2001 G/ %Y %$ %8%"%s%M%C %H %A%e!< %H %j%" %k T utorial on Bay esian Netw orks (BN2001) T oky o, Japan, July 29, 2001. 0dEA;R %M%C %H %o!< %/ $H 3NN( %b %G %k Genetic Net w orks and Probabilistic Mo dels M-ED @55, � $5$- $,$1 #2#1 ;:6H5;=QAm9g8&5f=j @8L?>pJs2J3X8&5f%; %s %?!< Abstract: BgNL %G !<%? $r$b $H $K $7 $? @8L? %a %+ %K %:%‘ $N2rL@ $O %2 %N%‘>p Js $N %F!<%^ $G$"$j!" %Y %$ %8%" %s %M%C %H $r MxMQ $7 $? 8&5f $O A} $($F$f $/ $H ;W $o $l $k !#K\ %A %e!< %H %j %" %k$G$O%Y %$ %8%" %s %M %C %H $N F~NO %G !<%?$r$D $/$k DNA %^ %$ %/ %m%" %l %$ 5;=Q $H %G !<%?$N A0=hM}$r2r@b$9$k !# $^$? %G !<%? $+$i 0dEA;R%M%C %H %o!< %/ $r3X=,$9$k:]$N%" %k %4 %j %:%‘ $K $D$$$F354Q$9$k !# 1 $O $8 $a$K J, ;R @8 J* 3X $O@8L? $r%* !< %H %^ %H%s$H $7$F B* $($k3X Ld $G $"$k !# 652J=q $r3+$/ $H !" :YK& $N3KFb $G 0dEA;R (DNA) $+ $i mRNA $X>pJs $rE> <L!" mRNA $, 3K30 $X0\ F0!" mRNA $rJT=8!" %? %s %Q%/<A $X$NK] Lu !" %? %s%Q%/<A $, Aj8_ $K:nMQ $7 0dEA;R $NH/8= $rD4@a!" $H !" 0l O" $N2a Dx $,$"$? $+$b9dBN 1?F0$N$h $& $K 5-=R$5 $l $F $$ $k [5] !# $7 $+ $7 3F %W %m %; %9 $, !V $I $N$h $& $K !W F0$/ $+$O 5-=R$5 $l$F $$$F$b !" !V $I $& $7 $F !W $=$&F0 $/ $+ $,$"$^$j=q $+ $l$F$$ $J$$!# $$ $o $P !" %*!< %H %^ %H%s$N6qBN E* $JF0:nNc $N $_ $,$o $+$C $F$$ $F !" ;E MM $, L$CN $N$^$^ $K$J$C $F$$$k!# :# 8e !V $I $& $7 $F !W $NItJ, $, >GE@ $H $J$k$N $O I,;j $G$" $m $& !# %2 %N %‘>p Js $O !" J,;R @8 J* 3X $N %G !<%? $r>pJs 2J3X E* ;k E@ $+ $i =hM} $9 $k $3$H $G !V $I $& $7 $F !W $NLd $$ $K Ez $($h $& $H $7 $F$- $?!# Bg NL %G !<%? $+ $i$N3X=, $, @.8y $7 $? Nc $K $O%K %e !< %i %k%M %C %H %o!<%/ $K$h$k %? %s%Q%/<A Fs <! 9= B$ M= B, [20] $H 0dEA ;R %7 %0 %J%kM=B, [18] !" 1# $l %^ %k%3%U %b %G%k$K$h$k0d EA;R %3!< %I NN0hM=B, [9] $r 5s $2 $k $3$H $,$G$- $k !# $^ $? 6a G/ $O !" %5 %]!< %H %Y%/%? !<%^ %7 %s$K$h$kJ, N‘ $, CmL\ $rMa $S $F$$$k [16] !# $? $@ !" $3 $l$i$N%" %W %m!<%A $O$"$k<o $N%/ %i %9 %?%j %s %0 $r9T $& $b $N $G !" :Y K& Fb $N %a %+ %K %:%‘ $r=PNO $9 $k $b $N $G$O$J$$!# $D$^ $j !V $I $& $7 $F !W $KBP$9$k 2s Ez $OF@ $i $l $F$$$J$+ $C$? !# $7 $+ $7 !" DNA %A %C %W $d DNA %^ %$%/ %m%" %l %$ $H 8F $P $l $k5;=Q $, 5^B. $K ?JJb $7 !" $3$N >u67 $O JQ2= $7 $D$D$" $k !# 0d EA ;RH/ 8= $N %G !