%G !< %? %Y!< %9 $+$i$N 3X=,5!G= $r ;}$D 3NN(?dO@ %7 %9%F%‘ BA YONET BA YONET: Probabilistic Reasoning System with Learning from Database K\B< M[0l y 86 8y y Y oic hi Motom ura y Isao HARA y y EE;R5;=QAm9g8&5f=j y Electrotec hnical Lab oratory Abstract: In this article, a system for the researc h on probabilistic reasoning and learning from data base is rep orted. This system is based on a Bay esian netw ork mo del, and also it is expanded by neural netw orks for non-linear, contin uous domain like many real world applications. Thus, this system can adapt to v arious kind of data, and it can apply for more wide-spread applications. Structural kno wledge acquisition from large data base is recent promising researc h issue, and Bay esian netw ork is also exp ected to abstract such knowledge in the structure of the netw ork. F or this purp ose, learning structure of Bay esian netw ork is studied actively . In order to ev aluate v ariet y of structure selection algorithm, this system supp orts dynamical changing of lo cal tree structures. T o handle practical large data base tractably , this system can connect to ma jor commercial, and non-commercial data base soft w are in learning scheme by JDBC. These features and GUI op erations can help to �nd structural kno wledge from large data bases. 1 $O $8 $a$K J#;( $G 40A4$K$O 4QB,$G $-$J $$ IT 3NDj$J MW0x$r 4^ $‘<B @$3& $N LdBj$r Ci<B$K%b %G %k 2= $7 , 6=L#$" $kBP >] $K $D$$$F $NM=B, $d3N?.EY $r7W;;$9$k3NN(?d O@ $O<B@$3& $G4h7r $K F0 :n$9$kCNE*%7 %9%F%‘$N$? $a$K M- MQ $G$" $k !#$^$? , Bg 5,LO $J %G !<%?!<%Y!<%9 $NIa5Z $K$h$j %G !<%?!<$N0MB84X78 $J $I $N9=B$$r Cj=P $7 , $= $l $r Mx MQ $7 $F 6=L#$" $kBP >] $K $D$$$F $NM=B, $d?dO@ $r9T $& $H$$ $&MW 5a $b9b$^$C $F$-$F$$$k!# $3 $& $7 $? MW@A $+$iLdBjNN0h $KFb:_$9$k9=B$ $r JQ?t4V $N0MB8 4X78 $H $7 $F @: L) $K I= $7 , <B :]$N4Q B, %G !<%?$+$i 3NN(%b %G %k$N 9= C[$r9T $& $3$H$, I, MW $K$J $C$F $*$j , JQ?t 4V$N 0MB8 4X78 $r %0 %i%U 9=B$$G I=$9%Y %$ %8%"%s %M%C %H [1] $r%G !<%? %Y !<%9 $+ $i3X=, $9 $k $? $a $N8& 5f $J $I$, 3hH/ $K $J $C $F$$ $k!# K\ H/I= $G $O%Y %$ %8%" %s%M%C %H$N 3HD% $H $7 $F , B?<oB?MM $JJQ?t$dHs@~7AE* $J0MB84X78 $r$b=@Fp $KI=8=$9$k %K%e!< %i %k%M%C %H$r >r7oIU$-3NN( $KMQ$$$?%b %G%k [2] $r <BAu $7 , 0l HL $N %G !<%?%Y!<%9 $+$i$N3X=, $H%f!<%6!< $H$NBPOCE*A‘ :n $K $h$j 9=B$ 2= $7 $? CN<1I= 8=$rCj =P $7 3N N(?dO@$r <B9T!& I> 2A $9 $k $? $a $N8&5f MQ %7%9 %F%‘ BA YONET $r >R2p $9$k!# K\ %7 %9%F%‘ $O (1) 0lHL$N %G !