(365) 33 FC=8!|%^ %k%A%(!< %8 %’ %s %H $H 6(D47W;; ?J2=E* %( !< %8 %’ %s %H =8CD $N F0E*4D6- $X$N E,1~ :4 !9 LZ 5.9( !! =j ??M}M: %^ %k%A%( !< %8 %’ %s %H 7O $K $* $1 $k %(!< %8 %’ %s %H $N 4D6- $X $NE,1~ $O !$?J2=O@ $+$i $N N‘?d $K 4p $E $- !$8DBN $K $h $k@836 Fb $G $N !V 3X=, !W $H =8CD $K $h $k@$Be $r $^ $?$$ $@ !V ?J2= !W $H $$$C $? 0[$J $k Fs 2a Dx$N Aj Jd E*$J $b $N $H $7 $F B*$( $i $l $k !% K\9F $G$O !$ %@ !<%& %# %s 7? $" $k$$ $O %i %^ %k %/7?$N0dEA5!9= $r ;}$D=8CD$N?J2=$N2aDx $r :F8= $7 !$FC $K F0E* $J 4D6-2< $G $N $= $l $>$l $N=8CD $NE, 1~ @- $K$D$$ $FI>2A $* $h $S 5DO@ $9$k!% $=$N7k2L !$ %@ !<%& %# %s 7?$N=8CD$NJ} $, !$@EE*4D6-2< $G$O 8zN(E* $J%i %^ %k %/7?$N=8CD$h$j$b4D6-$NJQF0 $K BP $7 $F 0B Dj $7 $? 5s F0 $r <($9 $P $+ $j $G$J $/ !$@$Be $r DL $8 $F F0E*4D6- <+BN $K E,1~ $7 $F $$ $/ $3$H $, 2DG= $G$" $k $3$H$r <($9 !% 1 $O$8 $a$K %^ %k%A%( !< %8 %’ %s %H 7O $N$h $& $J 3+J|7?J,;64D6- $K $*$$ $F $O !$7OA4BN $N>uBV $r CN$k $3$H$d !$ $=$NF0E* $G J#;( $J 5s F0 $r 40A4 $K M=B,$9$k $3$H $O IT2DG= $G$" $k !% $3 $& $7 $? 4D6- 2< $G 8m$j $J $/F0:n$9$k40A4 $J%(!< %8 %’ %s %H $r :G=i $+$i 9= C[$9$k $3$H $O :$Fq $G$" $k !% $= $3 $G ?w7?E* $J$b$N$r$$ $/$D $+ MQ0U $7 $F !$ 8e $O \ Gener ate and T est " 7? $N %" %W %m!< %A $G 3F !9 $r 4D6- $K BP $7 $F =@Fp $K$+ $D F0E* $K E,1~?J2=$5 $; Adaptation of Ev olutionary Agen ts to w ard the Dy- namic En vironmen t T ak ahiro Sasaki, 7D Xf 5A =N Bg 3X Bg 3X 1! M} 9) 3X 8& 5f 2J 7W ;; 5! 2J3X@l96 , Departmen t of Computer Science, F acult y of Science and T ec hnology , Keio Univ ersit y . Mario T ok oro, 7DXf 5A =N Bg 3X M} 9) 3X It / %=%K !< %3 %s %T%e!< %? %5 %$ %( %s %9 8& 5f=j , F acult y of Science and T ec hnology , Keio Univ ersit y / Son y Computer Science Lab ora- tory Inc. %3 %s %T%e !< %? %= %U %H %& %’ %" , V ol.14, No.4(1997), pp.33{46. 1996 G/ 7 7n 1 F|<uIU . $F $$ $/ $H$$ $C $? ?J2=E*E,1~%( !< %8 %’ %s %H $N 35G0 $, M-MQ $K $J $C $F $/$k $H ;W $o $l $k!% 0J>e $N GX7J $N$b$H $K !$6aG/!$<+A33& $N %7 %9 %F %‘ $K Fb:_ $9 $k %@ %$ %J %_%/ %9 $r%b %G %k $H $7 $F !$=@Fp $J >pJs=hM} $N 2D G=@- $r LO:w$9$k8&5f $, @9 $s$K$J $5 $l $F $$ $k!%Nc $( $P !$ ?M 9) @8 L? [9] $H Am >N $5$l $k 8& 5f J, Ln$K BP $9 $k 4X ?4 $, 9b $^ $C $F$$$k!% <+ A3 3& $N@8J* ( $"$k $$ $O$= $N=8CD ) $O !$ ?M 9) J* $H $O A4$/0[ $J$k@_7W !& F0 :n 86 M} $N>e $K @.N) $7 $F$$$J $,$i$b !$ <B @$ 3&$H $$ $& F0 E* $G $+ $D M= B, IT G= $J J# ;( $J 5s F0 $r <( $9 3+J|@- !& Hs@~7A@- $N 6/$$4D6- $K BP $7 $F 6K $a$F =@Fp $K E,1~ $7 $F $$ $k!% $7 $? $, $C $F !$3+J|7?J,;64D6- $G F0:n$9$k %(!< %8 %’ %s %H $J $I $N >pJs=hM}5!9= $r 9M;!$9$k $K$"$? $C $F !$ $3 $l $i $N ;EAH $_ $+$i 3X $V$3$H $O B?$$!% K\9F $G$O !$ $3$N$h $& $J%(!< %8 %’ %s %H $N 4D6- $X$N E,1~2a Dx $r !$@8J*3X $d ?J2=O@ $J $I $+$i $N N‘?d $K 4p $E $- !$0J2< $K 5s $2 $k0[ $J $k %l %Y%k$K $* $1 $kFs$D $N 2aDx $N AjJdE* $J$b$N $H $7 $F B* $( $k!% � %( !< %8 %’ %s %H 8DBN %l %Y%k$G$N @836 $N 4V $N !V 3X=, !W � %( !< %8 %’ %s %H =8CD %l %Y%k$G$N @$Be $r $^$? $0 !V ?J2= !W $3 $N N> 2a Dx$N 2M$1 66$r C4 $&$N $, !V 0d EA !W $N 5! 9=$G $" $k !% 0J2< $G$O !$?J2=E* %(!< %8 %’ %s %H $N 4D6- $X$N E,1~2aDx $N B& LL $K CmL\ $7 !$$= $N :G>.8B $N @-<A $r Cj=P $7 $F 9=C[ $7 $? %b %G %k >e $G$N%7 %_ %e %l !<%7%g %s I> 2A $r 9T $& !%6qBNE* $K$O !$3X =, $9 $k 8D !9 $N %(!< %8 %’ %s %H$r%K %e !< %i %k%M %C %H %o!< %/ [14] $H $7 $F Cj>]2= $7 !$?J2= !& 0dEA $N 86M} $r LOJo $7 $? 0dEAE* %" %k %4 %j%: %‘ [5] $r MQ $$ $F %( !<%8 %’ %s%H =8 CD $N 4D 6-$X $N E, 1~2aDx $r :F8=$9$k!% $J$* !$0dEA5!9= $H $7 $F$O %@ !<%& %# %s 7? $H %i%^%k%/ 7? $N$b$N$r 9M $( $k!%$= $7 $F !$FC $K$3 $l $^ $G $" $^$j 5DO@$5 $l $k $3$H$N$J $+ $C $? F0E* $J 4D6- $N 2< $G !$ $=

34 %3 %s %T %e !<%?%=%U %H %&%’%" (366) $l $>$l $N 5!9=$N2< $K $* $1 $k3X=,$N8z2L $, !$ %(!< %8 %’ %s %H =8CD$NE,1~@- !$4h7r@- $K M? $( $k1F6A $K $D$$$F$N I>2A $r 9T $$ !$ $=$NFC@- $r L@ $i$+$K $9 $k!% 0J 2< !$Bh 2 >O $G$O GX7J$H $7 $F !$3X=, $H ?J2= $K 4XO"$5$; $F%i %^ %k%-%: %‘ $H %@ !<%& %# %K %: %‘$N9M $( J} $r 35@b $7 $? 8e $K !$ $3 $l$i $N @8J*3XE*CN8+ $r >pJs=hM} $H $7 $F $N 4QE@ $+$i B* $( D> $7 $? =>Mh$N 4v$D $+ $N 8&5f Nc $r 5s $2 $k !%Bh 3 >O $G$O $3 $& $7 $? =>Mh$^ $G $N 8&5f$NIT==J, $J E@ $r 5s $2 $? >e $G K\8& 5f$N L\ E* $r $h $j L@ 3N $K $9 $k !% $= $7 $F !$Bh 4 >O $G K\9F $G $N %7 %_ %e %l !< %7 %g %s $N OH AH $K $D$$$F =R$Y !$Bh 5 >O $G I> 2A $H 7k 2L$N 9M;!$r 9T$$ !$Bh 6 >O $G $3 $l $K 4X $7 $F 5D O@$9 $k !%:G 8e $K !$Bh 7 >O $G 7kO@ $r =R $Y $k!% 2 GX7J !’ 3X=, $H 0dEA !& ?J2= 2.1 @8J*3X !& ?J2=O@E* $J GX7J @8J* $N 4D6- $X$N E,1~ $K$O !$3X=, $H ?J2= $H$$ $&Fs $D $N B& LL $, $" $k !%$^ $:!$ @8J* $N ?6$kIq$$ $O CB@8;~$N>u BV $N $^$^ 8GDj$5 $l $F $$ $k $o $1$G$O$J $$ !%2w3Z $d Mx1W $r$b$? $i $9 86 0x $H$J $k9TF0 $G$" $l $P $= $l $r 7+$jJV $7 !$5U $K 4m81 $d 6lDK $r H< $&9TF0 $r Hr $1 $k798~ $r 6/ $a $k !%@8J* $O 4D6- $H$N Aj8_ :nMQ $H$$ $&<+ $i $N 7P83 $r DL $8 $F !$@8B8 $K M-Mx $H$J $k$h $& $K $=$N 4D 6- $K E, 1~ | 3X =, | $7 $F $$ $/ !%0lJ} !$@8J* 8D BN $O A4$/$NGr;f>uBV $G CB@8 $7 $F $/$k $o $1$G$O$J $$ !%<+ $i $N?6$kIq$$ $r 7hDj$9$kG>$N4pK\E*9=B$ $r 4^ $a$? @8J*8DBN $O !$ N> ?F $+ $i 0z $-7Q $0 0dEA;R $N>pJs $K 4p $E$$$FH/@8 $9$k!% $3$N$h $& $K !$@8J* $O ?F $+$i ;R $X$H$=$N FCD’ $, 0z$-7Q $,$l $F$$ $/0dEA $H$$ $&FC@- $r ;}$D $, !$A4 $F$N ;R $, ?F $H A4$/F1 $8 @-<A $r ;}$D $o $1$G$O$J $$ !%B> $N8DBN $K Hf$Y $F B?>/ $G $b @8B8 $K M-Mx $K ?6$kIq $&8DBN $r 9=C[$9$k0dEA;R $O !$<!@$Be $K $h$j B?$/$NJ#@= $r ;D$9 $3$H $,$G $- $k !% $3 $& $7 $? N_@QE* $J <+A3EqBA$N2aDx $r 7P $F 0dEAE* $J JQ0[ $, @Q$_=E $J $k $3$H $G !$@8J*=8CD $O 4D6- $K E,1~ | ?J2= | $7 $F $$ $/ !% $H$3 $m $G !$?J2=O@ $N Nr;K $K $*$$$F !$?J2= $N 86F0NO $H 0d EA8=>] $K 4X $7 $F %i%^%k%- %: %‘ $H %@ !<%& %# %K %: %‘ $H 8F $P$l $kFs$D$NBg$- $J ;WA[$NN. $l$, B8:_$9$k !%A0<T $NCf?4E* $J 35G0 $O !V 3MF@7A<A$N0d EA !W $G$" $j !$3X=, $J $I $N 4D6- $K BP $9$k1~Ez $H $7 $F @8J*8DBN$N@836$N4V $K @8 $8 $? E,1~E* $J JQ 2= $, !$0dEA;R $K 2? $i$+ $N 7A $G AH$_9~$^ $l $F ;RB9$NJQ0[ $K J}8~@- $r M? $( $k $3$H $G ?J2= $, ?d $7 ?J $a $i $l $k $H$$ $& 9M $( J} $G$" $k!%0lJ} !$8e<T $NCf?4E* $J 35G0 $O !V %i %s %@ %‘ $J JQ 0[ $K 0z$-B3 $/Hs%i %s %@ %‘$J <+A3EqBA !W $G$" $j !$ JQ0[<+BN $K$O J}8~@- $O$J $/ !$ $?$^$? $^E,1~ E* $J JQ0[ $r ;}$C$F @8 $8 $? 8DBN $, <+A3EqBA $N 2aDx $G @8$-1d $S $F HK1I$9$k $H$$ $&9M $( J} $G$" $k !%$D$^$j !$ $? $H$( @8J*8D BN $N @836$N4V $K E,1~ E* $J JQ2= $, @8 $8 $?