V ol. 41 No. 10 >pJs=hM}3X2qO@J8;o Oct. 2000 %K%e!<%i%k%M%C%H$H%k!<%k%Y!<%9<jK!$rE}9g$7$?IJ;l%?%0$E$1%7%9%F%‘ GO @D y Fb 85 @6 5. y B< ED ?? <y y 0f :4 86 6Q y Cx<T$i$O$3$l$^$G !$$G $-$k$@$1>/ NL$N71N}%G !<%?$G<BMQ E*$JIJ;l%? %0$E$1%7%9 %F%‘$r9=C[ $9$kL\E* $G>p JsNL :GBg $r 9MN8 $7:G D9 J8L. $rM% @h$9 $k %K%e!<%m %?%, !<$r Ds 0F$7 $F$- $? !%$9$G $KDs 0F$7 $? %?%, !< $O?tK|%*!<%@!< $NB?IJ;l8l$r4^ $‘>.5,LO%?%$ 8l%3!<%Q%9$r 71N}$KMQ$$$k$3 $H$K$h$j !$%F%9 %H%G!<%?$r 94.4% $N@:EY!JB?IJ;l8l $N$_$rB,DjBP>]!K $G%?%0$E$1$9$k$3$H $,$G$-$?!%$3$N @:EY$O%?%0$E$1$N<gMW <jK!$H$5$l$F$-$?1#$l%^%k%3%U%b %G%k$N$=$l!J 89.1% !K$h$j MZ$+$K9b$/ !$ 8m$j6nF03X=,$GF@$i$l$?=q $-49$(5,B’$N$_$G9=@.$5$l $k%k!<%k%Y!<%9%b%G%k $N$=$l!J 93.5% !K$h $j$b9b$+$C$?!% K\O@J8$O!$IJ;l %?%0$E$1@-G= $r99$K2~A1$9 $k$?$a$K!$ %K%e !<%m%?%,!< $N<eE@$rJd$& =q$-49$(5, B’$r8m$j6nF0 3X=,$G<+ F03MF@$7$F8e=h M}$KF3F~$7!$ %K%e !<%i%k%M%C %H$H%k!<%k %Y!<%9$rE}9g $9$k%7%9%F%‘ $rDs0F$9$k!% =q$- 49$(5,B’ $r8e=hM} $KMQ$$ $k$3$H $K$h$j%? %0$E$1 $N%(%i !<$O 19.7% 8:>/$7!$ A4 BN$NE}9g %7%9%F %‘$N%?%0 $E$1@:EY$O 95.5% $^$G8~>e$7$?!% An In tegrated Neuro and Rule-Based P art of Sp eech T agger Qing Ma , y Kiyot aka Uchimoto , y Masaki Mura t a y and Hitoshi Isahara y So far, the neuro part of sp eech tagger that uses di�erent lengths of contexts based on longest context priority and takes into account the maximization of information amount hav e b een prop osed for the purp ose of constructing a practical tagger which uses as few training data as p ossible. The prop osed neuro tagger has tagging accuracy of 94.4% (for accounting only the ambiguous words in part of sp eech), when a small Thai corpus with ten thousand order words was used for training. This accuracy is far higher than that of using Hidden Marko v Mo del, a main approach for part of sp eech tagging, and is also higher than that (93.5%) of using a transformation rule based mo del. T o further improv e the tagging p erfor- mance, this pap er prop oses an integrated neuro and rule-based tagger by introducing a set of transformation-based rules as a p ost-pro cessor of the neuro tagger. The rules are neuro tagger oriented and are acquired by the error driven learning. The 19.7% of errors made by the neuro tagger can b e corrected by rules and the whole tagger reaches an accuracy of 95.5%. 1. $O $8 $a $K F|K\8l$d Cf9q 8l!$ %? %$8l $J$I $o$+ $A$, $-$5 $l$F$$ $J $$8@8l$r2r @O$9$k $H$- !$ $^ $:$= $l$r 8lC10L !J $=$l$r 7A BVAG$H8F$V!K $K !$ $=$l $i$NB0 @- !JIJ ;l!$ 3h MQ$J$I !K $r 2r@O$7$J$, $i@5 $7$/ J,2r $7$J $1$l $P$J $i$J $$!% $3$l $O 7ABV AG 2r @O $H 8@ $$ !$ !V 9= J8 2r @O !W !V 0U L# 2r @O !W !V J8 L. 2r @O !W $H9g$o$;!$ <+ A38@ 8l=h M}$N ;M$D $N4p K\2r @O$H$5 $l$F $$ $k 1),2) !% 7ABV AG2r @O$K $*$$ $F $O8l $N<o !9 $N B0@- $,=E MW $JLr3d$r1i $8$k $,!$ 3hMQ 7A$d 3hMQ 7?$H$$ $C $? B0@-$O [# Kf@-$,>/$J $/8l WC<- =q$r D4$Y $l$P :Q$‘ $N$K BP$7!$ IJ ;l $H$$$&B0 @-$OJ8 L.$K $h $C $FJQ $o$k $?$a $=$& 4JC1 $K$O 7h y M9@/>JDL?.Am9g8&5f=j Communications Research Lab oratory , Ministry of Posts and T elecomm unications, Japan $a$i$l$J$$ !% => $C $F!$ 7ABV AG2r@O $G$O B?IJ;l 8l$N [#Kf @-$rJ8L.$K $h$C $F 2r>C$9 $k$3$H !J IJ;l%? %0$E $1!K $,=E MW$J2]Bj$G $"$k !% <B :]!$ IJ;l %?%0 $E$1$O 7ABV AG2r @O$d 9=J82r@O!$ 99 $K$O5! 3#K] Lu$H $$ $C$? <+A3 8@8l =hM} $K7g $+ $; $J$$ 4pK\ 5; =Q$@ $1$G $J $/ !$$=$N5; =Q$O !$$5 $i$K !$ 2;@<9g @.$NA0=hM}!$ OCR $d2;@<G’<1$N8e=hM}!$$=$7 $F>pJs8!:w$J$I$X$NI}9-$$1~MQ$b9M$($i$l$k!% IJ ;l %? %0 $E $1 $K 4X $9 $k 8& 5f $O <+ A3 8@ 8l =h M} 8& 5f $r ;O $a $? :" $+ $i 9T $J $o $l $F $- $F $* $j !$%k !< %k %Y !< %9 $d E} 7W <j K! $r <g N. $H $9 $k ?t B? $/ $N IJ ;l %? %0 $E $1 %7 %9 %F %‘!JNc$($P!$%k!< %k%Y!<%9 3) � 5) !$3NN(%b%G %k 6) � 13) !$ %K %e !< %i %k %M %C %H 14) � 16) !$ :G Bg %( %s %H %m %T !< K! 17) !$ 7h DjLZ 18),19) !K$, Ds0F$5 $l$F$- $?!% $= $l$i $N$[$H $s$I$O %?%0$E$1$K D9$5 $,8G Dj$N J8L. $rMQ $$$k $b$N $G$" $j !J 1# $l%^%k%3%U %b%G %k !J #H#M #M!K $K$* $$$F$b >uBV A+0\ $rDj 1

2 >pJs=hM}3X2qO@J8;o Oct. 2000 5A$9$k$N$K8GDj $5$l$? n-gram %Y!<%9$N%b %G%k$rMQ $$ $k!K !$ F~ NO $N 3F 9= @. It J, $O F1 0l $N 1F 6A EY $r ;} $D $b $N $H $5 $l$F$$$?!% $= $l$i $N%7 %9%F %‘$G 9b$$ @:EY $r=P$9 $?$a $K $OBgNL!J1Q8l $N>l9g 1,000,000 %*!<%@!K $N71N}%G !<%? $rMQ$$ $k $3 $H $r A0 Ds $H $9 $k I, MW $, $" $k !% $7 $+ $7 $J $, $i !$ <B:]!$ 1Q 8l$dF| K\8l $J$I$r =|$$ $??t B?$/$N 8@8l !JNc $( $PK\9F$G<h $j>e$2 $?%? %$8l !K $K 4X$7 $F$O!$ %3 !<%Q%9 <+ BN$b$^$@@0 HwCJ 3,$K $"$k $N$, 8=>u $G!$ M= $aBgNL $N71 N} %G!<%?$rF@$k$N$,:$Fq$G$"$k!% $=$N $? $a $K !$ I. <T $i $O >/ $J $$ 71 N}%G !< %? $r MQ $$ $F $b !$ ==J,<BMQ E*$JIJ ;l%? %0$E $1$, 2DG= $J%^ %k%A %K %e !<%m %? %,!< 20),21) !$ 99$K$O $=$l $rBgI} $K%9%j %‘2= $7$??- =L@- %K%e!<%m%?%,!< 22) $rDs0F$7$F$-$?!%Ds0F$7$?%K%e!< %m%?%, !< $O <g$K 0J 2< $N Fs $D$N FC D’ $r M-$9 $k !’ !J #1 !K %? %0 $E$17k2L$N 3N?. EY$r 9b$a $k$? $a$K !$ %?%0 $E$1$O $^$: $G $-$k$@ $1 D9 $$ J8 L. $r MQ$$ $F 9T $J $$ !$ 71N}%G !