%^ %k %A %a %G %# %" >p Js $N Bg 5, LO =h M} $K 8~ $1 $? B? <! 85 %$ %s %G %/ %7 %s %0 <j K! $N 1~ MQ JR ;3 5* @8 :4 F# ?? 0l 3X =Q >p Js %; %s %? !< 8& 5f 3+ H/ It 35 MW : %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $N Bg 5, LO 2= $r <B 8= $9 $k $? $a $K $O , Bg NL $N %^ %k %A %a %G %# %" %G !< %? $K BP $9 $k =h M} %3 %9 %H $N Dc 8: $, IT 2D 7g $G $" $j , %G !< %? %Y !< %9 %7 %9 %F %‘ J, Ln $N @. 2L $N F3 F~ $, M- 8z $G $" $k . K\ O@ J8 $G $O , B? <! 85 %$ %s %G %C %/ %9 <j K! $N M- 8z @- $K Ce L\ $7 , %$ %s %G %C %/ %9 $N @E E* 9= C[ K! $J $i $S $K B? <! 85 %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w K! $K $D $$ $F Js 9p $9 $k . $^ $: , :G 6a @\ 8! :w $N 9b B. 2= $K E, $7 $F $$ $k $H $5 $l $k Sphere/Rectangle-tree (SR-tree) $N @E E* 9= C[ K! $r Ds 0F $7 , $= $N BE Ev @- $r I> 2A $9 $k $? $a $N <B 83 $H $7 $F , N‘ ;w 2h A| 8! :w $K E, MQ $7 $? Nc $r Js 9p $9 $k . <! $K , %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w $r B? <! 85 %$ %s %G %C %/ %9 9= B$ $r MQ $$ $F 9b B. <B Au $9 $k J} K! $K $D $$ $F Js 9p $9 $k . 6q BN Nc $H $7 $F , F0 2h Cf $+ $i Cj =P $5 $l $? 4i 2h A| $r >H 9g $9 $k %7 %9 %F %‘ $r <h $j >e $2 , %Y %/ %H %k =8 9g $r MQ $$ $k $3 $H $K $h $C $F @: EY $, 8~ >e $9 $k $3 $H , $J $i $S $K , B? <! 85 %$ %s %G %C %/ %9 9= B$ $K $h $C $F 9b B. $+ $D %9 %1 !< %i %V %k $J <B Au $, 2D G= $G $" $k $3 $H $r <( $9 . Application of Multidimensional Indexing Metho ds to w ard Massiv e Pro cessing of Multimedia Information Norio Kata y ama and Shin’ic hi Satoh Researc h and Dev elopmen t Departmen t NA CSIS (National Cen ter for Science Information Systems) Abstract: This pap er applies m ultidimensional indexing metho ds to m ultimedia applications. Multimedia information is so large that the reduction of pro cessing cost is essen tial to the scalable implemen tation of m ultimedia applications. This pap er applies a m ultidimensional index structure, namely a Sphere/Rectangle-tree (SR-tree), for the cost reduction of the similarit y searc h. In the �rst place, the static construction metho d of the SR-tree is presen ted. Then its e�ectiv eness is demonstrated with the SR-tree b eing applied to the similarit y retriev al of still images. Moreo v er, the SR-tree is adapted to colored nearest neigh b or searc h, whic h impro v es the precision and the recall of the similarit y retriev al of video scenes. The e�ectiv eness and the scalabilit y of the SR-tree implemen tation are v eri�ed through p erformance tests. 1 $O $8 $a $K %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $r <B 8= $9 $k $? $a $N >p Js =h M} 5; =Q $K $D $$ $F 9- $/ 4X ?4 $, =8 $^ $C $F $* $j , Nc $( $P , 2h A| $d 2; @< $K BP $9 $k 8! :w %7 %9 %F %‘ $r <B 8= $9 $k $? $a $K FC D’ NL $N Cj =P K! $d I> 2A K! $K $D $$ $F @9 $s $K 8& 5f $, ?J $a $i $l $F $$ $k . %^ %k %A %a %G %# %" >p Js $O 0l HL $K >p Js NL $, Bg $- $/ , $7 $+ $b , %3 %9 %H $N Bg $- $$ =h M} $r I, MW $H $9 $k . $= $N $? $a , %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $N Bg 5, LO 2= $r <B 8= $9 $k $K $O , %^ %k %A %a %G %# %" %G !< %? $K BP $9 $k =h M} %3 %9 %H $r Dc 8: $9 $k $3 $H $, IT 2D 7g $G $" $k $H 9M $( $i $l $k . Bg NL $N %G !< %? $r 8z N( $h $/ =h M} $9 $k $? $a $K $O , %G !< %? %Y !< E-mail: f k ata y ama,satoh g @rd.nacsis.ac.jp %9 %7 %9 %F %‘ J, Ln $N 8& 5f @. 2L $N F3 F~ $, M- 8z $G $" $k . K\ O@ J8 $G $O , FC $K %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $K $* $1 $k B? <! 85 %$ %s %G %C %/ %9 <j K! $N M- 8z @- $K Ce L\ $7 , %$ %s %G %C %/ %9 $N @E E* 9= C[ K! $J $i $S $K B? <! 85 %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w K! $K $D $$ $F Js 9p $9 $k . $^ $: , @E E* 9= C[ K! $H $O M? $( $i $l $? %G !< %? $N =8 9g $K BP $7 $F :G E, $J %$ %s %G %C %/ %9 $r 9= C[ $9 $k <j K! $N $3 $H $G $" $j , %G !< %? $, C‘ <! DI 2C $5 $l $k F0 E* 9= C[ K! $H BP $K $J $k 9= C[ K! $G $" $k . K\ O@ J8 $G $O , :G 6a @\ 8! :w $N 9b B. 2= $K E, $7 $F $$ $k $H $5 $l $k Sphere/Rectangle-tree (SR-tree)[1, 2] $H $$ $& B? <! 85 %$ %s %G %C %/ %9 9= B$ $N @E E* 9= C[ K! $r Ds 0F $9 $k . SR-tree $O $3 $l $^ $G F0 E* $K 9= C[ $5 $l $k %$ %s %G %C %/ %9 9= B$ $H $7 $F Ds 0F $5 $l $F $* $j , @E E* 9= C[ K! $K $D $$ $F $O 8! F$