<%?%Y!< %9%=%U %H $J $I $K 3JG< $5 $l$? Bg 5, LO $J %G!< %? $+ $i>r 7o IU $-3N N( $r %K %e !< %i %k %M %C %H$K$h$j3X=, $9$k , (2) %0 %i%U9=B$ $N3X=, $d6I=j E* $J9=B$ $r F0E*$K A* Br$9$k 5!G= $, $" $k , $H $$$C$? FCD’$r ;}$D !# $5 $i$K GUI $K $h $k BP OCE*$J A‘:n$H 3X =,$N 7+$j JV $7 $K $h $j :GE, $J 9=B$$N C5:w$r 9T$$ , %G !<%?%Y !< %9 $+$i $N CN<1 H/8+ $r;Y1g$9$k$3 $H $,$G$- $k !# $^ $?%Y %$ %8%"%s%M%C %H %o!< %/ $rA‘:n $9$k %* %Z %l !< %7 %g %s$O8@8l $H $7 $F$bDs 6! $5 $l , %U %! %$ %k$d TCP/IP $rDL $8 $F<B9T $9$k $3 $H $GB> $N %7%9 %F%‘ $N $?$a$N?dO@%( %s%8%s$H $7 $F $b 5!G=$9$k!# 2 %Y %$ %8 %"%s %M%C %H %o !<%/ $"$kJQ?t y $, JL$N$$ $/$D $+$N JQ?t x $K 0MB8 $7 $F$$ $k >l9g $K$O 0MB84X78$r4X?t$H $7 $F , y = f ( x ) $H =q $1 $k !#JQ ?t $, IT3NDj@- $r;}$D $, $*$*$^ $+$J798~$H $7 $F$N 0MB84X78 O"Mm@h : ") 305-8568 $D $/ $P ;TG_1‘ 1-1-4 EE;R5;=QAm9g8&5f=j , motom ura@etl.go.jp, http://www.etl.go.jp/~motom ura/, T el: (0298)54-5836, F ax: (0298)54-5301 $O B8:_ $7 $F$$$k >l 9g $K$O3N N( JQ ?t X $, M? $( $i $l$?;~ $N Y $N >r7oIU $-3NN( P ( Y j X ) $G =q $1$k !# $3 $l$r X ! Y $HI= $7 , %" !< %/$N @h $K Mh$k JQ?t Y $r ;R %N!< %I , %" !< %/$N85$K Mh$kJQ?t $r?F%N!< %I $H $h$V !# %Y %$ %8%" %s %M%C %H$O$3$N$h $& $J JQ?t4V$N 0MB8 4X78$r 7k $s$@%0 %i %U 9=B$$H , 3F ;R%N!< %I $4 $H$K A4?F%N!< %I $K BP$9$k0MB8@- $rI=$9>r7oIU$-3NN( $N Fs$D$K $h$C$F , Dj 5A$5 $l $k !#2r$/$Y$- NN0h$N BP >]$H$J $kJQ ?t$r$" $2 $F , $3$l$K 4X$9 $k%Y %$ %8%"%s %M %C %H $r 9=@. $9 $l $P , 4Q B, $7 $? JQ?t$N CM$r %N!< %I $K BeF~ $7 $F L$ 4QB,$N JQ?t $K$D$$$F$N7W;; ( 3NN(?dO@ ) $r 9T $& $3 $H$G , L$CN$NJQ ?t $,$"$kCM $r<h$k IQEY $d$= $NCM $G$"$k 3N?. EY $,7W;; $G$- , CN$j$?$$BP>] $K$D$$$F$N M=B,$J $I $r 9T $& $3$H $,$G$- $k !# 3 BA YONET $N FCD’ LdBj $K 1~ $8 $F E,@Z $J %b %G%k2=$r9T$& $?$a $K , %G !<%? $+ $i Ci<B $K%Y %$ %8%" %s%M %C %H$r9=@. $9 $k $3 $H $, =EMW $G$"$k!# $=$3$G <B:] E*$JBg 5,LO %G !< %?%Y!< %9 $K @\B3 $7 , E, @Z$J %0 %i%U 9=B$$r 5a$a , >r7oIU$- 3NN($r 3X =,$9$k$?$a$N%7 %9%F %‘$H $7 $F BA YONET $r 3+H/ $7 $? ( ?^ 1.) !# %Y %$ %8%"%s%M %C %H $N 3X=,$O � JQ?t4V$N0MB84X78$rCj=P $7 $F , %0 %i%U$r 9=C[$9$k , � 3FJQ?t $N3NN( $rFCD’ $E$1$k>r7oIU $-3NN( $rE}7W %G !< %? $+$i 3X=,$9$k , $N 2 %9%F%C %W $+$i $J $k !# 3.1 >r7oIU$-3NN($N3X=, Hs@~ 7A @- $dO" B3 @- $r;} $D J# ;( $GB? <o B? MM $J>r 7o IU $-3N N( $r I=$9 $?$a $K3F;R %N !< %I $N>r7oIU$-3NN( $K$D$$$F$= $l $> $l ;0AX $N3,AX7?%K %e!<%i %k%M%C %H $r MQ$$$k!#3F %K %e!< %i%k%M%C %H$O%G !<%?%Y!<%9 $+ $i ?F%N!< %I $, FCDj$NCM $K$J $k>r7o$N $b$H $G$N;R %N!< %I $, $"$kCM$r $H$C$?H/@8IQEY $r >r7oIU$-3NN( $H$_$J $7 $F BP K! $K$h$j3X=,$9$k !# K\ %7 %9 %F %‘ $O4{ $K <B:] $KMxMQ$5 $l$F $$$k$h$& $JBg5,LO $J %G !<%? %Y !< %9 $+$i$N 3X =,$rMF0W$K $9$k$?$a , JDBC %I %i %$ %P $, MQ0U$5 $l$F$$ $kB?$/ $N0lHL$N %G !<%?%Y!<%9 %=%U %H$X$N @\

