3NN(%b%G%k$N3X=,$K$h$k%(!<%8%’%s%H4V$N9g0U7A@. K\B<M[0l (Y oic hi Motomura) EE;R5;=QAm9g8&5f=j (Electrotechnical Lab oratory) Summary . In dynamically c hanging and unpredictable environmen t, coming to an agreement for a multi-agen t system without explicit communication is an imp ortant issue. W e will discuss an adv an tage of prob- abilistic framework for coming to an agreement. Esp ecially , complex agen ts that b ehav e according to particular situations, can b e mo deled by Bay esian (b elief ) netw ork. In this study , a pro cess to achiev e an agreemen t is formulated as learning for the probabilistic mo dels. Learning algorithm can b e derived from probabilistic hill-climb metho ds. Agen ts can ev aluate a degree of consistency as frequency in learning process. Finally , learning agents �nd adequate parameters to go along with other agents, then they reach the agreemen t in the environmen t. W e will show results of learning sigmoidal b elief netw ork in sev eral cases. The con v enien t tec hniques based on probabilistic framework are also shown. 1 $O$8$a$K F0E*$KJQ2=$7 , M=B,$,Fq$7$$4D6-$K$*$1$k:GE,$J0U;V7hDj$NLdBj$NNc$H$7$F , 0[<o$NJ#?t%(!<%8%’%s%H$,9=@.$9$k<R 2q$K$*$1$k%(!<%8%’ %s%H4V$N9g 0U7A@.$,$" $k . L$CN$N 4D6-$K$*$$$F =@Fp$J6(D4 F0:n$r<B8= $9$k$?$a$K $O%"%/%7%g%s , L\ E*$H$9$k%4!<%k , %5%V%4!<%k , F0:nBP>]$J$IMM!9$JA*Br$K$D$$$F$N0lCW , $9$J$o$A9g0U$rE,1~E*$K7A@.$9$k;EAH$_$,IT2D 7g$G$"$k . FC $KL@<( E*$JDL ?.$rMQ $$$k$3 $H$,$G $-$J$$ >l9g$d , L$CN $N%(!<%8%’ %s%H$H $N9g0U $r7A@. $9$k>l 9g , 4D 6-$KBP $7$FIT40A4$J4QB,$7$+F@$i$l$J$$>l9g$K$O>u67$d>l$NI,A3$+$i<+A3$KA*Br$,0lCW$9$kE@ , >GE@ (F ocal p oint) [1] $,J#;( $GF0E*$J 4D6- $K$* $1$k CNE*%7 %9%F %‘$r 9M$( $k>e$G $bK\ <AE* $K=E MW$JLr 3d$r 2L$? $7F@ $k$3$H $,;X E&$5 $l$F $$$k [2, 3, 4]. $3$l$N6qBN E*$J1~ MQ$H$7$F $bL$CN $NF0E* $JMW0x$, B??tB8 :_$9$k 4D6-$dE( , L#J}$, :.:_$9 $k4D6- $G$N%4!<%k C#@. , ?M $H$N BPOCE*%7%9 %F%‘$K $*$$$F %f!<%6!<$N 0U?^$r M=B,$9 $kFbIt %b%G%k$N 9=@.$J $I$,9M $($i$l $k . F ocal p oint( >GE@ ) $O<+ N’E* $KCm;kE@$rA*Br$9$k$?