$H $7 $F $b !$ $= $N 8z2L $, 0dEA;R $K AH$_9~ $^ $l $k $3$H$O$J $/ !$ JQ0[<+BN $O $" $/$^ $G $b%i %s %@ %‘ $G$" $k $H$9 $k!%:#F| $N @8J*3X $d ?J2=O@ $K $*$$$F <gN. $r @j $a $k $N$O 8e<T$N %@ !<%& %# %K%: %‘ $G$" $j !$ %i %^ %k%-%: %‘ $O 0[C< $b $7 $/ $O 8m$j $H$9 $k8+J} $, BgH> $G$" $k!% 2.2 @8J* $N E,1~2aDx $H >pJs=hM} @8 J* ( =8 CD ) $N ;} $D 6K $a $F =@ Fp$J E, 1~ G= NO$K Ce A[$r F@ $F !$ $=$N @8J*3XE*CN8+ $r >pJs=hM} $N 4QE@ $+$i B* $( D> $7 $? 8&5f $O @9 $s$K 0Y$5 $l $F $$ $k!%$= $N Cf $G !$3X=, $H ?J2= $K 4X $9 $k8&5f $N 4v$D $+$N BeI=Nc $r 0J2< $K 5s $2 $k!% @8 L? 8= >] $N 7W ;; E* B& LL$+ $i $= $N 86 M} $r C5 $m $&$H $9 $k ?M9)@8L?8&5f $H $7 $F$N N)>l $+$i$O !$<g $K %@ !<%& %# %s 7? $N 0d EA 5! 9= $N 2<$G $N 3X =, $H ?J 2= $N N> 2a Dx 4V $N Aj 8_ :n MQ$K 4X $9 $k 5D O@$, Cf ?4 E*$K 0Y $5$l $F $- $? !%Nc$( $P !$ Hin ton $H No wlan $K $h $kC1 =c $J%b %G %k >e $G $N 5D O@ [4] $r$O $8 $a $H $7 $F !$3X=,$9$k %K%e!<%i %k %M%C %H $r F,G> $H $7 $F ;}$D?M 9) @8 L? BN$, 4D 6-$K BP $7 $F E, 1~ $7 $F $$ $/ 2a Dx $r :F 8= $7 $? Ac kley $H Littman $N 8& 5f [1] $d P arisi $i $N 8& 5f [13] $J $I $, 5s $2 $i$l $k!% $3 $l$i $N 8&5f $G$O !$3MF@7A<A $, 0dEA $9 $k $3$H$N$J$$ %@ !<%& %# %s 7? $N 0dEA5!9= $N 2< $G $b !$8DBN $N @836 $N 3X=, $, ;RB9 $N ?J2= $K J}8~@- $r M? $($F $=$N B.EY $r B%?J$9$k !V %\!<%k %I %& %# %s 8z2L !W y 1 $H 8F $P $l $k6K$a $F 6= L#?<$$8=>] $, @8 $8 $k $3$H$J $I $, Js9p$5 $l $F $$ $k!% 0lJ}!$=c?h $K 9)3XE*1~MQ $N 8+CO $+$i$O !$ %@ !<%& %# %s 7? $K 8G<9$9$k$3$H$J $/ !$ %i %^ %k %/7? $N 5!9= $r F3F~$9$k$3$H $G %7 %9%F %‘ $N @- G= 8~ >e$r ?^$C$? 8& 5f Nc $b $" $k !%Nc$( $P !$ SAMUEL $H 8F $P $l $k %W %m%@ %/%7 %g %s %7 %9 %F %‘$K $$ $/ $D $+$N FC<l $J 3X=,A‘:n $r 2C $($F !$ $3 $l$i$K $h $C $F =$@5$5 $l $k 5, B’ 72$r %i %^ %k %/ E*$K 0d EA $5 $; $k 5! 9= $r F3 F~ $7 $? Grefenstette $K $h$k BeI=E* $J 8&5fNc [3] $N $[$+$K$b !$ %m %\ %C %H $N OS $N 50F;@8@. $K BP $7 $F %i %^ %k %/E* $J 0dEAE*A‘:n $r H<$C $? 0d EA E*%" %k %4 %j %: %‘$r E, MQ $7 $? 8& 5f Nc [2] $J $I $, $" $j !$ $$ $: $l $b 9b8z N( $J %7 %9 %F%‘$N 9=C[ $K @.8y $7 $F $$ y 1 4pK\E* $J 9M $(J}<+BN $O 1890 G/Be $K$^ $GAL$k $, !$ <B:] $K$3 $N8z2L $, @8 $8 $k $+ H] $+$K$D$$ $F $O 3NG’ $9$k=Q $,$J$+$C $?!%

(367) V ol. 14 No. 4 Jul. 1997 35 $k!%$^ $? !$ %K%e!<%i %k %M%C %H $K $h $kO"A[5-21%b %G %k$K %i %^ %k %/7?$N5!9= $r F3F~$9$k $3$H $G 5-21MFNL $J $I $N LL $G $N @-G= $, Cx $7 $/8~>e$9$k $3$H$b Js9p$5 $l $F $$ $k [6] !% 3 F0E*4D6- $X$N E,1~ 0J>e $K =R $Y$F$-$?$h $& $K !$?M9)@8L?E* $J N)>l $+$i$N 8& 5fNc$NB?$/ $O %@ !<%& %# %s 7?$N0dEA5!9= $K 4p $E $/$b$N $P $+ $j $G$" $C $? $, !$9)3XE*1~MQ $NN)>l $+$i$O %i %^ %k %/7?$N5! 9= $rF3F~ $7 $F$= $NFC@- $rI>2A $7 $? 8&5f Nc $b $"$k!% $7 $+ $7 !$ $$ $: $l $N N)>l$N8&5f $K $*$$ $F$b N><T$N%b %G %k 4V $G $N E0Dl E* $J Hf3SI>2A $r 9T$C $?$b$N $O >/ $J$$ !% $=$NM}M3 $O !$A0<T $NN)>l $K $*$$$F $O @8J* 3XE* $J GX7J $K $h $k$b$N$G$" $j !$ 8e <T$NN)>l $K $*$$$F $O %i %^ %k %/7?$N5!9=$NJ} $, 8zN(E* $G M% $l $F $$ $k $3$H $, <+L@ $G$" $k $+ $N$h $& $K ;W $( $k $+$i$G $"$m $& !% $7 $+ $7 !$0J2< $K =R $Y $k$h $& $K$$$: $l $N N)>l$b IT==J, $G$" $k $H 8@ $( $k!% $^ $: Bh0l $K !$<B:] $N @8J*3& $K $*$$$F$b !$>/?t $G$" $k $H $O 8@ $( !$ %i%^ %k %/E* $J JQ2= $r <($9Nc $, Js9p$5 $l $F $$ $k $3 $H $, 5s $2 $i$l $k!%Nc $( $P !$%_ %8 %s %3$O Ja?)<T$NB?$$4D6- $K $*$$$F ;I $r H/C#$5$;$k$3$H $, $"$j!$ $3$N E,1~ E* $J JQ2= $, 0l EY 5/ $3 $k $H Mq$r DL $8 $F ;R $K <u$1 7Q$, $l $k $H $$ $& 8= >] $, $" $k [15] !% $3$N 860x $O 0dEA;RH/8=5!9= $NJQ2= $K$" $j !$ $$$o $f $k DL >o$N ?J 2=$N %W %m %; %9$K $*$1 $k DNA $N 1v 4p G[Ns<+BN$NJQ2= $K $h $k$b$N $G$O$J $$$3$H $, H=L@ $7 $F $$ $k $, !$ $$ $: $l$K $; $h @8J*3XE* $J N)>l $+$i $b$3$N%i %^ %k %/E* $J ?J2=$N2aDx$NB8:_ $r L5;k$9$k $o $1$K$O $$ $+$J $$ !% <! $K !$<g $K 8e<T $N 9)3XE*N)>l $+$i$N 8&5f $K 4X$9$kLdBj E@ $G$" $j !$ $^ $?K\ 9F $N Cf?4E* $J O@ E@ $K $b 7R $, $k 99 $K =EMW $J LdBjE@ $H $7 $F $b 5s $2 $i$l $k$N $, !$=>Mh $N8&5f$N $[$H$s $I $, @EE* $J <B834D6-$N>e $G $N$_$N I>2A$*$h $S 9M;! $K 4p $E $/$b$N $G$" $j !$ F0E*@-<A $r ;}$D4D 6- $N >e $G$N 5D O@ $, FC $K 0Y$5 $l $F$3$J$+ $C $?$3$H $G$" $k !%@h $K $b 5s $2 $? 9)3XE*1~ MQ$r L\ ;X $7 $?%7 %9 %F %‘ [12] [2] [3] [6] $K $7 $F $b Ac kley $i $N?M9) @8L? BN [13] [1] $K $7 $F$b !$ 07 $C $F$$$kLdBj NN0h $O @E E* $J$b$N$G$" $j !$ %(!< %8 %’ %s %H $O $=$N @EE* $J 4D 6- $K BP $7 $F E,1~$9$k $@$1$G $h$$ !% $b$A$m $s !$ $3 $l$i $N 8&5fNc $, A[ Dj$9$k@_Dj2< $K $*$$$F$b !$4D6-Fb $r%(!< %8 %’ %s %H$, F0$- $^ $o $C $?$j$9 $k $3$H $G%( !< %8 %’ %s %H $X $N F~NO?.9f $J $I $O JQ2= $7 F@$k!%$= $l$G $b !$ %(!< %8 %’ %s %H $N 3X=,$9$Y$-5,B’ | Nc $( $P !$ !V %_ %5 %$ %k $+$i N% $l $h !% !W $d !V Fy?)=C $+$i N% $l $h !% ?)NH $K$O 6a $E$1!% !W | <+BN $O IaJWE* $G$"$j !$ $3$N0U L# $G @EE* $G$" $k $H$3$3 $G$O 8@$$ $?$$$N $G$" $k!% $7 $+ $7 !$%^ %k%A%( !< %8 %’ %s %H 7O $J $I $N J#;( $G M=B,IT2D G= $J 5sF0 $r <($93+J|7?J,;64D6- $K $*$$$F $O !$ %(!< %8 %’ %s %H $N 3X=,$9$Y$- 5,B’ $, IT JQ $G$" $k $H $O 8B $i$:!$ $= $l <+BN $, JQ2= $7 $F $7 $^ $&2DG=@- $b $" $k!% $3$N$h $& $J F0E* $J 4D6- 2< $K $* $1 $k %(!< %8 %’ %s %H $N ?J2= $N 2aDx $K $*$$$F $O !$=>Mh $N $h $& $K !V $I $l $@$1 FCDj $N 4D6- $K E,1~ $G $- $k $+ !W $H$$ $& $3$H$K 2C $($F !$ !V$I$l$@$1 4D6- $N JQ2= $K DI=> $9 $k $3$H $, $G $- $k $+ !W $H$$ $& $3$H$b =EMW $K$J $C $F $/$k!% 0J 2< $G $O !$ $3 $l $i $N Ld Bj E@ $r F’ $^ $( $? >e $G !$?J 2= E* %( !< %8 %’ %s %H $N E,1~E* $J 2aDx $N B&LL $K CmL\ $7 !$ $= $N :G>. 8B $N @-<A $@$1$r Cj=P $7 $?%b %G %k $r MQ$$ $F !$ %@ !<%& %# %s 7? $*$h $S %i %^ %k %/7? $N 0dEA5!9= $K 4p $E $/=8CD $N ?J2= $N 2aDx $r :F8=$9$k!%FC $K F0E*4D6-2< $G$N %@ %$ %J %_%/ %9 $r 4Q;!$9 $k $3$H $G N><T $N FC@- $r Hf3S $7 $F $$ $/ !% 4 %7 %_%e %l !< %7 %g %s $N OHAH 4.1 A[Dj $7 $F $$ $k%(!< %8 %’ %s %H $N @$3& K\9F $G$O !$3F %(!< %8 %’ %s %H $O 4D6- $+$i <u $1 <h$C $? F~NO $r 85 $K 9TF0 $r 7hDj$9$k3,AX7? $N%K%e!<%i %k %M%C %H %o!< %/ $r ;}$D8DBN $G$" $k $H $9$k ( ?^ 1) !% $3$N%K%e!<%i %k%M%C %H $O !$3F 7k 9g$N 6/EY$r 0d EA ;R$H $7 $F Id 9f 2= $7 $? ( $D $^$j Ib F0 >. ?t E@$N G[ Ns$H $7 $F I= 8=$5 $l $? ) @w ?’BN $+$i D> @\%( %s %3 !< %I K! [12] [16] $K $h $C $F @8@.$5 $l $k !% ?^ 1 %(!< %8 %’ %s %H $N 9=B$ 3F8DBN $O%K%e !<%i %k%M %C %H $N =PNOCM $K 1~ $8 $F 9TF0 $r 7h Dj $7 !$ $= $N7k2L $K$h$j3X=, $r9T $& !% 3X=, $NJ}K! $H $7 $F$O !$ %K%e !<%i %k %M%C %H $N =$@5K! $H $7 $F 0lHLE* $J 8m:95UEAGEK!

