%3!<%Q%9$+$i$N3J%U%l!<%‘H><+F03MF@$N$?$a$N ;Y1g4D6-$N9=C[ CfDM 9,5# 1’DEO$ Ip?N >>K\ M5<# F‘NI@hC<2J3X5;=QBg3X1!Bg3X >pJs2J3X8&5f2J mailto: f yukita-n,utsuro,matsu g @is.aist-nara.ac.jp 1 $O$8$a$K 7W ;; 5! $K $h $k <+ A3 8@ 8l 2r @O $r <B 8= $5 $; $k $? $a $K $O!"BP Lu <- =q $d3J %U %l!< %‘ <- =q $J$I $H $$$C $?!" ?M 4V $N 8@ 8l CN <1 $r 7W ;; 5! $G Mx MQ $G $- $k $h $& $K I= 8= $7 $? 8@8l <- =q$N @0 Hw$d 9= C[ $,IT 2D 7g $K$J $k $,!" =>Mh $N 8@ 8l=h M} %7%9 %F %‘$K $* $$ $F$O!" $3 $l $i$N 8@ 8l <-=q $O $9 $Y$F!" ?M 4V $N<j $K $h$C $F 9=C[ $, 9T $o $l$F $- $?!# $7 $+ $7!"?M <j$K $h $k8@ 8l <- =q$N 9= C[$K $O!" 1. KD Bg $J8@ 8lCN<1NL$KH<$&:n6H%3%9%H , 2. <-=q$N0l4S@-$NJ];} $N:$Fq @- , 3. <- =q$N3H D%$N :$Fq @- , 4. FC Dj$NJ, Ln $N<-=q9=C[$N:$Fq@- $J$I$NLdBjE@$,$"$k!#0lJ}!":G 6a$K $J$C $F!" Bg 5,LO $J 7W ;; 5! 2D FI$J %F %- %9 %H !J%3!< %Q%9!K $, BgNL $K =P 2s $k$h $& $K $J$j!" 7W ;; 5!$N @- G= $, 8~>e $9 $k $KH<$C $F!" Bg 5, LO%3!< %Q %9 $+ $i7W ;; 5! $r MQ $$$F <+F0 E* $K 8@8l CN <1$r 3M F@$9 $k I, MW@- $, <gD% $5 $l $F$-$?!# 8@ 8l =h M} $G ;H MQ $9 $k 8@ 8l CN <1 $N 0l $D $G $" $k 3J %U %l!<%‘ $O!" 9=J8 2r @O $r 9T$& >e $K $*$$ $F Hs >o$K =E MW $G $"$k!# Bg 5, LO%3!< %Q %9 $h $j3J %U %l!< %‘ $r3M F@ $9 $k ;v $rL\ E* $H$7 $? 4{ B8 $N8& 5f $O!" %3!<%Q %9 $N J8>O $K 9= J8 2r@O $r ;\$5 $: $K3J %Q %?!< %s$r Cj =P $9$k <j K! $K$h $k $b $N [Bren t93] $H!" 9= J8 2r @O :Q $_ $N %3!< %Q %9 $+ $i 3J %U%l!< %‘ $rCj =P $9$k <j K! $K$h $k $b $N$K Bg $- $/J, $1 $k $3$H $, =PMh $k!# 8e <T $N<j K! $G $O!">p Js M} O@E* >p Js 05 =L$N <j K!$, B? $/MQ $$ $i $l!"#1 8D $N 3JMW AG $N HF2= %l %Y %k $N 3X =, $r 9T $J $& 8& 5f [Resnik93, Li95] $d J# ?t $N 3J MW AG $K BP $7 $F HF 2= %l %Y %k $N 3X =, $r 9T $J $& 8& 5f [ =ULn 95] $, CN $i $l $F $$ $k!# $7 $+ $7 $J $, $i!" 8= ;~ E@ $G $O!" (a) B? 5A @- $N $" $k F0 ;l $N J# ?t $N MQ K! $N J, N‘ $K4X $7 $F!"$I $N $h$& $J 4Q E@$h $j J, N‘$r 9T $J $&$+ $H $$ $& H= CG $K $D $$ $F!" @d BP E* $J 4p =‘ $, B8 :_ $7 $J $$!# (b) I,?\ 3J $dG$ 0U 3J$K $D $$ $F!"$I $N $h $&$J 4Q E@ $GJ, N‘ $r 9T$J $& $+$K $D $$$F $N H= CG$K $D $$ $F!"4p =‘ $, B8:_ $7 $J $$!"