 %s %@ %/ %? %s %9 $r I= $o $7!$ %9 %Q %$ %/ $H F1 ;~ $K G ie !$ G ei $NCM$H$J$j ;~Dj?t 3ms !$ 4ms $G8:?j$9$k$b $N$H$9$k!%$^$?!$ g ee ij $O6=J3 @- %K%e!< %m %s Aj 8_ 4V $N 8: ?j %7 %J %W %9 $N %3 %s %@ %/ %? %s %9 $r I= $o $7!$ %7 %J %W %9 A0 $+ $i $N %9 %Q %$ %/ F~ NO $H $H $b $K G ee ij w ij � ij $N CM $+ $i ;~ 4V $H $H $b $K ;~ Dj ?t 3ms $G 8: ?j $9 $k!% $3 $3$G!$ w ij $OB.$$3X=,%7%J%W%92Y=E$G$"$k!% � ij $O B. $$ 8: ?j $r I= $o $9 %Q %i %a!< %? $G reco v ery time constan t $H 8F $P $l $k!% $3 $N %Q %i%a!<%?$OF~NO$,$"$C$?$H$-$O f G\$5$l!$$J$$$H$-$O0J2<$N<0$K=>$&!% 1 � � d� ij dt = 1 � � ij (12) G ie $O >. $5$/!$ F1 4|$7 $? %9 %Q%$ %/ $@$1 $, M^ @)@- %K%e!< %m %s$N %9 %Q%$ %/ $r 0z$- 5/ $3$9!% $^$?$=$NEj<MHO0O$O69$$!%0lJ}!$ G ei $O6=J3@-%K%e!<%m%s$rM^@)$9$k$N$K==J,$J$[$I Bg$-$/!$9-HO0O$N%K%e!<%m%s$XEj<M$9$k!% w ij $O !J F uk ai and Kanem ura xx Figure 2 !K $K <( $9 $h $& $K %? %$ %_ %s %0 $K 0M B8 $7 $F A} 2C $^ $? $O 8: ?j $5 $; $k!% $9 $J $o $A!$ %7 %J %W %9 A0 $H %7 %J %W %9 8e $N %9 %Q %$ %/ $N %? %$ %_ %s %0$K0MB8$7$? Hebb 3X=,$G$"$k!%!J w ij $O@55,2=$5$l$k!K [F uk ai and Kanem ura xx Figure 2] 1 Markram $H Tso dyks[11] $K $h $l $P!$ w ij $, CY $$ JQ 2= $r $7 $D $D %7 %J %W %9 $N 8: ?j $K $h$C $F EPSP $N 7A $, =$ @5 $5 $l $k!% f $N CM $N JQ 2= $, M? $( $k 8z 2L $O $3 $N %b %G %k $G $O 07 $o $J $$!% <B 83 E* $K!$ 0 : 65 � f � 0 : 85 !$ � � < 1sec $G $" $k $3 $H $, CN $i $l $k $? $a!$ K\ %7 %_%e %l!< %7%g %s $G $O f = 0 : 7 !$ � � = 200ms $N CM $rMQ$$$?!%$J$*!$ f = 1 $N>r7o$OHs8:?j%7%J%W%9$KBP1~$9$k!% 8

4.2 %7%_%e%l!<%7%g%s7k2L 4.2.1 ;I7cFC0[E*$J<~4|@-$r;}$DH?1~ 4pK\ E*$J@-<A$rD4$Y $k$?$a!$ Hebb 3X=,$J$7$G %]%"%=%s%9%Q %$%/Ns$r%M%C%H%o!< %/ $X F~ NO $H $7 $F M? $( $?!% $9 $k $H!$ 8D!9 $N %K%e!< %m %s H? 1~ $b %] %" %= %s %9 %Q %$ %/ Ns $r <( $9 0l J} $G!$ 6= J3 @- %K%e!< %m %s $N 3h F0 $, Aj 8_ :n MQ $K $h$C $F %K%e!< %m %s A4 BN $N 3h F0 $N F1 4| $r 0z $- 5/ $3 $7 $?!% !J F uk ai and Kanem ura xx Figure 3a !K!% $3 $N 6= J3 @- %K%e!< %m %s $N 3h F0 $O M^ @) @- %U%#!< %I %P%C %/ $K $h $j $9 $P $d $/ M^ @) $5 $l $k $H!$ ?t %_ %j IC $H $$ $& C; $$ ;~4VI}$GF14|8=>]$,5/$-$?!% $^ $?!$ ;~ 4V I} � m $N 4V $K %K%e!< %m %s $R $H$D $" $? $j $, <u $1 $k J? 6Q F~ NO %9 %Q %$ %/ ?t $N;~ 4V E* JQ 2= !J F uk ai and Kanem ura xx Figure 3c !K!$ $* $h $S!