36 %3 %s %T %e !<%?%=%U %H %&%’%" (368) ( 0J2< BP K! ) [14] $N >e $K 6/2=3X =, $NOHAH $rHo $;$? $b$N $r MQ$$$k !% BP K!$N$_ $@$H >o $K M} A[=PNO $r <( $7 $F $/ $l $k65 ;U$N B8:_ $, I,MW $H$J $k $, !$ $3$3$G A[Dj $7 $F $$ $k%( !< %8 %’ %s %H $N @$3& $K $*$$$F !$;vA0 $K Ax6x $7 F@$kF~NO $H$= $l$K BP $9 $k @5 $7 $$ 9T F0$N AH$r Dj 5A $7 MQ 0U $9 $k$3 $H $O $G $- $J $$ !% 0lJ} !$@8J* $O M}A[E* $J 65;U $, B8:_ $7 $J $/ $H$b !$2w3Z $d Mx 1W $r $b $? $i $9 9T F0$G $" $l $P $= $l $r 7+ $j JV $9 $3 $H $r 3X =, $7 !$4m81 $d 6lDK $r H< $&9TF0 $G$" $l $P $= $l $r 2sHr$9$k $3$H $r 3X=,$9$k!%$= $3 $G %b %G %k $H $7 $F $N BEEv@- $r ;} $?$; $k $? $a $K !$ >e 5- $N$h $& $J6/2=3X =, $NOHAH $rF3F~ $9 $k $N $G$"$k!% $3 $l$O !$9TF0 $N7k2L $H $7 $F 4D6- $+$i <u $1 <h$kJs=7?.9f $r $b $H $K !$ $=$N>u67 $K BP $7 $F !V E,@Z $J 9TF0 !W $G $" $C $? $+ $I $& $+$r 3X=, $7 $F $$ $/J}K! $G$" $k !%<B9T $7 $? 9TF0 $K $h $C $F Js=7 $, $b$? $i $5 $l $?$J$i $P $=$N$H$-$N F~NO $K BP $7 $F F1 $8 =PNO $, F@ $i $l $k$h $& $K !$5U $K D(H3 $r <u $1$?$J$i $P $=$N$h $& $J=PNO $r=P $5 $J$/ $J$k $h $& $K BP K! $, E,MQ $5 $l $k!% K\ 9F$G $O !$E5 7? E*$J !V F~ NO %;%s %5 { 9T F0 =P NO !W D> 7k 7? $N %"!<%-%F %/ %A%c$N >e $K Js=7!&D(H3 $K 4p $E $/6K $a$F C1=c $J 6/2=3X=,$NOHAH $r Ho $;$? $@$1 $N$b$N$r MQ$$ $? $, !$ %K %e!< %i %k %M%C %H $K $h $k6/2=3X=,$N<B8=K! $K$O B> $K $b MM !9 $J$b $N $, 9M $( $i $l !$%j%+ %l%s%H %M%C %H %o!< %/ $r MQ$$$k $3$H $G ;~7ONsE* $J =hM} $r I,MW $H$9 $kJ#;( $J%? %9%/ $N3X=, $r 9T $( $k Lin $i$N$h$j@v N} $5 $l$?%"!< %- %F %/ %A %c [10] $J $I $b $" $k!% $J$* !$ %K%e!<%i %k %M%C %H $N =$@5 $K :] $7 $F$O 0J2<$N<0 $r MQ$$$k!% w ( t + 1) = w ( t ) � � @ E ( w ) @ w � � � � w = w ( t ) + � � w ( t ) (1) $3$3 $G !$Dj?t � !$ � $O $= $l $>$l 3X=,78?t!$47@-78?t $G$" $k !%$^$? !$ w ( t ) $O 3X =, $N t %9%F%C %W L\ $K $*$1 $k %M %C %H %o!<%/Fb$N3F7k@~$N6/EY $r @.J, $H$9 $k7k9g6/EY %Y %/ %H %k $G$" $j !$ E ( w ) $O %M %C %H %o !< %/ $N=PNO8m:94X?t $G$" $k !% $H$3 $m $G !$ %(!< %8 %’ %s %H $O %K%e !<%i %k %M%C %H $N =PNOCM $r$=$N $^$^ FCDj$N9TF0 $K <LA|$9$k$N $G$O$J $/ !$ $=$N CM $K 1~ $8 $? 3NN( $G 3NDj=PNO $r ;;=P$9$k9TF07hDj%b %8%e !< %k $N =PNO $K $h$C$F :G=*E* $J 9T F07hDj $r 9T $& !% $3$N$h $& $J 3NN( E* $J 5!9= $O !$ %(!< %8 %’ %s %H$, 0lEYM-Mx $J 9TF0%Q%?!< %s $r 3MF@ $7 $? 8e $G $b !$ $= $l $h$j$b$5 $i$K M-Mx $J 9TF0%Q%?!< %s $r 3X=,$9$k2DG=@- $r$$ $/ $i$+$G $b J];}$9$k $?$a $K I,MW $J $b$N $G$" $k!%9TF07hDj%b %8%e !< %k$G$O !$3F=PNO %K %e!<%m %s $r <h$jF@$k9TF0 $N$= $l $>$l $K BP1~ $E$1$F !$ $3 $l$i $N =P NOCM $N 6/$5 $K 1~ $8 $F 0J2< $N <0 $G 7W;;$5 $l $k %\ %k %D %^ %s 3N N(J,I[ $K $7 $? $, $C $F 9TF0 $r A*Br$9$k!% p ( a i j s ) = exp( o i =T ) P j 2 p ossible actions exp ( o j =T ) (2) $3 $3 $G !$ p ( a i j s ) $O >u 67 s $K $* $$ $F9T F0 a i $r<h $k 3N N( $r I= $7 $F $*$j !$ o i $O 9TF0 a i $K BP1~ $E$1 $5 $l $? =PNO %K%e!< %m %s 72 $N9g7W=PNOCM $G$"$k !% $^ $? !$ T $O%( !< %8%’ %s %H $N KA81EY $r I=$929EY Dj?t $G$"$k !% T $, >.$5 $$ $H%(!< %8 %’ %s %H $O 2a5n $N 7P83 $r H?1G $7 $?%K%e !<%i %k %M%C %H %o!< %/ $N =P NO CM$K 4p$E $$ $F J] <i E*$J 9T F0$r <h $j !$ 5U $K T $, Bg$- $$ $H 2a5n $N 7P83 $K 0x $o $l$:$K MM !9 $J 9TF0 $r KA81E* $K ;n$_$k 798~ $r 6/$/<($9$h $& $K$J $k!% $" $k 4|4V $H $7 $F Dj $a $i $l $? @836 $r =* $($? 8DBN $O !$2? $i $+ $N I>2A4p=‘ $K $h$j ;;=P$5 $l $? E,1~EY $K 1~ $8 $? 3NN( $G A* Br$5 $l !$@w?’BN $N 8r:5 !& FMA3JQ0[ $J $I $N 0dEAE*A‘:n $, ;\ $5 $l $? >e $G !$<!@$Be $N ;R $r :n$k!% $3$N :] $K !$ %@ !<%& %# %s 7?$N 0dEA5! 9= $r ;}$D%( !< %8 %’ %s %H $O !$?^ 2a $K <($9$h $& $K !$@836 $N 4V $K =$@5$5 $l $? 7k9g6/EY $r <!@$Be $K EA $( $k $3 $H$O$J $/ !$ <+J, $N?F $+$i <u $1 7Q$$ $@ 0dEA;R $r$=$N $^$^ <! @$ Be $N ;R$r :n $k :] $N 0d EA ;R $H$7 $F 0d EA E* %" %k %4 %j%: %‘ $N %W %m%; %9 $K EO$9 !%0lJ}!$ %i%^ %k %/7? $N 0dEA5!9= $r ;}$D %( !< %8 %’ %s %H $O !$?^ 2b $K <($9$h $& $K !$@836 $N 4V $K =$ @5 $5 $l $? 7k9g6/EY $r :FId9f2= $7 $F 0dEA;R $r :n$jD>$9 !% 4.2 NcBj <!$K !$D> 4Q E* $J M} 2r $r =u$1 $k $? $a $K K\ 9F $G MQ $$ $k 6q BNE* $J NcBj $K $D$$$F =R $Y $k!%8DBN $G$" $k %(!< %8 %’ %s %H$, B? ?t !$ $=$l $> $l $" $k 0l Dj $N CM $r =i 4| CM $H $9 $k @8 L? %( %M %k %. !<$r ;}$C $F @$3& $K CB@8$9$k!%@$3& $K$O !$@8L? %(%M %k %. !<$r 0lDjNLA}2C$5 $; $kM-1W $J ?)NH $H$=$N 5U $K @8L? %(%M %k %. !< $r 0l Dj NL 8: >/ $5 $; $k M- 32 $J FG J* $H $$ $& Fs <o N‘ $N J* <A $, ;6 :_ $7 !$ $= $l$> $l $, FC D’ E*$J 7A >u ( %S %C %H %Q %? !< %s ) $r ;} $D !%3F 8D BN$O J* <A$N %Q %? !< %s $r %K%e !< %i%k %M %C %H %o!< %/ $K F~NO $7 $F !$ $= $N =PNOCM $K 1~ $8 $F !V ?) $Y $k !W $+ !V <N$F $k !W $N$$$:$l $+ $N 9T F0$r 3N N( E* $K 7h Dj $9 $k !% !V ?)$Y $? !W J*<A $, ?)NH $G$" $C $? >l9g $K$O @8L? %(%M %k %. !< $, A}2C $9 $k $N $G !$$= $N%Q%?!< %s$K BP $7 $F !V ?) $Y $k !W 9TF0 $r$H $k 3NN( $, 9b$/ $J $k$h $& $J CM $r%K%e!<%i %k %M%C %H %o!< %/ $, =P

(369) V ol. 14 No. 4 Jul. 1997 37 ?^ 2 %@ !<%& %# %s 7? $H%i%^%k %/ 7? $N 0dEA5!9= NO$9$k$h $& $K 3X=, $r 9T $& !% 5U $K$= $l$, FGJ* $G$" $C $? >l9g $K$O @8L? %(%M %k %. !< $, 8:>/$9$k$N $G !$ $=$N%Q%?!< %s$K BP $7 $F$O !V <N $F $k !W 9TF0 $r$H $k3NN( $, 9b$/ $J $k$h $& $J CM $r =PNO$9$k $h $& $K 3X=, $r 9T $& ( ?^ 1) !% $J$* !$J*<A $r !V <N $F $? !W $H$- $K$O 3X=, $O 9T $o $l $J $$ !%?)NH $H FGJ* $r <1JL$9$k $?$a $K I,MW $J CN<1 $r !V 5,B’ !W $H 8F$V $3$H $K $9 $k $H !$ %(!< %8 %’ %s %H $O <+ $i $, 9TF0 $r 5/ $3$9$3$H $K $h $C $F !$ $3$N 5,B’ $r 3X=, $7 $F $$ $/ $3$H $K$J $k !%3F8DBN $O !$?)NH $" $k$$ $O FG J* $r I=$9 %S %C %H %Q%?!< %s $r$" $k7h $a $i $l $? 2s?t $@$1 Ds<( $5 $l $F 6/ 2= 3X =,$r 9T $& !% $=$N 9g 7W 2s ?t$r 8D BN$N !V @8 36 !W $ND9$5 $H$9 $k!%@836 $r =* $($?%(!< %8 %’ %s %H $O !$@8L? %(%M %k %. !<$N ;DNL $K 1~ $8 $? 3NN( $G A*Br$5 $l !$ %i%^ %k %/7?$b $7 $/ $O %@ !<%& %# %s 7?$N0dEA5!9= $K 4p $E $$$? 0dEAE*A‘:n $, ;\ $5 $l $? >e $G !$<!@$ Be $K ;R B9 $r ;D$9 !% $D$^$j !$;DB8@8L? %( %M %k %. !