0[<o>pJs8;E}9gMxMQ4D6-$K$*$1$k W eb %i%C%Q!<$N@_7W$H3+H/ 2CF# ?tB’ y ?9Eh 8|9T y KL@n GnG7 yy y C^GHBg3X 9)3X8&5f2J yy C^GHBg3X EE;R!&>pJs9)3X7O 35MW 6a G/ , %3%s %T%e!<%? %M%C%H %o!<%/ $rDL $8 $?0[ <oJ, ;6>p Js8; $NMx MQ$, MF0W $K $J$k $K$7 $?$, $$ , $=$l$i$NE}9gMxMQ$,=EMW$J2]Bj$H$J$C$F$$$k . 2f!9$O , WWW, %j%l!<%7%g%J%k%G!<%?%Y!< %9 , 9=B$ 2=J8 =q%j %]%8 %H%j $rBP >]$H $7$? 0[<o J,;6 >pJs 8;E} 9gMx MQ4D 6-$N 3+H/ $r9T$C $F$$ $k . K\ E} 9g Mx MQ 4D 6- $O , %i%C%Q!< $H 8F $V %= %U %H %& %( %" %b%8%e!< %k $r DL $8 $F 3F >p Js 8;$N A‘ :n $r 9T $& . K\ 9F $G $O , WWW %G!< %? $r 07 $& W eb %i%C %Q!< $N @_ 7W $H 3+ H/ $K $D $$ $F =R $Y $k . W eb %i%C%Q!< <+?H$,$9$Y$F$N W eb %Z!<%8$N =hM}$r9T$&$H , E>Aw%G!< %?NL$r$O$8$a$H $7$?E>Aw%3 %9%H $,0lHL$K KDBg$J$b$N $H$J$k . $=$3$G , K\9F$G=R$Y $k%"!<%-%F%/ %A%c$G$O , %i%C %Q!<=hM} $N 0lIt $r C4Ev $9$k %* %V%8%’ %/%H 72 $r%3 %s %T%e!<%? %M%C%H %o!< %/>e $KJ, ;6 G[CV $9$k $3 $H$K $h $j , W eb %Z!<%8$NE>Aw%3%9%H$r:o8:$7 , Ld9g$;=hM}$N8zN(2=$r?^$k . Design and Dev elopmen t of a W eb W rapp er in En vironmen ts for In tegration of Heterogeneous Information Sources Kazunori Katoh y Atsuyuki Morishima y Hiroyuki Kitaga w a yy y Do ctoral Program in Engineering, Univ ersit y of Tsukuba yy Institute of Information Sciences and Electronics, Universit y of Tsukuba Abstract Integration of heterogeneous information sources has b een one of the most imp ortant issues in recent adv anced application environmen ts. W e are dev eloping an information integration environmen t for the W orld Wide W eb, relational databases, and structured do cumen t rep ositories. In this en vironmen t, manipulation of the information sources are p erformed through soft w are mo dules called wrapp ers. In this pap er, w e describ e design and developmen t of the W orld Wide W eb (or W eb) wrapp er. In general, W eb page manipulation ma y cause very large data transfer cost if all the necessary pages are transferred to the W eb wrapp er. The prop osed W eb wrapp er arc hitecture uses remote ob jects which co op eratively tak e part of the wrapp er’s functions at W eb serv er sites, to reduce the cost of W eb page transfer. 1 $O$8$a$K 6a G/ , %3 %s %T%e!< %? %M%C %H %o!< %/ $r DL $8 $? 0[ <o J, ;6 >p Js 8; $N Mx MQ $, MF 0W $K $J $k $K $7 $? $, $$ , $= $l $i $N E} 9g Mx MQ$, =E MW $J 2] Bj $H$J$C $F $$ $k . FC$K , WWW $N Ia5Z $K$h $j , WWW $H%G!< %? %Y!<%9 $NE} 9g MxMQ $X $NMW5a$,9b$^$C$F$$$k . 2f!9$O , WWW, %j%l!<%7%g%J%k%G!< %?%Y!<%9 , 9= B$ 2= J8 =q %j %] %8 %H %j $r BP >] $H $7 $? E} 9g Mx MQ 4D 6- $N 8& 5f 3+ H/ $r 9T $J$C $F $$ $k [1][2][3]. $= $3 $G $O , 9= B$ 2= J8 =q %j %] %8 %H %j Cf $N J8 =q $H $7 $F SGML J8 =q $r , $^ $? , WWW %Z!<%85- =R8@8l $H$7$F XML[4] $r A[Dj$7 $F $$ $k . XML $O , 8= :_ 9- $/ Mx MQ $5 $l $F $$ $k HTML 1

