3X=,CNG= %m %\ %C %H $K $* $1 $k >u670MB8 %( !< %8 %’ %s %H $N 6(D4 Co op eration among Situated Agen ts in Learning In telligen t Rob ots K\B<M[0l 868y EDCf5WH~;R Y oic hi Motomura Isao Hara Kumik o T anak a EE;R5;=QAm9g8&5f=j Electrotechnical Lab oratory Summary: In this pap er, w e prop ose a probabilistic and situated m ulti-agen t architecture. F or an in telligen t and learning rob ot that can pro vide man y di�eren t kind of services, some di�culties exist. In a perceptive function, increasing target patterns decrease recognition accuracy . In a rob ot con trolling function, it is not easy to describ e all action rules completely . If some di�erent behaviors make con ict, output of the system b ecomes inconsisten t. In these problems, promising solution is a b ehavior-based agents arc hitecture prop osed b y Bro oks. Ho w ev er, his subsumption architecture is not so exible enough to realize more complex in telligen t system than simple in telligence lik e insects. Therefore, w e need more sophisticated co op eration mec hanism. In order to mak e rob ot’s b ehaviors rationally , decision theoretic approac h is useful. W e discuss ab out adv an tages of b eha vior-based situated agen ts and decision theoretic coop eration in the learning intelligen t rob ot. Situated agents are integrated by a graphical mo del based on a probabilistic net w ork. This mo del can calculate exp ected utilities of b eha viors, then decision theoretic co op eration is arc hiev ed. Finally , examples of p erceptiv e agen ts, rob ot con trolling agen ts and in teraction agen ts are also in tro duced. 1 $O$8 $a$K EE Am 8& $G%* %U%# %9 $K$* $1$k:n 6H $r;Y 1g $9$k $? $a $NCN E* %7 %9%F%‘$N %W %m %H %? %$ %W $H $7 $F !V ;v>pDL%m %\ %C %H !W $H L> IU $1$? %7 %9 %F%‘ $N8& 5f 3+ H/ $, 9T $o $l$F$$$k [1, 2] !% $3$N %W %m %8 %’ %/ %H $K $*$$$F <B8= $r L\;X $7 $F $$$k%m %\ %C %H $O <B:] $N%* %U %#%94D6- $G <+N’E* $K 0\F0 $7 !$4D6- $K 4X$9$k>pJs$N <} =8!$ %f!< %6 !< $NLd $$ $+$1 $KBP $7 $F <+A3 8@8l $K$h$kBPOC!$ %9 %1 %8%e !<%k EPO? $d Ld$$9g $o$;$K BP$9$k1~Ez!$?M$N=j:_ $K 4X$9$k4IM}!$ %G !<%?!<%Y!< %98!:w $J $I $N J#?t$N%5!< %S %9 $NDs6!$r9T $& !%4D6- $+$i 3MF@ $7 $? >pJs $O %G !<%?!<%Y!< %9 $K 0l854IM} $7 !$ $3 $l$K 4p $E $$$F%f!<%6!<$+$i$N Ld$$9g $o $;$K BP $7 $F 1~Ez$9$k!$$^$?3N<B $K Ez $($i $l$J $$ Ld$$9g $o $;$K BP $7 $F$O 3NN(?dO@ $K$h $k2>@b$r @8@. $7 $?$j!$IT40 A4 $J <ALd $K$D$$$F$O J9$-JV$9 $J $I $7 $F =@Fp $J BP1~ $r 9T $& ( ?^ 1) !% FC $K $3 $3 $G $O8BDj $5 $l$?JD $8 $?4D6- $G $O$J$/ !$ 0l HL $N B?MM $J @83h4D6- $G ?M4V $H =@Fp $K BPOC $7 $J$,$i 6(D4 $7 $F %? %9%/$r?k9T$G$-$k CNE* %7 %9 %F%‘$rL\ ;X $7 $F $*$j !$?M4V $, <+A3 $K 07$C $F$$ $kB?MM $J >pJs $r E}9g $7 $F =hM} $r 9T $&G=NO $H !$F0E* $K JQ2=$9$k3+J|7O $G$" $k<B4D6- $K E,1~$9$k$?$a $N 3X=,G=NO $, =EMW $J 80 $H$J $C $F$$ $k [3] !% $3$N3X=, CN G= %m %\%C %H $N>e $GMM!9 $J5!G= $rE} 9g!$ 3X =, $7 $F $$ $/2aDx $G !$07 $&BP>] $, A}2C $7 !$=hM} $, J#;( $K$J $k 1

?^ 1: %m %\ %C %H!$ %G !<%?%Y!< %9!$?dO@ %( %s%8%s $K$D $l 6&DL$NLdBj $, L@ $i$+$K$J $C $F$-$? !%Nc $( $P 2;@<G’ <1 %7 %9%F%‘$NCf $G M}2r $G$-$k C18l!$J8 $, A} $($F $/$k $H$= $l$K $D $l$F F~NO2;@< $K BP $7 $F 8uJd $H$J$j $& $kG’<17k2L$N <oN‘ $bA}Bg$9$k!%$9$k $H !$C1=c $J J8 $7 $+ M}2r $G$-$J$$ >l 9g $K Hf$Y $F !$G’<1 $r 8m$kIQEY$bA} $($? !%F~NO2;@<?.9f$N J,N%EY $K Hf$Y $F !$H=JL6u4V$NAjBPE* $J 5wN% $, 6a$/ $J$j$9 $. $F $7 $^ $C$?$? $a$G$"$k !%$= $3$G J8L.>pJs $d >u67 $r @5 $7 $/J8@a $9$k $3$H$G$=$N 6ILL $K$*$$$F BP>] $H$9$k 8uJd $r$" $kDxEY8BDj$9$k $3$H $, I,MW $G$"$k !%$^$?%; %s %5$+$i$N CN 3P7O $K$*$$$F$b !$C1=c $J 4D6- $G$" $l $P >l=jF1Dj $J $I $r 9T $& $3$H$O =>Mh$NC1=c $J <1JL4o $G ==J, $G$"$k $, !$%m %\ %C %H $N9TF0HO0O $, 9-$/ $J$k$K$D $l$F !$%Q%?!< %s 6u4V$NCf $G <1 JL $7 $J$1$l $P $J$i$J $$ 3F%Q%?!< %s $N L)EY $, 9b$/ $J$k$3$H $K$h$j F1MM$NLdBj $, @8 $8 $k !% $3$& $7 $?LdBj $O07$& CN <1 $,C‘<! A} Bg $7$F$$$/ 3X =, CN G= %m %\%C %H$K $H $C $F $OK\ <A E* $JLd Bj $G $"$j !$ MM !9 $J>l LL $GMW AG $NA*Br$r 9T$$BP >] $r 8BDj$9 $k$3$H $, !