=$;NO@J8 BjL\ %(!< %8 %’ %s %H $N ?J2= $K$* $1 $k 3X=, $N 8z2L $H 0dEA5!9= $K 4X $9 $k 8&5f ;XF3650w =j ??M}M: 65<x 7DXf5A=NBg3XM}9)3X8&5f2J 7W;;5!2J3X@l96 1996 G/ 3 7n 89423839 :4 !9 LZ 5.9(

=$ ;N O@ J8 MW ;] 7D Xf 5A =N Bg 3X Bg 3X 1! M} 9) 3X 8& 5f 2J A0 4| Gn ;N 2] Dx @l 96 3X @R HV 9f %U %j %, %J ;a L> ( O@ J8 Bj L> ) ( Fb MF $N MW ;] ) _ Fb MF $N MW ;] $O Ls 25 9T Dx EY $G 5- F~ $N $3 $H ^ 7W;;5!2J3X 89423839 %5%5%- %? %+ %R%m :4 !9 LZ 5.9( %(!< %8 %’ %s %H $N ?J2= $K$* $1 $k 3X=, $N 8z2L $H 0dEA5!9= $K 4X $9 $k 8&5f 3+J|7?J,;64D6- $K $*$$ $F $O !$ 7OA4BN $N >uBV $r CN$k $3$H$d$=$N F0E* $G J#;( $J 5sF0 $r 40 A4 $K M=B, $9 $k $3 $H $O IT2D G= $G$"$k $? $a !$ $O $8 $a $+ $i 8m $j $J $/ F0 :n $9 $k 40A4 $JLd Bj 2r 7h %7 %9 %F%‘ ( %(!< %8 %’ %s %H ) $r 9= C[ $r$9 $k $3 $H $O :$ Fq $G$"$k !% $7 $? $, $C $F !$ E, 1~ ?J 2= 7? %(!< %8%’ %s %H $N 35G0 $, =EMW $K$J$C $F $/ $k!% $3$N$h $& $J%(!< %8%’ %s %H $N 4D6- $X $NE,1~ $O !$ ?J 2= O@ $+ $i$N N‘?d $K 4p $E $- !$ 8D BN $N0l@8 $K $* $1 $k !V 3X=, !W $H =8CD $H $7 $F $N @$Be $r $^$? $0 !V ?J2= !W $H$$ $C $? 0[ $J $k %l %Y%k $K $* $1 $k Fs $D $N2aDx $NAjJd E* $J$b $N $H $7 $F B* $( $i $l $k!% @8 J* 3X E* $JGX7J $N $? $a !$ $3 $l $^ $G $K 9T $o $l$F$- $?3X=, $H ?J2= $K$D $$ $F $N8&5f $NB?$/ $O %@ !< %& %# %s 7? $N?J2= %b %G %k $K 4p $E $/ $b $N $P $+ $j $G$"$C $? !% 0l J}!$ 9) 3X E* $J 4QE@ $+ $i $O !$ %i%^ %k %/ 7? $N0d EA 5! 9=$N F3 F~ $K $h $C $F =8 CD $, 4D 6- $K BP $7 $F 8z N( E* $K E, 1~ 2D G= $K $J $k$3$H $r <( $7 $? 8&5f Nc $b $"$k $, !$ %@ !< %& %# %s 7? $N %b %G %k$H$N E0Dl E* $JHf3S $r 9T $C $? Nc $O$J $$ !% $^ $? !$ $3 $l$i =>Mh $N8&5f $, BP>] $H $7 $F$$$? $N $O !$ %(!< %8%’ %s %H =8CD $N3X=, $9$Y$- ;v JA ( 4D 6- $K B8 :_$9 $k 5,B’ ) $, IT JQ $N @E E* $J Ld BjNN 0h $G $" $j !$ <B@$ 3& $N $h $& $J F0E* $J FC @- $r ;} $D4D 6- 2< $G$N5DO@ $O FC $K 0Y $5 $l $F$3 $J $+$C $? !% $= $3 $G K\ O@J8 $G $O !$ 3X =, $9 $k8D!9 $N %(!< %8%’ %s %H $r %K %e !< %i %k%M %C %H %o !< %/ $H $7 $F Cj>] 2= $7 !$ ?J2= !& 0d EA $N2aDx $r LOJo $7 $? 0dEAE* %"%k %4 %j %: %‘ $r MQ $$ $F !$ %@ !<%& %# %s 7? $H%i%^ %k %/ 7? $N0d EA 5! 9= $r ;} $D=8 CD $= $l $>$l $N ?J2= $N2aDx $r:F8= $9 $k!% $= $7 $F FC $K !$ 4D 6- $NF0 E* FC @- $NM-L5 $r 9MN8 $N>e $G !$ $= $l $>$l $N 0dEA 5! 9= $N2< $G$N3X =, $, !$E,1~@-!$E,1~B.EY!$4h7r@- $K M? $( $k1F6A $K $D$$$F I>2A $7 !$5DO@$9$k!% I>2A $N 7k2L $H $7 $F$O 0J2< $N ;vJA $r <($9 !% $^ $:!$ $3 $l $^ $G $N B?$/ $N 8& 5f $G $b Js9p $5 $l$F$- $? !$ 8D BN $N3X=, $, 4V@\ E* $K =8CD $N?J2= $r B% ?J $9$k $H$$ $& !V%\ !< %k %I %& %# %s 8z2L !W $, !$ 3X =, $9 $Y $-5,B’ $, Fq $7 $$ 4D6- $N2< $G $O I, $: $7 $b @8 $8 $k $o $1 $G$O$J$$ $3 $H $r <( $9 !% <! $K !$ %@ !< %& %# %s 7? $H%i%^ %k %/ 7? $N0dEA 7A BV $K 4X $9$k Hf 3SI> 2A $r 9T $$ !$ @E E* $J 4D6- $N2< $G $O%i%^ %k %/ 7? $NJ} $, 8z N( E* $G$"$k $, !$ 5U $K F0 E*FC@- $r ;}$D4D6- $N 2< $G $O %@ !<%& %# %s 7? $N J} $, M-8z $G$" $k $3 $H$r <($9 !% K\ O@ J8 $G$O !$@8J* 3X E* $J MQ 8l $r B? MQ$9 $k $, !$K\<A E* $J$N$O !V >p Js$N <} =8!& 3hMQ !& <x <u !W $N2aDx $G$" $k!% $7 $? $, $C $F K\8&5f $K $h$C $F F@ $i $l $? CN8+ $O !$ %^ %k %A%(!< %8%’ %s %H %7 %9 %F%‘ $J $I $N$h $& $K :#8e $N3+ J| 7? J, ;6 4D 6- $K $* $1 $k $h $j9b EY $J CNE* %7 %9 %F%‘ $N9=C[ K! $d1?MQ K! $J $I $K $D $$ $F 9M N8 $9 $k :] $K 2? $i $+$N <( :6 $rM? $( F@$k$b $N $H 9M $( $k !%

Summary of M. S. Thesis Graduate Sc ho ol of Science and T ec hnology , KEIO UNIVERSITY (The summary of thesis should b e written within 35 lines) Ma jor Studen t No. SURNAME, Firstname Title Computer Science 89423839 SASAKI T ak ahiro A Study on the E�ect of Learning and Genetic Mec hanisms to w ard the Ev olution of Agen ts Under an op en-distributed en vironmen t, w e cannot tak e accoun t of all sit- uations that certain problem-solving systems, what w e call agen ts, will b e confron ted with, when designing and constructing those systems. Therefore a notion of evolutionary agents b ecomes more and more imp ortan t. On the anal- ogy of biological ev olutionary theory , the adaptational pro cess of suc h agen ts under a certain en vironmen t can b e view ed as the mixture of the follo wing t w o complemen tary phases, eac h taking place at di�eren t lev els: 1) le arning , o ccurring within eac h individual lifetime, and 2) evolution , o ccurring b ey ond successiv e generations of the p opulation. Due to the biological bac kground, most of the previous researc hes on these t w o pro cesses w ere based on the mo d- els of Darwinian-st yle ev olution. F rom the viewp oin t of engineering, though some previous w ork ha v e sho wn the increase in the sp eed of adaptation for Lamarc kian-st yle ev olution, they ha v e not mak e thorough comparison with the Darwinian-st yle. And what is w orse, these w ork ha v e considered only the static en vironmen t where certain rules that agen ts had to learn w ere p erma- nen t, and they ha v e not discussed the dynamic situation that is one of the most imp ortan t c haracteristics of the real-w orld. In this thesis, w e regard an abstract neur al network as a learnable agen t and use genetic algorithms to ev olv e the p opulations of suc h agen ts. And w e ev aluate the c haracteristics of t w o di�eren t mec hanisms of genetic inheritance, that are Darwinian-style and L amar ckian-style . P articularly taking the dynamic c haracteristic of en vi- ronmen t in to consideration, w e ev aluate the e�ect of learning on adaptabilit y , sp eed of adaptation, and robustness of agen ts under eac h genetic mec hanisms. W e mainly sho w the follo wing results. Firstly , w e sho w that Baldwin e�e ct , addressing that individual learning indirectly guides the ev olutionary pro cess, do es not alw a ys o ccur esp ecially when agen ts m ust learn di�cult rules, while the e�ect has b een con�rmed b y man y previous w ork. Secondly , w e sho w the results of comparison b et w een the t w o di�eren t genetic mec hanisms. In static settings, Lamarc kian-st yle mec hanism is more e�ectiv e than Darwinian- st yle one. Ho w ev er, in dynamic settings, Darwinian-st yle mec hanism functions successfully , while Lamarc kian-st yle one p erform p o orly . Although w e use man y biological terms in this thesis, the most essen tial matters are the pro cesses of \ c ol le cting ", \ exploiting ", and \ tr ansmitting " in- formation. Therefore, the results of this thesis can giv e some useful suggestions, when w e design and construct certain in telligen t systems suc h as m ultiple-agen t systems that will b e used under the op en-distributed en vironmen t.

L\ <! 1 =xO@ 1 1.1 $O $8 $a $K : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 1.2 K\8&5f $N L\E* : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 1.3 K\O@J8 $N 9=@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 2 @8L?8=>] $H >pJs=hM} 4 2.1 ?M9)@8L? ( A rti�cial Life ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 2.1.1 ?M9)@8L?8&5f $H$=$N L\;X$9 $b$N : : : : : : : : : : : : : : : : : : : : : : : 5 2.1.2 ?M9)@8L? %b %G %k $N FCD’ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 2.1.3 ?M9)@8L? $N 8&5fNc : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 2.2 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) : : : : : : : : : : : : : : : : : : : : : 8 2.2.1 @8J* $K $* $1 $k0dEA $H ?J2= : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 2.2.2 :GE,2=K! $H $7 $F $N GA $H <+A3?J2= $N E,1~2aDx : : : : : : : : : : : : : : : 9 2.2.3 GA $K $* $1 $k0dEAE*A‘:n : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 2.2.4 ?J2=E*7W;; $H $7 $F $N GA $N C5:wG=NO : !V 0EL[E* $J JBNs=hM} !W : : : : : : : : 13 2.3 %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) : : : : : : : : : : : : : : : : : : : : 16 2.3.1 ?M4V $N G> $K $* $1 $k?@7P2sO)LV : : : : : : : : : : : : : : : : : : : : : : : : 16 2.3.2 ?M9) %K%e!<%m %s $H %K%e !<%i %k%M %C %H %o!< %/ : : : : : : : : : : : : : : : : : 19 2.3.3 8m:95UEAGE3X=,K! ( Back Pr op agation L e arning ) : : : : : : : : : : : : : : 20 2.3.4 %K%e !<%i %k%M %C %H %o!< %/ $N 2DG=@- $H 8B3& : : : : : : : : : : : : : : : : : : 23 2.4 3+J|7?J,;64D6- $H ?M9)@8L? $N %" %W %m !<%A : : : : : : : : : : : : : : : : : : : : : : 25 2.4.1 8EE5E* $J >pJs=hM} $N%" %W %m!<%A$N 8B3& : : : : : : : : : : : : : : : : : : : 25 2.4.2 @8L?8=>] $K CeA[ $r F@ $? >pJs=hM}7ABV $N =EMW@- $K $D$$ $F : : : : : : : : : : : 26 3 3X=, $H 0dEA !& ?J2= 28 3.1 %i %^ %k%-%: %‘ $H%M%* %@ !<%& %# %K %: %‘ : : : : : : : : : : : : : : : : : : : : : : : : : 30 3.1.1 %i %^ %k%-%: %‘ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 30 3.1.2 %M%* %@ !<%& %# %K %: %‘ $H J,;R@8J*3X $K $* $1 $k %; %s %H %i%k %I %0 %^ : : : : : : : 30 3.2 3X=, $H ?J2= $N Aj8_:nMQ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 3.2.1 %\ !< %k %I %& %# %s 8z2L : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 3.2.2 %K%e !<%i %k%M %C %H %o!< %/ $H GA $r MQ $$ $? ?J2= $H 3X=, $K 4X$9$k8&5fNc : : : 33 4 ?J2= $K BP $9 $k ?7 $7 $$ ;kE@ : F0E* $J 4D6-2< $K$* $1 $kE,1~ 36 4.1 =>Mh$^ $G $N 8&5f $N IT==J, $J E@ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 37 4.1.1 %@ !<%& %# %s 7? $N 0dEA5!9= $H%i %^ %k %/7? $N 5!9= $H$N Hf3SI>2A : : : : : : : : 37 4.1.2 F0E* $J 4D6- $X$N E,1~ $K 4X$9$k5DO@ : : : : : : : : : : : : : : : : : : : : : : 38 4.2 K\8&5f $N L\;X$9 $b$N : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 39 i

5 %@ !< %& %# %s 7? $H%i%^%k%/ 7? $N 0dEA5!9= $N I>2A !& 9M;! 40 5.1 <B83 $N @_Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 41 5.1.1 %( !< %8 %’ %s %H $N 9=B$ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 41 5.1.2 %( !< %8 %’ %s %H $N @$3& : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 43 5.1.3 %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= : : : : : : : : : : : : : : : : : : : 44 5.1.4 A4BN $N N. $l $H $=$N B> $N >\:Y $J @_Dj : : : : : : : : : : : : : : : : : : : : : : 46 5.2 @EE* $J 4D6- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 47 5.2.1 <B83 1: @~7AJ,N%2DG= $J 4JC1 $J 4D6- $K $* $1 $k ?J2= : : : : : : : : : : : : : : 47 5.2.2 <B83 2: Hs@~7A@- $r ;}$DFq $7 $$ 4D6- $K $* $1 $k ?J2= : : : : : : : : : : : : : : 53 5.3 F0E* $J 4D6- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 63 5.3.1 <B83 3: >pJs $N ItJ,@- $, $" $k 4D6- $K $* $1 $k ?J2= : : : : : : : : : : : : : : : 63 5.3.2 <B83 4: 5,B’<+BN $, JQ2=$9$k4D6- $K $* $1 $k ?J2= (1) : : : : : : : : : : : : : 70 5.3.3 <B83 5: 5,B’<+BN $, JQ2=$9$k4D6- $K $* $1 $k ?J2= (2) : : : : : : : : : : : : : 74 5.4 <B837k2L $N$^ $H$a : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 78 5.4.1 %\ !< %k %I %& %# %s 8z2L $K $* $1 $kLdBj $N Fq0WEY $H 3X=,2s?t $N 1F6A : : : : : : : 78 5.4.2 %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N Hf3S : : : : : : : : : : : : : : : : 78 6 5DO@ $*$h $S :#8e $N 2]Bj 81 6.1 K\8&5f $N 0U5A : %^ %k%A%( !< %8 %’ %s %H %7 %9 %F %‘ $N 9=C[ $K :] $7 $F : : : : : : : : : : : : 82 6.2 :#8e $N 2]Bj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 84 6.2.1 3MF@7A<A $N Cf4VE* $J 0dEA5!9= $K 4X$9$k5DO@ : : : : : : : : : : : : : : : : : 84 6.2.2 3X=, $N %3 %9 %H $H @$Be8rBe $N %3 %9 %H $K 4X$9$k5DO@ : : : : : : : : : : : : : : : 85 6.2.3 %b %G %k $N 0lHL@- $K 4X$9$k5DO@ : : : : : : : : : : : : : : : : : : : : : : : : 87 6.2.4 %_ %/ %m $J 0dEA;R %l %Y%k$G$N 2r@O : : : : : : : : : : : : : : : : : : : : : : : 88 7 7kO@ 89 <U<- 91 A $=$N B> $N <B83 $N 7k2L 92 A.1 <B83 A-1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 93 A.2 <B83 A-2 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 93 B 8m:95UEAHB3X=,K! $K$h $k %Q %? !< %s G’<1 99 ;2 9M J8 8% 104 ii

?^ L\ <! 2.1 GA $H E,1~EY6JLL : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 2.2 8r:5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 2.3 FMA3JQ0[ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 2.4 @w?’BN=8CD $H E,1~EY : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 2.5 %K%e !<%m %s : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 2.6 ?M9) %K %e !<%m %s : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 2.7 %K%e !<%m %s $N =PNO4X?t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 2.8 %K%e !<%i %k %M %C %H %o !< %/ $N 9=B$ : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 2.9 %Q %?!< %s G’<1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 2.10 AOH/ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 26 3.1 %t %! %$ %9 %^ %s <g5A $H%; %s %H %i %k %I %0 %^ : : : : : : : : : : : : : : : : : : : : : : : : 31 3.2 0dEA %7 %9 %F %‘Fb $K $* $1 $k >pJs $N N. $l : : : : : : : : : : : : : : : : : : : : : : : : : 32 5.1 %( !< %8 %’ %s %H $N 9=B$ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 41 5.2 @w?’BN $+$i @8@.$5 $l $k%(!< %8 %’ %s %H : : : : : : : : : : : : : : : : : : : : : : : : : 43 5.3 %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= : : : : : : : : : : : : : : : : : : : : : : : : 45 5.4 4D6- 1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 47 5.5 [ 4D6- 1] %( !< %8 %’ %s %H $N 3X=,6J@~ : : : : : : : : : : : : : : : : : : : : : : : : : : 50 5.6 [ 4D6- 1] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W ) : : : : : : : : : : : : : : : : : : 51 5.7 [ 4D6- 1] %K%e !<%i %k %M %C %H $N @8F@E* $J =PNO8m:9 ( 0l@8 = 100 3X=, %9 %F%C %W ) : : : 52 5.8 4D6- 2 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 53 5.9 [ 4D6- 2] %( !< %8 %’ %s %H $N 3X=,6J@~ : : : : : : : : : : : : : : : : : : : : : : : : : : 56 5.10 [ 4D6- 2] J?6QE,1~EY $=$N 1 ( 0l@8 = 200 3X=, %9 %F%C %W ) : : : : : : : : : : : : : : 57 5.11 [ 4D6- 2] %K%e !<%i %k%M %C %H $N @8F@E* $J =PNO8m:9 ( 0l@8 = 200 3X=, %9 %F%C %W ) : : : 58 5.12 [ 4D6- 2] J?6QE,1~EY $=$N 2 ( 0l@8 = 200 3X=, %9 %F%C %W ) : : : : : : : : : : : : : : 59 5.13 [ 4D6- 2] J?6QE,1~EY $=$N 3 ( 0l@8 = 200 3X=, %9 %F%C %W ) : : : : : : : : : : : : : : 60 5.14 [ 4D6- 2] J?6QE,1~EY ( 0l@8 = 400 3X=, %9 %F%C %W ) : : : : : : : : : : : : : : : : : : 61 5.15 [ 4D6- 2] %K%e !<%i %k%M %C %H $N @8F@E* $J =PNO8m:9 ( 0l@8 = 400 3X=, %9 %F%C %W ) : : : 62 5.16 4D6- 3 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 63 5.17 [ 4D6- 3] J?6QE,1~EY ( 0l@8 = 200 3X=, %9 %F%C %W !$ 4D6-JQF0 = 20 @$BeKh ) : : : : : 67 5.18 [ 4D6- 3] J?6QE,1~EY ( 0l@8 = 200 3X=, %9 %F%C %W !$ 4D6-JQF0 = 100 @$BeKh ) : : : : 68 5.19 [ 4D6- 3] @$Be7P2a $K$H $b$J $& 3X=,FC@- $N JQ2= ( 4D6-JQF0 = 20 @$BeKh ) : : : : : : 69 5.20 4D6- 4 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 70 5.21 [ 4D6- 4] J?6QE,1~EY ( 0l@8 = 400 3X=, %9 %F%C %W !$ 4D6-JQF0 = 50 @$BeKh ) : : : : : 72 5.22 [ 4D6- 4] @$Be7P2a $K$H $b$J $& 3X=,FC@- $N JQ2= ( 4D6-JQF0 = 50 @$BeKh ) : : : : : : 73 5.23 4D6- 5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 74 5.24 [ 4D6- 5] J?6QE,1~EY ( 0l@8 = 400 3X=, %9 %F%C %W !$ 4D6-JQF0 = 50 @$BeKh ) : : : : : 76 iii

5.25 [ 4D6- 5] @$Be7P2a $K$H $b$J $& 3X=,FC@- $N JQ2= ( 4D6-JQF0 = 50 @$BeKh ) : : : : : : 77 6.1 %^ %k %A%( !< %8 %’ %s %H %7 %9 %F %‘ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 82 6.2 0dEA5!9= : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 84 6.3 [ 4D6- 2] J?6QE,1~EY ( @$Be8rBeB.EY $K 4X$9$k;W9M<B83 ) : : : : : : : : : : : : : : : 86 A.1 4D6- A-1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 93 A.2 4D6- A-2 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 94 A.3 [ 4D6- A-1] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W!$ 4D6- $N JQF0 = 20 @$BeKh ) : : 95 A.4 [ 4D6- A-1] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W!$ 4D6- $N JQF0 = 100 @$BeKh ) : : 96 A.5 [ 4D6- A-2] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W!$ 4D6- $N JQF0 = 50 @$BeKh ) : : 97 A.6 [ 4D6- A-2] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W!$ 4D6- $N JQF0 = 200 @$BeKh ) : : 98 B.1 3 AX %U %# !< %I %U %)%o!< %I $N%K%e !<%i %k %M %C %H : : : : : : : : : : : : : : : : : : : : 100 B.2 71N} %Q%?!< %s : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 100 B.3 =PNO %K%e!<%m %s 1 $N =PNOCM : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 101 B.4 =PNO %K%e!<%m %s 2 $N =PNOCM : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 102 B.5 =PNO %K%e!<%m %s 3 $N =PNOCM : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 102 B.6 %F %9 %H %Q %?!< %s : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 103 iv

I= L\ <! 5.1 %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N Hf3S ( $^ $H$a ) : : : : : : : : : : : : : : : 78 5.2 GA $H BP K! ( %K %e !<%i %k %M %C %H $N 3X=, ) $N FC@- : : : : : : : : : : : : : : : : : : 79 B.1 %F %9 %H %Q %?!< %s F~NO7k2L : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 103 v

Bh 1 >O =xO@ 1

1. =xO@ 1.1. $O $8 $a$K 1.1 $O $8 $a$K 6aG/!$ 7W ;; 5! $NIa5Z $d 5^7c $J %3 %s %T %e!<%? %M %C %H %o!< %/ $NH/E8 $K $h$C $F !$ 7W ;;5! 4D 6- $O =>Mh $N Cf 1{ =8 8" 7? $N $b $N $+ $i !$ >p Js $N $_ $J $i $: =hM} $r$bJ, 3d $9$k J, ;6 7? $N %7 %9 %F%‘ $X $H 0\ $C $F$- $F$$$k!% $3$N 798~ $O :#8e $b$5 $i$K ?J $_ !$ 7W;; 5!4D 6- $O $5 $i $K Bg5,LO $J 3+J|7? $N %7 %9 %F %‘ $K$J $C $F$$ $/ $H ;W $o $l $k [T ok91, =j 95] !%$^ $? !$ $3 $& $7 $? 3+J| J,;62= $, ?J $‘ $K $D $l $F !$ %7 %9 %F %‘ $N 9=@. MWAG$N 0l$D 0l $D $, <+N’@- $r ;}$D $h $& $K$J$j !$ $= $l $>$l$, Aj8_ $K :nMQ $7 9g $& $3 $H $G A4BN $N %7 %9 %F%‘ $H $7 $F 5!G= $9$k $h $& $J %^ %k%A%( !< %8%’ %s %H %7 %9 %F%‘ $H $7 $F$N MMAj $, 6/$^ $C $F $/$k!% $H $3 $m $G !$ 6KEY $K 3+J|J, ;62= $N?J $s$@ 4D6- $K $*$$ $F $O !$ 7OA4 BN $N>uBV $r CN$k $3 $H $O $b $A $m $s !$ $= $N 5sF0 $r 40A4 $K M=B, $9$k $3$H $O 6u4VE* $+ $D;~4VE* $J @)Ls $K $h$jIT2DG= $G$" $k!% $^ $? 7O $N 9=@.MW AG $G$" $kB??t $N<+N’E*<g BN | %( !< %8 %’ %s%H | $, J# ;($J Aj 8_ :n MQ $r 9T $& $?$a !$7OA4 BN$N 5s F0 <+ BN$b J# ;($N $b $N$H $J $k !% $7 $? $, $C $F !$ $3$N$h $& $J 3+J| 7?J, ;64D 6- $K $*$$ $F 2? $i $+$N CNE* $J LdBj2r 7h %7 %9 %F %‘ ( %(!< %8%’ %s %H ) $r 9=C[ $9$k:] $K$O !$ D>LL $7 F@$k $" $i$f $k>u67 $r A0 $b$C $F A4 $F @v $$=P$9 $3 $H $O$b $A$m $s !$ $= $l$i$r 9MN8 $K F~ $l $k $3 $H $G :G=i $+$i 40A4 $J$b$N $r 9=C[ $9$k $3 $H $O :$Fq $G$" $k!% $= $3 $G !$ :G=i $+$i 40A4 $J %(!< %8 %’ %s %H $rMQ 0U $9 $k $N $G $O $J$/ !$ $"$k Dx EY $N $R$J7? E* $J $b $N $@ $1 $r3+ H/ $7 $F !$ 8e $O \ Gener ate and T est " 7? $N %" %W %m!< %A $G 8D !9 $N %(!< %8%’ %s %H $r 4D6- $K BP $7 $F =@Fp $K$+ $DF0E* $K E,1~ ?J 2= $5 $; $F $$ $/ $H$$ $C $? ?J2=E* %( !< %8 %’ %s %H ( evolutionary agents ) $N 35G0 $, =EMW $K$J $C $F $/$k!% 0J>e $NGX7J $r 85 $K !$ 6a G/!$ <+ A3 3& $N %7 %9 %F%‘ $K Fb:_ $9 $k %@ %$ %J %_%/%9 $r%b %G %k$H $7 $F =@Fp $J >p Js =h M} $N2DG= @- $rLO:w $9 $k 8& 5f $, @9 $s $K$J$5 $l$F$$$k!% Nc $( $P !$ ?M 9) @8 L? ( A rti�cial Life ) $H Am>N $5 $l $k8& 5f J, Ln [Lan89, KLLn 92, Lan95, SB95] $d !$ $= $N1d D9 @~ >e $K$"$k 9T F0 %Y!<%97? ( Behavior- Base d ) AI $N 35G0 [Mae92, PV92] $K BP $9$k4X ?4 $, 9b$^ $C $F$$$k!% <+A3 3& $N@8J* $"$k $$ $O$=$N=8CD $N ;} $D %a %+ %K %: %‘ $d$= $N ?6$kIq $$ $O !$ %a %+ %K %: %‘<+BN $, L$2rL@ $G$" $C $?$j?M9)J* $H $O A4$/0[ $J $k @_7WJ} ?K $K 4p $E $/ $b $N $H$J$C $F$$ $k!% 0lJ} $G !$ @8J* $O <B@$3& $H$$ $& F0 E* $G $+ $DM=B,ITG= $J 5sF0 $r <( $93+J|@- !& Hs @~7A @- $N 6/ $$4D6- $K BP $7 $F 6K $a $F =@Fp $K E,1~ $7 $F $$ $k!% $7 $? $, $C $F !$ <+ A33& $N %7 %9 %F%‘ $N;EAH $_ $NCf $+ $i !$ 3+ J|7? J, ;64D 6- $G$N 1?MQ $r A[Dj $7 $? :#8e $N %7 %9 %F%‘ $K $* $1 $k>pJs=h M} %a %+ %K %: %‘ $r 9M;!$9$k>e $G 3X $V $3$H $O B? $$ !% 1.2 K\8&5f $N L\E* K\ 8&5f $G$O !$3+J|7? J,;6 4D6- $K $* $1 $k ?J2= E* %( !< %8 %’ %s %H $N E, 1~2a Dx $N B&LL $K >G E@ $r Ev $F $k !% ?J2= O@ $d@8J*3X $"$k $$ $O F0J*9T F03X $J $I $+$i $N N‘?d $K 4p $E $- !$ $3 $& $7 $?%(!< %8 %’ %s %H $N 4D6- $X $N E,1~2aDx $b !$ 1. C;$$;~4V %9 %1!< %k $K $* $1 $k8D !9 $N%(!< %8 %’ %s %H 8DBN $N !V 3X=, !W 2. D9$$;~4V %9 %1!< %k $K $* $1 $k %(!< %8 %’ %s %H =8CD $N !V ?J2= !W 2

1. =xO@ 1.3. K\O@J8 $N 9=@. $N Fs $D$N 0[ $J $k %l %Y%k$K $* $1 $k 6ILL $N AjJdE* $J$b$N$H $7 $F B* $($i $l $k !% K\8&5f $G $O !$ $3$N$h $& $J 3X=, $r H< $C $? ?J2= E* %(!< %8%’ %s %H $N :G>.8B $N@-<A $r Cj=P $7 !$ $= $N%b %G %k >e $G$N %7 %_ %e %l !< %7%g %s $r DL $8 $F !$ 8DBN $K $* $1 $k3X=, $, ?J2= $K $h $k=8CDA4 BN $N4D6- $X$NE,1~2a Dx $K M? $( F@$k1F6A $K $D$$ $F$N I>2A $r 9T $& !% 6qBN E* $K$O !$ 8D !9 $N %(!< %8 %’ %s %H $N 3X=, $r %K%e !< %i %k %M%C %H %o !<%/ ( neur al networks ) $N 3X =, $H $7 $F Cj >]2= $7 !$?J2= !& 0d EA $N 86M} $r Cj>] 2= $7 $? 0d EA E* %" %k %4 %j %: %‘ ( genetic algorithms ) $r MQ$$ $F%( !< %8 %’ %s %H =8 CD $r ?J2=$5$; $k $H $$ $C $? ?M9) @8L?E* $J%" %W %m !< %A $G 4D6- $X$NE,1~ $r <B8= $5 $;$k2aDx $r :F8= $9$k!% $= $7 $F FC $K !$ $3 $l $^ $G$N 8&5f $G$b$" $^$j5DO@ $, 0Y $5 $l $F$3$J $+ $C $?4D6- $N F0E*FC @- $NM-L5 $r 9MN8 $N>e $G !$ MM!9 $J >u67 $N A[Dj2< $G %@ !< %& %# %s 7? $H%i %^ %k %/7? $N$= $l $>$l $N 0dEA5! 9= $N2< $K $* $1 $k3X=, $N8z2L $, !$ E,1~ @-!$ E, 1~?J 2= $NB. EY!$4h7r@- $K M? $( $k 1F6A $K $D$$$F$N I>2A $r 9T $$ !$ $3 $l$i $N FC@- $r L@ $i$+$K $9$k !% 1.3 K\O@J8 $N 9=@. K\O@J8 $N 9=@. $O 0J2< $N DL$j $G$" $k !% $^ $: !$Bh 2 >O $K $F !$@8L? 8=>]$N %a %+ %K %: %‘ $K Ce A[ $r F@$? =E MW $J >p Js =h M}$N%Q %i %@ %$ %‘$N$$ $/ $D$+ $r @b L@ $9 $k !%6q BN E* $K$O !$?M9) @8 L? 8& 5f $H $= $N Bg$-$J Cl $H $b 8@$( $k 0d EA E*%"%k %4 %j %: %‘$d %K %e!< %i %k%M%C %H %o!<%/ $K $D$$ $F !$ <+ A33& $K $* $1 $k<B:] $N;EAH $_ $H$N BP1~ $E $1$r 9T $$ $J $,$i 2r@b $r 9T $& !% $= $N 8e $K !$ :# 8e $N >pJs=h M} %7 %9 %F %‘ $K $* $1 $k !$ $3 $& $7 $? ?M9)@8L?E* $J %" %W %m!< %A$N =EMW @- $K $D$$ $F =R $Y$k!% <! $K Bh 3 >O $G $O !$ K\ O@ J8 $K $* $1 $kCf?4 E* $J5DO@ $r ?J $a$k $K$"$?$C $F =EMW $H$J $k %i %^ %k%- %: %‘ $H%M%* %@ !<%& %# %K %: %‘ $N 35G0 $d !$ 3X =, $H ?J2= $N Aj8_:n MQ $K 4X$9$k@b L@ $r 9T$$!$ $3 $l $^ $G $K 9T $o $l$F $-$?4XO"8&5f $r$$ $/ $D $+ >R2p $9$k!% $3 $3 $G$b !$ ?J 2=O@ $d J,;R@8 J*3X $+$i$N 4QE@ $r 8r $( $J $,$i 2r@b $r ?J $a$k!% 0J>e $NGX7J $r 85 $K Bh 4 >O $G $O !$ $3 $l $^ $G$N8&5f $NIT== J, $J E@ $r ;XE& $7 $? >e $G !$ K\ 8& 5f $NL\E* $K $D $$ $F5DO@ $9$k!% Bh 5 >O $G $O !$ K\ 8& 5f $K$F 9T $C $?<B83I> 2A $K $D$$ $F =R $Y $k!% $3 $3 $G $O !$ <B83 $N@_Dj $r =R $Y$?8e $G !$ MM!9 $J >u67 $r A[Dj $7 $? <B834D6-2< $K $* $1 $k7k2L $r 9M ;! $r 8r $($J $,$i =R $Y$k!% $= $7 $F Bh 6 >O $G $O !$ K\ 8&5f $N0U5A $J $I $K $D$$ $F 5DO@ $7 $? >e $G !$ :#8e $N2] Bj $r =R $Y$k !%:G8e $K !$Bh 7 >O $K $F 7kO@ $r =R $Y $k !% 3

Bh 2 >O @8L?8=>] $H >pJs=hM} 4

2. @8L?8=>] $H >pJs=hM} 2.1. ?M9)@8L? ( A rti�cial Life ) %^ %k%A%(!< %8 %’ %s %H 7O $J $I $N 3+J|7?J, ;64D 6- $K $* $1 $k1?MQ $r A[Dj $7 $? :#8e $N %7 %9 %F %‘ $N >pJs=h M} %a %+ %K %: %‘ $r 9M;! $9$k $K$"$?$C $F !$ <+A3 3& $K $*$$ $F 6K $a $F =@Fp $K 4D6- $K E,1~ $7 $F$$ $k@8J* $N;E AH $_ $J $I $+$i 3X $V $3$H $O B? $$ !% $3$N$h $& $J @8J*3X E*CN 8+ $r >pJs=h M} $N4QE@ $+$i B* $( D> $7 $?$b$N $H $7 $F !$ Nc $( $P !$ 0dEAE* %" %k %4 %j %: %‘ $d%K %e!<%i %k %M%C %H %o!< %/ !$ $"$k$$ $O ?M9)@8L? $H Am>N $5 $l $k 8&5fJ,Ln $, $" $k !% K\ >O $G$O !$$^ $: 2.1 @a $G !$?M9)@8L? 8& 5f $N 35N, 5Z $S $=$N FCD’ $K $D $$$F =R$Y !$B3$/ 2.2 @a !$ 2.3 @a $G $O !$ ?M 9)@8 L?8& 5f $K $* $1 $kBg $- $J Cl $G $b$"$k0dEAE* %" %k %4 %j %: %‘ $H%K %e!< %i %k%M%C %H %o!< %/ $K $D$$$F 35@b$9$k !% 2.4 @a $G$O !$:#8e $N >pJs=hM} %7 %9 %F %‘ $K $* $1 $k !$ $3$N $h $& $J ?M 9)@8L?E* $J%" %W %m !< %A$N =EMW@- $K $D$$$F O@ $8 $k !% 2.1 ?M9)@8L? ( A rti�cial Life ) !V ?M 9) @8 L? !W $H $$ $&8@ MU $K $O MM !9 $J B& LL $, $" $k !% $" $k ?M $O <+ N’ E* $K F0 :n$9 $k %m %\ %C %H $J $I $N %O!< %I %&%’ %" $K BP $7 $F !$ $^ $? JL $N ?M $O 7W;;5! >e $N@8L?E* $J ?6$kIq $$ $r$9$k %= %U %H %&%’ %" $K BP $7 $F ?M9) @8L? $H$$ $& 8@ MU $r Ev $F $O$a $k !% $" $k $$ $O !$ 4{ B8 $N@8J* $N 0dEA;R $K A‘:n $r ;\ $7 $F ?M0YE* $K :n $j =P $7 $? ?7<o$N @8J* { %& %’ %C %H %&%(%" ( wet-war e ) { $r ?M9)@8L? $H $7 $F B* $( $k ?M $b$$ $k !%0J2< $G$O !$ <g $K%=%U %H %&%’%"$H $7 $F $N ?M9)@8L? $N 8&5f [Lan89, KLLn 92, Lan95, SB95] $K $D$$ $F @bL@$9$k !% 2.1.1 ?M9)@8L?8&5f $H $=$N L\;X $9 $b $N ?M9)@8 L? ( A rti�cial Life ) $O !$ %5 %s %?%U %’8& 5f =j $N Langton $K $h$C $F Ds>’ $5 $l $? Hf3SE* ?7 $7 $$ 8&5fNN 0h $G$" $j !$ $= $N L\E*!$ <j K! $J $I $K 4X $7 $F 9-$/9g0U $5 $l $? $b$N $O 8=:_ $N $H $3 $m3NN) $7 $F $$ $J $$ !% Langton $O Ev=i!$ ?M 9)@8 L? $r !V @8L? $NM- $jF@ $k;Q ( Life-as-it-c ould-b e ) !W $N8&5f $H $7 $F 0J2< $N $h $& $K Dj5A $7 $? [Lan89] !% ?M 9) @8 L? $O !$ <+ A3 $N@8 L? 7O $NFC D’ $rM- $9 $k ?M 9) %7 %9 %F%‘ $K 4X $9 $k 8& 5f $G $"$k!% $3 $l$O !$ @8L? $N$h $& $J ?6$k Iq $$ $r 7W;; 5! $d$= $NB> $N?M9) E* $J G^BN >e $G 9g@. ( synthesize ) $7 $h $& $H $9$k $3 $H $r DL $8 $F !$ => Mh $NJ,@O ( analysis ) E* $J <jK! $r Cf?4 $H $7 $F $- $?@8L?2J 3X $r Jd 40 $9$k $b $N $G$"$k!% <B83 $NEZBf $r !$ CO 5e >e $G ?J2= $7 $F$- $? C:AG :? %Y!<%9 $N@8L? $+$i 3H Bg$9$k $3$H $K $h $C $F !$?M9)@8L? $N8&5f $O !$M}O@@8L?2J3X $r !V 2f !9 $N CN$C $F$$ $k@8L? !W ( Life-as-we-know-it ) $+$i !V @8L? $N M-$jF@$k;Q !W ( Life-as-it-c ould-b e ) $X$H 9- $2 $k $3$H $K 9W8% $7 F@$k!% $7 $+ $7 !$ >e5- $N$h $& $J ?M9)@8 L? $N8&5fL\E* $O 7h $7 $F 9-$/<u $1 F~ $l$i $l $F $$$k $o $1$G $O$J $/ !$ $‘ $7 $m !V @8L? !W <+BN $, L@3N $K Dj5A $G$-$F$$ $J$$ 8=>u $G $O !$ !V @8L? $NM-$jF@ $k;Q !W $H$$ $& 35G0 $O 6K $a $F [# Kf $J $b$N$G $" $k $H$N Hc H= $N BP>] $K ;/$5 $l $? !% $3 $l $O $A$g $& $I !$?M9)CNG= $r !V CN G= $N M-$jF@ $k;Q !W 5

2. @8L?8=>] $H >pJs=hM} 2.1. ?M9)@8L? ( A rti�cial Life ) $N 8&5f $G$" $k $H Dj5A $9$k $3$H $, ITE,@Z $G$" $k $3 $H $K AjEv $9$k!% $3 $l$K BP $7 $F !$ @8 L?7O $N 8=>] $r 7W ;; $H B* $( !$ $= $N7W;;E* $J B&LL $K 4X $9$k8& 5f $H $7 $F ?M9)@8 L? $r Dj5A $9$kJ} $, <+A3 $G$" $k $h $& $K ;W $o $l $k [ KLLn 92] !% $3 $l $O !$?M9)CN G= $, ?M4V ( $" $k$$ $O 9bEy F0 J* ) $N G’ CN5! 9= $d CN E*3h F0$N 7W ;;O@ E* B&LL $K 4X$9$k8&5f $H $7 $F B* $($i $l $k $3$H $K AjEv$9$k!% KLLn $O !$ ?M9) @8 L? $N8&5f $b?M9) CN G= $N8&5f $H F1MM $K 2J3X ;X 8~ $H 9)3X;X 8~ $K J, $1$F 9M $( $kI, MW $, $"$k $H O@ $8 $F$$ $k [ KLLn 92] !% 2J 3X ;X 8~ $N?M9) @8L? 8& 5f $O !$ @8 L? $r ;J$k %@ %$ %J %_%/%9 $N7W;; E* B&LL $r Cj>]2= $7 !$ $= $3 $K$" $kK!B’ $r H/8+ $9$k $3 $H $G @8L? $K 4X$9$kM} 2r $NB%?J $r L\;X $9 $b $N $G$" $k!% 0l J}!$ 9)3X ;X8~ $N?M9)@8 L?8& 5f $O !$ ?J 2= $N %a %+ %K %: %‘ $d @8L? %7 %9 %F %‘ $N 86M} $K CeA[ $r F@ $? ?J2=E* 7W ;;!$ AOH/ <jK! $J $I $N 7W;;5!9= $r <B5!>e $K <BAu $7 !$ ?J2= !& E,1~ 7? %7 %9 %F%‘ $N 9=C[<jK! $r 3NN) $9$k $3 $H$r <g4c $H $9$k !% 2.1.2 ?M9)@8L? %b %G %k $N FCD’ $+ $D $F !$ !V @8L? BN $H$= $& $G$J$$J*BN $H$NAj0c $O !$ $= $NCf $K @85$ $, =I $C $F$$$k $+ H] $+ $K$" $k !W $H$$ $& %" %j%9 %H %F %l %9 $K $h $k !V @85$O@ !W $N 35G0 $N ;YG[ $, D9$/B3 $$ $? ;~4| $, $" $C $? !% $D$^ $j !$ @8L? $r @b L@ $9$k $N $K !$ DL >o $NJ*<A $H $O 0[ $J $k !V @85$ !W $J $kIT2D;W 5D $J%(%M %k %. !<$"$k $$ $O NO $N$h $& $J FC<l $J <BBN $r I,MW $H $7 $? $N $G $" $k !% $7 $+ $7 4T85 <g5A E* $J6aBe $* $h $S 8=Be $N2J3X $K $h$C $F J,;R!$ 86 ;R $N 2rL@ $, ?J $‘ $K $D $l $F MM!9 $J @8 L?8=>] $, J,;R@8 J*3X E* $J 8+CO $+ $i @bL@2D G= $H$J$j !$ :#F| $N @8J*3X <T $N4V $G @85$O@ $r ;Y;}$9$k<T $O $$ $J $/ $J $C $? !% $$$^ $d@8L?BN $O !$ C1 $J $kJ#;( $J @82=3XE* $J 5!3# $K $9 $. $J$$$H$$ $& ;v<B $, 9-$/<u $1 F~ $l$i $l$F$$$k!% $? $@ $7 !$ 5! 3# $H 8@ $C $F$bF|>o E* $J 0UL# $G$N5!3# $H $O Bg $-$/0[ $J$k!% !V ( <+A3 ) @8 L? !W $O !$ $= $l <+?H $O @8L? $r ;} $? $L C1 $J $kJ, ;RB? ?t 4V $NAH?% N) $C $? Aj8_ :n MQ $NCf $+ $i AOH/ ( emer ge ) $7 $F $/$k!% J, ;6 $5 $l $?$= $l $>$l $N ItJ, $N?6$kIq $$ $r Cf1{ =88" E* $K @)8f $9$kBg0h E* $J 5!9= $O B8:_ $; $:!$ $‘ $7 $mA4 $F$N ItJ, $, ?6$kIq $$ $=$N$b $N $G$" $k !% @8L? $H $O !$ $3 $& $7 $? ItJ,ItJ, $N?6$kIq $$ 4V $N 6I=j E* $J Aj8_:nMQ $+$i A4 $F $, AOH/ $9$kA4BN E* $J ?6$kIq $$ $K 2a $. $J $$ !% $D$^ $j@8L? BN $O C10l $N @82= 3XE* $J 5!3# $J$N $G$O$J $/ !$ Hf3SE*C1=c $J >.$5 $J 5!3#B??t $+$i @.$k=8CD $H $7 $F B* $($i $l $k 1 !% ?M9) @8L? $N Cf?4 $r$J $9 35G0$b !$ $3$N AOH/E*?6 $kIq $$ ( emer gent b ehavior ) $K $" $j !$ $3 $N$h $& $J %\%H %‘ %"%C %W E* $J <jK! $G$b$C $F @8L? $N7W;;O@E* B&LL $r%b %G %k 2= $9$k!% 5! 3# $K @8L?8=>] $r <B8= $5 $; $k $? $a $K !$ 5! 3# $K !V @8L? !W <+ BN $r ?a $- 9~$‘ $3$H $O $7 $J$$ !%$‘ $7 $m !$ 9=@. MWAG 4V $N 6I=jE* $J Aj8_:n MQ $N %@ %$ %J %_%/%9 A4 BN $K$h$C $F5!3# $, !V @8L? !W $i $7 $/?6 $k Iq$& $h $& $K !$ 9= @. MWAG ( >.5! 3# ) $N =8CD $r 9*L/ $K AH?%N) $F$9$kJ}K! $r <h$k $N $G$" $k!% $3$N %\ %H %‘ %"%C %W E* $J%b %G %k 2= $O !$ %_%j ICC1 0L $NHy >. $J ;~4V%9 %1!< %k $K $* $1 $kJ,;R =8 CD $N %@ %$ %J %_%/%9 $+ $i ?t@iG/C1 0L $N CO<A3X E* ;~4V%9 %1!< %k $K $* $1 $k@8J* $N ?J2= $N %@ %$ %J %_%/%9 $^ $G !$ <+ A3@8 J*3& $K $* $1 $kG!2? $J $k3,AX $N %l %Y%k $K $*$$ $F$b E,MQ 1 C1:YK&@8J* $K $*$$$F$b !$0l$D $N :YK&Fb $K $*$$$F J#?t $N 2=3XE*<BBN $, Aj8_:nMQ $7 $F $$$k !% 6

