3P $( =q C1 8l $N 6& 5/ $K 4p $E $/ 4X O" J8 =q 8! :w !" ;; K! $H 8! :w ;v Nc Bg 3X F~ ;n %; %s %? !< 8& 5f 3+ H/ It >p Js =h M} 8& 5f It Lg @P 2, 91 7{ 3t <0 2q <R %j %3 !< %= %U %H %& %’ %" 8& 5f =j 55 ED 2m G7 Do cumen t retriev al based on w ords’ co o ccurrences, the algorithm and its application Tsunenori Ishioka Masa yuki Kamed a MW ;] 0[ $J $C $? J8 =q $K F1 ;~ $K 8= $o $l $k C1 8l $K Ce L\ $9 $k $3 $H $K $h $j !" @x :_ E* $J 0U L# E* 8! :w $r $* $3 $J $& Deerw ester(1990) $N Laten t Seman tic Analysis $r F| K\ 8l $N Hf 3S E* Bg 5, LO $J J8 =q =8 9g $K BP $7 $F E, MQ $7 $? !# $= $N Cf $G !" Bg 7? AB 9T Ns $K $* $1 $k FC 0[ CM J, 2r %" %k %4 %j %: %‘ $N Hf 3S 8! F$ $r 9T $J $$ !" F| K\ 8l J8 =q 8! :w $K E, $7 $? J} K! $r 8+ $D $1 $? !# $3 $l $r <B :] $N ?7 J9 5- ;v $G ;n $7 !" J8 =q 8! :w !" $* $h $S 4X O" 8l I= <( $K $* $$ $F M- 8z $G $" $k $3 $H $N 8+ DL $7 $r F@ $? !# $^ $? <B Au $9 $k >e $G $N 9) IW $H $7 $F !" 4X O" J8 =q 8! :w $K $* $$ $F $O !" J8 =q $N Bg $- $5 $K $h $k 4p =‘ 2= $, I, MW $J $3 $H $, $o $+ $C $? !# $5 $i $K !" =E J# $r 5v $9 C1 8l $N %/ %i %9 %? %j %s %0 $r ;n $_ $? !# 1 $O $8 $a $K 6a G/ !" 5^ B. $K 4X ?4 $N 9b $^ $C $F $- $F $$ $k %G !< %? %^ %$ %K %s %0 $N J, Ln $K $* $$ $F !" $= $N E, MQ J, Ln $N 0l $D $G $" $k J8 =q %^ %$ %K %s %0 $O !" go o $d AltaVista $J $I 8! :w %( %s %8 %s Mx MQ $N Ia 5Z $H H< $C $F !" %3 %s %T %e !< %? $N Hs @l Lg 2H $K $H $C $F $b $H $j $o $1 Cm L\ $N 9b $$ $H $3 $m $G $" $k !# J8 =q %^ %$ %K %s %0 $O !" KD Bg $J EE ;R 2= J8 =q $+ $i 6= L# ?< $$ CN 8+ $r F@ $k $b $N $G !" $= $N 1~ MQ $H $7 $F $O !" J8 =q / %& %’ %V 8! :w !" 4X O" 8l 8! :w !" J8 =q J, N‘ $J $H $, 5s $2 $i $l $k !# J8 =q %^ %$ %K %s %0 $G $O !" 07 $& %G !< %? NL $, KD Bg $G $" $k >e $K !" <B MQ $K BQ $( $& $k B. EY $G $N 1~ Ez $, 5a $a $i $l $k !# $3 $N $? $a !" $= $N 2r 7h J} K! $N 0l $D $H $7 $F !" Cx <T $i $O C1 8l $N 6& 5/ $K 4p $E $$ $? 8! :w %" %k %4 %j %: %‘ $K Cm L\ $7 $F $- $? !# !V C1 8l $N 6& 5/ !W $H $O !" F1 0l $N J8 =q / J8 $K J# ?t $N C1 8l $, F1 ;~ $K =P 8= $9 $k $3 $H $r $$ $& !# ;v <B !" $3 $N J} K! $O !" %Q %? !< %s %^ %C %A $K $h $k J} K! (lexical searc hing tec hnique) $K Hf $Y !" 8! :w 8z N( $, 30% NI $$ $H $$ $& Js 9p $, $" $k (Letsc he(1997)) !# => Mh !" C1 8l $N 6& 5/ $K Ce L\ $7 $? !V J8 =q %^ %$ %K %s %0 !W $K $O Bg JL $7 $F #2 $D $N %" %W %m !< %A $, $" $C $? $H ;W $o $l $k !# 0l $D $O !" F~ NO %- !< %o !< %I $r 4^ $‘ J8 =q =8 9g $K @. N) $9 $k Aj 4X %k !< %k $r 5a $a !" $= $N %k !< %k $K 4p $E $- 8! :w $r $* $3 $J $& $b $N $G $" $k !# H/ 8+ $9 $Y $- CN <1 $O !" $I $N $h $& $J C1 8l F1 ;N $, 6& 5/ $7 $d $9 $$ $+ $G $" $k !# Apriori(Agra w al(1992)) $O !" $= $N Be I= E* $J %" %k %4 %j %: %‘ $G $" $k !# !V Ld Ez !W ( 2O Ln (1996);h ttp://www.kuamp.ky oto-u.ac.jp/labs/inforcom/mondou/) Key w ords: singular v alue decomp osition, laten t seman tic analysis, clustering 1

$b !" %f !< %6 $N 8! :w MW 5a $N 6a K5 $N %- !< %o !< %I 6u 4V $K $* $1 $k Aj 4X %k !< %k $r 4X O" 8l $N CN <1 $H $7 $F Ds <( $9 $k $b $N $G $" $k !# $b $& 0l $D $N %" %W %m !< %A $O !" F~ NO %- !< %o !< %I / Ld $$ 9g $o $; J8 $H 8! :w BP >] J8 =q $K 8= $o $l $k C1 8l $H $N 6& 5/ $N EY 9g $$ $K $h $C $F !" $h $j E, @Z $H 9M $( $i $l $k J8 =q $r 8! :w $9 $k $b $N $G $" $k (Gra v ano(1995) $J $I ) !# 4p K\ E* $J 9M $( J} $O !" 8! :w MW 5a %Y %/ %H %k $K N‘ ;w $7 $? %Y %/ %H %k $r $b $D J8 =q $O !" E, @Z $J J8 =q $G $" $k $H H= CG $9 $k $b $N $G !" 0l HL $K $O %Y %/ %H %k 6u 4V %b %G %k (v ector-space mo del) $H 8F $P $l $k !# $= $N :] $K !" C1 8l $N =E $_ IU $1 $, $7 $P $7 $P 9T $J $o $l $k $, !" $= $N J} K! $H $7 $F !" C1 0l J8 =q Cf $G =P 8= $9 $k IQ EY (within-story term frequency) $K 1~ $8 $F =E $_ $r M? $( $k Luhn(1957) $N tf K! $H !" $= $N C1 8l $, =P 8= $9 $k J8 =q ?t $N 5U ?t (in v erse do cumen t frequency) $K 1~ $8 $F =E $_ $r M? $( $k !J $9 $J $o $A $5 $^ $6 $^ $J J8 =q $K =P 8= $9 $k $" $j $U $l $? C1 8l $N =E $_ $r Dc $/ $9 $k !K Jones(1972) $N idf K! $H $r AH $_ 9g $o $; $? tf � idf %b %G %k !" $b $7 $/ $O $= $N GI @8 $, MQ $$ $i $l $k $3 $H $, B? $$ !J $3 $l $i $N MW Ls $K $D $$ $F $O Allan(1998) $J $I !K !# E} 7W E* ?’ :L $, 6/ $$ J} K! $H $7 $F $O !" Deerw ester(1990) $K $h $C $F Ds 0F $5 $l $? \Laten t Seman tic Analysis" $, $" $k !# $3 $l $O !" 6& 5/ $N IQ EY $r <( $9 C1 8l - J8 =q 9T Ns $r FC 0[ CM J, 2r !J $? $H $( $P Lx 0f (1983) $J $I !K $9 $k $3 $H $K $h $j !" J8 =q $N @x :_ E* 0U L# 9= B$ $r Cj =P $9 $k $b $N $G $" $k !# F@ $i $l $? 0U L# 6u 4V $K $* $$ $F !" 8_ $$ $K 4X O" $7 $? J8 =q $d C1 8l $O 6a @\ $9 $k $h $& $K 9= @. $5 $l $k !# $3 $N J} K! $b 7k 2L E* $K $O %Y %/ %H %k 6u 4V %b %G %k $N 0l $D $G $" $k $, !" 6& 5/ $H $$ $& 0l <o $N %Q %? !< %s %^ %C %A $r 4V @\ E* $K MQ $$ $F $$ $k $? $a $K !" !V F~ NO %- !< %o !< %I $r A4 $/ 4^ $^ $J $$ $, 0U L# E* $K 6a $$ !W J8 =q $r $b A* $V $3 $H $b $G $- $k $h $& $K $J $k !# $? $H $( $P !" \ 7k :’ " $H $$ $& 8l $r F~ NO %- !< %o !< %I $K $7 $F !" !V \ 7k :’ " $H $$ $& 8l $r 4^ $^ $J $$ $1 $l $I $b \ Hd O* 1c " $d \ ?7 :’ N9 9T " $H $$ $C $? \ 7k :’ " $K 4X O" $N ?< $$ C1 8l $r 4^ $‘ J8 =q !W $r 8! :w $9 $k $3 $H $, 2D G= $H $J $k !# FC $K F| K\ 8l $N >l 9g !" I= 5- $N $f $l !J !V %$ %s %? !< %U %’ !< %9 !W $H !V %$ %s %? %U %’ %$ %9 !W $J $I !K $N Ld Bj $, $" $j !" %Q %? !< %s %^ %C %A $K $h $i $J $$ 8! :w $O !" 1Q 8l $K Hf $Y 99 $K M- Mx $G $" $k $H 9M $( $i $l $k !# Laten t Seman tic Indexing !J 0J 2< LSI $H N, $9 !K $, 1Q 8l $N J8 8% 8! :w $K $* $$ $F M- 8z $J $3 $H $O TREC(T ext REtriev al Conference) $J $I $G 4{ $K <g D% $5 $l $F $$ $k $3 $H $G !" Berry(1995a,1995b) $K $O !" C1 8l - J8 =q 9T Ns $K C1 8l / J8 =q $N DI 2C $, $" $C $? >l 9g $N FC 0[ CM J, 2r 9T Ns $N 99 ?7 J} <0 $K $D $$ $F =R $Y $i $l $F $$ $k !# $^ $? Letsc he(1997) $K $O !" $h $j 8z N( E* $J LSI $N <B Au $K $D $$ $F =R $Y $F $$ $k !# $7 $+ $7 $J $, $i !" F| K\ 8l J8 =q $N >l 9g $O !" C1 8l $r J, $+ $A =q $- $7 $J $$ $H $$ $& FC D’ $N $? $a C1 8l $N @Z $j =P $7 $, Fq $7 $$ $3 $H $H !" 0l HL $K FC 0[ CM J, 2r $O 5p Bg $J %a %b %j 6u 4V $r I, MW $H $9 $k !J :G $b I8 =‘ E* $H 9M $( $i $l $k Numerical recip es !J Press(1986) !K $K $" $k FC 0[ CM J, 2r %" %k %4 %j %: %‘ $G $O !" <B 9T ;~ 4V $H %a %b %j $N 4X 78 $+ $i !" %o !< %/ %9 %F !< %7 %g %s $G $O ;v <B >e !" <B 9T IT 2D G= $G $" $k !K $H $$ $& M} M3 $N $? $a !" %G !< %? ?t $, ?t @i $r 1[ $( $k Bg $- $5 $N Ld Bj $K BP $7 $F LSI $r E, MQ $7 $? ;v Nc $O !" 9q Fb $K $* $$ $F $O $[ $H $s $I $J $$ $b $N $H ;W $o $l $k !# K\ 9F $G $O !" $3 $N Deerw ester(1990) $K $h $k \Laten t Seman tic Analysis" $N J} K! $r 2< I_ $- $K $7 !" Berry(1992) $K $h $k AB 9T Ns $K E, $7 $? FC 0[ CM J, 2r %Q %C %1 !< %8 $r MQ $$ $k $3 $H $G !" == J, $K Bg $- $$ <B %G !< %? $K BP $7 $F !" <u MF 2D G= $J 1~ Ez $r Ds 6! $9 $k <B Au $K $D $$ $F =R $Y $k !# $" $k A4 9q ;f $N 2a 5n $N 5- ;v $r MQ $$ $F !" 8! :w !" $* $h $S 4X O" 8l $N I= <( $r $* $3 $J $C $? 7k 2L $r Nc <( $7 !" =E J# $r 5v $9 C1 8l J, N‘ $N 0l Ds 0F $r 9T $J $& !# 2

