5B-5 BJ1_BNLd9g$;?dDjK!$K4p$E$/N‘;w2hA|8!:w<jK!$N<BAu$HI>2A 8b 1[>! y @P@n 2B<# z KL@nGnG7 z y C^GHBg3X9)3X8&5f2J z C^GHBg3XEE;R!&>pJs9)3X7O ") 305-8573 0q>k8)$D$/$P;TE72&Bf 1-1-1 f wu,ishikawa,kitagawa g @dblab.is.tsukuba.ac.jp 6aG/!" 2h A| 8! :w $N 8& 5f $G $O!" Query-by-Example $K 4p $E $/ %$ %s %? %U%’!< %9 5! 9= $d!" E, 9g %U%#!< %I %P%C %/ $r F3 F~ $7 $? Ld 9g $; $N@v N} <j K!$J $I $N 8& 5f $, ?J $a $i $l $F $$ $k!# K\ 8& 5f $G $O!" Query-by-Example %" %W %m!< %A $N 0l <o $G $" $k BJ 1_ BNLd 9g $; ?d Dj K! $rMQ$$$?2hA|8!:w%7%9%F%‘$N%W%m%H%?%$%W$r9=C[$7!"I>2A$r9T$J$C$?!#K\O@J8$G$O$=$N35MW$K$D$$$FJs9p$9$k!# BJ1_BNLd 9g $;?d DjK! $O!" %f!<%6 $,M? $( $?J# ?t$N %5%s %W %k$+ $i!"FC D’ 6u4V >e$N %5 %s%W %k%G!< %? $NE} 7W>p Js$r $b $H$K 0U?^ $5 $l$F $$$kLd9g $;$r ?d Dj$9 $k<j K!$G $"$k!# BJ 1_BN Ld9g $;?d DjK! $O $3$l $^$G $KDs 0F$5 $l $?4X O"8& 5f$K Hf$Y =@ Fp@- $KM% $l$F $$ $k$H $$$& MxE@$,$" $k $,!"<B 83$K $h $j%5 %s%W %k ?t$, >/$J $$>l 9g $NLd 9g$; $N ?dDj $,:$ Fq $G$" $k$H $$ $&Ld Bj$, L@$i $+ $K$J$C $?!#$= $N $?$a!" K\8&5f$G $O!" %5%s %W%k ?t$, >/$J $$ >l9g $K$b 0BDj $7 $FLd 9g$; $,?d Dj 2DG= $H$J $k$h $& $J2~ A1<j K!$r Ds 0F$7!" %W%m %H%? %$%W %7 %9%F %‘$r$b$H$K$=$NI>2A$r9T$J$C$?!# %-!<%o!<%I : 2hA|8!:w!"Nc$K4p$E$/8!:w!"BJ1_BN5wN%!"E,9g%U%#!<%I%P%C%/ Implemen tation and Ev aluation of a Con ten t-based Image Retriev al System Based on the Ellipsoid Query Estimation Metho d Y uesheng W u y Y oshiharu Ishik a w a z Hiro yuki Kitaga w a z y Do ctoral Degree Program in Engineering, Universit y of Tsukuba z Institute of Information Sciences and Electronics, Univ ersit y of Tsukuba 1-1-1 T ennoudai, Tsukuba, Ibaraki, 305-8573 f wu,ishikawa,kitagawa g @dblab.is.tsukuba.ac.jp In this pap er, we describ e a prototype of an image database system based on the el lipsoid query estimation metho d . Tw o principal ideas used in the system are Query-by-Example and r elevanc e fe e db ack . The system pro vides an example-based user-friendly interface and a feedbac k-based query re�nement facility . The system w e built can hav e a \conv ersation" with the user and estimate the user’s implied query from the multiple examples speci�ed by the user. The pap er rep orts the implementation details of the image retriev al system and exp erimental results p erformed on an image database that consists of more than 200 images. The p erformance of the ellipsoid query estimation is compared with other tw o query estimation metho ds. Keyw ords : image retriev al, query by example, ellipsoid distance, relev ance feedbac k 1

1 $O$8$a$K 6aG/$N%G%#%8%?%k5;=Q$NH/E8$K$h$j!"BgNL$N2hA|%G!<%? $,MxMQ2DG=$H$J$C$?$3 $H$+$i!"2h A|8!:w%7 %9%F%‘$N 8&5f$, 8=:_ @9 $s $K ?J $a $i $l $F $$ $k [F al94] !#0l HL $K 2h A| 8! :w %7 %9 %F%‘$G$O!"?’!"7A>u!"%F %/%9%A%c$J $I$NFCD’ $r2hA| $+$iCj =P$7$F$*$-!"FCD’$,;w $+$h$C$?2h A|$r8!:w $9$k$3$H $K$h$j N‘;w8!:w5!G=$,<B8= $5$l$k!#$3 $l$^$G$K$5 $^$6$^$J 2hA|$N FCD’Cj=P<jK!!"N‘;w8! :w<jK!$, Ds0F$5$l!" <B:]$KB? $/$N%7 %9%F%‘$G<B8=$5$l$F $$$k$,!"FC D’$N<oN‘$d FCD’$N>\ :Y$rCN $i$J$$0lHL$N%f!<%6 $K$H$C$F!"Ld 9g$;$r5- =R$9$k$3 $H$OMF 0W$G$O$J$$$H$$$&LdBj$,B8:_$9$k!# $=$N$h$&$JLdBjE@$N2r7h:v$H$7$F!"2hA|8!:w%7%9%F%‘$N Cf$K$O!"%f!<%6$NLd9g$;:n@.$r;Y1g$9$k$?$a$K Query b y (Visual) Example [Hir92] $N 5! G=$d!" %f!