7ABVAGC10L$N78$j<u$1$K$h$k9=J82r@O ?9 ?.2p @>B< 2m;K 0KEl ?-BY 2.Ln ;gJf EOJU F|=PM: F|K\ IBM El5~4pAC8&5f=j ") 242-8502 ?@F‘@n8)BgOB;T2<Da4V 1623-14 1 $O$8$a$K K\ O@ J8 $G $O!" F| K\ 8l $r BP >] 8@ 8l $H $9 $k @8 @. E* $J 3N N( E* 8@ 8l %b %G %k $H $= $l $K 4p $E $/ 9= J8 2r @O 4o $K $D $$ $F =R $Y $k!# $3 $N %b %G %k $G $O!" J8 $O 7A BV AG $N Ns $H $_ $J $5 $l!" $= $l $i $N 4V $G $N 78 $j <u $1 4X 78 $r 3N N( E* J8 L. <+ M3 J8 K! $G 5- =R $5 $l $k!# $3 $N %b %G %k $r MQ $$ $? 9= J8 2r @O 4o $r :n @. $7!" F| K\ 7P :Q ?7 J9 $+ $i $J $i $k %3!< %Q %9 $+ $i %Q %i %a!< %? $r ?d Dj $7!" 7A BV AG Ns $r F~ NO $H $9 $k 9= J8 2r @O <B 83 $r 9T $J$C $? 7k 2L!" 78 $j <u $1 C1 0L $G 88.6% $N 2r @O @: EY $r F@ $?!# $^ $?!" J8 ;z Ns $r F~ NO $H $9 $k 9= J8 2r @O 7k 2L $r 7A BV AG 2r @O $N 7k2L$H$7$F$7$FI>2A$9$k $H!"7ABVAG 2-gram %b%G%k$K$h $k 7k 2L $h $j $b NI $/!" 9= J8 >p Js $, 7A BV AG 2r @O $N @: EY $r 8~ >e$5$;$k$3$H$,<B83E*$K<($5$l$?!# 2 78$j<u$1$K4p$E$/3NN(E*8@8l%b%G%k $3 $N @a $G $O!" 2f!9 $, Ds 0F $9 $k 78 $j <u $1 $K 4p $E $/ 3N N( E* 8@ 8l %b %G %k $K $D $$ $F =R $Y $k!# $3 $N %b %G %k $G $O!" J8 $O 7A BV AG $N Ns ( m = m 1 m 2 � � � m n ) $H $_ $J $5 $l!" $= $l $i $N 4V $G $N 78 $j <u $1 4X 78 $r 3N N( J8 L. <+ M3 J8 K! (SCF G) $G 5- =R $9 $k!# =* C< 5- 9f $O 7A BV AG $G $" $j!" Hs =* C< 5- 9f $O 7A BVAG$H<u$1$k7ABVAG$N?t$H$NAH$G$"$k!# 2.1 J8$N%b%G%k 7A BV AG 4V $N 78 $j <u $1 $H $7 $F CN $i $l $k 4X 78 $r 5- =R $9 $k $? $a $K!" 0l HL E* $K G’ $a $i $l $F $$ $k J# ?t $N 78 $j <u $1 4X 78 $N Hs 8r :9 $r 2> Dj $7!" 7A BV AG $r =* C< 5- 9f $H $9 $k 3N N( J8 L. <+ M3 J8 K! $r F3 F~ $9 $k!# F| K\ 8l $N 78 $j <u $1 $N @- <A $H $7 $F!" J8 Cf $G A0 $K 0L CV $9 $k 7A BV AG $,!" 8e $K 0L CV $9 $k 7A BV AG $K 78 $k $3 $H $, J, $+$C $F $$ $k!# $5 $i $K!" 78 $j <u $1 4X 78 $r!" $9 $G $K 2? $, 78$C $F $$ $k $+ $K 0M B8 $7 $J $$ Fs 9‘ 4X 78 $G $"$k $H 2> Dj $9$H!" 78 $j <u $14X 78 $r I= $9 F3=P 5, B’ $O B ) AB $H $$ $& 7A <0 $H $J $k!# $3 $3 $G!" A $O 78 $j 7A BV AG $r I= $9 =* C< 5- 9f $^ $? $O Hs =* C< 5- 9f $G $" $j!" B $O <u $1 7A BV AG $rI=$9=*C<5-9f$^$?