2 FC 0[ CM J, 2r %b %G %k 5- 9f I= 5- 9f MQ Nc !" Dj 5A @b L@ A A = a ij ; i = 1 ; � � � ; p ; j = 1 ; � � � ; q p � q 9T Ns 0 A 0 E> CV 9T Ns x 0 E> CV %Y %/ %H %k � 1 A � 1 5U 9T Ns I ; I n I n = ( � ij ; i; j = 1 ; � � � ; n ) n � n C1 0L 9T Ns k k k x k = ( P n i =1 x 2 i ) 1 = 2 %f !< %/ %j %C %I !& %N %k %‘ diag diag ( a ) = diag ( a 1 ; � � � ; a n ) %Y %/ %H %k a $N @. J, $r BP 3Q MW AG $H $9 $k BP 3Q 9T Ns trace trace( A ) %H %l !< %9 2.1 C1 8l - J8 =q %G !< %? $b $H $H $J $k %G !< %? : C1 8l - J8 =q 9T Ns $r t � d $N 9T Ns X $H CV $/ !# t $O C1 8l ?t !" d $O J8 =q ?t $G $" $k !# 9T Ns X $N 3F MW AG $r x ij $H $7 $? $H $- !" x ij = ( 1 C1 8l i (1 � i � t ) $, J8 =q j (1 � j � d ) $K 4^ $^ $l $F $$ $k $H $- 0 4^ $^ $l $J $$ $H $- (1) $H $* $/ !# C1 8l i $, J8 =q j $K J# ?t 2s !" =P 8= $7 $? $H $- $K x ij $K 1 $r 1[ $( $k CM $r M? $( $k $3 $H $b 9M $( $i $l $k $, !" J8 =q $, ?7 J9 5- ;v $N $h $& $J >l 9g $G $O J8 =q Cf $K $* $1 $k C1 8l IQ EY $, !" $= $N C1 8l $N =E MW EY $H I, $: $7 $b 8+ $J $9 $3 $H $, $G $- $J $$ $N $G !" $= $N $h $& $K $O $7 $F $$ $J $$ !# Nc $( $P !" =E MW $J 4{ =P C1 8l $, !" J8 =q Cf $G $O !V F1 $J $K $, $7 !W $H $$ $& 7A $G I= 8= $5 $l $k $3 $H $O B? $$ !# J8 =q $K 4^ $^ $l $k C1 8l $O !" 7A BV AG 2r @O %D !< %k $K $h $j <h F@ $9 $k !# K\ <B 83 $G $O !" Cx <T $N 0l ?M $, 3+ H/ $7 $? QJP !J 55 ED (1995) !K $N 7A BV AG 2r @O 5! G= $r Mx MQ $7 $? !# QJP $O 9b B. !J 10KB %F %- %9 %H / IC !" P en tium 133 MHz !K !" 7Z NL !J 5,000 8l !" 100KB L$ K~ $N <- =q !" 300KB L$ K~ $N F0 :n %a %b %j !K $N F| K\ 8l 2r @O 7O !J F| K\ 8l 7A BV AG 2r @O $* $h $S 9= J8 2r @O 7O !K $G $" $k !# FC 0[ CM J, 2r : 9T Ns X $N FC 0[ CM J, 2r $O !" T 0 0 T 0 = T 0 T 0 0 = I t $* $h $S D 0 0 D 0 = D 0 D 0 0 = I d $r K~ $? $9 D> 8r 9T Ns T 0 $* $h $S D 0 $r MQ $$ $F 0J 2< $N DL $j <( $5 $l $k : X = T 0 S 0 D 0 0 (2) $3 $3 $G I t $* $h $S I d $O $= $l $> $l t <! !" d <! $N C1 0L 9T Ns $G $" $j !" T 0 $O t � m 9T Ns !$ S 0 $O m � m $N @5 J} BP 3Q 9T Ns !J BP 3Q MW AG 0J 30 A4 $F 0 !K !$ D 0 0 $O m � d 9T Ns $G $" $k !# $^ $? 0 � t � d $H $9 $k !# 0 $O E> CV $r <( $9 !# S 0 $N BP 3Q MW AG $O Bg $- $$ =g $H $9 $k !# 3

4v $D $+ $N FC 0[ CM J, 2r %k !< %A %s $G $O !" S 0 $N BP 3Q MW AG $, Bg $- $$ =g $G $" $k $3 $H $r J] >Z $7 $J $$ $N $G !" Cm 0U $r MW $9 $k !# <! 85 Dc 8: : 9T Ns S 0 $N BP 3Q MW AG $r k HV L\ $^ $G $H $j !" $3 $l $r ?7 $? $J 9T Ns S $H $9 $k !# $= $l $K 1~ $8 $F !" T 0 $* $h $S D 0 $b k Ns $^ $G $r H4 $- =P $7 !" $3 $l $r ?7 $? $J 9T Ns T $* $h $S D $H $9 $k !# $3 $N $H $- !" b X = T S D 0 (3) $H $J $j !" b X $O X $N 6a ;w $H $J $k !# $3 $3 $G T $O t � k 9T Ns !$ S $O k � k $N @5 J} BP 3Q 9T Ns !$ D 0 $O k � d 9T Ns $G $" $k !# 7P 83 E* $K k $O !" 8@ 8l %G !< %? $N >l 9g !" 50 � 100 Dx EY $K $9 $k $H NI $$ $h $& $G $" $k !# FC 0[ CM J, 2r $O 4v $D $+ $N B? JQ NL 2r @O <j K! $N 4p K\ $H $J $k $b $N $G !" X 0 X $N 8G M- CM Ld Bj $O <g @. J, J, @O $K Aj Ev $7 !" (3) <0 $K $* $$ $F !" T S $O <g @. J, F@ E@ !" D 0 $O <g @. J, $N 78 ?t $r I= $o $9 !# $^ $? 0x ;R J, @O $K $* $$ $F $O !" T $O 6& DL @- $r 1 $H $7 $? $H $- $N 0x ;R F@ E@ !" S D 0 $O $= $N 0x ;R Ii 2Y 9T Ns $K BP 1~ $7 $F $$ $k !# 2.2 FC 0[ CM J, 2r %b %G %k $+ $i F@ $i $l $k 4p K\ E* $J Hf 3S NL 9T Ns X $N 2 $D $N 9T %Y %/ %H %k $N %Y %/ %H %k @Q $O !" $= $N BP >] $H $J $k 2 $D $N C1 8l $, !" A4 J8 =q $K $o $? $C $F $I $N Dx EY !" 6& 5/ $N ;w $? %Q %? !< %s $r ;} $C $F $$ $k $+ $r <( $9 NL $H $J $k !# $7 $? $, $C $F 9T Ns b X c X 0 $O !" A4 $F $N C1 8l - C1 8l $N %Y %/ %H %k @Q $r $= $N MW AG $H $9 $k t � t $N @5 J} BP >N 9T Ns $H $J $k !# $3 $3 $G !" S $O BP 3Q 9T Ns $G !" D $O D> 8r 9T Ns $K $" $k $3 $H $K Cm 0U $9 $l $P !" C1 8l - C1 8l 4V $N 6a $5 9T Ns $H $7 $F !" b X c X 0 = T S 2 T 0 (4) $r MF 0W $K F3 $/ $3 $H $, $G $- $k !# $3 $N <0 $O 9T Ns b X c X 0 $N i 9T j Ns MW AG $, !" 9T Ns T S $N i 9T $H j 9T $H $N %Y %/ %H %k @Q $r $H $k $3 $H $G F@ $i $l $k $3 $H $r <( $7 $F $$ $k !# $3 $3 $G T S 6u 4V $O T !J C1 8l !K 6u 4V $r FC 0[ CM $N Bg $- $5 $K Hf Nc $7 $F 3H Bg / =L >. $7 $? $b $N $K $J $C $F $$ $k !# F1 $8 $h $& $K $7 $F !" J8 =q - J8 =q 4V $N 6a $5 9T Ns $O !" c X 0 b X = D S 2 D 0 (5) $J $k d � d $N @5 J} BP >N 9T Ns $G M? $( $i $l $k $3 $H $, $o $+ $k !# !J F1 $8 $h $& $K D S 6u 4V $O D !J J8 =q !K 6u 4V $r 3H Bg / =L >. $7 $? $b $N $G $" $k !# !K 0l J} !" C1 8l - J8 =q 4V $N 6a $5 $O !" b X $N 8D !9 $N MW AG $G <( $9 $3 $H $, $G $- $k $H 9M $( $i $l $k !# $7 $? $, $C $F C1 8l - J8 =q 4V $N 6a $5 9T Ns $r :F EY $3 $3 $K <( $; $P !" b X = T S D 0 (6) $H $J $k !# b X $N i 9T j Ns MW AG $O !" 9T Ns T S 1 = 2 $N i 9T $H 9T Ns D S 1 = 2 $N j 9T $H $N %Y %/ %H %k @Q $K $h $C $F F@ $i $l !" T S 1 = 2 6u 4V $H D S 1 = 2 6u 4V $H $N 6a $5 $N EY 9g $$ $r <( $7 $F $$ $k !# $3 $l $i E} 7W NL $K 4X O" $9 $k ?t 3X E* $J N" IU $1 $K $D $$ $F $O P apadimitriou(1998) $K >\ $7 $$ !# 4

