6&5/@-$r9MN8$7$?AG@-=89gJ,3d$K$h$k Co-training | 8GM-I=8=Cj=P$N>l9g | DT9n=S y 8"ISC]CK z ?9C$B’ yy y 2#IM9qN)Bg3X Bg3X1! 9)3X8&5f2J z 2#IM9qN)Bg3X 9)3XIt yy 2#IM9qN)Bg3X Bg3X1! 4D6->pJs8&5f1! E-mail: f k atsu,gompei,mori g @forest.eis.ynu.ac.jp 1 $O$8$a$K 8GM-I=8=Cj=P5,B’$r3X=,$9$k>l9g!"3X=,MQ$KJ,N‘$K4X $9$k@52r$,IU$$$?71N}%G!<%?$rMQ$$$F5!3#3X=,$r9T$J$& <jK!$,Ds0F$5$l$F$$$k!#0J2<$G$OJ,N‘$K4X$9$k@52r$r%i %Y%k$H 8F $V$3 $H $K$9 $k!# $7 $+ $7!"$= $N %G!<%? :n @.$O!" KDBg$J?ME*O+NO$rI,MW$H$9$k!#$=$3$G!">/NL$N%i%Y%kIU $-71N}%G!<%?$rMQ$$$F!"BgNL$N%i%Y%k$J$7%G!<%?$rJ,N‘ $7!"%i%Y%kIU$-71N}%G!<%?$r5<;wE*$KA}$d$9$3$H$,8!F$ $5$l$F$$$k!# Co-training[5] $O$=$NMM$J3X=,<jK!$N0l$D $G$"$k!# K\9F$G$O!" Supp ort V ector Machine[1] $K CmL\$7!"$3$l$r Co-training $GMQ$$$kJ}K!$K$D$$$F=R$Y $k!#$=$7$F!"J,N‘4o$r3X=,$9$kA0$KAG@-=89g$rJ,$1$kJ} <0$H$7$F!"AG@-4V$N6&5/@-$K4p$E$/J}K!$r4^$‘4v$D$+$N <jK!$r8!F$$9$k!# 2 F|K\8l8GM-I=8=Cj=P<jK! K\9F $G $O!" IREX F| K\ 8l 8G M- I= 8= Cj =P %? %9 %/ $G ;H MQ $5$l$F$$$k 8 $D$N8GM-I= 8= ( ?ML>!" COL>!"AH?%L>!"8G M- J*L>!"F|IU!";~4V!" 3d9g!"6b 3[ ) $K$D $$$F!"0J2< $K=R$Y $kJ}K!$K$h$jCj=P$r9T$&$b$N$H$9$k!# 2.1 Chunking $N@_Dj K\9F$G$O8GM-I=8=Cj=P%?%9%/$r!"7ABVAG2r@O$5$l$?7A BVAGNs$KBP$7$F8GM-I=8=$K4X$9$k%i%Y%k$r?6$C$F$$$/%? %9%/$G$"$k$H9M$($k!#J#?t$N7ABVAG$NNs$K$h$j0l$D$N8G M-I=8=$,9=@.$5$l$k$3$H$,$"$k$N$G!"$=$N%i%Y%k$K$O%A%c %s%/2= (c hanking) $N>p Js$r ;}$? $;$k $N$, IaDL $G$" $k!# K\9F$G$O;3ED$i [1] $N IOB2 J}<0$r:NMQ$7$F$$$k!# 2.2 SVM $K$h$k8GM-I=8=Cj=P %i%Y%kIU$-71N}%G!<%?$+$i8GM-I=8=Cj=P5,B’$r3X=,$9 $k:] $K!" Supp ort V ector Machines(SVMs) $H $$ $& 5! 3#3X=,%"%k%4%j%:%‘$r:NMQ$9$k [1] !# 2.2.1 AG@-!";vNc%Y%/%H%k$N@_Dj$H2r@OJ}8~ 3F;vNc$OJ8Cf$N0l$D$N7ABVAG$KBP1~$9$k;vNc%Y%/%H%k $H$=$N7ABVAG$KIUM?$5$l$k$Y$-%i%Y%k$NAH$GI=8=$5$l$k!# ;vNc%Y%/%H%k$OEv3:7ABVAG$rCf?4$H$7$?0lDj$NAkI}$N7A BVAG$K4X$9$k>pJs$+$i9=@.$5$l$k!#Nc$($P8e$N<B83$G$O AkI}$r 5 $K$7$F$$$k$,!"$3$N>l9g$O!"?^ 1 $N$h$&$KEv3: 7ABVAG $N A08e 2 7A BVAG $r9M N8 $9$k $3$H $K $J$k!