$, 9T $o $l $F $$ $J $+ $C $? . $^ $? , F0 E* 9= C[ K! $K $D $$ $F $b , D> 4Q E* $J 9M ;! $K 4p $E $$ $F @_ 7W $5 $l $F $* $j , $= $N M} O@ E* :, 5r $, L@ $i $+ $G $O $J $+ $C $? . $= $3 $G , K\ O@ J8 $G $O , $^ $: , F0 E* 9= C[ K! $N M} O@ E* :, 5r $r L@ $i $+ $K $7 , <! $K , $= $N 7k 2L $r 1~ MQ $9 $k $3 $H $G @E E* 9= C[ K! $r <B 8= $G $- $k $3 $H $r <( $9 . $= $7 $F , $= $N BE Ev @- $r I> 2A $9 $k $? $a $N <B 83 $H $7 $F , N‘ ;w 2h A| 8! :w $K E, MQ $7 $? Nc $K $D $$ $F Js 9p $9 $k . <! $K , K\ O@ J8 $G $O , %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w $r , B? <! 85 %$ %s %G %C %/ %9 9= B$ $r MQ $$ $F 9b B. <B Au $9 $k J} K! $K $D $$ $F Js 9p $9 $k . %Y %/ %H %k =8 9g $r C1 0L $H $9 $k :G 6a @\ 8! :w $O , F0 2h A| $N %7 !< %s $r N‘ ;w 8! :w $9 $k >l 9g $J $I , $R $H $D $N %^ %k %A %a %G %# %" >p Js $+ $i J# ?t $N FC D’ %Y %/ %H %k $, F@ $i $l $k >l 9g $K M- 8z $J J} K! $G $" $k . $7 $+ $7 , $3 $N J} K! $O , %Y %/ %H %k =8 9g $H %Y %/ %H %k =8 9g $N Hf 3S 1i ;; $, I, MW $G $" $j , C1 0l %Y %/ %H %k $r C1 0L $H $9 $k :G 6a @\ 8! :w $h $j $b MZ $+ $K 1i ;; %3 %9 %H $, Bg $- $$ . K\ O@ J8 $G $O , $3 $N Ld Bj $r 2r 7h $9 $k J} K! $H $7 $F , B? <! 85 %$ %s %G %C %/ %9 9= B$ $r 1~ MQ $9 $k J} K! $r Ds 0F $9 $k . $= $7 $F , 6q BN E* $J 1~ MQ Nc $H $7 $F , F0 2h Cf $+ $i Cj =P $5 $l $? 4i 2h A| $r >H 9g $9 $k %7 %9 %F %‘ $r <h $j >e $2 , Ds 0F <j K! $K $h $j @: EY $, 8~ >e $9 $k $3 $H , $J $i $S $K , B? <! 85 %$ %s %G %C %/ %9 9= B$ $K $h $C $F 9b B. $+ $D %9 %1 !< %i %V %k $J <B Au $, 2D G= $G $" $k $3 $H $r <( $9 . K\ O@ J8 $O 0J 2< $N 9= @. $K $J $C $F $$ $k . $^ $: , 2 @a $G $O , B? <! 85 %$ %s %G %C %/ %9 $N 4p K\ 9= B$ $H C5 :w %" %k %4 %j %: %‘ $K $D $$ $F 35 MW $r @b L@ $9 $k . 3 @a $G $O , SR-tree $N @E E* 9= C[ K! $K $D $$ $F @b L@ $9 $k . 4 @a $G $O , %Y %/ %H %k =8 9g $r C1 0L $H $9 $k :G 6a @\ 8! :w $N 9b B. <B Au K! $K $D $$ $F @b L@ $9 $k . :G 8e $K 5 @a $G 7k O@ $r =R $Y $k . 2 B? <! 85 %$ %s %G %/ %7 %s %0 <j K! $N 35 MW 2.1 %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $K $* $1 $k B? <! 85 %$ %s %G %/ %7 %s %0 <j K! $N M- 8z @- 2h A| , 2; @< , 1G A| $H $$ $C $? %^ %k %A %a %G %# %" %G !< %? $K BP $7 , $3 $l $i $N 0U L# Fb MF $K $^ $G N) $A F~ $C $? 9b <! =h M} $N <B 8= $, K> $^ $l $F $$ $k . $7 $+ $7 $J $, $i , $= $N <B 8= $N $? $a $K $O , I, A3 E* $K $3 $l $i %^ %k %A %a %G %# %" %G !< %? $N G’ <1 !& M} 2r $, I, MW $H $J $C $F $- $F $7 $^ $& $, , ;D G0 $J $, $i 8= :_ $N 5; =Q $G $O K~ B- $N 9T $/ 7k 2L $O F@ $, $? $$ . $= $3 $G 8= :_ $N %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $G $O , $b $H $N %^ %k %A %a %G %# %" %G !< %? $K BP $7 $F $" $k <o $N =h M} $r ;\ $7 $F FC D’ NL $r <h $j =P $7 , $3 $l $r $b $H $K L\ E* $N %" %W %j %1 !< %7 %g %s $r <B 8= $7 $F $$ $k Nc $, B? $/ 8+ $i $l $k . $3 $l $O , 8_ $$ $K 0U L# Fb MF E* $K ;w $? %^ %k %A %a %G %# %" %G !< %? $+ $i $O , 8_ $$ $K 6a $$ FC D’ NL $, F@ $i $l $k $H $$ $& 2> Dj $K $h $C $F $$ $k . $3 $& $7 $? %" %W %m !< %A $O , %3 %s %F %s %H %Y !< %9 %I !_ !_ $H 8F $P $l , Nc $( $P %3 %s %F %s %H %Y !< %9 %I 2h A| 8! :w $H $7 $F $O QBIC [3] $, NI $/ CN $i $l $F $$ $k . $= $N 8= <B E* $J M- 8z @- $O 4{ $K B? $/ $N %7 %9 %F %‘ $J $I $G <B >Z $5 $l $F $$ $k $, , %^ %k %A %a %G %# %" %G !< %? $, K\ <A E* $K B? 5A @- $r ;} $D $3 $H , 0U L# Fb MF $K 40 A4 $K BP 1~ $7 $? FC D’ NL $N 7h Dj $, IT 2D G= $G $" $k $3 $H Ey $+ $i , 0l HL $K $- $o $a $F 9b <! 85 $N FC D’ NL $r 07 $o $J $1 $l $P $J $i $J $$ ( Nc $( $P , QBIC $G $O 2h A| $N ?’ 9g $$ $N I= 8= $K 64 $J $$ $7 $O 256 <! 85 $r Mx MQ $7 $F $$ $k ). $^ $? I, $: $7 $b FC D’ NL $O %^ %k %A %a %G %# %" %G !< %? $N 0U L# Fb MF $r 40 A4 $K I= $7 $F $O $$ $J $$ $? $a , $" $k FC D’ NL $K !V ;w $? !W %G !< %? $r =& $C $F $/ $k $H $$ $& , 6a @\ C5 :w $, K\ <A E* $J =h M} $H $J $C $F $$ $k . $= $N $? $a , %G !< %? %Y !< %9 %7 %9 %F %‘ J, Ln $N 8& 5f $G :G 6a FC $K 8& 5f $N $5 $+ $s $J B? <! 85 %$ %s %G %/ %7 %s %0 <j K! , 5Z $S $= $l $r MQ $$ $? C5 :w <j K! $N Mx MQ $O , Bg 5, LO $J %G !< %? $r <B MQ E* $J ;~ 4V $G 07 $& $3 $H $N 5a $a $i $l $k :# 8e $N %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $G $O $- $o $a $F M- 8z $G $" $k . 2.2 B? <! 85 %$ %s %G %C %/ %9 $N 4p K\ 9= B$ %G !< %? %Y !< %9 %7 %9 %F %‘ J, Ln $G $O , $3 $l $^ $G $K B? <! 85 %$ %s %G %/ %7 %s %0 <j K! $H $7 $F MM !9 $J %$ %s %G %C %/ %9 9= B$ $, Ds 0F $5 $l $F $$ $k . R-tree [4] $J $i $S $K R-tree $r 2~ NI $7 $? R*-tree [5] $O 85 Mh , CO M} %G !< %? $d CAD %G !< %? $r 1~ MQ $H $9 $k 6u 4V %G !< %? $N $? $a $N %$ %s %G %C %/ %9 9= B$ $H $7 $F Ds 0F $5 $l $? $, , 2h A| 8! :w $J $I FC D’ 6u 4V $N %$ %s %G %C %/ %9 9= B$ $H $7 $F $b ;H $o $l $F $$ $k [3]. $^ $? , 6a G/ , :G 6a @\ 8! :w $r FC $K 9b B. 2= $9 $k %$ %s %G %C %/ %9 $H $7 $F , SS-tree[6] $d SR-tree [1, 2] $, Ds 0F $5 $l $F $$ $k . $3 $l $i $N %$ %s %G %C %/ %9 $O FC D’ 6u 4V $r 3, AX E* $J It J, NN 0h $K J, 3d $9 $k $3 $H $G , C5 :w HO 0O $r 8B Dj $7 9b B. 2= $9 $k ( ?^ 1). 