Real-W orld Language-Indep enden t Early-T ermination Analogy-Solv er 8@8l$K0MB8$7$J$$Aa4|=*N;7?N‘?d2r7h<jK! Yv es LEP A GE, HSED ?N A TR 2;@<K]LuDL?.8&5f=j 619-0288 5~ETI\@:2ZD.Aj3Z748wBf 2-2 f lepage, iida g @itl.atr.co.jp $O$8$a$K %=%7%e!<%k $O >/AT J8 K! 3XGI $N 9M$( $r $h$j L@ 3N$K $7 $F!" N‘?d$H $O!" DL;~ E*$J 2; @<JQ 2= $K1F 6A$5 $l $k$3 $H $K$J $j Mp$l$k 8@8l >e $N7A BVE* G[ Ns$r E,@Z $J G[Ns $H$7 $F B*$( $k 6& ;~ E* $J 8= >] $G $" $k $H $^ $H $a $F $$ $k [Saussure 16] !# $= $7 $F!" !VN‘ ?d $O!" %b %G %k $H $= $N 5, B’ E* LO Jo $r M= A[ $9 $k!# N‘ ?d 7A $H $O!" 0l 8D 0J >e $N B> $N 7A BV $r 8+ =, $$!" 0l Dj $N 5, B’ $K $7 $? $,$C $F :n $i $l $? 7A BV $G $" $k!#!W [ >. NS 1Q IW Lu ] $H =R $Y $F $$ $k!# Nc $( $P!" @N $N %i %F %s 8l $N !V honos !W $, !V honor !W $K $J$C $? M} M3 $O !V orator !W $K 4X$9$k%b%G%k$HEy$7$/$9$k0Y$@$C$?!# or ator em : or ator = honor em : honor 0lHLE* $KN‘ ?d $N8= >]$O ;0 $D$N $b$N $+ $iM= B,$7 $F 0l$D $N $b$N$r ;:=P $9$k ;v$G $"$k!# x $r L$CN ?t$H $7$F <! $N4X 78 $,F@$i$l$k!# or ator em : or ator = honor em : x ) x = honor %"%j%9 %H%F %l%9 $NDj 5A$G $O%. %j%7%c 8l$N 8l8; $rM}2r $9 $k $N $H F1 $8 4X 78 $, $" $k $3 $H $K $J$C $? 1 !# !V#A $N #B $K BP$9$k 4X 78$O #C$N #D $KBP $9 $k$h $&$J $b $N$@!W $H 8@$& 0U L#$r!V #A : #B = #C : #D !W$H$$$& HfNc<0 $K$J$>$C$F 5- =R$9$k!# 1 >pJs=hM} 1.1 ?M9)CNG=$K$"$kN‘?d #2#0@$ 5* =i$a $NJ* M} 3X$N M- L>$J Hf3S !VEE ;R$N 86 ;R3K $K BP$9$k 4X 78$O OG@1 $N B@M[ $K BP$9 $k$h $& $J$b $N!W $,%" %j %9%H%F%l%9$N0UL#$G$NN‘?d$@$H8@$($k!# N‘ ?d $K 4p AC $r $* $/ 1" SH $O B? $$ [Steinhart 94] !# Nc $( $P!" !VEE ;R $O B@ M[ 7O $H F1 $8 $@!W!# :G 6a $N ?M 9) CN G= $N 8& 5f $G $O 1" SH $N $3 $H $r !VN‘ ?d!W $H 8F $V 79 8~ $, 6/ $$ [Gen tner 83] !# K\ 9F $G $O K\ Mh $N 0U L# $G $N N‘ ?d $K $D $$ $F 5DO@$9$k [Ho�man 95] !# 1 %. %j %7%c 8l $G &A &M &A - $O :F $S!" - &K &O &C &I &A $O O@ M}!" 5D O@!" 4X78$N$3$H!# 1.2 C18l4V$NN‘?d C1 8l 4V$@ $1$N N‘ ?d$r BP >]$K 9M$( $? $@$1 $G$b => Mh$N 8&5f $K$D$$$F!"$$$/$D$NLdBjE@$r;XE&$9$k$3$H$,$G$-$k!# � 0l $D $O N‘ ?d $, 5/ $3 $k MW AG $O A4 $F F1 $8 6h 0h $G $"$kE@ $@!#$3$l $O?M9)CN G=8&5f $HBg$- $/0[$J $k [Hall 89] !