W eb J8=q$r;H$C$?<g4Q3NN($N3MF@ : E}7WE*0U;W7hDj$N;kE@$+$i Use of W eb-P ages to Acquire Sub jective Probabilities: F rom A Viewp oin t of Statisitical Decision Making F#K\ OBB’ Kazunori FUJIMOTO M-8B2q<R%U%8%b%H!&%j%5!<%A%Q!<%/ ?M9)CNG=8&5f=j Arti�cial Intelligence Lab oratory , F ujimoto Research Park Co., L TD. W e research a mathematical mo del for decision making pro cesses where the knowledge for the decision is constructed automatically from information on the Internet. In this mo del, rational decisions are made based on statistical decision making theory and �ve elements for the theory are acquired from the decision maker and information on the Internet. This pap er discusses one of the knowledge acquisition pro cesses where probability distributions, which are used to calculate exp ected utilities, are acquired from W eb-pages on the Internet. 1. $O$8$a$K 6aG/!" <+A3 8@ 8l =hM} $d CN <1 3MF@ 5; =Q [15, 18] $N?J Jb$K $h $j !" %$ %s %? !< %M %C %H>e $N >p Js $+ $i MM !9 $J CN <1 $r $"$k Dx EY$N @: EY$G <+ F0 3MF@ $G $-$k $h $&$K $J$C$F $-$? !# $3 $& $7 $? >u 67 $K 9g$o $; $F !" %f !< %6 $N 0U ;W 7h Dj $K I,MW $J CN<1 $r %M%C%H>e $N >p Js$+ $i <+F0 9= @.$9 $k 8&5f$,;O$a$i $l$F$$ $k [4, 12] !#K\ 8&5f$G $O!" FC $K!" E}7W E*0U;W7h Dj ( Nc $($P [14]) $KI, MW$J!VBeBX 0F$N =89g!" %G !<%? $N =8 9g!" 3NN( J, I[ !W $K $D $$$F !" $3 $l $i $r %M%C%H>p Js $+$i <+ F03M F@ $9 $k0U ;W 7hDj ;Y 1g$N 8& 5f$r?J$a$F$$$k [16, 17] !# K\8& 5f $G $O !" $3 $l $^ $G $K !" !V %M %C %H >p Js $+ $i <+ F0 3M F@$7 $? CN <1 $G 0U ;W 7h Dj $G $- $k $+ !W $H $$ $& 4p K\ Ld Bj $K $D$$ $F ?t M} E* $J CN 8+ $r F@ $k $? $a !" 0U ;W 7h Dj 7O $N 4p K\ %b%G %k$r <( $7 $? [17] !# $3 $N 7O $r DSIU $H8F$V !# $3 $3 $K!" DSIU $O De cision Supp ort for Internet Users $N N, $G $" $k !#?^ 1 $K DSIU $N 4p K\ %b %G %k $r <( $9 !# DSIU $N 4p K\ %b %G %k $O !"0U ;W 7h Dj $N 2a Dx $@ $1 $G $J $/ !" 0U ;W7hDj $KI, MW$J CN<1 $r3M F@$9$k 2aDx ( ?^Cf$N CN<13M F@%7 %9%F %‘ ) $r4^$‘$H $3$m $KFC D’$, $"$k !# $3 $&$7$?CN<13M F@$N2a Dx$r%b%G %k2=$9 $k$3$H$K $h$j !" CN <18; $N =< <B$5 $N DxEY !"CN <1 3MF@ $N @: EY$H $$$C$? MW 0x$r <h $j9~ $s $G!"0U ;W7h Dj $r5D O@ $9$k $3 $H$, 2D G=$H$J$k!