%O %$ %Q !< %a %G %# %" 7? $N %M %C %H %o !< %/ 9= B$ $K 4p $E $/ 5- 21 %7 %9 %F %‘ $N @_ 7W $H <B Au JR ;3 5* @8 9b ?\ =_ 9( 0B C# =_ 3X =Q >p Js %; %s %? !< 8& 5f 3+ H/ It ") 112 El 5~ ET J8 5~ 6h Bg DM 3-29-1 f k ata y ama, tak asu, adac hi g @rd.nacsis.ac.jp %^ %k %A %a %G %# %" %G !< %? $K $O !" Cj >] %G !< %? 7? $K $h $k %+ %W %; %k 2= $N B& LL $H !" %O %$ %Q !< %a %G %# %" $K Be I= $5 $l $k %M %C %H %o !< %/ 9= B$ $N B& LL $H $, $" $k !# A0 <T $K $D $$ $F $O !" 4{ $K %* %V %8 %’ %/ %H ;X 8~ %b %G %k $N M- 8z @- $, <( $5 $l $F $$ $k $, !" 8e <T $K $D $$ $F $O 0l 4S @- 4I M} $J $I L$ 2r 7h $J Ld Bj $, B? $$ !# $= $3 $G 2f !9 $O !" %O %$ %Q !< %a %G %# %" 7? $N %M %C %H %o !< %/ 9= B$ $r BP >] $H $7 $? 5- 21 %7 %9 %F %‘ $H $7 $F HyNeSS (Hyp er Net w ork Storage System) $N 3+ H/ $r ;n $_ !" $= $N @_ 7W $* $h $S %W %m %H %? %$ %W %7 %9 %F %‘ $N <B Au $r 9T $C $? !# $3 $N %7 %9 %F %‘ $N FC D’ $O !" 0l 4S @- 4I M} 5! 9= $H $7 $F !" ;2 >H 0l 4S @- 4I M} 5! 9= !" F3 =P 5! 9= !" L5 L7 =b @- 4I M} 5! 9= $r Hw $( $F $$ $k E@ $G $" $j !" %^ %k %A %a %G %# %" %G !< %? %Y !< %9 $d EE ;R ?^ =q 4[ %7 %9 %F %‘ $K 1~ MQ $G $- $k $H 9M $( $F $$ $k !# Design and Implemen tation of a Storage System based on Hyp ermedia Net w ork Norio KA T A Y AMA A tsuhiro T AKASU Jun AD A CHI Researc h and Dev elopmen t Departmen t NA CSIS (National Cen ter for Science Information Systems) 3-29-1 Otsuk a, Bunky o-ku, T oky o 112 Japan Multimedia data has t w o prop erties: one is encapsulation based on abstract data t yp es, and the other is net w ork structure whic h is seen in h yp ermedia. It is already kno wn that the ob ject- orien ted data mo del is suitable for encapsulation. Ho w ev er, op en problems still remain with resp ect to net w ork structure. Then, w e designed a storage system called HyNeSS (Hyp er Net w ork Storage System) and implemen ted its protot yp e system. The signi�can t feature of HyNeSS is the incorp oration of the in tegrit y managemen t mec hanisms, namely , referen tial in tegrit y , link deriv ation, and consistency managemen t mec hanisms. These mec hanisms are adv an tageous to m ultimedia database and digital library systems. 1

1 $O $8 $a $K %^ %k %A %a %G %# %" %G !< %? $K $O Fs $D $N B& LL $, $" $k !# $R $H $D $O !" Cj >] %G !< %? 7? $K $h $k %+ %W %; %k 2= !" $b $& $R $H $D $O %O %$ %Q !< %a %G %# %" $K Be I= $5 $l $k %M %C %H %o !< %/ 9= B$ $G $" $k !# A0 <T $K $D $$ $F $O !" 4{ $K %* %V %8 %’ %/ %H ;X 8~ %G !< %? %b %G %k $N M- 8z @- $, <( $5 $l $F $$ $k $, !" 8e <T $K $D $$ $F $O L$ 2r 7h $J Ld Bj $, B? $$ !# FC $K !" %M %C %H %o !< %/ 9= B$ $N 0l 4S @- 4I M} $K $D $$ $F $O !" It J, E* $J <B Au $O 8+ $i $l $k $b $N $N 0l HL E* $J OH AH $O $^ $@ B8 :_ $7 $J $$ !# $= $3 $G !" 2f !9 $O %O %$ %Q !< %a %G %# %" 7? $N %M %C %H %o !< %/ 9= B$ $r BP >] $H $7 $? 5- 21 %7 %9 %F %‘ $N 3+ H/ $r ;n $_ !" $= $N @_ 7W $* $h $S %W %m %H %? %$ %W %7 %9 %F %‘ $N <B Au $r 9T $C $? !# $3 $N 5- 21 %7 %9 %F %‘ $N FC D’ $O !" %M %C %H %o !< %/ 9= B$ $r ;} $C $? %G !< %? $N $? $a $N !" ;2 >H 0l 4S @- 4I M} 5! 9= !" F3 =P 5! 9= !" L5 L7 =b @- 4I M} 5! 9= $r Hw $( $F $$ $k E@ $K $" $k !# K\ 9F $N 9= @. $O 0J 2< $N $h $& $K $J $C $F $$ $k !# 2 @a $G $O 8& 5f $N GX 7J $H $7 $F !" %^ %k %A %a %G %# %" %G !< %? $K 4X $9 $k 9M ;! $* $h $S 4X O" 8& 5f $N 35 N, $K $D $$ $F =R $Y $k !# 3 @a $G $O Ds 0F $9 $k 5- 21 %7 %9 %F %‘ $N 9= @. $K $D $$ $F !" 4 @a $G $O $= $N %W %m %H %? %$ %W %7 %9 %F %‘ $K $D $$ $F @b L@ $9 $k !# $= $7 $F !" 5 @a $G :# 8e $N 2] Bj $K $D $$ $F 8! F$ $9 $k !# 2 8& 5f $N GX 7J 2.1 EE ;R ?^ =q 4[ %7 %9 %F %‘ $K $* $1 $k %^ %k %A %a %G %# %" %G !< %? 3X =Q >p Js %; %s %? !< $G $O 3X =Q J8 8% $r BP >] $H $7 $? EE ;R ?^ =q 4[ %7 %9 %F %‘ $N 3+ H/ $r 9T $C $F $* $j !" 8= :_ ;n 9T %5 !< %S %9 $r <B ;\ $7 $D $D %7 %9 %F %‘ $N 3+ H/ $r B3 $1 $F $$ $k !# $3 $N EE ;R ?