3, AX E* $J %$ %s %G %C %/ %9 $H $7 $F $O , R-tree 0J 30 $K k-d tree $d quadtree $, 5s $2 $i $l $k $, , It J, NN 0h $N 9= @. J} K! $K Bg $- $J 0c $$ $, $" $k . $^ $: , k-d tree $H quadtree $O It J, NN 0h $r =E $J $j $N $J $$ FH N) $J NN 0h $K J, 3d $9 $k . $= $7 $F , k-d tree $O %G !< %? $N J, I[ $K 1~ $8 $F E, 1~ E* $K NN 0h $r J, 3d $7 , quadtree $O M= $a Dj $a $i $l $? Hf N( $G 5, B’ E* $K J, 3d $9 $k . $3 $l $K BP $7 $F R-tree $O It J, NN 0h $r Jq 0O D9 J} 7A (b ounding rectangle) $K $h $C $F 4I M} $7 , $= $l $i $N 4V $K =E $J $j $, $" $k $3 $H $r 5v MF $9 $k . $3 $l $i $N Cf $G FC $K F0 E* $J FC @- $K M% $l $F $$ $k $N $, R-tree $G $" $j , =E $J $j $r 5v MF $9 $k $3 $H $G F0 E* $J 4D 6- $K $* $$ $F $b LZ $N J? 9U $r 0] ;} $9 $k $3 $H $, 2D G= $K $J $C $F $$ $k . $= $N $? $a , %G !< %? %Y !< %9 %7 %9 %F %‘ $G $N Mx MQ $K E, $7 $F $$ $k $H 9M $( $i $l $F $$ $k . $3 $N $h $& $J 3, AX E* $J %$ %s %G %C %/ %9 $r 9= C[ $9 $k :] $K $O , NN 0h $N J, 3d K! $, @- G= $r Bg $- $/ :8 1& $9 $k . SS-tree $H SR- tree $O , R-tree $+ $i GI @8 $7 $? %$ %s %G %C %/ %9 9= B$ $G $" $j R-tree $H 6& DL $7 $? 9= B$ $r ;} $C $F $$ $k $, , LZ $N 9= C[ %" %k %4

?^ 1: R-tree $N 3, AX 9= B$ ?^ 2: SR-tree $N 3, AX 9= B$ %j %: %‘ $r JQ 99 $9 $k $3 $H $K $h $C $F :G 6a @\ 8! :w $N 9b B. 2= $r <B 8= $7 $F $$ $k . $^ $: , LZ $N 9= C[ %" %k %4 %j %: %‘ $O SS-tree, SR-tree $H $b F1 $8 $G , $b $H $b $H SS-tree $N $? $a $K 9M 0F $5 $l $? $b $N $r MQ $$ $F $$ $k . $3 $l $O , %Y %/ %H %k $N :B I8 CM $N J, ;6 $K 4p $E $$ $F NN 0h $r J, 3d $9 $k J} K! $G , I> 2A <B 83 $N 7k 2L , R*-tree $h $j $b 7B $N >. $5 $$ NN 0h $r @8 @. $G $- $k $3 $H $, L@ $i $+ $K $J $C $F $$ $k [1, 2]. <! $K , NN 0h $N 7A >u $O , SS-tree $, Jq 0O 5e (b ounding sphere) $r MQ $$ $F $$ $k $N $K BP $7 $F , SR-tree $, Jq 0O 5e $H Jq 0O D9 J} 7A $H $N 8r $o $j $r MQ $$ $F $$ $k ( ?^ 2). SR-tree $, Jq 0O D9 J} 7A $r F3 F~ $7 $F $$ $k $N $O , NN 0h $r $h $j >. $5 $/ $9 $k $? $a $G $" $k . Jq 0O D9 J} 7A $H Jq 0O 5e $O , 9b <! 85 6u 4V $K $* $$ $F Aj Jd E* $J 4X 78 $K $" $j , Jq 0O D9 J} 7A $O NN 0h $N BN @Q $r , Jq 0O 5e $O NN 0h $N 7B $r >. $5 $/ $G $- $k $H $$ $& Mx E@ $, $" $k . $= $3 $G , SR-tree $G $O $3 $l $i $N 7A >u $r AH $_ 9g $o $; $k $3 $H $K $h $C $F NN 0h $N BN @Q $H 7B $r F1 ;~ $K >. $5 $/ $9 $k $3 $H $r 2D G= $K $7 , SS-tree $r >e 2s $k @- G= $r <B 8= $7 $F $$ $k . $= $3 $G , K\ O@ J8 $G $O B? <! 85 %$ %s %G %C %/ %9 9= B$ $H $7 $F , SR-tree $r MQ $$ $F $$ $k . 2.3 B? <! 85 %$ %s %G %C %/ %9 $N C5 :w %" %k %4 %j %: %‘ :G 6a @\ 8! :w $O , M? $( $i $l $? <A Ld E@ $K :G $b 6a $$ E@ $r C5 $9 8! :w $G $" $j , 2h A| $J $I $+ $i F@ $i $l $? FC D’ %Y %/ %H %k $r N‘ ;w 8! :w $9 $k >l 9g $J $I , %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $K $* $$ $F 9- $/ ;H $o $l $F $$ $k . B? <! 85 %$ %s %G %C %/ %9 $r Mx MQ $7 $J $, $i :G 6a @\ 8! :w $r 9T $& J} K! $K $O Fs <o N‘ $" $j , ?< $5 M% @h $N C5 :w K! [7] $H I} M% @h $N C5 :w K! [8] $, Ds 0F $5 $l $F $$ $k . 4p K\ E* $J 9M $( J} $O $I $A $i $b F1 $8 $G $" $j , <A Ld E@ $K 6a $$ NN 0h $+ $i =g $K 8! :w 7k 2L $N 8u Jd $r =8 $a $J $, $i C5 :w $7 , =8 $a $? 8u Jd $h $j $b 6a $$ L$ C5 :w NN 0h $, L5 $/ $J $C $? ;~ E@ $G C5 :w $r =* $( $k . $= $7 $F , C5 :w $r =* $( $? ;~ E@ $G $N 8u Jd =8 9g $, 8! :w 7k 2L $K $J $k . $3 $N $h $& $J C5 :w $r 9T $& >l 9g , Cf 4V %N !< %I $d MU %N !< %I $r <A Ld E@ $+ $i 6a $$ =g $K @0 Ns $7 $? M% @h =g 0L IU $- BT $A 9T Ns (priorit y queue) $, I, MW $K $J $k . :, %N !< %I $+ $i =P H/ $7 , Cf 4V %N !< %I $r K, $l $k EY $K ;R %N !< %I $r BT $A 9T Ns $K 2C $( , BT $A 9T Ns $N @h F, $+ $i =g $K C5 :w $7 $F $$ $/ $N $G $" $k . ?< $5 M% @h $N C5 :w K! $H I} M% @h $N C5 :w K! $N Aj 0c E@ $O , $3 $N BT $A 9T Ns $N :n $j J} $G $" $j , $= $N 7k 2L , LZ $N C) $j J} $, ?< $5 M% @h $H I} M% @h $K $J $C $F $$ $k . $^ $: , ?< $5 M% @h $N C5 :w $N >l 9g , K, $l $? Cf 4V %N !< %I $4 $H $K BT $A 9T Ns $r :n $j , BT $A 9T Ns $N @h F, $+ $i =g $K :F 5" E* $K C5 :w $r 9T $& . $D $^ $j , Cf 4V %N !< %I $4 $H $K FH N) $7 $? BT $A 9T Ns $, :n $i $l , LZ $N 9= B$ $K 1h $C $F :F 5" E* $K C5 :w $, 9T $o $l $k $N $G $" $k . $3 $N >l 9g , BT $A 9T Ns $G Fs HV L\ $N %N !< %I $, C5 :w $5 $l $k $N $O , 0l HV L\ $N %N !< %I $N C5 :w $, =* N; $7 $? 8e $K $J $k $N $G , ?< $5 M% @h $N C5 :w $K $J $k . $3 $l $K BP $7 $F , I} M% @h $N C5 :w $G $O , LZ A4 BN $G $R $H $D $N BT $A 9T Ns $r MQ $$ $k . Cf 4V %N !< %I $r K, $l $k EY $K ;R %N !< %I $r F1 0l $N BT $A 9T Ns $K 2C $( $k $N $G $" $k . $= $N $? $a , ?< $5 M% @h $N C5 :w $N $h $& $K :F 5" E* $J C5 :w $K $O $J $i $: , BT $A 9T Ns $K 2C $( $? A4 $F $N ;R %N !