$3X=,CN G=%m %\ %C %H$, $=$N 5!G= $r 3HD% $7 !$>pJs $r 3MF@ $7 3X=, $7 $F @.D9 $7 $F $$$/ >e $G=E MW $G $"$k !% ;v >p DL %m %\%C %H$N$h$& $KJ#?t $NMM !9 $J%? %9%/ $r =hM}$9$kE}9gE* $J%7 %9%F%‘ $r <B8=$9$k$? $a$K $OFCDj $N>u 67 $K$*$$ $F $O9gM} E* 1 $J F0:n $r$9$k %(!< %8%’ %s %H ( >u670MB8 %(!< %8%’ %s %H ) $r J#?tMQ $$$k%^ %k%A%(!< %8%’ %s %H%"!< %- %F%/ %A %c $, @_ 7W $NMF 0W $5!$ F0 :n $N 4h 7r $5 $N E@ $G 1 $3$3$G 8@ $&9gM}@-$H$O 4| BT8z MQ$H4| BTB;<:$N :GE, 2=$H$$ $&E}0lE* 4p=‘ $K 4p $E $/F0:n$N$b$C $H$b$i $7 $5$N$3$H$G$" $k!% M-K> $G$" $k!%FC $K 3X=, $K$h$j 85$N5!G= $K 1F6A $r M? $( $k $3 $H $J $/?7 $7 $$ 5!G=$r DI2C$9$k$?$a$K$O FHN) $7 $?%( !<%8%’ %s%H$K$h$k5!G=!$ >p Js $N%+ %W %; %k2= $O=EMW $JMW@A $H $J$k!% $3 $N$h $& $J 5!G=$NJ,3d$N;EJ} $H $7 $F !$%b %8 %e!<%k$r FHN) $7 $?MWAG9T F0 $4 $H$K J,3d $9 $k Behavior-based rob otics[4] $,$"$k!% $3 $l $O3F 9T F0 %b %8 %e !< %k $OFH N) $K4D 6- $+ $i $N F~ NO $r <u $1 <+N’E* $K F0:n$9$k$b$N $G$" $j!$ <B4D6- $G 4h7r $K F0 :n$9 $kDc %l %Y%k$NCN G= $N<B 8= $KBg $-$/4s M? $7 $? $H$$ $($k!% $7 $+ $7 3F%b %8 %e!<%k$N 4X78 $O >e0L$N9TF0 $, 2<0L$N9TF0 $r M^@) $9 $k Subsumption %"!< %- %F%/ %A %c $K$h$k 8G Dj E* $J $b $N$G$" $k $3$H$+$i !$J#;( $J%? %9%/ $r =hM}$9$k9b<!$NCNG= $K H/ E8$5$; $k$3$H$O MF0W$G$O$J $$$H $$ $&;XE& $, $" $k [5] !% FC $K J#?t$N<oN‘$N%?%9%/ $r =hM}$9$kHFMQ %7 %9%F%‘ $r %^ %k %A%(!< %8 %’ %s %H %7 %9%F%‘ $G <B8= $7 !$%(!< %8 %’ %s %H 4V$N6( D4 $r <B8=$9$k$?$a $K$O$h$j 9bEY $J D4Dd %a %+ %K %: %‘ $, I,MW $G $" $k!%D4Dd $O 3F%(!< %8 %’ %s %H $N M%@hEY$N@)8f$d %7 %9%F %‘ $H $7 $F $N :G=*=PNO$N7hDj $r DL $8 $F 9T $o $l $k $, !$2DG=@- $N$" $k>u67 $O%(!< %8 %’ %s %H $N ?t $K BP $7 $F AH$_9g $o$; E* $K A}Bg$9$k$?$a!$ $3 $l$r ;vA0 $K 5,Dj$9$k $3$H$O$= $l$[ $I MF 0W $G$O$J$$ !%$^$?7P83 $r DL $8 $F%7 %9%F%‘ $, :GE, $J F0:n $r 3X=,$9$k $3$H$r 9M $( $k $H !$%?%9%/$N<B9T $K$h $C $F$= $l $^ $G $N F0:n $r I>2A $7 !$MF0W $K =$@5 $,$G $- $k$h $& $J D4Dd5!9= $, K>$^ $7 $/ !$2? $i$+$N %Q%i %a !<%? $r ;}$C$?%b %G %k 2= $, I, MW $K$J $k!%$^$?IT3N<B@- $r ;}$D<B4D6- $K$*$$$F$O !$IT3N Dj $J MWAG $K$D$$$F$N M=B, $r 3NN(7W;; $K$h $C $F 9T$$!$ $3$N 3NN(CM $H 8zMQCM $K 4p $E $/0U;V7hDjO@E* $J 6(D4 $r 9M $( $k $3 $H$,$G $- $k!%0J>e$N4QE@ $+$i K\9F $G$O !$3NN(%M%C %H %o!< %/ $H >u670MB8%(!< %8 %’ %s %H $K 4p $E$$$? %^ %k%A%(!< %8 %’ %s %H %" !<%-%F %/ %A%c (PRASMA %b %G%k ) $K $D$$$F =R$Y !$CN 3P%( !<%8%’ %s%H !$ %m %\ %C %H @) 8f%( !<%8%’ %s%H !$BPOC%(!< %8 %’ %s %H $N 3FNc $H !$K\%b %G%k$K 4p $E$$$F CN3P%(!< %8 %’ %s %H $r 9=@. $7 $? Nc$H $7 $F Conditional mixture of PCA $K $D$$$F =R$Y$k!% 2 >u67 0M B8 %( !< %8 %’ %s %H $N6( D4 %" !< %- %F%/%A%c 2.1 >u670MB8%(!< %8 %’ %s %H BP>] $H $J$k4D 6- $, J# ;( $G9- HO $KEO$k >l 9g!$ A4 $F$N5/ $3 $j F@$k>uBV $O AH$_9g $o$; E* $K A}Bg $7 !$ $O $8 $a$+$i A4BN $H $7 $F 9gM}E* $J%7 %9%F%‘ $r 5-=R$9$k $3$H$O 0lHL $K$O MF0W $G $O$J$$!% $3 $l$O $H$/ $K6aG/!$ >p Js $NIt J, @- [6] $J $I $H $7 $F ;XE&$5 $l$F $$ $kDL$j $G$" $k!% $3 $l$r 9nI~$9$k$?$a$N%" %W 2

%m!< %A$H $7 $F !$$"$kFCDj$N>lLL $d >u67 $K$*$$$F$O 3N<B $J F0:n $r J]>Z $G$-$k%(!< %8 %’ %s %H $r J#?tMQ0U $7 !$ $3 $l$i$r >u67 $K 1~ $8 $F E,@Z $K A*Br$9$k $3$H$K$h $C $F A4BNE* $K CNE* $J F0:n $r <B8=$9$k !% $3 $l$K $h$j!$@_7W<T $O ;vA0 $K A[ Dj $7 $?8D !9 $NFCDj$NJ8L. $d >u67$N$b $H$G @5 $7 $$ 9TF0 $r$H$k$h $& $K%(!< %8 %’ %s %H $r <BAu $7 $F $$$1 $P $h$$$?$a @_7W $, MF0W $G$"$k!% $^ $? %m %\%C %H$, ?7 $7 $$5!G= $rDI2C $9$k >l9g $K$b !$ ?7 $? $J >u67$N$b $H$G$N 9TF0 $r FHN) $7 $?%(!< %8 %’ %s %H $H $7 $F @8@.$9 $l $P NI $/ !$ $= $l 0JA0$N 5!G=$N%Q%U%)!<%^ %s %9$N Dc2< $r Hr $1$k$3$H $,$G $-$k !% 0l J}!$ 3F %(!< %8%’ %s %H$,$"$kDx EY FH N) $KF0:n $9 $k>l 9g $K !$ %7 %9%F%‘A4BN $H $7 $F $N E}0lE* $J F0:n $r C#@.$9$k$? $a $K$O%( !< %8 %’ %s%H 4V$G$N 6(D4$r$O$+ $k I,MW $, $" $k!%8D !9 $N %(!< %8 %’ %s %H$, 8DJL $K F0:n $7 $F $7 $^ $& $H%b!<%?!<$J $I $N6&DL$N%j %=!< %9 $K BP$9$k6%9g $d L7=b$9$kF0:n $, F1;~ $K H/ @8 $9 $k $J $I $NLd Bj $,$* $3$k $? $a $G$" $k !% $= $3 $G %( !< %8 %’ %s %H 4V $G Bg6IE* $J D4Dd $r 9T$$!