< %6 $N FC D’ $K 4X$9$k 9%$_ $r 3MF@ $9 $k$? $a $N%$ %s %? %U%’!<%9 ( Nc : FC D’$N =E$_IU$1 $N$? $a$N %9 %i%$ %I%P!< ) $rDs 6!$7 $F$$ $k$b $N $,?t B?$/8+$i$l$k!#$3$l $K$h$j!"%f!< %6$O2hA| $d%9%1%C %A$r%5 %s%W%k$H$7$F2hA|8! :w%7%9%F %‘$KDs6! $7!"%9%i%$ %I%P!<$r MQ$$$F$?$H$($P?’$N FCD’$K9b $$=EMWEY$r!" 7A>u$KCf 4VE*$J =EMWEY$r@_Dj$7!"8!:w$7$?$$2hA|$r;XDj$9$k$3$H$,$G$-$k!# $3$N$h$&$J%5%s%W%k $NDs<($K $h$kLd9g $;5!G=$K $h$j!"%f!< %6$NO+NO$rBg$-$/>J $/$3$H$, 2DG=$H$J $k!#$?$@$7!" FCD’$K 4X$9$k>\:Y$rCN$i $J$$0lHL $N%f!<%6$K $H$C$F%9%i %$%I%P!< $J$I$K$h$C$FFCD’NL$N =E$_$rE, @Z$K@_Dj$9 $k$3$H$O 0MA3$H $7$FMF0W$G$O$J$$$H$$$&LdBj$O;D$C$F$$$k!# Query b y Example %" %W %m!< %A $K 4p $E $/ Ld 9g $; =h M} $G $O!"%f!<%6$,;XDj$7$? %5%s%W%k %G!<%?$r$b $H$K8!:w %7%9%F %‘$,<+F0E*$KLd9g$; $r@8@.$7!" 8!:w7k2L $r%f!<%6$K Ds<($9 $k!#$3$N%"%W%m!<%A$r H/E8$5$;!" >pJs8!:w $GMQ$$$i $l$F$- $? E, 9g %U%#!< %I %P%C %/ (relev ance feedback) $N <j K! $r <h $j9~$s$@2hA|8!:w$N %"%W%m!<%A $bB8:_$9 $k!#$3$N<o $N<jK! $O!"Ds<($5$l$?8!:w 7k2L$KBP $7!"%f!<%6$, E,9g$HH= CG$7$? 2hA|$rA*Br$7%7%9 %F%‘$K%U%#!< %I%P%C%/$9 $k$3$H $G!"Ld9g $;$N2~A1$r?^$m$&$H $9$k$b$N $G$"$k!#$= $N$h$&$J %"%W%m!< %A$N0lNc$G$"$k MARS %7%9%F %‘ [Rui98] $G$O!"%f!<%6 $, A*Br$7$?J#?t$N%5%s %W%k%G!<%? $r$b$H$K!" $=$l$i$N FCD’6u 4V>e$G$NJ,I[$r9MN8 $7$F!"<+F0 E*$K3FFCD’ NL$K=E$_ IU$1$r 9T$&%"%W%m!<%A$,Ds 0F$5$l$F $$$k!#6qBN E*$K$O!"N‘ ;wEY$r M?$($k5w N%4X ?t$H $7$F!" MARS $G$O FCD’ 6u4V >e$N =E$_ IU $-%f!<%/%j%C%I5wN% (w eigh ted Euclidean distance) $rA[ Dj$7$F$$ $k ( ?^ 1 Cf ) !# %f!<%6 $+$i J# ?t$N E,9g %5%s %W %k$, ;X Dj$5$l$k$H!"3F<!85$K $D$$$F%5 %s%W%k%G!< %?$NI8=‘ JP:9$N 5U?t$r =E$_$H$7 $FMQ$$$k $3$H$G!"%U%#!< %I%P%C%/ $N7k2L$H $7$F 5wN% 4X ?t$, 5a$a $i$l $k!# MARS $G $O!" M?$( $i$l $?E, 9g%5%s%W %k$N%Y%/ %H%k$rJ?6Q $7$?FCD’ 6u4V>e$NE@ $rCf?4$H $7$F!"=E $_IU$-%f!< %/%j%C%I5w N%$G%i%s %/IU$1$r 9T$&$3$H $K$h$j!" %f!<%6$N0U?^ $rH?1G$7 $?N‘;w8! :w5!G=$r Ds6!$7$F $$$k!# ?^ 1: 3F5wN%4X?t$NEy5wN%LL $3 $l $K BP $7!" [Ish98] $G Ds 0F $5 $l $? <j K! $O!" ?^ 1 1& $G <( $5$l$k $h$&$J BJ1_BN 5wN% (ellipsoid distance $^ $?$O ellip- tical distance) $r%5%s%W%k%G!<%?$+$i?dDj$9$k$H$$$&%"%W %m!<%A$G $"$k!#$3$N %"%W%m!< %A$O!"E}7W $d%Q%?!<%s G’<1$J $I$GMQ$$$i$l$k %^%O%i%N%S%95wN% (Mahalanobis distance) $N9M$( J}$K4p$E$/ $b$N$G$" $j!"%5%s%W %k%G!<%?$+ $i6&J,;6 9TNs$r5a $a!"$=$N5U 9TNs$r5w N%$r5,Dj$9 $k9TNs$H $7$FMQ$$ $k!#?7$? $JLd9g$;0L CV$K$D$$ $F$O!"FCD’ 6u4V>e$N %5%s%W%k %G!<%?$N:BI8CM$r=E$_IU$1J?6Q$9$k$3$H$K$h$j$3$l$rF3$/!# MARS $N %" %W %m!< %A $H F1 MM!" ?d Dj $5 $l $? Ld 9g $; 0L CV $r Cf ?4$H$7$F!" F3$+$l$? BJ1_BN5w N%4X?t$r$b $H$K%i%s %/IU$1$9 $k$3 $H$G Ld 9g$; =hM} $,9T $o$l $k!#$J $*!" MARS $GMQ $$$i $l$?=E $_IU$-%f!< %/%j%C%I5w N%$rMQ$$ $k<jK!$O!" $3$N<jK! $N FC <l $J >l 9g $H B* $( $k $3 $H $, $G $- $k [Ish98] !# 0J 2< $G $O!" $3$N%5%s %W%k%G!<%? =89g$+$i $NLd9g$;0L CV$H5wN% 9TNs$N?d Dj<jK!$r BJ1_BNLd 9g$;?dDj K! $H8F$V$3 $H$K$9$k!# <!@a$G$O $3$N<jK!$K$D$$$F4JC1$K@bL@$9$k!# 2 BJ1_BN5wN%?dDjK! 2.1 BJ1_BN5wN%$H$O ?^ 1 $r$b $H$K!" K\8& 5f $K$* $1$k N‘;w 8!:w $N4p AC$H $J$k BJ 1_BN5wN%$K$D$$$F@bL@$9$k!#FCD’6u4V$N<!85?t$r d $H$7$? $H $-!" DL >o $N %f!< %/ %j%C %I 5w N% (Euclidean distance) $G $O!" $" $k E@ $+ $i Ey 5w N% $N LL $O d <! 85 $N 5e $H $J $k!# $^ $?!" MARS %7 %9 %F %‘ $G MQ $$ $i $l $? =E $_ IU $1 $7 $? %f!< %/ %j%C %I 5w N% (weigh ted Euclidean distance) $G $O!" Ey 5w N% LL $O d <! 85 $N BJ 1_!" $9 $J $o $A BJ 1_ BN (ellipsoid) $N 7A >u $H $J $k $,!"$=$N <g<4$O:B I8<4$KJ? 9T$H$J$k!# 0lJ}!"$3$3 $G5DO@$N BP>] $H $9$k BJ1_ BN 5wN% (ellipsoid distance) $G $O!" Ey5w N% 2