< $, $=$N 8DBN$NE,1~EY $H$J $k!% %7 %_ %e %l !< %7 %g %s $N A4BN $N N. $l $r $^ $H$a $k $H 0J2< $N$h $& $K$J $k!% 1. =i4|@$Be $N 8DBN $r @8@. ( g = 1) 2. Bh g @$Be$N 8DBN3F !9 $, !$ $" $k0lDj 4|4V9TF0 $r $7 $J $, $i 3X=, ( 8DBN $H $7 $F$N !V 0l@8 !W ) 3. ;DB8@8L? %(%M %k %. !<$r 85 $K E,1~EY $N I>2A 4. E, 1~ EY$r 85$K !$A* Br !$8r:5 !$FMA3 JQ 0[$J $I $N 0d EA E*A‘:n $K $h $C $F g + 1 @$Be $N ?7 $7 $$ 8DBN72 $r @8@. 5. g = g + 1 $H $7 $F !$ 2. $K La$k 4.3 $=$N B> $N >\:Y $J @_Dj K\9F $G 9T$C $? <B83 $K $* $1 $k 6&DL $N%Q%i %a !<%?@_Dj $r 0J 2< $K 5s $2 $k!% � =8CD $N 8DBN?t $O 8GDj $G 100 $H $9 $k!% � 8DBN $N%K%e!<%i %k%M %C %H $O 3 AX9=B$ $N$b$N$r MQ$$!$ 5 $b $7 $/$O 6 8D $N F~ NO %K%e !< %m%s !$ 3 8D $N Cf 4V AX %K%e !<%m %s !$ 8 8D$N =P NO%K %e !<%m %s $+$i @.$j !$3FAX 4V $N 7k9g $O A47k9g $H $9$k !% � 3F %K %e!< %m %s$O !$ F~=P NO $N4X 78 $,%7 %0 %b %$ %I 4X?t $G 5,Dj$5 $l $k%"%J%m %0 %K%e !<%m %s$G $" $k !% � =i 4| =8 CD $N3F %K %e !< %i %k%M %C %H %o!< %/ $N7k 9g 6/ EY $O !$ � 0 : 30 � 0 : 30 $N 4V$N%i %s %@ %‘ $J CM $G =i4|2=$9$k !% � =PNO %K%e!<%m %s $N 8 8D$N $& $A!$H>J,$N 4 8D $: $D $, !V ?)$Y$k !W 9TF0 $H !V <N $F $k !W 9TF0 $K 4XM?$9$k !% � (2) <0$K $*$1 $k%( !< %8 %’ %s%H $N KA 81 EY$r <( $9 T $N CM $r 0 : 3 $K @_Dj$9$k!% � (1) <0 $G I= $5 $l $k BP K! $K $* $$ $F !$ 3X =,N( � !$ 47@- 78?t � $r $= $l $>$l 0 : 75 !$ 0 : 8 $K @_Dj$9$k !% � 3F 8D BN %( !< %8 %’ %s %H$O=i 4| CM 500 $N@8 L? %( %M %k %. !< $r ;} $C $FCB @8 $7 !$ ?) NH $r?) $Y$k Kh $K +10 $NJs =7 !$ FG J* $r ?) $Y$k Kh $K � 10 $N D(H3 $, M? $($i $l $k!% � 3F %(!< %8%’ %s %H$K$O !$ ?) NH $HFGJ* $NAPJ} $,$= $l $>$l F1 $8 2s ?t !$7W 400 2s Ds <( $5$l $k$3 $H $G @8 36$N 3X =, $r 9T $& !%

38 %3 %s %T %e !<%?%=%U %H %&%’%" (370) � 0d EA E* A‘ :n $K $*$$ $F !$8r:5 E@$N ?t $O 0 � 4 E@ !$FM A3JQ 0[ N( $O 5% !$JQ0[$N I} $O � 0 : 5 $G %i %s %@ %‘ $K 7h Dj$9$k!% $J $* !$ $3 $l$i $N %Q%i %a !<%?CM $O M=HwE*<B83 $K $*$$$F ;n 9T:x8m$N>e $G 7hDj $7 $? $b$N $G$" $k $, !$ $3 $l$i $r E,Ev $J HO 0OFb $G JQ99$9$k8B$j $K $*$$ $F $O !$Dj@-E* $K F1MM$N<B837k 2L $, F@ $i $l $k $3$H$r 3NG’ $7 $F $$ $k!% 5 %@ !< %& %# %s 7? $H %i%^ %k %/ 7? $N0dEA 5! 9= $NI>2A 5.1 M=Hw<B83!’@EE* $J 4D6- $G$N E,1~2aDx $N I>2A $^ $:$O $8 $a$K !$M=Hw<B83 $H $7 $F @EE* $J 4D6-2< $K $* $1 $k $= $l $>$l $N 0dEA5! 9=$NHf 3S $r $7 $F $* $/ !% $3$3$G$O !$?^ 4 $N >e J} $N OH Fb$K <( $9 $h $& $K !$?) NH$H FG J* $, 6 %S %C %H $+ $i @.$k%Q%?!< %s$G $= $l $>$l FCD’ $E$1$i $l $k$h $& $J 4D6- $r 9M $( $k!% $$$^ $O !$ ?^ 4 $NB> $NItJ, $O A4 $FL5;k $7 $F !$ >eJ} $NBg$- $J OHFb $@$1$K CmL\ $7 $F M_ $7 $$ !%Gr$* $h $S 9u $G Kd $a $i$l $? %^ %9 $O $= $l$>$l \ 0 " !$ \ 1 " $r I= $7 !$ \ * " $N 5-9f $O \ 0 " $H \ 1 " $N$$ $: $l $N CM $G$b$h$$ $3 $H$r0UL#$9$k!% $D$^ $j !$ ?)NH $G$"$k $+ FGJ* $G$"$k $+$N5,B’ $O 6 %S %C %H Cf $N>e 0L $N 3 %S %C %H $N 4X78 $K$h$C $F 7h $a $i $l$F $*$j !$ ;D $j $N 3 %S %C %H $O ;(2; %S %C %H $G $" $k $H $9 $k !% $b $A$m $s 3F%( !< %8 %’ %s %H $O !$ $I $N %S %C %H$, ;(2; $G$" $k$N $+$r :G=i $+$i CN$C $F $$$k $o $1$G $O$J$$ !% %(!< %8%’ %s %H$O !$ ;(2; 0J30 $N 3 %S %C %H $r FCDj $7 !$ $5 $i $K$3 $l$i 3 %S %C %H $N%Q%j %F %# Ld Bj $r 2r $/$N $K I,MW $J 5,B’ $r 3X=, $7 $F $$ $/ $3$H $K$J $k!% $3 $N 4D 6- 2<$K $* $$ $F !$3F 8D BN $N @8 36$r 400 %9%F %C %W ( ?^ 4 $N >eJ} $N 4]OHFb $K <( $7 $? 8 $D$N%Q%?!< %s $r =gHV $K 50 2s !$7W 400 2s Ds <( ) $H $7 $? $H $- $N J? 6Q E, 1~ EY$N ?d 0\ $NE57? E* $J Nc $r?^ 3 $K <( $9 !% $J$*!$ 3X =,%9 %F %C %W$, 400 $G $" $k $3$H $h$j !$ %(!< %8 %’ %s %H $N <h$jF@$k:GBg$N E,1~EY $O 2500 $G $" $k !% ?^ 4 $G $O Hf 3S BP >] $H $7 $F GA-Only $H$$ $& =8 CD $NE, 1~ EY$N ?d0\$b J; $;$F I=<( $7 $F $$ $k !% GA-Only $N =8CD $K $* $1 $k%( !<%8 %’ %s%H $O !$@836$N 4V$N 3X =, $r 9T $o$: $K ( $9$J $o $A %K%e!<%i %k %M%C %H $N 7k9g6/EY $r A4$/=$@5$9$k $3$H$J $/ ) 0l@8 $r2a $4 $9 !% $D $^ $j !$ @8 F@ E* $K ;} $D %K %e !< %i %k%M %C %H $N A1 $7 0- $7 $@$1$, E,1~EY $K D>7k$9$k !% %@ !<%& %# %s 7?$N =8CD $H GA-Only $N =8CD $H$NHf3S <+ BN $O K\9F $N<gBj $H $O D>@\4X78 $7 $J $$$b$N $G$" $k $, !$8DBN $N3X=, $, =8CD$N?J2= ?^ 3 [ M=Hw<B83 ] J?6QE,1~EY$N?d0\ $K M? $( $k1F6A $K $D$$$F $O K\9F $N 0J8e $N ItJ, $G$N =EMW $J O@ E@$N 0l $D $G $b $" $k $N $G !$ $3 $3 $G $d $d >\ :Y$K ?( $l $F $* $/ !% %@ !<%& %# %s 7? $N%(!< %8 %’ %s %H $G$O !$3F8DBN $, 0l@8 $N 4V $K 3X =, $7 $? 7k 2L$O D> @\ ;R B9$K EA$( $i $l $k$3 $H$, $J $$ $N$G !$ 0dEA 5!9= $=$N $b $N $O GA-Only $H A4$/ F1Ey $G$"$k!% $7 $? $, $C $F !$ D> 4QE* $K $O %@ !<%& %# %s 7? $H GA-Only $N =8CD $K $*$$$F E,1~EY $N >e>: $, ;O$^$k $N $O$[ $\ F1;~4| $K$J $k $3$H $, A[A| $5 $l $k!% $H $3$m $, !$ <B :] $K$O ?^ 3 $+$i $bJ, $+ $k $H $*$j!$ GA-Only $N =8CD $G$O 3000 @$Be L\JU$j $+$i $G $J $$$H E,1~EY $N >e>: $, ;O$^ $i$J $$$N BP $7 $F !$ %@ !<%& %# %s 7? =8 CD$G $O 1000 @$ Be L\ JU $j$+ $i >e >: $7 ;O$a $k !% $D $^ $j!$ 3MF@7A<A $, D>@\;RB9 $K EA $($i $l $k $3$H$N$J$$ %@ !<%& %# %s 7? $N =8CD $K $*$$$F$b !$8DBN $K $h $k3X=, $, =8CD $N ?J2= $K J} 8~@- $r M? $($F ?J2= $N B.EY $r B%?J$9$k $+$N $h $& $J 5?;w%i%^ %k %/ 8z 2L$, @8 $8 $k $N $G $" $k !% $3$l $, 2.2 @a$G $b =R$Y $? %\!<%k %I %& %# %s 8z2L $H 8F $P $l $k$b $N $G$" $k!% $3$N$h $& $J 8z2L $, @8 $8 $k860x $O 0J2< $N$h $& $K 9M $($i $l $k!% %K%e!<%i %k %M%C %H $N 7k9g6/EY %Y %/ %H %k 6u4V $K $*$$$F !$ $[ $\ F1DxEY $N @-G= $r <($97k9g6/EY %Y %/ %H %k$O J#?t $"$j F@$k $, !$ $= $l $> $l $N%Y %/ %H %k $r I=$9E@ $N <~0O $N >u67 $O F10l $G$" $k $H $O 8B $i$J $$ !%$D$^$j !$ 7k9gCM $N 0lItJ, $r$o$:$+$K JQ 2=$5 $; $k $@$1$G @-G= $, HtLvE* $K 8~>e$9$k$h $& $J 8e@$Be $K BP $7 $F M-K> $J 7k9g6/EY %Y %/ %H %k $b$" $l $P !$B?>/ $N JQ99 $r ;\ $7 $F