$H $O 0[ $J $j , %f!< %6 $, J8 =q $4 $H $K J8 =q 9= B$ $r Dj 5A $9 $k $3 $H $, 2D G= $G $" $k . ?^ 1 $K 8= :_ 3+ H/ Cf $NE} 9g Mx MQ 4D 6- $r <( $9 . $^ $: , %i%C %Q!< $, 3F <o >p Js 8; $r , 2f!9 $, 3+ H/ $7 $? E} 9g %G!< %? %b %G %k W ebNR/SD [2] $K JQ 49 $7 , %a %G%# %(!< %? $, $= $l $K 4p $E $$ $? E} 9g A‘ :n $N 5! 9= $r Ds 6! $9 $k . Ld 9g $; $O %a %G%# %(!< %? $K Ej F~ $5 $l $k $H , 3F %i%C %Q!< $G =h M} 2D G= $J It J, Ld 9g $; $K J, 2r $5 $l $k . %a %G%# %(!< %? $O 3F %i%C %Q!< $N =h M} 7k 2L $+ $i :G =* 7k2L$r:n@.$7 , %f!<%6$K7k2L$rJV$9 . W ebNR/SD $O , F~ $l ;R 7? %j %l!< %7%g %J %k %G!< %? %b %G %k $K XML $d SGML J8 =q Ey $N 9= B$ 2= J8 =q $r 07 $&$?$a$NCj>]%G!<%?7?$G$"$k!V9=B$2=J8=q7?!W!J SD 7? !K $r F3 F~ $7 $? $b $N $G $" $k . 3F 9= B$ 2= J8 =q $O SD 7? $NCM ( SD CM ) $H$7$F07$o$l$k . ?^ 1. W ebNR/SD $rMxMQ$7$?E}9gMxMQ4D6- W ebNR/SD $G $O , DL >o $N F~ $l ;R 7? %j %l!< %7%g %J %kBe ?t1i;; ;R$HJ8 =q8!:w4X ?t72$K 2C$( , W ebNR/SD 8G M- $N 1i ;; ;R $G $" $k %3 %s %P!< %? $r MQ $$ $? %G!< %? A‘ :n $,2DG=$G$" $k . %3%s%P!< %?$O , 9=B$2=J8=q $HF~$l;R7? %j %l!< %7%g %s 9= B$ $N F0 E* $+ $D It J, E* $J Aj 8_ JQ 49 $r <B 8=$9$k . %3%s%P!<%?$rMx MQ$9$k$3$H$K$h$j , 0J2<$N$h $&$JA‘:n $,2DG=$H$J$k . (1) F~$l;R 7?%j%l!<%7%g%J%k Be ?t 7O $r Mx MQ $7 $F!$ 9= B$ 2= J8 =q $N 9= B$ JQ 49 A‘ :n Ey $r 9T $J $&!% (2) F~ $l ;R 7? %j %l!< %7%g %s 9= B$ $r 9= B$ 2= J8 =q $K JQ 49 $7!$ 7? $H FH N) $7 $? 8! :w $d %a %? %G!< %? $r <j $, $+ $j $H $7 $? 8! :w Ey $r 9T $J $&!% (3) 0[ $J $k 9= B$ $N %G!< %? $r E, Ev $J Cj >] EY $G Cj >] 2= $7 $F E} 0l E* $K A‘ :n $9 $k . $5 $i $K , W ebNR/SD $O , WWW %G!< %? $K BP 1~ $9 $k $? $a $K , %Z!< %8 4V $N %j %s %/ 9= B$ $r 07 $& $? $a $N %G!< %? 7?$G $"$k Hlink 7?$rF3 F~$7 , WWW $N%J %S%2!< %7%g %s A‘ :n $d %j %l!< %7%g %s $r DL $8 $? WWW %Z!< %8 72 $N A‘ :n $J $I $r <B 8= $7 $F $$ $k . $3 $l $i $N 1i ;; ;R72 $r AH $_ 9g$o $;$k$3$H $K$h$j , WWW, %G!<%?%Y!< %9 , J8=q %j %] %8 %H %j $K BP $7 $F $N Am 9g E* $J Ld 9g $; $O $b $A $m $s $N $3 $H , $3 $l $i $N >e $K %O %$ %Q!< %F %- %9 %H %S%e!< $r 9= C[ $9 $k$3$H$J$I$b2DG=$G$"$k . K\9F$G $O , K\ E}9g MxMQ4D 6-$K$* $1$k W eb %i%C%Q!< $N @_ 7W $H 3+ H/ $K $D $$ $F =R $Y $k . W eb %i%C %Q!< $N Ld 9g $;=h M}$K $* $$$F $O , WWW Cf $N %G!<%? $r;2 >H$9 $k I, MW $, $" $k $, , A4 $F $N WWW %G!< %? $N =h M} $r W eb %i%C %Q!<$G 9T $J$& $H , WWW %Z!< %8$N E> AwNL $O0l HL $K KD Bg $J $b $N $H $J $k . $3 $N E> Aw NL $r :o 8: $7 Ld 9g $; =h M} $N 8z N( 2= $r ?^ $k $? $a $K , K\ %"!< %- %F %/ %A%c $G $O J, ;6 %*%V %8%’ %/%H $rMQ $$ $?Ld 9g$; =h M}$r 9T$J $& . $^$? , <B :] $K J, ;6 %* %V %8%’ %/ %H $r MQ $$ $? <B 83 4D 6- $G $N %G!< %?E>AwNL , =hM};~4V$J$I$r<($9 . 2 W ebNR/SD 2.1 SD 7?$H Hlink 7? SD 7?$NCM!J SD CM!K$O , J8=q9=B$$rI=$9 DTD $H , $= $N DTD $K =>$C$? %?%0 IU $-%F %-%9 %H $+$i 9= @.$5 $l $k!J?^ 2 !K . %F%-%9%HCf$GF1$8L>A0$N%?%0$G6h@Z$i$l $?ItJ,$rMWAG$H8F$V . report = seq(title, authors, body, ref) authors = rep(author) body = rep(chapter) chapter = seq(chaptitle, rep(section)) section = seq(sectitle, rep(para)) !&!&!& ref = rep(refitem) refitem = seq(title, authors) !&!&!& <report><title>Element Focusing</title> <authors><author>...</author>...</authors> <body><chapter><chaptitle>prolog</chaptitle> !&!&!&!& ?^ 2. SD CM$NNc ( 0lIt ) Hlink 7? $O SD 7? $N 2< 0L 7? $G $" $j , J8 =q 4V $N %O %$ %Q!< %F %- %9 %H %j %s %/ 9= B$ $r I= $9 . Hlink 7? $N CM !J Hlink CM!K $O , SD CM $N$& $A hlink 9=B$ $r ;}$D MW AG $? $@ 0l $D $+ $i 9= @. $5 $l $k . hlink 9= B$ $r ;} $D MW AG $O , B0 @- href $r ;} $A , Fb It 9= B$ !JI{ MW AG!K $r ;} $? $J $$ . <!