LL$NBJ1_BN$N<g<4$O I,$:$7$b :BI8<4$K1h $&I,MW$O $J$/!"G$ 0U$NJ}8~$r$H$k$3$H $,$G$-$k!# $3$N$h$& $J0UL#$G!" BJ1_BN 5wN%$O!"%f!<%/%j%C%I 5wN%!"=E$_ IU$-%f!< %/%j%C%I5w N%$r 0lHL2=$7$?5wN%$H9M$($k$3$H$,$G$-$k!# $3$3$G!" x = [ x 1 ; : : : ; x d ] T , y = [ y 1 ; : : : ; y d ] T $r!" $= $l$>$l d <!85 %Y%/%H%k$H$9$k!# ’ T ’ $O%Y%/%H%k$*$h$S9TNs $NE>CV$rI=$9!#$3$N$H $-!"BJ1_BN 5wN%$O0J 2<$N7A<0 $GI=$5 $l$k!# D 2 ( x ; y ) = ( x � y ) T A ( x � y ) (1) $3$3$G!" A = [ a ij ] $O d � d $N @5Dj CM BP>N 9T Ns [ >.;3 94] $G$"$k!#<0 (1) $rE83+$9$k$3$H$G D 2 ( x ; y ) = d X j d X k a j k ( x j � y j )( x k � y k ) (2) $,F@$i$l$k!#$J$*!"<0 (1) $N1&JU$O5wN%$N 2 >h$rI=$9$N$G!" <B:]$K$O p D 2 ( x ; y ) = D ( x ; y ) $,5wN%$KAjEv$9$k!# 2.2 BJ1_BNLd9g$;?dDjK! [Ish98] $K $* $$ $F!" %f!< %6 $+ $i ;X Dj $5 $l $? %5 %s %W %k %G!< %?=89g$KBP$7!"$=$l$i$NFCD’6u4V>e$G$NJ,I[>pJs$rMQ$$$F!" %f!<%6$,0U ?^$9 $kLd 9g $; ( Ld9g $; $NCf ?4E@ $*$h $SBJ 1_ BN5w N%4X?t ) $r?d Dj $9$k <jK! $rDs 0F $7$?!# K\O@ J8$G $O$3 $N <jK! $r BJ1_BNLd9g$;?dDj K! $H8F$V!# $3$N<jK!$K $D$$$F0J 2<$K4J C1$K=R$Y$k!# %f!<%6$+$i N 8D$N%5 %s%W %k$,M? $($i $l$?$H $9$k!# i HV L\$N%5%s%W%k$NFC D’%Y%/%H %k$r x i = [ x i 1 ; : : : ; x id ] T ( i = 1 ; : : : ; N ) $G I= $9!# $^$?!" %f!< %6 $O 3F%5 %s %W %k$K BP $7!" 9% $^$7$5$rI=$9%9 %3%"CM v i ( v i > 0) $r;XDj $G$-$k$b $N$H$9 $k!# N 8D $N %5 %s %W %k %G!< %? $H %9 %3 %" CM $+ $i %f!< %6 $N 0U ?^ $K 1h$C$?:GNI$NLd9g$;$rF3$/$?$a!"0J2<$N:G>.2=$r9T$&!# min A ; q N X i =1 D 2 ( x i ; q ) = min A ; q N X i =1 v 2 i ( x i � q ) T A ( x i � q ) (3) $3$3$G q $OG$0U$NLd9g$;E@$rI=$9!# P N i =1 D 2 ( x i ; q ) $O!" q $+$i3F%5%s%W%kE@ x i $KBP$9$k 2 >h5wN% ( $?$@$7!" v 2 i $H $$$& =E $_ $, 3] $1 $i $l $F $$ $k ) $N OB!" $9 $J $o $A %Z %J %k %F%# $G $"$j!"$=$l$r:G >.2=$9 $k$h$& $J A , q $r8+$D $1$h$& $H$$ $& $3$H$,>e$N<0$N0U?^$G$"$k!# A $,@5B’$G$"$k$H$$$&>r7o ( $3$N$?$a$K$O!"%5%s%W%k?t N $, <! 85?t d $h $j Bg$- $$ $3$H $, I,MW ) $N $b $H$G (3) <0$r 2r$/$H!":GE,$J q opt , A opt $O0J2<$N$h$&$K$J$k [Ish98] !# q opt = P N i =1 v 2 i x i P N i =1 v 2 i (= � x ) (4) A opt = det( C ) 1 d C � 1 (5) $9$J$o$A!" q opt $O N 8D$N%5%s%W%k$N=E$_IU$1$7$?J?6Q � x $KEy$7$$!# C = [ c j k ] $O=E$_IU$1$7$?6&J,;69TNs$G$"$j!" c j k = N X i =1 v 2 i ( x ik � � x k )( x ij � � x j ) (6) $H Dj5A $5 $l $k!# $J $*!" det( C ) $O C $N 9TNs <0 $r I= $7 $F$$ $k!#$3$N 7k2L$O!"E} 7W$d%Q%?!< %sG’<1$J $I$GMQ$$ $i$l$k%^ %O%i %N %S %95w N% (Mahalanobis distance) $N9M $( J} $KBP 1~ $7$F$$$k!# 0J>e$N7k2L$K4p$E$$$F!"%f!<%6$+$i N 8D$N%5%s%W%k%G!< %?$N=89g$,M?$($i$l$?$H$-!">e$K<($7$?<0$K$h$j q opt , A opt $rF3$-!" q opt $rLd9g$;Cf?4!" A opt $r5wN%9TNs$H$7$FMQ$$ $k$3$H$G!"%f!<%6$N0U?^$K1h$C$?N‘;w8!:w$,2DG=$H$J$k!# 3 <B83$N$?$a$N=‘Hw 3.1 N‘;w8!:w$N$?$a$NFCD’NL N‘;w2hA|$N8!:w$K4X$9 $k<B83$K@hN)$A!"?’$H%F%/%9%A%c $K4X$9 $kFCD’$NCj =P$r9T$C$?!# 0J2<$K$= $N35MW$r 4J7i$K=R $Y$k!# $^$:!"?’$NFCD’$K$D$$$F $O!"?’$N%R%9%H%0%i%‘$r:n@.$9 $k$3$H$G 3F2hA|$N ?’$NFCD’ $rI=8=$9$k!# ?’