# $^ $?!" J8$N@hF,$h$j0l$DA0$K!VJ8F,!W!"J8$NKvHx$h$j0l$D8e$K !VJ8Kv!W$H$$$&2>A[$N7ABVAG$,B8:_$9$k$H$7$F$$$k!#;v Nc%Y%/%H%k$NAG@-$O!"AkFb$N3F7ABVAG$K$D$$$F!"$=$NI= AXI=8=!"IJ;l!"9=@.$9$kJ8;z<o$N3F!9$r$=$N7ABVAG$N8= ?^ 1: AkI} 5 $N:88~$-2r@O $l$k0LCV$HAH$_9g$o$;$?$b$N$rMQ$$$k!#8e$N<B83$G$O!" AG@-$K:NMQ$9$kI=AXI=8=$O!"71N}$KMQ$$$k%3!<%Q%9$K$* $$$F 5 0J>e$NIQEY$N$b$N$r:NMQ$7!"9=@.$5$l$?AG@-$K$D $$$F!" 3 0J>e$NIQEY$N$b$N;vNc%Y%/%H%k$N:n@.$K;HMQ$7 $?!# $5$F!"8GM-I=8=$N?dDj$rJ8F,$+$i?J$a$F$$$/>l9g!"$" $kFCDj$N7ABVAG$K$D$$$F$N%i%Y%k?dDj$K$*$$$F!"D>A0$^ $G$N7ABVAG$K$O$9$G$K?dDj$5$l$?%i%Y%k$,IUM?$5$l$F$$ $k$N$G!"$3$l$rMQ$$$k$3$H$,$G$-$k!#$3$NAG@-$OEv3:7A BVAG$N%i%Y%k?dDj$KHs>o$K8zNO$rH/4x$9$k$3$H$,Js9p$5 $l $F $$ $k!#$3 $N 2r @O J} <0$r !V1& 8~ $- 2r @O!W$H 8F $V [1] !# F1MM$K$7$F!"J8Kv$+$i2r@O$r?J$a$k>l9g$K$O!"!V:88~$- 2r@O!W$H8F$V!#0J2<$N<B83$G$O!"9b@:EY$G$"$k$3$H$,Js 9p$5$l$F$$$k:88~$-2r@O$r:NMQ$9$k!# 2.2.2 B?CMJ,N‘LdBj$NE,MQK! SVM $OK\<AE*$K FsCMJ,N‘ $r9T$J$&J, N‘4o$r@8 @.$9$k $,!"$3$l$rB?CMJ,N‘$K3HD%$9$k<jK!$H$7$F!" pairwise K!!" one v.s. rest K!$, Ds 0F $5$l $F $$ $k [2] !# 0J 2<$K =R $Y $k Co-training $G$O!"L$CN;vNc $rJ,N‘$7$? ;~$K?.MjEY$N 9b $$;vNc$r?7$?$K%i%Y%kIU$-;vNc$H$7$F:NMQ$9$k$N$G!"J, N‘ ;~ $N ?. Mj EY $N I> 2A $, =E MW $G $"$k!# pairwise K! $O!" ?. MjEY$,EjI<?t$H$$$&N%;6CM$G$"$j!"J,2rG=$,Dc$$$?$a$K Co-training $K$O E,$5 $J$$!# 0lJ}!" one v.s. rest K! $O J,N%J?LL$+$i$N5wN%$r?.MjEY$H$9$k$N$G?.MjEY$NJ,2rG= $,9b$/!" Co-training $KE,$7$F$$$k$H9M$($i$l$k!#$h$C $F!"K\9F$O!" one v.s. rest K!$rMQ$$$k!# 3 SVM $H Co-training $K4p$E $/8GM- I=8= Cj=P 3.1 Co-training Co-training $O!"FHN)$J 2 $D$NAG@-=89g$r@_Dj$7!"3F!9 $NAG@-=89g$N$_$rMQ$$$F!"%i%Y%kIU71N}%G!<%?$+$i$=$l $> $l J,N‘ 4o A !" B $r :n @.$9 $k!# $= $7 $F!"3F!9 $N J, N‘ 4o $rMQ$$$F!"%i%Y%k$J$771N}%G!<%?$NH=JL$r$=$l$>$l9T$C