#?M9)CN G=8&5f$G $O0UL# E*$J6h0h $r$$$/ $D$+$N4V$K%^%C%T%s%0$9$k!# � $b$&0l $D$ON‘?d $,5/$3 $kMWAG$r Ey$7$/ $9$k$? $a$N JQ 2=$,2? DL$j$+ $"$k2D G=@-$, $"$kE@ $@!#Nc$( $P!" !V <+M3 : IT<+M3$J = MQ0U : ITMQ0U$J !W $K $O A^ F~ $, Fs $D $" $k!# $3 $l $O N‘ ?d $K 4X $9 $k B> $N 8@ 8l =h M} 8& 5f $H Bg $- $/ 0c $&!# Nc $( $P!" [Nagao 84] $d [Yvon 94] $G$O I| ?t JQ 2= $NLd Bj $r F1 ;~ $K2r $/ $3 $H $, $G$-$J $$!#Fs$D $NMWAG4V $NJQ2= $,C1=c $K0l$D $N >l9g$7$+9M;!$7$F$$$J$$!# 1.3 K\8&5f$NL\E* K\ 8& 5f$N L\E* $O C18l $K $7$+ 5/$3 $i $J$$ N‘?d $r 2r7h $9$k %"%k%4%j%:%‘$rDs0F$9$k$3$H$G$"$k!# � %G!<%?$N6h0h$rJ8;zNs$H$9$k!# � I|?tJQ2=$r2DG=$H$9$k!# !V #A : #B = #C : #D !W$N N‘?d$r2r$/ $?$a$K#A$H #B$d #A $H #C$N 6&DL It J,$r C5 $7$F $=$N It J,$r 0lDj $N =gHV $KJB $Y $F!" $=$N A4 BN$r #D $r$9 $k!# 0l$D L\ $NLd Bj $O6& DL ItJ, $r C5 $9$3 $H $G$" $k!# Fs$D L\$N Ld Bj$O $= $NIt J,$r @5 $7$$ =gHV$K=8$a$k$3$H$G$"$k!# 2 A0CV$- 2.1 :GBg6&DLItJ,Ns [W agner & Fischer 74] $N %" %k %4 %j %: %‘ $G :G Bg 6& DL It J, Ns $rC5 $9 $3$H $, $G$- $k!#$= $N <jK! $G $OJT =85w N% $N9T Ns $r 7W;; $9 $k!#JT =8 5wN% $H$O #2 $D$N J8 ;zNs $rF1 0l $K$9 $k 0Y $K I,MW $J :G >.$N JT =8A‘ :n !J:o =|!"A^ F~!" CV 49!K$N %3%9%H$G$"$k!#

0J2<$N :F5" E*4X ?t$G JT=8 5wN% $r7W ;;$9 $k!#$3 $3$G!" a $d b $O J8 ;z $r <( $7 $F!" #A $d #B $O J8 ;z Ns $r <( $9!# " $O6u$G$"$k!# dist( a; " ) = dist( "; b ) = dist( a; b ) = 1 dist( a: #A ; b: #B ) = min( dist( a; " ) + dist( #A ; b: #B ) ; dist( a; b ) + dist( #A ; #B ) ; dist( "; b ) + dist( a: #A ; #B ) ) Nc $( $P!" 0J 2< $N 9T Ns $G $O like $H unlike $d like $H known $N 5wN%$r0lHV1&2< $N9TNsMWAG$,<( $9!#4]$r=q$$ $??t$N@~$K1h$C$F:GBg6&DLItJ,Ns$rI=$9!# u n l i k e k n o w n l 1 2 2 3 4 5 l 1 2 3 4 5 i 2 2 3 2 3 4 i 2 2 3 4 5 k 3 3 3 3 2 3 k 2 3 3 4 5 e 4 4 4 4 3 2 e 3 3 4 4 5 dist( like ; unlike ) = 2 !# dist( like ; known ) = 5 !# 2.2 N‘;wEY $3 $N J8 ;z Ns $K BP $7 $F!" :G Bg 6& DL It J, Ns $N D9 $5 $r N‘ ;w EY $H 8F $V!# $9 $J $o $A #A $N D9 $5 $H!" #A $+ $i #B $r @8 @. $9 $k 0Y $K :o =| $d CV 49 $5 $l $? J8 ;z ?t $H $N :9 $G $" $k!# :o =| $d CV 49 $5 $l $? J8 ;z ?t $O ?t 3X E* $J 5w N% $G $O $J $$ $N $G pdist( #A ; #B ) $GI=$9!