<%? $, BN7O E* $KF@ $i $l $k8+ DL $7$, N) $C $F $- $? $?$a !" 0dEA ;R $NAj 8_4X 78 $rBgNL %G !<%? $+ $i 3X=, $9 $k ;n $_ $, ;O$a $i $l$? !#K\9V1i $G$O !" DNA %^ %$ %/ %m %" %l %$ � ") 135-0064 9>El 6h@D3$ 2-41-6 tel: 03-3599-8080, e-mail: m- arita@aist.go.jp, URL: http://www.cbrc.jp $h$jF@ $i $l $k %G !<%? $NFC D’ $HA0=h M} J} K! !" $= $7 $F %G !<%? $+$i0dEA ;R %M %C %H%o!<%/ $r3X=, $9 $k:] $N %" %k %4 %j %:%‘ $K $D$$$F 354Q$9$k !# 2 DNA %^ %$ %/%m%" %l %$ DNA %^ %$%/ %m%" %l %$ $O !" :YK&Fb $N0dEA;RH/8= $r 9bB. $+ $D BgNL $K 4QB,$9 $k$?$a$N AuCV $G $" $k [19, 21] !# cDNA $H 8F $P$l $k0dEA ;R G[ Ns $N %3 %T !<$rcG L) $K%9 %]%C %H $7 $? %, %i%9I= LL $K !" :Y K& $+ $iCj=P $7 7V8w I8 <1 $7 $? 0dEA ;R E><L ;: J* $r 7k 9g $5 $;$k $3 $H $G !" 0d EA ;R H/ 8= $N JQ 2= $rB, Dj $G $- $k!# B,Dj %5 %s %W %k$K$h$jH/ 8= $N@d BPNL $O0[ $J$k $? $a !" @5>o Nc $H 0[>o Nc $N $= $l $>$l$r0[ $J$k ?’ $G7V8w I8 <1 $7 !" I8 =‘ $H $J $k%9 %]%C %H$G @55, 2= $7 $?8e $K !" Fs ?’ $NAj BP6/ EY $r0dEA ;R H/8= NL$H $7 $F B, Dj$9 $k [8] !# (DNA %A %C %W $b %^ %$%/%m %" %l %$ $H$[ $\ F15A $K MQ$$ $i $l $k $, !" %, %i %9I=LL $X$N DNA $N?" $(IU $1 K! $, 4{CNG[Ns $N%9 %]%C %F%# %s %0$G$O$J$/!" 8w %j%= %0 %i%U %# !< $r MQ$$$? 8GAj9g @. $G$" $k$3$H$, B?$$ !# ) BgNL @8 ;: 2D G= $J %W%l !< %H 1 Kg $G?t@i $N0d EA ;R H/8= $r0lEY $K 4QB, $G$-$k $3 $H $+ $i !" $= $NMx MQ $O5^B. $K3HBg $7 $? !# :# 8e $NJ,;R @8 J* 3X $O$h$j DjNL E* $K$J$j!" Bg NL %G !<%? $+$i$N %b %G %j %s %0$, =EMW $K$J $k $H 9M $($i $l$F $$ $k [4] !# DNA %^ %$%/ %m%" %l %$ $N %G !<%? $O !" <g $K <B83AuCV $r ;} $D 8& 5f <<$G %/%i %9%? %j %s%0 [3, 10] !" <+8J AH ?% 2= %^%C %W [24] !" <g@.J, J, @O [2] Ey$G 2r @O$5$l $F $-$? !# $7 $+$7 !" 7k 2L $O 0dEA ;R4V$N 5wN% ( $^$?$O N‘;w EY ) $N Dj 5A $K 0MB8 $7 $F JQ2=$9 $k$?$a !" $=$N 2r <a $O Fq $7 $$$H $5 $l $k [4] !#$^$?$3 $l$i$N<jK! $O !" H/8= %Q %?!< %s $, ;w $?0d EA;R $O5!G= E* $K$b 4XO" $9 $k $H$$$& A0 Ds $K4p $E$$ $F$$$k $, !" $3 $l $, @8J*3X E* $K @5 $7 $$J]>Z $O $J$$ !# $= $N$? $a !" 0d EA;R $N0MB8 4X 78 $= $N $b$N $r %G !<%? $+ $i3X=, $9$k ;n $_ $H $7 $F %V !<%j %" %s%b %G%k