$N%R%9 %H%0%i%‘ $r:n@.$9$k%"%W%m!<%A$O!"B>$N2hA|8!:w%7%9%F%‘ [F al94] $G $b$H$i $l$F$$$k0l HLE*$J%" %W%m!<%A$G $"$k!#%R%9 %H%0%i%‘ $r:n@. $9$k:]$K$O!" $^$:?’6u 4V$rE,Ev $J<jK!$G J,3d$7!"2h A|$N3F%T %/%;%kCM $,$I$N?’6u 4V$NItJ, NN0h$K4^$^ $l$k$+$K 1~$8$F%+%&%s%H$r9T$&!#K\<B83$G$OAF$/ 4 NN0h$KJ,3d$9$k $b$N$H$7$?!#$9$J$o$A!"?’%R%9%H%0%i%‘$N<!85?t$O 4 <!85 $H$J$k!#?’ %R%9%H%0 %i%‘$N:n @.$N$?$a$K 9b<!85$N %R%9%H%0 %i%‘$r MQ$$$J$+$C$? M}M3$H$7 $F$O!"0J2< $NFsE@$, 5s$2$i$l $k!# 1. 9b <! 85 $N FC D’ 6u 4V $O!" Ld 9g $; $N ?d Dj $H $$ $& L\ E* $+ $i $O K> $^ $7 $/ $J $$ $3 $H $+ $i!" FC D’ 6u 4V $N <! 85 ?t $r >/ $J $/ $H $I$a$F$*$/I,MW$,$"$C$?$3$H!# 2. N‘ ;w <\ EY $d %f!< %6 $, M_ $7 $F $$ $k 2h A| $, L@ 3N $K 7h $^$C $F $$ $k $h $& $J >l 9g $H 0[ $J $j!" K\ 8& 5f $, BP >] $H $7 $F $$ $k >u 67 $G $O!" %f!< %6 $N Ld 9g $; MW 5a <+ BN $, [# Kf $G $" $j!" M} A[ E*$JN‘;w<\EY ( 5wN%4X?t ) $bL@3N$G$J$$!#$3$N$h$&$J>l 9g $K $O!" FC Dj $N 8! :w MW 5a $K BP $7 $F >\ :Y $K %A%e!< %K %s %0 3

$5$l $? FC D’ NL $J $I $h $j $b!" $* $* $6$C $Q $G $O $" $k $, 4p K\ E*$J 8! :w MW 5a $r %+ %P!< $G $- $k C1 =c $J FC D’ NL $N J} $, K> $^ $7$$$3$H!# %F%/%9%A%c $NFC D’$K $D$$ $F$O!" [F al94] $J $I$G $bMx MQ$5 $l$F$$$k T am ura $N%F%/ %9%A%cFCD’ Cj=P<j K! [T am78] $r ;29M$K!"AF$5 (coarseness) $HJ}8~@- (directionalit y) $rFC D’NL$H$7$FCj=P$7$?!#$=$l$>$l$O 1 <!85$NFCD’NL $H$7$FI= 8=$5$l!"CM$NBg>.$,2h A|Cf$N%F %/%9%A%c$N AF$5$HJ} 8~@-$N Bg>.$KBP1~$9$k!#2h A|Cf$K=P 8=$9$k%Q %?!<%s$,!" %9%1!<%k $NBg$-$$AF$$9=B$$r B?$/4^$‘ $H$-!"%F%/ %9%A%c$O$h $jAF$$ $HH=CG$5$l!"2hA|Cf$K 0lDjJ}8~ $N%(%C%8@. J,$,B?$/ 4^$^$l $k$H$-$KJ}8~@-$NEY9g$$$,Bg$-$$$HH=CG$5$l$k!# 0J>e$NFCD’NL$rAm9g$9$k$H!"?’$N%R%9%H%0%i%‘$K4X$7$F 4 <! 85!" %F%/ %9%A%c $K $D$$ $F 2 <! 85!" 9g$o $; $F 6 <! 85$N FC D’6u4V$K$*$$$FN‘;w 8!:w$r9T $&!#FCD’Cj=P $N>\:Y$K $D$$$F $O!" [W u00] $G=R$Y$i$l$F$$$k!# 3.2 %W%m%H%?%$%W%7%9%F%‘$N9=C[ ?^ 2 $N$h $&$K!" K\%7 %9 %F%‘ $O<g $K ;0$D $N%b %8%e!< %k$+ $i 9=@.$5$l$k!# ?^ 2: %7%9%F%‘$N9=@. 1. FC D’ Cj =P %b %8%e!< %k : M? $( $i $l $? 2h A| $+ $i FC D’ NL !J?’ >pJs $* $h $S %F %/ %9 %A%c >p Js!K $r Cj =P $7 2h A| $N FC D’ %Y %/ %H%k $r :n @. $9 $k $? $a $N %b %8%e!< %k $G $" $k!# 8= :_ $N <B Au $G$O!" 8! :w BP >] $N 2h A| %G!< %? %Y!< %9 Cf $N A4 $F $N 2h A| $K BP$7 $" $i $+ $8 $a FC D’ Cj =P $r 9T $J $$!" FC D’ %Y %/ %H %k $N =8 9g$r:n@. $7 $F$$ $k!# $3$N %b %8%e!<%k $O MA TLAB $K$h $j<B Au $5 $l $F $$ $k!# K\ %7 %9 %F %‘ $G $O!" 8! :w BP >] $N 2h A| %G!<%? %Y!< %9 $N A4 $F $N %U%! %$ %k $+ $i $" $i $+ $8 $a FC D’ Cj =P %b %8%e!< %k $K $h $j FC D’ Cj =P $r 9T $J$C $F $* $-!" FC D’ %Y %/%H%k$N=89g$r;vA0$K:n@.$7$F$$$k!# 2. W eb %$%s%?%U%’!<%9%b%8%e!<%k : %f!<%6$KNc<(2hA|$r A* Br $7 $F $b $i $& $? $a $N 8u Jd 2h A| $N Ds <( $r 9T $$!" %f!< %6 $N A* Br 7k 2L $K 1~ $8 $F E, @Z $J Ld 9g $; $r N‘ ;w 8! :w %b %8%e!< %k $K H/ 9T $9 $k!# $^ $?!" N‘ ;w 8! :w %b %8%e!< %k $+ $i F@ $i $l $? 7k 2L $K 4p $E $$ $F 2h A| %G!< %? %Y!< %9 Cf $N 2h A| $r <h $j =P $7 HTML 7A <0 $G I= <( $9 $k!# $3 $N %b %8%e!< %k $O Perl $K $h$j CGI %W%m%0%i%‘$h$j$H$7$F<BAu$5$l$F$$$k!# 3. N‘;w8!:w%b%8%e!<%k : W eb %$%s%?%U%’!<%9$r2p$7$F%f!< %6 $, ;X Dj $7 $? Nc <( 2h A| $N =8 9g $H $= $N %9 %3 %" CM $, M? $( $i $l$k$H!"N‘;w8!:w%b%8%e!<%k$OE,@Z$JLd9g$;$r?dDj$7!" $" $i $+ $8 $a :n @. $5 $l $F $$ $k FC D’ %Y %/ %H %k %G!