?^ 2: SVM $H Co-training $K4p$E$/8GM-I=8=Cj=P $F!"?.Mj@-$N9b$$$b$N$r%i%Y%kIU$-71N}%G!<%?$K2C$($F $f$/$3$H$GJ,N‘4o$N@:EY$r8~>e$5$;$F$f$/!# 3.2 Co-training $K$*$1$kAG@-=89g4V$NFHN)@- Collins $i [4] $O1Q8l$N8GM-I=8=Cj=P$K$D$$$F!"BP>]$H $J$kC18l$+$iF@$i$l$kAG@-=89g$H$=$NA08e$NJ8L.>pJs$+ $i$($i$l$kAG@-=89g$KJ,$1$kJ}K!$rDs0F$7$F$$$k!#1Q8l $G$O!"C18l$NF,J8;z$,BgJ8;z$G$"$k$+H]$+$,8GM-I=8=H= Dj$K=EMW$J<j$,$+$j$H$J$k$N$G!"Ev3:C18l$NAG@-$@$1$G $b$"$kDxEY$N3X=,$,2DG=$G$"$k$H9M$($i$l$k!#0lJ}$G!" F|K\8l$N>l9g!"$=$N$h$&$J47=,$O$J$$$N$GEv3:C18l$N>p Js$@$1$G$OJ,N‘$,==J,$K?J$^$J$$2DG=@-$,$"$k!# ?7G< [3] $O 8l5AH=JL %?%9%/ $K$*$$$F A0J8L. $H8eJ8L. $K J,3d!"$3$l$iAG@-=89g$N4V$G$NFHN)@-$r3F;vNc$K$D$$$F 8!::$7!"FHN)@-$NDc$$;vNc$K$D$$$F$O:NMQ$7$J$$$h$&$K $7$F$$$k!#$3$NJ}K!$O!"FHN)@-$NJ]>Z$O$J$5$l$k$b$N$N!" FCDj$N;vNc$r<N$F5n$k$?$a$K3X=,$G$-$J$$J8L.$,B8:_$9 $k2DG=@-$,9b$$!# $=$3$G2f!9$OFCDj$N;vNc$r<N$F$k$N$G$O$J$/!";vA0$K AG@-=89g$rE,@Z$KJ,3d$9$kJ}K!$r8!F$$9$k!# 3.3 %"%k%4%j%:%‘ SVM $H Co-training $K4p$E$/8GM-I=8=Cj=P$K$D$$$F!" $=$N35N,$r?^ 2 $K!$$=$N%"%k%4%j%:%‘$r0J2<$K<($9!#$3 $N%"%k%4%j%:%‘$O!$%i%Y%k$D$-;vNc$N=89g$+$i=PH/$7!$ %i%Y%k$J$7;vNc=89g$KBP$7$F!$$9$3$7$:$D3N$+$i$7$$$H ;W$o$l$k%i%Y%k$r?6$C$F$$$/!%$3$l$K$h$j!$:G=i$N%i%Y %k$D$-;vNc$h$j$bB?$$%i%Y%k$D$-;vNc$rF@$k!%$3$l$rDL >o$N SVM $K4p$E$/8GM-I=8=Cj=P%7%9%F%‘$N3X=,;vNc$H $9$k$3$H$K$h$j!$:G=i$N;vNc=89g$N>l9g$h$j$b@:EY$N9b $$J,N‘4o$,9=@.$G$-$k$3$H$,4|BT$5$l$k!% 1. >/NL$N%i%Y%kIU$-71N};vNc=89g L $HBgNL$N%i%Y%k $J$771N};vNc=89g U $rMQ0U$9$k!# 2. %i%Y%k$J$771N};vNc=89g U $+$i0lDj?t$N;vNc$r%i %s%@%‘%5%s%W%j%s%0$7!"$3$l$r;vNc%W!<%k P $H$9 $k!# 3. %i%Y%kIU$-71N};v Nc=89g$K$*$1$kAG @-$NIQEYJ,I[ $r4p$K!"AG@-=89g4V$NAj8_0MB8 @-$,Dc$/$J$k$h$& $K!" 2 $D$NAG@-=89g X 1 !" X 2 $KJ,3d$9$k!# 4. L $h$j X 1 Cf$N AG@- $N$_$r ;}$D %i%Y%k IU$- 71N};v Nc =8 9g L 1 $H!$ X 2 Cf $N AG @- $N $_ $r ;} $D %i %Y %k IU $-71N};vNc=89g L 2 $r@8@.$9$k!# 5. J,3d$5$l$?%i%Y%kIU$-71N};vNc=89g L 1 !" L 2 $K$D $$$F!$3F!9!$ SVM $rMQ$$$F$=$l$>$lJ,N‘4o h 1 , h 2 $r3X=,$9$k!# 6. h 1 $r ;H$C $F P $N ;v Nc $K %i %Y %kIU $1 $r 9T $J $$!" ?. Mj@-$N9b$$$b $N$+$i=g$K!$%i%Y%k IU$-71N};vNc=8 9g L $N%i%Y%k$NIQEYJ,I[$K=>$C$F!" n 8DA*$V!