< %? $N IT B- $+$i3NDj E*$J Ez$( $,=P $J$$ >l 9g$K =g<! J8L. $rC; $/$9 $k $H$$ $C $? $h $& $KD9 $5 2D JQJ8 L. $r MQ $$$F $$ $k !( !J #2 !K %? %0 $E$1$K$*$$$F $O!$ L\I8C1 8l<+ ?H$N1F 6A$,:G $b6/ $/ !$ A0 8e$NC18l $b$= $l$> $l$N 0LCV $K 1~$8 $?1F 6AEY $r;} $D$3 $H $rH?1G$5$; $k$? $a$K !$ F~NO $N3F 9=@. ItJ, $O>pJs NL:G Bg $r9MN8$7$F71N} %G!<%? $+$iF@ $i$l$k %$%s%U %) %a!<%7 %g %s %2%$%s!J N,$7$F IG $H 8F$V!K 23),24) $r 1F6AEY $H$7$F =E $_ IU$1 $i$l $F$$ $k!%$3 $N$h $&$J %K%e!<%m %?%, !<$O !$ ?tK|%*!< %@!< $NB? IJ;l 8l$r 4^ $‘>. 5,LO %?%$ 8l%3 !<%Q %9 $r 71N}$K MQ$$$?>l 9g!$ HMM !J 89.1% !K$h$j MZ$+$K9b $$@:EY!J 94.4% !K$G%F%9 %H%G!<%? !JB?IJ;l8l$N $_!K$r IJ;l%?%0$E$1$G$-$? !y 1 !% $7$+$7$J $,$i !$ %K %e !<%i %k%M %C %H$rMQ $$$? <jK! $OE} 7WE*<jK! $H F1MM !$ !VE} 7W E*!W $K 2r@O $r9T $J $&$b $N $G!$ !V 3N <B!W $J5, B’$r<h $j07 $&$3$H $,:$ Fq$G $"$k!% Nc $($P$" $k C18l$NIJ;l$, A0$N C18l$N $_$K $h$C $F !V3N <B!W $K7h$^ $k $H2>Dj$7$h$& !% $3 $N>l9g $G$b!$ %K%e !<%i %k%M %C%H $O$" $/ $^ $G $b J8 L. A4 BN $N 2< $G $N 2D G= @- $K 4p $E $$ $F!V E} 7W E*!W$K 2r@O$r 9T$J$& !% $= $N7k2L !$ A0 $NC18l $,F1$8 $G$b A4BN$NJ8L. $,JQ $o$k$H !$ %?%0 $E$1 7k2L$, JQ$o $C $F$7 $^ $&2DG=@-$, $"$k!% $^ $?!$ C18l $=$N $b$N$, IJ;l %?%0$E $1 $KHs>o$K=EMW $J>p Js$G$" $k$K $b$+$+ $o$i $: !$ %K %e !<%i %k%M%C %H$O $=$N 5,LO $,KD Bg$K $J$k $3$H $+$i C18l $=$N $b $N$rF~NO$KMQ $$$k $N$,:$ Fq$G $"$k!% 99 $K!$ %K%e !<%i %k %M%C%H $O$= $N<} B+@- $H2a 3X=, $NLd Bj$+ $i71 N}%G !<%? $X $NIJ;l%?%0$E$1@:EY$r 100% $^$G3X=,$7B3$1$k$N$O $[ !y 1 $3$l$^$G $NJ88% $G$OIJ ;l%?%0 $E$1$N @:EY$H$7 $F$h$/ %F%9%H %G!< %?$N A4C1 8l !JIJ ;l $N[# Kf@- $N $"$j $J$7 Ld $o$: !K $rBP >] $KB, Dj$7 $F F@$? $b$N $rMQ $$ $F$$ $k!% $b $7$3 $N $h$& $JDj 5A$r MQ $$$l $P!$ %K %e !< %m%?%,!<$N@:EY$O 98.9% $K$bC#$7$?!% $H$s$IIT2D G=$G $"$j F@:v $G$O $J$$ $3$H $+$i !$ E,Ev$H ;W $o$l$k @: EY $G 3X =, $r ;_ $a $k $N $, Ia DL $G $" $k !% $= $N $? $a !$ M-MQ$J5,B’$,3MF@$5$l$F$$$J$$62$l$,$"$k!% K\8&5f$G $O!$ %K %e!< %i%k %M %C%H <jK! $N$b$D $3$N $h$& $J<e E@ $r Jd $& $? $a $K =q $- 49 $( 5, B’ $r 8e =h M} !y 2 $K F3 F~ $7 !$ %K%e!< %i%k %M %C %H$H%k !<%k %Y!< %9$N E}9g %7%9 %F%‘$r 9= C[ !y 3 $7$? !% $3 $3 $G MQ$$ $k %K %e !< %i %k %M %C %H$O !$ C10l $N %K%e!< %i%k%M %C %H$G $"$j $J$, $i!$ 2DJQD9 $NF~ NO$K BP1~ $9$k$h$& $K 9=@. $7$? ?- =L@- %K %e !< %m %?%, !< 22) $G$" $k!% %K%e!< %m%? %,!<$N 8e=h M}$K MQ$$ $?=q$- 49$( 5,B’ $O!$ C1 8l$=$N$b$N $N>p Js$r 3hMQ $9$k $J$I %K%e !< %i%k %M %C%H $N <eE@ $rJd $& %F %s %W %l !< %H $r MQ $$ $F 8m $j 6n F0 7? 3X =, 5) $K $h$j71N}%G !<%? $+$i <+F0 3MF@ $5$l $k!% 7W ;;5! <B83$N 7k 2L!$ =q$- 49$( 5,B’$r 8e=h M}$K MQ$$ $k$3$H $K$h $C $F %F%9 %H%G!<%? $X$N %K %e!< %m%? %,!< $K$h $kIJ ;l%? %0$E $1$N %( %i!<$O 19.7% 8:$i$5$l !$ A4 BN $NE} 9g%7 %9%F %‘ $N%? %0$E $1@: EY $O %K %e !< %m %? %, !< $N $_ $r MQ $$ $? >l 9g $h $j 1.1% 9b $/!$ 95.5% $^$G8~>e$7$?!% 2. IJ;l%?%0$E$1LdBj K\8&5f$G $O!$ C1 8l$N<h $j$& $kIJ ;l$, %j%9%H %" %C %W$5 $l$F$$$k<-=q V = ( w 1 ; w 2 ; � � � ; w v ) (1) $HIJ;l%;%C%H � = ( � 1 ; � 2 ; � � � ; � ) (2) $, 4{ $K MQ 0U $5 $l $F $$ $k $b $N $H 2> Dj $9 $k!J C" $7 !$ v $O EPO? $5$l$?C18l$NAm?t$G!$ $OIJ;l$N?t$G$"$k!K !%$D $^$j !$ K\8& 5f$G$O !J<- =q$KB8 :_$7$J $$!K L$ CN8l$O <h$j 07$o$J$$ !y 4 !% =>$C $F !$ IJ ;l%? %0$E$1 LdBj $O!$ G$0U $NJ8 W = w 1 w 2 � � � w s !J w i 2 V , i = 1 ; � � � ; s !K $, M? $( $i $l $?;~!$ 0J 2< $N<j B3 $- ’ $K$h $C $F IJ;l Ns T = � 1 � 2 � � � � s !J � i 2 �, i = 1 ; � � � ; s !K$r8+$D$1$k$3$H$G$"$k!% ’ : W t ! � t ; t = 1 ; � � � ; s (3) C"$7 !$ t $OIJ ;l $r Dj $a $h $& $H $9 $k L\ I8 C1 8l $N %$ %s %G %C %/ %9$r I= $7 !$ W t $O L\ I8 C1 8l w t $r Cf ?4 $H $7 $? D9 $5 l + 1 + r $NC18lNs$G$"$k!%B($A!$ W t = w t � l � � � w t � � � w t + r (4) !y 2 =q$-49$( 5,B’ $r 8e=h M}$K MQ$$ $k 9M$( J}$O Brill 5) $K$h$C $F =i$a $F Ds 0F$5$l $?$b$N $G!$F|K\ 8l$N7A BVAG=h M}$K$* $$$F$O :G6a%k !<%k %Y !<%9<jK!$N 8e=hM}$K =q$-49$(5, B’$rMQ$$$k 5W8w$i 25) $N 8&5f $,$"$k!% !y 3 %k !<%k%Y !<%9<j K!$rF3 F~$7$F 9=C[$7$? E}9g%7 %9%F%‘ $OA0=R $7$? %K%e!< %i%k %M%C%H<jK! $N<eE@ $rJd $&$?$a $N0l$D $N2r7h J}K! $G$" $j!$B??t$N<j K!$+ $i9M$( $i$l $k$5$^ $6$^ $JAH$_ 9g$o $;!JNc $($P HMM $H=q$-49$(5,B’$J$I!K$NCf$G$b$C$H$bE,@Z$J$b$N$G $"$k J]>Z$O$J$$!% !y 4 K\O@J8$G <B 83$K MQ $$$? 3X =,MQ $* $h$S %F %9%H MQ$N %3 !<%Q %9 $O!$ ?M <j $G%?%0IU $1$r $5$l $? $b$N $G$" $j !$ $$ $o$f $kL$ CN8l $OB8 :_ $7$J $$!%