< %? $r $b $H $KN‘;w 8!:w=hM} $r9T$&!#:G=* E*$K$=$N 7k2L$r:F $S W eb %$ %s %? %U%’!< %9 %b %8%e!< %k $K JV $9!# $3 $N %b %8%e!< %k $O C 8@ 8l$N%W%m%0%i%‘$H MA TLAB $N%W%m%0%i%‘$NFs<o N‘$r:n@.$7$?!# Ld 9g$; =hM} $N N.$l $O0J 2< $N$h $&$K $J $k!J?^ 2 !K!#$^ $:!" %7%9%F %‘$+$i%f!< %6$K$$$/ $D=i4|CM 2hA|$rDs <($9$k!#%f!< %6 $, W eb %$ %s %? %U%’!< %9 %b %8%e!< %k $r DL $8 $F 9% $_ $N 2h A| $r A* Br $9 $k $H!" A* Br$5 $l $? 2h A| %G!< %? $N ID $H %9%3 %" $, N‘ ;w8!:w%b%8%e!<%k$KAw$i$l$k!# N‘ ;w 8! :w%b %8%e!< %k $G $OAw $i $l $? 2hA| %G!< %? $N ID $H %9 %3%"$r4p$K!":GE,$JLd9g$;Cf?4$HBJ1_BN5wN%4X?t$r?dDj$7!" ?dDj$5$l $?BJ1_BN 5wN%4X?t $r4p$K!"3F2h A|$NFCD’ %Y%/%H%k $KBP$75wN%$r;;=P$9$k!#$=$N7k2L$r$b$H$KN‘;w8!:w%b%8%e!< %k$O5wN%$,6a$$2hA|$N ID $r W eb %$%s%?%U%’!<%9%b%8%e!< %k $K JV $9!# W eb %$ %s %? %U%’!< %9 %b %8%e!< %k $O!" JV $5 $l $? 2h A| %G!< %? $N ID $r 4p $K 2h A| %G!< %? %Y!< %9 $+ $i 3: Ev $9 $k 2h A|%G!<%?$H@55,2=$7$?%9%3%"$r%f!<%6$KDs<($9$k!# 3.3 <B83%G!<%? <B 83$KMQ $$$? 2hA| $O!" MIT $K$*$1 $k2h A|8! :w%7%9 %F%‘ PhotoBo ok [P en96] $N<B83$G;HMQ$5$l$?2hA|%G!<%? [Vis] $G$"$k!# 2hA|%G!<%? $O@PJI$d LZ$NHi$J $I$N%F%/ %9%A%cE*$J FCD’$r<gBN$H$7$?$b$N$G$"$j!"A4It$G 227 Kg$G$"$k!# 4 LdBjE@$H$=$N2r7h:v 4.1 LdBjE@ >e=R$7$?$h$&$JFCD’NL $H2hA|%G!<%?$KBP$7!"<B:]$KBJ1_ BNLd9g $;?dDjK!$r <BAu$7M= Hw<B83$r 9T$C$F$_$? $H$3$m!"0J 2<$N$h$&$JLdBjE@$,@8$8$?!# 4

1. FC D’6u4V $N<!85?t $, d $G$"$k >l9g$KBJ 1_BNLd9g $;?dDj K!$G Ld 9g $; $r ?d Dj $9 $k $? $a $K $O N > d 8D $N E, 9g %5 %s%W %k $, %f!< %6 $h $j M? $( $i $l $k I, MW $, $" $k!# $3 $l $O!" (5) <0$K$*$$$F5U9TNs$r7W;;$9$k$?$a$K$O6&J,;69TNs C $,@5B’$G$J$1$l$P$J$i$J$$$H$$$&@)8B$K4p$E$$$F$$$k!# K\<B83$G$O d = 6 $NFCD’6u4V$r MQ$$$?$,!"$9$J $o$A$3 $N>l9g $K $O N > 6 $G$J $1 $l $P $J $i $J $$ $3 $H $K $J $k!# $3$N $h $& $K B? ?t $N %5 %s %W %k $r A* Br $7 $J $1 $l $P $J $i $J $$ $3$H$O!"%f!<%6$K$H$C$F3Z$J:n6H$G$O$J$/!">l9g$K$h$C $F$O E, @Z $J %5 %s %W %k $, 8+ Ev $? $i $J $$ $3 $H $b $" $k $H $$ $& LdBjE@$,B8:_$9$k!# 2. N > d $rK~$? $9?t$N%5%s%W%k$rM?$($? >l9g$G$b!"%5%s %W%k ?t N $, == J, Bg $- $/ $J $$ >l 9g $K $O!" 0B Dj $7 $? ?d Dj $r9T $& $3 $H $, MF 0W $G $O $J $$!# $9 $J $o $A!" %5 %s %W %k ?t $, >/$J $$ >l 9g $K $O!" A opt $G M? $( $i $l $k BJ 1_ BN 5w N% $N Ey 5wN% LL $,!" <B :] $K A[ Dj $5 $l $k 5w N% 4X ?t $N Ey 5w N% LL $K Hf $Y!":Y D9 $$ $$ $S $D $J BJ 1_ BN $H $J $k $3 $H $, B? $/ 8+ $i $l!" $3$N $h $& $J >l 9g $K $O NI 9% $J 8! :w 7k 2L $r F@ $k $3 $H $O :$ Fq $G$" $k!# $3 $N <o $N Ld Bj $O!" %Q %?!< %s G’ <1 $K $* $$ $F >/ $J $$8D ?t $N %5 %s %W %k $+ $i ?d Dj $r 9T $& >l 9g $K $b F1 MM $K @8 $8 $kLdBj$G$"$k!# 4.2 LdBjE@2r7h$N$?$a$N%"%$%G%" 0J>e$NLdBjE@$KBP=h$9$k<jK!$H$7$F!"0J2<$N$b$N$,9M$( $i$l$k!# 1. %5 %s %W %k ?t $, >/ $J $$ >l 9g $K BP 1~ $7 $?!" %m %P %9 %H $J 6& J, ;69T Ns $N ?d Dj J} K! $N Mx MQ : %5 %s %W %k ?t $, >/ $J $$ >l 9g $K $b!"$" $k Dx EY 0B Dj $7 $F 6& J, ;6 9T Ns $r ?d Dj $9 $k <j K! $, 8& 5f$5 $l $F $* $j!" $= $N $h $& $J ?d Dj 4X ?t $r M- $7 $F $$ $k E} 7W =hM}%7%9%F%‘$bB8:_$9$k [S+] !# 2. 0lHL5U9TNs (pseudo-inv erse) [ >.;3 94] $NMxMQ : 5U9TNs $N35 G0 $r!" 5U 9T Ns $, B8 :_ $7 $J $$ FC 0[ 9T Ns $K $^ $G 3H D% $7 $?35 G0 $H $7 $F 0l HL 5U 9T Ns $, $" $k!