2. @8L?8=>] $H >pJs=hM} 2.1. ?M9)@8L? ( A rti�cial Life ) $9$k $3 $H $, 2DG= $G$" $k!% $$ $: $l $N %l %Y %k$G$N%b %G %k 2= $r 9T $& $K$;$h !$ 7W ;;5! %Y!< %9 $N?M9)@8L? %b %G %k$O 0J2< $N$h $& $J <gMW $J FCD’ $r M-$9$k [Lan89] !% 1. C1=c $J 9=@.MWAG ( %W %m %0 %i %‘ !$;EMM ) $N =89g $+$i @.$k!% 2. B> $N 9=@.MWAGA4 $F$N @)8f $r 9T $& 9=@.MWAG $O B8:_ $7 $J $$ !% 3. 3F !9 $N9=@.MWAG $O !$ B> $N 9=@.MW AG $H$N Aj8_:n MQ $r 4^ $a $F$= $N CV $+ $l $? 6I=jE*4D 6- $N$b $H $G !$ G!2? $K H?1~$9$k $+ $N Dj5A $r ;}$D!% 4. %7 %9 %F %‘Fb $K$O%7 %9 %F %‘A4BN $N 5sF0 $r 7hDj$9$k5,B’ $O$J $$ !% 5. $7 $? $, $C $F !$ $$ $+$J $k %l %Y%k $K $* $1 $kA4BNE* $J 9TF0 $b AOH/E* $J$b$N$G$" $k !% $3 $l$O @8J* $N ?6$kIq $$$N G!2? $J $k 3,AX $N %l %Y%k$K $b 6&DL$9$k7W;;5!9=>e $N FCD’ $H 8@ $( $k !% 2.1.3 ?M9)@8L? $N 8&5fNc $5$F !$ $3$3 $G ?M9)@8L? $N 8&5f $K $* $1 $kCf?4E*<gBj $r 5s $2 $k $H 0J2< $N$h $& $K $J $k !% � 7ABV7A@. ( H/@8 ) $N%b %G %k � ?J2= $N%b %G %k !$3X=, $N%b %G %k � :YK&4V $N%3 %_ %e%K%1!< %7 %g %s !$@8BNFb $N J,;6JBNs=hM} � LH1V7O !$<+8J=$I| Nc $( $P !$ RNA $J $I $N @8J* $N 0dEA;R $N MWAG $H$J $k2J3XJ*<A $r %7 %_ %e %l !< %H $7 !$@8J* H/@8 $N %a %+ %K%: %‘ $r I=8=$9 $k %b %G %k $N 9=C[ $r ;n $_$? 8&5fNc $, $" $k [Ras89] !%F1MM $N Nc $H $7 $F$O !$ %; %k %* !< %H %^ %H %s $r MQ$$ $F :Y K& $N <+8JA}?# $r %7 %_ %e %l !< %H $7 $? $b$N [TH89] $d !$C1=c $J 5,B’ $K =>$C $F :Y K&J, Nv $r 7+ $jJV $9 $3 $H $G ?F $H F1 $8 7A>u $r :n $j $" $2 $k $3$H $, =PMh $k $3$H $r <( $7 $?$b$N$b$"$k [dBFP92] !% $^$? !$ %K%e!< %i%k %M%C %H %o !< %/ $r ;}$D ?M 9) 5B$N =8 CD$r 0d EA E*%"%k %4 %j %: %‘$r MQ$$$F ?J 2= $5 $; $k <B83 [CJ92] $J $I $N @8 J* ?J2=$N %7 %_ %e %l !< %7 %g %s $K $D$$$F $N 8&5f$b @9 $s$K $J $5 $l $F $$ $k !%?J 2= $H ?@ 7P :Y K&$H H/ @8$N ;0 <T$r 7k $S $D $1 $? $b $N $H $7 $F$O !$ %0 %i %U @8 @. J8 K!$H 0d EA E*%"%k %4 %j %: %‘$r 9* $_$K AH$_ 9g$o $; $F %K%e !< %i%k %M %C %H %o !< %/$N H/ @8$N 5, B’$r ?J 2= $5 $; $k$H $$ $C $? 6= L# ?< $$ 8& 5f Nc [Kit90, KLLn 93] $b$" $k !% $5 $i$K %0 %i%U @8@.J8K! $H$$ $C $? %H %C %W%@ %& %s E* $J%" %W %m !<%A $G$O$J $/ !$ :YK&4V $N %3 %_ %e %K%1!< %7%g %s $H Be<U $K $h$C $F ?@7P2sO) LV $r %\ %H %‘ %"%C %W E* $K H/@8 $5 $; $k5!9= $r ?J 2= $5 $; $k ;n $_ [Kit94] $b$" $k !%0J>e $N$h $& $K !$?M9)@8L? $K 4X$9$k8&5f $O B?4t $K EO$C $F$$ $k !% 7

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) 2.2 0dEAE* %"%k %4 %j %: %‘ ( Genetic A lgorithms ) 0dEAE* %"%k %4 %j %: %‘ ( genetic algorithms, GA ) $O !$ @8 J* $N?J2= $N86M} $K CeA[ $r F@ $? %" %k %4 %j %: %‘ $G$"$j !$ Holland $K $h$C $FDs>’ $5 $l $? [Hol75] !% GA $O !$ @8 L? %7 %9 %F%‘ $N8=>] $r 7W;; $H B* $( $k?M 9)@8L? $N 8&5f $K $* $$ $F !$ ?J 2= $N%b %G %k$H $7 $F MM !9 $J 2r@O $K MxMQ $5 $l $F$$ $k!% $^ $? !$ @8J* =8CD $, 4D 6- $K E,1~?J2= $7 $F $$ $/2a Dx $r%R %s %H $K !$ DL>o $N J}K! $G $O G|Bg $J 7W;;NL $r MW $9$k $? $a $K 2r$/ $3 $H $, :$Fq $G$" $k$h $& $J AH $_9g $o$; LdBj $J $I $K BP$9$k2r $N C5:w $* $h $S :GE,2=!$ $"$k $$ $O%m %\ %C %H $J $I $N 3X=, $N <jK! $H $7 $F !$9)3XE* $K $b ?tB?$/ $N 1~MQ $, $J $5 $l $F $$ $k [Da v91] !% 2.2.1 @8J* $K$* $1 $k 0dEA $H ?J2= Darwin $N M}O@ Darwin (1809 - 1882) $O !X <o $N 5/8; !Y [Dar59] $N Cf $G !$8=B8$9$k A4 $F$N @8 J* $O !$ (30 2/G/ $r 1[ $( $k ) 1s$$2a5n $N CO5e>e $K @8$^ $l $? 0l$D$"$k$$ $O $4 $/>/?t $N C1=c $J AD@h $K M3Mh $7 !$ $= $l$, JQ7A$5 $l $F$G $- $? Kv jc $G $" $k$H O@ $8 $? !%H‘ $O $^$? !$ $3 $N ?J 2= E* JQ 2= $r $b $?$i $7 $? <g MW$J NO $O <+ A3 Eq BA ( natur al sele ction ) $G $" $k $H =R$Y $F $$ $k !% $b $7 8DBN ?t $, ;‘ $K $h $C $F @) 8B$5 $l $k $3$H $, $J$1$l $P @8 J* $O :]8B $J $/A} $( B3 $1 $k $3 $H $K$J $k $, !$ <B:] $K $O 5o=;0h $d ?)NH $J $I $N ;q8; $, 8B $i $l $F $$$k $? $a $K 8DBN ?t $NL5@)8B $NA}2C $, 5v $5 $l $k $3$H $O$J$$ !% 0l J}!$ @8J* $O ?F $+ $i ;R $X $H$=$N FCD’ $, 0z $-7Q $, $l $k 0dEA $H$$ $& FC@- $r ;} $D $, !$ A4 $F$N;R $, ?F $H A4$/F1 $8 @-<A $r ;} $D $o $1$G$O$J$$ !% $3 $& $7 $F @8 $8 $k JQ0[ $N>/ $J $/ $H$b$$ $/ $i$+ $O @8B8 $H HK1I $N $7 $d $9$5 $K 1F6A $9$k!% @8B8 $d HK?# $K M-Mx $J 7A<A $r ;} $D @8 J* $O !$ $h $j B? $/$N ;R B9 $r ;D $9 $@ $1 $G $J $/ !$ 0dEA $K $h $C $F ;R B9 $K <+ J,$N 7A <A $r EA $( $k $G $" $m $& !% Darwin $O !$<+A3EqBA $N 05NO$N 2< $G $N 0dEAE* $J JQ0[ $N C_@Q $N 7k2L $H $7 $F !$@8J* $N =8CD $O ?J2=$9$k $G $" $m $& $H =R $Y $F$$ $k!% $3$N <+A3EqBA @b $O !$ ?J2=E* JQ2= $, 5/ $3 $k $3$H $@$1$G$J $/ !$ $=$NJQ2= $, $I $N$h $& $J$b$N $G$" $k $+$b M=B,$9$k!% FC $K !$ @8 J* $O $= $l $, @83h $7 $F $$$k4D6- $N Cf $G !$ $h$j $& $^$/ @8 B8 $7 HK1I $G$- $k $h $& $J 7A<A $r @$Be $r DL $8 $F 3MF@ $9$k $O$:$J$N $G$" $k !% $D$^ $j<+A3 EqBA @b $O @8J* $N 4D6- $X$N E,1~ $r M=B,$9$k!% 0dEA;R $N <BBN $H $7 $F $N DNA 0l J} !$ 7A <A $r?F $+ $i;R $X $HEA $($k @8 J* $N 0d EA $N ;E AH $_ $O !$ Ev ;~ !$ $^ $@Ff $KJq $^ $l$? $^ $^ $G $" $C $?!% 0d EA >p Js $N 2Y 2r $- $H $$ $C $? 35 G0 $, B8 :_ $7 $J $+ $C $? $O$k $+8E $$ ;~ Be $K $O!$ !V A0 @8 @b !W ( pr eformationism ) $K$h $C $F@8 J* $NH/ @8 $rM} 2r $9 $k $h $j $[ $+ $J $+ $C $?!% A0 @8 @b $H $O !$ @. BN $N?H BN $N7A BV $, G[ 6v ;R $NCf $K $" $i $+ $8 $a 4^ $^ $l$F$* $j !$ $3 $l $, @. D9 $7 $F @8 J* $N8D BN $H $J$k $H$$$& 9M $(J} $G $" $j !$ $"$k <T $O !$ 82 Hy 6@ $G4Q;! $9 $l $P @:;R $NF, It $K >. $5 $J?M4V $, =L $3$^ $C $F$$ $k $N $, G’ $a $i $l $k $H9M $( $F $$ $? [ D9Ln 94] !% $H $3 $m $, !$ Mendel $O 1850 G/ $+$i 1860 G/ Be $K$+ $1 $F 9T$C $?%( %s %I %& F&$N <o ;R$N 0d EA $K 4X$9 $k 8

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) <B83 $K $h$j !$ @8 J* $N FCD’ $O J#?t $N 2>A[E* $J N3;R>u $NJ*<A $H$$ $& 7A $G ?F $+ $i ;R $K 7Q>5 $5 $l $F $$ $/ $H $$ $&2>@b $r N)$F$? !% $3 $N 0d EA E* 7A<A $r ;Y G[$9 $k 0x ;R $O 8e $K 0d EA ;R ( gene ) $H L> IU $1$i$l !$ $5 $i$K 1910 G/ Be $K Morgan $i$K $h $C $F !$ $= $l $> $l $N 0d EA ;R $O :Y K&$N 3K Fb $K $" $k @w ?’ BN ( chr omosome ) >e $N 8G M-$N 0L CV $K :B $r @j$a$F $$ $k$3$H $, L@ $i$+$K $J $C$? !% $= $7 $F !$ 1953 G/ $K W atson $H Cric k $K $h $C $F %G %*%- %7 %j %\ 3K ;@ ( DNA ) $N Fs =E Mf @{9= B$ $, L@ $i$+$K $5 $l !$ DNA $, !V 0d EA ;R !W $N J* <A E*<B BN $G$" $k $3$H $, FM $-;_ $a $i $l $? !% $= $N8e !$ 0d EA>p Js $r ;} $D DNA J,;R $NFs=E:? $O$[ $I $1 $F 0l K\ $: $D $K$J$j !$ $= $l $>$l$, Cr7? $H$J $C $F !$ <+J, $H AjJdE* $J ?7 $7 $$$b $& 0l K\ $NJ,;R:? $r 7A@. $9$kH> J]B8E* $J 2aDx $G <+8JJ#@= $r 9T $& $3$H $, <B>Z $5 $l $? !% $^ $? 0dEA>pJs $O !$ %3 %I %s ( c o don ) $H 8F $P $l $k %" %G %K %s (A) !& %0 %"%K %s (G) !& %A %_ %s (T) !& %7 %H %7 %s (C) $N 4 <oN‘ $N DNA $N 1v4pG[Ns $N 3 $D AH $G 7hDj $5 $l $k $3 $H $, L@ $i$+ $K $5 $l !$ $= $N0E9f2= $NJ}K! $O A4 $F$N @8J* $K 6&DL $N$b $N $G$" $k $3 $H $, J, $+ $C $? [ BgEg 81] !%@8J* $O DNA >e $K 1v 4pG[ Ns $N 0E 9f $N 7A $G 9o$^ $l $? 0dEA >pJs $N 2Y2r$- $r 9T$C $F !$ @8J*BN7A@. $K 4X $o $k%? %s %Q %/<A $N 9g@. $r 9T $& $N $G $" $k !% 2.2.2 :GE,2=K! $H $7 $F $N GA $H <+A3?J2= $N E,1~2aDx <+A3 ?J 2= $K 8+ $i $l $k2aDx $* $h $S @w?’ BN>e $N0dEA >p Js $H $7 $F @8J* 8DBN $N@-<A $, 7Q>5 $5 $l $k;EAH $_ $N$$ $/ $D $+$r LOJo $7 $F !$ $= $NE,1~E* $J 2aDx $r 9)3XE* $K MxMQ $9$k $3 $H$r L\;X $7 $?$b$N $, 0dEAE* %" %k %4 %j %: %‘ (GA) $G $" $k !% GA $O !$ 3NN(E*C5:w $N 0l<jK! $H $7 $F B* $( $k $3 $H $, =PMh$k $, !$ => Mh $+$i $N EAE}E* $J C5:w $N <jK! $H Hf $Y $F 0J2< $N E@ $K FCD’ $, $" $k [Gol89] !% 1. %Q%i %a !<%? %;%C %H $=$N$b$N$G$J $/ !$ $= $l $r Id9f2= $7 $? BP>] $r A‘:n$9$k!% 2. C10lCm;kE@ $K 4p $E $/C5:w $G $O$J $/ !$ B??t $N Cm;kE@=8CD $K $h $k B?E@C5:w $r 9T $& !% 3. C5:w $r M6F3$9$k$N $K 8zMQ>pJs ( L\E*4X?t ) $@$1 $r MxMQ $7 !$ %R%e !< %j%9 %F %# %C %/ $J $I $N GI @8E* $*$h $S Jd=uE* $J$b$N $O MQ $$ $J$$ !% 4. 7hDjO@E* $K$G$O$J $/ !$ 3NN(O@E* $J 5,B’ $K 4p $E $- >uBV $r A+0\ $5$;$k !% $"$kM? $( $i $l $?Ld Bj $K BP $9 $k %Q %i %a !< %? %; %C %H$O !$ ( $7 $P $7 $P 0 !$ 1 $N %S %C %H$+$i @. $k ) 0l <! 85 G[ Ns ( %9 %H %j %s %0 ) $H $7 $F Id 9f 2= $5 $l $k!% $3 $l $O $A $g $& $I !$ DNA $N1v 4p G[ Ns $K$h $k 0d EA ;R 72 $K$h $C $F @8J* $N@w?’BN $, 7A@. $5 $l $k $3 $H $K BP1~ $9$k!% @w?’ BN>e $N0dEA>pJs $, @8J*8D BN $N9=B$ $r 7hDj $9$k $h $& $K !$ $3 $N%9 %H %j %s %0$O M? $( $i $l$?Ld Bj $KBP $9 $k 2r $N8u Jd $rI= 8= $9 $k !% GA $G $O @8 J* 3X $K$* $1 $k MQ 8l $H F1MM $K !$ $3$N$h $& $J 0dEA;R $NAH9g $; $H $7 $F$N %9 %H %j %s %0 $r 0dEA;R 7? ( genotyp e ) !$ %9 %H %j %s %0 $NI=8= $9$k 2r $r I=8= 7? ( phenotyp e ) $H 8F $V !% $^ $?@w?’ BN >e $N0dEA ;R $N0L CV $r 0dEA ;R :B ( lo cus ) $H 8F $V !% GA $O !$ $3$N0dEA;R 7? $H $7 $F$N @w?’ BN =8 CD $K BP $7 $F 7+ $jJV $7 0dEA E*A‘ :n ( genetic op er ations ) $r ;\$9 !%0lHL $K GA $K $* $1 $k 0d EAE* A‘ :n $H $7 $F$O !$ A*Br ( sele ction ) !$ 8r:5 ( cr ossover ) !$ FMA3JQ 9

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) 0[ ( mutation ) $N ;0 $D $, <g $K MQ $$ $i $l $k!% $3 $l$i $K$D $$ $F $O 2.2.3 @a $G !$ $h $j>\ :Y $K =R $Y$k!% $J$*!$ 0J2< $G$O FC $K CG $o $i$J $$ 8B $j !$ @w?’BN!$8DBN!$2r $N 8uJd $H $$ $& 8@MU $r$[ $\ F1 $8 0UL# $G MQ$$$k !% J#@= $N 2aDx $G$O !$ 8zMQ | E,1~EY ( �tness ) $H 8F $P $l $k $3 $H $, B?$$ | $K 4p $E $- !$ $$ $/ $D $+$N M- K> $J @w ?’ BN $r 4{ B8$N$b $N $N Cf $+$i A* Br $7 !$ $= $l $i $N ItJ, %9 %H %j %s %0 ( 0dEA ;R Ns ) $r 8r :5 $K $h $C $F AH $_ 49 $( $k $3$H $G ?7 $7 $$ 2r8uJd $H$J$k@w?’BN $r F@$k!% $3$N A*Br $N 2aDx $O !$ %@ !<%& %# %s M}O@ $N <+A3 EqBA $N2aDx $K BP1~ $9$k!% $9 $J$o $A!$ $h$j4D6- $K E,1~ $7 $? 8DBN $O E,1~ $K <:GT $7 $? 8DBN $K Hf $Y $F !$ $h $j D9@8 $- $r $7 !$7k2L $H $7 $F $h$j B?$/ $N ;RB9 $r$b $& $1 $k !% @w ?’BN ( $b $7 $/ $O 2r ) $N E, 1~EY $O !$LdBj $K $h $C $F MM !9 $J J} K! $G I> 2A$5 $l $k !%Nc $( $P !$M? $($i$l $? LdBj $, $" $k?t<0 $N2r $r 5a $a $k $h $& $J$b $N $G$" $C $? >l9g $K$O$=$N @w?’ BN $NI=8= $9$k2r 8uJd $K$h $k <+>h 8m:9 $N 5U?t $, E,1~EY $K$J$j F@$k $7 !$ =d2s %;!< %k %9 %^ %s LdBj $J $I $N >l9g $K$O$=$N @w?’BN $, I=8= $9$k7P O) $N9g7W 5w N% $N5U?t $r E,1~ EY $NI>2A $H $7 $F MxMQ =P Mh $k!% $3 $3 $G GA <+BN $O !$ 2r 8u Jd $, Id9f 2= $5 $l $F $$$k@w?’BN%9 %H %j %s %0 $N 0UL# $O$b $A$m $s E,1~EY $N CM $N 0UL# $= $N$b $N $K $D$$ $F$N2r<a $b9T $o$J$$ !% GA $O !$ M? $( $i $l $? LdBj $K BP $9$k %R %e!< %j%9 %F %# %C%/ $J $I $N Jd=uE* $J CN<1 $r MxMQ $; $: $K !$ $? $@ E,1~EY $N CM $=$N$b$N $K $N$_ CmL\$9$k !%?^ 2.4 $O Nc $H $7 $F !$ 10 8D $N @w?’BN $H GA $, MxMQ $7 F@ $k A4 $F$N >pJs $r I= $7 $F $$ $k !% %i %s %@ %‘ $K =i 4| 2=$5 $l $? 8D BN =8 CD$N =i 4| @$ Be $+$i =P H/ $7 !$0J>e $K =R$Y$? 8E$$ @$ Be $r ?7 $7 $$ @$ Be $K CV $-49 $( $kA‘:n $r <! !9 $K 7+$jJV $7 $F $$ $/ !% $9$k $H @$Be $, ?J $‘ $K $D $l $F !$ 8DBN=8 CD $O J?6QE* $K $h$j9b $$E,1~EY $r ;}$D=8CD $X $H ?J2=$9$k!% $D$^ $j7k2L $H $7 $F !$ M? $( $i $l $? LdBj $K BP$9$k $h$jE, $7 $? 2r$r I= $9 @w ?’ BN $, @8 $8 $F $/ $k$3 $H $K $J $k !% GA $N F0 :n$r D> 4Q E* $K M} 2r $9 $k$K$O !$@w ?’ BN$N 0d EA;R:B$N ?t $K Aj Ev$9$k <!85$N D6 J?LL $r Dj 5A0h $H $9 $k E,1~ EY4X ?t $G M? $($i $l $k E,1~ EY6JLL ( �tness surfac e ) $N 35G0 $r 9M $( $k $H NI $$ !% GA $O !$ $= $l $>$l $N 8DBN $, E,1~EY6JLL $N ;3D: $r L\;X$9B?E@C5:w $N 2aDx $H B* $($i $l $k ( ?^ 2.1) !% ?^ 2.1: GA $H E,1~EY6JLL 10

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) $5$F !$ $3$3 $G GA $N F0:n $r $^ $H$a $k $H 0J2< $N$h $& $K$J $k !% � � 1. =i4|=8CD $N @8@. ( g = 1) 2. Bh g @$Be $N =8CDFb $N 8DBNA4 $F $K BP $7 $F E,1~EY $r I>2A 3. Bh g + 1 @$Be $N =8CD $r @8@. (a) E,1~EY $K 1~ $8 $F !$?F $H$J $k8DBN $r A*Br (b) 8r:5 !& FMA3JQ0[ $K $h $C $F Bh g + 1 @$Be $N =8CD9=@.0w $H$J $k ;R8DBN $r @8@. (c) $" $k7h $a $i $l $? ?t $N ;R $, @8@.$5 $l $k$^ $G !$ 3.(a) $K La$k 4. g = g + 1 $H $7 $F !$ 2. $K La$k � � :GE, 2=Ld Bj $J $I $N 2rK! $H $7 $F 9) 3X E* $K GA $r MQ$$ $k >l9g $K$O !$>e5- $N <j =g 2. !A 4. $^ $G$r =* N; >r 7o $, K~ $? $5 $l $k $^ $G 7+ $jJV $7 $F !$ :G=* E* $K F@ $i $l $k8D BN ( 2r ) $K CmL\ $9$k!% 0l J}!$ ?J 2= $N %b %G%k$H $7 $F ?M9)@8L? E* $J 2r@O $r 9T $& $N $K MxMQ $9$k>l 9g $K$O !$ FC $K =*N;>r7o $J $I $r @_ $1$: $K !$ >e5- $N <j=g $, 7+ $j JV $5 $l $F $$ $k 4V $K 8+ $i $l $k %@ %$ %J %_%/%9 $K CmL\$9$k!% 2.2.3 GA $K $* $1 $k0dEAE*A‘:n A*Br ( Sele ction ) A*Br $H $O !$ 8D BN $N=8CD $NCf $+ $i <!@$Be $N?F $H $J $k $Y$-8DBN $r A* $S =P$9A‘ :n $G$" $k!% %@ !< %& %# %s M}O@$N <+ A3Eq BA$N 86 M} $K 4p $E $- !$E,1~EY$N 9b$$ 8D BN $[ $I 9b 3N N( $G A* $P $l $k$3$H$K $J $k !% $7 $+ $7 !$ $" $^ $j $K M%=( $J 8DBN $, M%@h $5 $l $9 $. $k $H B?E@ C5:w $N MxE@ $, <: $o $l !$ =i 4| $NCJ3, $G 6I=j2r $K 4Y $j $d $9 $/ $J $k $3$H $, $" $k$N $G !$:GE, Ld Bj $J $I $N 2r K! $H $7 $F FC $K 9)3X E* $K GA $r MQ$$ $k :] $K$O A* Br 05 ( sele ction pr essur e ) $, $" $^ $j6/$/3] $+ $j$9 $. $J $$$h $& $K Cm0U$9$kI, MW $, $" $k !% MM!9 $J A*Br $N J}K! $, Ds0F $5 $l $F $$ $k $, !$BeI=E* $J$b$N$H $7 $F$O 0J2< $N Fs $D$N$b$N $, $" $k !% � E,1~EYHfNc@oN, ( �tness pr op ortionate sele ction ) [Gol89] %k!< %l %C %H @o N, ( r oulette whe el sele ction ) $^ $? $O %b %s%F %+ %k %m %b %G %k ( monte c arlo mo del ) $H $b 8F $P $l $k $b$N $G !$8DBN $O E,1~EY $K HfNc $7 $? 3NN( $G A*Br$5 $l $k !% � %i %s %/ @oN, ( r ank sele ction )[WH89] 3F8D BN $r E,1~ EY $N=g $K%i %s %/ $E$1 $7 !$ 8D BN $O$" $i $+ $8 $a%i %s %/Kh $K 7h $a $i $l$? 3N N( $G A*Br$5 $l $k !% E,1~ EYHf Nc @o N, $G $O !$ 3F8D BN 4V $NE,1~EY $N:9 $, Bg $- $$=i4| $NCJ3, $G $O M%=( $J8DBN $[ $I A*Br $5 $l $d $9$$ ( A* Br 05 $, 9b$$ ) !% $7 $+ $7 GA $, ?J $‘ $K $D $l $F 3F 8DBN 4V$N E, 1~ EY$N :9 $, >.$5 $/ $J $k $H !$B> 11

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) $h $j $b >/ $7 M%=( $J 8D BN $G $" $C $F $b A* Br$5 $l $k 3N N( $, B>$N 8D BN $H Bg :9 $J $$ ( A* Br05 $, Dc$$ ) >u 67 $K 4Y $j !$ 2r $N <} B+B.EY $, Cx $7 $/Dc2<$9$k [WH89] !%0lJ}!$ %i %s %/@oN, $G$O !$E,1~EY $N CM$=$N$b$N $K 0MB8 $7 $J$$$h $& $K A*Br 3N N( $r :NMQ $9 $k $3 $H $K$h$C $F GA $N$$ $: $l $N CJ3, $K $* $$ $F$b!$ >/ $7 $G $b M% =( $J 8DBN $K BP $7 $F M-Mx $K$J $k$h $& $J A*Br05 $, 3] $1$i $l $k!% $^ $?%i %s %/@o N, $K$O !$ 6KC< $K 9b $$E,1~ EY $N 8DBN $, =8CD $r FH@j $7 $F 6I=j2r $X$H Aa4|<}B+$9$k $3$H$r Hr $1 $k 8z2L $b$"$k !% 8r:5 ( Cr ossover ) 8r:5 $H $O !$ A* Br $5 $l $? Fs $D $N?F8D BN $N@w?’ BN >e $N0dEA;R $r AH $_49 $($F ?7 $7 $$;R8DBN $N@w?’ BN $r :n$kA‘ :n $G$" $j !$ M-@- @8?# $r 9T $& @8 J* $NM: $H ;s $, G[6v;R $r 7k9g $5 $; $F ?7 $7 $$ 0dEA;R $NAH9g $; $r ;} $D ;R 8DBN $r ;: $‘2aDx $K BP1~$9 $k 2 !%$^ $:$O $8 $a$K !$ $$ $/$D $+ $N 8r :5E@ $, %i %s %@ %‘ $K 7hDj$5 $l !$ $= $l$i $r 6- $K @w?’BN $, ItJ,%9 %H %j %s %0 $K J,3d $5 $l $k!% Fs $D $N?F $+ $i$N ItJ,%9 %H %j %s %0 $r 8r8_ $K @\B3 $9$k $3 $H $G ?7 $7 $$ @w?’BN $, :n $i $l $k!% ?^ 2.2 $K !$ FsE@ 8r:5 $K$h$C $F ;R $N @w?’BN $, :n $i $l $kMM;R $N Nc $r <($9 !% ?^ 2.2: 8r:5 FMA3JQ0[ ( Mutation ) FMA3JQ0[ $H $O !$ @w?’ BN>e $N0dEA;R $r$" $k3NN( $G JQ2= $5 $;$kA‘:n $G $" $k ( ?^ 2.3) !% $3$N A‘:n $, 9T $o $l $J$$ >l9g $O !$ =i 4| $N0dEA;R $NAH $_9g $o$;0J30 $N 6u4V $r C5:w $9$k $3 $H $O$G$- $J$$$N $G 5a $a $i $l $k2r $N<A $K $b 8B3& $, @8 $8 $k!% FMA3 JQ0[ $K $h$C $F @w?’BN=8 CD $NB?MM@- $, J] $? $l !$ $h$j9- $$2r6u4V $r C5:w $9$k $3 $H $, 2DG= $H$J $k!% $? $@ $7 !$ $3$NA‘:n $r MpMQ $9$k $H C1 $J$k%i %s %@ %‘ %5!< %A $K 4Y$C $F $7 $^ $& $N $G !$DL>o $O FMA3JQ0[N( $O Dc $$ CM $r$H $k !% 2 <B:] $N @8J* $G$O !$8DBN $O <+?H$N Ic?F $H Jl?F $K M3 Mh$9$kBP $r$J $9 AjF1@w?’BN>e $K 0dEA>pJs $r J];} $7 $F $*$j !$ 3F8DBN $, <o $K $h $C $F 7h$^$C $? ?t $N AH $N AjF1@w?’BN $r ;}$C $F$$ $k !%G[6v;R7A@. $N $H$-$K$= $l $>$l $N AH$NAjF1@w?’BN $, 0lK\ $: $D JL!9 $NG[6v;R $K F~ $j ( 8:?tJ,Nv ) !$ G[6v ;R $N9gBN ( <u@: ) $K $h$C $F:F $S BP $r$J$9AjF1@w ?’BN $NAH $, 7A@. $5 $l $k !% $3$N<u@: ;~ $K @w?’BNC10L $G M:8DBN $H ;s8DBN $H$N 4V$N0dEA>pJs $NAH$_49 $( ( %7%c %C %U %k ) $, 5/ $3 $k $o $1$G$" $k $, !$ $= $N A0 $K ?F$NBN Fb $K$F @8?#:Y K& $, 8:?tJ,Nv $r $7 $F G[6v;R $r 7A@. $9$k:] $K$b 0dEA;RC1 0L ( 1v4pC10L ) $G AjF1@w?’ BN $N4V $G 0dEA>pJs $NAH $_ 49 $( $, 5/ $3 $k !% 12

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) ?^ 2.3: FMA3JQ0[ 2.2.4 ?J2=E*7W;; $H $7 $F $N GA $N C5:wG=NO : !V 0EL[E* $J JBNs=hM} !W $3$3 $^ $G !$A0=R $7 $? $h $& $J C1 =c $J 0d EAE* A‘:n $r AH$_ 9g $o $;$?$K 2a $. $J $$ GA $, !$2?8N $+ $/$b 6/NO $G 4h7r $J C5:w <j K! $H $J$jF@ $k $N $+ $K$D$$ $F 8@5Z $7 $F$3 $J $+$C $?!% K\ @a $G $O GA $K $* $1 $k4pK\ E*86M} $r =R $Y $F !$ GA $N ;}$D@x:_E* $J C5:wG=NO $K $D$$ $F 2r@b$9$k!% %9 %-!<%^ ( Schema ) 8r:5 $K$h$k9=B$ E* $J 0dEA >p Js $N8r49 $O !$ E, $7 $? 8DBN $r 7A@. $9$k $N $K M-MQ $J 0dEA>p Js $r ;} $DItJ, E*>.JR $N ;X?t4X?tE* $J A}2C $r$b$? $i $9 !% $^ $:$O !$0J2< $N Nc $r MQ$$ $F 4JC1 $K 35G0E* $J @bL@ $r $9 $k !% ?^ 2.4: @w?’BN=8CD $H E,1~EY 4X?t F ( x ) = x 2 $r :GBg 2= $9$k $h $& $J x (0 � x � 255) $r 5a $a$?$$ $b $N $H $7 !$ 2r $N8uJd $r D9 $5 8 $N 2 ?J %S %C %H Ns $N@w?’BN $G I=8= $9$k!% $3$N $H$- $K !$ GA $N <B9T<T $O @5 $7 $/2r $, 5a$^$k $h $& $K !$ Nc $( $P 4X?t F ( x ) $=$N$b$N $r E,1~EY $H $7 $F Dj5A $9$k!% $3 $3 $G Nc $K 5s $2 $? LdBj $N:GE,2r $O L@ $i $+$G$" $k $, !$ 0lHL E* $K$O !$ M? $( $i $l $? LdBj $N :GE,2r $, L@ $i$+$G$" $k $o $1$G$O$J$$ !% $= $3 $G !$ GA <+BN $O 4X?t F ( x ) $N 0UL#$^ $G $O CN $jF@ $J$$$b$N $H$9 $k !% $D$^$j !$ GA <+BN $K$O !$ ?^ 2.4 $N$h $& $K @w?’BN 13

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) =8CD $H E,1~EY $NCM $@$1 $, M? $( $i $l $k!% $3$N$h $& $J >u67 $N 2< $G !$ $h$jE,1~ EY $N9b $$?7 $7 $$ @w?’BN $r @8@. $7 $h $& $H $7 $? >l9g $K$O !$ 4{B8 $N@w?’BN $NCf $G E,1~EY $N9b $$ $b $N$N4V $NN‘;w@- $K CeL\ $9$k $3 $H $O 9gM}E* $G$" $k!% ?^ 2.4 $K $h $k $H !$ :G $b:8 $N0LCV $K 1 $, $" $k $3 $H $, 9b $$E,1~EY $r @8 $_=P$9 $h $& $K 8+ $( $k!% $7 $? $, $C $F !$ ?7 $7 $$@w?’ BN $K $* $$ $F$b:G $b:8 $N0LCV $r 1 $K $9$k $3 $H $O M- K> $J@oN, $G$"$k!% $3 $N $h $& $K E, 1~ EY$N 9b$$ @w ?’BN $r 9= @.$9 $k N‘ ;w $7 $? ( >. ) It J, $r MQ$$$F ?7 $7 $$ @w ?’ BN $r @8 @.$9 $k 2aDx $O !$ %9 %-!< %^ ( schema !$ J#?t 7A $O schemata ) $N 35G0 $r MQ $$ $F$h$j 87L) $K @bL@ $5 $l $k [Hol75] !% %9 %- !< %^ $H $O !$ @w ?’ BN =8 9g A4 BN $N $" $k It J, =8 9g Fb $KB0 $9 $k 8D BN 4V $G6& M- $9 $k %9 %H %j %s %0$N %Q %? !< %s $r I=$9%F %s %W%l !< %H $G $" $k !%@w?’BN $, D9$5 l $N 2 ?J %S %C %H Ns $G I=8=$5 $l $k>l 9g $K$O !$ f 0 ; 1 ; * g $N 3 $D$N 5-9f $N l 8D $NJB $S $K $h$C $F I=8= $5 $l $k %9 %H %j %s %0$, %9 %-!< %^ $H$J $k !% $"$k %9 %- !<%^>e $N A4 $F$N 0LCV $K $D$$ $F !$ BP1~ $9$k 0LCV $N 5-9f $, A4 $F 0lCW $9$k $h $& $J @w?’BN $O$=$N %9 %- !<%^ $K !V E,9g ( match ) $9 $k !W $H 8@ $& !% $3$3$G !$ \ * "( wild c ar d $b $7 $/ $O don ’t c ar e symb ol $H 8F $P $l $k ) $O !$ \ 0 " $H \ 1 " $N$$ $: $l$K $b 0lCW $9$k!% Nc $( $P !$ D9 $5 8 $N 2 ?J %S %C %H Ns $r @w?’BNI= 8= $H$9$k $H !$ %9 %-!<%^ \ 10*011*1 " $O 4 $D$N @w?’BN f 10001101 ; 10001111 ; 10101101 ; 10101111 g $H E,9g$9$k!% $^ $:!$ D9$5 l $N @w ?’ BN n 8D $+$i $J $k =8 CD Fb $K @8 $8 F@ $k %9 %- !< %^$N <o N‘$N Am ?t $r 9M $( $k !%@w?’ BN>e $N$= $l $> $l $N 0LCV $, k 8D $N 5-9fCM $r <h$jF@$k$b$N $H $9 $k (2 ?J %S %C %H I=8= $N >l9g $O !$ k = 2) $H !$Am?t ( k + 1) l <o N‘ $N %9 %- !< %^ $, B8 :_ $7 F@$k !%2?8N $J $i $P !$ $= $l $> $l $N l 8D$N 0L CV $O k 8D$N 5-9f $b $7 $/ $O * $N$$ $: $l$+ 0l $D $r <h$k $3 $H $,$G $- $k $+$i$G$" $k !% A0 =R $N Nc ( D9 $5 8 $N 2 ?J %S %C %H Ns $K $h$k@w?’BN I= 8= ) $G$O !$ @w?’ BN $N<oN‘ $O$? $+$@ $+ 256 (= 2 8 ) $7 $+$J $$ $, !$ %9 %- !<%^ $N <oN‘ $O 6561 (= 3 8 ) $K $b $N $\ $k !%$^ $? 0l J} !$0l$D$N @w ?’ BN $O F1 ;~ $K 2 8 8D$N %9 %- !< %^ $K B0$9 $k$3$H$K $J $k !% 2? 8N $J $i $P !$ 0l $D $N @w?’BN $O !$ A4 $F$N 0dEA;R:B $K $*$$ $F$=$N0LCV $N 5-9fCM $= $N$b $N $+$" $k$$ $O \ * " 5-9f $N$$ $: $l$+$r <h$k%9 %- !<%^ $K 0lCW $9$k $+$i $G$" $k !% D9 $5 l $N 2 ?JI=8= $K $h $k@w?’ BN $N >l9g $O !$0l$D $N @w ?’BN $O 2 l 8D $N %9 %- !< %^ $K B0$9$k $3$H$K$J $k !% $7 $? $, $C $F !$=8CD%5 %$ %: $, n $G $" $k$h $& $J @w?’ BN=8 9gFb $K B8 :_$9$k %9 %- !< %^$N <o N‘ $N Am?t $O 2 l 8D $+$i n � 2 l 8D$N 4V$N CM $r <h$k $N $G$" $k!% $3$N $3$H $O !$ Hf 3SE* >. $5 $J =8CDFb $K $*$$ $F$5 $($b N‘;w@- $K 4X $9$kB?NL $N =EMW $J >pJs $r 4^ $_ F@$k $3$H $r 0UL# $7 $F $$ $k!% GA $K $*$$ $F %9 %- !<%^ $K CeL\ $9$k $3$H $K $h$C $F !$ @w ?’BN<+ BN $K $N $_ CeL\ $7 $? >l9g $K Hf $Y $F$h$j B?NL $N >pJs $r 3hMQ$9$k $3$H $, 2DG= $K$J $k$N $G $" $k !% %9 %-!<%^ DjM} ( Schema The or em ) $" $k %9 %- !< %^ H $N E,1~ EY f s ( H ) $r !$ $=$N %9 %- !< %^ $K B0$9 $kA4 $F$N @w ?’BN8D BN $N E,1~EY$N J?6Q $H 9M $( $k!% 3F%9 %- !<%^ $N E,1~EY $+ $i !$ A* Br $N8z2L $K$h $k3F%9 %-!< %^ $N @$Be $K EO$kA}8: $r 2r@O $9$k $3$H $, 2DG= $G$" $k!% m ( H ; t ) $r @$Be t $K $* $$ $F=8CDFb $K B8:_ $9$k%9 %- !<%^ H $N 8D?t ( $"$k $$ $O %9 %- !<%^ H $K B0 $9$k @w ?’ BN 8DBN $N8D?t ) $r I= $9 $H $9$k!% $3 $3 $G !$ f a vg $r =8CD Fb $N8DBNA4 BN $NJ?6Q E, 14

2. @8L?8=>] $H >pJs=hM} 2.2. 0dEAE* %" %k %4 %j %: %‘ ( Genetic A lgorithms ) 1~EY $H $9$k $H !$@$Be t + 1 $K B8:_$9$k%9 %- !<%^ H $N 8D?t $N 4|BTCM $O 0J2< $N <0 $G I=8= $5 $l $k !% m ( H ; t + 1) = m ( H ; t ) f s ( H ) f a vg (2 : 1) <! $K !$ 8r :5 $d FMA3 JQ0[ $K $h$C $F %9 %-!<%^ $, GK2u $5 $l $k1F6A $b9MN8 $K F~ $l $kI,MW $, $" $k $, !$ $^ $: $O $$ $/$D $+ $N MQ 8l $r @b L@ $9 $k !% %9 %- !< %^ H $N !$:G=i$N 8G Dj It J, $H :G 8e$N 8G Dj It J, $H $N 4V$N 5w N% $r Dj5AD9 ( de�ning length ) � ( H ) $H 8F $S !$%9 %- !<%^Cf $N 8GDjItJ, $N ?t $r %*!< %@ ( or der ) o ( H ) $H 8F $V !%Nc $( $P !$%9 %- !< %^ \ *1*1**01 " $O Dj5A D9 6 !$ %*!< %@ 4 $G $" $j !$%9 %- !< %^ \ ***101** " $O Dj5A D9 2 !$ %*!< %@ 3 $G $" $k !% $5 $F$3$3 $G !$ 8r:5E@ $, %i %s %@ %‘ $K A* $P $l $k $b$N $H $9$k $H !$EvA3 Dj5AD9 $N D9 $$ %9 %- !<%^ $[ $I 8r:5 $K $h$C $F GK2u $5 $l $d $9$$798~ $K $" $k!% 0lE@ 8r:5 $r 9M $($? >l9g $O !$ %9 %- !<%^ \ *1*1**01 " $O 86% (= 6 = 7) $N 3N N( $G !$%9 %- !< %^ \ ***101** " $O 29% (= 2 = 7) $N 3N N( $G GK 2u$5 $l $k!% D9 $5 l $N$" $k %9 %-!< %^ H $, ( 0lE@ ) 8r:5 $"$k$$ $O FMA3JQ0[ $K $h$C $F @8 $- ;D$k3NN( ( survival pr ob ability ) p s $N 2<8B $O !$8r:53NN( $r p c !$FMA3JQ0[N( $r p m $H $9$k $H 0J2< $N <0 $G I=8= $5 $l $k !% p s � 1 � p c � ( H ) l � 1 � o ( H ) p m (2 : 2) >e<0$N N> JU $, Ey 9f (=) $G $J $/ IT Ey 9f ( � ) $G 7k $P $l $F $$ $k$N$O !$8r:5$" $k$$$O FM A3 JQ 0[ $K $h $C $F $" $k%9 %- !<%^ $, GK2u $5 $l $? $H $7 $F$b !$ 8r :5 $NAj<j $K $h$C $F $O :F $S 85 $N %9 %- !<%^ $, @8 $8 F@$k $+$i$G $" $k !% (2.1) !$ (2.2) <0 $r$^ $H $a$k $H0J2< $N $h$& $J<0 $G I= $5 $l $k %9 %- !< %^Dj M} ( schema the or em ) $r F@ $k !% m ( H ; t + 1) � m ( H ; t ) f s ( H ) f avg � 1 � p c � ( H ) l � 1 � o ( H ) p m � (2 : 3) >e<0 $O !$ 8D BN=8 CD $NCf $G !V J?6Q $h$j $bM% $l $? !W %9 %-!< %^ $r ;} $D8DBN?t $, @$Be $r =E $M $kKh $K ;X?t4X ?tE* $K A}2C$9$k $3$H$r <( $7 $F $$ $k !%$^ $? !$ GA $N <B9T $K $*$$$F %9 %- !< %^DjM} $O \ exploitation "(= 4{ $K NI $$ $HH= CG $5 $l$? %9 %-!<%^ $r4^$‘ 8D BN $N@8 @. ) $N2a Dx $H \ explor ation "(= ?7 $? $JL$ CN $N%9 %-!< %^$r 4^ $‘8D BN$N @8 @. ) $N 2a Dx$N%P %i %s %9 $r Dj $a$F $$ $k $H 2r <a$5 $l $k !%Nc $( $P !$ 2.2.3 @a $G 5s $2 $? GA $N @)8f %Q%i %a !< %? $O A4 $F !$ (2.3) <0 $N $$ $: $l$+$N 9‘ $K 1F6A $r M? $( $F$*$j !$ GA $K $* $1 $k %9 %-!< %^=hM} $N@-<A $K ?<$/4X 78 $7 $F$$ $k !% $? $@ $7 %9 %- !<%^DjM} $O !$ $"$k %9 %- !<%^ $K $D$$ $F CmL\ $7 $?$H$- $K !$ $=$N8D?t $, =8CDFb $G $I $N$h $& $K JQ2= $9$k $+$K 4X$9$kM=B, $r M? $( $k $K 2a $. $:!$ 8r :5 $dFMA3JQ0[ $K $h$C $F @8@. $5 $l $k?7 $7 $$ %9 %-!<%^ $K 4X $7 $F$N J,@O $O$J $5 $l $F $$ $J$$ $J $I $N 5?LdE@ $b;XE& $5 $l $F $$ $k !% 0EL[E* $J JBNs=hM} ( Implicit Par al lelism ) $$ $: $l$K $;$h (2.3) <0 $N %9 %- !< %^DjM} $O !$E,1~EY $, 9b $/ $+ $D Dj5AD9 $NC;$$ %9 %- !< %^ $[ $I 5^B. $K =8 CD Fb $K 9- $, $C $F $$ $/ $3 $H $r I= $7 $F $$ $k !% $3 $N $h $& $J Dj 5A D9$N C; $$ %9 %- !< %^$N $3 $H $r !$FC $K %S 15

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) %k %G %# %s%0 %V %m%C%/ ( building blo ck ) $H 8F$V !%8r:5 $H $$ $&0dEA E* A‘ :n $K $h $C $F !$ GA $O $3 $N $h $& $J %S %k %G %# %s%0 %V %m %C %/ ( It J, 2r ) $r 8+$D $1 =P $7 !$ $5 $i$K $= $l $i $r 7k 9g$9 $k$3$H$G $h $j E, 1~EY$N 9b $$A4BN2r $r F@$k $3$H $, 2DG= $K$J $k !% $3$N 9M $( J} $O !$ %S %k %G %# %s%0 %V %m%C %/ 2>@b ( building blo ck hyp othesis ) [Gol89] $H 8F $P $l $k !% $3 $N $h $& $K C;$$ Dj 5AD9$N %9 %- !< %^ ( %S %k %G %# %s %0%V %m %C %/ ) $, ;X?t 4X?t E* $K A}2C $7 $F $$ $/2a Dx $O !$ IU 2C E* $JFC JL $J=h M} $r;\ $9 $3 $H $J $7 $K !$ $= $l $>$l$N %9 %-!< %^ $4 $H $K JB Ns $K ?J$‘ !% Goldb erg $O !$ $= $l $> $l $N @$BeKh $K GA $K $h $C $F =hM}$5 $l $k %9 %- !<%^$N 8D?t $O 8DBN?t n $N =8CD $K $*$$$F O ( n 3 ) $H 35;; $7 $F $$ $k [Gol89] !%<B:] $K$O !$ $= $l $> $l $N 8DBN $K BP $7 $F $N E, 1~EY I>2A $, 0l EY9T $o $l $k $@$1 $G $" $k$N $G !$ 1 @$BeEv $?$j$N <B:] $N ;~4V7W;;NL$*$h $S 6u4V7W;;NL $O O ( n ) $K $J $k !% $D$^$j !$ <B:] $K $O O ( n ) $N 7W;; $7 $+ 9T$C $F $$$J $$$N$K $b 4X $o$i$:!$<B<A E* $K$O O ( n 3 ) $N 7W;; $r 9T$C $F $$ $k$N $H F1 $8 8z 2L $r @8 $‘ $N $G $" $k !% $3 $N $h $& $J GA $K FC D’ E* $J @- <A $O !V 0E L[ E*$J JB Ns =h M} !W ( implicit p ar al lelism ) $H $$ $& 8@MU $G I=8= $5 $l $F $$ $k !% 2.3 %K %e !< %i%k %M %C %H %o !<%/ ( Neur al Networks ) <B:] $N@8J* $NG> $N@8M}3X E* $J %a %+ %K %: %‘ $K 3X $s$G !$ 7W ;; 5! >e $G G><+BN $N9=B$ $* $h $S F0:n 86 M} $r %b %G %k 2= $7 !$?M4V $, 9T$C $F $$ $k$h $& $J =@ Fp $J >pJs =h M} $r 9T $o $; $h $& $H $9 $k ;n$_ $, $J $5 $l $F $- $? !% $3 $N 7W ;; 5! >e $K %b %G %k 2=$5 $l $? G> $O !$ %K%e!<%i%k %M %C %H %o !<%/ ( Neur al Networks ) $H 8F $P $l $k !% G> $N 4p K\ E* $J 9=@. MW AG $G $" $k%K%e !<%m %s ( ?@ 7P :Y K& ) $N 0l$D 0l$D$O Hf 3S E*C1 =c$J 5, B’ $K =>$C $? ?6 $kIq $$ $r Dh $9$k $, !$ $= $l$G $b $J $* !$ ?M 9)E* $J%K %e!<%i %k %M%C %H %o!< %/ $K ?M4V $NG> $r >\:Y $J ItJ, $K ;j$k $^ $G 40A4 $K LOJo $5 $;$k $3 $H $O IT2DG= $G$" $k!% 2?8N $J $i $P !$ G> $NCf $K$O KDBg $J ?t $N %K %e!< %m %s $, B8:_ $7 !$ $7 $+ $b$= $l$i$N%K %e!< %m %s 4V $O 8_ $$ $K J#;( $K @\B3 $5 $l $F$$$k $+ $i$G$"$k!% $7 $? $, $C $F !$ 7W;; %3 %9 %H $r 8=<BE* $J HO0OFb $K M^ $( $k $? $a $K !$ %K %e!< %i %k %M%C %H %o!< %/ $G $O B?$/ $N Cj>]2= $, $J $5 $l $k!% $= $l$G $b$J$* !$ %K %e!< %i %k%M%C %H %o!< %/ $N %G %6 %$ %s$O$3 $l $^ $G $K 0Y $5 $l $F$-$?%" %W %m!< %A $N Cf $G :G $bG> $K 6a $$$b $N $H 8@ $( $k!% $^ $?9)3XE* $K $b !$ %K %e!<%i %k %M%C %H %o!< %/ $N 9T $& 6K $a $F =@Fp $J >pJs=hM} $N FC@- $r 3h $+ $7 $F !$ %(%" %3 %s !$ @v Bu5!!$ ?fHS 4o $J $I $N 2HEE@= IJ $+$i @=E46H $N8=>l!$ $" $k$$ $O 0e3X $N J,Ln $H$$ $C $? I}9- $$ NN0h $K $*$$ $F 6C$/ $Y$- @-G= $r <( $7 $F $$ $k [ GO>l 94] !% 2.3.1 ?M4V $N G> $K$* $1 $k ?@7P2sO)LV ?M4V ( $"$k$$ $O F0J* ) $N G> $O !$ %K%e !< %m %s ( neur on ) $H 8F $P $l $k6K $a $F B??t $N ?@7P:YK& $, 8_ $$ $K J#;( $K @\B3 $5 $l $? 2sO)LV ( %M %C %H %o!<%/ ) $G 9=@. $5 $l $F$$$k!% 3F!9 $N %K %e !< %m %s $N 3hF0 $O !$ J# ;( $J EE5$E* !& @8 2=3X E* $J 2aDx $K 4p $E $$$?$b $N $G$" $k $, !$ $= $N 4pK\E* $J 7W;;86M} $* $h $S ?6$kIq $$ $O C1=c $G $" $k $H 9M $( $i $l $F $$$k!% 3F %K %e!< %m %s$O !$ !V <+J, $K F~$C $F $/$kF~ NO ?.9f $r 2C $( >e $2 $F !$ ogCM $H$N Hf3S1i;; $N 7k2L $K 1~ $8 $F <+J, $N =PNO?.9f $r =PNO$9$k !W !% $3$N$h $& $J Hf3SE*C1=c $J ?6$kIq $$ $, ?M4V 16