V ol. 41 No. 10 %K%e!<%i%k%M%C%H$H%k!<%k%Y!<%9<jK!$rE}9g$7$?IJ;l%?%0$E$1%7%9%F%‘ 3 C"$7!$ t � l � 1, t + r � s !%=>$C$F!$ IJ;l%?%0$E$1$O IJ;l$r%/ %i%9 $KCV $-49 $($? %/ %i%9 J,$1 LdBj $H$7 $F$H $i $($k$3$H$, $G$-!$ %K %e !<%i %k%M %C %H$G<h $j07 $&$3$H $, $G$-$k!% 3. E}9g%7%9%F%‘ Ds0F$9$k E}9g %7%9%F %‘ !J?^#1 !K $O<g%? %0$E $14o $H$7 $F $N %K%e!< %m %? %, !< $H 8e =h M} $H $7 $F $N %k !< %k %Y !< %9 %3%l%/%?!< $+$i9= @.$5 $l$k !% J8 $,F~ NO$5$l $k$H !$ $^ $: %K%e !< %m %? %, !<$, 8D !9 $N C1 8l$K IJ ;l %? %0 $E $1 $r 9T$J $& !% $=$7$F!$ %k!< %k%Y!< %9%3 %l%/ %?!< $,HyD4 @0$N %A %e!< %J $H $7$F %K%e!<%m %?%, !<$N =PNO $rI, MW$K 1~$8 $F=$ @5$7 !$ :G=* E* $K IJ ;l $r 7h Dj $9 $k !% 0J 2< !$ %K %e !< %m %? %, !< $H %k !< %k%Y!<%9%3%l%/%?!<$K$D$$$F$=$l$>$l>\$7$/=R$Y$k!% ?^ 1 E}9g%7%9%F%‘ Fig. 1 The integrated system 3.1 %K%e!<%m%?%,!< %K%e !<%m%? %,!< $O!$ C10l$N ;0AX %Q!<%; %W%H %m%s !J?^ #2!K$G 9=@.$5 $l$k !% C"$7 !$ %K %e !<%m%? %,!<$O $=$N F~NO $, ?- =L 2D G= $J $b $N $H $5 $l $F $$ $k $? $a !$IJ ;l %? %0 $E $1 $rD9$52DJQ J8L.$G 9T$& $3$H $,$G$- $k!% $3$N @a$G $O!$ =g $KF~=PNO9= @.!$ F~NO $N=E $_$E $1$K MQ$$$k %$%s %U %)%a !< %7%g%s %2%$ %s!$ $=$7 $F?- =L@-F~ NO$K E,$7 $?71 N}J}K! $K $D$$$F=R$Y$k!% ;0AX%Q !<%;%W%H %m%s$N %"!<%- %F%/%A %c $d%K %e !< %m %?%, !< $N FCD’ $J $I $K$D $$ $F $O J88% 21) !$ 22) $r;2>H$5$l$?$$!% ?^ 2 %K%e!<%m%?%,!< Fig. 2 The neuro tagger 3.1.1 F~=PNO9=@. F~NO I P T $OL\ I8 C1 8l w t $rCf ?4$H $7 $? D9 $5 l + 1 + r $N C1 8lNs W t [ <0 (4)] $+$i F@ $i$l $?>p Js$G 9=@. $5 $l$k $b$N$G!$0J2<$N$h$&$KI=$9!% I P T = ( ipt t � l ; � � � ; ipt t ; � � � ; ipt t + r ) (5) C"$7!$ F~NO $N D9$5 l + 1 + r $O8G Dj$J $b $N$G $O $J$/ !$ 8e $G=R$Y $k $h $& $K ?- =L @- $r $b $D $b $N $H $5 $l $k !% 6q BN E* $K !$ C1 8l w $,F~ NO$N0LCV x ( x = t � l ; � � � ; t + r ) $K M?$( $i$l$?;~!$ I P T $N9=@.ItJ, $G$"$k ipt x $O0J2<$N$h$& $K=E$_IU$1$5$l$?%Q%?!<%s$GDj5A$5$l$k!% ipt x = g x � ( e w 1 ; e w 2 ; � � � ; e w ) (6) $3$3$G !$ g x $O<!@a $G =R $Y$k %$ %s %U %) %a!< %7 %g %s %2%$ %s $G [(16)-(19) $rMQ $$$F ] 5a$a$i $l$k =E$_ $G!$ $O IJ;l $N ?t$G $"$k !%$b$7 C1 8l w $,71 N}%G !<%? $K=P 8=$9 $k$J $i$P!$3FMWAG e w i $O0J2<$N$h$&$KF@$i$l$k!% e w i = P r ob ( � i j w ) (7) C" $7 !$ P r ob ( � i j w ) $O C18l w $N IJ;l $, � i $G$" $k3N N( $G!$71N}%G!<%?$+$i0J2<$N$h$&$K?dDj$5$l$k!% P r ob ( � i j w ) = C ( � i ; w ) C ( w ) (8) $3 $3 $G !$ C ( � i ; w ) $O A471 N} %G !< %?$r DL $8 !$ w $, IJ ;l � i $r<h$k2s?t $G!$ C ( w ) $O w $,=P8= $9$k2s?t$G$"$k!% 0lJ}!$$b$7C18l w $,71N}%G!<%?$K=P8=$7$J$$$J$i$P!$ 3FMWAG e w i $O0J2<$N$h$&$KF@$i$l$k!% e wi = ( 1 w � i $, w $N<h$j$&$kIJ;l$N>l9g 0 $=$NB> (9) $3$3$G!$ w $OC18l w $,;}$A$&$kIJ;l$N?t$G$"$k !y !% =P NO O P T $O 0J 2< $N $h $& $K Dj 5A $5 $l $k %Q %? !< %s $G $"$k!% O P T = ( O 1 ; O 2 ; � � � ; O ) (10) C"$7 !$ OP T $O 0J 2< $N $h $& $K %G %3 !< %I $5 $l $k $b $N $H $9 $k !% � N ( w t ) = 8 > < > : � i O i = 1, $+$D $9$Y$F$N O j = 0 !J j 6 = i !K$N>l9g U nk now n $=$NB> (11) $3$3$G � N ( w t ) $OC18l w t $X$N%?%0$E$17k2L$rI=$9 !% %K%e !< %m%? %,!< $K2D JQD9 J8L. $GIJ ;l%? %0$E $1$r 9T$J $o$;$k$?$a $K!$ %K %e !<%m %?%, !<$NF~ NO$K ?-=L @-$r ;}$? $;$? !% 6q BN E* $K $O !$ $O $8 $a $K F~ NO I P T $ND9 $5 l + 1 + r $r:GBg$K@_Dj $7!$ %?%0$E $1$r 9T$J$& !% %?%0$E $1$N 7k2L � N ( w t ) $, U nk now n $J $i $P !$ F~ NO I P T $N D9 $5 l +1 + r !y 2 @a$K$b =R$Y $?$h $&$K !$ <B 83$K MQ$$ $?%3 !<%Q %9$K L$CN 8l$, B8:_ $7 $J $$$?$a !$K\O@J8 $N5DO@ $G$OL$ CN8l$N <h$j07 $$$r9M N8$7$F $$$J $$!% $7$+ $7 !$ C1 8l w $,L$ CN8l $N >l9g 3F MW AG e w i $r 1 $K@_ Dj$9 $l $PL$CN8l$N BP1~ $b2D G=$H ;W$o $l$k !% C"$7 !$ $OIJ;l$N ?t$G $"$k !%

4 >pJs=hM}3X2qO@J8;o Oct. 2000 $r0lDj$N 4V3V $G=L >.$7 $F%? %0 $E$1 =hM} $r$b $&0l EY9T $J $&!%$3$N=h M}$O � N ( w t ) $, U nk now n $G$J $/$J $k $+!$ F~ NO$ND9$5 l + 1 + r $,#1!JB( $A!$F~NO$OL\ I8C18l$N $_!K$K =L$‘ $+!$ $K$J$k $^$G7+ $jJV $5$l$k !% $3 $N$h $&$J F~NO$N ?- =L @- $N F3 F~ $O !$ 7k 2L $N 3N ?. EY$r 9b $a $k $? $a $K !$ %? %0$E $1$r $^$: $G$- $k$@$1 D9$$ J8L. $rMQ $$$F9T $J$$ !$ 71N}%G!< %?$N ITB- $+$i 3NDj E* $JEz $($, =P$J $$>l 9g$K =g <!J8L.$r C;$/$9 $k$H $$ $C $?$h $&$K D9$5 M%@h 2DJQ J8L. $r MQ$$$k$3$H$r0UL#$9$k!% J8$N 3F C1 8l $r :8 $+ $i 1& $X =g $K %? %0 $E $1 $7 $F $$ $/ $H $- !$ :8 B&$N C18l $O$D $M$K %?%0$E $1:Q $_$H 9M$( $i$l$k $?$a !$ $=$l$i$NC1 8l$K 4X$9 $kF~ NO$r 9=@. $9$k $H$- !$ $h $jB? $/ $N >p Js$, 3hMQ $G$- $k !%6qBN E*$K $O!$ (6)-(9) $r MQ$$ $k Be$o$j$K!$F~NO$O<!$N$h$&$K9=@.$5$l$k!% ipt t � i = g t � i � O P T ( � i ) (12) C" $7!$ i = 1 ; � � � ; l !%$3$3$G!$ O P T ( � i ) $O i 8DA0$NC1 8l$KBP $7 $F %? %, !< $, =P $7 $?=P NO $r I= $9 !% $7 $+$7 $J $, $i !$ 71N}2aDx $K$* $$$F $O%? %,!< $N =PNO $O$^ $@@5 3N$G $O$J $$ $?$a!$ $=$l $i$r D>@\ F~NO$K %U %#!< %I%P %C %/$7 $F;H$& $3 $H$,$G$-$J $$!% $=$N $?$a$K !$ 71N} 2aDx$K $*$1 $kF~NO $O 0J2<$N$h $&$K <B:] $N=P NO$H L\ I8=P NO$N =E$_ $D$- J?6Q $r MQ$$$F9=@.$9$k!% ipt t � i = g t � i � ( w O P T � O P T ( � i )+ w D E S � D E S )(13) $3$3$G!$ DE S $OL\I8 =PNO $G!$ w O P T $H w D E S $O$=$l $>$l<!$N$h$&$KDj5A$5$l$k!% w O P T = E O B J E AC T (14) w D E S = 1 � w O P T (15) $3 $3 $G!$ E O B J $H E AC T $O$= $l$> $l L\I8 8m :9$H <B:] $N8m:9!J>\ :Y$OJ8 8% 22) $r;2>H!K $r I=$9 !% =>$C $F!$ 71 N}$N;O$a$N F~NO9= @.$G $OL\ I8=PNO $NHf =E$, Bg$-$/ !$ ;~ 4V$,7P$D$K$D $l%<%m $X8: $C$F $$$/ !% 5U $K!$ <B :]$N =PNO $NHf=E$O:G=i>.$5 $/ !$ ;~ 4V$,7P$D $K$D$l$F Bg$-$/$J $C $F$$$/!% 3.1.2 %$%s%U%)%a!<%7%g%s%2%$%s!J IG !K %$%s%U %) %a!< %7 %g %s %2%$ %s !J IG !K $O!$ FC D’%Y %/%H %k $GDj5A$5 $l$k%G !