^ =q 4[ %7 %9 %F %‘ $, BP >] $H $9 $k $N $O !" 3X 2q ;o !" O@ J8 ;o $J $I $N 3X =Q ;( ;o !" 9V 1i O@ J8 =8 !" 8& 5f 2q ;q NA $J $I $G $" $j !" 0J 2< $N ;0 <o N‘ $N >p Js $r C_ @Q $9 $k !# 0l <! >p Js $H $7 $F $O %Z !< %8 2h A| $N $_ $r BP >] $H $7 $F $* $j !" 8= :_ $N ;n 9T %5 !< %S %9 $G $O A4 J8 >p Js $O BP >] $H $7 $F $$ $J $$ !# � ;( ;o !" 8& 5f 2q ;q NA Ey $N =q ;o >p Js � J8 8% $N Fs <! >p Js � %Z !< %8 2h A| $G $N 0l <! >p Js =q ;o >p Js $d Fs <! >p Js $K $D $$ $F $O => Mh $+ $i 3X =Q >p Js %; %s %? !< $G $b %5 !< %S %9 $7 $F $* $j !" 4X 78 DBMS $J $I $r MQ $$ $F C_ @Q $9 $k $3 $H $, 2D G= $G $" $k !# EE ;R ?^ =q 4[ %7 %9 %F %‘ $H $7 $F $N FC D’ $O %Z !< %8 2h A| $r C_ @Q $7 $F $$ $k E@ $G $" $k !# %Z !< %8 2h A| $r C_ @Q $9 $k $? $a $K $O !" 2h A| $H $H $b $K 0J 2< $N >p Js $r C_ @Q $9 $k I, MW $, $" $k !# � %Z !< %8 2h A| $N A0 8e 4X 78 � ;( ;o $H %Z !< %8 2h A| $N 4V $N A4 BN { It J, 4X 78 � J8 8% $H %Z !< %8 2h A| $N 4V $N A4 BN { It J, 4X 78 $= $7 $F $5 $i $K !" Mx MQ <T %$ %s %? %U %’ !< %9 $G $N JX 59 $r 9M N8 $9 $k $H !" J8 8% $N A0 8e 4X 78 $d !" Fs <! >p Js $H %Z !< %8 2h A| $N 4X 78 $J $I MM !9 $J 4X 78 $r 8! :w $G $- $k $3 $H $, I, MW $K $J $k !# $3 $N $h $& $J >p Js $O K\ <A E* $K ?^ 1 $N $h $& $J %M %C %H %o !< %/ 9= B$ $r ;} $C $F $* $j !" Mx MQ <T %$ %s %? %U %’ !< %9 $K $* $$ $F !" ;( ;o $N =q ;o >p Js $+ $i %Z !< %8 2h A| $X 0\ F0 $7 $? $j !" %Z !< %8 $N A0 8e 4X 78 $r C) $k $J $I !" 9R 9T E* $J Ld 9g $; $, I, MW $K $J $k !# $3 $N ?^ $K $O !" %Z !< %8 $H %Z !< %8 HV 9f $H $N 4X 78 $d !" J8 8% $H Fs <! >p Js $H $N 4X 78 $J $I $O 4^ $^ $l $F $* $i $: !" A4 BN $G $O $5 $i $K Bg $- $J %M %C %H %o !< %/ 9= B$ $H $J $k !# 2.2 %^ %k %A %a %G %# %" %G !< %? $N 0l 4S @- 4I M} >e $N $h $& $J %M %C %H %o !< %/ 9= B$ $r ;} $C $? %G !< %? $r Bg NL $K C_ @Q $9 $k >l 9g !" $= $N 0l 4S @- 4I M} $, Bg $- $J Ld Bj $K $J $k !# $3 $l $O !" %O %$ %Q !< %a %G %# %" 7? $N %G !< %? $N <+ M3 EY $, Bg $- $$ $? $a $G $" $j !" 0J 2< $N 0l 4S @- 4I M} 5! 9= $, I, MW $K $J $k !# (1) ;2 >H 0l 4S @- 4I M} 5! 9= => Mh !" ;2 >H 0l 4S @- $O !" <g $K %" %W %j %1 !< %7 %g %s %W %m %0 %i %‘ $N %l %Y %k $G 0] ;} $9 $k $H $$ $& J} K! $, <h $i $l $F $- $? !# $9 $J $o $A !" %" %W %j %1 !< %7 %g %s %W %m %0 %i %‘ $N 99 ?7 =h M} $N Cf $K ;2 >H 0l 4S @- $r 0] ;} $9 $k $? $a $N =h M} $r 2C $( $k $3 $H $K $h $C $F !" ;2 >H 0l 4S @- $N 0] ;} $r 9T $C $F $$ $k $N $G $" $k !# $3 $N $h $& $J %" %W %m !< %A $O !" %G !< %? 9= B$ $, 2h 0l E* $G ;2 >H 4X 78 $r 8B Dj $G $- $k >l 9g $K $O 2D G= $@ $, !" %O %$ %Q !< %a %G %# %" $N $h $& $K ;2 >H 4X 78 $K <+ M3 EY $, $" $k >l 9g $K $O !" %7 %9 %F %‘ $N B& $G ;2 >H 0l 4S @- $r 0] ;} $9 $k $3 $H $, I, MW $K $J $k !# (2) %j %s %/ $N F3 =P 5! 9= %O %$ %Q !< %a %G %# %" $K $* $$ $F %j %s %/ $r F0 E* $K @8 @. $9 $k 5! 9= $N I, MW @- $, ;X E& $5 $l $F $$ $k [6] !# Nc $( $P !" $" $k %Z !< %8 2h A| $+ $i $= $N <! $N J8 8% $X Ht $V %j %s %/ $O !" J8 8% $H %Z !< %8 $N 4V $N A4 BN { It J, 4X 78 $H !" J8 8% 4V $N A0 8e 4X 78 $H $K $h $C $F F3 =P $G $- $k !# $3 $N $h $& $J F3 =P 4X 78 $K $" $k %j %s %/ $r 8D JL $K C_ @Q $7 $? >l 9g !" 5- 21 NN 0h $, A} 2C $9 $k $@ $1 $G $J $/ !" %G !< %? %Y !< %9 $N L5 L7 =b @- $r 0] ;} $9 $k >e $G $b @H <e $K $J $C $F $7 $^ $& !# $= $N $? $a !" 2

?^ 1: %Z !< %8 2h A| %G !< %? $N >e $K B8 :_ $9 $k %M %C %H %o !< %/ 9= B$ F3 =P 2D G= $J %j %s %/ $O %k !< %k $G 5- =R $7 $F $* $- !" F3 =P 5! 9= $K $h $C $F F0 E* $K %j %s %/ $r @8 @. $9 $k $H $$ $& 7A BV $, I, MW $K $J $k !# (3) L5 L7 =b @- 4I M} 5! 9= L5 L7 =b @- 4I M} $N 0U L# $G $b !" %O %$ %Q !< %a %G %# %" 7? $N %G !< %? $O @H <e $G $" $k !# Cj >] %G !< %? 7? $N $h $& $K %+ %W %; %k 2= $5 $l $? %G !< %? $N >l 9g !" %a %= %C %I $r 8m $j $J $/ Dj 5A $9 $l $P %+ %W %; %k Fb $N L5 L7 =b @- $O J] >Z $5 $l $k !# $7 $+ $7 !" %M %C %H %o !< %/ 9= B$ $r ;} $C $F $$ $k >l 9g !" %G !