$J $I $N M}M3 $+ $i!" 3J %U%l!< %‘ $N 40 A4$J <+ F0 3M F@ $,<B8=$G$-$F$$$J$$$N$,8=>u$G$"$k!# 0J>e$r F’ $^ $($F K\ O@ J8 $G$O!" 7W ;; 5!$r MQ $$ $?3J %U %l!<%‘ $N 40A4 $J <+ F0 3MF@ $r L\ ;X$9 $N $G $O$J $/!" 7W ;; 5!$K $h $k3J %U %l!< %‘ 3MF@ $N 7k 2L$K $D $$ $F!"?M 4V $N <j $K$h $j 8!>Z $r 9T $$!" 7W;; 5! $, H=CG $G $- $J$+$C $? It J, $d7W ;; 5! $NH= CG $, 8m$C $?$b $N $G $"$C $?>l 9g $K!" ?M 4V $N<j $K $h$j $= $N 8m $j$r =$ @5 $9$k $H $$$C $?!"?M <j $K $h $kA‘ :n$r MF 0W $K9T $( $k$h $& $J;Y 1g 4D 6-$N 9= C[$K $D $$ $F=R$Y$k!# 2 F0;l$N3J%U%l!<%‘$NH><+F03MF@ 2.1 4pK\E*$J%"%$%G%" 3J%U %l!< %‘ $N 3MF@ $r 9T $& >e $G2r 7h $9 $Y $-Ld Bj $O!" 1 @a $G =R $Y$? $h $& $K!" B?5A @- $N $"$k F0 ;l $N8l 5A $N N‘ JL $d I, ?\!&G$ 0U 3J $N J,N‘ $J $I $N B>!"%7 %=!< %i %9 >e$G $N 3J $N0U L# @)Ls $N HF2= %l %Y %k$N 7h Dj$N Ld Bj$, 9M $($i $l $k!# K\O@ J8 $K $* $$$F $O!" :G =i$K F0 ;l $NB? 5A @- N‘JL $r 7W ;;5! $H ?M <j $G2r 7h $7!" $=$N 7k 2L $+$i I, ?\!& G$0U 3J $N J,N‘ $H %7 %=!<%i %9 >e$G $N 3J $N0U L# @) Ls$N HF 2=%l %Y%k$N7hDj$NLdBj$r2r7h$9$k$3$H$r9M$($F$$$/!# 1 $=$3 $G!" F0 ;l $N3J %U %l!< %‘ $N H><+ F0 E* $J 3MF@ $K $* $$ $F!" F0;l $N B? 5A@- $N N‘JL $r 9T $&<j K! $N 4pK\ E* $J%" %$%G%"$K$D$$$F=R$Y$k!# $^ $: :G =i $K 6q BN E* $K !VGc $&!W $H $$ $& F0 ;l $K $D $$ $F!" $$ $/$D $+ $N NcJ8 $r F0;l $N 8l 5AJL $K J, N‘$9 $k $3$H $r 9M $( $k!# $^ $:!" !VGc$&!W $H $$ $& F0 ;l $O <g $K !V6bA, $G $b $N$J $I $r $d $j<h $j $9 $k!W$H $$ $& 0UL# $H !V$" $kIT 2w $J 46>p $r 0z $- 5/$3 $9!W $H $$$& 0U L# $,9M $( $i $l$k!# A0<T$N0UL#$r<h$k$H$-$NNcJ8$H$7$F$O!" !V;~7W$rGc$& , ?)NH$rGc$& , 3t$rGc$& , : : : !W $J$I$,9M$($i$l!"8e<T$N0UL#$r<h$k$H$-$NNcJ8$O!" !VITI>$rGc$& , E\$j$rGc$& , H?46$rGc$& , : : : !W $J $I $, 9M $($i $l $k!# 0J >e $N NcJ8 $r 8+ $k $H!" !VGc$&!W $H $$ $& F0 ;l $O A0 <T $N 0U L# $G $O !V$r!W 3J $K J* $r I= $9 L> ;l $r <h$j!" 8e <T $N 0UL# $G $O !V$r!W 3J$K 46 >p $r I=$9 L> ;l $r <h $k$3 $H $, J, $+ $k!# $D$^ $j!" !VGc $&!W $H $$$& F0 ;l $r<h $k Nc J8 $r8l 5A $K $h$C$F J, N‘ $9$k >l 9g $K$O!" !VGc $&!W $K !V$r!W 3J$G 78 <u $1 $9 $k L>;l $N 0U L# $K 4p$E $1$PNI$$$H9M$($i$l$k!