$a$N 4p=‘$H$7$F , LdBj$N@_Dj!&$=$N >l$N>u67!&J8L.$J$I $K$h$j82Cx$KB>$H6h JL$5$l$&$kE@$HDj5A $5$l$F$$$k [1]. FC$K?M4V$K$H$C $F$N F ocal p oint $O<R 2qE*$J>l$N>u67 , 9=?^$+$i5,Dj$5$l$F $/$k$b$N$H$7$FMM!9$J<R2q E*6ILL$K $D$$$F $ND4 ::8&5f $r9T$C$? Nc$, $"$k [1, 5]. %^%k %A%(!<%8%’ %s%H$N OHAH $G$O , BP>] $r0l$D A*$S =P$9%? %9%/$K $D $$$FB0@- CM$N6K C<$5$d DA$7$5 $J$I $ND>4Q E*;XI8 $rMQ$$ $FA* Br$9$k %"%k%4 %j%:%‘ $NDs 0F [7] $d , J# ?tBf$N <+N’ 0\F0%m %\%C %H%7%_%e%l!<%?!<$rMQ$$$?<B83I>2A [11] $J$I$,$"$k . $7$+$7 , ?M 4V$O8= <B<R2q $K$* $1$k@8 3h$rDL $8$F F ocal p oint $r7h Dj$9$k ;EAH $_$r4{ $K3MF@ $7$F $$$k$N $KBP$7 $F , ?M 9)%(!<%8%’%s%H$N>l9g$K$O F ocal p oin t $r7hDj$9$k8GDjE*$J%"%k%4%j%:%‘$r4D6-$H$N4X$o$j$rH4$-$K$7$?$^$^;vA0$K5, Dj$9$k$3$H$O:$Fq$G$"$k . $=$N $?$a%(!<%8%’%s%H$,CV$+$l$F $$$k4D6-Fb$G$N4QB,$rDL $8$F F ocal p oint $r7hDj$9$k;EAH $_$r<+N’E*$K3MF@$9$kOHAH$,=EMW$G$"$k . $3$3$G$O%U%)!<%+%k%]%$%s%H$rFCDj$N4D6-$NCf$GC5:w$7$F$$$/2aDx$r4D6-$+ $i$N%U%#!<%I%P%C%/$K$h$k%(!<%8%’%s%H$NFbIt%b%G%k$N3X=,$H$7$F3MF@$9$kJ}K!$r9M$($k . FC$K3X=,2aDx$G$N8=>uBV$r I>2A$9$k$?$a$KA*Br$N<h$jJ}$K$D$$$F3NN(E*$J!VI}!W$r;}$DI,MW@-$K$D$$$F=R$Y$k . $^$?$h$j0lHLE*$J>u67$dJ8L.$K0M B8$7$?0lCWE@$r<B8=$9$k$?$a$K%(!<%8%’%s%H$N=PNO$r>r7oIU$-3NN(J,I[$H$7$FI=8=$9$k . >r7oIU$-3NN($rI=8=$9$k3NN( %b%G%k$H$7$F$O%\ %k%D%^%s%^%7 %s$d%Y%$%8%" %s%M%C%H%o!<%/ (Belief net) $, $"$j , $3$l$N 3X=,$K$h$C$F>u 67$K0MB8$7$F F0:n$9 $k %(!< %8%’%s %H 4V$N 9g 0U7A @. $r<B 8= $9$k!# :G 8e$K 3N N(%b %G %k$r MQ $$$k $3 $H $GE, MQ 2DG= $H $J$k 3N N(!&E} 7W E*<j K! $K$D$$$F=R$Y$k!# 2 9g0U7A@. 0J2<$G$O F ocal p oint $r7hDj $9$k;E AH$_$r M}O@E*$K <h07$& $?$a$N Dj<02=$r 9T$J$& . :# , %(!<%8%’ %s%H A $H%(!< %8%’ %s%H B $,$=$l$>$l%"%/%7%g%s a A , a B $rA*Br$7$?;~ , $3$NA*Br$,0lCW$9$k ( a A = a B ) $3$H$r9g0U$N7A@.$H$9$k . 40A4$J>p Js$,F@ $i$l$k >l9g , 3F%(!<%8%’ %s%H $,A4$/ F1$8F~ NO$r<u $1 , $3 $l$KBP $7A4$/ F1$87h DjE* ( Hs 3NN(E* ) %"%k %4 %j%:%‘$rMQ$$$FA*Br$r9T$($P9g0U$,@.N)$9$k$3$H$OL@$i$+$G$"$k . $7$+$740A4$J4QB,$,4|BT$G$-$:3F%(!<%8%’%s%H$,F@ $kF~NO$,0[$J$k>l9g$d , $=$b$=$b3F %(!<%8%’%s%H$,%X%F%m%8 %K%"%9$G$"$jA4$/ F1$87hDj%"%k%4%j%: %‘$rMQ$$$F$$$J$$>l 9g$K$OL$CN$N7hDj E*$J%"%k%4 %j%:%‘$r?d Dj$9$kI,MW $,$"$k . $@$, , 2r6u4V$r A4C5:w$G$-$J $$$h$&$J>l 9g$K$O@\6a K!$K$h $j?dDj$r9T$J$&$?$a$NI>2ACM$rF@$k$3$H$,MF0W$G$O$J$$ . 1