< %? Aj 8_ $N 4X 78 $K $* $$ $F L7 =b $, H/ @8 $9 $k $? $a !" L5 L7 =b @- $N 4I M} $O Fq $7 $$ !# $3 $N Ld Bj $K BP $7 $F $O Fs DL $j $N %" %W %m !< %A $, 9M $( $i $l $k !# 0l J} $O !" Cj >] %G !< %? 7? $N $h $& $K %M %C %H %o !< %/ 9= B$ $K BP $9 $k 99 ?7 <j B3 $- $r 8B Dj $9 $k J} K! !" B> J} $O !" %7 %9 %F %‘ Fb $K L5 L7 =b @- $r 0] ;} $9 $k $? $a $N @) Ls $r Dj 5A $9 $k J} K! $G $" $k !# $7 $+ $7 !" A0 <T $N J} K! $@ $H <B 9T 2D G= $J $" $i $f $k 99 ?7 <j B3 $- $r M= $a 7h $a $F $* $/ I, MW $, $" $j !" %O %$ %Q !< %a %G %# %" $H $7 $F $N 3H D% @- $* $h $S <+ M3 EY $N LL $G %G %a %j %C %H $, Bg $- $$ !# 2.3 4X O" 8& 5f %O %$ %Q !< %F %- %9 %H $d %O %$ %Q !< %a %G %# %" $r C_ @Q $9 $k $? $a $N %G !< %? %Y !< %9 %7 %9 %F %‘ $K 4X $9 $k 8& 5f $H $7 $F $O T extLink/Gem[6, 9] $, $" $j !" F0 E* $K %j %s %/ $r @8 @. $9 $k 5! 9= $d ECA %k !< %k $K $h $k %9 %- !< %^ ?J 2= 5! 9= $, Ds 0F $5 $l $F $$ $k !# %O %$ %Q !< %a %G %# %" $K 4X ?t 7? %G !< %? %b %G %k AIS $r E, MQ $9 $k 8& 5f $b 9T $o $l $F $* $j !" 1G A| %G !< %? $N %b %G %k 2= <j K! $d 4X ?t 7? $N A‘ :n 7O $, Ds 0F $5 $l $F $$ $k [8] !# $^ $? !" %* %V %8 %’ %/ %H ;X 8~ %G !< %? %Y !< %9 %7 %9 %F %‘ $r MQ $$ $? 8& 5f $H $7 $F $O Jasmine[2] !" OMEGA[4] !" Obase[7] $J $I $, $" $j !" %^ %k %A %a %G %# %" %G !< %? $N %b %G %k 2= <j K! $d ECA %k !< %k $K $h $k 0l 4S @- 4I M} 5! 9= $J $I $, Ds 0F $5 $l $F $$ $k !# %G !< %? %Y !< %9 $N 0l 4S @- 4I M} 5! 9= $K BP $7 $F 7A <0 E* $J OH AH $r M? $( $h $& $H $9 $k 8& 5f $H $7 $F $O !" 1i eh %G !< %? %Y !< %9 [10] $, $" $k !# 3 5- 21 %7 %9 %F %‘ HyNeSS 3.1 %7 %9 %F %‘ $N 35 MW HyNeSS (Hyp er Net w ork Storage System) $O !" %O %$ %Q !< %a %G %# %" $N $h $& $J %M %C %H %o !< %/ 9= B$ $r ;} $D %G !< %? $r C_ @Q $9 $k $? $a $N 5- 21 %7 %9 %F %‘ $G $" $j !" <! $N Fs $D $N 5! G= $N <B 8= $r L\ E* $H $7 $F $$ $k !# 1. %G !< %? $N B? MM @- $r 5[ <} $9 $k $? $a $N %M %C %H %o !< %/ 9= B$ $K $h $k C_ @Q EE ;R ?^ =q 4[ %7 %9 %F %‘ $J $I $G $O !" %M %C %H %o !< %/ 9= B$ $r ;} $D %G !< %? $r Bg NL $K C_ @Q $9 $k I, MW $, $" $k !# $3 $N ;~ !" %G !< %? 9= B$ $, 2h 0l E* $G $" $l $P %j %l !< %7 %g %s $d %/ %i %9 $H $$ $C $? 7A $G %G !< %? 9= B$ $r Dj 5A $G $- $k !# $7 $+ $7 !" B? MM $J %G !< %? $d 4X O" $r C_ @Q $9 $k $? $a $K $O !" %M %C %H %o !< %/ 9= B$ $r $= $N $^ $^ $N 7A $G C_ @Q $9 $k I, MW $, $" $k !# 3

?^ 2: HyNeSS $N %7 %9 %F %‘ 9= @. 2. %M %C %H %o !< %/ 9= B$ $N 0l 4S @- 4I M} 2.2 @a $G =R $Y $? DL $j !" %M %C %H %o !< %/ 9= B$ $r C_ @Q $9 $k >l 9g !" 0l 4S @- 4I M} 5! 9= $, I, MW IT 2D 7g $G $" $j !" ;2 >H 0l 4S @- 4I M} 5! 9= !" %j %s %/ F3 =P 5! 9= !" L5 L7 =b @- 4I M} 5! 9= $r <B 8= $9 $k !# HyNeSS $N %" %W %m !< %A $O !" %G !< %? $N %M %C %H %o !< %/ 9= B$ $r %O %$ %Q !< %M %C %H %o !< %/ $N 7A $G %b %G %k 2= $7 !" $= $N >e $K =R 8l O@ M} $K 4p $E $/ 0l 4S @- 4I M} $N OH AH $r <B 8= $9 $k $H $$ $& $b $N $G $" $k !# <B 8= $K $" $? $C $F $O 0l HL E* $J OH AH $r Ds 6! $9 $k $3 $H $r L\ I8 $H $7 !" 8D !9 $N %G !< %? $K 0M B8 $9 $k 8D JL E* $J FC D’ $r GS =| $7 $F $$ $k !# $= $N $? $a !" HyNeSS $, Ds 6! $7 $F $$ $k 5! 9= $O 4p K\ E* $J $b $N $G $" $j !" <B :] $K %G !< %? %Y !< %9 %7 %9 %F %‘ $r 9= C[ $9 $k >l 9g $K $O !" HyNeSS $, Ds 6! $9 $k 5! 9= $N >e $K !" BP >] $H $9 $k %G !< %? $K 1~ $8 $? F3 =P %k !< %k !" ;; =Q 1i ;; %* %Z %l !< %? $J $I $r Dj 5A $9 $k $3 $H $K $J $k !# $3 $N E@ $, !" 2f !9 $, HyNeSS $r %G !< %? %Y !< %9 4I M} %7 %9 %F %‘ $G $O $J $/ 5- 21 %7 %9 %F %‘ $H 8F $s $G $$ $k =j 0J $G $" $k !# ?^ 2 $K HyNeSS $N %7 %9 %F %‘ 9= @. $r <( $9 !# %7 %9 %F %‘ $O Bg $- $/ O; $D $N %l %$ %d $K J, $+ $l !" <B BN 4I M} 5! 9= !" %j %s %/ 4I M} 5! 9= !" 4X O" 4I M} 5! 9= !" F3 =P 4I M} 5! 9= !" J* M} %G !< %? 4I M} 5! 9= !" %b %8 %e !< %k 4I M} 5! 9= $+ $i @. $k !# 2< $N ;0 $D $N 4I M} 5! 9= $O %M %C %H %o !< %/ 9= B$ $r C_ @Q $9 $k $? $a $N $b $N $G $" $j !" $= $N >e $K 0l 4S @- 4I M} 5! 9= $d J* M} %G !