(371) V ol. 14 No. 4 Jul. 1997 39 $b@-G= $,$[ $H$s $I >e>: $7 $J $$$h $& $J$b$N$b$" $k !% $H$3$m $, !$ $= $l$i $N 7k9g6/EY %Y %/ %H %k <+BN $O $$ $: $l $b F1DxEY$N @-G= $r <($9$?$a !$ $3 $l$i $N E@ $N$_$r 8+ $F$$ $k GA-Only $N=8CD $K $*$$$F $O !$<+A3EqBA $N5!9= $O M-K> $J$b$N$r A* $S =P$9 $3$H $, =PMh $J$$ !%0lJ}!$@836 $N3X=, $K $h $C $F 7k9g6/ EY $, JQ 99 $5$l $k $h $&$J %@ !< %& %# %s 7? $N =8 CD $N >l 9g$K $O !$ @8F@E* $K M? $( $i $l $? 7k9g6/EY %Y %/ %H %k $N <~JU $r 6I=jE* $K C5:w$9$k $3$H $G M-K> $J$b$N$r A*JL$9$k $3$H $,$G $- $k !% $= $N $?$a !$0dEAE* $J 5!9=<+BN $O F1 $8 $G $b ?J2=$NB.EY $K :9 $, =P$k$N $G$" $k!% $5$F !$ $3$3 $G 3NG’ $7 $F $* $/ $Y$-$3$H $O !$@EE* $J 4D6-2< $G$O %i %^ %k %/7?$N=8CD$NJ} $, %@ !<%& %# %s 7?$N=8CD$h$j$b 05E] E* $K 8zN( $, NI $$ $3 $H $G$"$k!% %i%^ %k %/ 7? $N=8CD $G $O !$ 20 @$ Be L\ JU $j$G Aa $/$b E, 1~ EY $, 2000 $r D6$( $k$N$K BP $7 $F !$ %@ !< %& %# %s 7? $N =8 CD $N E, 1~$N 2a Dx$O 4K K}$G $" $k !% $3 $l$O !$ %i%^ %k %/7?$N=8CD $G$O <wL? $K $h$j ?F $, ESCf $G BG $A@Z$C $? 3X=, $r ;R $, 7QB3$9$k7A $G 3X=, $r ?J $a $k $3$H $,$G $-$k$N $K BP $7 $F !$ %@ !<%& %# %s 7?$N=8CD $G$O @$Be $, Be $o $k $? $S$K ;R $O 3X=, $r $d$jD> $5 $J $/ $F $O$J $i$J$$ $+ $i$G$"$j !$ D>4QE* $K $b M}2r $7 F@$k7k2L $G$" $k !% $7 $+ $7 !$ $3$N 7k2L$h $jD>$A $K %i %^ %k %/7?$N0dEA5!9=$NJ} $, %@ !<%& %# %s 7?$N5! 9=$h$j$bM% $l $F $$ $k $H 7kO@ $E$1 $k$N $O Aa5^ $G$" $k!% 5.2 F0E* $J 4D6- $X$N E,1~2aDx $N I>2A 3+J|7?J,;64D6-2< $G 3hF0$9$k %(!< %8 %’ %s %H $O !$<+A33& $K $* $1 $k@8J* $H F1MM $K !$J#;( $K JQ2=$9$k4D6- $K BP $7 $F =@ Fp $K BP1~ $7 $J $/ $F $O$J$i$J $$ !% $= $3 $G$O !$ %(!< %8 %’ %s %H $N3X =, $9 $Y $-5,B’ $, ITJQ $G$"$k $H $O 8B $i$J$$!% 0J 2< $G $O !$ 3 $D $N 0[$J $k F0 E* FC @-$N%l %Y %k $r ;} $D 4D 6-$r A[ Dj $7 $F !$ $= $3 $G $N E,1~2aDx$NI>2A $r 9T $& !% 5.2.1 <B83 1 !’MxMQ2DG=$J>pJs $K ItJ,@- $, $" $k4D6- $^ $:$O !$F0E*FC@- $N %l %Y%k$H $7 $F$O :G$bDc$$4D6- $H $7 $F !$ IaJW E* $J 5,B’ | !V ?)NH $G$"$k $+ FGJ* $G$"$k $+ !W | <+BN $O JQ2= $7 $J $$ $, !$ $= $l $r =,F@$9$k$N $K I,MW $J 40A4 $J >p Js $N AH$, F1 ;~$K $O F@$i $l $k $H $O 8B$i $J $$ $h $&$J >u 67 $r 9M $( $k!%$= $7 $F !$ %" %/ %; %9 $G $- $k>pJs$N<oN‘ $, ;~Be $H 6& $K JQ2=$9$k$b$N $H$9 $k !% $3 $l$O !$ $" $k;~E@ $G B8:_ $7 $J $+ $C $? <oN‘$N J*<A $, FMG! 8= $l $? $j !$ $= $l $^ $G $K B8:_ $7 $F $$ $?$b$N $, >C $($?$j$9 $k $H$$ $&>u67 $K AjEv$9$k !% $3$3 $G $O !$ $= $l $>$l $N ;~Be $K $* $$ $F4D6-Cf $K $O 4 <oN‘ $NJ*<A $N $_ $, B8:_ $7 !$$= $N $&$A $N Fs$D $, ?)NH $G ;D$j $N Fs$D $, FGJ* $G $" $k$h $& $J 4D6- $r 9M $( $k ( ?^ 4) y 2 !% ?^ 4 <B83 1 ?^ 5 !$ ?^ 6 $K 20 @$BeKh $K 4D6- $K B8:_$9$kJ*<A $NAH $r JQ2=$5$;$? $H $-$N !$E,1~EY $N =8CDJ?6Q$N ?d0\ $r <($9 !%?^ 5 $N =i4|@$Be $+$i Bh 1000 @$Be$^ $G$N ItJ, $r 3HBg $7 $?$b $N $, ?^ 6 $G$" $k!% $3 $l$i$N ?^ $h$j !$ %i%^ %k %/7? $N=8CD $G $O !$4D6- $r 9=@.$9$kJ*<A $N <oN‘ $, JQ2=$9$kEY $K E,1~EY $, Bg$- $/?6F0 $7 $F $$ $k$3$H $, 3N G’$5 $l $k !%0lJ} !$ %@ !<%& %# %s 7? $N =8CD $G $b E,1~EY $N ?6F08=>] $, 8+ $i $l $k $, !$ %i%^ %k %/ 7? $N =8 CD $N >l 9g $K Hf $Y $F ?6 F0 $N I}$, >. $5 $/ 0B Dj $7 $F $$ $k!%$9 $J$o $A4D6- $N JQF0 $K BP$9$k4h7r@- $N LL $K $*$$$F %@ !<%& %# %s 7? $N J} $, %i %^ %k %/7? $N =8CD$h$j$bM% $l $F $$ $k $H 8@ $( $k!% $5 $i$K$3$3$G %@ !<%& %# %s 7? $N =8CD $K $*$$$F CmL\$9 $Y$- $3$H$O !$4D6- $, JQ2=$9$kEY $K =8CD $N E,1~EY $, ?6$j=P $7 $K La$k $o $1$G$O $J $/ !$ ?6F0 $7 $D$D$b @$ Be $, ?J $‘ $K $D $l $F A4 y 2 IaJWE* $J5,B’<+ BN $, JQ2= $7 $J$$ $3$H$h $j !$ 3 @a $G=R $Y$? $h $& $J0UL# $G $O !$ $3$3 $G9M $( $F$$$k$b $N $b40A4 $K F0E* $J4D6- $H$O 8@ $($J$$ !%

40 %3 %s %T %e !<%?%=%U %H %&%’%" (372) ?^ 5 [ <B83 1] J?6QE,1~EY $N ?d0\ ?^ 6 [ <B83 1] J?6QE,1~EY $N ?d0\ ( 0lIt3HBg ) BN $H $7 $F >e>: $7 $F $$ $k E@ $G$" $k !% $D$^$j !$ 3F;~Be $G$O It J,E* $J >p Js $7 $+ MxMQ $G$-$J $$ $K $b 4X $o$i$:!$ $= $l$i $N It J,E* $J >pJs $r @$Be $r DL $8 $F E}9g $7 $F A4BN$N5,B’ $r =y !9 $K 3MF@ $7 $F $$ $k $+ $N$h $& $J 5sF0 $r %@ !<%& %# %s 7?$N=8CD $O <( $9$N $G$" $k!% $3$N$3$H$r 3NG’$9$k $?$a $K !$ $5 $i$K 0J2<$N $h $&$J <B 83$r 9T$C $? !%$^$:!$ @h$K =R $Y $? <B 83$K $* $$ $F !$ =i4| =8CD !$ 2000 @$ BeL\ !$ 4000 @$BeL\ !$ 6000 @$BeL\$N =8CD $r$= $l $>$l ESCf $G <h$j=P $7 $F $* $/ !% $= $7 $F !$<h$j=P $7 $F $* $$$? $3$l $i $N =8CD$K BP $7 $F !$85$N A4 BN$N 5, B’ ( $D $^ $j ?^ 4 >e J}$N 4] OH Fb$K <( $7 $? A4 %Q %? !<%s $+ $i @. $k 5, B’ ) $r 3X =,$5$; $F $_ $?$H $- $N 3X =, FC @-$r I> 2A$9 $k !% $3$N $h $& $K $7 $F F@$i$l $? 3F @$ Be$N 3X =, FC @- 6J @~$r ?^ 7 $K <( $9 !% ?^ 7 $K $* $1 $k3F %0 %i%U $O !$ @836 Fb $G$N3X=, $N7P2a $K $H $b$J $& %K%e!<%i %k %M%C %H $N =PNO8m:9 $N JQ2= $N MM;R $r <( $7 $F $$ $k!%=PNO8m:9 $H $7 $F$O !$ $= $l $>$l $N F~NO%Q%?!< %s $K BP$9$kM}A[E* $J =PNOCM $H <B:] $N%K%e!<%i %k %M%C %H $N =P NOCM $N <+>h8m:9OB $r <h$C $F$$ $k!%$^ $: =i4|@$Be $K $*$$$F $O !$%i%^ %k %/7? $H %@ !<%& %# %s 7? $N%(!< %8 %’ %s %H =8CD $N$$ $: $l $b 3X=, $r $& $^$/ 9T $($J$$ ( ?^ 7a) !% 2000 @$BeL\ $K$J $k $H !$%i%^ %k %/7? $N =8CD $O @8F@E* $K$" $kDxEY2~A1$5 $l $? =PNOCM $r =P$9 %K%e!<%i %k %M%C %H $r ;}$C $F @8$^ $l $k $, !$ $= $N 8e $K 3X=, $r 9T$C $F$b%M%C %H %o!< %/ $N =PNO8m:9 $O$" $^$j Dc8: $7 $J $$ !%0lJ} !$ %@ !<%& %# %s 7? $N =8CD $O !$ %i%^ %k %/7? $N =8 CD$h$j$b =P NO8m:9$N Bg$-$$%K%e !<%i%k%M %C %H $r ;}$C $F @8$^ $l $F $/$k $, !$ $= $N 8e $N 3X=, $K $h $C $F =PNO8m:9 $O 8: >/ $9 $k ( ?^ 7b) !% $= $7 $F !$ 4000 @$Be L\ ( ?^ 7c) !$ 6000 @$ BeL\ ( ?^ 7d) $H @$ Be $, ?J $‘ $K $D $l $F !$ %@ !<%& %# %s 7?$N 0d EA5!9= $N 2< $G$O !$85 $N A4BN $N 5,B’ $K BP $7 $F $b @5 $7 $/3X=, $r 9T$& $3 $H $N $G$-$k=8 CD $, 7A@. $5 $l$F$$$/ $3 $H $, J, $+ $k!% 0lJ}!$%i%^ %k %/7? $N 0dEA5!9= $N 2< $G$O !$%9 %F%C %W ?t $r @Q $s$G $b E,@Z $K 3X=, $r ?J $a $k $3$H $, =PMh $J$$$h $& $J =8CD $, 7A@.$5 $l $F $7 $^ $C $F$$ $k!% %i %^ %k %/7? $N =8CD $, 4D6- $N JQF0 $K BP $7 $F IT0BDj $J 5sF0 $r <($9M}M3 $O !$FC0[E* $J 5,B’ $K BP $7 $F lEM_ $K ?<$/E,1~ $7 $9 $. $F $7 $^ $& $+ $i$G$"$k!% Nc $( $P !$ ?^ 4 $K $*$$ $F !$ En v A $G$O !$ $$ $: $l$N J*<A $b>e $+ $i ;0 $DL\ $N %S %C %H$O \ 0 " $G $" $k $N $G !$ $3$l $r L5 ;k $7 $F >e 0L 2 %S %C %H $N %Q %j%F %# Ld Bj!$ $D$^ $j X OR LdBj $r 2r7h $9 $k5, B’ $r 3X=, $9 $l $P ?)NH $H FGJ* $r <1JL$9$k $3$H $,$G $- $k!% $7 $+ $7 !$ $" $k;~Be $r 6- $K 4D 6- $, En v A $+$i En v B $X$H >u BV $, JQ $o $C$?$H $9 $k $H !$ En v A $G 4{ $K 3M F@:Q$_$N 2 %S %C %H $N %Q %j %F %# Ld Bj $K 4X$9 $kCN <1 $O Lr N) $?$J$$ $I $3 $m $+ En v B $G$O A4 $/ @5H?BP$N0U L# $r ;}$D $3$H$K$J $C $F $7 $^ $& !% %i%^ %k %/7? $N =8CD $G$O !$0l@8 $N 4V $K 3X=, $7 $? 7k2L $r D>@\?F $+$i ;R $X$H 0dEA$5 $;$F $7 $^ $& $?$a !$FCDj $N 5,B’ $K BP $7 $F ?<$/E,1~ $7 $9 $. $F $7 $^$$ !$$= $3 $+$i H4 $1 =P$9 $3$H $, :$Fq $K$J $C $F $7 $^ $& !%0lJ}!$ %@ !<%& %# %s 7?=8CD $G $O !$C;4|E* $K$O 8D BN %l %Y%k$N 3X=, $K $h $C $F FC0[E* $J 5,B’ $K BP1~ $7 $D$D$b !$D94| E* $K$O =8CD %l %Y%k$G HFMQE* $J 2DG=@- $r J]$C $?$^$^ ?J2= $K