# 0J>e $h $j!" F0 ;l$N MQ Nc $K $D $$$F $" $k FC Dj$N 3J !J0J 2<!" $3 $N $h$& $J FC Dj $N3J $r !V<4 3J!W $H8F $V $3 $H $K$9 $k!#!K $K Cm L\$7!" $= $N 3J $KBP 1~ $9 $k L>;l $N 0U L# %/%i %9 $K =>$C$F J, N‘ $9 $k$H!" E, @Z $KMQ Nc $N N‘JL $, 9T $o$l $k$H?dB,$9$k$3$H$,$G$-$k!# 1 %7 %=!< %i %9 >e $G$N 3J $N 0U L# @) Ls$N HF 2= %l %Y %k $N7h Dj $N Ld Bj $O!" 3J $N 0U L# @)Ls $K 4X $7 $F E, @Z $J %7%=!< %i %9 $, ;H MQ $G $-$k $+ $I $& $+ $K 6/ $/ 0MB8 $7 $F $* $j!" $= $N $h $&$J :G E, $J %7 %=!< %i %9$, B8 :_ $7 $J $$ 8= ;~ E@ $K $* $$ $F $O 40 A4 $K 2r 7h $9 $k $3 $H $O Fq $7 $$!# $= $3 $G!" K\ O@ J8 $G$O 8= ;~ E@ $K $*$$ $F MF 0W $K 2r 7h$G $- $k $H 9M $($i $l $k F0;l$NB?5A@-N‘JL$NLdBj$r<gL\E*$H$9$k!# 1

K\ O@ J8 $G $O F0 ;l $N B? 5A @- $N N‘ JL $r <g L\ E* $H $7 $? F0;l $N 3J %U%l!< %‘ 3M F@ $r0J 2< $N <j =g$G 9T $&!# $^ $:!" 7W;; 5! $K$h$C $F MQ Nc =89g $N %/ %i%9 %? %j %s%0 $r 9T$C $? 8e!"%/ %i %9%? %j %s%0 7k 2L $K4p $E $$ $F?M <j $K $h$j 3J %U %l!<%‘8uJd$rA*Br!&J;9g$r9T$&!# 2.2 MQNc$N%/%i%9%?%j%s%0 $3$3$G!" 7W ;; 5!$K $h $k MQ Nc$N %/ %i %9%? %j %s %0$N <j K! $K $D $$ $F =R $Y $k!# 6q BN Nc $H $7 $F!" ?^ 1 $N E@ @~ $G 0O$^ $l $F $$ $kF0 ;l !VAv $k!W $K $D $$$F $N MQ Nc $r !V$,!W 3J$K CmL\ $7 $F %/%i %9 %?%j %s %0$r 9T $& >l9g $r Nc$r 9M $( $k!#$J$*!"?^ 1 $N:8$N?^$N$h$&$JL>;l$N%7%=!<%i%9 $,4{$KM?$($i$l$F$$$k$H$9$k!# 1. =i4|2= $^ $:!" A4 $F $N MQ Nc $N :G >. HF 2= $N 3J %U %l!< %‘ $r 9M $(!"$3 $N 3J %U%l!< %‘ #1 8D $+$i @. $k =8 9g$r !V8= :_ $N 3J %U %l!< %‘ =8 9g!W $H $9 $k!# ?^ 1 $N Nc $G $O!" !V!c J* !d $,Av $k!W $H $$$& 3J %U %l!< %‘$,!" E@ @~ $G 0O$^ $l $F $$ $k MQNc $N :G >.HF 2= $N 3J %U%l!< %‘ $G $" $j!"!V!c J* !d $, Av $k!W#1 8D $+ $i@. $k =8 9g $r!"8= :_ $N 3J %U%l!< %‘ =8 9g $H $9$k!# 2. H?I| 8= :_ $N 3J %U %l!< %‘ =8 9g $h $j #1 8D $N MW AG $r <h $j =P $7!"!J0J 2< !V>e 0L $N 3J %U %l!< %‘!W $H 8F $V!K <! $N A‘ :n $r;\$9!# $3 $3 $G!" >e 0L $N 3J %U %l!< %‘ $N <4 3J $N 3J MW AG $r C u $H $7!" C u $N 2< 0L 35 G0 $N 0U L# @) Ls $N %/ %i %9 $r C d 1 ; C d 1 ; : : : C d k $H $7!" 