# K\9F$G$O !" DSIU $NCN<13M F@2a Dx $N$& $A!" $= $N%b %G %k2= $,:G $b :$Fq $H $J$k 3NN( J, I[$N 3M F@$K $D$$ $F =R $Y $k!#$^ $: !"3NN( J, I[ $N3M F@ $K Lr N) $DCN <1 $H $7 $F !" W eb J8 =q $N$b $D <g 4Q E*$J CN <1 ( <g4Q I> 2A CN <1 $H8F$V ) $K$D$$ $F@b L@$7 !" $3 $NI= 8=K! $r6q BNE* $K<( $9 !# $= $7 $F !" <g 4QI> 2A CN <1$r ;H $C $? 0U ;W7h Dj $r !" IT @53N @-!" CG JR@- !" L7=b @- $N 3 $D$+$i FC D’ $E $1 !" $3 $l $i $NIT 40A4 @- $N$b $H $K0U ;W7h Dj $r9T $& $?$a $N5; =Q $K$D$$$FO@$8$k!# O" Mm @h : ") 532-0004 Bg :e ;T Md @n6h @> 5\ 86 2-7-59-1204, M-8B2q<R%U%8%b%H!&%j%5!<%A%Q!<%/ , TEL !u F AX: 06-6397-3057, E-mail: frp@palette.plala.or.jp. ?^ 1: 0U;W7hDj7O$N4pK\%b%G%k 2. 3NN(J,I[3MF@$N%b%G%k 7W ;; 5! >e $G9g M} E* $J 0U ;W7h Dj $r 9T $&$? $a !"K\ 8& 5f$G$O!" W eb J8=q$N $b$D<g4QE*$JCN<1$r ;H$C$F3N N( J,I[ $r FCD’ IU $1$k !#$3 $N 3NN( J, I[$O !"7h Dj$K $h $j$b$?$i$5 $l$k 7k2L$r M=B,$9 $k$?$a $N$b$N $G$" $k!# Nc$($P!"%G%8%?%k%+%a%i$K4X$9$k !V 211 K|2hAG$K$h$jD69b2h<A!# !W (1) $H $$$& W eb J8 =q Cf$N 5-=R $O!"$" $i$C$]$/ 8@ $($P !" 2h<A Q $H;#A|AG;R S $K$D$$$F!" !V Pr( Q = go o d j S = 211) $,Bg$-$$CM$r$H$k!W $H $$$& $h $&$K 3N N(J, I[ $rFC D’IU $1 $k!#$3 $& $7$? CN <1$O !" ;E MM $+$i 2h <A $r M= B, $9 $k $b$N $G $" $j !" 9X F~ $9 $k 5!<o $r 7h$a $k $H$$ $& 0U;W 7hDj $K MxMQ $G $-$k !#$3 $N $h$& $K !"?M4V $N <g4Q $+ $i3N N(J, I[ $rFC D’ IU$1 $k CN<1$r <g4Q I>2ACN<1 $H8F$V!#K\>O $G$O!"$^$: !" 2.1 @a$G !" <g 4Q I> 2A CN <1 $N CN<1 I= 8= $K $D $$ $F =R $Y $k !# $= $7$F!" 2.2 @a$G!" <g4Q I>2ACN<1 $r;H $C$? 0U;W7h Dj$K $D$$$F!"$=$NIT40A4@-$rCf?4$K=R$Y$k!#

2.1 CN<1I=8= <g 4QI>2ACN <1$O!" W eb J8 =qCf$N<A E*>pJs!"Dx EY >pJs!" $= $7$F Hf 3S>p Js$N 3 <oN‘$N >pJs $r ;H $C $F \ 3N N(J,I[ $K $D$$ $F $N @)Ls <0 " $H$7 $F3M F@ $5$l $k !# <A E* >p Js$O !"$I $N3N N( CM$K $D$$ $F $NCN <1 $+;X Dj $9$k >p Js$G$" $j !"Nc$($P!"CN<1 (1) $K$D $$$F$O!" Pr( Q = go o d j S = 2 : 11M) $r;X Dj$9 $k>pJs $G$" $k!#Dx EY>p Js $O!"3N N( CM$N Bg $-$5 $NDx EY $r;X Dj $9$k >p Js$G $" $j !"Nc$($P!" 0 : 7 � Pr( Q = go o d j S = 2 : 11M) < 0 : 8 (2) $H $$$C$? 6h4V $r I= $9>p Js $G $"$k !