(373) V ol. 14 No. 4 Jul. 1997 41 ?^ 7 [ <B83 1] @$Be7P2a $K$H $b$J $& 3X=,FC@-$NJQ2= $h$C $F IaJWE* $J 5,B’ $r 3MF@ $7 $F $$ $/ $3$H $, =PMh$k!% 5.2.2 <B83 2 !’5,B’<+BN $, JQ2= $9 $k4D6- (1) $5$F !$ $h$jF0E*FC@- $N 6/$$4D6- $G$O !$5,B’<+BN $, JQ2= $9$k $3$H$b$" $j F@$h $& !% $3$3$G$O !$?)NH $H FGJ* $r <1JL$9 $k5,B’<+BN $, Dj $a $i $l $? ;~Be $r 6- $K H?E> $r 7+$jJV$9$h $& $J >u67 $r 9M $( $k ( ?^ 8) !% $3$N$h $& $K @8B8 $K M-Mx $J 5,B’ $, $" $k@Z$C3] $1$r 6- $K H?E>$9$k$h $& $J >u67 $O 0l8+Ws0UE* $J $b$N $H 46 $: $k $+ $b $7 $l $J $$ $, !$<B:] $K 5/ $3$j F@$k$b$N $G $" $k!%Nc $( $P <+A33& $K $*$$ $F @8 $8 $? 8=>] $H $7 $F$O !$ %$ %. %j%9 $N2k$N9)6H9u2=$NNc [15] $, M-L> $G$" $k!%>\:Y $O >J$/ $, !$ $3$N Nc $O 8DBN$N@8B8 $K M-Mx $H$J $k5,B’ $, 8GDj$5 $l $? $b$N $G$O$J $/N.F0E* $G$" $k $3$H$r <( $7 $F $$ $k!% ?^ 8 [ <B83 2] $3 $3 $G $O !$?^ 8 $K <( $9 $h $& $K !$4D 6-$r 50 @$ Be Kh$K En v A $H En v B $N 4V$G F~ $l BX$( $k$3 $H $r 7+ $j JV $9 >u 67 $r 9M $( $k!% ?)NH $H FGJ* $r <1JL $9$k5, B’ $O 3 %S %C %H $N ;( 2;ItJ, $r =| $1 $P !$ 2 %S %C %H $N%Q %j %F %# LdBj (X OR LdBj ) ?^ 9 [ <B83 2] J?6QE,1~EY$N?d0\ $H $7 $F I=$5 $l $k $, !$ $= $N 5,B’ $N 0UL# $O ;~Be $, ?J $‘ $H$H$b $K H?E> $r7+$jJV $9 !% ?^ 9 $K =8CD $NJ?6QE, 1~EY $N?d0\ $r<( $9 !% %i %^ %k %/7?$N=8CD $, 4D6- $K E,1~ $G$-$J $$$H$$ $&7k2L $O 6K $a$F D>4QE* $G$" $k!%0lJ} !$ $3$3 $G $b CmL\$9 $Y$-$3$H $O !$ %@ !<%& %# %s 7? $N =8CD $N E,1~EY $, ?6F0 $7 $J $,$i $b @$Be $r =E $M $k $K $D $l $F >e>: $7 $F $$ $k $H$$ $&6K $a$F H?D>4QE* $J E@ $G$"$k!% $H$$ $& $N$b !$ <B 83 1 $N >l9g $H $O 0[ $J$j !$ $3 $3 $G$O IaJWE* $J 5,B’<+BN $, JQ2= $7 $F $$ $k $+$i$G$" $k!% $3 $l$i$N 7k2L $h $j !$ %@ !<%& %# %s 7? $N0dEA 5!9= $N2< $G $O !$

42 %3 %s %T %e !<%?%=%U %H %&%’%" (374) ?^ 10 [ <B83 2] @$Be7P2a $K$H $b$J $& 3X=,FC@- $N JQ2= En v A !$ En v B $N $$$:$l $N 4D 6- $K BP $7 $F $b $&$^ $/ E, 1~ $G $- $k$h $& $J =8CD $, 7A@.$5 $l $F $$ $/ $3$H $, J, $+ $k !% $3$N $3$H$r 99 $K 3NG’$9$k $?$a $K !$>e5- $N<B83 $K $*$$ $F ESCf $G <h$j=P $7 $F $* $$ $? !$ =i 4|=8 CD!$ 2000 @$BeL\!$ 4000 @$Be L\!$ 6000 @$BeL\ $N=8CD $N$= $l $>$l $r En v A $H En v B $NN>J}$N5,B’$N2< $G 3X=, $r 9T $o$;$?$H$-$N 3X=,FC@- $r 4Q ;! $7 $? !% $= $N7k 2L $r?^ 10 $K <( $9 !% $^ $:!$ =i 4| @$ Be $N=8 CD $K $D$$$F $O !$ %@ !<%& %# %s 7? $H%i %^%i%/7?$$ $: $l $N =8CD$b ;W $& $h $& $K 3X=, $r ?J $a$k $3 $H $,$G $- $J$$ ( ?^ 10a) !% $H$3 $m $, !$ 2000 @$ Be L\ $K $J $k$H Aa $/$b N> <T$N Aj 0c $, L@ $i$+ $K$J $C $F $/$k!% %@ !<%& %# %s 7?$N0d EA5!9= $N 2< $G$O !$ En v A $H En v B $N$$$: $l $N 5,B’ $r$b !$ $"$kDxEY3X=, $9$k $3 $H $N =P Mh $k =8 CD$, 7A @. $5$l $O$8 $a $F $$ $k ( ?^ 10b) !%$5 $i$K !$@$Be ?t$r =E$M$F 6000 @$Be L\ ( ?^ 10d) $K ;j $k$H !$ %@ !<%& %# %s 7?$N0dEA5!9=$N2< $G$O !$ $$ $: $l $N 5,B’ $r$b E, @Z $K 3X=, $9$k $3 $H $, =PMh $k $h $& $J=8CD $, 7A@. $5 $l$F$$$k!% 0lJ}!$ 6000 @$BeL\ $N%i%^ %k %/7? $N=8CD $G $O !$ En v A $H En v B $N $=$l$> $l $N 5, B’$r 3X =,$5 $; $? $H $- $N 3X =, FC @- $, Bg$- $/0[ $J$j !$F@0U $J 5,B’ $H IT F@0U $J 5,B’ $H $, L@3N $K J,N% $7 $F $7 $^$C $F$$ $k !% $7 $+ $b !$ $=$NF@0U $J J}$N5,B’$N 3X=, FC@- $G $5$( !$ %@ !<%& %# %s 7?$N =8CD$N$b$N$h $j$b Nt$C $F$$ $k!% IaJWE* $J 5,B’<+BN $, JQ 2= $7 $F $$ $k $K $b 4X $o $i$:!$ %@ !< %& %# %s 7? $N =8 CD$, $$ $: $l $K BP $7 $F $b E, @Z $J 3X =, $r 9T $& %K%e!<%i %k %M%C %H $r 3MF@ $G $- $kM}M3$N0l$D $H $7 $F !$ %@ !< %& %# %s 7?$N=8CD $, N><T$N5,B’$N4V $K 1#$5 $l $? 2? $i$+ $N 6& DL$N 9= B$$r 3M F@ $7 $F $$ $/ 2D G= @-$r 9M$( $k$3 $H $b $G $- $k !% Nc $( $P !$ $3$3 $G 9M $($F$$$k 4D6- ( ?^ 8) $G $N5,B’ $NJQ2= $O !V H?E> !W $H$$ $& $b $N $G$"$k!% $D$^ $j !$ ?) NH $G$"$k $+ FGJ* $G $" $k $+$O$H $b$+ $/ !$0lHVL\ $H FsHV L\ $N Fs$D$N %S %C %H $N 4X 78 $K $h $C $F !$>/ $J $/ $H$b J*<A $r Fs$D $N %0 %k !< %W $K J, $1 $k $3 $H$, =P Mh $k !%=8 CD %l %Y %k $G $O !$ $3 $N !V %0 %k !< %W J,$1 !W $H $$ $&Cj>]EY $N %l %Y%k $, 9b$$5,B’ $@$1$r ?J2=E* $K 3MF@ $7 $F $$$- !$ $=$N >e $G 3F8DBN %l %Y%k$G$N 3X=, $K $h $C $F $I $A $i $N %0 %k !< %W $, ?)NH $G$" $j FGJ* $G$" $k $+$r <1JL$9$k>\:Y $J 5,B’ $K BP1~ $7 $F $$ $/ $H$$ $&6Z=q $- $G$" $k!% $7 $+ $7 !$<! $K =R $Y$k<B 83 3 $K $h$j !$ >e=R $N6Z=q $-0J30 $K$b B> $NM}M3 $, $" $j$= $& $J$3$H $, J, $+ $k!% 5.2.3 <B83 3 !’5,B’<+BN $, JQ2= $9 $k4D6- (2) :G 8e$K !$<B 83 2 $h $j $b 99$K F0 E* FC @- $, 6/ $$ 4D 6-$H $7 $F !$?^ 11 $K <($9$h $& $K ?) NH $H FG J* $r 6h JL$9$k 5,B’ $, 40 A4 $K IT5,B’ $K JQ2=$9$k>u67 $r 9M $( $k!%J*<A $r I=$9 %S %C %H %Q%? !< %s$O 3 %S %C %H $N ;( 2; $r4^$‘ 5 %S %C %H$+$i@. $j !$ ?) NH $H FGJ* $r <1JL$9$k $N $K 0lHVL\ $H FsHVL\ $N %S %C %H$, 4XM? $9 $k !% $7 $+ $7 !$ $=$N 5, B’ $K$O <B 83 2 $N $h $& $K 2 %S %C %H $N %Q %j %F %# LdBj $N$h $& $J 9= B$ $O L5$/ !$ $=$N AH9g$; $, A4$/ IT5,B’E* $K JQ2=$9$k $N $G !$ %(!< %8 %’ %s %H $K $H $C $F $O $5 $i $K 87 $7 $$ 4D6- $G$" $k $H 8@ $( $k!% $3 $N$h $& $J >u 67$N 2< $G !$5,B’ $r 50 @$ BeKh $K JQ2=$5$; $? $H $- $N=8 CD $NJ? 6Q E, 1~ EY $N?d 0\ $r4Q ;! $7 $? ( ?^ 12) !% D> 4QE* $K$O $$ $: $l $N =8CD$b $& $^$/E,1~ $G $-$J$$$h $& $K ;W $( $k$N $@$, !$?^ 12 $r 8+$F$_ $k$H !$ $3$3$G $b %@ !<%& %# %s 7?