0lJ} , 3NN( E*$J %"%k %4 %j%: %‘$N >l9g $K $O%(!< %8%’%s %H$N %" %/%7%g %s$N <h$j J} $K3N N(E* $J!VI}!W $, $"$j , 0lDj ;~4V Fb $N;n9T$N4V$NA*BrIQEY$+$iA* Br$,0lCW$9$k4|BTCM $rF@$k$3$H$,$G$- , 3X=,$N$? $a$KI,MW$J8=:_$N>u BV$K4X$9$kI>2A$,2D G=$G$"$k . L$CN$N%(!<%8%’%s%H$,B8 :_$9$k4D6-$G$OB>$N%(!<%8%’%s%H$,MQ$$$F$$$k%"%k%4%j%:%‘$r?dDj$9$k$3$H$,I,MW $G$"$k$,$3$l$r6a;w$9$k>l9g$K$b3NN(E*$J@\6a$r$O$+$kJ}K!$,M-8z$G$"$k . 3NN(E* $KA* Br$, 9T$o $l$k>l 9g$K %(!<%8%’ %s%H k $, 3F%" %/%7%g %s$r A*Br $9$k3N N($r p k i $H $9$k . A4$F $NA* Br$K $D$$$F $N3NN($N=89g P k ( A ) = f p k 1 ; p k 2 ; � � � ; p k n g $O%"%/ %7%g %s$K 4X$9 $kA* Br $r7h Dj$9 $k A4%Q %i%a!< %? $G$" $k . $3 $3$G %(!< %8%’%s %H 1 ; 2 $NA* Br$, 0l CW$9 $k3N N( $O<! <0$G I=$5$l$k . P 1 ( A ) � P 2 ( A ) = n X i =1 p 1 i � p 2 i (1) $h$j0lHLE*$K%(!<%8%’%s%H$N?t$, K $N>l9g$NA4BN$NA*Br$,0lCW$9$k3NN($O<!<0$K$h$jI>2A$G$-$k . E � K Y k =1 P k ( A ) = n X i =1 K Y k =1 p k i (2) 3 3X=,$K$h$k9g0U7A@. 0J>e$NDj<0 2=$N$b $H$G9g0U 7A@.$N$? $a$K$O<0 (2) $r Bg$-$/$9 $k$h$&$K 3F%(!<%8%’ %s%H$,%" %/%7%g%s$r A*Br$9$k $h$& $K$9$l$P$h$$ . <0 (2) $r:GBg2=$9$k$?$a$K:G=* E*$K$O$I$l$+$N%"%/%7%g%s$r:GBg$N3NN(CM = 1 : 0 $GA*Br$9$kI,MW$,$"$k $, , F1MM$K3X=, $9$kB>$N%(!<%8%’%s%H$N =8CD$NCf$G$$$+$K $7$F6&DL$N%"%/%7%g%s $rA*Br$9$k$h$&$K ;E8~$1$k$+$H$$$&$3 $H$,=EMW$J%]%$%s%H$G$"$k . J#?t$N %(!<%8%’%s %H$, B8:_$9 $k4D 6-$K$* $$$F 3F%(!<%8%’ %s%H $,A*Br $r9T $J$$ , A4 $F$N%(!< %8%’%s %H$NA* Br$, 0lCW$7 $?;~$K Js=7 $,F@ $i$l $k $b$N $H$9 $k . 3F%(!< %8%’ %s%H $,Js =7$r F@$k $3$H $K$h $j $=$l $>$l 3FA* Br3N N(%Q %i%a!< %? p k i ( S ) $r =$@5$7$F$$ $/$H , %(!<%8%’%s %H$O$= $N4D6- $G$N 9g0U7A @.$r<B 8=$7$d $9$$$h $&$J3X =,$r9T $J$&$3 $H$K$J $k . $3$N;~ , $I$N %Q%i%a!<%?$r$I$l$@$1=$@5$9$l$P $h$$$+$H$$$C$?L\0B$,3NN( E*OHAH$K$h$C$FM?$($i$l $k . Nc$($P , %(!