[1] !" @~ 7A %b %G%k [14] !" %K %e !< %i %k%M %C %H %o!<%/ [25] $, Ds 0F $5 $l$F$- $? !# $3 $l$i$N%b %G%k$G $O !" <B :] $KBgNL %G !<%? $r=hM} $9$k $K $O ;j $C $F $$ $J$$!# =i $a $F 800 0dEA;R $H$$$& Bg NL %G !<%? $N2r @O $K F’ $_9~ $s $@$N $,%Y %$ %8%" %s%M %C %H$G $"$k [12] !# %^%$ %/ %m %" %l %$ 2r @O $NLdBj E@ $H $7$F >o $K5s $2$i $l $k $N $O !" 1. 0dEA ;R H/ 8= $O:YK&Fb%a %+ %K %:%‘ $N0lLL $K$9 $. $J$$ $3 $H !" 2. ?t@i $N0d EA ;R $K BP $7 E}7W E* $KM-0U $J7k2L $r=P $; $k $[ $I%G !<%? $, B7 $o $J$$ $3 $H !" 3. %G !<%? $N%N%$ %: $, Hs>o $KBg$- $$ $3 $H $G$"$k!# $3 $l$i$N5?Ld $K BP $7 !" %Y %$ %8%" %s %M%C %H$O 0J2<$N$h $& $K BP=h $G$- $k !# 1. %^ %$ %/ %m %" %l %$ 2r @O $O:YK& =8 CD $NJ? 6Q CM $r4Q ;! $9 $k 5;=Q $G$" $j!" 0d EA ;R H/8= $NBg 6I E* $J0MB8 4X 78 $, 4QB, $5 $l $k!# 0d EA;R A $, B $r3h@-2= $9$k !" ( $^ $? $OM^@) $9$k ) $H$$ $&4X78 $O !" 3F0dEA;R $rJQ?t $H$_$J $7 $? >r 7oIU $-3N N( %b %G%k $GI=8= $G$- $k!# K& ;R 7A @. [13] $dBN @a 7A @. [17] $K $*$$$F 80$H$J $k 0d EA ;R$N B8 :_ $, CN $i $l $F$$$k $h$& $K !" =E MW 0dEA ;R $N%9 %/%j !< %K %s %0$H $7 $F%Y %$ %8%" %s %M %C %H$O M-8z $G$" $k !# 2. 4QB, $9$k 0d EA;R ?t $O?t@i $"$k $, !" %G !<%? %; %C %H$O B? $/ $F$b?t == $G$"$k!# $7 $+ $7 !" 0d EA;R %M %C %H %o!<%/ $O Hs>o $K AB $J %0%i%U9=B$ $r;} $D!# $h $C $F6I=j E* $J9=B$ $r 3X=,$9$k$3$H $G %G !<%?$N >/ $J$5$r %+ %P!<$G$- $k !# 6qBN E* $K $O3F0d EA ;R $HAj4X $N9b $$ $b $N $@ $1$r?F $H $_ $J $7 !" 3X =, $r3+;O $9 $k!# $^ $? !" 3X=, 7k 2L $N8! >Z $K $O %V !< %H %9 %H %i %C %W K! $r MQ$$$k !# 3. %" %l %$ $G8+$k H/ 8= $H $OG[Ns $K$b0M B8 $7 $?J*M} 2= 3X H? 1~ ( ?e AG7k 9g ) $G $" $k$?$a !" <B83$N>r 7o$d 7WB, K! $K $h$jH/8= NL $OBg$-$/ JQ 2= $9$k!# $= $N $? $a !" 0dEA ;R H/ 8= $N %G !<%? $OH/8= %l%Y%k $K1~ $8 $FN%;6 2= $9$k!# %^%$ %/ %m %" %l %$ $rMQ $$ $?2r @O $NB?$/ $G !" %G !<%? $O � 1, 0, 1 $N 3 CJ3, ( %3 %s %H %m!<%k$h$jHs>o $K Dc $$ !" F1 DxEY , Hs>o $K9b$$ ) $K J, $1$i $l $k !# DL>o $N $7 $-$$ CM $O !" H/ 8=NL $, ?tG\JQ2=$9$kE@ $K @_Dj$9$k [8] !# 3 %Y %$ %8 %"%s %M %C %H $N 3X=, BgNL %G !< %?$+ $i 8z N( $h $/ %M%C %H %o !< %/$r ?d Dj $9 $k$K $O !" 9=B$ $r6I=jE* $K3X=, $7 $F$f $+ $M $P $J$i$J$$!# $3$N $? $a$N %F%/ %K %C%/ $r$$$/ $D $+>R2p$9$k [23] !# $3 $3 $G$O%Y %$ %8%" %s %M %C %H $N 0lHLE*$JDj5A $O >JN,$9$k !