DSIU $K$* $1 $k Generativ e User Mo del Generative User Mo dels for DSIU K\B< M[0l y 5HED 9a yy F#K\ OBB’ yyy Y oic hi Motomura y Kaori Y oshida yy Kazunori F ujimoto yyy y EE;R5;=QAm9g8&5f=j yy 6e=#9)6HBg3X yyy NTT %3 %_%K%e%1!< %7%g %s 2J3X4pAC8&5f=j y Electrotec hnical Lab oratory yy Kyush u Institute of T ec hnology yyy NTT Comm unication Science Lab oratory Abstract: In Decision supp ort for In ternet user (DSIU) systems, adaptive ability to man y type of users, lik e b eginners and exp erts is imp ortant. In order to re ect individual di�erence of users, systems need suitable user mo dels that can represent each user character. In this study , we in tro duce probabilistic user mo deling approac h called generativ e user mo dels. Such probabilistic mo del has several remark able features. W e discuss pros and cons ab out the mo del in the context of DSIU. 1 $O$8 $a$K BPOC E*$J >p Js 8!:w%7 %9%F %‘$K $* $$$F !$%f!< %6$N MW5a $K E, @Z$K $3 $? $( $k $? $a $K $O =i ?4 <T$+ $i =O N} <T $^$G I} 9- $/ B?MM $J SO9%@- $r ;}$D %f!<%6 $N??$N0U?^ $dMW5a $r@5 $7 $/ GD 0. $G$- $k $3$H $, I,MW $G$"$k!% $3$N$?$a $K%f!<%6%b %G%k [1, 2] $NE, MQ $, 9T $J $o $l$F $$ $k !% DSIU %7 %9 %F%‘ (Decision Support for In ternet User)[3] $K $* $$$F $b !$ %f !< %6 $4 $H $KMW5a $H $7 $F F~NO $7 $?I=8=J}K! $d !$ %7 %9 %F%‘ $N=PNO $K BP $9$kI>2A!$ K~B- $N;EJ} $, 0[$J$k $3$H$r9MN8$9$k $3 $H $, =E MW $K$J $k !# Nc $( $P !$ %f!<%6Kh $K 0[ $J$kI=8= $r%7 %9 %F%‘ $K $H$C$F$NI8=‘E* $JI=8=$XJQ49 $7 $? $j!$ %f!<%6$NSO9% $r H? 1G $7 $? =PNO $r @8@.$9$k $3$H $, I,MW $K$J$k !% $=$3$G K\8& 5f$G$O !$8@8l I=8=$K 4p $E $/ >p JsDs 6!%7 %9 %F%‘ $G$"$k DSIU %7 %9 %F%‘ $K%f!<%6 %b %G%k$rF3F~$9$k $3 $H$rDL $8 $F !$9-$/ 0lHL $KE,MQ2DG= $J%f!<%6%b %G%k$H $7 $F I,MW $J@-<A !$9= C[<jK! $r L@ $i$+$K$9$k$3 $H$r L\;X$9 !% $3 $N $?$a $K $^ $:3NN(E*OHAH $K 4p $E$$$?Dj<02= $r9T$$!$ $=$N FC D9 $K$D$$ $F9M;! $9 $k!% FC $KK\8&5f $G $O !$ (i) 8GM- $N %7%9 %F%‘ $d8GM-$N%?%9%/ $K 8B $i $l $kFC<l $JI=8= $G$O$J $/!" 9- $/0lHL $K E,MQ$G$- $k I=8=$K $h $k%b %G %k !$ (ii) %f !< %6$r M- 8B8D $N %9 %F %l %*%? %$ %W $K J,N‘$9$k$N $G $O$J $/ !$ 3F %f!<%6 $r O"B36u4V>e $K <M1F $7 $F I=8=$9$k %b %G%k !$ (iii) %f !<%6$N =8 CD $dMzNr $J $I $N E}7W %G !