3 AB 9T Ns $K BP $9 $k FC 0[ CM J, 2r C1 8l - J8 =q 9T Ns $O 0l HL $K 5p Bg $J AB 9T Ns (sparse matrix) $H $J $k !# 5p Bg $J AB 9T Ns $K BP $9 $k FC 0[ CM J, 2r $N $? $a $N %= %U %H %& %’ %" !& %Q %C %1 !< %8 $H $7 $F $O !" SVDP A CK(Berry(1992)) $, CN $i $l !" It J, 6u 4V (subspace) H? I| K! $d %i %s %A %g %9 (Lanczos) K! $, Mx MQ $G $- $k !# Numerical recip es !J Press(1986) !K $K $b $= $N ;; Ih $N $" $k Householder JQ 49 $K $h $C $F 2 =E BP 3Q 2= $K $9 $k J} K! $O !" $b $H $N 9T Ns $r C‘ <! JQ 49 $9 $k J} K! $G $" $k $+ $i !" AB 9T Ns $K BP $7 $F $3 $l $r E, MQ $9 $k $H !" JQ 49 $N $? $S $K ?7 $? $J Hs %< %m MW AG $, @8 @. $5 $l $F !" AB $G $" $k $H $$ $& @- <A $, <: $o $l $F $7 $^ $& !# AB 9T Ns $K $O E, $5 $J $$ J} K! $G $" $k !# $3 $3 $G K\ 9F $N L\ E* $G $O !" FC 0[ CM !" $* $h $S FC 0[ %Y %/ %H %k $N A4 $F $, I, MW $G $O $J $$ $3 $H $K Cm 0U $9 $k !# Bg $- $$ J} $+ $i 50 $J $$ $7 100 8D $N FC 0[ CM !" $* $h $S FC 0[ %Y %/ %H %k $, $o $+ $l $P $h $$ !# $3 $N $h $& $J >l 9g $K $O !" %i %s %A %g %9 K! $G $O 3 =E BP 3Q 2= $r ES Cf $G BG $A @Z $C $F $h $/ !" $3 $3 $G F@ $i $l $? >. $5 $J 3 =E BP 3Q 9T Ns $N FC 0[ CM $, !" $b $H $N 9T Ns $N FC 0[ CM $N $h $$ 6a ;w $K $J $C $F $$ $k $3 $H $, CN $i $l $F $$ $k (Saad(1980)) !# It J, 6u 4V H? I| K! $G $O !" I, MW $H $9 $k FC 0[ CM $N ?t $h $j $b >/ $7 Bg $- $J ?t $N <! 85 $r $b $D It J, 6u 4V $G !" FC 0[ CM !" $* $h $S FC 0[ %Y %/ %H %k $N $h $$ 6a ;w $, F@ $i $l $k !# 0J 2< $N 3.1 � 3.4 $K !" Hf 3S 8! F$ $N $? $a $K <h $j >e $2 $? FC 0[ CM J, 2r $N =t J} K! $r <( $9 !# $h $j >\ $7 $/ $O Berry(1992) $r 8+ $i $l $? $$ !# $J $* SVDP A CK $O !" h ttp://www.netlib.org/svdpac k/ $+ $i F~ <j $G $- !" sis1, sis2 Ey $N %W %m %0 %i %‘ L> $O SVDP A CK $K $* $1 $k N, 5- $G $" $k !# $^ $? !" 9T Ns X $N FC 0[ CM Ld Bj $O !" BP >N 9T Ns O X X 0 O ! ; X 0 X (7) $N 8G M- CM Ld Bj $H F1 CM $G $" $j !" 0J 2< $K <( $9 FC 0[ CM Ld Bj $r 2r $/ %" %k %4 %j %: %‘ $O !" K\ <A E* $K (7) <0 $N !J AB $J !K BP >N 9T Ns $K BP $9 $k 8G M- CM Ld Bj $r 2r $/ %" %k %4 %j %9 %‘ $K 2a $. $J $$ $3 $H $K Cm 0U $5 $l $? $$ !# 3.1 It J, 6u 4V H? I| K! (sis1, sis2) It J, 6u 4V H? I| K! $O !" 5p Bg $J AB 9T Ns $K BP $9 $k FC 0[ CM Ld Bj $r 2r $/ :G $b C1 =c $J %" %k %4 %j %: %‘ $G $" $k !# P arlett(1980) $, =R $Y $? $h $& $K !" $3 $l $O 8E E5 E* $J %Y %- >h K! (p o w er metho d) $N %V %m %C %/ 2= $H 8+ $J $9 $3 $H $, $G $- $k !# It J, 6u 4V H? I| K! $O Bauer(1957) $K $" $j !" ( t + d ) � ( t + d ) $N 9T Ns B = O X X 0 O ! (8) $r MQ $$ $F !" 0J 2< $r 99 ?7 $9 $k !# Z j = B j Z 0 (9) $3 $3 $G Z 0 = [ z 1 ; z 2 ; � � � ; z s ] $O ( t + d ) � s $G $" $k !# $b $7 Ns %Y %/ %H %k z i $, !J %Y %- >h K! $G $J $5 $l $k $h $& $K !K J, N% $7 $F 4p =‘ 2= $5 $l $k $J $i $P !" $= $l $i !J Ns %Y %/ %H %k !K $O !" 9T Ns B $N M% 1[ 8G M- %Y %/ %H %k !J @d BP CM :G Bg $N 8G M- CM $K BP 1~ $9 $k 8G M- %Y %/ %H %k !K $K <} B+ $7 $F $f $/ !# $7 $? $, $C $F !" 9T Ns Z j $O A2 <! !" Ns $4 $H $N @~ 7A FH N) @- $r <: $C $F $f $/ !# 9T Ns B $N Bg $- $J p 8D $N FC 0[ 5

CM %Z %" $r 6a ;w $9 $k $? $a $K !" Bauer(1957) $O !" 3F %9 %F %C %W $K $* $$ $F =$ @5 Gram-Scmidt %W %m %7 !< %8 %c $r MQ $$ z i $r 8_ $$ $K D> 8r $K $9 $l $P !" $= $l $i $N 4V $N @~ 7A FH N) @- $, J] $? $l $k $3 $H $r <( $7 $? !# $7 $+ $7 $J $, $i !" z i $N B $N FC 0[ %Y %/ %H %k $K BP $9 $k <} B+ $O $o $: $+ 1 <! $K 2a $. $J $$ !# SVDP A CK $G $O It J, 6u 4V H? I| $K !" @v N} $5 $l $? Rutishauser(1970) $N ritzit %W %m %0 %i %‘ !J It J, 6u 4V H? I| $K !" $5 $i $K Ra yleigh-Ritz %W %m %7 !< %8 %c $H Cheb yshev B? 9‘ <0 $r 7P $? 9b B. 2= $r 9T $J $C $F $$ $k !K $r ;H MQ $7 $F $$ $k !# (8) <0 $G <( $5 $l $? 9T Ns B $N FC 0[ CM Ld Bj $r 2r $/ %W %m %0 %i %‘ $r sis1 !" B = X 0 X $K BP $9 $k $= $l $r sis2 $H N, 5- $9 $k !# 3.2 %H %l !< %9 :G >. 2= K! (tms1, tms2) It J, 6u 4V (subspace) K! $N $b $& 0l $D $N J} K! $O !" Sameh(1982) $K =R $Y $i $l $F $$ $k 0l HL E* $J 8G M- CM Ld Bj H x = �Gx (10) $K $* $1 $k %H %l !< %9 :G >. 2= %" %k %4 %j %: %‘ $K 4p $E $/ $b $N $G $" $k !# $3 $3 $G H ; G $O BP >N 9T Ns $G !" G $O $5 $i $K @5 Dj $H $9 $k !# t � d $N 9T Ns X $N FC 0[ CM J, 2r $r $* $3 $J $& $? $a $K !" 9T Ns H $r 0J 2< $K Dj 5A $5 $l $k 9T Ns e B $K CV $- 49 $( $k (tms1): e B = I X X 0 I ! (11) $3 $3 $G !" $O !" e B $, @5 Dj $H $J $k $h $& $K Dj $a $i $l $k !# $" $k $$ $O H = X 0 X $H $* $/ (tms2) !# $3 $N $H $- G = I t + d !J H = X 0 X $N $H $- $O G = I d !K $H $* $1 $P !" Couran t-Fisc her Dj M} !J Wilkinson(1965) !K $K $h $j !" Y 0 Y = I p $r K~ $? $9 ( t + d ) � p 9T Ns Y $, B8 :_ $7 $F !" min Y trace( Y 0 e B Y ) = p � p X i =1 � i (12) $, !" @. $j N) $D $+ $i !" $3 $N :G >. 2= Ld Bj $r 2r $/ $3 $H $G !" 9T Ns X $N FC 0[ CM $r F@ $k $3 $H $, $G $- $k !J Sameh(1982) !K !# $3 $3 $G !" � i $O !" 9T Ns X $N FC 0[ CM $G � i = � � i $O !" 9T Ns ~ B $N 8G M- CM $G $" $k !# $^ $? � 1 � � 2 � . . . � � p $G $" $k !# 3.3 %i %s %A %g %9 K! (las1, las2) %i %s %@ %‘ $K Dj $a $? 4p =‘ 2= %Y %/ %H %k $K !" 9T Ns B $r 3] $1 $k 1i ;; $r 7+ $j JV $9 $3 $H $K $h $C $F !" B $H Aj ;w $J #3 =E BP 3Q 9T Ns T $N MW AG $r 7W ;; $9 $k J} K! $G $" $k !# (8) <0 $G <( $5 $l $? 9T Ns B $r MQ $$ $k %W %m %0 %i %‘ $r las1 !" B = X 0 X $K BP $9 $k $= $l $r las2 $H N, 5- $9 $k !# 3.4 %V %m %C %/ (blo c k) %i %s %A %g %9 K! (bls1, bls2) It J, 6u 4V H? I| K! $O 8G M- CM Ld Bj $K BP $9 $k %Y %- >h K! $N %V %m %C %/ 2= $G $" $k $N $G !" %Y %/ %H %k %i %s %A %g %9 K! $K $h $k 7+ $j JV $7 $K BP $7 $F $b !" F1 $8 $h $& $J %V %m %C %/ 2= $r 9M $( $k $3 $H $, $G $- $k !# 6