<%? %; %C %H$N >pJs NL$, $"$k FCDj $NFC D’ $NCM$rCN $k$3$H $K$h $C $F $I$l $@$1 A}$( $k$+ $rI= $9NL $G $" $k 23),24) !%$h$j6qBNE*$K8@$($P!$$"$k FCD’$N IG $H $O$=$NFC D’$, %G!< %?$N %/%i %9 F1Dj $K$I $l$@ $1=E MW$+ $r H? 1G$9 $kNL $G$" $k!%$3 $3$G !$FCD’ $rF~ NO$N 9=@. ItJ, !$ FCD’$NCM$r $=$N 9=@. ItJ, $N<h $j$& $kIJ ;l!$ %G!< %?$N B0 $9$k%/%i %9$r L\I8 C18l $N<h $j $&$k IJ;l $K$= $l$> $lCV $- 49$($F$d$l$P!$3F9=@.ItJ,$N IG $O$=$N9=@.ItJ,$NIJ ;l%?%0$E$1$X$N1F6AEY$H$7$F9M$($k$3$H$,$G$-$k!% => $C $F !$ <0 (5) $K$* $1 $k F~ NO $N 3F 9= @. It J, ipt x !J x = t � l , � � � , t , � � � , t + r !K$O<0 (6) $K$"$k$h$&$J$= $l$> $l%?%0$E$1$X$N1F6AEY$K1~$8$?=E$_ g x $r;}$D$H2>Dj $9$l$P!$ $=$N=E $_$O 0J2< $N$h$& $K5a $a$i $l$k!% $3 $3$G A471N}%G!<%?$N %;%C %H$r S !$ i HVL\$N%/%i %9!$ B($A !$ i HVL\$NIJ;l!J i = 1 ; � � � ; !K$r C i , C i $KB0$9$k%G!<%? $N%; %C %H $r S C i $GI= $9 !% %; %C %H S $N%( %s %H %m %T !<!$ B( $A!$ S $NCf$N0l$D$N %G!<%? $N%/%i %9 !JIJ ;l!K $r F1Dj$9 $k$N$KI,MW$H$5$l$k>pJs$NJ?6QNL$O inf o ( S ) = � X i =1 C ( S C i ) C ( S ) � ln C ( S C i ) C ( S ) (16) $G $"$k !%C"$7 !$ C ( X ) $O %;%C%H X $NCf $N%G !<%? $N?t $rI= $9 !%%;%C%H S $,9=@.ItJ, ipt x $N;}$A $&$k h 8D$N IJ ;l$K $h$C$F h 8D $N%5%V %;%C%H S i ( i = 1 ; � � � ; h ) $K J,3d$5$l$? $H$- !$ ?7$7 $$%( %s%H %m%T !<$O $3$l $i$N%5 %V %;%C%H $N%( %s%H %m%T !<$N =E$_ $D$- AmOB $G5a $a$i $l$k !% B($A!$ inf o x ( S ) = h X i =1 C ( S i ) C ( S ) � inf o ( S i ) (17) $3$NJ, 3d !J B($A !$ 9= @. ItJ, ipt x $NIJ;l $r CN$k $3 $H !K $K $h$k>pJs$NA}1W!J IG !K$O0J2<$K$J$k!% g ain ( x ) = inf o ( S ) � inf o x ( S ) (18) =>$C$F !$9=@. It J, ipt x $N %?%0 $E$1 $X$N 1F6A EY$K 1~$8 $?=E$_$O0J2<$N$h$&$K@_Dj$G$-$k!% g x = g ain ( x ) (19) 3.1.3 71 N} F~NO$r=L$a $F$b%? %0$E$1$K F1$8%Q %i%a!< %? !J%f%K %C %H 4V $N7k 9g6/ EY : w ij !K%;%C%H $rMQ $$$i $l$k $h$& $K $9 $k $? $a$K !$0J2< $N$h $&$J 71N} J} K!$r <h$C$?!%$3 $3$G !$ ?- =L @- F~ NO $r ;} $D %K%e!< %m %? %, !< $O !$:G >. F~ NO $r ;} $D%M%C %H%o !<%/ !JF~ NOAX !]Cf 4VAX!] =PNO AX$K $=$l $>$l N I min � N H min � N O 8D$N%f%K%C%H$r;}$D;0AX%Q!< %; %W %H %m %s !K$+ $i @. D9 $7 $F $- $? $b $N!J F~ NO AX !] Cf 4V AX!]=PNO AX$K $=$l $>$l N I max � N H max � N O 8D$N%f %K%C%H $r;} $D;0 AX %Q!< %;%W %H%m %s!K$H $7$F $H$i $($k !% C"$7!$ N I min $H N I max $O$=$l$>$l:G>.F~NO$H:GBg F~ NO$r;} $D %M %C %H%o !< %/ $N F~NO AX $N %f%K %C %H ?t !$ N H min $H N H max $O$=$l$>$l:G>.F~NO $H:GBgF~NO$r ;}$D%M%C %H%o!<%/ $NCf 4VAX $N%f %K %C %H ?t!$ $= $7$F N O $O$9$Y $F $N%M %C %H %o !< %/ $N=P NO AX $N%f %K %C %H ?t $G $"$k !% => $C $F !$ ?-=L@-F~ NO%K %e !<%m %?%, !<$N 71N} $O>. $5$$ %Q!< %;%W %H %m%s$N71 N}$+ $i:G Bg%Q !<%; %W %H%m %s$N 71N} $X$N A2?J 7? 2aDx$H$7$F 9M$( $k!% 6qBN E*$K$O !$ $^$::G >.F~ NO$r ;}$D %Q!<%;%W%H %m%s !JNc $($P ?^#3$N <B@~ $NIt J,!K $r71 N}$9 $k!% 71N}$7 =*$($? 8e!$ $=$l $rCJ3, E*$K@. D9$5 $;!$ ?7$7

V ol. 41 No. 10 %K%e!<%i%k%M%C%H$H%k!<%k%Y!<%9<jK!$rE}9g$7$?IJ;l%?%0$E$1%7%9%F%‘ 5 ?^ 3 ?-=L@-%K%e!<%m%?%,!<$N71N} Fig. 3 T raining of the elastic neuro tagger $$%Q!<%;%W %H%m %s$r 7A@. $9$k !J Nc$( $P?^ #3$NE@ @~$r 4^ $‘A4BN!K !%$= $l$+$i!$$=$N ?7$7$$%Q!<%;%W%H %m%s$N71 N}$r9T$J$& !% $= $N$H$- !$ A0$N 71N}$G F@$?%M %C %H%o !<%/ $N7k9g 6/EY $N %; %C %H !J Nc$( $P ?^#3 $N w 1 $H w 2 !K $O$= $N $^$^=i4|CM$H $7$F MQ$$$i $l$k!% 8@$& $^$G$b $J$/ !$ $3$N J}K!$rMQ$$ $F$b %Q!< %;%W %H%m%s $N@- <A$+ $i!$ w 1 $H w 2 $O?7$7 $$ 3X =, $K $h $C $F B? >/ =$ @5 $5$l $k !% $7 $+ $7$J $, $i !$ :G=i$+$i :GBg F~NO $N%Q !<%; %W %H%m %s$r 71N} $9$k >l9g $K Hf$Y$l$P!$ $= $NJQF0 $NDxEY !J$D$^ $j !$ :G>. F~NO$N %Q!< %;%W%H%m%s $NC1 FH71 N}$G F@$i $l$k $b$N $H$N 0c$$!K $, >. $5$$$H;W$o$l$k!% 3.2 %k!<%k%Y!<%9%3%l%/%?!< %K %e !< %m %? %, !< $O !$ C1 8l $N IJ ;l $, A0 $N C1 8l $N $_ $K $h $C $F3N<B$K7h $^$k >l9g $G$b !$ $"$/ $^$G $bJ8 L.A4BN $N2< $G $N2DG=@-$K4p $E$$ $F2r@O $r9T$J $& !% B($A !$ 0l HLE* $K8@ $($P%K%e !< %m%? %,!< $,%3 !<%Q %9$+ $i$N 3X=, $G3M F@$7 $d $9$$ $N $, 4p K\ E* $K O@ M} @Q 4X 78 !$ B( $A !$ ( ipt t � l & � � � ipt t & � � � ipt t + r ! O P T ) !$ $N $h$& $J 5,B’ $G $"$j !$ C19‘ <0 4X78$N5,B’!$ Nc$( $P!$ ( ipt x ! O P T ) !$$r3MF@ $9$k$N $, :$Fq !y $G$"$k!%$=$N7k2L!$A0$NC18l$,F1 $8$G$bA4BN $NJ8L.$,JQ $o$k $H!$ %?%0 $E$1 7k2L $,JQ$o $C $F $7$^$& 2D G=@-$,$"$k !% $^ $?!$ 8lWC >pJs $,IJ ;l%?%0 $E$1 $KHs>o $K =EMW$J>pJs$G $"$k $K$b$+ $+$o $i$: !$ %K %e !<%m %?%, !<$O $=$N5,LO $,KD Bg$K $J$k $3$H $+ $i8l WC>p Js$r MQ$$ $k$N $, :$Fq$G$"$k!%B($A!$%K%e!<%m%? %,!<$O!$ ( w ! O P T ) !y 3.1 @a $K$b =R$Y $? $h$& $K%K%e!< %m%? %, !<$N F~NO $O ?-=L 2DG= $J$N $G!$ ( l; r ) $r (0,0) $X=L>.$9 $k>l9g !$ %K%e !<%m%?%, !<$,C1 FH$NF~ NO ipt t $G%?%0$E$1$r9T$J$&$3$H$K $J$k!%$=$N 0UL#$G$O!$ %K%e!< %m%?%, !<$bC1 9‘<04X 78$r07 $($k!%$7 $+$7$J $,$i!$$3 $3$G8@ $&C1 9‘<04X78$O$h$j0lHLE*$J>l9g !$B($A!$C1FH$NF~ NO$OG$0U$N ipt x ( x = t � l; � � � ; t + r ) $G$" $k!%$^$?!$%K%e!< %i%k%M%C%H$O M} O@E*$K G$0U$N 4X78$, 3X=,2D G=$J$N $G!$$3 $3$G!V:$ Fq!W$H$$ $&8@ MU$rMQ$$$k!% $d ( w & � ! O P T ) !$0?