< %? $N $? $a $N 5! 9= $, =E $J $k 7A $K $J $C $F $$ $k !# 3.2 %M %C %H %o !< %/ 9= B$ $N 9= @. MW AG %O %$ %Q !< %a %G %# %" 7? $N %M %C %H %o !< %/ 9= B$ $r ;} $D %G !< %? $r C_ @Q $9 $k $K $O !" %* %V %8 %’ %/ %H ;X 8~ %G !< %? %b %G %k $K 4p $E $/ J} K! $H !" 0U L# %G !< %? %b %G %k $K 4p $E $/ J} K! $H $, 9M $( $i $l $k !# %* %V %8 %’ %/ %H ;X 8~ %G !< %? %b %G %k $K 4p $E $/ $H !" %M %C %H %o !< %/ 9= B$ $N %N !< %I $r %* %V %8 %’ %/ %H $H $7 $F %b %G %k 2= $7 !" %N !< %I 4V $N %j %s %/ $O B0 @- $K $h $k ;2 >H $H $7 $F 5- =R $9 $k $3 $H $K $J $k !# $3 $l $K BP $7 $F !" 0U L# %G !< %? %b %G %k $K 4p $E $/ $H !" %N !< %I $r <B BN $H $7 $F I= 8= $7 !" %N !< %I 4V $N %j %s %/ $r 4X O" $H $7 $F 5- =R $9 $k $3 $H $K $J $k !# $? $@ $7 !" %* %V %8 %’ %/ %H ;X 8~ %G !< %? %Y !< %9 $N Cf $K $O !" %* %V %8 %’ %/ %H $N 0l <o $H $7 $F 4X O" $r Dj 5A $G $- $? $j !" Aj 8_ ;2 >H B0 @- $K $h $C $F AP J} 8~ %j %s %/ $r Dj 5A $G $- $k $b $N $b $" $j [1] !" 87 L) $K Fs J, $5 $l $k $o $1 $G $O $J $/ N> <T $r AH $_ 9g $o $; $? J} K! $b $" $k !# HyNeSS $G $O %M %C %H %o !< %/ 9= B$ $r 0U L# %G !< %? %b %G %k $N 35 G0 $K 4p $E $$ $F %b %G %k 2= $9 $k !# $3 $l $O !" %j %s %/ F3 =P 5! 9= $d 0l 4S @- 4I M} 5! 9= $r <h $j 07 $& $H $- $K !" %j %s %/ $r 4X O" $K $h $C $F 5- =R $7 $? J} $, Dj <0 2= $7 $d $9 $$ $+ $i $G $" $k !# $= $3 $G !" HyNeSS $G $O !" 0J 2< $N 9= @. MW AG $G %M %C %H %o !< %/ 9= B$ $r <h $j 07 $& !# (1) <B BN 0U L# %G !< %? %b %G %k $K $* $1 $k <B BN $G $" $j !" <B @$ 3& $K B8 :_ $9 $k !V $b $N !W $r I= $9 !# Cj >] 35 G0 $b <B BN $G $" $k $H $$ $& $N $O B> $N 0U L# %G !< %? %b %G %k $H F1 MM $G $" $k !# $? $@ $7 !" HyNeSS $G $O $5 $i $K !" ?t CM !" J8 ;z Ns !" %F %- %9 %H !" %$ %a !< %8 $H $$ $C $? J* M} E* $J %G !< %? $b <B BN $H $7 $F <h $j 07 $& !# J* M} E* $J %G !< %? $r Cj >] %G !< %? 7? $K $h $C $F %+ %W %; %k 2= $7 $? >l 9g !" 8D !9 $N %G !< %? $r FH N) $7 $? <B BN $H $7 $F 07 $& $3 $H $, $G $- $k !# $9 $J $o $A !" %G !< %? 7? $H Fb It %G !< %? $N BP $G J* M} %G !< %? $r <1 JL $7 !" $" $k 7? $N $" $k Fb It %G !< %? $r ;} $C $? J* M} %G !< %? $r $R $H $D $N <B BN $H 8+ $J $9 $N $G $" $k !# $3 $l $K $h $j !" %M %C %H %o !< %/ 9= B$ $K $* $1 $k %N !< %I $r 0l N’ $K <B BN $H $7 $F 07 $& $3 $H $, 2D G= $K $J $k !# $= $l $> $l $N <B BN $K $O <1 JL ;R $r 3d $j Ev $F !" 0l 0U $K <1 JL =P Mh $k $h $& $K $9 $k !# (2) %j %s %/ %O %$ %Q !< %a %G %# %" $H F1 MM $K !" <B BN 4V $K %j %s %/ $r D% $k $3 $H $K $h $C $F 0U L# E* $J $D $J $, $j $, $" $k $3 $H $r <( $9 !# <B BN 4V $N $D $J $, $j $O !" ;0 9‘ 4X 78 $K $J $k $3 $H 4

?^ 3: <B BN !" %j %s %/ !" 4X O" $K $h $k %M %C %H %o !< %/ 9= B$ $b $" $j !" 0l HL $K $O B? 9‘ 4X 78 $K $J $k $N $G %O %$ %Q !< %j %s %/ $K $J $k !# (3) 4X O" C1 $K %j %s %/ $r D% $k $@ $1 $G $O !" $= $l $, $I $N $h $& $J 0U L# $r ;} $C $F $$ $k $N $+ <1 JL $G $- $J $$ $N $G !" $= $l $> $l $N %j %s %/ $K 0U L# $r <1 JL $9 $k $? $a $N =R 8l $r IU M? $9 $k !# Nc $( $P !" J8 8% $H $= $N @h F, %Z !< %8 $H $r 7k $V %j %s %/ $K $O Is-FirstP age-Of $H $$ $& =R 8l $r M? $( !" 3F %Z !< %8 $H 2h A| %$ %a !< %8 $H $N 4V $K $O Is-Image-Of $H $$ $& =R 8l $r M? $( $k ( ?^ 3) !# $9 $k $H ?^ 3 Cf $N %j %s %/ $O !" =R 8l $H <B BN $N <1 JL ;R $H $r MQ $$ $F 2< $N $h $& $K I= 8= $G $- $k !# Is-FirstPage-Of [ Litera = Litera 3, Page = Page 112 ] Is-LastPage-Of [ Litera = Litera 3, Page = Page 123 ] Is-Image-Of [ Page = Page 112, Image = Image 25 ] Is-Image-Of [ Page = Page 123, Image = Image 36 ] 3g 8L $G $/ $/ $i $l $F $$ $k $N $O 9‘ $N JB $S $G $" $j !" $= $l $> $l $N 9‘ $N Lr 3d $r <( $9 $? $a $K 9‘ $K $O %i %Y %k $, $D $$ $F $$ $k !# 9‘ $N =P 8= =g =x $r 8B Dj $9 $l $P !" 2< $N $h $& $K %i %Y %k $r >J N, $7 $F $b 9= $o $J $$ !# Is-FirstPage-Of [ Litera 3, Page 112 ] Is-LastPage-Of [ Litera 3, Page 123 ] Is-Image-Of [ Page 112, Image 25 ] Is-Image-Of [ Page 123, Image 36 ] =R 8l $O !" 