$O , Hlink CM$NNc$G$"$k . h a: hlink , \ <a href="http://T.ac.jp/p1.xml"> T-Univ </a> " i 2.2 %3%s%P!<%? %3%s%P!<%?$O , SD CM $HF~$l;R 7?%j%l!<%7%g%s 9=B$ $r Aj 8_ $K JQ 49 $9 $k 1i ;; ;R $G $" $k . %W %j %_ %F%# %V $J %3 %s %P!<%?$H $7$F , Unpack ( U ) $H Pac k ( P ) $,$"$k . Unpack $O , SD CM Cf$NMW AG72 $r4^$‘ I{%j %l!<%7%g%s 9=B$$r:n@.$9$k . P ac k $O , I{%j%l!<%7%g%s9=B$$r SD CM$KJQ 49$9$k . <!<0$O Unpack ( U ) $H Pac k ( P ) $N 2

E,MQNc$G$"$k!J?^ 3 !K . r 2 := U A ! B ( O ;C [ b � c ]) as x ( r 1 ) (1) r 1 := P B ( O ;C ) as x ! A ( r 2 ) (2) ID A h a: seq (b,c: rep (b)), "<a><b>d1</b> 1 <c><b>d2</b><b>d3</b></c></a>" i B ID A O C h a: seq (b,c: rep (b)), "<a><b>d1</b> 1 h b, "<b>d2</b>" i 1 <c>&x.1;&x.2;</c></a>" i 2 h b, "<b>d3</b>" i ?^ 3. %3%s%P!<%? U / P $NE,MQNc ( r 1 ( >e ) $H r 2 ( 2< )) 2.3 WWW %G!<%?$NA‘:n $3 $3$G$O , WWW %G!<%? $NA‘:n $r9T$J $&$? $a$N1i ;;;R$K$D$$$F@bL@$9$k . Exp ort/Imp ort Exp ort ( E ) $O , %j%l!<%7%g%sCf$N SD CM$NFbMF$r ;}$D%Z!<%8$r WWW Cf$K:n@.$7 , $=$N%Z!<%8$r;2>H $9 $k Hlink CM $rF@ $k . 5U$K , Imp ort ( I ) $O , %j %l!< %7%g %sCf $N Hlink CM$, ;2 >H$9 $k WWW Cf$N %Z!< %8 $r SD CM $H $7$F %j %l!< %7%g %s Cf $K <h$j 9~ $‘ . 0J 2< $K Exp ort $H Imp ort $NNc$H$=$N<B9TNc$r<($9 . r 3 := I A;U;L;G ( r 4 ) (3) r 4 := E A;U;L;G ( r 3 ) (4) ID A U L G 1 h e: seq (f: rep (g),h), \ <e><f><g>T4</g> </f><h>T5</h></e> " i http://T.ac.jp/p.xml T Univ a ID A 1 h a: hlink , \ <a href="http://T.ac.jp/p.xml"> T Univ </a> " i ?^ 4. %j%l!<%7%g%s r 3 ( >e ) $H r 4 ( 2< ) Na vigate Navigate ( N ) $O , %Q%i%a!<%?$G;XDj$5$l$?%Q%9@5 5,I=8=!J0J8e , %Q%9<0$H8F$V!K$K4p$E$$$F WWW $N %j%s%/$r$?$I$j , >r7o$rK~$?$9 WWW %Z!<%872$r;2 >H$9$k Hlink CM$r5a$a$k$b$N$G$"$k . r 6 := N A ! : ( ! : ) �) B ( ! : ) �! C [ 00 paper 00 ] ;D ( r 5 ) (5) $3$3$G , A ! : ( ! : ) � ) B ( ! : ) � ! C [ 00 paper 00 ] $, %Q %9 <0$G $" $j , D $O , ?7 $? $J B0@- L> $G $" $k . $^ $? , A $O r 5 $N Hlink 7? $N B0 @- L> $H 0l CW $7 $F $$ $J $1 $l $P $J$i$J$$ . %Q%9<0$N9=J85,B’$O?^ 5 $N$h$&$K$J$k . path reg expr ::= lab el p expr f ’ j ’ lab el p expr g p expr ::= link page [ ’[’ condition ’]’ ] j p expr f p expr g j p expr f ’ j ’ p expr g j p expr ’*’ [’/’num’..’n um’/’] j ’(’ p expr ’)’ link ::= ’ � > ’ j ’= > ’ page ::= lab el j ’.’ ?^ 5. %Q%9@55,I=8=$N9=J85,B’ %Q %9<0 $G $O , 1Q J8 ;z Ns$H %T %j %* %I $, %Z!< %8 $r I= $7 , ! $, F1 $8 WWW %5!< %P $K $" $k %Z!< %8 $X $N %j %s %/ ( %m!< %+%k%j%s %/ ) $r , ) $O0[ $J$k WWW %5!<%P $K $" $k %Z!<%8 $X $N%j %s %/ !J%0%m!< %P %k%j %s %/!K $rI= $9 . * $O 0 2s0J>e$N7+JV $7$rI=$9 . */n um A .. num B/ $O n um A 2s0J>e n um B 2s0J2<$N7+JV$7$rI=$9 . $^ $?!$%Q%9@55,I=8=$G$O!$3F%Z!<%8$ND>8e$K \[ %Z!<%8 $NFb MF$K4X$9$kA* Br>r7o ]" $r 5-=R2DG=$G$" $k!%%O%$ %Q!< %F %- %9 %H %j %s %/ 9= B$ $, ?^ 6 $N $h $& $K $J$C $F $$ $k ;~ , <0 (5) $N 7k 2L $O r 6 $H $J $k . ?7 $? $K DI 2C $5 $l$? B0 @- D $O 2< 0L B0 @- B $H C $r ;} $D!$ I{ %j %l!< %7%g %s CM $r 3J G< $9 $k!% $3 $N %j %l!< %7%g %s CM $N 3F %? %W %k $K $O!$ B0 @- A Cf$N Hlink CM$, ;2>H$9 $k%Z!