# $3 $N 35 G0 $O!" 5U 9T Ns $,B8 :_ $7 $F $O $$ $k $, IT 0B Dj $G $" $k 9T Ns $N 0B Dj 2= $K $b Mx MQ2D G= $G $" $k!# K\ 8& 5f $N $h $& $J BJ 1_ BN 5w N% 4X ?t $N F3 =P $K$D $$ $F $O!" [Ish98] $K $* $$ $F $= $N %" %$ %G %" $, <( $5 $l $F$$$k!# 3. %i %s %@ %‘ $K %5 %s %W %k $N DI 2C $r 9T $& <j K! : >/ $J $$ ?t $N %5 %s%W %k $+ $i 6& J, ;6 9T Ns ( $* $h $S BJ 1_ BN 5w N% 9T Ns ) $r ?d Dj$9 $k $? $a $N B> $N <j K! $H $7 $F!" %5 %s %W %k 0J 30 $K %i %s %@ %‘$J %N %$ %: $H $7 $F E, Ev $J ?t $N %Y %/ %H %k $r DI 2C $9 $k $3 $H $b9M $( $i $l $k!# $3 $N <j K! $O!" %f!< %6 $, ;X Dj $7 $? %5 %s %W %k $@ $1 $G $O!" 5w N% 4X ?t $N Ey 5w N% LL $G $" $k BJ 1_ BN $N 7A >u $, $" $^ $j $K :Y D9 $/ $J$C $F $7 $^ $& $N $r 4K OB $9 $k F/ $- $b $" $k!# 1, 2 $O $" $k Dx EY M} O@ E* $J 4p HW $, $" $j!" %5 %s %W %k $N $_ $+ $i E, @Z $J 6& J, ;6 9T Ns ( $* $h $S 5w N% 9T Ns ) $r ?d Dj $9 $k >l 9g $K $O M-8z$J<jK!$H9M$($i$l$k!#0lJ}!" 3 $OM}O@E*:,5r$O==J,$G $O$J$$ $,!"<B8=$,MF 0W$H$$$& MxE@$,$" $k!#0J2<$K <($9$H$* $j!"K\8&5f$G$O<jK!#3$rMQ$$$F%7%9%F%‘$r<B8=$7$?!# 5 <B83FbMF$H7k2L >e=R$N%"%W%m!<%A 3 $N<jK!$rMQ$$$F!"%i%s%@%‘$J%5%s%W %k$NDI2C$,$I$N$h$&$KF/$/$+$r<B83$K$h$jD4$Y$?!# 5.1 <B83 1: ?M9)E*$JE,9g2hA|%G!<%?$K4p$E$/Hf3S<B83 Bh0l$N<B83$O!"Ld9g$;2h A|$KBP$7E,9g2hA|%G!<%?$N=89g $r$"$i $+$8$a?M 9)E*$K@8 @.$7$F$* $-!"%U%#!<%I %P%C%/$r7+ $jJV$7$? :]$K5a$a $kE,9g2hA| $,$I$NDx EY$N7+JV$7 2s?t$G<B :]$K8!:w$5$l$k$+$I$&$+$rD4$Y$k$b$N$G$"$k!#$3$l$O MARS %7%9%F%‘$N<B83 [Rui98] $K$*$$$FMQ$$$i$l$?<jK!$G$"$k!# 3 <o N‘ $N 5wN% 4X ?t $K$D $$ $F9T $J$C $? 7k2L $K 4p$E $$ $F!" 3F<B 83<jK!$N5wN%4X?t$NHf3S$r9T$J$&!# 6qBNE*$J<B83FbMF$K$D $$$F=R$Y$k!#$^$:!"=‘Hw$H$7$F0J 2<$N=hM}$r9T$J$&!# 1. %G!< %? %Y!< %9 Cf $+ $i!" A4 BN E* $J FC D’ $, Hf 3S E* 6Q 0l $J 2h A|$rLd9g$;2hA|$H$7$FA*Br$9$k!# 2. <! $K!"$3 $N 2h A| $r 16 J, 3d $7 $F 16 Kg $N %5 %V2h A| $r :n @. $7!" $3 $l $i $N %5 %V 2h A| $N =8 9g $N $& $A $N 2 Kg $r Ld 9g $; 2h A|!";D$j$N 14 Kg$r@52r=89g$H$9$k!# >e$N=hM} $K$h$jF@ $i$l$?Ld9g $;2hA|$H @52r2hA|$r $b$H$K0J 2<$N<B83$r9T$J$&!# 1. A0 =h M} $N %9 %F%C %W $G $" $i $+ $8 $a A* Br $7 $F $* $$ $? 2 Kg $N %5 %V 2h A| $r Ld 9g $; $H $7 $F %7 %9 %F %‘ $K M? $(!" 8! :w 7k 2L $H $7$F%H%C%W 16 7o$N2hA|$rF@$k!# 2. $3$N%H%C%W 16 7o$N2hA|%j%9%HCf$K!" 2 Kg$NLd9g$;2hA| $H 16 Kg$N@52r2hA|$N$$$:$l$+$,4^$^$l$F$$$k>l9g!"$= $l$i$9$Y$F$rA*Br$7$F?7$?$JLd9g$;$H$9$k!#$J$*!"%U%#!< %I %P%C %/ ;~ $K ;X Dj $9 $k %9 %3 %" $K $D $$ $F $O!" $3 $N <B 83 $G $O8GDjCM$H$7$?!# 3. $3 $N $h $& $J %U%#!< %I %P%C %/ =h M} $r!" 8! :w 7k 2L $, <} B+ $9 $k$^$G7+$jJV$7E,MQ$9$k!# K\ <B83 $G$O!" >e 5-$N $h$& $J %U%#!<%I %P%C%/ 8! :w=h M}$r 3 <oN‘$N5wN%4X?t$K$D$$$F!" 13 8D$N2hA|$K$D$$$F9T$J$C$?!# 5

2hA| %f!<%/%j%C%I5wN% =E$_IU$-%f!<%/%j%C%I5wN% BJ1_BN5wN% ID #12s #22s #32s #12s #22s #32s #12s #22s #32s 18 0 0 0 68.75 93.75 100 50 81.25 93.75 19 0 0 0 43.75 68.75 75 50 62.5 68.75 20 0 0 0 56.25 81.25 81.25 62.5 87.5 87.5 24 6.25 12.5 50 75 87.5 81.25 75 81.25 81.25 29 12.5 12.5 12.5 75 81.25 87.5 75 87.5 93.75 35 6.25 6.25 6.25 81.25 93.75 93.75 68.75 93.75 93.75 62 12.5 50 87.5 100 100 100 87.5 100 100 84 56.25 62.5 62.5 81.25 87.5 87.5 81.25 93.75 93.75 94 6.25 6.25 6.25 75 87.5 93.75 75 93.75 93.75 99 0 0 0 37.5 37.5 43.75 37.5 37.5 37.5 135 18.75 18.75 18.75 62.5 87.5 87.5 68.75 100 100 137 25 18.75 31.25 56.25 93.75 100 56.25 87.5 93.75 217 0 0 0 50 50 50 50 50 50 J?6Q 11.058 14.423 21.154 66.346 80.769 83.173 64.423 81.25 83.654 I= 1: 8!:w@:EY$NJQ2= $=$N7k 2L $H $7 $F!" 8! :w $N @: EY (precision) $N JQ 2= $r I= 1 $K <($9!