0U L# %G !< %? %b %G %k $K $* $1 $k 4X O" $K Aj Ev $7 !" F1 $8 0U L# $r $b $C $F $$ $k %j %s %/ $r %/ %i %9 2= $9 $k !# $9 $J $o $A !" 4X O" $O <B BN 4V $N $D $J $, $j $K $D $$ $F $N 7? $G $" $j !" %j %s %/ $O $= $l $i $N %$ %s %9 %? %s %9 $H $$ $& $3 $H $K $J $k !# $= $7 $F 4X O" $4 $H $K !" =R 8l !" 9‘ $N ?t !" 9‘ $N %i %Y %k $, 7h $^ $k !# Nc $( $P !" Is-Image-Of 4X O" $O 2< $N $h $& $J 7? $r ;} $C $F $$ $k !# Is-Image-Of [ Page = $X, Image = $Y ] $3 $3 $G !" $ $G ;O $^ $k J8 ;z Ns $X, $Y $O JQ ?t $G $" $k !# <B BN 4V $N 4X O" $r 5- =R $9 $k J} K! $H $7 $F $O 4X ?t $r MQ $$ $k J} K! $b $" $k $, [8] !" %O %$ %Q !< %j %s %/ $r 5- =R $9 $k $K $O =R 8l $N J} $, E, $7 $F $$ $k !# $H $$ $& $N $O !" 4X ?t $G 5- =R $9 $k $H !" $R $H $D $N %O %$ %Q !< %j %s %/ $r J# ?t $N 4X ?t $G 5- =R $7 $J $1 $l $P $J $i $J $$ $+ $i $G $" $k !# Nc $( $P !" 2< $N =R 8l $G I= 8= $5 $l $k %j %s %/ $r 9M $( $k !# Is-Image-Of [ Page = Page 112, Image = Image 25 ] $3 $N %j %s %/ $r 4X ?t $G 5- =R $9 $k $H 2< $N $h $& $K $J $k !# Image 25 = Is-Image-Of ( Page 112 ) Page 112 = Is-Page-Of ( Image 25 ) $3 $N $h $& $K $R $H $D $N %j %s %/ $, J# ?t $N I= 8= $r ;} $C $F $7 $^ $& $H !" <B BN $+ $i <B BN $X $N <L A| 4X 78 $, 6/ D4 $5 $l $F $7 $^ $$ !" %M %C %H %o !< %/ 9= B$ $H $7 $F $N @- <A $r 5- =R $9 $k $N $, Fq $7 $/ $J $k !# $^ $? !" =R 8l $r MQ $$ $? >l 9g !" F3 =P $d L5 L7 =b @- 4I M} $N OH AH $H $7 $F =R 8l O@ M} $r MQ $$ $k $3 $H $, 2D G= $K $J $k $N $G Mx E@ $, Bg $- $$ !# $? $@ $7 !" $3 $l $O $" $/ $^ $G $b 5- 21 %7 %9 %F %‘ $N OH AH $r <h $j 07 $& >l 9g $N OC $G $" $k !# 4X ?t $r MQ $$ $l $P !" <B BN $+ $i <B BN $X %j %s %/ $r C) $k A‘ :n $r <L A| $N 7A $G $o $+ $j 0W $/ I= 8= $G $- $k $N $G !" Mx MQ <T %$ %s %? %U %’ !< %9 $K $* $1 $k I= 8= 7A <0 $H $7 $F $O M- 8z $G $" $k !# 3.3 0l 4S @- 4I M} 5! 9= HyNeSS $, 4I M} $9 $k 0l 4S @- $O !" ;2 >H 0l 4S @- !" %j %s %/ $N F3 =P 4X 78 !" 0U L# E* $J L5 L7 =b @- $N ;0 $D $G $" $k !# 1. ;2 >H 0l 4S @- %M %C %H %o !< %/ 9= B$ $H $7 $F $N 0l 4S @- $G $" $j !" ;2 >H $r <u $1 $F $$ $k <B BN $, :o =| $5 $l $J $$ $3 $H $r J] >Z $9 $k !# 2. %j %s %/ $N F3 =P 4X 78 %j %s %/ Aj 8_ $N 0M B8 @- $K 4X $9 $k 0l 4S @- $G $" $j !" $" $k %j %s %/ $N B8 :_ $, B> $N %j %s %/ $N B8 :_ $K 0M B8 $9 $k $H $- !" $9 $J $o $A %j %s %/ 4V $K F3 =P 4X 78 $, $" $k $H $- !" F3 =P %k !< %k $r Dj 5A $9 $k $3 $H $K $h $C $F $= $l $i $N 0l 4S @- $r 0] ;} $9 $k !# 3. L5 L7 =b @- 0U L# E* $J 0l 4S @- $G $" $j !" @) Ls $r 2] $9 $3 $H $K $h $C $F L5 L7 =b @- $r 0] ;} $9 $k !# $3 $3 $G $O $3 $l $i $N 5! 9= $N 35 N, $K $D $$ $F $@ $1 =R $Y $k !# >\ :Y $O J8 8% [3] $r ;2 >H $7 $F D: $- $? $$ !# 3.3.1 ;2 >H 0l 4S @- 4I M} 5! 9= ;2 >H 0l 4S @- 4I M} $N Ld Bj $O !" <B BN $* $h $S %j %s %/ $r $I $N $h $& $K :o =| $9 $k $+ $H $$ $& Ld Bj $G $" $k !# ;2 >H 0l 5

4S @- 4I M} $N 86 B’ $O !" !V B> $N <B BN $+ $i ;2 >H $5 $l $F $$ $k <B BN $O :o =| $5 $l $F $O $J $i $J $$ !W $G $" $j !" <B BN $* $h $S %j %s %/ $r :o =| $9 $k ;~ $K $O 0J 2< $N =h M} $, I, MW $K $J $k !# 1. <B BN $r :o =| $9 $k ;~ !" :o =| 2D G= $+ $I $& $+ H= Dj $9 $k !# <B BN $N :o =| $, MW 5a $5 $l $k $H !" <B BN $K $D $J $, $C $F $$ $k %j %s %/ $N Cf $K $= $N <B BN $r ;2 >H $7 $F $$ $k $b $N $, $" $k $+ $I $& $+ H= Dj $9 $k !# $b $7 $= $N <B BN $r ;2 >H $7 $F $$ $k %j %s %/ $, $" $l $P $= $N %j %s %/ $O :o =| IT 2D G= $J $N $G :o =| MW 5a $r 4~ 5Q $9 $k !# 2. %j %s %/ $r :o =| $9 $k ;~ !" :o =| 2D G= $J <B BN $, @8 $8 $k $+ $I $& $+ H= Dj $9 $k !# %j %s %/ $N :o =| $K $h $C $F !" %M %C %H %o !< %/ $, J, 3d $5 $l E~ C# IT 2D G= $J <B BN $, @8 $8 $? $j !" ;2 >H $, $J $/ $J $k $3 $H $G :o =| IT 2D G= $@ $C $? <B BN $, :o =| 2D G= $K $J $k $3 $H $, $" $k !# $= $3 $G !" :o =| 2D G= $J <B BN $, @8 $8 $k $+ $I $& $+ H= Dj $7 !" @8 $8 $k >l 9g $K $O $3 $l $i $r <+ F0 E* $K :o =| $9 $k !