$ 8: ?j %7 %J %W %9 $N � ( t ) $N J? 6Q !JF1 Figure 3d !K � � ( t ) $N %0 %i %U $+ $i!$ 8: ?j $, == J, $K 2s I| $7 $? $H $- $K %K%e!< %m %s $NF14|H/2P$,@8$8$F$$$k$3$H$,$o$+$C$?!% $= $N :]!$ 8: ?j %7 %J %W %9 $N 2s I| ;~ Dj ?t � � $, =E MW $J %Q %i %a!< %? $H $J $j!$ F1 4| H/ 2P $N 4V 3V !J ISyI: in ter{sync hronization in terv al !K$O � � $NA} 2C$H $H $b$K D9$/ $J$k!% F14| $,<~ 4| E*$K 5/ $3$k $H2> Dj $9$k $H!$J? 6Q $N ISyI $H � � ( t ) $N <}B+ CM $N4V $K$O 0J 2<$N 6a;w <0 $,@. N)$9$k!% � c ’ 1 � e ISyI =� � 1 � f n e � ISyI =� � (13) $3 $3 $G!$ n $O %7 %J %W %9 A0 $+ $i $N F1 4| %9 %Q %$ %/ F~ NO $N ?t $r I= $7!$ n = 3 $G <} B+ CM $H $_ $J$9!%$3$NCM$OJ?6Q$N ISyI $d � � $K0MB8$7$J$$!% 0J >e $N 7k 2L $O!$ $3 $N %b %G %k $, 0[ $J $k ;I 7c $r 0[ $J $k F1 4| H/ 2P %Q %?!< %s $G %3!< %I $7 $F $$$k$3$H$r<($7$F$$$k!%$7$+$7!$ temp oral co ding $O%N%$%:$KBP$7$FHs>o$K<e$$!%$= $3 $G (1) F1 4| $N temp oral pattern $, 30 Mp $K BP $7 $F %m %P %9 %H $G $" $k $+!$ (2) 0[ $J $k %] %" %= %s %9 %Q %$ %/ Ns $O == J, $K 0[ $J $k %Q %?!< %s $r @8 @. $9 $k $+ !J;I 7c J[ JL!K!$ $N 2 E@ $K $D $$$F8!F$$r9T$J$C$?!% [F uk ai and Kanem ura xx Figure 3] 4.2.2 T emp oral sync hronization pattern $N%m%P%9%H@- %j %U%! %l %s %9 $N F1 4| ;v >] ;~ 9o $K BP $7 $F!$ %N %$ %: $H $7 $F � d s $h $j >. $5 $J %i %s %@ %‘ $N CY$l!&?J$_$r$b$D%9%Q%$%/Ns$rM?$(!$$3$l$r3X=,$7$?8e$N%Q%U%)!<%^%s%9$rD4$Y$?!% 9

%j %U%! %l %s %9 $H F1 $8 ?t $N F1 4| ;v >] $, 5/ $- $? $H $- $r 3F ;n 9T $N @. 8y $H $7 $?!% %j %U%! %l %s %9 $H @. 8y ;n 9T $N i HV L\ $N F1 4| ;v >] $N ;~ 9o $r $= $l $> $l!$ t ( r ) i !$ t i $H $7!$ ;~ 9o $N $: $l $N J? 6Q$r � = 1 n s n s X i =1 j t i � t ( r ) i j (14) $H $7 $?!% $3 $3 $G n s $O =P NO %Q %?!< %s $N F1 4| ;v >] ?t $G $" $k!% %j %U%! %l %s %9 %Q %?!< %s $* $h $S =i 4| %7 %J %W %9 2Y =E $r JQ $( $F $/ $j JV $7 %7 %_%e %l!< %7%g %s $r 9T $$!$ � $N J, I[ $r 5a $a $= $l$i$r@55,2=$7$F07$C$?!% !J F uk ai and Kanem ura xx Figure 5a, Figure 5b !K $O$= $l$> $l d s = 1 : 5ms $K BP$9 $k f = 0 : 7 $H f = 1 $N >l 9g $N � J,I[ $N Nc $G $" $k!%!V0l 2s $N ;n 9T$G $9 $Y $F $NF1 4| ;v >] $, %l %U%! %l %s %9 %Q %?!< %s $H Hf $Y $F � 20ms $N HO 0O $K F~$C $F $$ $? $H $- $r @. 8y $H $7!$ ( @. 8y N( ) = ( @. 8y2s ?t ) /( ;n 9T2s ?t ) $H Dj5A $7$?!% $^$?!$ %M%C %H%o!< %/$N %Q%U%)!< %^ %s%9 $O %7 %J %W %9 2Y =E $N 6u 4V %Q %?!