#<B83$N7k2L!"B?$/$H$b 3 2sDxEY$N%U%#!<%I %P%C%/8! :w$K$h$j8!:w7k2L$, <}B+$9$k $3$H$,J, $+$C$?$?$a!" $3$NI= $G$O 1 2sL\$+$i 3 2sL\$^ $G$N%U%#!<%I%P%C%/8!:w$N7k2L$N $_$r<($7$F$$$k!#$3$NI=$r$^$H$a$k$H0J2<$N$h$&$K$J$k!# 1. Bh 1 2s L\ $N %U%#!< %I %P%C %/ $G @: EY $, $b$C $H $b Bg I} $K 8~ >e$7!" 2 2s L\ 0J 9_ $N 8~ >e $N EY 9g $O >. $5 $/!" 3 2s Dx EY $G <}B+ $K 8~ $+ $&!# $9 $J $o $A!" 8! :w L\ E* $, L@ 3N $G $" $l $P!" Hf3SE*>/$J$$2s?t$G8!:w$r=*N;$G$-$k$3$H$,$$$($k!# 2. =E$_IU$-%U%#!<%I%P%C%/5wN%$HBJ1_BN5wN%$K$D$$$F$O!" %U%#!<%I%P%C%/$rMQ$$$k$3$H$G@:EY$N8~>e$,$_$i$l$k!# $J$*!" $3 $N <B 83 $G $O N> <T $N 8! :w @: EY $K Bg I} $J @- G= $N :9 $OB8 :_ $7 $J $+$C $?!# 0l J}!" %f!< %/ %j%C %I 5w N% $K $D $$ $F $O%U%#!< %I %P%C %/ 8! :w $r 7+ $j JV $7 $F $b @: EY $N 8~ >e $O $[ $H$s$I$_$i$l$J$$!# 5.2 <B83 2: Aj4X$r;}$C$?Ld9g$;Nc$N?dDj $3$N<B83$G$O!"Aj4X$r$b$C$?Ld9g$;Nc$KBP$7!"=E$_IU$- %f!<%/%j%C%I5wN%$HBJ1_ BN5wN%$N $=$l$>$l $K4p$E$/ Ld9g$; $N?dDj7k2L$NI>2A$r9T$J$&!# @h$K=R$Y$?$H$*$j!"=E$_IU$-%f!<%/%j%C%I5wN%$G$O!"Ey 5wN%LL$O<4J?9T$NBJ 1_BN$G$" $j!"%5%s%W %k%G!<%?$, <4$KBP $7$F<P8r$7$?Aj4X$r ;}$D>l9g$K $&$^$/BP1~ $G$-$J$$ $H9M$( $i$l$k!# $3$N MM ;R$r ?^ 3 $K <($9!# $3 $l$O 2 <!85 $N FC D’6u 4V $K 3 8D$N%5%s%W %k%G!<%?$rM?$( $?>l9g$G$"$k$,!" =E$_IU$- %f!<%/ %j%C %I 5w N% $r MQ $$ $F Ld 9g $; $r ?d Dj $7 $? >l 9g $K $O (a) $N$h$& $JEy5wN%LL $,F@$i$l $k!#0lJ}!"BJ 1_BN5wN% $rMQ$$$? >l9g $K$O (b) $N $h$&$J 7k2L$, F@$i $l!"M?$( $i$l$? %5%s%W %k $N<P8r$7$?Aj4X$r$&$^$/I=8=$G$-$k$3$H$,J,$+$k!# ?^ 3: <P8r$7$?%5%s%W%k%G!<%?$+$i$NLd9g$;?dDj <B 83 $G $O!" ?^ 4(a) $N >e It $K <( $9 Fs $D $N ?% J* $N 2h A| ( 2h A| ID 59, 61) $r Ld 9g $; $H $7 $F A* Br $7 $?!# $3 $l $i $O F1 $8 ?% J*$N2hA| $G$"$j!"?’ $K$D$$$F $O$[$\F1MM $NFCD’NL $rM-$7$F $$ $k $,!" 2h A| 61 $N J} $, %9 %1!< %k $, Bg $- $$ $? $a!" Fs $D $N %F %/%9%A%c FCD’NL$G$" $k!"AF$5$N FCD’NL$H J}8~@-$N FCD’NL$N N> J} $K $D $$ $F!" 2h A| 61 $N J} $, Bg $- $$ CM $r $H $k!# $3 $N $h $& $J Fs $D $N 2h A| $r Ld 9g $; $H $7 $F M? $( $? >l 9g!" ?^ 3(b) $G <( $7 $?$h$&$J <P8r$7$? Ld9g$;$,?d Dj$5$l$k $3$H$,K>$^ $7$$$H9M $($i$l$k!# <B 83 7k 2L $r ?^ 4(a), (b) $K <( $9!# =E $_ IU $- %f!< %/ %j%C %I 5wN% $rMQ $$ $?>l 9g ( ?^ 4(a)) $HHf $Y!"BJ 1_BN 5wN% $rMQ $$ $? 6

(a) =E$_IU$-%f!<%/%j%C%I5wN% (b) BJ1_BN5wN% ?^ 4: Aj4X$r;}$C$?Ld9g$;$NNc >l9g ( ?^ 4(b)) $G$O!" %9%1!< %k$N 0[$J$k N‘;w $7$? 2hA| $,Ld 9g$;7k2L$N>e0L$K8=$l$F$$$k$3$H$,$o$+$k!# 5.3 0lHLE*$J>u67$G$N8!:w<B83 0lHLE*$J >u 67$K $*$1 $k8! :w$K $D$$ $F!"?^ 5 $K 6qBN E*$J Nc $r<($7$F$$$k!#?^ 5(a) $K 1 2sL\$N8!:w7k2L$r<($9!"$3$N?^ $N>eIt$N2hA|$O%f!<%6$,A*Br$7$? 2 Kg$N7zJ*$N2hA|$G$"$k!# $3$l$KBP$9$k8!:w7k2L$O?^ 5(a) $N2<It$N 10 Kg$N2hA|$K$J$C $F$$$k!#?^ 5(a) $K$*$$$F!"%U%#!<%I%P%C%/8!:w$r9T$J$C$? 7k2L$,?^ 5(b) $G$"$k!#%U%#!<%I%P%C%/=hM}$K$*$$$F!"8!:w $5$l$?7zJ*$N2hA|$, A}$(!"%i%s %-%s%0$N@: EY$b8~>e $7$?$3 $H$r3NG’$G$-$?!#$3$N <B83$rDL $8$F!"M?$( $i$l$?%5 %s%W%k $N8D?t$, $o$: $+?t 8D$G $" $k$3 $H$r 9M$( $k$H ( => Mh $N<j K!$G $O$3 $N >l 9g $K E, @Z $J 5w N% 9T Ns $r F3 =P $G $- $J $$ ) !" %i %s %@ %‘ $J%5%s%W%k$NDI2C$, Ld9g$;?d Dj$N0BDj2= $K8z2L$, $"$C$?