$3 $N J} K! $r %V %m %C %/ !& %i %s %A %g %9 K! $H 8F $S !" (8) <0 $G <( $5 $l $? 9T Ns B $r MQ $$ $k %W %m %0 %i %‘ $r bls1 !" B = X 0 X $K BP $9 $k $= $l $r bls2 $H N, 5- $9 $k !# 3.5 @- G= I> 2A <B 83 $" $k A4 9q ;f $N 1 G/ J, !J 1994 G/ !K $N 5- ;v !J Kh F| ?7 J9 $N CD R OM $r Mx MQ !K $+ $i !" @h F, 2,055 J8 =q $H !" $= $3 $K =P 8= $9 $k IQ EY 4 0J >e $N 4,041 C1 8l !J L> ;l !K $r MQ $$ $F !" SVDP A CK $G MQ 0U $5 $l $F $$ $k 4 � 2 = 8 DL $j $N J} K! $K BP $7 $F !" FC 0[ CM J, 2r $K MW $7 $? CPU ;~ 4V !" $J $i $S $K =j MW %a %b %j $r $^ $H $a $? $N $, I= 1 $G $" $k !# $5 $i $K !" 1 G/ J, $N 5- ;v $K 8= $o $l $k 400,776 C1 8l $N $& $A !" IQ EY 10 0J >e $N 44,883 C1 8l $H 20,211 J8 =q $r MQ $$ $? >l 9g $N CPU ;~ 4V !" $J $i $S $K =j MW %a %b %j $b J; 5- $9 $k !# !J 0l It $N J} K! $K $D $$ $F $O !" %a %b %j $N @) 8B !" $* $h $S ;~ 4V $, $+ $+ $j 2a $. $k $J $I $N M} M3 $+ $i !" <B 9T $G $- $F $$ $J $$ !# $3 $l $r I= Cf | $G <( $9 !# !K I= 1: SVDP A CK $K $h $k FC 0[ CM J, 2r $N 7W ;; f 2,055 J8 =q !" 4,041 C1 8l g f 20,211 J8 =q !" 44,883 C1 8l g %W %m %0 %i %‘ CPU ;~ 4V =j MW %a %b %j CPU ;~ 4V =j MW %a %b %j !J IC !K (MB) !J IC !K (MB) It J, 6u 4V sis1 208 44.7 | | H? I| K! sis2 97.6 15.2 1780 148 %H %l !< %9 tms1 989 9.8 | | :G >. 2= K! tms2 663 5.1 | | %i %s %A %g %9 K! las1 61.7 26.1 | | las2 9.53 12.7 134 53.0 %V %m %C %/ bls1 174 14.2 2680 156 %i %s %A %g %9 K! bls2 82.3 10.2 1810 90.8 0l $D $N J8 =q $K 4^ $^ $l $k C1 8l ?t $O !" J? 6Q $G 49.5 $G $" $j !" $= $N I8 =‘ JP :9 $O 48.3 $G $" $k !# $5 $i $K IQ EY 10 0J >e $N =P 8= IQ EY $N $b $D C1 8l $K 8B $l $P !" 0l $D $N J8 =q $K 4^ $^ $l $k $= $l $i $N C1 8l $N ?t $O !" J? 6Q $G 42.7 $G $" $j !" $= $N I8 =‘ JP :9 $O 42.4 $G $" $k !# ;2 9M $^ $G $K !" 1 G/ J, $N 5- ;v $K $* $$ $F !" 1 J8 =q Cf $K 8= $o $l $k C1 8l ?t $N J, I[ $H !" C1 8l =P 8= IQ EY ; Ce L\ $7 $? C1 8l $N =P 8= J8 =q ?t $N J, I[ $r ?^ 1 $K <( $9 !# I, MW $J FC 0[ CM $N ?t $O 50 $H $7 !" $3 $l $K 10 $r 2C $( $? ?t !J $9 $J $o $A 60 !K $^ $G 3 =E BP 3Q 2= $r 9T $J $& $h $& $K %Q %i %a !< %? $r @_ Dj $7 $? !# $^ $? I, MW $J FC 0[ CM $N @: EY $O 10 � 6 $H $7 $? !# 2,055 J8 =q $N >l 9g !" Hs %< %m MW AG ?t $O 52,909 $G !" $= $N =P 8= L) EY $O 0.64% $G $" $k !# 20,211 J8 =q $N >l 9g !" Hs %< %m MW AG ?t $O 862,054 $G !" $= $N =P 8= L) EY $O 0.095% $G $" $k !# <B 9T ;~ $K $* $1 $k %^ %7 %s 4D 6- $O 0J 2< $N DL $j $G $" $k !# OS: SunOS 5.5.1 (Solaris 2.5.1) %" !< %/ %F %/ %A %c : sun4u sparc SUNW, Ultra-1 7

(a) 1 J8 =q Cf $K 8= $o $l $k C1 8l ?t $N J, I[ (b) C1 8l =P 8= IQ EY ( Ce L\ $7 $? C1 8l $N =P 8= J8 =q ?t ) $N J, I[ ?^ 1: 1 G/ J, $N 5- ;v $K 8= $o $l $k C1 8l / J8 =q 8

C %3 %s %Q %$ %i : GNU gcc 2.7.2.3 %3 %s %Q %$ %k !& %* %W %7 %g %s : {O $3 $l $h $j !" $3 $N Dx EY $N Bg $- $5 !" $* $h $S $3 $N $h $& $J !J F| K\ 8l J8 =q $K $* $1 $k C1 8l - J8 =q $N 6& 5/ 9T Ns $N $h $& $J !K %G !< %? 9= B$ $K $* $1 $k FC 0[ CM J, 2r $G $O !" las2 $, B. $/ <B 9T $G $- $k $3 $H $, $o $+ $k !# $^ $? bls f 1,2 g $O las f 1,2 g $N >/ $J $/ $H $b <B 9T ;~ 4V $K $* $1 $k 2~ NI $K $O $J $C $F $$ $J $$ $3 $H $, $o $+ $k !# 1Q 8l J8 =q $K $* $1 $k Berry(1992) $N 7k 2L $H $O !" I, MW $H $9 $k FC 0[ CM $N ?t !" $* $h $S <h $j 07 $& %G !< %? $N Bg $- $5 $, 0[ $J $k $N $G C1 =c $J Hf 3S $O Fq $7 $$ $, !" las2 $, :G B. $G $" $k $3 $H $O 0c $$ $, $J $$ $h $& $G $" $k !# $A $J $_ $K :G =i $K FI $_ 9~ $‘ AB 9T Ns %G !< %? $N %G !< %? 3J G< 7A <0 $K $O !" Du�(1989) $K $" $k Harw ell-Bo eing sparse matrix format $r MQ $$ $k !# $3 $l $O !" AB 9T Ns $N 9T ?t !" Ns ?t !" Hs %< %m MW AG ?t !" Ns $4 $H $K FI $_ 9~ $s $@ >l 9g $N 3F Ns @h F, ;~ E@ $K $* $1 $k Hs %< %m MW AG $N N_ @Q ?t +1 !" 3F Ns $K $* $1 $k Hs %< %m MW AG $N 9T HV 9f (1 $+ $i ;O $^ $k !K $H Hs %< %m MW AG $N CM $= $N $b $N ( @0 ?t !" $" $k $$ $O <B ?t !K $r =g $K 5- =R $9 $k $b $N $G $" $k !# AB 9T Ns $K BP $7 $F %G !< %? $r 8z N( $h $/ 3J G< $G $- $k $N $G !" %G %# %9 %/ $N @a Ls !" $J $i $S $K %G !< %? FI $_ 9~ $_ ;~ 4V $N Bg I} $J Dc 8: $r $O $+ $k $3 $H $, $G $- $k !# 4 5? ;w J8 =q $r MQ $$ $? 8! :w Cx <T $i $, <h $j 07 $& ?7 J9 5- ;v $N $h $& $J 5p Bg $J 8@ 8l =8 BN $O !" 0l HL $K %3 !< %Q %9 (corpus) $H 8F $P $l $k !# %3 !< %Q %9 $r MQ $$ $F C# @. $9 $Y $- $o $l $o $l $N 2] Bj $O !" 0J 2< $N #2 $D $G $" $k !# � $3 $N %3 !< %Q %9 $+ $i 0U ?^ $9 $k J8 =q / C1 8l $r 8! :w $9 $k $3 $H !J 4 @a !K !# � %3 !< %Q %9 $r Be I= $9 $k C1 8l 72 $r <+ F0 E* $K J, N‘ / Cj =P $9 $k $3 $H !J 5 @a !K !# $3 $l $, $G $- $l $P !" %8 %c %s %k $4 $H $N 4p K\ <- =q $, <+ F0 E* $K :n @. $G $- !" >- Mh E* $K $O %7 %= !< %i %9 $N <+ F0 @8 @. $X $N 4| BT $, $b $F $k $H 9M $( $i $l $k !# 4.1 N‘ ;w J8 =q $N 8! :w Ld $$ 9g $o $; $K MQ $$ $k 5? ;w J8 =q q $N %G !< %? $O !" t <! 85 $N C1 8l %Y %/ %H %k x q $G I= 8= $9 $k $3 $H $, $G $- !" $3 $l $r MQ $$ $F !" J8 =q 6u 4V D $N 9T $K BP 1~ $9 $k 1 � k $N J8 =q %Y %/ %H %k d q = x 0 q T S � 1 (13) $r F3 $/ $3 $H $, $G $- $k !# $3 $3 $G T $O t � k 9T Ns !" S $O k � k @5 J} BP 3Q 9T Ns $G $" $k !# 0 $O E> CV $r !" � 1 $O 5U 9T Ns $r <( $9 !# S = diag ( � 1 ; � 2 ; . . . ; � k ) $H $7 $? $H $- !" S � 1 = diag (1 =� 1 ; 1 =� 2 ; . . . ; 1 =� k ) $G $" $k !# $3 $3 $G 5? ;w J8 =q d q !J k <! 85 %Y %/ %H %k !K $K BP $7 !" Hf 3S $N BP >] $H $9 $k J8 =q $r d c !J k <! 85 %Y %/ %H %k !K $H $9 $l $P !" N> J8 =q $N Aj 4X 78 ?t r ( d q ; d c ) $O !" N> J8 =q $, $J $9 3Q $N M> 89 $G M? $( $i $l $k : r ( d q ; d c ) = ( d q ; d c ) k d q k k d c k (14) 9