$OHs=*C<5-9f$G$"$k!# Hs =* C< 5- 9f $r =* C< 5- 9f $H F1 $8 $h $& $K 7A BV AG $H $9 $k $3 $H $b $G $- $k $,!" IU 2C E* $J >p Js $H $N D> @Q $H $9 $k $3 $H $G!" %b %G %k $, 78 $j <u $1 $N @- <A $r $h $j H? 1G $9 $k $h $& $K FC <l 2= $9 $k $3 $H $b $G $- $k!# 2f!9 $, Ds 0F $9 $k %b %G %k $G $O!" $$ $/ $D $N 7A BV AG $r <u $1 $F $$ $k $+ $r IU 2C E* $J >p Js $H $7 $F 2C $( $k $3 $H $H $7 $?!# $3 $l $O!" J8 Cf $N =P 8= 0L CV $, 6a $$ 7A BV AG 4V $N 78 $j <u $1 $O!" 1s $$ 7A BV AG 4V $N 78 $j <u $1 $h $j $b 9b $$ IQ EY $G @8 $8$k [1] $N $G!" $3 $N @-<A $r %b %G %k$K AH $_ 9~ $‘ $3 $? $a $G $" $k!# %G!< %? %9 %Q!< %9 %M %9 $N Ld Bj $K BP =h $9 $k $? $a $K!" <u $1 $F $$ $k 7A BV AG $N ?t $K >e 8B $r @_ $1 $?!# 7A <0 E* Dj 5A $r 4J JX $K $9 $k $? $a $K!" =* C< 5- 9f $b 7A BV AG $H <u $1 $F $$ $k7ABVAG $N?t$H$N AH$H$9 $k!#?^ 1 $O!"$"$k J8$N78$j <u $1 9= B$ $H $= $l BP 1~ $9 $k J8 L. <+ M3 J8 K! $N F3 =P LZ $G $" $k!# =* C< 5- 9f $K $O 78 $k 7A BV AG $, $J $$ $H $$ $& E@ $K Cm 0U $7 $J $1 $l$P$J$i$J$$!# 0J >e $G =R $Y $? 3N N( J8 L. <+ M3 J8 K! $N =* C< 5- 9f $N =8 9g T $H Hs =* C< 5- 9f $N =8 9g V $O!" <u $1 $F $$ $k 7A BV AG $N ?t $r d !"$=$N>e8B$r d max $H$7$F!"0J2<$N$h$&$KI=$5$l$k!# T = M � f 0 g V = M � f 1 ; 2 ; � � � ; d max g $3 $3$G!" M $O7ABV AG$N=89g$r I=$9!#$5$i $K!"F3=P5,B’ $O0J2<$N$h$&$J7A<0$K$J$k!# ( m 1 ; d 1 ) ) ( m 2 ; d 2 )( m 3 ; d 3 ) $3 $3 $G!" 1& JU $N 1& B& $N 7A BV AG $, <g <- $G $" $k $+ $i m 1 = m 3 $G$"$j!" 1 $D$N7ABVAG$r<u$1$k$N$G d 1 = min( d 3 + 1 ; d max ) $G$"$k!#$^$?!"3+;O5-9f$O ( B T ; 1) $G$"$k!# $" $k J8 $O!" 3+ ;O 5- 9f $K $3 $l $i $N F3 =P 5, B’ $r 2? 2s $+ E, MQ $7 $? 7k 2L F@ $i $l $k 7A BV AG Ns $H $7 $F @8 @. $5 $l $k!# 3F F3 =P 5, B’ $K $O 3N N( $, IU M? $5 $l $F $* $j!" 7A BV AG Ns $N @8 @. 3N N($O$3$l$i$N@Q$H$J$k!#