# 3.1 %"%& %H %i %$ %s %M %C %H %o!<%/ $N3X=, $K=EMW $J $N $O !" 8u Jd $H $J$k %M %C %H %o!<%/ $N:N E@ K! $H8uJd $NC5:w K! $NFs E@ $G$"$k!# Bg $^ $+$J %" %k %4 %j %: %‘ $O 0J2<$N$h $& $K$J $k !# F~NO : � 71N}%;%C %H D = f x 1 ; : : : ; x N g � =i4|%M%C %H %o!< %/ B 0 � %M%C %H %o!< %/$N:NE@4X?t score � ?FD:E@$N?t k =PNO : %M%C %H %o!< %/ B Lo op <}B+$9$k$^ $G (n = 1,2,. . . ) /* %9%F%C %W 1. ?FD:E@ $r @)8B $7 $F C5:w */ foreach 3NN(JQ?t X i D $H B n � 1 $r ;H$$ !" ?FD:E@ $r k 8DA*Br . A* $s$@ D:E@$G !" %0 %i%U H n $r 9=@. . /* %9%F%C %W 2. :NE@4X?t $G :GE,2= */ score $r :GBg2=$9$k B n = h G n ; � n i $r 9=@. . ( $? $@ $7 G n � H n ) Return B n %"%k %4 %j %:%‘ $, @5 $7 $/F0 $/ $? $a $K $O !" %k!< %W$, <}B+ $9$k >r7o $, I,MW $K$J $k !#C1=c $K$O !" score $, NI$/$J $i$J$$ ;~ $K =* N;$H $9 $k !#$^$? !" ?FD: E@$N ?t$r k $K @) 8B$;$: >o$K H i � H i +1 $, @.$jN) $F $P !" score $O 8:>/ $7 $J $$$N $G <}B+ $9 $k $3$H$O L@ $i$+$G$" $k !# 3.2 ?FD:E@$NA*Br A4 $F$ND: E@ 4V $K 0MB8 4X 78 $r2> Dj $7 $F%M %C %H %o!<%/ $rC5 :w$9 $k $N $O7W;;NL E* $K IT2D G= $G$"$k!# $=$N $? $a !" 3FD: E@ $K$O ?FD:E@ $, k 8D $7 $+$J $$$H$$ $&2>Dj $r F3F~$9$k !# ( $3 $l$G $b7W;;NL $O;X?tE* $KKDBg $J?t $K$J$k !# ) 3NN(JQ ?t X $K Aj4X $N $"$k D: E@ $rA*Br $9$k 5w N% 4p =‘ $H $7 $F 0lHL E* $J$N $O !" Aj8_>pJsNL $G$" $k !# I ( X ; Y ) = I ( Y ; X ) = X x;y � P ( x; y ) log � P ( x; y ) � P ( x ) � P ( y ) $?$@ $7 � P $O%G !< %? Cf$K 4Q B,$5$l $? 3NN( ( IQ EY ) $G $" $k !# Aj8_>pJsNL $O X $H Y $N 0MB8EY$NBg$-$5$r<($9!# $7 $+ $7 !" Aj8_ >p Js NL $NBg $- $$=g $K?FD:E@ $rDj?t 8D $7 $+ A*Br $7 $J$$ $H !" 4V@\ E* $KAj4X $NBg $- $J?F $rA*Br $9 $k2D G= @- $, $"$jNI $$7k2L $rM? $($J$$ [12] !# $=$N $? $a !" 5w N% $H $7 $F Aj BP %( %s %H %m %T !< (Kullback-Leibler div ergence) $r 7W ;;$; $M $P $J$i$J $$ !# D K L ( P ( X ) jj Q ( X )) = X X P ( X ) log P ( X ) Q ( X ) AjBP %( %s %H %m %T !<$H $O J,I[ Q(X) $r ??$NJ,I[ P(X) $N Be $o$j $KMQ $$ $? $H$- $N ‘ $: $l ’ $NEY9g $$ $G$"$k!# 6q BN E* $K $O %M%C %H %o!< %/ B $, M?$( $i$l$?$H$- JQ?t X ; Y $N 5wN%$r I ( X ; Y j B ) = D K L ( � P ( X ; Y ) jj P B ( X ; Y ))