<%? $K BP$9$kE}7W=hM} $r2DG= $K $9$k $3 $H$G !$=8 CD $K$D$$$F$NFCD’ $dF0E* $J JQ2= $rE}7WNL $H $7 $F 5a $a$k $3 $H$N $G$-$k %b %G%k$G $"$k $3 $H $r=E;k $9$k !% 2 @8@.E*%f!< %6 %b %G %k DSIU %7 %9%F%‘ [3] $O %f !< %6$NMW 5a $r C1 8lNs W ( !V >. $5$$ , %G %8 %?%k%+ %a %i !W ) $H$=$NDxEY ( !V $H$F$b !W !V $A$g $C $H !W $J $I ) $r 9g$o $;$F F~ NO $7 $? ;~ !$%f!< %6$N MW 5a$K $b$C $H$bE, 9g $9$k BP >] X ( %b %G%k A) $r =PNO $9$k %7 %9 %F%‘ $H2r <a $9$k $3 $H $,$G$- $k!% $3$N $?$a $K !$ %7 %9 %F%‘ $O %$ %s %?!< %M%C %H >e$N%+%?%m %0 !$9-9p $J $I $N%F%- %9 %H >pJs $+$i !$$" $k>&IJ ( X ) $r I=8=$9$k C18l ( W ) $r Cj =P $7 !$J8K!9=B$$d O"Mm@h : ") 305-8568 $D $/ $P ;TG_1‘ 1-1-4 EE;R5;=QAm9g8&5f=j , motom ura@etl.go.jp, h ttp://www.etl.go.jp/~motom ura/, T el: (0298)61-5836, F ax: (0298)61-5301 0UL#9=B$ $r 2r@O $7 $? 7k2L $r CN<1 $H $7 $F 3MF@$9$k!% %f !<%6%b %G %k $r ;}$?$J $$ DSIU $G$O $I $N%f !< %6$K BP $7 $F$b F1 $8 F~NO $K BP $7 $F$O F10l$N=PNO $rM? $($k $, !$<B:] $K $O X $K BP $9 $k <g4Q E*$J 0u>]$O %f !< %6 Kh$K 0[$J $k$3$H $, $" $j!$ DSIU $N =P NO7k2L $, A4$F$N%f !<%6$N MW 5a $r I,$: $7 $b K~$?$9$H$O 8B $i$J $$ !%$=$3$G !$ DSIU $K %f!< %6%b %G %k$r F3F~$9$k$?$a$NDj<02= $r 9M $( $k!% F~NO$O J# ?t$N C1 8l$N =8 9g W = f w 1 ; � � � ; w n g $K $D $$ $F !$ $= $l$i$N 3FC18l $K%f!<%6 $, <g4QE* $K =E$_ $r$D $1$?$b $N$G$"$k $+$i !$ $3 $l$r @55,2=$9 $l $P 0l<o$N3NN(J,I[ $H$_ $k $3 $H $,$G$- $k !% $3 $l$r W $N<g 4Q 3N N( J, I[ $H$h $S P ( W ) $H =q$/ !% $5 $i $K$"$k X $, M? $( $i $l$?$H$- $K $O>r7o IU $-<g 4Q3NN(J,I[ $H$J$j!$ P ( W j X ) $H =q$/ !% Nc : W = f $+ $C$3$$$$ ; >.$5$$ ; 9b5i ; � � �g , P ( W j X = %G %8 %? %k %+ %a %i A ) = f 0 : 5 ; 0 : 3 ; 0 : 1 ; � � �g . $3$3 $G W ; X $O$= $l $>$l 4QB, 2D G= $JJQ?t $G$"$k !% $7$+ $7 $=$NGX8e $K$O%f!<%6$N@-<A $rFCD’ $E $1 $kD>@\4QB, $N $G $- $J$$JQ ?t H $, B8:_ $7 !$ $3 $l $,%f!<%6 $4 $H$K0[ $J$C $?<g 4Q $rM? $($F$$$k$N $@$H 9M $($k!%D>@\ $N0UL#E* $J0MB84X78 $O $3 $N 1# $l JQ ?t H $r 2p $7 $F $$ $k !$$9$J$o $A X $H W $O H $K $h$C $F0MB8@- $, J,N% $5 $l$F$$$k>l9g!$ @h $N<g4Q3N N( J,I[ $O H $N IT3N<B@- $r 9MN8$9$k $H P ( W j X ) = Z H P ( W j H ) P ( H j X ) dH : (1) $N $h $& $K =q$1 $k !%$D $^$j 3F%f !< %6$O BP >] X $r G’ <1 $7 $? ;~$N 0u >] !