# sim( #A ; #B ) = j #A j � p dist( #A ; #B ) #A$K$J $/$F #B $d#C $GA^ F~ $5$l $?J8 ;z $,N‘ ?d$N 7k 2L$G $" $k$N$GN‘;wEY$K$O?t$($i$l$F$$$J$$!# dist( "; b ) = 0 dist( a; " ) = dist( a; b ) = 1 dist( a: #A ; b: #B ) = min ( dist( a; " ) + dist( #A ; b: #B ) dist( a; b ) + dist( #A ; #B ) ; ) $3$N7k2L!"JT=85wN%$HF1$8MM$K9TNs$G7W;;$G$-$k!# l i k e u 1 1 1 1 u n l i k e n 2 2 2 2 l 2 2 2 2 l 1 1 0 0 0 0 i 3 2 2 2 i 2 2 1 0 0 0 k 4 3 2 2 k 3 3 2 1 0 0 e 5 4 3 2 e 4 4 3 2 1 0 p dist( unlike ; like ) = 2 !# p dist( like ; unlike ) = 0 !# $3$l$G N‘?d $,2r $1$k 0Y#A$r 4p=‘ $K$7 $F0J 2<$N MM$K!V like : unlike = unknown : x !W$N9TNs$r=q$/!# n w o n k u n l i k e 1 1 1 1 1 l 1 1 0 0 0 0 2 2 2 2 2 i 2 2 1 0 0 0 2 2 2 2 2 k 3 3 2 1 0 0 3 3 3 3 3 e 4 4 3 2 1 0 2.3 =E$M9g$o$;$N@)Ls N‘ ?d $G$O #A $N:G =i $NMW AG $,4p =‘ $G$" $k!# $7$? $,$C $F#A $K $" $kJ8 ;z $,#B $d #C$G B8:_ $9 $k$O $: $@!#$= $&$G $J $1$l $PN‘?d$r@bL@$G$-$J$$!# N‘ ?d $, 2r $1 $k 0Y $K $O!" #A $K $" $k J8 ;z $, A4 $F #B $d #C $K $b B8:_ $7 $J$$ $H $$$1 $J$$!# $9 $J$o $A #A$H #B$d #C $NN‘ ;w EY $NOB $h $j#A $N D9$5 $NJ} $, >.$5 $/ $J$$ $H$$ $1 $J$$!# sim( #A ; #B ) + sim( #A ; #C ) � j #A j , F1MM$K j #A j � p dist( #A ; #B ) + p dist( #A ; #C ) #A $N D9$5 $, Fs $D $N p dist $N OB$h $j Bg $- $/ $J$l $P!" $" $k #A $K B8 :_ $9 $k It J, $, ;0 $D $N J8 ;z Ns $K 6& DL $G $" $k $H 8@ $( $k!# =>$C $F #D $N N‘ ?d $N 7k 2L $K $b B8 :_ $9 $k $O $: $G $" $k!# $3 $l$i $N ;v<B $r!" Ey<0 $G =q$/ $H!" <! $N$h $& $K$J $j!"$=$l$ON‘?d$N4X78$r<($9@)Ls$K$J$k!# j #A j = p dist( #A ; #B ) + p dist( #A ; #C ) + common( #A ; #B ; #C ; #D ) 3 %"%k%4%j%:%‘$N35N, K\ %" %k%4 %j%: %‘ $G$O $" $i$+ $8$a #A #B4V $*$h $S #A#C 4V$N p dist $N 9T Ns $r 7W ;; $9 $k!# #A $N :G 8e $N J8 ;z $+ $i #A $N :G =i $N J8;z $^ $GAv :: $9$k!# F1$8 9T $GFs $D $N9T Ns$N :G Bg6& DLJ8;zNsItJ,$rF1;~$K1h$C$F0J>e$N@)Ls$r8!::$9$k!# 0J2< $N%" %k%4 %j%: %‘$G !V2DG=!W $H$O @)Ls $r8! ::$7 $J $, $i 9T Ns $N Cf $K :G Bg 6& DL J8 ;z Ns $N @~ $K 1h$C $F ?J $‘ ;v $, =P Mh$k $3 $H$r 0U L#$9 $k!#$b $A $m$s J} 8~$O ;0$D $" $k$N $G!"$=$l$>$l$,BP3Q@~!"?eJ?@~!"?bD>@~$HI=$9!