?^ 1: J8L.<+M3J8K!$K$h$kF3=P 2.2 DcIQEY;v>]$X$NBP=h Dc IQ EY ;v >] $K BP =h $9 $k $? $a Jd 4V $r F3 F~ $9 $k!# F3 =P 5, B’ $+ $i J, $+ $k $h $& $K!" <u $1 $F $$ $k 7A BV AG $N ?t $r L5 ;k $9 $l $P!" =$ >~ 8l $, <g <- $+ $i M= B, $5 $l $k $H $$ $& 0U L# $G 7A BV AG 2-gram $K N‘ ;w $7 $F $$ $k!# $7 $? $,$C $F!" 7A BV AG n - gram %b %G %k $K$* $$ $F$J $5 $l$k $h $& $K!"$h $j Dc<! $N %b%G %k $H Jd 4V $9 $k $3 $H $G Dc IQ EY ;v >] $K BP =h $9 $k $3 $H $, $G $- $k!# 6q BN E* $K $O!" 0J 2< $N <0 $, <( $9 $h $& $K 7A BV AG 1-gram %b %G %k $H 7A BV AG 0-gram %b %G %k ( 0l MM J, I[ ) $K N‘ ;w $9 $k %b%G%k$H$NJd4V$r9T$J$&!# P ( B ) AB ) (1) = � 2 P 2 ( AB j B ) + � 1 P 1 ( A ) + � 0 1 j T j + j V j $?$@$7!" 0 � � j � 1 ( j = 1 ; 2 ; 3) $+$D � 1 + � 2 + � 3 = 1 $G $" $k!#$3 $l$i Jd4V 78 ?t$N CM$O!" n -gram %b %G%k $N>l 9g$H F1 $8 $h $& $K!":o =| Jd 4V K! [2] $K $h$C$F 5a $a $k $3 $H $, $G$-$k!# 2.3 %Q%i%a!<%??dDj 3F F3 =P 5, B’ $N 3N N( CM $O!" 78 $j <u $1 $, IU M? $5 $l $? %3!< %Q %9 $+ $i $= $N IQ EY $r 7W ?t $7!" 0J 2< $N <0 $r MQ $$ $F :G L‘ ?d Dj$9$k$3$H$GF@$i$l$k!# P (( m 1 ; d 1 ) ) ( m 2 ; d 2 )( m 3 ; d 3 )) M LE = f (( m 1 ; d 1 ) ) ( m 2 ; d 2 )( m 3 ; d 3 )) f (( m 1 ; d 1 )) $3 $3 $G!" f ( x ) $O ;v >] x $N 3X =, %3!< %Q %9 $G $N IQ EY $r I= $9!# 2.4 L$CN8l%b%G%k 2f!9 $N 8@ 8l %b %G %k $, L$ CN 7A BV AG $r 07 $& $3 $H $, $G $- $k $h $& $K!" J8 ;z 2-gram $+ $i $J $k L$ CN 8l %b %G %k $r IU 2C $7 $?!# J8 Cf $N 7A BV AG $, 8l WC $K $J $$ >l 9g!" $= $N IJ ;l $r =* C< 5- 9f $H $7 $F 3N N( J8 L. <+ M3 J8 K! $K $h $j @8 @. $7!" <! $$ $G L$ CN8l%b%G %k$,IJ;l$+$iJ8;zNs ( x = x 1 x 2 � � � x m ) $r0J2<

$N<0$rMQ$$$F@8@.$9$k!# P ( x j P O S ) = m +1 Y i =1 P P O S ( x i j x i � 1 ) $3 $3 $G!" x 0 = x m +1 = BT $O 7A BV AG $N 6- 3& $r <( $9 FC JL $N 5- 9f $G $" $k!# $3 $l $K $h $j!" $9 $Y $F $N 2D G= $J J8 ;z Ns $KBP$9$k3NN(CM$N9g7W$, 1 $K$J$k!# :o =| Jd 4V $K $h $k Jd 4V 78 ?t $N ?d Dj $G $O!" 3X =, %3!< %Q %9 $r J# ?t $N It J, %3!< %Q %9 $K J, 3d $9 $k!# <B 83 $G $O!" 8l WC $O It J, %3!< %Q %9 $N 2 $D 0J >e $K =P 8= $9 $k 7A BV AG $H $7 $?!# L$ CN 8l %b %G %k $N %Q %i %a!< %? $O!" 1 $D $N It J, %3!< %Q %9 $K $7 $+ =P 8= $7 $J $$ 7A BV AG $+ $i!" IJ ;l Kh $K 0J 2< $N <0 $r MQ $$ $F ?dDj$5$l$k!# P POS ( x i j x i � 1 ) MLE = f POS ( x i ; x i � 1 ) f POS ( x i � 1 ) J8 ;z 2-gram %b %G %k $b J8 ;z 1-gram %b %G %k $H J8 ;z 0- gram %b %G %k ( 0l MM J, I[ ) $H Jd 4V $9 $k!