0U L# %/ %i %9 C d 1 ; C d 1 ; : : : C d k $r <4 3J $N 0U L# @) Ls $H $9 $k 3J %U %l!<%‘ $r !V2< 0L $N 3J %U %l!<%‘!W $H 8F $V $3 $H $K $9 $k!# >e0L $N 3J%U %l!< %‘$K Jq 4^ $5$l $k MQ Nc$N =8 9g $r2< 0L $N 3J %U %l!< %‘ $K Jq 4^ $5 $l $k MQ Nc $N =8 9g Kh $K J, 3d $7 $? 8e!">e 0L $N 3J%U %l!< %‘ $r 8=:_ $N 3J %U %l!<%‘ =8 9g $h $j =|$-!"2<0L$N3J%U%l!<%‘$r2C$($k!# $3$3 $G!"!V!c J* !d $, Av $k!W $r<h $j =P $7 $? >l9g $K $D $$$F 9M $( $k $H!"$^ $:!" !V$,!W 3J $N 3J MWAG $N !c J* !d $N 2<0L %/ %i %9$O!" %7 %=!< %i %9$h $j!" !c L5 @8J* !d $H !c F0 J*!d $J $N $G!" !V!cJ* !d $, Av $k!W $N 2<0L $N 3J %U %l!< %‘ $H$7 $F !V!c L5 @8J* !d $, Av $k!W $H !V!cF0 J* !d $, Av $k!W $,$G $-!" !V!c J*!d $, Av $k!W $KJq 4^ $5 $l $kMQ Nc $N =8 9g $r$= $l $> $l!V!c L5 @8 J* !d$, Av $k!W $H !V!cF0 J* !d $, Av $k!W$K Jq 4^ $5$l $k MQ Nc $N=8 9g $K J, 3d$9 $k!# $= $7 $F!" 8= :_ $N 3J %U %l!< %‘ =8 9g $h $j !V!c J* !d $, Av $k!W $r =| $-!"!V!c L5 @8 J* !d $, Av $k!W!V!c F0 J* !d $, Av $k!W $r 2C $($k!# 3. Dd;_>r7o A0=R$N H? I| A‘:n $O!" MQ Nc $N%/ %i %9 %?%j %s %0 $N3, AX ?t$, MU %/%i %9 $K6a $$ %7 %=!<%i %9 $N 3,AX $N ?< $5Dx EY $K ?<$/ $J $k$+!" 8= :_ $N 3J%U %l!< %‘ =89g Cf $N A4$F $N 3J %U %l!<%‘ $G!" $= $l$, Jq 4^ $9 $kMQ Nc ?t $, #10J 2< $H $J$C $? >l9g$KDd;_$9$k!# 2.3 ?M<j$K$h$k3J%U%l!<%‘8uJd$NA*Br!&A‘:n 7W;;5! $K $h$C $F3, AX E* $K 9T$o $l $? %/%i %9 %? %j%s %0 7k2L $r 4p$K!" ?M <j $K $h$j 3J %U %l!<%‘ $N :G E,$J HF 2= %l ?^ 1: MQNc$N%/%i%9%?%j%s%0$NNc ?^ 2: 3J%U%l!<%‘A‘:n$NNc %Y %k $rA* Br $7!" F1 $88l 5A $N F0;l $r ;} $D3J %U %l!< %‘F1 ;N$r J;9g$9 $k!#$3$3$G $O!"Nc$H $7$F 2.2 @a$N3, AXE* %/ %i %9 %?%j %s %0 $r $b$H $K F0 ;l !VAv$k!W $r !VJ* $, 9bB. $K F0 $/!W $H$$ $& 8l 5A $H!V2? $+ $, @~ >u$K 1d $S $k!W $H$$ $&8l5A$KN‘JL$9$k$3$H$r9M$($k!# 1. =‘Hw $^$:!" M? $( $i $l$? F0 ;l $K $D $$$F!" $= $N F0 ;l$, <+ F0 ;l $+ B> F0 ;l $+ $J $I $r 9M N8 $7!" 3J %U %l!< %‘ 3M F@ $N >e $G!" :G $bE, Ev $G $" $k$H 9M $( $i$l $k <4 3J$r #1 8D A*$S!" $= $N <43J $K $h$k %/ %i%9 %? %j %s%0 7k 2L$N :G >e0L $N 3J%U %l!< %‘ #18D $+ $i @. $k=8 9g $r 3J%U %l!