# func N‘?d2r7h ( #A ; #B ; #C ) while #B$d#C$G2DG= if BP3Q@~$GN>J}$N9TNs$G$b2DG= then if a = b = c then #D #D :a else if a = b then #D #D :c else if a = c then #D #D :b end if else if BP3Q@~$G#A$H#B$N9TNs$@$1$G 2DG= then if #A$H#C$N9TNs$G?eJ?@~$K2DG= then #D #D :c else #A$H#B$G$@$1?J$‘ else if BP3Q@~$G#A$H#C$N9TNs$@$1$G 2DG= then #B$r#C$K!"#C$r#B$K$7$F0J>e$HF1$8 end if else if BP3Q@~$GN>J}$N9TNs$G$b IT2DG= then if ?bD>@~$GN>J}$N9TNs$G$b2DG= then N>J}$N9TNs$G?J$‘ else if ?bD>@~$G#A$H#B$N9TNs $@$1$G2DG= then #D #D :c else if ?bD>@~$G#A$H#C$N9TNs $@$1$G2DG= then #D #D :b else if ?bD>@~$GN>J}$N9TNs $G$bIT2DG= then #D #D :x x $O:G>.$N%3%9%H$rA*$V end if end if end while end func N‘?d2r7h 4 FCD’ 4.1 Aa4|=*N; =E$M9g $o $;$N @)Ls $K $h$C$F #A $K$" $kJ8 ;z $,#B $d #C$G $J $$>l9g $O N‘?d $N $J$$ >l 9g$H J, $+$k!# $= $N>l 9g!" #A$r A4 $FFI$^$J$$$GAa4|$K=*N;2DG=$G$"$k!# $b$& 0l $D $O!" #A$N D9 $5 $, Fs $D$N p dist $N OB $h $j >. $5 $/$J$k $H =E$M 9g$o $; $N@) Ls $,K~ $?$5 $l $J$$!# $3 $N>l 9g $K$bN‘?d$,$J$/!"Aa4|=*N;2DG=!# 4.2 J8;zNs$GA‘:n 4.2.1 =q;zJ}8~ #A = a 1 :a 2 :::a k $N H? E> $r #A = a k :::a 2 :a 1 $G I= $9 $H!"K\%" %k %4%j %: %‘$,!" <! $NLd Bj $r2r 7h $G$- $k >l9g $K $O!" #A : #B = #C : x ) x = #D 0J2<$N4X78$b2r7h$G$-$k!# #A : #B = #C : x ) x = #D $3$l$O %"%i %S %"8l $KBP $7 $F$b $=$N $^ $^;H $($k %" %k%4 %j %:%‘$G$"$k$3$H$r0UL#$9$k!# 4.2.2 @\<- IUO? $G!"MM!9 $J@\ F,<-!" @\Hx <-!" @\Cf <-$, 2r$1 $kNc $r<($7 $F!" K\%" %k%4 %j %:%‘ $N E,MQ 2DG= @- $N6q BN Nc$r 8+ $k!# 4.2.3 7+$jJV$7$dE]CV %$ %s %I %M %7 %" 8l $G $O $" $k C1 8l $N C1 ?t7A$+ $i $=$N C18l $r 7+$j JV $7$F J#?t 7A $,:n $i $l$k!# Nc $( $P!"!V or ang !W$O?M$N$3$H$G!"!V or ang-or ang !W$O2? ?M $+ $N $3 $H!# N‘ ?d $G8@ $( $P !V or ang : or ang-or ang = meja : meja-meja !W!#$3$3$G!V meja !W$O4y$N$3$H!# E]CV $H$O!" $"$k Fs$D $NJ8 ;z$r E]CV $9$k $3$H!# Nc$( $P 86 %;%‘8l$G$O!V yaqtilu : qatil = yuqtilu : qutil !W$G q $H a $d u $HE]CV$7$? [Kury lo wicz 61] !# N>J} $N8= >]$O K\%" %k%4%j %:%‘ $G2r 7h$9 $k$3 $H$,$G $- $J$$!# 4.3 8@8lHs0MB8$H%3!<%I0MB8 K\ %" %k %4 %j %: %‘ $O J8 ;z $N %l %Y %k $G $7 $+ A‘ :n $7 $J $$ $+ $i $I $s$J 8@ 8l$G $b 07$( $k!