# $3 $l $i $N =h M} $r HyNeSS $G $O !" ;2 >H 4X 78 $K 4p $E $/ Hs =d 2s M- 8~ %0 %i %U $r 9= C[ $9 $k $3 $H $K $h $C $F <B 8= $7 $F $$ $k !# %0 %i %U $N @a E@ $O <B BN $^ $? $O <B BN $N =8 9g $G $" $j !" M- 8~ ;^ $O ;2 >H 4X 78 $r 0U L# $9 $k !# @a E@ $K <B BN $N =8 9g $, Mh $k $N $O !" <B BN 4V $K Aj 8_ ;2 >H $r 4^ $‘ >l 9g $, $" $k $? $a $G $" $k !# 3.3.2 %j %s %/ F3 =P 5! 9= %j %s %/ $N F3 =P $K $O Fs $D $N B& LL $, $" $k !# $R $H $D $O !" 5- 21 NN 0h $r @a Ls $9 $k $H $$ $& LL $G $" $j !" F3 =P 2D G= $J %j %s %/ $r %k !< %k $H $$ $& =L B‘ $5 $l $? 7A $G C_ @Q $9 $k $3 $H $K $h $C $F >p Js NL $r 8: $i $9 $3 $H $, $G $- $k !# $b $& $R $H $D $O !" %j %s %/ 4V $K B8 :_ $9 $k F3 =P 4X 78 $N 0l 4S @- $r 0] ;} $9 $k $H $$ $& B& LL $G $" $k !# $= $3 $G !" HyNeSS $G $O 0l 3, =R 8l O@ M} $K 4p $E $$ $? 0l 4S @- 4I M} 5! 9= $r F3 F~ $7 $F $$ $k !# Nc $( $P !" $" $k %Z !< %8 $+ $i <! $N J8 8% $X Ht $V %j %s %/ $r !" J8 8% !& %Z !< %8 4V $N %j %s %/ $H J8 8% 4V $N A0 8e 4X 78 $H $+ $i F3 =P $9 $k $K $O 2< $N F3 =P %k !< %k $r Dj 5A $9 $k !# Is-NextLiterature-Of [ Page = $X, Litera = $Y ] h = Is-Page-Of [ Litera = $Z, Page = $X ], Previous-Next [ Previous = $Z, Next = $Y ]. $3 $3 $G !" $ $G ;O $^ $k J8 ;z Ns $O JQ ?t !" h = $O F3 =P 5- 9f $G $" $j !" 1& JU $K 9g CW $7 $? %j %s %/ $, B8 :_ $9 $k $H $- :8 JU $N %j %s %/ $, F3 =P $5 $l $k !# F3 =P $O AX >u %W %m %0 %i %‘ [5] $K 4p $E $$ $F $* $j !" H] Dj $d :F 5" F3 =P $b Dj 5A $G $- $k !# H] Dj $r <( $9 $H $- $K $O =R 8l $N A0 $K ~ $r IU $1 $k !# HyNeSS $N 0l 4S @- 4I M} 5! 9= $O !" 0l 3, =R 8l O@ M} $K 4p $E $$ $F $$ $k $H $$ $& E@ $G !" O@ M} %W %m %0 %i %_ %s %0 $d 1i eh %G !< %? %Y !< %9 $H 6& DL $7 $F $$ $k $, !" ;; =Q 1i ;; $d J8 ;z Ns 1i ;; $H $$ $C $? 1i ;; =h M} $r AH $_ 9~ $‘ <j K! $, => Mh $N $b $N $H $O 0[ $J $C $F $$ $k !# $9 $J $o $A !" 5! G= E* =R 8l $H $$ $& 35 G0 $r F3 F~ $7 !" ;; =Q 1i ;; $d J8 ;z Ns 1i ;; $b =R 8l $N 7A $G I= 8= $9 $k !# $= $7 $F $5 $i $K !" $= $N $h $& $J 1i ;; =h M} $r !" %M %C %H %o !< %/ 9= B$ $K $* $1 $k %N !< %I $d %j %s %/ $N F0 E* $J @8 @. $H $7 $F %b %G %k 2= $7 !" =R 8l $N I> 2A %" %k %4 %j %: %‘ $d !" $= $N Dd ;_ @- $K $D $$ $F $N Dj <0 2= $r 9T $C $F $$ $k !# Nc $( $P !" %Z !< %8 $N A0 8e 4X 78 $r %Z !< %8 HV 9f $N Bg >. 4X 78 $G Dj 5A $9 $k >l 9g !" Is-Sum-Of $H $$ $& Fb It $G 2C 8: ;; $r 9T $& 5! G= E* =R 8l $r MQ $$ $k $3 $H $G 2< $N $h $& $K Dj 5A $G $- $k !# Previous-Next [ Previous = $X, Next = $Y ] h = Is-Page-Of [ Magazine = $Z, Page = $X ], Is-Page-Of [ Magazine = $Z, Page = $Y ], Is-PageNumber-Of [ Page = $X, Number = $V ], Is-PageNumber-Of [ Page = $Y, Number = $W ], Is-Sum-Of [ Sum = $W, Value1 = $V, Value2 = 1 ]. 1& JU $N :G =i $N Fs <0 $O $X, $Y $, F1 $8 ;( ;o $K B0 $9 $k $3 $H $r ;X <( $9 $k $b $N $G $" $j !" B3 $/ Fs <0 $O $V, $W $K $X, $Y $N %Z !< %8 HV 9f $r 3d $j Ev $F $k $? $a $N $b $N $G $" $k !# $= $7 $F :G 8e $N <0 $G !" $V $H $W $N 4V $K $W = $V + 1 $N 4X 78 $, $" $k $3 $H $r ;X <( $7 $F $$ $k !# $3 $N %k !< %k $G FC D’ E* $J $N $O !" $3 $N 5- =R $@ $1 $G Pre- vious $+ $i Next $r 5a $a $k $3 $H $b !" 5U $K Next $+ $i Previous $r 5a $a $k $3 $H $b 2D G= $J $3 $H $G $" $k !# $9 $J $o $A !" @k 8@ E* $J 5- =R $K $J $C $F $$ $k $N $_ $J $i $: !" <+ A3 $H %j %s %/ $N AP J} 8~ @- $b 5- =R $G $- $F $$ $k $N $G $" $k !# $3 $l $O !" F3 =P 5! 9= $N OH AH $H $7 $F =R 8l O@ M} $r MQ $$ $? $3 $H !" $* $h $S !" 5! G= E* =R 8l $N 35 G0 $r F3 F~ $7 $? $3 $H $K $h $k Bg $- $J FC D9 $G $" $k !# 3.3.3 L5 L7 =b @- 4I M} 5! 9= L5 L7 =b @- 4I M} 5! 9= $O !" F3 =P 5! 9= $N >e $K 9= C[ $9 $k $3 $H $, $G $- $k !# $9 $J $o $A !" 0U L# E* $K L7 =b $J >u BV $r F3 =P %k !< %k $N 7A $G Dj 5A $7 $F $* $- !" $= $N F3 =P $, 9T $o $l $? >l 9g $r L7 =b $7 $? >u BV $H H= Dj $9 $k $N $G $" $k !# Nc $( $P !" !V A4 $F $N %Z !< %8 $O 2h A| %$ %a !< %8 $r ;} $C $F $$ $J $1 $l $P $J $i $J $$ !W $H $$ $& @) Ls $O !" F3 =P %k !< %k $N 7A $G <! $N $h $& $K =q $/ $3 $H $, $G $- $k !# HasNoImage [ Magazine = $X ] h = Is-Page-Of [ Magazine = $X, Page = $Y ], ~Is-Image-Of [ Page = $Y, Image = $Z ]. 6