< %I $N Cf $G :G $b 6a $$ $b $N $, =g $K C5 :w $5 $l $k $3 $H $K $J $k . $3 $l $i $N C5 :w K! $O 0l D9 0l C; $G $" $j , I, $: $7 $b 0l J} $, M% $l $F $$ $k $H $O 8@ $( $J $$ . K, $l $k %N !< %I $N ?t $K $D $$ $F $O , I} M% @h $N C5 :w K! $, :G E, $G $" $j , I, $: :G >/ 8B $N %N !< %I $7 $+ K, $l $J $$ $3 $H $, L@ $i $+ $K $J $C $F $$ $k [9]. $H $3 $m $, , I} M% @h $N C5 :w K! $K $O BT $A 9T Ns $, D9 $/ $J $k $H $$ $& Ld Bj $, $" $k . BT $A 9T Ns $O , <A Ld E@ $+ $i $N 5w N% $r 4p =‘ $H $9 $k M% @h =g 0L IU $- BT $A 9T Ns $J $N $G , BT $A 9T Ns $, D9 $/ $J $k $K $D $l $F %N !< %I $r DI 2C $9 $k :] $N 1i ;; %3 %9 %H $, Bg $- $/ $J $C $F $7 $^ $& . 0l J} , ?< $5 M% @h $N C5 :w K! $G $O , Cf 4V %N !< %I $4 $H $K BT $A 9T Ns $r :n $k $N $G , BT $A 9T Ns $N D9 $5 $O 9b !9 , Cf 4V %N !< %I $" $? $j $N ;R %N !< %I $N ?t $K $7 $+ $J $i $J $$ . $= $N $? $a , 1i ;; %3 %9 %H $N LL $G $O , $‘ $7 $m I} M% @h $N C5 :w $N J} $, M- Mx $J $N $G $" $k . $= $3 $G , K\ O@ J8 $G $O ?< $5 M% @h $N C5 :w K! $r MQ $$ $F $$ $k . 3 SR-T ree $N @E E* 9= C[ K! 3.1 F0 E* 9= C[ K! $N M} O@ E* :, 5r $N 2r @O SR-tree $O , SS-tree[6] $N %" %k %4 %j %: %‘ $r MQ $$ $F $* $j , 0J 2< $N J} K! $G F0 E* $K LZ 9= B$ $r 9= C[ $9 $k . $7 $+ $7 , $3 $N

?^ 3: NN 0h J, 3d $N Nc %" %k %4 %j %: %‘ $O , <B 83 E* $K $= $N M- 8z @- $, <( $5 $l $F $$ $k $b $N $N , $= $N M} O@ E* :, 5r $, L@ $i $+ $G $O $J $+ $C $? . $3 $3 $G $O , $3 $N %" %k %4 %j %: %‘ $, , NN 0h Fb $N Fs E@ 4V $N Fs >h 5w N% $r :G >. 2= $9 $k %" %k %4 %j %: %‘ $H $7 $F @b L@ $G $- $k $3 $H $r <( $9 . (i) MU %N !< %I $N A* Br ?7 $? $K E@ $r DI 2C $9 $k $H $- , $^ $: , Ej F~ $9 $Y $- MU %N !< %I $r 7h Dj $9 $k . :, %N !< %I $+ $i =P H/ $7 , E@ $+ $i It J, LZ $N =E ?4 $^ $G $N 5w N% $, :G C; $N %N !< %I $r A* $S $J $, $i , MU %N !< %I $^ $G C# $9 $k . $= $7 $F , $= $3 $K 6u $- $, $" $k >l 9g $K $O E@ $r DI 2C $7 , $J $$ >l 9g $K $O (ii), (iii) $K => $C $F E@ $N :F Ej F~ $J $i $S $K %N !< %I $N J, 3d $r 9T $& . (ii) E@ $N :F Ej F~ =E ?4 $+ $i $N 5w N% $, 1s $$ 0l Dj 3d 9g $N E@ $r :, $+ $i :F EY Ej F~ $9 $k . $9 $G $K :F Ej F~ $, 9T $o $l $? %N !< %I $, :F EY $" $U $l $? >l 9g $K $O , (iii) $K => $C $F %N !< %I $r J, 3d $9 $k . (iii) %N !< %I $N J, 3d J, 3d =h M} ( ?^ 3) $O , J, 3d <4 $N 7h Dj $H J, 3d 0L CV $N 7h Dj $N Fs CJ 3, $K J, $+ $l $k . $^ $: , 3F 6u 4V <4 $K $D $$ $F :B I8 CM $N J, ;6 $r 5a $a , :G Bg $N J, ;6 $r ;} $D <4 $r J, 3d <4 $H $9 $k . $= $7 $F , A* $s $@ <4 $H D> 8r $9 $k J? LL $r J, 3d LL $H $7 , J, 3d 8e $N Fs $D $N NN 0h $N J, ;6 $N OB $, :G >. $H $J $k 0L CV $r J, 3d 0L CV $H $9 $k . $? $@ $7 , J, 3d 0L CV $N A* Br $O , Fs $D $N NN 0h $N E@ $N ?t $, 0l J} $K JP $j 2a $. $J $$ HO 0O $G $N $_ 9T $& . $b $7 , MU %N !< %I $N J, 3d $K $h $C $F >e 0L $N %N !< %I $, $" $U $l $k >l 9g $K $O , MU %N !< %I $H F1 $8 J} K! $G :F Ej F~ $J $i $S $K J, 3d $r 9T $& . 2r @O $N Bh 0l Jb $H $7 $F , $^ $: , NN 0h Fb $N Fs E@ 4V $N Fs >h 5w N% $H :B I8 CM $N J, ;6 $H $, D> @\ 4X 78 IU $1 $i $l $k $3 $H $r <( $9 . :# , N 8D $N E@ x 1 ; . . . ; x N $, M? $( $i $l $F $$ $k $H $- , $= $l $i $N 4V $N Fs >h 5w N% $N J? 6Q $O <! <0 $G I= $5 $l $k . a vg 1 � i � N ; 1 � j � N j x i � x j j 2 = 2 N ( N � 1) N X i =1 N X j = i +1 j x i � x j j 2 = 2 N ( N � 1) V ; (1) $3 $3 $G , V $O E@ $N :B I8 CM $N J, ;6 $G $" $j , <! <0 $N $h $& $K Dj 5A $5 $l $k . V � 1 N N X i =1 j x i � � x j 2 ; (2) � x $O N 8D $N E@ $N =E ?4 ( P N i =1 x i = N ) $G $" $k . <0 1 $+ $i J, $+ $k DL $j , :B I8 CM $N J, ;6 $, >. $5 $$ NN 0h $[ $I , Fs E@ 4V $N Fs >h 5w N% $N J? 6Q $b >. $5 $/ $J $k . :G 6a @\ 8! :w $r 9b B. 2= $9 $k $K $O , 8_ $$ $N 5w N% $, 6a $$ E@ $r F1 0l $N NN 0h $K 4^ $‘ J} $, $h $$ . $7 $? $, $C $F , :B I8 CM $N J, ;6 $N >. $5 $$ NN 0h $r @8 @. $9 $k $3 $H $G :G 6a @\ 8! :w $r 9b B. 2= $G $- $k $3 $H $K $J $k . $3 $N $3 $H $+ $i , %" %k %4 %j %: %‘ $N (i) $H (ii) $r @b L@ $9 $k $3 $H $, $G $- $k . :B I8 CM $N J, ;6 $O , $= $N Dj 5A $h $j , =E ?4 $+ $i 3F E@ $^ $G $N Fs >h 5w N% $N J? 6Q $H Ey $7 $$ ( <0 2). $7 $? $, $C $F , %" %k %4 %j %: %‘ (i) $G =E ?4 $+ $i $N 5w N% $, :G >. $N %N !< %I $r A* Br $7 $F $$ $k =h M} , $J $i $S $K , %" %k %4 %j %: %‘ (ii) $G =E ?4 $+ $i $N 5w N% $, 1s $$ E@ $r :F Ej F~ $7 $F $$ $k =h M} $O , NN 0h Fb $N Fs E@ 4V $N Fs >h 5w N% $r >. $5 $/ $9 $k =h M} $K B> $J $i $J $$ $N $G $" $k . <! $K , %" %k %4 %j %: %‘ (iii) $N =h M} $K $D $$ $F 9M $( $F $_ $k . 