< %8$+ $i;O$^ $k%j %s %/ 9= B$ $r $? $I $k 3F %Q %9 $N $& $A!$ %Q %9 <0 $, <u M} 2D G= $J %Q%9 $N B $H C $K BP1~ $9$k %Z!<%8 $r;2 >H$9 $k Hlink CM$,3JG<$5$l$k!% ?^ 6. %O%$%Q!<%F%-%9%H%j%s%/9=B$$NNc (U n $O URL, a,b... $O%j%s%/MWAGFb$NJ8;zNs ) 3 r 5 : ID A 1 h a: hlink , \ <a href="U1">a</a> " i r 6 : D ID A B C h a: hlink , \ <a href="U4"> d</a> " i h a: hlink , \ <a href="U6"> g</a> " i h a: hlink , \ <a href="U5"> e</a> " i h a: hlink , \ <a href="U8"> i</a> " i 1 h a: hlink , \ <a href="U1"> a</a> " i h a: hlink , \ <a href="U5"> f</a> " i h a: hlink , \ <a href="U8"> i</a> " i ?^ 7. %j%l!<%7%g%s r 5 !J>e!K$H r 6 !J2<!K URL URL generator ( URL ) $O , B> $H$O =E $J$i $J$$ ?7 $? $J URL 72 $r :n @. $9 $k . $3 $l $i $O ?7 $? $J WWW %Z!<%8$N:n@.$KMxMQ$5$l$k . 3 W eb %i%C%Q!< 3.1 5!G=35MW K\ E} 9g Mx MQ 4D 6- $G $O , W eb %i%C %Q!< $O , %a %G%# %(!< %? $, @8 @. $5 $l $? ;~ $K %a %G%# %(!< %? $H F1 $8 7W ;; 5! >e $K 0l $D $@ $1 @8 @. $5 $l , %a %G%# %(!< %? $+ $i $N MW 5a $r <u$1IU$1$k . W eb %i%C%Q!<$O0J2<$N5!G=$rDs6!$9$k . 1. E}9g%9%-!<%^>e$K WWW $N%j%l!<%7%g%s%S%e!< $N Ds 6!!’ K\ E} 9g Mx MQ 4D 6- $K $* $1 $k E} 9g %9 %-!< %^ $G $O , WWW $O Hlink 7? $N B0 @- $r ;} $D C1 9‘ %j %l!< %7%g%s 72 $H $7 $F%b %G %k 2= $5 $l$F $$ $k . $3 $N %j%l!< %7%g%s $O$=$N 8e$G , Imp ort, Na vigate $J $I$N1i;;$r9T$J$&$?$a$KI,MW$H$J$k . 2. Exp ort, Imp ort, Navigate, URL 1i ;; $N It J, E*=hM}$N<B 9T!’%a%G%#%(!<%? $+$i$NMW5a $K=>$$ , $3$l$i$N1i;;;R$r<B9T$9$k . 3.2 J,;6%*%V%8%’%/%H$rMQ$$$?=hM}8zN(2= 0J >e $K =R $Y $? $h $& $J W eb %i%C %Q!< $K MW 5a $5 $l $k 5! G= $r <B 8= $9 $k $H $- $K 9M $( $i $l $k :G $b C1 =c $J %"!< %- %F %/ %A%c $O , W eb %i%C %Q!< %* %V %8%’ %/ %H <+ ?H $G $= $l $i $N =h M} $r A4 $F 9T $J $& $b $N $G $" $k . $7 $+ $7$3 $N J} K! $G $O , %Z!< %8 $N E> Aw NL $, , 0l HL $K KD Bg $J $b $N $H $J $k . $3 $l $r 2r 7h $9 $k $? $a , J# ?t $N %* %V %8%’ %/ %H $r J, ;6 G[ CV $7 , E> Aw NL $N :o 8: $* $h $S =h M} $N 8z N( 2= $r ?^ $k . 0J 2<$G$O , Na vigate $N=hM}$K$D$$$F@bL@$9$k . J, ;6 %* %V %8%’ %/ %H $r MQ $$ $? Navigate =h M} $N $? $a $K Na vigator %* %V %8%’ %/ %H $r Mx MQ $9 $k . Na vigator %* %V %8%’ %/ %H $O , W eb %i%C %Q!< $, %a %G%# %(!< %? $+ $i Navigate 1i ;; $N =h M} MW 5a $r <u $1 $? $H $- $K @8 @. $5 $l , =hM}$r<B9T$9$k . Na vigator %* %V %8%’ %/ %H $O , W eb %i%C %Q!< $+ $i Hlink CM $H %Q %9 <0 $r <u $1 $H $j , $= $N %Q %9 <0 $K 4p $E $/ %*!< %H %^ %H %s $r MQ $$ $F =h M} $r 9T $J $& . $3 $N %*!< %H %^ %H %s $K $O ! , ) $H "[condition]" $G M? $( $i $l $? %Z!< %8 $N Fb MF $K 4X $9 $k A* Br $N ;0 <o N‘ $N >u BV A+ 0\ $, $" $k . Nc $H $7 $F , %Q %9 <0 A ! : ( ! : ) � ) B ( ! : ) � ! C [ 00 paper 00 ] $K$h$j:n@.$5$l$?%*!<%H%^%H%s$r ?^ 8 $K <( $9 . HV 9f $O L> A0 $, IU $1 $i $l $F $$ $J $$ !J$3 $3 $G$O A,B,C 0J30$N!K>uBV$r6hJL$9$k$?$a$N$b$N$G$" $k . Na vigator %*%V%8%’%/%H$O , M?$($i$l$? Hlink CM $, ;2 >H $9 $k %Z!< %8 $+ $i ;O $^ $j , %*!< %H %^ %H %s $K <u M} $5$l$k%Q%9$N=89g$r W eb %i%C%Q!<$KJV$9 . ?^ 8. %Q%9<0 A ! : ( ! : ) � ) B ( ! : ) � ! C [ 00 paper 00 ] $K$h$j:n@.$5$l$?%*!<%H%^%H%s J# ?t$N Navigator %* %V %8%’ %/ %H $K $h $k 6( D4=h M} $r <B 8= $9 $k $? $a , %Q %9 <0 $h $j :n @. $5 $l $? %*!