$6(D4E* $J F0:n $r C#@.$9$k 5!9= $, =EMW $K$J$k !% $3 $l$K $h $C $F%7 %9%F%‘A4BN$NF0:n $, 7h Dj $5 $l$k $? $a!$ %(!< %8 %’ %s %H 4V $ND4 Dd $O %7%9 %F %‘ $H $7$F $NF0:n L\ E*!$ 9TF0 5, HO $K$=$C $? $b$N $G$J$/ $F $O$J $i$J$$!% 2.2 0U;V7hDjO@E*A*Br %(!< %8 %’ %s %H 4V$ND4 Dd!$$9$J$o$A 9TF0A*Br$N$?$a$K !$ 5R4Q4p=‘ $H$J$k 8zMQ4X?t $r 9M $($k$3$H$K$9$k !%4QB, $, IT 3N<B@- $r 4^$_!$40A4 $J I>2A $r 9T $& $3$H $, :$Fq $J >l9g $K$O IT3NDj $J MW0x $K$D$$$F$N 3NN(CM $r 9M $( !$ $3 $l$K $h$k 4|BT 8zMQ $r :GE,2=$9$k0U;V7hDjO@E* $J <jK! $, $"$k !%3NN(CM $O 2a 5n $N 4Q B, $N IQ EY 3N N( $J $I $K$h $C $FM? $($k $3 $H $, $G$- !$ 7P 83 $r DL $8 $? 3X=, $K$h$j @:eL2=$9$k $3$H $,$G $-$k !% 0U;V7hDjO@E* $JDj<02=$r<!$N$h $& $K 9T$J $& !% 4D6- Fb $G$N?? $N>u67 $r S � ( $? $@ $7 $3 $l$r %7%9 %F%‘ $,CN $k;v $O$G $-$J$$ ) $H $7 !" %7 %9%F%‘ $, ?dDj$9$k >u67$r S $H $9$k!%<B4D6- $K$*$$$F$O A4 $F$N >pJs $r 40A4 $K 4QB,$9$k $3 $H$O IT 2D G= $G $" $j !" S � $H S $O 0l CW $7 $F $$ $k$H$O 8B$i$J $$!%$= $3$G$3 $& $7 $? IT3N<B@- $r <h$j07 $& $? $a$K !" 3NN(E* OHAH $rF3 F~ $7 !" %7 %9 %F %‘ $, ?d Dj$9$k>u 67 $K$D$$$F $N$b $C $H$b$i $7 $5$r 3N?.EY $H $7 $F P ( S ) $H I=$9 !% $5 $F !" %7%9 %F%‘ $O%; %s%5!< $+ $i$N4Q B, $dD>A0 $NFb It >u BV ( J8L. ) $J $I $K $h$C $F>u67 $N?dDj $r 9T $J $& !% $3$3 $G !" >u 67 0M B8 %(!< %8%’ %s %H $NFC@- $H $7 $F !$ 3F %(!< %8%’ %s %H A i $O FC Dj $N>u 67 , S A i $r2>Dj $7 $F @_7W $5 $l$F$* $j!" $"$k;~ E@ $G %( !<%8%’ %s%H $N F0 :n $, BE Ev ( ;vA0$K A[Dj $7 $? 2> Dj$r K~$? $7 !" <B 9T 2D G= ) $G$"$k>l 9g $K $O8=:_ $N>u 67 $O$= $N %(!< %8%’ %s%H$, 2>Dj $7 $? >u67 S A i $G$" $k $H$_$J$;$k!% $7 $+ $7 !" <B 4D6-$G$N IT 3N<B$J 4Q B,$J $I $N M} M3 $K $h $j ??$N S � $r 40A4 $K FCDj$9$k $3$H$O$G$-$J$$$N$G$+$o$j$K 3F%(!< %8 %’ %s %H $N 2>Dj $7 $? >u67$N3N?.EY P ( S A i ) $r 9M $( $k!% MWAG 9T F0 $KBP1~ $9 $k %(!< %8 %’ %s %H$H $7 $FNc $( $P 0J2< $N $h $& $J$b$N$r 9M $( $k!% � CN3P%( !<%8%’%s%H ( ?M H/ 8+ !$4iH/ 8+ !$>l=j F1 Dj !$%i %s %I %^!< %/H/8+ $J $I ) � %m %\ %C %H @) 8f%( !<%8%’ %s%H ( 0\ F0 !$2sE> !$FCDj >l=j $X$N 0\F0 !$%+ %a %i2sE> $J $I ) � BPOC %(!< %8%’ %s %H ( FCDj8lWC8!=P!$;aL> $NJ9$-<h$j !$ EEOCHV9f$NLd$$9g$o$;$J $I ) CN 3P%( !<%8 %’ %s%H $K $*$1 $k 3N ?. EY$O BP >]$r G’ <1 $7 $? ;~$NL‘EY$d%9 %3%"$K BP1~ $7 !$%m %\ %C %H @)8f%(!< %8 %’ %s %H $K$H $C $F$N 3N?.EY $H$O F0:n $, <B9T2DG= $G$" $kEY9g!$$^$? BPOC%(!< %8 %’ %s %H $K$H $C $F$N 3N?.EY $O BPOC $, $=$N J8L. $K 0lCW $7 $F$$$kEY9g $H $7 $F M}2r $9$k $3 $H $,$G$-$k!% Nc $( $P !$ !V ?M $, Mh $? $i0’;" $9$k!W $H$$$&Nc $G $O !" ?M $r4i2hA| $d !" H) ?’FCD’$J $I $+$i %Q%?!< %s <1 JL $r 9T$J $&CN3P$9$k %(!<%8%’ %s%H$, L‘EY L $r =PNO$9$k >l9g !" %7 %9 %F%‘$NA0 $K ?M $,$$ $k $H $$ $&>u67$N3N?.EY$O P ( S A i ) = L $H $J $k !% %(!< %8 %’ %s %H $K $h $C$F $O L‘ EY $, D>@\F@ $i$l$J$+ $C$?$j!$ L‘EY $r F@$k $?$a$N 4QB, %3 %9 %H$, 9b$$>l9g $, $" $k!% $3$N >l9g $K$O B>$N %( !< %8 %’ %s %H $+$i $N 0MB84X78$r MxMQ $7 $? 3NN(?d O@ $K$h $C $F 5a $a$k $3 $H $,$G$- !$ $3 $l$K$D$$ $F $O<!@a0J 9_ $G=R $Y$k!% <!$K 3F%( !<%8 %’ %s%H $N 9T F0 $, C# @. $5$l $? >l 9g$N 8z MQ U A i $r 9M$($k !% $3 $l$O FC $K ;vA0CN<1 $, $J$$ >l9g$O Ey $7 $$ Dj?t $J $I $H $9 $k $, !$%?%9%/$NC#@.$N$?$a$N=EMW@-$d;vA0 CN<1 $K 1~ $8 $F FC Dj$NCM $r @_Dj $7 $? $j!" 3X=, $K $h$j :F@_Dj $9 $k $3$H $,$G $- $k!% F0 :n $r 5/ $3 $9 A0 $K %W%i %s %K %s %0 $r $7$F !" E, @Z $J %( !< %8 %’ %s%H A i $r A* $V>l 9g $K !" %7 %9 %F%‘ $N4| BT 8z MQ $O P A i U A i $G I>2A$9$k!% %7 %9%F%‘$NF0:n $r :GE, $J$b$N$K$9 $k $K$O 0U;V 7hDjO@E* $J 6(D4!$$9 $J$o $A4|BT8zMQ $r :GBg2=$9$k$h $& $J A*Br $r 9T $( $P $h$$$N$G !" 6%9g $9$k%(!< %8 %’ %s %H $N Cf $+$i C10l$N%(!< %8%’ %s%H$r A*$V>l9g $K$O P A i U A i $, :GBg$N$b $N$r A*$V!%>u67G’<1$NIT3N<B@-$N$b $H$G !" %7 %9%F%‘ $, J# ?t$N%(!< %8 %’ %s %H $N 9TF0 $r 5v$9;~ !" Nc $( $P %j%=!<%96%9g $, @8 $8 $J $$%(!< %8 %’ %s %H $O JB9TE* $K <B9T $7 $?$j!$3N?.EY $K$h$j=E $_ $E$1 $i $l$? =PNO $NJ?6Q CM $r $H$k$h$& $J>l9g $O !$ %7 %9%F %‘$N 9T F0$N I> 2A$O P i P A i U A i $G M?$($i$l $k !%$= $3$GLdBj $O P A i ; U A i $N I>2A $r<B:] $K $I $N$h $& $K9T $J $& $+ $G $"$j!$ $3 $l$r 7W;;$9$k$?$a$N%b %G %k$K $D$$$F9M$($k !% 3