8e H> $N J, 3d 0L CV $r 7h Dj $9 $k =h M} $O , J, ;6 $r >. $5 $/ $9 $k =h M} $= $N $b $N $J $N $G , A0 H> $N J, 3d <4 $N 7h Dj J} K! $K $D $$ $F 8! F$ $9 $k . :# , N 8D $N E@ x 1 ; . . . ; x N $, M? $( $i $l $F $* $j , $3 $l $i $r Fs $D $N NN 0h L $H R $K J, 3d $9 $k $3 $H $r 9M $( $k . L $H R $K B0 $9 $k E@ $N ?t $O , $= $l $> $l N L ; N R $H $9 $k . $3 $N $H $- , J, 3d 8e $N NN 0h $N J, ;6 $r $= $l $> $l V L ; V R $H $9 $k $H , N 8D $N E@ A4 BN $N J, ;6 V $H $N 4V $K <! $N 4X 78 $, @. $j N) $D . N L V L + N R V R = N V � N L N R N j � x L � � x R j 2 = N V � N L N R N d X k =1 � � x L h k i � � x R h k i � 2 ; (3) $3 $3 $G , � x L , � x R $O $= $l $> $l NN 0h L $H R $K B0 $9 $k E@ $N =E ?4 $G $" $j , � x h k i $O , E@ � x $N k HV L\ $N <! 85 $N :B I8 CM $r I= $9 . d $O 6u 4V $N <! 85 ?t $G $" $k . $3 $N <0 $+ $i , J, 3d 8e $N J, ;6 V L ; V R $r >. $5 $/ $9 $k $? $a $K $O , 1& JU $N Bh Fs 9‘ $r >. $5 $/ $9 $l $P $h $$ $3 $H $, $o $+ $k . $= $3 $G , J, 3d <4 $N A* Br K! $H <0 3 $N Bh Fs 9‘ $H $N 4X 78 $K $D $$ $F 9M $( $k . E@ $N J, I[ $, <! 85 $K $h $C $F FH N) $G $" $k $H 2> Dj $9 $k $H , J, 3d <4 0J 30 $N <4 $K $D $$ $F <! $N 6a ;w $, @. $j N) $D . � x L h k i � � x R h k i � 0 for 1 � k � d; k 6 = s; (4) $3 $3 $G s $O J, 3d <4 $r I= $9 HV 9f $G $" $k . $= $7 $F , J, 3d <4 $K $D $$ $F $O , E@ $N J, I[ $, 0l MM J, I[ $G $" $k $H $$ $& 2> Dj $r

9T $& $3 $H $G <! $N 6a ;w $, @. $j N) $D . j � x L h s i � � x R h s i j 2 � 3 V h s i : (5) 0J >e , <0 3, 4, 5 $+ $i , J, 3d 8e $N J, ;6 V L ; V R $H J, 3d A0 $N J, ;6 V $H $N 4X 78 $, <! <0 $N $h $& $K 6a ;w $G $- $k $3 $H $, $o $+ $k . N L V L + N R V R � N V � N L N R N 3 V h s i : (6) $3 $N <0 $+ $i , J, 3d 8e $N NN 0h $N J, ;6 V L $H V R $r >. $5 $/ $9 $k $K $O , J, 3d <4 $N J, ;6 V h s i $r Bg $- $/ $9 $l $P $h $$ $3 $H $, $o $+ $k . $9 $J $o $A , J, ;6 $, :G Bg $N <4 $r J, 3d <4 $K $9 $l $P $h $$ $N $G $" $k . 0J >e $N 9M ;! $+ $i , SS-tree $J $i $S $K SR-tree $N 9= C[ %" %k %4 %j %: %‘ $O , NN 0h Fb $N Fs E@ 4V $N Fs >h 5w N% $r :G >. 2= $9 $k %" %k %4 %j %: %‘ $H @b L@ $G $- $k $3 $H $, $o $+ $k . 3.2 NN 0h J, 3d $K $h $k SR-T ree $N @E E* 9= C[ F0 E* 9= C[ K! $N M} O@ E* 2r @O $K $h $C $F , SR-tree $, NN 0h Fb $N J, ;6 $r :G >. 2= $9 $k $H $$ $& 5, HO $N $b $H $K 9= C[ $5 $l $F $$ $k $3 $H $, L@ $i $+ $K $J $C $? . $3 $N ;v <B $O , SR-tree $N @E E* 9= C[ K! $, , F0 E* 9= C[ K! $G ;H $o $l $F $$ $k NN 0h J, 3d $r 1~ MQ $9 $k $3 $H $K $h $C $F MF 0W $K <B 8= $G $- $k $3 $H $r <( $7 $F $$ $k . $9 $J $o $A , NN 0h J, 3d $r :F 5" E* $K <B 9T $9 $k $3 $H $K $h $C $F , 3, AX E* $J LZ 9= B$ $r 9= C[ $G $- $k $N $G $" $k . $3 $N J} K! $O , $9 $G $K R-tree $N @E E* 9= C[ K! $H $7 $F Ds 0F $5 $l $F $* $j , V AMSplit R-tree [10] $H 8F $P $l $F $$ $k . V AMSplit R-tree $G $O , J, 3d 0L CV $r E, @Z $K A* $V $3 $H $K $h $C $F , @8 @. $5 $l $k %N !< %I $N ?t $r :G >. 2= $G $- $k $3 $H $b F1 ;~ $K <( $5 $l $F $$ $k . V AMSplit R-tree $N $3 $N $h $& $J 9= C[ K! $O , $= $N $^ $^ SR-tree $K 1~ MQ $9 $k $3 $H $, 2D G= $G $" $j , K\ O@ J8 $G $O , $3 $N J} K! $G SR-tree $N @E E* 9= C[ $r <B 8= $9 $k . 0l HL $K , B? <! 85 %$ %s %G %C %/ %9 9= B$ $N @- G= $O , F0 E* $K 9= C[ $5 $l $? $b $N $h $j $b @E E* $K 9= C[ $5 $l $? $b $N $N J} $, $h $$ . $3 $l $O , F0 E* $K 9= C[ $5 $l $k >l 9g , %G !< %? $K $D $$ $F $N >p Js $, C‘ <! E* $K M? $( $i $l $k $N $K BP $7 $F , @E E* $K 9= C[ $9 $k >l 9g , A4 $F $N %G !< %? $K 4X $9 $k >p Js $r MQ $$ $F LZ 9= B$ $r 9= C[ $G $- $k $+ $i $G $" $k . $^ $? , ;H MQ $9 $k %N !< %I $N ?t $r 8: $i $9 $3 $H $, 2D G= $J $N $G , C5 :w ;~ $K K, Ld $9 $k %N !< %I $N ?t $, 8: $j , 1i ;; %3 %9 %H , F~ =P NO %3 %9 %H $, >. $5 $/ $J $k $H $$ $& Mx E@ $b $" $k . 3.3 N‘ ;w 2h A| 8! :w $K $h $k @- G= I> 2A @E E* 9= C[ K! $N M- 8z @- $r 8! >Z $9 $k $? $a $K , 2h A| $N N‘ ;w 8! :w $r Nc $H $7 $F I> 2A <B 83 $r 9T $C $? . 8! :w <j K! $O 9- $/ ;H $o ?^ 4: N‘ ;w 2h A| 8! :w $N 7k 2L $N Nc ?^ 5: @E E* 9= C[ $K $h $k N‘ ;w 2h A| 8! :w $N @- G= 8~ >e $l $F $$ $k %+ %i !< %R %9 %H %0 %i %‘ $K 4p $E $/ J} K! $G $" $j , 2h A| %G !< %? $O NASA ( %" %a %j %+ 9R 6u 1’ Ch 6I ) $G 8x 3+ $5 $l $F $$ $k %9 %Z !< %9 %7 %c %H %k $N @E ;_ 2h A| $H F0 2h A| $r ;H MQ $7 $? . F0 2h A| $K $D $$ $F $O %+ %i !< %R %9 %H %0 %i %‘ $K $h $C $F %7 !< %s %A %’ %s %8 $r 8! =P $7 , 3F %7 !< %s $4 $H $K Be I= E* $J %U %l !< %‘ $r H4 $- =P $7 $F ;H MQ $7 $? . ?’ 6u 4V $H $7 $F $O %^ %s %; %k $N I= ?’ 7O (Hue, Saturation, In tensit y) $r ;H $$ , #6 !A #1 #2 8D $N It J, 6u 4V $K J, 3d $7 $F %R %9 %H %0 %i %‘ $r 5a $a $? . It J, 6u 4V $H $7 $F $O , 9u , 3% , Gr $N #3 ?’ $H , ?’ Aj (Hue) $G J, 3d $7 $? #3 !A #9 ?’ $r MQ $$ $? . $^ $? , 9= ?^ $K $D $$ $F $N N‘ ;w @- $r 2C L# $9 $k $? $a $K , %R %9 %H %0 %i %‘ $O #4 $D $N It J, NN 0h $K J, $1 $F 7W ;; $7 $? . It J, NN 0h $O , 1& >e , :8 >e , 1& 2< , :8 2< $N #4 $D $G , $= $l $> $l A4 BN $N #4 J, $N #1 $N Bg $- $5 $r ;} $D . #4 $D $N %R %9 %H %0 %i %‘ $r O" 7k $7 $F #2 #4 !A #4 #8 <! 85 $N %Y %/ %H %k $r :n $j , FC D’ %Y %/ %H %k $H $7 $F ;H MQ $7 $? . FC D’ %Y %/ %H %k 4V $N N‘ ;w EY $O %f !< %/ %j %C %I 5w N% $K $h $C $F 7W ;; $7 $? . 8! :w 7k 2L $N Nc $r ?^ 4 $K , <B 83 7k 2L $r ?^ 5 $K <( $9 . ?^ 5 $, <( $9 $H $* $j , SR-tree $r MQ $$ $k $3 $H $K $h $C $F , CPU ;~ 4V , %G %# %9 %/ %" %/ %; %9 $H $b :o 8: $9 $k $3 $H $K @. 8y $7 $F $$ $k . FC $K , %G %# %9 %/ %" %/ %; %9 $N 8: >/ $, Cx $7 $/ , $3 $l $O