<%8%’%s%H � $NA* Br � $K$D$$$F$N3F3NN(%Q%i%a!<%?$N8{G[$O @ E =@ p � � = K Y k =1 ;k 6 = � p k � : (3) $K$h$j5a$^$k$+$i , 3X=,%" %k%4%j%:%‘$H$7 $F$3$NCM$,:GBg $H$J$k3NN(%Q%i %a!<%?$r � p � � = @ E =@ p � � $K$7$? $,$C$FJQ99 $9$k$H$$$C$?$b$N$,9M$($i$l$k . 7hDjE*F0:n $r$9$k%(!< %8%’%s%H$, 3X=,$r9T $J$&>l9g $K$b$I$N A*Br$,NI$$ $+$rI>2A $9$kI,MW $,$"$k . A4 %(!<%8%’%s%H $,7hDjE*$JA*Br$r9T$J$$B3$1$=$l$,0lCW$7$F$$$J$$>l9g$K$O%(!<%8%’%s%H$OJs=7$rF@$k5!2q$r<:$& . $=$3$G0lCW@-$NI> 2A$N$?$aMM!9$JA*Br$K$D$$$F C5:w$r9T$J$&$H , $3$l$O3NN( E*$JA*Br$r9T$J$& $3$H$HF1MM$NA‘:n$r 9T$J$C$F$$$k$H$_$J$; $k . 3.1 %7%_%e%l!<%7%g%s 3NN(%Q%i%a!<%? p $K$h$j%"%/%7%g%s ( a 1 ; a 2) $r$=$l$>$l p; (1 � p ) $GA*Br$9$k%(!<%8%’%s%H$r 10 MQ0U$7 , =i4|%Q%i %a!<%?$O%i%s%@%‘$K@_Dj$9$k . J?6Q 0lCW3NN($9$J$o$A<0 (2) $r$G$- $k$@$1Bg$-$/$9$k$h$&$K $=$l$>$l$N3NN(%Q%i%a!<%? $N3X=,$r9T$J$& . <B837k2L$N%W%m%C%H$r?^ 1 $K<($9 . =i4|CM$K$h$j<}B+$KMW$9$k3X=,2s?t$O0[$J$k$, , $$$:$l$N;n9T$G$b:G=*E*$K$O%(!<%8%’%s%H$NA*Br$OA4$F0lCW$7$? . 4 >u67$K0MB8$7$?A*Br$r9T$J$&%(!<%8%’%s%H$H$N9g0U7A@. <!$KLd Bj @_Dj $r$h $j<B :]E* $K$9 $k $?$a $K , %(!< %8%’%s %H$r 4D6- $+$i $NF~ NO$r F@ $F>u 67$r H=CG $7 , $= $l$K 1~$8 $FA* Br $r9T$J$C$F$$$k$b$N$X$H0lHL2=$9$k!# %(!<%8%’%s%H$,7hDjE*$JF0:n$K=>$C$F$$$k>l9g $K$O$3$l$O$"$k>uBV s $K$*$1$k%"%/%7%g%s a $r3N N( 1 $GA*Br$9$k$b $N$H$7$FI=8=$9$k$3$H $,$G$- , >u67$NJ8@a S = f s 1 ; � � � ; s m g , %"%/ %7%g%s A = f a 1 ; � � � ; a n g $H%k!<%k=89g f if s i then a j g $N AH9g $;$K $h$C $FI= $9$3 $H$, $G $-$k . $3 $3$G S $O4D 6- $r4Q B,$7 $? 7k2L $N%; %s%5 F~ NO$J $I$+ $i , !VJ*BN $r f 8!=P $7 $? , $7$J$$ g !W , !VJ*BN$NB0@-CM$, f Bg$-$$ , >.$5$$ g !W , !V8!=P$7$?J*BN$H$N5wN%$, f l 0J>e , L$K~ g !W$J$I$N$h$&$K>u67 $rJ8@a$9$k$b$N$G$"$k . 2

?^ 1: 3X=,$K$h$k9g0U7A@.$N2aDx ( =D : J?6Q0lCW3NN( , 2# : 3X=,2s?t ) 3NN( E*F0 :n$r 9T $J$C$F $$$k >l 9g$K $O , 3F%" %/%7%g %s $rA* Br$9 $k 3NN( $rA4 $F >r7o IU$- 3N N( p ( A j S ) $K $9$k $3$H $G %"%/ %7%g%s $NA* Br $K>u 67 0MB8 @- $r ;}$? $; $k$3 $H $, $G$- $k . >u67 0M B8@- $, J# ;($J >l 9g$K $O , %0%i %U 9= B$$K $h $jJQ ?t 4V $N0M B8 4X78 $r I=$9 %\ %k %D %^%s %^ %7 %s $d%^ %k %3 %U %M%C%H , %Y %$ %8%" %s %M%C %H $rMQ $$ $k $3 $H$G $h $j J# ;($J >u 67 0M B84X 78 $r 5- =R$7 $?