?^ 1: BA YONET system window B3 $r 2DG=$K $7 $F $$ $k !#$^$? GUI $K $h $k 3X =,$N >r7o$N JQ 99 $d6a;w8m:9$N %b%K%?!<5!G= $J $I $K $h$C$F3X=,7k2L $N2r @O $r ;Y1g$9$k!# 3.2 %0 %i%U 9=B$$N9=C[ %Y %$ %8%" %s %M%C %H $N9=B$3X=, $K$D$$$F $O , 8=:_$bMM!9 $J <jK! $, Ds0F$5$l $D$D$" $j 8&5f $, 3hH/$G$" $k $, , :G E,$J 9= B$ $r40A4 $K<+F0E* $K F@$k $3$H $O$J$*MF0W$G $O$J$$ !# $7 $+ $7 , %G !<%? $X$N %b %G%k%U%# %C %F%# %s %0$r>r7oIU $-3NN( $N I= 8=G=NO $N3HBg ( Hs@~7A2= ) $K $h$C$F9T $( $P , 9=B$ $N@)Ls $NJ}$O Hf3SE* 4K$/$J$j , 5v MF$5 $l $k9=B$$N 2r 6u4V $, 9-$/ $J$k!# $7$? $,$C $F %f !<%6 !< $,6=L# $"$k BP >] $r@0 M} $7 , $*$* $^ $+$J9=B$ $rM?$($F$d$k $3$H $G$b$"$kDxEY$N6a;w@:EY $, F@ $i $l $k $3 $H $,4|BT$5 $l $k [3] !# %K %e !< %i %k%M %C %H$K$h$k >r 7o IU $-3N N( $N3X =, $N<}B+ ( @.8y ) $O M? $( $?9=B$ $NBEEv @- $NH= Dj4p =‘ $K $J$k$N $G , BPOCE* $J %0 %i%U9= B$ $N=$ @5 , >r7o IU $-3N N($N3X =, , $N 7+$j JV $7 $K $h $C$F$h$j E,@Z$J %0 %i%U 9= B$ $rC5:w$9$k $3$H $,$G$-$k !# $3$N$h $& $J<j=g $K =>$$5$ >]D# $, Ds6!$9 $k %G !<%?%Y !< %9 $+$i , 3FET ;T4V$N 9_1+ 3+;O ;~9o $N 0MB84X 78$r3X =,$5$;$? 7k2L , @>J}$N 3F ET;T$G 9_1+ $, 4QB,$5 $l $?;~9o $+$iElJ}$NET;T $G$N9_1+3+;O;~9o $r M= B, $9$k $h $& $J%Y %$ %8%" %s %M%C %H$N 9=B$ $rF@$?Nc $r ?^ 2 $K <( $9 !# $$$/$D $+$NET;T$NAH9g$;$r;n$_$?7k2L , B1= J!0f , B2= 4t Il , B3= L>8E 20 , A1= >>K\ , A2= HSED , X= El5~ , $H $$ $&9=B$ $K $h$C$F , M= B,8m:9 $, >.$5 $/$J $k$h $& $K 3X =,$9 $k $3$H $,$G $-$F$$$k !# ?^ 2: Ba y esian netw ork for rainfall prediction 3.3 F0E*$J6I=jLZ9=B$$N@Z$jBX$(5!G= E,@Z $J9=B$ $NC5 :w $r;Y1g$9 $k $? $a , ;R%N!< %I Kh $K6I=j E* $JLZ9= B$ ( 3F;R%N !< %I $H ( J#?t $N ) ?F%N !< %I 4V$NLZ 9= B$ ) $H>r 7o IU $-3N N( $rJ# ?t J] ;} $7 , MF0W $K@Z $jBX $( $i $l$k5! 9= $, K\ %7 %9 %F%‘ $G$OF3F~$5 $l$F$$$k !# $^ $?@Z$jBX $($O%f!< %6!<$N A‘:n$@$1$G $J $/ , %"%k %4 %j%:%‘$H $7 $F M?$($k$3$H $, 2D G=$G$"$j , MM !9 $J%Y %$ %8 %"%s %M%C %H $N 9= B$3X=,%"%k %4 %j%:%‘$N@-G=I>2A $K MxMQ $G$- $k !# $b $7 $b BP>] $H$9$kLd Bj $K$*$$ $F , JQ?t4V $N0MB8 @- $,4Q B,7k2L $d>u67 $K1~ $8 $F JQ2=$9$k>l9g $K$O@EE*$JC10l $N9= B$ $r ;}$D3NN( %M%C %H %o!