$H$9 $k !#0dEA ;R ?t$r 9M$( $k$H !" <B:]$O k = 3 Dx EY$N C5 :w $7 $+$G$-$J$$ $H;W $o $l $k!# $3$3 $G P B ( X ; Y ) $O %M%C %H %o!< %/ B $K $*$1 $kJ, I[$@$, !" X; Y $N CM$r%5%s %W %j %s %0 $7 $F 6a;w$9$k$3$H $,$G $- $k !# 3.3 Score $N 7W;; 71 N} %; %C %H D $K BP $7 :GE, $N%M %C %H %o!<%/ $rA* $V $K $O !" 2?$i$+ $N :N E@ K! $, I, MW$K $J $k !#:GC; 5- =R D9 (minimum description length; MDL) $K$h$k%9 %3%"Ey $,$h$/MQ $$ $i $l$F$$$k $, !" $3 $l$i$N%9 %3 %" $r:GBg2= $9 $k %M %C %H %o!<%/ $N C5:w $O NP :$Fq$G$" $k$3$H$, $o$+ $C $F$$ $k [7] !# $=$N $? $a !" %M %C %H %o!<%/ $r6I=j E* $K 2~A1 $7 $F =‘:G E, 2r $rC5:w $9 $k!# $3$N $H$-%M %C %H %o!< %/A4 BN $N score CM $O3FJQ?t $K 4X$9$k score CM$NAmOB $K$J $C$F$$$k$?$a !" %-%c %C %7%e Ey $rMQ$$$F7W;;$r4JN,2=$9$k !# score( G; D ) = X i X v 2 X i ?F score( X i j v ) 71N} %G !< %?$, %M%C %H %o !< %/ >e$N A4$F $N JQ ?t CM$r M?$( $k (complete) >l9g !" MDL $r 0lHL2= $7 $?0J2< $N<0 $GM? $( $i $l $k>p Js NL4p =‘ $O>e5- $N $h$& $KJ,2r $7 $F %9 %3%"7W ;; $,$G $-$k!# $7 $? $,$C $F%M %C %H %o!<%/ $N%9 %3%"7W;; $O6I=jE* $K 2~A1 $7 $? ItJ,$N$_$N:F7W;; $G :Q $‘!# Q I ( B ; D ) = log ( M? $($i $l$? ;vA03NN(J,I[ ) + X ij k N ij k log N ij k N ik � f ( N ) � ( %b %G%k Cf$N<+M3JQ?t$N?t ) $3 $3$G N 71N} %;%C %H Cf $N%5 %s %W %k ?t !" N ij k $O %$ %Y %s %H ( X i = k ; X i $N ?F = j ) $N IQ EY$G $" $k !# MDL $N >l 9g$O f ( N ) = log ( N ) = 2 $H $J $k !#D:E@ $K BP$9 $k?F$N ?t $, >/$J $$J} $, Q I ( B ; D ) $, 8:$k$N $G !" k 8D $:$D A* $P$l $? ?FD:E@ $O$3 $3 $G8:$k 2DG= @- $,$"$k !# $3 $l$i 4p=‘ $K$D$$ $F$N $h$j >\ $7 $$ FbMF $K $D$$$F $O !" J88% [6] $, ;29M $K$J $k !# 3.4 :GE, %0 %i%U$N A*Br <! ?t k $N %0 %i%U $G$b !" $"$k%9 %3 %" $r:GE, 2= $9 $k %M %C %H %o!< %/$N C5:w$O NP :$Fq$K$J $k [7] !# $=$N$?$a !" %5 %$ %: $, 2 $^ $G$N=89g $GL‘EY $, 9b $$$b $N $rA* $S !" $= $l$i$N=8 9g OB $r?F $H$9$k %" %W %m!< %A $d !" $" $i $+ $8 $a8GDj %5%$ %:$N?F =8 9g $rA* $s$G $+ $i6I=j E* $JC5 :w $r$* $3 $J $& %" %W %m!< %A $, 9M $($i $l $k !# A0<T$N>l9g$K$O !" � 2 >h8!Dj$K$h $jAj 8_>p JsNL $r6a;w$9$k$3$H $, LrN)$D $+$b $7$l $J$$ !# � 2 ( X ; Y ) � I ( X ; Y ) N ln(4) 8e<T$N >l 9g$K$O !" 0d EA E*%"%k %4 %j%: %‘ $, 1~ MQ$G $- $k$@ $m$& !# 4 %G !< %?$X$N1~MQ $H 9M;! F riedman $i $O !" 800 0d EA;R$N H/ 8=$r%Y %$ %8 %"%s %M %C %H $G 3X=,$5$; !" www.cs.huji.ac.il/labs/compbio/expression/ $G 8x3+ $7 $F $$ $k !