< %H %^ %H %s $r , F10l$N WWW %5!<%PFb $G$N=hM}$HB>$N WWW %5!< %P$G $N =hM} $K J,3d $9 $k . J,3d $N J}K! $O , !J 1 !K=i 4| >u BV$+ $i;O $^ $j , ! A+ 0\ $HA* BrA+ 0\ $GA+ 0\ $G$- $k >u BV A4 $F $r 4^ $‘ $h $& $K J, 3d $9 $k . !J 2 !K $= $l $i $N >u BV$+$i ) A+ 0\$,2DG=$G$"$k>l9g , $=$N %j%s%/@h$r2> $N <uM}>uBV $H$7$F 2C$($k . !J 3 !K @h$[$I $N2>$N<u M}>u BV$r=i 4|>uBV$H$7 , $3$N=h M}$r7+$jJV$9 . $3$N$H$-=i 4| >u BV $, F1 $8 $b $N $O :n $i $J $$ $h $& $K $9 $k . $3 $l 0J >e $N J,3d $, $G$- $J$/ $J$l $P J,3d $r=* N; $9$k . $3 $N 7k2L , F1 0l $N WWW %5!< %P Fb $G$N =h M} $r I=$9 $$ $/ $D $+$N %*!<%H%^%H%s$KJ,3d$5$l$k . ?^ 9 $O , ?^ 8 $N%*!<%H%^ %H %s $r , $= $l $> $l F1 0l $N WWW %5!< %P Fb $G $N =h M} $r I= $9 #2$D $N %*!< %H%^ %H %s (X,Y) $K J, 3d $7 $?$b $N $G $"$k . 4

?^ 9. J,3d$5$l$?%*!<%H%^%H%s J, ;6 =h M} $r 9T $J $& :] $K $O , Na vigator %* %V %8%’ %/ %H $K $O , $3 $N J, 3d $5 $l $? %*!< %H %^ %H %s $N $$ $: $l $+ $, 3d $j Ev $F $i $l $k . $= $7 $F 0l $D $N WWW %5!< %P $K BP $9$k $3$N %*!< %H%^ %H%s $N =hM} $r9T $J $&$b $N $H$9 $k . 2>$N<uM}>uBV$KC#$7$?;~ , Navigator %*%V%8%’%/%H$r =h M} BP>] $N %Z!< %8 $, B8:_ $9 $k WWW %5!< %P%^ %7 %s >e $K @8 @. $7 , $= $N 8e $N =h M} $r 9T $J $o $; $k . @8 @. $7 $h $& $H $9 $k %* %V %8%’ %/ %H $H F1 $8 %*!< %H %^ %H %s $r ;} $D $b $N $, 4{ $K B8 :_ $9 $k >l 9g $O , $= $N %* %V %8%’ %/ %H $K @\ B3 $7 , 5/E@$N %Z!<%8$r;X$9 Hlink CM$rEO$7 , $=$N8e $N=h M}$r 9T$J$o $;$k . $3$3 $G@8@. $5$l$? Navigator %* %V %8%’ %/ %H $,;H MQ $9 $k %*!< %H%^ %H %s $O , =i 4| >u BV $N<1 JL ;R $, , @h $[ $I $N 2> $N <u M} >u BV $N $b $N $H F1 $8 $K $J $k $b $N $G $" $k . $3 $N $h $& $K =h M} $r B3 $1 , ?? $N <u M} >u BV $KC#$7$?%Q%9$,:G=*7k2L$H$J$k . =h M} $N N. $l $r 6q BN Nc$K 1h$C $F @b L@ $9 $k . %Q %9 <0 $O A ! : ( ! : ) � ) B ( ! : ) � ! C [ 00 paper 00 ] $H$7 , ?^ 9 $N %*!<%H %^%H %s$r ;HMQ $9$k . 5/E@ $H$J $k Hlink CM $O , a $H $9 $k . WWW %Z!< %8 $N%j %s%/ 9= B$$O ?^ 10 $N $h $& $K$J$C $F$$ $k$b $N$H 2>Dj $9$k . $3$N ?^$G U num $O URL, &A , &B , &C $O WWW %5!< %P L> , >.J8 ;z $N %" %k %U%! %Y%C %H $O Hlink CM $K JQ 49 $5 $l $k %j %s %/ MW AG $r I= $9 . ?^ 10. WWW %Z!<%8$N%j%s%/9=B$Nc ?^ 11 $K Navigator %*%V%8%’%/%H$N@8@. , @\B3$NN. $l $r <( $9 . Na vigator %* %V %8%’ %/ %H $O , 1_ $G <( $5 $l $F$* $j , $= $NCf$N X,Y $G$= $N%*%V %8%’%/%H$, =hM}$r $9 $k %*!< %H %^ %H %s $r <( $7 $? . Lp 0u $K E: $( $i $l $? >. J8 ;z$N%"%k%U%!%Y%C%H$O , Navigator %*%V%8%’%/%H$N@8 @. , @\B3$N$-$C$+$1$H$J$k%j%s%/MWAG$G$"$k . ?^ 11.Navigator %*%V%8%’%/%H$N@8@. , @\B3 Na vigator %* %V %8%’ %/ %H $O , <u M} >u BV $4 $H $K =h M} 7k 2L$rJ] ;}$7$? I=$r:n $k . ?^ 12 $,$=$N I=$G$" $k . Nc $( $P &A X B $O , WWW %5!< %P &A >e $G %*!< %H %^ %H %s X $N =hM} $r 9T$J$C $? 7k 2L , 2> $N<u M} >uBV B $K C# $7$? %Q%9$N=89g$G$"$k . $^$? , B0@- X-Y $O , $=$l$,I=$N1& C< $K $" $k >l 9g , $3 $l $O 2> $N <u M} >u BV $K A+ 0\ $9 $k ;~ $K , $3 $N B0 @- Cf $N %j %s %/ $r $? $I$C $? $3 $H $r 0U L# $9 $k . $^ $? , I= $N :8C< $K $"$k >l 9g$O , $= $N %Q%9 $N D>A0 $K , $3 $N B0 @- Cf $N %j %s %/ $r $? $I$C $? $3 $H $r 0U L# $9 $k . $3 $l $i Fs $D $r J] ;} $9 $k $3 $H $K $h $j , J, 3d $5 $l $? =h M} 7k 2L $r 0l$D$K7k9g$9$k$3$H$,$G$-$k . &A X B A B X-Y a d d a e e a f f &B Y C X-Y C d g &C Y C X-Y C e i f i :G=*7k2L A B C a d g a e i a f i ?