$3 $l $h $j !" 5? ;w J8 =q d q $K 6a $$ J8 =q $r !" 6a $5 $N =g $K Ds <( $9 $k $3 $H $, 2D G= $H $J $k !# $J $* (14) <0 $N 1& JU J, ;R $N 3g 8L $O !" Fb @Q $r <( $9 !# $3 $3 $G 5? ;w J8 =q d q !" $* $h $S Hf 3S $N BP >] $H $9 $k J8 =q d c $O !" $$ $: $l $b k <! 85 $K <! 85 Dc 8: $5 $l $F $$ $k $3 $H $K Cm 0U $7 $J $1 $l $P $J $i $J $$ !# 9T Ns T ; S; D $O !" 8! :w A0 $K M= $a MQ 0U $7 $F $* $/ $3 $H $, $G $- $k $N $G !" 8! :w ;~ $K $O !" (13) <0 $H !" Hf 3S $9 $k J8 =q $N ?t $@ $1 $N (14) <0 $N 7W ;; $r $9 $l $P $h $$ !# (14) <0 J, Jl $N k d c k $b M= $a MQ 0U $7 $F $* $/ $3 $H $, $G $- !" k d q k $N 7W ;; $b $o $: $+ 1 2s $G :Q $‘ !# Bg NL $N J8 =q 8! :w $G $O !" %j %" %k %? %$ %‘ $G $N 1~ Ez $, 5a $a $i $l $k $N $G !" 8! :w ;~ $K I, MW $J 7W ;; NL $r 8: $i $9 9) IW $O !" $- $o $a $F Bg @Z $G $" $k !# $b $A $m $s !" Ld $$ 9g $o $; $O !" J8 =q $N 7A $G $" $k I, MW $O $J $$ !# 0l $D !" $" $k $$ $O J# ?t $N %- !< %o !< %I $N JB $S $G $" $C $F $h $$ !# $3 $N $h $& $J >l 9g !" $= $l $i %- !< %o !< %I !J C1 8l !K $r 4^ $‘ 5? ;w J8 =q $r 2> Dj $7 !" $= $N 5? ;w J8 =q d q $K 6a $$ J8 =q $r !" 6a $5 $N =g $K Ds <( $9 $k !# Nc $H $7 $F !V @/ <# !W !" !V 2~ 3W !W !" !V @/ <# 2~ 3W !W $H $$ $& #3 $D $N C1 8l $r %- !< %o !< %I $K $7 $F f 20,211 J8 =q !" 44,883 C1 8l g $+ $i 8! :w $7 $? 7k 2L !" F@ $i $l $? Aj 4X 78 ?t $N 9b $$ >e 0L #3 J8 =q $r 0J 2< $K <( $9 !# :G =i $N !t $K B3 $/ HV 9f $O !" %7 %9 %F %‘ Fb It $G $N J8 =q HV 9f $r <( $7 !" $= $N 8e $N 3g 8L $N Cf ?H $O Aj 4X 78 ?t $r <( $9 !# $? $H $( $P !" J8 =q HV 9f 17252 $K BP $9 $k Aj 4X 78 ?t $O 0.999 $G $" $k !# !t 17252(0.999) !t 7G :\ LL : #2 LL !J #0 #2 !K !t $= $N B> : !G #9 #4 !% #3 !% #1 #1 !! D+ 4) !! #2 JG !! <L ?^ L5 !! !J A4 #1 #1 #4 J8 ;z !K !t 5- ;v Bj : @/ <# 2~ 3W K! !" $- $g $& 8x I[ !! 8x ?& A* 5s K! 2~ @5 $J $I #4 F| $K @. N) $7 $? @/ <# 2~ 3W K! $, #1 #1 F| IU $N 41 Js $G 8x I[ $5 $l $k !# #4 K! $N $& $A =0 1! A* 5s 6h 2h Dj ?3 5D 2q @_ CV K! 2~ @5 $O !" #8 F| $K 3U 5D 7h Dj $5 $l $? F1 K! ;\ 9T Na $H 9g $o $; $F #1 #1 F| $K ;\ 9T $5 $l !" >. A* 5s 6h #3 #0 #0 $N 6h 3d $j :n @. $K 8~ $1 $? F0 $- $, K\ 3J 2= $9 $k !# !t 5285(0.998) !t 7G :\ LL : #2 LL !J #0 #2 !K !t $= $N B> : !G #9 #4 !% #1 !% #2 #5 !! D+ 4) !! #2 JG !! <L ?^ L5 !! !J A4 #1 #6 #7 J8 ;z !K !t 5- ;v Bj : L1 <R E^ #3 #5 G/ !" !V 5- G0 F| $N =8 $$ !W !! 7k E^ #3 #5 G/ L\ $r 7^ $( $? L1 <R E^ $N !V 5- G0 F| $N =8 $$ !W $, #2 #4 F| !" El 5~ !& 8W %N Lg $N F1 E^ K\ It $G 3+ $+ $l $? !# @/ <# 2~ 3W 4X O" K! 0F $r $a $0 $k M? Ln E^ @^ >W $N $" $* $j $G !" =P @J $7 $? $N $O ?@ ED 8| 1! Fb Am L3 $i 9q 2q 5D 0w #4 ?M $H E^ ?& 0w $@ $1 $H $$ $& <d $7 $$ =8 2q $@ $C $? $, !" Bg Fb 7< 8‘ 0Q 0w D9 !J 8| Aj !K $O !V L1 <R E^ $, Ds 5/ $7 $? O+ F/ 1? F0 $d ?? $N 5D 2q @) L1 <g <g 5A !" @/ :v $, <B 8= $5 $l $F $$ $k $3 $H $r 8X $j $K ;W $& !W $H =R $Y $? !# !t 5896(0.997) !t 7G :\ LL : <R @b !J #0 #5 !K !t $= $N B> : !G #9 #4 !% #1 !% #2 #7 !! D+ 4) !! #5 JG !! <L ?^ L5 !! !J A4 #2 #6 #4 J8 ;z !K !t 5- ;v Bj : !N $_ $s $J $N 9- >l !O :N 7h $O J, N% $G $- $J $$ $N $+ !a L5 ?& !& >> 1: @6 <# !! #6 #6 !! !J @i MU 8) ;M 39 F; ;T !K !! O; G/ 1[ $7 $N @/ <# 2~ 3W 4X O" K! 0F $, EZ CE >l $G H] 7h $5 $l $? !# $7 $+ $7 !" :b 3& ?M !" <1 <T $N H? 1~ $K Hf $Y !" 39 $N @< $O 0U 30 $H %/ !< %k $@ $C $? !# $= $l $O 9q L1 $N K> $s $@ @/ <# 2~ 3W $O Ie GT KI ;_ $H $$ $& !" C1 =c L@ 2w $J $b $N $G $" $C $? $N $K !" >. A* 5s 6h @) EY $r 4^ $‘ ;M K! 0F 0l 3g $H $$ $& 7A $K JQ <A $7 $F !" 4| BT $r N" @Z $C $? $3 $H $X $N $7 $i $1 $b $" $C $? $N $G $O $J $$ $@ $m $& $+ !# !! $H $3 $m $G !" 4X O" K! 0F $@ $+ $i 0l 3g ?3 5D $b J, $+ $k $, !" :N 7h $O J, N% $G $- $J $$ $N $@ $m $& $+ !# $@ $l $, $I $N K! 0F $K H? BP !" ;? @. $7 $? $+ 9q L1 $K J, $+ $k !# :# 2s $N @/ <# 2~ 3W 4X O" K! 0F $b $9 $Y $F $, H] Dj $5 $l $: !" 2~ 3W $N B- 3] $+ $j $0 $i $$ $O ;D $; $? $N $G $O $J $$ $+ $H ;W $C $F $$ $k !# $J $* <B Au $K $" $? $C $F $O !" J8 =q $N Bg $- $5 $K $h $k 4p =‘ 2= $r $* $3 $J $C $? !# Bg $- $J J8 =q $[ $I C1 8l 6& 5/ $, 5/ $- $d $9 $$ $N $G !" 1 J8 =q Cf $K 8= $o $l $k C1 8l ?t $G 6& 5/ IQ EY $r 3d $C $? $b $N $r !" $b $H $N C1 8l - J8 =q 9T Ns $K M? $( $F $$ 10