$j , >u670MB8 @-$rI=$9%b%G%k$N%Q %i%a!<%?$NF~$lJ}$r 9)IW$9$k$3$H$K$h$C$F 3X=,$rMF0W$K$7$? $j$9$k$3$H$,$G$-$k!# Nc$($P Sigmoid 4X ?t $rMQ $$ $? Sigmoidal b elief net[10] $d!" %K%e!<%i %k %M%C%H $r MQ$$ $?%Y %$ %8%" %s %M%C%H [12] $K $h $j %G!<%?!<$+$i$N3X=,$r9T$J$&$b$N$,$"$k!# B>$N%(!< %8%’%s%H $NFbIt 9=B$$, $*8_ $$$KL$ CN$N>l 9g$K , >u 670MB8 @-$r4^ $a$F 3X=,$9 $k$3$H $G9g0U $r7A @.$9$k $3$H$r 9M$($k . $3$N >l9g $K$O ;vA0 $KFb It%b %G%k $r9=@. $9$k :]$K $O?? $N S � , $D $^$j B>$N %(!<%8%’ %s%H $HA* Br$, 0lCW $9$k :GE,$J >u67$N J8@a$K $D$$ $F$O CN$k $3$H $,$G $-$J$$ . $= $3$G E,Ev $JJ8@a S $rMQ 0U$7 $F%b %G%k $r9=@. $9$k $7$+ $J$/ $3$3 $KIT 3N<B @-$,@8$8$k $?$a , $b $7B>$N %(!<%8%’%s %H$,<B :]$K$O 7hDjE* $J%k!<%k$K $7$?$,$C $FF0:n $7$F$$ $?$H$7 $F$b , 4Q B,7k2L $O3N N(E*$J?6Iq$r<($9 . $= $3$GB>$N%(!<%8%’%s %H$,7hDjE*$J>l 9g$G$bM=B,$N$? $a$NFbIt%b%G%k $O>r7oIU$-3NN( J,I[ P ( A j S ) $K$h$jI=8=$9$kJ}$,E,@Z$G$"$j , $3$N>l9g$K$b$d$O$j3NN(%b%G%k$rMQ$$$kJ}$,ET9g$,NI$$ . $7$?$,$C$F<0 (2) $K>u67$rI=$9JQ?t S $rF3F~$7$?2<<0$N:GBg2=$r9M$($k . K Y k =1 P k ( A j S ) = n X i =1 K Y k =1 p k i ( S ) (4) 4D6-$+$i$NF~NO$r x $H$7$F<!$N$h$&$J3NN(%b%G%k (Sigmoidal Belief net) $K$h$j%(!<%8%’%s%H$rF0:n$5$;$k!# P ( a 1 j x ) � p ( x ) = 1 = (1 + exp ( � ( w x + b )) ; P ( a 2 j x ) = 1 � p ( x ) : F10l$N4D6-Fb$K$*$1$kMM!9$J >u67$G$=$l$>$lA*Br $r9T$J$$ , A4$F$N%(!<%8%’%s%H $NA*Br$,0lCW$7$? ;~$N$_Js=7$rM?$($k $3$H$K$h$j3X=,$r9T$J$&$3$H$K$9$k$H , 3X=,%"%k%4%j%:%‘$O<0 (4) $r:GBg2=$9$k$h$&$K<!$N$h$&$K%Q%i%a!<%? w ; b $r=$ @5$9$l$PNI$$!# � w � = @ K Y k =1 p k ( x ) =@ w � � b � = @ K Y k =1 p k ( x ) =@ b � 4.1 %7%_%e%l!<%7%g%s >e$GDj5A $7$?3N N(%b%G %k$K$h $k%(!<%8%’ %s%H $N3X=, G=NO$r <B83E* $KI>2A $9$k . 3F%Q %i%a!< %?$N=i 4|CM$O [-1,1] $N HO 0O$G%i %s%@ %‘$K @_Dj $9$k!# 4D 6-$O MM!9$J >u67 x $r H/@8 $7 , 3F %(!<%8%’ %s%H $O$= $l$K $7$? $,$C$F F0 :n$9 $k . 10 %(!< %8%’ %s%H$G6&3X=,$r9T$J$C$?>l9g$NA*Br$N0lCW3NN($NA+0\$r?