# %G !<%?$O :YK&<~4| %G !<%?%Y!< %9 [22] http://cellcycle-www.stanford.edu $h$jF~<j 2D G= $G$"$k!# 3X=, 7k 2L $O !" AF $G $O$"$k $b $N$N== J,F~ $jAH $s $@%M %C %H %o!<%/ $G !" B> $ND:E@ $K BP $7 Bg $- $J3N ?.EY $G 1F6A$9$kD:E@ $, $4 $/6O $+ B8:_$9$k !# F riedman $i $O$3 $l$i$ND: E@ $,:YK&<~ 4| $K=EMW $J0d EA ;R $r4^$‘ $H $7$F $$$k $, [12] !" 0d EA;R $N@8J* 3XE* $J=EMW @- $HB>$N0d EA;R $X $N 1F6A NO $O 4X 78 $, $J $$$H ;W$o $l $k !# ( H/8=NL $K Aj4X $, $" $k $+ $i$H$$ $C $F !" $= $N0d EA;R 4V 4X 78 $, =EMW $G$"$k I,MW $O $J$$ !# 5U $K !" =E MW $J0dEA ;R $K Bg $- $J3N?. EY $G1F6A $9 $k0d EA;R $O=EMW $G$" $m $& !# ) @52r $,$o$+$i$J$$$?$a L@3N $JH= CG $O2< $; $J$$ $, !" 3N N( %b %G%k$N3X=, 7k 2L $@$1 $+ $i@8J*3X E* $J CN8+ $r 0z$-=P$9$N $O Hs>o $K Fq $7 $$ !# :YK& <~ 4| $N$h$& $KM-L> $J %a %+ %K %:%‘ $K$O !" @8 J* 3X<T $K $h $C $F$" $kDxEY %0 %i%U%b %G%k$,$G $-$F $$$k>l 9g $, B?$$ !# $3$N$h$& $JCN<1 $r$b $C $H8zN( $h$/ MxMQ $9$k OH AH $_ $r:#8e $O H/E8 $5 $;$k $Y $- $G$"$m$& !# Nc $( $P !" F~NO $H $7 $F M? $($k =i4| %M %C %H %o!<%/ B 0 $K 4{CN $N %0 %i%U%b %G%k$rMQ$$ !" E, @Z $J;vA0 3N N( J,I[ $rM? $($k $3 $H $O M-8z $G$"$m$& !# 3F0d EA ;R $r D:E@ $H $7 $? %0 %i%U$O !" Nc $( $P http://www.genome.ad.jp/kegg/ $h$jF~ <j2D G= $G$"$k!# :G E, %0 %i%U $NA* Br $O3X=, %" %k %4 %j %: %‘ $N %\ %H%k%M%C %/ $G$b $"$k $N $G !" $h $j ‘ LLGr $$ ’ 7k2L $, $G $k$H 9M$($F $$ $k !# ( $7 $+ $7 F riedman $i $N <B Au $7 $? %" %k %4 %j %:%‘ $O>e $G>R2p $7 $?$b$N $h$j $b;( $J:n $j $K$J$C $F $$$k $? $a !" $h$j 40@. EY $N9b $$ %D !< %k$rMQ $$ $F:F3X =, $9$k $3$H $b =EMW $G$" $k !# ) @8J* 3X <T $, D9G/ @Q $_>e $2 $F$-$?<B 83;v <B $r !" ?t 2s $N%^ %$ %/ %m %" %l %$ <B83 ( %W %i %95!3#3X=, !) $G J$$9 $3$H $O Fq $7 $$ $, !" KD Bg $J<B83 %G !<%? $rMxMQ $9 $l $P !" ‘ H/8+ ’ $H $^ $G $O $$ $+ $J$$ $, ‘ 8!>Z ’ $r9b$$ 3N N( $G9T $($k %7 %9 %F%‘ $, :n@. $G $- $k $H 9M $($F$$ $k !#