#N‘ ?d $OIa JW E*$J 8=>] $G $"$j [Itkonen 94] K\%"%k%4%j%: %‘$O$3$NIaJW@-$rK~ $?$9%" %k%4%j%:%‘$G$"$k!# 5U$K K\%" %k%4 %j%: %‘$O %3!<%I $K0M B8$9 $k!#Nc $($P F| K\ 8l $N;0 <o N‘$N =q $-J} $r ;H$C$F!" 0c $&7k 2L $,=P $k $3$H $r<!$K<($9!# 4A;z$+$J : BT$A$^$9 : BT$D = F/$-$^$9 : x x = L57k2L %X%\%s<0 : machimasu : matsu = hatar akimasu : x x = L57k2L 0J >e $NFs $D $NN‘ ?d $,2r $1$J $$ M}M3 $O!" K\%" %k%4 %j %:%‘ $G $O J8;z %l %Y%k $N 2<$K $"$k >p Js$, 8+ $($J $$$+ $i $@!#$3 $N$?$a0J2<$NN‘?d$,2r7h$G$-$J$$!# $A : $D = $- : $/ chi : tsu = ki : ku $H$3$m$,0J2<$NN‘?d$O2r$/$3$H$,$G$-$k!# 71Na<0 : matimasu : matu = hatar akimasu : x x = hatar aku $9$J $o$A!" #A#B #C$N N‘?d $,D> @\2r 7h$G $-$J $$>l 9g!" 5-9f2=4X?t f $,$"$l$P<!$NMM$KN‘?d$,2r$1$k!# f(A) : f(B) = f(C) : x , A : B � C : f � 1 ( x ) $3$N <0$G $O:8 $K$" $kN‘?d $7$+ K\8& 5f$N %"%k %4%j%: %‘ $G 2r $1$J $$ $H9M $( $i$l $k!# 0lHL E* $K$O!" N‘ ?d4X 78 $r8+ =P$9$3$H$O5-9f2=$N4X?t$r8+$D$1$k;v$@$H8@$&!# $*$o$j$K J8 ;z Ns$N %l%Y %k $G$N N‘ ?d$r 2r$/ %" %k%4 %j%: %‘ $r5- =R$7 $?!#$3$l$O0J2<$NFCD’$r;}$D%"%k%4%j%:%‘$G$"$k!# � 8=<B$NLdBj$r2r7h!J@\Hx<-$d@\F,<-$d@\Cf<-!K � 8@8lHs0MB8$G%3!<%I0MB8 � N‘?d$N$J$$>l9g$KAa4|=*N;2DG= :#8e $ON‘ ?d$r ;H$C$F!" 2;@< G’<1 AuCV $+$i =PNO $5$l $k 8m $j $r4^ $‘ J8$r =q $-D> $9 $3$H $r ;n$7 $F $_$k!# $^ $?!"N‘ ?d $N BP >] $H $7 $F J8 ;z Ns $r 9M $( $k $@ $1 $G $J $/!" C1 8l Ns $N J8 $K $D$$ $F $b9M $( $k!#Nc $( $P!"J8 $G $O!" $=$l $> $l$N C1 8l $rIJ ;l $d0U L# %3!<%I $K CV49 $7 $F!"$= $l $K$h $j :n$i $l $k ?7$7 $$ %Q!<%? %s $rK\ %" %k%4 %j %:%‘ $K E,MQ $9 $k!#5U

$K!"$"$k %3!< %Q %9$+ $i!" $= $NCf $K $"$k J8 %Q!< %?%s $r N‘ ?d$G<h$j=P$9$3$H$b2DG=$G$"$k$H9M$($F$$$k!# A IUO? : %"%k%4%j%:%‘$NE,MQ7k2L A.1 @\Hx<-!"@\F,<-$NA^F~$d:o=| F|K\8l : <+M3 : IT<+M3$J = MQ0U : x x = ITMQ0U$J Cf9q8l : 2J3X : 2J3X2H = @/<# : x x = @/<#2H %i%F%s8l : or ator em : or ator = honor em : x x = honor %U%i%s%98l : r� epr ession : r� epr essionnair e = r� eaction : x x = r� eactionnair e %$%s%I%M%7%"8l : tinggal : ketinggalan = duduk : x x = ke dudukan A.2 @\Hx<-$d@\F,<-$NCV49 F|K\8l : ?)$Y$k : ?)