< %‘ 8uJd $N =8 9g$H $9 $k!# F0 ;l !VAv$k!W $N Nc $r 9M $( $k$H!" F0 ;l $, <+ F0;l $G $" $k$3 $H $J $I $r9M N8 $7 $F!V$,!W 3J $r <43J $H $9 $k$N $, E, Ev $G$" $k $H 9M $($i $l $k!# $= $7$F!" !V!c J* !d $,Av $k!W$+$i$J$k=89g$r3J%U%l!<%‘8uJd$N=89g$H$9$k!# 2. 3J%U%l!<%‘$N:GE,$JHF2=%l%Y%k$NA*Br <!$N <j =g $K =>$$!" 3J %U %l!< %‘ Cf$N 3J MW AG $NE, @Z $J HF2=%l%Y%k$r7hDj$9$k!# $^ $:!"3J %U %l!< %‘ 8u Jd$N =8 9g $h $j!" E, @Z$J #1 8D $N 3J %U %l!< %‘$r A* $S!" $= $N3J %U %l!< %‘ $KJq 4^ $5 $l $kMQ Nc $N =8 9g $r 8+ $k!# MQ Nc =8 9g Cf $N A4 MQ Nc $N F0 ;l $,!" F1 $8 8l 5A $K $h$C $F ;H MQ $5 $l $F $$ $k $H H= CG $G $- $k >l 9g $O!" 3J %U%l!< %‘ $r $= $N$^ $^ $K $7!" $=$& $G $J $$ >l9g $O!" $= $N 3J %U%l!< %‘ $r 2< 0L $N 3J%U %l!< %‘ $K J, 3d$7!" 3J %U %l!< %‘8u Jd $N =8 9g$+ $i $= $N 3J%U %l!< %‘ $r =|$-!" 2<0L$N3J%U%l!<%‘$rDI2C$9$k!# $3 $3$G!" F0 ;l !VAv $k!W $N>l 9g $N :n 6H $N 2aDx $K $* $$ 2

?^ 3: ;Y1g4D6-$N%7%9%F%‘9=@.?^ $F!"!V!c L5 @8 J* !d$, Av $k!W $H $$ $& 3J%U %l!< %‘ $r 9M $( $k$H!" $3 $l $K Jq4^ $5 $l $k MQ Nc $O!V<V $, Av $k!W !V%Q %$ %W$, Av $k!W $G!" $3$l $O A0 =R $N #2 8D$N !VAv $k!W $N 8l 5A $,:. :_ $7$F $$ $k $H H=CG $5 $l $k$N $G!" $3 $N3J %U %l!< %‘ $O2< 0L $N 3J %U%l!< %‘ $K J, 3d $9 $k!#0l J}!" !V!c F0 J* !d $,Av $k!W $H $$ $& 3J %U %l!<%‘ $O !V8$ $, Av $k!W !V?M 4V $, Av$k!W $H $$ $&MQ Nc $r Jq 4^$7!" $3 $l $i $O$$ $: $l $N !VAv $k!W$b !VJ* $, 9b B.$K F0 $/!W $H $$ $& 8l5A $G $" $k $N $G!" $3$N3J%U%l!<%‘$O$3$l0J>e$NJ,3d$r$d$a$k!# 0J>e$N A‘ :n $r!"MQ Nc =8 9g Cf$N A4 MQ Nc$N F0 ;l $,F1 $8 8l5A $K $h$C$F ;H MQ$5 $l $F $$$k $H H= CG$G $- $k $^$G H? I| $9$k!# 3. F1$88l5A$N3J%U%l!<%‘$NJ;9g 2. $N A‘ :n $G A* Br $5 $l $? :G E, $J HF 2= %l %Y %k $N 3J %U %l!<%‘ $K $D $$$F!" F0 ;l $, F1$8 8l 5A $r ;}$D 3J %U %l!< %‘ F1;N $r A* 8@1i ;; $K $h $jJ; 9g $9 $k!# F0;l !VAv $k!W $N Nc $G!":GE,$JHF2=%l%Y%k$H$7$F?^ 2 $NE@@~$G0O$^$l$? $b$N $, 5a $a$i $l $? >l 9g$G $O!" !VJ* $, 9bB. $K F0 $/!W $H 8@$& 8l 5A $GMQ $$ $i $l $F$$ $k !V!c F0 J*!d $, Av $k!W !V!c <V !d $, Av $k!W $r J; 9g $7 $F !V!c F0 J* !d _ !c <V !d $, Av $k!W$H$9$k!