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) $N CNE*3h F0 $N$h $& $J J#;( $J ?6$kIq $$ $r @8 $_ =P $9HkL) $O !$ KDBg $J ?t $N%K %e!< %m %s 4V $N Aj8_:n MQ $K$" $k !% $3$N KDBg $J%K %e!< %m %s 4V $NF/ $- $K$h$C $F AOH/ $9$k?6 $kIq $$ $3$= $, @8J* $NCN@- $N :,8; $G$" $k $H 8@ $o $l $F $$ $k [Cri94] !% %K %e !<%m %s ( Neur on ) $N 9=B$ E57?E* $J @TDG F0J* $N %K %e!< %m %s $N 9=B$ $r ?^ 2.5 $K <( $9 !% %K %e!< %m %s$O 5!G=>e!$ F~NO C< ;R $G$" $k <y>u FM5/ ( dendrite ) !$ =PNO C<;R $G$" $k<4:w ( axon ) !$ $J $i $S $K K\BN $N :YK&BN ( soma ) $N Bg$^ $+$K ;0 $D$N ItJ, $K J, $1$i $l $k !% ?^ 2.5: %K%e !<%m %s 3F %K %e!< %m %s$O !$ :YK& BN $d <y>uFM 5/ $K F~ $C $F $/$k EE5$ %Q %k %9 $K BP $7 $F !$ 6= J3@-!$ M^ @)@-!$ D4@0 @- $H$$$C $? ;0<oN‘ $N H?1~ $r $9$k!% 6=J3 @- $NH?1~ $N >l9g $K$O !$ 2C $( >e $2 $i $l $? F~NO?.9f $, $" $kogCM $r 1[ $( $k $J $I $7 $F%K%e!< %m %s $, ==J, $K 6=J3 $9$k $H !$ EE 5$;I 7c $r =PNO %1!< %V %k$G $" $k<4:w $XAw=P $9 $k $H$$ $& 7A $G !$ %K %e !< %m %s $, H?1~ ( H/2P ) $9$k!% EE 5$ ?. 9f $O <4:w $+ $i J,4t $7 $? B&;^ $r EA $o$C $F !$ B> $N%K %e!< %m %s$K C#$9$k!% $3$N$h $& $K %K %e!<%m %s$O !$ B> $N B?$/ $N %K %e!< %m %s$+$i EE5$ %Q %k %9 $N 7A $G >pJs $r <u $1 <h $j !$ %@ %$ %J %_ %C%/ $J =hM} $r 2C $($? >e $G !$ $^ $?EE5$ %Q %k %9 $N7A $G JL $N%K %e!<%m %s$K Aw $k !% $H$3 $m $G !$ %K %e!<%m %s $H %K%e!<%m %s $N @\9gIt0L $G$" $k %7 %J %W %9 ( synapse ) $G$O D>@\E* $J EE5$ ?.9f $N<x<u $, 9T $o $l $k $o $1$G $O$J $/ !$ %J %H %j %&%‘ %$ %* %s $d %+ %j %&%‘ %$ %* %s $N 0\F0 $H$$$C $? 2=3XE* $J 2a Dx $r 2p $7 $F ?.9f $, EA $($i$l $k 3 !% $3$N $h $& $J %K%e !<%m %s $N 3h F0 $N$?$a $N J,;R$N Be<U 5!G= $J $I $O I,MWIT2D 7g $G$" $k $, !$ %K %e!<%m %s $N K\<AE* $J 5!G= $O ?.9f $N<x<u $H$$$C $? !$ $$ $o$f$k>pJs $N =hM} $G $" $k !% 3 <B:]!$ Fs $D $N %K %e !< %m %s $N4V $K $O 0.02 %_%/ %m %s$[ $I $N4V7d ( %7 %J %W %94V 7d ) $, $" $k!% EE 5$%9 %Q %$ %/ $,%7%J %W %9 $K E~ Ce $9$k $H %7%J %W %94V 7d $K 2=3XJ*<A $N>.$5 $J Jq $_ ( %7%J %W %9 >.Jq ) $, J|=P $5 $l !$ $3$N %7%J %W %9>.Jq $, <u $1 F~ $l B& %K %e!<%m %s $N %7%J %W %9 $N %$ %* %s%A %c %M %k $r3+$/ !% $9$k $H%J %H %j %&%‘ %$ %* %s$O%K %e !< %m %s Fb $K ?/ F~ $7 !$ %+ %j %&%‘ %$ %* %s$O%K %e !< %m %s 30 $K J|=P $5 $l $k $3$H$G !$<u $1 F~ $l B& $N%K%e!<%m %s $N%7%J %W %9It $N EE0L $, >e>: $7 !$ %$ %s %Q%k %9 $N H/@8 $r 0z $- 5/ $3 $9 !% 17

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) Dj>o;~ $N %K %e!< %m %s$O !$ Hf 3SE* $f$C$/ $j $7 $? IT5, B’ $J EE5$ %Q %k %9 $r <4:w $K Aw $j=P $7 $F$$$k !% $= $N <~GH?t $O 1 !A 5 Hz $G $" $j !$ %P %C %/ %0 %i%& %s %I <~GH?t $H 8F $P $l $k !% $3$N ;}B3E* $J EE5$ %Q %k %9 $O !$ %K %e!< %m %s $r 0lDj $N6=J3>uBV $K J]$A!$ I,MW $H$" $i $P $h$j6/NO $K H/2P $G$- $k $h $& $K $7 $F $*$/ $? $a$N $b$N $G$" $k !% 0lJ}!$ %K %e!<%m %s $, 6=J3 $7 $? >uBV $G $O ?tB?$/ $N EE5$ %Q %k %9 $, H/ $; $i $l !$ $=$N:] $N<~ GH?t $O 50 !A 100 Hz DxEY $G$" $k $, !$ =V4V E* $K$O 500 Hz $K C# $9$k $3 $H$b$"$k !% 0lIC 4V $K 500 2s $N %Q %k %9 $H$$ $( $P !$ $+$J$j 9bB. $N$h $& $K ;W $o $l $k $, !$ :# F| $N%Q %= %3 %s $N >pJs=h M} $NB.EY $H Hf3S $9$k $H 6C$/ $[ $I CY $$ !% %Q %= %3 %s $N >pJs =h M} $N %9 %T !< %I $O !$ %K %e!< %m %s $N B.EY $N<B $K 10 6 G\ $[ $I $K $b $J $k !% $7 $+ $7 !$ ?M 4V $NG> $NCf $K $O 10 11 8D $N %K %e!< %m %s $, B8:_$9$k!% 100 Hz $N%Q %k %9 $r H/ $7 $F $$$k %K %e!< %m %s $N <4:w $r !$ Kh IC 100 %S %C %H $N ?.9f $r EAC# $9$k %1 !< %V %k$H$_ $J $7 $F 35;; $9$k $H !$ ?M4V $N G>A4BN $G$O !$KhIC 10 13 %S %C %H $N >pJs $N <x<u $, 0Y$5 $l $F $$ $k $3$H$K$J $k !% $3 $l $O C1 $K %G !<%?$N EA C#NL $N$_ $K 4X $9$k 35;; $G$" $k!% 3F!9 $N %K %e!< %m %s $, J?6Q $7 $F 10 4 8DDx $N %7%J %W %9 $+ $i F~NO $r <u $1 <h $C $F$$$k $3$H !$ $5 $i $K 3F %K %e!< %m %s$G <B:] $K 9T $o $l $F$$ $k7W;; $r 9MN8$9$k $H !$ G> $O 6K $a $F KDBg $J NL $N %G !<%? $r =hM} $7 $F $$$k $3 $H $K$J $k!% $3 $l$O !$ :# F| $N:GB. $N %9 !< %Q %3 %s %T %e!<%? $N ?tI4K| G\ 0J>e $NB.EY $K AjEv $9$k!% $3$N;v<B $O !$ D6 JB Ns 7W ;; 5! ( massively p ar al lel c omputers ) $N 8&5f $NBg $- $J 86F0NO $N 0l $D $H$b$J $C $F$$ $k !% G> $N 3X=, $H 5-21 !V G>$N 3X =,$d 5- 21 $r <B 8= $9 $k J* <A E* <B BN $O 2? $+ !) !W $H $$ $&Ld $K BP $7 $F !$ $" $k ?M $O G> Fb$N 2= 3X J*<A $N9=B$JQ 2= $K $h$k $b$N $G$"$k $H 9M $( !$ $^ $?$"$k?M $O 0dEA;R $NG[Ns $N Cf $K 3X=, $7 $? >pJs $, 3JG< $5 $l $k$N$G$O $J $$$+$H 9M $($? !% $3 $l $K BP $7 $F ?4 M} 3X <T$N Hebb $O 1949 G/ $K !$?@7P 7O$N 3X =, $O !$ %K%e !< %m %s 4V$N%7 %J %W %9 2Y =E$N JQ 2= $K $h $k$b $N$G $" $k$H $N 9M $( J} ( Hebb $N 2> @b ) $r Ds >’ $7 $? !% Hebb $N 2>@b $O !$?@7P:YK& $, %$ %s %Q %k %9 $r =PNO $7 $?$H $- !$ $= $l$K 2YC4 $7 $? F~NOA!0] $+$i$N%7%J %W %9 $N 7k9g $, 6/2= $5 $l $k $H$$ $& $b$N $G$"$C $? !% Ev;~ $O !$ $3 $l$O C1 $J $k2>@b $K 2a $. $J$+ $C $? $, !$ $= $N 8e $N @8M}3X E* $J <B83 $K $h$C $F !$ 3N $+ $K%7%J %W %9 $N6/$5 $O !$ $= $N F~NO?. 9f $NAj4X $K $h$C $F JQ2=$9$k $3$H $, <B>Z $5 $l $F $-$? !% Fs $D $N %K %e !< %m %s 4V $G EE5$?. 9f $, $d$j <h $j $5 $l $k:] $K !$ N> <T $r @\B3 $9$k %7%J %W %9 $N4V $G 2=3XE* $J 2aDx $, 4XM? $7 $F $$$k $3$H $O A0=R $7 $? $H $*$j $G$" $k!% $3$N $H$- $K EE5$E* $J ?.9f $N<x<u $K 4XM? $9$k %J %H %j %&%‘ %$ %* %s $d %+%j %&%‘ %$ %* %s $N :YK&Fb 30 $X $N 0\F0 $N $[ $+ $K !$ Aj EvNL $N %+ %k %7%& %‘ %$ %* %s $, %K %e!<%m %s Fb $K 0\F~ $7 !$ 0lO" $NJ#;( $J 2=3XH?1~ $r 3+;O $5 $;$k %7 %0 %J %k$N Lr3d $r 2L $?$9 !% $3$N 2=3X H?1~ $K 4X $7 $F$O 8=:_ $O ItJ,E* $K $7 $+ 2rL@ $5 $l $F$$$J$$ $, !$ :G =*E* $K$b$? $i $5 $l $k8z2L $O D94| $K$o $?$C $F ;}B3 $9 $k %7%J %W %9 @\ 9g $N6/EY $NJQ2= $G$"$k $H 9M $( $i $l$F$$$k [Cri94] !% $3$N$h $& $K !$ %7%J %W %97k 9g6/ EY $NJQ99 $r DL $8 $F 3F %K %e!< %m %s $, B> $N%K %e!< %m %s$K M? $( $k1F6A $r JQ2= $5 $; $F G>A4BN $N>p Js=hM}2aDx $r JQ99$9$k $3$H $, !$3X=, $d 5-21 $K AjEv$9$k $H 9M $($i $l $F $$ $k !% 18

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) 2.3.2 ?M9) %K%e !<%m %s $H %K %e !<%i%k %M %C %H %o !<%/ ?^ 2.6: ?M9) %K%e!<%m %s ?^ 2.7: %K%e !<%m %s $N =PNO4X?t <B:] $N@8J* $N G> $N %a %+ %K %: %‘ $K CeA[ $r F@ $?%K %e!< %i %k%M%C %H %o!<%/ $b?M9)E* $J%K %e!< %m %s B??t $r Aj8_ $K @\B3 $7 $? 2sO) LV $G 9=@. $5 $l $k!% ?M 9) E* %K %e !< %m %s ( 0J2<!$ C1 $K%K %e !< %m %s$H 5- $9 ) $O !$ J# ?t $N F~NO?.9f $r <u $1 <h $j !$ $=$N 4X?t $H $7 $F =PNO $r 7hDj$9$k ( ?^ 2.6) !% 1943 G/ $K !$ McCullo c h $H Pitts $O !$ 0J 2< $N <0 $GI= $5 $l$k %K %e !< %m %s$N %b %G %k $rDs 0F $7 $? [MP43] !% x i ( t + 1) = 1 2 4 X j w ij x j ( t ) � � i 3 5 (2 : 4) $3$3 $G !$ x j ( t ) $O ;~9o t $K $* $1 $k %K %e !< %m %s j $N=PNOCM $r !$ w ij $O %K %e!< %m %s j $+$i%K %e!< %m %s i $X$N %7%J %W %9 7k9g6/ EY $r !$ � i $O %K%e!<%m %s i $N ogCM $r I=$9 !% $^ $? !$ 1 [ x ] $O ?^ 2.7 (a) $, <($9 $h $& $K !$ x � 0 $N $H$- 1 !$ x < 0 $N $H$- 0 $H$J$kC10L%9 %F %C %W 4X?t $r I= $7 $F$$$k!% 1 $r 6=J3 >u BV!$ 0 $r 19

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) @E;_>uBV $H 9M $( $k $H (2.4) <0 $O !$ %K%e !<%m %s j $+$i EA $o $C $? ?.9f x j ( t ) $, =E $_ IU $1$i $l $F 2C;; $5 $l !$ %K %e !<%m %s i $K C# $7 !$ $= $l$, $" $kog CM � i $r 1[ $( $k $H%K%e !<%m %s i $, 6=J3$9$k $3$H$r 0UL# $7 $F $$$k !% (2.4) <0 $K $h $k %K %e!< %m %s I=8= $O :G $b4pK\E* $J%b %G %k $H $5 $l $F$$ $k $, !$ :G6a $G $O 1 [ x ] $H $$ $&C10L%9 %F%C %W 4X?t $N Be $o$j $K ?^ 2.7 (b) $K <( $7 $?%7 %0 %b %$ %I 4X?t $G CV $- 49 $($? 0J2<$N%K %e !< %m %s $N%b %G %k $, ;HMQ $5 $l $k !% x i ( t + 1) = 1 1 + exp � � � P j w ij x j ( t ) + � i � (2 : 5) >e $K <( $7 $? (2.5) <0 $O !$Hs@~7A $G $" $j$J $, $i A4 $F$N E@ $K $*$$ $F HyJ, 2DG= $G$" $j !$ $3$N FC@- $O <! @a $K =R $Y$k 8m:95UEAGE3X=,K! (BP K! ) $K $*$$$F 6K $a$F =EMW $J Lr3d $r 2L $? $7 $F $$ $k 4 !% %K%e !<%i %k %M %C %H %o !< %/ $O !$9=B$>e $N 4QE@ $+$i ?^ 2.8 $K <($9 $h $& $K Fs $D $K J,N‘$5 $l $k !% (a) $N 3,AX 9= B$ $N %K %e!< %i %k%M%C %H %b %G %k$G $O !$ ?. 9f $NN. $l$O 0lJ} 8~ E* $J %U %# !< %I %U%) %o !< %I 7? $G$"$j !$ (b) $N Aj8_7k9g9=B$ $N %K%e!<%i %k %M%C %H %b %G %k$G$O ?.9f $N N. $l $, =gJ}8~ $N$_ $H$O 8B $i$J $$ !%0J2< $G$O !$A0<T $N 3,AX9=B$ $N%K %e !<%i %k %M %C %H %o !< %/ $H$=$N 3X=,K! $K $D$$$F$N$_ =R $Y$k !% ?^ 2.8: %K%e !<%i %k %M %C %H %o !< %/ $N 9=B$ 2.3.3 8m:95UEAGE3X=,K! ( Back Pr op agation L e arning ) $$$^ $d !$ %K %e!< %i %k%M%C %H %o!<%/ $O CN@-E* $J %7 %9 %F%‘ $r 9=C[ $9$k $?$a $NM-NO $J F;6q $N0l $D $H $7 $F G’<1 $5 $l $D$D $" $k!% $= $l$O !$ %K %e!< %i %k%M%C %H %o!< %/ $, 3X=, $K $h$C $F CNG= $r 3MF@ $9$k $3 $H $,$G $-$k $+ $i$G$"$k!% !V CNG= $N3MF@ !W $H $O !$ 6q BNE* $K $O !$ 3X =, $K$h$C $F 0UL# $N $"$k>pJs =h M} $r 9T $& $h $& $J%M %C %H %o !< %/ $N E,@Z $J 7k9g6/EY $r 8+=P$9 $3$H $G $" $k !% 4 (2.4) <0 $N$h $& $J %G%8 %? %k$J :YK& %b %G %k $N%M%C %H %o!< %/ $G $O !$ 3, AX7? %K %e!< %i %k%M%C %H$K $* $1 $kCf4VAX $G$N :G5^9_ 2<3X=, $O =PMh $J$$!% $^ $? !$ @~7A $N:YK& %b %G %k$G$O !$ $$$/ $i B?AX $K $7 $F $b$= $N G=NO $O FsAX $N%M %C %H %o!< %/ $H JQ $o $i$J$$ !% $J $* !$FsAX$N%M %C %H %o !< %/$N 3X =,G= NO $K 6K $a$F =E Bg $J @) 8B $, $" $k$3$H$O >Z L@$5 $l $F $$ $k [MP69] !% %"%J%m %0 Hs@~ 7A $J :YK& %b %G %k$r MQ$$$k $3$H $K $h $C $F !$B?AX %M%C %H %o !< %/ $G $N C1=c $+ $D 6/NO $J 3X=,B’ $r <B8=$9$k $3$H $, 2DG= $J$N $G $" $k !% 20

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) 8m:95UEAGE3X=,K! ( Back Pr op agation L e arning ) $H$O !$ 3,AX7? $N %U %# !< %I %U %) %o!< %I %K%e !<%i %k %M %C %H %o !< %/$N 7k 9g 6/ EY $r 71 N} $K $h $C $F 5a$a $k J} K! $G $" $k [RMtPR G86] !%8m:9 5U EA GE 3X =, K! ( 0J2< !$ BP K! ) $G 71 N}$5 $l $kE5 7?E* $J%K%e !<%i %k %M %C %H %o !< %/ $N 9= B$ $O !$?^ 2.8 (a) $K <($9$h $& $K 30It $+ $i ?.9f $r <u $1 <h$k F~ NOAX ( input layer ) $H 30It $X?.9f $r =PNO $9$k =P NO AX ( output layer ) $N 4V $K 1# $l AX ( hidden layer ) $, 64$^ $l $? ;0AX $+$i @.$k $, !$ 0lHL $K $O 1# $l AX $, J#?tB8:_ $9$k;MAX0J>e $N 3,AX7? %K %e !<%i %k %M%C %H %o !< %/ $r 71N}$9$k $3$H$b 2DG= $G$" $k !% BP K! $G $O !$ %K%e!<%i %k %M%C %H %o !< %/ $K 7+$jJV $7 F~=PNO$N%Z%" ( I ; O ) $, Ds <($5 $l !$ %K %e !<%i %k %M %C %H %o !< %/ $O F~NO I $, M? $($i $l $?$H $- $K M} A[=P NO O $r =PNO$9 $k$h $& $K 71N}$5 $l $k !% $3 $l $i F~ =PNO$N%Z%"$O $= $l$> $l F~ NOAX $H =PNOAX $N 3hF0 %Q%?!< %s $r I= $7 $F $*$j !$ %K %e!<%i %k%M%C %H %o!< %/ $O$3$N$h $& $J K>$^ $l $kF~=PNO4X 78 $K $7 $? $, $C $? ?6$kIq $$ $r $9$k $h $& $J FbIt9= B$ $r 9=C[ $7 $F $$ $/ $N $G$" $k !% F~NO $K BP $7 $F M}A[=PNO $, M? $($i $l $k $H$$ $&0UL# $K $*$$ $F !$ BP K! $O 65;U $"$j 3X=, ( Sup ervise d L e arning ) $K J,N‘$5 $l $k !% BP K!$N3X=,$N2aDx $O !$0J2< $NFs$D$N6ILL $K J, $1$i $l $k !% 1. F~NO?.9fEAGE %U %’!< %: F~NO AX $K M? $( $i $l $? F~NO ?.9f $K 4p $E $$$F !$ F~ NOAX $+$i ;O $a $F !$ 3F AX $K $* $1 $k3F !9 $N%K %e !< %m %s $N =PNO $r <!!9 $K NY $NAX $N %K %e!< %m %s$K EAGE $7 $F$$$- !$ =P NO AX $K $* $1 $k =PNO?.9f $r F@$k!% 2. 8m:95UEAGE %U %’!< %: <B :] $K F@ $i$l $? =P NO$H K> $‘M} A[ =P NO$N :9 $+$i 8m :9 $r 7W ;; $7 !$ $=$N >p Js$r =P NO AX $+$i F~NO AX $K 8~ $+$C $FEAGE $7 !$ 3F %K %e !< %m %s 4V $N %7%J %W %97k 9g 6/ EY $r HyL/ $K D4@0 $9$k !% 71N} $N3+;O;~ $K$O !$ A4 $F$N %7%J %W %9 $N7k9g6/EY $K $O %i %s %@ %‘ $J CM $, M? $( $i $l $k $N $G !$ %K %e!< %i %k %M%C %H %o !< %/ $X$N$$ $+$J $kF~NO?.9f $K BP $7 $F $b :G=i $N H?1~ $O L50UL# $J$b$N $G$" $k !% BP K! $N%" %k %4 %j %: %‘ $NE,MQ $K$h$C $F !$ %K %e!<%i %k %M%C %H %o!< %/ $, A4BN $H $7 $F$N 8m:9 $r :G>. $K $9$k$h $& $K :Y $+ $/D4@0 $5 $l $F $$$- !$ $3$N 2aDx $r 2?EY $b 7+ $j JV$9 $3$H $G :G=*E* $K M}A[E* $J 9=B$ $r 3MF@ $7 $F $$ $/ !% 0J2< $K !$ p 8D $N%K %e !<%m %s $r F~NOAX $K !$ q 8D$N%K %e !<%m %s $r 1# $l AX $K !$ r 8D $N%K %e !<%m %s $r =P NOAX $K ;} $D %K %e!< %i %k%M%C %H %o!< %/ $K $* $1 $k BP K! $N<j=g $r$h$j>\:Y $K <( $9 !% F~ NO AX $N %K %e!< %m %s i $+$i 1# $l AX $N %K %e !< %m %s j $X $H @\B3 $9$k %7%J %W %9 @\ 9g 6/ EY $r w 1 ij !$ 1# $l AX $N %K %e !< %m %s i $+ $i =PNOAX$N%K %e !<%m %s j $X$H @\B3$9$k %7 %J %W %9@\9g6/EY $r w 2 ij $H I=$9 !% $^ $? !$ x = ( x 1 ; � � � ; x p ) $O F~ NO%Q%? !< %s %Y %/ %H %k $r !$ o = ( o 1 ; � � � ; o r ) $O <B :]$N%K%e!<%i%k %M%C %H %o !< %/ $N =P NO%Q%? !< %s %Y %/ %H %k $r !$ y = ( y 1 ; � � � ; y r ) $O M}A[=PNO %Q%?!< %s %Y %/ %H %k $r I=$9 $b$N $H $9$k !% 21

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) � � 1. %M %C %H %o !< %/ $N A4 $F$N %7%J %W %97k9g6/EY $r%i %s %@ %‘ $J CM $G =i4|2=$9$k!% 2. F~=PNO %Z %" ( x ; y ) $r A* $S !$ x $r F~NOAX $K M? $( $k !% 3. F~ NO AX$N%K%e !<%m %s $N 3h F0 $r 1# $l AX$N%K%e !<%m %s $K EA GE$5$; !$1# $l AX$N %K%e !<%m %s j $N 3hF0 h j $r (2.5) <0 $K 4p $E $$$F 7W;;$9 $k !% %K%e !<%m %s j $N 2DJQ$N ogCM � j $O !$>o $K 1 $r =PNO$9$k %@ %_!< %K%e!<%m %s $H %K%e !<%m %s j $r @\B3$9$k %7%J %W %97k9g6/EY $N 7A $G I=8= $5 $l $k (App endix B $N ?^ B.1 $r ;2>H $N$3 $H ) !% h j = 1 1 + exp � � � P p i =1 w 1 ij x i + � j � 4. 1# $l AX$N%K%e !<%m %s $N 3h F0 $r =P NO AX$N%K%e !<%m %s $K EA GE$5$; !$=PNO AX$N %K%e !<%m %s j $N 3hF0 o j $r (2.5) <0 $K 4p $E $$$F 7W;;$9$k!% o j = 1 1 + exp � � � P q i =1 w 2 ij h i + � j � 5. =P NO AX$N %K%e !< %m %s j $K $*$1 $k =P NO 8m :9 � o j $r !$<B :]$N =P NO %Q %? !< %s %Y %/ %H %k o = ( o 1 ; � � � ; o r ) $H M}A[=PNO %Q%?!< %s %Y %/ %H %k y $N :9 $r MQ $$ $F 0J2< $N$h $& $K 5a $a $k !% � o j = o j (1 � o j )( y j � o j ) 6. 1# $l AX$N%K%e !<%m %s i $K $* $1 $k =P NO 8m :9 � h i $r A0 CJ $K $*$$$F 5a$a$? =P NOAX $K $* $1 $k =P NO8m:9 � o j $r MQ $$ $F 0J2< $N$h $& $K 5a $a $k !% � h i = h i (1 � h i ) r X j =1 � o j w 2 ij 7. %K %e!< %m %s i $+$i%K %e!< %m %s j $K @\B3 $9$k %7%J %W %97k 9g 6/EY $r 0J2< $N$h $& $K =$@5 $9$k!% w 2 ij ( t + 1) = w 2 ij ( t ) + � � o j h i + � � w 2 ij ( t ) w 1 ij ( t + 1) = w 1 ij ( t ) + � � h j x i + � � w 1 ij ( t ) $3$3$G !$ � w ij ( t ) = w ij ( t ) � w ij ( t � 1) $G $" $j !$ :G8e$N 9‘ $O 47 @- 9‘ $H 8F $P $l $k !%$^ $? !$ � $O 3X=,N( !$ � $O 47@-78?t $H 8F $P $l $k !% 8. 0J>e $N 2. $+$i 7. $N <j=g $r =PNO8m:9 $, ==J, $K >.$5 $/ $J $k$^ $G 7+$jJV$9 !% � � %K %e !< %i %k%M %C %H %o!<%/ $N=PNO 8m :9 4X ?t $r !$ %M %C %H %o!<%/ Fb $N 3F7k 9g 6/ EY w ij $r @.J, $H $7 $F ;} $D 7k9g6/EY %Y %/ %H %k w $N 4X?t $H $7 $F !$0J2< $N$h $& $K Dj5A$9$k!% E ( w ) = 1 2 r X j =1 ( y j � o j ) 2 (2 : 6) 22

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) $3$N $H$- $K !$ 3F %K %e !< %m %s $N 3hF0 $, (2.5) <0 $K => $& $b $N $H$9$k $H !$ >e 5- $N BP K! $N<j=g 7. $G 9T $C $F $$ $k 7k9g6/EY $N =$@5 $O 0J2< $N <0 $G I= $5 $l $k !% w ( t + 1) = w ( t ) � � @ E ( w ) @ w � � � � w = w ( t ) + � � w ( t ) (2 : 7) >e $N (2.7) <0 $O !$ (2.6) <0 $G I= $5 $l $k %K %e!< %i %k %M%C %H $N 8m:94X?t $N 8{G[ %Y %/ %H %k$r 7W;; $7 !$ $= $N 5UJ}8~ $K w $r 2~NI$9 $k $H $$ $& $$ $o$f $k :G5^9_2< K! ( ste ep est desc ent metho d ) $N <j=g $H Ey2A $G $" $k [ GO>l 94] !% BP K! $N E57?E* $J 1~MQNc $O %Q%?!< %s G’<1 $NLdBj $G$" $k!% Nc $( $P !$ ?^ 2.9 $K <($9 $h $& $J$$ $/ $D $+ $N ?^7A %Q%? !< %s $r%K%e!< %i %k %M%C %H %o!< %/ $K 7+$jJV $7 Ds<($9$k $H !$ %M%C %H %o!< %/ $O 3F !9 $N %Q%?!< %s $N FCD’ $K CmL\ $7 $F 3X=, $r 9T $& !% $= $7 $F ==J, $J 71N} $, :Q $s$@ 8e $K !$ N‘;w $7 $? ?^7A $, F~NO $5 $l $k $H $= $l $r E,@Z $K J,N‘!$ G’<1 $9$k $h $& $K$J $k [ 0B@> 89] !% BP K! $K $h $k %Q%?!< %s G’<1 $N J}K! $O !$ Hs>o $K 6=L# ?< $$ $b $N $G$" $k $N $G !$ Kv Hx $N App endix B $K$F !$ ?^ 2.9 $K 4X $7 $F 9T $C $?<B83 $N 7k2L $K $D$$ $F 4JC1 $K =R $Y$k !% ?^ 2.9: %Q %?!< %s G’<1 2.3.4 %K %e !<%i%k %M %C %H %o !<%/ $N 2DG=@- $H 8B3& %3 %s %T %e!<%? $, C1=c $J 7W;; $r 9bB. $K <B9T $9$k 0J 30 $K$b !$ $"$k<o $NCNE* $J 7W;; $r 9T $& $3 $H $,$G $- $k2DG=@- $K ?M !9 $, 5$IU $$ $F 0JMh!$ ( ?M 4V $N ) CN@-E* $J 3hF0 $r LOJo $9$k7W ;; 5! $r AO $j=P$9 $Y $/MM!9 $J ;n$_ $, $J $5 $l $F $-$? !% $7 $+ $7 !$ $3$N$3 $H$O Ev =i 9M $($i $l $F $$ $?$[ $I !$4JC1 $J$3 $H$G$O $J$+ $C$? !% =>Mh$N 8E E5 E* $J ?M 9)CN G=$N J} K! $G$O !$ %A%’ %9 $r %W %l !< $9 $k 5 $G $" $k $H$+ !$2? $i$+ $N :GE, 2= LdBj $r 2r7h $9$k $G$" $k $H $+ !$ $"$k$$ $O 0eNE?GCG $r $9$k $H$$$C $? FCDj $N69 $$NN0h $K 4X $7 $F CNE* $J H=CG $r$9 $k7W;;5! %W %m %0 %i %‘ $O F@ $i $l $F $b !$ ?M 4V $, $$ $o$f $kF|>o@8 3h $K $* $$ $F 9T$C $F$$ $k !V CN@-E* !W $J H= CG $r 9T $& %W %m %0 %i %‘ $r :n$k $3 $H $O E~Dl IT 2D G= $G$"$C $?!% !V CN@- E* !W $H 8F $Y$k?6 $kIq $$ $r$9$k $? $a $K$O !$ MM !9 $J 0[ $J$C $? ;vJA $r 07 $& $3$H $,$G $- !$ $^ $? ITB, $N;vBV $K Ax6x $7 $F $b E,@Z $J H=CG $r 9T$C $F =@Fp $K BP=h $G $- $k I,MW $, $" $k !% 5 K\O@J8 $N <9I.Cf (1996 G/ 2 7n ) $K !$ %A%’ %9@$3& %A%c %s %T %* %s $N Kasparo v ;a ( %m %7%" ?M ) $H JF9q IBM <R $, 7 G/ $K EO $C $F3+H/ $7 $F$- $??M9) CN G= Deep Blue $H$N4V $G%A %’%9 $NBP @o $, 9T $o $l $? !% Deep Blue $O 3 J,4V $K 500 2/ $b $N %2 !<%‘ $N 6ILL $r C5:w $7 I>2A$9$kG=NO $r ;}$C $F$$$? $K $b 4X $o $i$:!$ 7k2L $H $7 $F$O 3 >! 1 GT 2 J, $G ?M4VB& $K 73G[ $, >e $, $C $? !% $7 $+ $7 !$ @l Lg2H $K$h $k $H Deep Blue $O%A%’ %9 $N@$3& $G 60 0L0JFb $N <BNO $r ;}$C $F$$$k $H I>2A $5 $l !$ ?M 9)CN G=5; =Q $N ?JJb $, 3NG’ $5 $l $k $H$H$b $K 2]Bj $b$^ $@ ;D$C $F$$ $k $3$H$r <($97k2L $H$J $C$? !% 23

2. @8L?8=>] $H >pJs=hM} 2.3. %K%e !<%i %k %M %C %H %o !< %/ ( Neur al Networks ) 5, B’ %Y !< %9 $" $k$$ $O CN <1 %Y !< %9 $J $I $N CN<1 9)3X ( know le dge engine ering ) E* $J <j K! $K 4p $E $/8E E5E* $J ?M9)CN G= $NJ}K! $K $h $kLdBj $O !$ %W %m %0 %i %^ $, A4 $F$NCN<1 $d5,B’ $r M? $($F L@<(E* $J %W %m %0 %i %‘ $G <jB3 $- $r 5-=R $9$kI, MW $, $" $k $H$$ $& E@ $K$" $k !% $3$N$h $& $J CN<1 $d 5,B’ $O !$ 35 $7 $F !$ IT 40A4 $G $"$j !$ L$ CN $G$"$j !$ $7 $+ $b 8m$C $F$$ $k>l9g $5 $($" $k !% Nc $( $P !$ 0eNE ?GCG $K $*$$ $F !$ ?M4V $N @lLg2H $K$H$C $F E,@Z $JH=CG<+ BN $r$9$k $3 $H $O MF0W $G$"$C $F$b !$ !V 2?8N !W $"$k $$ $O !V $I $N$h $& $J GX7J CN <1 $K 4p $E $$ $F !W $=$N$h $& $J H=CG $r 9T $C $?$N $+$r @53N $K @bL@ $9$k $3 $H $O !$ H=CG $r 9T$C $?Ev?M $K$H $C $F $5 $( MF0W $J $3$H $G $O$J$$ !% 35 $7 $F !$ =8@Q $5 $l $kKDBg $J CN<1 $r$- $A $s$H Dj5A $5 $l $? 5,B’ $@$1$G I=8= $9$k $3 $H $O IT2DG= $G !$ 3N N(E}7W E* $J ?dO@J}<0 $d %U%! %8 %# O@M} $J $I $, I,MW $K$J $C $F $/$k!% $^ $? !$ <B @$3& $K $* $1 $k $3 $& $7 $? CN<1 $K $O !$ B?$/ $N %N %$ %: $, 4^$^ $l $F $$$k !% $3$N$h $& $J KDBg $+ $D;(2; $, 4^$^ $l $F $$ $k>pJs $+ $i 0UL# $" $k5,B’ $r F3 $-=P$9 $3$H$N:$Fq $O%K %e!< %i %k%M%C %H %o!< %/ $K $h$C $F 2r7h $5 $l $k $H 8@ $o $l $F$$ $k !% $^ $? !$ %K %e!< %i %k%M%C %H %o!< %/ $O !V @dBPE* $J CN<1 !W $N $J$$ LdBjNN 0h $K $*$$ $F $O FC $K M-8z $G$" $k!% 2?8N $J $i $P %K%e!< %i %k%M%C %H %o!< %/ $O 3X=, $K $h$C $F !$ KD Bg $J Nc $NCf $+$i <+ F0E* $K 5,B’@- $r 8+=P $7 !$ J# ;( $J LdBjNN0h $K $* $1 $kCN<1 $r Cj=P $9$k $3 $H $, 2DG= $@$+$i $G$" $k !% <B :] $K !$2hA|=h M} !& 2;@< =hM}!&3t 2A M=B, $J $I $N E5 7?E* $J 1~MQ Nc [ GO>l 94] $N B> $K $b !$;(2; $N B?$$ >u67 $NCf $G F0:n $9 $k %m %\ %C %H $J $I $N 9TF0 $r %K %e !< %i %k%M %C %H %o!<%/ $r MQ $$ $F3X=, $5 $;$kJ} K! $rDs0F $7 !$ $=$N 8z2L $r 3NG’ $7 $F $$ $k 8&5fNc $b$"$k [LM92, Lin93] !% $^ $?%K %e!< %i %k %M%C %H %o!< %/ $N ;} $D=EMW $J FCD’ $H $7 $F !$ BQ >c32@- ( fault toler anc e ) $K M% $l $k $H $$ $& E@ $, 5s $2 $i$l $k!% %K %e!<%i %k%M%C %H %o!< %/ $G $O !$ 3X=, $K $h$C $F 3MF@ $7 $? >pJs $O !$ %7%J %W %9 $N 7k9g6/ EY $H$$ $& 7A $G %M%C %H %o!< %/A4BN $K J,;62= $5 $l $F J];} $5 $l $k !% $3$N$? $a $K !$ 0l $D $N%f %K%C %H $d 7k9g $, %@ %a !< %8$r <u $1$F$b A4BN $H $7 $F 5^7c $K @-G= $r Mn$9 $3 $H $, $J $/ !$ %@ %a !< %8 $N A}2C $K BP $7 $F 4K $d $+ $K @-G= $r Dc2< $5 $;$k $@ $1$N 798~ $r ;} $D [SR87] !% $^ $? !$ %@ %a !< %8$+ $i$N 2sI| $b3X =, $r :G=i $+ $i $d $jD>$9 $N $K Hf $Y $l $P B.$/ !$ 6K $a $F >c32 $K 6/$$ %"!< %-%F %/ %A %c $G$" $k $H 8@ $( $k !% 0l J}!$ 8E E5E* $J ?M9)CN G= $NJ}K! $N$h $& $K L@<(E* $+ $D5-9fE* $J 7A $G >pJs $r J];} $9$kJ} K! $G$O !$ $? $H $( %@ %a !< %8 $, >. $5$$ $H $7 $F $b$= $l $r <u $1 $k 2U=j $K $h $C $F $O !$ %7 %9 %F %‘$N =EBg $J 5!G=Dc2< $r$b$? $i $9 !% 0J>e $K =R $Y $?$h $& $K !$ Hs>o $K C1=c $G$"$j $J $,$i 9bEY $J >pJs =h M} $N2DG= @- $* $h $S M% $l $? BQ>c 32@- $r ;}$D %K %e!< %i %k%M%C %H %o!< %/ $N 35G0 $O !$ :#8e!$ %(!< %8 %’ %s %H $J $I $N $5 $i $K 9bEY $J CNE*LdBj2r 7h %7 %9 %F %‘$N 9=C[ $N :] $N 4pHW5;=Q $N 0l $D $H $7 $F =EMW $J Lr3d $r C4 $& $b$N $H 9M $($i $l $k [ 9g86 93] !% 0lJ}!$ %K %e!< %i %k%M%C %H %o!<%/ $K $b <eE@ $O$" $k!% Nc $( $P !$ =>Mh $N5,B’ %Y!< %9 $N %7 %9 %F%‘ $K $* $$ $F $O !$ Prolog $J $I $r MQ $$ $FCN<1 $r L@<( E* $K 5-=R $9$k $3 $H $G !$ D> $A $K =jK> $N5,B’ $K => $C $FF0:n $9 $k %7 %9 %F%‘ $r 9=C[ $9$k $3 $H $, $G $- $k!% $H$3 $m $, !$ %K %e!< %i %k%M%C %H %o!< %/ $K$" $k5,B’ $r 3X=, $5 $;$k $?$a $K$O B??t $NNc $r Ds<( $9$kI, MW $, $" $j !$ >l9g $K $h$C $F $O =jK> $N F0:n $r $9$k $h $& $K$J $k$^ $G $K D9 ;~4V $N71N} $r MW$9 $k $3 $H $, $" $k!% =t 5,B’ $, L@3N $K Dj5A2D G= $G$"$k \ wel l-de�ne d " $J LdBj NN 0h $K $* $$$F $O !$=>Mh $N CN<19)3XE* $J%" %W %m !< %A$N %7 %9 %F %‘$N J} $, 8zN(E* $G $" $k >l9g $, B? $$ !% 24

2. @8L?8=>] $H >pJs=hM} 2.4. 3+J|7?J,;64D6- $H ?M9)@8L? $N %" %W %m !< %A 2.4 3+J|7?J,;64D6- $H ?M9)@8L? $N %" %W %m!<%A K\@a $G $O !$ 3+ J|7? J, ;6 4D6- 2< $K $* $1 $k:#8e $N>pJs =h M} %7 %9 %F%‘ $r 9MN8 $7 $F$$ $/>e $G !$ $3 $l $^ $G =R $Y $F$- $? 0dEAE* %" %k %4 %j %: %‘ $d%K %e!< %i %k %M%C %H %o!< %/ $J $I $r Cl $H$9$k?M9)@8 L?E* $J >pJs=h M} $N%Q%i %@ %$ %‘ $, G!2? $K =EMW $G $" $k $+$H $$ $&E@ $K $D$$$F $^ $H$a $k !% 2.4.1 8EE5E* $J >pJs=hM} $N %" %W %m!<%A $N 8B3& =>Mh $+ $i$N8EE5 E* $J Ld Bj 2r 7h %7 %9 %F%‘ $N %" %W %m!< %A $O !$ %7 %9 %F%‘ Fb It $K @$ 3& ( 4D6- ) $N%b %G%k$r J];} $7 !$ $= $N FbIt %b %G %k >e $G$N C5:w5;=Q [P ea84] $r 4pAC $H $9 $kJ#;( $J %W %i %s %K %s %0 $d ?dO@ $K $h$j LdBj2r 7h $r 9T $& $H$$ $& $b $N $G$" $C $? !% %7 %9 %F%‘ $N @_7W<T $O !$ %7 %9 %F %‘ $N9=C[;~ $K 4D6- $K 4X $9$kAj EvNL $N>pJs $r$" $i$+ $8 $a %7 %9 %F%‘Fb $K Kd $a 9~ $‘ I, MW $, $" $k!% $b $7 $/ $O !$ F0:n ;~ $K%7 %9 %F%‘ $, 30It $H$N Aj8_ :n MQ $r DL $8 $F F0E* $K 4D6- $N>pJs $r 3MF@ $7 $F$$ $/ $b $N [SCT95] $b$"$k $, !$ %7 %9 %F%‘FbIt $K $O Hf3SE* %7 %s %\ %j %C%/ $J 9=B$ $G 4D6- $N%b %G %k $, 9=C[ $5 $l $k !% !V CN<1 %Y!< %9 !W ( Know le dge-Base d ) $d !V 5,B’ %Y !< %9 !W ( R ule-Base d ) $H 8F $P $l $k CN<1 9)3X ( know le dge engine ering ) E* $J%" %W %m !<%A $K 4p $E $/ %7 %9 %F %‘ [DL82] $, $=$N BeI=Nc $G $" $k !% $7 $+ $7 !$ $3$N $h $& $J L@<( E* $J 5,B’ !$FbIt $N 9E$$CN <1I= 8= %b %G %k$K 4p $E $/Ld Bj2r 7h $N %" %W %m!< %A $r <h$k %7 %9 %F%‘ $G $O !$ F0 E* $J @-<A $r ;}$D<B@$ 3& $NLd BjNN0h $K =@Fp $K BP1~ $7 $- $l $J $$ $H$$ $& LdBj E@ $, ;XE& $5 $l $D$D$"$k!% FC $K !$ M= B, $7 F@ $J $+ $C $? >c32 $K D>LL$9$k $H !$ %7 %9 %F %‘ $O =EBg $J 4m5! $K 4Y$k $3$H $, B? $$ !% B? <o B? MM $JMW AG $, 6u 4V E* $" $k $$ $O;~ 4V E* $K$b B? ?t 9- $, $C $F $* $j !$ $= $l $i $N4V $NL5 ?t $N 6I =j E* Aj 8_ :n MQ $N7k 2L !$ A4 BN $H $7 $FM= B, IT G= $JJ# ;( $J?6 $k Iq $$ $r8+ $; $k 7O $O 3+ J| 7? J, ;6 4D 6- ( op en distribute d envir onment ) $H 8F $P $l $k [T ok91, =j 95] !% %3 %s %T %e !<%?%M%C %H %o!< %/ $N5^B. $J H/E8 $K $h$j 6KEY $K J,;62= $, ?J $s$@ :#F| $N 7W;;5! 4D6- $O !$ %3 %s %T %e!<%? %M%C %H %o!< %/ $r 2p $7 $F 8_ $$ $N7W;;5! $, J#;( $K 1F6A $r 5Z $\ $7 9g $C $F$*$jM=B, $, :$Fq $J J#;( $J ?6$kIq $$ $r Dh$9$k $N $G !$ 3+J| 7?J, ;64D 6- $G$" $k!% $^ $? 7W;;5!4D 6- $N$_ $J $i$:!$ <B @$3& $N $" $i$f $k %l %Y %k$N 7O $r 9M $($F$_ $F$b !$ $= $l$i$O 6u4VE* $* $h $S ;~4V E* $K 9-$/J,;6 $5 $l $? 9=@.MW AG4V $N J#;( $J Aj8_:nMQ $K $h$C $F >o $K JQF0 $r 7+ $jJV $7 !$ ;~ $H $7 $F M= B,ITG= $J J#;( $J ?6$kIq $$ $r 8+ $; $k $N $G !$ K\ <AE* $K 3+J|7?J,;6 4D6- $G$" $k $H 8@ $( $k!% $D$^ $j !$ 7W ;; 5!4D 6- $K $* $$ $F $G$" $l <B@$3& $K $*$$ $F $G$" $l !$ $h$j9bEY $J 2? $i $+$N CNE*Ld Bj2r 7h %7 %9 %F %‘ $r 9=C[ $7 8=<BE* $J 1~MQ $r K> $‘ $N $G$" $l $P !$ $= $l $, M=B,IT G= $J >u67 $K D>LL $9$k2DG= @- $r 9MN8 $7 $F $* $/ $3 $H $O I,?\ $G$" $k!% $7 $+ $7 !$ $3$N$h $& $J J#;( $J 5sF0 $r <($93+J|7? J,;6 4D6- $K $*$$ $F !$ Ax 6x $7 F@$k $" $i $f $k >u 67 $K BP $7 $F E, @Z$J 5s F0 $r <($9 $h $& $J%7 %9 %F %‘$r $"$i $+ $8 $a 40 A4 $K @_ 7W $9 $k$3 $H$O :$ Fq $G $" $k !% 25