# Jd 4V 78 ?t $O :o =| Jd4VK! [2] $K$h$j?dDj$9$k!# 3 9=J82r@O 0l HL E* $K!" 9= J8 2r @O 4o $O 7A BV AG Ns $K J, 3d $5 $l $? J8 $r F~ NO $H $7!" $= $N 9= B$ $r =P NO $9 $k!# $3 $l BP $7 $F!" 2f!9 $, Ds 0F $9 $k 9= J8 2r @O 4o $O!" J8 ;z Ns $r F~ NO $H $7 $F!" C1 8l $X $N J, 3d $H IJ ;l $N IU M? $r 9= J8 2r @O $H F1 ;~ $K 9T $J $& $3 $H $, $G $- $k!# $3 $N @a $G $O!" A0 @a $G =R $Y $? 8@ 8l %b %G %k $K 4p $E $/9=J82r@O4o$K$D$$$F@bL@$9$k!# 3.1 3NN(E*9=J82r@O4o 3NN(E*8@8l%b%G %k$K4p$E$/ 9=J82r@O4o$O!" J8;zNs ( x ) $r M? $( $i $l $k $H!" 3N N( $, :G Bg $H $J $k 9= B$ $r 0J 2< $N <0 $K =>$C$F=PNO$9$k!# ^ T = argmax w ( T )= x P ( T j x ) = argmax w ( T )= x P ( T j x ) P ( x ) = argmax w ( T )= x P ( x j T ) P ( T ) ( � � � Ba y es’ form ula) = argmax w ( T )= x P ( T ) ( � � � P ( x j T ) = 1) $3 $3 $G!" w ( T ) $O F3 =P LZ T $N 7A BV AG Ns $N J8 ;z Ns $N O" @\ $G $" $k!# :G 8e $N 9T $N P ( T ) $O 3N N( E* 8@ 8l %b %G %k $G $" I= 1: %3!<%Q%9 J8?t 7ABVAG?t J8;z?t 3X=, 1,072 30,292 46,212 %F%9%H 119 3,268 4,909 $k!# $3$l$O!" 2f!9$N9=J8 2r@O4o $G$O!" 2 @a$G=R $Y$?3N N( J8 L. <+ M3 J8 K! $K $h$C $F 7W ;; $5 $l $k F3 =P LZ T $N 3N N( $G $" $k!# 3.2 2rC5:w$N%"%k%4%j%:%‘ 9= J8 2r @O $K MQ $$ $k 3N N( J8 L. <+ M3 J8 K! $N F3 =P 5, B’ $O!" Chomsky I8 =‘ 7A $K @) 8B$5 $l $F $$ $k!# $7 $?$,$C $F!" 2r C5 :w $N %" %k %4 %j %: %‘ $K $O F0 E* 7W 2h K! $N 0l <o $G $" $k CKY K! $r!" 3N N( J8L. <+ M3 J8 K!$K 3H D% $7 $?%" %k %4 %j %: %‘ [3] $r MQ $$ $k $3 $H $, $G $- $k!# CKY K! $K $h $k J8 L. <+ M3 J8 K! $N 9= J8 2r @O $N 7W ;; NL $O!" F~ NO $N 5- 9f ?t $r n $H $7 $F O ( n 3 ) $G $" $k!# 3N N( $r 07 $& $? $a $N 3H D% $O!" CKY I= $K Hs =* C< 5- 9f $H $H $b $K $= $3 $+ $i It J, J8 ;z Ns $, @8 @. $5 $l $k 3N N( $r 5- 21 $7 $F $* $/ $3 $H $G <B 8= $5 $l $k $N $G!" 7W ;; NL $K $O 1F 6A $7$J$$!# 4 I>2A 2 @a $G =R $Y $?!" 3N N( J8 L. <+ M3 J8 K! $K 4p $E $/ %b %G %k $r 9= @. $7!" 3 @a$G@bL@ $7$?2rC5 :w%"%k%4 %j%:%‘$r MQ$$$k9= J8 2r @O 4o $r :n @. $7!" %F %9 %H %3!< %Q %9 $K BP $9 $k 9= J8 2r @O $N <B 83 $r 9T $J$C $?!