< %s $K 0M B8 $7 $?!% $3 $N J} K! $G $O!$ 3X =, $G C5 :w $9 $Y $- %7 %J %W %9 2Y =E $N 6u 4V %Q %?!< %s $O $+ $J $j 8B $i $l $? $b $N $K $J$C $F $7 $^ $&!% $3 $N %M%C %H %o!< %/ $N @) Ls $r $f $k $a $k $? $a $K!$ $3 $3 $G $O 3X =, 7k 2L $H Hf 3S $r 9T $$ %j %U%! %l %s %9 %Q %?!< %s $K BP$7$F:GNI$N7k2L$rF3$/%M%C%H%o!<%/$r:NMQ$9$k$3$H$H$7$?!% [F uk ai and Kanem ura xx Figure 5] <! $K!$ f = 1 $G d s = 1 : 5 !$ f = 0 : 7 $G d s = 1 : 5 !$ f = 1 $G d s = 3 : 0 $N $= $l $> $l $N >l 9g $K $D $$ $F $N 7k 2L $r !J F uk ai and Kanem ura xx Figure 6 !K $K <( $9!% f = 0 : 7 $N >l 9g!$ Hebb 3X =, 8e $K Bg $- $/ @. 8y N( $, >e >: $7 $F $$ $k!% $^ $?!$ d s = 3 : 0ms $N $H $- 3X =, 8e $N %Q %U%)!< %^ %s %9 $, :G $b $h $/!$ d s = 1 : 5ms $K $J $k $H H> 8: $7 $F $7 $^$C $F $$ $k!% f = 1 $N >l 9g %Q %U%)!< %^ %s %9 $N 2~ A1 $O 8+ $i $l $J $+$C $?!% $[ $H $s $I $N %7 %_%e %l!< %7%g %s $G!$ 8: ?j %7 %J %W %9 $, $" $k $H F1 4| ;v >] $N temp oral pattern $O %N %$ %: $K BP $7 $F %m %P %9 %H$G$"$C$?!% [F uk ai and Kanem ura xx Figure 6] 4.2.3 ;I7cJ[JL 0[ $J $k %] %" %= %s %9 %Q %$ %/ Ns $r $= $l $> $l 0[ $J $k F1 4| ;v >] %Q %?!< %s $K $3 $N %M%C %H %o!< %/$,Id9f2=$9$k$+$I$&$+$rD4$Y$?!% N% ;6 ;~ 4V 7O $G F1 4| %Q %?!< %s $r S a (1) !$ S a (2) $H 2 ?J $N 7O Ns I= 8= $r MQ $$ $k!% S a ( i ) = 1 $O i HV L\ $N ;~ 9o $G $N F1 4| ;v >] $r I= $7!$ S a ( i ) = 0 $O $= $N B> $N >l 9g $H $9 $k!% %Q %?!< %s 10 a !$ b $NN><T4V$NN‘;wEY$rDjNL2=$9$k$?$a$K!$%Q%?!<%s$N%*!<%P!<%i%C%W$r m ab = 1 p L a L b X i S a ( i ) S b ( i ) (15) $HDj5A$9$k!% L a !$ L b $O$=$l$>$l%Q%?!<%s a !$ b $NF14|;v>]$N?t$r I=$9!%$^$? m ab $O 0 � m ab � 1 $H $J $k CM $G m ab = 1 $O ;~ 4V I} D Fb $G 40 A4 $K 0l CW $7 $? ;v $r 0U L# $9 $k!% ISyI $KHf$Y$F D $,Bg$-$/$J$k$H m ab $O 1 $K6a$E$/!% $$ $/ $D $+ $N D $K $D $$ $F 3X =, 8e $N m ab $N J? 6Q CM $r %W %m%C %H $7 $? $b $N $r !J F uk ai and Kanem ura xx Figure 7 !K $K <( $9!% <B @~ $O %j %U%! %l %s %9 $H @. 8y $N %*!< %P!< %i%C %W!$ E@ @~ $O %j %U%! %l %s %9 $H <: GT $N %*!< %P!< %i%C %W!$ GK @~ $O %j %U%! %l %s %9 $H FH N) $J %] %" %= %s ;I 7c H? 1~ $H $N%*!< %P!< %i%C %W $G $" $k!% ;~4V $N $: $l d s = 1 : 5ms $G @. 8y $H <: GT $rJ, N‘ $5 $l $?!% $3 $N 7k 2L $+ $i $o $+ $k ;v $O!$ @. 8y $7 $? H? 1~ %Q %?!< %s $G $O %l %U%! %l %s %9 $r Hs >o $K ;w $? H? 1~ $r <( $9 $N $K BP $7 $F!