2. @8L?8=>] $H >pJs=hM} 2.4. 3+J|7?J,;64D6- $H ?M9)@8L? $N %" %W %m !< %A 2.4.2 @8L?8=>] $K CeA[ $r F@ $? >pJs=hM}7ABV $N =EMW@- $K$D $$ $F 0J>e $NGX7J $r 85 $K 6aG/@9 $s $K$J$5 $l$F$-$? !$ <+ A3 3& $N %7 %9 %F%‘ $K Fb:_ $9$k %@ %$ %J %_%/%9 $r%b %G %k$H $7 $? =@Fp $J >pJs=h M} $N2DG=@- $r LO:w $9$k 8&5f $N 0l $D $, !$ $3 $l $^ $G $K =R $Y $F$- $? ?M9)@8 L? $H Am >N $5 $l $k8& 5f J, Ln $G$"$k !% $^ $? !$ $= $N1d D9 @~ >e $K$" $j !$ F0 J* $N9T F0 !& ?6 $k Iq $$ $NMM ;R $+ $i Ce A[ $r F@ $F $$ $k 9TF0 %Y !< %9 7? ( Behavior-Base d ) AI $N 35G0 [Mae92, PV92] $K BP$9$k4X?4$b 9b$^$C $F $$ $k !% $3 $l$i $K 6&DL $JFCD’ $O !$ \ Gener ate and T est " 7? $NLd Bj 2r 7h $N %" %W %m!< %A $r $H $k $H$$ $& E@ $G$"$k!% $^ $?JL $N=EMW $J FCD’ $H $7 $F !$ %7 %9 %F%‘FbIt $K$O 5-9f $H $7 $F$N M[ $K I=8= $5 $l $? @$3& $N %b %G %k $d 9TF0 5,B’ $r J];} $7 $J$$$H$$ $& E@ $, 5s $2 $i $l $k!% $‘ $7 $m !$ %7 %9 %F%‘ $r 9=@. $9$kJ#?t $N C1=c $J MWAG $= $l $> $l$, B> $NMWAG $H$N 4V $"$k $$ $O 4D6- $H$N4V $N6K $a $F C1=c $J Aj8_:nMQ $r 9T $& $3 $H $G$=$NAmOB $H $7 $F%7 %9 %F%‘A4 BN $N5sF0 $, 7hDj $5 $l $k $H$$ $& AO H/ ( emer genc e ) $N 35G0 $K =EE@ $, CV $+ $l $k [ ?M9) 94] !% AO H/ $H $O !$ MWAG 4V $NHs@~7AE*Aj 8_:n MQ $K $h$C $F >e0L3, AX $NFCD’ $, @8 $8 !$ 3, AX4V $NAj8_:nMQ $H $K $h$C $F 2<0LMWAG $N 5sF0 $, @)8B$5 $l $k $H $$ $& %@ %$ %J %_%C%/ $J 2aDx $G $" $k [Lew92] !%AOH/ $O !$@8J* $N$" $i$f $k3,AX $K $* $1 $k@8L?8=>] $K 6&DL $N 35G0 $G$"$j !$ $3$3 $G 8@ $& 3, AX $H $O 6u4VE* $J$b $N $G$b ;~4VE* $J$b $N $G$b 9= $o$J$$ !% Nc $( $P !$ 0dEA E* %" %k %4 %j %: %‘ $O !$ 8DBN $N A*Br !& @w?’BN $N 8r:5 !& 0dEA ;R $N FMA3JQ 0[ $H$$$C $?C;4|E* $J2aDx $, ?J2= $H$$ $& Nr ;KE* $J%Q%?!< %s $r$b$? $i $9 !V DL;~ E* $J AOH/ !W ( diachr onic emer genc e ) $K 4p $E $/ >pJs =h M} $N7ABV $G$"$k!% $^ $? %K %e!< %i %k%M%C %H %o!<%/ $O !$ 0l $D0l $D $N %K %e!< %m %s $N %_%/ %m $J %l %Y %k $G$N 4JC1 $J =hM} $, J#;( $K Aj8_ :nMQ $7 $"$C $F 2? $i$+$N ?6$kIq $$ $r @8 $8 $5$;$k $H $$ $& !V 6&;~E* $J AOH/ !W ( synchr onic emer genc e ) $K 4p $E $/>pJs=hM} $N 7ABV $G$" $k [Cha90] !% ?^ 2.10: AOH/ 26

2. @8L?8=>] $H >pJs=hM} 2.4. 3+J|7?J,;64D6- $H ?M9)@8L? $N %" %W %m !< %A AO H/ 7W ;;$N 35 G0$N 2< $G$O !$>p Js $*$h $S =h M} <g BN $O J# ?t$N 9= @. MW AG 4V $K J, ;6$5$;$i$l $k !%>p Js $*$h $S 9TF05, B’ $r 5-9fE* $J J}K! $G Cf1{=88" E* $+ $DL@<(E* $K J];} $9$kBe $o$j $K !$ 3F MWAG 4V $K 9-$/J, ;6 $5 $; $k7ABV $r <h$k $N $G BQ>c32@- ( fault toler anc e ) $K $b M% $l !$=>Mh $N ?M9)CNG= %7 %9 %F %‘ $, Jz $( $k %U %l !<%‘ LdBj ( fr ame pr oblem ) $H $b L51o $G$" $k$h $& $J =@Fp $J >pJs=hM} $, 2DG= $H$J $k!% %7 %9 %F %‘Fb It $K 9E $$9TF0 %b %G %k$r ;} $? $: $K !$ Hs 5-9f E* $G =@Fp $J%b %G %k$r MQ $$$k $3$N %" %W %m!< %A $G$O !$ $" $i $+ $8 $a 9M $( F@$kITB, $N ;vBV $r A4 $F 9MN8 $K F~ $l$F%7 %9 %F %‘ $N @_7W $r 9T $o $J $/ $H$b !$ 4D 6- $K BP$9$kE, 1~ @- !& 4h7r@- $K M% $l $?%7 %9 %F %‘ $r 9=C[2DG= $G $" $k $H 8@ $o $l $F $$ $k !% 0l J} !$ $3 $N $h $& $J 9= @. MW AG 4V $N J# ;( $J Aj 8_ :n MQ $N 7k 2L $H $7$F!$ %7%9 %F %‘ A4 BN $N 0l 4S $7$? ( c oher ent ) ?6$kIq $$ $, <B8= ( AOH/ ) $G $- $k$N $+$H $$ $& LdBjE@ $b ;XE&$5 $l $D$D$" $k !%2f !9 F0J* $r Nc $K$H $C $F$b !$ @8L? 5!G= $N0];} $K 4X $7 $F !$ 6a@\ :YK& $N 4V $N 6I=jE* $J Aj8_:n MQ $K $h$kAOH/8=>] $N $[ $+$K !$ %[ %k%b %s $J $I $K $h $k1s5w N% $K$o$? $kBg0h E* $+ $DHf3SE* Cf1{ @)8f E* $J 5!9= $K$b 0MB8 $7 $F$$ $k $3 $H $O L@ $i $+$G $"$k !% 6a G/ $G $O !$ %m %\%C %H $d %K %e !< %i %k%M %C %H %o!< %/ $K @8 J* $N %[ %k%b %s J, Hg $N;E AH $_ $r<h $j F~ $l $k $3 $H $r;n $_ $F $$ $k Nc $b $"$k [Bro94, Kit95] !% $" $k $$ $O !$ Ld Bj $, L@ 3N $K Dj 5A 2D G= $G$" $k \ wel l-de�ne d " $J 4D6- $K $*$$ $F $O !$$‘ $7 $m=>Mh $N CN<19)3XE* $J%" %W %m!<%A$N %7 %9 %F %‘ $N J} $, 8zN(E* $G$" $k>l9g $b B? $$ !% $7 $? $, $C $F !$ %7 %9 %F%‘ $N A4 $F$NItJ, $r 0J>e $K =R $Y $F$-$?$h $& $J @8J*3XE* $J 5!9= $K Mj$C $F 9=C[ $9$k $3 $H $, :GNI $G$" $k $o $1$G $O$J $/ !$ => Mh $+$i$N CN<19) 3XE* $J L@<(E* $J 5!9= $H$$ $/ $i $+ $N M; 9g $7 $? 7A $N %7 %9 %F %‘ $, 8=<BE* $G $" $m $& !% $$ $: $l$K$;$h !$ ?M 9) @8 L?E* $J AOH/ 7W ;; $NOHAH $@$1$r MQ $$ $F %7 %9 %F%‘ $NA4 $F $r 9=C[ $7 $h $& $H ;n $_ $k $3$H $O $$$5$5 $+ 6KC< $G$" $k $K $7 $F$b !$ HsJ? 9U4D 6- $J $I $N IT0BDj $J 4D6- $K $* $1 $k %7 %9 %F %‘9=C[ $N 4pAC $H $7 $F$3$N OHAH $, :#8e$^ $9$^ $9=EMW $K$J $C $F $/$k $H 9M $( $i $l $k!% @8 J* $O <B@$3& $H$$ $& F0E* $G $+ $D M=B,IT G= $J 5sF0 $r <($93+J| @- !& Hs@~7A @- $N6/ $$4D6- $K BP $7 $F 6K $a $F =@Fp $K E,1~ $7 $F $$$k !% $7 $+ $b !$ <+ A33& $N %a %+ %K %: %‘ $d ?6$kIq $$ $O$= $l <+BN $, L$2rL@ $G$"$C $?$j?M9)J* $H $O A4$/0[ $J $k@_7W J}?K $K 4p $E $/ $b $N $H$J$C $F$$$k $N $G !$ 3+J| 7?J, ;64D 6- $G$N 1?MQ $r A[Dj $7 $? :#8e $N %7 %9 %F %‘ $K $* $1 $k?7 $7 $$ >pJs=h M} %a %+ %K %: %‘ $r 9M;! $9$k>e $G !$ $= $3 $+$i 3X $V$Y$- $3$H $O B? $$!% FC $K !$ @8J* $N 3X=, $d ?J2= $H$$ $C $?E,1~ E* $J 2aDx $K Jo $C $? ?J2= E* %7 %9 %F %‘ ( evolutionary system ) $"$k $$ $O ?J2= E* %( !< %8 %’ %s %H ( evolutionary system ) $H $$ $C $? 35G0 $O !$:#8e $^$9$^$9=EMW $K$J $C $F $/$k $H ;W $o $l $k !% 27

Bh 3 >O 3X=, $H 0dEA !& ?J2= 28

3. 3X=, $H 0dEA !& ?J2= 2f !9 $, N> ?F $+$i 0z$- 7Q $0 0d EA ;R $O ?t I4 K| G/ $K $o $? $k AD @h$N 7P 83$N 1F 6A$r <u $1 $F $* $j !$0dEA ;R $N ;XNa $K $h$C $F G> $N9=B$ $NBgItJ, $, =PMh>e $, $C $? >uBV $G 2f !9 $O @8$^ $l $F $/$k!% G> $O !$ @8 J* $N D9 $$ !V ?J 2= !W $N2aDx $NCf $G ;: $^ $l 0i $C $F$- $? $b $N $G$"$j !$ AD @h $N7P83 $r$$$/ $i $+ H?1G $7 $?$b $N $H $J $C $F $$$k!% $D$^ $j !$ @8 $^ $l $? =V4V $NG> $O Gr;f $N$h $& $J>uBV $G $O$J $/ !$ @8 B8 $K I,MW ( $"$k $$ $O M-Mx ) $J ?6 $kIq $$ $, $" $i$+ $8 $a %W %m %0 %i %‘$5 $l $? >uBV $K$J$C $F$$$k !% Nc $( $P !$ %U%i %s %9 $N $" $kCO<A3X <T $, B@ M[ $N 8w !$ 5$29 $NJQ2= !$ ;~7W!$ %i %8 %* !$ %F %l %S $J $I $r 0l@Z@Z $jN% $7 $? F67"@83h $r B3 $1$F ?gL2 $H 3P@C $N <~4| $r 4QB, $7 $?$H$3 $m !$F|<~%j %: %‘ $, Ls 25 ;~4V $G$" $k $3$H $, J, $+ $C $? !% $3$N <~4| $O !$CO5e $N <+E> $K $h$k8w $H 0G $N<~4| $K @8J*3XE* $K E,1~ $7 $F$$ $k $3 $H$r H?1G $7 $F $*$j !$ $3$N@-<A $O @8F@E* $J$b $N $G$" $k $3 $H $, J, $+ $C $F$$$k !% $^ $? JL $N Nc $H $7 $F $O !$ @8 $^ $l $F $+$i 0lEY $b3<9| $r 8+ $? $3$H$N $J$$ %A %s %Q %s%8 !< $G$b !$ 3< 9| $r 8+ $; $i $l $k $H I] $, $C $FF(Hr 9T F0 $r5/ $3$9 $H$$ $& $3 $H $, Js9p $5 $l$F$$$k!% 3<9| $N0UL#!$ $D$^ $j $= $l$, ;‘ $K D>7k $7 $F $$$k $H$$ $& 0UL# $r 7P83E* $K CN $C $F$$$k $O$: $, $J$$ $K $b 4X $o $i$: F(Hr9TF0 $r <h$k $H$$ $& $3 $H $h$j !$ 3< 9| $K BP $9$k62I] $N 46>p $N 5/F0 $, 0dEAE* $J >pJs $K >h$C $F EA $($i $l $F $$ $k $+ $N$h $& $K ;W $o $l $k !% 0lJ}!$ G> $O !$ @8 $^ $l $?$H$- $N >uBV $N$^$^8G Dj $5 $l$F $$$k $o $1 $G$O$J $/ !$ CB@8 0J 9_ $N7P83 $r DL $8 $F !$ @8B8 $9$k $N $K M-Mx $K$J $k$h $& $K $5 $i $K 4D6- $K E,1~ $7 $F$$ $/ !% 2w 3Z $dMx1W $r$b$? $i $9860x $H $J $k9TF0 $G$" $l $P $= $l$r 7+$jJV $7 !$ 5U $K 4m81 $d6lDK $r H< $& 9T F0 $r Hr $1 $k798~ $r 6/ $a $k!% $3$N2aDx $O !V 3X =, !W $H 8F $P $l !$2f !9 ?MN‘ $@$1 $G $J $/MM !9 $J @8J* $K $*$$$F 8+ $i$l $kIa JWE* $J 2a Dx $G $" $k !%6C$/ $Y$- $3 $H $K !$ $"$k<o $N 3X=, $O G> $, $J $/ $F$b 2DG= $G$" $k!% 2<Ey $J 4, $- 3- $K$O G> $b@T?q $b $J$$ $, !$ $= $N%K %e!<%m %s$O !$ ( ;I7c $, 2?EY $b7+ $jJV $5 $l $? 8e $G ) <e $$;I7c $r L5;k $7 $? $j !$ 6< 0R $K$J $k $h $& $J ;I 7c $r <u $1$? 8e $G$O !$ $=$N H?1~ $r 6/ $a$?$j $9$k $3$H$r 3X=,$9$k!% 0lHL $K @8J* $N4D6- $X$NE,1~ $O !$ 0J 2< $K 5s $2 $k $h $& $K ;~4V $* $h $S 6u4V $N %9 %1 !< %k $, 0[ $J $kFs $D $N B&LL $N AjJdE* $J$b$N$H $7 $F B* $( $k $3$H $, $G $- $k !% 1. !V 3X=, !W : 3F8DBN $N 0l@8 $H$$ $& C; $$;~4V %9 %1!< %k$N E,1~2aDx 2. !V ?J2= !W : =8CD $K $* $1 $k@$Be $r $^ $?$$ $@ D9$$;~4V %9 %1!< %k$N E,1~2aDx A0>O $N:G8e $G !$ :# 8e $N$h$j9bEY $J >pJs=h M} %7 %9 %F%‘ $J $I $r 9M $( $k:] $K $O !$ ?J 2=E* %7 %9 %F%‘ $"$k$$ $O ?J2=E* %(!< %8 %’ %s %H $N 9M $( J} $, =EMW $K$J $k $3 $H$r =R $Y $? !% K\O@ J8 $G$O !$ $3$N$h $& $J ?J2=E* %(!< %8 %’ %s %H $N E,1~ $b !$ ?J2= O@ $d @8J*3X $+ $i $N N‘?d $K 4p $E $$$F !$ >e=R $N !V 3X=, !W $H !V ?J2= !W $K $h $C $F <B8= $5 $l $k$b$N $G $" $k $H 9M $( !$0J9_!$ $3 $l$i Fs $D$N 4X78 $K $D$$$F CmL\ $7 $F $$ $/ $3$H $K$J $k !% $H$3 $m $G !$ >e =R $NFs $D $N2aDx $O <B:] $N@8J*3& $K $*$$ $F $O !$ C1 =c $K N_2C E* $K 8r8_ $K 7+ $jJV $5 $l $F ?J$‘ $o $1$G$O$J$$ !% K\ >O $G $O !$ $R$H $^ $: @8J*3XE* $J 8+CO $+$i !$ 3X=, $H ?J2= $K $D$$ $F D/ $a $k!% $^ $: 3.1 @a $K$F !$K\8&5f $N 5DO@ $r ?J $a $k>e $G I,MW $H$J $k%i %^ %k%-%: %‘ $H %M%* %@ !<%& %# %K %: %‘$N 9M $( J} $K $D$$ $F 35@b $9$k!% <! $K 3.2 @a $K$F !$ 3X =, $H ?J2= $N Aj8_:n MQ $H $7 $F %\!< %k %I %& %# %s 8z2L $H 8F $P $l 29

3. 3X=, $H 0dEA !& ?J2= 3.1. %i %^ %k%-%: %‘ $H%M%* %@ !<%& %# %K %: %‘ $k8=>] $K $D$$ $F @bL@ $7 !$ 7W ;;5! 2J3X <T $K $h$C $F 9T $o $l $? 3X=, $H ?J2= $N Aj8_:n MQ $NI>2A $K $D$$ $F$N 2a5n $N 8&5fNc $r$$ $/ $D $+ >R2p$9$k!% 3.1 %i %^%k%- %: %‘$H %M %* %@ !< %& %# %K %: %‘ ?J2=O@ $NNr;K $K $*$$ $F !$ ?J2= $N86F0NO $K 4X$9 $kO@ Ah $r =d $C $F Bg $- $/ Fs $D $NN. $l $, B8:_ $9$k!% %i %^ %k%-%: %‘ ( L amar ckism ) $H %@ !< %& %# %K %: %‘ ( Darwinism ) $G $" $k!% $7 $+ $7 :#F| $N ?J2= O@ $K $* $$ $F <gN. $r @j $a$k $N $O !$ %@ !<%& %# %K %: %‘ $r 8;N. $H$9$k%M %* %@ !<%& %# %K %: %‘ $G$"$j !$ %i%^ %k%- %: %‘ $NL> $G DL$C $F$$ $k @b ( %i%^ %k %/@b ) $O 0[C< $H $5 $l $F $$ $k !% 3.1.1 %i%^%k%- %: %‘ %U%i %s %9 $N@8J*3X <T Lamarc k (1744 - 1829) $K M3Mh $9 $k %i%^ %k %/@b $NCf?4E* $J 35G0 $O !V 3MF@7A <A $N 0dEA !W $K $"$j !$ 85 !9 $N 9M $( J} $O 0J2< $N$h $& $J$b$N $G$" $k !% @8J* $O $=$N 0l@8 $N4V $K <~0O $N4D6- $K E, 1~$9 $k !% $h $/ MQ$$ $i $l $k Nc $H $7 $F$O !$CC<# 20 $, $= $N ;E ;v $K E, $7 $? OS$N 6Z Fy $r H/ C#$5$; $? $j !$ I89b $N9b $$>l=j $K @83h $9$k?M 4V $, @V7l5e $r A};: $9$k $3 $H$d !$ <+ $i $, ;/ $5 $l $F$$ $k1VIB $K BP $9$kLH 1V $r 3MF@$9$k $3 $H !$ 99 $K $O F;O) $N @5 $7 $$ B& $r 1?E> $9$k $h $& $K 3X=, $9$k $3 $H$J $I $, 5s $2 $i $l $k!% $3 $l$i $N JQ2= $NA4 $F $O !$ @8 J*8D BN $, $h$j@8B8 $7 $d $9$$ $h $& $K 0l@8 $N4V $K 9T $& 4D6- $K BP$9$k1~ Ez $G$" $j !$ $3 $& $7 $? 8DBN $K 5/ $- $? E,1~E* $J JQ2= $, ;RB9 $K 2? $i$+$N 7A $G EA $( $i $l $k $3 $H $K $h$C $F ?J2= $, ?d $7 ?J $a $i $l $k !% Darwin $O$3$N@b $N2D G= @- $O G’ $a!$ !V MQ !& IT MQ $N8z 2L!W ( the e�e cts of use and disuse ) $H$$ $& 8@ MU $G 8F $s$@$, !$<+A3Eq BA$N J} $, ?J 2=$N 86 0x $H $7 $F $h$j =E MW $G Bg$-$J Lr3d $r 2L $? $9$H 9M $( $F $$ $? !% $^ $? Darwin $O !$ @8J* $K $O K\Mh!$ $h$j9bEY $G$h$jJ#;( $J 7ABV $K ?J2= $9$k79 8~ $, $" $k $H$$ $& %i%^ %k %/@b $N:,Dl $K$" $k?.G0 $K$O ;?@. $G$-$J $+ $C $? !% $‘ $7 $m !$ JQ0[ $K J}8~@- $O$J $/ !$ $?$^ $?$^4D6- $K E, 1~ E*$J JQ 0[$r 9T$C $? 8D BN $, <+ A3 Eq BA$N 2a Dx $G @8$- 1d $S $F HK 1I$9 $k$H $$ $& $N $, Darwin $N <g D% $G $" $k !% 3.1.2 %M %* %@ !<%& %# %K %: %‘$H J,;R@8J*3X $K$* $1 $k %; %s %H %i%k %I %0 %^ W eismann (1834-1914) $O !$ 3MF@ 7A<A $N 0dEA $N 2DG=@- $r 40A4 $K H]Dj $7 !$ :# F| $N %M %* %@ !<%& %# %K %: %‘ $N 8;N. $r$D $/$C $? !% W eismann $O !$?^ 3.1 (a) $K <($9$h $& $K <u@:Mq $+$i :YK&J,Nv $K $h $C $F$? $I $k:YK& 7ONs $K$O Fs $D $NFHN) $J F;6Z $, $" $k $H <gD% $7 $? ( %t %! %$ %9 %^ %s <g5A ) !% 0l J} $O !$ @8J* 8D BN $N BN $N <g MW9= @.MW AG $H$J $k !V BN:Y K& !W ( Soma ) $X$N F; $G $" $j !$ $b $&0lJ} $O <! @$Be$N =P H/E@ $H$J $k G[ 6v;R $N$b $H$H$J $k !V @8?#7O Ns !W ( Germ ) $X $N F; $G $" $k !% $3 $l$i Fs$D $N :Y K&7ONs $N $& $ABN:YK& $O <w L? $K$h$j;‘ $K @d $($k $, !$ @8 ?# 7O Ns $O 1J 5W $K B8B3 $9 $k 2D G= @- $r ;} $D!% W eismann $N <gD% $NCf?4 E@ $O !$ BN:Y K& $K 5/ $3 $kJQ2= $O @8?#7O Ns $K 1F6A $r M? $( $k $3$H $O$J$$$N $G !$ 3MF@ 7A<A $O 0dEA $9$k $3 $H $, $J $$ 30

3. 3X=, $H 0dEA !& ?J2= 3.1. %i %^ %k%-%: %‘ $H%M%* %@ !<%& %# %K %: %‘ $H $$ $& $3$H $G$" $k!% $? $7 $+$K @TDGF0 J* $d:+Cn $G $O !$ 8e $K G[6v;R $H$J $k86@8?# :YK& $, H/@8 $N=i4| $N CJ3, $+ $i J, $+ $l$F $$ $k!% 87 L) $K 8@ $& $H !$ G[6v ;R $r$D $/$k $N $K I,MW $J%(%M %k %. !< $d J*<A $O G[6v;R 0J 30 $NItJ, $+ $i 6!5k $5 $l $k $N $G BN:YK& $, @8?#7O Ns $K 1F6A $r M? $( $k $3$H $O$" $jF@$k $7 !$ $=$b $=$b9bEy ?"J* $K $O FHN) $J @8?#7O Ns<+ BN $, B8:_ $7 $J$$ $H$$ $& ;X E& $b $"$k!% $7 $+ $7 !$ W eismann $O !$ $3$N 5DO@ $K K\<AE* $J 0UL# $r ;} $D $N $O !$ J*<A $d %(%M %k %. !<$N<u $1 EO $7 $G$O$J $/>p Js $N<u $1 EO $7 $G$" $k $3 $H $r 8+H4 $$ $F$$ $? !% $D$^ $j !$ CC<# 20 $NH/C# $7 $? 6ZFy $, CC<#20 $N$D$/$k@: ;R $K 1F6A $7 $F !$ $=$NCf $K B);R $N 6ZFy $, H/C#$9$k $h $& $J >pJs $r :~ $j 9~ $‘ $3$H $O$J $$ !% ?^ 3.1: %t %! %$ %9 %^ %s <g5A $H%; %s %H %i %k %I %0 %^ W eismann $N 5DO@ $O J,;R@8 J*3X $K $* $1 $k !V %; %s %H %i%k %I %0 %^ !W ( Centr al Do gma ) $H 8F $P$l $k65 5A $K CV$- 49 $( $k$3$H$, $G $- $k !%?^ 3.1 (b) $K <( $9 $h $& $K !$>pJs $O DNA $+ $i DNA $X !$ $= $7 $F DNA $+$i %? %s %Q %/<A (Protein) $X$H EA $o $k $, !$ %? %s %Q %/<A $+$i DNA $X $O EA $o $i$J $$ !% $D$^$j !$ $b $7 :YK&Fb $K ?7 $7 $$ %" %_ %N ;@ G[Ns $r ;} $D%? %s %Q %/<A $, B8:_ $7 $F$b !$ $= $N%? %s %Q %/ <A<+ ?H $, $= $l$K Aj Ev $9 $k 1v 4p G[ Ns $r;} $D DNA J, ;R $r $D$/ $k $3 $H $O =P Mh $J $$ $N $G $"$k!% 87 L) $K $O !$ DNA $N>pJs $O m-RNA ( %a %C %; %s%8%c RNA) $r Cg2p $7 $F %? %s %Q %/<A $K EA $o $k!% $5 $i $K !$ 5U E> <L 9Z AG $H$$ $& RNA $N 1v4p G[Ns $r DNA $K J#@= $G$- $k9ZAG $r MQ $$$k $3$H $G @w?’BN >e $r J|O2 $9$k $+$N$h $& $K 0\F0 $9$k %H %i %s %9 %] %> %s $H 8F $P $l $k0dEA;R72 (DNA $N ItJ,1v4pG[Ns ) $, B8:_ $9$k [Smi89] $3$H$d !$ $" $k<o $N RNA %& %# %k %9 $, 5UE><L9ZAG $r MQ $$ $F <+J, $N 0dEA>pJs $r 4s@8<g$N DNA $K J#<L$9$k $H$$ $& 8=>] $b $" $k $H$$ $& $3 $H$r 9MN8 $9$k $H !$ %; %s %H %i %k %I %0 %^ $K $* $1 $k>pJs $N N. $l$O ?^ 3.2 $N$h $& $K =$@5 $5 $l $k$Y$- $G $" $k $, !$5DO@ $N K\<A $r JQ $( $k $o $1$G$O$J $$ !% $b $7 !$ DNA $, >pJs $r @$Be $r 1[ $($F EA $( $k $?$a$N M#0l $N <jCJ $G$" $k $H $9 $l $P !$ $3$N$3 $H $O ?J2= $K BP $7 $F 7hDjE* $J 0UL# $r ;} $D !% $= $l$O !$ ?J2= $K $O DNA $N JQ2= $, I,MW $G$"$j !$ $= $N JQ2=!$ $D$^$j 31

3. 3X=, $H 0dEA !& ?J2= 3.2. 3X=, $H ?J2= $N Aj8_:nMQ FMA3 JQ0[ $O K\<AE* $K 6vA3 $K 5/ $3$kHsE,1~E* $J$b$N $G$" $k $3 $H$r 0UL# $7 $F$$ $k!% 8D BN $, 0l@8 $r DL $8 $F 4D6- $K 1~Ez $9$k7A $G !$ <+ J, $N@-<A $r JQ $( $k $3 $H $, =PMh $F$b !$ $= $N JQ2= $, DNA $K 5/ $3 $i$J$$ 8B $j !$ D94| $K EO$k?J2=E* $J 1F6A $r ;}$D $3 $H$O$J $$ !% ?^ 3.2: 0dEA %7 %9 %F %‘Fb $K $* $1 $k>pJs $N N. $l 3.2 3X=, $H ?J2= $N Aj8_:nMQ 3.2.1 %\!<%k %I %& %# %s 8z2L 3MF@7A <A $N0dEA $r H]Dj $9$k %M %* %@ !< %& %# %K %: %‘ $N 9M $($r !V 3X=, !W $H !V ?J2= !W $H$$ $& 8@ MU $r MQ $$ $F 7+$jJV$9 $H !$ @8J*8D BN $, 0l@8 $N4V $K 9T $& 3X=, $, 0dEA7ONs $K 1F6A $r M? $( $k $3 $H $O$J $/ !$ $7 $? $, $C $F 8DBN $, 3X=, $7 $? 7k2L $, D>@\E* $K ;RB9 $K EA $o $k $3$H $O$" $jF@ $J$$ $H$$ $& $3 $H $K$J $k !% $= $l$K $b 4X $o $i$:!$ 3X=, $, ?J2= $K 1F6A $r M? $( F@$k $3 $H $, 2??M $+$N @8J*3X<T $K $h$C $F <(:6 $5 $l $F $$ $k [Smi87] !% $= $N4p K\ E* $J9M $(J} $O !$ 1890 G/ Be $K$^ $G AL $j !$ 0l HL $K !V%\!< %k %I %& %# %s 8z 2L!W ( Baldwin e�e ct ) $N L> $G CN $i $l $F$$ $k!% %\ !< %k %I %& %# %s 8z2L $H $O !$ 8DBN $K$h $k3X=, $, 4V@\E* $K =8CD $N?J2= $N 2aDx $K 1F 6A $r5Z $\ $7 $F !$ $" $? $+$b?J2= $K J}8~ @- $r M? $( $F ?J Jb $r B%?J $9 $k $+$N$h $& $J 8=>] $r@8$‘ $3 $H $r;X $9 !% $b $7 !$ $"$k 3X =, $, @8J* 8D BN $N@8 B8 $K$H $C $FM-Mx $JE,1~ E* $J7A<A $r3MF@ $5 $;$k $b $N $G$"$k $J $i $P !$ $= $N3X=, $r !V 9T $& !W G= NO $, 9b$/ $J$k $h $& $J0dEA >p Js $r;} $D8D BN $[ $I B?$/ $N;RB9 $r ;D $9 $3 $H $K$J$k!% $H$3 $m $, !$ $3$N$h $& $J EqBA $N2aDx $, $7$P $i $/B3$/ $H !$ 3X =, $N !V 7k2L !W <+ BN $, @8$^ $l $D$-$N>pJs $H $7 $F 0dEA;R Fb $K :~ $j9~$^ $l $? E,1~:Q $_ $N 8DBN $, ?J2= $K $h$C $F @8 $8 $F $/$k!% $b$A$m $s !$ 3X=, $r A4$/ 9T $o$J $/ $H$b0dEA;R $N8r:5 $d FMA3JQ 0\ $J $I $G E,1~E* $J 7A<A $O ?J2= $7 F@$k!% %\ !< %k %I %& %# %s 8z2L $K $h $k=EMW $J E@ $O !$ $3$N E,1~7A<A $N?J2= $NB.EY $, 3X=, $K $h$C $F 9b $a $i $l $k $3$H $G$" $k !% $D$^ $j !$ 3X =, $K $h$C $F 3MF@ $5 $l $? E,1~E* $J 7A<A $, ;RB9 $K EA $( $i $l $k $+$N$h $& $J 5?;w %i%^ %k %/E* $J 2aDx $, 8+ $i $l $k$N $G $" $k !% 32

3. 3X=, $H 0dEA !& ?J2= 3.2. 3X=, $H ?J2= $N Aj8_:nMQ 3.2.2 %K %e !<%i%k %M %C %H %o !<%/$H GA $r MQ $$ $? ?J2= $H 3X=, $K 4X $9 $k8&5fNc %\ !< %k %I %& %# %s 8z2L $O !$ A4 $F$N@8J*3X <T $K D>$A $K <u $1 F~ $l$i $l $? $o $1 $G $O$J$$ !% $= $NM}M3 $H $7 $F $O %i %^ %k%- %: %‘ $N 1F $, @x $s$G$$ $k $3 $H$b 5s $2 $i $l $k $, !$ <B :] $K $=$N$h $& $J 8z2L $, :nMQ $9$k $N $+ $I $& $+ $, L@ $i $+$G$J $+ $C $? $3 $H $, :GBg $N M}M3 $G$" $k!% 0lJ}!$ 6aG/!$ 7W;;5! $N EP>l $K $h$C $F%b %G %k >e $G $N %7 %_ %e %l !< %7 %g %s $r DL $8 $F %\ !< %k %I %& %# %s 8z2L $r 3NG’$9$k $3$H $, $G $- $k$h $& $K$J $C $? !% 3X=, $O ?J2= $K J}8~@- $r M? $( $k $+ !) Hin ton $H No wlan $O !$6K $a $F C1=c $J%b %G %k >e $G 3X=, $, ?J2= $K M? $( $k1F6A $K $D$$$F I>2A $r 9T$C $? [HN87] !% H‘ $i$O !$ 7k9g $N?t $, 20 $G $" $k %K %e!< %i %k %M%C %H %o!< %/ $r 8DBN $H $7 !$ $3 $l$i $N @\B3A4 $F $, @5 $7 $$ CM (\o� " $+ \on") $K @_Dj $5 $l$F$$$k8DBN $K$N$_9b $$E,1~ EY $, M? $( $i $l $k $h $& $J >u67 $r 9M $($? !% $3$N >u67 $K $* $1 $kE,1~EY6J LL $O !$ %@ !<%& %# %s E*?J2= $r $9$k8DBN=8 CD $K$H $C $F $O 6K $a $F ET 9g $, 0- $$ $b$N $G$" $k!% 2? 8N $J $i $P !$ @5 2r $H$J $k8DBN $O 2 20 ’ 10 6 DL$j $N AH $_9g $; $N I=8=7? $NCf $N $? $@ 0l $D $G$"$j !$ $= $l 0J30 $K $O E,1~ EY $, M? $( $i $l$J$$$N $G E,1~ EY 6J LL $N<PLL $r EP $k $h $& $J?J2= E* $J C5:w $, 9T $($J$$$N $G$"$k !% $$ $o $P !V 43 $7 Ap $N;3 $NCf $N?K !W ( a ne e d le in a haystack ) $r C5 $9 $h $& $J $b$N $G $" $k !% 8D BN $N @w ?’BN $O 20 8D$N 0dEA ;R:B $+$i @.$C $F $*$j !$ $= $l $> $l f 0 ; 1 ; ? g $N $$ $: $l $+ $N CM $r$H $k !% 3F0d EA;R :B $O%K %e!< %i %k%M%C %H %o!< %/ $N7k9g $NCM $K BP1~ $7 $F $*$j !$ \ 0 " !$ \ 1 " $O $= $l $>$l \o� " $H \on" $r 0UL# $7 !$ \ ? " $O 7k9g $NCM $, 2D JQ $G$"$k $3 $H $rI= $9 !% 8D BN $O !$ 0l @8 $N4V $K A4 $F $N \ ? " $K \o� " $+ \on" $N $$ $: $l $+ $r%i %s %@ %‘ $K%; %C %H $9$k $3 $H $r7+ $jJV $7 !$ @5 $7 $$7k 9g $NAH 9g $; $r3MF@ $7 $h $& $H $9$k !% $3$N C1=c $J 3X=, %9 %F%C %W $O :GBg 1000 %9 %F%C %W 7+$jJV $5 $l !$@5 $7 $$ 7k9g $N AH9g $; $r 3MF@$9 $k$^ $G $K MW $7 $? %9 %F%C %W ?t $N5U?t $N 4X?t $H $7 $F 8DBN $N E,1~EY $, 7hDj $5 $l $k !% $J $* !$ $b $H$b $H 0dEA E* $K 8GDj $5 $l $? CM $, @5 $7 $/ $J$$$h $& $J 7k9g $r ;} $D8DBN $O !$ $3$N %9 %F%C %W $r 2?EY7+ $jJV $7 $F $b @52r $K$O ;j $i$J$$ !% $= $7 $F !$ E,1~ EYHf Nc@o N, $K $h$C $F 8rG[ $K MQ $$$k?F $r A* $S !$ $= $l$i $N @w?’BN $r 8r:5 $5$; $F <! $N@$Be $K ;D $9;R $r :n$k!% Hin ton $H No wlan $O !$ \ ? " $r 50% !$ \ 0 " !$ \ 1 " $r$= $l $>$l 25% $: $D4^ $‘ @w ?’BN $r 1000 8DMQ 0U $7 !$ $3 $l $r =i4|=8 CD $H $7 $F GA $G ?J2= $5 $; $F =8CDA4 BN $NJ?6Q $NE, 1~EY $N?d0\ $r 4QB, $7 $? !%3F@$Be $K $*$$ $F $O !$ 8DBN@w?’BNCf $N J?6Q 10 8D $N0dEA;R:B $, 8GDj$5 $l $F $$ $k $3 $H $K$J $k !% $7 $? $, $C $F !$ $" $i$+ $8 $a 7hDj $5 $l $F$$ $k7k9g $NA4 $F $, @5 $7 $$ CM $K @_Dj $5 $l $F $$ $F 3X=, $K $h $C $F @52r $K C)$j Ce $1 $k2DG=@-$N$"$k 8DBN $, 1000( ’ 2 10 ) 8D $K 1 8D $N 3d 9g $G B8:_$9$k !% $^$? !$ $3$N $h $& $J 8DBN$N 7k9g$N $& $AJ?6Q 10 8D $, 2DJQ It $G$" $k$N $G 1000 2s$N 3X=, %9 %F%C %W $N 4V $K @52r $K ;j$k5!2q $O $" $k !% <B837P 2a $r 4QB, $9 $k $H !$ =8 CD $NJ?6Q E, 1~EY $O =i4| $NCJ3, $G $O$f$C $/ $j $H $7 $+ >e>: $7 $J$$ $, !$ 20 @$Be $r 1[ $($? JU $j $G 5^7c $J >e>: $r ;O $a $k!% 3X =, $r 8zN(E* $K 9T $& $3 $H$N =PMh$k8D BN $O 9b3NN( $G A*Br $5 $l $k $N $G !$ @$ Be $r 7P$k $K $D $l $F 3F8DBN @w?’ BNCf $N @5 $7 $$ CM $K 8GDj $5 $l $? 0dEA;R :B $N?t $, A}2C $7 33

3. 3X=, $H 0dEA !& ?J2= 3.2. 3X=, $H ?J2= $N Aj8_:nMQ $F$$ $/ !% $7 $? $, $C $F !$ 3X=, $K MW $9$k ;~ 4V $, C;$/ $J$C $F$$$/ $N $G$"$k!% $5 $i $K H‘ $i$N <B83 $K $* $$ $F !$ :G=*E* $K A4 $F$N 0dEA;R :B $, @5 $7 $/@_Dj $5 $l $? 8DBN $, @8 $8 $? !% 0lJ}!$ GA $N$_ $r MQ $$ $? >l9g $K $O @5 2r $, 5a$^$k $3 $H $O$J $+ $C $? !% 3X=, $N8z2L $K $h $C $F !$ 85 !9 @m $C $F$$ $? E,1~EY6J LL $N 7A>u $O JQ7A $5 $l $F @52r $N<~0O $K <PLL $r 7A@. $9$k $h $& $K$J $k!% $3$N <PLL $r ?J2= $N 2aDx $, EP$C $F$$ $/ $3 $H $, =PMh $k $h $& $K$J $k $N $G$" $k!% J, $+ $j $d$9 $/8@ $$49 $( $k $H !$ 6a $$>l=j $K Mh $? $i $=$N $3 $H $r 65 $($F$b $i $$ $J $, $i ?K $r C5$9 $h $& $J LdBj $X$H JQ $o $k$N $G $" $k !% $H $3 $m $G !$ Hin ton $H No wlan $N MQ$$$? 3X=,$N J} K! $O !$ BP K! $J $I $N %K%e !<%i %k %M %C %H %o !< %/ $N$$$o$f $k0lHLE* $J 3X=,K! $G $O $J $$ !%$^ $? !$@m $C $? E,1~EY6JLL ( @52r $+ IT@52r $+ $N $I $A $i$+ N>6K C< $7 $+ $J $$ ) $r A[ Dj $7 $? !$ $+$J $j 6KC< $J LdBj@_Dj $G $b$" $k !% $7 $+ $7 !$ $=$N 5DO@ $, $h$j 0lHLE* $J 3X =,K! $r MQ $$ $? >l9g $K $b @. $jN) $D2DG=@- $r <(:6 $9$k $?$a $K !$ H‘ $i $O 4: $($F !V %K %e!<%i %k %M%C %H %o!< %/ $N 3X=, !W $H$$ $& I=8= $r O@J8Cf $G MQ $$ $F$$$k !% 0lJ}!$ P arisi $i$O !$ <B:] $K E,1~EY6JLL $, ;3 $G$" $k $h $& $J >u67 $K $*$$ $F !$ BP K! $K$h $k3X=, $r 9T $& %K %e!< %i %k%M%C %H %o!< %/ $r GA $G ?J2= $5 $;$k<B83 $N I>2A $r 9T $C $F$$$k [PNC91] !% H‘ $i $O !$ Fs<! 85 3J;R J?LL >e $K%K %e!< %i %k%M%C %H %o!< %/ $N =PNO $K 1~ $8 $F 9TF0 $r 7hDj $9 $k %(!< %8%’ %s %H $H ?)NH $r G[CV $7 !$ 7h $a $i $l $? 0lDj $N %9 %F %C %W ( 8DBN $N0l@8 ) Fb $K 3MF@ $7 $? ?)NH $K 1~ $8 $F%( !< %8 %’ %s %H $K E,1~EY $r M? $( $k$h $& $J <B83 $r 9T$C $? !% $J$* !$ 3F %(!< %8 %’ %s %H $N ;} $D %K %e!< %i %k%M%C %H %o!<%/ $N=i4|7k 9g6/ EY $O @w?’BN>e $N>pJs $K $h$j 7hDj $5 $l !$ 0l@8 $N 4V $N 3X=, $K $h$C $F <u $1$? 7k9g6/EY $N JQ99 $O ;R $K$O EA $( $i $l $J $$$b $N $H$9$k !% $3$N$h $& $J LdBj@_ Dj $K $* $$ $F !$ 0l@8 $N 4V $K 3X=, $r 9T $o $J$$%(!< %8%’ %s %H =8CD $H 3X=, $r 9T $& %(!< %8%’ %s %H =8CD $N?J2= $N MM;R $r Hf3S $7 $?$H$3 $m !$8e<T $N =8CD $N J} $, A0<T $N =8CD $K Hf $Y $F ?J2= $N B.EY $, B. $$ $H$$ $&7k2L $r F@ $? !% 0J>e $K =R $Y $?<B83 $N7k2L $, <( $9 $3 $H $O !$ 3X =, $7 $? 7k2L $r ?F $+$i ;R $K D>@\ EA $( $k5!9= $,$J $$ $K$b 4X $o $i$:!$ 3X=, $, ?J2= $K J}8~@- $r M? $( $k8z2L $r ;}$D $H $$ $& $3 $H$G$" $k !% 3X=,G=NO $H @hE7E*9TF0 $N 0dEAE* $J =EMW@- Ac kley $H Littman $b !$ P arisi $i $, 9T$C $?$N $H F1MM $K %K%e!< %i %k %M%C %H %o!< %/ $N=PNO $K 1~ $8 $F 9T F0 $r7hDj $9$k %(!< %8%’ %s %H $r Fs<! 85 3J ;R J? LL >e $N4D6- $K G[CV $7 $F <B83 $r 9T $C $? [AL92] !% 4D 6- $K $O !$ ?) NH $H$J$kJ*;q $N $[$+ $K%( !< %8 %’ %s %H $N E7E( $H$J$kFy?)=C $d$= $NB> $NJ*<A $, B8:_ $9$k!% %(!< %8 %’ %s %H$O 4D 6- Fb $r0\ F0 $9 $k $3 $H $K$h $C $F !$ ?) NH $K $" $j $D $1$? $j Fy ?) =C $K Ax 6x $7 $F 4m 81 $JL\ $K$" $C $?$j$9$k!% %(!< %8%’ %s %H $O !$ !V 9TF0 ( 7hDj ) %M%C %H %o!< %/ !W ( action-network ) $H !V I>2A %M %C %H %o!< %/ !W ( evaluation-network ) $H 8F $P $l $k Fs$D $N%K%e !<%i %k %M %C %H %o!< %/ $r ;}$A !$ $$ $: $l $b <+ J, $N ;k Ln $K F~ $C $F$$$kJ*BN $N 0LCV $r 8=:_>uBV $N F~NO $H $9$k!% %(!< %8 %’ %s %H $O 9TF0 %M%C %H %o!< %/ $N=PNO $K $h$C $F 9TF0 $r 7hDj $7 4D6-Fb $r 0\F0$9$k!% I>2A %M %C %H %o!< %/ $O !$ 8= :_ $N>uBV $, $I $l $@$1 K>$^ $7 $$ >u BV $G$" $k $+$r H=Dj $9$k%9 %+ %i!<CM $r =PNO $9$k!% $$ $: $l $N%K %e!< %i %k %M%C %H %o!< %/ $N =i4|7k 9gCM $b @w?’BN >e $N0dEA;R $K $h$C $F 7hDj $5 $l $k!% I>2A %M %C %H %o!< %/ $N 7k9gCM $O @8$^ $l $?$H$-$N>uBV $N$^$^ 34