^ 2 $K <($9!#$^$?$"$k0l$D$N%(!<%8%’%s%H$N3X=,G=NO$NI>2A$H $7$F7hDjE* F0:n , [if x � 0 then a 1 else a 2 ] $r9T$J $&%(!<%8%’ %s%H$KBP $7$F$N $N3X=, , ;~!9<~4|E* $KF0:n $rJQ99$9 $kHs 6(D4E*%(!<%8%’%s%H$KBP$9$k3X=,7k2L$r$=$l$>$l?^ 3, ?^ 4 $K<($9 . $$$: $l$b3X=,$N7k2L , ==J,9b$$A*Br 0lCW3NN($,C#@. $5$l$F$$$k . 3

?^ 2: 10 %(!<%8%’%s%H$N6&3X=,$K$h$k9g0U7A@. ( =D : J?6Q0lCW3NN( , 2# : 3X=,2s?t ) ?^ 3: 7hDjE*%(!<%8%’%s%H$KBP$9$k3X=, ( =D : J?6Q0lCW3NN( , 2# : 3X=,2s?t ) ?^ 4: Hs6(D4E*%(!<%8%’%s%H$KBP$9$k3X=, ( =D : J?6Q0lCW3NN( , 2# : 3X=,2s?t ) 4

5 5DO@ $3$3$G$O!"3NN(%b %G%k$rMQ$$$k $3$H$G%(!<%8%’%s %H4V$N9g0U7A @.$K$D$$$FE, MQ2DG=$K$J$k 3NN(!&E}7WE*<j K!$K$D$$ $F=R$Y$k!# 5.1 %(%s%H%m%T!< %"%/%7%g%sA*Br$N3NN(J,I[$N>r7oIU$-%(%s%H%m%T!< , H ( A j S ) � � P ( A j S ) l og P ( A j S ) = � X k X i p k i ( S ) log p k i ( S ) $,Bg$- $$ $H $=$N %(!< %8%’%s %H $N%" %/ %7%g%s $N A*Br $O %i%s %@ %‘@- $N 9b$$ $b $N$K $J $k!# 3X=, $N =i4| $G $O$3 $l $,Bg $- $$J} $, 9g0U$NC5:w$KET 9g$,NI$$$, , <0 (4) $NCM$r$h $jBg$-$/$9 $k$?$a$K$O :G=*E*$K$O%( %s%H%m%T!<$O 8:>/$9$k$3 $H$K$J$k!#$3 $l$r@Q 6K E*$K %3 %s%H %m!< %k$9 $k $3$H $O >F$- $J$^ $7 $N%W %m %;%9 $G $"$j!" A* Br$N 6u 4V$, 9- Bg$J >l 9g$K $h$j $h $$0l CW E@$r C5 :w$9$k:]$KM-8z$G$"$k$H;W$o$l$k!# $^$?FC $K S $K $h$k %(%s %H%m %T!<$N8: >/J, H ( A ) � H ( A j S ) $O >u67 $NJ8 @a S $N;} $DAj 8_>p JsNL $KBP 1~$9 $k!#$3 $l$K $h$C$F>u 67$N J8@a $NE, @Z$5 $rI> 2A$9 $k$3 $H$, $G$- $k!#$? $@$7!" S $@$1 $N3X =,$r 9T$J $&>l 9g$K $OB> $N3N N( %Q%i %a!<%? $K $h$k1F6A$r<h$j=|$/I,MW$,$"$k$?$a , $=$N4VB>$N%Q%i%a!<%?$r8GDj$9$kI,MW$,$"$k$@$m$&!# 5.2 4QB,IQEY$,>/$J$$>l9g$N3NN(CM$N?dDj 0lHL $K R 2s $N ;n 9T Cf , r 2s 9T $J $o $l $? %" %/ %7%g %s $, A* Br $5 $l $k 3N N( %Q %i %a!< %? $N CM $K 4X $9 $k :G L‘ ?d Dj NL ( E@ 3N N( ) $O , p = r =R $H$7$F5a$a$k$3$H$,$G$-$k . Nc$($P 3 2s $N4Q B,$N $&$A a 1 $N 4QB, $, 2 2s$G $"$C$? >l9g , p = 2 3 $, 3NN( %Q%i%a!< %?$N :GL‘ ?dDj NL$G $"$k . 4Q B,?t R $,Bg$-$$>l9g$O:GL‘?dDjNL$ONI$$6a;w$rM?$($k$, , R $,>. $5$$>l9g$K$O?dDj7k2L$NJ,;6$,Bg$-$/IT 3N<B@-$,@8$8$k$3$H $,$"$k$?