?^ 4: %W %m %H %? %$ %W %7 %9 %F %‘ $N 9= @. $= $7 $F !" HasNoImage $r L7 =b $H $7 $F Dj 5A $7 $F $* $- !" $3 $N F3 =P $, 9T $o $l $? >l 9g $K L5 L7 =b @- $, B; $J $o $l $? $H H= Dj $9 $k $N $G $" $k !# 3.4 8! :w =h M} 8! :w =h M} $O !" 9R 9T E* Ld 9g $; $H @k 8@ E* Ld 9g $; $N AP J} $r <B 8= $9 $k !# $^ $: !" <B BN $+ $i <B BN $X %j %s %/ $r C) $k $3 $H $K $h $C $F 9R 9T E* Ld 9g $; $, 2D G= $G $" $k !# $= $7 $F !" 8! :w >r 7o $r F3 =P %k !< %k $H $9 $k 4X O" $r Dj 5A $9 $k $3 $H $K $h $C $F !" @k 8@ E* Ld 9g $; $, 2D G= $G $" $k !# Nc $( $P !" %? %$ %H %k $K \media" $H $$ $& J8 ;z Ns $r 4^ $‘ J8 8% $N @h F, %Z !< %8 $r A4 $F <h F@ $9 $k $? $a $K $O !" <! $N $h $& $J 4X O" $r Dj 5A $9 $l $P $h $$ !# $= $7 $F !" $3 $N 4X O" $N F3 =P 7k 2L $r <h F@ $9 $k $3 $H $G 8! :w 7k 2L $, F@ $i $l $k !# Query [ Page = $Z ] h = Is-Title-Of [ Litera = $X, Title = $Y ], Is-Substring-Of [ Whole = $Y, Part = "media" ], Is-FirstPage-Of [ Litera = $X, Page = $Z ]. $3 $N $h $& $K HyNeSS $K $* $1 $k F3 =P 5! 9= $O !" 0l 4S @- 4I M} $N 0U L# $G $b 8! :w =h M} $N 0U L# $G $b Bg $- $J Lr 3d $r 2L $? $7 $F $$ $k $N $G $" $k !# 4 %W %m %H %? %$ %W %7 %9 %F %‘ $N <B Au 4.1 %7 %9 %F %‘ $N 9= @. A0 @a $N @_ 7W $K 4p $E $$ $F %W %m %H %? %$ %W %7 %9 %F %‘ $r <B Au $7 $? !# %W %m %H %? %$ %W %7 %9 %F %‘ $N 9= @. $r ?^ 4 $K <( $9 !# %W %m %H %? %$ %W %7 %9 %F %‘ $G $O !" $R $H $D $N %5 !< %P %W %m %0 %i %‘ $K BP $7 $F !" %/ %i %$ %" %s %H $H $7 $F Fs <o N‘ $N %f !< %6 %$ %s %? %U %’ !< %9 $r <B Au $7 $? !# 0l J} $O !" UNIX $N %7 %’ %k $K ;w $; $? %3 %^ %s %I %i %$ %s !& %$ %s %? %U %’ !< %9 $G !" HyNeSS $N A4 $F $N %W %j %_ %F %# %V $r 5/ F0 $G $- $k $h $& $K $J $C $F $$ $k !# $b $& 0l J} $O !" %0 %i %U %# %+ %k %f !< %6 %$ %s %? %U %’ !< %9 $K $h $k 8! :w =h M} $r <B 8= $9 $k $? $a $K :n @. $7 $? $b $N $G $" $j !" NCSA Mosaic $r %U %m %s %H %( %s %I $H $7 $F Mx MQ $7 $? $b $N $G $" $k !# 4.2 %3 %^ %s %I %i %$ %s !& %$ %s %? %U %’ !< %9 %3 %^ %s %I %i %$ %s !& %$ %s %? %U %’ !< %9 $+ $i $O !" 99 ?7 =h M} $H 8! :w =h M} $N $$ $: $l $b <B 9T 2D G= $G $" $j !" HyNeSS $N 0J 2< $N 5! G= $r Mx MQ $G $- $k !# (1) %G !< %? %Y !< %9 $N 99 ?7 5! G= � <B BN !" %j %s %/ !" 4X O" $N @8 @. !& :o =| � %" %H %_ %C %/ %H %i %s %6 %/ %7 %g %s � ;2 >H 0l 4S @- 4I M} { ;2 >H 4X 78 $N Dj 5A { ;2 >H $5 $l $F $$ $k <B BN $N :o =| $N 6X ;_ { ;2 >H $5 $l $J $/ $J $C $? <B BN $N <+ F0 :o =| � F3 =P %k !< %k $N Dj 5A !& :o =| � L5 L7 =b @- 4I M} 5! G= { L5 L7 =b @- @) Ls $N Dj 5A { %3 %_ %C %H ;~ $N L5 L7 =b @- %A %’ %C %/ (2) %G !< %? %Y !< %9 $N 8! :w 5! G= � <B BN $K @\ B3 $7 $F $$ $k %j %s %/ $N <h F@ � 4X O" $K Dj 5A $5 $l $F $$ $k %j %s %/ $N <h F@ 4.3 Mosaic $r MQ $$ $? %$ %s %? %U %’ !< %9 $3 $N %$ %s %? %U %’ !< %9 $O !" =R 8l O@ M} $K $h $k @k 8@ E* Ld 9g $; $H %O %$ %Q !< %a %G %# %" 7? $N 9R 9T E* Ld 9g $; $H $r <B 8= $9 $k !# @k 8@ E* Ld 9g $; $O !" 8! :w >r 7o $r %F %- %9 %H %U %# !< %k %I $K F~ NO $9 $k 7A BV $K $J $C $F $* $j !" 3: Ev $9 $k %j %s %/ $, 0l Mw I= 7A <0 $G =P NO $5 $l $k !# 9R 9T E* Ld 9g $; $O !" <B BN $+ $i <B BN $K %j %s %/ $r C) $k 7A BV $G $" $j !" <B BN $4 $H $K @\ B3 $7 $F $$ $k %j %s %/ $N 0l Mw $, I= <( $5 $l $k ( ?^ 5) !# $= $7 $F !" I= <( $5 $l $F $$ $k %j %s %/ $N =R 8l !" %i %Y %k !" <B BN $r A* Br $9 $k $3 $H $K $h $C $F !" <! $N <B BN $K 0\ F0 $G $- $k $h $& $K $J $C $F $$ $k !# 5 :# 8e $N 2] Bj %W %m %H %? %$ %W %7 %9 %F %‘ $N <B Au $r 9T $C $? $3 $H $G !" HyNeSS $N <B 8= 2D G= @- $K $D $$ $F $O 3N G’ $G $- $? $H 9M $( $F $$ $k !# $= $3 $G :# 8e $O !" HyNeSS $N <B MQ @- $K $D 7