3. 3X=, $H 0dEA !& ?J2= 3.2. 3X=, $H ?J2= $N Aj8_:nMQ 0l@88G Dj $5 $l $? $^$^ $G$"$j !$ AD@h $+ $i EA $o $k@hE7E* $J L\E* $d M_K> | Nc $( $P !$ !V ?)NH $N 6a$/ $K 0L CV$9$k $3$H $O K>$^ $7 $$ !W $J $I | $r I=$9 !% 0lJ} !$9TF0 %M%C %H %o!< %/ $N 7k9g CM $O !$6/2=3X=, $K $h $C $F BP K! $r MQ $$ $F =$@5 $5 $l $k !% $D$^ $j !$ G$0U $N;~E@ t $K $*$$ $F !$ %(!< %8 %’ %s %H $O I>2A %M %C %H %o!< %/ $r MQ $$ $F 8=:_ $N >uBV $r I>2A $7 !$ $3$N CM $r 0l $DA0 $N ;~E@ t � 1 $N >uBV $N I>2ACM $H Hf3S $9$k!% $=$N :9 $r !$ D>A0 $K$H $C $? 9TF0 $K BP $7 $F 9TF0 %M%C %H %o!< %/ $N7k9gCM $r =$@5 $9$k:] $N3X=,N( $r 7hDj $9$k6/ 2=?. 9f $H $7 $F MQ $$$k!% $7 $? $, $C $F !$ !V Fy?)=C $N6a$/ $K $$$k $3 $H $O K>$^ $7 $$ !W $J $I $N$h $& $J @hE7 E* $K K>$^ $7 $/ $J$$ M_K> $r ;} $C $? %(!< %8 %’ %s %H $O !$ @8B8 $K ITMx $J 9TF0 $r 3X=, $7 $F $7 $^ $& $N $G 4D6- $K E, 1~ $G$-$J$$ !% $^ $? !$ 0l @8 $N4V $N3X=, $K $h$C $F =$@5 $5 $l $? 9TF0 %M %C %H %o!< %/ $N 7k9g6/ EY $O ?F $+$i ;R $K EA $o $i$J $$$b$N$H $9$k !% Ac kley $H Littman $O !$ %\ !< %k %I %& %# %s 8z2L $K 4XO" $7 $F !$ ?J2= $N CJ3, $, ?J $‘ $K $D $l $F !V 3X=, $N G=NO !W $H !V @hE7E* 9TF0 !W $N0dEAE* $J =EMW@- $, 5UE>$9$k $H$$ $& 6=L#?< $$8=>] $r 3NG’ $7 $? !% <+A33& $N @8 J* $K $*$$ $F !$@8 B8 $K $" $^ $j =E MW$J 1F 6A$r 5Z $\ $5$J $$ 7A <A $K 4X $9 $k 0d EA ;R $[ $I !$@$Be$r DL $8 $F 4QB, $5 $l $kJQ2= $NEY9g $, Bg $-$$ $H$$ $& ;v<B $, $" $k [Gou89] !%Nc $( $P !$LUL\ $N%b %0 %i$N 0l<o $G$" $k sp alax ehr enb er gi $N 4c $N ?e>=BN $K 4X$9$k0d EA;R $N @$Be $r DL $8 $? JQ2= $N EY9g $r 4QB, $9$k $H !$ ;k NO $r ;} $D %M %: %_ $N$= $l $h$j$bBg $- $$ !% FM A3JQ 0[N( $d 8r:5N( $, N><T $G F1 $8 $G $" $k $H$9$k $H !$ 3F@$ Be8r Be $K $*$$ $F 0dEA>pJs $, 3IMp $5 $l $kDxEY $O F1Ey $K$J $k $O $:$G$" $k!% $7 $+ $7 !$ ;kNO $r ;} $D %M %: %_ $K $*$$ $F $O FMA3JQ 0[ $J $I $G 0dEA;R%9 %-!<%^ $, GK2u $5 $l $F ?e>=BN $, 5!G= $7 $J $$$h $& $J 8DBN $, @8 $8 $k $H @8B8 $K =EBg $J ;Y>c $r$- $?$9 $N $K BP $7 $F !$ 85!9 LU L\ $G$" $k %b %0 %i$N >l9g $K$O ?e>=BN $K 4X $9$k0dEA ;R>p Js $, $$ $/ $i$+ 3IMp $5 $l $h $& $H$b@8B8 $N M-Mx $5 $K BP $7 $F $5 $7 $F 1F6A $O 5Z $\ $5 $J$$ !% $3$N$h $& $J M}M3 $K $h$j !$ 7k 6I@$ Be $r DL $7 $F @8 $- ;D $C $F$$ $/8DBN $N@w?’BN>e $N0dEA>pJs $r 4QB,$9$k $H !$ @8B8 $K 1F6A $9 $k 7A<A $K 4X$9$k0dEA;R $O CfN) $J 0dEA;R $K Hf $Y $F 0dEA;R $N JQ2= $N EY9g $O >. $5 $/ $J $k$N $G $" $k !% Ac kley $H Littman $O !$ $3 $N 5D O@$r H‘$i $N 9T$C $? <B 83 $K $b E, MQ $7 $? !%3F%( !< %8 %’ %s%H $N 9T F0 %M %C %H %o !< %/ $H I> 2A%M%C %H %o !< %/ $K 4X$9 $k$= $l $> $l $N 0d EA ;R$N JQ 2=$N EY 9g $r B, Dj $7 $? $N$G $" $k !% $=$N 7k2L $O 0J2< $NDL$j $G$" $k!% ?J2= $N =i4| $N CJ3, $K $*$$ $F $O !$ 0dEA;R $NJQ2= $NEY9g $O !$ I>2A %M%C %H %o!< %/ $K 4X$9$k $b $N $K $D$$ $F $O >.$5$/ !$ 9TF0 %M%C %H %o!< %/ $K 4X$9$k $b $N $K $D$$ $F $O Bg $-$$ !% 0l J}!$ @$ Be $r 7P $F ?J2= $, ?J $‘ $K $D $l $F !$ :#EY $O 5U $K I>2A %M %C %H %o!< %/ $K 4X$9$k0d EA;R $NJQ2=EY9g $, Bg $- $/ !$ 9T F0 %M%C %H %o!< %/ $K 4X$9$k $b $N $, >.$5$/ $J $k!% Ac kley $H Littman $O !$ $3 $l $b %\ !< %k %I %& %# %s 8z2L $K 4XO"$9$k $b $N $G$" $k $H O@ $8 $F $$ $k!% $D$^ $j !$ =i4| $NCJ3, $K $*$$ $F $O !$ ( @5 $7 $/ ) 3X=, $9 $kG= NO $" $k$$ $O 3X=,$N J}8~ $r <($9 M_K> | !V ?)NH$N 6a $/ $K $$ $k $3$H$O K>$^ $7 $$ !W | $H $$ $& $N $, %( !< %8 %’ %s %H $N @8B8 $K$H $C $F =EMW $G$" $k $, !$ @$ Be $r 7P$k $K $D $l $F !V ?)NH $N 6a$/ $K $$ $k $3 $H $O K> $^ $7 $$ !W $H $$ $&CN<1 $O !$ !V ?) NH $K 6a $E $/ !W $H $$ $&9TF0%Q %? !< %s $N 7A $G 9T F0%M%C %H %o !< %/ $N 0d EA ;RFb $K <h$j9~ $^ $l $F$$ $/ !% $= $7 $F !$ @hE7 E* $K ?)NH $K 6a $E $/ $h $& $J 9TF0 $r$H $k $h $& $J 8DBN $K $*$$ $F $O !$ $b $O$d I>2A %M%C %H %o !< %/ $O $5 $[ $I =EMW $G$J $/ $J $k$N $G $" $k !% 35

Bh 4 >O ?J2= $K BP $9 $k ?7 $7 $$ ;kE@ : F0E* $J 4D6-2< $K$* $1 $kE,1~ 36

4. ?J2= $K BP$9$k?7 $7 $$ ;kE@ : F0E* $J 4D6-2< $K $* $1 $kE,1~ 4.1. =>Mh$^ $G$N 8&5f $N IT==J, $J E@ Bh 2 >O $G $O !$ :# 8e $N %7 %9 %F%‘ $K $* $$ $F M-K> $J$b $N $K$J $k $H ;W $o $l $k !$ @8 J* $N?J2= $* $h $S 3X=, $N $= $l $>$l $N ;EAH $_ $K CeA[ $r F@ $? >pJs =h M} $N7ABV $r =R $Y !$ $^ $? !$ Bh 3 >O $G $O !$ $d $d @8J* 3X E* $J N)>l $+$i !$ 3X =, $H 0dEA$* $h $S $=$N 7k2L $H $7 $F$N ?J2= $NAj8_:nMQ $K 4X $7 $F !$ $3 $l $^ $G $K 9T $o $l $F $- $? =E MW $J 8&5f $N $$ $/ $D $+$r =R $Y $? !% K\>O $G $O !$ $3 $l $^ $G $K 9T $o $l $F $-$? $3 $l$i $N 8&5f $N IT==J, $J E@ $r ;XE& $9$k $H$H$b $K !$ $3 $l $^ $G$K =R $Y $F$-$? GX7J $r$b $H $K !$ 3+J|7? J,;64D 6-2< $G $N ?J2=E* %(!< %8 %’ %s %H $N E,1~2aDx $N B&LL $K >GE@ $r Ev $F$D$D !$K\8&5f $N L\E* $K $D$$$F 5DO@$9$k!% 4.1 =>Mh $^ $G $N 8&5f $N IT==J, $J E@ 4.1.1 %@ !<%& %# %s 7? $N 0dEA5!9= $H%i%^%k %/ 7? $N 5!9= $H$N Hf3SI>2A 3X=, $H ?J2= $K 4X$9$k8&5fNc $N B?$/ $O !$ 3.2 @a $G >R2p $7 $? $h $& $J %@ !<%& %# %s 7? $N 0dEA $N%b %G %k$K 4p $E $/ $b $N $G$"$j !$ %i %^ %k %/7? $N0dEA $N %b %G %k$O Hf3SE*7Z;k $5 $l $F$-$? !% %i %^ %k %/7? $N0dEA $N %b %G %k$, 7Z;k$5 $l $kM}M3 $H $7 $F$O !$ 3.2 @a $G =R $Y$?$h $& $K !$<+A33& $K $* $1 $k?J2= $N <g MW $J ?d?JNO $O <+A3Eq BA $G$" $k $H $9$k %M %* %@ !<%& %# %K %: %‘ $K 4p $E $$$F$$$k $3 $H $, 5s $2 $i $l $k!% $7 $+ $7 !$ $3$N $3 $H $r M}M3 $K %i %^ %k %/7? $N 0dEA5!9= $r 7Z;k$9$k $3$H $K$O !$9)3XE* $J 4QE@ $+$i$O $b $A$m $s !$2J3X ( FC $K @8J*3X ) E* $J 8+CO $+$i $b 5?Ld $, $" $k !% $^ $:!$ 9) 3X E* $J 4QE@ $+ $i 8+$k $H !$ 0l @8 $N4V $K 3MF@ $7 $? E,1~7A <A $r <!@$ Be $N %7 %9 %F%‘ $K EA $( $k $H $$ $C $?%i%^ %k %/E* $J ?J2=7ABV $K$O 6K $a$F 8zN( $NNI $$E,1~2aDx $r <B8= $9$k2DG=@- $, $" $k!% $7 $? $, $C $F !$ ?J2= !& E,1~ %7 %9 %F %‘ $N9=C[5;K! $H $7 $F$N 4QE@ $+$i D/ $a $? >l9g $K$O !$ %i%^ %k %/E* $J ?J2=7ABV $r $9$k %7 %9 %F %‘ $K $D$$ $F$b 9MN8 $7 $F !$ %@ !< %& %# %s 7? $N?J2=7A BV $H$N Hf3S $r DL $8 $F$=$N FC@- $r L@ $i $+ $K $9$k I,MW $, $" $k !% 0l J} !$ @8 J* 3X E* $K $b !$ %M %* %@ !< %& %# %K %: %‘ $N <g D% $KH? $9 $k 8= >] $b $$ $/ $D $+ Js 9p $5 $l $F $$ $k [Smi89] !% Nc $( $P !$ %_ %8 %s %3$O Ja?)<T $, B? $$4D6- $K $*$$ $F ;I $r H/C# $5 $;$k $3$H $, $"$j !$ $3$N E,1~E* $J JQ2= $O 0lEY5/ $3 $k $H Mq $r DL $8 $F ;R $K <u $1 7Q $,$l $k !% $3$N JQ2= $O !$ DNA $N 1v4pG[Ns $N JQ 2= $G$O$J $/ !$ 0d EA;R H/8= 5!9= $N JQ2= $, 860x $G @8 $8 $F $$$k $3 $H $, J, $+ $C $F$$$k !% $$ $: $l $N 0dEA5!9= $K$h $k $b $N $G$" $l !$ $3 $l$O L@ $i $+$K E,1~E* $J JQ2= $G$"$j !$ $=$N%i%^ %k %/E* $J ?J2= $N2aDx $r L5;k $9$k $o $1$K $O $$ $+ $J $$ !% $^ $? !$ 2? $h $j $b?J2= $K$H $C $F =EMW $G$" $k $N $O !$ J82= E* 7Q>5 $K $h$k$b $N $G$"$k !% Nc $( $P !$ $"$kF0 J* $, $I $3$K ?e>l $, $" $k $N $+ !$ $I $N ?"J* $r ?) $Y$k $3 $H $,$G $-$F !$ 2? $, FG $G$" $k $N $+$r 3X $Y $P !$ $= $N >pJs $O ;RB9 $K EA $( $i $l $k $+ $b $7 $l $J$$ !% FC $K 2f !9 ?M N‘ $K $* $$ $F $O !$ J8 2= $N7Q>5 $O Nr;KE*JQ 2= $N4p AC $H $J $C $F$$ $k !% $b$A $m $s !$ Nr ;K $H?J 2= $N %a %+ %K %:%‘ $O A4 $/ 0[ $J$k $N $G !$ $3 $l $i Fs $D $O $O $C $- $j $H 6hJL $9 $Y$- $G$" $k $H$N 8+J} $b $" $k!% $7 $+ $7 !$ @8J* $N ?J2= $K $*$$ $F K\<AE* $K =EMW $J$N $O M-Mx $J !V 0d EA;R !W | >pJs $N C10L | $N HK1I $G$" $k $H$N N)>l $+$i !$J82= $H$$ $& $N$b B??t $N?M4V $N G> $NCf $G J# 37

4. ?J2= $K BP$9$k?7 $7 $$ ;kE@ : F0E* $J 4D6-2< $K $* $1 $kE,1~ 4.1. =>Mh$^ $G$N 8&5f $N IT==J, $J E@ @= !& HK ?# $7 <+A3EqBAE* $J 2aDx $r 7P $F 7A@. $5 $l $k>pJs $N 0l72 $H B* $( $k $H !$ $= $N :9 $O >pJs $r EAC#$9$k J*<AE*<B BN $, 2? $G $" $k $+$H $$ $& $3$H$K 2a $. $J $$ !% $J $* !$<R2q@8J*3X <T $G$" $k Da wkins $O !$ $3$N J82= $r EA $( $k $?$a $N 0dEAE* C1 0L $H $7 $F %_ !< %‘ ( meme ) $H $$ $& 2>A[ E* $J N3;R $N9M $( J} $r Ds0F $7 $F$$ $k [Da w89] !% $3$3 $G !$ J82= $d 2J3X5;=Q $J $I $N <R2qE* $J ?J2= $r 8+ $F$_ $k $H !$ 40A4 $K$G $O$J $$ $K $7 $F $b$" $k <o $N%i%^ %k %/E* $J ?J2=2aDx $G ?J $s$G $$ $k$h $& $K ;W $o $l $k !% $H$3 $m $G !$ 9) 3X E* $J 8+CO $+ $i%i %^ %k %/7? $N0dEA $N%b %G%k$r Ds0F $7 !$ $3 $l$K $h$C $F %7 %9 %F%‘ $N @- G=8~ >e $, <B8= $5 $l $?$3 $H$r Js9p $7 $F $$$k8&5fNc $b $"$k $K$O$" $k $, !$ %@ !<%& %# %s 7? $N 0dEA $N %b %G %k $H$N E0Dl $7 $? Hf3SI> 2A $r 9T$C $?8&5fNc $O >/ $J$$ !% $= $N M}M3 $H $7 $F$O !$ 9)3X E* $J 4QE@ $+ $i$O %i %^ %k %/7? $N 0dEA5! 9= $, %@ !< %& %# %s 7? $N$b $N $K Hf $Y $F M% $l$F $$$k $3 $H $, <+L@ $G$" $k $+$N$h $& $K ;W $o $l $F $$ $k $3$H $, 5s $2 $i$l $k $+ $b $7 $l $J $$ !% Mon tana $H Da vis $O !$ %=%J !< $K $h $k3$ LL2< $N 2;6A2r @O $r 9T$& %K %e !< %i %k%M %C %H %o!<%/ $N7k 9g 6/ EY $r GA $G 5a $a$k <B 83 $r9T $C $F$* $j !$ $= $3 $G $O A* Br !& 8r :5 !& FMA3JQ0[ $H $$ $C $? DL>o $N GA $G MQ $$$k$b$N$NB> $K \HILLCLIMB" $H $$ $C $? E,1~E* $J 0dEA;R $N JQ 0[ $r ;\ $9 0d EA E* A‘ :n $r F3 F~ $7 $F$$$k [MD89] !% $^ $?!$ OB ED $i$b %J %C %W %6 %C %/ Ld Bj $rNcBj $H $7 $F GA $H ;3EP $jC5:w K! $r C1=c $K AH $_9g $o$; $?J}K! $K $D$$ $F$NI>2A $r 9T $C $F$$$k [ OBED 92] !% $3 $l$i$N 8&5f $O L@ $i $+$K %i %^ %k %/E* $J ?J2=2aDx $r :N $jF~ $l $?$b$N $G$" $k $K$b 4X $o $i$:!$ H‘ $i$O$$ $: $l $b O@J8 $N Cf $G !V %i %^ %k %/ !W $H$$ $& 8@MU $r 0lEY $bMQ $$ $F$$ $J$$ !% $^ $7 $F$d %@ !<%& %# %s 7? $N?J2=2aDx $H$N Hf3S I>2A $O 0l@Z 9T $C $F$$ $J$$ !% 0l J}!$ Grefenstette $O SAMUEL $H 8F $P $l $k %W %m %@ %/ %7%g %s%7 %9 %F %‘ $K $* $$ $F !$ \GENERALIZE" !$ \SPECIALIZE" $J $I $N3X=, A‘ :n $rF3F~ $7 $F !$ $3 $l$i$N3X =, $K$h $C $F =$@5 $5 $l $? 5,B’72 $r%i%^ %k %/E* $K ?J2= $5 $;$k $3 $H $G !$ 85 $N SAMUEL $N <jK! $r MQ $$ $? $H$-$h $j $b 8z 2L E* $J Ld Bj2r 7h %7 %9 %F %‘ $, F@ $i$l $k $3$H $r <( $7 $F $$ $k [Gre91] !% Ac kley $H Littman $O !$ %0 %i %UJ,3d Ld Bj $r NcBj $H $7 $F%i%^ %k %/ 7? $H %@ !< %& %# %s 7? $K 4X $9 $kHf 3S <B 83 $r 9T $C $F$$$k [AL93] !% H‘ $i$O %i %^ %k %/7? $N?J2= $r$9$k=8CD $NJ} $, %@ !< %& %# %s 7? $N =8CD $h$j $b05E]E* $K 8zN(E* $G$" $k $H$N 7k 2L $r F@ $F$*$j !$ $= $l 0J>e?<$/ $O Hf3SI>2A $r 9T$C $F$$ $J$$ !% $3$3 $G !$ A0 =R $N 9)3XE* $J 8+CO $+ $i $N%i %^ %k %/7? $N ?J2=5! 9= $NM-8z@- $N <(:6 $H $O 5U@b E* $K !$ 2L $? $7 $F G!2? $J$k>u67 $K $* $$ $F$b%i%^ %k %/7? $N ?J2=5!9= $O %@ !<%& %# %s 7? $N 5!9= $h$j$b M% $l $F $$ $k $H 8@ $( $k $+ $I $& $+$H $$ $&5?Ld $b$"$k !% $$ $: $l$K$;$h !$ <+ A3 3& $N?J2= $N2aDx $, %@ !< %& %# %s 7? $G$"$k $+ $i$H$$$C $?M}M3 $G %i%^ %k %/7? $N$b $N $r 7Z;k $7 $? $j !$ 5U $K 9)3XE* $K $O %i %^ %k %/7? $NJ} $, M-K> $K 8+ $( $k $+$i$H$$$C $? M}M3 $G %@ !< %& %# %s 7? $N ?J2=7ABV $H$N Hf3SI>2A $N 0UL# $r 7Z;k$9$k;Q@* $O @5 $7 $/ $J$$ !% 4.1.2 F0E* $J 4D6- $X$N E,1~ $K 4X $9 $k 5DO@ => Mh$N 8& 5f $K $* $1 $k 99 $K =E MW$J Ld Bj E@ $O !$ $=$N$[ $H$s $I $, @E E*$J <B 83 4D 6-$N >e $G $N $_ $N I> 2A $*$h $S 9M;! $K 4p $E $/ $b $N $G$" $j !$ F0E* @-<A $r ;} $D4D6- $K 4X$9$k 5DO@ $, FC $K$J $5 $l $F$3$J $+ $C $? E@ $G $" $k !%A0$N 4.1.1 @a $G $b 4J C1 $K >R 2p $7 $? !$ Mon tana $H Da vis $N %7 %9 %F %‘ [MD89] $K $7 $F $b !$ 38

4. ?J2= $K BP$9$k?7 $7 $$ ;kE@ : F0E* $J 4D6-2< $K $* $1 $kE,1~ 4.2. K\8&5f $N L\;X$9 $b$N Grefenstette $N SAMUEL $N 2~NIHG %7 %9 %F%‘ [Gre91] $K $7 $F$b !$ 07 $C $F$$$kLdBjNN0h $O @EE* $J$b $N $G$" $j !$ H‘ $i$N %7 %9 %F%‘ $O @E E* $J4D 6- $K BP $7 $F E, 1~ $9 $k $@ $1 $G$h $$!% $^ $? !$ Ac kley $H Littman $i$, 9M $( $? $h $& $J Fs <! 85 3J;R >e $K !$<+J, ( %( !< %8 %’ %s%H ) 0J 30 $K $b 0\F0 G= NO $r ;}$D Fy ?) =C $J $I $, G[CV$5 $l $k$h $& $J <B83 4D 6- [AL92] $K $*$$$F $b !$<+J, $, 3X=,$;$M $P $J$i $J $$ 5, B’ | !V Fy ?) =C $+ $i N% $l $h !% ?) NH $K$O 6a $E$1!% !W | $O IaJWE* $G$"$j !$ $7 $? $, $C $F @EE* $G$" $k !% $3 $l $^ $G$O$3$N$h $& $J Hf3S E* \ wel l-de�ne d " $G @EE* $J LdBj NN 0h $NHO0O $G 1?MQ $5 $l $k %7 %9 %F%‘ $, <g $K 3+H/ $5 $l !$ Mx MQ $5 $l $F$-$? !% $3$N$h $& $J 4D6- $N 2< $G$O !$ Grefenstette[Gre91] $d Ac kley $i [AL93] $, <( $7 $? $h $& $K !$ 3N $+$K %i %^ %k %/7? $N$h $& $J 8zN(E* $J 0dEA5!9= $r ;} $D %7 %9 %F %‘ $, M-8z $G $" $k !% $7 $+ $7 !$ 2.4 @a $G =R $Y$?$h $& $K !$ $R$H $? $S <B@$3& $K B8:_ $9$kLdBj $X1~MQHO0O $N;kLn $r 9- $2 $k $d $$ $J $d !$ $= $3 $K $O 3+J| 7? J, ;6 4D 6- $NFC<A $G$"$kJ# ;( $G M=B, IT 2D G= $J 4D6- $N5s F0 $, BT $A <u $1$F$$$k!% $3$N$h $& $J 4D6- $N2< $G $O !$ Ld Bj2r 7h %7 %9 %F %‘ $, 3X=, $; $M $P $J$i$J$$ 5,B’ $, ITJQ $G$" $k $H $O 8B $i$J $$ !% F0 E* $J 4D6-2< $K $* $1 $kLdBj2r 7h %7 %9 %F%‘ $N ?J2= $N2aDx $K $* $$ $F $O !$ !V $I $l$@$1 4D6- $NJQ2= $K DI =>$9$k $3$H $, $G $- $k $+ !W $H$$ $& $3$H$b =EMW $K$J $C $F $/$k!% 4.2 K\8&5f $N L\;X $9 $b $N 0J>e=R $Y $F$- $?$h $& $K !$ %@ !< %& %# %s 7? $H%i%^ %k %/ 7? $N0dEA 5!9= $NHf3SI> 2A!$ $= $l $b4D6- $NF0E* FC@- $r 9MN8 $7 $? >e $G$N 5DO@ $O$3 $l $^ $G$K$b 0Y$5 $l $F$3$J $+ $C $? !% $3 $l$i $N LdBjE@ $r F’$^ $($F !$ ?J 2=E* %7 %9 %F %‘$" $k$$$O ?J 2=E*%( !< %8 %’ %s %H $N E, 1~E*$J B& LL$N :G >. 8B $r Cj =P $7 $? %b %G %k $r MQ$$$F !$ %@ !<%& %# %s 7?$* $h $S %i %^ %k %/7? $N0dEA5!9= $K 4p $E $/=8CD $N ?J2= $N2aDx $r :F8= $7 !$ $= $N %@ %$ %J %_%/ %9 $r 4Q;! $9$k $3$H $G N><T $r Hf3S$9$k!% 6qBN E* $K$O !$ E,1~ @-!$ E,1~?J 2= $NB.EY!$ 4h7r @- $K M? $( $k1F 6A $J $I $K $D$$$F I>2A$* $h $S 5DO@ $7 !$ $= $l $> $l $N 0dEA5!9= $N FC@- $r L@ $i$+$K $9$k !% 39

Bh 5 >O %@ !< %& %# %s 7? $H%i%^%k%/ 7? $N 0dEA5!9= $N I>2A !& 9M;! 40

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.1. <B83 $N @_Dj K\8&5f $G $O !$ 4D 6- $NF0E*FC@- $r 9MN8 $N >e $G !$ ?J2= E* %7 %9 %F%‘ $"$k $$ $O ?J2=E* %(!< %8 %’ %s %H $K $* $1 $k %i%^ %k %/7? $H %@ !<%& %# %s 7? $N 0dEA5! 9= $NFC@- $r L@ $i $+$K $9$k!% ?J2= E* %(!< %8%’ %s %H =8CD $NE, 1~E* $J B&LL $r Cj=P $7 $F$=$N %@ %$ %J %_%/%9 $r 4Q;! $9$k $? $a $K !$ 3F %(!< %8 %’ %s %H $r %K%e !< %i %k %M %C %H %o !<%/ $H $7 $F Cj>]2= $7 !$ $3 $l$i $N%( !< %8%’ %s %H =8CD $K 0dEAE* %"%k %4 %j %: %‘ $r ;\$9 !% $3$N$h $& $K C1 =c2= $7 $? %b %G %k >e $G $N %7 %_ %e %l !< %7 %g %s $r DL $8 $F !$Fs $D$N 0dEA5!9= $N FC@- $r I>2A$9$k!% 5.1 <B83 $N @_Dj %K %e!< %i %k%M%C %H %o!< %/ $N3X=, $r !$ ?J 2=E* %(!< %8%’ %s %H $N =@Fp $J 3X=,2a Dx $N%b %G %k$H $7 $F MQ $$ $k !% %K %e!< %i %k %M%C %H %o!< %/ $N3X=, $N?J $_ J} $O A2?JE* $G$" $j !$ ;~ $H $7 $F 6I=j2r $K Ja $o $l $F <sHxNI $/3X=, $, ?J$^ $J$$ $3 $H$b$"$k $H$$ $& @- <A $b;}$C $F$$$k!% $3 $l$i $N @-<A $O !$ 3+J| 7?J,;6 4D6- $N$h $& $J J#;( $J 4D6-2< $G$N 3X=, $N2aDx $r$h $/ %b %G %k 2= $G $- $k $b $N $H ;W $o $l $k!% $^ $? !$ 0d EA $* $h $S ?J2= $N 2aDx $r <B8= $9$k $? $a $K 0dEAE* %" %k %4 %j %: %‘ $r MQ $$$k!% @8 J*3X E* $J >\:Y $J ItJ, $O $+$J $j>JN, $5 $l $F $$ $k $b $N$N !$ 0dEA E* %" %k %4 %j %: %‘ $O$3 $& $7 $? =8CD $N ?J2= $N2aDx $r%b %G %k 2=$9$k $3 $H $, =PMh$k!% $3 $3$G $O !$ 2? $i $+ $N :GE,2=LdBj $r 2r7h $9$k $3$H $, L\E* $J$N $G $O$J $/ !$ $" $/$^ $G$b =8CD $N ?J2= $N%b %G %k $H $7 $F 0dEAE* %" %k %4 %j %: %‘ $r F3F~$9$k!% K\@a $G $O !$ K\ 8& 5f $K $* $1 $k<B83 $N @_Dj $K $D$$ $F >\:Y $K =R $Y$k!% $^ $:!$ %(!< %8%’ %s %H 8DBN $N9=B$ $r >\ :Y $K =R$Y$? 8e !$<B83 $G A[Dj $7 $? 4D 6- ( $D$^$j%( !< %8 %’ %s %H $N @3 $‘@$ 3& ) $K $D $$$F 6q BN E* $K =R $Y $k !% 5.1.1 %(!< %8 %’ %s %H $N 9=B$ %(!< %8 %’ %s %H $N 9TF07hDj $H 3X=, ?^ 5.1: %( !< %8 %’ %s %H $N 9=B$ 41

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.1. <B83 $N @_Dj ?^ 5.1 $K <( $9 $h$& $K !$ 3F %( !< %8 %’ %s %H$O 4D 6- $+ $i<u $1 <h $C $?F~ NO $r85 $K =P NO CM $r7W ;; $9 $k %U%# !< %I %U%)%o!< %I 7? $N%K %e!<%i %k %M%C %H %o!< %/ $r ;}$A!$ %(!< %8%’ %s %H $O $=$N =PNOCM $K 1~ $8 $F 9TF0 $r 7h Dj$9$k $h $& $J 8DBN $G $" $k $H $9$k !% %( !< %8%’ %s %H $O !$ <B9T $7 $? 9TF0 $N7k2L $K $h$C $F 3X=, $r 9T $& !% 9TF0 7hDj $N Cf?u $G$" $k %K %e!< %i %k %M %C %H %o !< %/ $N 3X =,$N It J, $K$O !$ 2.3.3 @a $G @b L@ $7 $? 8m :95U EA GEK! (BP K! ) $r MQ$$ $k $, !$ BP K! $N$_ $@$H >o $K M}A[=PNO $r <( $7 $F $/ $l $k65;U $NB8:_ $, I,MW $H$J$k !% $7 $+ $7 $J $,$i !$ %+ %* %9E* $G$"$j $=$N5sF0 $N M=B, $, :$Fq $G$" $k3+J| 7O $N@-<A $r 9MN8$9$k $H !$ ;v A0 $K Ax6x $7 F@$kF~ NO $H$= $l$K BP$9$k @5 $7 $$ 9TF0 $NAH $r A4 $F Dj5A $7 MQ0U $9$k $3$H $O$G$-$J$$ !% 0l J}!$ @8J* $J $I $O M}A[E* $J 65;U $, B8:_ $7 $J $/ $H$b !$ 2w 3Z $dMx1W $r$b $? $i $99TF0 $G$" $k $J $i $P $= $l $r 7+$jJV $9 $3 $H $r 3X=, $7 !$ 4m 81 $d 6lDK $r $H$b$J $& 9T F0 $G$" $k $J $i $P $= $l $r Hr $1 $k $3$H $r 3X=,$9$k!% $^ $? !$ $I $C$A $D $+$:$N 9TF0 $O K: $l$, $A $G $" $k !% $= $3 $G 3+J|7? $N 4D6-2< $K $* $1 $k %b %G %k$H $7 $F$N BEEv@- $r ;} $?$;$k $? $a $K !$ >e 5- $N$h $& $J 6/2= 3X =, (Reinforcemen t Learning) $N OHAH $r F3F~ $9$k!% 6/2= 3X =, $H $O !$ 65 ;UL5 $7 $N 3X=, $G$" $j !$ <B:] $N 9TF0 $N 7k2L $H $7 $F 4D6- $+$i M? $( $i $l $kJs=7?.9f $r$b $H $K !$ $=$N>u67 $K BP $7 $F !V E,@Z $J 9TF0 !W $G$"$C $? $+ $I $& $+$N H=CG $, $J$5 $l $k!% !V 6/2= 3X=, !W $O 85 !9 $O @8J* 3X $N MQ8l $G$"$k $, !$ 6a G/ $O 5!3# 3X =, $K $* $1 $k0l $D $NJ}K! $H $7 $F <h $jF~ $l$i $l !$ Q-Learning $r BeI= Nc $H$9$kMM!9 $J <jK! $, Ds0F $5 $l $F $$ $k [Sut88, Sut90, WD92] !% %(!< %8%’ %s %H$O%K %e !< %i %k%M %C %H %o!<%/ $N=P NO CM $r D> @\ E* $K G$0U $N9T F0 $K <LA| $9 $k $N $G $O$J$/ !$ $=$N=PNOCM $K 1~ $8 $? 3NN( $G 3NDj=P NO $r ;;=P $9$k9TF0 7hDj %b %8%e!< %k$N =PNO $K $h$C $F 9TF0 $N:G=*E* $J 7hDj $r9T $& !% $3$N $h $& $J3NN( E* $J 5!9= $r F3F~ $9 $k $N $O !$ 6/ 2= 3X =, $r 8z2L E* $K ?J $a$k $? $a $G$"$k!% Nc $( $P !$ %(!< %8%’ %s %H$, $" $k>u 67 s $K $* $$ $FJs=7 $N860x $H $J$k $h $& $J$"$k 9T F0 a $r 3X=, $7 $? $H$9 $k !% $3$N $H$- $K !$ $b $7 3NN(E* $K 9TF0 $r 7hDj $9$k5!9= $,$J $$ $H $7 $? $i !$ %(!< %8 %’ %s %H $O !$ 0J8e>u 67 s $K Ax6x $7 $? :] $K $O >o $K 0lEY3X=, $7 $F $7 $^$C $?9TF0 a $r <h$jB3 $1!$ $h$jBg $- $J Js=7 $r$b$? $i $9 $+ $b $7 $l $J$$ B> $N 9TF0 $r 3X=,$9$k2D G=@- $O <: $o $l $F $7 $^ $& !% $7 $? $, $C $F !$ $h$jM-1W $J 9TF0 %Q%?!< %s $r 3X=, $9$k2D G=@- $r$$ $/ $i$+ $G $b J];} $9$k $?$a $K !$ 9TF0 7hDj %b %8%e !< %k$N$h $& $J 3NN(E* $J 5!9= $, I,MW $H$J $k $N $G$" $k!% 9T F07h Dj %b %8%e !< %k $G$O !$ %K %e!< %i %k%M%C %H %o!< %/ $N 3F=PNO %K %e!< %m %s$r <h $jF@$k 9TF0 $N$= $l $>$l $K BP1~ $E$1$F !$ 3F=P NO %K %e!< %m %s $N =PNOCM $N 6/ $5 $K 1~ $8 $F 0J2< $N<0 $G 7W ;; $5 $l $k %\ %k %D %^ %s 3NN(J,I[ $K $7 $? $, $C $F 9TF0 $N :G=*E* $J 7hDj $r 9T $& !% p ( a i j s ) = exp( o i =T ) P j 2 p ossible actions exp ( o j =T ) (5 : 1) $3$3 $G !$ p ( a i ) $O >u67 s $K $*$$ $F 9TF0 a i $r <h$k3NN( $r I= $7 $F $*$j !$ o i $O 9TF0 a i $K BP1~ $E$1 $5 $l $? =P NO %K%e!<%m %s ( 0l$D $H$O 8B $i$J $$ ) $N =P NO CM $N 9g7W $G $" $k !%$^ $? !$ T $O 29 EYDj ?t $H 8F $P $l $k $b$N $G$"$j !$ %(!< %8 %’ %s %H $N KA81EY $r I=$9 $b$N $G$" $k!% T $, >. $5 $$ $H%(!< %8 %’ %s %H $O 2a5n $N7P83 $K 4p $E $$$F J]<i E* $J 9T F0 $r <h$k 79 8~ $K $J $j !$ 5U $K T $, Bg$-$$$H%( !< %8 %’ %s%H $O 2a 5n$N 7P 83 $K 0x 42

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.1. <B83 $N @_Dj $o $l$:$K MM !9 $J 9TF0 $r ;n $7 $F$_ $k $H$$ $& KA81 E* $J 798~ $r 6/$/<( $9$h $& $K$J $k!% 9T F07h Dj %b %8%e!< %k $N 3NDj=PNO $K $h$C $F <B9T $5 $l $? 9TF0 $, !$ Js=7 $r A}Bg $5 $; $? $J $i $P $=$N $H$-$N F~NO $K BP $7 $F F1 $8 =PNO $, F@ $i $l $k3NN( $, 9b$/ $J $k $h $& $K !$ 5U $K D(H3 $r <u $1$?$J $i $P $=$N$h $& $J =PNO $r =P $5 $J$$$h $& $K %K%e !<%i %k %M %C %H %o !< %/ $N 3X=, $, 9T $o $l $k !% %(!< %8 %’ %s %H $N 0dEA;RI=8= 8DBN $N;} $D %K %e!< %i %k%M%C %H %o!<%/ $N9=B$ $O 8GDj $G$" $k $H $7 !$ 8DBN CB @8 ;~ $N3F7k 9g $N=i4| 6/EY $O @w?’BN>e $K 0dEA;R $H $7 $F Id9g2=$5 $l $F $$ $k$b$N $H $9$k ( ?^ 5.1) !%@w?’BN $N I=8= $H $7 $F$O !$IbF0 >.?t E@$N G[ Ns $K $h $C $F I= 8=$5 $l $k D> @\%( %s %3 !< %I K! [MD89, WH89] $r MQ$$ $k !%$^ $? !$@w?’BN$N D9 $5 $r$" $k DxEYD9$/ $7 $F GA $, 8z2L E* $K F/$/ $h $& $K !$ 10 8D $N 0dEA;R $, 0l$D $N 7k9g $N 6/EY $r 7hDj $9$k $h $& $J 9=B$ $r MQ $$$k!% $J $* !$ 3F %K %e!< %m %s 4V $N7k9g6/EY w ij $N$_ $G$J $/ !$ 3F %K %e!< %m %s $N og CM � i $b @w?’BN>e $K Id9f2=$9$k !% ?^ 5.2: @w?’BN $+$i @8@.$5 $l $k %( !< %8 %’ %s %H 5.1.2 %(!< %8 %’ %s %H $N @$3& <! $K !$ K\ <B83 $K $* $1 $k %(!< %8%’ %s %H $N @$3& $N@_Dj $r !$ D> 4Q E* $K M}2r $7 $d$9$$ $h $& $K 6qBNE* $J Nc $H $7 $F =R $Y$k!% 8DBN $G$" $k %(!< %8 %’ %s %H$, B??t!$ $= $l $>$l $" $k0lDj $NCM $r =i4|CM $H $9$k@8L? %(%M %k %. !< $r ;} $C $F @$3& $K CB@8$9$k!% @$3& $K$O !$ @8 L? %(%M %k %. !< $r 0lDjNL A}2C $5 $;$kM-1W $J ?)NH $H$= $N 5U $K @8L? %(%M %k %. !< $r 0lDjNL8: >/ $5 $;$kM-32 $J FGJ* $H$$ $& Fs <oN‘ $NJ*<A $, ;6:_ $7 !$ $= $l $>$l$, FCD’ E* $J 7A>u ( %S %C %H %Q%? !< %s ) $r ;} $D!% 8D BN $O !$ $"$kJ*<A $r 8+$k $3 $H $G%K %e !< %i %k%M%C %H %o!<%/ $K $=$N%Q%?!< %s $r F~NO $7 !$ $=$N=PNOCM $K 1~ $8 $F !V ?) $Y$k !W $+ !V <N $F$k !W $N$$ $: $l$+ $N 9TF0 $r 3NN( 43

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.1. <B83 $N @_Dj E* $K 7hDj $9$k ( ?^ 5.1) !% !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 $k3NN( $, 9b$/ $J $k $h $& $J CM $r%K %e!< %i %k%M%C %H %o!< %/ $, =PNO $9$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 $& !% $3$3 $G !$ $b $7 $" $kJ*<A $r ?) $Y $: $K !V <N $F$? !W >l9g $K $O !$ $= $l $, ?)NH $G$" $k $N $+ FGJ* $G$" $k $N $+ $O J, $+$i$J$$ $N $G 3X=, $O 9T $o $l$J $$ $3 $H $, DL>o $N BP K! $N $_ $r MQ $$ $?3X=, $NJ}K! $H 0[ $J$kE@ $G $" $k !% ?)NH $H FGJ* $r <1JL $9$k $? $a $K I,MW $J CN<1 $r !V 5,B’ !W $H 8F $V $3$H $K $9$k $H !$ %(!< %8 %’ %s %H $O <+ $i $, 9TF0 $r 5/ $3 $9 $3$H $K $h $C $F !$ $3$N 5,B’ $r 3X=, $7 $F $$ $/ $3$H $K$J $k$N $G $" $k !% 3F %(!< %8%’ %s %H 8DBN $O !$ $3$N$h $& $J?)NH $"$k $$ $O FGJ* $r I=$9 %S %C %H %Q%?!< %s$r !$ $"$k7h $a $i $l $? 2s?t $@$1 Ds<( $5 $l $F 6/2=3X =, $r 9T $& !% %(!< %8 %’ %s %H$, %Q%?!< %s $r 8+$k2s?t $r !$ %(!< %8 %’ %s %H $N !V 0l@8 !W ( LifeSteps ) $N 3X=, %9 %F%C %W ?t $H $9$k !%0l@8 $r =* $($?%( !< %8 %’ %s %H $O !$@8L? %(%M %k %. !<$N ;DNL $K 1~ $8 $? 3NN( $G A*Br $5 $l $F <!@$Be $K ;RB9 $r ;D$9 !% $3$N :] $K !$ @w ?’BN $N8r:5 !& FMA3JQ 0\ $J $I $N GA $N 0dEAE*A‘:n $, ;\$5 $l $k!% :#2s $N<B83 $G $O !$ @$3& $K$O ==J, $J NL $NJ*;q $, $" $k $b $N $H $7 !$ ?) NH $r =d $kD> @\E* $J%(!< %8%’ %s %H 4V $N 6%Ah $O 2>Dj $7 $F $$ $J$$ !% $= $N Be $o$j $K !$ 8B $j $"$k@8B8?t $H$$ $& 0X;R $r =d $C $F$N %(!< %8 %’ %s %H 4V $N 6%Ah $, 9T $o $l $k$b$N $H $9$k !% 5.1.3 %@ !<%& %# %s 7? $H%i%^%k %/ 7? $N 0dEA5!9= %@ !< %& %# %s 7?$* $h $S %i %^ %k %/ 7? $N0dEA 5!9= $r ;} $D %(!< %8%’ %s %H $N$$ $: $l $b !$ 0l @8 $N 4V $N3X=, $K $h$C $F <+J, $N;}$D %K %e!<%i %k%M%C %H %o!< %/ $N 7k9g6/EY $r =$@5 $7 $F $$ $/ !% %@ !< %& %# %s 7? $N0dEA5!9= $r ;} $D %( !< %8 %’ %s %H $O !$?^ 5.3 (a) $K <($9$h $& $K !$0l@8 $N 4V $K =$@5$5 $l $? 7k9g6/ EY $r D>@\<!@$Be $K EA $( $k $3 $H $O$J $/ !$ <+J, $N ?F $+$i <u $1 7Q $$ $@ 0dEA;R $r$=$N$^$^<!@$ Be $N;R $r :n$k:] $N 0dEA;R $H $7 $F GA $N %W %m%; %9 $K EO$9 !% 0lJ}!$ %i%^ %k %/7? $N0dEA5!9= $r ;} $D %(!< %8 %’ %s %H $O !$ ?^ 5.3 (b) $K <($9 $h $& $K !$0l@8 $N 4V $K =$@5 $5 $l $? 7k9g6/EY $r :FId9f2= $7 $F 0dEA;R $r :n $j D>$9 !% $J$*<B 83 $G $O !$ >e =R $N !V %@ !< %&%# %s 7? !W $H !V %i%^ %k %/ 7? !W $N %( !< %8 %’ %s %H =8 CD $NB> $K !$ Hf 3S BP >] $H $7 $F !$ !V GA-Only !W $H !V Learning-Only !W $H$$ $& %(!< %8 %’ %s %H =8CD $b9M $( $k !% GA-Only $N %(!< %8 %’ %s %H$O !$ 0l @8 $N4V $K 3X=, $r 9T $o $: ( $9 $J $o $A %K %e !< %i %k%M %C %H %o!<%/ $N7k 9g 6/ EY $r A4$/ =$ @5 $; $: ) $K !$ @8$^ $l $D$-$N %K %e!< %i %k%M%C %H %o !< %/ $N7k9g6/EY $N$^$^0l@8 $r 2a $4 $9 !% $7 $? $, $C $F !$ GA-Only $N %(!< %8%’ %s %H $N>l9g $O !$ @8 F@ E* $K ;} $D %K %e !< %i %k%M %C %H %o!<%/ $NA1 $7 0- $7$, E, 1~ EY $K D>7k $9$k!% 5U $K Learning-Only $N%(!< %8%’ %s %H $O !$ A* Br !& 8r :5 !& FMA3 JQ 0[ $J $I $N 0dEA E*A‘ :n $r A4 $/ <u $1 $k $3 $H $J$/1J 5W E* $K 3X =, $7 B3 $1 $k $h $& $J %(!< %8 %’ %s %H $G$"$k!% $7 $? $,$C $F !$ Learning-Only $N%(!< %8%’ %s %H =8CD $K$O @$Be $H$$ $& 35G0 $, $=$b$=$bB8:_ $7 $J$$ $, !$ Hf3S $N$? $a $K B> $N %(!< %8 %’ %s %H $K $* $1 $k 0l@8 $N %9 %F %C %W ?t $H$$ $&C10L $r 6h@Z $j $H $7 $F JX59E* $K @$Be $r ?t $( $k !% 44

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.1. <B83 $N @_Dj ?^ 5.3: %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= 45

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.1. <B83 $N @_Dj 5.1.4 A4BN $N N. $l$H $=$N B> $N >\:Y $J @_Dj %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 $, !$ $"$k 0lDj4|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 !$8r:5 !$FMA3JQ0[ $J $I $N 0dEAE* A‘:n $K $h $C $F g + 1 @$ Be $N ?7 $7 $$ 8DBN72 $r @8@. 5. g = g + 1 $H $7 $F !$ 2. $K La$k � � 0J2< $K !$0J8eK\O@J8 $G =R $Y $k<B83 $K $D$$$F$N 6&DL $N @_Dj$*$h $S %Q%i %a !<%?CM $r <($9 !% � =8CD $N 8DBN?t $O 8GDj $G 100 $H $9 $k !% � =i4|=8CD $N 3F8DBN $, ;}$D %K %e !<%i %k %M%C %H %o!< %/ $N 3F7k9g %f%K%C %H $O !$ � 0 : 30 � 0 : 30 $N 4V $N%i %s %@ %‘ $J CM $G =i4|2=$9$k!% � =PNO %K %e!<%m %s$O 8 8D $"$j !$ $= $l $>$l 4 8D $: $D $, !V ?) $Y$k !W 9TF0 $H !V <N $F $k !W 9TF0 $K 4sM? $9$k$b$N $H $9$k !% � (5.1) <0 $K $* $1 $k8DBN %(!< %8 %’ %s %H $N KA81EY $r <($9 T $N CM $r 0 : 3 $K @_Dj$9$k !% � (2.7) <0 $G I=$5 $l $k BP K! $K $*$$$F !$3X=, N( � !$47@- 78?t � $r $= $l$> $l 0 : 75 !$ 0 : 8 $K @_ Dj $9$k !% � 3F8DBN %(!< %8 %’ %s %H $O =i4|CM 500 $N @8L? %(%M %k %. !< $r ;}$C $F @8@. $5 $l !$ ?)NH $r ?) $Y $kKh $K +10 $N Js=7 !$FGJ* $r ?) $Y $kKh $K � 10 $N D(H3 $, M? $( $i $l $k$b$N $H $9$k !% � %( !< %8 %’ %s %H $K$O !$?)NH $H FGJ* $N APJ} $, $= $l $>$l F1 $8 2s?tDs<($5 $l $k !% � %( !< %8 %’ %s %H $K ?)NH $"$k $$ $O FGJ* $, Ds<( $5 $l $k2s?t LifeSteps $r !$ %(!< %8 %’ %s %H $N !V 0l@8 !W $H $9$k !% � 0l@8 $r =* $($? 8e $N ;DB8@8L? %(%M %k %. !<$r !$ $= $N 8DBN $N E,1~EY $H $9 $k !% � 8DBN $N E,1~EY $, <h$jF@$k:GBgCM $O 0J2< $N <0 $G 7W;;$5 $l $k !% MaximumFitness = InitialEner gy + LifeSteps 2 (5 : 2) � 0dEA E* A‘ :n $K $* $$ $F !$ 8r :5 E@ $N?t $O 0 � 4 2s!$ FM A3 JQ 0[ N( $O 5% !$ JQ 0[ $NI} $O � 0 : 5 $H $9$k!% 46

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- 5.2 @EE* $J 4D6- K\ @a $G $O !$ $^ $:@E E* $J4D 6- 2< $K$* $1 $k 3X =, $H?J 2= $NAj 8_ :n MQ $N4X 78 $rI> 2A $9 $k !% $3 $3 $G $O !$ %( !< %8 %’ %s %H $N 3X=, $9 $Y$-5,B’ $, @~7A J,N% 2DG= $J 4JC1 $J >l9g $H @~7AJ,N% IT 2DG= $J Fq $7 $$ >l9g $NFsDL $j $r 9M $( $k !%FC $K !$ $= $l $> $l $N >l9g $K $* $1 $k %\ !< %k %I %& %# %s 8z2L $K $D$$$F I>2A$9$k!% 5.2.1 <B83 1: @~7AJ,N%2DG= $J 4JC1 $J 4D6- $K$* $1 $k?J2= ?^ 5.4: 4D6- 1 $^ $:!$ ?)NH $H FG J* $, ?^ 5.4 $K <($9 %S %C %H %Q %? !< %s $G $= $l $> $l FC D’ $E$1$i$l $k$h $& $J !V 4D 6- 1 !W $r 9M $( $k !%?^ 5.4 $K $* $$$F !$Gr$$ %^ %9$*$h $S 9u $/ Kd$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$H$r I=$9 $b$N$H $9$k !% $7 $? $, $C $F 4D 6- 1 $G$O !$ 0lHV>e $N %S %C %H$, 0 $G $" $k $b$N $, ?) NH $G $" $j !$ 1 $G $" $k$b$N $, FGJ* $G$" $k !%;D$j $N 3 %S %C %H $O !$ $=$NJ*<A $, ?)NH $G$" $k $+ FGJ* $G$" $k $+$K$O 4X $o $i$J$$ ;(2; %S %C %H $G$" $k $H$9$k!% $3$N$h $& $K ?)NH $G $" $k $N $+ FGJ* $G$" $k $N $+$r <1JL$9$k $N $K I,MW $J CN<1 $N $3 $H$r !V 5,B’ !W $H 8F $V $3 $H $K $9$k !% $b$A $m $s 3F %(!< %8 %’ %s %H $O !$ $I $l$, ;(2; %S %C %H $G $" $k $N $+$H$$$C $? $3$H $r 4^ $a $F !$ $3$N5,B’ $r $O $8 $a $+$i CN$C $F$$ $k $o $1$G$O$J $$ !% ?) NH $G $" $k $+ FG J* $G $" $k $+ $r 7h Dj$9 $k$N$O $?$@ 0l$D$N %S %C %H $@ $1 $G $" $k$N$G !$4D6- 1 $K $* $1 $k5,B’ $O @~7AJ,N% $, 2DG= 1 $J Hf3SE*4JC1 $J$b$N $G$" $k $H 8@ $( $k !% ?^ 5.5 $K !$ 3X=, $N7P2a $K BP$9$k %K %e!<%i %k %M%C %H %o!< %/ $N=PNO8m:9 $NJQ2= $N MM;R $r <( $9 !% <B @~ $G <( $7 $?$b$N $, K\<B83 $G MQ $$ $F$$ 1 D9 $5 d $N %S %C %H Ns $G I=8= $5 $l $k?)NH $H FGJ* $r !$ $= $l $>$l $N%Q%?!< %s$K 4p $E$$$F d <!856u 4V >e $K G[CV $5 $l $k:BI8E@ $H 9M $( $k!% Nc $( $P !$ ?^ 5.4 $N$h $& $J 5,B’ $N>l 9g $K$O !$ ?) NH $r I= $9E@ $O !$ (0 ; 0 ; 0 ; 0) !$ (0 ; 1 ; 0 ; 0) !$ (0 ; 0 ; 1 ; 0) . . . !$ FG J* $r I=$9E@ $O !$ (1 ; 0 ; 0 ; 0) !$ (1 ; 1 ; 0 ; 0) !$ (1 ; 0 ; 1 ; 0) . . . $H$J $k!% $3$N$H$- $K !$?)NH $H FGJ*$NE@$N=89g $r FsJ,$9$k $3$H$N$G$- $k ( d � 1 <!85 ) D6J?LL $, B8:_$9$k$h $& $J LdBj $r @~7AJ,N%2DG= $J LdBj $H$$ $& !% 47