?^ 2: PRASMA %b %G %k 2.3 3N N( E* >u 67 0M B8 %^ %k %A %( !< %8 %’ %s %H %b %G %k >e$G =R$Y $? $h $&$J FC Dj$N >u 67$r 2> Dj $7 $F @_ 7W $7 $? %b %8%e !<%k$r AH$_9g $o$;$F J#;( $J%7 %9%F%‘ $r 9=@. $7 !$ %7 %9 %F%‘A4BN$N 9TF0$r 9gM}E*$J$b$N$K $9$k$?$a$K !$3NN(%M%C %H %o!< %/ $K$h $C $F 3N?.EY $r I>2A $7 $?$$ !%$= $3$G !$>u670M B8 %( !< %8 %’ %s %H$r3N N( E* $KE}9g $7 $?%b %G%k!$ Probabilitsic and situated m ulti-agen t %b %G %k (PRASMA %b %G %k ) $r Ds0F $9$k!% 3F %(!< %8%’ %s %H$r %N !< %I $G I= $7 !" %(!< %8%’ %s %H 4V $K 0M B84X78 $, $" $k;~ !" BP1~$9$k %N!< %I 4V $K M-8~ %j %s %/ $r D%$C $? %0 %i%U$G%7 %9 %F %‘ $r I=8=$9 $k!%$3$N %0 %i%U 9= B$ $K$h $C $F 0J2<$N $3$H$r <($9 !% � >uBVA+0\ � 0x2L4X78 � >r7oIU$-0MB84X78 � %G !<%?$N0MB84X78 !" J8L. $N4IM} � %7 %9 %F%‘$N>uBV$N2D;k2= @h $K=R $Y $?0U ;V 7h Dj O@ E* A* Br $r9T$& $? $a $K !" 3F >u 67 0M B8 %(!< %8 %’ %s %H$, ;}$D>u67 $K 4X$9$k3N?.EY $r 3NN( $H $7 $F 07$& !% M-8~%j %s %/$N85$N%(!< %8 %’ %s %H $N 3N?.EY$H %j %s %/ @h $N %(!< %8 %’ %s %H $N 3N?.EY$N4V $K$O >r7oIU$-0MB8@- $, B8 :_$9$k!% $3$N$h $& $J >r7oIU$-0MB8@- $r I=$9$?$a $K !$%Y %$ %8 %"%s %M %C %H [7] $r MQ$$ $k$H 3F >uBV$N 3N ?.EY$N 7W ;; $O%0 %i%U Fb$NEAGE $K$h$j 7W;; $G$- $k$N $G !$%Y %$ %8 %" %s %M%C %H $N 3NN(?dO@%" %k %4 %j %: %‘ $H !$4XO"$9$k<~JU$N>uBVJQ?t$N 3N?.EY $r EAGE$9$k $3$H$G !$BP>] $H$9 $k%(!< %8 %’ %s %H $N 3N ?.EY$d4|BT8zMQ$N@:L) $J I>2A $, 2DG= $K$J $k!%%j%=!<%96% 9g $J $I $N M}M3 $K$h$j %9 %l %C %I $N EAGE $r 0l$D $K <}B+$5$; $J $1 $l $P $J$i $J$$>l 9g $K$O Decision %N !< %I $H8F $P$l $kFC JL $J %(!< %8 %’ %s %H $r MQ0U$9$k 2 !% %0 %i %U9= B$ $rMQ $$ $F>u BV $N0M B8 4X 78 $HJQ?t $N0M B8 4X 78 $r I=$9 $3$H $,$G $- !$JQ?t$N3N?.EY$N7W;;$d!$8=:_$N>u67 $N A+0\!$$9 $J$o $A9TF0$NA*Br $O%M%C %H %o!< %/>e$N3F%N!< %I $r $? $I $k $3$H$G 9T $J$o $l $k!% $3$N%M%C %H %o!< %/>e$NEA GE $r%9 %l %C %I $H 8F $V!% %9 %l %C %I $H $7 $F<!$N#3 $D $r9M $($k!% � 8=:_$N;~9o $K$*$1$k %9 %l %C %I (Curren t thread) � 2a5n$N;~9o $K$*$1$k %9 %l %C %I (P ast thread) � >-Mh$N;~9o $K$*$1$k %9 %l %C %I (F uture thread) Curren t thread $O 8= :_$K $*$1 $k >u BVA+ 0\ !" $9$J$o $A %7 %9 %F%‘ $N<B :] $N9T F0 A* Br $KBP1~ $7 !" F uture thread $O 8= :_ $N4QB, $K4p $E $/ %W %i %s %K %s %0$K BP1~$9 $k!% P ast thread $O 2a5n$N>uBVA+0\ $r DI@W$9$k $3$H$G J8L.>pJs$N4IM}$d $3 $l $^ $G$K 4QB,$5 $l $? >uBVJQ?t$N;2>H $K MQ$$ $i $l $k!% $3$N$h$& $J3N N( E* %0%i%U $K$h $C $FHs 7h Dj E* $J>u BV A+ 0\ $r I=$9 E@ $O Mark o v Decision Pro cess $HN‘;w $7 $F$$$k $, !" K\%b %G%k$H$O 9TF0A*Br$NBP1~$N;EJ} $, 0[ $J $C $F$$ $k!% JB9T %W %m %0 %i%_ %s %0$K $h$j !$ %7 %9 %F%‘ $O J#?t $N%9 %l %C %I $r F1;~ $K Av $i$;$k$3 $H $,$G$- $k!% Curren t thread $r 4| BT 8z MQ :G Bg 2= 86 M} $K$h $j @) 8f $9 $k $3 $H $G!$ %7%9 %F %‘ $OM? $( $?8z MQ $H8= >u $N 2D G= @- $N 0U L# $G:G E, $J 9T F0 $r<h $k !% 4D 6- $+ $i $NCN3PF~NO $K $h$k %$ %Y %s %H$K $h$jJL$N Curren t thread $, 6nF0$5 $l $k $3$H$G%7 %9%F%‘ $O B(1~E* $K H?1~$9$k $3$H $, $G $- $k !%$^$? F uture thread $r MQ$$$F >-Mh$N ;v>] $K 4X$9 $k3N?.EY$d4|BT8zMQ $r I>2A$9$k $3$H$G %W %i %s %K %s %0 $r 9T $& $3$H $,$G $- $k!%3F%9 %l %C %I $O FHN) $K EAGE$9$k $@$1$G$J $/ !$ Curren t thread $+$i F uture thread $X$H 0\9T$9$k$3 $H $G %W %i%s %K%s%0 $, 3+ ;O $7 !" F uture thread $K $h $k 4| BT 8z MQ$N I> 2A$K 4p$E $$ $F 85$N Current thread $X I| 5" $7 $F 9TF0 $r A*Br$9$k $3$H$G M=B,$5 $l $? %W %i %s$, <B9T$5 $l $k $3 $H$K$J $k!%H/@8 $7 $? %$ %Y %s %H $K $h$kJL$N Current thread $N M%@h8" $, 9b$$>l9g $K 7W;;%j%=!<%9 $r =8Ls $7 M%@hEY$NDc 2 $3$N >l9g $K$O Decision net w ork[7] $H 8F $P$l $k%b %G%k$K AjEv$9$k!% 4