$a , $3$N 3NN(%Q%i%a!<%?<+?H $r$5$i$K3NN(JQ?t$H $_$J$9$3$H$GM=B,@: EY$r9b$a$k<jK!$,%Y %$%:?dDj$H$7$FCN$i $l$F$$$k . $3$3$GB>$N%(!<%8%’%s%H$N P ( A j S ) $NM=B, $K4X$7$F%Y%$%:?dDj$r9T$J$$ , $3$l$KBP$7$F <+J,$NA*Br3NN($r3X =,$9$k$3$H$,9M$($i$l$k . 3F p k i $K4X$9$k 3NN(L)EY 4X?t$r f ( p k 1 ; � � � ; p k n ) $H$7 $F , %^%k%A%(!< %8%’%s%H$N %"%/%7%g%s A*Br$N>l 9g$K$D$$ $F$N@-<A $rD4$Y$F$_$k . %"%/%7%g %s a i $,3NN( p i $GFHN)$KA*Br$5$l$F$$$k>l9g$r9M$($k . A4It$G R 2s$N4QB,$N$&$A3F%"%/%7%g%s a i $,A*Br $5$l $?2s ?t$, r i $@ $H$9 $k$H , 3F%" %/%7%g %s$NA* Br2s ?t$N =PJ} $K$D$$ $F$N F1;~ 3NN( $O0J2< $N<0 $GI= $5$l $kB?9‘ J,I[$K=>$&$3$H$K$J$k . P r ( r 1 ; � � � ; r n ) = R ! r 1 ! � � � r n ! p k 1 1 � � � p k n n (5) ( $?$@$7 , r n = l � P n � 1 i =1 r i , p n = 1 � P n � 1 i =1 p i : ) $3$3$G p i $H $7$F $"$k FCDj $NCM $,E@ 3NN( $H$7 $F B8:_ $7$F $$$k $H9M $($k $N$G $O$J $/ , %Y %$%: E*$K p i $r $b3N N(JQ ?t$H $_ $F , 3F %"%/%7%g%s$,$"$k=PJ}$r$7$?>l9g$N3F p i $NCM$, x i $H$J$C$F$$$k ( p i = x i ( i = 1 ; � � � ; n )) F1;~J,I[3NN(L) EY$r9M $($k$H , $3$l$O Dirichlet J,I[ f ( P ( A )) = �( R + 1) Q n i �( r i + 1) Y x r i i (6) $K=>$&$3$H$,CN$i$l$F$$$k [8]. FC$K4QB,?t R $,Hf3SE*>/$J$$ >l9g$K$O p i $N IT3N<B@-$OHf3SE* Bg$-$/ , J,I[$N?~$b9-$/ $J$k . Nc$($P , @h$NNc$G R = 3 ; r 1 = 2 $N>l9g$N p 1 $NJ,I[$O?^ (5) $N$h$&$K$J$C$F$$$k . $=$3$G 4QB, ?t$, Hf3S E*>/ $J$$ >l9g$K $O , B>$N %(!<%8%’ %s%H $r6a;w $9$k $?$a $NFb It%b %G%k $H$7 $F$O <0 (4) $NBe$o $j$K $3$l$K<0 (6) $G=E$_$E$1$?J?6Q Z P K Y k =1 P k ( A j S ) f ( P k ( A j S )) dP (7) $r9M$($?J}$,NI$$$+$bCN$l$J$$ . $3$NJ,I[$O$$$m$s$J3NN(%Q%i%a!<%?$NJ,I[$r$=$l$>$l:.9g$7$?7A$K$J$C$F$$$k$N$G:. 9gJ,I[ (Mixture) $H$b8F$P$l$k . 6 $^$H$a K\8&5f$G$OJ#?t $N%(!<%8%’%s%H$,9= @.$9$k4D6-$K $*$1$k9g0U7A @.$r3NN(%b%G%k $N3X=,$K$h$j <B8=$9$kJ}K! $K$D$$$F =R$Y$?!#<B83I>2A$K$h$j , ;3EP$jK!E*$J3X=,$K$h$j0BDj$7$?9g0U7A@.$,C#@.$G$-$? . $^$?3NN(%b%G%k$N3X=,$K$h$k9g0U7A@.$K$O0J2<$NFCD9$,$"$k . 5