(375) V ol. 14 No. 4 Jul. 1997 43 ?^ 11 <B83 3 $N=8CD$NE,1~EY$N?6F0$NI} $, @$Be $r 7P$k $K $7 $? $, $C $F >. $5$/ $J $C $F$$$- !$ $5 $i$K A4BN $H $7 $F >e>:798~ $r <( $7 $F $$ $k $3 $H $, 3NG’ $G$-$k!% $3 $3 $G 9M $( $F$$$k4D 6- $K $O !$ 5.2.2 @a$N8eHx $G =R$Y $?$h $& $J !V%0 %k !< %W J, $1 !W $N$h $& $J !$Cj >] EY $N 9b $$ %l %Y%k $K $*$1 $k 9= B$ E*$J 5, B’ $5 $( B8 :_ $; $:!$ 5,B’ $O A4$/%i %s %@ %‘ $K JQ2=$9$k !% $3$N$h $& $J 6K $a$F M=B, IT2DG= $J >u67 $K $*$$$F$5$( !$ %@ !<%& %# %s 7?$N0dEA5!9= $O 2? $i$+ $N ;EAH$_ $G M-1W $J >pJs $r ;RB9 $K EA $($F$$ $k!% ?^ 12 [ <B83 3] J?6QE,1~EY$N?d0\ <!$K !$>e 5-$N <B 83$K $* $$ $F ES Cf$G <h $j =P $7 $F $* $$ $? !$ =i 4| =8 CD !$ 2000 @$ Be L\ !$ 4000 @$ Be L\ !$ 6000 @$ Be L\ $N =8 CD$N$= $l $> $l $K BP $7 $F !$?^ 11 $G <( $7 $? $= $l$>$l $N 5,B’ $N 2< $G 3X=, $r 9T $o$;$?$H $-$N 3X=, FC@-6J @~ $r ?^ 13 $K <( $9 !% $^ $: !$ =i 4|@$Be $N =8CD $K $D$$ $F$N 3X=,FC@- ( ?^ 13a) $h $j !$ $$ $:$l $N =8 CD $K$H $C $F $b En v A $H En v B $N 5, B’ $r 3X=,$9$k$3$H $O Fq $7 $/ !$ $=$N $[$+$O 3X=, $, MF 0W $G %9 %F %C %W $N 7P2a $K$H $b$J $C $F%K%e!<%i %k %M%C %H $N =PNO8m:9 $, B. $d $+ $K 8:>/ $7 $F $$ $/ $3$H $, J, $+ $k!% $3 $l$O !$ En v A $H En v B $N 5,B’ $, 2 %S %C %H $N%Q %j %F %# Ld Bj $G$"$j @~7A J,N%ITG= $H$$ $&@-<A $r ;}$C $F$$ $k $+$i$G$" $k $, !$ $3$3 $G =EMW $J$N $O 5,B’ $N 0c$$ $K $h $k $3 $& $7 $? 3X=,FC@- $N Aj0c $G $O $J $/ !$ $= $l $>$l $N 5,B’ $K BP $7 $F %@ !<%& %# %s 7? $H%i %^ %k %/ 7?$N N> <T $, F1 Ey$J 3X =, FC @-$r <( $9$H $$ $&$3$H $G $" $k !% $H$3$m $, !$ 2000 @$Be L\ $K$J$k $HMM;R $, JQ2= $7 $F $/ $k ( ?^ 13b) !% %@ !< %& %# %s 7?$N =8 CD$G$O !$ En v A $H En v B $N Fq $7 $$ $b $N $r 4^ $a $? $=$l $> $l $N 5, B’$K BP $9 $k 3X =, FC @- $, $$ $/ $i$+ 8~>e$5 $l $? $b$N$H$J $k!%0lJ} !$ %i%^ %k %/7? $N =8CD $O !$$$ $: $l $N 5,B’ $K BP $7 $F $b 3X=, $, ;W $& $h $& $K ?J$^ $J $/ $J $k!% $5 $i$K !$ 4000 @$Be ( ?^ 13c) !$ 6000 @$Be ( ?^ 13d) $H @$Be $r=E $M$k $K$D $l$F !$ %@ !< %& %# %s 7? $N=8 CD $K$* $$$F $O !$$$ $: $l $N 5,B’ $K BP $7 $F $b 3X=,FC@- $N$5 $i$J $k8~ >e $, 8+ $i $l $k!%0lJ} !$ %i%^ %k %/7? $N =8CD $G$O !$ $= $l $>$l $N 5,B’ $K BP$9$k 3X=,FC@- $, Bg$-$/0[ $J $j !$ F@0U $J 5,B’ $H ITF@0U $J 5,B’ $H $, L@3N $K J,N% $7 $F $/$k!% $3$3 $G $b !$ %@ !< %& %# %s 7? $N%(!< %8 %’ %s %H =8CD $, !$ $$ $: $l $N 5,B’ $r$b E,@Z $K 3X=,$9$k $3$H $, 2DG= $J =@Fp $J%K%e!<%i %k %M%C %H $r 3MF@ $7 $F $$ $/?J2= $N 2aDx $, :F8=$5 $l $F $$ $k!% 5.3 $^$H$a 8DBN $N 3X=, $H =8CD $N ?J2= $N 2aDx $r L) $K M;9g $7 $? %i %^ %k %/7? $N 0dEA5!9= $r ;}$D=8CD $O !$FCDj $N 4D6- $X$N E,1~ $, B. $$$?$a !$@EE* $J 4D6-2< $K $*$$$F $O %@ !<%& %# %s 7? $N =8CD $K Hf $Y$F 05E]E* $K M-Mx $G$" $k!% $H$3$m $, !$ %i%^ %k %/7? $O FC Dj$N 4D 6-$K BP $7 $F lE M_$K ?< $/ E, 1~ $7 $9 $. $F $7 $^ $&$N$G !$ $= $3 $+ $i :F $S H4$1 =P $9 $3 $H $O Hs >o$K :$ Fq $H $J $k !% $7 $? $, $C $F !$4D 6- $, F0 E*$K JQ F0 $9 $k $h $& $J >u 67$K $* $$ $F $O !$ $=$N JQF0 $K 9g $o$;$F E,1~EY$bBg$-$/?6F0 $7 !$6K $a$F IT0B Dj $J 5sF0 $r <($9 !%0lJ}!$ %@ !<%& %# %s 7? $N =8CD $O !$4D6- $, JQF0 $7 $F $b%i %^ %k %/7? $N =8CD $[ $I 5sF0 $, IT0BDj $K$J $k $3 $H$O$J $$ !%

44 %3 %s %T %e !<%?%=%U %H %&%’%" (376) ?^ 13 [ <B83 3] @$Be7P2a $K$H $b$J $& 3X=,FC@- $N JQ2= 8DBN $K 3X=, $r 9T $o$; $k $H !$3X=,7k2L $, 0dEA$9$k $3$H $, $J $/ $H$b %\ !< %k %I %& %# %s 8z2L $K $h $C $F =8CD$N?J2= $, B%?J $5 $l $k $3$H$r =R$Y $? !%$^ $? !$ $3$N 5?;w%i%^ %k %/E*8z2L $, @8 $8 $k86 0x $O !$8DBN$N 9T $&3X=, $K $h$C$F !$@8F@E* $J%M %C %H %o!< %/$N7k9g6/EY %Y %/ %H %k $N <~JU $, 6I=jC5:w$5 $l $k $+ $i$G$" $k $3$H$b =R$Y $? !%F0E* $J 4D6- $K $*$$ $F !$J#?t $N5, B’$N2< $G E,@Z $J 9TF0%Q%?!< %s $r @8 $8 $5$; $k$h $& $J%K%e!< %i %k %M%C %H$, B8:_ $7 $J $$ !$ $b $7 $/ $O 3MF@ $, :$Fq $G $" $k>l 9g $K$O !$ $3$N 6I=jC5:w $, Hs>o $K =EMW $J Lr3d $r 2L$?$9 !% <B :] $K !$ @836 $N3X=, $, 9T $o $l $J$$ GA-Only $N =8CD $O$3 $N $h $& $J F0E*4D6-2< $G$O A4$/ $&$^$/5!G= $7 $J $$$3$H $, 3NG’ $5 $l $F $$ $k!% $H$3$m $G !$ $3$3 $G 6=L#?<$$$N $O !$8DBN $N3X =,7k 2L ( $D$^ $j6I =j C5 :w $N7k2L ) $r M[ $K 0dEA $5 $;$k $h $& $J %i%^ %k %/7?$N0dEA5!9=$bF0E*4D6-2< $G$O $&$^$/5!G= $7 $J $$ $3$H $G$" $k!% $3$N$h $& $J F0E* $J >u672< $G$O !$8DBN $N3X =, $H =8CD$N?J2=$N2aDx $r L@3N $K J,N% $7 $F !$3F8DBN $N %l %Y %k$G$O 3X=, $K $h $C $F >\:Y $J 5,B’ $K BP1~ $7 $D$D$b !$=8CDA4 BN $H $7 $F$O $" $k DxEY$N HFMQE*$J 2DG= @- $r J]$C $? $^$^ =y !9 $K E, 1~ $7 $F $$ $/ %@ !< %& %# %s 7?$N 0d EA 5! 9= $N J} $, 0B Dj @- !$ 4h 7r @- $N LL $G M%$l $k !% $5 $i $K FC I. $9 $Y $- $3 $H $O !$ %@ !< %& %# %s 7?$N=8CD $O !$F0E*FC@- $N6/$$4D6-2< $G 0BDj $7 $? 5s F0 $r <($9 $@$1$G $J $/ !$ @$Be $, ?J $‘ $K $D $l $F E,1~ EY $r >e>: $5 $;$F$$ $kE@ $G$" $k !% $D$^$j %@ !<%& %# %s 7?$N=8CD $O !$F0 E* $J 4D6- $K BP $7 $F $N E,1~G=NO $r Hw $($F$$ $k!% >e=R $N $3 $H$H 4XO" $7 $F !$ <B83 1 !$ <B83 2 !$ <B 83 3 $K $* $1 $k @$ Be Kh $N 3X =, FC @-$N JQ 2= ( ?^ 7 !$?^ 10 !$?^ 13) $K $D$$$F ?( $l $F $* $/ $Y$-$3$H $, 0lE@ $" $k!%IaJWE* $J 5,B’<+ BN $, JQ2= $7 $J$$ <B83 1 $K $*$$ $F $O !$ @8 F@E* $J%M %C %H %o!< %/$N =P NO8m :9 $, @$ Be$r =E $M $k$K $D $l $F 8: >/ $7 $F $$ $k ( ?^ 7) !%$D$^$j !$@8$^ $l $D$- E, $7 $? 9TF0%Q%?!< %s $r <h$k$h $& $J 8DBN $, @8 $8 $k!%0lJ} !$5,B’<+BN $, JQ2= $7 $F $7 $^ $&<B83 2 !$<B83 3 $K $*$$$F$O !$ $‘ $7 $m @8F@ E* $J%M %C %H %o!< %/ $N =P NO 8m :9 $O @$ Be$r =E$M $k$K $D$l $F A} 2C $7 $F $$ $k ( ?^ 10 !$ ?^ 13) !% $3$N$3$H$O !$F0E*FC@-$N 6/$$4D6- $G$O !$FCDj$N 5,B’2< $G E,@Z $K ?6$kIq $& $3$H$h$j$b !$MM !9 $J 5,B’ $r 3X=, $G $- $k$h $& $J =@Fp $J @-<A $N J} $, =EMW $G$" $k $3$H$r 0UL# $7 $F$$ $k !% $D$^ $j !$ !V $& $^$/9TF0 $G$- $k !W FC@- $r 0dEA $7 $h $& $H $9$kD>@\E* $J%i%^ %k %/7? $N0dEA $G$O$J $/ !$ !V $& $^$/3X=, $G $- $k !W FC@- $, 0dEA $7 $F $$ $/ %\ !< %k %I %& %# %s 8z2L $K $h $k 4V@\E* $J 5!9= $N J} $, =EMW $J Lr3d $r ;}$D!% 6 5DO@ %( !< %8 %’ %s %H =8CD $N ?J2= $N 2aDx $r :F8=$9$k $?$a $K K\9F $G MQ$$ $?%b %G %k$O !$@8L? $N 86M} $K CeA[ $r F@ $?$b$N $G$O$" $k $, !$@8J*3XE* $K =EMW $J$$ $/$D $+$N B&LL $r 4JN,2= $7 $? 6K $a$F Cj>]EY $N 9b$$$b $N$H$J $C $F$$ $k!%Nc $( $P !$@w?’BN $+ $i 8DBN $N%K%e!<%i %k %M%C %H %o!< %/ $r @8@.$9$k $K$"$? $C $F D>@\ %( %s %3 !< %I K! $r MQ$$ $F$-$? $, !$<B:] $N @8J* $N G> $G$O 3F %K%e!<%m %s 4V $N 7k9g $N 6/EY $, D>@\E* $K 0dEA;R $+$i 7hDj $5$l $F $$ $k$H $O 9M$( $K $/$$ !%$^$? 9) 3X E*$J N) >l$+ $i $b !$ $h$j Bg5,LO $J%K%e!<%i %k %M%C %H %o!< %/ $r ?J2=E* $K 3MF@$9 $k $3$H$r 9M $($?$H $- $K$O !$ $3$3 $G MQ$$ $? D>@\ %( %s %3 !< %I

(377) V ol. 14 No. 4 Jul. 1997 45 K! $G$O IT == J, $G $" $k !% $3 $N :] $K$O !$ Kitano $, Ds <( $7 $F $$$k %0 %i%U =q$-49 $( 5,B’ $r :F5"E* $K MQ$$$kJ8K! %( %s %3 !< %I K! [8] $N$h$& $J5!9= $, M-MQ $K$J$k $3 $H $O3N $+ $G$"$k!% $^ $? !$ $=$N5!9= $O @8J*$NH/@8$N %a %+ %K %: %‘ $K $h$j 6a$$%b %G %k$G $b$" $k!% $7 $+ $7 !$ $3$N$3$H $O K\9F $K $* $1 $k3X=, $H ?J 2= $K 4X$9$k5DO@$NK\<A $r J$$9$b$N $G$O$J $$ !% 0J>e=R $Y$F$-$?$h $& $K !$ $3$3 $G F@ $i $l $? CN8+ $r D>@\$= $N$^$^@8J*3X $K%U %# !< %I %P %C %/$9$k $3$H $O Fq $7 $$ $, !$5U $K Cj>]EY$N9b$$%b %G %k >e $G $N 5DO@ $O %^ %k%A%( !< %8 %’ %s %H 7O$N9=C[K! $J $I $N MM !9 $J OCBj $K $^ $G 1~MQHO0O $r 9- $2 $i$l $k2DG=@-$b $" $k!% %(!< %8 %’ %s %H $K $h $kLdBj2r7h$"$k$$ $O $=$N $? $a $N 8z 2L E*$J @o N, 3M F@$N 2a Dx$H $$ $&4Q E@$+ $i $O !$ K\9F $G MQ$$ $? !V 3X=, !W $H !V ?J2= !W $H$$ $&MQ8l $N$= $l $>$l $O !$3F8DBN $, FH<+ $K 9T $&C5:w $H =8CDA4BN $, 9T $&6(D4C5:w $H B* $( D>$9 $3$H$b $G $- $k !% $3$N$H$- $K !$ $= $l $>$l $N 2aDx $N 2M $1 66 | >p Js$N EA C#$*$h $S 8r 49 | $N Lr 3d $r C4 $& $N $, !V 0dEA !W $N5!9= $G$" $k !%Nc $( $P !$J#?t $N %(!< %8 %’ %s %H $, 8_$$ $K >pJs$N $d$j <h$j $r$9 $k:] $K !$ $I $N$h $& $J 8r497A BV $, 7k2L $H $7 $F :G$bNI$$8z2L $r @8$_=P$9 $3$H $K$J $k $+$H $$$C $? LdBj $J $I $K BP $7 $F$3$3$G F@ $i $l $? CN8+ $O 2? $i$+ $N <(:6 $r M? $( F@$k!%$^ $? !$JL $N6=L#?<$$OCBj $H $7 $F !