$$ Current thread $rCfCG $9$k $3 $H $GE,@Z $J3d $j9~ $_=h M} $, <B8= $G$-$k !% $3$N >l9g3d$j9~$_=hM}40N;8e $K CfCG $7 $? Curren t thread $r :F3+$9$k $+ $I $& $+$K$D$$$F $O$=$N;~E@ $G$N4| BT 8z MQ $K$h $C $FH=CG $9$k !% F uture thread $K$h$C $F EA GE @h $K$"$kCN 3P %(!< %8%’ %s %H$K BP $9$k3N ?. EY $rI>2A $7 !$ 3N ?. EY $N 9b $$ CN 3P %( !< %8 %’ %s %H$rA* Br $9 $k $3 $H $O !" <! $K5/ $3$k $H;W $o $l $k;v>] $K 4X $9$kCm 0U $r7A@. $9 $k $3 $H $K$J$k!% => Mh $NHs JB 9T E* $J %7%9 %F %‘ $G $O303& $NM= 4| $7 $J$$>u 67 $NJQ2= $K$h$j%7 %9%F%‘$NF0:n $, 0oC& $7 $? ;~ $K !$ $3 $l$r <+ $i H=CG $7 $F ?7$? $J >u67 $K 9g $o$;$k$h $& $K F0:n $r JQ99$9$k $3$H $, :$Fq $G$"$k !% $3 $l$K BP $7 !$ $3$3$G =R$Y$?J}K! $G$O %7 %9%F%‘ $, <!$NF0:n $r 9T $&:] $K %0 %i%U$N >e$N%Y %$ %8%"%s %M%C %H $r MxMQ $7 $F 4|BT8zMQ $r I>2A$9$k $3$H$G !$4D6- $, JQ 2= $7 $? >l9g $G$b$=$N ;~E@ $G$N :GE, $J F0:n$X $H =@Fp $K ?d0\ $9$k $3 $H $, 4|BT $G$-$k!% $^ $?J#;( $JE}9g %7 %9 %F%‘ $N>l9g!$ $7$P$7$P 5/ $3$k LdBj $H $7 $F !$ %7 %9%F%‘ $, %G %C %I %m%C %/ $K 4Y$C $?$j !$ M=4| $7 $J $$ 5sF0$r$H$k$3$H $, $" $k !%K\ %7 %9%F %‘ $G$O !$ %0 %i%U >e$N3F<o$N%9 %l %C %I $N A+0\ $r I>2A!$@)8f $9$k $3$H$G$3 $& $7 $? LdBj$N2r7h $r$O$+$k !% $^ $? %7 %9 %F%‘ A4 BN $N;V 8~ @- $d3F %(!< %8 %’ %s %H$, =hM} $9 $k%?%9%/$NM%@hEY $O %9 %l %C %I $N @)8f $, ;2>H$9$k8zMQ U A i $N @_ Dj $H!$ >u 67 $K1~ $8 $FDj $^ $k 3N ?. EY P A i !$ $5 $i $K $= $l $i $N%Y %$ %8%"%s %M%C %H Fb $G I>2A7k2L $K$h $C $F FCD’ $E$1$i$l $k!% $^ $?F0 :n 40 N; 8e $NI> 2A $K$h$j $3 $l$i$NCM $r:FDj 5A ( 3X =, ) $9$k$3$H$G %7 %9 %F%‘$N5sF0$r2~NI$9$k $3$H $,$G $-$k !% $3 $3 $G=R $Y $?6(D4 %"!< %-%F%/ %A %c $NK\ <A $O %(!< %8%’ %s %H 4V $r M-8~%j %s %/ $G 7k $s$@ %0 %i%U 9=B$ $H !$$=$N>e $G$N 3F %9 %l%C %I $NEAGE !$ 3N ?. EY I> 2A $r9T$& %Y %$ %8%" %s%M %C %H !$ $= $l$r MxMQ $7 $? 0U;V7hDjO@ $K 4p $E $/ %(!< %8 %’ %s %H $N 6(D4 $G $"$k!% $3 $l$K$h$j !$ %?%9%/ %b %G%k !$ %W %i %s %K %s %0 %b %G%k !$ M=B, %b %G %k $N$= $l $>$l $r %0 %i%U%b %G %k$K $h $C $F E}0lE* $K 5-=R $9$k $3$H$G 9TF0!$7W2h!$M=B,$N@09g@- $r$O$+$k$3$H $,$G $-$k !% <! >O 0J 9_ $G $O$3 $N6( D4 %"!< %-%F%/ %A %c $N>e $GE}9g $5 $l $kCNG=%m %\ %C %H $K $*$1$k CN3P!$9TF0@)8f!$BPOC$N3F5!G= $K$*$1$k%(!< %8 %’ %s %H $K $D$$$F$N Nc $r =R$Y$k!% 3 CN3P%(!< %8 %’ %s %H L\ E* CO $K 8~ $+$C $F@5 $7 $/ 0\F0 $9 $k %J %S%2!< %7 %g %s%?%9 %/ $NCf $G !" %m %\ %C %H$, 8=:_5o$k>l=j $r F1Dj$9$k $3$H$O =E MW $J 2]Bj $G$"$k !%>l=jF1Dj $r 9T $& $? $a$N%; %s %5!<$H $7 $F $O%=%J!<%; %s %5$d %+ %a %i2hA| $r MQ$$$k $, !$ $I $N$h $& $J FC D’NL $r MxMQ$9$k $+$O G’<1BP>] $K 6/$/0MB8 $7 $F $$$k$?$a%* ?^ 3: <+8J0LCVF1Dj$NCN3P%b %G %k %U %#%94D6- $N$h $& $J B?MM $J >l=j $K$*$$$F 2? $r%i %s %I %^!< %/ $H $7 $F @_Dj $7 !$ $I $N FCD’ $r F~NO $H $7 $F MxMQ$9$k $+$r 0l 5AE* $K 7h$a$k $3$H $, Fq $7 $$ !%Nc $( $P !$@V30@~%; %s %5$d%= %J!<%; %s %5$O <g $K 6a5wN% $K$" $k<~0O$NJI$^ $G$N 5wN% $r H= CG$9$k$?$a $K ;H $o $l !$69$$2sO- $G ;E@Z $i $l $? 4D6- $G 6J $, $j 3Q$r C5 $7 $J$, $i 0\ F0 $9 $k$h $&$J >u 67$K 8~$$ $F $$ $k$, !$ 9-$$%9%Z!<%9Fb $G L\E*J* $r C5 $7 $F 0\F0$9$k$h $&>l9g $K$O $" $^$jM-8z $G$O$J$$ !%$= $3$G 4D6-$N>u67 $r H=CG $7 $F E,@Z $J %i%s %I %^!< %/ !$FCD’!$ %; %s %5$r E,59A* Br$9$k$3$H$, I, MW $H$J $k!%K\Mh%Q%?!< %s$r <1JL$9$kFCD’ $O <1JL6u4V $r :G E, $K J,N% $G$- $k$h $& $K @_7W$5 $l $k$b$N $G$" $k $+$i BP>] $H $9$k%Q %?!< %s %/ %i%9 $r;vA0 $K 2>Dj $7 $F$$$k $3 $H $K$J$k $, !$ $3$3$G $N 5DO@ $G$O$3$N BP>] $H$9 $k%Q%?!< %s %/%i%9$N8uJd <+BN $, F0E* $K JQ2= $9 $k $3$H $r9M $($J $1 $l $P $J$i$J$$ $+ $i !$ $I $N FCD’ $K BP1~$9$k%(!< %8 %’ %s %H $r A*Br$9$k $+ $, =EMW $J LdBj $G$" $k!% Nc $( $P %m %\%C %H$,%=%J!<!$ %+ %a %i2hA| $rF~NO ( z ) $H $7 $F !$<+J, $N$$$k>l=j ( x ) ( Fs<!85:BI8 ) $r ?dDj$9$k $3$H$r 9M $( $k!%4D6- $r G’<1$9$k$N $K ==J, $J >pJs $r F@$k$?$a $K F~ NO>pJs$N<!85 $O Hf3SE*Bg$-$/ $J $k$?$a!$FbItE* $J <h$j07 $$$rMF0W $K$9$k$? $a $K <!85 $r2< $2 $kFCD’Cj=P ( y ) $r 9T$$!$ :G=*E* $K$3 $l$r Fs<!856u4V $K <LA|$9$k3NN(%b %G%k$K $h$j >l=j$N?dDj $r 9T $& ( ?^ 3) !% $3$3 $G$"$k FC Dj $NFC D’ Cj =P $r9T $$!$ H? 1~ $9 $k %b %8 %e !< %k$r CN3P%(!< %8 %’ %s %H $H $7 $F 9M $( $k!%0\F0$9$k2DG=@-$N $" $kA4 $F$N NN0h $K$D$$$F J?6QE* $K :GE, $H$J $k$h $&9=@. $7 $? FCD’Cj=P $G$O !$J,N‘$9$Y$-%Q%?!< %s$, J#;( $K$J $C $F $/ $k $H AjBPE* $K%Q%?!< %s %/%i%9 $, FCD’6u4VFb $G @\6a $7 $F $7 5