< %/ $G $O BP1~ $7 $- $l$J$$$3$H $,$" $k !# $3$N$h$& $J>l9g $K F0E* $K%Y %$ %8%" %s %M%C %H $N9=B$$r JQ99$9 $kJ}K! [4] $, K\%7 %9%F%‘$G$O 3NN(?d O@;~$N?F %N!< %I $N CM $K$h$C $F6I=j9=B$ $r@Z$jBX $($k%" %k %4 %j %:%‘$rAH $_ 9~ $‘$3$H$G <B8=$G$- $k$N$G , =>Mh$N @EE*$G C10l$J 9=B$ $7 $+ ;} $F$J$$%Y %$ %8%"%s%M%C %H$G$O I=8=$G$- $J$$J#;($J LdBj$b07 $& $3$H $,$G$- $k !# 3.4 BA YONET %9%/%j %W %H K\ %7 %9 %F%‘ $G$O GUI $K $h$kA‘:n $NB> $K$b%3%^ %s %I %i %$ %s$d %U%! %$ %k , TCP/IP $r DL $8 $F ?dO@ %W %m %0 %i %‘$r J8 ;zNs$H $7 $F Aw$j , <B9T$9 $k$3$H$K $h$j B>$N %W %m %0 %i %‘$J $I $H@\B3 $7 $F?dO@ %( %s%8 %s$H $7$F5!G= $9 $k $3 $H $,$G $-$k!# $3$N$? $a$N A‘:n%3 %^ %s %I $, BA YONET %9 %/%j %W%H $H $7 $F BN7O2=$5 $l$F$$$k !# $^ $?%f!<%6!< $OK\ %7 %9%F%‘<+?H $r 2~JQ$9 $k$3$H$J $/ , FH<+$N >r7o IU$- 3NN($d 3X=,%"%k %4 %j %:%‘$r JA V A $G C1FH $K%3 %s%Q %$ %k $7$F DI2C$9$k $3$H $,$G $- $k $, , $=$N >l9g$G$b DI 2C $7 $? 3HD% 5!G= $, ;H $( $k$h $& $K BA YONET %9%/%j %W%H $b<+F0E*$K3HD%$5 $l $k !# 4 $^$H$a <B @$ 3& $K B8 :_ $9 $k B? <o B? MM $J %G !< %? $r 3J G<$7 $? Bg 5, LO $J %G !< %? %Y !< %9 $+ $i %G !< %? 4V $N 0M B8 9= B$ $d >r 7o IU $- 3N N( $r 3M F@$7 $F M= B, $d ?d O@ $r 9T $& %7 %9 %F %‘ $r 3+ H/ $7 $? !#K\%7 %9 %F %‘$O , 30 It $N%W %m%0 %i %‘ $H $N @\ B3 @- $d 3H D% @- $r Mx MQ$7 $F 3N N( M} O@ $K 4p $E $/ %b %G %k A* Br %" %k %4 %j %: %‘ $N I> 2A <B 83 $d EE Am 8& $G 3+ H/ Cf $N ;v >p DL %m %\ %C %H [5] $N =@$i $+ $J CN <1 I= 8= $J $I $N 8& 5f MQ ES$K MQ $$ $i $l $F $$ $k !#K\%7 %9 %F %‘ $N :G ?7 $N >p Js$d%W %m%0 %i %‘$O http://www.etl.go.jp/~motom ura/BA YONET/ $G 8x3+ $5$l$F$$ $k !# ;2 9M J8 8% [1] J.Pearl: Probabilistic Reasoning in Intelligen t Systems, Morgan Kaufmann Publishers(1988). [2] Y.Motomura, I.Hara, H.Asoh, and T.Matsui: Bay esian Netw ork that Learns Conditional Probabilities by Neu- ral Netw orks, Pro c. of International Conference on Neu- ral Information Pro cessing’97 (1997). [3] K\ B< : Bay esian netw ork $K $h $k Bg 5, LO%G !< %?$N %b%G %k 2= $K $D$$$F , ?M9) CNG=3X2q Bh 4 2s>p JsE}9g8&5f2q T ec hnical Rep ort SIG-CI I-9707-04(1997). [4] D.Geiger, D.Heck erman: Inference Algorithms for Simi- larity Netw orks, Uncertaint y in Arti�cial Intelligence ’93 (1993). [5] >>0f=S9@!’$*$;$C$+$$%m %\ %C %H$H $b 8F $P$l $k;v>pDL%m %\ %C %H $N 7W2h , bit, V ol.29, No. 12, pp.4-11 (1997). [6] Kc@8 , @VJf , K\B< : E}7WE*?dO@$H AI $N ?dO@ , ?M9)CNG=3X2qO@ J8;o , V ol.12, No.2, pp.196-203, (1997).