;29MJ88% [1] T. Akutsu, S. Kuhara, O. Maruyama, S. Miyano, \Iden- ti�cation of gene regulatory netw orks by strategic gene disruptions and gene ov er-expressions," Pr o c 9th ACM- SIAM SODA , pp. 695{702, 1998. [2] O. Alter, P .O. Brown, D. Botstein, \Singuler v alue de- comp osition for genome-wide expression data pro cess- ing and mo deling," Pr o c Natl A c ad Sci USA , vol. 97, no. 18, pp. 10101-10106, 2000. [3] A. Ben-Dor, Z. Y akhini, \Clustering Gene Expression P atterns," Pr o c 3r d A CM RECOMB , pp. 33-42, 1999. [4] A. Brazma, J. Vilo, \Gene expression data analysis," FEBS letters , v ol. 480, no. 1, pp. 17-24, 2000. [5] T.A. Bro wn, \Genomes," BIOS Scien ti�c Publishers, 1999. ( K.Lu !V %2 %N%‘!’?7 $7 $$ @8L?>pJs %7 %9%F%‘$X$N %" %W %m!< %A !W B<>> @5 Ui 4FLu , %a %G %# %+ %k%5 %$ %( %s %9%$ %s%?!< %J %7 %g%J%k , 2000.) [6] E. Castillo, J.M. Gutierrez, A.S. Hadi, \Exp ert systems and probabilistic netw ork mo dels," Springer, 1997. [7] D.M. Chick ering, \Learning Baysian netw orks is NP- complete," L e arning fr om Data: Arti�cial Intel ligenc e and Statistics V (D. Fisher, H.J. Lenz, Ed.), Springer, 1996. [8] J.L. DeRisi, V.R. Iyer, P .O. Brown, \Exploring the metab olic and genetic control of gene expression on a genomic scale," Scienc e , vol. 278, pp. 680-686, 1997. [9] R. Durbin, S. Eddy , A. Krogh, G. Mitchison, \biologi- cal Sequence Analysis: Probabilistic Mo dels of Proteins and Nucleic Acids," Cambridge Univ ersit y Press, 1999. ( K.Lu !V %P %$ %* %$ %s%U %)%^%F %# %/%9 !W 0$5W DEC#Li , @u0f7i , LpEDE/;NLu , 0e3X=PHG , 2001.) [10] M.B. Eisen, P .T. Sp ellman, P .O. Brown, D. Botstein, \Cluster analysis and displa y of genome-wide expres- sion patterns," Pr o c Natl A c ad Sci USA , vol. 95, no. 25, pp. 14863-14868, 1998. [11] N. F riedman, D. Geiger, M. Goldszmidt, \Ba y esian net w ork classi�ers," Machine L e arning , vol. 29, pp. 131- 163, 1997. [12] N. F riedman, M. Linial, I. Nac hman, D. Pe’er, \Using ba y esian Net w ork to Analyze Expression Data," Jour- nal of Computational Biolo gy , vol. 7, pp. 601-620, 2000. [13] A.D. Grossman, \Genetic netw orks controlling the ini- tiation of sp orulation and the developmen t of genetic comp etence in Bacillus subtilis," Annual R eview of Ge- netics , vol. 29, pp. 477-508, 1995. [14] P . D’Haeseleer, X. W en, S. F uhrman, R. Somogyi, \Linear mo deling of mRNA expression levels during CNS developmen t and injury ," Pr o c 4th