$O ( w 1 & w 2 ! O P T ) $N$h $&$JC18l $=$N $b$N $r>r 7o$H $9 $k5, B’$r 3MF@ $9$k $3$H $, $G$-$J$$ !% $3$3$G !$ w , w 1 , w 2 $OC18l $rI= $7!$ � $OIJ;l $rI=$7$F$$$k !% 99 $K!$ %K%e !< %i%k%M %C %H$O$= $N<} B+@- $H2a3X=, LdBj $+$i 71N} %G!< %? $X$N IJ;l %?%0 $E$1 @:EY $r 100% $^ $G3X=, $7B3$1$k $N$O$[ $H$s$I IT2DG=$G $"$jF@ :v$G$O$J$$ $3$H $+$i !$ E,Ev $H;W $o$l $k@: EY$G 3X=,$r ;_ $a$k$N$,Ia DL$G $"$k!% $= $N$?$a !$ O@M}4X 78$r Ld$o $:M- MQ$J5,B’$,3MF@$5$l$F$$$J$$62$l$,$"$k!% %K%e!<%m %?%, !< $N0J >e$N $h$& $J<e E@$r Jd $&$? $a$K !$ =q$-49$(5, B’$K 4p$E $/=$ @54o !J $3$3 $G%k !<%k %Y!<%9 %3 %l%/%?!<$H 8F$V !K $r 8e=h M}$H$7 $FF3 F~$9 $k!% =q$- 49$( 5,B’$O!$%F %s%W%l!< %H%; %C%H$r $^$:MQ0U $7!$ $=$N8D !9 $N%F%s%W %l!< %H$r 71N} MQ%3 !<%Q %9$X $N%K %e !<%m %?%, !< $K$h $k %? %0 $E $1 $N%( %i !< 2U =j $K E, MQ $9 $k $3 $H $K $h $C $F !$ A4 %3 !< %Q %9 $r DL $7 !$@5 $7 $/ =$ @5 $5 $l $? 2U =j $N ?t $H 4V 0c$C $F=$@5 $5$l $?2U =j$N ?t$N :9$, :GBg $K$J $k$h $&$J 5, B’$rA*$S=P $9$3 $H$K $h$C $F 3MF@ $5$l$k !% %F%s %W%l !<%H $O0J>e$K =R$Y $?%K %e !<%m %?%, !<$N 7gE@ $rJd 40$9 $k$h $& $KC19‘F~NO $N5, B’!$ 8lWC >pJs$r F~NO $KMQ $$$k5, B’!$ 99 $K $O IJ ;l $H 8l WC $N O@ M} @Q $r F~ NO $H $7 $? 5, B’ $+ $i 9= @. $5$l$k!%I= 1 $OK\%7%9%F%‘$KMQ$$$?%F%s%W%l!<%H%;%C %H !y!y $r<($9!%6qBNE*$J3X=,<jB3$-$OI= 2 $K<($9 !% $3$N$h $&$J E}9g %7%9 %F %‘$K $h$k %?%0 $E$1 $O0J 2<$N $h $&$K9T$J$o $l$k !% %?%0 $E$1 $7$h $&$H $9$k %3!< %Q%9$, M? $($i$l$?$H $-!$ $^$: $=$l$r %K %e!< %m%? %,!< $K$h $C $F%? %0$E$1$9$k !% $=$7 $F%? %0$E $1$5 $l$? %3!< %Q%9 $,I=#2 $K <($7$F$$ $k3X =,<j B3$- $G3M F@ $7$? =g=x IU=q $-49 $(5, B’ $G=$@5$5$l $k!% $=$N =$@5 $O8D !9 $N5, B’$r =gHV $K%3 !<%Q %9$KE,MQ$7 $F$O %3!<%Q %9 !J$NIJ ;l%? %0!K $r99 ?7$9 $k$H $$$C$?7+$jJV$72aDx$G$"$k!% 4. <B 83 7k 2L <B83 MQ%G!< %?$OJ8 8% 21) !$ 22) $HF1MM !$$9$G$K IJ;l $N %? %0 $E $1 $, 9T $J $o $l $? %? %$ 8l %3 !< %Q %9 $+ $i F@ $i $l $? 10,452 $NJ8 $G$"$C$?!%$= $l$r L5:n0Y $K 8,322 J8 $H 2,130 J8$KJ,$1$F$=$l$>$l71N}$H%F%9%H$K;H$C$?!%71 N}J8$K$*$$ $F$O 124,331 8D$NC18l !J$= $N$& $A!$ 22,311 8D $N C1 8l $, J# ?t $N IJ ;l $r ;} $D !K !$%F%9 %H J8 $K $* $$ $F 34,544 8D$NC18l !J$=$N$& $A!$ 6,717 8D$NC18l$, J#?t$N IJ;l$r;}$D !K $r M-$9$k !% %K %e !<%m %?%, !<$N71 N}$K $O71 !y!y $3 $N%F %s%W%l !<%H%;%C%H $,E,@Z $+$I$& $+$rI> 2A$9 $k$?$a $K!$C1 8l $NO@M} OBF~ NO$r2C $($?%F %s%W%l !<%H%;%C%H $d99$K IJ;l$N O@M} @Q$HO@M} OBF~ NO$r 2C$( $?%F %s%W %l!< %H%; %C %H !$ $= $7$F !$ 8l WC >pJs $J$7$N%F%s %W%l !<%H %;%C %H !JI= 5 $r;2>H!K $J $I$r MQ$$ $?DI 2C<B 83 $b$7$?!%7k2L$O#4@a$K=R$Y$k!%

6 >pJs=hM}3X2qO@J8;o Oct. 2000 I= 1 =q$-49$(5,B’$N%F%s%W%l!<%H%;%C%H T able 1 The set of templates for transformation rules %?%0 � a $r%?%0 � b $XJQ99$9$k!$$b$7 !JC19‘F~NO!K !JF~NO$OIJ;l!K #1!%:8!J1&!K$NC18l$N%?%0$, � $G$"$k #2!%Fs$D:8!J1&!K$NC18l$N%?%0$, � $G$"$k #3!%;0$D:8!J1&!K$NC18l$N%?%0$, � $G$"$k !JF~NO$OC18l!K #4!%L\I8C18l$, w $G$"$k #5!%:8!J1&!K$NC18l$, w $G$"$k #6!%Fs$D:8!J1&!K$NC18l$, w $G$"$k !JC18l$NO@M}@QF~NO!K #7!%L\I8C18l$, w 1 $G!$:8!J1&!K$NC18l$, w 2 $G$"$k #8!%:8!J1&!K$NC18l$, w 1 $G!$Fs$D:8!J1&!K$NC18l$, w 2 $G$"$k #9!%:8$NC18l$, w 1 $G!$1&$NC18l$, w 2 $G$"$k !JIJ;l$HC18l$NO@M}@QF~NO!K #1#0!%L\I8C18l$, w $G!$:8!J1&!K$NC18l$N%?%0$, � $G$"$k #1#1!%:8!J1&!K$NC18l$, w $G!$:8!J1&!K$NC18l$N%?%0$, � $G$"$k #1#2!%L\I8C18l$, w 1 $G!$:8!J1&!K$NC18l$, w 2 $G!$ :8!J1&!K$NC18l$N%?%0$, � $G$"$k I= 2 =q$-49$(5,B’$N3X=,<jB3$- T able 2 Learning pro cedure of transformation rules #1!%%K%e!<%m%?%,!<$G71N}MQ%3!<%Q%9$r%?%0$E$1$7!$%3!<%Q%9 $r99?7$9$k #2!%%?%0$E$1$?7k2L$H@52r$rHf3S$7!$%(%i!<2U=j$r8+$D$1$k #3!%8D!9$N%(%i!<2U=j$K$*$$$F!$%F%s%W%l!<%H$H$N>H9g$r9T$J $$!$5,B’72$rF@$k #4!%:GE,$J5,B’$r ( cnt g ood � h � cnt bad ) $,:GBg$G$"$k$h $&$KA*$V!%C"$7!$ cnt g ood : 4V0c$C$?%?%0$r@5$7$$J}$XJQ99$9$k?t cnt bad : @5$7$$%?%0$r4V0c$C$?J}$XJQ99$9$k?t h : 5,B’$r@8@.$9$k873J$5$r@)8f$9$k=E$_ #5!%:GE,$J5,B’$r71N}%3!<%Q%9$XE,MQ$7!$%3!<%Q%9$r99?7$9$k #6!%:GE,$J5,B’$r=g=xIU=q$-49$(5,B’$N%j%9%H$KIU$12C$($k #7!%:GE,$J5,B’$,$J$/$J$k!J cnt g ood � h � cnt bad � 0 !K $^$G<j=g#2!]#6$r7+$jJV$9 N}J8$N Cf$N IJ ;l$N [# Kf@- $N $"$k C1 8l $N$_ $r MQ$$ $? !% H- MM $N 71N} $K $O 71N} J8 $N A4 C18l $r MQ $$$? !%C" $7 !$$$ $:$l$N>l 9g$K $*$$ $F$b 3FC1 8l $,$= $l$> $l$N IJ;l $r<h $k IQEY P r ob ( � i j w ) $N?dDj$K$O71N}J8$NA4C18l$rMQ$$$? !J HMM $N>\ :Y$K $D$$ $F$O J88% 22) $r ;2>H !K !%%?%$8l $K $O 47 <oN‘$NIJ ;l$,Dj5A$5$l$F$$$k 26) $?$a!$ [ <0 (2)] $O 47 $K%;%C%H$5$l$k!% %K %e !< %m %? %, !< F~ NO AX !] Cf 4V AX !] =P NO AX $K p � p 2 � 8D$N%f %K %C %H $r ;} $D ;0 AX %Q !< %; %W %H %m %s $G 9= @. $5 $l $k !% $3$3$G !$ = 47 !$ p = � ( l + 1 + r ) !% C" $7!$ ( l + 1 + r ) $O 0J2< $N$h $&$K ?-=L @-$r $b$D !%71N} CJ3,$K $*$$ $F$O !$ ( l ; r ) $r (1,1) ! (2,1) ! (2,2) ! (3,2) ! (3,3) $N $h$&$KCJ3, E*$K A}2C$5 $;!$ >. $5$$ %M%C %H %o!< %/$+$i Bg $-$$%M%C %H%o!< %/$XA2 ?JE*$K 71N}$r 9T$J$& !% 0lJ}!$ %? %0 $E $1 $K $*$$ $F $O !