$Y$^$9 = G’$a$k : x x = G’$a$^$9 %$%s%I%M%7%"8l : kawan : mengawani = keliling : x x = mengelilingi %$%s%I%M%7%"8l : ker as : menger askan = kena : x x = mengenakan %]!<%i%s%I8l : wysze d le � s : wysz la � s = p osze d le � s : x x = p osz la � s 1Q8l : wolf : wolves = le af : x x = le aves A.3 @\Cf<- F|K\8l : >h$k : >h$;$k = 4s$k : x x = 4s$;$k %I%$%D8l : lang : l� angste = scharf : x x = sch� arfste %]!<%i%s%I8l : zgubiony : zgubieni = zmartwiony : x x = zmartwieni %I%$%D8l : iehen : er oh = schlie�en : x x = er schlo� A.4 J#?t@\Cf<- %"%i%S%"8l : huzila : huz� al = s . udi‘a : x x = s . ud� a‘ %"%i%S%"8l : arsala : mursilun = aslama : x x = muslimun %X%V%i%$8l : i � ah . mo . � d : mah . m � a � d = i � a‘ a � bo . r : x x = ma‘ a � b � ar ;29MJ88% [Gen tner 83] Dedre Gentner Structure Mapping: A Theoretical Mo del for Analogy Co gnitive Scienc e , 1983, vol. 7, no 2, pp. 155{170. [Hall 89] Rogers P . Hall Computational Approac hes to Analogical Reasoning: A Comparative Analysis Arti�cial Intel ligenc e , V ol. 39, No. 1, Ma y 1989, pp. 39-120. [Ho�man 95] Rob ert R. Ho�man Monster Analogies AI Magazine , F all 1995, vol. 11, pp 11-35. [Itkonen 94] Esa Itkonen Iconicity , analogy , and univ ersal grammar Journal of Pr agmatics , 1994, vol. 22, pp. 37-53. [Kury lo wicz 61] Jerzy Kury lo wicz L’ap ophonie en s� emitique Ossolineum, W roc la w{W arsza w a{Krak� ow, 1961. [Nagao 84] Nagao Mak oto A F ramew ork of a Mechanical T ranslation b etw een Japanese and English by Analogy Principle in Arti�cial & Human Intel ligenc e , Alic k Elithorn and Ranan Banerji eds., Elsevier Science Publishers, NA TO 1984. [Saussure 16] %U%’%k%G%#%J%s!&%I!&%=%7%e!<%k 0lHL8@8l3X9V5A >.NS1QIWLu 4dGH=qE9 [Steinhart 94] Eric Steinhart Analogical T ruth Conditions for Metaphors Metaphor and Symb olic A ctivity , 1994, 9(3), pp 161-178. [W agner & Fischer 74] Rob ert A. W agner and Michael J. Fischer The String-to-String Correction Problem Journal for the Asso ciation of Computing Machinery , V ol. 21, No. 1, January 1974, pp. 168-173. [Yvon 94] F ran� cois Yvon Paradigmatic Cascades: a Linguistically Sound Mo del of Pronunciation by Analogy Pr o c e e dings of A CL-EA CL-97 , Madrid, 1994, pp 428-435.