# 3 ;Y1g4D6-$N9=C[ K\@a$G $O!" 3J %U %l!< %‘3M F@ $N $? $a$N ;Y 1g 4D 6-$N 35 N,$K$D$$$F=R$Y$k!# 3.1 %7%9%F%‘9=@. ;Y1g4D 6- $N %7%9 %F %‘ 9=@. $K $D $$ $F$N A4 BN ?^$r ?^ 3 $K<( $9!#$^ $:!" Bg 5,LO $J %3!< %Q %9 $r 9=J8 2r @O $7 $? J* 5Z$S!" 2r @O :Q$N %3!< %Q %9 $+$i!" F0 ;l $N 6&5/ MQ Nc $N =8 9g$r <h $j=P $7!" $=$N MQ Nc =89g $r MQ Nc$N %/ %i %9%? %j %s %0%W %m %0%i %‘ $KF~ NO $7!" 3,AX E* $J %/%i %9 %? %j%s %0 7k 2L$r 5a $a$k!# $3 $N 7k 2L$r F~ NO $H$7 $F!" #G #U#I 4D 6- $N %$ %s %?!< %U%’ %$ %9 !J Tcl/Tk $G :n @.!K $r 5/ F0 $7!" $3 $l$r DL $8$F ?M <j $K $h$k :n 6H $r9T $$!" 3J %U%l!< %‘ $r 3M F@$9$k!# I= 1: 3J%U%l!<%‘3MF@$N<B837k2L!JH4?h!K F0;l 8l5A?t <43J step HF%/ J;%/ 4~5Q ?($l$k 6 $K 16 54 5 4 F0$/ 6 $, 21 70 6 20 <h$k 19 $r 30 102 14 32 2!$9 5 $r 12 29 4 5 D%$k 12 $r 15 47 9 4 { $, 3 7 1 5 3.2 %$%s%?!<%U%’%$%9$N5!G= ;Y1g 4D 6- $K $*$1 $k #G #U #I 4D6- %$ %s %?!< %U%’%$ %9 $K $D $$ $F!" 354Q $r ?^ 4 $K <($9!# ;Y 1g 4D 6- $K$* $1 $k #G #U #I 4D 6- %$%s %?!< %U%’ %$ %9$K $O!" <! $K 5s$2 $k 5! G= $,$" $k!# 1. 3J %U %l!<%‘ $NI= <(!" 1\Mw 5! G= ( ?^ 4 $N :8>e ?^ ), 2. 3J %U %l!<%‘ $K Jq 4^$5 $l $k MQ Nc$N I= <(!" 1\Mw 5! G= ( ?^ 4 $N:8 2<?^ ), 3. 3J %U%l!< %‘$N =$@5!" A‘:n 5! G= ( ?^ 4 $N Cf1{ ?^ ), 4. %7%=!< %i%9 $N0U L#%/ %i%9 $N<-=q0z$-7k2L$NI=<( ( ?^ 4 $N1&2<?^ ) 4 3J%U%l!<%‘$NH><+F03MF@$N<B83 K\@a$G$O!" 3 @a$N;Y1g4D6-$rMQ$$$F!"3J%U%l!<%‘ $NH><+F03MF@$r9T$&<B83$K$D$$$F=R$Y$k!# 4.1 <B83 K\<B 83 $K $* $$$F $O!" %7 %=!< %i %9$H $7 $F J, N‘8l WC I= [ 9q8& 64] $r ;H MQ $7!" MQ Nc $r Cj =P $7 $? %3!< %Q %9 $K $D $$ $F $O!" 9= J8 2r @O :Q $N %3!< %Q %9 $G $" $k EDR $N F| K\ 8l 6& 5/ <- =q [EDR95] $+ $i!" =P 8= IQ EY 50 2s 0J >e $N F0 ;l 835 8D $K $D $$ $F F0 ;l!& 3J MW AG $N 6& 5/ $r 9g 7W 153,014 8DCj=P$7$?$b$N$rMQ$$$?!#$3$NCf$+$i!" 20 8D $N F0 ;l $r Cj =P $7!" 6& 5/ MQ Nc $N %/ %i %9 %? %j %s %0 $r 9T$C $?!# $= $N 7k 2L$r!" #G #U #I 4D 6- %$ %s %?!< %U%’%$ %9$r MQ$$$F!" 2.3 @a$N<j=g $K=>$$!" 3J%U%l!<%‘ $N8u Jd $r 7h Dj$7!" J; 9g A‘ :n$r ;\ $7 $?!# $3$3 $G!" F0 ;l $NMQ K! $* $h$S!" 8l 5A $K $D$$ $F H= CG$r 2< $7 $?4p =‘ $O!" F|K\ 8l 4p K\ F0 ;l MQ K! <- E5 [ >.