$5U $K I,MW $K 1~ $8 $F ( l ; r ) $r (3,3) ! (3,2) ! (2,2) ! (2,1) ! (1,1) ! (1,0) ! (0,0) $N $h $& $K CJ 3, E* $K =L >. $7 $F $$ $/ !%C"$7 !$%? %0 $E $1 $K $* $$ $F$O !$Cf4V AX$N %f%K%C%H ?t$r :G Bg$N $^$^!J B($A !$ ( l ; r ) = (3 ; 3) $KBP1~$7$?$b$N!K$K8GDj$7$? !y !% %k!< %k %Y !< %9 %3 %l %/ %? !< I=#2 $N 3X =, <j B3 $- $K MQ $$ $? 5,B’@8@.$NI>2A4X?t cnt g ood � h � cnt bad $N%Q%i%a %?!< h $O5,B’@8@.$N87$7$5$r@)8f$9 $k$b$N$G$"$k !y!y !% %Q%i%a%?!< h $rBg$-$/@_ Dj$9$k$H!$ cnt bad $N1F6A$, Bg$-$/$J$j !$ >/$7 $G$b4V 0c$$ $r@8 $8$k$h $&$J 5,B’ $O@8 @.$5$l$K$/ $/$J$k !% K\ 9F$G $O!$ %K%e !< %m%?%, !<$O $9$G $K9b$$@:EY $r;} $A!$ %k !<%k %Y!< %9%3 %l%/ %?!< $O$"$/ $^ $G$bHy D4 @0 $N %A %e !< %J $H $$ $& 0L CV$E $1 $G MQ $$ $k !JB( $A !$ 5, B’ $N@8 @.$r 87$7 $/$9 $k !K$?$a !$=E$_ h $r 100 $H$$ $&Bg$-$JCM$K@_Dj$7$?!% 71N}%G!<%? $r!$I= 1 $K<($9%F %s%W%l !< %H$r MQ $$ $FI= 2 $K<($9 <j B3$- $G 3X =,$7 $? 7k 2L!$ 7W 520 8D$N=g=x$D$- =q$-49 $(5,B’$, F@$i$l $?!% I= 3 $O $=$N:G=i$N 15 8D$N5,B’$r<($9!% I= 4 $O%F %9 %H %G!< %? $X $N%? %0 $E $17k 2L $r <($7 $F $$ $k!% I=$K<($9 @:EY $OIJ ;l$K [#Kf @- $N$" $kC1 8l$N $_$r BP>] $K B,Dj$5$l$? $b$N $G$" $k!% I=$K $O?- =L@-%K %e !< %m%? %,!< $H E} 9g %7 %9 %F %‘ $N @: EY $r <( $7 $F $$ $k $[ $+ !$$3 $l $i $H $NHf3S$N$?$a!$%Y!<%9%i%$%s %b%G%k!$ HMM !$$=$7$F %k !<%k %Y!< %9%b %G%k$N $=$l $>$l $N@: EY$b <($7$F $$$k !% $3$3$G8@$& %Y!< %9%i %$%s %b%G %k$H $O!$ J8 L.>p Js$r;H $o $:71N}%3 !<%Q %9$+ $iF@ $i$l $?8D !9 $NC1 8l$, <h$k IJ;l $N IQ EY>p Js$N $_$r MQ$$$F %?%0 $E$1 $r9T $J$& $b$N$G $"$k !% $^$?!$ %k!< %k%Y !<%9%b %G%k $H$O!$ %K %e !<%m%? %,!< $rMQ $$ $kBe $o$j $K%Y !<%9%i %$%s %b%G %k$N %?%0 $E$17k 2L$K !$ I= 5 $K<($9%F%s%W%l!< %H$rMQ$$$F I=#2$K<($9 <jB3$-$G 71N}%G!<%? $r3X =,$7 $FF@$i $l$? 1,177 8D$N=q$- 49$( 5, B’$rE,MQ$7$? $b$N $G$"$k !% C" $7!$ $3$N>l 9g!$ =q$- 49$( 5, B’ $O Hy D4 @0 %A%e!< %J $G$O $J $$ $? $a !$ h $r 1 $K @_ Dj $7$?!% I=$K<($7 $F$$ $k$h $&$K !$ ?- =L@- %K %e!< %m%? %,!< $N@: EY$O 94.4% $G!$ HMM $N$=$l $h$j MZ$+ $K9b $/ !$ %k!< %k %Y!< %9 %b %G %k $N $= $l $h $j $b 9b $+ $C $? !% 0l J} !$ %k !< %k %Y !< %9%b %G %k $N @: EY $O%K %e !< %m %? %, !< $N $= $l $K Nt $k $b $N $N !$ E}7W<jK!$N $=$l$h $jMZ $+$K9b $+ $C$? !% $= $7$F !$ E} 9g%7 %9%F%‘$N @:EY $O 95.5% $G!$ ?- =L @-%K %e !< %m%? %,!< $N$= $l $h$j 1.1% 9b$+$C$? !%<B:]!$=q $-49$( 5,B’$O !$71N} %G!<%?$H %F%9 %H%G !<%? $X$N %K %e!< %m%? %,!< $K$h $k%? %0 !y <B :]!$Cf 4VAX$N %f%K%C%H?t $rF~NO $ND9$5 $K1~$8 $FJQ 2=$5$; $kJ} K!$rMQ$$$F$b$[$\F1$8<B837k2L$,F@$i$l$?!% !y!y Brill $NO@ J8 5) $G $O h $N$h $& $J %Q %i %a %? !< $r MQ $$ $: cnt g ood � cnt bad $rI>2A4X?t$H$7$?!%

V ol. 41 No. 10 %K%e!<%i%k%M%C%H$H%k!<%k%Y!<%9<jK!$rE}9g$7$?IJ;l%?%0$E$1%7%9%F%‘ 7 I= 3 :G=i$N 15 8D$N=q$-49$(5,B’ T able 3 The �rst �fteen transformation rules ||||||||||||||||||||||||||||||||||||||||||||||{ ||||||||||||||||||||||||||||||||||||||||||||||{ I= 4 %F%9%H%G!<%?$X$NIJ;l%?%0$E$17k2L � T able 4 The results of POS tagging %b%G%k %Y!<%9%i%$%s HMM %k!<%k%Y!<%9 ?-=L@-%K%e!<%m E}9g%7%9%F%‘ @:EY 0.836 0.891 0.935 0.944 0.955 � IJ;l$K[#Kf@-$N$"$kC18l$N$_$rB,DjBP>]$H$7$?!% $E $1$N %(%i!< $N 88.4% $H 19.7% $r$= $l$>$l =$@5$7 $?!% $^$?!$ ?- =L@- %K%e !< %m%? %,!<$N @:EY $O$I $N8G DjD9F~ NO $N%K%e !< %m %?%, !<$N $=$l [ >\:Y$O 22) $r;2>H ] $h$j$b 9b $+$C$?!% => $C $F!$ ?- =L@-%K %e !<%m%? %,!<$O !$ J8L. $ND9 $5$r;vA0$K 7P83E* $KA* $VI, MW$,$J $/ !$ $$ $D$b >u67$K 1~ $8$FE,@Z$JD9$5$NJ8L.$r<+F0E*$KA*$Y$k!% I= 1 $N%F%s%W%l!<%H%; %C%H$O<g $K%K%e!< %m%?%,!<$N <eE@ !JC1 9‘<0 4X78 $N5, B’$N 3MF@ $H8l WC>p Js$N;H MQ$, :$ Fq $G $"$k !K$rJd $& $?$a $K@_ 7W$5 $l $?$b $N$G !$ Brill $, MQ $$$? %F%s %W%l !<%H %;%C%H 5) $KHf $Y%F %s%W %l!< %H$N ?t$O$+$J$j >/$J $$!% $3 $N$h $&$J >.5, LO$J %F%s%W %l!< %H %;%C%H $,== J,$+$I $&$+ !$ $^$?$O E,@Z $+$I $&$+ $r8!>Z $9 $k$?$a $K !$ I= 1 $N%F %s %W %l !< %H%; %C %H $H Brill $N%F %s%W %l!< %H %; %C %H $N OB =8 9g $N %F %s %W %l !< %H %; %C %H !J I= 5 !K $r MQ0U$7$F $=$3$+ $i:n @.$7 $?4v $D$+ $N%5 %V%; %C %H $rMQ $$ $?Hf3S<B83$r9T$J$C$?!% $=$N$H$- !$I= 1 $N%F%s%W%l!< %H%;%C%H$OI= 5 $N%F%s%W%l!<%H%; %C%H$N%F%s %W%l!<%H 1{9 $H %F %s %W %l !< %H 13{15 $+ $i 9= @. $5 $l $F $$$k %5 %V %;%C%H$H$7$F9M$($k$3$H$,$G$-$k!% $^$: !$I= 1 $N%F%s%W%l!<%H%;%C%H$,==J,$+$I$&$+$r 8+$k$?$a$K !$ $=$N %F%s %W%l !<%H %; %C %H$N >e$K !$ !J#1 !K C1 8l$NO@M}OBF~NO$N%F%s%W%l!<%H!JI= 5 $N 10{12 !K$rDI 2C$7$?%F%s %W%l!< %H%; %C %H$H !J#2 !K IJ ;l$NO@ M}OB F~NO $H O@ M} @Q F~ NO $N %F %s %W %l !< %H $b 2C $( $? %F %s %W %l !< %H %;%C%H!JI= 5 $N%F%s%W%l!<%H%;%C %H$=$N$b$N!K $rMQ$$ $? DI 2C <B 83 $r9T $J$C$? !%<B 83 $N7k 2L !$ !J#1 !K$N>l 9g $N %?%0$E$1@:EY$O A4$/JQ $o$i$J $+$C $? !( $=$7 $F !J#2 !K $N >l9g$N%? %0 $E$1 @:EY $O 6O$+ 0.03% $7$+ 8~>e $7$J $+ $C $? !JB($A @: EY I= <($O F1 $8 95.5% $G$" $C $? !K !% 0J >e $N 7k 2L$+ $i!$I= 1 $N%F%s%W%l!<%H%;%C %H$O$[$\==J, $G$"$k$3$H $,J,$+$C$?!%$=$l$+ $i!$I= 1 $N%F%s%W%l!<%H%;%C%H$, E,@Z$+$I $&$+ $r8+ $k$? $a$K C1 8l$N O@M} @QF~ NO$N %F%s %W %l!<%H!J I= 1 $N 7{9 !K$NBe$o$j$KC18l$NO@M}OBF~NO$N %F%s%W%l!<%H!JI= 5 $N 10{12 !K$rMQ$$$?%F%s%W%l!<%H %;%C%H$r MQ$$ $?DI2C <B83$r 9T$J $C $?!% $=$N7k 2L!$ %?%0 $E $1@:EY$, 95.4% $G 0.1% Mn$A$?!%=>$C$F !$C18l$NO@ M}OBF~NO $N%F %s%W %l!< %H$h $j O@M} @Q$N %F%s %W%l !<%H $r MQ$$$?$[$& $,E,@Z $G$" $k$3$H $,J, $+$C $?!% 0l J}!$ 8lWC >pJs$N$J$$%F%s%W%l!<%H%; %C%H!J B($A!$I= 5 $N%F%s%W %l!<%H%; %C %H$+ $i8l WC>p Js$,F~ $C $F $$$k %F%s %W%l!< %H 4{15 $r<h $j =| $$ $? %F %s %W %l !< %H %; %C %H !K $r MQ $$ $? DI 2C <B 83$b9T $J$C$?!%$=$N 7k2L!$%?%0 $E$1@: EY$O 0.9% Mn $A!$ 94.6% $G$"$C$?!% =>$C$F!$ IJ;l%? %0$E$1$K8lWC>p Js$rMQ$$$k $N$,=E MW$G $"$k$3 $H$, J,$+ $C$? !% 99$K!$ 5,