^ 12.Na vigetor %*%V%8%’%/%H$K$h$j@8@.$5$l$kI= 4 <B83 Na vigate 1i ;; =h M} $K $* $$ $F , 8! :w BP >] $N WWW %Z!< %8 $r %M%C %H %o!< %/ $r 2p $7 $F E> Aw $7 <j 85 $K $b$C $F $- $F $+ $i =h M} $r 9T $J $& W eb %i%C %Q!< C1 BN $K $h $k =h M} $H , Navigator %* %V %8%’ %/ %H $r J, ;6 G[ CV $9 $k $3 $H $K $h$C $F WWW %Z!< %8 $N CV $+ $l $F $$ $k %5!< %P %^ %7 %s >e $G =h M} $r 9T $J$C $F $+ $i =h M} 7k 2L $@ $1 $r E> Aw $9 $k >l 9g $H $G , $I $l $@ $1 =h M} ;~ 4V $N C; =L $d %G!< %? E> Aw NL $N :o 8: $, 2D G= $+ $r 7W B, $9 $k . W eb %i%C %Q!< $* $h $S Navigator %* %V %8%’ %/ %H $O Jav a %* %V %8%’ %/ %H $7 $F <BAu $7 , J,;6%*%V%8%’ %/%H4D6-$H $7$F$O HORB[5][6] $r ;HMQ$7 $? . $^$? , :#2s $N<B83 $G$O , A4$F $N=h M}$r D> Ns$G9T$J$$ , JBNs=hM}$O9T$J$C$F$$$J$$ . 4.1 <B83J}K! Na vigator %* %V %8%’ %/ %H $r J, ;6 G[ CV $7 $? >l 9g $H $7 $J $$ >l 9g $N , =h M} ;~ 4V , %G!< %? E> Aw NL $r 7W B, $7 $= $N 0c $$ $r 8+ $k . $3 $N ;~ , =h M} ;~ 4V $O W eb %i%C %Q!< $, Navigarte =h M} $r ;O $a $F $+ $i =* $k $^ $G $N ;~ 4V $r 7W B, 5

$7 , %G!< %? E> Aw NL $K $D $$ $F $O , WWW %5!< %P $b $7 $/ $O HORB %G!< %b %s $+ $i Aw $i $l $F $- $? %Q %1%C %H $K $D $$$F7WB,$9$k . <B 83 BP >] $N WWW %Z!< %8 $N %j %s %/ 9= B$ $O 3 CJ 3, $N LZ 9= B$ $r $7 $F $* $j , Kv C< $N %j!< %U %Z!< %8 $O %j %s %/ $r ;} $? $J $$ . %k!< %H %Z!< %8 $N 2< $K Cf 4V %N!< %I %Z!< %8 $, $" $j 3F Cf 4V %N!< %I %Z!< %8 $O 50 8D %j!< %U %Z!< %8 $X $N %j %s %/ $r M- $9 $k . %k!< %H %Z!< %8 $+ $i Cf 4V %N!< %I %Z!< %8 $X $N %j %s %/ $N 8D ?t $K $h $j 8! :w BP >] $H $J $k %Z!< %8 ?t$r 50,100,200,400,800,1200,1600,2000, $HJQ $( $F$$$k . ?^ 13 <B83%G!<%?!J WWW %Z!<%8!K$N9=B$ >e 5- %G!< %? $K BP $9 $k Na vigate =h M} $r 9T $J $& :] $N %Q%9<0$H$7$F$O , 0J2<$N$b$N$r;HMQ$9$k . A ( ! : ) � ! B $3 $N%Q %9 <0$G $O 5/E@ $N %Z!<%8 A $+$i %m!< %+%k %j %s%/ $@ $1 $r $? $I $j , E~ C# $G $- $k A4 $F $N %Z!< %8 $, 8! :w 7k 2L $H$7$F$"$2$i$l$k . <B83$K;HMQ$7$?7W;;5!$N4D6-$J$I$r0J2<$K<($9 . Ultra 1 ( C^GHBg ) CPU Ultra Sparc 143MHz %a%b%j 64MB OS Solaris 2.6 Ultra 1 ( ?@F‘@n9)2JBg ) CPU Ultra Sparc 143MHz %a%b%j 32MB OS Solaris 2.6 6&DL Ja v a JDK1.1.5 HORB HORB 1.3.b1 WWW %5!<%P Apache 1.2.6 <B83 $K$O 2 Bf$N7W;; 5!$r;HMQ$7 , %5!<%P , %/%i %$%" %s %H $N 4X 78 $r 8r 49 $7 $? $b $N $K $D $$ $F $b <B 83 $r 9T $J$C $? . $3 $3 $G %5!< %P $H $O WWW %5!< %P $, B8 :_ $9 $k 7W ;; 5! , %/ %i%$ %"%s %H$H $O W eb %i%C%Q!< $,B8 :_ $9$k 7W ;; 5! $N $3 $H $G $" $k . $3 $N $? $a , N> J} $N 7W ;; 5! >e $K WWW %5!<%P , Jav a <B9T4D6- , HORB $rMQ0U$7 , $^ $? Na vigator %/ %i %9 $J $I $N %/ %i %9 %U%! %$ %k $d , <B 83 %G!<%?$N XML J8=q$r$"$i$+$8$aG[CV$9$k . 4.2 <B837k2L 4.2.1 %G!<%?E>AwNL ?^ 14. %G!<%?E>AwNL Navigator %* %V %8%’ %/ %H $r J, ;6 G[ CV $9 $k $3$H $K $h $j , %G!< %? E> Aw NL $K $D $$ $F $O Bg I} $K :o 8: $G $- $k $3 $H $, J, $+$C $? . %G!<%? E>AwNL $O , J,;6 G[CV$7 $?>l 9g$G $O , J, ;6G[CV$7$J$$>l9g$NLs 3.4 !s$K$J$C$? . 4.2.2 =hM};~4V %M%C%H %o!<%/$N %H%i %U%#%C%/ >u67 $NJQ 2=$r 9MN8 $7 , J?F|Ck4V$H?<Lk$NN><T$KBP$7$FB,Dj$r9T$J$C$? . J?F|Ck4V ?^ 15. =hM};~4V ( J?F|Ck4V ) 6