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- $k 6/ 2= 3X =, $N OH AH $r F3 F~ $7 $?%( !< %8 %’ %s%H $N 3X =, FC @-6J @~ $r I= $7 $F $$ $k $, !$Hf3S BP >] $N$? $a$K !$ E@@~ $K$F DL>o $N65;U $"$j3X=, (BP K! ) $r MQ $$ $? >l9g $N 6J@~ $bF1;~ $K <( $7 $F$$ $k!% $J$* !$ $3 $l$i $N 3X=,FC@- 6J@~ $O !$ 100 $N%( !< %8 %’ %s %H $K $D$$ $F$N J?6Q $r <h$C $?$b$N $G$" $k!% $3$N 3X=,FC@- 6J@~ $h $j !$ =PNO 8m:9 $, 3X=,%9 %F%C %W $, ?J $‘ $K $D $l $F 35 $M C1D4 $K 8:>/ $7 $F $$$k $3 $H $+ $i !$ 5, B’ $r 3X=,$9$k $3$H $, %( !< %8 %’ %s %H $K $H $C $F MF0W $G $" $k $3$H $, 3NG’ $G $- $k !% 4D6- 1 $K $*$$ $F !$3F8DBN $N 0l@8 $r 100 %9 %F%C %W ( ?^ 5.4 $K <( $7 $? %Q %?!< %s $r =gHV $K 7W 100 2s Ds<($9 $k ) $H $7 $?$H $-$N 3000 @$ Be$^ $G $N J? 6QE, 1~ EY$N ?d 0\ $r ?^ 5.6 $K <($9 !% $J $* !$3X=, %9 %F%C %W $, 100 $G $" $k$3$H $h $j !$ %( !< %8 %’ %s%H $N <h$j F@ $k E, 1~ EY$N :G Bg CM $O 1000 $G $" $k !%?^ 5.6 $h $j !$ %i%^ %k %/ 7? $H Learning-Only $N%(!< %8%’ %s %H =8CD $, 4D6- $K BP $9 $kE, 1~ B. EY $NLL $G :G $bM% $l$F $$ $k $3$H $, J, $+ $k!% $= $7 $F !$ %@ !<%& %# %s 7? $, $= $l$K B3 $- !$ :G8e $K GA-Only $H $$ $& 7k2L $K$J $C $F $$ $k !% GA-Only $N =8 CD $O !$Hf3S $7 $? ;M<oN‘$N Cf $G :G$b 0-$$ 7k 2L $H$J $C $F $O $$ $k$b$N$N :G=* E* $K $O %@ !<%& %# %s 7? $N=8CD $H F1DxEY $N E,1~EY $r 3MF@ $7 $F$$ $k !% $3 $l$O !$ 3X=, $9$k $3 $H$J $/ !$ 8r:5 $d FM A3JQ 0[ $J $I $N 0dEAE* A‘:n $r H< $C $?<+A3EqBA $N 2aDx $N $_ $, F/$/ $h $& $J =8CD $G $b @8B8 $K M-Mx $J CN<1 $r 3MF@ $7 $F$$ $/ $3$H $, 2DG= $G$" $j !$ =8CD $, E,1~@- $r ;}$C $F$$$k $3 $H$r <( $7 $F$$ $k!% ?^ 5.6 $K $*$$ $F :G $b FC I.$9$Y$-$J$N$O !$ GA-Only $N =8CD $K BP$9 $k %@ !<%& %# %s 7?=8 CD $N J?6Q E,1~ EY $N >e >: $N EY9g $G $" $k !% %@ !< %& %# %s 7? $N %(!< %8 %’ %s %H $G$O !$ 3F8D BN $, 0l@8 $N4V $K 3X=, $7 $? 7k2L $O D>@\;R B9 $K EA $( $i $l $k $3$H $O$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>: $N EY9g $O F1DxEY $K$J $k $+ $N$h $& $K A[A| $5 $l $k $N $G$" $k $, !$ <B:] $K $O %@ !<%& %# %s 7?=8CD $N J} $, ?J2= $NB.EY $, B. $$ $H$$ $& 7k2L $r F@$k!% $b$A $m $s !$ GA-Only $N =8CD $, 3X=, $r 9T $o $J$$$N $K BP $7 $F %@ !<%& %# %s 7? $O 0l@8 $N 4V $K 3X=, $r 9T $& $N $G !$ %@ !<%& %# %s 7? $N J} $, E,1~EY $, >e2s$k $3 $H $O EvA3 $G$" $k!% $3 $3 $G !$ CmL\ $7 $F $$ $k $N $O E,1~EY $N >e>: $N EY9g $G$" $k !% $3 $3 $G 8+ $i $l $k3X=, $N8z2L $, ?J2= $r 2CB.$9$k8=>] $O !$ $^ $5 $K 3.2.1 @a $G @bL@ $7 $? %\!<%k %I %& %# %s 8z2L $G $"$j !$ Hin ton !$ Ac kley !$ P arisi $i$, 4Q;! $7 $?$N$H F1Ey $N 8=>] $G$" $k!% %\ !< %k %I %& %# %s 8z2L $r$h$j0lAX 3NG’ $9$k $? $a $K !$ ?^ 5.7 $K !$ 3F@$ Be $K $* $$ $F 8DBN $, @8@. $5 $l $? D>8e $N %K %e!<%i %k %M%C %H %o!< %/ $N =PNO8m :9 $N =8CDJ?6Q $r <($9 !% $3$N 8m:9 $O !$ 8DBN $, @8F@E* $K $I $N DxEY4D 6- $K E,1~ $7 $F $$ $k $+$r I=$9;XI8 $H $J$j !$ 8m :9 $, >. $5 $$ $[ $I @8$^ $l $D$-M%=( $J 8DBN $G$" $k $H 8@ $( $k!% GA-Only $N =8 CD $N=i4| 8m :9 $, @$ Be $r 7P $k $K $7 $? $, $C $F =y!9 $K 2< $, $C $F $/ $k $N $O !$ <+ A3 Eq BA $K 4p $E $/E,1~2a Dx $K $h$k$b $N $G$" $k !% $3$3 $G !$ 7+ $jJV $7 6/D4$9$k $, !$ %@ !< %& %# %s 7? $N%(!< %8 %’ %s %H $O 3X=, $N7k2L $r D>@\ ?F $+$i ;R $K EA $( $k5!9= $O ;} $? $J$$ $? $a !$ D>4Q E* $K $O =i4| 8m:9 $N 2< $, $j J} $O GA-Only $N =8 CD $H F1Dx EY $K$J$k $H A[A| $5 $l$F A3 $k $Y $- $J $N $G$"$k!% $H $3$m $, <B :] $K $O !$ ?^ 5.7 $K <( $7 $?$h $& $K !$ %@ !< %& %# %s 7? $N$h $& $K 3X=, $r $9$k %(!< %8%’ %s %H =8CD $G $O !$ $" $? $+ $b ?J2= $K J}8~ $E$1 $, $J $5 $l $F $$ $k $+ $N $4 $H $/ !$ =i 4|8m:9 $N 2< $, $j J} $, GA-Only $N =8CD $K Hf $Y $F 5^ $K$J $k$N $G $" $k !% 48

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- 8D BN$N 3X =, $, =8 CD$N ?J 2= $K M?$( $k 1F 6A $O !$K\O@ J8$N 0J 8e$N It J, $G $N =E MW $J O@ E@$N 0l$D$G $b $" $k $N $G !$ $3 $3 $G$d$d >\:Y $K %\ !< %k %I %& %# %s 8z2L $, @8 $8 $k860x $K $D$$ $F 9M;! $7 $F $*$/ !% %@ !<%& %# %s 7? $N %(!< %8 %’ %s %H $G$O !$ 3F8D BN $, 0l@8 $N 4V $K 3X=, $7 $? 7k2L $O D>@\;R B9 $K EA $( $i $l $k $3 $H $, $J$$$N $G !$ 0dEA5!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 =8 CD $K $*$$$F E,1~EY$N >e >: $, ;O$^$k ;~4| $d @$ Be $r DL $8 $F $N CB@8 ;~ $N =i4| 8m:9 $N ?d0\ $, !$ $[ $\ 0lCW $9$k $H 0l8+A[A| $5 $l $k!% $H$3$m $, !$ $3 $l $^ $G$K$b =R $Y$F$- $? $H $*$j !$ <B:] $K$O !$ 3M F@7A <A $, D>@\;RB9 $K EA $( $i $l $k $3 $H$N $J$$ %@ !<%& %# %s 7? $N =8CD $K $*$$ $F$b !$ 8DBN $K$h $k3X=, $, =8 CD $N?J 2= $K J} 8~ @- $rM? $( $F?J2= $NB. EY $rB%?J $9 $k $+$N$h $& $J5?;w %i%^ %k %/ 8z 2L $, @8 $8 $k $N $r 8+ $? !% $3$N$h $& $J 8z2L $, @8 $8 $k860x $O 0J2< $N$h $& $K 9M $( $i $l $k !% %K %e!< %i %k%M%C %H $N 7k9g6/ EY %Y %/ %H %k 6u4V $K $*$$ $F !$ $[ $\ F1DxEY $N @-G= $r <($97k9g 6/EY %Y %/ %H %k$O J#?t $"$jF@$k $, !$ $= $l $>$l $N%Y %/ %H %k$r I= $9E@ $N <~0O $N >u67 $O F10l $G$" $k $H $O 8B $i$J $$ !% $D$^ $j !$ 7k9g CM $N0lItJ, $r$o $: $+$K JQ2= $5 $; $k $@$1$G @-G= $, HtLvE* $K 8~>e $9$k $h $& $J 8e@$Be $K BP $7 $F M-K> $J 7k9g 6/EY %Y %/ %H %k $b$" $l $P !$ B? >/ $NJQ99 $r ;\ $7 $F $b @-G= $,$[$H $s $I >e>: $7 $J $$$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 $, JQ99 $5 $l $k $h $& $J %@ !< %& %# %s 7? $N=8CD $N >l9g $K $O !$ @8 F@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 !% $= $N$? $a !$ 0dEA E* $J 5!9=<+BN $O F1 $8 $G $b ?J2= $N B.EY $K :9 $, =P$k $N $G $" $k !% 49

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.5: [ 4D6- 1] %( !< %8 %’ %s %H $N 3X=,6J@~ 50

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.6: [ 4D6- 1] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W ) 51

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.7: [ 4D6- 1] %K%e !<%i %k %M%C %H $N @8F@E* $J =PNO8m:9 ( 0l@8 = 100 3X=, %9 %F%C %W ) 52

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- 5.2.2 <B83 2: Hs@~7A@- $r ;} $D Fq $7 $$ 4D6- $K$* $1 $k?J2= @h $N<B83 1 $G$O !$ %@ !< %& %# %s 7? $N?J 2= $N2a Dx $K $* $$ $F !$ <+ A3 Eq BA $K 2C $( $F 8DBN $N3X=, $, ?J2= $K BP $7 $F Bg$-$J 1F 6A NO $r ;}$D $H $$ $& %\ !< %k %I %& %# %s 8z2L $, $O $C $- $j$H 3NG’ $G $- $? !% $7 $+ $7 $3 $3$G !$ !V >o $K !$8DBN $N 3X=, $, ?J2= $r B%?J$9$k$h $& $K 1F6A$9$k $N $G$" $m $& $+ !) !W $H$$ $& 5?Ld $, @8 $8 $k!% ?^ 5.8: 4D6- 2 $3$3 $G $O !$ ?^ 5.8 $K <( $9 $h $& $J %S %C %H %Q%?!< %s $r ;}$D?)NH $H FGJ* $, B8:_$9$k !V 4D6- 2 !W $r 9M $( $k!% 4D 6- 2 $G$O !$ ?) NH $G$" $k $+ FGJ* $G$" $k $+$N 5,B’ $O >e $+$i ;0 $D $N %S %C %H $N 4X78 $K $h$C $F 7h $a $i $l $F $*$j !$ @h $N4D6- 1 $N $H$-$N$h $& $K 0l $D $N %S %C %H$@$1$K $h$C $F <1JL $G$- $k $h $& $J C1=c $J 4D6- $G $O$J $$ !% ;( 2; %S %C %H $N ItJ, $r =| $1 $P !$ ?) NH $H FGJ* $r <1JL $9$k $N $O 3 %S %C %H $N%Q %j %F %# Ld Bj $r 2r$/ $3$H$G$" $k !%0lHL $K !$ $3$N$h $& $J n %S %C %H !&%Q %j %F %# LdBj $O @~7AJ,N% $, IT2DG= 2 $G !$ %K %e!<%i %k %M %C %H %o !< %/ $K $H $C $F 2r $/ $3$H $, :$Fq $J Nc $H $7 $F CN $i$l $F $$ $k [ 0B@> 89] !%?^ 5.9 $K 4D 6- 2 $K $* $1 $k %( !< %8 %’ %s%H $N 3X=, FC@- 6J@~ (100 %( !< %8 %’ %s %H $N J?6Q ) $r <($9 !% 2#<4 $O 3X=,$N 7P 2a $G $" $j !$ =D<4 $O%K%e!< %i %k%M%C %H %o!< %/ $N=PNO8m:9 $r <( $7 $F $$ $k!% <B@~ $G <( $7 $?$b$N $, !$ K\ <B83 $G MQ $$ $F $$ $k6/2=3X =,7? $N %(!< %8 %’ %s %H %" !< %-%F %/ %A %c$NFC@-6J@~ $G$"$j !$ Hf3S BP>] $N $? $a E@@~ $G <( $7 $? $b$N $, DL>o $N BP K! $K $h$k$b $N $N 3X=,FC @-6J @~ $G$" $k !% ?^ 5.5 $N 3X=,6J@~ $H Hf3S $9$k $H !$ 4D6- 2 $K $* $$ $F M? $( $i $l $? LdBj $O 4D6- 1 $N$b $N $[ $I 4JC1 $G $O$J$$ $3 $H $, 3NG’ $G$- $k!% $J$*<B@$ 3& $K $* $1 $k LdBj $K$O !$ $3 $& $7 $? Hs@~7A@- $r H<$C $?$b$N $, B? $$ !% 4D6- 2 $K $* $$ $F !$ 3F 8D BN $N0l@8 $r 200 %9 %F %C %W $H $7 $? $H$- $N 6000 @$Be $^ $G$NJ?6Q E, 1~ EY $N?d 2 4D6- 2 $N 5,B’ $K 4p $E$$$F?)NH $H FGJ* $r$= $l $>$l BP1~ $9$k 6 <!856u 4V >e $NE@ $K G[CV $7 $? $H$- $K !$ E@ =89g $r?)NH $H FG J* $K FsJ,$9$k $h $& $J (5 <!85 ) D6J?LL $O B8:_ $7 $J $$ !% $7 $? $, $C $F !$4D6- 2 $N 5,B’ $O @~7AJ,N%IT2DG= $J LdBj $G $" $k !% 53

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- 0\ $N E57?E* $J Nc $r ?^ 5.10 $K <($9 !% $J $* !$3X=, %9 %F%C %W $, 200 $G $" $k $3$H$h $j !$ %( !< %8 %’ %s %H $N <h $jF@$k E, 1~ EY $N:GBg CM $O 1500 $G$" $k!% ?^ 5.10 $h$j !$ $d $O$j%i%^ %k %/7? $* $h $S Learning-Only $N =8CD $, M%=( $G$"$j !$ $7 $+ $b FC $K %i %^ %k %/7? $N M%0L@- $, L\N) $D!% $3$3 $G 9M $($F$$$kHs@~7A@- $r 4^ $s$@ 4D6- $G $O !$ 6I =j 2r $, B??tB8 :_ $9$k!% 0d EA E* A‘ :n $, A4$/ 9T $o $l$J $$ Learning-Only $N%(!< %8%’ %s %H $N Cf $K$O !$ $3$N$h $& $J 6I=j2r $K N1$^ $C $?$^$^ $= $3 $+$i H4 $1 =P $; $J$$$b$N$bB? $$ !% 0l J}!$ %i%^ %k %/7? $, Learning-Only $K Hf$Y$F M- Mx$J E@$N 0l$D $O !$@-G= 8~ >e $, $" $k Dx EY 0J >eK>$a $= $& $K $J $$ 8DBN $, A*Br05 $K $h$C $F EqBA $5 $l $k $? $a $G$" $k $H 9M $($i $l $k!% $^ $? !$ %i%^ %k %/7? $N=8CD $r M-Mx $J J} 8~ $K F3 $/$b $&0l$D $N E@ $O !$FM A3 JQ 0[$d 8r :9$H $$ $C $? Ld Bj 6u 4V$r Bg 0h E* $K C5 :w 2D G=$H $9 $k 0d EA E* A‘:n $N8z2L $, 5s $2 $i $l $k!% $3 $l$K $h$C $F !$ 2> $K 6I=j2r $K$H $i$o $l $F $7 $^$C $? >l9g $G$b$= $3 $+$i H4 $1 =P$92DG=@- $, =P $F $/$k!% $"$k$$ $O !$ 2.2.4 @a $G =R $Y $? GA $N 0EL[E* $J JBNs=hM} $N 8z2L $b1F6A $7 $F $$$k $3$H$b 9M $( $i $l $k !% %i%^ %k %/7? $N%(!< %8%’ %s %H $N =8CD $G $O !$ JB Ns $K C5:w $5 $l $? J#?t $N M-8z $J %S %k %G %# %s %0 %V %m%C%/ $r 8r:5 $K $h$C $F 9bB. $K =8@Q $7 $F$$ $/ $N $K BP $7 $F !$ 0dEA E*A‘ :n $r <u $1$J $$ Learning-Only $N%(!< %8 %’ %s %H $O M-8z $J %9 %- !<%^ $r A4 $F <+J,0l?M $G 8+$D $1$J $/ $F $O$J $i$J $$ !% $b $A$m $s !$ ?^ 5.6 $N <B83 $K $* $$ $F$b !$ %i%^ %k %/ 7? $N=8CD $O$3 $& $7 $? GA $K $h$k8z 2L $N287C $r <u $1 $k $N $G $" $k $, !$4D6- 1 $O LdBj $, 4JC1$9 $. $k $N $G !$ $=$N 8z2L $, $" $^$j8= $l $J $$$N $G$" $m $& !% $5$F !$?^ 5.10 $H ?^ 5.6 $r Hf$Y $k $H 99 $K =E MW$J Aj 0c $, $" $k$3$H$K 5$ IU $/ !%?^ 5.6 $K $* $$$F$O !$ %\ !< %k %I %& %# %s 8z2L $K $h$C $F %@ !<%& %# %s 7? $N %(!< %8%’ %s %H =8CD $N?J2= $, B. $a $i $l $k8=>] $, 4Q;! $5 $l $? $, !$ 4D 6- 2 $N7k2L $N?^ 5.10 $r 8+$k $H !$ 5U $K 3X =, $r9T $& %@ !< %&%# %s 7? $N=8 CD $O !$ 3X =, $r9T $o $J $$ GA-Only $N =8CD $h $j $b?J 2= $, CY $$ $3 $H $, 3NG’ $5 $l $k!% <! $K ?^ 5.11 $K !$ 3F @$ Be $K $* $1 $k8D BN $N %K %e!<%i %k%M%C %H %o!< %/ $N@8F@E* $J =PNO8m:9 $N =8CDJ?6Q $r <($9 !% $3$N ?^ $+ $i $b !$ %@ !<%& %# %s 7? $N =8CD $N ?J2= $, GA-Only $N =8CD $K CY $l $r <h$C $F$$ $k $3$H $, L@ $i$+$K 3NG’ $G $- $k !% $J $* !$ $3$N$h $& $J GA-Only $H %@ !< %& %# %s 7? $N?J2= $N6J@~ $N 5UE> $, >o $K 5/ $3 $k $o $1$G $O$J $$ !% $7 $+ $7 !$ $3$N 5UE> 8=>] $O$+$J $j$N IQEY $G 5/ $3$j !$ :# 2s9T $C $? 6 2s $N ;n9T $N $& $A 3 2s $O !$ %@ !<%& %# %s 7? $, GA-Only $h $j$b Nt$k $H $$ $& 7k2L $r F@$? !%$^ $? !$ $? $H$( 5UE> 8=>] $, @8 $8 $J $$ >l9g $G $" $C $F$b !$?^ 5.12 $K <( $9 $h $& $K =8CD $, E,1~EY $r 3MF@ $9$k $^ $G $K I,MW $J @$Be ?t $, B? $$ ( ?^ 5.6 $H $r Hf3S;2 >H $N $3 $H ) !% $^ $? !$ ?^ 5.13 $K <($9$h $& $J 6KC< $J Nc $H $7 $F 6000 @$Be $r 7P $? 8e $G $5$( $b %@ !<%& %# %s 7? $, A4 $/E, 1~ @- $r <( $5 $J $+ $C $? Nc $b $"$C $? !% $3 $l$i $N$3 $H $O !$ 3X =, $N 8z2L $, ?J2= $r B%?J $9$k $H$$ $& %\ !< %k %I %& %# %s 8z2L $K H? $7 $? 8=>] $G $" $k !% $3$N$h $& $J 5UE> $, @8 $8 $kM} M3 $O !$ 4D 6- 2 $K $* $1 $kLd Bj $, Fq $7 $$$? $a $K !$ >/ $J$$3X=, %9 %F %C %W ?t $G$O ?J2= $K 1F6A $r M? $( F@$k $[ $I $N M-8z $J 3X=, $, $J $5 $l $J$$$? $a $G$" $k $H 9M $( $i $l $k !% $h$j>\:Y $K 2r@O $9$k $H 0J2< $NDL $j $G$" $k!% ?^ 5.9 $K <( $7 $?%(!< %8 %’ %s %H $N 3X=,FC@- 6J@~ $K$O 5/Iz $, B8:_ $9$k $, !$ $3 $l$K BP $7 $F 3j $i $+ $K 6J@~ Jd 40 $r ;\ $9 ( ?^ 5.9 $G$O GK@~ $G <( $9 ) $H !$ 3X =,%9 %F %C %W ?t $, $* $h $= 500 %9 %F%C %W $N IU6a $r 6KCM $H $7 $F %K%e!< %i %k%M%C %H %o!< %/ $N =PNO8m:9 $, 0l;~E* $K >e>: $9$k $h $& $J 54

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- 798~ $r$H $k $3$H $, J, $+ $k !% $D$^$j !$ %(!< %8 %’ %s %H$, @5 $7 $/3X=, $r 9T $& $?$a $K$O !$ %K %e!<%i %k %M%C %H %o!<%/ $N 7k9g6/ EY $r D4@0 $7 $F$$ $/2a Dx $K $*$$ $F !$ =P NO 8m:9 $N 4QE@ $+$i 0lEY1s 2s $j $r$; $M $P $J $i $J$$ !% $3$3 $G !$ %(!< %8%’ %s %H $N 0l@8 $, 200 3X=,%9 %F%C %W $G$" $k $H$9$k $H !$ 1s 2s $j $r ;O $a$h $& $H$9 $k @5 $K $=$N =i4| $N CJ3, $G E,@Z $J 8z2L $, F@ $i $l $J $$ $^$^ 3X=, $, BG$A@Z $i $l $F $7 $^ $& !% $=$3$G !$B> $N>r7o $O F1 $8 $G !$0l @8 $r 400 3X=,%9 %F%C %W $K A} $d $7 $?$H$- $K $D$$$F <B83 $r 9T$C $? !% 3X=, %9 %F%C %W $, 400 $G $" $k$3$H $h $j !$ %( !< %8 %’ %s%H $N <h$j F@$k E, 1~EY$N :GBg CM $O 2500 $G $" $k !% ?^ 5.14 !$ ?^ 5.15 $K $= $l $> $l =8CD $N J?6QE,1~EY $N ?d0\ $H 3F@$Be $K $* $1 $k %(!< %8 %’ %s %H $N%K%e!<%i %k %M %C %H %o!<%/ $N=i4| =P NO 8m :9 $r<($9 !% 3X =, %9 %F %C %W $r 400 $H $7 $?$H$- $N7k2L $G$"$k?^ 5.14 !$ ?^ 5.15 $r $= $l $> $l 3X =, %9 %F%C %W $r 200 $H $7 $?$H $-$N 7k2L $G $" $k?^ 5.10 !$?^ 5.11 $H Hf $Y$F$_ $k $H !$ ==J, $J 3X=,%9 %F%C %W ?t $, $" $kA0<T $N>l9g $K$O %\ !< %k %I %& %# %s 8z2L $, 6/$/@8 $8 $F $$$k $3$H $,$O $C $- $j$H 3N G’ $G $- $k !% $J $* !$0l@8 $r 400 3X =, %9 %F %C %W $H $7 $F 9T$C $? :#2s$N 6 2s$N ;n 9T $N A4 $F$N 7k2L $, !$?^ 5.14 !$?^ 5.15 $H F1MM $J 798~ $r <( $7 !$ %@ !<%& %# %s 7? $H GA-Only $N ?J 2= $N 6J@~ $K 5UE> $, @8 $8 $k $3$H $O$J$+ $C $? !% 55

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.9: [ 4D6- 2] %( !< %8 %’ %s %H $N 3X=,6J@~ 56

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.10: [ 4D6- 2] J?6QE,1~EY $=$N 1 ( 0l@8 = 200 3X=, %9 %F%C %W ) 57

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.11: [ 4D6- 2] %K%e !<%i %k %M%C %H $N @8F@E* $J =PNO8m:9 ( 0l@8 = 200 3X=, %9 %F%C %W ) 58

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.12: [ 4D6- 2] J?6QE,1~EY $=$N 2 ( 0l@8 = 200 3X=, %9 %F%C %W ) 59

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.13: [ 4D6- 2] J?6QE,1~EY $=$N 3 ( 0l@8 = 200 3X=, %9 %F%C %W ) 60

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.14: [ 4D6- 2] J?6QE,1~EY ( 0l@8 = 400 3X=, %9 %F %C %W ) 61

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.2. @EE* $J 4D6- ?^ 5.15: [ 4D6- 2] %K%e !<%i %k %M%C %H $N @8F@E* $J =PNO8m:9 ( 0l@8 = 400 3X=, %9 %F%C %W ) 62

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- 5.3 F0E* $J 4D6- 5.2 @a $K$F 9T $C $? <B83 $N $$ $: $l $N >l9g $b !$ %i%^ %k %/7? ( $* $h $S Learning-Only) $N%(!< %8%’ %s %H =8CD $, %@ !<%& %# %s 7?$N =8CD$h $j$b E, 1~ B. EY$N LL $K $*$$$F M% $l $F $$ $k $H $$ $&7k2L $r F@ $? !% $7 $+ $7 !$ $3$N$3 $H$h$jD>$A $K %i %^ %k %/7? $N$h $& $K 3X=, $K $h$C $F 3MF@ $7 $? 7k2L $r D>@\;RB9 $K EA $( $k$h $& $J 0d EA5!9= $N J} $, %@ !<%& %# %s 7? $N 5!9= $h$j$b M% $l $F $$ $k $H 7kO@ $E$1 $k$N $O Aa5^ $G $" $k !% 5.2 @a $G $N <B 83 $O !$@E E* $J 4D 6- $r A[ Dj $7 $F $$ $? !%0lJ} !$@8 J* $, @3 B) $7 $F $$ $k <+ A3 3&$N 4D 6-$d !$ :#8e $N7W;;5!4D 6- $N$h $& $J 3+J|7? J,;64D 6- $G $O !$ 4D6- <+BN $, >o $K JQF0 $7 $F $$$k !% 0J 2< $G $O !$ ;0 $D $N 0[ $J $kF0E* FC@- $N %l %Y %k$r ;} $D4D6- $r A[Dj $7 $F !$ $= $3 $G$N%i %^ %k %/7? $d %@ !< %& %# %s 7? $N0dEA5! 9= $r ;} $D =8CD $N ?J2=E* $J 2aDx $r 4Q;! $7 !$FC $K =8CD $N 4h7r@- $K $D$$$F I>2A$9$k!% 5.3.1 <B83 3: >pJs $N ItJ,@- $, $" $k4D6- $K$* $1 $k?J2= ?^ 5.16: 4D6- 3 ;~4VE* $"$k $$ $O 6u4VE* $J @)Ls $K $h$j !$ %(!< %8%’ %s %H $O @$3& $N >pJs A4 $F $K%" %/ %; %9 =P Mh $k $H $O 8B $i$J$$ !% %(!< %8%’ %s %H$, 3MF@ $9 $k >p Js $K $O >o $K ItJ, @- $dIT40 A4 @- $N2DG= @- $, 4^$^ $l $k $3 $H $K$J$k!% 63

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- $=$3$G !$$^ $:$O F0E*FC @- $N %l %Y%k$H $7 $F$O :G $b Dc$$ 4D6- $H $7 $F !$?^ 5.16 $N $h $& $K %( !< %8 %’ %s %H $N 3MF@ $G $- $k>p Js $, ItJ, E* $G $" $j !$ IaJWE* $J 5, B’ | !V ?) NH $G $" $k $+ FG J* $G $" $k $+ !W | $r =,F@ $9$k $N $K I,MW $J 40A4 $J >pJs $NAH $, F1;~ $K$O F@ $i $l $J$$$h $& $J >u67 $r 9M $( $k!% $^ $? !$ 3M F@ $G $-$k>p Js $N <oN‘ $O ;~Be $H 6& $K JQ2=$9$k $b$N $H $9$k!% $D$^ $j !$ $"$k;~E@ $G B8:_ $7 $J $+ $C $? <oN‘ $NJ*<A $, FM G!8= $l $?$j >C $($?$j$9$k $H$$ $& >u 67 $r 9M $($F$$ $k $3 $H $K AjEv $9$k!% $3$N$h $& $J 4D6- $r F0E* $J$b $N $H 8+ $J$9 $3 $H $K $D$$ $F $O 5DO@ $, J, $+ $l $k $+$b $7 $l $J$$ $, !$ 4D 6- $K B8:_ $9$kJ*<A $N<oN‘ $, JQ2= $9$k $N$G !$ %( !< %8 %’ %s%H $K $H $C $F $O F0E* $J 4D6- $H 8@ $( $k 3 !%<B:]$N <+A3 3& $K $* $1 $k @8 J* $r 8+$F$b !$ $= $N ;~E@ $G%" %/ %; %92DG= $J 8B $i $l $? >pJs $@$1 $r MQ $$ $F !$<sHxNI$/4D6- $K E,1~ $7 $F $$ $k !% ?^ 5.16 $K <($9 $h $& $K !$ 4D 6-Cf $K B8:_ $9$kJ* <A $N<oN‘ $, ;~Be $H$H$b $K JQ2= $9$k $h $& $J !V 4D6- 3 !W $r 9M $( $k!% $= $l $>$l $N ;~Be $K $* $$ $F 4D6- Cf $K $O 4 <oN‘ $NJ*<A $N $_ $, B8:_ $7 !$ $= $N $& $A $NFs $D $, ?) NH $G ;D $j$N Fs $D $, FGJ* $G $" $k $H $9$k !% ?^ 5.17 !$?^ 5.18 $N$= $l $> $l $O 20 @$BeKh $H 100 @$BeKh $K 4D6- $K B8:_$9$kJ*<A $N AH $r JQ2= $5 $; $?$H $-$N !$ 6000 @$ Be$^ $G $N E, 1~EY$N =8CD J?6Q$N ?d0\ $r <( $7 $F $$ $k !% $J $* !$ $3 $l $i $N ?^ $O 3F%( !< %8 %’ %s %H $N 0l@8 $r 200 3X=,%9 %F%C %W $H $7 $?$H$- $N$b $N $G$"$j !$ $3$N>l9g %(!< %8%’ %s %H $N <h $jF@ $k E,1~ EY $N:GBgCM $O 1500 $G$" $k!% $J$* Learning-Only $N =8CD $NE,1~EY $O !$ C1 =c $K ?6F0 $r Bg $-$/7+ $j JV$9 $@$1$G FC $K 6=L#?< $$5sF0 $r <( $5 $J $+ $C $? $? $a !$ ?^ $N2DFI@- $r >e $2 $k $? $a $K $b 0J9_ $N?^ $+ $i $O Learning-Only $N =8CD $N7k2L $r >J$- !$ $^ $? 9M;! $N BP>] $+$i $b 30$9 !% ?^ 5.17 !$ ?^ 5.18 $h$j !$ %i %^ %k %/7? $N =8CD $G $O !$ 4D 6- $r 9=@. $9$kJ* <A $N<oN‘ $, JQ2= $9$k EY $K E,1~EY $, Bg $-$/?6F0 $7 $F $$$k $3 $H $, 3N G’ $5 $l $k!% ?^ 5.17 $K $* $$ $F%i%^ %k %/ 7? $N7k 2L $, 9- $$I} $r;} $C $FJ,I[ $7 $F$$$k $+$N $h $& $K 8+ $( $k $, !$ $3 $l$O E,1~EY $, :Y $+ $/?6F0 $7 $F $$ $k $?$a $G$" $k!% 7k2L $N 0lItJ, $r <h $j=P $7 $F 3HBgI=<( $7 $F$_ $k $H ?6F0 $NMM;R $r 3NG’ $9$k $3 $H $,$G $- $k !% 0lJ}!$ %@ !< %& %# %s 7? $N=8CD $G$b E,1~EY $N ?6F08= >] $, 8+ $i $l $k $, !$ %i%^ %k %/7? $N =8CD $N>l9g $K Hf $Y $F ?6F0 $N I} $, >. $5$/0BDj $7 $F $$$k !% $9 $J $o $A4D6- $N JQF0 $K BP$9$k4h 7r@- $N LL $K $*$$ $F %@ !< %& %# %s 7? $NJ} $, %i %^ %k %/7? $N=8CD $h $j $bM% $l $F$$ $k!% $7 $+ $b !$ %@ !< %& %# %s 7?=8 CD $G CmL\ $K CM $9 $k $N $O !$ 4D 6- $, JQ2= $9 $k EY $K ?6 $j=P $7 $K La$k $o $1 $G $O$J $/ !$ E, 1~ EY $, ?6 F0 $7 $D $D $b@$ Be $r=E $M $k $K $7 $? $, $C $FA4 BN $H $7 $F >e>: $7 $F$$$k E@ $G $"$k!% GA-Only $b %@ !<%& %# %s 7?=8CD $K CY $l$O $9$k $b $N$N !$ Cf HW $+$i =*HW $K$+ $1$F E,1~EY $r >e>: $5 $;$D$D $"$k !% $D$^ $j !$ %@ !<%& %# %s 7? $"$k$$ $O GA-Only $N =8CD $O !$3F ;~Be $G $O ItJ,E* $J >pJs $7 $+ MxMQ $G$-$J$$ $K $b 4X $o $i$:!$ @$Be $r DL $8 $F =y !9 $K A4BN $N 5,B’ $r 3MF@ $7 $F $$ $k $+ $N $h $& $J 5sF0 $r <($9 !% %i %^ %k %/7? $N=8CD $, !$ %@ !<%& %# %s 7? $d GA-Only $N =8CD $N$h $& $K $& $^$/A4 BN $N5,B’ $r 3MF@ $9$k $3$H $, =PMh $J$$$3 $H $K $D$$ $F 9M;! $9$k!% ?^ 5.16 $K $*$$ $F !$ En vironmen t A $G$O !$ $$ $: $l $N J*<A $b >e $+$i ;0 HV L\$N %S %C %H $O \ 0 " $G $" $k !% $7 $? $, $C $F !$ En vironmen t A $N 2< $G$O !$0lHV L\$N %S %C 3 $b $A$m $s !$ Ia JWE* $J 5,B’<+ BN $, JQ2= $7 $J$$$3 $H$h$j !$ 4.1.2 @a $G =R $Y$?$h $& $J 0UL# $G $O !$ $3$3 $G 9M $($F$$$k $b$N $b 40A4 $K F0E* $J 4D6- $H$O 8@ $($J$$ !% 64

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- %H $H FsHVL\ $N %S %C %H $N 4X78 $N$_ $G ?)NH $G$" $k $+ FGJ* $G$" $k $+ $, <1JL=PMh!$ ;0 HVL\ $N %S %C %H $r L5;k $9$k $3 $H $, =PMh$k!% $D$^$j !$ En vironmen t A $N 2< $G$O !$ 2 %S %C %H $N %Q %j %F %# LdBj!$ $D$^ $j X OR LdBj $r 2r7h $9$kCN<1 $, 3MF@=P Mh $l $P ==J, $J$N $G$" $k!% %(!< %8%’ %s %H $O !$ N> <T $r <1JL$9$k $?$a$N5, B’ $K ;0HVL\ $N %S %C %H $b 4XM? $7 $F $$ $k $3$H$r CN$jF@ $J$$$N $G !$ 2 %S %C %H $N%Q %j %F %# Ld Bj $r 2r7h$9$k $? $a $N FC 0[ E* $J 5, B’ $r 3X =, $7 $F $7 $^ $& !% $3$3$G Nc $( $P !$ $" $k ;~Be$r 6- $K 4D 6- $, En vironmen t A $+$i En vironmen t B $X$H >uBV $, JQ $o$C $? $H $9$k !% $9$k $H !$ En vironmen t A $G 4{ $K 3MF@:Q $_$N 2 %S %C %H $N%Q %j %F %# LdBj $K 4X$9$k CN<1 $O LrN) $?$J$$ $I $3 $m $+ En vironmen t B $G$O A4$/@5H?BP $N 0U L# $r ;} $D $3$H $K$J $C $F $7 $^ $& !% %i%^ %k %/7? $N =8CD $G $O !$ 0l@8 $N 4V $K 3X=, $7 $? 7k2L $r D>@\?F $+$i ;R $X$H 0dEA $5 $;$F $7 $^ $& $?$a !$ G$ 0U $N 5,B’ $K BP $7 $F ?<$/E,1~ $7 $9 $. $F $7 $^ $& !% $= $7 $F !$ 0l EY $=$N$h $& $J ?< $$E,1~ $r $7 $F $7 $^ $& $H !$ $=$N>uBV $+$i H4 $1 =P$9 $3$H $O FMA3JQ0[ $J $I $N 0dEAE* A‘:n $r 0J $C $F $b Hs>o $K :$Fq $H $J $k !% FC $K !$ $3$3 $G$N <B83 $N$h $& $K FC0[E* $J 5,B’ $K BP$9$k?< $$E,1~ $O ?<9o $J >u67 $r >7$/ !% 0l J}!$ %@ !< %& %# %s 7?=8 CD $G $O !$ 3X =, $K $h$C $F FC0[ E* $J5,B’ $K$b <h $j9g $( $: E,1~ $7 $D$D $b !$ D94|E* $K$O 0dEA $K $h$C $F IaJWE* $J 5,B’ $r$b 3MF@ $7 $F $$ $/ $3 $H $, =PMh $k!% $3 $l$O !$ 8DBN $N 0l@8 $H$$ $& C; $$;~4V%9 %1!< %k $K $* $1 $k3X=, $H !$ @$ Be $H$$ $& D9 $$;~4V%9 %1!< %k $K $* $1 $k0dEA $H $r L@3N $K 6hJL $7 $F $$ $k $?$a $K 2DG= $J$3$H$J$N $G $" $k !% <! $K !$ %@ !<%& %# %s 7? $N=8CD $, !$ <B :] $K ItJ,E* $J >pJs $N $_ $+$i A4BN E* $J 5,B’ $r 3MF@ $7 $F$$ $k $N $+ $I $& $+$r D4 $Y $k $?$a $K !$ $5 $i $K 0J2< $N$h $& $J <B83 $r 9T$C $? !%$^ $:!$4D6- $N JQF0 $r 20 @$BeKh $H $7 $?$H$- $N<B83 ( ?^ 5.17 $K <( $7 $? <B83 ) $K $* $$ $F !$ =i 4| =8 CD!$ Bh 2000 @$Be L\!$ Bh 4000 @$Be L\!$ Bh 6000 @$BeL\ $N =8CD $r$= $l $>$l <h$j=P $7 $F $/$k!% $= $7 $F !$ <h $j=P $7 $F $-$? $3 $l$i $N =8CD $K BP $7 $F !$ 85 $N A4BN $N 5,B’ $r 3X=, $5 $;$F$_ $k!% $D$^ $j !$ $3 $l$i $N =8CD $r ?^ 5.8 $K <( $7 $? !V 4D6- 2 !W $NCf $G 3X =,$5$;$?$H $-$N 3X =,FC @- $r I>2A$9 $k !% $3 $l $i $N <B 83 $K $h $C $F F@ $i$l $? 3F @$ Be $N 3X =, FC@- 6J @~ $O !$ ?^ 5.19 $K <($5 $l $F $$ $k !%?^ $K $* $1 $k 3F %0 %i%U$O !$3X=, $N 7P2a $K$H $b$J $& %K%e!<%i %k %M%C %H %o !< %/ $N =PNO8m :9 $NJQ2= $N MM;R $r <( $7 $F$$ $k!% $^ $: =i4|@$Be $K $*$$ $F $O !$ %i%^ %k %/7? $H %@ !<%& %# %s 7? $N %(!< %8%’ %s %H =8 CD $N $$ $: $l $b3X=, $r $& $^$/ 9T $( $: $K !$ F1 $8 $h $& $J 3X=, FC @- $r <( $9 ( ?^ 5.19 (a)) !% 2000 @$Be L\ $K$J $k $H !$ %i%^ %k %/7? $N=8 CD $O @8F@ E* $K$" $kDx EY E, $7 $? =PNO CM $r =P $9 %K %e !< %i %k%M %C %H %o!< %/ $r ;}$C $F @8$^ $l $k $, !$ $= $N 8e $K 3X=, $r 9T $C $F$b%M %C %H %o!< %/ $N =PNO8m :9 $O$" $^ $jDc8: $7 $J $$ !% 0l J}!$ %@ !<%& %# %s 7? $N=8CD $O !$ %i%^ %k %/7? $N =8CD $h$j $b =PNO8m:9 $NBg $-$$%K %e!< %i %k %M%C %H %o!< %/ $r ;}$C $F @8$^ $l $F $/ $k $, !$ $= $N 8e $N 3X=, $K $h$C $F =PNO8m:9 $O 8:>/ $9$k ( ?^ 5.19 (b)) !% ?^ 5.19 $N (a) !$ (b) $N %@ !<%& %# %s 7? $N 3X=, 6J @~ $r Hf3S $7 $F $_ $k $H !$ $$ $: $l $b 3X =, $r ;O$a$? CJ 3, $G $N %K %e!< %i %k%M%C %H %o!<%/ $N=PNO8m :9 $O F1DxEY $NCM $G$" $k $, !$ $= $N 8e $N 3X=, $K $h$kFC@- $O Bg $- $/0[ $J $k!% $D$^ $j $3 $N $3 $H $O !$ @8 $^ $l$? $P $+ $j $N $H$- $O 8+ $+ $1 $, F1 $8 4 $G $b !$ @$ Be $r7P$k $K $D $l$F !$ 0l 4 $b$A$m $s !$ %M %C %H %o!<%/ $N=i 4| 7k 9g =E $_ $O 0[ $J$C $?$b $N $H $J$k $, !$ 30 $K 8+ $($k=P NO 8m :9 $, F1Dx EY $H$$ $& 0U L# $G !$ $3 $3$G$O !V 8+ $+$1 $, F1 $8 !W $H$$ $&8@MU $r MQ $$ $F$$ $k !% 65

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- @8 $N4V $N3X=, $K $h$C $F =PNO8m:9 $r >. $5$/ $7 $d $9$$$h $& $J%K %e!< %i %k%M%C %H %o!< %/ $, 3MF@ $5 $l $F $$ $/ $3 $H $r 0UL# $7 $F $$$k!% $= $7 $F !$ 4000 @$Be L\ ( ?^ 5.19 (c)) !$ 6000 @$Be L\ ( ?^ 5.19 (d)) $K $J $k $H !$ %@ !<%& %# %s 7? $N0dEA5!9= $N 2< $G $O !$ 85 $N A4BN $N5,B’ $K BP $7 $F$b @5 $7 $/3X =, $r 9T $& $3 $H$N $G $-$k=8 CD $, 7A@. $5 $l $F $$ $k $3 $H $, J, $+ $k!% 0l J}!$ %i%^ %k %/7? $N 0dEA5! 9= $N2< $G $O !$ 3X =,%9 %F%C %W $r @Q $s $G $b !$ =P NO8m :9 $, $" $kCM $h $j>. $5$/ $J $i$: $K E,@Z $K 3X=, $r ?J $a $k $3 $H $, =PMh $J$$$h $& $J =8CD $, 7A @. $5 $l $F $$ $k !% %@ !< %& %# %s 7?=8 CD $N7k2L $K $*$$ $F !$ $5 $i $K 6=L# ?< $$8=>] $, 8+ $i $l $k!% 4D 6- 2 $K $* $1 $k<B83 $K$D $$$F$N ?^ 5.10 !$?^ 5.12 !$ ?^ 5.13 !$ $*$h $S K\ @a $G =R$Y$F$$ $k<B 83 $K $D$$$F $N ?^ 5.18 $N$$$: $l $b !$ 3F %(!< %8%’ %s %H $N 0l@8 $r 200 %9 %F %C %W $H $7 $? >l9g $N7k2L $r <( $7 $F $$$k!% $^ $? !$ $$ $: $l $N >l9g $b:G =*E* $K Bh 6000 @$Be $K C#$9$k$^ $G$K 3F %Q%?!< %s $, %( !< %8 %’ %s %H =8CD $K Ds<($5 $l $kDL;;2s?t $O Ey $7 $$ !% $3 $l $i $r Hf 3S $9 $k$H !$IaJW E*$J 5, B’$N 3X =, $K I, MW$J >p Js$r A4$F F1 ;~ $K M? $( $? >l 9g ( ?^ 5.10 !$ ?^ 5.12 !$ ?^ 5.13) $h$j$b !$ >pJs $r ItJ, $K J, $1$F 0lIt $: $D $7 $+ M? $($J$$ >l9g ( ?^ 5.17 !$ ?^ 5.18) $N J} $, !$ %(!< %8%’ %s %H =8CD $O $=$N IaJWE* $J 5,B’ $r Aa$/3MF@ $9$k $H$$ $& $3 $H $, 3NG’ $G$- $k !% D> 4QE* $K $O !$?M9)CNG= $N8&5f $K $* $1 $k !V 3,AXE*LdBj2r7h !W [Kno91] $N 35G0 $H ?<$$4X78 $, $" $k$h $& $K ;W $( $k $, !$ 87 L) $J2r@O $r $7 $?$o $1 $G $O$J$$ !% $b $7 !$ $3 $N $3 $H $, !$ $3 $3 $G$N<B83 $G MQ $$ $?LdBj $@ $1$G$J $/ !$ $h$j 0lHLE* $J LdBj $K BP $7 $F $b @. $j N) $D $H $9 $l $P !$Hs>o $K 6=L#?< $$ !% 66

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.17: [ 4D6- 3] J?6QE,1~EY ( 0l@8 = 200 3X=, %9 %F%C %W!$ 4D6-JQF0 = 20 @$BeKh ) 67

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.18: [ 4D6- 3] J?6QE,1~EY ( 0l@8 = 200 3X=, %9 %F%C %W!$ 4D6-JQF0 = 100 @$BeKh ) 68

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.19: [ 4D6- 3] @$Be7P2a $K$H $b$J $&3X=,FC@- $N JQ2= ( 4D6-JQF0 = 20 @$BeKh ) 69