# 7. h 2 $r ;H$C $F P $N ;v Nc $K %i %Y %kIU $1 $r 9T $J $$!" ?. Mj@-$N9b$$$b $N$+$i=g$K!$%i%Y%k IU$-71N};vNc=8 9g L $N%i%Y%k$NIQEYJ,I[$K=>$C$F!" p 8DA*$V!# 8. 6 $H 7 $GF@ $i$l$? %i%Y%kIU $N;vNc n + p 8D$r;vNc %W!<%k P $+$i<h$j=|$- L $K2C$($k!# 9. ;vNc %W!< %k P $K!" %i %Y %k $J $7 71 N} ;v Nc =8 9g U $+ $iL5:n0YCj=P$7$? n + p 8D$N;vNc$rDI2C$9$k!# 10. 3 $+$i7+$jJV$9!# $3$N%"%k%4%j%:%‘$K$*$$$F!";vNc%W!<%k P $NBg$-$5!" $J$i$S$K!"J,N‘$5$l$?L$CN;vNc$N$&$A!">e0L2?0L$^$G$r ?.Mj$7$F2C$($k$+$K$h$C$F!"?75,DI2C;vNc$N<A$,JQ$o$C $F$/$k!# $^$?2f!9$N>l9g$K$O:88~$-2r@O$r9T$J$&$N$G!" 8e$K=R$Y$k$h$&$KL$CN;vNc$N07$$$K9)IW$,I,MW$G$"$k!# 3.4 AG@-=89g4V$N=>B0@-$r9MN8$7$?AG@-J,3d @h$K=R$Y$?$h$&$K Co-training $,M-8z$KF/$/$?$a$K$O!" Fs$D$NJ,N‘4o$GMxMQ$5$l$kAG@-=89g4V$NFHN)@-$,9b$$ ( => B0@-$,Dc $$ ) $3$H$, I,MW$G$"$k!# 2 AH$N AG@-=89gF1;N$N FHN)@-$,Dc$/$J$k$H!"0lJ}$NJ,N‘4o$N:NMQ$7$??75,;vNc $,B>J}$NJ,N‘4o$KBP$7$F?7$7$$AG@-$NAH$_9g$o$;$r$b$? $i$5$:!"?7$?$J;vNc$NDI2C$,$J$$>u67$K4Y$j!"3FJ,N‘4o $N@:EY$,F,BG$A$K$J$k!# 1. AG@-=89g4V$N6&5/ @-$r7W$j!"$3$l$,Dc $/$J$k$h$& $KAG@-=89g$rJ,3d$9$kJ}K!!# $3$N<jK!$O!"AG @-=89g4V$NFHN)@- $,9b$/$J$k$3$H $rJ]>Z$G$-$k $,!"$=$N0lJ}$G!"3F AG@-=89gFb$G$N =>B0@-$,6/$/ $J$k$h$&$K$J$k$N $G!"3FJ8L.Kh$K8+ $?;~$K!"AG@-$, $I$A$i$+0lJ}$NAG @-=89g$KJP$k2D G=@-$,$"$k!# 2. AG@-$NIQEYJ,I[$,N> AG@-=89g$G6Q0l2= $9$k$h$&$K %i%s%@%‘$K?6$jJ,$1$FG[CV$9 $kJ}K!!# $3$N<jK!$O!"@Q 6KE*$KAG@-4V$NFH N)@-$rJ]>Z$9$k J,$1J}$r$9$k $N$G$O$J$/!"AG@-J, I[$r6Q0l2=$9$k $3$H$K$h$j!"AG@-=89gFb$HAG@-=89g4V$N=>B0@- ( FH N)@- ) $,$[$\Ey$7$/$J$k$h$&$K$9$k$b$N$G$"$k!# A0<T$K$D$$$F$O!"AG@-=89g4V$N=>B0@-$rI=$9<\EY$,I, MW$H$J$k$,!"K\9F$G$O!"AG@-4V$N6&5/@-$K4p$E$/<!$N<\

EY$r;HMQ$9$k!#Fs$D$NAG@-=89g X 1 $J$i$S$K X 2 $N4V$K B8:_$9$k6&5/@- C or ( X 1 ; X 2 ) $r0J2<$N$h$&$KDj5A$9$k!# C or ( X 1 ; X 2 ) = m X i =1 n X j =1 dice ( l i ; r j ) m : AG@-=89g X 1 $NMWAG?t n : AG@-=89g X 2 $NMWAG?t l i : AG@-=89g X 1 $NMWAG r j : AG@-=89g X 2 $NMWAG $^$?!$ dice ( l i ; r j ) $O0J2<$N $h$&$KDj5A$5$l$k dice 78?t $G$"$k!