#Hf 3S >pJs $O !"J# ?t $N 3NN( CM $N Bg >.4X 78 $r ;XDj $9 $k >p Js$G $" $j !"Nc $($P!" Pr( Q = go o d j S = 2 : 11M) � Pr( Q = go o d j S = 1 : 44M) (3) $H$$$C$?Hf3S$rI=$9>pJs$G$"$k!# 0J>e$N $h $& $K !" K\ 8& 5f$G $O !" 3N N( J, I[ $K$D $$ $F $N @)LsI=8=$+ $i$J$kI=8=6u4V$r9M$( !" W eb J8=q Cf$N <AE* !" DxEY !" Hf 3S >p Js $+ $iI= 8= 6u 4V $X $N %^ %C %T %s %0 $H$7$F<g4QI>2ACN<1$r3MF@$9$k!# 2.2 CN<1%Y!<%9$NIT40A4@- 0U ;W7h Dj$K $"$?$C$F$O !"$^$: !" W eb J8=q $+$i <g 4Q I>2A CN <1$r 3M F@$7 $FCN <1 %Y!< %9 $r9= @. $7!"$3 $& $7 $?CN <1 %Y !<%9 $r ;H$C$F0U ;W 7h Dj$, 9T $o $l$k !#$3 $N2aDx$r?^ 2 $K<($9 !# ?^ 2: CN<13MF@$H0U;W7hDj$N2aDx $3 $& $7 $? 0U;W 7h Dj $N 2a Dx$K $* $$ $F !"CN<1 %Y !< %9 $O!" B? $/ $N>l 9g !" IT @5 3N$G !" CGJR E* $G !" L7 =b$, $" $j $($k$H$$$&FCD’$r$b$D!# IT@53N@- ( Impr e ciseness ) 3F <g 4Q I> 2A CN <1 $O !" 3N N(CM$r 0l0U $K7h $a$k >p Js$r $b$D $H$O 8B$i $J$$ !# Nc$($P!"CN<1 (2) !" (3) $O!" Pr( Q = go o d j S = 2 : 11M) $NCM $r@5 3N $K ( Nc$( $P 0.8 $N$h $&$K ) Dj $a$J$$!# CGJR@- ( Partiality ) <g4Q I> 2A CN <1 $O !" A4 $F $N ;v >] $K$D $$ $F 3M F@ $5 $l $k $H $O 8B $i $J $$ !# Nc $( $P !" CN <1 (2) !" (3) $O!" 2h AG?t $, 81 K|2h AG$G $" $k5! <o $K4X$7$F$O8@5Z$7$J$$!# L7=b@- ( Inc onsistency ) <g4Q I> 2A CN <1 $O !" $* 8_ $$ $K L7=b $9$k $3 $H$, $"$k !#Nc$( $P !"I>2A $N?I $$ CN<1 Ds 6! <T $, !" 211 K|2h AG $G $b 2h <A $, NI $/$J $i $J $$$3 $H$r <gD% $7$? >l 9g!"$3 $l$K 4p$E $/<g 4Q I>2ACN<1$O!"CN<1 (2) $HL7=b$9$k!# 9gM} E* $J 0U ;W 7h Dj $N $? $a $K $O !" $3 $& $7 $? IT 40 A4 $J CN<1%Y!<%9$rE,@Z$K07$&J}K!O@$,I,MW$H$J$k!# 2.3 IT40A4@-$r07$&5;=Q IT @5 3N $J CN<1 $d !"CG JR E* $JCN <1 $N 07 $$$K $D $$ $F $O!" $3 $l $^$G $K!" ?t B?$/ $N 8&5f $,9T $o $l$F $$$k !# J. Breese $i$O!"3N N(CM$KI} $r5v$7$? 3NN(6h 4VI=8=$K $h$k0U ;W7hDj$NOH AH$r<($7 $? [2] !# M. Druzdzel $i $O!" 3N N( 6h 4VI= 8= $K 8B $i $: !" 3N N( CM $N Hf3S I= 8= $b 4^ $a $F!"G$ 0U$N 3NN( CM$N 2 <!3N N(J, I[ $rF3 =P$9 $kOH AH$r <( $7 $? [5] !# P . Cheeseman $O!" %( %s%H %m %T :G Bg 2= $N86 M} $K4p $E $$$F !"CG JRE* $J3N N( CM$+ $i G$0U $N 3NN(CM$r3NDj$5$;$kJ} K!$r<($7$? [3] !