# $3 $N @a $G $O!" $3 $N 7k 2L $r Ds <( $7!" $= $NI>2A$r9T$J$&!# 4.1 <B83$N>r7o <B 83 $K $O!"F| K\ 7P :Q?7 J9 $N 5- ;v$+ $i $J $k%3!< %Q %9 ( I= 1 ;2 >H ) $r MQ $$ $?!# 3F J8 $O!" 7A BV AG $K J, 3d $5 $l!" 9= J8 9= B$ $, IU M? $5 $l $F $$ $k!# $^ $?!" %b %G %k $N @b L@ $K $* $$ $F $O 2D JQ $G $"$C $?!" <u $1 $F $$ $k 7A BV AG $N ?t $N >e 8B $r 9 $H $7 $? ( d max = 9) !#

4.2 I>2A 7A BV AG C1 0L $N 78 $j <u $1 %b %G %k $K $h $k 9= J8 2r @O 4o $r :n @. $7!" @: EY $N I> 2A $r 9T $J$C $?!# J8 ;z Ns $K BP $9 $k 9= J8 2r @O $b 2D G= $G $" $k $,!" 7A BV AG $X $N J, 3d $N 8m $j $, @8 $8!" 7k 2L $N I> 2A $, :$ Fq $G $" $k $? $a!" 9= J8 2r @O $N @: EY $N I> 2A $K $O 7A BV AG Ns $r F~ NO $H $7 $? >l 9g $N =P NO $r MQ $$ $?!# @: EY $O!" 0J 2< $N <0 $G <( $5 $l $k $h $& $K!" ?d Dj $7 $? 78 $j <u $1 4X 78 $N ?t $K BP $9 $k!" @5 $7 $$ 78 $j <u $1 4X 78 $N 3d 9g $G $" $k!# $3 $3 $G!" @5 $7 $$ 78 $j <u $1 4X 78 $H $O!" %3!< %Q %9 $K IU M? $5 $l$?78$j<u$14X78$HF1$8$G$k$3$H$r0UL#$9$k!# 2r@O@:EY = 78$j@h$,@5$7$$7ABVAG$N?t 7ABVAG$N?t 78 $j @h $, $J $$ :G 8e $N 7A BV AG $H 78 $j @h $, L@ $i $+ $J :G 8e $+ $i 2 HVL\$N7ABVAG$O!"I>2A$NBP>]$H$7$F$$$J$$!# I= 2 $O!" J8L.<+ M3J8K!$K 4p$E$/%b %G%k$K $h$k$H!"$9 $Y $F $N 7A BV AG $, <! $N 7A BV AG $K 78 $k $H $9 $k %Y!< %9 %i %$ %s $H $N 9= J8 2r @O $N @: EY $G $" $k!# 3X =, %3!< %Q %9 $N %5 %$ %: $, IT == J, $G $k $,!" %Y!< %9 %i %$ %s $N 8m $j $N Ls H> ?t $, D{ @5 $5 $l $F $$ $k!# :# 8e!" 3X =, %3!< %Q %9 $r A} $d $9 $3 $H $K $h$C $F @: EY 8~ >e $, 4| BT $G $- $k!# $J $*!" => Mh $N J8 @a $r C1 0L $H $9 $k 78 $j <u $1 2r @O $H Hf 3S $K 4X $7 $F $O!" L> ;l $, D> 8e $N =u ;l $K 78 $k >l 9g $J $I $N MF 0W $J 78 $j <u $1 $r 4^ $‘ 0l J}!" J# 9g 8l $N 2r @O $J $I $N :$ Fq $J 78 $j <u $1 $r 4^ $‘ $H $$ $& Aj 0c $, $" $j!" @:EY$NHf3S$OMF0W$G$O$J$$!# $^ $?!" J8 ;z Ns $K BP $9 $k 9= J8 2r @O $N 7k 2L $r 7A BV AG 2r @O $N 7k 2L $H $_ $J $7 $F!" 7A BV AG C1 0L $G $N :F 8= N( $H E, 9g N( [4] $r7ABVAG 2-gram %b%G%k$HHf3S$7$?!# I= 3 $O!" Ds 0F %b %G %k $H 7A BV AG 2-gram %b %G %k $K 4p $E $/ 7A BV AG 2r @O 4o $N 7k 2L $G $" $k!