# dice ( l i ; r j ) = 2 f r q ( l i ; r j ) f r q ( l i ) + f r q ( r j ) f r q ( x ): L $NCf$G8=$l$? x $NIQEY f r q ( x; y ): L $N Cf $G x $H y $, F1 $8 ;v Nc $N Cf $K 6&5/$7$?IQEY $7$+$7!"AG@-=89g4V$NFHN)@-$@$1$KCm0U$r$9$k$H!"J, 3d$7$? 2 $D$NAG@-=89g$K$*$$$F!"$"$k;vNc%Y%/%H%k a $, M?$($i$l$?;~$K!";vNc%Y%/%H%k a $N>pJs$r;}$DAG@-$,$9 $Y$F$I$A$i$+JRJ}$KJP$C$F$7$^$&2DG=@-$,$"$k!#$3$NLd Bj$KBP$7$F!"2f!9$O!"AG@-$N<oN‘$,B?$$I=AXI=8=$K4X$9 $kAG@-$H$=$l0J30$N<oN‘$N>/$J$$AG@-$K$D$$$F0[$J$k07 $$$r$9$k$3$H$K$h$j!"4KOB$r;n$_$k!# <oN‘$,>/$J$$!"IJ;l - 0LCV$N AH$J$i$S$KJ8;z <o - 0LCV $NAH$K4X$9$kAG@-$O!"F1$80LCV$NAG@-$r0l$D$N%0%k!<%W $H$7$F07$$!"Fs$D$NAG@-=89g$KJ,3d$9$k$H$-$K$O$3$l$r IT2DJ,$JC10L$H$7$F9M$($k!#Fs$D$NAG@-=89g$KJ,$1$k;~ $K$O!"A0H>Fs7ABVAG$HEv3:7ABVAG$KBP1~$9$kAH$H!"8eH> Fs7ABVAG$KBP1~$9$kAH$K!"$=$l$>$l!"J,$1$F$$$k!# 0lJ}!"<oN‘$,Hs>o$KB?$$!"I=AXI=8= - 0LCV$NAH$K4X$9 $kAG@-$K$D$$$F$O!"0LCV$K$h$k%0%k!<%W2=$r9T$J$&$HHs >o$KBg$-$JAG@-=89g$H$J$C$F$7$^$$!"AG@-=89g$N@_Dj$K $*$$$F@)8f$,Fq$7$$!#$=$3$G!"3F%0%k!<%W$rAG@-$N=P8= IQEY $, 6Q Ey $K $J $k $h $& $K n 8D $K J, 3d $7!" $3 $l $r C1 0L $H $7$FAG@-=89g$NFHN)@-$,9b$/$J$k$h$&$K3d$j?6$k!# 6&5/@-$N<\EY$K4p$E$/J,3d$N>l9g$K$O!"$^$:!"=i4|>u BV$H$7$F!"3FAG@-=89g$NMWAG?t$,F1$8DxEY$K$J$k$h$&$K!" I=AXI=8= - 0LCV$NAH$K4X$9$kAG@-$N%0%k!<%W$r%i%s%@%‘ $K?6$jJ,$1$k!#<!$K!";3EP$jK!$rMQ$$$F!"=89g4V$NFHN) @-$,9b$/$J$kAH$_9g$o$;$rC5:w$9$k!# 3.5 %i%Y%k?dDj$KBP$9$k?.MjEY Co-training $K$*$$$F$O!$ %i%Y%k$J$7 ;vNc$NJ,N‘ 7k2L $K$*$$$F!$%i%Y%kIUM?$N?.MjEY$N9b$$;vNc$r%i%Y%kIU$- $H$_$J$7$F:NMQ$7$F$$$/!%$3$N;~$K!$$I$N$h$&$K%i%Y%k IUM?$N?.MjEY$rM?$($k$+$,LdBj$H$J$k!% J,N‘4o$,%i%Y%k$J$7;vNc$K%i%Y%kIU$1$r9T$&:]$K!" one v.s. rest K! $G$O!" J# ?t$N 8u Jd $N$& $A!" FsCM J, N‘4o $N 7h Dj4X?t$NCM$,:GBg$H$J$kJ,N‘4o$KBP1~$9$k%i%Y%k$r:NMQ $9$k [2] !# $h$C $F!" K\ <j K!$G $b!" 3F ;v Nc $NJ, N‘ 7k 2L $H $7 $F$O!"7hDj4X?t$NCM$N:GBgCM$r$H$k%i%Y%k$r:NMQ$9$k$,!" $3$N;~$N7hDj4X?t$NCM$r$=$N%i%Y%k$KBP$9$k?.MjEY$H$7 $F07$&!