$3 $N <B 83 $G $O 8! :w %Z!< %8 $K 4X $o $i $: , Na vigator %* %V %8%’ %/ %H $N J, ;6 G[ CV $r 9T $J$C $? J} $, Aa $/ =h M} $r =* $( $F $* $j , =h M} ;~ 4V $N C; =L $, 7W $l $F $$ $k . =h M} ;~ 4V $NC; =LN( $N J?6Q $O 19 !s $H$J$C $? . $3 $l$O , J?F| $N Ck 4V $H $$ $& $3 $H $G %M%C %H %o!< %/ $N ;H MQ N( $, 9b $+$C $? $?$a$H9M$($i$l$k . ?<Lk ?^ 16. =hM};~4V ( ?<Lk ) $3 $3 $G $O , C; =L N( $N J? 6Q $O 16 !s $G $" $k $, , %* %V %8%’ %/ %H $r J, ;6 G[ CV $7 $? >l 9g $7 $J $$ >l 9g $G , =h M} ;~ 4V $, $[ $\ F1 $8 $K $J $k >l 9g $, B? $/ 8= $l $? . $3 $l $O , <B 83 $r 9T $J$C $? ;~ 9o $, ?< Lk $G $" $j %M%C %H %o!< %/ $, 6u $$ $F $$ $? $? $a , %G!< %? E> Aw ;~ 4V $N :9 $O $= $l $[ $I Bg $- $/ $J $i $: , %* %V %8%’ %/ %H $r J, ;6 G[ CV $9 $k $? $a $N %*!< %P %X%C %I $J $I $K $h $j BG $A >C $5 $l $F $7 $^$C $? $3 $H $, 86 0x $G$"$k$H;W$o$l$k . CkLk$NJ?6Q ?^ 17. =hM};~4V ( CkLkJ?6Q ) ?^ 15, ?^ 16 $NJ?6Q$r$H$C$?$b$N$G $"$k . C;=LN($N J? 6Q$O 17 !s$H $J$C $? . $7 $+$7 , $I $N ;~4V BS$K $* $$$F $b , 8! :w %Z!< %8 ?t $, 2000 %Z!< %8 $N >l 9g $G $O , =h M} ;~ 4V$,$=$l$[$IJQ$o$i$J$/$J$C$F$$$k . $3 $N MW 0x $H $7 $F $O 0J 2< $, 9M $( $i $l $k . $9 $J $o $A , J,;6G[CV$7$J$$>l9g$G$O , Navigator %*%V%8%’%/%H$r W eb %i%C %Q!< $H F1 $8 Jav a %P!< %A%c %k %^ %7 %s >e $K @8 @.$7 $F$$$k . 0l J} , J,;6 G[CV$r9T$J$C$? J}$G$O , Na v- igator %* %V %8%’ %/ %H $r HORB %* %V %8%’ %/ %H $H $7 $F @8 @. $7 $F $$$k $? $a , W eb %i%C %Q!<$H Navigator %* %V %8%’ %/ %H 4V $G $N DL ?. $K $* $$ $F %*!< %P %X%C %I $, 8= $l $k $N $G $O $J $$ $+ $H 9M $( $i $l $k . $^ $? , WWW %5!< %P $H Na vigator %* %V %8%’ %/ %H $H $, F1 $8 7W ;; 5! >e $K $" $k $3 $H $K $h $j , $* 8_ $$ $N =h M} $, $J $s $i $+ $N 43 >D $r 5/ $3 $7$F$$$k$N$G$O$J$$$+$H$$$&$3$H$,9M$($i$l$k . $3$N$?$a , $3$l$i $NMW0x$r3N G’$9$k$?$a , 0J 2<$N$h $&$J 2 $D$N<B83$r9T$J$C$? . � WWW %5!< %P $N 7W ;; 5! $H F1 $8 %m!< %+ %k %M%C %H %o!< %/>e $N JL$N 7W ;;5! >e $K Navigator %*%V %8%’ %/%H$r@8@.$7=hM}$5$;$?>l9g . � W eb %i%C %Q!< $N 7W ;; 5! $H F1 $8 %m!< %+ %k %M%C %H %o!< %/>e $N JL$N 7W ;;5! >e $K Navigator %*%V %8%’ %/%H$r@8@.$7=hM}$5$;$?>l9g . $3 $l $i $N Fs $D $N %1!< %9 $G $O , J, ;6 %* %V %8%’ %/ %H 4V $G $NDL ?.J}<0$d , WWW %5!<%P$H Na vigator %*%V%8%’ %/ %H $H $N =h M} $N 43 >D $N >r 7o $O F1 Ey $G $" $k . 7k 2L $r ?^ 18 $K<($9 . ?^ 18. =hM};~4V ( DL?.J}<0$J$I$N4D6-$,F1Ey$N>l9g ) $3 $N <B 83 $G $O , 8! :w %Z!< %8 ?t $, A} $( $k $K => $$ =h M} ;~ 4V$N:9 $OA} 2C$7 $F$*$j , 8! :w%Z!< %8?t$, 2000 $N;~ :G Bg $H $J$C $F $$ $k . $3 $N 7k 2L $K $h $j , J, ;6 G[ CV $r 9T $J$C $? >l 9g $G $O , 8! :w %Z!< %8 ?t $, B? $/ $J $k $H >e $K =R 7