@t 91] $r MQ $$ $?!# $3 $N <- E5 $O!" F| K\ 8l $N 4p K\ F0 ;l 728 8D $K $D $$ $F!" 8l 5A!& MQ K!!&J8K!>pJsEy$,5-=R$5$l$F$$$k!# 4.2 <B837k2L 20 8D $N F0 ;l $N $& $A $N 5 8D $K $D $$ $F $N %/ %i %9 %? $N E8 3+ 2s ?t $H!" Am %/ %i %9 %? ?t $r I= 1 $K <( $9!# I= 1 $G $O!"!VF0 ;l!W Ms $K <B 83 $r 9T $J$C $? F0 ;l $r!" !V8l 5A ?t!W Ms$O!" F| K\ 8l 4pK\ F0 ;l MQK! <- E5 $K5- =R $5 $l$F $$ $? 8l 5A $N8D ?t $r <( $7!" !V<4 3J!WMs $K!" $= $N F0 ;l$K $* $$ $F 3J %U %l!< %‘ 3M F@ $K :G $b E, @Z $G $" $k $H H= CG $5 $l $? <4 3J $r <( $7 $?!# $^ $?!" !V step !W Ms $K $O :G E, $J 3J %U %l!< %‘$N HF 2= %l%Y %k $rA* Br $9 $k$N $K I, MW$J %/ %i%9 %? $N E8 3+ ?t$r!" !VHF %/!W Ms $K :G E,$J 3J %U %l!< %‘ $NHF 2= %l %Y%k $K J, 3d$5 $l $?;~ $N %/ %i%9 %? ?t $r<( $9!# $=$7 $F!" !VJ; %/!W Ms $KJ; 9g A‘ :n 8e $N %/%i %9 %? ?t $r <($7!" !V4~ 5Q!W Ms$K J; 9g A‘ :n;~ $K 4~ 5Q$7 $? %/ %i%9 %? ?t $r<( 3

?^ 4: #G#U#I4D6-%$%s%?!<%U%’%$%9$N304Q $9!#$J $*!" F0 ;l !VD% $k!W $K $D $$ $F $O!" <4 3J $r !V$r!W 3J $K @_ Dj $7 $? $@ $1 $G $O !VI9 $, D% $k!W $H $$ $& Nc $G ;H MQ$5 $l $k 8l5A $, E, @Z $KCj =P $G $- $:!"$b $& 0l $D !V$,!W 3J$r <4 3J$K @_ Dj $7 $FA‘ :n $r 9T$& I, MW $,$"$C $? $? $a!" !V$r!W3J$H!V$,!W3J$K$h$k<B837k2L$rJ;5-$7$?!# 4.3 9M;! $^$:!"3J %U %l!< %‘ $N :GE, $J HF 2= %l%Y %k A* Br $N<B 83 $K$* $$ $F$O!" 3J %U %l!< %‘8u Jd $N A*Br $G Cm L\$9 $k 3J $r #18D $K 8GDj $9 $k<j K! $r MQ$$ $? $,!" $3$N <j K! $K$* $$ $F 0lIt $N F0;l $r =|$$ $F!" $[ $\M- 8z $K F0;l $N 8l 5A$r Cj =P =PMh $F $$ $k $3 $H $, J,$+$C $?!# $7 $+ $7!" F0 ;l !VD% $k!W !V$+$+ $k!W !V>e $2 $k!W !V0z $/!W $K $D $$ $F $O #1 8D $N <4 3J$r @_ Dj$7 $? $@$1 $G $O 8l5A $, E, @Z$K Cj =P $G$- $:!" J# ?t$N<43J$r@_Dj$9$kI,MW$,$"$C$?!# $=$7$F!" K\ O@ J8 $G Ds0F $7 $? <j K!$K $h $j!" F0 ;l$K 78 $k3J MWAG $K BP 1~$9 $k L>;l $N :GE, $J HF 2=%l %Y %k$N A* Br $N:n 6H $r!"!VMQ Nc =8 9g Cf$N A4 MQ Nc$N F0 ;l $O$9 $Y $F F1 $88l 5A $+$I $& $+!W $H $$$& Fs CM E*$J H= CG :n6H $K $h$C $F 9T$& $3 $H$, 2D G= $H $J$j!" => Mh $N3J %U %l!< %‘<- =q $N 9= C[:n 6H $HHf 3S $7$F!" O+ NO $,7Z 8: $5 $l$k $3 $H $,<( $5 $l $?!