$ <: GT $7 $? H? 1~ %Q %?!< %s $G $O N‘ ;w EY $O Dc $$!% ;~ 4V 2r A| EY D $, 20 !A 30ms $J$i$P;I7cJ[JL$,2DG=$G$"$C$?!% 5 $^$H$a 8: ?j %7 %J %W %9 $r ?@ 7P 2s O) >e $G $N F1 4| 8= >] $G F0 E* %7 %J %W %9 $r 9M N8 $9 $k $H!$ $= $l $> $l $N %7 %J %W %9 $G F1 4| $7 $? %7 %J %W %9 8z N( $N >e >:!& 2< 9_ $, @8 $8 $k!% $$$C $? $s %7 %J %W %9 8: ?j $, 5/ $3 $k $H F1 ;~ $K F~ NO $K BP $9 $k 46 <u @- $N Dc 2< $, F1 4| $7 $F $$ $k %K%e!< %m %s 72 $G F1 ;~ $K @8 $8!$ 2s I| $9 $k $^ $G $N 0l Dj $N 4V $O ?7 $7 $$ F1 4| ;v >] $, 5/ $- $K $/ $/ $J $k!% 8: ?j %7 %J %W %9 $H $$ $& 8= >] $r %b %G %k $K AH $_ 9~ $‘ $3 $H $K $h$C $F @b L@ $N $D $+ $J $+$C $? 8= >] $, 4J 7i $K @b L@ $G $- $k 2D G= @- $, $G $F $/ $k $+ $b $7 $l $J $$!% $= $l $H F1 ;~ $K!$ ?7 $7 $$ %K%e!< %m %s $N 7W ;; %a %+%K%:%‘$d%b%G%k$N9=C[$X$D$J$,$k$H9M$($i$l$k!% $3 $N $h $& $K!$ 8D!9 $N %7 %J %W %9 >e $K F~ NO 0M B8 $N 3h F0 $r %3 %s %H %m!< %k $9 $k 5! G= $r ;} $? $;$F!$0l2a@-$NF1;~@-F~NO$r:F8=$7$d$9$/$9$k%a%+%K%:%‘$r$b$D$h$&$K$J$k$3$H$,!$ 8: ?j %7 %J %W %9 F3 F~ $N Mx E@ $G $" $k!% 1 EY H/ @8 $7 $? %K%e!< %m %s $X $N F~ NO !J;~ 6u 4V %Y %/ %H %k!K $r!$ $= $3 $G 3h F0 $7 $? 3F %7 %J %W %9 $r $" $k 4| 4V $@ $1 <B <A E* $J 3h F0 $r M^ $( $k $3 $H $G!$ :F $S 3h F0 $9 $k %? %$ %_ %s %0 $, F1 4| $7 $d $9 $/ $J $k $3 $H $, <( $; $k!% $3 $N @- <A $+ $i!$ %F %s %] %i %k %3!< %G%# %s %0 $G Ld Bj E@ $H $J $k !V30 Mp $K BP $9 $k 0B Dj @-!W $, 8: ?j %7 %J %W %9 $K $h$C $F <B 8= $5 $l $k 2D G= @- $, $" $k!% G> $N %b %G %k $r 9= C[ $7 $F $$ $/ :]!$ K\ Ev $N %K%e!< %m %s $, $b $D FC @- $r :F EY 8+ $D $a D> $7 %" %W %m!< %A $9 $k $3 $H $G $h $j M- MQ $J 7W ;; %a %+ %K %: %‘!& 5! G= $N <B 8=$K$D$J$,$k2DG=@-$,$"$k$N$G$O$J$$$@$m$&$+!% 11

;29MJ88% [1] Abb ott L.F., V alera J.A., Sen K. and Nelson S.B., \Synaptic depression and cortical gain con trol", Scienc e , 275 , pp.220{224 (1997) [2] Artun � O.B., Shouv al H.Z. and Co op er L.N., \The e�ect of dynamic synapses on spatiotemp oral receptiv e �elds in visual cortex", Pr o c. Natl. A c ad. Sci. USA , 95 , pp.11999{12003 (1998) [3] Bi G-q and P o o M-m, \Synaptic mo di�cations in cultured hipp o campal neu- rons: Dep endence on spik e timing, synaptic strength, and p ostsynaptic cell t yp e", J. Neur osci. , 18 , pp.10464{10472 (1998) [4] Chance F.S, Nelson S.B. and Abb ott