$k !# >e $N 7k 2L $O !" $3 $N 4p =‘ 2= %G !< %? $K BP $9 $k 7k 2L $G $" $k !# 1 J8 =q Cf $K 8= $o $l $k C1 8l ?t $N J? 9T :, $G 3d $k $N $b !" 7P 83 E* $K NI $$ 4p =‘ 2= $G $" $k !# 4.2 4X O" 8l $N 8! :w 5? ;w J8 =q $, %- !< %o !< %I !J C1 8l !K $N JB $S $G $" $C $? >l 9g $K !" $= $N 5? ;w J8 =q $K 4X 78 $N ?< $$ C1 8l $r Ds <( $9 $k $3 $H $b =E MW $G $" $k !# $3 $l $O 0l HL $K \ 4X O" 8l I= <( " $H 8F $P $l $k $b $N $G !" 8! :w 7k 2L $, $" $^ $j E* $r F@ $F $$ $J $+ $C $? $j !" $" $k $$ $O 8! :w 7k 2L $, B? $9 $. $F $5 $i $K 9J $j 9~ $‘ I, MW $, $" $C $? $H $- $K !" 4X O" 8l $r I= <( $9 $k $3 $H $G 8! :w $r ;Y 1g $9 $k $3 $H $, 9M $( $i $l $k !# $5 $F 5? ;w J8 =q $O !" t <! 85 $N C1 8l %Y %/ %H %k x q $G I= 8= $9 $k $3 $H $, $G $- $k $3 $H $K Cm L\ $9 $l $P !" 5? ;w J8 =q $N :B I8 $r $= $N 5? ;w J8 =q $, 4^ $‘ C1 8l 72 $N Cf ?4 (cen toroid) $K Dj $a $k $N $O !" $- $o $a $F BE Ev $G $" $k $H ;W $o $l $k !# $9 $J $o $A t q = 1 n q X t i 2 T t i (15) $H $9 $k !# $3 $3 $G !" n q $O !" 5? ;w J8 =q q $, 4^ $‘ C1 8l $N ?t !" t i $O 9T Ns T $N 9T %Y %/ %H %k $G $" $k !# $3 $l $, BE Ev $G $" $k $H M} M3 $H $7 $F $O !" %f !< %6 $, @l Lg MQ 8l $r Ld $$ 9g $o $; $N %- !< %o !< %I $H $7 $F A* $S $d $9 $/ !" $= $N $? $a %Y %/ %H %k $H $7 $F 8_ $$ $K 5w N% $N 6a $$ $b $N $+ $i $J $k =8 9g $r :n $k $3 $H $, 5s $2 $i $l $k !# $3 $N $h $& $K $9 $l $P !" Hf 3S $N BP >] $H $9 $k C1 8l $r t c !J k <! 85 %Y %/ %H %k !K $H $9 $k $H $- !" N> C1 8l $N Aj 4X 78 ?t $O !" (14) <0 $H F1 $8 $h $& $K r ( t q ; t c ) $H $7 $F M? $( $i $l $k !# $3 $l $h $j 5? ;w J8 =q $K 4X 78 $N ?< $$ C1 8l $r $= $N 6a $5 $N =g $G Ds <( $9 $k $3 $H $, $G $- $k $h $& $K $J $k !# 4.1 @a $H F1 $8 $h $& $K !" Nc $H $7 $F !V @/ <# !W !" !V 2~ 3W !W !" !V @/ <# 2~ 3W !W $H $$ $& #3 $D $N C1 8l $r %- !< %o !< %I $K $7 $F f 20,211 J8 =q !" 44,883 C1 8l g $+ $i 8! :w $7 $? 7k 2L !" F@ $i $l $? 4X O" $N Bg $- $$ >e 0L 30 C1 8l $O 0J 2< $N DL $j $G $" $k !# C1 8l $N 8e $N 3g 8L $N Cf ?H $O !" Aj 4X 78 ?t $r <( $9 !# @/ <# 2~ 3W (0.997) !" 2~ 3W (0.996) !" @/ <# (0.996) !" K! 0F (0.994) !" ;2 1! H] 7h (0.989) !" @/ <# 2~ 3W 4X O" (0.986) !" 4X O" K! 0F (0.985) !" 4X O" K! (0.985) !" @/ <# 2~ 3W 4X O" K! 0F 0.984) !" @/ <# 2~ 3W 4X O" K! (0.984) !" @/ <# 2~ 3W K! 0F (0.984) !" 2~ 3W K! 0F (0.984) !" K! 0F :N 7h (0.978) !" H] 7h (0.977) !" Ln E^ @^ >W 0.977) !" 4X O" (0.977) !" K! 0F @. N) (0.976) !" E^ @R (0.972) !" M? Ln E^ @^ >W (0.972) !" @. N) (0.970) !" <R 2q E^ <s G> (0.970) !" @/ <# 2~ 3W 4X O" K! 0F :N 7h (0.969) !" 4X O" ;M K! 0F (0.968) !" 5D @J G[ J, (0.965) !" Bg A* 5s 6h (0.963) !" IT @. N) (0.961) !" ;2 1! @/ <# 2~ 3W FC JL 0Q (0.961) !" >. A* 5s 6h @) 0.960) !" 2~ 3W K! (0.960) !" I< FI $_ (0.960) !" Cf A* 5s 6h @) (0.959) <B :] $N %" %W %j %1 !< %7 %g %s $G $O !" Ld $$ 9g $o $; $K MQ $$ $? %- !< %o !< %I $= $l <+ ?H $O !" =| $$ $F I= <( $9 $k I, MW $, $" $m $& $, !" 35 $M !" NI 9% $J 7k 2L $, F@ $i $l $F $$ $k $3 $H $, $o $+ $k !# 5 C1 8l =E J# $r 5v $9 %/ %i %9 %? %j %s %0 C1 8l $" $k $$ $O J8 =q $r M= $a Dj $a $i $l $? %+ %F %4 %j !< $K J, N‘ $9 $k J} K! $O !" DL >o $O =E J# $r 5v $7 $F $$ $J $$ $H $$ $& E@ $G !" 2f !9 $N MW 5a $7 $F $$ $k $b $N $G $O $J $$ !# =E J# $O 5v $5 $l $F $$ $J $1 $l $P $J $i $J $$ !# 8@ 8l $G $O !" 0l $D $N 11

C1 8l $, J# ?t $N 0[ $J $C $? 0U L# $r M- $9 $k >l 9g $, $" $j !" $? $H $( $P !V >! <j !W $K $O !" !V >! <j $- $^ $^ !W $N 0U L# $H !V >! <j 8} !J Bf =j !K !W $N 0U L# $H $, $" $k $+ $i $G $" $k !# $b $C $H $b <+ A3 8@ 8l $G =q $+ $l $? J8 =q $r M= $a Dj $a $i $l $? %+ %F %4 %j !< $K J, N‘ $9 $k J} K! $O !" T ext catego- rization $H 8F $P $l !" $3 $3 ?t G/ !" E} 7W E* $J %" %W %m !< %A $, @Q 6K E* $K ;n $_ $i $l $F $$ $k !# $? $H $( $P !" 2s 5" %b %G %k (Y ang(1994)) $d !" :G 6a K5 J, N‘ K! (Creecy(1992)) !" %Y %$ %8 %" %s J, N‘ K! (Tzeras(1993)) !" 7h Dj LZ (F uhr(1991)) !" %k !< %k 3X =, %" %k %4 %j %: %‘ (Apte(1994)) !" %K %e !< %i %k !& %M %C %H %o !< %/ (Wiener(1995)) !" %* %s %i %$ %s 3X =, K! (Cohen(1996)) $J $I $, $" $k !# $7 $+ $7 $J $, $i !" $3 $l $i $O 7W ;; NL E* $J Ld Bj $N $? $a $+ !" GS B> E* $J %/ %i %9 %? %j %s %0 $G $" $C $F !" =E J# $r 5v $9 %/ %i %9 %? %j %s %0 $K $J $C $F $O $$ $J $$ !# K\ 9F $H F1 $8 LSI $r MQ $$ $? %/ %i %9 %? %j %s %0 $K $O Sc h � utze(1997) $, $" $k $, !" $3 $l $K $7 $F $b <! 85 Dc 8: $7 $? J8 =q %Y %/ %H %k 4V $N 6u 4V 5w N% $r 72 J? 6Q K! $G %/ %i %9 %? %j %s %0 $9 $k $b $N $G !" %/ %i %9 %? %j %s %0 $= $l <+ BN $O GS B> E* $J $b $N $G $" $k !# $5 $F !" 2~ $a $F (3) <0 $r 8+ $k $H !" T $O 6& DL @- $r 1 $H $7 $? $H $- $N 0x ;R F@ E@ $G $" $k !# $3 $N $3 $H $K Ce L\ $9 $l $P !" 3F 0x ;R $4 $H $K 0x ;R F@ E@ $N @d BP CM $N Bg $- $$ C1 8l $r $^ $H $a $k $3 $H $G !" =E J# $r 5v $9 C1 8l $N %/ %i %9 %? %j %s %0 $r 9M $( $k $3 $H $, $G $- $k $3 $H $K 5$ $E $/ !# 3F 0x ;R $O !" ?7 J9 5- ;v $r J, N‘ $7 $? $H $- $N %+ %F %4 %j !< $K Aj Ev $9 $k $H 9M $( $i $l $k !# $= $3 $G 50 8D $N 0x ;R $+ $i %/ %i %9 %? !< $r 7A @. $7 $F $_ $? $N $, 0J 2< $N 7k 2L $G $" $k !# ;f LL $N ET 9g $G !" 20 8D $^ $G <h $j >e $2 $? !# 3F 0x ;R $4 $H $K !" (i) 0x ;R F@ E@ $N @d BP CM $, :G Bg $H $J $k C1 8l $r C5 $7 !" (ii) $= $l $H $N Hf N( $N @d BP CM $, 0.3 0J >e $G !" $+ $D 0x ;R F@ E@ $N Id 9f $, F1 $8 $b $N $r $^ $H $a $? !# $7 $? $, $C $F 3F %/ %i %9 %? !< $K $* $1 $k 8D ?t $O IT Dj $H $J $k !# %/ %i %9 %? !< HV 9f (cluster no.) $N 8e $N 3g 8L Cf $N ?t ;z $O !" FC 0[ CM $G $" $k !# C1 8l $N 8e $N 3g 8L Cf $N ?t ;z $O !" 0x ;R F@ E@ $G $" $k !# cluster no. = 1 (69.5) Ld Bj (0.209) !" :Y @n 8n _f <s Aj (0.190) !" <+ L1 E^ (0.185) !" 2D G= @- (0.159) !" <s Aj (0.155) !" <R 2q E^ (0.151) !" JF 9q (0.150) !" 9M $( (0.141) !" F0 $- (0.135) !" @/ I\ (0.134) !" 0U 8+ (0.125) !" O" N) M? E^ (0.122) !" ;Q @* (0.118) !" I, MW (0.117) !" M? E^ (0.110) !" J} ?K (0.097) !" N) >l (0.096) !" 8@ MU (0.092) !" 8+ J} (0.090) !" @U G$ (0.089) !" @/ <# 2~ 3W 4X O" K! 0F (0.087) !" 1F 6A (0.087) !" :G Bg (0.086) !" :Y @n <s Aj (0.084) !" 4X 78 (0.084) !" @/ <# (0.083) !" M} M3 (0.078) !" 9q 2q (0.077) !" :G 8e (0.076) !" 4k 6H (0.074) !" Hc H= (0.074) !" Fb MF (0.074) !" K! 0F (0.073) !" @/ <# 2~ 3W (0.072) !" 9g 0U (0.067) !" ;v BV (0.067) !" O" N) @/ 8" (0.065) !" 5- ;v (0.064) !" 0U L# (0.063) !" H= CG (0.063) cluster no. = 2 (46.9) <+ L1 E^ (-0.238) !" :Y @n 8n _f <s Aj (-0.228) !" <R 2q E^ (-0.205) !" <s Aj (-0.166) !" O" N) M? E^ (-0.164) !" M? E^ (-0.149) !" @/ <# 2~ 3W 4X O" K! 0F (-0.129) !" 9M $( (-0.099) !" K! 0F (-0.087) !" @/ <# 2~ 3W (-0.082) !" ;2 1! (-0.077) !" :Y @n <s Aj (-0.075) !" ?7 @8 E^ (-0.074) cluster no. = 3 (39.3) IB 1! (0.577) !" AS <g (0.552) !" 9p JL <0 (0.541) cluster no. = 4 (37.0) JF 9q (0.456) !" @/ I\ (0.176) cluster no. = 5 (34.1) 12