?^ 4: $3 $N >l9g !$NN0h A $G$O%=%J !< 3,7 $, !$NN0h B $G$O 1,5 $, 9b$$4sM?N( $r M? $($k . $^$$F~NO%Q%?!< %s $N ;}$DL‘EY>pJs $@$1$G$O ==J, $K H=Dj $, $G$-$J$$$3$H $, $*$3$j$($k !%%Q%?!< %s <1JL$NM}O@ $G$O J, N% $7 $?$$%Q%?!< %s 4V$NJ,;6 $r :GBg2=$9$k$h $& $K FCD’Cj=P $r @_7W$9$k $, !$0lHL $K%Q%?!< %s $N ?t $, A} $($k$K $7 $? $, $$ C10l $NFCD’6u4V$NCf$NL)EY $, A}Bg$9$k$? $a$G$"$k !%$^$? ?^ 4 $N%=%J !<%;%s %5$N >l9g $K $D $$$F$_ $k$H L@ $i$+$J $h $& $K !$$"$kFCDj$NNN0h $G FC $K A*Br@-$N1T$$FCD’ $, JL$NNN0h $G M-8z $G$" $k$H $O 8B $i$:!$ $^ $? A4 $F$N NN0h $K $D$$$F J?6Q E* $K :GE,2= $7 $F $7 $^ $& $HA*Br@- $, Dc2< $7 $F $7 $^$& !% FC $K BP>] $H$9$k 4D6- $, 82Cx $J%b %8%e !<%k 9=B$ $+$i 9=@.$5 $l $k $h $& $J <B:]$N%* %U %#%94D6- $K$*$$$F$O$3 $& $7 $? 798~ $, 6/ $/ $J$k . $7 $?$, $C $F <B :] E*$J %" %W %j%1 !<%7 %g %s $N $? $a !$ $3 $& $7 $? LdBj $r 2r7h $7 !$E,MQ $G$-$k NN0h$N3HBg $K BP1~ $G$-$k $h $& $K$9$k$?$a$K$O !$$= $3$G !$3F6I=jNN0h $K$*$$$F FC2= $7 $? FCD’Cj =P %b %8%e!< %k ( CN3P %(!< %8%’ %s %H ) $r J#?tMQ0U $7 !$%m %\ %C %H $N 0\F0 $7 $? @h$NNN0h $K 1~ $8 $F ;H$$J, $1$k I, MW $, $"$k !%A*Br$N4p=‘ $H $7 $F %m %\ %C %H$, $"$k 6I=jNN0h $K B8:_ $9$k$*$*$^ $+$J 3N?.EY $r 3NN(E* $K ?dDj $7 $F !$$=$N3N N( $K $7 $? $, $C $F 6I=jNN0h $K BP1~$9$kCN3P %(!< %8 %’ %s %H $N ?dDj $r =E$_IU$- $G J?6Q $7 :G=*E* $J ?dDj7k2L $H$9$k%b %G %k $, 9M $($i $l $k !% $3 $l$O 3NN(E* $J :.9g%b %G %k$H $7 $F CN $i $l $k Mixture of exp ert $N0l<o $G$" $j !$ FC $KFCD’ Cj =P $H $7 $F <g@.J,J,@O $r MQ$$ $? >l9g $K$O !$:G6a Mixture of PCA $H $7 $F 8&5f$5 $l$F $$$k%b %G %k$K AjEv$9$k!% 0J 2< $G $O%m %\%C %H$,$"$k NN 0h $KB8:_ $9 $k 3N ?. EY $r%Y%$ %8%"%s %M%C %H $K $h$k >r7oIU$-3NN( $H $7 $F 7W;; $7 !$3FCN3P %( !<%8%’ %s%H 4V$N 6( D4$r$O$+ $k Conditional mixture of PCA $K $D$$$F =R$Y$k!% 3.1 Conditional Mixture of PCA B?<! 85 $N %G !<%? %Y%/ %H%k $,B??t M? $( $i $l$F$$ $k ;~!$ $G $-$k $@ $1>pJs B; <: $, >/ $J$/ , $h$j Dc <! 85 $N 8_ $$ $KL5 Aj 4X $J %Y %/ %H %k $K JQ 49$9 $k <j K! $, <g@. J, J, @O (Principal Com- p onent Analysis) $H $7 $F CN $i $l $F$$ $k !% $3 $l$O A4$F$N%Y %/ %H%k z i $N J,;66&J,;6 9TNs $r Z $H $7 !$ Z w j = � j w j $N 8GM- CM7W ;;$+$i F@ $i$l $? 8GM-%Y %/ %H %k w j $N $&$A8G M- CM $N Bg$-$$=g $K <gMW $J @.J, $r q 8D $@$1 <h$j=P $7 $F JB $Y$? 9T Ns W $K $h $C $F !$ y = f ( z ) = W T Z = W T ( z � � z ) (1) $H $$ $&@~7AJQ49 $r 9=@.$9$k$b$N $G$" $k!% $3 $l$O 8GM-CM7W ;; $K MQ$$$?%Q%?!< %s =89g $K BP $7 $F >pJsNL $r :GBg2=$9$k$h $& $J CN3P%(!< %8 %’ %s %H $r 9=@.$9$k $3$H$K AjEv$9$k!% =>Mh$N PCA $O f ( z ) $r Bg0h E* $K @~7A<L A|$H $7 $F 9= @. $9 $k$b$N $G$" $k $, !$Hs@~7A $J <LA| $O <B8= $G$-$J$$$H$$ $& 7gE@ $, $" $k !% $=$3$G 6I =jE*$J PCA $K $h$k <LA|$N 7k9g $K $h$j Hs@~7A 2=$9$k%b %G%k$, Mixture of PCA $H $7 $F :G6a Ds0F$5 $l$F$$ $k [8] !% $3 $l$O !$J#?t $N0[ $J$k PCA $N <LA| f i ( z ) $H $= $l$r =E$_ $E$1 $kHs@~7A4X?t � ( z ) $r MQ0U $7 $F <! $N$h $& $K =q$/ . f mix ( z ) = X i � i ( z ) f i ( z ) : (2) $7$+ $7$J$*:. 9g 3d 9g $r7h Dj $9 $k � i ( z ) $,%; %s%5F~ NO z $K$N $_0M B8 $9 $k $? $a!$ $3 $l $@ $1 $G $O0[ $J$k >u 67 $G $NN‘ ;w $7$?%; %s%5F~ NO $r6h JL $9 $k $3 $H $O $G$- $J $$ !% $= $3 $G %m %\ %C %H $,$" $kFCDj$N>u67 $K$" $k $H$$ $& $3$H$r I=$93NN(J,I[ $r%Y %$ %8 %" %s%M%C %H [7] $G%b %G%k2= $7 !$ $3 $l$r@Q6K E* $KMxMQ $9 $k $3 $H $GG’ <1 @: EY $r9b $a $k J} K! [14] $r1~ MQ $9 $k !% <+ N’ %m %\ %C %H $N0\F0 $N>l9g $K $O !$ 2a 5n $N0L CV x t � 1 $H$= $3 $G $H$C $? %"%/ %7 %g %s a t � 1 $K$h $C $F<! $N0L CV x t $K 4X $9 $k 3N N( J, I[ $O>r 7o $E $1 $i $l$k!% $= $3 $G!$ >r 7o IU $- 3N N( P ( x t j x t � 1 ; a t � 1 ) $r%Y %$ %8%" %s%M %C %H ( ?^ 5) $K$h $C $FI= $9 !% $3 $l$r<0 (2) $N78 ?t � i ( z ) $N Be$o$j$K MQ$$$? <!$N$h $& $J%b %G%k !$ Conditional Mixture of PCA $r 9M $( $k$3 $H $,$G $- $k!% [17] f cond ( z ) = X i P ( x t 2 R i j x t � 1 ; a t � 1 ) f i ( z ) : (3) $3$3 $G R i $O i HVL\ $N<LA| $, BP1~ $9$k NN 0h $G$"$k!% $3 $l$K $h$j!$3F %(!<%8%’ %s%H$K AjEv$9$k FCD’Cj=P4o $O FC Dj$NNN 0h $K FC2= $7 !$$*$*$^ $+$J 8=:_0LCV$N3NN(?dO@ $r 9T $& %Y %$ %8 %" %s %M%C %H $K $h $C $F !$ $3 $l$i $N 3F%(!< %8 %’ %s %H $r A*Br $9 $k $3$H$K$J $k!%$3$3 $G !$ P ( x t 2 R i j x t � 1 ; a t � 1 ) $, CN3P 6