L.F., \Synaptic depression and the temp oral resp onse c haracteristics of V1 cells", Journal of Neur oscienc e , 18 , pp.4785{4799 (1998) [5] deCharms R.C. and Merzenic h M.M., \Primary cortical represen tation of sounds b y the co ordination of action{p oten tial timing", Natur e , 381 , pp.610{ 613 (1996) [6] F uk ai T. and Kamem ura S., \Precisely{timed transien t sync hron y b y depress- ing synapses", submitted for publication [7] Galarreta W. and Hestrin S., \F requency{dep enden t synaptic depression and the balance of excitation and inhibition in the neo cortex", Natur e Neur o- scienc e , 1 , pp.587{594 (1998) [8] Gerstner W., Kempter R., v an Hemmen J.L. and W agner H., \A neuronal learning rule for sub{millisecond temp oral co ding", Natur e , 383 , pp.76{78 (1996) [9] Gerstner W. and Abb ott L.F., \Learning na vigation maps through p oten ti- ation and mo dulation of hipp o campal place cells", J. Comput. Neur osci. , 4 , pp.79{94 (1997) 12

[10] Goldman M.S., Nelson S.B. and Abb ott L.F., \Decorrelation of spik e trains b y synaptic depression", Neur o c omputing (in press) [11] Markram H. and Tso dyks M., \Redistribution of synaptic e�cacy b et w een neo cortical p yramidal neurons", Natur e , 382 , pp.807{810 (1996) [12] Markram H., L � ubk e J., F rotsc her M. and Sakmann B., \Reguration of synap- tic e�cacy b y coincidence of p ostsynaptic APs and EPSPs", Scienc e , 275 , pp.213{215 (1997) [13] Markram H., W ang Y. and Tso dyks M., \Di�eren tial signaling via the same axon of neo cortical p yramidal neurons", Pr o c. Natl. A c ad. Sci. USA , 95 , pp.5323{5328 (1998) [14] Senn W., Wyler K., Streit J., Larkum M., L � usc her H.R., Merz F., Mey H., M � uller L, Stainhauser D., V ogt K. and W annier Th., \Dynamics of a random neural net w ork with synaptic depression", Neur al Networks , 9 , pp.575{588 (1996) [15] Senn W., Segev I. and Tso dyks M., \Reading neuronal sync hron y with de- pressiv e synapses", Neur al Computation , 10 , pp.815{819 (1998) [16] Tso dyks M. and Markram H., \The neural co de b et w een neo cortical p yramidal neurons dep ends on neurotransmitter release probabilit y", Pr o c. Natl. A c ad. Sci. USA , 94 , pp.719{727 (1997) [17] Zador A.M. and Dobrunz L.E., \Dynamic synapses in the cortex", Neur on , 19 , pp.1{4 (1997) 13