$ P ( H j X ) $H $= $N 0u >]$N 8@ 8l E* I= 8= P ( W j H ) $N#2$D$NE@ $G <g4Q@- $H Hs7hDj@- $, B8:_ $7 !$ $3 $l$K $h$C $F %f!<%6$N8D@- $, I=8= $G$-$k!% $^ $?D>46E* $K$O W $d X $H $$$C$?I=AXE* $J I=8= $O$=$N >lLL $K 1~ $8 $F 0[ $J$k3NN(6u4V $r M?$( $i$l $k N% ;6 E*$J JQ ?t$G $" $k$, !$ H $O >o$K 0l Dj$N M-8B<!85 %Y%/ %H%k 6u4V $K $* $1$kO"B3JQ?t $G$" $k $3$H $K$9 $k!% $9$k $H !$ $3$N6u4V>e $G N‘;wEY $rDj5A$9$k $3$H $, MF0W $K$J $k $J $I !$ %f!<%6 %b %G%k$N 5-=R $KET9g $,$h$$!% H $O D> @\4QB,$9$k $3$H$N $G$-$J$$1# $l JQ?t $G$" $k$N $G !$ $3$N%b %G%k$O 1# $l JQ?t $r;}$D3N N( %b %G%k$G$"$k Latent v ariable mo del[4] $H 8F $P$l $k$b $N $K$J$k!% FC $K !$ I=AX E* $J I=8= $r @8@.$9$k $h $& $K 9=C[ $7 $?%f!<%6%b %G%k$O @8@.E* %f!<%6%b %G %k (Generative usermo del) $H 8F $P$l $F$$ $k!% ( 5U $K W $+ $i H $r ?d Dj$9 $k$3 $H $N$G $- $k%b %G %k $O G’<1%b %G %k $H

8F $P$l !$ $3$N $h$& $J8lK! $O Helmholtz mac hine[5] $K 8+$k $3$H $,$G $-$k !% ) ?^ 1: Generative user mo del 3 @8@.E*%f!< %6 %b %G %k $N MxMQ $3 $3 $G @8 @. E* %f !< %6 %b %G %k $r MQ $$ $F DSIU $N Ld Bj$r @0 M} $7 $F $_ $k !% DSIU $O $" $k %f !< %6$, !$2?$i $+ $N MW 5a ( H unk now n ) $N $b $H $G @8 @. $7 $? 8@ 8l I= 8= $r F~ NO P ( W j H unknow n ) $H $7$F !$ $= $N %f !< %6 $K $H $C $F $b $C $H $bE, @Z $JBP >] X !$ $D $^ $j P ( H unk now n j X ) $r:GBg $K$9$k X $r 8! :w $9 $k %7%9 %F %‘ $@ $H9M $($k $3 $H $, $G $- $k !% $3 $3 $G Ld Bj $J $N $O!$ %f!< %6 Kh $KF1 $8 BP>] X $r8+ $?>l 9g $N0u >] P ( H j X ) $, 0[$J $k$3$H !$0u>] H $N$b$H$G $N 8@ 8lE*I= 8= P ( W j H ) $, 0[$J$k $3$H$G$"$k!%0lJ}!$ %f!<%6 %b %G%k$r 0U<1 $7 $J $$ DSIU %7 %9 %F %‘ $, %$ %s%?!< %M %C %H$+ $i<} =8 $7 !$ Fb It $G;H MQ $7 $F$$ $kCN<1 $O 0lHLE* $J%f!<%6 $rA[Dj $7 $F$$$k$H$_$k $3 $H $,$G$-$k !% P ( W ) $rF~NO $H $7 $F DSIU $, Ds<( $7 $? X out $r $5 $i $K%f !< %6 $, I> 2A $7$F P ( W j X out ) $rF@ $? $H $9 $k !% $3 $l $, =i $a $NF~NO P ( W ) $H ==J, $K6a $1 $l $P DSIU $N=PNO $O E,@Z $G$"$C$? $H$$$($h $& !% 0lJ} $3$N N><T $, 0lCW $7 $J $$ >l 9g $K$O !$8= :_ $N%f!<%6 $N<g4Q $O DSIU FbIt$NCN<1I=8= $, A[ Dj $7 $F$$$k$b$N $H 0[ $J$C $F$$$k$3 $H$K$J$k!% $3$N>l9g $K $O!$ %f!< %68G M- $N H $N0c $$ $r9MN8 $9$k I, MW $,$"$k!% $3 $l$r I>2A$9$k $?$a $K !$J# ?t $N2>@b $r@8@.E*%f!<%6 %b %G%k <0 (1) $K $h$j@8 @. $7 !