%( !< %8 %’ %s%H f i ( z ) $N 3 >O $G =R$Y$? 3N?. EY $K AjEv $7 !$8z MQ $O A4 %(!< %8 %’ %s %H $G Ey $7 $$ Dj?t $K$J$k !% $3 $N %b %G%k $O?M4V $, F|>o E* $K<+A3 $K9T $C $F $$$k $h$& $J FCDj $NJ8L. $d >u67 $K$h $C $F 5/ $3$j$d$9$$ 2>@b $r G0F, $K$* $-!$$= $l$r N)>Z$9$k$? $a$K$b $C $H$b 82Cx $J FCD’ $K Cm0U $r 8~ $1$k$H$$ $C$?G’CNE*9TF0 $H$b$h $/9gCW $7 $F $$$k !% ?^ 5: <!$N>l=j$rM=B,$9$k%Y %$ %8%"%s %M%C %H 4 %m%\ %C %H @)8f%(!< %8 %’ %s %H FC Dj $N>u 67 $K$* $1$kMW AG 9T F0 $K4p $E$$ $F %b %8 %e !< %k2= $7 $? >u670MB8 %(!< %8 %’ %s %H 72 $K$h$j%m %\ %C %H $N @)8f $r 9T $& $3$H$r 9M $($k !%3F %(!< %8 %’ %s %H $O %^ %k%A %9 %l %C %I %W %m %0 %i %_ %s %0 $K $h$j JB9TF0:n $7 !$$= $l $>$l$, FHN)$NCN3P%; %s %5$J $I $K $h$j 8=:_$N>u67 $r 4F;k $7 $F $$$k !%3F9TF0 %(!< %8%’ %s %H$O %9 %l %C %I 4IM}$NMF0W $J JA V A $K $h $k<BAu $r 9T $$!$ 3F%9 %l %C %I $NCf $G $O TCP/IP DL?. $K$h$j@\B3 $7 $? JL $N UNIX %W %m%; %9>e $N%m %\ %C %H @)8f %W %m %0 %i%‘ (C 8@8l ) $r DL $8 $F %? %9%/ $r <B9T$9$k!%8=:_ $O%m %\ %C %H $N%b!<%?!< @)8f!$ %Q %s%A%k %H %+ %a %i$N@)8f!$2;8;J}8~$N?dDj $J $I $N MWAG9TF0 $, $"$k !% 3F9T F0%( !<%8 %’ %s%H $O FC Dj$N >u 67$r 8! CN $9 $k$3 $H$K $h$kF0:n$N3+;O>r7o $r ;}$A!$ $3 $l$, K~$?$5 $l $? ;~!$4|BT $5 $l $k8z MQCM !$F0:n $N%3 %9 %H !$ 3N?.EY$J $I $r D4Dd5!9=$K Aw $k!%D4Dd5!9= $O$3 $l$K 4p $E $$$F$b $C $H$b 9gM}E* $J 9TF0 $r A*Br$9$k!%MWAG9TF0$N7ONsE* $J F0:n $r %^%/%m $H $7 $F Dj 5A $7 $F $"$i$?$J MWAG9TF0 $r :n$k $3$H$b$G$- !$ $3 $l$O%( !< %8 %’ %s %H Fb $K 2<0L$N%m %\ %C %H @)8f %(!< %8 %’ %s %H $r FbB"$9 $k $3$H$G <B8=$9$k!% $3 $l$K $h$j%m %\ %C %H $O >c32J*2sHr $r $7 $J$,$i L\E*CO$X$N0\F0 $d !$%Q %s%A%k %H %+ %a %i $K$h$k ?M $NH/8+!$@\6a!$DI=> $J $I $r 9T $& [18] !% 5 BPOC%(!< %8 %’ %s %H O" B3 2; @< G’ <1%=%U%H $N Cf$K$O <u M}$5$l $k C1 8l !$J8$N 8uJd $r J8K!7A<0 $K$h $C $F 8BDj$9$k $3$H$G G’<1N( $r 9b$a$k $b$N $, $" $k!% $3$N >l9g!$C10l$NJ8K!%U %! %$ %k$G J#?t$N%? %9%/ $K BP1~$5$;$h $& $H$9 $k $H !$G’<17k2L $H $7 $F 3:Ev$9$k 8uJd $, A} $( !$[#Kf $J 2;@<F~NO $K BP $7 $F @52r $r =PNO$9$k $3 $H$, MF0W $G$J $/ $J $k!%$^$?FCDj$NBPOC %7%J %j%* $r ?J$a$k $?$a$K J8L.$N@) 8f $, I,MW $G$" $j !$?k9T$9$k%?%9%/$N<oN‘ $, A} $( $k $K $7 $?$, $C $F J8L.4V$N9=B$$b J#;( $K$J$j!$2;@< BPOC $K$h$j J8L. $r A+0\$9$k $3$H $, HK;( $K$J $k!% $3 $& $7 $? LdBj $r FCDj$NBPOC $K 8BDj $7 $?%(!< %8 %’ %s %H $+$i$J $k%^ %k %A%( !< %8 %’ %s %H BPOC%7 %9%F%‘$K$h $kJ8 L.@)8fJ} <0 $K$h $C $F 2r>C$9 $k$3$H $,$G $- $k [19] !% $3$3$G$O%7 %9%F%‘$H%f !< %6!< $, A[Dj $7 $F $$ $kJ8L. $, 0lCW $7 $F $$ $k4V $O ;vA0 $K M? $( $? A+0\9=B$ $K$h$j J8L. $r @)8f$9$k $, !$2;@<G’<1$N<:GT $J $I $K $h$j J8L.$NIT0lCW $, @8 $8 $k $H !$A+0\$9$k2DG=@-$N$" $k3FJ8L.$N4V$G 0U;V7hDjO@E*A*Br$r 9T $& !% $3$N ;~$N3N?. EY P A i $H $7 $F$OH/OC $KBP$9$kG’<17k 2L $NL‘EY $r MQ $$$k $3 $H$,$G$-$k!% $^ $?8zMQ U A i $r E,Ev $K 7h $a$k $3$H $G%? %9%/ $NM%@h EY $r@_ Dj $9 $k $3 $H $b $G$-$k ( %G%U%) %k %H$O0lMM $N Dj ?t ) !% $3 $l$K$h$j %f!< %6 !< $N?4M} E*0c OB 46 $d!$ 8@ $$D> $7 $N >/ $J$$ B(1~E* $J BPOC $r <B8= $7 !$%9%1 %8 %e!<%k EPO?$d!$?M $N 5o>l=j!$EEOCHV9f$NLd$$9g $o$; !$3F<o %G !<%?!<%Y!< %9 $N 8!:w$d%m %\ %C %H $X$N ;X<( $J $I $r 9T $& !% 6 5DO@ 0J>e $G=R $Y$?CN 3P!$ %m %\%C %H @)8f!$ BP OC %(!< %8%’ %s %H $H PRASMA %b %G%k$K $h $k6(D4 %"!<%-%F%/%A %c$rAH9g$; $k $3$H$G !$<B4D6- $K$*$1 $k%m %\ %C %H $N%? %9%/ $r 5-=R$9$k $3$H$,$G $- $k!%C1=c $J%? %9%/ %7%J %j%* $G$O =>Mh$N %k!<%k %Y!<%9 $N5-=R $HHf $Y $F!$ FC $K 82Cx $J:90[ $O8+ $i $l$J$$ $, !$ J#?t$N%?%9%/ $r DI2C $7 $F $$ $C$?;~ $K GKC> $J $/9TF0 $r @)8f $9 $k$?$a$K %0 %i%U >e$N3NN( ?dO@$H0U ;V7hDjO@E*$J %9 %l %C %I @) 8f $K $h $k 6( D4%a %+ %K %:%‘ $,M-8z $G $" $k !% $3$& $7$? %( !< %8 %’ %s %H $N 0U;V7hDjO@E* $J I>2A $O @oN,!$ %W %i %s !$3F9TF0 $J $I MM !9 $J %l %Y%k$G 9T $& $3$H $,$G $- $k [9, 10, 11] $, !$K\ 8&5f $G$O FC $K <+N’E* $J%(!< %8 %’ %s %H $K $h$j 9=@. $7 $? M-8~ %0 %i%U$H$=$N >e $r EAGE$9$k%9 %l %C %I $N 0U;V7hDjO@E*D4Dd $K $h $C $F 3X=,CNG=%m %\ %C %H $N 9gM}E* $J F0:n $r <B8=$9$k$? $a$N 6(D4%"!< %-%F %/%A%c $r Ds0F $7 $? !% $3$N$h $& $J 2>@b $r I>2A$9$k%M%C %H %o!< %/>u$N?dO@%b %G%k$H $7 $F$O$3$l $^ $G $K%M%C %H %o!<%/ %P %V %k EAGE K! [12] $J $I$, Ds0F $5 $l$F$$$k!% 7