# 5 $*$o$j$K K\O@J8 $G $O!" 3J %U %l!<%‘ $r H> <+ F0E* $K 3M F@ $9$k $? $a$N ;Y 1g4D 6- $N9= C[ $K $D$$ $F =R $Y$?!# $= $3 $G$O 2r @O :Q%3!< %Q %9$h $j <h$j =P $7 $?MQ Nc $r #18D $N <4 3J$K Cm L\ $7$J $, $i!"3, AX E* $K %/%i %9 %? %j%s %0 $r 9T$$!" $= $N %/ %i %9 %? %j %s %0 $N 7k 2L $r 4p $K ?M <j $K $h $j F0 ;l $N B? 5A @-$r N‘ JL $r<g 4c $H $7 $F3J %U %l!< %‘ $N3M F@ $r 9T$C $?!# $=$7 $F!" 3J %U%l!< %‘ $N H> <+F0 3M F@ $N <B83 $r 9T$C $? 7k 2L!"Ds 0F $7$? <j K!$K $h $k F0;l $N B? 5A@- N‘ JL $NM- 8z @- $r3NG’$7$?!# :G8e$KK\8&5f$N:#8e$N2]Bj$K$D$$$F=R$Y$k!# 1. 3J%U%l!<%‘<-=q$NBEEv@-$NI>2A : : : <B83$K$h$C $F 9= C[$7 $? 3J %U %l!<%‘ <- =q $r!"8= <B $N 9=J8 2r @O $K;H MQ$7$?>l9g$N2r@O@-G=$K$D$$$FI>2A$r2C$($k!# 2. ?M <j $N H= CG 7k 2L $N :F Mx MQ $K $D $$ $F $N 8! F$ : : : 0J A0 $K9T$C $? :G E,$J HF 2=%l %Y %k A*Br $K $* $1$k ?M <j$N H= CG 7k2L $r!" 8e $K9T $& HF2= %l %Y %kA* Br $N H=CG $K $*$$ $F!" 2? $i$+ $N 7A $G;2 >H $7Mx MQ $9 $k5! 9= $N <BAu $J $I$K $D$$$F8!F$$r2C$($k!# <U<- $J$*!"K\8&5f$O!V IP A AOB$E* %=%U%H%&%’%"0i@.5; =Q!W$N8&5f;Y1g$N0l4D$H$7$F9T$C$?$b$N$G$"$k!# ;29MJ88% [Brent93] Brent, M. R.: F rom Grammar to Lexicon: Un- sup ervised Learning of Lexical Syn tax, Computational Linguistics , pp. 243{262 (1993). [EDR95] EDR F| K\ EE ;R 2= <- =q 8& 5f =j : EDR EE ;R 2= <- =q , (1995). [Li95] Li, H., Ab e, N.: Generalizing Case F rames Using a Thesaurus and the MDL Principle, Pr o c e e dings of In- ternational Confer enc e on R e c ent A dvanc es in Natur al L anguage Pr o c essing , pp. 239{248 (1995). [Resnik93] Resnik, P .: Seman tic Classes and Syn tactic Am biguit y , Pr o c e e dings of the Human L anguage T e ch- nolo gy Workshop , pp. 278-283 (1993). [ >.@t 91] >.@t J] , A%>k DLM: , K\ED >=<# , ?NED 5AM: , DMK\=( <y : F|K\8l4pK\F0;lMQK!<-E5 , Bg=$4[=qE9 , (1991). [ 9q8& 64] 9qN)9q8l8&5f=j : J,N‘8lWCI= , =(1Q=PHG , (1964). [ =ULn 95] =U Ln 2m I’ : :G >. HF 2= $H %*%C %+ %‘ $N 86 M} $r MQ $$ $? F0 ;l 3J%U %l!<%‘ 3X=, , >pJs =hM} 3X2q 8& 5fJs 9p , V ol. 95, No. 69 (95{NL{108) , pp. 29{36 (1995). 4