# :F 8= N( $H E, 9g N( $N AP J} $K $*$$$FDs0F%b%G%k$N@:EY $O!"7ABVAG 2-gram %b%G%k$K$h $k @: EY $h $j $b $h $/!" 9= J8 >p Js $, 7A BV AG 2r @O $N @: EY $r 8~ >e $5 $; $k $3 $H $, <B 83 E* $K <( $5 $l $? 1 !# $3 $l $O!" 7A BV AG 2r @O $H 9= J8 2r @O $r F1 ;~ $K 9T $J $& $3 $H $G <B 8= $5 $l $F $* $j!" @8@.E*$J9=J8%b%G%k$ND9=j$N 1 $D$G$"$k!# 5 7kO@ K\ O@ J8 $G $O!" 7A BV AG $r C1 0L $H $9 $k 78 $j <u $1 9= B$ $K 4p $E $/ 3N N( E* 8@ 8l %b %G %k $K $D $$ $F =R $Y $?!# 7A BV AG 4V $N 4X 1 El 5~ 9) 6H Bg 3X $N Gr 0f @6 >< ;a $O A TR BP OC %3!< %Q %9 $N Nc J8 500 J8 ( J?6QC18l?t 10 DxEY ) $KBP$7$FF1MM$N7k2L$rF@$F$$$k!# I= 2: 9=J82r@O$N@:EY 8@8l%b%G%k 2r@O@:EY 3NN(J8L.<+M3J8K! 88.6% %Y!<%9%i%$%s � 80.0% * $=$l$>$l$N7ABVAG$O<!$N7ABVAG$K78$k$H$9$k I= 3: 7ABVAG2r@O$N@:EY 8@8l%b%G%k :F8=N( E,9gN( 3NN(J8L.<+M3J8K! 89.9% � 2937 3268 � 90.5% � 2937 3247 � 7ABVAG 2-gram 89.4% � 2920 3268 � 90.2% � 2920 3237 � 78 $O 3N N( J8 L. <+ M3 J8 K! $G 5- =R $5 $l $k!# $3 $N %b %G %k $r MQ $$ $? 9= J8 2r @O 4o $r :n @. $7!" F| K\ 7P :Q ?7 J9 $+ $i $J $i $k 1,072 J8 $N %3!< %Q %9 $+ $i %Q %i %a!< %? $r ?d Dj $7!" 119 J8 $K BP $7 $F 9= J8 2r @O <B 83 $r 9T $J$C $? 7k 2L!" 78 $j <u $1 C1 0L $G $N @: EY $O 88.6% $G $"$C $?!# $^ $?!" J8 ;z Ns $r F~ NO $H $9 $k 9= J8 2r @O 7k 2L $r 7A BV AG 2r @O $N 7k 2L $H $7 $F $7 $F I> 2A $9 $k$H!" 7ABVAG 2-gram %b%G%k$K$h$k7k 2L$h$j$b$h$/!"9= J8 >p Js $, 7A BV AG 2r @O $N @: EY $r 8~ >e $5 $; $k $3 $H $, <B 83 E* $K<($5$l$?!# ;29MJ88% [1] Hiroshi Maruy ama and Shiho Ogino. A Sta- tistical Prop ert y of Japanese Phrase-to-Phrase Mo di�cations. Mathematic al Linguistics , V ol. 18, No. 7, pp. 348{352, 1992. [2] F redelic k Jelinek, Rob ert L. Mercer, and Salim Rouk os. Principles of Lexical Language Mo d- eling for Sp eec h Recognition. In A dvanc es in Sp e e ch Signal Pr o c essing , c hapter 21, pp. 651{ 699. Dekk er, 1991. [3] KL8&Fs , CfB<E/ , 1JED>;L@ . 2;@<8@8l=hM} . ?9KL=PHG , 1996. [4] 1J ED >; L@ . EDR %3!< %Q %9 $r MQ $$ $? 3N N( E* F| K\ 8l 7A BV AG2r @O . EDR EE ;R 2= <- =q Mx MQ %7 %s %] %8 %& %‘ , pp. 49{56, 1995.