$3$N$h $& $K %0 %i%U$N%Q %9$NAH$_9g $o$; E*J#;(@- $K$h$j <B 4D6- $K$*$1$k >u67$NJ#;(@- $r%b %G %k 2=$9$k;n$_ $O !$>/ $J $$5-=R %3 %9 %H $G CNE* $J%7 %9%F%‘ $r 9=@. $G$-$k$H$$ $&E@ $G M-8z $G$"$k !% $7 $+ $7 $=$N 0lJ} $G !$J#;( $K$J$j $, $A $J 5sF0 $r E,@Z $K I>2A $7 !$@)8f$9$k$? $a$N %a %? $J @)8f5!9= $, =EMW $G$"$j!$ $=$N$?$a$N3NN(E*>u 670MB8%^ %k%A%( !< %8 %’ %s %H %b %G%k (PRASMA %b %G%k ) $H 8=:_3+H/Cf $NJ#?t $GF1;~<B 9T $, 2DG= $J CN3P!$%m %\ %C %H @)8f!$BPOC$N3F %(!< %8 %’ %s %H $K$D$$$F$N Nc $r >R2p $7 $? !%:#8e$N2]Bj $H $7 $F$O 0U;V7hDj O@E*H=CG $K $7 $? $, $C $F %9 %l %C %I $r @)8f$9$k %a %? $J %l %Y%k $N %"%k %4 %j %: %‘ $K$h$k%m %\ %C %H $N <+N’E*F0:n $H !$E,@Z $J 8zMQCM $d >r7oIU$-3NN($N7P83 $K$h$k 3X=, $G$"$k !% <U<- K\ 8& 5f $O R W C %W %m %8 %’ %/ %H$N0l4S $H $7 $F<B@$ 3&CN G= %; %s %?!<$K$F 9T $J$o $l !$>>0f=S9@%i %\ %j!< %@ !< !$Kc@81Q <y;a $r$O $8 $a$H $9$k ;v>pDL%m %\ %C %H%0 %k !< %W $N J} !9 $N6( NO $r <u $1 $^ $7 $? !%$^$? EEAm 8& CfEg =(G7 ;a !$66ED9@ 0l;a !$ 0KF#9nOK;a $+$i$O M-1W $J%3 %a %s %H $r $$$? $@ $$$?$3$H$r 46 <U $$$? $7 $^$9!% ;29MJ88% [1] >>0f =S 9@ !’ $* $; $C $+$$ %m %\%C %H$H$b8F $P$l $k;v>p DL %m %\ %C %H $N 7W2h , bit,V ol.29, No. 12, pp.4-11 (1997). [2] T. Matsui et.al.: Dialogue-guided remote navigation of the o�ce con v ersan t mobile rob ot Jijo-2, Academ- ic Exhibition, IJCAI’97, Nagoy a, Japan, (1997). [3] Hideki Asoh et.al.: So cially embedded learning of the o�ce-conv ersan t mobile rob ot, Jijo-2, IJCAI’97, pp. 880-885, (1997). [4] R.Bro oks: \A robust lay ered con trol system for a mobile rob ot", IEEE Journal of Rob otics and Au- tomation, v ol.2, (1986) [5] H.Nak ashima and I.No da: \Dynamic Subsumption Arc hitecture for Programming Intelligen t Agents ", Pro c. of In t. Conf. on Multi-Agen t Systems ’98, pp.190-197 (1998). [6] 66ED 9@0l : \ ?M9) CN G= $K$* $1$k4p K\ LdBj ", ?M9) CN G= 3X 2q;o V o.10, No.3 (1995). [7] S.Russell and P .Norvig: \Arti�cial In telligence: a mo dern approach", Pren tice Hall (1994). [8] M.Tipping and C.Bishop, \Mixture of Probabilis- tic Principal Comp onent Analysis", Pr o c. of the ICANN’97 , 1997. [9] BgBt1Q0l : \ %^%k%A%( !< %8%’%s %H 4D6- $K $* $1 $k8r>D$N %b %G%k ", ?M9)CNG=3X2q;o V o.10, No.5 (1995). [10] \;LZ E/IW , JR0f =$ , 4d0f AT2p : \ J#?t$N ?d O@@o N,$r M- $9 $k0\ F0%m %\ %C %H $N %a %? %l %Y%k @)8f 7hDj%b %G %k ", %^ %k %A%( !< %8%’%s %H $H 6(D47W;; I I(1992). [11] ;3ED@?Fs :\ %(!< %8%’ %s %H $N %W %i %s%K%s %0 ", ?M9)CNG= 3X2q;o , vol.10, No.5, pp.677-682,(1995). [12] Bg_79,@8 , @PDMK~ : \ 2>@b?dO@ $K $* $1 $k=‘:GE,2r $rB? 9‘<0 ;~ 4V $G7W ;; $9 $k %M %C %H %o !<%/ 2= %P %V%kEA GE K! ", EE ;R>pJsDL?. 3X2q O@J8;o , V ol.J77-D-I I, No.9, pp.1817- 1829, (1994). [13] Y. Motom ura et.al.: Bay esian netw ork that learn- s conditional probabilities by neural netw orks, the Progress in Connectionist-Based Information Sys- tems, pp.584-587, Springer (1997). [14] Y oic hi Motom ura: Integration of situated prior probability and neural netw ork classi�er in a hand- writing recognition task, In t. Conf. on Neural Infor- mation Pro cessing (1998). [15] K\B<M[0l , 868y : " %G !<%?%Y!< %9 $+$i$N 3X=,5!G= $r;} $D 3NN(?d O@ %7 %9 %F %‘ BA YONET", Bh 12 2s ?M9)CN G= 3X2qA49qBg2q , (1998). [16] K\B<M[0l B> , ;v>pDL %m %\ %C %H $K $h$k%*%U %# %94D6- $K $* $1 $kCNE*:n6H;Y1g , AI %7%s%]%8 %& %‘ ’98 [17] Y oic hi Motom ura et.al., Probabilistic Rob ot Lo cal- ization and Situated F eature F o cusing, IEEE SMC T oky o’99. [18] 868y , K\B<M[0l : \ <+N’%m %\ %C %H $N$?$a$N >u670MB8%^ %k %A%( !< %8 %’ %s %H %"!<%-%F %/ %A%c ", submitted to %m %\ %F %#%/%9 %7%s%]%8%" ’99(1999). [19] EDCf 5WH~ ;R , K\ B<M[ 0l , 66ED 9@0l : \ B?=E J8L.$K B( 1~ E*$J BP OC %$ %s %? !< %U%’!< %9!’H> 2DDL ", submitted to MACC’99, (1999). 8