SR-tree $N NN 0h J, 3d $K $h $j , C5 :w HO 0O $, >. $5 $/ $J $C $? $3 $H $r 0U L# $9 $k . $^ $? , @E E* 9= C[ K! $H F0 E* 9= C[ K! $r Hf 3S $9 $k $H , @E E* $K 9= C[ $5 $l $? SR-tree $N %3 %9 %H $O F0 E* $K 9= C[ $5 $l $? SR-tree $N $* $h $= 70 !A 80% $G $" $j , @E E* 9= C[ K! $r MQ $$ $k $3 $H $K $h $C $F , $5 $i $K =h M} %3 %9 %H $, >. $5 $/ $J $C $F $$ $k . 4 %Y %/ %H %k =8 9g $r C1 0L $H $9 $k :G 6a @\ 8! :w $N 9b B. <B Au 4.1 %Y %/ %H %k =8 9g $r C1 0L $H $9 $k :G 6a @\ 8! :w @E ;_ 2h $N N‘ ;w 8! :w $G $O , $R $H $D $N 2h A| $+ $i $R $H $D $N FC D’ %Y %/ %H %k $r 5a $a , %Y %/ %H %k C1 0L $N :G 6a @\ 8! :w $K $h $C $F 2h A| $r >H 9g $9 $k . $H $3 $m $, , $R $H $D $N %^ %k %A %a %G %# %" >p Js $+ $i J# ?t $N FC D’ %Y %/ %H %k $, F@ $i $l $k >l 9g $K $O , $= $l $i $r =8 9g $H $7 $F =h M} $7 , =8 9g C1 0L $K :G $b 5w N% $N 6a $$ $b $N $r 8+ $D $1 $k $3 $H $G @: EY $r 9b $a $k $3 $H $, 2D G= $K $J $k . Nc $( $P , ?^ 6 $G $O , $R $H $D $N 2h A| %7 !< %1 %s %9 $+ $i J# ?t $N FC D’ %Y %/ %H %k $, F@ $i $l , $= $l $i $, =8 9g $r 9= @. $7 $F $$ $k . $3 $l $i $N FC D’ %Y %/ %H %k $r =8 9g C1 0L $G >H 9g $9 $k >l 9g , 8_ $$ $K :G $b 6a $$ %Y %/ %H %k $N AH (closest pair) $r 8+ $D $1 $k $3 $H $K $h $C $F , %Y %/ %H %k =8 9g 4V $N 5w N% $r B, $k $3 $H $, 2D G= $K $J $k . Nc $( $P , 1G A| $N %7 !< %s $4 $H $K FC D’ %Y %/ %H %k $, @8 @. $5 $l $F $$ $k $H $9 $k $H , :G $b 6a $$ %Y %/ %H %k $N AH $r 8+ $D $1 $k $3 $H $O , :G $b N‘ ;w $7 $? %7 !< %s $r 6& M- $9 $k 1G A| $N AH $r 8+ $D $1 $k $3 $H $K $J $k . $3 $N $h $& $J %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w $r 9T $& Nc $H $7 $F $O , 8e =R $N F0 2h A| $+ $i @Z $j =P $7 $? 4i %7 !< %1 %s %9 $N >H 9g $d Na y ar $i $K $h $k app earance matc hing [11] $, 5s $2 $i $l $k . %Y %/ %H %k =8 9g $r C1 0L $H $9 $k :G 6a @\ 8! :w $O , C1 0l %Y %/ %H %k $r C1 0L $H $9 $k :G 6a @\ 8! :w $r 3H D% $9 $k $3 $H $G <B 8= $G $- $k . 4p K\ E* $J 9M $( J} $O , C1 0l %Y %/ %H %k $r C1 0L $H $7 $? %" %k %4 %j %: %‘ $H F1 $8 $G , <A Ld E@ $N =8 9g $+ $i $N :G >. 5w N% $G %N !< %I $N %( %s %H %j $r %= !< %H $7 , :G >. 5w N% $, C; $$ $b $N $+ $i =g $K C5 :w $9 $k . $3 $3 $G , %N !< %I $N NN 0h $d E@ $^ $G $N 5w N% $O , 8D !9 $N <A Ld E@ $+ $i $N 5w N% $N Cf $G :G >. $N $b $N $K $h $C $F 7h $^ $k . C5 :w $O Fs CJ 3, $K J, $+ $l $F $* $j , $^ $: , ;X Dj $5 $l $? ?t $K C# $9 $k $^ $G E@ $r =8 $a , 8! :w 7k 2L $N 8u Jd =8 9g $r :n $k . $3 $N ;~ , $b $7 F1 0l $N =8 9g $K B0 $9 $k E@ $, 8+ $D $+ $C $? >l 9g $K $O , 6a $$ J} $r 8u Jd $K F~ $l , 1s $$ J} $O 8u Jd $+ $i 30 $9 . <! $K , 8u Jd =8 9g $K 4^ $^ $l $F $$ $k E@ $N B8 :_ HO 0O $r C5 :w HO 0O $H $7 $F , $h $j 6a $$ E@ $, $J $$ $+ $I $& $+ D4 $Y $k . $h $j 6a $$ E@ $, 8+ $D $+ $C $? >l 9g $K $O , $= $N ET EY , 8u Jd =8 9g $r :n $j D> $7 , C5 :w HO 0O $r 9J $j $J $, $i C5 :w $r B3 $1 $k . $3 $3 $G $b , $b $7 F1 0l $N =8 9g $K B0 $9 $k E@ $, 8+ $D $+ $C $? >l 9g $K $O , 6a $$ J} $r 8u Jd $K F~ $l , 1s $$ J} $O 8u Jd $+ $i 30 $9 . $= $7 $F , C5 :w HO 0O $K 4^ $^ $l $k %j !< %U $r A4 $F C5 :w $7 =* $C $? ;~ E@ $G , 8! :w $, =* N; $9 $k . 4.2 4i %7 !< %1 %s %9 $N >H 9g %" %k %4 %j %: %‘ B? <! 85 %Y %/ %H %k =8 9g $K BP $9 $k :G 6a @\ 8! :w $N 1~ MQ $H $7 $F , 1G A| $+ $i 4i $r Cj =P $7 , 4i $N 8~ $- $d I= >p $d >H L@ >r 7o $J $I $, JQ 2= $7 $F $$ $k $= $l $> $l $N 4i %7 !< %1 %s %9 $+ $i B? <! 85 %Y %/ %H %k =8 9g $r 9= @. $7 , $= $N :G 6a @\ 8! :w $K $h $j 4i %7 !< %1 %s %9 $N >H 9g $N <B 83 $r 9T $C $? . M? $( $i $l $? 1G A| $+ $i $N 4i %7 !< %1 %s %9 $N Cj =P $O , [12] $H F1 Ey $N J} K! $r Mx MQ $7 $? . $9 $J $o $A , $^ $: 0l Dj $N 4V 3V ( <B 83 $G $O 10 %U %l !< %‘ ) $N 3F %U %l !< %‘ $K %K %e !< %i %k %M %C %H %o !< %/ %Y !< %9 $N 4i 8! =P [13] $r E, MQ $9 $k . 8! =P $5 $l $? 3F 4i NN 0h $+ $i R GB 6u 4V Cf $N %, %& %9 J, I[ %b %G %k $K 4p $E $/ H) ?’ %b %G %k $N ?d Dj $r 9T $$ , $3 $N %b %G %k $r $b $H $K A0 8e $K B3 $/ %U %l !< %‘ Cf $G H) ?’ NN 0h $r DI @W $9 $k $3 $H $G 4i %7 !< %1 %s %9 $N Cj =P $r <B 8= $7 $F $$ $k . %7 !< %s %A %’ %s %8 $, 8! =P $5 $l $k $+ , BP 1~ $9 $k H) ?’ NN 0h $, 8+ $D $+ $i $J $$ >l 9g , 4i %7 !