$H ?dDj$G$-$k!# :#$^$G$N<B83%7%9%F%‘$K$*$$$F!"2?EY$+8!:w$r9T$C$F$_ $k0J2<$N$h$&$J798~$,$_$i$l$?!’ 1. A* Br $9 $k 2h A| $N ?t $N 1F 6A!’ C1 0l $N 2h A| $r Ld 9g $; $H $7 $FM? $( $? >l 9g $K $b $" $k Dx EY $N E, 9g 2h A| $, 8! :w 2D G= $G $" $k$,!" %5 %s %W %k 2h A| $r A} $d $9 $[ $I 0l HL $K 8! :w @: EY $, 8~ >e$9$k!# 2. %U%#!< %I %P%C %/ $N 2s ?t!’ 0l HL $K!" 2 2s $[ $I %U%#!< %I %P%C%/ $r 7+ $j JV $; $P $[ $\ <} B+ >u BV $K C# $9 $k!# 2 2s $[ $I $G== J, $J 7k 2L $, F@ $i $l $J $$ ;~ $O!" $= $l 0J 9_ $N %U%#!< %I %P%C%/ $G @- G= $O 8~ >e $9 $k $3 $H $, $" $^ $j $J $$!# $3 $N $h $& $J>l 9g $O!" K\ %7 %9 %F %‘ $G MQ $$ $? FC D’ NL $, %f!< %6 $N MW 5a $K%^%C%A$7$F$$$J$$;~$K@8$8$d$9$$!# 0J>e$r$^$H$a$H%U%#!<%I %P%C%/$r$+$1$k$3$H$K$h$jLd9g $;$O2~A1$5$l$k$,!"0lHLE*$K$$$C$F<}B+$^$G!"$=$l$[$I%U%#!< %I%P%C%/ $N2s?t$OI, MW$G$J$$!# $3$N@-<A $OBPOCE* $J8!:w$G $OK>$^$7$$$H9M$($i$l$k!# 6 7kO@$H:#8e$N2]Bj K\ 9F $G $O!" Query-by-Example $N %" %W %m!< %A $K 4p $E $$ $FLd9g$; $rF3$/BJ 1_BNLd9g$; ?dDjK!$r 2hA|8!:w$K <B:]$K1~ MQ$7!"$= $N<B8=$K $*$$$F@8 $8$kLdBj E@$N2r7h $r?^$C$?!#FC $K!"%f!<%6 $+$iDs<($5 $l$k%5%s %W%k?t$, >/$J$$>l 9g$K@8$8 $kLd9g $;?dDj$N:$ Fq$5$KBP =h$9$k$? $a!"J#?t$N %"%W%m!<%A $rDs0F$7!" $=$N0l$D $G$"$k5? ;w%5%s%W%k $r@8@.$7 DI2C$9$k <jK!$K$D$$$F<BAu$*$h$SI>2A$r9T$J$C$?!# I>2A<B83$K$*$$$F!"BJ1_BNLd9g$;?dDjK!$O!"=E$_IU$-%f!< %/%j%C%I 5wN%K!$H F1Ey0J>e $N@-G=$r <($7$?!#FC $K!"Aj4X$r ;}$D%5%s %W%k$KBP $7$FBJ1_ BNLd9g$;K! $OM%$l$F $$$k!#:#8e $N2]Bj $H$7$F!"2h A|%G!<%?%Y!< %9$r3HD% $7!"$h$j 5,LO$,Bg $-$J%G!<%?%Y!<%9$KI>2A<B83$r9T$J$&$3$H$,$"$2$i$l$k!# ;29MJ88% [F al94] C. F aloutsos, R. Barb er, M. Flickner, J. Hafner, W. Niblac k, D. P etk o vic, and W. Equitz: \Ef- �cien t and E�ectiv e Querying b y Image Con- ten t", Journal of Intel ligent Information Sys- tems , 3(3/4): 231{262, July 1994. [Hir92] K. Hirta and T. Kato: \Query by Visual Ex- ample { Conten t based Image Retriev al", in 7

(a) 0l2sL\8!:w7k2L (b) 99$K%U%#!<%I%P%C%/$r$7$?7k2L ?^ 5: 0lHLE*$J2hA|8!:w$N7k2L Pr o c. of EDBT , LNCS 580, pp. 56{71, Vi- enna, Austria, Mar. 1992. [Ish98] Y. Ishik a w a, R. Subramany a, and C. F alout- sos: \MindReader: Querying Databases through Multiple Examples", in Pr o c. of VLDB , pp. 218{227, New Y ork, NY, Aug. 1998. [P en96] A. Pen tland, R.W. Picard, and S. Sclaro�: \Photob o ok: Con ten t-based Manipulation of Image Datbases", Intl. J. of Computer Vision , 18(3): 233{254, 1996. [Rui98] Y. Rui, T.S. Huang, M. Ortega, and S. Mehro- tora: \Relev ance F eedbac k: A Po w er T ool for Interactiv e Con ten t-based Image Retreiv al", IEEE T r ans. on Cir cuits and Systems for Vide o T e chnolo gy , 8(5): 644{655, Sept. 1998. [S+] S-PLUS 4.5 Language Reference. [T am78] H. T am ura, S. Mori, and T. Y ama w aki: \T ex- ture F eatures Corresp onding to Visual Per- ception", IEEE T r ans. Syst. Man Cyb ern. , 8(6): 460{473, 1978. [Vis] Vision T exture Homepage. http://vismod. www.media.mit.edu/vismod/imagery/ VisionTexture/ [ >.;3 94] >. ;3 . @~7A Be ?t $N4p AC ( 2< ), 7P :Q ?t3X 65 << , 4d GH =qE9 , 1994. [W u00] Y uesheng W u: \A Study on User Directed Relev ance F eedbac k for an Image Retriev al System", Master’s thesis , Do ctoral De- gree Program in Engineering, Universit y of Tsukuba, F ebruary 2000. 8