$$= $l$r %f !<%6 $, :FI>2A$9$k 2aDx $r DL $8 $F%b %G%k$r BPOCE* $K 3X=,$9$k $3$H $, 9M $( $i $l $k!% $3 $N3X =, 2a Dx $O Helmholtz mac hine $K 8+ $i $l$k@8@. %b %G%k $H G’<1%b %G %k$r DL $8 $? 3X=, $K$b N‘;w $7 $F $$$k [5] !% $3 $& $7 $F%f!<%6 %b %G%k $, 3X=, $G$- $l $P !$ DSIU $N=PNO X $H !$ %f !< %6 %b %G%k $+ $i7W;; $5 $l$k3N N( P ( X j W ) $K$h $C $F=PNO$NBEEv@- $r;vA0 $K I>2A $7 !$ %f!<%6 $NK~B-EY $r?dDj $9$k $3$H $,$G $-$k !% $3 $l$K$h$C$F!$ %f!<%6 $NK~B-EY $, Dc $$!$ $9 $J$o$A%f!<%6 $N8D@- $, DSIU $, A[Dj $7 $F$$ $k0lHL %f!<%6 $H Bg$-$/0[ $J$C $F$$$k>l9g $K$O !$ %f!<%68GM- $NI= 8= P ( W ) $r 0lHLE* %f!< %6 $K$H$C $F$NI8 =‘E* $JI=8= $X $HJQ 49 $9$k $3 $H$K$h$C $F !$ %f!<%6 $, $h$jK~B-$N $G$-$k7k2L $r F@ $k $3$H $, 4|BT $G$-$k !% 4 5DO@ FC Dj $N%? %9 %/ $d %7%9 %F%‘ $X $N0M B8 EY $,Dc $$ %f !< %6 %b %G %k$NI=8= $r 3NN)$9$k $3$H $O !$ 9=C[ $7 $?%f!<%6%b %G%k$r 9- HO $J%? %9%/ $K:FMxMQ$9$k $?$a $K$b=EMW $G$"$k !% FC $K%7 %9 %F%‘ $, B?5! G= $K $J$jJ#?t $N%?%9 %/ $r=hM} $9$k 0l J}!$ PD A $d7HBSEEOC$N$h$& $K >pJs5!4o $N8D?M2= $, ?J$‘8=:_!$ $=$N =EMW@- $O$3 $l $^$G0J>e $K 9b$^$C $F$$$k $H 8@ $($k!% $=$N$? $a$K%f!<%6%b %G%k$r <g4QE* $J 8@8lI=8= $HO"B3E* $JJQ?t$N 4X78 $K$h$C $F 9M $($k$3$H $O =EMW $G$"$j!$ Nc $( $P 46@->pJs =hM}$N8& 5f [6, 7] $K $*$$$F$b ;k3P FCD’ $H @~7A<L A| $r 4pK\ $H $9$kOHAH $K$h$C $F 8&5f $5 $l$F $$$k!% $=$NCf $G $O%f!<%6 $N <g4Q$rI=$9 ( K\9F$G$N H $K AjEv$9 $k$b$N ) $O @5=‘Aj4X J,@O $K$h$k 8G M- %Y%/ %H%k$GD% $i $l$?6u4V $K8= $o $l$F$$$k !% $3$l$K BP $7 $F K\8&5f $G $O 2hA|FCD’ $K M3Mh$9$kJ* M}NL $N $+ $o $j$K !$ X $H$7 $F 3( 2h$@$1 $G $J $/ G$ 0U$N BP >]$r <h $l $k $h $& $J0lHL2= $r9T$$!$1# $l JQ?t $r ;}$D3NN( %b %G %k$K$h$j %f!<%6$N ?<AXE* $J <g4Q@- $r <h$j07 $& !% ?^ 1 $N$h$& $J3N N( JQ ?t $r %0%i %U>u $K7k 9g $7 $?3N N( %b %G %k$H $7$F%Y%$ %8 %" %s%M %C %H $,$" $j !$ $3 $l $K $h $k %f !< %6 %b %G %k 8&5f $b $"$k [8] !% $7$+ $7 $3 $l $^ $G$N %Y %$ %8%" %s%M%C %H$G $O 3NN(JQ?t $, Hf3SE*>/ $J$$>uBV $+$i$J$kN%;6JQ?t $G$" $k $3$H$, B?$/ !$ $=$N$?$aKDBg $JC18l $r MQ$$$k8@8lE*I=8= $K $O$= $N$^ $^ E, MQ $9 $k $3 $H $,Fq $7$$!% 0l J} !$ 2; @< G’ <1 $J $I $G M-8z @- $, <( $5 $l$F$$ $k 3N N( E* 8@ 8l %b %G%k [9] $, $"$k $, !