$?M9) G> $J $I $N ?M9)E* $J CNE* %7 %9 %F %‘9=C[$NMxE@$N0l$D $H $7 $F <w L?$N @) Ls $, B8 :_ $7 $J $$ $3 $H$,$7 $P $7 $P 5s $2 $i $l $k $, !$ K\9F $G F@ $i $l $? CN8+ $O$3 $N AGKQ $J D>4Q $K BP $7 $F :F9M $r B% $9 !%K\9F $G 9M $($F$$ $k%i%^ %k %/7? $N 0dEA5!9= $G$O !$<+A3 Eq BA $d 0d EA ;R $N 8r :5 $d FM A3 JQ 0[ $J $I $N 8z 2L$O $" $k $b $N $N !$?F $N3X=,7k2L $r ;R $, $=$N $^$^<u $1 7Q $0 $H $$ $& Bg;(GD $J 0UL# $G$O !$8+J} $r JQ $( $k $H <wL? $r L5$/ $7 3X=, $r 1J1s $K B3 $1 $k $3$H$r 2DG= $K $9 $k;EAH$_ $H $7 $F B* $( $k $3$H$b =PMh $k!% $H$3$m $, K\9F $G $N <B837k2L $K $h $k $H !$F0E* $J 4D6-2< $G$O$3 $& $7 $? ?M9)E* $J %7 %9 %F %‘ $K <wL? $, B8:_ $7 $J $$$3$H $O 5Q$C $F ITMx $H$J$j F@$k $3$H $, M=A[$5 $l $k !%$‘ $7 $m E,Ev $K @$Be8r Be $r 7+$jJV$9$3$H $, =EMW $G$" $j !$ $7 $+ $b$=$N :] $N>pJs$NEAC# $O %@ !<%& %# %s 7?$N5!9= $K 4p $E $$$?$b$N $G$J $1 $l $P $J$i$J $$ !% 0l J} $G !$K\ 9F$G Mx MQ $7 $F $- $? %b%G %k $N 0l HL @- $d BE Ev @- $K 4X$9$k8!>Z $O =EMW $G$" $k !%Nc $( $P !$K\9F $G$O !$ %(!< %8 %’ %s %H $N 3X=,$N2aDx $H $7 $F %K%e!<%i %k %M%C %H %o!< %/$N %b %G %k $r MQ$$ $? !% %K %e!<%i %k %M%C %H %o!< %/$N3X=,$N?J$_ J} $O A2?J E* $G$" $j !$;~ $H $7 $F 6I=j 2r $K Ja $o $l $F <sHxNI$/ 3X=, $, ?J$^ $J$$$3$H$b$" $k $H$$ $&@-<A $r ;}$C $F$$ $k!% $3 $l $i $N @-<A $O !$3+J|7?J,;64D6- $N$h $& $J J#;( $J 4D6-2< $G $N%( !< %8 %’ %s %H $N 3X=, $N 2aDx $r E,EY $K%b %G %k 2= $G $- $k$b $N$H ;W $o $l $k $, !$K\9F $G F@ $i $l $? CN8+ $, $=$N$^$^ B> $N 3X =,%Q%i %@ %$ %‘ $K BP $7 $F $b @.$jN)$D $+ $I $& $+$N 3NG’ $K $D$$ $F$O :#8e $N 2]Bj $K$J $C $F$$ $k!%$^ $? !$K\9F $G MQ$$ $?%b %G %k$O !$4D6-Cf $K%( !< %8 %’ %s %H $N ?)NH $H$J $kJ*;q $, ==J, $K $" $j !$8B $i $l $? ?) NH $r$a $0 $C $F$N%( !< %8 %’ %s %H 4V$N 6%Ah $H $$ $C $? D>@\E* $J%(!< %8 %’ %s %H 4V $N Aj8_:nMQ $r 9MN8 $K F~ $l $? $b$N$H$J $C $F$$$J$$ !% $7 $+ $7 !$<B:] $N @8J* $N @$3& $d 7W;;5!4D6- $J $I $r 9MN8$9$k $H !$8B $i $l $? ;q8; $r =d$C $F @8 J* $d 7W;;%5 %V %7 %9 %F %‘ $, 6%9g$9$k $3$H $, >o $G$" $k!%$5 $i $K !$ %(!< %8 %’ %s %H 4V $N Aj8_:nMQ $H $O >e5- $N$h $& $J 6%Ah $K 8B$C $?$b$N $P $+ $j $G$O$J $$ !% %(!< %8 %’ %s %H F1;N $O !$8_ $$ $N Mx 1W $r >e $2 $k$?$a$K 6( D4$9 $k$3$H $b$" $k [11] !% $3 $N $h $& $J 9-$$0UL# $G$N%( !< %8 %’ %s %H 4V $N Aj8_:nMQ $r 9MN8 $K F~ $l $?%b %G %k $r MQ$$ $? I>2A$bI,MW $K$J $C $F $/$k!%$^ $? !$ $3 $& $7 $?%( !< %8 %’ %s %H 4V $K Aj8_:nMQ $N%M%C %H %o!< %/ $, B8:_ $9 $k>l9g!$7OA4BN $N 5sF0 $O $h$j J#;( $J %@ %$ %J %_%/ %9 $r Dh $9$k $G$"$m $& [7] !% $3$N?6$kIq $$ $r M}2r $9$k $N $K !$ %+ %* %9 $J $I $N J#;(7O $N 2J3X $K 4p $E $$$? 2r@O$bI,MW $K$J $C $F $/$k $H ;W $o $l $k [17] !% 7 7kO@ K\9F $G$O !$F0E* $G M=B,ITG= $J ?6$kIq$$ $r Dh$9$k3+J|7? J,;64D6- $K $*$$$F $O ?J2=E* %(!< %8 %’ %s %H $N 35G0 $, =EMW $K $J $k $H$N N)>l $+$i !$3X=, $N 8z2L $H 0dEA5!9= $, %( !< %8 %’ %s %H =8CD $N ?J2= $K M? $( $k1F6A $K $D$$$F !$ %K%e!<%i %k %M%C %H %o!< %/ $H 0dEAE* %" %k %4 %j %: %‘ $r MQ$$ $? Cj>]E* $J%b %G %k $r MQ$$ $? %7 %_ %e %l !< %7 %g %s$K $h$j I>2A $7 $? !%F@ $i $l $? 7k2L $r $^$H$a $k $H !$0J2< $N$H$*$j $K$J $k!% 1. @E E*$J 4D 6-$N 2<$G$O !$ %@ !< %& %# %s 7?$N 0d EA 5! 9= $h $j$b%i %^ %k %/7? $N 5!9= $N J} $, 8zN(NI$/4D6- $K E,1~ $G $- $k !% 2. F0 E*$J 4D 6-$N 2<$G$O !$ %@ !< %& %# %s 7?$N 0d EA 5! 9=$N J} $, %i %^ %k %/7? $N 5!9= $K Hf $Y$F !$4D6- $N JQF0 $K BP $7 $F 0BDj $7 $? 5sF0 $r <( $7 !$4h7r@- $K M% $l $k !% 3. $5$i $K !$F0 E*$J 4D 6-$N 2<$G$O !$ %@ !< %& %# %s 7?$N 0d EA5!9= $O 4h 7r@- $K M% $l $k $P $+ $j$G$J $/ !$ =y !9 $K J? 6Q E* $J E,1~EY $r >e>:$5 $;$F$$$- !$F0E* $J 4D6-<+BN $X$N

46 %3 %s %T %e !<%?%=%U %H %&%’%" (378) E,1~@- $r ;}$C $F$$ $k!% K\8&5f $N :GBg $N 9W8% $O !$ $3 $l $^ $G$" $^$j0Y$5 $l $F$3$J $+ $C $? F0E* $J 4D6-2< $G $N %@ !<%& %# %s 7? $H%i %^ %k %/7?$N0d EA5!9=$NHf3SI>2A $r 9T$C $F !$ $=$NFC@- $r L@ $i$+$K $7 $?$3 $H $G$" $k!% J8Cf $G$O @8J*3XE* $J MQ8l $r B?MQ $7 $F $$ $k $, !$K\<AE* $J $N $O !V >pJs$N<}=8!&3hMQ!&EAC# !W $N2aDx $G$" $k !%7W;;5! $N@$3&$N$_$J $i$:!$<B@$3& $N $I $N %l %Y%k $N 7O$b !$F0E* $J 3+J|7?J,;64D6- $H $7 $F $N MMAj $r Dh$9$k !% $7 $? $, $C $F !$ $3 $3 $G F@ $i $l $? CN8+ $O !$ %=%U %H %&%’%"%(!< %8 %’ %s %H $N 9=C[ K! $d%(!< %8 %’ %s %H 4V $G $N CN<1$NEAC#$*$h $S 6&M-$NJ}K! $H $$$C $? OCBj$N$_$J $i$:!$3+J|7?J,;64D6-2< $G 1? MQ$5 $l $k MM !9 $J %7 %9 %F %‘$N9=C[K! $K $D$$$F 9MN8$9$k:] $K $b !$2? $i $+ $N M-1W $J <(:6 $r M? $( $k$b$N $G$" $k $H 9M $( $k!% <U<- K\8&5f $K 4X $7 $^ $7 $F !$ %=%K!<%3 %s %T %e !<%?%5 %$ %( %s %9 8& 5f =j $N Bg Bt 1Q 0l ;a !$Bg J? E0 ;a !$KL Ln 9( L@ ;a !$C+ =_ ;a $h $j 5. =E $J $k %3 %a %s %H $r D: $- $^ $7 $? !%?4$+ $i 46 <U CW $7 $^$9 !% ;29MJ88% [ 1 ] Ac kley , D. H. and Littman, M. L.: In terac- tions b et w een Learning and Ev olution, A rti�cial Life II, SFI Studies in the Scienc es of Complexity, vol.X (Langton, C. G., T a ylor, C., F armer, J. D., and Rasm ussen, S.(eds.)), Addison-W esley , 1992, pp. 487{509. [ 2 ] Da vidor, Y.: Genetic A lgorithms and R ob otics: A Heuristic Str ate gy for Optimization , W orld Sci- en ti�c Publishing, 1991. [ 3 ] Grefenstette, J. J.: Lamarc kian Learning in Multi-agen t En vironmen ts, Pr o c e e dings of 4th In- ternational Confer enc e on Genetic A lgorithms and their applic ations (ICGA-91) , 1991, pp. 303{310. [ 4 ] Hin ton, G. E. and Nowlan, S. J.: Ho w Learning Can Guide Ev olution, Complex Systems , V ol. 1(1987), pp. 495{502. [ 5 ] Holland, J. H.: A daptation in Natur al and A r- ti�cial Systems , The Univ ersit y of Mic higan Press, 1975. [ 6 ] Imada, A. and Araki, K.: Lamarc kian Ev olution of Asso ciativ e Memory , Pr o c e e dings of 1996 IEEE The Thir d International Confer enc e on Evolution- ary Computation (ICEC-96) , 1996, pp. 676{680. [ 7 ] Kanek o, K. and Ik egami, T.: Homeo c haos: Dy- namic Stabilit y of Sym biotic Net w ork with P opula- tion Dynamics and Ev olving Mutation Rates, Phys- ic a D , V ol. 56(1992), pp. 406{429. [ 8 ] Kitano, H.: Designing Neural Net w orks using Genetic Algorithms with Graph Generation System, Complex System , V ol. 4,No. 4(1990), pp. 461{476. [ 9 ] Langton, C. G.(ed.): A rti�cial Life: An Overview , MIT Press, 1995. [ 10 ] Lin, L.-J. and Mitc hell, T. M.: Reinforcemen t Learning With Hidden States, F r om animals to an- imats: Pr o c e e dings of the Se c ond International Con- fer enc e on Simulation of A daptive Behavior , 1992, pp. 271{280. [ 11 ] Matsuba y ashi, K. and T ok oro, M.: A Collab ora- tion Mec hanism on P ositiv e In teractions in Multi- Agen t En vironmen ts, Pr o c e e dings of the 13th Inter- national Joint Confer enc e on A rti�cial Intel ligenc e (IJCAI-93) , 1993, pp. 346{351. [ 12 ] Mon tana, D. J. and Da vis, L.: T raining F eedfor- w ard Neural Net w orks Using Genetic Algorithms, Pr o c e e dings of the 11th International Confer enc e on A rti�cial Intel ligenc e (IJCAI-89) , 1989, pp. 762{ 767. [ 13 ] P arisi, D., Nol�, S., and Cecconi, F.: Learn- ing, Beha vior and Ev olution, T owar d a Pr actic e of A utonomous Systems: Pr o c e e dings of the First Eu- r op e an Confer enc e on A rti�cial Life , MIT Press, 1991, pp. 207{216. [ 14 ] Rumelhart, D. E., McClelland, J. L., and the PDP Researc h Group: Par al lel Distribute d Pr o c ess- ing: Explor ations in the Micr ostructur e of Co gni- tion. (V olume 1: F oundations, V olume 2: Psycho- lo gic al and Biolo gic al Mo dels) , MIT Press, 1986. [ 15 ] Smith, J. M.: Evolutionary Genetics , Oxford Univ ersit y Press, 1989. [ 16 ] Whitley , D. and Hanson, T.: Optimizing Neu- ral Net w orks Using F aster, More Accurate Genetic Searc h, Pr o c e e dings of 3r d International Confer- enc e on Genetic A lgorithms and their applic ations (ICGA-89) , 1989, pp. 391{396. [ 17 ] =j ?? M} M: : %^ %k %A %( !< %8 %’ %s %H %7 %9 %F %‘ 8& 5f $N L\ ;X $9 $b $N , %3 %s %T %e !< %? %= %U %H %&%’%" , V ol. 12,No. 1(1995), pp. 78{84.