A* <j (0.272) !" JF 9q (0.206) !" :G 8e (0.177) !" %A !< %‘ (0.161) !" M% >! (0.152) !" 4| BT (0.133) !" ;n 9g (0.115) !" F0 $- (0.113) !" Bg 2q (0.110) !" 6b %a %@ %k (0.099) !" %a %@ %k (0.095) !" N} =, (0.094) !" %\ !< %k (0.093) !" :# 5( (0.087) !" %H %C %W (0.087) !" 8@ MU (0.085) !" L\ I8 (0.085) !" <+ ?. (0.084) !" :Y @n 8n _f <s Aj (0.082) !" 5$ ;} $A (0.082) cluster no. = 6 (32.1) 2D G= @- (0.532) !" D4 $Y (0.170) cluster no. = 7 (31.1) :Y @n 8n _f <s Aj (0.345) !" <s Aj (0.307) !" =w @- (0.163) !" D4 $Y (0.123) !" ;v 7o (0.117) !" 9M $( (0.116) !" 2D G= @- (0.114) !" 0d BN (0.109) !" Ip B< @5 5A 41 K< D9 41 (0.109) cluster no. = 8 (30.5) Ld Bj (0.309) !" JF 9q (0.300) !" ;R 6! (0.150) !" <+ L1 E^ (0.104) !" 8@ MU (0.098) cluster no. = 9 (29.5) Ld Bj (-0.621) cluster no. = 10 (28.4) 2D G= @- (0.542) !" ;R 6! (0.219) !" Ld Bj (0.176) cluster no. = 11 (27.5) @/ I\ (0.445) !" Ld Bj (0.192) !" =w @- (0.168) cluster no. = 12 (26.8) J} ?K (0.340) !" ;R 6! (0.237) !" 1F 6A (0.210) !" 0U 8+ (0.201) !" M} M3 (0.171) !" JF 9q (0.138) !" 5- ;v (0.125) !" ;Q @* (0.115) !" F0 $- (0.110) cluster no. = 13 (26.7) Ld Bj (0.381) !" F0 $- (0.231) !" =w @- (0.180) !" :Y @n 8n _f <s Aj (0.180) !" 1F 6A (0.168) !" JF 9q (0.162) cluster no. = 14 (26.1) F0 $- (0.293) !" I, MW (0.198) !" 0U 8+ (0.173) !" <R 2q E^ (0.166) !" 0d BN (0.122) !" Bg :e (0.119) !" >e ED MF 5? <T (0.107) !" A\ :: K\ It (0.098) !" D4 $Y (0.098) !" 9M $( (0.098) !" 6& F1 A\ :: K\ It (0.097) !" N) >l (0.092) !" 9b 66 (0.092) cluster no. = 15 (25.5) F0 $- (0.497) !" @/ I\ (0.395) cluster no. = 16 (25.3) 1F 6A (-0.403) !" 8@ MU (-0.349) !" :G 8e (-0.200) !" <R 2q E^ (-0.132) !" Bg B" >J (-0.128) cluster no. = 17 (25.2) ;R 6! (0.505) !" 2D G= @- (0.169) 13 cluster no. = 18 (25.0) =w @- (-0.550) cluster no. = 19 (24.8) 1F 6A (-0.320) !" =w @- (-0.215) !" M} M3 (-0.170) !" JF 9q (-0.162) !" %m %7 %" (-0.143) !" @/ <# (-0.133) !" @/ I\ (-0.120) !" I, MW (-0.116) !" <s Aj (-0.099) cluster no. = 20 (24.6) JF 9q (0.383) !" <R 2q E^ (0.152) !" 2D G= @- (0.138) !" 0U 8+ (0.130) 0J 2< !" >J N, !# $3 $N 7k 2L $r $_ $k $K !" $I $& $b =E J# $N C1 8l $, B? $9 $. !" $^ $? ;w $? $h $& $J FC @- $r ;} $D 0x ;R $, ;6 8+ $5 $l !" == J, $J %/ %i %9 %? %j %s %0 $, $G $- $F $$ $J $$ $h $& $K ;W $o $l $k !# 4 @a $N $h $& $K J8 =q $N Bg $- $5 $K $h $k 4p =‘ 2= !" $" $k $$ $O C1 8l $N =P 8= IQ EY $K $h $k 4p =‘ 2= $b ;n $_ $F $_ $? $, !" 7k 2L $O $3 $l $h $j K’ $7 $$ $b $N $G $O $J $+ $C $? !# $= $b $= $b %/ %i %9 %? %j %s %0 $H $O !" %/ %i %9 %? !< Fb $K $* $1 $k 3F %G !< %? 4V $N 5w N% J, ;6 $r >. $5 $/ $7 $D $D !" %/ %i %9 %? !< 4V $N 5w N% J, ;6 $r :G Bg $K $9 $k $3 $H $G $" $j !" $3 $3 $G $O $= $N :n 6H $O 4^ $^ $l $F $$ $J $$ !# $= $N 0U L# $G !" 2f !9 $, $* $3 $J $C $? J} K! $O %/ %i %9 %i %j %s %0 $$ $& L> $K CM $7 $J $$ $7 !" 7k 2L $b $= $N 8B 3& $r <( $7 $? $b $N $+ $b $7 $l $J $$ !# $= $N H> LL !" A4 $/ <N $F $5 $k $[ $I $N $b $N $G $b $J $/ !" <B MQ $K $O :# 8e $N 8! F$ $, I, MW $G $" $k $H ;W $o $l $k !# 6 $^ $H $a Deerw ester(1990) $K $" $k Laten t Seman tic Analysis $r F| K\ 8l $N Hf 3S E* Bg 5, LO $J J8 =q =8 9g $K BP $7 $F E, MQ $7 $? !# $= $N Cf $G !" Bg 7? AB 9T Ns $K $* $1 $k FC 0[ CM J, 2r %" %k %4 %j %: %‘ $N Hf 3S 8! F$ $r 9T $J $$ !" K\ 9F $N L\ E* $G $" $k C1 8l $N 6& 5/ $r <( $9 F| K\ 8l $N C1 8l - J8 =q 9T Ns $K E, MQ $9 $k :] $K E, $7 $? J} K! $, $o $+ $C $? !# $3 $l $r <B :] $N ?7 J9 5- ;v $G ;n $7 !" J8 =q 8! :w !" $* $h $S 4X O" 8l I= <( $K $* $$ $F M- 8z $G $" $k $3 $H $N 8+ DL $7 $r F@ $? !# $^ $? <B MQ %l %Y %k $K Mn $H $7 9~ $‘ $? $a $N 9) IW $H $7 $F !" 4X O" J8 =q 8! :w $K $* $$ $F $O !" J8 =q $N Bg $- $5 $K $h $k 4p =‘ 2= $, I, MW $J $3 $H $, $o $+ $C $? !# $5 $i $K !" =E J# $r 5v $9 C1 8l $N %/ %i %9 %? %j %s %0 $r ;n $_ $? !# 8! :w @: EY $O !" 0l HL $K !J 1Q 8l $N >l 9g !K !" :F 8= N( !J @5 2r J8 =q $r O3 $l $J $/ 8! :w $G $- $k G= NO ;X ?t !K $H E, 9g N( !J @5 2r J8 =q $N $_ $r 8! :w $G $- $k G= NO ;X ?t !K $N N> J} $G I> 2A $5 $l $k $, !" F| K\ 8l $N >l 9g $O !" I= 5- $N $f $l !J !V %$ %s %? !< %U %’ !< %9 !W $H !V %$ %s %? %U %’ %$ %9 !W $J $I !K $d 0[ BN ;z !J !V @F F# !W !" !V :X F# !W !" !V c7 F# !W $J $I !K !" $5 $i $K K] Lu 8l $H $7 $F $N F1 5A 8l !J !V %3 %s %T %e !< %? !W $H !V EE ;R 7W ;; 5! !W $J $I !K $N Ld Bj $, $" $k !# $I $N $h $& $K $7 $F 8! :w @: EY $r B, Dj $9 $Y $- $+ !" $H $$ $& Ld Bj $r 4^ $a $F !" 8! :w @: EY $N I> 2A $O :# 8e $N 2] Bj $H $J $m $& !# $^ $? Laten t Seman tic Analysis $O !" => Mh !" CN <1 9) 3X E* $J B& LL $, 6/ $+ $C $? %G !< %? %^ %$ %K %s %0 $N J, Ln $K !" E} 7W 3X E* $J LL $+ $i %" %W %m !< %A $r ;n $_ $k $b $N $G $" $j !" E} 7W 3X <T $N 9W 8% $, 4| BT $5 $l $k $H $3 $m $G $" $k !# $J $* !" Cx <T Ey $, !" $3 $N 8& 5f $r 9T $J $C $F $$ $k ES Cf $G !" 2f $, 9q $K $* $$ $F $b !" %8 %c %9 %H %7 %9 %F %‘ $, 0U L# E* $K N‘ ;w $7 $? J8 =q $r Cj =P $9 $k %? %$ %W $N 8! :w %7 %9 %F %‘ ConceptBase Searc h $r 1997 G/ 12 7n $K HN Gd $7 $? !# ;H MQ $5 $l $F $$ $k 5; =Q $N >\ :Y $K $D $$ $F $O IT L@ $G $" $k $, !" %Q %s %U %l %C %H $d 2r @b 5- ;v !J @1 Ln (1997), Ln B< (1999) !K $K ;6 $j $P $a $i $l $F $$ $k %- !< %o !< %I $+ $i $O !" %Y %/ %H %k 6u 4V %b %G %k $G $" $k $3 $H !" $J $i $S $K C1 8l 4V $N Aj 4X EY $K Ce L\ $7 $? !V 0U L# !W $r Cj =P $9 $k $N $, FC D’ $G $" $k $H $N $3 $H $G $" $k !# 14