$ => Mh $OI= AX E* $JNY @\ C1 8l 4V $N F1 ;~ @8 5/ IQ EY (N-gram) $K$h $k %b %G %k2= $,Cf ?4 $G $" $k !% $7$? $, $C $F:# 8e $O0l HL E* $J %f !< %6 %b %G %k8& 5f $N $? $a $N!$ $5 $i $KJ# ;( $J9= B$ $r ;} $C $? 8@ 8l E* $J 3NN( %b %G%k $N3+H/ $, I,MW $G$"$k!% $3 $& $7 $? 3NN( %b %G%k$r MQ$$$k $3 $H $K $h$j<! $N$h $& $J E}7WE* $J <h$j07 $$ $, MF0W $K $J $k !% $"$k%f!<%6Fb $N3F%f!<%6 $r I=$9 %Q%i %a !<%? $NJl=8 CD f H 1 ; � � � H n g $, F@ $i $l$l $P !$ $3$N=89g $K$* $1 $kE57? E* $J %f!<%6$N@-<A $O P n i =1 H i =n � � H $G I=$;$k!%$^ $?$3$N I8=‘ E*$J%f !<%6$N @8 @.E*%b %G %k$O P n i =1 P ( W j H i ) =n ( %Y %$ %: ?dDjNL$N >l9g ), $" $k$$$O P ( W j � H )( :GL‘ ?dDj NL$N>l 9g ) $H$J$k !% $^ $? !$ %f!<%6$NCm0U $d@hF~4Q $O X $K BP$9$k ;v A03N N( P ( X ), %f !< %6 $4 $H $K 0[$J $k8l WC$d I=8=$N 6/$5 $N:90[ $J $I $O ;vA03N N( P ( W ) $H $7 $F F3F~ $9 $k $3 $H$b $G$- $k!%:# 8e $O$3 $& $7 $? 3NN(%b %G%k $N FCD’ $r3h $+ $7 $? ?tM}E* 2r@O $H<B83I>2A $r?J$a!$ %f!<%6 %b %G %k$N 9=C[<jK! $H$=$N 1~MQK! $r 3NN) $7 $F $$ $/M=Dj $G$" $k!% ;2 9M J8 8% [1] E.Ric h, \Building and exploiting user mo dels", Pro c. of sixth IJCAI (1979). [2] ?yK\2m B’ , \ >pJs<} =8 %7 %9%F%‘$K$*$1 $k%f !<%6%b %G %j %s%0 $H E,1~ E*%$ %s%?%i%/ %7%g %s ", ?M9) CN G= 3X 2qO@ J8 ;o , vol.14, No.1, pp.25{32 (1999). [3] F# K\ , 2l Bt , :4 F# , 0$ It , >> _7 , \DSIU %7 %9%F %‘ :Decision Supp ort for Internet Users", ?M9) CNG= 3X2q O@J8 ;o , V ol. 15, No. 1, pp. 61{64 (2000). [4] Lo ehlin and C.John: \Latent v ariable mo dels: An introduction to factor, path and structural analy- sis",Hillsdale, New Jersey: Erlbaum(1992). [5] G.Hin ton, P .Da y an, J.F rey and R.Neal: \The \w ak e- sleep" algorithm for unsup ervised neural netw orks", Science, v ol. 268, pp. 1158-1161(1995). [6] 5HED !$2C F# !$LpLD , \AR T MUSEUM 46@-$r M}2r$9 $k%3 %s%T %e !<%? ", Bh 12 2s?M 9) CNG= 3X 2q A49q Bg 2qO@ J8 =8 , pp. 218-219 (1998). [7] K.Y oshida, T.Kato and T.Y anaru, \A Study of Database System with KANSEI Information", Pro c. of IEEE SMC’99, VI, pp.253{256 (1999). [8] F.De Rosis, et.al.:\Mo deling the User Knowledge b y Belief Netw orks", Journal of User Mo dels and User- Adapted In teraction, vol.2, No.4,pp.367{388 (1992). [9] KL8&Fs : \ 3NN(E*8@8l%b %G %k ", El5~Bg3X=PHG2q (1999).