Paci�c Symp o- sium on Bio c omputing (PSB) , v ol. 4, pp. 41-52, 1999. [15] D. Heck erman, D. Geiger, D.M. Chick ering, \Learning Ba y esian netw orks: The combination of knowledge and statistical data," Machine L e arning , vol. 20, pp. 197- 243, 1995. [16] T. Jaakkola, M. Diekhans, D. Haussler, \Using the Fisher k ernel metho d to detect remote protein homolo- gies," Pr o c 7th International Confer enc e on Intel ligent Systems for Mole cular Biolo gy (ISMB) , pp. 149-158, Menlo Park, California, AAAI Press, 1999. [17] P .A. Lawrence, \The Making of a Fly: the genetics of animal design," Blackw ell Science, 1992. [18] K. Nak ai, \Protein sorting signals and prediction of sub cellular lo calization," (review) A dvanc e d Pr otein Chemistry , v ol. 54, pp. 277-344, 2000. [19] Natur e Genetics , \The Chipping F orecast," vol. 21 supplement, pp. 1-60, 1999. [20] B. Rost, \PHD: predicting one-dimensional protein structure b y pro�le-based neural net w orks," Metho ds in Enzymolo gy , v ol. 266, pp. 525-539, 1996. [21] M. Schena, D. Shalon, R.W. Da vis, P .O. Brown, \Quantitativ e monitoring of gene expression pattern with a complementing DNA microarray ," Scienc e, vol. 270, pp. 467-470, 1995. [22] P .T. Sp ellman, G. Sherlo ck, M.Q. Zhang, V.R. Iyer, K. Anders, M.B. Eisen, P .O. Bro wn, D. Botstein, B. F utc her, \Comprehensive identi�cation of cell cycle- regulated genes of the y east Saccharom yces cerevisiae by microarray hybridization," Mole cular Biolo gy of the Cel l , vol. 9, no. 12, pp. 3273-3297, 1998. [23] J. Suzuki, \A construction of ba y esian netw orks from databases on an MDL principle", Pr o c 9th UAI , Morgan Kaufmann, pp. 266-273, 1993. [24] P . T ama y o, D. Slonim, J. Mesirov, Q. Zhu, S. Kitaree- wan, E. Dmitrovsky , E.S. Lander, T.R. Golub, \In ter- preting patterns of gene expression with self-organizing maps: Metho ds and application to hematop oietic dif- ferentiation," Pr o c Natl A c ad Sci USA , vol. 96, no. 6, pp. 2907-2912, 1999. [25] D.C. W ea v er, C.T. W orkman, G.D. Stormo, \Mo del- ing Regulatory Net w orks with W eigh t Matrices," Pr o c 4th Paci�c Symp osium on Bio c omputing (PSB) , vol. 4, pp. 112-123, 1999.