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- 5.3.2 <B83 4: 5,B’<+BN $, JQ2= $9 $k4D6- $K$* $1 $k?J2= (1) ?^ 5.20: 4D6- 4 @h$N <B83 3 $G$O !$F0E* $J 4D6-$N 0l$D $H $7 $F !$4D6- Fb $K B8 :_$9 $k J*<A$N AH$_ 9g $o $; $, JQ 2=$9 $k $h $& $J >u67 $r 9M $($? !% $7 $+ $7 !$ $= $3 $G $O ?)NH $H FGJ* $r 6hJL $9 $k5, B’ <+ BN $O IaJW $G$"$C $? !% $= $3 $G !$ $3$3$G$O !$ $h$j F0E* $G Fq $7 $$ 4D6- $H $7 $F !$?^ 5.20 $K <($9$h $& $K !$?)NH $H FGJ* $r <1JL$9 $k5, B’<+ BN $, ;~ $H$H$b $K H?E>$9$k $h $& $J !V 4D6- 4 !W $r 9M $( $k !% $3$N$h $& $K !$ $"$k5,B’ $, ;~4V $H$H$b $K H?E> $9$k $h $& $J >u67 $O !$ 7h $7 $F FC<l $J$b$N $G$O$J $/<B :] $K 5/ $3$j F@$k $b$N $G$" $k!% Nc $( $P !$ <+ A33& $K $*$$$F @8 $8 $? 8= >] $H $7 $F$O !$ %$ %. %j %9 $K @8B)$9 $k%*%* %7 %b%U %j %( %@ %7 %c %/ ( Biston b etularia ) $H $$ $& 2k $N9)6H9u 2= $N Nc $, M-L> $G$" $k [ D9Ln 94] !% $3$N 2k $O IaDL $O 3%?’ $N 1):, $r ;} $C $F$*$j !$ <y LZ $N 44 $K @8 $8 $k CO 0aN‘ $J $I $N >e $K ;_$^ $k $H J]8n ?’ $G 30 E( $K 8+$D $+ $j $K $/ $/ $J $k !% $H$3 $m $, !$ 19 @$ 5* $K $J $C $F %$ %. %j%9Cf Fn It $K $* $1 $k 9) 6H2= $K $h $C $F @8 $8 $? @P C:$N Ga $G <y LZ$N I= LL $, 9u $/JQ $o $k $H !$ 0JA0 $+ $i >/?t $$$k $3$H $, CN $i $l $F $$$?9u $$1):, $r ;}$DJQ0[ 7A $NIQEY $, A}2C $7 $? !% 3%?’ $N 1):, $O 5U $K L\N) $D $N $G Ja?) $5 $l $d $9 $/ $J$C $F $7 $^ $& $N $G$" $k !% $H$3$m $, 6aG/!$ %(%M %k %. !< $N ;q8; $, @PC: $+ $i @PL}Cf ?4 $K @Z$jBX $o$C $? $3 $H $K H< $& 4D6- $N >t2= $, ?J $‘ $K $D $l $F !$ 9u2= 7? $NIQEY $, 8:>/ $7 $F$-$? $N $G$" $k!% 0J >e $NNc $O !$ 8D BN $N@8B8 $K M-Mx $H$J$k5,B’ $, 8GDj $G$O$J $/N. F0E* $G$" $k $3 $H$r <( $7 $F $$ $k !% ?^ 5.20 $K <($9$h $& $K 4D6- $r 50 @$BeKh $K En vironmen t A $H En vironmen t B $N 4V $G F~ $l BX $( $k $3 $H$r 7+$jJV $7 $?$H $-$N 6000 @$Be$^ $G$N =8CD $NJ?6QE,1~EY $N ?d0\ $r 4Q;! $7 $? !%?)NH $H FGJ* $r <1JL $9$k5,B’ $O !$ ;(2; %S %C %H $N ItJ, $r =| $1 $P !$ 2 %S %C %H $N%Q %j %F %# LdBj (X OR LdBj ) $H $7 $F I= $5 $l $k $, !$ $= $N5,B’ $N0UL# $O ;~ $H $H$b $K H?E> $9$k!% ?^ 5.21 $O !$ 8D BN $N0l @8 $r 400 3X=,%9 %F %C %W ( :G BgE, 1~ EY = 2500) $H $7 $?$H$- $N 7k2L $r <( $7 $F$$$k !% %i%^ %k %/ 7? $d GA-Only $N =8CD $, $& $^$/ 4D 6- $K E,1~ $G$-$J$$ $H$$ $& 7k2L $O !$ Hs>o $K D>4QE* $G$" $k!% $7 $+ $7 !$ %@ !<%& %# %s 7? $N=8CD $N E,1~EY $, ?6 70

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- F0 $7 $J $,$i $b @$Be $r =E $M $k $K$D $l $F >e>: $7 $F$$$kE@ $O 6K $a $F H?D> 4QE* $G$"$k!% $H$$ $& $N $b !$ 5.3.1 @a $K $* $1 $k <B83 $N >l9g $H $O 0[ $J$j !$ $3$3 $G$O IaJWE* $J 5,B’<+BN $, JQ2= $7 $F $$ $k $+$i$G $" $k !% $5 $F<! $K !$ >e 5- $N<B83 $K $*$$ $F !$ =i 4| =8 CD!$ Bh 2000 @$Be L\!$ Bh 4000 @$Be L\!$ Bh 6000 @$Be L\ $N =8CD $r$= $l $>$l <h $j=P $7 $F !$ $3 $l$i $N =8CD $K BP $7 $F !$ En vironmen t A $H En vironmen t B $N$= $l$>$l $N 5, B’ $N 2< $G 3X =, $r 9T $o $;$?$H $-$N 3X=, FC@- $r 4Q;! $7 $? !% $=$N 7k2L $r ?^ 5.22 $K <($9 !% ?^ $K $* $1 $k3F %0 %i%U $O !$ 3X =, $N7P2a $K$H $b $J $& %K %e!< %i %k%M%C %H %o!< %/ $N=PNO8m:9 $N JQ2= $NMM;R $r I= $7 $F $$ $k!% $^ $:!$ =i4| @$Be $N=8CD $K $D$$ $F $O !$ %@ !<%& %# %s 7? $H%i %^ %i%/7? $$ $: $l $N =8CD $b;W $& $h $& $K 3X=, $r ?J $a $k $3$H $, $G $- $:!$ F1 $8 $h $& $J 3X=,FC@- $r <($9 ( ?^ 5.22 (a)) !% $H$3 $m $, !$ Aa$/ $b Bh 2000 @$ Be L\ $K $J $k $H N> <T$N Aj 0c $O L@ $i$+ $K $J $C $F $/$k !% %@ !<%& %# %s 7?$N 0d EA 5! 9=$N 2< $G$O !$ En vironmen t A $H En vironmen t B $N $$$:$l $N 5, B’ $r $b !$ $" $k Dx EY 3X =,$9 $k$3$H $N =P Mh $k =8 CD $, 7A @.$5 $l $O $8 $a$F $$ $k ( ?^ 5.22 (b)) !% $5 $i$K !$@$Be ?t$r =E $M $F Bh 6000 @$ Be ( ?^ 5.22 (d)) $K ;j$k $H !$ %@ !<%& %# %s 7? $N0dEA5!9= $N 2< $G $O !$ $$ $: $l $N 5,B’ $r$b E,@Z $K 3X=,$9$k $3 $H $, =PMh$k $h $& $J =8 CD $, 7A @.$5 $l $F $$ $k !%0lJ} !$Bh 6000 @$ Be L\$N%i %^ %k %/7?$N =8 CD $G$O !$ En vironmen t A $H En vironmen t B $N$= $l $>$l $N 5,B’ $r 3X =, $5 $; $? $H$- $N3X=, FC @- $, Bg $-$/0[ $J$j !$ F@ 0U $J5,B’ $H IT F@0U $J 5, B’ $H $, L@ 3N $K J, N% $7 $F $7 $^$C $F $$ $k !% $7 $+ $b !$ $=$N F@0U$J J}$N 5,B’$N 3X =,FC @- $G $5$( !$ %@ !<%& %# %s 7? $N=8CD $N$$ $: $l $N 3X=,FC@- $h$j $bNt$C $F$$$k!% $^ $? !$ FC $K %@ !<%& %# %s 7? $N=8CD $, <( $9798~ $H $7 $F 6=L#?< $$ $N $O !$ 3F@$ Be $NCB@8;~ $N %K %e!< %i %k %M%C %H %o!< %/ $N =i4|=P NO8m :9 $NBg $-$5 $, !$ $? $@ C1=c $K @$Be $r7P$k $K$D $l $F >. $5$/ $J$C $F$$$/ $o $1 $G $O$J$$ $H$$ $& E@ $G$"$k!% D> 4Q E* $K $O !$ @$Be $, ?J $‘ $4 $H$K !$ =8CD $O @8F@E* $K M% $l $?%K%e!<%i %k %M%C %H %o!< %/ $r ;}$D$h $& $K$J $j !$ $7 $? $, $C $F =i4|=PNO 8m:9 $O >. $5 $/ $J $C $F$$ $/ $h $& $K 4|BT $5 $l $k !% $7 $+ $7 !$ %(!< %8 %’ %s %H $N =8CD $O !$ @8F@ E* $K M% $l $?%K %e!< %i %k%M%C %H %o!<%/ $r 5a $a $k $3 $H$h$j$b !$ $$ $: $l $N 5,B’ $r$b E,@Z $K 3X=, $9$k $3$H $, =PMh$k=@Fp $J%K%e !<%i %k %M %C %H %o !< %/ $r M%@h $7 $F 5a $a $k $+ $N$h $& $J ?J2= $N 2aDx $r F’ $‘!% IaJWE* $J 5,B’<+ BN $, JQ2= $7 $F$$ $k $K$b 4X $o $i$: !$ %@ !<%& %# %s 7? $N=8CD $, $$ $: $l $N 5,B’ $K BP $7 $F $b E,@Z $J 3X=, $r 9T $& %K %e!< %i %k%M%C %H %o!< %/ $r 3MF@ $9$k $3 $H $, 2DG= $G$" $k $3$H$NM}M3 $N 0l $D $H $7 $F !$ %@ !<%& %# %s 7? $N=8CD $, N><T $N5,B’ $N 4V $K 1# $5 $l $? 2? $i$+$N 6&DL $N 9=B$ $r 3MF@ $7 $F $$ $/2DG= @- $r 5s $2 $k $3$H $, =P Mh$h $& !% Nc $( $P !$ $3$3$G 9M $($F $$ $k 4D6- ( ?^ 5.20) $G $O !$5,B’<+BN $O JQ 2=$9$k $b$N$N !$ $=$NJQ2= $O !V H?E> !W $H$$ $& $b$N $G$" $k !% $D$^$j !$ ?) NH $G$" $k $+ FGJ* $G$" $k $+$O JLLdBj $H $7 $F !$ 0lHV L\ $H FsHVL\ $N Fs $D $N %S %C %H $N 4X78 $K $h$C $F !$ >/ $J $/ $H$b J*<A $r Fs$D $N %0 %k !< %W $K J, $1 $k $3 $H $, =PMh $k!% ?) NH $H FGJ* $r <1JL $9$k 5, B’ $= $N $b $N $r 0dEA $K$h $C $F 3MF@ $9 $k $3 $H $O =PMh $J$$ $, !$ !V %0 %k !< %W J, $1 !W $H $$ $&Cj>]EY $, 0l$D >e $N %l %Y%k $N 5,B’ $@$1$G $b %@ !<%& %# %s 7? $O ?J2=E* $K 3M F@ $7 $F $$ $/ $N $+ $b $7 $l $J $$ !% $= $N>e $G 8DBN $N 3X=, $N8z2L $K $h$C $F !$ $I $A $i $N %0 %k !< %W $, ?)NH $G$"$j FG J* $G$" $k $+$r <1JL$9$k5,B’ $r 3MF@ $7 $F $$ $/ $H$$ $& %7%J %j %* $G$" $k !% $7 $+ $7 !$ <! $N 5.3.3 @a $G$N <B 83 $r 9T$C $F$_ $k $H !$>e=R $N %7%J %j %*$N $[$+$K $b M}M3 $, $"$j$= $& $J$3$H $, J, $+ $k !% 71

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.21: [ 4D6- 4] J?6QE,1~EY ( 0l@8 = 400 3X=, %9 %F%C %W!$ 4D6-JQF0 = 50 @$BeKh ) 72

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.22: [ 4D6- 4] @$Be7P2a $K$H $b$J $&3X=,FC@- $N JQ2= ( 4D6-JQF0 = 50 @$BeKh ) 73

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- 5.3.3 <B83 5: 5,B’<+BN $, JQ2= $9 $k4D6- $K$* $1 $k?J2= (2) ?^ 5.23: 4D6- 5 :G 8e $K !$<B 83 4 $G 9M $( $? $b $N $h $j $b 99 $K Fq $7 $$ Ld Bj $H $7 $F !$?^ 5.23 $K <( $9 $h $& $K ?) NH$H FG J* $r 6hJL$9$k5,B’ $, 40A4 $K IT5,B’ $K JQ2= $9$k !V 4D6- 5 !W $r 9M $( $k!%J* <A $r I=$9 %S %C %H %Q%?!< %s $O 5.3.2 @a $N ?^ 5.20 $H F1MM $K 3 %S %C %H $N ;(2; $r 4^ $‘ 5 %S %C %H $+ $i @.$k !%?)NH $H FGJ* $r <1JL$9 $k$N $K !$ 0l HV L\ $H FsHV L\ $N %S %C %H$, 4XM? $9$k $N $G$"$k $, !$ 5.3.2 @a $G$N <B83 $H $O 0[ $J$j !$ $= $N5,B’ $O 2 %S %C %H $N%Q %j %F %# LdBj $G $" $k $H $O 8B $i$:!$ $=$N AH9g $; $O A4 $/IT5,B’E* $K JQ2=$9$k$b $N $H $9 $k !% $3 $N$h $& $J >u67 $N 2< $G !$5,B’ $r 50 @$BeKh $K JQ2=$5$;$? $H $-$N 6000 @$ Be$^ $G $N =8CD $N J?6QE, 1~EY $N ?d0\ $r 4Q;! $7 $? !%?^ 5.24 $O !$8DBN $N 0l@8 $r 400 3X=, %9 %F%C %W ( :GBgE, 1~EY = 2500) $H $7 $?$H $- $N 7k2L $r <( $7 $F $$ $k !%D>4Q E* $K$O !$ $I $N =8CD$b $& $^ $/E, 1~ $G $-$J $$ $b $N$H A[ A|$5 $l $k $, !$ <B:] $K ?^ 5.24 $r 8+ $F $_ $k $H !$ %@ !<%& %# %s 7?$N =8CD $K $*$$$F $O !$@$Be $r =E $M $k $K $D $l $F E,1~ EY $N ?6F0 $NI} $, >. $5$/ $J$C $F$$$-A4BN $H $7 $F >e>:79 8~ $r <( $7 $F$$ $k $3 $H $, 3NG’ $G$- $k!% $3$3 $G 9M $($F $$ $k 4D6- 5 $K$O !$ 5.3.2 @a $N 8eHx $G =R $Y$?$h $& $J !V %0 %k !< %W J, $1 !W $N$h $& $J !$Cj>]EY $, 0l$D>e $N %l %Y %k$K $* $1 $k9=B$E* $J 5,B’ $5 $( B8:_ $; $:!$ 5,B’ $O A4$/ %i %s %@ %‘ $K JQ2= $9$k!% $3$N$h $& $J 6K $a$F M=B,IT 2DG= $J >u67 $K $*$$ $F$5 $( !$ %@ !< %& %# %s 7? $N %(!< %8 %’ %s %H =8CD $O 2? $i$+$N ;EAH $_ $G M-1W $J >p Js $r EA $($F $$ $k !% $5$F !$>e5- $N <B 83 $K $*$$$F !$=i4|=8CD !$Bh 2000 @$ BeL\ !$Bh 4000 @$ BeL\ !$Bh 6000 @$ BeL\ $N =8CD $r $= $l $> $l <h$j=P $7 $F !$ $3 $l$i $N =8CD $K BP $7 $F !$?^ 5.23 $G <( $7 $? $= $l $> $l $N 5, B’ $N 2< $G 3X =, $r 9T $o$; $?$H $-$N 3X =,FC @-6J @~ $r ?^ 5.25 $K <($9 !%?^ $K $* $1 $k 3F %0 %i%U$O !$3X=, $N 7P 2a $K $H $b 74

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- $J $& %K %e!<%i %k%M%C %H %o!< %/ $N=PNO8m:9 $NJQ2= $N MM;R $r I= $7 $F $$ $k!% $^ $:!$ =i4| @$Be $N=8CD $K $D $$ $F $O !$ %@ !< %& %# %s 7? $H%i%^ %i%/7? $N=8CD $H $G F1 $8 $h $& $J3X=, FC@- $r <( $9 ( ?^ 5.25 (a)) !% $3 $3 $G !$ En vironmen t A $H En vironmen t B $K $* $$ $F $O !$ 5,B’ $, 2 %S %C %H $N%Q %j %F %# Ld Bj $H $J$k@~7A J, N% IT2D G= $J Fq $7 $$ Ld Bj $H$J $k$?$a$K !$ %( !< %8 %’ %s %H =8 CD $O ;W $& $h $& $K 3X =, $r ?J $a $k $3$H $, Fq $7 $$ !% $= $N $[ $+ $N5, B’ $O@~ 7A J, N% 2D G= $J0W $7 $$Ld Bj $J $N $G !$ 3X =, 7P 2a $K $H $b $J $C $F %K %e !< %i %k%M %C %H %o!< %/ $N =PNO8m:9 $, B. $d $+$K 8:>/ $7 $F $$ $/ !% $3$3 $G !$ =E MW $J$N $O !$ 5, B’ $N0c$$ $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? $NN><T $, F1Ey $J 3X=,FC@- $r <( $9 $H$$ $& $3 $H $G$"$k!% $H$3$m $, !$ Bh 2000 @$BeL\ $K$J $k $H MM;R $, JQ2= $7 $F $/ $k ( ?^ 5.25 (b)) !% %@ !<%& %# %s 7? $N=8CD $N !$ En vironmen t A $H En vironmen t B $N Fq $7 $$$b $N $r 4^ $a$? $= $l $>$l $N 5, B’ $K BP $9$k3X=, FC@- $, $$ $/ $i$+ 8~>e $5 $l $?$b$N $H$J$k !% 0l J}!$ %i%^ %k %/7? $N =8CD $O !$ $$ $: $l $N 5, B’ $K BP $7 $F$b3X =, $, ;W$& $h $& $K ?J $^ $J$/ $J $C $F $7 $^ $& !% @$ Be ?t $r=E $M$FBh 4000 @$ Be ( ?^ 5.25 (c)) $K ;j$k $H !$ %@ !<%& %# %s 7? $N=8CD $K $*$$ $F $O !$ $$ $: $l $N 5,B’ $K BP $7 $F$b 3X=,FC@- $, $5 $i $K 8~>e $5 $l $k !% 0lJ}!$ %i%^ %k %/7? $N=8CD $G$O !$ $= $l $>$l $N 5,B’ $K BP$9$k3X=, FC@-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!% $5 $i $K @$Be $, ?J $s$G Bh 6000 @$Be ( ?^ 5.25 (d)) $K$J $k $H !$ 0J >e $K =R $Y $F$-$?798~ $, 99 $K Bg $- $/ $J $k !% $3$3 $G$b !$ %(!< %8 %’ %s %H $N =8CD $, !$ @8F@ E* $K M% $l $?%K %e!< %i %k%M%C %H %o!<%/ $r 5a $a $k $3 $H$h$j$b !$ $$ $: $l $N 5,B’ $r$b E,@Z $K 3X=, $9$k $3$H $, =P Mh $k =@ Fp $J %K %e !< %i %k%M %C %H %o!<%/ $r M% @h $7 $F 5a $a$k $+$N$h $& $J?J2= $N2aDx $, :F8= $5 $l$F$$$k!% 75

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.24: [ 4D6- 5] J?6QE,1~EY ( 0l@8 = 400 3X=, %9 %F%C %W!$ 4D6-JQF0 = 50 @$BeKh ) 76

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.3. F0E* $J 4D6- ?^ 5.25: [ 4D6- 5] @$Be7P2a $K$H $b$J $&3X=,FC@- $N JQ2= ( 4D6-JQF0 = 50 @$BeKh ) 77

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.4. <B837k2L $N$^ $H$a 5.4 <B837k2L $N$^ $H$a K\@a $G $O !$ 0J >e $K =R $Y $F$- $?<B 83 $N7k 2L $K$D $$ $F$^ $H $a$k!% F@ $i $l$? 7k 2L $O Bg $-$/ Fs $D $G$"$k!% 0l $D $O !$ 3X=, $NNL $H %\ !< %k %I %& %# %s 8z2L $H$N 4X78 $K $D$$ $F $G$"$j !$ $b $& 0l $D $O !$ F0E* $J 4D6- $N2< $G $N %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N$= $l $> $l $N FC@- $K $D$$$F $G $" $k !% 5.4.1 %\!<%k %I %& %# %s 8z2L $K$* $1 $k LdBj $N Fq0WEY $H 3X=,2s?t $N 1F6A =>Mh $+$i 9T $o $l $F $-$? 3X=, $H ?J2= $K 4X$9$k $$ $/ $D $b$N8&5f [HN87, PNC91, AL92] $G$O !$ 8DBN $N 3X=, $, =8CD $N?J2= $r B%?J $9$k %\ !< %k %I %& %# %s 8z2L $, @8 $8 $k $3 $H $, Js9p $5 $l $F $$$? !% $7 $+ $7 !$ :# 2s 9T $C $? <B 83 $G I, $: $7 $b %\ !< %k %I %& %# %s 8z2L $, @8 $8 $k $o $1 $G $O$J$$ $3 $H $, L@ $i $+ $K$J$C $? !% FC $K !$ Hs@~ 7A@- $r ;} $DFq $7 $$ 4D6- $K $*$$ $F !$ 3X =, $NNL $, IT==J, $G$" $k>l9g $K$O %\ !< %k %I %& %# %s 8z2L $O @8 $8 $K $/ $$ $3 $H $, J, $+ $C $? !% $‘ $7 $m !$ 8D BN $NCfESH>C< $J 3X=, $O !$ 5U $K ?J2= $r AK32 $9 $k $3 $H $b$" $k $3 $H $r3N G’ $7 $? !% 0l J} !$ 3X =, $r== J, $K 9T $o $;$k $H !$ Fq $7 $$4D 6- $K$* $$ $F $b %\ !< %k %I %& %# %s 8z 2L $,$O $C $-$j$H @8 $8 $k $3$H $, J, $+ $C $? !% 5.4.2 %@ !<%& %# %s 7? $H%i%^%k %/ 7? $N 0dEA5!9= $N Hf3S @~7AJ,N%2DG= $J 5,B’ Hs@~7AE* $J 5,B’ @EE* $J 4D6- %i%^%k%/ 7? ( <B83 1) %i %^%k%/ 7? ( <B83 2) 5,B’ $O ITJQ ( >pJs $N ItJ,@- ) %i%^%k%/ 7? ( <B83 A-1) %@ !<%& %# %s 7? ( <B83 3) F0E* $J 4D6- 5,B’ $, JQ2= ( H?E> $N$_ ) %@ !< %& %# %s 7? ( <B83 A-2) %@ !<%& %# %s 7? ( <B83 4) 5,B’ $, JQ2= ( G$0U $N AH$_9g $o$; ) %@ !<%& %# %s 7? ( <B83 5) I= 5.1: %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N Hf3S ( $^ $H$a ) MM !9 $J >u67 $r A[Dj $7 $? <B834D6- $N 2< $G !$ %@ !<%& %# %s 7? $H%i %^ %k %/7? $N0dEA5!9= $r ;} $D %(!< %8 %’ %s %H =8 CD $r GA $r MQ $$ $F?J2= $5 $; $F !$ E, 1~ @- $* $h $S 4h 7r @- $K 4X $7 $F Hf3S I> 2A $r9T $C $?!% I= 5.1 $K !$ A[Dj $7 $? 4D6- $H$=$N2< $G $I $A $i $N 0dEA5! 9= $, M-8z $G$" $k $+$K $D$$ $F$N 7k2L $r $^ $H$a$k !% $J$* !$ $I $A $i $N 0dEA5!9= $, M-8z $G$" $k $+$N 4p=‘ $O !$ E, 1~@-!$ E, 1~?J2= $N B.EY!$ 4h7r @- $J $I $N LL $+$i Am9gE* $K H=CG $7 $F$$ $k !% $J$*F0E* $J 4D6- $K $D$$ $F $O !$ K\ J8 $G$O Hs@~7A @- $NFq $7 $$ 5,B’ $r ;}$D4D6- $N 2< $G $N I>2A7k 2L $K $D$$ $F$N $_<h$j>e $2 $? $, !$ @~7A J,N% 2DG= $J 4JC1 $J 5,B’ $r ;}$D4D6- $K $* $$ $F F0E* $J >u 67 $r A[Dj $7 $? <B83 ( <B83 A-1 !$ <B 83 A-2) $b 9T $C $F$$$k!% $3 $l$i$N <B83 7k 2L $K$D$$ $F $O !$ K\ O@ J8 Kv Hx $N App endix A $K $F 4JC1 $K <B83@_Dj$*$h $S 7k2L $r <( $7 $F $$ $k !% 78

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.4. <B837k2L $N$^ $H$a I= 5.1 $K <( $7 $? $H $*$j !$ @E E* $J 4D6- 2< $G $O %i%^ %k %/ 7? $N0dEA 5!9= $NJ} $, %@ !<%& %# %s 7? $N $b $N$h $j$b05E]E* $K M% $l $F$$ $k $H 8@ $( $k !% $3 $l$O !$ 8DBN $K$h $k3X=, $H =8CD $K $h $k?J2= $NN>2aDx $r D>@\E* $K M;9g $7 $F$$ $k %i%^ %k %/7? $N5!9= $r MQ $$$k=8CD $O !$ FC Dj $N4D6- $X$NE,1~ $, B. $$ $+$i $G$" $k !% $H $3 $m $, !$ %i%^ %k %/7? $O FCDj $N 4D6- $K BP $7 $F ?<$/E, 1~ $7 $F $7 $^ $& $N $G !$ 0lEY ?<$/ $O $^$C $F $7 $^ $& $H$= $3 $+$i H4 $1 =P$9 $3 $H $O Hs>o $K :$Fq $H$J $k!% $7 $? $, $C $F !$ 4D6- $, F0E* $K JQF0$9$k $h $& $J >u67 $K $*$$ $F$O !$ $=$N JQF0 $K 9g $o$;$F E,1~EY $b Bg $- $/?6F0 $7 !$6K $a$F IT0BDj $J 5sF0 $r <($9 !% 0lJ}!$ %@ !<%& %# %s 7? $N =8CD $O !$4D6- $, JQF0 $7 $F $b%i %^ %k %/7? $N =8CD $[ $I 5sF0 $, IT0BDj $K$J $k $3$H$b$J$$ !% C5:w6u4V C5:w $N @:EY C5:w $N%? %$ %W GA 9- $$ AF $$ Bg0hE* %5 %s %W %j %s %0 BP K! 69 $$ :Y $+ $$ 6I=jE*C5:w I= 5.2: GA $H BP K! ( %K %e !<%i %k %M %C %H $N 3X=, ) $N FC@- 8DBN $K 3X=, $r 9T $o$;$k $H !$ 3X =,7k 2L $, 0dEA $9$k $3 $H $, $J $/ $H$b %\ !< %k %I %& %# %s 8z2L $K $h$C $F =8 CD $N ?J2= $, B%?J $5 $l $k $3 $H $O =R $Y $? !% $^ $? !$ $3$N5?;w %i%^ %k %/E* 8z2L $, @8 $8 $k860x $O !$ 8D BN $N9T $& 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 $? !% F0 E* $J 4D6- $K $*$$ $F !$ J# ?t $N5,B’ $N 2< $G E,@Z $J E,@Z $J 9TF0 %Q%?!< %s $r @8 $8 $5$;$k $h $& $J%K %e!< %i %k%M%C %H %o!< %/ $, B8:_ $7 $J $$ !$ $b $7 $/ $O 3MF@ $, :$Fq $G$" $k>l9g $K$O !$ $3$N 6I=jC5 :w $, Hs>o $K =EMW $J Lr3d $r 2L $?$9 !% <B:] $K !$@8 36 $N 3X=, $, 9T $o $l $k $3$H$N$J$$ GA-Only $N =8CD $O $3$N$h $& $J F0E*4D 6-2< $G $O A4$/ $& $^$/5! G= $7 $J$$$3 $H$r 3NG’ $7 $F$$ $k!% $H$3$m $G !$ $3$3 $G 6=L#?< $$$3$H$O !$8DBN $N 3X=, 7k2L ( $9 $J$o $A 6I=j C5 :w $N 7k2L ) $r M[ $K 0d EA$5$; $k$h $& $J%i %^ %k %/E* $J 0d EA5!9= $b F0E*4D 6-2< $G $O $& $^$/5! G= $7 $J$$ E@ $G$" $k!% 0lJ}!$ %@ !<%& %# %s 7? $N=8CD $N 4h7r@- $N 860x $O !$ 8DBN $N 0l@8 $K$o$?$k3X=, $H @$Be 4V $N2M $1 66 $H$J$k0dEA $NFs$D $N 2aDx $r L@3N $K J,N% $7 $F $$$k $3 $H $K 5/0x $9$k!% GA $K $h $k0dEAE* A‘ :n $H BP K! $K $h $k %K %e!< %i %k %M%C %H %o!<%/ $N 3X=,K! $K$O !$ $= $l $>$l I= 5.2 $K <($9 $h $& $J FC<A $, $" $j !$ $= $l $>$l $N 2aDx $O AjJdE* $J$b$N $G$" $k !% $D$^$j !$ 3F 8DBN $N %l %Y%k $G $O 3X=, $K $h$C $F >\:Y $J 5,B’ $K BP1~ $7 $D$D$b!$ =8 CDA4 BN $H $7 $F$O$" $kDxEY $NHFMQE* $J 2D G=@- $r J]$C $?$^$^=y !9 $K E,1~ $7 $F $$ $/ $N $G$" $k!% $5 $i $K 6=L#?< $$ $3$H $K !$ @8B8 $K M-Mx $J 5,B’ $, H? E> $9$k $h $& $J >u67 $d A4$/M= B,IT G= $G IT5,B’ $K JQ2= $9$k $h $& $J 6K $a $F F0E*FC@- $N6/ $$4D6-2< $K $*$$ $F $b !$ %@ !< %& %# %s 7? $N %(!< %8 %’ %s %H $O 4h7r@- $K M% $l $k $@ $1$G$J $/ !$ @$ Be $r =E $M $k $K $D $l $F E,1~EY $r =y !9 $K >e>: $5 $; $F$$ $/ !% $D$^ $j %@ !<%& %# %s 7? $N=8CD $O !$ $3$N$h $& $J IT5,B’ $J 4D6- $N 2< $G$b E,1~ @- $r J]$C $F$$ $k $N $G$" $k !% %@ !<%& %# %s 7? $N0dEA5!9= $N2< $G $O !$ %(!< %8 %’ %s %H =8CD $O !$ MM!9 $J 5,B’ $K BP $7 $F $b E,@Z $K 3X=, $r 9T $( $k$h $& $J =@Fp $J%K %e!< %i %k%M%C %H %o!< %/ $r 3MF@ $7 $F $$ $/ $3 $H $, 2DG= $G $" $k !% 79

5. %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N I>2A !& 9M;! 5.4. <B837k2L $N$^ $H$a >e =R$N$3$H$H 4X O" $7 $F !$<B83 3 !$<B83 4 !$<B83 5 $K $* $1 $k @$ BeKh$N 3X=, FC @- $N JQ 2= ( ?^ 5.19 !$ ?^ 5.22 !$ ?^ 5.25) $K $D$$ $F ?( $l$F $* $/ $Y $- $3 $H $, 0lE@ $"$k!% Ia JWE* $J 5,B’<+ BN $, JQ2= $7 $J$$ <B83 3 $K $* $$ $F $O !$ @8 F@ E* $J%M %C %H %o!<%/ $N=P NO 8m :9 $, @$Be $r=E $M$k $K $D $l$F 8: >/ $7 $F$$$k ( ?^ 5.19) !% $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 $^ $& <B 83 4 !$ <B83 5 $K $*$$ $F $O !$ $‘ $7 $m@8F@E* $J%M %C %H %o!< %/ $N=PNO8m :9 $O @$Be $r =E $M $k $K $D $l $F A}2C $7 $F $$ $k ( ?^ 5.22 !$?^ 5.25) !% $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 $& $^$/ 9T F0 $G$- $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 $h$k4V@\E* $J 5!9= $N J} $, =EMW $J Lr3d $r ;} $D !% 80

Bh 6 >O 5DO@ $*$h $S :#8e $N 2]Bj 81

6. 5DO@$*$h $S :#8e $N 2]Bj 6.1. K\8&5f $N 0U5A : %^ %k%A%( !< %8 %’ %s %H %7 %9 %F %‘ $N 9=C[ $K :] $7 $F Bh 5 >O $K$F !$ %@ !< %& %# %s 7? $"$k $$ $O %i%^ %k %/7? $N 0dEA 5! 9= $r Hw $($? %(!< %8%’ %s %H =8CD $, $I $N$h $& $J ?J2= $N2aDx $r F’ $‘ $N $+$r !$ %7 %_ %e %l !< %7%g %s$K $h$jMM !9 $J >u67 $N 2< $G :F8= $7 !$ $= $N7k2L $K $D $$$F I>2A$*$h $S 9M;! $r 9T$C $? !%K\>O $G$O !$$^ $:!$ 6.1 @a $K $F !$ $3 $l $^ $G$K 9T$C $F $-$? <B 83 $K $h $C $F F@ $i $l $? CN8+ $, <B:] $K 9W8% $r 2L $? $7 F@$k>l $H $7 $F %^ %k%A%(!< %8 %’ %s %H %7 %9 %F%‘ $N9=C[ $N:] $N $3 $H$r Nc $r 5s $2 $F !$ K\ 8& 5f $N0U5A $r :F3N G’ $9$k!% <! $K !$ 4V@\ E* $K $G $O$" $k $, !$ Bh 5 >O $K$F <( $7 $? <B 837k2L $r MxMQ $7 $F $5 $i$K 6=L#?< $$ 5DO@ $r 9T$C $? >e $G !$:#8e $N 2]Bj $r =R $Y$k !% 6.1 K\8&5f $N 0U5A : %^%k%A %(!< %8 %’ %s %H %7 %9 %F%‘$N 9=C[ $K :] $7 $F ?^ 6.1: %^ %k%A%( !< %8 %’ %s %H %7 %9 %F%‘ $3$3 $G $O !$ K\ 8& 5f $N@.2L $, 9W8% $7 F@$k>l $N0l$D $NNc $H $7 $F !$ %^ %k%A %(!< %8%’ %s %H %7 %9 %F%‘ $J $I $N :#8e $N 3+J|7?J,;64D6- $G $N 1?MQ $r A[Dj $7 $?%7 %9 %F %‘ $K $D$$$F 9M;! $7 $F $_ $k !% :# F| $N 7W;; 5!4D 6- $O !$ %3 %s %T %e !<%?%M %C %H %o !< %/ $N 5^ B. $J H/C# $H 7W;; 5!$N Ia5Z $K H<$$ J, ;62= !$ 3+J|2= $, ?J $s$G $*$j !$%^ %k %A%( !< %8 %’ %s %H %7 %9 %F %‘ $H $7 $F $N MM Aj $r Dh $7 ;O $a $F$$ $k ( ?^ 6.1) !%%^ %k %A%(!< %8 %’ %s %H %7 %9 %F %‘ $H $O !$ <+ N’E* $J =hM}<g BN $G$" $k %(!< %8 %’ %s %H$, J#?tB8 :_ $9$k $h $& $J %7 %9 %F%‘ $G$" $k!% $3$3 $G$O !$ 7W ;;5! $N 0lBf0l Bf $r%(!< %8 %’ %s %H $H $_ $J$9 $3$H$b=PMh$k $7 !$ $" $k $$ $O %=%U %H %&%’%"%b %8 %e !< %k$r%( !< %8 %’ %s %H $H $_$J $9 $3$H$b =PMh$k!% $^ $? !$ $3$N $h $& $K 6KEY $K J,;6 2= $7 $? 7W;;5! 4D 6- $O !$ 6K $a $F F0E* $K JQ2= $9 $k!% 8E $$7W;;5! $O ?7 $7 $$$b$N $K CV $-49 $( $i $l $?$j !$ %3 %s %T %e !<%? %M%C %H %o!< %/ $b$= $NB.EY $d %H %] %m %8 !< $r ;~ !9 9o !9 $H JQ 2=$5$; $k !%?7 $7 $$%= %U %H %&%’%" $N 3+ H/ $d ?7 $7 $$ >p Js$N Ds 6! $K $h $j !$ $h$j NI$$ %5 !< %S %9 $, F@ $i$l !$ $h$jM-Mx $J =hM} $r 9T $( $k $h $& $K$J $k !% $3 $l$i $N JQ2= $r%(!< %8%’ %s %H$, ;vA0 $K M=B, $9$k $3 $H $O IT2D G= $G $" $k $7 !$9-0h $K J, ;6 $7 $? 4D 6- $G$O 8= :_ JQ2= $7 $D$D$" $k $3$H $5$( GD0.$9 $k $3$H$O :$ Fq $H$J $k !% 82

6. 5DO@$*$h $S :#8e $N 2]Bj 6.1. K\8&5f $N 0U5A : %^ %k%A%( !< %8 %’ %s %H %7 %9 %F %‘ $N 9=C[ $K :] $7 $F $" $k $$ $O%( !< %8 %’ %s %H 4V $NJ#;( $J Aj8_:n MQ $K $h$C $F !$ 4D6- A4BN $H $7 $F M=B,IT G= $J ?6$kIq $$ $, @8 $8 F@$k!% $7 $? $, $C $F !$ $3$N$h $& $J 3+J|7?J, ;64D 6- $G$N 1?MQ $r A[Dj $7 $?%( !< %8%’ %s %H %7 %9 %F%‘ $r 9=C[ $9$k:] $K !$ %7 %9 %F %‘ $, Ax6x $7 F@$k $" $i$f $k>u67 $r$" $i $+ $8 $a A4 $F @v $$=P $7 $F$= $l$i$r 9MN8 $K F~ $l $F %7 %9 %F%‘ $N@_7W $r9T $& $3 $H $O :$Fq $G$"$k!% $= $3 $G ;O $a $+ $i 40 A4 $K F0:n $9 $k %7 %9 %F%‘ $G $O$J $/ $F !$ ?J2=E*%(!< %8 %’ %s %H ( Evolutionary A gents ) $H $$ $C $? E,1~ 7? $N %7 %9 %F %‘$N 35 G0 $, $^$9 $^$9 =E MW $K $J $C $F $/$k !%Bh 5 >O $G$O !$ $3$N $h $& $J%7 %9 %F %‘ $N 4D6- $X$N E,1~2aDx $r !$?J2=O@ $J $I $N N‘ ?d $+$i !$ 8D !9 $N %(!< %8 %’ %s %H 8DBN $N !V 3X=, !W $H%( !< %8 %’ %s %H =8CD $N !V ?J2= !W $NFs$D $N0[ $J $k %l %Y %k $K $* $1 $k2aDx $NAjJdE* $J$b$N $G$" $k $H B* $($F !$ Cj>] 2= $7 $?%b %G %k$r MQ $$ $F%(!< %8 %’ %s %H =8CD $N ?J2= $N2a Dx $r MM !9 $J >u67 $N 2< $G 4Q;! $7 $F $-$? !% K\O@J8 $G $O !$ 3X=, $d?J2= !& 0d EA $H$$$C $? @8J* 3XE* $J 8@MU $r MQ $$ $F$- $? $, !$ $3 $l$i$r 7W;;5! %= %U %H %&%’ %" $K $* $1 $k8@MU $G 8@ $$49 $( $k $3 $H$b =PMh$k!% Nc $( $P !$ %= %U %H %&%’ %"$J $I $N%( !< %8%’ %s %H $N ;HMQ4| 4V $, !V 0l@8 !W $K AjEv $7 !$ $= $N 0l@8 $N 4V $K%( !< %8%’ %s %H$, >pJs $r <}=8$9$k $3 $H !$ $5 $i $K $= $l $i $N >p Js $r 85 $K $h $j M- Mx $K =h M} $r <B9T =P Mh$k$h $& $K <+J, $r 2~ A1$9 $k $3$H $, !V 3X =, !W $K BP 1~$9 $k !% $^ $? !$ %P!< %8 %g %s %"%C %W $K $h$C $F 8E $$ %(!< %8 %’ %s %H $r ?7 $7 $$$b$N $X $H CV $- 49 $( $k $3 $H $, !V @$Be8r Be !W $K BP1~ $9 $k !% $" $k $$ $O %P!< %8 %g %s%" %C %W$, ?M0Y E* $K 0Y $5 $l $k $b $N $G $J$/ !$ %(!< %8 %’ %s %H <+ $i $, B> $N Cg4V $N %(!< %8 %’ %s %H $H !V 0dEA;R !W $r 8r49 $7 $"$C $F ;R %(!< %8 %’ %s %H $r :n$k $3 $H $G <+F0E* $K%P !< %8 %g %s %"%C %W $r $7 $F $$ $/ $h $& $J >u67 $r A[Dj $7 $F $b 9= $o$J$$ !% $5 $i$K !$ %P !< %8 %g %s %" %C %W $H$$ $& $3 $H $K$3 $@$o $i$: $K !$ 3F %(!< %8 %’ %s %H$, 3MF@ $7 $? CN<1 $r%(!< %8 %’ %s %H 4V $G Aj8_ $K 8r49 $7 $" $& $h $& $J >u67!$ $" $k $$ $O !$ $"$k %(!< %8 %’ %s %H$, B> $N M%=( $J%(!< %8 %’ %s %H $N 9TF0 %Q%? !< %s $r ??;w $9$k2aDx $r 9M $($F$b NI $$ !% K\O@ J8 $G $O !$ 6K $a $F Cj>]EY $N9b$$ %l %Y %k $N%b %G %k >e $G$N 5DO@ $r $7 $F$-$F$*$j !$ $^ $? !$ @8J* 3XE* $J MQ8l $r B?MQ $7 $F $-$? $, !$ 0dEA ;R $d @w?’BN $J $I $O C1 $K >pJsEAC# $NG^BN $K 2a $. $:!$ $^ $? 3X=, $b>pJs $N<}=8 $* $h $S $=$N3hMQ $N2aDx $N0l $D $NJ}K! $K 2a $. $J$$ !% K\<A E* $K =EMW $J$N $O !$ !V >pJs $N <}=8 !&3hMQ !& <x<u !W $N 2aDx $G$" $k!% ?7 $7 $$%(!< %8 %’ %s %H $r%P !< %8 %g %s %" %C %W $K $h $C $F :n@.$9$k :] $K 8E $$ %(!< %8 %’ %s %H$, 3MF@ $7 $? >pJs $r $I $N$h $& $K 3h $+ $9 $+ !$ %(!< %8 %’ %s %H 4V $G >pJs8r49 $r $9$k :] $K $I $N $h $& $J 8r 49 7A BV $, @- G=LL$" $k$$ $O 4h 7r@-$N LL $G K> $^ $7 $$ $+ $J $I 9M N8$9$Y $-$3$H$O B?$$ !% $J $* !$ $3$N :] $K$O !$ <B@$ 3& $N;}$DF0E* $J FC@- $r ==J, $K 9MN8 $9$kI, MW $, $" $k!% K\O@ J8 $G $O !$ F0E* $J @-<A $r ;} $D4D6- $H ;} $? $J$$ 4D6- $N $= $l $>$l $N 2< $K $*$$ $F !$ %@ !<%& %# %s 7? $H%i%^ %k %/7? $H$$$C $? Fs $D$N0[ $J $k>pJs8r 49 $* $h $S EAC# $N7A<0 $NHf3SI>2A $r 9T $$ !$ $= $l $>$l $N FC@- $r L@ $i $+$K $7 $? !% K\ O@ J8 $K $* $1 $k8&5f $K $h$C $F F@ $i $l $? CN8+!$ $"$k$$ $O :#8e9T $o $l $k8&5f $K $h$C $F F@ $i $l $k@.2L $O !$ $3 $& $7 $? E,1~ ?J2= 7? %7 %9 %F %‘ $N 9=C[ J}K! $d 1?MQ J}K! $r 9MN8 $9 $k:] $K 2? $i $+$N <(:6 $r M? $( F@$k $b $N $H 9M $($i $l $k !% 83

6. 5DO@$*$h $S :#8e $N 2]Bj 6.2. :#8e $N 2]Bj 6.2 :#8e $N 2]Bj K\@a $G $O !$ :# 8e $N 8&5f 2]Bj $K $D$$ $F =R $Y$k!% 0J2< $K =R $Y $F$$ $/8& 5f 2]Bj $O $$ $: $l $b !$ K\ 8& 5f $G F@ $i $l $? CN8+ $r 3h $+ $7 $F !$<B:]E* $J %7 %9 %F %‘ $K 1~MQ $7 $F $$ $/:] $K =EMW $K$J $C $F $/$k $b$N $G $" $k !% 6.2.1 3MF@7A<A $N Cf4VE* $J 0dEA5!9= $K 4X $9 $k 5DO@ K\8& 5f $G $O !$ %@ !< %&%# %s 7? $H%i%^ %k %/ 7? $NFs $D $N0[ $J$k0d EA 5! 9= $K$D$$ $FHf3S I> 2A $7 $F$- $? $, !$ !V 3M F@7A<A$N 0d EAN( !W $H$$ $& %Q%i %a !<%? $r F3 F~$9$k $H !$ $3 $l$i Fs$D$N 0dEA5! 9= $r 0l$D$N E}0l E* $J <0 $G I=$9 $3$H $, =PMh$k $h $& $K$J $k !% ?^ 6.2: 0dEA5!9= 8DBNCB @8 ;~ $N %K %e !< %i %k %M %C %H %o!<%/ $N=i4|7k 9g %Y %/ %H %k$r w 0 $H $7 !$ 8D BN $, 0l@8 $N4V $K 9T $& 3X=, $K $h$C $F =$@5 $5 $l $? 8e $N %M %C %H %o!<%/ $N7k9g %Y %/ %H %k$r w L $H $9$k!% $^ $? !$ 8D BNH/ @8 ;~ $K MQ $$$i $l $k @w ?’ BN $r c e !$ $=$N 8D BN $, ;R $r :n $k :] $K J| =P$9 $k @w ?’ BN $r c i $H $9 $k !% $= $7 $F !$ D $r 0d EA;R7? $+$i I=8= 7? $X$N <L A| !$ D � 1 $r I=8=7? $+$i 0dEA ;R7?$X$N <LA| $H $9 $k 1 !% $J $* !$ $3$3$G w $r %( !< %8 %’ %s %H $N J];} $9$k>p Js $"$k $$ $O%(!< %8 %’ %s %H $N FC@- $J $I $r I=8= $7 $? NL $G$" $k $H$9 $l $P !$ 0J 2< $N 5DO@ $O%K%e!<%i %k %M%C %H %o !< %/ $K 8BDj $5 $l $? $b$N $G $O$J $/ !$ $h$j0lHLE* $J 5DO@ $X $H 3HD%$9$k $3$H $, $G $- $k !% =i4|7k9g %Y %/ %H %k w 0 $r ;} $D8DBN $O @w?’BN c e $+$i @8 $8 $k$N $G !$ 8DBN $N H/@82aDx $O 0J2< $N <0 $G 1 3.1 @a $G =R$Y$? J,;R@8 J*3X $K $* $1 $k%; %s %H %i%k %I %0 %^ $K $h $k $H !$ DNA $K $h $k 0dEA5!9= $K 4X $7 $F$O !$ D � 1 $N$h $& $J 5U<LA| $O$J$$ !% 84