<U <- K\ 9F $N 2~ D{ $K $" $? $j !" %l %U %’ %j !< $* $h $S JT =8 M} ;v $N Gr H( ?5 8c @h @8 $h $j !" B? $/ $N E, @Z $J $4 0U 8+ $r $$ $? $@ $- $^ $7 $? !# Bg 3X F~ ;n %; %s %? !< !& 8& 5f 3+ H/ It $N Lx 0f @2 IW 65 <x !" $J $i $S $K @6 ?e N1 ;0 O: 65 <x $K $O !" Ap 9F $N CJ 3, $+ $i !" Cz G+ $K :: FI $$ $? $@ $- !" M- 1W $J $4 0U 8+ !" $4 Hc H= $r $$ $? $@ $- $^ $7 $? 7A BV AG 2r @O 7k 2L $N 2C 9) $K $O !" 3t <0 2q <R %j %3 !< !& %= %U %H %& %’ %" 8& 5f =j $N NS 42 ;R ;a $, :n @. $7 $? %D !< %k $r ;H MQ $7 $^ $7 $? !# $3 $3 $K 5- $7 $F !" 8| $/ $* Ni ?= $7 $" $2 $^ $9 !# ;2 9M J8 8% Allan, J., Carb onell, J., Do ddington,G., Y amron,J. and Y ang, Y.(1998):T opic Detection and T rac k- ing Pilot Study Final Rep ort, Pr o c. of the D ARP A Br o adc ast News T r anscription and Un- derstanding Workshop , F ebruary . Agra w al,R., Ghosh, S., Imielinski,T., Iy er,B. and Sw ami, A.(1992):An In terv al Classi�er for Database Mining Applications, Pr o c. the 18th International Confer enc e on V ery L ar ge Data Bases , V ancouv er, Canada, August, pp.560{573. Apte, C., Damerau, F. and W eiss, S(1994): T o w ards language indep enden t automated learning of text categorization mo dels, in Pr o c e e dings of the 17th A nnual A CM/SIGIR c onfer enc e . Bauer, F.L.(1957): Das V erfahren der T repp eniteration und v erw andte zur L� osung algebraisc her Eigen w ertprobleme, ZAMP , 8, 214{235. Berry , M.W., Dumais, S.T., and O’Brien, G.W.(1995a): Using Linear Algebra for In telligen t Information Retriev al, SIAM Review, So ciet y for Industrial and Applied Mathematics, V ol. 37, No. 4, pp. 573{595. Berry , M.W., Dumais, S.T. and Letsc he, T.A.(1995b): Computational Metho ds for In telligen t Information Access. Pr o c e e dings of Sup er c omputing’95 , San Diego, CA. Berry , M.W.(1992): Large scale singular v alue computations, International Journal of Sup er c om- puter Applic ations , V ol. 6, No. 1, pp.13{49. Cohen, W.W. and Singer, Y(1996): Con text-sensitiv e learning metho ds for text categorization, in Pr o c e e dings of the 19th A nnual International A CM SIGIR Confer enc e on R ese ar ch and Development on in Information R etrieval (SIGIR’96) , pp.307{315. Creecy , R.H., Masand, S.L., Smith, S.J. and W altz, D.L.(1992): T rading mips and memory for kno wledge engineering:classifying census returns on the connection mac hine, Comm. A CM , V ol.35, pp.48{63. 15

Deerw ester,S., Dumais, S.T. F urnas, G.W. Landauer, T.K. and Harshman, R(1990): Indexing b y laten t seman tic analysis. Journal of the A meric an So ciety for Information Scienc e , V ol. 41, No. 7, pp.391{407. Du�, I.S., Grimes, R.G. and Lewis, J.G.(1989): Sparse matrix test problem, A CM T r ans. Math. Softwar e , V ol. 15, pp.1{14. F uhr, N., Hartmanna, G., Sc h w an tner, M. and Tzeras, K(1991): Air/x - a rule-based m ultistage indexing systems for large sub ject �elds, Pr o c e e dings of RIA O’91 , pp.606{623. Gra v ano, L. and Garcia-Molina, H.(1995): Generalizing GlOSS to V ector-Space Databases and Brok er Hierarc hies, in Pr o c. of the 21st International Confer enc e on V ery L ar ge Data Bases (VLDB’95) , pp.78{89. @1 Ln M’ I’ (1997): 8! :w 5; =Q $N ?7 D, N. !V %3 %s %; %W %H !& %^ %$ %K %s %0 !W 5? ;w J8 =q $r 7! $j Ev $F $k ?7 %= %U %H !" F| 7P %3 %s %T %e !< %? !" 1997.12.8 !" pp.154{158. Jones,K.S.(1972):A Statistical In terpretation of T erm Sp eci�cit y and its Application in Retriev al, Journal of Do cumentation , V ol.28, No.1, pp.11{21. 55 ED 2m G7 (1995): 7Z NL !& 9b B. $J F| K\ 8l 2r @O %D !< %k !V 4J 0W F| K\ 8l 2r @O 7O QJP !W !" 8@ 8l =h M} 3X 2q !" Bh 1 2s G/ <! Bg 2q !" pp.349{352. 2O Ln 9@ G7 !" D9 C+ @n Mx <# (1996): WWW >p Js 6u 4V $K $* $1 $k J8 =q %G !< %? %^ %$ %K %s %0 $r MQ $$ $? CN E* 8! :w %7 %9 %F %‘ , Pr o c. of A dvanc e d Datab ase Symp osium ’96 , pp.27{34, T oky o. Letsc he, T.A. and Berry , M.W.(1997): Large-Scale Information Retriev al with Laten t Seman tic Indexing. Information Scienc es - Applic ations , V ol. 100, pp. 105{137. Luhn,H.P .(1957):A Statistical Approac h to Mec hanized Enco ding and Searc hing of Literary Infor- mation, IBM Journal of R ese ar ch and Development , V ol.1, No.4, pp.307{317. Ln B< D> G7 (1999):ConceptBase $N 8@ 8l =h M} $H ?7 $7 $$ %= %j %e !< %7 %g %s !" >p Js =h M} 3X 2q <+ A3 8@ 8l =h M} 8& 5f 2q 129-1, pp.1{8. P apadimitriou, C.H. , Ragha v an, P ., T amaki, H., and V empala, S. , Laten t Seman tic Indexing: A Probabilistic Analysis. PODS 1998: pp.159{168. P arlett, B.(1980): The Symmetric Eigenvalue Pr oblem , Pren tice Hall, Englew o o d Cli�s, NJ. Press, W.H.(1986): Numeric al r e cip es : the art of scienti�c c omputing , Cam bridge Univ ersit y Press. Rutishauser, H.(1970):Sim ultaneous iteration metho d for symmetric matrices, Numer. Math. , V ol.16, pp.205{223. 16

Saad, Y.(1980): On the rates of con v ergence of the Lanczos and the blo c k-Lanczos metho ds, SIAM Journal of Numeric al A nalysis , V ol. 17, pp.687{706. Sameh, A.H. and Wisniewski(1982):A trace minimization algorithm for the generalized eigen v alue problem, SIAM Journal of Numeric al A nalysis , V ol.19, No.6, pp.1243{1259. Sc h � utze, H. and Silv erstein, C.(1997): Pro jections for E�cien t Do cumen t Clustering, Pr o c e e dings of SIGIR , pp.74{81. Tzeras, K. and Hartman, S.(1993):Automatic indexing based on ba y esian inference net w orks, in Pr o c. 16th A nn. Int. A CM SIGIR Confer enc e on R ese ar ch and Development in Information R etrieval (SIGIR’93) , pp.22{34. Wiener, E., P ederson, J.O. and W eigend, A.S(1995): A neural net w ork approac h to topic sp otting, in Pr o c e e dings of the fourth A nnual Symp osium on Do cument A nalysis and Information R etrieval (SIGIR’95) , Wilkinson, J.H.(1965): The A lgebr aic Eigenvalue Pr oblem , Clarendon Press, Oxford. Lx 0f @2 IW !" C] Fb 7< (1983): <M 1F 9T Ns !& 0l HL 5U 9T Ns !& FC 0[ CM J, 2r !" UP 1~ MQ ?t 3X A* =q 10 !" El 5~ Bg 3X =P HG 2q . Y ang, Y. and Ch ute, C.G.(1994): An example-based mapping metho d for text categorization and retriev al. A CM T r ansaction on Information Systems(TOIS) , pp.253{277. Cx <T O" Mm @h !’ ") 153-8501 El 5~ ET L\ 9u 6h 6p >l 2-19-23 Bg 3X F~ ;n %; %s %? !< 8& 5f 3+ H/ It >p Js =h M} 8& 5f It Lg Phone: 03-3468-3311 E-mail: tunenori@rd.dnc.ac.jp 17