$Y $? MW 0x $, =h M} ;~ 4V $K Bg $- $/ 1F 6A $9 $k $3 $H $, J, $+$C $? . <! $K , 8!:w %Z!<%8 ?t$r 10 %Z!< %80J 2<$H >/$J$/ $7$? >l9g$K$D$$$F$N<B837k2L$r<($9 . ?^ 19. =hM};~4V ( 8!:w%Z!<%8?t!’ 10 %Z!<%80J2< ) $3 $3 $G $O , 8! :w %Z!< %8 ?t $, 5 %Z!< %8 0J 2< $N >l 9g $G $O Na vigator %* %V %8%’ %/ %H $r J, ;6 G[ CV $7 $J $$ J} $, =h M};~4V$,C; $/$J$C$F$$$k . $3$l$O , %*%V %8%’%/%H$NJ, ;6 G[ CV $K $+ $+ $k ;~ 4V $O 8! :w %Z!< %8 ?t $K 4X $o $i $: 0l Dj $G$" $k$?$a , 8!:w%Z!< %8?t$,>/ $J$$;~ $K$O , %Z!< %8E> Aw ;~ 4V $N :o 8: $, %* %V %8%’ %/ %H $N J, ;6 G[ CV $K $h $k =h M} ;~4V$NA}2C$h$j$b>.$5$/$J$k$3$H$K$h$k . $3 $N$3$H$K$h$j , =h M};~4V$rC; =L$9$k$?$a$K $O , %Q %9 <0 $N D9 $5 $d , %M%C %H %o!< %/ $N :. $_ 6q 9g $J $I $+ $i J, ;6 G[ CV $r $9 $k $+ $7 $J $$ $+ $r F0 E* $K H= CG $9 $k ;E AH $_ $, I,MW$G$"$k$H9M$($i$l$k . 5 $^$H$a$H:#8e$N2]Bj W ebNR/SD $K 4p $E $$ $? 0[ <o >p Js 8; E} 9g Mx MQ 4D 6- $K $* $1 $k W eb %i%C %Q!< $N @_ 7W $K $D $$ $F =R $Y , FC $K , J, ;6 %* %V %8%’ %/ %H $r MQ $$ $? WWW %Z!< %8 E> Aw NL $N :o 8: J} <0 $r Ds 0F $7 $? . $^ $? , J, ;6 %* %V %8%’ %/ %H $r MQ $$$?=h M}$N<B83I> 2A$K$D$$$F =R$Y$? . WWW $N %J%S %2!< %7%g%s A‘:n $O , WWW $KBP $9 $kLd 9g$; $K $*$1 $k K\ <AE* $J A‘:n $N0l $D $G$" $k [7][8]. $7 $?$,$C $F , K\9F $N <j K! $O , W ebSQL[9] $J $I$N WWW Ld 9g $; 8@ 8l $N OHAH$K$bE,MQ2DG=$H9M$($i$l$k . :#8e$N2]Bj$H$7$F$O , 2<5-$,$"$k . � Na vigator %* %V %8%’ %/ %H Fb $G $N =h M} %" %k %4 %j %: %‘$N8zN(2= � J# ?t $N WWW %5!< %P $r 8! :w BP >] $H $7 , J# ?t $N Na vigator %* %V %8%’ %/ %H $K $h $k J, ;6 JB 9T =h M} $r $*$3$J$C$?>l9g$NI>2A � Navigator %*%V%8%’%/%H$N8z2LE*$JG[CVJ}<0$N 8!F$ � %Q%9<0I>2A=g=x$N:GE,2= <U<- I> 2A <B 83 $K $" $? $j 8f 6( NO D: $$ $? ?@ F‘ @n 9) 2J Bg 3X =u <j Nk LZ 9’ 9, ;a $K ?< <U $$ $? $7 $^ $9 . K\ 8& 5f $N 0l It $O , J8 It >J 2J 3X 8& 5f Hq Jd =u 6b FC Dj NN 0h 8& 5f !V9b EY %G!< %? %Y!< %9!W (08244101), 4p HW 8& 5f ( C )(09680321), EE 5$ DL ?. Ia 5Z :b CD , $J $i $S $K C^ GH Bg 3X !VEl @> 8@ 8l J8 2= $NN‘7?O@!WFCJL%W%m%8%’%/%H$N=u@.$K$h$k . ;29MJ88% [1] 2CF#?t B’ , ?9Eh8|9T , KL @nGnG7 \W ebNR/SD 0[ <o>pJs 8; E} 9g Mx MQ 4D 6- $N 8& 5f { WWW $K BP $9 $k Ld 9g $; =h M} 5!9=$N@_7W$H3+H/ ," >pJs=hM}3X2qBh 56 2sA49qBg2q9V1i O@J8=8 , 1998 3 7n , pp. 252-253. [2] A. Morishima and H. Kitagaw a, "Integrated Query- ing and Restructuring of the W orld Wide W eb and Databases," Pr o c. International Symp osium on Digital Me dia Information Dase (DMIB’97) , Nov. 1997. [3] ?9Eh 8|9T!$ KL@n GnG7 , \ 9= B$2=J8 =q$H %G!<%? %Y!<%9 $NE} 9gMxMQ$N$?$a$N%G!<%?%b%G%k NR/SD+ $H$=$NLd9g$;=h M} ," >pJs=hM}3X2qO@J8;o , V ol. 39, No. 4, 1998 G/ 4 7n , pp. 954-967. [4] W3C, \Extensible Markup Language (XML) V er- sion 1.0," W orld Wide W eb Consortium Recom- mendation, http://www.w3.org/TR/REC-xml. [5] S. Hirano, \HORB Home P age," http://ring.etl.go .jp/ openlab/horb-j/WELCOME.HTM. [6] S. Hirano, \HORB: Distributed Execution of Jav a Programs," Worldwide Computing and It’s Appli- c ations ’97 (WWCA’97) Tsukuba, March 1997, pp. 29-42. [7] S. Abiteb oul and V. Vianu, \Queries and Compu- tation on the W eb," Pr o c. 6th International Con- fer enc e on Data The ory (ICDT’97) , 1997, pp 262- 275. [8] A. O. Mendelzon and T. Milo, \F ormal Mo dels of W eb Queries," Pr o c. 16th ACM Symp osium on Principles of Datab ase Systems (PODS’97) , 1997, pp. 134-143. [9] A. O. Mendelzon, G. A. Mihaila, and T. Milo, \Querying the W orld Wide W eb," Pr o c. Symp o- sium on Par al lel and Distribute d Information Sys- tems (PDIS’96) , December 1996, pp. 80-91. 8