?^ 5: 3 2sCf 2 2s4QB,$5$l$?>l9g$N3NN(%Q%i%a!<%?$N Dirichlet(Beta) J,I[ � 3X =,$N =i4| $K3NN( E*$J A*Br $r9T $J$& $3$H $K$h $j , Js =7$r DL$8 $F , $=$N A*Br $NBE Ev@-$K BP$9 $kI> 2A$r 0lCW IQEY $H$7 $FB>$N%(!<%8%’%s%H$KEA$($F$$$k . � L$CN $N%b%G %k$,Fb It$GMQ $$$F$$$k 8zMQ4X ?t$d>u 67$NJ8 @a$J$I$r 9MN8$; $:$K , C1 $K3NN( %b%G%k $N%Q%i%a!< %?$H$7 $F G$0U$N%b%G%k$KBP$9$k%U%#%C%F%#%s%0$,9T$J$($k . � %M%C%H %o!<%/9= B$$r;} $D3NN( %b%G%k $rMQ$$ $k$3$H $G , $h $jJ#;( $J>u67 0MB8@-$r ;}$D%(!< %8%’%s%H $K$D$$ $F$bE, MQ $G$-$k . � 3NN(%b%G%k$N%Q%i%a%?%i%$%:$r9)IW$9$k$3$H$G3X=,%"%k%4%j%:%‘$NF3=P$,MF0W$K$J$k . :#8e$N 2]Bj $H $7$F $O , 6qBN E*$J LdBj $K$* $1 $k9g 0U7A @.$X $NE, MQ , $h$j J# ;($J >u67 0MB8 @-$r ;}$D >l9g $N3X =,G= NO$N I> 2A$J$I$,$"$2$i$l$k . ;29MJ88% [1] Schelling, T.C.:"The Strategy of Con ict", NewY ork, Oxford Universit y Press,(1963). [2] BgBt :" >GE@$K4p$E$/%(!<%8%’%s%H4V$N@09g , Bh 4 2s%$%s%F%j%8%’%s%H%7%9%F%‘%7%s%]%8%&%‘ , pp.33-36(1994). [3] T"5H : \ <B@$3&%(!<%8%’%s%H$K$*$1$kCm0U$H;kE@ ", ?M9)CNG=3X2q;o , vol.10No.4, pp.507-514,(1995). [4] @8E7L\ , DMK\ : \ J#9g%(!<%8%’%s%H$K$h$k%(!<%8%’%s%H<R2q$N9=C[ ", %^%k%A%(!<%8%’%s%H$H6(D47W;; I I I, MACC’93, (1993). [5] >>86 :" ?7HG 0U;V7hDj$N4pAC ", D+AR=qE9 (1985). [6] Sudgen,R.:"A Theory of F ocal Poin ts",The Economics Journal, 105(May), pp.533-550, (1995). [7] F enster, M. Kraus, S., J.S.Rosenschein:"Coordination without Communication: Exp erimental V alidation of F ocal Poin t T ec hniques", ICMAS-95, (1995). [8] DeGro ot,M.: \Optimal Statistical Decisions",McGraw-Hill, New Y ork (1970). [9] Geiger,D. and Heck erman, D.: \ A Characterization of the Dirichlet Distribution with Application to Learning Bay esian Netw ork",Maxim um Entrop y and Bay esian Metho ds,pp.61{68, (1995). [10] Neal, R.: \Connectionist Learning of Belief Netw orks", Arti�cial Intelligence, 56, pp.71{113, (1992). [11] K\B< , Kc@8 , T"5H , 86 , @VJf , >>86 , 3+ :" J#?t<+N’%m%\%C%H4D6-$K$*$1$k F o cal Poin t $N7A@. " , MACC’95 (1995). [12] Motomura,Y.: \Bay esian Netw ork that Learns Conditional Probabilities by Neural Netw orks", Pro c. of Int. Con- ference on Neural Information Pro cessing ’97, pp.584{587, (1997). 6