8 >pJs=hM}3X2qO@J8;o Oct. 2000 I= 5 =q$-49$(5,B’$N%F%s%W%l!<%H%;%C%H!JHf3S<B83MQ!K T able 5 The set of templates for transformation rules used in comparative exp eriments %?%0 � a $r%?%0 � b $XJQ99$9$k!$$b$7 !JC19‘F~NO!K !JF~NO$OIJ;l!K #1!%:8!J1&!K$NC18l$N%?%0$, � $G$"$k #2!%Fs$D:8!J1&!K$NC18l$N%?%0$, � $G$"$k #3!%;0$D:8!J1&!K$NC18l$N%?%0$, � $G$"$k !JF~NO$OC18l!K #4!%L\I8C18l$, w $G$"$k #5!%:8!J1&!K$NC18l$, w $G$"$k #6!%Fs$D:8!J1&!K$NC18l$, w $G$"$k !JC18l$NO@M}@QF~NO!K #7!%L\I8C18l$, w 1 $G!$:8!J1&!K$NC18l$, w 2 $G$"$k #8!%:8!J1&!K$NC18l$, w 1 $G!$Fs$D:8!J1&!K$NC18l$, w 2 $G$"$k #9!%:8$NC18l$, w 1 $G!$1&$NC18l$, w 2 $G$"$k !JC18l$NO@M}OBF~NO!K #1#0!%L\I8C18l$H:8!J1&!K$NC18l$N$I$l$+$, w $G$"$k #1#1!%:8!J1&!K$HFs$D:8!J1&!K$NC18l$N$I$l$+$, w $G$"$k #1#2!%:8$H1&$NC18l$N$I$l$+$, w $G$"$k !JIJ;l$HC18l$NO@M}@QF~NO!K #1#3!%L\I8C18l$, w $G!$:8!J1&!K$NC18l$N%?%0$, � $G$"$k #1#4!%:8!J1&!K$NC18l$, w $G!$:8!J1&!K$NC18l$N%?%0$, � $G$"$k #1#5!%L\I8C18l$, w 1 $G!$:8!J1&!K$NC18l$, w 2 $G!$ :8!J1&!K$NC18l$N%?%0$, � $G$"$k !JIJ;l$NO@M}OBF~NO!K #1#6!%:8$H1&$NC18l$N$I$l$+$N%?%0$, � $G$"$k #1#7!%:8!J1&!K$HFs$D:8!J1&!K$NC18l$N$I$l$+$N%?%0$, � $G$"$k #1#8!%:8!J1&!K$HFs$D:8!J1&!K$H;0$D:8!J1&!K$NC18l$N $I$l$+$N%?%0$, � $G$"$k !JIJ;l$NO@M}@QF~NO!K #1#9!%:8$NC18l$N%?%0$, � 1 $G!$1&$NC18l$N%?%0$, � 2 $G$"$k #2#0!%:8!J1&!K$NC18l$N%?%0$, � 1 $G!$Fs$D:8!J1&!K$NC18l $N%?%0$, � 2 $G$"$k B’ $r @8 @.$9 $k 87 $7$5 $r @) 8f$9 $k =E$_ h $r Bg $-$/ $7 $? $N$,@5$7$$$+$I$&$+$r3NG’ $9$k$?$a$K !$I= 1 $N%F%s%W %l !<%H%;%C%H$r MQ$$$F h = 1 $NDI2C<B 83$r9T$J$C$?!% $=$N>l9g!$ h = 100 $N>l9g$KHf$Y %?%0 $E$1@: EY$O3N $+ $KHy>. $K !J 0.045% !K Dc 2< $7 $?$, !$ M- 0U:9 $, G’ $a $i $l $k $[$I$N$b$N$G$O$J$+$C$?!% :G8e$KCm 0U$7 $F$[ $7$$ $N$O !$ $3$l $^$G $NJ8 8%$G$O IJ ;l %? %0 $E $1 $N @: EY $H $7 $F $h $/ %F %9 %H %G !< %? $N A4 C1 8l !J IJ;l$N[#Kf @-$N$"$j $J$7Ld$o$: !K$rBP>]$KB, Dj$7$F F@$?$b$N$r MQ$$ $F$$ $k$H $$$& $3$H $G$" $k!% $b$7 $3$N $h $&$JDj5A $rMQ $$ $l$P !$ E} 9g%7 %9%F %‘ $N@: EY$O 99.1% $K C#$9$k$3$H$K$J$k!% 5. 7k $S ?-=L@- %K %e!< %m%? %,!< $H%k !<%k %Y!< %9%3 %l%/ %?!< $G 9=@.$5$l$k E}9g IJ;l %?%0 $E$1 %7%9 %F%‘ $rDs 0F$7$? !% ?- =L@-%K %e!< %m%? %,!< $O>p JsNL :GBg $r9M N8$7 F0E* $KE, @Z $JD9$5$NJ8 L.$G %?%0$E $1$, $G$- $k!% 0lJ} !$ %k !<%k %Y!< %9%3%l%/ %?!< $O%K %e !<%m %?%, !<$, 3MF@ :$Fq $J5, B’$r 8m $j6nF07?3X =,$G <+F0 3MF@$7 !$ %K %e!< %m%? %,!< $,@8 $8$? %(%i!<$r=$ @5$9$k !% 7W ;;5! <B83$N 7k2L !$ ?- =L@-%K %e !< %m %? %,!< $O HMM $d%k !<%k %Y!< %9 %b%G %k$h $j9b $$ @: EY!J 94.4% !K$G%?%0$E$1 $,$G$-$?!% $=$7$F!$ =q$-49$( 5,B’$r8e =hM} $KF3 F~$7 $?$3 $H $K$h $j%? %0$E $1$N %(%i !< $O 19.7% 8:>/ $7 !$ %? %0 $E $1 @: EY $O 95.5% $^ $G 8~ >e $7 $? !% $3$N@:EY $OB? IJ;l 8l$N $_$r B, DjBP >]$H $7$F F@$i $l$? $b $N$G!$ A4 C18l$r BP>] $KB, Dj$7$? >l9g !$ %? %0$E $1@: EY$O 99.1% $K$J$k!%=>$C$F !$?tK| %*!<%@!<$N B?IJ;l8l$r4^ $‘>.5,LO%3 !<%Q %9$r 71N} $KMQ $$$F $b!$ K\ %7%9 %F%‘$N %? %0$E$1@: EY$O $[$\ <BMQ E*$K ;H $($k %l%Y %k$K C#$7 $F$$ $k $H8@$($k!% ;2 9M J8 8% 1) Fb85!$GO !’ 7ABVAG 9=J82r@O!$ ?MJ83X $H>pJs=hM}!$ 1999 !% 2) B<ED !$0f:4 86!’0UL#J8 L.2r @O!$?M J83X$H >pJs =h M}!$ 1999 !% 3) R. Garside, G. Leech, and G. Sampson: The c omputational analysis of English: A c orpus- b ase d appr o ach , London: Longman (1987). 4) D. Hindle: \Acquiring disambiguation rules from text." Pr o c. ACL’89 , V ancouv er BC, p- p. 118-125 (1989). 5) Brill, E.: T ransformation-based error-driven learning and natural language pro cessing: a case study in part-of-sp eech tagging, Computa- tional Linguistics , V ol. 21, No. 4, pp. 543-565, 1994. 6) K. Ch urc h: \A sto chastic parts program and noun phrase parser for unrestricted text." Pro c. 2nd ACL Applie d NLP , Austin, T exas, pp. 136- 143 (1988). 7) S. DeRose: \Grammatical category disam- biguation by statistical optimization." Compu- tational Linguistics , V ol. 14, No. 1, pp. 31-39 (1988). 8) D. Cutting, J. Kupiec, J. Pederson, and P . Si- bun: \A practical part of sp eech tagger." Pr o c. 3r d ACL Applie d NLP , T ren to, Italy , pp. 133- 140 (1992). 9) E. Charnik, c. Hendrickson, N. Jacobson, and M. Perk o witz: \Equations for part-of-sp eech tagging." In Pr o c. 11th National Confer enc e on Arti�cial Intel ligenc e . AAAI Press/MIT Press, Menlo Park, pp. 784-789 (1993). 10) E. Charniak: Statistic al language le arning , The MIT Press (1993).