# 3.6 2r@OJ}8~$r9MN8$7$?;vNc$NA*Br<jK! :88~$-2r@O$G$O!";vNc%Y%/%H%k$NCf$K!"D>8e$J$i$S$K $=$N@h$N7ABVAG$KBP$9$k%i%Y%k$N?dDj7k2L$,F~$C$F$$$k $?$a$K!"$=$l$i7ABVAG$KBP$9$k%i%Y%k$N?dDj$,=*$i$J$$ 8B$j!"J,N‘$9$k$3$H$,$G$-$J$$!# Co-training $K$*$$$F $O!"$3$l$r9MN8$7$F!"%i%Y%k$J$771N}%G!<%?$N=89g U $+ $i D> @\!" ;v Nc %W!< %k P $X $N DI 2C $r 9T $J $& $N $G $O $J $/!" U Cf $N ;v Nc $r =h M} $N ?J EY $K $" $o $; $F!" Mx MQ 2D G= $J %i %Y %k$J$771N}%G!<%?$N=89g U 0 $X0\F0$7!"$=$3$+$i;vNc%W!< %k P $X $NDI 2C $r 9T $J $&!# @h$K <( $7 $? %" %k%4 %j %: %‘ $N JQ 99E@$O0J2<$NDL$j$G$"$k!# 1. =i4|$N;vNc%W!<%k$N:n@. (a) %i %Y %k$J $7 71 N};v Nc =8 9g U $+ $i!" J8$N :G 8e $N7ABVAG$KBP1~$9$k;vNc ( $3$l$O4{$KMxMQ2D G= ) $rA*Br$7!"MxMQ2DG=$J%i%Y%k$J$771N};v Nc=89g U 0 $H$9$k!# (b) U 0 $+ $i0l Dj?t $N;v Nc$r %i %s%@ %‘%5 %s%W %j%s %0$7;vNc%W!<%k P $H$9$k!# 2. ?7$?$K:NMQ$5$l$?;v Nc$K$h$kMxMQ2DG= $J%i%Y%k$J $771N};vNc=89g U 0 $N99?7 ?7$?$K9b?.MjEY$N;vNc$r L $K2C$($k>l9g$K$O!"$= $N;vNc$ND>A0 $N7ABVAG$KBP1~$9 $k;vNc$K$D$$$F!" D>8e$N?dDj%i %Y%k$rI=$9AG@-$r@_ Dj$9$k$3$H$,$G $-$k$N$G!"$3$l$rKd$a!" U $+$i U 0 $K0\F0$9$k!# 3. %W!<%k$N99?7 %W!<%k$N99?7$K$*$$$F$O$=$NITB-J,$r U $+$i$G$O $J$/!" U 0 $+$iL5:n0Y$KCj=P$9$k!# 4 <B83$*$h$S9M;! 4.1 <B834D6-$HJ}K! <B83$G$O!"FHN)9T@/K!?MDL?.Am9g8&5f=j$G:n@.$5$l$? C RL 8GM-I= 8=%G!<%?$r;H MQ$7$?!#$^ $?!"7ABVAG2r @O4o $H$7$F$O ChaSen V er.2.02 $r;HMQ$7$?!# CRL 8GM-I=8=%G!<%?$+$i$OA4 It$G 26880 8D$N%i%Y%k IU$-;vNc$,F@$i$l$k!#=i4|3X=,$N@:EY$N1F6A$rD4$Y$k$? $a$K!$K\<B83$G$O$3$N;vNc=89g$+$i!"=i4|3X=,$N$?$a$N %i%Y%kIU$-;vNc=89g L $H$7$F 10000 8D$rA*$s$@>l9g$H!$ 20000 8D$rA*$s$@>l9g$N 2 <oN‘$rD4$Y$k!%3X=,7k2L$NI> 2AMQ$K$3$l$H$OJL$N 10000 8D$N;vNc$rMQ0U$7$?!# Co-training $K MQ $$$k %i %Y %k $J $7;v Nc =8 9g U $K $O!" $3 $l $i $H$O 0[ $J $k 55000 8D$rMxMQ$7$?!#;vNc%W!<%k P $NMWAG?t$O 1500 $G$"$k!%%W!<%k$K$"$k;vNc$r?.MjEY$K1~$8$F%i%Y%kIU$- ;vNc$H$7$F:NMQ$9$k?t ( 0l2sEv$?$j ) n; p $O!$=i4|;vNc$N ?t$K$h$C$F!$ 25 8D ( =i4|;vNc 10000 $N>l9g ) !$$J$i$S$K!$ 30 8D ( =i4|;vNc 20000 $N>l9g ) $H$7$?!#$^$?!$ Co-training $N 7+ JV $7 2s ?t $O!$ =i 4| ;v Nc 10000 $N >l 9g $, 400 2s!$ =i 4|;vNc 20000 $N>l9g$, 200 2s$G$"$k!% 4.2 3FJ}K!$NHf3S<B83$*$h$S9M;! @a 3.4 $G=R$Y$?!$ AG@-=8 9g4V$N 6&5/@-$r 9MN8$9 $k<jK! $r!V6&5/!W$HI=$7!$AG@-IQEY$r6Q0l2=$9$k$h$&$K%i%s%@