< %1 %s %9 $, =* N; $7 $? $H H= CG $9 $k . Cj =P $5 $l $? 3F 4i %7 !< %1 %s %9 S i $O , $= $N Cf $G 4i 8! =P %7 %9 %F %‘ $K $h $j 8! =P $5 $l $? 4i F i;k $K $h $j 9= @. $5 $l $F $$ $k $H 8+ $J $9 . 2C $( $F , [12] $H F1 Ey $N J} K! $K $h $j , 3F S i $4 $H $K f F i;k g $+ $i :G $b @5 LL 8~ $- $N 4i F best i $r A* $V . $9 $J $o $A , F best i 2 f F i;k g . 4i F i;k $O , 0l Dj $N Bg $- $5 $K @5 5, 2= $5 $l ( <B 83 $G $O 64 � 64), [13] $H F1 Ey $N <j K! $G >H L@ >r 7o $N Jd @5 $H %R %9 %H %0 %i %‘ Ey 2= $, ;\ $5 $l $F $$ $k . $3 $l $i $N 4i $+ $i B? <! 85 %Y %/ %H %k FC D’ NL $r F@ $k $? $a , Eigenface $N <j K! [14] $r MQ $$ $? . <B 83 $G $O , f F best i g $r %H %l !< %K %s %0 =8 9g $H $7 $F Eigenface $r @8 @. $7 , $3 $l $r $b $H $K 3F 4i F i;k $r 16 <! 85 $N Eigenface 6u 4V Cf $N %Y %/ %H %k f i;k $X $H JQ 49 $7 $F $$ $k . Fs $D $N 4i %7 !< %1 %s %9 S i $H S j $N 5w N% d ( S i ; S j ) $r , 0J 2< $N $h $& $K Dj 5A $7 $F $$ $k . d ( S i ; S j ) = min k ;l ( j f i;k � f j;l j ) : $3 $N Dj 5A $r MQ $$ , M? $( $i $l $? 4i %7 !< %1 %s %9 $K BP $7 $F , :G $b 6a $$ 4i %7 !< %1 %s %9 $r 8! :w $9 $k =h M} $r <B 8= $7 $? . <B 83 $O , 5 ;~ 4V J, $N CNN Headline News $N 1G A| $r Mx MQ $7 $F 9T $C $? . $3 $3 $+ $i , 556 $N 4i %7 !< %1 %s %9 , 5Z $S 8134 $N 4i $r Cj =P $7 , 556 $N @5 LL 8~ $- $N 4i $r %H %l !< %K %s %0 %; %C %H $H $7 $? 8134 $N Eigenface 6u 4V Cf $N B? <! 85 %Y %/ %H %k $r ;; =P $7 $? . $^ $? $3 $l $i $N 4i %7 !< %1 %s %9 $K BP $7 , ?M <j $K $h $j <1 JL $G $- $k 4i $K $O L> A0 $r IU M? $7 $F $* $j , 556 $N 4i %7 !< %1 %s %9 Cf 288 $N 4i $K L> A0 $r $D $1 $F $$ $k . $3 $l $i $N %G !< %? $r F@ $F , $^ $: 4i %7 !< %1 %s %9 4V $N 5w N% d ( S i ; S j ) $N M- 8z @- $r 3N G’ $9 $k <B 83 $r 9T $C $? . ?M <j $G IU M? $7 $? L> A0 $r $b $H $K , 4i %7 !< %1 %s %9 S i $H S j $, F1 0l ?M J*

?^ 6: %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w ?^ 7: 4i %7 !< %1 %s %9 4V $N 5w N% $N I> 2A 2# <4 $O 8F =P N( , =D <4 $O E, 9g N( $r I= $9 . $G $" $k ;v >] $r P ( S i ; S j ) $H $9 $k . $^ $? , 4i %7 !< %1 %s %9 S i $H S j $K $D $$ $F , $3 $l $i $, F1 0l ?M J* $G $" $k $H $$ $& ?d Dj $H $7 $F , d ( S i ; S j ) < � $G $" $k ;v >] $r ^ P ( S i ; S j j � ; d ) $H $9 $k . M? $( $i $l $? d $H � $r MQ $$ $? >e 5- $N F1 0l ?M J* $N ?d Dj $K BP $7 , E, 9g N( $O P r [ P j ^ P ], 8F =P N( $O P r [ ^ P j P ] $H 9M $( $i $l $k $N $G , � $r JQ $( $J $, $i $3 $l $i $r J? LL >e $K %W %m %C %H $9 $k $3 $H $K $h $j , 5w N% d $N @- <A $r 8+ $k $3 $H $, $G $- $k . $3 $3 $G $O Hf 3S $N $? $a , 4i %7 !< %1 %s %9 4V $N 5w N% $H $7 $F , [12] $G =R $Y $i $l $F $$ $k , N> %7 !< %1 %s %9 Cf $G :G $b @5 LL 8~ $- $N 4i $r MQ $$ $? 5w N% d 0 ( S i ; S j ) = j f best i � f best j j $* $h $S N> %7 !< %1 %s %9 Cf $N :G =i $N 4i $r MQ $$ $? 5w N% d 00 ( S i ; S j ) = j f i; 1 � f j; 1 j $H Ds 0F <j K! $r Hf 3S $9 $k $3 $H $H $7 $? . 7k 2L $r ?^ 7 $K <( $9 . ?^ $K <( $5 $l $F $$ $k DL $j , Ds 0F <j K! $N J} $, 8F =P N( $H E, 9g N( $r F1 ;~ $K $h $j Bg $- $/ $9 $k $3 $H $K @. 8y $7 $F $* $j , 4i %7 !< %1 %s %9 4V $N 5w N% $N I> 2A K! $H $7 $F M% $l $F $$ $k $3 $H $, J, $+ $k . 4.3 B? <! 85 %$ %s %G %C %/ %9 $K $h $k 9b B. <B Au B? <! 85 %$ %s %G %C %/ %9 $r MQ $$ $F >e =R $N 4i %7 !< %1 %s %9 $N >H 9g %" %k %4 %j %: %‘ $r <B Au $7 , B? <! 85 %$ %s %G %C %/ %9 $N M- 8z @- $r I> 2A $9 $k <B 83 $r 9T $C $? . <B 83 %G !< %? $K $O , 4{ $K =R $Y $? CNN Headline News $N 1G A| $r ;H MQ $7 $? . 1G A| $+ $i Cj =P $5 $l $? 556 $N 4i %7 !< %1 %s %9 $N 0l It $r L5 :n 0Y $K A* $S , Bg $- $5 $N 0[ $J $k 6 8D $N %G !< %? %; %C %H $r :n @. $7 $F ;H MQ $7 $? . 6q BN E* $K $O , %7 !< %1 %s %9 $, 100, 200, 300, 400, 500, 566 $N $b $N $r :n @. $7 $? . $3 $l $i $N %7 !< %1 %s %9 $K 4^ $^ $l $k 4i 2h A| $N ?t $O , $= $l $> $l 1414, 2599, 4174, 5504, 7257, 8134 $G $" $k . <B 83 $G $O , $" $k 4i %7 !< %1 %s %9 $H :G $b 6a $$ %7 !< %1 %s %9 $r 8+ $D $1 $k $H $$ $& >H 9g =h M} $r <B 9T $7 , >H 9g $K MW $9 $k CPU ;~ 4V $H %G %# %9 %/ %" %/ %; %9 NL ( %G !< %? FI $_ 9~ $_ NL ) $r B, Dj $7 $? . $= $l $> $l $N %G !< %? %; %C %H $K 4^ $^ $l $k $9 $Y $F $N %7 !< %1 %s %9 $K $D $$ $F >H 9g $r 9T $$ , J? 6Q CM $r B, Dj 7k 2L $H $7 $? . %W %m %0 %i %_ %s %0 8@ 8l $K $O C++ $r ;H MQ $7 , Sun Microsystems <R @= $N Ultra-60 (CPU: UltraSP AR C-I I 360 MHz, %a %b %j : 512 Mb ytes, OS: Solaris 2.6) $N >e $G B, Dj $7 $? . <B 83 7k 2L $r ?^ 8 $K <( $9 . Hf 3S $N $? $a $K , @~ 7A C5 :w $r MQ $$ $F <B Au $7 $? >l 9g $N 7k 2L $b J; $; $F <( $7 $F $$ $k . 2# <4 $O , %G !< %? %; %C %H $K 4^ $^ $l $k 4i 2h A| $N ?t $G $" $k . $3 $N CM $, %G !< %? %Y !