# G. Nguets� e $i $O!"CG JR E*$J 3N N(CM $+ $iG$ 0U$N 3N N(CM $N >e8B $H 2<8B$r7W;;$9$k%"%k%4%j%:%‘$r<($7$? [8] !#$3$l$i $N 5; =Q$r E, MQ $9 $k$3 $H $K $h$j !"CN<1 $, IT @53N $G CG JRE*$G$"$C $F$b!" 3N N(CM$N>e 8B$H2< 8B!" $"$k$$ $O!" $J $s$i $+$N 4p =‘$K $h $j3N Dj$5 $l $?3N N( CM$K 4p$E $$ $F!"9gM}E*$J0U;W7hDj$,2DG=$H$J$k!# L7=b $7 $? CN <1 $N 07 $$ $K $O !" J, N% $K 4p $E $/ %" %W %m !< %A$H !" E} 9g $K 4p $E $/%" %W %m !< %A$, $" $k !# A0 <T$O !" CN <1 %Y!< %9$+ $i L5L7 =b $JCN <1=8 9g $r<h $j =P$7 $FMx MQ $9$k ( Nc$($P [10, 11]) !# 8e<T$O !" 6t $$0c $&CN<1 $rE} 9g$7 $F Cf 4V E* $J CN <1 $r @8 @. $9 $k ( Nc$( $P [9, 13]) !# A0 <T $O<h $j=P $7 $?CN <1 =89g 0J30 $O MxMQ $7 $J$$ $N$K BP $7!" 8e<T$O CN<1%Y !<%9Cf $NA4$F$N CN<1$r MxMQ$9 $k!# $7$? $, $C $F !" 8e <T $O !" L7 =b$7 $F $$ $k $3 $H $r0U ;W 7h Dj $K H?1G $G $-$k E@ $GM% $l $F $$$k !#0l J}!"8e <T $O3M F@ $5$l$? CN<1 $r 2C9) $7$F ( E}9g$5$l $? ?7$7 $$CN <1 $H$7 $F ) MxMQ$9 $k$N $K BP$7 !" A0 <T$O 3M F@$5 $l $?CN <1$r D> @\Mx MQ$9 $k !# $7 $? $, $C $F !" A0 <T $O !" %f !< %6 $K0U ;W 7h Dj$NM}M3$r Ds6!$9$k$H$-!" W eb J8=qCf$NI= 8=$r$= $N $^$^ Mx MQ$G $- $k$H $$ $&E@ $GM% $l $F$$ $k !#0J2< $G $O!" $= $l $>$l $N %" %W%m !< %A $K$D $$ $F !" E, MQ$K $" $? $C $F=EMW$H$J$kE@$r=R$Y$k!# J,N%%"%W%m!<%A L5L7=b $JCN <1 =89g $OJ# ?t9M $($i $l $k $N$G !"$3$N $&$A $I$N =8 9g$r MxMQ $9$k $+$r 7h $a $k4p =‘$, I, MW$H $J$k !#$3$l $K $D$$ $F$O !"6K >. $d6K Bg$N CN<1 =89g $rMx MQ$9 $k$H $$$& 4p=‘ $, Ds0F $5$l $F$$ $k [1, 11] !#$7$+ $7$J$, $i!"$3 $l $i $N4p =‘$N BEEv @-$O !"BP >]$H $7$? LdBj $N@- <A $K0MB8 $7 $F$* $j !" >o$K BE Ev$H $O8B $i $J$$ ( Nc$( $P [7]) !# Mx MQ $9$k CN <1 =89g $r Dj $a $k$K $O !" BP >] $H $9$k Ld Bj $N$b $D @-<A $K N)$A La $j !"$3$l$K 4p $E$$$?4p=‘$r:NMQ$9$kI,MW$,$"$k!# E}9g%"%W%m!<%A 6t$$0c $$$N $" $kCN <1$r E}9g $9$k $? $a$N %b %G %k $, I, MW $H $J $k !# $3 $l $K $D $$ $F $O !" 6t $$ 0c$$ $N@8 $8$k 860x $rB, Dj%N %$%: $d2r <a8m $j $H $7$F %b%G %k2= $7$F E}9g $9$k J}K! $,Ds 0F$5 $l $F$$$k [6, 9] !# $3$l$i $NJ}K! $O!" $$$:$l$b !" CN <1$r;H $C $F 2 <!3N N(J, I[ ( 3NN( CM $K$D $$ $F$N 3N