%‘$K?6$jJ,$1$k<jK!$r!VIQEY6Q0l!W$HI=$9$b$N$H$7!$$3 $l$i $N Hf 3S8! F$ $r =i 4| ;vNc 10000 $N >l 9g $H 20000 $N >l 9g$K $D $$ $F 9T $J $&!# $^ $:!$ Co-trainig $K $* $1 $k!$ 3F 3X =,4o h 1 !$ h 2 $N@:EY$NJQ2=$K$D$$$FI= 1,2,3,4 $K<($9!% I= 1: Co-training A0 8e$K$* $1$k 3F3X =,4o$N @:EY $NJQ2= ( <jK! : 6&5/!$=i4|;vNc 10000) J,N‘4o h 1 J,N‘4o h 2 Co-training A0 8e A0 8e :F8=N( 45.2 47.3 53.7 53.8 E,9gN( 69.8 66.1 82.4 82.1 F CM 54.9 55.2 65.0 65.0 I= 2: Co-training A0 8e$K$* $1$k 3F3X =,4o$N @:EY $NJQ2= ( <jK! : IQEY6Q0l!$=i4|;vNc 10000) J,N‘4o h 1 J,N‘4o h 2 Co-training A0 8e A0 8e :F8=N( 62.1 62.9 40.4 40.1 E,9gN( 69.3 72.2 79.2 78.5 F CM 65.5 67.2 53.5 53.1 I= 3: Co-training A0 8e$K$* $1$k 3F3X =,4o$N @:EY $NJQ2= ( <jK! : 6&5/!$=i4|;vNc 20000) J,N‘4o h 1 J,N‘4o h 2 Co-training A0 8e A0 8e :F8=N( 63.4 63.3 50.2 50.7 E,9gN( 83.5 82.8 89.7 89.3 F CM 72 71.7 64.4 64.7 I= 4: Co-training A0 8e$K$* $1$k 3F3X =,4o$N @:EY $NJQ2= ( <jK! : IQEY6Q0l!$=i4|;vNc 20000) J,N‘4o h 1 J,N‘4o h 2 Co-training A0 8e A0 8e :F8=N( 66.4 67.0 42.7 42.8 E,9gN( 85.5 86.0 91.6 91.0 F CM 74.8 75.4 58.2 58.2 $^$?!" Co-training $K$h$j?7$?$KF@$i$l$?;vNc$r=i4| ;vNc$K2C$($?$b$N$r3X=,;vNc$H$7$F!$AG@-=89g$NJ,3d$r 9T$J$o$:$K$9$Y$F$NAG@-$r$D$+$C$F3X=,$7$?>l9g$N@:EY $r!$$J$$ ) @:EY $r7W$jD>$7 $F$_$k$H <!$N$h$&$J 7k2L$,F@ $i$l$?!#I= 5,6 $K<($9!% >e5-7k2L$r$_$k$H!$$^$:!$<jK!!VIQEY6Q0l!W$N$[$&$, <jK! !V6& 5/!W $h $j $b Co-trainig $N 8z 2L $, 8= $l $F $$ $k $3 $H$, $o $+ $k!% =i 4| ;v Nc ?t 10000 $N >l 9g $K $O!$ $o $: $+ $G $O$"$k$,!$A4BN$N3X=,@:EY$H$7$F:F8=N(!$E,9gN($NN><T $,>e >: $7 $F $$ $k $3 $H $, $o $+ $k!% =i 4| ;v Nc ?t 20000 $N >l 9g$K$O!$A4BN$N3X=,@:EY$H$7$FE,9gN($NDc2<$rM^$($D$D!$ :F8=N($r>e>:$5$;$F$$$k$3$H$,$o$+$k!%:NMQ;vNc$r>/$J $/$7!