V ol. 41 No. 10 %K%e!<%i%k%M%C%H$H%k!<%k%Y!<%9<jK!$rE}9g$7$?IJ;l%?%0$E$1%7%9%F%‘ 9 11) R. W eisc hedel, et al.: \Coping with ambiguit y and unknown words through probabilistic mo d- els." Computational Linguistics , V ol. 19, No. 2, pp. 359-382 (1993). 12) B. Merialdo: \T agging English text with a probabilistic mo del." Computational Linguis- tics , V ol. 20, No. 2, pp.155-171 (1994). 13) H. Sch� utze and Y. Singer: \Part-of-speech tag- ging using a v ariable memory marko v mo del." Pr o c. ACL’94 , Las Cruces, New Mexico, pp. 181-187 (1994). 14) M. Nak am ura, K. Maruyama, T. Kaw abata, and K. Shik ano: \Neural netw ork approach to word category prediction for English texts." Pr o c. COLING’90 , Helsinki Universit y , pp. 213-218 (1990). 15) H. Sc hmid: \Part-of-speech tagging with neu- ral netw orks." Pro c. COLING’94 , Japan, pp. 172-176 (1994). 16) Q. Ma, H. Isahara, and H. Ozaku: \Automat- ic part-of-sp eech tagging of Thai corpus using neural netw orks", Arti�cial Neur al Networks { ICANN’96 , Lecture Notes in Computer Sci- ence 1112, C. von der Malsburg et al (Eds.), Springer, pp. 275-280 (1996). 17) A. Ratnaparkhi: \ A maximum entrop y mo d- el for part-of-sp eech tagging." In Pr o c. Conf. on Empric al Metho ds in Natur al L anguage Pr o- c essing . Universit y of p ennsylv ania, pp. 133- 142 (1996). 18) W. Daelemans, J. Zavrel, P . Berck, and S. Gillis: \MBT: A memory-based part of sp eech tagger-generator." Pr o c. 4th Workshop on V ery L ar ge Corp or a , Cop enhagen, Denmark, pp. 1- 14 (1996). 19) L. Marquez and L. Padro: \A exible POS tagger using an automatically acquired lan- guage mo del." Pr o c. ACL-EA CL’97 , Madrid, Spain, pp. 238-252 (1997). 20) Q. Ma and H. Isahara: \A multi-neuro tagger using v ariable lengths of contexts", Pr o c. COLING-ACL’98 , Montreal, pp. 802-806 (1998). 21) GO , 0f:4 86 : \ D9$5 2D JQ J8 L. $r MQ $$ $? %^ %k %A %K %e !< %m %? %, !< ", <+ A3 8@ 8l =h M} , vol. 6, No. 1. pp. 29-42, 1999. 22) GO!$Fb 85!$B< ED!$0f:4 86!’IJ;l <+F0 %?%0 $E$1 %7 %9%F%‘!]?- =L@- F~NO %K%e !< %m%? %,!<!$ ?M 9)CN G=3X 2q;o!$ V ol. 14, No. 6, pp. 1116-1124 (1999) !% 23) W. Daelemans and A. V an den Bosch: \Gen- eralisation p erformance of backpropagation learning on a syllabi�cation task." In M. Drossaers & A. Nijholt (Eds.), TWL T3: Con- ne ctionism and Natur al L anguage Pr o c essing . Enschede: Twen te Universit y , pp. 27-38 (1992). 24) J. Quinlan: C4.5: Pr o gr ams for Machine L e arning , San Mateo, CA: Morgan Kaufman- n (1993). 25) 5W 8w !$C0 1)!’ =q $- 49 $( 5, B’ $H J8 L. >p Js $r MQ $$ $? 7A BV AG2r @O 8e =hM} !$ NL 8& 126-8 !$ pp. 55-62 !$ 1998-7 !% 26) T. Charo enp orn, V. Sornlertlamv anic h, and H. Isahara: \Building a large Thai text cor- pus - part of sp eech tagged corpus: ORCHID." Pr o c. Natur al L anguage Pr o c essing Paci�c Rim Symp osium 1997 , Phuk et, Thailand, pp. 509- 512 (1997). ( J?@. ? G/ ? 7n ? F|<uIU ) ( J?@. ? G/ ? 7n ? F|:NO? ) GO @D 1983 G/ KL 5~ 9R 6u 9R E7 Bg 3X <+ F0 @) 8f 3X It B4 6H !% 1987 G/ C^ GH Bg 3X Bg 3X 1!M} 9)3X 8& 5f 2J =$;N 2] Dx =$N; !% 1990 G/F1 Bg 3X 1! 9) 3X 8& 5f 2J Gn ;N 2] Dx =$ N; !% 9)3XGn;N !% 1990 � 93 G/3t<02q<R >. Ln B,4o 6PL3 !% 1993 G/ M9@/ >JDL?. Am9g 8&5f =jF~ =j!$<g G$8&5f41!% ?M9)?@ 7P2s O)LV%b %G%k !$ CN<1 I=8= !$ <+ A38@ 8l=hM}$N8& 5f$K =>;v!% F| K\?@7P 2sO) 3X2q !$ <+ A38@ 8l=h M}3X2q!$EE;R>pJsDL?.3X2q!$3F2q0w!% Fb85 @65. !J@52q0w!K 1994 G/5~ ET Bg 3X 9) 3X It B4 6H !% 1996 G/F1Bg3X 1!=$ ;N2] Dx=$ N;!% F1G/ M9@/ >JDL?.Am 9g8&5f =jF~ =j!% 8&5f41 !% <+ A38@8l=h M}$N 8&5f $K=> ;v!% 8@8l =hM} 3X2q !$ >p Js =h M} 3X 2q !$ A CL !$ 3F 2q 0w !% B<ED ??<y !J@52q0w!K 1993 G/5~ ET Bg 3X 9) 3X It B4 6H !% 1995 G/F1 Bg 3X 1! 9) 3X 8& 5f 2J =$ ;N 2] Dx =$ N; !% 1997 G/F1 Bg 3X 1! 9) 3X 8& 5f 2J Gn ;N 2] Dx =$N;!% 9)3XGn ;N!% F1G/5~ ETBg 3X$K$F F|K\3X=Q ?66=2q %j%5!< %A !& %" %=%7%( %$ %H !% 1998 G/M9 @/ >JDL ?. Am9g 8& 5f=j F~=j !%<+ A38@ 8l =hM}!$ >pJs 8!:w!$ 5!3# K]Lu $N8&5f $K=>;v !% >p Js=h M}3X 2q!$?M9)CNG=3X2q!$8@8l=hM}3X2q!$ ACL !$3F2q0w!%

10 >pJs=hM}3X2qO@J8;o Oct. 2000 0f:486 6Q !J@52q0w!K 1978 G/5~ ET Bg 3X 9) 3X It B4 6H !% 1980 G/F1 Bg 3X 1! 9) 3X 8& 5f 2J =$ ;N 2] Dx =$ N; !% 9)3XGn;N !% F1G/ DL>& ;:6H>J EE;R 5;=Q Am9g 8& 5f =j F~ =j !% 1995 G/M9 @/ >J DL ?. Am9g 8& 5f =j F~ =j !% 2000 G/F1 $1 $$ $O $s $J>pJsDL?. M;9g8& 5f%; %s%? !<6PL3 !% <+A38@ 8l=h M}!$ 5! 3# K]Lu $N8& 5f$K =>;v !%>pJs =hM} 3X2q !$8@8l =hM} 3X2q !$ ?M9)CNG=3X2q!$F|K\G’CN2J3X2q!$ ACL !$3F2q0w!%