N(J,I[ ) $r?dDj $7 !" $3$l $K $h$j E, @Z $J3N N( CM$r F3=P$9$k!# 2 <!3NN(J,I[$N?dDj$K$"$?$C$F$O!" J, I[$N 7A$d CN<1 $NFH N)@- $J $I!"E, @Z$J 2>Dj $r F3F~$9$kI,MW$,$"$k!# 3. $*$o$j$K K\9F $G $O !" E} 7W E* 0U ;W 7h Dj $K I, MW $J 3N N( J, I[ $K $D $$$F!"$3$l$r W eb J8=q$N$b$D<g4QI>2ACN<1$r ;H$C $F 3MF@ $9 $kJ} K! O@$r O@ $8 $?!#:# 8e $O!"K\ 9F $GO@ $8 $? 3NN( J, I[3M F@ $N%b %G%k $r 3NN) $9 $k$H $H $b$K !"?^ 1 $K<($90U;W7hDj 7O$N3FMWAG$N%b%G%k2=$r?J$a$k!# $= $7$F !"0U ;W7h Dj 7O$K 4X$9 $k =EMW $J $$$/ $D $+$N @- <A ( Nc$($P !" ?.Mj $G$- $k 0U;W 7hDj $KI, MW$H $5$l $kCN <18;$d !" CN<1 3MF@ %7%9 %F%‘ $N 3MF@ @:EY $J$I ) $K$D$$ $F2rL@$r?J$a$k!# ;29MJ88% [1] Salem Benferhat, Didier Dub ois, and Henri Prade. How to infer from inconsistent b eliefs without revising? In Pr o c e e dings of the 14th International Joint Confer enc e on Arti�cial Intel lige c e (IJCAI-95) , pp. 1449{1454, 1995. [2] John S. Breese and Kenneth W. F ertig. Deci- sion making with in terv al in uence diagrams. In P . P . Bonissone, M. Henrion, L. N. Kanal, and J. F. Lemmer, editors, Unc ertainty in Arti�cial Intel ligenc e 6 , pp. 467{478. Else- vier Science Publisher, 1991. [3] P eter Cheeseman. A metho d of computing generalized bay esian probability v alues for exp ert systems. In Pr o c e e dings of the 6th International Joint Confer enc e on Arti�cial Intel lige c e (IJCAI-83) , pp. 198{202, 1983. [4] Mark Crav en, Dan DiPasquo, Dayne F re- itag, Andrew McCallum, T om Mitchell, Ka- mal Nigam, and Se� an Slattery . Learning to extract symbolic kno wledge from w orld wide web. In AAAI{98 , pp. 509{516, 1998. [5] Marek J. Druzdzel and Linda C. v an der Gaag. Elicitation of probabilities for b elief netw orks: Combining qualitative and quan- titative information. In Pr o c e e dings of the Eleventh Annual Confer enc e on Unc ertainty in Arti�cial Intel ligenc e (UAI{95) , pp. 141{ 148, Montreal, Queb ec, Canada, 1995. [6] Kazunori F ujimoto, Kazumitsu Matsuzaw a, and Hideto Kazaw a. An elicitation principle of sub jectiv e probabilities from statemen ts on the internet. In Pr o c e e dings of the 3r d In- ternational Confer enc e on Know le dge-Base d Intel ligent Information Engine ering Systems (KES-99) , pp. 459{463, 1999. [7] Hw ee T ou Ng and Ra ymond J. Mo oney . On the role of coherence in ab ductive explana- tion. In Pr o c e e dings of the 9th National Con- fer enc e on Arti�cial Intel lige c e (AAAI-90) , pp. 337{342, 1990. [8] Guy-Blaise Douan y a Nguet � se, Pierre Hansen, and Brigitte Jaumard. Proba- bilistic satis�ability and decomp osition. In C. F roidev aux and J. Kohlas, editors, L e ctur e Notes in Arti�cial Intel ligenc e 946 , pp. 151{161. Springer-V erlag, 1995. [9] Gerhard Paa�. Second order probabilities for uncertain and con icting evidence. In P . P . Bonissone, M. Henrion, L. N. Kanal, and J. F. Lemmer, editors, Unc ertainty in Ar- ti�cial Intel ligenc e 6 , pp. 447{456. Elsevier Science Publisher, 1991. [10] Marco Ramoni and Alb erto Riv a. Belief maintenance in Bay esian netw orks. In Pr o- c e e dings of the 10th Annual Confer enc e on Unc ertainty in Arti�cial Intel ligenc e (UAI{ 94) , pp. 498{505, Seattle, W A, 1994. [11] Raymond Reiter and Johan de Kleer. F oun- dations of assumption-based truth mainte- nance systems: Preliminary rep ort. In Pr o- c e e dings of the 6th National Confer enc e on Arti�cial Intel lige c e (AAAI-87) , pp. 183{ 188, 1987. [12] Arnaud Sahuguet and F abien Azav an t. Wysi- wyg web wrapp er factory (w4f ). Av ail- able from http://db.cis.upenn.edu/W4F/ , 1999. [13] Detlof V on Win terfeldt and W ard Edwards. De cision analysis and b ehavior al r ese ar ch . Cambridge Universit y Press, 1986. [14] HKKq ;;CK . 0U ;W7h Dj$NG’ CNE} 7W3X . D+ AR=q E9 , 1995. [15] ;TB< , D9C+ @n , EOIt , :4F# . %F %-%9 %H%^ %$%K %s %0 !’ ;v Nc >R2p . ?M9) CN G= 3X 2q ;o , V ol. 16, No. 2, pp. 192{200, 2001. [16] F# K\ , 2lBt , :4F# , Eg DE , KL . %M %C %H >p Js $r ;H $C $? 0U;W 7h Dj ;Y 1g dsiu $K $* $1 $k CN <1 3M F@ 5; =Q . ?M 9) CNG=3X2qO@J8;o , V ol. 16, No. 1, pp. 120{129, 2001. [17] F#K\ , ;3K\ . %M%C %H>pJs$r ;H$C $F0U ;W7hDj $9$k 2a Dx $N?t M}%b %G %k$N Ds0F . ?M 9)CN G= 3X2q 8&5f 2q;qNA SIG-F AI/KBS-J, pp. 29{33, 2001. [18] IY 1: , EO JU B> . FC =8!’$3 $3 $^ $G $- $? <+ A3 8@ 8l =h M} . >p Js =h M} 3X 2q ;o , V ol. 41, No. 7, pp. 762{796, 2000.