$%i%Y%k?dDj$N@:EY$r>e>:$5$;$l$P!$$5$i$J$k8z2L $,F@$i$l$k$+$b$7$l$J$$!%$?$@$7!$3F3X=,4o$N@:EY$N%P %i%s%9$,NI$/$J$$$N$G!$AG@-=89g$NA*Br$K$O!$$^$@8!F$ $NM>CO$,$"$k!% 5 $^$H$a$H:#8e$N2]Bj K\9F$G$O!$ SVM $H Co-trainig $K4p$E$/8GM-I=8=Cj=P 4o$N3X=,$K$D$$$F 8!F$$r9T$J $$!$K\<jK!$G Co-training I= 5: 3MF@$5 $l$? ?75,;v Nc$r 2C$( $?3X=, @:EY ( =i4| ;vNc 10000) 85$NMQ71N};vNc 6&5/ IQEY6Q0l :F8=N( 63.3 63.3 63.6 E,9gN( 84.7 84.7 85.9 F CM 72.5 72.5 73 I= 6: 3MF@$5 $l$? ?75,;v Nc$r 2C$( $?3X=, @:EY ( =i4| ;vNc 20000) 85$N71N};vNc 6&5/ IQEY6Q0l :F8=N( 70.6 70.5 71.5 E,9gN( 88.4 88.5 88.3 F CM 78.5 78.5 79.0 $,2DG=$G$"$k$3$H$,3NG’$5$l$?!%$7$+$7!$K\<B83$G$O!$ Co-training $N8z2L$,$"$^ $j82Cx$K8+ $i$l$F$$$J$$!% $= $N860x$H$7$F$O!$$$$:$l$N>l9g$b!$:NMQ;vNc$N@:EY$,== J,$K9b$/$J$$$H$$$&$3$H$,4Q;!$5$l$F$$$k$3$H$,5s$2$i $l$k!%$3$l$O!$0lEY$K:NMQ$9$k;vNc?t$,$^$@B?$9$.$k$3 $H$,860x$H9M$($i$l$k!%$^$?!$:88~$-2r@O$r9MN8$7$?2f!9 $N<jK!$G$O!$3X=,=i4|CJ3,$H$=$l0J9_$G$ODI2C$9$Y$-;v Nc$N%i%Y%k$NIQEYJ,I[$,JQ$o$C$F$/$k!%:#8e!$$3$l$i$N MW0x$r8!F$$7!$9M;!$r=E$M$?$$!% ;29MJ88% [1] ;3 ED 42 9/!" 9) F# Bs!" >> K\ M4 <# . Supp ort V ector Mac hines $r MQ $$ $? F| K\ 8l 8G M- I= 8= Cj =P . >p Js =h M} 3X 2q <+ A3 8@ 8l =h M} 8& 5f 2q V o.2001,No.20. NL-142- 17, pp.121{128 2001. [2] ;3 ED 42 9/!" >> K\ M4 <# . Supp ort V ector Machine $N B? CM J, N‘ Ld Bj $N E, MQ K! . >p Js =h M} 3X 2q <+ A3 8@ 8l =h M} 8&5f 2q V o.2001,No.112. NL-146-6, pp.33{38 2001. [3] ?7G< 9@9, . AG @-4V $N6& 5/@- $r8! ::$9 $k Co-training $K$h $k8l 5A H=JL 5, B’$N 3X=, . >p Js =hM} 3X2q <+ A38@ 8l =h M} 8& 5f 2q V o.2001,No.86. NL-145-5, pp.29{36 2001. [4] Michael Collins and Y oram Singer. Unsup ervised Mo dels F or Named Entit y Class�cation. Joint SIGD A T Conference on Empirial Metho ds in Natural Language Pro cessing and V ery Large Corp ora. pp.100{110 1999. [5] Avrim Blum and T om Mitchell. Combining La- b eled and Unlab eled Data with Co-training. The Pro ceedings of the 1998 Conference on Compu- tational Learning Theory . 1998.