6. 5DO@$*$h $S :#8e $N 2]Bj 6.2. :#8e $N 2]Bj I=$9 $3$H $, =PMh$k!% w 0 = D ( c e ) $^ $? !$ 8DBN $, ;R $r @8@. $9$k $N $K MQ $$$k@w?’BN c i $r @8@. $9$k2aDx $O 0J2< $N<0 $G I=$9 $3 $H $, =PMh$k!% c i = D � 1 ( w 0 + � � ( w L � w 0 ) ) (6 : 1) � $r !V 3MF@7A <A $N 0dEAN( !W $H 8F $V $3 $H $K $9$k!% (6.1) <0 $K $*$$ $F !$ � = 0 $H $7 $?$H$- $O 3MF@7A <A $r A4$/@w?’BN>e $N >pJs $K H?1G $7 $J $$$N $G !$ %@ !<%& %# %s 7? $N0dEA5!9= $r I=$9 $3$H $K$J $k !% 5U $K � = 1 $H $9$k $H @w?’BN>e $K 3MF@ >pJs $, A4 $F H?1G $5 $l $k $3$H $K$J $k $N $G !$ %i%^ %k %/7? $N0dEA5! 9= $r I=$9 $3 $H$K$J $k !% K\8&5f $G$O !$ 3MF@7A<A $N 0dEAN( � $, 0 $+ 1 $N $I $A $i$+ !$ $D$^$j !$ 3MF@7A<A $r A4 $/0dEA $5 $; $J $$$+ A4 $F 0dEA$5$; $k $+ $N $I $A $i$+ N> 6K C< $N >l 9g$N$_ $K $D$$$F $N Hf 3S I>2A $r 9T$C $F $-$? !% $3$3$G !$ $b $7 � $K 0 $H 1 $N 4V$N E, Ev$J CM $r @_ Dj $7 $F 3MF@ 7A <A $r Cf 4V E* $K 0d EA$5$; $k 5! 9= $r F3 F~$9 $l $P !$ $h$jE,1~B.EY $, B.$/ $+ $D4h7r@- $K M% $l $? %7 %9 %F %‘ $r 9=C[ $G $-$k2DG=@- $, $" $k!% $3$N$h $& $J 0dEA7A BV $, @8J*3XE* $K $"$j F@$k $N $+ $I $& $+ $O JLLdBj $G$" $k $, !$ 9)3X E* $J 1~MQ $N 4QE@ $+ $i Hs>o $K 6=L# $, ;} $? $l $k E@ $G $"$j !$ $^ $? =EMW $G$" $k $H ;W $o $l $k !% 6.2.2 3X=, $N %3 %9 %H $H @$Be8rBe $N %3 %9 %H $K 4X $9 $k 5DO@ Bh 5 >O $G$O !$ %@ !<%& %# %s 7? !$ %i %^ %k %/7? !$ GA-Only !$ Learning-Only $N =8CD$N A4 $F $K $*$$$F @$Be8r Be $NB.EY $, Ey $7 $$$b $N $H $7 $F I>2A $r 9T$C $F$-$? !% $3 $3 $G !$ <B :] $N@8J* $O$b $A$m $s !$ ?M9) E* $J%( !< %8%’ %s %H $K$H $C $F$b !$ 3X=, $* $h $S @$Be8r Be $K BP $7 $F 2? $i $+ $N %3 %9 %H$, 3] $+ $k $3 $H $O L@ $i $+ $G $" $k !% $3 $l $i $N%3 %9 %H $r 9M N8 $K F~ $l $k $H !$ GA-Only $N =8 CD $, 0l @8 $N 4V $N 3X=, $r 9T $o$J $$ J, $@ $1!$ @$Be 8rBe $K%( %M %k %. !< $r ?6$jBX $( $k@oN, $r <h$k $3$H $, 2DG= $G$" $k $H 9M $( $k $3$H $O M} $K$+$J $C $F $$ $k !% $=$b$= $b !$ GA-Only $N =8CD $K$H $C $F $O !$3X=, $r 9T $&B> $N =8CD $H F1 $8 <\EY $G Hf 3S$5 $l $k $3$H$O $R $I $/IT8xJ? $G $" $k !% Nc $( $P !$ 4D 6- 2 $K $* $$ $F0l@8 $, 400 3X=,%9 %F %C %W $H $7 $? $H$- $N <B83 ( <B83 7k 2L $O ?^ 5.14) $K $* $$$F !$B> $N=8CD $N 2 G\ !$ 4 G\ !$ 8 G\ $N B.$5 $G @$Be8rBe $, 2DG= $J GA-Only $N =8CD $N E,1~EY $N?d0\ $r I= $96J @~ $O !$ ?^ 6.3 $K <($9 $h $& $J 7A $r <h$k $H ;W $o $l $k!% B> $N=8CD $N %(!< %8%’ %s %H$, 400 2s $b3X =, $K $h $C $F%K%e !<%i%k %M %C %H %o !< %/ $r =$ @5$9$k 4V $K !$ GA-Only $N =8 CD $O A4 $/3X=, $r 9T $o$J $$$N $G !$ %3 %9 %H $N @_Dj $K $h $C $F $O !$99 $K $h$j 9bB. $J @$Be8rBe $r 2>Dj$9$k $3$H$b 2DG= $G $" $m $& !% <+ A3 3& $r 8+$F $_ $F $b !$Nc $( $P C1 :Y K& @8 J*$N $h $& $K 9= B$ $, C1 =c$J @8 J* $O :Y K& J, Nv $K $h $k$= $N A} ?#B.EY $O B.$/ !$ 9bEY $J 3X=, $r 9T $& $3 $H $, =PMh$kJ# ;( $J 9=B$ $r ;}$D9bEy @8J* $[ $I @$Be8rBe $NB.EY $, CY$/ $J $k!% $3 $3 $G !$ ?J 2= $N=i4| $N CJ3, $K$O 3X=, $h $j $b@$Be8rBe $K =E $- $r CV $- !$ CJ3, $, ?J $‘ $K $D $l $F 3X=, $N J} $r =E;k $9$k $h $& $J @oN, $O M-K> $G$" $m $& !% $3$N$h $& $K !$ 3X =, $H @$Be8rBe $K BP$9$k %(%M %k 85

6. 5DO@$*$h $S :#8e $N 2]Bj 6.2. :#8e $N 2]Bj ?^ 6.3: [ 4D6- 2] J?6QE,1~EY ( @$Be8rBeB.EY $K 4X$9$k;W9M<B83 ) 86

6. 5DO@$*$h $S :#8e $N 2]Bj 6.2. :#8e $N 2]Bj %. !<$NG[J, $r F0E* $K D4@a $9$k $h $& $J @oN, $O !$ @8J* 3XE* $J%"%J%m %8 !< 0J>e $K 9)3XE* $J 1~MQ $K :] $7 $F $b Hs>o $K 6=L# $, ;} $? $l $k !% $^ $? !$ JL $N6=L#?< $$OCBj $H $7 $F !$ ?M9) G> $J $I $N ?M9) E* $J CNE* %7 %9 %F%‘9= C[ $NMxE@ $N0l $D $H $7 $F <wL? $N@)Ls $, B8:_ $7 $J $$ $3 $H $, $7$P $7$P 5s $2 $i $l $k $, !$ K\8& 5f $G F@ $i $l $? CN8+ $O$3$N AGKQ $J D>4Q $K BP $7 $F :F9M $r B% $9 !% K\ O@J8 $G 9M $($F$$ $k %i%^ %k %/7? $N0dEA5!9= $G $O !$ <+A3Eq BA $d 0dEA;R $N 8r:5 $d FMA3JQ 0[ $J $I $N 8z2L $O$" $k $b $N $N !$ ?F $N 3X=,7k 2L $r ;R $, $=$N$^$^<u $1 7Q $0 $H$$ $& 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 $H !$ F0 E* $J 4D6-2< $G$O$3 $& $7 $? ?M9)E* $J %7 %9 %F%‘ $K <wL? $, B8:_ $7 $J $$ $3 $H $O 5Q$C $F ITMx $H$J$j F@$k $3 $H $, M=A[ $5 $l $k!% $‘ $7 $mE,Ev $K @$Be8r Be $r 7+ $j JV$9 $3 $H $, =EMW $G$"$j !$ $7 $+ $b$=$N:] $N>pJs $NEAC# $O %@ !< %& %# %s 7? $N 5!9= $K 4p $E $$$?$b $N $G$J $1$l $P $J$i$J $$ !% 6.2.3 %b %G %k $N 0lHL@- $K 4X $9 $k 5DO@ %(!< %8%’ %s %H =8CD $N?J2= E* $J 2aDx $r :F8= $9$k $? $a $K K\O@ J8 $G MQ $$ $?%b %G%k$O !$ @8L? $N86M} $K Ce A[ $r F@ $?$b $N $G $O$" $k $, !$ @8 J*3X E* $K =EMW $J$$ $/ $D $+$N B&LL $r L5;k $7 $? 6K $a $F Cj>]EY $N 9b $$ $b $N $H$J $C $F$$$k!% Nc $( $P !$ @w?’BN $+$i 8DBN $N %K %e!< %i %k%M%C %H %o!< %/ $r @8@. $9$k $K $"$?$C $F D>@\ %( %s %3 !< %I K! $r MQ $$ $? $, !$ <B :] $N@8J* $N G> $G $O 3F %K %e!< %m %s 4V $N7k9g6/EY $N A4 $F $, D>@\E* $K 0dEA;R $+$i 7hDj $5 $l $F $$ $k $H $O 9M $( $K $/ $$ !% $^ $? 9)3XE* $J N)>l $+ $i $b !$ $h$jBg5,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 $$ $?D>@\ %( %s%3 !< %I K! $G $O IT==J, $G $" $k !% $3$N :] $K$O !$ %0 %i%U =q$- 49 $( 5, B’ $r :F 5"E* $K MQ $$ $k J8K! %( %s %3 !< %I K! [Kit90, KLLn 93] $N $h $& $J 5!9= $, M-MQ $K$J $k $3$H $O 3N $+$G$" $k!% $^ $? !$ $= $N 5!9= $O @8J* $N H/@8 $N %a %+ %K %: %‘ $K $h$j6a $$%b %G %k$G$b$" $k!% $7 $+ $7 !$ $3$N $3 $H $O K\O@J8 $K $* $1 $k3X=, $H ?J2= $K 4X $9$k5DO@ $N K\<A $r J$$9 $b $N $G$O$J $$ !% 0J>e=R $Y $F$- $?$h $& $K !$ K\ 8& 5f $G$N @.2L $r$= $N$^$^@8 J*3X $K%U %# !< %I %P%C%/ $9$k $3 $H $O Fq $7 $$ $, !$ 5U $K Cj>]EY $N 9b $$ %b %G %k >e $G$N 5DO@ $O %^ %k%A%(!< %8 %’ %s %H %7 %9 %F %‘ $N 9=C[K! $J $I $N MM !9 $J OC Bj $K $^ $G 1~MQHO0O $r 9- $2 $i $l $k2DG=@- $, $" $k !% %(!< %8 %’ %s %H $K $h $kLdBj 2r7h $"$k$$ $O $=$N $? $a$N 8z2LE* $J @oN,3MF@ $N 2aDx $H$$ $& 4Q E@ $+$i$O !$ K\ O@J8 $G MQ $$ $? !V 3X=, !W $H !V ?J2= !W $H$$ $& MQ8l $N $= $l $>$l$O !$ 3F 8DBN $, FH<+ $K 9T $& C5:w $H =8CDA4 BN $K $h$k6(D4C5:w $K BP1~ $9$k!% $3$N $H$- $K $= $l $>$l $N 2aDx $N 2M $1 66 | >pJs $N EAC#$*$h $S 8r49 | $N Lr3d $r C4 $& $N $, !V 0dEA !W $N 5!9= $G $" $k !% 0l J} $G !$K\O@J8 $G Mx MQ $7 $F $-$?%b %G %k $N 0lHL @- $d BEEv @- $K 4X$9$k 8!>Z $O =E MW $G $" $k !%Nc $( $P !$ $3$3 $G$O !$ %(!< %8%’ %s %H $N 3X=, $H $7 $F %K %e!<%i %k %M%C %H %o!< %/ $N%b %G %k$r :NMQ $7 $? !% %K %e!< %i %k %M%C %H %o!< %/ $N3X=, $N ?J $_J} $O A2?JE* $G$" $j !$ ;~ $H $7 $F 6I=j2r $K Ja $i$o $l $F 3X=, $, <sHxNI$/?J $^ $J $$ $3 $H$b$"$k $H$$ $& @- <A $r ;}$C $F$$ $k!% $3 $l$i $N @-<A $O !$ 3+J| 7?J, ;64D 6- $N$h $& $J J#;( $J 4D6- 87

6. 5DO@$*$h $S :#8e $N 2]Bj 6.2. :#8e $N 2]Bj 2< $G$N%(!< %8%’ %s %H $N 3X=,2a Dx $r E,EY $K%b %G %k 2= $G$- $k $b$N $H ;W $o $l $k $, !$ K\O@ J8 $G F@ $i $l $? CN 8+ $, $= $N $^ $^ B>$N 3X =,%Q%i %@ %$ %‘ $K BP $7 $F @.$j N)$D $+ $I $& $+$K $D $$$F$O :# 8e$N 3N G’ $, BT $? $l $k !% $^ $? !$ K\ 8&5f $K $* $1 $k%b %G %k$O !$ 4D 6-Cf $K%( !< %8 %’ %s %H $N ?)NH $H$J $kJ*;q $, ==J, $K $"$j !$ 8B $i $l $? ?)NH $r$a $0 $C $F$N%(!< %8%’ %s %H 4V $N 6%Ah $H$$$C $? D>@\E* $J%(!< %8 %’ %s %H 4V $NAj8_:nMQ $r 9MN8 $K F~ $l $? $b$N $H$J $C $F$$ $J$$ !% $7 $+ $7 !$ <B:] $N @8J* $N@$3& $d 7W;;5!4D 6- $J $I $r 9MN8$9$k $H !$ 8B $i $l $? ;q8; $r =d $C $F @8J* $d%5 %V %7 %9 %F%‘ $, 6%9g$9$k $3 $H $, >o $G$" $k!% $5 $i$K !$ %(!< %8 %’ %s %H $N Aj8_:n MQ $H $O >e5- $N$h $& $J 6%Ah $K 8B$C $?$b $N $P $+ $j $G $O$J$$ !% %(!< %8%’ %s %H F1;N $O !$ 8_ $$$NMx1W $r >e $2 $k$?$a $K 6(D4$9 $k $3$H$b$" $k [MT93] !% $7 $? $, $C $F !$ $3$N $h $& $J 9-$$0U L# $G $N%( !< %8 %’ %s %H 4V$N Aj8_:n MQ $r 9MN8 $K F~ $l $?%b %G %k$r MQ $$ $?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>l 9g!$ %7 %9 %F%‘A4BN $K$O $h$jJ#;( $G M=B,ITG= $J ?6$kIq $$ $, @8 $8 $k $G$"$m $& [KI92] !% $3$N?6$kIq $$ $r M}2r $9$k $N $K !$ %+ %* %9 $J $I $N J#;(7O $N2J3X $K 4p $E $$ $? 2r@O $b I,MW $H$J $k $H ;W $o $l $k [T ok94, =j 95] !% 6.2.4 %_ %/%m$J 0dEA;R %l %Y %k$G $N 2r@O K\8&5f $G $O !$ <g $K E,1~ EY $d 3X=, FC @- $N JQ2= $NMM;R $J $I $H $$$C $? Hf3S E* %^%/ %m $J %l %Y %k$G$N2r@O $r$b$H $K 5DO@ $r ?J $a $F$-$? !% $3 $l $^ $G $K F@ $i $l $? CN8+ $r 3h $+ $7 $F !$ <B:] $N %7 %9 %F%‘ $K 1~MQ $7 $F $$ $/:] $K $O !$ $5 $i$K 0dEA;R %l %Y %k $G$N %_%/ %m $J 2r@O $K 4p $E $$$?5DO@ $r 2! $7 ?J $a$k $3$H $, =EMW $G$"$m $& !% FC $K !$ 6K $a $F F0E*FC@- $N 6/ $$4D6- $K $*$$ $F !$ %@ !<%& %# %s 7? $N =8CD $, $I $N$h $& $K $7 $F M-1W $J >p Js $r ;RB9 $K EA $($F$$ $k $N $+ !$ %@ !<%& %# %s 7? $"$k$$ $O%i %^ %k %/7? $N=8CD $N@w?’BN %W !< %k $K$O $I $N$h $& $J >pJs $, C_@Q $5 $l $F $$ $/ $N $+$J $I $r !$%_%/ %m $J %l %Y%k$G 4Q;!$9$kI,MW $, $" $k !% 88

Bh 7 >O 7kO@ 89

7. 7kO@ K\8&5f $G $O !$ F0E* $G M=B,IT G= $J ?6$kIq $$ $r Dh $9$k3+ J|7? J,;6 4D6- $K $*$$ $F $O ?J2=E* %(!< %8%’ %s %H $N 35G0 $, =EMW $K$J $k $H$N N)>l $+$i !$ 3X =, $N8z2L $H 0dEA5!9= $, %(!< %8 %’ %s %H =8CD $N ?J2= $K M? $( $k 1F6A $K $D$$$F !$Cj>]E* $J%b %G %k $r MQ $$ $? %7 %_ %e %l !< %7 %g %s$K $h$j I>2A $7 $? !% Hs@~7A @- $N6/ $$4D6- $G$N1?MQ $r A[Dj $7 $? CNE* %7 %9 %F%‘ $O !$ EA E} E* $J %H %C %W %@ %& %s $N %" %W %m!< %A $G 9=C[ $9$k $3$H $O Fq $7 $$ !% K\ 8&5f $G $O !$ <+ A33& $N@8J* $N 3X=, $d ?J2= $J $I $N 2aDx $K$J $i $C $F ?M9)@8 L?E* $J %\ %H %‘ %"%C %W $N %" %W %m!<%A $G %7 %9 %F%‘ $, 4D6- $K E,1~ $7 $F $$ $/2aDx $K >GE@ $r Ev $F$? !% 6qBN E* $K$O !$ 3X=, $9$k %(!< %8 %’ %s %H $r %K%e!< %i %k %M%C %H %o!< %/ $H $7 $F Cj>]2= $7 !$ ?J 2= !& 0dEA $N86M} $r Cj >] 2= $7 $? 0dEA E* %" %k %4 %j %: %‘ $r MQ $$ $F %(!< %8%’ %s %H =8CD $r ?J2= $5 $;$k %7 %_ %e %l !< %7%g %s$r 9T $C $? !% F@ $i $l $? 7k2L $O Bg $- $/0J2< $N DL $j $G $" $k !% 1. =>Mh $+$i $N $$ $/$D $+ $N 8&5f $K $h $C $F 3NG’$5 $l $F $$$? %\ !< %k %I %& %# %s 8z2L $O !$Hs@~7A@- $r ;} $D Fq $7 $$ 4D6- $K $*$$$F FC $K 3X=, $, == J, $K$J $5 $l $J $$$H$-$K$O @8 $8 $J $$$3$H $, L@ $i$+$K $J $C $? !% $‘ $7 $m 5U $K 8DBN $K $h $k 3X=, $, =8CD $N ?J2= $r K832$9$kNc $b 4Q;!$5 $l $? !% 2. @EE* $J 4D6-$N 2< $G$O !$ %@ !<%& %# %s 7? $N 0dEA 5!9= $r ;}$D %( !< %8 %’ %s %H =8 CD$h$j$b%i %^ %k %/7? $N 5!9= $r ;}$D=8CD $N J} $, E,1~?J2= $N B.EY $, :G $bB.$/ !$ $+ $D !$ E,1~ 8e $N @.@S $b M%=( $G$" $C $? !% 3. F0E* $J 4D6-$N 2< $G$O !$5U $K B? MM@- $r J]$C $? $^$^ =y !9 $K E,1~?J 2= $7 $F $$ $/ %@ !<%& %# %s 7?$N 0d EA5!9= $r ;}$D %( !< %8 %’ %s %H =8 CD $N J} $, %i %^ %k %/7? $N 5! 9= $r ;}$D =8CD $K Hf $Y$F !$4D6- $N JQ F0 $K BP $7 $F 0BDj $7 $? 5sF0 $r <( $7 !$4h7r@- $K M% $l $k $3$H $, 3NG’$5 $l $? !% 4. F0E* $J 4D6-$N 2< $G$O !$ %@ !<%& %# %s 7? $N 0dEA 5!9= $r ;}$D %( !< %8 %’ %s %H =8 CD $O 4h7r @- $K M% $l $F $$ $k $@$1$G $J $/ !$ =y !9 $K J? 6QE* $J E, 1~EY $r >e>:$5$;$F$$ $/E,1~ @- $r ;}$C $F$$ $k $3$H $, L@ $i $+$K $J $C$? !% $7 $+ $b !$4D6- $, A4$/IT 5,B’ $K JQ F0$9$k $K $b 4X $o$i$:!$@$Be $r =E $M $k $4 $H$K E, 1~EY $r >e>:$5 $; $F$$ $/ $H$$ $C $? 6C$/ $Y$- 7k2L $r F@ $? !% K\O@J8 $G $O !$ <g $K F0E*@- <A $r ;} $D4D6- $H ;} $? $J$$4D6- $N $= $l $>$l $N 2< $K $*$$ $F !$ %@ !< %& %# %s 7? $H%i %^ %k %/7? $H$$$C $? Fs $D $N>pJs8r49 $* $h $S EAC# $N7A<0 $K >GE@ $r Ev $F !$ $= $l$i $N FC@- $N Hf3SI> 2A $r 9T$C $? !% :GBg $N9W8% $O !$ $3 $l $^ $G FC $K 0Y $5 $l $F$3$J $+ $C $? F0E* $J 4D6-2< $G$N %@ !<%& %# %s 7? $H%i %^ %k %/7? $N 0dEA5!9= $N Hf3SI>2A $r 9T$C $F !$ $=$N FC@- $r L@ $i$+$K $7 $?$3$H$G $" $k !% :#8e $N7W;;5! $N$_ $J $i$:!$ <B@$ 3& $N $I $N %l %Y %k$N 7O $b !$ F0 E* $J 3+J| 7? J,;6 4D 6- $H $7 $F$N MMAj $r Dh $9$k!% $7 $? $, $C $F !$ K\ 8&5f $K $h$C $F F@ $i $l $? CN8+ $O !$ :#8e $N3+J|7?J, ;64D6- $K $* $1 $k $h$j9bEY $N CNE*Ld Bj2r 7h %7 %9 %F%‘ $N9=C[K! $d 1?MQK! $K $D$$ $F 9MN8 $9$k:] $J $I $K !$ 2? $i$+$N M-1W $J <(:6 $r M? $( $k$b$N $G $" $k !% 90

<U<- K\8&5f $O !$B?$/ $N J} !9 $N @K $7 $_$J $$ 1g=u$*$h $S 7cNe $N$b $H $K @.$jN)$C $F$$ $k !% $^ $: $O $8 $a $K !$ F| :" $+ $i :)@Z $J ;XF3 $r D: $-!$ K\ 8& 5f $N@Z $C 3] $1$J $i $S $K 8&5f $N5!2q $r M? $($F 2< $5 $C $? 7DXf5A=NBg3XM}9)3XItEE5$9)3X2J65<x =j??M}M: Gn;N $K :GBg $N 46<U $N 0U $r I=$9 !% <! $K !$ K\ 8&5f << F~ << Ev =i $+ $i KDBg $J$k;dE* $J ;~4V $r 3d $$ $F $^ $G =i4| $N8&5f $K 4X $7 $F :)@Z Cz G+ $J ;XF3 $r D: $- !$ 3X LdC5 5f $N3Z $7 $_ !$ 8&5f $K BP$9$k;Q @* $J $I B?$/ $r $4 65<( $7 $F 2< $5$C $? K\8&5f <<B4 6H @8 @iB<J8I’ Gn;N $K ?4 $+$i 46<U$9$k !% $^ $? !$ K\8& 5f $r 9T $& $K$"$?$j !$ >oF| :" $+$i M-0U 5A $J 8f<(:6 $J $i $S $K K\O@J8 $N::FI $J $I ;~4V $r Ld $o$: Bg JQ $K $* @$ OC $K $J $C $? K\ 8& 5f <<Gn ;N 2] Dx >>NS 7D ;a $K ?< $/46 <U$9 $k !% $5 $i$K !$EY=E $J $k 3h H/ $J F$O@ $r DL $8 $F 5.=E $J =u8@ $r $7 $F D:$$ $? K\8&5f<<Gn;N2]Dx FbF#9d?M;a !$=$;N2]Dx 1 G/ CfN$=!90 ;a!$K\8&5f<<3X2J 4 G/ CSC+D>5*;a !$F1 $8 $/3X2J 4 G/ 7,@^N4G7;a $K 46<U$9$k !% $= $7 $F !$K\8&5f<< F~<<;~0JMh!$8x;d $K EO$C $F 6l3Z $r 6& $K $7 $F $-$? K\8&5f<<=$;N2]Dx 2 G/@8 Fb3$=(2p;a !$LZA>N4 ;a!$ ;XLnFF;J ;a!$ Hu 8}BY2p;a!$ J!ED 7r2p;a $r $O $8 $a !$ K\8& 5f<< $G $N @83h $r <B$j $"$k$b $N $H $7 $F 2< $5$C $? K\8&5f<< $N =t;a $K ?4 $+$i 46<U$9$k!% :G8e $K !$ @d $( $6 $k2f PV $r J9 $$ $F2< $5 $j !$ $^ $?3X 6H $K M}2r $r<( $7 $F D: $$ $?N> ?F!$ 2H B2 $K 46<U $9 $k!% J?@. 8 G/ 2 7n 91

App endix $= $N B> $N <B83 $N 7k2L 92

A. $=$N B> $N <B83 $N 7k2L A.1. <B83 A-1 $3$3$G$O !$K\J8 $G$O ?( $l $J$+ $C $? <B837k2L $r 7G:\$9$k !% A.1 <B83 A-1 5.3.1 @a $N<B83 3 $G$O !$ %(!< %8 %’ %s %H $N 3MF@ $G $- $k>pJs $, ItJ,E* $G $" $k>u67 $r A[Dj $7 $? <B83 $r 9T $C $? !% $H$3$m $G !$ <B 83 3 $K $* $$ $F $O IaJW E* $J 5,B’ $, Hs@~ 7A E* $G$" $k $h $& $J$b $N $r 07 $C $? $, !$ $3 $3$G $O !$ $= $NIaJWE* $J 5,B’ $, @~7AJ, N%2DG= $G$" $k>l9g $K $D$$ $F 9T $C $? <B837k2L $N0lIt $r <($9 !% ?^ A.1 $N $h $& $K !$ 4D6- $K B8:_$9$kJ*<A $, JQ2= $9$k>u67 $r 9M $( $k !% ?^ A.3 !$ ?^ A.4 $O !$ $= $l $> $l 20 @$ Be Kh!$ 100 @$Be Kh $K 4D 6- $rJQ 2= $5 $; $? $H$- $N7k 2L $r<( $9 !% $J$*!$ ?^ $O%(!< %8 %’ %s %H $N 0l @8 $r 100 3X=,%9 %F %C %W $H $7 $?$H $-$N 7k2L $r <( $7 $F $$ $k !% ?^ A.1: 4D6- A-1 A.2 <B83 A-2 5.3.2 @a $N <B83 4 $G$O !$Ia JWE* $J 5,B’ $, H?E>$9$k $h $& $J 4D6- $r A[Dj $7 $? <B83 $r 9T$C $? !% $H$3$m $G !$ <B 83 4 $K $* $$ $F $O$=$N5,B’ $, Hs@~ 7AE* $G$"$k $h $& $J$b $N $r 07 $C $? $, !$ $3 $3 $G $O !$ $= $N 5,B’ $, @~7A J, N% 2D G= $G$"$k>l9g $K $D$$ $F 9T $C $?<B83 7k 2L $N0lIt $r <( $9 !% ?^ A.2 $N$h $& $K !$ ?)NH $G$" $k $+ FGJ* $G$" $k $+$r <1 JL$9$k5, B’ $, ;~Be $H$H $b $K H?E>$9$k$b$N $H $9$k !%?^ A.5 !$ ?^ A.6 $O !$ $= $l $> 93

A. $=$N B> $N <B83 $N 7k2L A.2. <B83 A-2 $l 50 @$ BeKh !$ 200 @$ BeKh $K 4D 6- $r JQ2=$5$;$? $H $-$N 7k2L $r <($9 !% $J $* !$?^ $O%( !< %8 %’ %s %H $N 0l @8 $r 100 3X=, %9 %F%C %W $H $7 $?$H$-$N 7k2L $r <( $7 $F $$ $k !% ?^ A.2: 4D6- A-2 94

A. $=$N B> $N <B83 $N 7k2L A.2. <B83 A-2 ?^ A.3: [ 4D6- A-1] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W!$ 4D6- $N JQF0 = 20 @$BeKh ) 95

A. $=$N B> $N <B83 $N 7k2L A.2. <B83 A-2 ?^ A.4: [ 4D6- A-1] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W !$4D6- $N JQF0 = 100 @$BeKh ) 96

A. $=$N B> $N <B83 $N 7k2L A.2. <B83 A-2 ?^ A.5: [ 4D6- A-2] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W!$ 4D6- $N JQF0 = 50 @$BeKh ) 97

A. $=$N B> $N <B83 $N 7k2L A.2. <B83 A-2 ?^ A.6: [ 4D6- A-2] J?6QE,1~EY ( 0l@8 = 100 3X=, %9 %F%C %W !$4D6- $N JQF0 = 200 @$BeKh ) 98

App endix 8m:95UEAHB3X=,K! $K $h $k %Q %?!< %s G’<1 99

B. 8m:95UEAHB3X=,K! $K $h $k %Q%?!< %s G’<1 $3$3 $G $O !$ 8m :95U EA HB3X =, K! (BP K! ) $N 0l$D $N 1~MQ Nc $H $7 $F%Q%?!< %s G’<1Ld Bj $r 07 $$!$ $= $l$K $D$$$F 9T$C $? <B837k2L $r <($9 !% ?^ B.1 $K <($9$h $& $J !$F~NOAX 64 %K%e !<%m %s !$1# $l AX 32 %K%e !<%m %s !$ =PNOAX 3 %K%e !<%m %s $N ;0AX $+ $i$J $k3,AX7? %U %# !< %I %U%)%o!< %I 7? %K %e!<%i %k %M%C %H %o!< %/ $K !$ ?^ B.2 $N 8 � 8 $N %S %C %H %Q%?!< %s$G M? $( $i $l $k 6 <oN‘ $N71N} MQ %Q%? !< %s $r M? $( $k!% ?^ B.2 $K $* $$ $F !$ (a) !$ (b) $O !V Ht9T 5! !W !$ (c) !$ (d) $O !V A% !W !$ (e) !$ (f ) $O !V <V !W $r I=$9 $b $N $H $9$k!% $3$N $H$- !$ M? $( $i $l $? F~NO %Q%?!< %s$, !V Ht9T5! !W $+ !V A% !W $+ !V <V !W $+$r <1JL $7 !$ $= $l$K 1~ $8 $F =PNO %K %e!<%m %s 1 !$=P NO %K%e!<%m %s 2 !$=PNO %K %e !<%m %s 3 $, $= $l $>$l H?1~$9$k$h $& $J%K%e !<%i %k %M%C %H $r F@ $?$$$b$N $H $9 $k !% ?^ B.1: 3 AX %U %# !< %I %U %)%o!< %I $N%K%e !<%i %k %M %C %H ?^ B.2: 71N}%Q%?!< %s 2.3.3 @a $G @bL@ $7 $? BP K! $K => $C $F !$ ?^ B.2 $G <( $7 $? F~NO %G !<%? $r (a) $+$i (e) $K 0lDj $N=g=x $G 7+ $jJV $7 Dh<( $7 $?$H$-$N =PNO %K %e!<%m %s 1 !$ 2 !$ 3 $N =PNOCM $N JQ2= $N MM;R $r ?^ B.3 $+$i ?^ B.5 $K <( 100

$9 !% $J$* !$ (2.7) <0 $K $*$$ $F !$ � = 0 : 75 !$ � = 0 : 8 $H $7 $? !% 90 2s $N3X=, 8e $K 3F=P NO %f %K %C %H $N =PNO CM $O $[ $\ 0lDj $K <}B+ $7 !$ !V Ht9T 5! !W ((a) !$ (b)) !$ !V A% !W ((c) !$ (d)) !$ !V <V !W ((e) !$ (f )) $, M? $( $i $l $?$H$- $K =PNO %K%e!<%m %s 1 !$ 2 !$ 3 $, $= $l $>$l :GBgH?1~ $7 !$E,@Z $K %Q %?!< %s <1JL $, =PMh$k $h $& $J%K %e!< %i %k%M%C %H %o!< %/ $, 3X=, $K $h$C $F 9=C[ $5 $l $F$$ $k $3 $H $, 3N G’ $5 $l $k !% ?^ B.3 $K $h$k $H !$ 3X =, 2s?t $, 40 !A 50 2s $N6aJU $G !$ !V Ht9T 5! !W $r M? $($? $H$- $K 2C $($F !V <V !W $r M? $( $? $H$- $N =PNO %K %e !< %m %s 1 $N =PNO CM $, 0l;~E* $K >e>: $7 $F $$$k!% $3 $l$O !$ 71 N} %Q%? !< %s $H $7 $F M? $( $? !V Ht9T 5! !W $H !V <V !W $H $, N‘ ;w $7 $F $$ $k$?$a$H ;W $o $l $k !%?^ B.4 $K $h $k $H !$ !V A% !W $O B>$N Fs <o N‘ $N %S %C %H %Q%?!< %s $H$N N‘;wEY $, Dc $$ $?$a $+ !$ =P NO %K %e!<%m %s 2 $O 3X=, $N =i4| $N CJ3, ( 3X=,2s?t $, 20 !A 30 2s ) $G 4{ $K !V A% !W $H $=$N B> $N %S %C %H %Q %? !< %s $H$r <1JL $G $-$F $$ $k $3$H $, J, $+ $k !%5U $K ?^ B.5 $K $h $k $H !$ !V <V !W $r <1JL $G$- $k$h $& $K$J $k $N $O :G $b CY $$ $H$$ $& $3$H $, J, $+ $k !% $7 $+ $b !$ M} A[ =PNOCM $X$N <}B+ $N EY9g $b :G $b 0- $$ !% <! $K !$3X=, 8e$N%K%e !<%i %k %M %C %H $K ?^ B.6 $K <($9$h $& $J%F %9 %H %Q %? !< %s $r F~ NO $7 $F $_$? 7k 2L $r I= B.1 $K <($9 !% $J $* !$I= B.1 $O ?^ B.2 $N 7k 2L$b F1 ;~ $K <( $7 $F $$ $k !%I= B.1 $N 7k 2L$h$j !$ (g), (h) $O !V Ht9T5! !W $H $7 $F !$ (i), (j) $O !V A% !W $H $7 $F !$ (k), (l) $O !V <V !W $H $7 $F BEEv $K <1JL $5 $l $F $$ $k $3$H $, J, $+ $k!% $^ $? !$ (m) $O !V Ht9T5! !W $H $7 $F$N FCD’ $H !V <V !W $H $7 $F $N FCD’ $N N>J} $r Hw $($F$$ $k $? $a !$ !V Ht9T5! !W $r 8!CN$9$k =PNO %K%e!<%m %s 1 $H !V <V !W $r 8!CN$9$k =PNO %K%e!<%m %s 3 $, $A$g $& $I F1DxEY $K H?1~ $7 $F $$ $k $3$H $, 3NG’ $5 $l $k !% ?^ B.3: =PNO %K %e !<%m %s 1 $N =PNOCM 101

B. 8m:95UEAHB3X=,K! $K $h $k %Q%?!< %s G’<1 ?^ B.4: =PNO %K %e !<%m %s 2 $N =PNOCM ?^ B.5: =PNO %K %e !<%m %s 3 $N =PNOCM 102

B. 8m:95UEAHB3X=,K! $K $h $k %Q%?!< %s G’<1 ?^ B.6: %F %9 %H %Q %?!< %s pattern output neuron 1 output neuron 2 output neuron 3 (a) 0.949 0.014 0.092 (b) 0.968 0.008 0.074 (c) 0.014 0.974 0.080 (d) 0.018 0.985 0.030 (e) 0.063 0.042 0.866 (f ) 0.073 0.061 0.819 (g) 0.961 0.008 0.080 (h) 0.949 0.006 0.115 (i) 0.023 0.894 0.184 (j) 0.016 0.965 0.087 (k) 0.078 0.040 0.853 (l) 0.109 0.036 0.811 (m) 0.490 0.052 0.550 I= B.1: %F %9 %H %Q %?!< %s F~NO7k2L 103

;2 9M J8 8% [AL92] Da vid H. Ac kley and Mic hael L. Littman. In teractions b et w een Learning and Ev olution. In Christphor G. Langton, Charles T a ylor, J. Do yne F armer, and Steen Rasm ussen, editors, A rti�cial Life II, SFI Studies in the Scienc es of Com- plexity, vol.X , pp. 487{509. Addison-W esley , 1992. [AL93] Da vid H. Ac kley and Mic hael L. Littman. A Case for Lamarc kian Ev olution. In Christphor G. Langton, editor, A rti�cial Life III, SFI Studies in the Scienc es of Complexity, vol.XVII , pp. 3{10. Addison-W esley , 1993. [Bro94] Ro dney A. Bro oks. Coheren t Beha vior from Man y Adaptiv e Pro cesses. In F r om animals to animats: Pr o c e e dings of the Thir d International Confer enc e on Sim- ulation of A daptive Behavior , pp. 22{29, 1994. [Cha90] Da vid J. Chalmers. The Ev olution of Learning: An Exp erimen t in Genetic Connectionism. In D. S. T ouretzky , J. L. Elman, T. J. Sejno wski, and G. E. Hin ton, editors, Pr o c e e dings of the 1990 Conne ctionist Mo desl Summer Scho ol . Morgan Kaufmann, 1990. [CJ92] Rob ert J. Collins and Da vid R. Je�erson. An tF arm: T o w ards Sim ulated Ev o- lution. In Christphor G. Langton, Charles T a ylor, J. Do yne F armer, and Steen Rasm ussen, editors, A rti�cial Life II, SFI Studies in the Scienc es of Complexity, vol.X , pp. 579{601. Addison-W esley , 1992. [Cri94] F rancis Cric k. DNA $K :2 $O $" $k $+ : 6C 0[ $N 2>@b ( Cf 86 1Q?C ( Lu )). 9VCL <R (1995), 1994. ( 86Bj ) The Astonishing Hyp othesis: The Scien ti�c Searc h for Soul. [Dar59] Charles Darwin. <o$N 5/ 8; ( 2~ HG ) ( H, ?y N6 0l ( Lu )). 4d GH J8 8K (1990), 1859. ( 86 Bj ) The Origin of Sp ecies (Murra y London). [Da v91] La wrence Da vis, editor. Handb o ok of Genetic A lgorithms . V an Nostrand Rein- hold, 1991. 104

;2 9M J8 8% [Da w89] Ric hard Da wkins. Mx 8J E* $J 0d EA ;R : A} Jd2~ Bj !V @8 J* = @8 B8 5! 3# O@ !W ( F| 9b IR N4 , 4_ M3 Fs , 1)ED @a ;R , ?b?e M:Fs ( Lu )). 5*0K T" 20 =q E9 (1991), 1989. ( 86Bj ) The Sel�sh Gene: New Edition (Oxford Univ ersit y Press). [dBFP92] Martin J. M. de Bo er, F. Da vid F racc hia, and Przem ysla w Prusinkiewicz. Anal- ysis and Sim ulation of the Dev elopmen t of Cellular La y ers. In Christphor G. Langton, Charles T a ylor, J. Do yne F armer, and Steen Rasm ussen, editors, A r- ti�cial Life II, SFI Studies in the Scienc es of Complexity, vol.X , pp. 465{483. Addison-W esley , 1992. [DL82] Randall Da vis and Douglas B. Lenat. Know le dge-Base d Systems in A rti�cial Intel ligenc e . McGra w-Hill, 1982. [Gol89] D. E. Goldb erg. Genetic A lgorithms in Se ar ch, Optimization and Machine L e arn- ing . Addison W esley , 1989. [Gou89] S. J. Gould. Through a lens, darkly . Natur al History , V ol. 9, No. 89, pp. 16{24, 1989. [Gre91] John J. Grefenstette. Lamarc kian Learning in Multi-agen t En vironmen ts. In Pr o c e e dings of 4th International Confer enc e on Genetic A lgorithms and their applic ations (ICGA-91) , pp. 303{310, 1991. [HN87] G. E. Hin ton and S. J. No wlan. Ho w Learning Can Guide Ev olution. Complex Systems , V ol. 1, pp. 495{502, 1987. [Hol75] J. H. Holland. A daptation in Natur al and A rti�cial Systems . The Univ ersit y of Mic higan Press, 1975. [KI92] Kunihik o Kanek o and T ak ashi Ik egami. Homeo c haos: dynamic stabilit y of sym- biotic net w ork with p opulation dynamics and ev olving m utation rates. Physic a D , V ol. 56, pp. 406{429, 1992. [Kit90] Hiroaki Kitano. Designing Neural Net w orks using Genetic Algorithms with Graph Generation System. Complex System , V ol. 4, No. 4, pp. 461{476, 1990. [Kit94] Hiroaki Kitano. Ev olution of Metab olism for Morphogenesis. In A rti�cial Life IV: Pr o c e e dings of the F ourth International Workshop on Synthesis and Simula- tion of Living Systems , pp. 49{58, 1994. 105

;2 9M J8 8% [Kit95] Hiroaki Kitano. A Mo del for Hormonal Mo dulation of Learning. In Pr o c e e dings of the 14th International Joint Confer enc e on A rti�cial Intel ligenc e (IJCAI-95) , pp. 532{538, 1995. [Kno91] Craig A. Knoblo c k. Searc h Reduction in Hierarc hical Problem Solving. In Pr o- c e e dings of the 9th National Confer enc e on A rti�cial Intel ligenc e (AAAI-91) , pp. 686{691, 1991. [Lan89] Christopher G. Langton. Arti�cial Life. In A rti�cial Life , pp. 1{47. Addison W esley , 1989. [Lan95] Christopher G. Langton, editor. A rti�cial Life: A n Overview . MIT Press, 1995. [Lew92] Roger Lewin. Complexity: Life at the Edge of Chaos . Macmillan, 1992. [Lin93] Long-Ji Lin. Scaling Up Reinforcemen t Learning for Rob ot Con trol. In Pr o c e e d- ings of the T enth International Confer enc e on Machine L e arning , pp. 182{189, 1993. [LM92] Long-Ji Lin and T om M. Mitc hell. Reinforcemen t Learning With Hidden States. In F r om animals to animats: Pr o c e e dings of the Se c ond International Confer enc e on Simulation of A daptive Behavior , pp. 271{280, 1992. [Mae92] P attie Maes. Beha vior-Based Arti�cial In telligence. In F r om animals to animats: Pr o c e e dings of the Se c ond International Confer enc e on Simulation of A daptive Behavior , pp. 2{10, 1992. [MD89] Da vid J. Mon tana and La wrence Da vis. T raining F eedforw ard Neural Net w orks Using Genetic Algorithms. In Pr o c e e dings of the 11th International Confer enc e on A rti�cial Intel ligenc e (IJCAI-89) , pp. 762{767, 1989. [MP43] W arren S. McCullo c h and W. H. Pitts. A Logical Calculus of the Ideas Immanen t in Nerv ous Activit y. Bul letin of Mathematic al Biophysics , V ol. 5, pp. 115{133, 1943. [MP69] Marvin Minsky and S. P ap ert. Per c eptr ons . MIT Press, 1969. [MT93] Kei Matsuba y ashi and Mario T ok oro. A Collab oration Mec hanism on P ositiv e In teractions in Multi-Agen t En vironmen ts. In Pr o c e e dings of the 13th Interna- tional Joint Confer enc e on A rti�cial Intel ligenc e (IJCAI-93) , pp. 346{351, 1993. 106

;2 9M J8 8% [P ea84] Judea P earl. Heuristics: Intel ligent Se ar ch Str ate gies for Computer Pr oblem Solving . Addison-W esley , 1984. [PNC91] Domenico P arisi, Stefano Nol�, and F ederico Cecconi. Learning, Beha vior and Ev olution. In T owar d a Pr actic e of A utonomous Systems: Pr o c e e dings of the First Eur op e an Confer enc e on A rti�cial Life , pp. 207{216. MIT Press, 1991. [PV92] Rolf Pfeifer and P aul F. M. J. V ersc h ure. Designing E�cien tly Na vigating Non- Goal-Directed Rob ots. In F r om animals to animats: Pr o c e e dings of the Se c ond International Confer enc e on Simulation of A daptive Behavior , pp. 31{39, 1992. [Ras89] Steen Rasm ussen. T o w ard a Quan titiv e Theory of the Origin of Life. In A rti�cial Life , pp. 79{104. Addison W esley , 1989. [RMtPR G86] Da vid E. Rumelhart, James L. McClelland, and the PDP Researc h Group. PDP %b %G %k : G’CN2J3X $H%K%e !<%m %s 2sO)LV $N C5:w ( 4EMx=S0l ( 4FLu )). ;:6H ?^=q (1989), 1986. ( 86Bj ) P arallel Distributed Pro cessing: Explorations in the Microstructure of Cognition.(MIT Press). [SB95] Luc Steels and Ro dney Bro oks, editors. The A rti�cial Life R oute to A rti�cial Intel ligenc e: Building Emb o die d Situate d A gents . La wrence Erlbaum Asso ciates, 1995. [SCT95] T ak ahiro Sasaki, F umihik o Chim ura, and Mario T ok oro. The T railblazer Searc h with a Hierarc hical Abstract Map. In Pr o c e e dings of the 14th International Joint Confer enc e on A rti�cial Intel ligenc e (IJCAI-95) , pp. 259{264, 1995. [Smi87] John Ma ynard Smith. When Learning Guides Ev olution. Natur e , V ol. 329, pp. 761{762, Octob er 1987. [Smi89] John Ma ynard Smith. ?J 2= 0d EA 3X ( 4‘ :4 MG , 86 ED M4 ;R ( Lu )). ;: 6H ?^ =q (1995), 1989. ( 86Bj ) Ev olutionary Genetics (Oxford Univ ersit y Press). [SR87] T. J. Sejno wski and C. R. Rosen b erg. P arallel Net w orks that Learn to Pronounce English T ext. Complex System , V ol. 1, pp. 145{168, 1987. [Sut88] Ric hard S. Sutton. Learning to Predict b y the Metho ds of T emp oral Di�erences. In Machine L e arning , V ol. 3, pp. 9{44, 1988. 107

;2 9M J8 8% [Sut90] Ric hard S. Sutton. In tegrated Arc hitectures for Learning, Planning, and Re- acting Based on Appro ximating Dynamic Programming. In Pr o c e e dings of the Seventh International Confer enc e on Machine L e arning , pp. 216{224, 1990. [TH89] P ablo T ama y o and Hyman Hartman. Cellular Automata, Reaction-Di�usion Systems and the Origin of Life. In A rti�cial Life , pp. 105{124. Addison W esley , 1989. [T ok91] Mario T ok oro. T o w ard Computing Systems for the 2000’s. In Op er ating Systems of the 90s and Beyond, LNCS 563. Springer-V erag, July 1991. [T ok94] Mario T ok oro. Agen ts: T o w ards a So ciet y in whic h Humans and Computers Cohabit. In Distribute d Softwar e A gents and Applic ations, LNAI 1069, pp. 1{10, 1994. [WD92] C. J. C. H. W atkins and P . Da y an. T ec hnical Note: Q-Learning. In Machine L e arning , V ol. 8(3/4). Klu w er Academic Publishers, 1992. [WH89] Darrell Whitley and Thomas Hanson. Optimizing Neural Net w orks Using F aster, More Accurate Genetic Searc h. In Pr o c e e dings of 3r d International Confer enc e on Genetic A lgorithms and their applic ations (ICGA-89) , pp. 391{396, 1989. [ 0B@> 89] 0B@>M40lO: . G’<1 $H 3X=, ( 4dGH9V:B %=%U %H %&%’%" 2J3X 16). 4dGH , 1989. [ 9g86 93] 9g860l9, !J JT !K . %K%e !<%m!& %U %! %8 %# !& %+ %* %9 . %* !< %‘<R , 1993. [ =j 95] =j ?? M} M: . %^ %k %A %( !< %8 %’ %s%H %7 %9%F %‘ 8& 5f$N L\ ;X $9$b $N . %3 %s%T %e !< %?%= %U %H %&%’%" , V ol. 12, No. 1, pp. 78{84, Jan uary 1995. [ ?M9) 94] ?M9)@8L?8&5f2q !J JT !K . ?M9)@8L? . 6&N)=PHG , 1994. [ BgEg 81] BgEgD9B$ ( JT ). 0dEA $H JQ0[ ( @8J*3X650i9V:B 4). El3$Bg3X=PHG2q , 1981. [ D9Ln 94] D9Ln7I . ?J2= $N $i$; $s 3,CJ . @DEZ<R , 1994. [ GO>l 94] GO>lB’IW , >.Eg;KCK , >._7@?0l . %K%e !<%i %k %M%C %H $N 4pAC $H 1~MQ . 6&N)=PHG , 1994. [ KLLn 92] KL Ln 9( L@ . ?M 9) @8 L?$H ?J 2= !& H/ @8!&3X =,$N E} 9g . ?t M} 2J 3X , No. 353, pp. 24{31, No v em b er 1992. [ KLLn 93] KL Ln 9( L@ . 0d EA E* %" %k %4 %j %:%‘ $H %K %e !< %i %k !& %M %C %H %o !<%/ $NM; 9g . KL Ln 9( L@ !J JT !K , 0dEAE* %" %k %4 %j %: %‘ , pp. 235{262. ;:6H?^=q , 1993. 108

;2 9M J8 8% [ OBED 92] OBED7rG7 2p , OBED2B ;R . ;3EP $jHt $S Cn $N ?J2= $H LH1V %7 %9 %F %‘O@ $K $D$$ $F . ?tM}2J 3X , No. 353, pp. 12{23, No v em b er 1992. 109