< %9 $N Bg $- $5 $K Aj Ev $9 $k . =D <4 $O , :8 $, CPU ;~ 4V , 1& $, %G %# %9 %/ %" %/ %; %9 NL $G $" $k . SR-tree $N 8z 2L $O %G %# %9 %/ %" %/ %; %9 NL $G 82 Cx $G $" $j , 4i 2h A| $N ?t $, 8134 $N ;~ $K $O @~ 7A C5 :w $N 17% $7 $+ %" %/ %; %9 $7 $F $$ $J $$ . $3 $l $O , 3, AX E* $J NN 0h J, 3d $r 9T $& $3 $H $K $h $C $F C5 :w HO 0O $, >. $5 $/ $J $C $F $$ $k $3 $H $r <( $7 $F $* $j , B? <! 85 %$ %s %G %C %/ %9 $N Mx E@ $, H/ 4x $5 $l $F $$ $k $3 $H $, $o $+ $k . $^ $? , CPU ;~ 4V $K $D $$ $F $b @~ 7A C5 :w $N 24% $K $J $C $F $$ $k . $5 $i $K , @~ 7A C5 :w $K BP $9 $k SR-tree $N Hf ( ?^ Cf $N \SR-tree / Linear Scan") $r 8+ $F $_ $k $H , %G !< %? %Y !< %9 $, Bg $- $/ $J $k $[ $I >. $5 $/ $J $C $F $$ $k $3 $H $, $o $+ $k . $3 $N $3 $H $O , Ds 0F <j K! $N %9 %1 !< %i %S %j %F %# $r N" IU $1 $k $b $N $G $" $j , Bg 5, LO $J %G !< %? %Y !< %9 $G $N M- 8z @- $r <( :6 $9 $k 7k 2L $G $" $k . 5 $* $o $j $K K\ O@ J8 $G $O , %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $N Bg 5, LO 2= $r <B 8= $9 $k $? $a $N 0l <j K! $H $7 $F , %^ %k %A %a %G %# %" >p Js =h M} $K B? <! 85 %$ %s %G %C %/ %9 $r F3 F~ $9 $k J} K! $K $D $$

?^ 8: %Y %/ %H %k =8 9g C1 0L $N :G 6a @\ 8! :w $N @- G= $F @b L@ $7 , $= $N M- 8z @- $K $D $$ $F 8! >Z $7 $? . $^ $: , SR-tree $N @E E* 9= C[ K! $r <( $7 , N‘ ;w 2h A| 8! :w $r Nc $H $7 $F $= $N 8z 2L $r <B >Z $7 $? . <! $K , %^ %k %A %a %G %# %" >p Js $N >H 9g J} K! $H $7 $F B? <! 85 %Y %/ %H %k =8 9g $r C1 0L $H $7 $? :G 6a @\ 8! :w $N M- 8z @- $r <( $7 , B? <! 85 %$ %s %G %C %/ %9 $r 1~ MQ $9 $k $3 $H $G =h M} $r 9b B. 2= $G $- $k $3 $H $r <( $7 $? . %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $K 9b B. 2= <j K! $r F3 F~ $9 $k $3 $H $O , C1 $K =h M} ;~ 4V $r C; =L $9 $k $@ $1 $G $J $/ , 9b @: EY $J =h M} $K $D $$ $F $N <B MQ @- $d Bg 5, LO %G !< %? $X $N E, MQ 2D G= @- $r 9- $2 $k $H $$ $& Lr 3d $b ;} $C $F $$ $k . $= $N $? $a , :# 8e , %^ %k %A %a %G %# %" %" %W %j %1 !< %7 %g %s $, 9- $, $j $r 8+ $; $k $K $D $l $F , B? <! 85 %$ %s %G %/ %7 %s %0 <j K! $J $I $N 9b B. 2= 5; =Q $N Lr 3d $b 1W !9 Bg $- $/ $J $C $F $$ $/ $b $N $H M= A[ $5 $l $k . ;2 9M J8 8% [1] N. Kata y ama and S. Satoh, \The SR-tree: An In- dex Structure for High-Dimensional Nearest Neigh- b or Queries," Pro c. of the 1997 A CM SIGMOD, T uc- son, USA, pp.369{380, Ma y 1997. [2] JR ;3 5* @8 , :4 F# ?? 0l , !V SR-T ree: 9b <! 85 E@ %G !< %? $K BP $9 $k :G 6a @\ 8! :w $N $? $a $N %$ %s %G %C %/ %9 9= B$ $N Ds 0F !W , EE ;R >p Js DL ?. 3X 2q O@ J8 ;o D-I, v ol. J80-D-I, no. 8 (Aug. 1997) pp. 703{717. [3] M. Flic kner, H. Sa whney , W. Niblac k, J. Ashley , Q. Huang, B. Dom, M. Gork ani, J. Hafner, D. Lee, D. P etk o vic, D. Steele, and P . Y ank er, \Query b y Im- age and Video Con ten t: the QBIC System," IEEE Computer, V ol.28, No.9, pp.23{32, Sep. 1995. [4] A. Guttman, \R-trees: a Dynamic Index Struc- ture for Spatial Searc hing," Pro c. A CM SIGMOD, Boston, USA, pp.47{57, Jun. 1984. [5] N. Bec kmann, H.-P . Kriegel, R. Sc hneider, and B. Seeger, \The R*-tree: an E�cien t and Robust Access Metho d for P oin ts and Rectangles," Pro c. A CM SIG- MOD, A tlan tic Cit y , USA, pp. 322{331, Ma y 1990. [6] D. A. White and R. Jain, \Similarit y Indexing with the SS-tree," Pro c. of the 12th In t. Conf. on Data Engineering, New Orleans, USA, pp.516{523, F eb. 1996. [7] N. Roussop oulos, S. Kelley , and F. Vincen t, \Nearest Neigh b or Queries," Pro c. A CM SIGMOD, San Jose, USA, pp.71{79, Ma y 1995. [8] G. Hjaltason and H. Samet, \Ranking in Spatial Databases," 4th In ternational Symp osium, SSD’95, P ortland, USA, pp. 83{95, August 1995. [9] S. Berc h told, C. Bo ehm, D. A. Keim, and H.- P . Kriegel, \A Cost Mo del F or Nearest Neigh- b or Searc h in High-Dimensional Data Space," Pro c. A CM PODS, T ucson, USA, pp.78{86, Ma y 1997. [10] D. A. White and R. Jain, \Similarit y Indexing: Algo- rithms and P erformance," Pro c. SPIE V ol.2670, San Diego, USA, pp.62{73, Jan. 1996. [11] S. A. Nene and S. K. Na y ar, \A Simple Algorithm for Nearest Neigh b or Searc h in High Dimensions," IEEE T rans. P AMI, v ol. 19, no. 9, pp. 989{1003, Sep 1997. [12] S. Satoh, Y. Nak am ura, and T. Kanade, \Name-It: Naming and detecting faces in video b y the in tegra- tion of image and natural language pro cessing," in Pr o c. of International Joint Confer enc e on A rti�cial Intel ligenc e , pp. 1488{1493, 1997. [13] H. A. Ro wley , S. Baluja, and T. Kanade, \Neu- ral net w ork-based face detection," IEEE T r ans. on P AMI , v ol. 20, no. 1, pp. 23{38, 1998. [14] M. T urk and A. P en tland, \Eigenfaces for recog- nition," Journal of Co gnitive Neur oscienc e , v ol. 3, no. 1, pp. 71{86, 1991.