?^ 5: Mosaic %$ %s %? %U %’ !< %9 $N 2h LL $N Nc $$ $F 8! F$ $r ?J $a $F $$ $/ 9M $( $G $" $k !# 6q BN E* $K $O 0J 2< $N %F !< %^ $K <h $j AH $‘ 7W 2h $G $" $k !# (1) %7 %9 %F %‘ $N 9b B. 2= $H <B Au 5; =Q $N 8! F$ 8= :_ $N %W %m %H %? %$ %W %7 %9 %F %‘ $O !" @_ 7W $N BE Ev @- $r 8! >Z $9 $k $3 $H $N $_ $r L\ E* $H $7 $F $* $j !" =h M} 8z N( $K $D $$ $F $O 9M N8 $7 $F $$ $J $$ !# $= $N $? $a <B MQ E* $J =h M} B. EY $O ;} $C $F $* $i $: !" <B MQ @- $r 8! >Z $9 $k $? $a $K $O 9b B. 2= $, IT 2D 7g $G $" $k !# %7 %9 %F %‘ $N 8z N( 2= $r ?^ $k $H $H $b $K !" HyNeSS FC M- $N <B Au K! $N 2D G= @- $r LO :w $7 $F $$ $/ 9M $( $G $" $k !# (2) <B %G !< %? $X $N E, MQ $H Bg 5, LO $J C_ @Q $K 4X $9 $k 8! F$ $" $k Dx EY <B MQ E* $J B. EY $, F@ $i $l $? ;~ E@ $G <B %G !< %? $r C_ @Q $7 !" <B 83 MQ %G !< %? %Y !< %9 $r 9= C[ $9 $k 7W 2h $G $" $k !# $= $7 $F !" $= $N 7k 2L $r $b $H $K $7 $F !" Bg 5, LO $J C_ @Q $r 9T $& $? $a $K I, MW $H $J $k 5! G= $K $D $$ $F 8! F$ $7 $F $$ $/ 9M $( $G $" $k !# Nc $( $P !" <1 JL ;R $N 4I M} K! !" %G !< %? $N J, ;6 G[ CV K! $J $I $K $D $$ $F 8! F$ $7 $? $$ $H 9M $( $F $$ $k !# (3) 99 ?7 =h M} $N <B Au 5; =Q $K 4X $9 $k 8! F$ 8= :_ $N @_ 7W $G $O !" L5 L7 =b @- $N 0] ;} $O 2D G= $G $" $j !" L7 =b $, @8 $8 $k >l 9g $K $O 99 ?7 =h M} $r 4~ 5Q $G $- $k $h $& $K $J $C $F $$ $k !# $7 $+ $7 !" 0l 4S @- 4I M} <j K! $H $7 $F $O !" 99 ?7 =h M} $r 8B Dj $9 $k $3 $H $K $h $C $F 0l 4S @- $r 0] ;} $9 $k J} K! $b $" $j !" =h M} 8z N( $N >e $G $O $3 $A $i $N J} $, M- Mx $J >l 9g $b 9M $( $i $l $k !# $^ $? !" %P !< %8 %g %s 4I M} $d %9 %- !< %^ ?J 2= $K $D $$ $F $b 8! F$ $r ?J $a $k I, MW $, $" $j !" $3 $l $i $N 99 ?7 =h M} $K 4X $9 $k <B Au 5; =Q $K $D $$ $F $b 8! F$ $7 $F $$ $/ 9M $( $G $" $k !# 6 $" $H $, $- %O %$ %Q !< %a %G %# %" $N $h $& $J %M %C %H %o !< %/ 9= B$ $r ;} $C $? %G !< %? $r BP >] $H $7 !" $= $l $i $N 0l 4S @- 4I M} 5! 9= $r 4^ $s $@ 5- 21 %7 %9 %F %‘ $H $7 $F !" HyNeSS (Hyp er Net w ork Storage System) $r Ds 0F $7 $? !# HyNeSS $O !" %M %C %H %o !< %/ 9= B$ $r ;} $C $? %G !< %? $r C_ @Q !& 4I M} $9 $k $? $a $N 0l HL E* $J OH AH $r 9= C[ $9 $k $3 $H $r L\ E* $H $7 $F $* $j !" %^ %k %A %a %G %# %" %G !< %? %Y !< %9 $d EE ;R ?^ =q 4[ %7 %9 %F %‘ $N 5- 21 %7 %9 %F %‘ $H $7 $F 1~ MQ $G $- $k $H 9M $( $F $$ $k !# ;2 9M J8 8% [1] Cattell, R., G., G., \Obje ct Data Management: Obje ct-Oriente d and Extende d R elational Data- b ase Systems," Addison-W esley (1994). [2] @P @n Gn , \ <! @$ Be %O %$ %Q !< %a %G %# %" %( %s %8 %s $H $7 $F $N %* %V %8 %’ %/ %H ;X 8~ 7? CN <1 %Y !< %9 4I M} %7 %9 %F %‘ ," ?. 3X 5; Js , DE89-30, 9{16. [3] JR ;3 5* @8 , \ L@ <( E* $J 0U L# I= 8= $r ;} $D %G !< %? %Y !< %9 %7 %9 %F %‘ $K 4X $9 $k 8& 5f ," El 5~ Bg 3X Bg 3X 1! 9) 3X 7O 8& 5f 2J 1994 G/ EY Gn ;N O@ J8 (1995). [4] A} 1J NI J8 , \ %^ %k %A %a %G %# %" %G !< %? %Y !< %9 %7 %9 %F %‘ 3+ H/ %W %m %8 %’ %/ %H OMEGA," ?. 3X 5; Js , DE93-57, 17{24. [5] Mink er, J.(Ed.), F oundations of De ductive Data- b ases and L o gic Pr o gr amming , Morgan Kauf- mann Publishers (1988). [6] T anak a, K., Nishik a w a, N., Hira y ama, S., and Nanda, K., \Query P airs As Hyp ertext Links," Pr o c. of the 7th Int. Conf. on Data Engine ering , IEEE (Apr. 1991), 456{463. [7] ED Cf 9n 8J , @> Hx >O <# O: , 5H @n @5 =S , 2< [j ?? ;J , >e A1 91 M: , \Obase: F0 E* 7Q >5 $H %" %/ %F %# %V %k !< %k 5! 9= $r M- $9 $k %$ %s %9 %? %s %9 ;X 8~ %* %V %8 %’ %/ %H %G !< %? %Y !< %9 %7 %9 %F %‘ ," >p =h 8& Js , 94-DBS-100, 87{96. [8] IY 0f >0 ;V , M3 0f ?N , @P @n 1Q I’ , M- _7 Gn , \ 4X ?t 7? %G !< %? %b %G %k $K 4p $E $/ 1G A| %G !< %? %Y !< %9 $N 9= @. $H $= $N <B 8= ," >p =h 8& Js , 94-DBS-100, 63{70. [9] A, @2 , C+ :j @5 L@ , 86 ?- 0l O: , ED Cf 9n 8J , \ %O %$ %Q !< %F %- %9 %H %G !< %? %Y !< %9 %7 %9 %F %‘ T extLink / Gem $K $* $1 $k %* %V %8 %’ %/ %H $H %9 %- !< %^ $N F0 E* !" CJ 3, E* $J 9= C[ 5! G= ," ?. 3X 5; K! , DE92-39. [10] Ramakrishnan, R. and Ullman, J., D., \A Sur- v ey of Deductiv e Database Systems," J. of L o gic Pr o gr amming (Ma y 1995) 125{149. 8